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1. SCOPE

1.1.

This specilicalion covers design criteria for a cuslomer-owned 345 kV substation connecled Lo the
CenterPoint Energy Houston Electric, LLC (CenterPoint Energy) 343 kV transmission system via a
CenterPoint Energy Transmission Interconnection Facility (TIF). This specification is intended to
apply 1o a ncw customer-owned substation and modiflication and/or cxpansion ol an cxisling
customer-owned subsiation.

2. GENERAL

2.1.

2.2.

2.3.

24.

2.6,

CenterPoint Encrgy will gencrally interconnect all load customers Lo its 138kV syvslem. However,
loads of a certain size or proximity to available 343 KV transmission lines may require the customer
to be interconnected on the 345 kV system. CenterPoint Energy will perform power flow studies to
determine the reliability impact of possible interconneeling options and cstimate the cost of cach
option, including required svsiem upgrades. CenterPoint Encrgy  will basc the customer
interconnection option based on reliability impacts, cost and operational flexibility.

A customer that is approved by CenterPoint Encrgy (o receive service [rom the CenterPoint Encrgy
345 kV transmission sy stem is required to provide a substation capable of accepting that service from
CenterPoint Energy. The customer-owned substation becomes an integral part of the CenterPoint
Encrgy (ransmisgion sysiem nclwork and the Electric Reliability Council of Texas (ERCOT) and.
therefore, can have a significant impact on overall system reliability. The customer is obligated to
meet the most recent CenterPoint Energy design criteria and modify the customer-owned substation
in the luture as the CenterPoint Encrgy transmisgion gysiem continucs o cvolve, When deemed
nccessary by CenterPoint Encrgy, changes may be necded to conform (o industry standards,
transmission system characteristics, regulatory requirements. CenterPoint Energy practices, and
technological advances to maintain reliability or meet future reliability requirements.

All equipment and design shall be in accordance with designated standards of this specification. the
American National Standards Institute (ANSI), the Institute of Electrical and Electronic Engineers
([EEE), the Amcrican Socicty of Civil Engincers (ASCE), th¢ Amcrican Institute of Stecl
Construction (AISC), and the National Electrical Manulacluring Association (NEMA). In the cvent
of conflicting requirements, the order of precedence shall be this specification, ANSI, IEEE, ASCE,
AISC, and NEMA standards. All electrical clearances shall comply with the latest version of the
National Electric Salety Code (NESC).

This specification is not intended to be totally comprehensive. Teo ensure the efficient coordination
between CenterPoint Encrgy and the customer during the degign and construction of the new or
modilicalion ol an cxisting customer-ownced substlation, CenlerPoint Encrgy requircs that engingering
documents be submitted to CenterPoint Energy for review before certain equipment is ordered or
construction beping.  All items requiring CenterPoint Encrgy review are listed in Article 14 of this
specilication and shall be submilled in writing (o the designated CenterPoinl Engrgy representalive,

Any deviations [rom thig specilication or project drawings reviewed by CenterPoint Encrgy require
wrillen acceplance from CenterPoint Encrgy.

All labor and cquipment shall be furnished by the customer unless otherwise stated in this
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specilication,

2.7, Unless otherwise stated 1n this specification:

271 CenterPoint Energy will provide only functional reviews of completed drawings and schematics.

2.7.2. CenterPoint Energy will not verify. or correct, point-to-point wiring drawings for the customer
— owned substation.

2.7.3. CenterPoint Energy requires specific tests which are to be conducted by the customer to verify
the proper operation and coordination of the customer-ownced substation protection and control
cquipment (scc Article 16 of this specification).

2.8. CenterPoinl Encrgy rescrves the right o refuse o energive any customer-owned subslation which
(ails to meet this specilication.

29, The customer will coordinate the encrgization and opceration of their high voltage lacilitics with
CenterPoint Energyv’'s Real Time Operations (RTO) Department per CenterPoint Energy’s
*Transmission & Substation Outage and Clearance Coordination Procedures™ document.

2.10. During energization of new or existing equipment, the customer shall not disable a single level. or

multiple levels. of protection that results in no protection for an energized element, such as, a
trangmission ling, high vollage bus, or translormers.

2.10.1.  The customer shall immediately notify the RTO System Controller (281-894-0491) whenever

the customer becomes aware of an energived clement thal has no protection il the proteclion
cannot be immedialely restored.

2.10.2.  The customer shall immediately notily the RTO System Conitroller (281-894-0491) of a

2.12,

protcetive relay thal is not functional (such as a “*CPU Failure™ alarm) or when a protective relay
is found powered down, or out of service (such as not enabled), for an energized element.

Ag owncr of the substation, it 18 the customer’s regponsibility Lo comply with the applicable laws,
ordinances. codes. rules, and regulations established by applicable government entities.

Because the customer-owned substation becomes an integral part of the CenlerPoint Encrgy
transmission system network, CenterPoint Energy requires access to the customer-owned substation
and CenterPoint Encrgy right-ol-ways 7 days-a-weck, 24 hours-a-day, 365 days-a-ycar. Silc access,
sitc operating procedurcs and road access o the customer-owned substation by CenterPoint Encrgy
personnel should be considered when determining the substation location.

When terminal blocks and other connections permit, ring tongue lugs shall be used instead of spade
or stab-on Iugs.

3. CENTERPOINT ENERGCY SYSTEM CHARACTERISTICS

3.1. CenterPoint Energy’s phase rotation is designated C-B-A counter-clockwise and the customer shall
phase equipment accordingly. Ceonnection of the customer’s H1-H2-H3 power transformer leads to
CenterPoint Encrgy’s C-B-A, B-A-C or A-C-B phascs, respectively, is recommended.
CENTERPOINT ENERGY
TTOUSTON, TX
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(%)
Lad

The CenterPoint Encrgy’s syslem operating voltage is 345 kV (L-L)/199.2 kV (L-G) +/- 3% [lor
continnous operation and 345 kV (L-LY199.2 kV (L-G) +3%/-8% for emergency conditions.
Dynamic conditions may be encountered which result in voltage exceeding this range. Ata minimum,
customer is required Lo design 345 kV substation [acilitics that arc rated for the emergency operaling
voltage range stated above. For the purposc of the design and rating of the substation and cquipment,
it shall be assumed that the maximum continuous negative sequence component of the voltage at the
345 kV bus is 2% of the positive scquence voltage. Sce Sub-Articles 3.4, 3.5, 4,12 and 7.1.4 of this
specilicalion lor additional relevant information.

Only instrumcnt translormers, surge arresicrs, station service vollage translormers, gencralor siep-
up transformers for gencrators without co-located non-auxiliary load, and autotranslormers arc
allowed to be connected phase-to-ground on their 345 kV primary terminals.

Ag the independent sysiem operator (150) for the ERCOT Region, ERCOT 18 responsible for
maintaining [requency, which is nominally 60 Hx Refler to ERCOT (www .crcot.com) Nodal
Operating Guides and Protocols for information regarding frequency regulation.

CenterPoint Energy suggests the customer at a minimum utilize the “voltage ride-through™ design
criteria in Figure 1 below, taken from SEMI-F47, when designing and selecting process and control
cquipment, Mecting SEMI-F47 will ¢nsure cuslomer load cquipment will ride through moest
vollage sags. Howcever, depending on proximity to the fault location, voltage sags greater than 30%
can be experienced. (Note: This design criteria do not supersede any regulatory voltage ride-
through requirements).

a0

SEMI F47

v}

70 |

g

n
=

B

Vollege Sag Depth %

a T T T T T 1

a 1a 0 an A0 5D 1]
cucles

Figure 1

Multiple-shot, staggered, voltage-supervised, automatic reclosing is utilized on the CenterPoint
Encrgy transmission sysiem. The [irst automatic reclosing atlempt for a CenterPoint Encrgy
trangmission line Lypically occurs approximalely onc sccond alier initial trip. The number of
automatic reclosing attempts varies. but the total duration of the autematic reclosing sequence is
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typically onc minute. The customer shall coordinate operation and proicction of clectric motors,

computers and other equipment accordingly.

4. ELECTRICAL DESIGN CRITERIA

4.1. The minimum acceptable electrical design characteristics for 345 kV facilities and equipment are
listed below:

Translormer winding impulsc level 1175 kV BIL

Bus and switch insulators, and apparatus 1300 kV BIL

bushings (i.c. circuit breaker bushings,

transformer bushings, coupling capacilors,

capacitive voltage transformers (CVT), current

transformers (CT), potential transformers (PT),

surpc arrcslers ¢le.)

Bus and switch insulators leakage distance 267 in. leakage distance. Additionally.
insulators may require ‘coaling’ in some
arcas ol the system Lo minimirsc the
likelihood of flashover.

Apparatus bushing leakage distance (circuit 262 in. leakage distance. Additionally.

breaker bushings, transformer bushings, CVT,  apparatus bushings may require “coaling’

CT. PT. surge arresters etc.) in some areas of the system to minimize
the likelihood of flashover.

Phasc-lo-ground clearance (or minimum 105 in, (mctal 10 metal)

required in [EEE C37.32

Phase-to-phase bus spacing (including vertical 119 in. (metal to metal)

spacing at crossover point of high and low bus)

(or minimum required by [EEE C37.32

Phase-to-phase horizontal spacing at incoming 240 in. (center line to center line,

ling dead-¢nd siructure regardless of the ling angle)

42, An air insulated customer-owned substation confligured in a ‘ring bus’ or ‘breaker-and-a-hall”
arrangement cquipped with transmission ling protective relaying (“lull loop™) or an air insulated
customer-owned substation configured in a radial arrangement with transmission line protective
relaying (“radial™) are allowed by CenterPoint Energy.

4.3, Customer-owned substations shall interconnect to the 345 kV transmission system through a
CenterPoint Energy-owned Transmission Interconnection Facility (TIF).

44. Load interconnections between the customer-owned substation and the CenterPoint Energyv-owned
Transmission Interconnection Facility (TTF) shall contain, at minimum, two transmission leads.

4.5, Interconnection leads shall terminate to one or two breakers at the customers substation.
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4.6,

4.7.

4.8

4.9.

4.10.

4.12.

413,

Interconnections terminaling dircetly Lo customer bus is not permitted.

Additional Icads or buscs shall be required Cor new or existing customer owned substations in order
to maintain Icss than 1 GW loss under N-1 contingencics or a lower Ievel as ncecssary Lo mect
CenterPoint Energy Transmission Planning Criteria.

Bascd on the customer-owned substation conliguration, cquipment in the substation that could be
subjected to transmission line lead flow current {circuit breakers and disconnect switches. bus work,
conduclors or any scrics-connceted, currenl carrying devices, such as, [rec-standing current
transformers, protective relays, ingtrumentation, or hardware within the ting bus or transmission ling
breaker-and-a-half bay) and incoming transmission line positions (transmission line disconnect
switches, breakers. etc.) shall have a minimum continuous current rating of 5000 A and shall have
an ovcrload capability of 110 percent of rated current for 2 hours, unless otherwise specificd by
CenterPoint Encrgy. The cquipment in the customer-owned substation (hal is not subjccled Lo
transmission line load flow current is not required to be 3000 A minimum.

The 345 kV customer-owned substation shall be designed lor a shorl ¢ircuit current of 63kA rms
svmumnetrical, with /R ratio of 17, unless otherwise specified bv CenterPoint Energy. Please refer to
section 5.5 for minimum structural loading design criteria.

345 kV customer-owned substations which are connected directly into or located within 2 miles
electric distance of a CenterPoint Energy 345 kV substation that is designed for a short circuit current
ol 80 kA rms symmectrical, must be designed o the same short circuit current of 80 kA tms
symmelrical, with X/R ratio of 17, unless otherwise explicitly specilicd by CenterPoint Encray.

The application of key mlerlock systems is not permitied on customer-owned substation 343 kV
equipment.

