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1. Introduction

Portland General Electric has prepared this doctreidentify technical requirements for connectingnsmission
lines and loads into the PGE transmission systeBE(Bystem). The purpose of this document is t@i§p¢he
minimum requirements necessary to assure the pafation, integrity and reliability of the PGE Sgfst

PGE evaluates new connection proposals on a casadaybasis. Specific interconnection requiremangsthen
provided back to the Requester. All requests fandmission service or new transmission facilitimsst be made
pursuant to the terms of PGE'’s prevailing transioissariff. PGE also calculates transfer capapilit accordance
with its prevailing transmission tariff.

Contractual matters, such as costs, ownershipdsting, and billing are not the focus of this do@nth However, in
general, the Requester is expected to assume shefcall upgrades or new facilities necessaryatisfy the technical
requirements and accommodate the Request.

To develop a properly designed connection, thetridggower systems must be studied, without regauvnership.

The Requester usually assumes the cost of anyrBysteact Study and Facilities Study. The studidksomnsider

issues such as short-circuit duties, transientgek, reactive power requirements, stability respénts, harmonics,
safety, operations, maintenance and Prudent Edddtility Practices. Upon completion of the stugdand after
execution of a connection agreement, PGE will gtexdappropriate notification of new or modified fas to WECC
and others.This may include, but is not limited to, providiagproject summary at a PGE meeting or inclusion
of the project in the WECC Significant Additiongocet.

This document is not intended as a design spetiditaor an instruction manual and the informatioegented is
subject to change. Technical requirements statreirh are generally consistent with North Ameridalectric
Reliability Council (NERC), Western Electric Coandiing Council (WECC) and Northwest Power Pool (NRYP
principles and practices. This document is algended to be consistent with the Federal EnergyuRémyy
Commission (FERC) regulations governing separatibtransmission and generation functions. At tieetof the
request for a connection, the standards in plaghattime will govern. The information presentsdsubject to
change.

PGE wishes to thank the many organizations whiokiged input and to acknowledge The Bonneville Rowe
Administration for certain selected material usethis document.

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.
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2. Scope

The technical requirements contained herein gelgeapply to all new or modified line or load contieas regardless
of type or size. The location of the facility, &pf connection, and impacts on the PGE Systemmathar utility’s
system determine the specific requirements. Thenection must not degrade the safe operation, rityegnd
reliability of the PGE System or the systems ofosh The requirements in this document are intenolgprotect PGE
facilities, but cannot be relied upon to prote& Requester’s facilities. Although a physical aaetion may not exist,
this document also addresses technical requirenfantiynamic signals.

2-A  Applicable Codes, Standards, Criteria and Regulations

To the extent that the codes, standards, criteidaragulations are applicable, the facilities sbhalin compliance with
those listed in Section 10 of this document.

2-B  Safety, Protection, and Reliability

PGE, in cooperation with affected parties, makesfthal determination as to whether the PGE Sysgeproperly
protected before an interconnection is closed. Reguester is responsible for correcting such probl before
facilities are energized or interconnected openabiegins. However, PGE may determine equivalerdsomes to
maintain the safe operation and reliability of R6E System. In situations where there is direcineotion with
another utility’s system, the requirements of thidlity also apply.

2-C Requester Responsibilities

The Requester is responsible for the planning,gdesionstruction, reliability, protection, and safperation and
maintenance of the Requester’s facilities unlebsratise identified in the construction, operatiow/@r maintenance
agreements.

2-D  Special Disturbance Studies

PGE uses series and shunt capacitors, high-speledirgy, single-pole switching and high-speed iigacwitching at
various locations. These devices and operatingesiaak well as other disturbances and imbalanagscause stress
on connected facilities. The Requester is resptador any studies necessary to evaluate posstbésses on the
proposed facilities and for all corrective actions.

2-E  Study Estimates

PGE develops cost estimates on a case-by-casewfemisappropriate. PGE may provide estimatesi@required
facilities that are identified by the Facilitiesu8y and shown on the approved Project Requirentiziatgam.

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.
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3. Connection Request and Study Requirements

Generally, all requests for transmission servicestnnie made pursuant to the terms of PGE’s pregaitiansmission
tariff. If a connection is requested without arc@opanying transmission service request, the cdiomeand its
operation will comply with regional practices. If at any time, the requester designates the cdinmeas a
transmission service request, they should submitaasmission Service Request Form. (See PGE’'s OATEction
II: Point-To-Point Service and Section lll: Netwothtegration Transmission Service, for applicabtenfs and
instructions).PGE should be contacted as earl@rptanning process as possible for any poteméiabmission line or
load connections to the PGE System. Changes withiitain areas of PGE System may be costly duetengive
reinforcements. That is, PGE may have to add dadifydts transmission system substantially befdievdng a new
transmission line or load to begin connected opmratA study must be made to determine the redueilities and
modifications to accommodate the new connectiohis Ftudy may also address the transmission syssgability,
transient stability, voltage stability, losses, tagke regulation, power quality (harmonics, voltafiieker),
electromagnetic transients, machine dynamics, fesamance, metering requirements, protective mdgygubstation
grounding, and fault duties.

3-A. Initial Request to PGE for Connection

For any connection not accompanied by a TransnmisSiervice Request, the Requester should provide WBE
sufficient information to determine if a detailegs&m Impact Study and a Facilities Study are regliby submitting
a Transmission/End-User Connection Request foroog of this form is included in Section 11 of thiscument) as
early as possible with all available informatidAGE then performs a preliminary connection studgijfy its analysis
on the information provided. All Transmission Seev Requests should consult PGE's OATT for procasd

procedures.

3-B. Coordination with affected utilities

In conducting the preliminary connection study, P@E determine if any surrounding systems are etfd (affected
systems). PGE will then coordinate and cooperatihé conduct of any Studies performed by any &dtbsystem.
PGE may also choose to coordinate constructiont®rown system with the constructon required by msthéd
reasonable to do so., Once they are identified, RiBENvite such affected system operators tonadletings held with
the Requestor. The Requestor will be expectedtperate with PGE in all matters related to thedooh of studies
and the determination of modifications.

3-C. System Impact and Detailed Facilities Study

If a System Impact Study and a Facilities Study raeuired, PGE will notify the Requester and fordvar study
agreement to cover the cost of the study. The &sdqu will then be expected to complete the forihis form
provides PGE with specific information required fbe studies.

The System Impact and Facilities Studies can requonsiderable time and effort, depending on the tf connection
and its potential system impacts. Because of GE and the Requester must enter into an agreepnentto
performing each of the studies. At the conclusiéreach study, PGE will issue a report which oetlirthe study
results and may also include the following:

1. Study assumptions;

2. Alternatives considered,;

3. Jointly coordinated recommendations, if any.

3-D. Study Results
The System Impact Study and Facilities Study resulty include the following:

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.
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10.
11.

3-E.

A preliminary Project Requirements Diagram;

Any madifications and/or additions needed to PGEansmission System to accommodate the connection;
The major connection equipment that the Requestetdiprovide;

The requirements for voltage regulation, harmoraosi power factor control,

Revenue metering and interchange telemetering negents;

Protective relaying, grounding, remedial action aadtrol requirements;

Telecommunication requirements;

Operational control of facilities and maintenaneguirements;

Approximate schedule and lead times for PGE toqgperfits design, material procurement, constructod
energization;

An estimate of costs for additions and modificagiom be performed by PGE; and
The alternate locations where the Project facgityfay be connected to PGE’s System.

Notification of Additions/Modification to other parties

After execution of an appropriate agreement, PGE meport the addition and/or modification of fdatids to the
Western Electric Coordinating Council (WECC) astdrits Annual Progress Report and Significant itidds filing
for non-WECC members. Requestors who are WECC raembill submit additions not considered part af IGE
system. Furthermore, those additions and/or nuatifins will be reported to the regional securitprdinator once
they are placed in service.

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.
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4. General Requirements

4-A. Safety and Isolating Devices

At the Connection Point to the PGE System, an iswgjadevice, which is typically a disconnect switchall be
provided that physically and visibly isolates th&€E System from the connected facilities. Safetgt aperating
procedures for the isolating device shall be in glance with the PGE and Requester's safety manu&i
switchgear that could energize equipment shallibibly identified, so that all maintenance crews t&@ made aware
of the potential hazards. The isolating device rbayplaced in a location other than the ConnecRomt, by
agreement of PGE and affected parties. In anytb&sdevice:

* Must simultaneously open all phases (gang operabettie connected facilities;

* Must be a manually operated disconnect switch donections at 230 kV and below;

* Must be accessible by PGE and may be under ultiP@te Dispatcher jurisdiction;

* Must be lockable in the open position by PGE;

* Would not be operated without advance notice tbeeiparty, unless an emergency condition requinas the
device be opened to isolate the connected fasilidad

* Must be suitable for safe operation under the d¢od of use.
* Must have ratings equal to or greater than thedimcility being connected to the PGE system.

PGE personnel may lock the device in the openiposiind install safety grounds:

* Ifitis necessary for the protection of mainterepersonnel when working on deenergized circuits;
» If the connected facilities or PGE equipment préesarhazardous condition;
» If the connected facilities jeopardize the operatbthe PGE System.

If the isolating device is located in a PGE substabr switchyard, any persons accessing the ddeicenspection,
operation or maintenance must be fully trained quadlified as defined in the applicable OSHA regolass. These
persons must also receive training by PGE, at thguBster's expense, on PGE’s operating and safetyiges. All
clearances will be under the jurisdiction of the BP@ispatcher. All operations and clearances vdllofv the
procedures in the PGE Electrical System Switchimd) Bagging Handbook.

If the isolating switch is located at a substat@nswitchyard owned by the customer or interconngctitility, an
operating one-line must be provided to PGE. Remsito this one line shall be issued to PGE whemgés are made
to the station.

For customer substations, PGE shall have operatamtass to the circuit breaker, circuit switcheswitch to drop
the load or transformer following agreement betwienPGE Dispatcher and the customer.

4-B. Point of Connection Considerations
1. General Constraints

Connected facilities shall not restrain PGE frokirtg a transmission line or line section or othguipment out of
service for operating or maintenance purposes. lifleeand all components must be designed andlliiedtéo

accommodate PGE'’s right to maintain its equipmentfacilities. If necessary to ensure maintainghiPGE will

install pole mounted line sectionalizing disconreeitches at the customer’s expense.

2. General Configurations
Connection of new facilities into the transmisssystem usually falls into one of four categories:

a. Connection into an existing 57-kV to 500-kV bulkwer substation, with (depending on the bus conétian)
the existing transmission and new connecting lesh terminated into bays containing one or mozakwsrs;

b. Connection on the low-voltage side (typically 13}k a new or existing power transformer in a PG#ed
substation. This connection, which is discussddvibemay create a multi-terminal line if the loades of the
transformer includes a generation source or isradial on the low voltage side;

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.
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c. Connection at 57-kV to 500-kV by directly tappingexisting transmission line; or

d. Connection at 57-kV to 500-kV by looping an exigtifnansmission line into a new customer or PGE awvne
substation. This connection may result in a new-RGE owned substation within an existing transiors
path.

PGE must maintain full operational control of th@nismission path. This may include, but not betdichto,
SCADA control and monitoring of circuit breakerssa@bnnects and other equipment in the new subatatio
Additionally, PGE will retain contractual path righ Any new equipment shall not degrade the ofmeral
capability of the line.

A multi-terminal line is created when the new coctian, such as b or ¢ above, becomes an additemake of
real power and fault current beyond the existingrees at the line terminals. A line with threenerals affects
PGE's ability to protect, operate, dispatch, andnta@n the transmission line. The increased corifyeof the
control and protection schemes affects systemlgyahnd reliability. The additional terminal maso decrease
the overall performance and availability of thesgixig line. PGE determines the feasibility of mtdrminal line
connections on a case-by-case basis. If an agreesneached to establish a multi-terminal lin6BPmay require
new or additional relays or pilot relaying in PGlbstations in order to maintain operability andatality of the
new configuration. All additional relays or relagischemes required will be installed at the custtsrexpense.

These four categories can include the situationreva@other utility owns the transmission line ouipgnent that
directly connects to the PGE System.

3. Special Configurations

The following configuration may substantially affébe costs of a particular connection plan, somesi making
an alternate Connection Point more desirable.

a. Connection to Main Grid Transmission Lines and Sub&tions

Main Grid transmission lines include all 500 kV dasome lower voltage lines, as defined by PGE’saRéity

Criteria. These circuits form the backbone of BIg8E transmission system and provide the primarynsiea
serving large geographical areas. The use of tiereenal lines on the Main Grid often adverselyeafs
system stability and reliability, as well as crioperation and maintenance of these lines. Towrd*GE
discourages proposals to create three-terminag lamethe Main Grid. Typically a substation, witthd@ional

breakers at the Connection Point, will have to &eetbped. The cost of this step may make connetbiamon-
Main Grid lines more appropriate for most lines éoats.

4. Other Considerations
a. Existing Equipment
Existing electrical equipment, such as transformgosver circuit breakers, disconnect switches,séers, and
line conductors were purchased based on the des@scted in response to system additions identifiéoing-
range plans. However, the connection of a newdinad may cause existing equipment to be untéztra
requiring replacement.

b. System Stability and Reliability

The PGE System has been developed with carefuldenasion for system stability and reliability dogi disturbances. The type of
connection, size of the load, breaker configurajdoad characteristics, and the ability to setqmtive relays will affect where and
how the Connection Point is made. The Requestgratsa be required to participate in special prid@cschemes, called remedial
action schemes (RAS) such as generator droppiad, $bedding, or load tripping. The portion of ttensmission path capacity
that the Requester uses determines the pro rata shRAS. If RAS participation is required, thedRiester and PGE will jointly
plan and coordinate the RAS implementation.

c. Control and Protection
PGE coordinates its protective relays and contoblemes to provide for personnel safety and equipmen
protection and to minimize disruption of servicesidg disturbances. New Connection Points usuaiiyiire
the addition or modification of protective relayadéor control schemes. The new protection must be
compatible with existing protective relay scheme&sometimes the addition of voltage transformersrecu
transformers, or pilot scheme (transfer trip) aksmecessary. PGE uses single-pole protectivgingeon

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.
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e.

4-C.

most 500 kV lines and pilot tripping on most 230 lkves. Conventional directional zone protectisusually
used on 57 to 230 kV lines. Distribution type puiton is generally used for circuits below 57 k¥t the
time of the connection request, PGE will supply Regjuester with an approved list of protectiveyalgstems
suitable for the interconnection. Should the Restpreselect a relay system not on our approved RiGE
reserves the right to perform a full set of accepeatests, at the Requester's expense, prior totigga
permission to use the selected protection scheme.

Dispatching and Maintenance

PGE operates and maintains its system to proviliigble customer service while meeting the seasandl
daily peak loads even during equipment outagesdistdrbances. New line and load connections mast n
restrict timely outage coordination, automatic shiihg or equipment maintenance scheduling. Praggrv
reliable service to all PGE customers is esserdiadl may require additional switchgear, equipment
redundancy, or bypass capabilities at the Conneé&t@nt for acceptable operation of the system.

Atmospheric and Seismic

The effects of wind storms, floods, lightning, edléen, temperature extremes, icing, contaminatiod a
earthquakes must be considered in the design aedhtogn of the connected facilities. The Requeier
responsible for determining that the appropriatedards, codes, criteria, recommended practicédegand
prudent utility practices are met for equipment thay are installing.

Transmission and Substation Facilities

Some new connections to the PGE System requireotteabr more PGE lines (a transmission path) bpdddhrough
the Requester’s facilities, or sectionalized witle \addition of switches. The design and ratingsheke facilities
and/or switches shall not restrict the capabilityhe line(s) and PGE'’s contractual transmissiat pights.

1. Transmission line designs shall meet the requirements of PGE’s StandardsingraCriteria, and Preferred
Practices which, among other things, indicate: that

a.
b.

The requirements of the NESC C2 and OSHA shall ée m

The line shall be designed and sagged to meet cgeexclearance requirements of the NESC C2 while
operating at 100°C (ACSR) or 93°C (AAC) operatiamperature.

All new transmission lines connecting to a PGE tatlmn may be required to have one or more overhead
ground wires (OHGW) to provide substation shielding

All lines 230 kV and higher connecting to a PGE stabon may be required to have surge arresters for
substation entrance protection. PGE staff willoramend the appropriate level of entrance protection
installations in PGE substations.

Access to all structures shall be provided and taaiad.

Underbuilds to existing PGE transmission line ftie$ will generally not be allowed. If an undeitlduis
requested, a special ‘joint-use pole agreement’haive to be negotiated.

2. Customer-built substationsthat tap or interrupt an existing PGE transmisgiath or customer-built facilities
in a PGE substation must meet PGE requirementsttamdequirements of all applicable codes and staisda
including but not limited to the following:

a.
b.

The facility must be designed to applicable requigats of the NESC C2, NEC, ANSI and IEEE Standards.

The design must consider environmental and oil aioment regulations for an installation in a PGE
substation.

Grounding must be in accordance with IEEE Guide 80.

Two sources of station service will be requiredraintain battery charging for any transmission chiitg
other than manual switching.

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.
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e. Electrical equipment in the substation must be dsite carry the full current rating of the interragt
transmission path. This includes the bus, cirbugiakers, disconnect switches, current transforrmedsall
other ancillary equipment which will serve as tloatnuation of the path during any switching couofigion.

f. Customer substations that anticipate ties to orlégrnate source from the PGE distribution systeustm
accommodate the phase shift between the PGE trasismisystem and the PGE distribution system. PGE
uses delta — wye connected transformers in PGEhlisbn substations. See figure 4-1 below forghg.

g. Connections to an existing PGE line will be desthaed installed by PGE.
h. A full set of construction drawings shall be praaadto PGE for review.
i. A PGE lock shall be installed on the entrance gatdlow PGE operational access to the isolatinigcéw

J. Transmission conductors into a customer substatitinnot be energized until the substation meetetya
standards as described in the codes referencee.abov

B” (H2) B (X2)
AP (X1)
AU (H1) cH (H3) cH (X3)
FIGURE 4-1
PGE Transformer Phase Connections
115 - 13 kV
57 —13 kV

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.
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4-D. Insulation Coordination

Power system equipment is designed to withstanthgelstresses associated with expected opera#aliing or

connecting new facilities can change equipment ,datyd may require that equipment be replaced otchgear,
telecommunications, shielding, grounding and/ogsysrotection added to control voltage stress teptable levels.
Connection studies include the evaluation of theaat on equipment insulation coordination. PGE nomntify

additional requirements to maintain an acceptadellof PGE System availability, reliability, eqmpnt insulation
margins, and safety.

Voltage stresses, such as lightning or switchinmyessy and temporary overvoltages may affect equaprdety.
Remedies depend on the equipment capability andyfhees and magnitude of the stress. In generafioata with
equipment operated at 15 kV and above, as welllasasformers and reactors, shall be protectednsg lightning
and switching surges. Typically this includes suagresters on the high voltage side of the tramsfs and possible
surge arresters on transmission line positionse foflowing requirements may be necessary to meetiritent of
PGE’s Reliability Criteria.

1. Lightning Surges
If the Requester proposes to tap a shielded trassoni line, the tap line to the substation must als shielded.
For an unshielded transmission line, the tap linesdnot typically require shielding beyond that desk for
substation entrance. However, special circumstarsteh as the length of the tap line may affeceldhg
requirements.

Lines at voltages of 230 kV and higher that termgnat PGE substations must meet additional shigldimd/or
surge protection requirements identified in Secde@. For certain customer service substatior3atkV, PGE
may require an arrester at the station entrandieunof line shielding, or a reduced shielded zadgcent to the
station. These variations depend on the tap éngth, the presence of a power circuit breakehertransmission
side of the transformer, and the size of the tamnsér.

2. Switching Surges

At voltages below 500 kV, modifications to protd@GE System equipment from switching surges are not
anticipated. However, the results of the Systemalch and Facility Requirements Study identify thual needs.
At 500 kV and usually at 230 kV, PGE requires tnaesters be added to new line terminations at Siibstations.

3. Temporary Overvoltages

Temporary overvoltages can last from seconds tated) and are not characterized as surges. Theseotiages
are present during islanding, faults, loss of laadiong-line situations. All new and existing gguent must be
capable of withstanding these duties.

a. Local Islanding

When the connection involves tapping a transmiskia) a ‘local island’ may be created when theakegs at
the ends of the transmission line open. This eawd generating resources and any other loadsidwmare
tapped off this line isolated from the power systelelayed fault clearing, overvoltages, ferroresure,
extended undervoltages, and degraded service &r ®BE customers can result from this ‘local island
condition. Therefore local islands involving PGQansmission facilities are not allowed to persiSipecial
relays to detect this condition and isolate thal@eneration from PGE facilities are describe®éaction 6-
B2.

b. Neutral Shifts

When generation or a source of ‘back-feed’ is cetetk to the low-voltage side of a delta-grounded wy
customer service transformer, remote end breakeratipns initiated by the detection of faults oe thigh-
voltage side can cause overvoltages that can afiestonnel safety and damage equipment. This d¢fpe
overvoltage is commonly described as a neutrat ahifl can increase the voltage on the unfaultedgshtn as
high as 1.73 per unit. At this voltage, the equépirinsulation withstand-duration can be very sh&everal
alternative remedies are possible:

Please note that this document is subject to revisi.
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* Provide an effectively grounded system on the igitage side of the transformer that is independént
other transmission system connections.