The customer’s connecled load, gencration and cquipment shall be designed and operaled Lo adhere
to the recommended harmonic current limits of IEEE 319 and IEEE 2800 applied at the point of
common coupling (PCC). A detailed harmonic study may be necessary to show harmonic current
limits will not be excceded, and a [requency dependent impedance study may be neecssary (o chsure
a harmonic resonance will not occur as a resull of customer-installed capacilor banks or harmonic
filters. Limits of voltage fluctuations and associated light flicker shall adhere to IEEE 1433. Customer
shall provide access to the customer’s facilities to CenterPoint Energy personnel for the purpose of
installing and accessing powcr qualily moniloring,

The customer shall not, without CenterPoint Energy’s consent, connect or operate equipment that
produces vollage fMuctuations, interlerence or distorted wave forms that adversely afleel service Lo
other customers or that may be detrimental to the CenterPoint Encrgy transmission sysiem. Such
equipment includes, but is not limited to, motors, arc furnaces. capacitor banks. etc. The customer is
obligated to provide load and equipment information (i.e.. load magnitude, peak load. load profile,
amount ol scll- scrve pencralion, load characteristics, harmonic characleristics of the Toad or
gencration, motor slarting data. load increasce) lor CenterPoint Encrgy inlerconnection study and
development of interconnection requirements. CenterPoint Energy may require the installation. on
customer’s side of the meler, of suitable apparatus or other cquipment designed specifically to
rcasonably limil such adverse cllects.

The customer-ownced substation ground mat shall be designed lor a short circuil current of 63 kA rmg
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Lh
‘

A
—_

symmelirical with X/R ratio of 17 and duration of 0.25 scconds and comply with [EEE 80 and [EEE
C2 (NESC). Ground mat connections shall comply with IEEE 837, unless otherwise specified by
CenterPoint Energy.

4. 345 kV customer-owned substations which are connected directly into or located within 2 miles

electric distance of a CenterPoint Energy substation that is designed for a short circuit current of 80
kA rms symmctrical, shall design the ground mal lor a short circuil current of 80 kA rms symmctrical,
with X/R ratio of 17 and duration of (.25 seconds and comply with IEEE 80 and IEEE C2 (NESC).
Ground mat connections shall comply with IEEE 837, unless otherwise specified by CenterPoint
Encrgy.

5. The customer-owned substation direct lightning stroke shielding design shall comply with IEEE 998.

. The customer shall refer to the current CenterPoint Energy tariff for retail delivery service regarding

additional information pertaining to load balance, intermittent electrical loads and limitations on
adverse cflcels, cquipment sensitive o vollage and wave forms, change in retail customer’s ¢lectrical
load, power [actor, and iesting ol retail customer cquipment.

SIRUCTURAL AND MECHANICAL DESICN CRITERIA,

The customer shall provide a complete structural and loundation design package lor the dead-end
structures (supporting the CenterPoint Energy transmission lines connected to the customer-owned
substation) and the instrument transformer stands in accordance with Article 14 of this specification.
The design package shall be signed and scaled by a prolessional engincer registered in Texas and
shall include design relerences/codes, compuler analysis, member design, conncction design,
foundation design, soil report, structural and foundation drawings. and all other information that
documenls the design of the structure(s). ASCE 113, Sceond Edilion, may be usced lor guidance in
the design of struclures ingide (he customer-owned substation,

CenterPoint Encrgy transmission struclurcs designaled lor CenterPoint Encrgy use shall be used
cxclusively by CenterPoint Encrgy and will not be used 1o support customer cquipment including
customer-owned generator leads.

Design shall be based upon loadings realistically combined to cause the most unfavorable effect upon
the structure or component. The loads and overloads specified in Sub-Articles 5.4 and 5.5 of this
specilication must be used. 11 the A1SC LRFD method 15 used, the structure must have a second order
clastic analysis (also called a Geomelric Nonlincar Analysis).

Structurcs shall mcet the Strength Requirements of 1IEEE C2 (NESC), Scction 26, lor grade B
consgtructlion,

The minimum acceptable structural design loading criteria shall be the more severe of the following
two cascs (note the cascs incorporate loads up Lo a 30° horivonlal anglc):

5351, Case 1 - lec with Concurrent Wind Loading: Reflerence specification [EEE C2 (NESC);

minimum allowable strength lactors per Scetion 26, Table 261-1: loading requircments per
Section 23, Rule 250.B and Table 250-1; and loading components to be applied to the structure
shall be according to IYigure 2 of this specification. The static wire and phase wire loads shown
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L
L

in Casc 1 include the required overload lactors. The 9 psl wind on the struclure must include a
2.50 overload (22.5 psf) with the appropriate force coefficient {Cy) for each structural member.

* Transverse

) s Longitudinal
Wind S N . s
Direction ’ t " . * ot
" — —
5 Tt Tt Tt |«
—_— I l ] v ¥ l 1
Ti T T

Wind and Ice |loads are specified in Section 25 of |IEEE C2

Static wire Phase wire
8= 7.7 kipsiwire T\=35.0 kips/phase longitudinally
longitudinally
St = 4.3 kipsiwire T: = 20.0 kips/phase transversely
transversely

8. = 0.5 kipsfwire vertically T. = 3.2 kips/phase vertically

CASL 1 - lee with Coneurrent Wind Loading — Overhead
View Static wire and Phase wire loading component
(The statie wire and phase wire loads shown include (the required overload [aclors)

Figure 2

Case 2 - Extreme Wind Loading: Reference specification; IEEE C2 (NESC) Section 25, Rule
250.C; minimum allowablc strengih lactors per IEEE C2 (NESC), Scction 26, Table 261-1; and
magnitude and dircction of static wire and phasc wire loading componcnts to be applicd to the
structure shall be according to Iigure 3 of this specification. The static wire and phase wire loads
shown in Case 2 include the required CenterPoint Energy overload factors. The wind on
structure loads is applicd 1n the Transverse dircclion and must include a 1.1 overload (actor.
CenlerPoint Encrgy will provide the designated Exireme Wind velocity (o be used at the site.
Structural member shape factors shall be used from ASCE 113, 2* Edition.

Transverse
—_— I

) —_— Longitudinal
wind - N
Ditection " St—> > 5t
) —» e ]
5 Tt Tt Tt |5
- 1 l ¥ v : l 1
T T T
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For Case 2 the following shall apply:

Basic Wind speed determined from wind map for, Exposure Category C,
Risk Category |, Design wind pressure equation and coefficients

per IEEE C2 (NESC) Rule 250.C in latest version

Static wire Phase wire
S = 10.3 Kips/wire T\=47.0 kips/phase longitudinally
longitudinally
St = 8.2 Kipsiwire Te = 28.0 Kips/phase transversely

transversely
S = 0.5 Kipsfwire vertically T = 2.3 Kips/phase vertically

CASE 2 - Extreme Wind T.oading — Overhead View
Static wire and Phase wire loading component
{The static wire and phase wire loads shown include the required overload factors)

Figure 3

5.6,  The requirements lor dead-end structures arc as lollows:

36.1.

Customer shall design all atlachment points to cnsurc that sulTicient clectrical clcarance is
maintaincd (o the customer’s structure ground and cquipment. CenterPoint Encrgy will extend
the phase wires to the first item of customer’s equipment or bus and will furnish, own and
maintain all necessary fittings for terminating the phase wires including the tower fittings,
suspengion insulalors, dead-ecnd clamps and phasc wire terminal [illings with NEMA CC |
standard four-holc (erminals (0.5625 in, diamcter holes, 1.75 in, centers) for allachment Lo the
first item of equipment or bus in the customer-owned substation. CenterPoint Energy will also
furnish stirrup clamps or other similar devices (such as a bar on the NEMA pad that is used with
ACSS conduclors) on the phasc wires as required lor connection of surpe arrcsters and polential
transformers. Customer will provide a grounding conductor from the customer-owned
substation ground mat, up the dead-end structure, to the static wire pull-off plates. CenterPoint
Energy will furnish. own and maintain all necessary fittings for terminating the static wire and
for connecting the static wire to the customer provided substation ground conductor al the slatic
wire pull-off plates including the tower fittings. dead-end clamps and static wire terminal
fittings for attachment to the customer provided substation ground conductor.

Customer shall provide pull-off plates for terminating the phase wires and static wires which will
accommodate a minimum of 1 in. pin. All pull-off plates must satisfy Equations 4.6-1 and 4.6-
2 in ASCE 10. Declails lor divigion of ownership shall be in accordance with CenlterPoint
Encrgy Drawing 004-241-04 Cuslomer-Ownced Substation Line Termination Standard.

The height of the dead-end siructure’s phase wire atlachment shall be in accordance with the
National Elcetric Safcly Code ([EEE C2)or 73 (1. whichever 1s greater, unless otherwise specilicd
by CenterPoint Energy. The static wire height at attachment shall be at a sufficient elevation
and position to provide a shield angle to the outside phase wires of 30" and 45° between two
adjacentl static wircs (sce [EEE 142),

Installation of fiber optic cable is required for transmission line protective relaying and/or
control purposecs. The [iber oplic cable installation will normally be installed underground lrom
the transmission ling protective relay requiring (iber optic communication (i.c.. relay located 1n
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the substation conlrol cubicle) to the basc of the first CenterPoint Encrgy (ransmission line
structure outside the substation. However, should an overhead installation be required.
additional loadings will be imposed on the customer’s dead- end structure. Additional design
information concerning the fiber optic cable will be supplicd by CenterPoint Encrgy when
overhead (iber optic cable is o be used. The connection (or the (iber optic cable is typically at
least 8 feet from the nearest phase wire. If an overhead installation is required and the fiber
oplic cable cannol be accommodaled on the dead-end structure, a single pole must be installed
in the customer-owned substation to (ransition the liber oplic cable [rom overhead to
underground.

563 [Mmuluiple dead-end bays arc nstalled that share a middle column or support, the supporl must

be designed to withstand the loads from the adjacent circuits.

When high-side (343 kV) metering is utilived. the customer shall design, provide and install stands
for mounting CenlcrPoint Encrgy (lurnished instrument transformers (potential and current
transformers). The customer shall also design and build foundations to support the stands and
instrument transformers. The designs shall be in accordance with Sub-Articles 5.1- 5.6 of this
specilication, The ¢xtreme wind speed defined in scetion 5.5.2 ghall be used with an approprialc
member and equipment shape factor. The instrument transformer parameters to be used for the design
of the instrument transformer stand are indicated on CenterPoint Energy drawing, Design Criteria
345 kV Standard Instrument Transformer Stand. Since the instrument translormer may change in
the luture, the stand mounting surlace lor the instrument transformer must be adjustable or use
grating to accommnodate diverse mounting bolt patterns. If a grating is used for the stand mounting
surlacc for the ingtrument (ranslormer, washer plates of sulTicient sixe and thickness to load up 4 bars
must be used on top and bollom of the grating, Dcsign calculations showing ihe load transler from
the bolt to the washer plates to the bars to the column must be provided. The customer is responsible
for providing the bolts and washer plates. The customer will design a mounting stand and foundation
for the hurricane wind speeds and overloads (rom Sub-Article 5.5.2 of this specilication. 1T the
AISC LRFD mecthod is used. the siructure must have a sccond order clastlic analysis (also called a
Geometric Nonlinear Analysis). The customer shall limit the horizental deflection of the potential
transformer and current transformer stand at the instrument mounting height to the mounting height
divided by 100. The wind speed used for the dellection limil shall be 80 mph.

6. SITECRITERIA

6.1,

6.2.

Site preparation and plot plan drawings shall be submilled o CenterPoint Encrgy for comment.
Facilitics that must be shown on this drawmg include: dimensions of the customer-owned substlation
site, access roadways. space between the customer-owned substation and access rcadways, and
drainage features such as culverts, ditches and detention facilities (if required). Refer to Sub-Article
14.1.1 of thig speeification,

The customer shall stake the location of the dead-end structures according to Figure 4. The owner of
the substation must submil drawings/documents specilic Lo their subsiation (o CenterPoint Encrgy in
accordance with Article 14 of this specification. The drawings required by Sub-Articles 14.1.1 and
14.1.3 of this specification should show the customer’s desired location for CenterPoint Energy
phascs. CenicrPoint Encrgy will review this information along with the customer-owned substation
location and CenterPoint Encrgy transmission linc tower location and determing il the customer’s
desired location for CenterPoint Energy phases can be achieved.
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6.3.  An all-weather access roadbed capable of supporting heavy construction vehicles shall be provided
to the customer-owned substation. The arcas within the customer-owned subslations that need o
supporl heavy vehicular tralTic should conlorm o AASHTO H20 loading.
6.4, Access [or CenterPoint Encrgy (o allach ils transmission ling wires (o the customer-owned substalion
dcad-cnd structurcs shall be provided by cither:

641 A 25 1. wide, leveled, and unobstructed access outside the customer-owned substlation site rom
a main road to the CenterPoint Encrgy right-ol-way and in [ront of the dead-end structlurcs with
substation fencing a maximum of 20 ft. from the attachment point of the dead-ends and a 13 ft.
{(minimum) wide gate for access into the customer-owned substation.