» Size the high-voltage-side equipment to withstdradamplitude and duration of the neutral shift.

* Rapidly separate the back-feed source from the-gteppansformer by tripping a breaker, using either
remote relay detection with pilot scheme (transfgr) or local relay detection of overvoltage cdizh
(see Section 6-B2).

Effectively grounded is defined as an/X1<3 and R/X1<1. Methods available to obtain an effective ground
on the high-voltage side of the transformer incltidefollowing:

* Atransformer with the transmission voltage (PGEisle connected in a grounded-wye configuration and

low voltage (Connection Point) side in closed delta

* A three-winding transformer with a closed-deltaitey winding. Both the transmission and distribat
side windings are connected in grounded wye.

* Installation of a grounding transformer on the srarssion voltage (PGE) side.

Any of these result in an effectively grounded sygstwith little risk of damage to surge arresterd ather
connected equipment.

4-E. Substation Grounding

Each substation must have a ground grid that isllgatonnected to all metallic structures and othen-energized
metallic equipment. This grid shall limit the gr@upotential gradients to such voltage and curierdls that will not
endanger the safety of people or damage equipmaichvare in, or immediately adjacent to, the statiader normal
and fault conditions. The ground grid size ancetgpe in part based on local soil conditions arallable electrical
fault current magnitudes. In areas where grourdi\gitage rises would not be within acceptable saf# limits (due
for example to high soil resistivity or limited sihtion space), grounding rods and grounding weels be used to
reduce the ground grid resistance to acceptabidev

If a new ground grid is close to another substatiba two ground grids may be isolated or connectédhe ground
grids are to be isolated, there must be no metgitband connections between the two substationngtapids. Cable
shields, cable sheaths, station service groundtishieand overhead transmission shield wires camatlvertently
connect ground grids. A fiber optic cable is ametbent choice for telecommunications and contretween two
substations to maintain isolated ground gridsthdf ground grids are to be interconnected, thedataecting cables
must have sufficient capacity to handle fault cotseand control ground grid voltage rises. PGEtrapprove any
connection to a PGE substation ground grid.

New interconnection of transmission lines and/anegation may substantially increase fault currentls at nearby
substations. Modifications to the ground gridseafsting substations may be necessary to keepwvgiidge rises
within safe levels. The connection study will detae if modifications are required and the estedatost.

The ground grid should be designed to applicabl&Sdhd IEEE Standards relating to safety in sulostagrounding
[Ref. 2.1,2.2,2.4,25, 2.6, 2.7].

Voltage transformers and CCVT’s will utilize shielil control wire for secondary circuits that is grded at both
ends. Itis recommended that a ground conductset} parallel the secondary conductors.

4-F. Inspection, Test, Calibration and Maintenance

All transmission elements (i.e. lines, line rigbhfsvay, circuit breakers, control and protectiomipgent, metering,
and telecommunications) shall be inspected andtaiagd in conformance with regional standards niguknto
consideration geographical differences. The ytifiy be requested to annually certify that it tiasumented, and
implemented an adequate transmission maintenamcmspection plan. The Requester has full resjpditgifor the
inspection, testing, calibration, and maintenarfaesequipment, up to the location of change ohevehip or
Connection Point.

Please note that this document is subject to revisi.
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1. Pre-energization Inspection and Testing
Before initial energization, the Requester shaNeligp an Inspection and Test Plan for pre-enerigizaand
energization testing. PGE may require additiomrals; the costs of these tests are subject toinégot The
Requester shall make available to PGE all drawisgegcifications, and test records of the ConnecRoint
equipment. Refer to Section 6-D for specific ilateon testing requirements for protection systems

2. Transmission Maintenance and Inspection Plan

It is the intent of these maintenance requiremengsovide flexibility in the approach to maintewanbut require
the description of certain specific maintenancetas. The maintenance and inspection plan phaide
descriptions of the various maintenance activisesedules and condition triggers for performing th
maintenance, and samples of any checklists, fasmgports used for maintenance activities. TheguRster shall
prepare a written description of, and update asssny, its maintenance and inspection plan.

The maintenance and inspection plan may be perforesbased, time-based, or both, as may be appt@piide
maintenance and inspection plan shall:

* Include the schedule interval (i.e., every two g@&or any time-based maintenance activities ades&ription
of conditions that will initiate any performancesed activities;

» Describe the maintenance methods for each subatye of component and shall provide any chetkbis
forms that may be required for the activity;

* Provide criteria to be used to assess the condifi@ntransmission facility or component;

» Specify, for each type of equipment, the conditioperformance assessment criteria and the apptepri
response to each condition.

a. Transmission Line Maintenance
The maintenance and inspection plan shall, at @amim, describe the maintenance practices for qliegble
transmission line activities including
» Patrols and inspections, routine, detailed and gemay.
» Vegetation Management and right-of-way maintenance.

The maintenance and inspection plan shall desthibenaintenance practices for various attributah®f
transmission lines for all applicable facilities:

e Structures (e.g., wood pole, lattice steel, tubstael, and concrete pole, etc.),
* Guys and anchors,

* Foundations,

e |nsulators,

* Conductor and shield wire,

e Conductor and shield wire clearances,

» Hardware and fittings,

» Disconnects and pole-top switches,

* Fence grounds, and

* Encroachments, unauthorized attachments and jeét u
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b. Station Maintenance

The maintenance and inspection plan shall desthibenaintenance practices for all applicable statio
facilities:

» Switching devices (circuit breakers, circuit swigch and disconnects),

* Wound devices (power transformers, reactors, régndand instrument transformers),
* Reactive devices (series and shunt capacitorsstatid VAr system),

* Surge protective devices (arresters and rod gaps),

» Substation insulation (insulators and bushings),

» Gas insulated substation equipment,

* Metering,
* Battery systems,
* Relaying,

» Telecommunication facilities,
» Station auxiliary equipment, and
» Structures and foundations.
The maintenance and inspection plan shall alsoridbesthe maintenance practices for:
* Visual and environmental inspection (such as feaoglsgrounds, vegetation, clearances, electrical
tracking, abnormal heating, cracks, chips, noisakd, blown fuses, and bulging of equipment cases),
¢ Oil containment,
* Insulation mediums,
* Equipment contacts,
* Mechanical timing,
e Contamination control,
» Testing and calibration,
* Cooling systems,
* Measuring devices, and
* Lubrication and overhaul of moving parts.

c. Maintenance Record Keeping and Reporting
Maintenance records of all maintenance and inspreetttivities for at least five years shall be neiimed.
The records of maintenance and inspection activiti@ll be made available as required and requtsted
demonstrate compliance with the maintenance anqeat®n plan. The maintenance and inspection dscor
shall, at a minimum:
» Identify the person(s) responsible for performing tvork or inspection;
* Indicate the date(s) the work or inspection wa$gpered;
» Identify the transmission facility; and
» Describe the inspection or maintenance that waemeed.

The transmission owner shall maintain and makeablai on request, records for substantial mainteaan
inspection as limited by the following list:

Transmission Line Maintenance:

» Patrol and inspection,
* Vegetation management and right-of-way maintenance,

» Structures (wood pole, lattice steel, tubularished concrete pole), and
Please note that this document is subject to revisi.
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* Insulators (contamination control).
Station Maintenance:

» Switching devices (circuit breakers, circuit swigch and disconnects),

* Wound devices (power transformers, reactors, régrdand instrument transformers),
* Reactive devices (series and shunt capacitorsstatid VAr system),

» Surge protective devices (arresters and rod gaps),

» Substation insulation (insulators and bushings),

» Gas insulated substation equipment,

* Relaying, and

* Telecommunications.

3. Calibration and Maintenance of Revenue and Inteshange Metering

Most revenue and interchange metering will be catéd at least every two years. Other calibratitervals may
be negotiated. All interested parties or theirespntatives may witness the calibration testdib@aion records
shall be made available to PGE upon request.

4-G. Station Service

Power that is provided for local use at a substattooperate lighting, heat and auxiliary equipmertermed station
service. Alternate station service is a backuprs®wf power, used only in emergency situationsdaring
maintenance when primary station service is notla@ea.

Station service power is the responsibility of tRequester. The station service requirements oh#ve facilities,
including voltage and reactive requirements, shatl impose operating restrictions on the PGE trasson system
beyond those specified in applicable NERC, WEC@, MWPP reliability criteria.

Appropriate providers of station service and akgenstation service are determined during the adiore planning
process, including Project Requirements Diagranelbgment and review. Generally, the local utiktill be the
preference provider of primary station service gsl¢ is unable to serve the load, or costs to ecnto the local utility
are prohibitive.

The Requester must provide metering for stationiserand alternate station service, as specifiedhymetering
section of this document or work out other accdptabrangements.

4-H. Ancillary Services

All loads and transmission facilities must be pdra control area. The control area providesaaitancillary services,
including load regulation, load following, voltagentrol, scheduling, and dispatching, as definedBRC, WECC,
and NWPP reliability policies and criteria, or theuccessors. All new connections to the PGE 8ysigso require a
transmission contract. The Requester must chdwsedntrol area in which the new facilities will loeated and how
all the necessary ancillary services will be predd This should be done in the ancillary servighil@t of the

transmission contract.

Of particular importance is the Requester’s sebectf the source for regulating and contingencegmess, if needed.
PGE will then determine the telemetering, contralsg metering that will be required to integrate kbad or facility

into the chosen control area and to provide thessary ancillary services. If the Requester choasgelf-provision
or a third party provision of reserves, then sdewgatification and deployment procedures mustrmmiiporated into
the PGE AGC system. The provision of the requimedillary services must meet all relevant NERC, WE@nd

NWPP reliability policies and criteria, or theircagessors.
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5. Performance Requirements

The following performance requirements can be atidy various methods. It is the responsibitifthe Requester to
propose a preferred method for PGE concurrence.

5-A. Electrical Disturbances

The new facilities shall be designed, constructggerated, and maintained in conformance with thisuchent,
applicable laws and regulations, and standardsnonize the impact of the following:

» Electric disturbances that produce abnormal polesrs,

* Power system faults or equipment failures,

» Overvoltages during ground faults,

* Audible noise, radio, television, and telephonerigrence,

* Power system harmonics, and

» Other disturbances that might degrade the religitwfi the interconnected system.

5-B. Switchgear

1. All Voltage Levels

Circuit breakers, disconnect switches, and all otharent-carrying equipment connected to PGE'sdingission
facilities shall be capable of carrying normal amdergency load currents without damage. This eqemp shall
not become a limiting factor, or bottleneck, in #i@lity to transfer power on the PGE System.

All circuit breakers and other fault-interruptinguices shall be capable of safely interruptingtfautrents for any
fault that they may be required to interrupt. Tdiecuit breaker shall have this capability withdbe use of
intentional time delay in clearing, fault reducti@themes, etc. Application shall be in accordawi
ANSI/IEEE C37 Standards. These requirements afgptihe equipment at the connection point as welbthsr
locations on the PGE System. Minimum fault-intetinig requirements are supplied by PGE, and aredoas the
greater of the fault duties at the time of the ricd@nection request or those projected in committadsmission
plans.

The circuit breaker shall be capable of performirtiger duties as required for the specific applaati These
duties may include: capacitive current switchirgad current switching, and out-of-step switchinbhe circuit

breaker shall perform all required duties withoutating transient overvoltages that could damage edhipment.
Switchgear on the high side of a delta-grounded trgesformer that can interrupt faults or load masstcapable
of the increased recovery voltage duty involvingiruptions while ungrounded. The connection sthasmission
line or load can coincidentally include other gextieig resources. When this system configuratiaoimected to
the low-voltage side of a delta-grounded wye trameér, the high-voltage side may become ungroumnadeeh

remote end breakers open, resulting in high phaggeund voltages. This phenomena is describetkittion 4-
D3b under ‘neutral shifts.’

2. Circuit Breaker Operating Times

Table 5-1 specifies the operating times typicaéquired of circuit breakers on the PGE System. s&htenes
apply to equipment at or near the Connection PoBystem stability considerations may require fasfgning
times than those listed. Breaker close times yedlly four to eight cycles. The automatic resdo times in
Table 5-1 are the summation of the breaker close plus intentionally added delay to allow for extion of the
fault arc (de-ionization), and the protective retaguirements. Circuit breaker interrupting timastcoordinate
with other circuit breakers and protective devices.
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Table 5-1 Circuit Breaker Operating Times

Voltage Class Rated Interrupting Time Automatic Reclose Time
(kV L-L rms) (Cycles) (Cycles)

500 kV 2 20-90

230 kv <3 35-60

115 kv 3 35-120

57 kV <5 .
Below 57 kV <8 *

* - Varies significantly by line.

3. Other Fault-Interrupting Device Operating Times

Depending on the application, the use of othertfiatérrupting devices such as circuit switcherg/rna allowed.
Fuses may be adequate for protecting the high gmlsde of a high voltage delta low voltage grouhdse
transformer. Trip times of these devices are gdlyeslower, and current-interrupting capabilitea® often lower,
than those of circuit breakers. These devices imaa been tested for the duty in which they afgetapplied and
they must coordinate with other protective devigpserating times. Use of transformer fuses mayltrésisingle
phasing’ of low side connected loads.

5-C. Transformers, Shunt Reactive and Phase Shifters

Transformer tap settings (including those availdbteunder load and no load tap changers), reactivirol setpoints,
and phase shift angles must be coordinated with Giptimize both reactive flows and voltage pedil Automatic
controls may be necessary to maintain these psofile the interconnected system. Timed changesldshm
coordinated with time schedules established byNW4PP.

5-D. Power Quality Requirements

1. Voltage Fluctuations and Flicker

Voltage fluctuations may be noticeable as visughtlng variations (flicker) and can damage or dirthe
operation of electronic equipment. IEEE Standat@ fRef. 2.5] provides definitions and limits oncaptable
levels of voltage fluctuation. Loads or systemrugtions to the PGE System shall comply with thet$ set by
IEEE 519. If it is determined that the new coniatis the source of the fluctuations, the necgssquipment to
control the fluctuations to the limits identifienl IEEE 519 is the responsibility of the Requester.

2. Harmonics

Harmonics can cause telecommunication interfereinceease thermal heating in transformers, disabliel state

equipment and create resonant overvoltages. lerad protect equipment from damage, harmonics rbast
managed and mitigated. The new connection shaltaose voltage and current harmonics on the PGEeRy
that exceed the limits specified in IEEE Standdtfl. SHarmonic distortion is defined as the ratidraf root mean
square (rms) value of the harmonic to the rms vafude fundamental voltage or current. Singlejfirency and

total harmonic distortion measurements may be cctieduat the Connection Point, or other locationshenPGE

System to determine whether the new connectionesource of excessive harmonics. If it is deteedlithat the

new connection is the source of the harmonic vel@gd currents the necessary equipment to coh&diarmonic

voltage and currents to the limits identified irEEE519 is the responsibility of the Requester.
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3. System Frequency During Disturbances

Power system disturbances initiated by system evemth as faults and forced equipment outages,sexiie
system to oscillations in voltage and frequendyis Important that lines remain in service for dgmic (transient)
oscillations that are stable and damped.

To avoid large-scale blackouts that can result ftbenexcessive generation loss, major transmidsiss) or load
loss during a disturbance, underfrequency load dihgdhas been implemented in the Pacific Northwasthen
system frequency declines, loads are automati¢albrrupted in discrete steps, with most of thesrintptions
between 59.3 and 58.6 Hz. Load shedding atterotabilize the system by balancing the generatiwhload. It
is important that lines remain connected to theesgsduring frequency declines, both to limit theoamt of load
shedding required and to help the system avoidaplaie collapse.

4. Phase Unbalance

Unbalanced phase voltages and currents can affet#gtive relay coordination and cause high newuatents
and thermal overloading of transformers. To proRGE and customer equipment, the contribution ftioennew
facilities at the Connection Point shall not caas®ltage unbalance greater than 1% or a currdydlance greater
than 5%. Phase unbalance is the percent deviatione phase from the average of all three phases.

System problems such as a blown transformer fusepen conductor on a transmission system can réesult
extended periods of phase unbalance. It is theuéstgr's responsibility to protect any of their ceated
equipment from damage that could result from suchrdbalanced condition.

5. Voltage Schedules

Voltage schedules are necessary to maintain voftegfdes across the transmission system to intwaereactive
flows are kept low and that optimum use of reactigatrol facilities can be maintained. To this gadsoltage
schedule will be mutually developed between PGE thrdRequester. PGE maintains voltages accordinbet
ANSI Standard C84.1. This allows for varianceas¥ off nominal for all voltage levels.

6. Voltages During Disturbances

To avoid voltage collapse in certain areas of theifie Northwest, undervoltage load shedding ha® deen
implemented. Most of the load interruptions witicar automatically near 0.9 per unit voltage aflelays ranging
from 3.5 to 8.0 seconds. Depending on the typelacation of any new load, the Requester may beired to
participate in this scheme.

5-E. Reliability and Availability
1. Maintaining service.

To minimize risk of overloads, instability, or vaie collapse, reliable operation of the intercotew@ower
system requires the following: reactive sourcesirod of real and reactive generation, adequatkeaed reactive
reserves, and maintenance of transmission systéages.
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2. Transmission lines.

Key transmission lines and other facilities shoblel kept in service when possible. Shutdown duraf@n
maintenance activities on key transmission linesllsbe kept to a minimum. The Requester shall @ad
coordinate shutdowns with the PGE Dispatcher fanpéd maintenance activities in the event PGE eadmice
activities could be impacted. Transmission linesyrbe removed from service for voltage control oafter
powerflow studies, in accordance with WECC requistg, indicate that system reliability will not degraded
below acceptable levels. The entity responsibleofi@rating such transmission line(s) shall promptgify other
affected Control Areas, per the WEQ®@ocedure for Coordination of Scheduled Outages Aludification of
Forced Outagespr other applicable outages, when removing sucilittas from and returning them back to
service.

3. Switchable devices.
Devices frequently switched to regulate transmissioltage and reactive flow shall be switchablehait de-
energizing other facilities. Switches designeddectionalizing, loop switching, or line droppinigel be capable
of performing their duty under heavy load and maxmoperating voltage conditions.

4. Frequency and Duration of Outages.

Planned outages of significant system equipmerit bkeacoordinated with all affected parties to miide their
impact on the remaining system. Automatic andddroutages should be responded to promptly, nittigany
impacts on the remaining system, and in a manmttbats all customer interruptions with the samerity.

The design of the integrated system should stivachieve the PGE automatic outage frequency anatido
objectives. The exact value that a connection rmasdesigned to is dependent upon the type antidacaf the
connection and the required reliability of the @éjat transmission system.

5. Key Reliability and Availability Considerations

a. The new connection shall meet the NWPP and WECCinWim Reliability Standards for Planning and
Operation.

Tools and spare equipment must be readily availabéecomplish operations and maintenance tasks.

Bypass equipment must be fully rated to allow cwndid operation and not create a bottleneck. Adtern
feeds, when provided, shall have sufficient ratmgot restrict operation of the PGE System.

d. Shielding and EMI protection shall be provided msure proper equipment functioning during distudgsn
such as faults and transients.

e. Standardized design, planning and operating pextand procedures should be used so the new camect
may be readily incorporated into the existing traission network.

f. For reliable operation, the telecommunications,trmdrand protection equipment must be redundanth&o
extent described in Sections 6 and 8.

g. The equipment for the new connection shall havécsent capabilities for both the initial operati@md for
long-range plans.

h. Operations and maintenance personnel must be pydpned for both normal and emergency conditions
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5-F. Power Factor Requirements

PGE and the Requester shall jointly plan and opettagir systems, including reactive devices, sa@dgo place an
undue burden on either Party to supply or absabtres power.

For each point of interconnection that is radiabiRGE’s transmission system, unless mutually agotleerwise, the
Requester shall maintain a 5-minute average poaetorf leading or lagging of 97 percent or higher.

» Each system is supposed to provide for their owactree power requirements, both leading and laggiRgactive
power control including reserves is required tontain adequate voltage levels to prevent voltag&bilities and
insure transient stability.

* PGE encourages customers to maintain their own pdaeor without relying on the transmission system
especially under peak load conditions. Controlliegctive flow can enhance the transfer capahofitthe affected
line and may also reduce system losses. Readtwss fat interconnection points should be kept atyumower
factor.

* PGE will charge the Requester a reactive demandyehf@r all reactive power determined to be dekdeor
absorbed in excess of the stated limits. The ddnwrarge will be as established in PGE’'s Open Agces
Transmission Tariff. If PGE is not able to supptyabsorb this excess reactive power and additieqailpment or
construction of facilities is required or is the sheconomic method to supply or absorb the reagibweer, PGE
shall notify the Requester. If the Requester famlsake corrective action as requested by PGE, P& perform
such corrective action. Any costs incurred by RGRerforming the corrective action shall be chdrgeand paid
by the Requester.