6.4.2. A 25 ft. wide access inside the customer-owned substation from the substation access gate (20
ft. wide minimum) to the front of the dead-ends with substation fencing a minimum of 25 ft.
from the attachment point.

CENTERPOINT ENERGY
TTOUSTON, TX
20 10:17:2024 | Added 345KV specilication Var Var JI’B WRITIEN 4374 E. C. Reid
19 1:3:2024 Update 1o VR in 3.5 and minor edits Var Var ’M CHECKED 410674 L. G Pond
18 9/8:2023 Updales 1o various seclions Var Yar I'M APPROVED TFT C. 5. Kayser
17 9:2:2021 Update sections 4 & 11 Var Var GAC Page 12 of 38
O DATE ITEMS REVISED BY CH APP SPRCITICATION No. 007-2231-14

112




Docusign Envelope ID: 8D5548CE-D2FS-4FDA-8AB3-EA777FB344B2

6.5.  Access and space shall be provided lor installation and (uture replacement of high vollage cquipment
including metering instrument transformers.

6.6.  The design clevation of the customer-owned substation site, cquipment and control cubicle should
take into consideration locating essential components above flood and storm surge levels.

7. HIGHYOLTAGE EOUIPMENT

7.1.  The requirements for power transformers are as follows:

7.1.1.

Transformers serving load shall have a delta winding for connection to the 3435 kV system.
Power transformers shall conform to IEEE C57.12.00. Power transformers should be equipped
with sudden pressure and low o1l level detection devices.

Power transformers shall have a minimum of two 600:5 A multi-ratio bushing current
translormers (BCTs) per 343 kV bushing. Each BCT shall have 1EEE C57.13 accuracy C400
or better. Where applications require additional BCTs and/or different ratios. CenterPoint
Energy shall provide ratios to support equipment purchase schedule. The secondary resistance
ol powcer ransformer BCTs shall not exceed 0.0025 ohms per turn, The power translormer BCT
sccondary rated continuous current shall be 10 A minimum, The power translormer BCT rating
factor (R.F.) shall equal 2.0.

High-side surgc arrcsters shall be provided in accordance with Sub-Article 7.4 of this
gpecilication.

The customer shall determing the need lor, and 1 applicable, scttings (or a transformer tap changer
for de-energized operation {no load tap) and automatic on-load tap changer. CenterPoint Energy
recommends power transformers be equipped with an automatic on-load tap changer.

7.2, The requirements for circuit breakers are as follows:

7.2.1.

7.2.2.

7.2.3.

Circuil breakers shall be of the three-pole, outdoor type, 343 kV nominal, in accordance with
IEEE C37.04.

For a “[ull Toop” customer-owned subslation, the 345 kV circuil breakers that are or will be in
the substation ‘loop’ shall have a continmous current rating of 3.000 A, an overload capability
of 110 percent of the rated current for 2 hours and a raled isolated capacitor bank current
swilching capability of 600 A

The three-phase symmetrical short circuit current interrupting capability of all 3435 kV circuit
breakers shall be 63 kA rms symmctrical. The rated interrupting time of all 343 kV circuil
breakers shall be two cvcles or less. In some applications, the installation of TRV shaping
capacitors may be required in order to achieve the circuit breaker interrupting capability of
63 kA rms symmetrical (or linc laults. CenterPoint Encrgy shall determine the placement of
TRY shaping capacitors, when required lor ling faulls.

Each 3435 kV circuit breaker shall be cquipped with two 4000:5 A mulii-ratio BCTs per 343 kY
bushing, Each circuit breaker BCT shall have a relaving accuracy class of CBOO on the 4000:5
A tap in accordance with IEEE C57.13. The secondary resistance of the circuit breaker BCT
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724,

7.2.5.

726

7.2.79.

72.8.

7.2.9.

7.2.10.

7211,

7.2.12.

shall not ¢xceed 0.0023 ohms per tum. The circuil breaker BCT sceondary rated continuous
current shall be 10 A minimum. The circuit breaker BCT rating factor (R.F.) shall equal 2.0.

Two trip circuits shall be provided with independent 123 V DC control circuits. 1l two trip coils
operate a single armature, both coils shall be designed or marked in such a way as to prevent their
being connected in a manner that would result in the circuit breaker not tripping in the event that
both coils arc energived simullancously

Trip circuit or closc circuil DC current shall nol exceed 13 A (inslantancous and stcady stalc)
lor the circuit breaker trip or closc circuil.

The DC negative of a trip ¢ircuil shall not be lused or use a circuil breaker inside the circuil
breaker control cabinct.

Surgc suppression shall be provided on cach trip and closc coil. Relerence CenterPoint Encray
007-400-02 Specilication for Remole Telemelry of a Customer-Owned Facility.

The circuit breaker operating mechanism shall be both mechanically and clectrically trip-free
in any position,

Circuil breakers with spring closing mechanisms shall have the spring charging molor ¢ircuit
conneeled o a 125 V DC battery source utilixing a DC supply cable dedicaled lor (his
purpose. Voltage rollover from AC to DC shall not be installed for the spring charging motor
circuit for circuit breakers.

Gas circuit breakers shall have low SF6 gas pressure alarm and close inhibit contacts.
The customer shall indicate on the relay and metering one-line diagram whether the low
SF6 pas pressure wiring is sct 1o "BLOCK TRIP' or (o "AUTO TRIP’ the circuil breaker,

Circuil breaker inicrnal time delay circuilry Tor reclosing shall not be utilived. External time
dclayed automatic reclosing, when utilized, shall be wircd/connecled directly o the circuit
breaker close circuit. External time delay for the circuit breaker closing circuit is to be provided
by the automatic reclosing scheme.

The circuit breaker internal close and trip circuits shall not go through a ‘local/remote’ control
swilch in the circuitl breaker. Howcever, 160 a circuil breaker comes (rom the manulacturer with a
‘local/remote” control switch insialled in the circuil breaker, then the ‘remole” contact of ihe
control switch that is wired in series with the close and trip circuits must be “shorted out’ or “by-
passed”.

7.3, The requirements for air break switches are as follows;

7.3.1.

Transmission ling disconncel swilches and all disconnccl swiiches in the cusiomer-owned
substation ‘loop’ shall be of the outdoor, three pole. gang operated tvpe rated 362 kV nominal.
and shall have minimum centinuous current rating of 5000 A, an overload capability of 110
pereent of rated current lor 2 hours and a rated peak withstand capability of 193 kA, Disconncet
swilchcs that arc not 1n the substation “loop’ (1.¢., translformer high-side disconneet switch) may
be rated for less than 5000 A continuous, but must have a rated peak withstand capability of 195
kA. Short-time withstand capability of switches must be equivalent to the short-circuit current
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raling ol the station, with a duration of at Ieast 1.3 scconds. The switch air gap BIL shall
coordinate with the BIL rating of the switch insulators. For customer-owned substations
connecting to four or more CenterPoint Energy 345 kV transmission lines. contact CenterPoint
Encray lor the required rating ol swilches.

Transmission line disconnect switches are required for all substation types.

Substations must be configured and designed with equipment to permit switching for the
scheduled outage of any transmigsion ling section without inlerrupting scrvice (o the cuslomet’s
lToad. Aninterrupling device allached 1o a disconnect switch in a subslation [or trangmission ling
load breaking. loop switching or line dropping is not acceptable.

CenlerPoint Encrpy docs not require any 343 kV disconngel swilch auxiliary contacts.

Grounding switches are not permitted on 345 kV cquipment. A “grounding stud’ or labricated
atlachment lor the application of temporary grounding cables may be installed 11 desired.

7.4, The requircments (or surge arreslers arc as [ollows:

7.4.1.

7.4.2.

7.4.3.

Surge arresters must be installed on 345 kV power transformers and in the substation on the
incoming lransmission line posilions Lo prolect substation 343 kV cquipment including 3435 kV
coupling capacilors, instrument translormers, circuit breakers, cle.

All surge arresters shall be metal oxide tvpe, 276 kV class minimum, with a minimum required
maximum continuous over-vollage (MCOV) rating of 220 kV. The minimum required cnergy
absorption capability is 7 kilojoules/ kV of MCOV rating. The surge arrester must have a
minimiumn required pressure relief capability of 63 kA rms symumetrical (or short circuit current
raling of 63 kA rms symmcirical). In addition lo mecting the CenlerPoint Encrgy minimum
requirements, a surge arrester with well-designed directional pressure relief ports can provide
a benefit. In the event of a surge arrester internal short circuit, a surge arrester with well-
designed dircctional pressure relicl vent ports, and with the vent ports pointed in the appropriale
dircction, can minimize the possibility that the ionizcd gas emitied rom the surge arrcster will
propagate into a multiphase fault and can minimize the possibility of the ionized gas. and
possibly other materials emitied from the surge arrester [rom causing damage to other
cquipment,

All 345 KV surge arrcsters must be connceled with a copper bond wire (rom the bottom Nange
ol the arrcsier o the substation ground mat. 1l the customer desires to allow [or grading /
leakage current monitoring., the surge arresters may be mounted on plates using insulated
spacers and associated hardware. The insulated copper ground conductor from the bottom
Mange of the arrcster must be isolated [rom any other ground until it passcs the point where a
tong ammeter reading can be taken, The independent, insulaled ground lcads should be
adequaltcly marked to indicate A, B, and C phascs.

7.5, The requirements lor coupling capacilors or CVTs arc as lollows:

7.5.1. CenterPoint Energy shall specify vendor and vendor stvle number for the coupling capacitor or
CVT devices thal arc used for transmission ling protective relaying or CenterPoint Encrgy
supervisory control and data acquisition (SCADA) remote telemetry monitoring of CenterPoint
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Encrgy rangmission lincs according Lo CenicerPoint Encray provided bill of maltcrials.

7.52.  The coupling capacitor or CVT shall not be used to siructurally support other cquipment.

8. CONTROL CUBICLE

8.1.

8.2.

84.

&
A

86.

87.

8.8.

The control cubicle shall be a permanent, weatherprool struclure construcied on a concrele
foundation and scheduled lor complelion well in advance ol the remainder of the substation to allow
for adequate check out and testing. The ambient conditions inside the control cubicle shall not exceed
32°C (90°F) and 83" relative humidity. Adequate lighting shall be provided.

Wall spacc lor metering boxcs shall be provided in accordance with Sub-Article 9.1.3.1 of this
specification.

Fibcr oplic communication devices lor protective relaying shall be procured by the customer
according to CenterPoint Energy provided bill of material and/or the customer will provide wall
space or floor space for a CenterPoint Energy provided fiber optic cable distribution box.

The customer shall provide space for the CenterPoint Energy remote telemetry equipment that will
be installed in accordance with Sub-Article 12.1 of this specification.

A separate 120 V AC, 20 A circuit shall be provided to each of the following: (a) one of the metering
boxes and (b) the SCADA RTU cabinet (see CenterPoint Energy 007-400-02 Specification for
Remole Telemetry of a Customer-Owned Facility).

One 120 V AC, 20 A outlet for protective relay testing equipment shall be located near the
transmission linc proleclive relays in the substation control cubicle.

A separate 130 V DC, 15 A circuit shall be provided to each of the following: (a) one of the metering
boxes, and (b) the SCADA RTU cabinet (scc CenterPoint Encrgy 007-400-02 Specilication for
Remote Telemetry of a Customer-Owned Facility).

Il CenterPoint Encrgy trangmission ling fault location (raveling wave system (TWS) equipment 1s 1o
be installed, CenterPoint Energy will provide requirements.

I DFR cquipment is required 1o be installed, CenterPoint Encrgy will provide requirements and the
customer will provide floor space for installation.