5-G. Isolating, Synchronizing and Blackstarts
1. Isolation

At the Connection Point, the Requester shall netrgime a de-energized PGE line unless the PGE fispa
specifically approves the energization. Wheredhenection is to a radial load the circuit may ieirupted and
reclosed by PGE. In cases where the connectiakbran existing path, an autoisolation scheme reagtuired
to sectionalize the connection to PGE Systemhdfdonnected facilities are networked or loopektatche PGE
System or where generation resources are presswifching device must open to eliminate fault cidmitions or
neutral shifts. Once open, the device must ndosecuntil approved by the PGE dispatcher or asipé in the
connection agreement.

2. Synchronization

The Requester’s system or portion of system witrgimed generators must synchronize its equipneetitet PGE
System. The exception to this is under large-sistdading conditions, where the PGE System widyachronize
to neighboring systems over major interties. Auwtdmsynchronization shall be supervised by a ssorghing
check relay, IEEE device 25.

3. Blackstarts

Loads that are scheduled and available for bladkstae selected to avoid the trip-out of generatioits by
exceeding frequency and voltage setpoints. Thiacomplished by selecting voltage variable load®iding
motor start-up loads and imposing block size linf8 MW). During blackstart restoration, the tagypennection
must be able to be opened to avoid interferende RGE restoration procedures on the PGE transmigsith.

5-H. Responsibilities During Emergency Conditions

Each Control Area operator has the ultimate redpiitg to maintain the frequency within its contrarea boundaries.
All emergency operation involving the PGE transioissystem must be coordinated with the PGE Digpatc Each
party, as appropriate, must participate in any llararegional remedial action schemes. All loadpped by
underfrequency or undervoltage action must notdstored without the Control Area operator's periniss All
energy transfer reductions need to be coordinaitid tve appropriate Control Area operator, and niede made
promptly. All parties have the responsibility fdear communications and to report promptly anyeaged problems
affecting others.
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6. Protection Requirements

6-A. Introduction
The protection requirements identified in this doeumt are intended to achieve the following objexgiv

* Minimize property damage to the general public, P&l PGE’s customers.
* Minimize adverse operating conditions affecting P&S&ystem and customers.

» Permit the Requester to operate their system iafa and efficient manner with minimum impact to tR6E
System and PGE’s customers.

+ Comply with NERC, WECC and NWPP protection critenaxistence at the time of the connection request
To achieve these objectives, certain protectiveipeaent (relays, circuit breakers, etc.) must bdailesd. These
devices ensure that faults or other abnormalitiésate prompt and appropriate disconnection froe PGE System.
Protective equipment requirements depend on the plaservice. Significant issues that could aff¢lcese
requirements include:

* The location and configuration of the proposed emtion.

» The level of existing service and protection toaaéjt facilities (including those of other PGE ounstrs and
potentially those of other utilities).

* The coincidental connection of a new generationug=e which was not previously connected to the Bg&em.
In this case, the Requester will also have to feltbe requirements for interconnection of generati@sources
[Ref. 1.5].

PGE works with the Requester to achieve an insi@afizhat meets the Requester’'s and PGE’s requimeanePGE
cannot assume any responsibility for protectiornthef Requester's system. Requesters are solelpnsifye for
protecting their system and equipment in such anmathat faults, imbalances, or other disturbarmeshe PGE
System do not cause damage to their facilitiegsult in problems with their customers.

6-B. Protection Criteria

The protection system must be designed such thaR#éyuester’'s equipment or system is automaticadlated for the
following situations:

« Multi-phase or ground faults within the Requester€onnected utilities’ system,

- Abnormal operating conditions such as equipmemhires (e.g. single-phasing), and

- System disturbances requiring isolation (e.g. slaedding).

1. General Protection Practices

The following summarizes the general protectionciicas as required by NERC and the WECC and specifi

practices and applications as applied to PGE Systansmission lines and interconnections. Theeotain
schemes necessary to integrate the new connectiehlra consistent with these practices and thegewnt used
to implement them. Table 6-1 gives relay and beealperating time versus voltage levels.
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a. All Voltages

1.

10.

11.

12.

Relays, breakers, etc. are required at the Commmedbpint or a connecting substation to isolate PGE
equipment from the Requester’s system during faults

At the Connection Point, the Requester is not aldwo energize a de-energized line in the PGE Byste
without approval of the PGE Dispatcher.

Breaker reclose supervision (automatic and mamgiiding SCADA) may be required at the connecting
substation and/or electrically ‘adjacent’ statioesy., hot bus and dead line check, synchronizatiaek,
etc.

Dual batteries are NOT required but each set afyseinust have its own separately protected DC sourc

Relay settings shall not infringe upon PGE abiidyoperate at maximum transfer levels, even wittem
voltages as low as 0.8 per unit.

Redundant relays systems are required such thaingte protection system component failure would
disable the entire relay system.

Protection schemes shall be designed with sufficreimber of test switches and isolating devices to
provide ease of testing and maintenance withouh#uoessity for lifting wires. Isolating switchdsadl be
alarmed or operating and maintenance tagging puresdleveloped and followed to assure switches are
not inadvertently left in an open position.

Directional relay systems are required on all naxfial connections.

PGE reserves the right to review and recommend ggsaito the protection system and settings for
equipment at the Connection Paint.

Where it is practical, physical and electrical sapan should be maintained between redundant giiote
systems to reduce the possibility of both systeensdodisabled by a single event or condition.

The protection system security and dependability @ueir relative effects on the power system must b
carefully weighed when selecting the protectiortesys

If required, automatic underfrequency load trippiotl trip time, including relay operate time amrgaker
operate time shall not exceed 14 cycles.

b. All Voltages Above 100 kV

1.

Breaker failure relays (BFR) as required. Totalgifor BFR scheme fault clearing must not exceed 14
cycles. System requirements may dictate faster gbdRating times. Breaker failure relays do noteht
be redundant.

Redundant directional relay systems are requir@dsingle point of failure could disable the entieéay
system. Both relay systems shall contain an inat@ous tripping element capable of outputtinggitr
1.5 cycles or less for faults within 85% of theelinlf ground distance elements are used, the ralast
include ground overcurrent elements to providepirig for high-resistance ground faults.

Redundant telecommunications schemes may be regifirame-delayed fault clearing can result in
stability, cascading or voltage problems. In sa@ages, an acceptable alternative to redundanféranp
schemes may include the use of a directional cosgablocking scheme.
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The relay systems shall provide backup protectiordss of the telecommunication channel(s).

The selected pilot schemes and telecommunicati@tesy must be compatible with existing PGE
protection and telecommunications equipment.

The telecommunications and pilot scheme(s) chanmesgjaired for protection systems should be either
continuously monitored, or automatically or many#disted.

c. 500 kv

1.

Two independent sets of directional line protectiath separate pilot telecommunication for eaclayel
set shall be installed at each line terminal {o tiie line terminal breakers.

Total fault clearing time with a pilot scheme most be more than four cycles, including relay arehker
time.

Line protection may be required to be compatibléheiisting or future series compensation.
Protection must be able to interface with PGE'gleifpole protection schemes.

Automatic reclosing shall be no faster than 35 eyand usually no slower than 60 cycles for stahdar
three-pole or single-pole switching.

6. Automatic reclosing is not allowed for multiphaseults near PGE bulk power substations or voltage-

sensitive customers.
d. 230 kV

1. A pilot telecommunication scheme is necessaryghtipeed clearing is required for any fault locatior
stability purposes or if remote tripping for equiggmh protection is required. If a pilot telecommaations
scheme is required for stability purposes, it naesstedundant or designed to allow high-speed tgppiy
the protective relays upon failure of the pilotecte.

2. Total fault clearing time with a pilot scheme most be more than four cycles, including relay arehker
operating time, when connected to a Main Grid lirglower times may be acceptable for some lines.
Refer to Table 6-1.

3. Automatic reclosing for single line-to-ground fausthall be no faster than 35 cycles and no sloaer 60
cycles.

4. Automatic reclosing is not allowed for multiphasauilts near PGE bulk power substations or voltage-
sensitive customers. It is also acceptable tokdaleclosing for time-delayed trips as well.

e. 115kV

1. A pilot telecommunication scheme may be requirddgh-speed clearing is required for any fault tawa
for stability purposes or if remote tripping for wBgment protection is required. If a pilot
telecommunications scheme is required for stabgityposes, it must be redundant or designed tavallo
high-speed tripping by the protective relays upatufe of the pilot scheme.

2. Total fault-clearing times, with or without a pildcheme, must be provided for PGE review and
concurrence. Breaker operating times, relay malpes and models, and relay settings must beifaht
specifically.

3. Automatic reclosing for single line-to-ground faugthall be no faster than 35 cycles.

4. Automatic reclosing is allowed for multiphase fault
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5.

Multi-shot automatic reclosing may be required #artomatic line sectionalizing schemes. The total
number of automatic recloses should not excee@ thre

f. Below 100 kV

1.

Redundant or overlapping relays systems are ratjsoeh that no single protection system component
failure would disable the entire relay system aggilitt in the failure to trip for a fault condition.

Total fault-clearing times, with or without a pilsicheme, must be provided for PGE review and
concurrence. Breaker operating times, relay malgpes and models, and relay settings must beifaht
specifically.

Multi-shot automatic reclosing is allowed. Thealohumber of automatic reclosures should not exceed
three.

2. Protection Measures
Protection systems must be capable of performieg thtended function during fault conditions. Timagnitude
of the fault depends on the fault type, system igonétion, and fault location. It may be necesdarperform
extensive model line tests of the protective redgstem to provide assurance the selected relagmyist capable
of detecting faults for various system configuraio Power system swings, major system disturbaaces
islanding may require the application of speciaitpctive devices or schemes. The following disicusilentifies
the conditions under which relay schemes must ¢pera

a. Phase Fault Detection

Phase overcurrent (type 50/51) and neutral oveznuitype 50/51-N) relays are provided to detecoatmally
high currents. These non-directional relays arel usedetect faults on the distribution class lioeserve as
supervisory fault detectors for transmission relayshey may also serve to backup other protectelays.
Line differential relays may be a necessary comait®n for some connections when coordination \eitier

relays is not possible.

Infeed detection to faults within the power systesnally requires directional current-sensing relayssmove
the contribution to the fault from the Connectiooir®. Zone-distance relays usually serve this neg&te
distance relay is a good choice for this applicatiince it is generally immune to changes in therc®
impedance.

Ground Fault Detection

Ground fault detection has varying requirementse @hailability of sufficient zero sequence curreatirces
and the ground fault resistance both significaaffgct the relay’s ability to properly detect graufaults. The
same types of relays used for phase fault deteetiensuitable for ground fault detection. If grdufiault
distance relays are used, backup ground time- okenat relays should also be applied to providggmtion
for the inevitable high-resistance ground fault.

Islanding

Islanding describes a condition where the powetesysplits into isolated load and generation groupsally
when breakers operate for fault clearing or syss&ahility remedial action. Generally, the ‘isladdgroups’
do not have a stable load to generation resourem@® However, it is possible that, under unigigations,
generator controls can establish a new equilibiruam islanded group.
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While operating in an islanded condition or durangystem disturbance, power swings may result wbach
affect the operation of protective relays, espécidistance relays. Out-of-step blocking is comigon
available for distance relays to prevent them fiagerating during a power swing. However, the aapion
of such schemes must be coordinated with PGE tar@dbkat the blocking of the distance elements moli
result in inappropriate or undesirable formationstdnds.

d. Load Shedding

The Requester shall provide undervoltage and uratgréncy load shedding at the locations and iratheunt

and settings defined by PGE. The Requester willebgired by PGE to show proof of compliance antior

test undervoltage and underfrequency load sheddaigmes as determined necessary to ensure proper
operation.

The proposed connection may require special loaddihg schemes based upon PGE Control Area
requirements. These may include underfrequenay steedding, undervoltage load shedding, or dikssud
tripping. The intent of load shedding is to baktite load to the available generation, reduc@dssibility of
voltage collapse, and to minimize the impact ofystem disturbance. Tripping levels, restoratiord ather
details of load-shedding schemes will be determimeBGE, following NERC, WECC and NWPP criteria.

e. Generator Dropping

The proposed connection may also require addititogac to supply signals to existing special putien

schemes including, but not limited to, line-losgedéion and generator dropping. These schemesisoe
designed to maintain the balance between systeus laad available generation during and followirgystem
disturbance. If the new connection includes gdr@ranot previously part of the PGE Control Arehet
generation may also require additional specialdcipemes.

f. Other Special Protection and Control Schemes

The location of the Connection Point, amount ofdldaansfer expected and various other system dondit
may require other special protection schemes. rigesl for and type of schemes required will be datexd

as part of the system studies done following truest for a new connection. For example, RAS nmay b
required for stability purposes or out-of-step piiipgy may be needed for controlled system grid sejmas.
Special breaker tripping or closing schemes (d¢aggered closing, point-on-wave closing) may beessary
to reduce switching transients. These specialeptioin and control schemes may require stand alelag
systems or additional capabilities of particulanstation equipment (e.g. independent-pole operatiaircuit
breakers).

g. Relay Performance and Transfer Trip Requirements

Relay systems are designed to isolate the tranemidsme and/or load facilities from the PGE System
However, the performance (clearing time speed)heké¢ local relay systems and the associated msglati
devices (breakers, etc.) will vary. The protectamuipment of the new connection must at least ta@irthe
performance level of the existing protection equepinat that location. This may require transfgr (pilot
telecommunications) to insure high-speed and sdeuwte clearing. Transfer trip is required whery af the
following conditions apply to the new connectid@ther types of pilot tripping such as directionainparison,
phase comparison or current differential may alscabceptable if the scheme chosen can achieveothle t
clearing times required.
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1. Transient or steady-state studies identify dimaé where maintaining system stability requiramiediate
isolation of the Connection Point facilities frohretpower system.

2. Special operational control considerations negimmediate isolation of the Connection Point.

3. Extended fault duration represents an addition&tgahazard to personnel and can cause significant
damage to power system equipment (e.g. lines,foamers).

4. Slow clearing or other undesirable operationg.(extended overvoltages, ferroresonance, etdigh
cannot be resolved by local conventional protectimeasures, will require the addition of pilot triipg
using remote relay detection at other substatitas siThis scenario is a distinct possibility sldoalPGE
circuit that connects other customer loads becaaneqgh a ‘local island’ that includes a generator.

5. When remote-breaker tripping is required to rchkaalts in a transformer not terminated by a hsgie
breaker, high-speed transfer tripping will be neaeg The transfer trip may also be required txkl
automatic reclosing. Other unique configuratioraynmpose the same requirement.

6. Relay operate times are adjusted to coordinatefdolts based on the local configuration (e.g. three
terminal lines), fault currents available, etc.tdl@learing times must be less than those listeBable 6-
1. Otherwise, immediate isolation of the Connettioint is required. Refer to Section 8-E for
telecommunication issues as they pertain to coatndlprotection requirements.

Table 6-1 — Relay and Breaker Operating Times by Syem Voltage

Connection Total Clearing Maximum Relay PCB Trip Time Delayed
Voltage Time Operate Time Time Tripping
(kV L-L rms) (Cycles) (Cycles) (Cycles) Acceptable?
500 4 1 2 No*

230 Main Grid 4 1 2 No*
230 28 <25 3 Yes
100 to 230 47 <42 <5 Yes
<57 68 <60 <8 Yes

* - Transfer trip not an optional consideration

h. Synchronizing and Reclosing

If the connection is made to an existing line, andtic reclosing schemes at the remote line breakaysneed

to be modified. On transmission lines below 115 RJtomatic sectionalizing schemes may be instatied
isolate a portion of the system that has a pernigiaeit. This may include multi-shot automatic lo=tng at
remote terminals. A new Connection Point shouldcbmpatible with such existing schemes. If the new
connection results in the possibility of connectiag generation source to the PGE System, special
considerations may be required.
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i. Protection System Performance Monitoring
Depending upon the type and location of the conmectmonitoring equipment may be required. The

monitoring equipment is intended to identify possilprotection scheme problems and to provide power

guality measurements. The monitoring equipment prayide information similar to that of an oscillagh or
fault recorder. The availability of current andtage measurements determines the number of ctsafurdhe
device. Sequential event recorders and/or anntamsianay also be required to record and time-taggaijons
of protection equipment. In some cases, it mayabeeptable to utilize the recording and monitoring
capabilities of a protective relay system to previor system monitoring and event recording.

These recorders are connected to a GPS sateliidéévee or other time source with equivalent accuraGE
will supply a list of quantities to be monitoreddatine appropriate terminology when connectionsade at a
PGE-owned substation. If monitoring or relay perfance indicates inadequate protection of the P@ies),
the owner of the connected facilities will be nietif of additional protection requirements or change

PGE may request limited remote telecommunicatiatess to relay systems at the Connection Pointi¢oyq
their operational history and fault data.

6-C. Protection System Selection and Coordination

1. Relays to be Installed for the Connection

At the time of the connection request, PGE will @ypthe Requester with an approved list of protectielay
systems considered to be suitable for use at tmm&ion Point. The performance of protectiveyelapplied at
the connection that can directly affect the perfamoe of the PGE System should follow the recommigomiz
from the supplied list. Should the Requester s$elaelay system not on our approved list, PGErvesethe right
to perform a full set of acceptance tests priorgtanting permission to use the selected protecsicimeme.
Alternatively, the relay vendor or a third partyyrae asked to perform thorough model line testhefproposed
relay system.

Protection System Coordination and Programming

The following are basic considerations that mustubed in determining the settings of the protectgstems.
Depending upon the complexity and criticality oé thystem at the Connection Point, complete modeltksting
of the protection system, including the settingd programming, may have to be performed prior sbalation to
verify the protection system performance.

* Fault study models used for determining protecsettings should take into account significant muarad
zero sequence impedances. Up-to-date fault siyatgre models shall be used.
» Protection system applications and settings shioidhormally limit transmission use.

» Application of zone 3 relays with settings overgnsitive to overload or depressed voltage conditihould
be avoided where possible.

* Protection systems should avoid tripping for stawéngs on the interconnected transmission systems.

» Protection system applications and settings shbeldeviewed whenever significant changes in geimgrat
sources, transmission facilities, or operating domts are anticipated.

» All protection system trip misoperations shall In@lgized for cause and corrective action taken.
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6-D. Installation and Commissioning Test Requirements for Protection Systems

Thorough commissioning or installation testing loé protection system(s) is an important step feritistallation of a
new terminal or when changes to the protectioresysire made. The protection system includes itegtive relays,
the circuit breakers, instrument transformer inpatsd all other inputs and outputs associated wéh protection
scheme. The actual protection equipment usedwédlsdetermine the type and extent of commissiortests required.
The following tests are the minimum required.

1. Verifying all protective system inputs.
* Current and voltage transformers: check the rapttarity, accuracy class, and single-point grougdin

» Verify all other inputs to the protection systenclirding battery supplies, circuit breaker auxili@myitches,
pilot channel inputs, etc.

2. Verify protection system settings.
* Check protection system settings and programming.

» Perform acceptance testing of protection systemotifdone previously.
» Perform calibration tests of the protection systesimg actual settings.

3. Protection system drawings and wiring
» Verify switchboard panel and equipment wiring igict and matches drawings.

» Verify drawings are correct.

Verify proper relay system operation and directiondity.
Verify all protective system outputs.

e Trip outputs: trip intended trip coil(s) and odaeaker

* Close outputs: energize close coils and closbithaker(s)
» Assure relay outputs to pilot channel are functiona

» Assure all other outputs such as breaker failurgate, special protection scheme signals, alarevent
recorder points, etc. are functional.

6. Perform trip or other operational tests.
» Assure correct operation of the overall protectgstems.

» Test automatic reclosing.

7. Pilot schemes
* Measure channel delays.

* Check for noise immunity.

» Check for proper settings, programming, etc.

* Check transmit and receive levels.

» If automatic channel switching or routing is utt;, check for proper relay operation for altermatding.

Many utilities now use coordinated end-to-end téstserify the overall operation of the protectisystem and the
pilot channel as part of their commissioning tesEkis is an acceptable method of operationalrigstiModifications
to a protection system also require similar testingnsure correct system operation. The extetasbing and types of
tests required depend upon the modifications made.

Please note that this document is subject to revisi.
It will be periodically reviewed and updated as neessary.



Portland General Electric Facility Connection Requiements - Transmission Lines and End-Users Pagé& 2

7.  System Operation and Scheduling Data Requirements

7-A. Introduction

All transmission arrangements for power schedulé@hiny across, into or out of the PGE Control Anesjuire
metering and telemetering. Transmission arrang&with loads or new transmission facilities magiuale wheeling,
voltage control, and Automatic Generation ContAG(C). The technical plan of service for intercoctigy a load or
new transmission facility, as shown on the Profeetuirements Diagram, will include the metering &gldmetering
equipment consistent with the transmission contpmovisions. Such metering and telemetering equitmeay be
owned, operated, and maintained by PGE or by qtheres approved by PGE.

Revenue metering, system dispatching, operationtralp transmission scheduling and power scheduiagh have
slightly different needs and requirements concermiretering, telemetering, data acquisition, andirobn Specific
requirements also vary depending upon whether #we connection is directly connected to the PGE e3gsor
electronically connected via telemetering that e&the connection within or outside the PGE Corfirel.