9, METERING EQUIPMENT

9.1.  The requirements for metering are as follows:

9.1.1. Any part of the metering system that is installed by the customer or his agent shall conform to
ANSI C12.1 at minimurm. unless otherwise specified by CenterPoint Energy.

9.1.2. The customer shall submit a one-line diagram of the proposed substation configuration to
CenterPoint Energy in accordance with Article 14 of this specification. CenterPoint Energy will
designale on the onc-ling diagram the location ol all metering instrument transformers (including,
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wilhoul limitation, quantity, (ransformation ralios, vollage class - high-side or low-side and
ratings). The metering instrument transformers shall be connected to the transformer low-side
or to the 343 kV substation bus by the customer as specified by CenterPoint Energy.

9.1.3.

9.13.1.

Metering boxes shall be located inside an environmentally controlled cubicle.

Each mclering box is 30 inches wide, 42 inches high, 12 inches deep. wall mounied

and approximately 36 inch from the floor. Wall space 3.0 ft. wide and 8.0 ft. high
mcasurcd [rom the Moor with 4.0 [1. {(from wall) lront ¢learance shall be provided lor
installation and mainicnance ol cach meiering box as illusirated in Figure 5. Metering
boxes will be furnished by CenterPoint Energy and installed by the customer. The
number of metering boxes will be determined by the metering scheme to be used.
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Figare 5

A customer requesting metering data shall provide all conduits and wiring necessary

o connect o a meter comm/power box provided by CenterPoint Encrgy and mounted
on the metering installation.

9.1.3.3.

the metering comm/power box.

consult the CenterPoint Energy project representative.

The customer shall provide a conduit from the CenicrPoint Encrgy iclecom board to

CenterPoint Energy personnel will make all meter connections. For metering equipment details,

9.1.5. When low-side metering is utilized. as determined by CenterPeint Energy, customer shall
provide and install 345 kV CVT devices in accordance with Sub-Article 7.5 of this
specilication.

9.2.  The requirements for switchgear mounted metering instrument transformers are as follows:
CENTERPOINT ENERGY
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92.1.

9.22.

9.2.3.

924,

9235,

9.26.

Where low-side metering is uscd, as determined by CenlerPoinl Encrgy, the customer shall
install CenterPoint Energy specified metering instrument transformers in their switchgear.

92.1.1. The customer shall purchasc and install the CenterPoint Encrgy specilicd metering

instrument transformers.

92.1.2. Original certilied test data shall be provided o CenterPoint Encrgy for cach meiering

instrument transformer installed.

Metering current transformers shall be located in the incoming main breaker cubicle. The
metering current transformers shall be installed by the customer.

Metering potential transformers shall be located in rell-out boxes. The potential transformers
shall be installed by the customer.

9.2.3.1. The secondary windings shall be used only for CenterPoint Energy metering.

9.2.3.2. Potential ransformers shall be equipped with 1 A, current limiting primary fuses.

The customer shall install a 1.5 in. rigid galvanized sieel conduil [rom cach instrument
transformer cubicle to the meter box.

CenterPoint Encrpy shall supply cable lor all meicring instrument transformer sccondary
connections. The customer shall pull the CenterPoint Energy provided cable. CenterPoint
Energy shall make all metering instrument transformer secondary connections.

The customer shall supply copper ground wire from the customer’s switchgear to the CenterPoint
Energy meter box.

9.3.  The requirements for 345 kV metering instrument transformers are as follows:

935.1.

When 345 kV metering 1s uscd, CenterPoint Encrgy will lurnish all 345 kV metering instrument
transformers (i.e.. separate 343 kV ‘free-standing” current and potential transformers) required
for CenterPoint Energy revenue metering or ERCOT Polled Settlement metering (“EPS™).

CenterPoint Energy will mount the instrument transformers on stands provided by the customer
in accordance with Sub-Article 5.7 of this specification. The substation layout and location of
the 345 kV metering instrument (ranslformers shall incorporate the requircment of vehicle
access up to the instrument transformers for installation, testing and future replacement (i.e.,
vehicle access not obstructed by substation bus. cable tray, etc.). The customer shall furnish
Mexible conngctions [rom the substation bus o the instrument transformers with NEMA CC 1
standard lour-hole terminals (0.5625 in. diameter holes on 1,75 in. centers). CenterPoint Encrpy
persennel will bolt the flexible connections to the instrument transformers.

The customer shall wtilize rigid galvanized sieel conduit, Mlexible metallic conduit and pull boxes,
including pull string, for the cables/conductors from the metering instrument transformers to
the metering box location.

9.33.1. For each set of current or potential transformer stands, 1.30 in. rigid galvanized steel

conduit shall be used to connect the individual instrument transformers to a common
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junction box lor this sct ol instrument transformers (i.¢.. onc common junction box lor
each set of current or potential transformer stands) located on or near the base of one
of the instrument transformer stands. The 1.50 in. conduit shall terminate within 12 in.
from the top of cach mstrument transformer stand. A 2.00 in. rigid galvanived stecl
conduit shall be used from cach common junction box localed al the base of onc of the
instrument transformer stands to the metering box.

All 2.00 in. rigid galvanized steel conduit shall terminate at the base of the primary
metering box. No more than four conduits are to be terminated in a metering box.
Contact CenterPoint Encrgy il addilional conduils are required.

Flexible metallic conduit shall be used as needed to complete the installation to the
imstrument transformers, common junclion boxes, and the metering box(cs).

Potential transformers for revenue metering located in the 343 kV substation vard shall be
furnished and installed by CenlerPoint Encrgy on instrument transformer stands provided by
the customer. The potential transformers will be rated 207.000/115-69V lor usc on 345 kV
grounded neutral system in accordance with IEEE C37.13.

9341

The potenuial translormers will have three sccondary windings (i.c., “X7. YY", and
*Z7y. The “X” and “Z” windings will be used for transmission line protective relaying,
SCADA and the customer’s equipment. The “Y"™ winding will be used exclusively for
CenterPoint Encrgy metering,

A minimum 16 inches wide, 14 inches high, 6 inches deep potential transformer
common junclion box and sccondary luscs shall be provided and installed by the
customer and located at the base of one of the potential transformer stands. Each
secondary winding shall be separately fused at the potential transformer junction box to
provide circuit isolation and short circuit prolection; cxcept that nculrals shall not be
(uscd (brass or copper dummy [uscs required).

CenicrPoint Encrgy shall supply cable/conductors for the potential transformers “Y™
winding sccondary connections. The customer shall supply cable/conductors [or the
potential transformers “X™ and “Z” windings secondary connections. The customer
shall pull the CenterPoint Energy provided cable/conductors and customer supplied
cable/conduciors,  CenlerPoint Encrgy shall make the polential translormers Y™
winding sccondary conncelions. The customer shall make the potential translormers
*X7 and “Z7 windings secondary connections. The potential transformer
cables/conductors shall be connected as shown on CenterPoint Energy drawing 581-
500-01 138 kV Potential Transformer Schematic and Wiring Diagram,

The potential transformer primary shall be wye connected with a solid ground
conncction at the potential transformer location. The potential translormer sccondary
windings shall be wye connccted with one ncutral conductor per set of *X™ and “27
windings carried to the transmission line protective relay panel and another neutral
conductor for the *Y” winding will be carricd lo the mcier box, ag shown on
CenicrPoint Encrgy Drawing 381- 500-01 138 kV Potential Translformer Schemalic
and Wiring Diagram. These neutral conductors shall be grounded at the transmission
line protective relay panel and meter box only.
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Il any 343 kV polential (ranslormer “X7 or “Z7 winding of any phasc 1g nol used lor
any relaying, SCADA or customer’s equipment, the secondary “3” terminal of any
unused winding must be connected to a conductor that is grounded at a panel in the
control cubicle.

9.3.5. Metering current transformers located in the 343 kV substation vard shall be furnished and
inslalled by CenterPoint Encrgy on instrument tranglormer stands provided by customer,

935.1. CenicrPoint Encrgy  shall supply cable for the melcring current translformer’s
sccondary conncetions, The customer shall pull the CenterPomt Encrgy provided cable.
CenterPoint Energy shall make the metering current transformer’s secondary
comnnections.

9.3.35.2. A minimum 16 inches wide, 14 inches high, 6 inches deep current transformer common
junction box shall be provided and installed by the customer and located at the base of
onc of the current transformer slands.

9.3.6. The customer shall provide a copper bond wire from the ground mat to the case of each instrument
translormer. The wire shall be sized cqual o the ground mat. CenterPoint Encrgy will terminate
and conneet the wire al the instrument translormer casc.

10. FUSING AND CONNECTION OF PROTECTION AND CONTROL AND METERING CIRCUITS

10.1. Mecrsen Ferraz Shawmut type AZY, A2K or A2D or Littelluse type KLNR lusecs shall be used lor
fusing of the 3435 kV potential transformers secondary relaving and metering circuits of less than 250
V AC as follows:

10.1.1. 3435 kV potential transformers secondary X winding and “Z” winding shall be fused with 30
A fluscs al the polential translormer junction box in the vard excepl thal ncutrals shall not be
fused (brass or copper dummy [uses required).

10,12, 345 kV polential transformers sccondary *Y™ windings shall be Tused with 60 A luscs al the
polential transformer junclion box in the yard excepl that ncutrals shall not be Tused (brass or
copper dummy fuses required).

10.1.3. 15 A fuses shall be used for protective relaving potential branch circuits.

10.1.4. & A luscs shall be used lor instrumentation potential branch circuits.

10.2. Mecrsen Ferraz Shawmut type AZY, A2K or A2D or Littelluse type KLNR lusecs shall be used lor
fuging of 345 kV coupling CVT sccondary relaying and instrumentation circuits of legs than 250 V

AC as follows:

10.2.1.  CVT sccondary windings shall be fused with 6 A sccondary luses at the CVT junclion box in
the vard except that neutrals shall not be fused.

10,22, 3 A luscs shall be used lor protective relaying potential branch circuits,

10.3. Mecrsen Ferraz Shawmut type AZY, A2K or A2D or Littelluse type KLNR lusecs shall be used lor
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10.3.1.

10.3.2.

fuging ol relaying DC circuits of legs than 250 V DC ag lollows:

The trip circuil connection [rom the control cubicle pancl to cach 345 kV breaker trip coil shall

be lused with a 13 A pancl mounied fusc localed on the appropriate control cubicle pancl.

30 A Tuscs shall be used lor the CenterPoint Encrgy SCADA control positive,

10.4. The voltage drop from the control cubicle to the trip circuit at the circuit breakers shall not exceed
10% of raled batiery vollage under normal expected operating conditions.

10.4.1.  With outdoor circuit breakers and indoor protective relay and control pancls, a routing method
herein called "radial”, shall be used since the de circuilry (o the circuit breakers radiales outward
from the control cubicle. Routing of the conductors is from the dc supply to the protective relay
and control panels or switchboards and then on to the circuit breakers as shown in Figure 6.
Positive and ncgative conductlors arc carclully routed together so that sudden changes in current,
such ag thosc from (ripping a circuil breaker, do not resull in large magnetic coupling o other
control and measuring conductors. The effects of external magnetic fields tend to cancel when
the "go" and "return" conductors are in close proximity. All wires of a circuit should be
contained in the same cable so that all arc alTected similarly by any inductive coupling.

INOGQOR BC SUPPLY AND FROTECTIVE RELAY PANELS
i
" -— .-
- PR —= FR — FR

Ax o CB AUXILIARY POWER

CEB: CIRCUIT BREAKER

PR: PROTECTIVE RELAY

TRIF COMTACT
TC: CETRIF COIL
5230 CB AUXILIARY SWITCH
\ 'y \ \
= 52a =+ 528

NOTE: M e oy

LC PROTECTIVE DEVICES

{FUSE, FANEL BREAKER, D3OR TUTOODR

ETC.) NOT SHOWN CB1 CH3

Figure 6
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1. PROTECTIVE RELAYING FOR HIGH VOLTAGE (345 KV)

11.1.

11.3.