7-B. System Operation Requirements
1. Telemetering Requirements

PGE’s System Control Center (SCC) requires telenimgtedata for the integration of new interconnesicat
adjacent Control Area boundaries. This typicalbngists of the continuous telemetering of kW questiand
hourly transmission of the previous hour's kwWh frdme Connection Point to the PGE transmission disrag
and control center.

Section 8-D discusses telecommunications requiresnéor telemetering and AGC. Table 7-1 summarizes
telemetering requirements and Table 7-2 identifexguirements based on connection location. Thieviiig
includes generic requirements based on connedtien s

a. Telemetering is required for all normally closedeiconnections at a PGE Control Area boundary. tRier
case, telemetering of real power and energy (KWhkW required. There may be a need for reactiweepo
(kVAr, kVArh) information for power factor billingpurposes also. High capacity interconnections raguire
redundant metering and telemetering.

b. For normally open or emergency tie connections, BIEEermines telemetering needs on a case-by-case ba
Note that FERC requires telemetering for these eotions.

c. For loads connected internally to the PGE Contridad AGC telemetering is not normally required.r Fo
interruptible loads, PGE determines telemeteringdseon a case-by-case basis. Connecting eccentnie (
conforming) loads may require an interface to tl&EPAGC system. Existing practices throughout North
America usually require a warning signal of prediog in order to assure that adequate generatsarves are
spinning before any sudden load change occurs.

d. Telemetering for interconnection of shared or jlghowned loads or generation commonly use dynamic
signals. These signals are usually a calculateiiopoof an actual metered value. The calculati@y include
adjustments for losses, changing ratios of custarbéigations or shares, or thresholds and limitsvo-way
dynamic signals are used when a customer requedfi\fé change can only be met by an actual change in
generation. In this case, a return signal is tfiieial response to the request and its integratellie is
designated the official meter reading. Previodsgration intervals were one hour. Some typesyofohic
signals may require shorter integration intervalse integration interval is determined by the tgbeservice
provided consistent with PGE tariffs to properlgant for transmission usage.

2. Data Requirements for Control Area Services
Non-traditional sources are sometimes used for Iginqgpancillary services. If a load provides reafing or
contingency reserve services, data requirementddployment of the reserves will be similar to thepplied to
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generating resources. To the extent that a thardypmay externally supply regulating or contingemeserve
services at the PGE Control Area interconnectingnbary, data requirements for their deployment bwgimilar
to those applied to generating resources.

Technical discussions are necessary before thefispdata requirements can be determined. TheoWolg
provides a brief overview of these requirements.

a. If PGE is purchasing supplemental AGC services, AGi€rface is required on a long-term basis. Ptaor
purchasing supplemental services, an investigatitmthe capabilities, cost, and benefits of AGQtcal is
required to determine the specific AGC requiremem®st supplemental services are scheduled aikded
using dynamic signals.

b. Ancillary Services requirements are also drivenhioy the interconnected customer chooses to mese the
obligations. Either the Requester or the entitkinmthe transmission arrangements is liable ferahcillary
services obligations associated with the connectiblost self-provided ancillary services are schedwand
delivered using dynamic signals. The responsibigypmay fulfill these obligations in any of thelltaing
ways:

» Self-provide ancillary services by making resouraesilable to PGE to deploy.
» Contract with a third party to make resources abéd to PGE to deploy.

» Contract with PGE to cover this ancillary servioédigation.

c. Where a third party is providing ancillary servighe following data is required with a samplingerat once
per second or other rate established by NERC:

* Netinstantaneous power transferred (MW)

* Instantaneous and total MVAr transferred

» Operating reserve capability during the next tenutgs
* kWh for last hour

The Requester must demonstrate that the selectezhsm@re technically sound and meet all relevahability
policies and criteria of NERC, WECC and NWPP oirtsaccessors.

3. Supervisory Control and Data Acquisition (SCADA)Requirements

Interconnection may require PGE SCADA control andtus indication of the power circuit breakers and
associated isolating switches used to connect R@E. SCADA indication of real and reactive powlemks and
voltage levels are also required. If the connectiomade directly to another utility's transmissgystem, SCADA
control and status indication requirements shalljdietly determined with the Requester, and PGECABA
control of breakers and isolating switches that lamated at other than the Connection Point is mamally
required, although status indication may be necgssaection 8-D discusses telecommunications reqeénts for
SCADA systems.
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7-C. Interchange Scheduling Requirements

A new load being integrated into the PGE Systemtradkere to the scheduling requirements of thegliey tariff
under which it is taking transmission service frGE. Customers may be required to provide PGEshnesion
Scheduling with an estimate of the their hourlydo&ourly generation schedules, and/or net hourtgrchange
transactions. These estimates will be used fdn pagscheduling and planning purposes. PGE willireqcustomers
to provide these estimates as necessary in ordétG& to manage the load/resource balance witl@rPtBE Control
Area and to determine usage of the PGE System.

In the case of new transmission facilities, schieduind accounting procedures are needed if thityas part of an
interface between the PGE Control Area and and@lwertrol Area. This scheduling and accounting @érchange
between two load control areas normally requirémnetered data from the Connection Point to théroboenters of
the load control area operators. This data isédrmterchange metering and telemetering by PGErasiddes kW
and kWh quantities. PGE requires that all Contiaa transactions be prescheduled for each hoaguke normal
scheduling procedures. The end-of-hour actuarchtenge must be conveyed each hour to the PGE ddhtea
Operator in the SCC. This can be accomplisheditirdhe use of telemetering or data link.

When the interconnection represents a shared mihjadwned interface to PGE, then a calculatedcallion is usually
required to divide up the total metered interchangkis non-physical interface is accomplished fgaiic signal. A
two-way dynamic signal is required when a combimeduest and response interface is used. An exarmaple
supplemental AGC services. A one-way dynamic digheequired when a response (or following) inked is used.
Moving a control area boundary is an example of thquirement.

1. Interchange Telemetering Requirements
Interchange telemetering generally consists of ilgietional meters and related telecommunicationstesys
providing kW and kWh at or near the Connection Bdihe kW measurement is telemetered on a contsbasis
for AGC and hourly kWh is sent each hour to the ars accounting function. Table 7-1 summarizes
telemetering requirements and Table 7-2 identifidéerent scenarios that require telemetering. ercttange
telemetering accuracy and calibration requiremardddentical with those stated in Sections 7-D &ifd

» Telemetering requires continuous knowledge of thlity of the meter reading. Associated with the
telemetering signal are various indications of thiality.

2. Data Acquisition System

Loads such as steel rolling mills, wind tunnels, etquire additional data to make generation cbperformance
more predictable. Such additional data may incluxé not be limited to, precursor signals of expdcload
changes, etc. SCADA control may also be requiggecific requirements and needs are determineekfcin load.
Section 8-D discusses telecommunications requiresrientelemetering and data acquisition.
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7-D. Revenue and Interchange Metering System

All connections one kW or greater require PGE-digalirevenue or interchange metering and data daogrfor the
PGE billing and/or scheduling processes. Reveneening includes energy data (kWh) and reactiva de¥Arh)
produced by revenue meters and recorded on a amedkmand interval basis for interchange meterimdy20 minute
demand interval for customer load metering. Iritenge metering includes bi-directional energy aattive data as
well as special telemetering requirements for satiegl purposes. The metering shall be located ¢asure the net
power at the Connection Point to or from the PGEt&W.

The Revenue Metering System includes a remote mgtsystem to record the hourly kWh data. The lyokiwh

data is downloaded from the metering recorder peradic (typically weekly) basis over voice-gragéephone lines
which may utilize cellular telephone. All recordenust be fully compatible with the PGE Billing BahAcquisition
System. The system currently being used is the9d\/- Demand data will be available to the customeheir agent.

PGE typically owns and maintains the revenue mageat load-metering sites. PGE will supply cutramd voltage
transformers for revenue metering at customer ovawdx$tations. The customer will install these iatdxpense at
locations agreed to with PGE. If the customer Inas voltage transformers for local metering andétaying, PGE
will typically utilize these customer owned voltagensformers for revenue metering provided theyetribe

requirements in paragraph 3. When customer ownkdge transformers are utilized, PGE will be gieswelusive use
of one secondary winding for revenue metering. Aapplication other than revenue metering on theecir
transformer circuit or the voltage transformer gitenust be approved and installed by PGE. Losspamsation will

be performed in the meter when required. In amgcRGE will provide the billing meters, accumutaod telemetry.
In a customer owned substation the customer shaVige a two-way telephone circuit with protecteguipment; or
microwave or radio as agreed to with PGE.

1. Revenue and Interchange Metering Requirements

Three-element, three-phase, four-wire meters &igallsed on grounded power systems. Revenue niegdratl be
bi-directional to record reactive flow to or frommet Connection Point. The revenue-metering packagedes a
kwh recording device compatible with the PGE ReeeMetering System. Interchange metering shall ibe b
directional in order to record both real and reaxctilow at the Connection Point. The interchangetaring
package includes a kWh recording device compatifitie the PGE scheduling system.

Should the new Connection Point result in the aaldibf generation to the PGE System not previoaslgounted
for, there will be additional metering requiremenfRef. 1.5]

Section 8-D discusses telecommunications requiresrfenthe Revenue Metering System. Table 7-1 sarizes
Revenue Metering requirements and Table 7-2 ideatiequirements based on resource location.

2. Meter Accuracy
Meters shall be calibrated as specified in Table 3.

3. Instrument Transformers

Voltage and current instrument transformers shal018% accuracy class for both magnitude and plwagle over
the burden range of the installed metering circtiihe instrument transformers shall be of a shiéldesign. This
is a safety requirement to prevent unintentionargization of the transformer secondary duringaamsformer
failure. Instrument transformers for metering ndedbe located such that the input to the metedng

telemetering is not interrupted during possibletsiing configurations at the Connection Point. trimment

transformers will not be used as a source of stag@rvice power for operating equipment, heatexgptacles or
other uses that would normally be considered A@ostaervice or battery loads.

4. Loss Compensation

Transmission system losses, such as those in oramsf, often must be accounted for in the revenetenmg
process. This compensation will be done in theemsefor new installations. Compensation will netdone in
JEM-1" meters used for Interchange Metering. Compensaticthe JEM-I affects only the pulse integrator
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circuits (kwh), which disturbs the relationship weéen the direct analog outputs (kW) and the integrgulse
outputs (kWh).

5. Station Service Power

Depending upon its electrical source and electiaadtion, the station service power for the cotingcsubstation
facilities may also require Revenue Metering. #ymmot be necessary to meter station service VArdalthough
most modern electronic meters include this feaagrpart of the meter. The other requirementsiefdbction do
apply to station service metering.

7-E. Calibration of Revenue and Interchange Metering Facilities

Revenue and Interchange Metering shall be calibratery two years. Other calibration intervals rbaynegotiated.