The customer will procure and own all the proleciive relays in the substation. 343 kV substalions
require 343 kV transmisgsion linge protective relaying (including transmission ling protective relay
communication channels), 343 kV transmission line automatic reclosing and local breaker failure
relaving for all 345 k'V circuit breakers. CenterPoint Energy will specify in a bill of materials, as
indicatcd in Sub-Article 11.3 of this specification, the prolcclive rclay sivle numbers for the
multifunction (i.e.. 345 KV transmission line protective relaving. circuit breaker automatic reclosing
and local breaker failure relaving) microprocessor 345 kV transmission line protective relays. If the
customer desires 1o install gingle function prolective relays that arc dedicaled for breaker failure
rclaying, then the customer must consult CenlerPoint Encrgy during the development of the relaying
and metering one line diagram. CenterPoint Energy will specify in a bill of materials, as indicated in
Sub-Article 11.3 of this specification, the manufacturer and protective relay type for the single
function prolcelive relays that are dedicaled lor breaker (ailure rclaying. For load
intcrconncctions, CenlerPoint Encrgy will calculaic and implement relay scllings [or
customer-owned 343 kV transmission line protective relays. for single function protective relayvs that
are dedicated for breaker failure relaving for only the circuit breakers that switch the CenterPoint
Encrgy transmission lings and lor customer-owned 343 kV rclays installed to prevent back-
cnergizing CenterPoint Encrgy’s transmission sysiem [rom gencration installed on the low-side of
customer power transformers. CenterPoint Energy will not consider customer requests for
programing additional items in the transmission line protective relay for customers use (i.e., relay
clements, inpuls or oulputs, ctc.). The customer may request mlormation be exported from the
transimission ling protective relay thatare CenterPoint Energy s standard programing of the relay (i.e.,
metering values. events, relay elements, inputs or outputs, etc.) via a communication port to the
CenlerPoint Encrgy SCADA RTU. On a case-by-casc basig, CenterPoinl Encrgy may issuc scllings
for other customer-owned relays. In accordance with Sub-Articles 11.2 and 11.3; and 11.5 of this
specification, the customer will propose 345 kV bus. 343 kV transformer protective relay schemes
and breaker failure relaving for all circuit breakers that do not switch the CenterPoint Energy
transmisgion lincs, The customer shall submit to CenterPoint Encrgy the customer calculaled relay
scltings lor, and allow CenterPoint Encrpy 1o observe the lunctional (esting of, the 345 kV bus and
345 kV wansformer protective relay schemes and breaker failure relaying for all circuit breakers that
do not switch the CenterPoint Energy transmission lines.

Protcctive relaying for clements that compose the 345 kV lacilitics (1.¢., 343 kV transmisgion lings,
345 kV buses, 345 kV power transformers, etc.) shall consist of two independent schemes for the
prolection of cach clement. The protective relays associaled with the first scheme shall be connected
to a difTerent sct of current transformers than the relays agsocialed with the sccond scheme. The DC
branch circuit associated with one relayving scheme (i.e.. relay power supply, input, cutputs, etc.)
shall be a different DC branch circuit than the DC branch circuit associated with the second relaving
scheme (i.c.. independent DC branch circuit). Each of the two schemes shall encrgive both trip coils
of a circuit breaker using appropriate DC separation and separate cutput contacts.

To ¢nsure coordination with other transmission sysiem prolective relaying lor a *full loop™ substation
confliguration, CenterPoint Encrgy will furnish typical AC and DC schematics and a minimum
required bill of materials for the protective relay stvle numbers for the multifunction (i.e.. 345 kV
transimission line protective relaying, circuit breaker automatic reclosing and local breaker failure
rclaying) microprocessor 343 kV (ransmission ling protcctive relays including protective relay
communication channel cquipment. The cusiomer shall indicate the CenterPoint Encrgy specilicd
transimission line protective relaying schemes and proposed relaving schemes for each 3435 kV bus
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11.4.

11.5.

11.6.

(including 345 kV (ransformer high-gide bug) and (ransformer proicelion on a substation rclaving
and metering one line diagram. Once CenterPoint Energy has reviewed these schemes, the customer
shall submit the appropriate relaving drawings and customer’s bill of materials to CenterPoint Energy
for functional review. Aller these drawings and the bill of maicrials are revicwed by CenterPoint
Encrgy, the customer shall order the appropriate cquipment and install these schemes. CenterPoint
Energy personnel will calculate set points for the multifunction microprocessor 343 KV transmission
linc protcclive rclays, apply the scitings and test the transmission line protection relays alter the
customer has compleled point- lo-point wiring checks of prolective relaying and control pancls and
verified protective relaving control circuits by performing functional trip and close testing as
described in Article 16 of this specification. The customer shall calculate set points for the 345 kV
bus and transformer protcction relays and submit this information to CenterPoint Encrgy [or review.
Afller CenterPoint Encrgy has reviewed the 343 kV bus and translormer prolection sct points, the
customer will apply the settings and test the relays after the customer has completed point-to-point
wiring checks of protective relaving and control panels and verified protective relaving control
circuits by performing functional trip and close testing as described in Article 16 of this specification.
[T SHALL BE THE CUSTOMER'S RESPONSIBILITY TO INSTALL ALL WIRING AND
PEFORM ALL POINT-TO-POINT WIRING CHECKS AND CORRECT ANY WIRING
ERRORS.

A *Sync Panel’ is required only for a *full loop™ substation configuration. The Sync Panel consists
of a svnchroscope, a voltmeter and three svnc lights. The ‘Syvnc Panel” typically consists of a small
subpancl mounted on hinges to one of the substation protection and control pancls and must be visible
from the location of the 3435 KV circuit breaker control switches. Other arrangements may be
acceptable (i.e., *Sync Panel” components mounted on the same protection and control panel that all
ol the 345 kV circuil breaker control switches are mounted on). CenlerPoint Encrgy will specily the
*Syn¢ Pancl’ requirements in a bill ol materials relerenced 1n Sub-Article 14.1.2 of this specilication.

For “full loop™ substations equipped with transmission line protective relaying, the current carryving
capability of (he components in the prolective relaying schemes (relay devices, auxiliary current
translormers, monitoring devices, currenl test switches, terminal conncclors, switchboard pancl
wiring, cable, etc.) shall meet a minimum continucus secondary current rating equivalent to a primary
continuous ampere rating of 5,000A and 2-hr emergency ampere rating of 5,500A, unless otherwise
specilied by CenterPoint Encrgy. For substlations with four or morc 345 kV transmission lincs, the
contingous and 2-hr emergency ratings of this cquipment may be required Lo be grealer than these
values.

The following are minimum requirements for 345 kV bus and transformer protection:

11.6.1.  Bus protection shall include two independent instantancous bus dillerential protective relays

(device function 87). A power transformer connected to a bus position will utilize the same two
sets of power transformer high-side BCTs (Sub-Article 7.1.2) for both the bus differential
protective relays and the power translormer prolective relays (Sub-Article 11.6.2).

11.6.2.  Each powcr translormer shall be protected by two proleclive relays. Ag a minimum, onc of the

power Lransformer protective relays shall be a transformer dilTerential relay (device [unction
87T). which shall be connected to one of the two sets of power transformer high-side BCTs and
the other power transformer protective relay shall have instantaneous and time overcurrent relay
(device function 50/31) which shall be conneceted Lo a dilTerent sct of power transformet high-
gide BCTs than the translormer dilTerential relay. [ two multifunclion microprocessor current
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difTcrential protective rclays are utilized. CenterPoint Encrgy docs not object to the
implementation of both a transformer differential function and a transformer instantaneous/time
overeurrent function in cach of the two proteclive relays.

11.6.3.  The three-line AC schemalic drawing(s) showing bus differential proteclive relay conngclions

and (ransformer proieclive relay connections should clearly indicate polarity markings on all
current transformers and all protective relay current inputs.

11.6.4.  Powcr transformer sudden pressurcrelay and oil level deviceds) should be connected lor alarming

and tripping. The sudden pressure relay and oil level device(s) should be connected to a different,
independent DC branch circuit than the transformer differential relay.

11.6.5. Ifauxiliary relays (device function 94) or lockout relays (device function 86) are used for tripping,

11.7.

11.8.

then two independent relays are required lor cach tripping zone, The auxiliary relays or lockoul
rclays should be connected o difTerent, independent DC branch circuits,

AlL 345 kV circuit breakers are required to incorporate local breaker [ailure relayig. When practical,
the protective relay performing the breaker (ailure funciion shall dircetly trip all appropriate 345 kV
circuit breakers (i.e.. not utilize an auxiliarv relay, a lockout relay or another protection relay to trip
the appropriate 345 kV circuit breakers). For load interconnections, CenterPoint Energy
personnel will calculate sct points, apply the scliings and test the breaker lailure scheme il it is
incorporated in transmission line protective relavs. If the customer desires to install single function
protective relavs that are dedicated for breaker failure relaving. then the customer must consult
CenterPoint Encrgy during the development of the relaying and metering onc ling diagram {(described
in Sub-Article 14.1.2 of thig specilicalion) regarding which relays CenterPoint Encrgy personne] will
calculate set points, apply the settings and test. CenterPoint Energy personnel will calculate set
peints, apply the settings and test the breaker failure scheme if it is incorporated in single function
protective relays that are dedicated for breaker failure relaving but only for the circuit breakers that
switch the CenterPoint Encrgy trangmission lings. Testing of the breaker (ailure scheme in relays sct
by CenlerPoint Encrgy will occur aller the customer has compleied the installation and has
satisfactorily performed the system operational tests provided in Article 16 of this specification. IT
SHALL BE THE CUSTOMER’S RESPONSIBILITY TO INSTALL ALL WIRING AND
PEFORM ALL POINT-TO-POINT WIRING CHECKS AND CORRECT ANY WIRING
ERRORS.

The lollowing arc specilicd lor connections pertaining o prolection and control cables:

11.8.1.  Conncctlions from onc pancl (o another pancl should be made [rom the terminal blocks on ong

panel to terminal blocks on the other panel (rather than directly from a device on one panel to
a device on a different panel)

11.8.2.  Protcction and control cables should be color-coded and clearly marked to (acililate wire

checking and troubleshooting.

11.8.3.  Current translormer sccondary cables shall be grounded only at the relay pancls on the non-

11.9.

polarity side of the wye-connected current transformer.

CenterPoint Energy encourages the use of sequence of events recorders (SERs) and digital fault
recorders {DFRs). The application of these systems involves trade -offs between the desire to monitor
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11,14,

and rccord ags much information as possible and the nced to minimize the number of devices in
protective relaving circuits to ensure reliable operation. Any customer planning to install one of these
svstems is encouraged to discuss their application philosophy with CenterPoint Energy early in the
project and Lo show these devices in the appropriate relaying and SCADA AC and DC schemalics
when those drawings arc submitied lor CenterPoint Encrgy revicw.,

Customer-owned Intelligent Elecironic Devices (IEDs) with scttings maintained by CenterPoint
Energy (i.e. protective relavs associated with CenterPoint Energy transmission network) are not
allowed to be monitored directly by the customer. The data from these IEDs can be provided to the
customer from a scrial port on the CenlerPoint Encrgy SCADA RTU.

11.10.1. The customer is permitted to connect directly (routable or non-routable communications) to IEDs
with scliings not maintained by CenterPoint Encrgy including SCADA clectronic melers and
microprocessor relays,

11.11. The lollowing arc speeilicd lor protective relay communication channcls:

11.11.1.

Separate and redundant fiber bundles shall be used for primary and secondary relay

communication channcls,

11.11.2. The customer is required to provide separate and redundant raceways for the fiber optic cable
ingtallation from (he trangmission ling prolcclive rclay thal rcquires the liber oplic
communication (i.c., rclay located in the substation control cubicle) to the base of the lirst
CenterPoint Energy transmission line structure outside the substation. See Sub-Article 5.6.4 of
this specification for cases where fiber optic cable comes in overhead. A dedicated raceway
{conduit) is required lor the liber optic cable, however a dedicated inner duct installed ina
cable trench or a dedicated conduit in a duct bank is acceptable. CenterPoint Energy shall be
respensible for supplying. pulling and splicing of the fiber optic cable.

The following guidelines are for the customer provided raceway:

11.11.2.1.

11.11.2.2,

11.11.2.3.

11.11.2.4.

Flexible stecl conduit 1.30 in. diamcter, [rom the splice box, that is provided and
mounted by CenterPoint Energy at the base of the first CenterPoint Energy
trangmission structure outside of the substation. (o the end of the underground conduit
provided by the customer,

Below grade conduit shall be a minimum 1,50 in. diameter PVC, Schedule 40 with
“pull ling” (continuous liber polyolelin, 200 Tbs. tensile sirengih) installed. Conduit
shall be at least 18.00 in. below grade, with a protective concrete barrier. The minimum
bending radius shall be 24.00 in.

Pull boxes at grade Ievel shall be provided along the cable raceway roule at intervals
not morg than 300 1. or two 90° bends. A cable pull box in (he raceway route 1s required
justinside the substation fence, Pull box shall be 30 in. x 60 in. x 30 in. (Quaviic Style
Ne. PG3060BB30 and PG3060HA).

The customer shall provide 5 in. x 19 in. x 12 in. rack space close to the transmission
line protective relaying that utilizes fiber optics communication to accommodate a fiber
oplic cable distribution box. CenterPoint Encrgy will provide and install the (iber oplic
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cable distribulion box.

11.11.2.53. In cascs where railroad (racks ¢xist between the substation and the first CenterPoint

Encrgy transmission structure outside ol the substation, CenterPoint Encrgy will give
site-specific requirements.

11.11.2.6. Customer shall submit drawings and other documents as nccessary showing (he

raceway routing and construction details of the conduit according to Article 14 of this
specilication.

11.11.2.7. Actual designs shall be reviewed by CenterPoint Energy before construction starts.

12, REMOTE TELEMETRY

12.1. For remote telemetrv requirements (ie.. SCADA). refer to CenterPoint Energy 007-400-02
Specilication lor Remole Telemetry of a Customer-Owned Facility.

13. GENERATION

13.1.

Cuslomers desiring Lo install and/or operate gencration raled 1 MW or larger shall lollow the
Generation Interconnection or Modification Process (http://www.ercot.com). Generators shall
comply with ERCOT Nodal Operating Guides and Protocols, ERCOT Planning Guides, and
CenlerPoint Encrpy engincering specifications and requirements.

CenterPoint Energy will construct new interconnection facilities or expand existing interconnection
lacilitics depending on space and reliability need (o scrve as the Point of [nterconncction Bus (POIB)
for the customer as per the signed Standard Generation [nicrconncction Agreement (SGIA).
Substation interconnecting facilities shall be in *breaker-and-a-half” or ‘ring” configuration and will
be determined based on reliability need. If generation will be interconnected to existing facilities not
cntircly ownced or operated by CenterPoint Encrgy. additional engincering and opcerational crilcria
will be congidered to determing the [casibility.

For customers desiring (o install and/or operate gencration less than or ¢qual to the customer’s load
(i.c.. “scllf-gerve’), the requirements for relay and gencration/load islanding schemes arc as lollows:

The customer shall be responsible for installing protective relavs o ensure the customer’s
generators do not sustain a fault on the CenterPoint Energy transmission svstem. In addition,
customer generation shall not keep any portion of the CenterPoint Energy transmission system
cnergized 1n the event thal a portion of the CeniterPoint Encrgy trangmission sysiem along with
the customer’s lacilitics becomes isolated from the rest of the CenterPoint Encrgy system. The
transmission customer shall be responsible for installing protective relays to ensure the
customer’s generation does not interfere with the automatic reclosing system associated with
the CenlerPoint Encrgy transmission system (i.c.. The [irst automatic reclosing allempt on
CenlerPoint Encrgy trangmigsion line will occur a minimum of ong sccond aficr initial trip. Scc
Sub-Article 3.6). CenterPoint Energy will inform the customer of required changes to the
automatic reclosing svstem at other substations associated with the CenterPoint Energy
(ransmission sysiem as a result of the operation of the customer’s gencrators in parallel with the
CenlerPoint Encrgy (ransmission system. For load intecrconncelions, CenierPoint
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1332,

13.3.5.

Encrgy will calculale and implement all scilings lor customer-owned relays installed for the
protection and antomatic reclosing of CenterPoint Energy transmission lines and for customer-
owned 345 kV relays installed to prevent back- energizing a fault on the CenterPoint Energy s
syslem [rom gencration installed on the low-side of customer’s power Lranslormers.

The customer shall be responsible for installing controls to synchronize the customer’s
gencrators with the CenterPoint Encrgy 'g sysiem,

The customer shall nol intentionally imposc additional load on the CenterPoint Encray
transmission network during an under-frequency disturbance.

Customer may island their load and gencration from CenterPoint Encrgy (ransmisgion sysicm
in onc of the lollowing manncrs (Nole: This docs nol superscde any regulatory frequency ride-
through requirements):

341, Customer may island their gencration and load from the CenterPoint Encrgy

transmission system if the frequency exceeds 61.8 Hz or goes below 37.5 Hz.

342, Customer may island its gencration and a portion of it load [rom the CenterPoint

Energy transmission svstem at any frequency, provided provisions are installed to
ensure that any remaining load imposed on the CenterPoint Energy transmission system
is not greater than the load prior Lo the beginning of the disturbance.

Verification of the implementation of the above requirements shall be in accordance with Article
14 of this specification.

14. DRAWING AND DOCUMENTATION COMPLIANCE REVIEW AND COMDMENTS

14.1. The lollowing compleied engineering documents shall be submilled in the order shown below lor
CenterPoint Energy comments, functional review. and compliance with CenterPoint Energy
specifications in accordance with Sub-Articles 14.2 through 14.6 of this specification:

14.1.1.

14.1.2.

Site preparation and plot plan drawings shall be submitted to CenterPoint Energy for comment.
Facilities that must be shown on this drawing include the dimensions of the substation site, dead-
end structure location, access roadways Lo substlation, space around the outside of the substation,
(roadways. railroad tracks. walks. pipe racks. etc.), drainage features such as culverts, ditches
and detention facilities (if required). Additionally. the elevation of the substation site should be
indicatcd on these drawings (Sce Article 6 of this specilication).

Relaying and metering one-line diagram of high voltage relaying and including generator
prolcetion onc-line diagram lor customers with parallel gencration. The diagram shall indicate
the maximum current transformer ratio and the current translormer tap ratio being ulilized. The
diagram shall indicate whether the 3435 k' circuit breaker low SFG gas pressure wiring is set to
‘BLOCK TRIP or to "AUTO TRIP’ the circuit breaker. The diagram shall indicate phase
rolation,

CenterPoint Energy shall indicate incoming 343 kV transmission lines designation, power
line carricr [requencics (i applicable), localion and ralings of mclering ingtrument
transformers (high- side or lTow-side). CenlerPoint Encrgy designations [or ¢ircuit breakers,
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swilches, power translormers, gencrators (iF applicable) and the CenterPoint Encrgy assigned
long name and 3-character substation identification. CenterPoint Energy will provide a bill
of materials as indicated in Sub- Article 11.3 of this specification.

The drawing shall then be revised to show the information provided by CenterPoint Energy
and resubmitted to the CenterPoint Energy designated representative. (See Articles 9 and 11
ol thig specilication).

14.1.3.  Substation plan, proflilc and scclion view drawings, including bus and bus supporls with material
callouts. The plan and proliles must indicate the geographical basc lings, center line of dead-
end structure and height of static wire and phase wire pull off on the dead-end structure with
coordinates and the CenterPoint Energy circuit name and circuit number for incoming 345 KV
transmission lings. Material callouts including conduclor sive, type. and quantity shall be
provided in sullicient detail o allow for delermination of the continucus and cmergency
substation facility ratings (See Articles 4 and 3 of this specification).

14.1.4.  Final/complcte relaying and metering one-line diagrams, including gencrator proteclion ong-
line diagram for customers with parallel generation.

14.1.5.  When the interconncction agreement indicates that the customer must install cquipment {i.c.,
motor soft start, variable frequency drive (VFD), etc.) in order to satisfy the CenterPoint Energy
interconnection requirements of Sub-Article 4.8 of this specification, drawings and
documentation of cquipment to be 1nstalled shall be submitied for CenterPoint Encrgy review.

14.1.6. Equipment specification for all major pieces of equipment such as power transformers, 345 kV
circuit breakers, surpe arresiers, disconncct swiltches, coupling capacitors and line traps. (Sce
Articles 4 and 7 of this specification).

14.1.7.  The loundation location plan. (Scc Articles 3 and 6 of this specification).

1418, Design calculations, drawings and agsociated documents [or the substation dead-end structures,
ingtrument transformer stands, and foundations. These documents shall be submitied 30 days
prior to the scheduled fabrication start.

14.1.9. AC and DC schematics of high voltage relaving, control and SCADA schemes. AC and DC
panel board drawings. These drawings shall be submitted after the documents required in Sub-
Article 14.1.2 of this specilication have been approved.

14.1.10. Where low-side metering is used, as determined by CenterPoint Energy, original certified test
data in PDF cleetronic file shall be provided to CenterPoint Encrgy lor cach metcring instrument
translormer installed (Sce Sub-Articles 9.2.1.2 of this specilication).

14.1.11. The power transformer AC schematic, breaker schematics and BCT curves.

14.1.12. Power transformer and 3435 kV circuit breaker nameplate drawings.

14.1.13. Relaving. control and SCADA bill of materials. These documents shall be submitted after the
documents required in Sub-Article 14.1.4 of this specification have been approved.

14.1.14. Cable and conduit list and routing layout.
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14.1.15. Front and Back Vicw ol'high voltage relay and control pancls including interconneclions.

14.1.16. Substation conirol cubicle layoul drawing. (Sce Article 8 of this specilication).

14.1.17. Detail (point-to-point) wiring diagrams shall be submitted. not for approval, but for use in

accordance with Article 11 of this specification.

14.1.18. The customer calculated relay settings for the 343 kV bus and 345 kV transformer protective

14.2.

14.3.

14.4.

rclay schemes and 343 kV circuil breaker lailure relaying.

A PDF cleetronic [ile of cach of the drawings indicated in Sub-Article 14.1 of this specilication shall
be sent, lor revicw/comments, Lo the CenterPoint Encrgy designaled representative unless a dilTerent
format is specifically requested by CenterPoint Energy. Certain types of engineering documents
depend upon finalization of other documents. For example, relay panel drawings cannot be prepared
until the relaying AC and DC schematics are finalized. Therelore, engincering documents shall be
submitled for CenterPoint Encrgy comments or approval in the proper sequence.

Customer drawings should be 100% complete when given to CenterPoint Encrgy o review. 1M a
functional review cannot be donc, CenicrPoint Encrgy shall comment on compliance with
CenterPoint Energy specifications and return to customer. The drawings shall then be resubmitted
with CenterPoint Energy comments incorporated when 100% complete. The customer shall then
procecd with drawing submitlal 1n accordance with Sub-Article 14.4 of this specilication.

Customer drawings that are 100% complete and marked “For Approval” shall be functionally
reviewed by CenlerPoint Encrgy lor compliance with CenierPoinl Encrpy specificalions. 1T
additional commenlts are made by CenterPoint Encrgy on the 100% compleic drawings, the customer
may:

14.4.1. Incorporate the CenterPoint Energy comments and resubmit these drawings for further review

of compliance with CenterPoint Energy specifications, or

14.4.2. Notify, in wiiting, to the CenterPoint Energy designated representative acknowledging that

14.5.

14.6.

CenterPoint Energy comments were received and shall be incorporated into the “For
Construclion” drawings.

Should the customer disagree with comments by CenterPoint Encrgy, the customer shall notily in
writing (o the CenlerPoint Encrgy designated representative explaming why revisions are nol
necessary.

Once all 1ssucs are resolved, the linal sct of drawings shall be marked “For Construction.™ Alter, the
substation is energized a PDF electronic file of each of the drawings indicated in Sub-Article 14.1 of
this specification, *As Built” drawings of the substation shall be sent to the CenterPoint Energy
designaled representative within 90 days.

15, EQUIPMENTINSTALIATION

15.1. The prolective enclosure around the substation including gaics and grounding shall be installed in
accordance with the National Electrical Salcty Code (IEEE C2), 1IEEE 1119 and 1EEE ().
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CenlerPoint Encrgy shall assign a long name and a3-characler substation identification to the customer-
owned substation. CenterPoint Energy shall post the long name and 3-character substation
identification on the door of the substation control cubicle and on the entrance gate of the substation.
The long name and/or the 3-characler substation identification shall be uscd to identily the customer-
owned substation for any communications or corrcgpondence. The 3-characler mnemonic shall be
used to identify the facility in the ERCOT Operations model.

The customer shall install all substation equipment and make all connections, except as otherwise
noted in this specification. The customer shall make all equipment installation checks required by
Article 16 of thig specilication and shall make all required measurements and readings available o
CenlerPoint Encrpy personnel 1f requested.

CenlerPoint Encrgy will verily that the 345 kV switches operate correctly.

For load interconnections, CenterPoint Energy will have the sole responsibility for calculating relay
scl points, applyving rclay scttings and testing of the lollowing relays:

1. Transmission line relaving,
2. Relaysfor 345 kV transmission line automatic reclosing, and
3. Reclays for 345 kV breaker lailure protection when specificd by CenterPoint Encrgy.

1354, Rclays installed to prevent back-cncrgizing CenterPoint Encrgy’s (ransmisgion sysiem [rom

generation installed on the low-side of customer power lransformers.

Nole: The appropriatc operation ol prolective relays and control ¢ircuits by perlorming trip and
close testing from devices of Sub-Articles 15.5.1 through 15.5.4 of this specification above
shall be conducted with CenterPoint Energy present to direct and observe test (24 hr. advance
notice required).

CenterPoint Energy will furnish locks which shall remain in series with customer locks for all 345
kV disconncel switches, substation control cubicle doors and gates(s) Lo and (rom the substation.

The 345 kV substation, circuit breakers. air switches, potential transformers, power transformers and
reaclive devices will be assigned alphafumeric identifiers in accordance with CenterPoinl Encrgy
dispatching numbers. These alpha/numeric identifiers are to be shown on the one-line diagram and
shall be marked on the circuit breaker tanks, switch handles. potential transformers, power
translormers and rcaclive devices. These names need Lo be utilized when coordinating switching with
CenlerPoint Encrgy.

CenlerPoint Encrgy will coordinale and provide the procedures lor encrgiving the customer-owned
substation 345 kV cquipment.

16. REQUIRED TESTS AND INSPECTIONS

16.1. During ingtallation but prior 1o cnergiving the equipment, the customer shall perlorm (he lollowing
tests and inspections. CenterPoint Energy will observe the tests below that are marked with an
asterisk (*).
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16.1.1.  Diagnostic (esting (c.g.. insulation power factor ("Doble testing”, ¢l¢.), nsulation registance
(“Megger”, etc.) of all equipment {e.g., arresters, coupling capacitors, etc.). including all tests
as specified by manufacturer.

16.1.2. The required tests and inspections for control cables and panels are as follows:

16.1.2.1.  Check continuily and perform insulation resistance (est conductor-to-ground and
conductor-to-conductor.

16.1.2.2.  Perform a point-to-point wiring check of protective relaving and control panels.

16,123, Verily protective relaying control circuils by performing lunctional trip and close

%
lestmgp,
. . . *

16.1.2.4.  Imjcct current [rom current translormers through rclays.

16,125 CenicrPoint Encrpy personncl will calculate the sct points, apply the scttings and (est
the mulli-function trangmigsion linc prolection relaye alter the customer has completed
point- to-point wiring checks of protective relaving and control panels and verified
protective relaying control circuits by performing functional trip and close testing.

16.1.3.  The required tests and inspections for power cables are as follows:

16.1.3.1.  Check continuity and phasing sequence.

16,132, Perlorm insulation resistance Lest of cables,

16.1.3.3. High-pol.

16.1.4. The required tests and inspections for circuit breakers are as follows:

16.1.4.1. Inspect and adjust main auxiliary switch assembly per manufacturer’s instructions.

16.1.4.2.  Inspect. adjust, and lubricate operating mechanism per manufacturer’s instructions.

16.1.4.3.  Ratio check, excilation (est, insulation resistance test, and polarity on all current
transformers. Leave un-used current transformers shorted and grounded on secondary
terminals.

16.1.4.4. Check resistance of close. trip and trip free coils.

16.1.4.5.  Pecrlorm insulation resistance (est of main conlact assembly and bushings. Mcasurc
main contact resistance (“Ductor™).

16,146, Make diclectric insulation and powcr laclor (esls on main contacl asscmbly and
bushings.

16.1.4.7.  Pcrlorm insulation resistance (est of control c¢ircuils conductor-lo-ground and
conductor- to-conductor.
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16.1.4.8.  Rccord all mcasurcments and rcadings.
16.1.4.9. Make time-travel recordings o verily proper opening speed.

16.1.5. The required tests and inspections for disconnects and switches are as follows:

16.1.5.1.  Check and adjust contact alignment and wipe. -

16,152, Adjust operaling linkage 1o oblain lull open and close posilions and tighten all clamps
and set screws.

16.1.5.3.  Check and tighten all clectrical conneclions.
16.1.5.4.  Lubricatc linkage and bearings, 1l required.
16,155 Clean all greasc Irom contacls.

16.1.6. The required tests and inspections for batteries and charger are as follows:
16.1.6.1. Assemble batteries per manufacturer’s instructions.
16,162, Coal all conncctions on ballery (erminals with no-oxide grease.
16,163, Install, connect, and adjust charger per manulaclurer’s mstructions,

16.1.6.4.  Put batteries on equalize charge until the specific gravity of all cells is within the limits
sct by manulaclurer.

16.1.6.5.  Rcad and rccord the (loat voltage and specific gravity of cach cell.

17. RECOMMENDED TESTS AND INSPECTIONS

17.1. During installation but prior (o cncrgizing the cquipment. CenterPoint Encrgy recommends that the
customer perlorm the following tests and ingpections, as a minimum. This list is not considered (o
be exhaustive or all-inclusive.

17.1.1.  For low-side equipment, test relays, check transformer and bus automatic reclosing and check
operations indicators when tripping through the panel with current.

Note: CenterPoint Energy will calculate and implement all settings for customer-owned
relays installed for the protection and automatic reclosing of CNP transmission lines and for
customer-owned 343 kV rclays installed to prevent back-<cnergiving CNP’s gysiem from
generation installed on the low-side of customer power transformers. On a case-by-case basis,
CNP may issue settings for other customer-owned relays.

17.1.2. The recommended tests and inspections for all substation equipment are as follows:

17.1.2.1.  Clcan rusiced surlaces, prime all barc metal surfaces. and touch up with paint matching
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the Minish coal.

17.1.3.  The recommended tests and inspections lor control work arc as (ollows:
17.1.3.1.  Wire check all cables to current transformers and perform insulation resistance test
ol cables.
17.1.3.2.  In the following order:
17.1.3.2.1.  Polaritv check current transformers.
17.1.3.2.2.  Ratio check current transformers.
17.1.3.2.3.  Excitation (¢st current transformers,
17.1.3.2.4.  Insulation resistance lest current transformers.
17.1.3.3.  Check cable connections to panels.
17.1.3.4. Wires check panels.
17.1.4. The recommended tests and inspections for switchgear are as follows:
17.1.4.1.  Check all bolted bus conneclions,
17.1.4.2.  High-pol cablc with 25 kV DC.
17.1.4.3.  Ensure that all exposed bus work is properly insulated.
17.1.4.4.  Bridge all bus work.
17.1.4.5. Perform dielectric insulation and power factor tests on all bus work.
17.1.4.6.  Check breaker-lilling devices for alignment and adjust limil switches, il necessary,
17.1.47.  Adjust auxiliary and cell swilches.
17.1.4.8.  Check continuity for all AC, DC control, and current transformer circuits.
17.1.5. The recommended tests and inspections for transformers are as follows:
17.1.5.1.  Visually inspect for internal shipping damage and check all internal connections.
17.1.52.  Install bushing and acccssorics per manulacturet’s inglructions,
17.1.53.  Ingpect load tap changer (LTC) compartment and adjust per manufaclurer’s instruclion
and check LTC operation, il applicablc.
17.1.5.4.  Brndge primary and sccondary windings on all tap positions and a (inal check on the
tap position thal will be uscd.
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17.1.5.5,

17.1.5.6.

17.1.5.7.

17.1.5.8.

17.1.5.9.

17.1.5.10.

17.1.5.11.

17.1.5.12,

17.1.5.13.

17.1.5.14.

17.1.5.15.

17.1.5.16.

17.1.5.17.

17.1.5.1%.

17.1.5.19.

Ratio check, excilation test, perlorm insulation resistance Lest, and cheek polarity on
all current transformers. Leave unused current transformers shorted and grounded on
the secondary.

Vacuum fill per manufacturer’s instructions.

Cheek lor oil and gas leaks. (This may be dong prior 1o vacuum [illing).

Test o1l belore and aller filling. (Maximum power (actor, minimum diclectric strength,
color, acidity. and interfacial tension).

Test o1l for dissolved combustible gas and moisture content (Note: This (est 1s 1o be
performed 24 to 48 hours after the substation has been energized).

Checek vollage regulating relay and controls,

Check cooling cquipment and conlrols.

Check nitrogen-regulating cquipment and adjust per manulacturer’s instructions.
Check sudden pressure relay and associated circuits.

Check and connect desired alarm circuits.

Perform insulation resistance (st and nsulation power lactor test of bushing and
windings (e.g., “Doble testing™).

Check all bushings to bus connections.
Check all current translormers and control ¢ircuil conngelions,
Record all measurements and readings.

Check core ground.

18. REFERENCE DRAWINGS
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TH1% DIAGRAM REPRESEMTS THE MAXIMUM DIMENS[ONS. ARD
MAXEMUM WEIGHT OF POSSIELE 345 Y CT '8 QR FT 5 THAT
CEMFERPOINT EMERGY WILL PROVIDE FOR THE 345 BV BILLING
METER.

THLS DERGREAM FEOWIDES THE NECESSRRY STRUCTURREL AMO
MECHAWITAL LESIGN PABAMETERS TO BE LISEG FOR THE INSTRUMENT
TRANSFORMER FOUMIAT [OMS ARD STRNDS THRT WILL SURPPORT

345 KV LTS OR PT's THAT CEMTERFOINT EMERG: MILL PROVIDE.

THIS DIAGERM MUST ALSG EE USED. IR COMJUNCT [OR WITH
SUBSTATION BUS PROFILE DITMEAMNSI0ONS. TO BETERMIKE THE KRIGHT
OF "HZ STAMOS THAT Wily SUPPORT THI IWNSTRUMEMT TRANGFORMERS
THAT CHNP HOULO FPROYIOE FOR THE 34% Ky BILLING HETERIRG.
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Exhibit “J”

Transmission Service Provider’s “Specification for Installation of Access Roads, Paving and Drainage” Guideline
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CENTERPOINT ENERGY

SPECIFICATION
FOR

INSTALLATION OF ACCESS ROADS, PAVING AND DRAINAGE

HIGH VOLTAGE CIVIL DESIGN DEPARTMENT
1111 LOUISIANA ST HOUSTON, TEXAS 77251

2022 Version

REFERENCE DRAWINGS:

CONSTRUCTION DRAWINGS

REFERENCE SPECIFICATIONS:
EXHIBIT A - PRIMARY ACCESS ROAD DETAIL
LOCATION OF WORK:

(Insert Substation Name & Address)

CNP
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1.0

2.0

3.0

4.0

SCOPE

1.1

This specification covers the design criteria, material specifications, and
construction methods for the installation of flexible base roads and
drainage on CenterPoint Energy’s (CNP) projects.

ACCESS ROAD DESIGN CRITERTA

2.1 The Generator shall design a 24-foot-wide access road with a maximum
1% slope or as designated by CNP representative. Refer to Exhibit A,
“Primary Access Road” cross-section detail.

2.2 Minimum turning radius of 60 degrees shall be provided for all turns. 90-
degree turns shall be avoided, 1f possible.

2.3  Base material shall be designed to a minimum depth of 8 inches.

2.4 Subgrade treatment shall be specified to a minimum depth of 6 inches.

2.5  Minimum 5-foot-wide shoulders shall be provided on both side of the road
or as designated by CNP representative.

2.6  Generator shall exhaust all reasonable options to avoid locating access
road mside a delineated FEMA floodplam or flood zones determined by
hydrology study performed by Generator.

2.7  Iflocating road inside floodplain is inevitable, access road grading
elevations shall be designed to avoid flooding during heavy rain events.

2.8  Access roads shall be all-weather roads and shall maintain 24/7 access to
CNP facilities during storm events,

2.9  An electronic copy and georeferenced CAD files of the “Plan and Profile”
drawings shall be submitted to CNP representative for review and
approval prior to construction.

2.10  Generator shall coordinate with CNP representative the grading elevations
of sections of the road connecting to CNP facilities.

2.11  Drawings shall be designed and stamped by a Professional Engineer with
a license in the state of Texas.

GENERAL

3.1 The paving work shall be done in accordance with the CNP approved
drawings, this specification and any drawings or specifications provided
by CNP’s designated representative for a specific project.

3.2 TIncase of a conflict, the order of precedence shall be the directions given
by CNP’s representative, this specification, and the CNP drawings.

3.3 The Generator shall maintain on the job site a complete and readable set of
all specifications and any drawings approved by CNP.

34  No deviation from this specification will be permitted without

authorization from the CNP representative.

GRUBBING AND EXCAVATION

4.1

The area to be paved shall be cleared and grubbed to a minimum depth of
4 (four) inches. All stumps, logs, brush, roots, vegetation, rubbish,
designated trees, and other objectionable material shall be removed and
disposed of offsite.

3]
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5.0

6.0

4.2 Soft or unstable materials that are deemed unfit to meet compaction
requirements shall be removed as directed by CNP representative and
replaced with an approved fill material.

43 All holes, ruts, and depressions shall be filled with material approved by
the CNP representative.

4.4  Excavated material shall not be used as fill without specific authorization
of the CNP representative and prior geotechnical studies.

4.5 The Generator shall exercise care when grubbing and/or excavating, to
stay clear of power lines, structures, pipe, septic tanks, fences, grounding
mats or any underground facility mstalled before the start of construction.

4.6 The Generator shall reimburse CNP for the repair or replacement of any
previously identified facilities he damages.

SELECT FILL MATERIAL
51 TYPE A FILL MATERTAL
5.1.1 TYPE A fill matenial shall conform to CL or SM soil classification

as designated in ASTM D-2487 Atterberg Limits for TYPE A
material shall be as follows:
Liquid Limit 30-45
Plasticity Index 7-15
52  TYPE B FILL MATERTAL
5.2.1 TYPE B fill material shall conform to a CL or SM soil
classification as designated in ASTM D-2487. Atterberg Limits for
TYPE B material shall be as follows:
Maximum Liquid Limit 45
Maximum Plasticity Index 20

CEMENT STABILIZED SOIL

6.1 Soil stabilization with cement shall be done in accordance with the State
Department of Highways and Public Transportation (SDHPT) 1982
Standard Specifications for Construction of Highways, Streets, and
Bridges — Ttem 270,

6.2  The cement shall be Type 1 of a standard brand of Portland cement and
shall conform to the requirements of ASTM — C150.

6.3 The subgrade conditions shall be approved by the CNP representative
prior to the application of cement.

6.4  The soil to be cement stabilized shall be limited to the designated area and
depth shown on the approved drawings or as designated by the CNP
representative.

6.5 Upon completion of final compaction, the stabilized seil shall be cured for
a minimum of 24 hours prior to the placement of fill or base materials.

6.6 CNP or a Geotechnical representative will specify the amount of Portland
cement to be utilized as required by the soil conditions.

6.7  The Generator shall assume responsibility for damages resulting from
cement that has washed or blown off the subgrade.
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7.0  LIME STABILIZED SOIL

7.1 Soil stabilization with lime shall be done in accordance with SDHPT
Items 260 and 264, and the 10/91 Special Provision to ltem 260, and the
12/87 Special Provision to Ttem 264,

7.2 The subgrade conditions shall be approved by the CNP representative
prior to the application of lime.

7.3 The lime shall be furnished in a slurry form (Type B, Commercial Lime
Slurry) or (pellet) pebblized form (Type C, Quicklime, Grade DS).

7.4 The soil to be lime stabilized shall be limited to the designated area and
depth shown on the approved drawings or as designated by the CNP
representative.

7.5 CNP or a Geotechnical representative will specify the amount of lime to
be utilized as required by the soil conditicns.

7.6 The Generator shall assume full responsibility for damages resulting from
lime that has washed or blown off the subgrade.

80  BASE MATERIALS

8.1 The base material used for the surface course shall be limestone and/or
cement stabilized limestone and conform to SDHPT ltems 247 and 274
respectively.

82 LIMESTONE
8.2.1 The aggregate used for yard paving shall conform to the following

size requirements:
AGGREGATE U.S. STANDARD PERCENT MAX. MAX.

TYPE SIEVE SIZE RETAINED LIQUID PLASTIC
BY WEIGHT LIMIT LIMIT

Limestone 1 %7 Sieve 0
(Type A, 7/8” Sieve 10-35
Grade 1) 3/8” Sieve 30-50

No. 4 Sieve 45 -65

No. 40 Sieve 70 — 85 35 10
WET BALL
Maximum Amount ............. 40%

Increase Passing No. 40 ... ...

20%

8.3 CEMENT STABILIZED LIMESTONE
83.1 The aggregate used for road paving shall conform to the following
size requirements:
AGGREGATE U.S. STANDARD PERCENT MAX. MAX.
TYPE SIEVE SIZE RETAINED LIQUID PLASTIC
BY WEIGHT LIMIT LIMIT
Limestone 1 %47 Sieve 0
(Type A, 7/8” Sieve 10-35
Grade 1) 3/8” Sieve 30-50
No. 4 Sieve 45 — 65
No. 40 Sieve 70 — 85 35 10
4
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9.0

10.0

12.0

8.4

8.3.2 The cement content shall be 5% by dry weight and the minimum
compressive strength shall be 650 psi at 7 days.

8.3.3 The cement shall be Type | of a standard brand of Portland cement
and shall conform to the requirements of ASTM — C150.

8.3.4 The cement stabilized base courses shall not be mixed or placed
when the air temperature 18 40 degrees Fahrenheit (or below) and
falling. The material may be placed if the air temperature is 35
degrees Fahrenheit and rising,

The aggregate shall be free from excess salt, alkali, vegetable matter, clay,

or otherwise objectionable matter.

COMPACTION

8.1
9.2

93

9.4

Select fill shall be compacted in lifts not to exceed eight (8) inches.

The subgrade or subbase shall be “proof rolled” prior to the placement of
paving materials.

All select fill maternals, scrubber base, stabilized soil, existing flexible
base paving, and excavated areas shall be compacted to 95% of the
maximum density established by the Standard Proctor Density Test,
ASTM D-698, with a moisture content within —2% or +3% of optimum.
At the discretion of the CNP representative, in-place density testing will
be performed.

CONCRETE PIPE

10.1

All storm sewer piping and culverts shall be reinforced concrete,
manufactured to comply with ASTM C-76, Class 111, Wall B, or
equivalent corrugated plastic pipe approved by Texas Department of
Highways.

GRADING

11.1

11.2

11.3

The Generator shall surface grade the access road as shown on the
approved drawings or as directed by the CNP representative to provide a
smooth finish and good positive drainage.

When grading, it shall be the Generator’s responsibility to stay clear of
power lines and structures. Care shall be taken to avoid damage to any
existing pipelines, septic tanks, telephone lines, etc.  If these structures
are damaged due to the Generator’s negligence, they shall be repaired or
replaced at his expense.

All unpaved areas shall be surface graded as necessary to provide a
smooth surface for proper drainage, and to allow mowing.

CONSTRUCTION METHODS

12.1

12.2

12.1  The Generator shall install limestone base materal to a maximum
depth of 0.8 ft, and cement stabilized limestone to a maximum depth of
0.8 ft, unless otherwise directed by the drawings or the CNP
representative. However, in no case shall the base material be placed in
lifts greater than 0.5 ft or less than 0.25 ft.

The subgrade shall be graded and compacted prior to placement of base
materials. All weak spots shall be corrected with a suitable material.
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12.3

12.4

125

2.6

127

12.8

12.9

12.10

12.11

1212

12.13

12.14

The base material shall be installed on a dry, uniformly compacted
subgrade.

The finished shape of the base course shall be smooth and conform to the
established lines and grades shown on the approved drawings or as
directed by the CNP representative.

During compaction the Generator shall use a vibratory plate compactor
when within five (5) feet of any structure or in areas determined by CNP
to be hazardous due to electrical clearances or crowded conditions.
Self-propelled vibratory rollers are prohibited within twenty (20) feet of
any electrical structure.

All paving areas with “nests” of segregated coarse or fine material shall be
corrected by scarifying or removing and replacing with a well-graded
material. The material shall be placed and compacted to meet the
requirements as stated in Section 9.0 of this specification.

The stabilized base shall be compacted to a density of not less than 95% of
the maximum density established by the Standard Proctor Density Test
ASTM D-689. After completion of compaction, the surface that forms
the road and ramp paving shall be thoroughly wetted.

Prior to each day’s construction, a straight joint shall be formed by cutting
back into the entire depth of the previously placed material to form a true
vertical face, free of loose and shattered materials,

Not more than one (1) hour shall elapse from the time the cement
stabilized limestone arrives on site and the compaction begins.

The compaction of cement stabilized limestone shall be completed within
three (3) hours of the time water is added to the mixture.

The cement stabilized limestone shall be protected against rapid drying for
a period of 72 hours.

The CNP representative may at his discretion reject any base material that
he deems is not in accordance with the requirements of this specification.
The Generator shall erect and maintain sufficient barricades to prevent
traffic on newly paved area(s) for a period of 72 hours or as directed by
the CNP representative.
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EXHIBIT A

SEE NOTE 1
SEE NOTE 2
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NOTES:

1.

BASE MATERIAL - BASE MATERIAL SHOULD BE COMPOSED OF CRUSHED LIMESTONE OR CRUSHED CONCRETE MEETING
THE REQUIREMENTS OF TXDOT 2014 STANDARD SPECIFICATIONS ITEM 247, TYPE A . GRADE 1 . THE BASE
MATERIAL SHOULD BE COMPACTED TO AT LEAST 95 PERCENT OF THE MODIFIED EFFORT (ASTM D 1557) MAXIMUM DRY
DENSITY AT MOISTURE CONTENT WITHIN 2 PERCENT OF THE OPTIMUM MOISTURE CONTENT.

LIME TREATED SUBGRADE - WE ANTICIPATE THAT THE PAVEMENT SUBGRADE WILL GENERALLY CONSIST CF ON-SITE
MEDIUM TO HIGH PLASTICITY CLAY SOILS. THE PAVEMENT SUBGRADE SHOULD BE TREATED WITH LIME IN
ACCORDANCE WITH TXDOT 2014 STANDARD SPECIFICATIONS ITEM 260. BASED ON THE CLASSIFICATION TEST RESULTS,
WE RECOMMEND THAT APPROXIMATELY 8 TO 10 PERCENT LIME BY DRY WEIGHT BE USED FOR ESTIMATING AND
PLANNING. THE PERCENTAGES ARE GIVEN AS APPLICATION BY DRY WEIGHT AND ARE TYPICALLY EQUIVALENT TO
ABOUT 40 TO 50 POUNDS OF LIME PER SQUARE YARD PER 6-INCH DEPTH. THE ACTUAL QUANTITY OF LIME SHOULD BE
DETERMINED AT THE TIME OF CONSTRUCTION BASED ON LIME DETERMINATION TESTS CONDUCTED USING BULK
SAMPLES OF THE SUBGRADE SOILS. THE PULVERIZATION, MIXING, AND CURING OF THE LIME TREATED SUBGRADE IS OF
PARTICULAR IMPORTANCE FOR THE ON-SITE CLAY SOILS. THE SUBGRADE SHOULD BE COMPACTED TO A MINIMUM OF
95 PERCENT OF THE STANDARD EFFORT (ASTM D 898) MAXIMUM DRY DENSITY AT A MOISTURE CONTENT BETWEEN
OPTIMUM AND 4 PERCENT WET OF THE OPTIMUM MOISTURE CONTENT.

PRIMARY ACCESS ROAD (24 m

MOT TS SCALE