All interested parties or their representatives mitness the calibration tests. Calibration resosthall be made
available to all interested parties. The calilbmatstandards used for calibration shall have theduracy traceable to
the National Institute of Standards and Technologie calibration standard shall have been cakldraind certified

within twelve months prior to the actual meter oedtion.
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Table 7-1 General Metering and Telemetering Dat&equirements

. System Dispatching Transmission -
System or Quantity and Operations Scheduling Revenue Billing
kw Yes No No
kwh Yes Yes Yes
kVAr Maybe No No
kVArh Maybe No Yes
kv Yes No No
Load Size =1 MVA =1 MVA > 1kw
Hourly kWh
kW: 1 second or other Data Retrieved
Data Sample Rate | approved rate compatiblg Last HourhI;\L\/rh sent eacn periodically
with NERC Policy (RMS type
system?
all Control Area boundarie
AGC & customer | No No
connections providing
ancillary services
Tie Capacity all normally closed ties all normally closed ties Il ties
Notes

1. A kW reading for revenue billing may be requiredend special transmission arrangements are necessary
2. Two-way dial-up phone line required for the RMS.

Table 7-2 Metering, Telemetering and SCADA Data Bquirements vs. Connection Location

Connection Located INSIDE
PGE Control Area

Connection Located OUTSIDE
PGE Control Area

Direct Electrical Connection
to PGE System

kW, kWh, RMS,
kVAr, kVArh, kV
breaker status & control

kW, kWh, RMS,
kVAr, kVArh, kV
breaker status & control

NO Direct Electrical
Connection
to PGE System

kW, kWh, RMS None

Note - Dedicated circuit is required for kW, kWK Ar, kVArh, and kV
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Table 7-3 Meter Calibration Requirements

Quantity Tested Load Angle Tolerance CSQZL?:E dn
WATTHOURS LL 0 DEGREES (+/-0.2%) ALWAYS
WATTHOURS FL 0 DEGREES (+/-0.2%) ALWAYS
WATTHOURS FL (- 30 DEGREES) (+/-0.2%) ALWAYS
WATTHOURS FL (+ 30 DEGREES) (+/-0.2%) ALWAYS
NOT IF
WATTHOURS LL (-180 DEGREES) (+/-0.2%) RADIALLY FED
WATTHOURS FL (-180 DEGREES) (+/-0.2%) RADII\,IACI)_-II:\I(FFED
WATTHOURS FL (-150 DEGREES) (+/-0.2%) RADII\,IACI)_-II:\I(FFED
WATTHOURS FL (-210 DEGREES) (+/-0.2%) RADII\,IACI)_-II:\I(FFED
VARHOURS FL (-90 DEGREES) (+/-0.2%) ALWAYS
VARHOURS FL (-30 DEGREES) (+/-0.2%) ALWAYS
VARHOURS LL (-30 DEGREES) (+/-0.2%) ALWAYS
NOT IF
VARHOURS FL (-150 DEGREES) (+/-0.2%) RADIALLY EED
VARHOURS LL (150 DEGREES) |  (+/-02%) | g ADII\,IA(I)I\I(FFED
VARHOURS FL (+ 90 DEGREES) (+/-0.2%) ALWAYS
VARHOURS FL (+ 30 DEGREES) (+/-0.2%) ALWAYS
VARHOURS LL (+ 30 DEGREES) (+/-0.2%) ALWAYS
NOT IF
VARHOURS FL (+150 DEGREES) (+/-0.2%) RADIALLY FED
VARHOURS LL (+150 DEGREES) (+/-0.2%) RADII\,IACI)_-II:\I(FFED
Notes

1. All angles given are in reference to the voltagglied.

2. Individual element tests using the above criteniallsalso be performed when a meter is initiallgqad in
service (new from factory).

3. Fullload is defined as nominal voltage and 200%mneter test amp rating.

4. Light load is defined as nominal voltage and 20%neter test amp rating.
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8. Telecommunication Requirements

8-A. Introduction

Telecommunications facilities shall be tailoredutill the control, protection, operation, disphiag, scheduling, and
revenue metering requirements. At a minimum, tatf@ounications facilities must be compatible withdahave

similar reliability and performance characteristios that currently used for operation of the powgstem at the
Connection Point. Telecommunications facilitiedl we identified on the Project Requirements DiagraDepending
on the performance and reliability requirementshef control and metering systems to be supportedfecilities may

consist of any or all of the following:

1. Microwave Systems

A microwave system requires transmitters, recejtetscommunication fault alarm equipment, antenhateries,
and multiplex equipment. It may also include binitgs, towers, emergency power systems, mountaioater
stations and their associated land access righds,needed to provide an unobstructed and reliable
telecommunications path. Microwave path diversaguipment redundancy, and/or route redundancy lbeay
required to meet power system reliability requiratedby protecting against telecommunications outagesed by
equipment failure or atmospheric conditions.

2. Fiber Optic Systems

A fiber optic system requires light wave transm#fereceivers, telecommunication fault alarm eq@pm
multiplex equipment, batteries, emergency powetesys, fiber optic cable (underground or overhead) rights-
of-way. Cable route redundancy may be requirgordtect against cable breaks and resulting teleaamoations
outage.

3. Wireline Facilities

A wireline facility requires telecommunications @aunderground or overhead), high-voltage isotagquipment
and rights-of-way. It may also include multiplesugpment, emergency power systems, and battergsendling
on the wireline technology employed. Cable roedundancy may be required to protect against daklks and
resulting telecommunications outage.

4. Power Line Carrier Current Systems

A power line carrier current system uses the agboaler line conductor(s) as the transmission medaupling

capacitors, line tuning units, and wave traps amenected to the circuit to connect the carrier dnaitter and

receiver to the power line. Power line carrierikmlity and performance is greatly affected hydioutages. For
this reason its use for control, data, and voigaroanications is limited. In some instances it ba used with
line protective devices.

8-B. Telecommunications Availability

1. Common Carrier
Dedicated telecommunication facilities are requifed the operation of Main Grid power system cohtad
protection functions. Common carrier telecommutiices systems may be considered, subject to rétiakind
availability requirements and capabilities.

2. Main Grid
Telecommunications systems serving Main Grid trassion systems shall be designed to an agreed upon
availability criteria between PGE and the Requester

3. Alternate Routing

If alternately routed telecommunications are regplifor Main Grid protective relaying schemes, tladternate
routing requirements will be negotiated between R@G&the Requester.
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8-C. Voice Communications
If the Connection Point is within the PGE ControkaA:

1.

2.

Voice Communication to the Connection Point operator is required wheneany type of telemetering is
required.

A Dedicated, Direct, Automatic Ringdown Trunk (or equivalent) voice circuit between the appragiPGE

dispatchers and the Connection Point operatorsgradither may be required for:

e Loads of 50 MW or greater,

» Eccentric (non-conforming) Loads

» Connected networks that include automatic genaratiopping for PGE Transmission system remediabact

* A non-radial interconnection to another electriditytwith a transfer capability in either directicof 50 MW
or greater.

Independent Voice Communicationsfor coordination of system protection, control, getecommunication
maintenance activities between PGE and the Commedoint should be provided, in addition to theceoi
telecommunications specified.

8-D. Data Communications

Telecommunications for SCADA, RMS and Telemetemmgst function at the full performance level befarel after
any power system fault condition. Service contywumust be restored immediately after the faulthattt requiring
any repair personnel activity.

1.

2.

SCADA Requirementstypically include one or more dedicated circuitéween the new Connection Point and
the PGE transmission dispatching center.

AGC Interchange and Control Telemeteringfor operations and scheduling applications typjceglquire one

or more dedicated circuits between the new Conmed®oint and the appropriate PGE transmission tibpay
center(s). Digital telecommunications capabilititem 1200 to 2400 baud rate are requiredn rare
circumstancesthe Interutility Data Exchange Network could be used AGC purposes upon the
agreement of both parties. This would be for vemyall and/or radial interchanges and generation
guantities. These situations may require a NER@ewa (For these rare circumstances, refresh tiases
slow as one minute may be acceptable.)

General Telemeteringfor kWh and data acquisition systems typically liegjwne or more dedicated circuits
between the new Connection Point and the apprepklath or data acquisition system master computer.
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4. Revenue Metering Systememote equipment require commercial ‘dial-up’ télepe exchange line facilities to
communicate with the master computer at the PGEe8y€ontrol Center. The circuit used for this s may
also be shared with voice communications and attedtup data communications.

8-E. Telecommunications for Control and Protection

Telecommunications for Control and Protection nfusiction at the full performance level before, dgyriand after
any power system fault condition. The deliveryaofalse trip or control signal, or the failure telider a valid trip
signal is unacceptable. Active telecommunicatioouits for control and/or protection must not lested, switched,
shorted, grounded or changed in any manner by amrker, unless prior arrangements have been madeghrthe
PGE Outage Dispatcher.

1. Main Grid Transmission
New connections to the PGE Main Grid, and connastwhich require remedial actions on the PGE Sy;steay
require redundant (i.e. hot-standby or frequenegity) telecommunications systems. Alternatetyited
telecommunication circuits may be used where féagib be negotiated between PGE and the Requester)

2. Secondary Transmission.
New connections to the PGE secondary grid transomsgenerally do not require redundant telecomnatioos
systems. However, under some circumstances, redurtdlecommunications are required to satisfy ilsiab
criteria.

3. Speed of Operation
Throughput operating times of the telecommunicaieystem must not add unnecessary delay to thangear
operating times of protection or remedial actiohesnes. Maximum permissible throughput operatines of
control schemes are determined by system studies.

4. Equipment Compatibility
In order to provide maintainability and operabilitgtween the new connection and the PGE Systerpytiection
systems and their supporting telecommunicationgesygquipment (teleprotection) do not have to leatidal but
must be functionally compatible. The need or immatation of peripheral capabilities such as sigainters,
test switches, etc. are not required to be idelnticthose used at PGE facilities. During iniggigineering of the

new connection request, PGE and the Requestercaiifirm the communications equipment is compatible

between the PGE and Requester systems. ShouRketigester choose to use something other than \asaiden
agreed to by PGE, PGE reserves the right to tesetjuipment system compatibility, prior to instédla, at the
Requester’s expense.

PGE will acknowledge the use of alternative equipin@d/or technologies as proposed by the Requastiemg
as the equipment is suitable for the purposes efcitmtrol application required. The teleprotectgystems,
including transfer trip, must be engineered anteteso demonstrate that they perform their intentiedtions.
When applying sophisticated digital telecommunmadi systems to certain protection schemes, carebausken
to avoid combining approaches with inherent teciintonflicts or incompatible methodologies.

8-F. Telecommunications during Emergency Conditions

1. Emergency Conditions
The previous requirements address the availalaifity redundancy for telecommunications systems gaghment
to assure reliable operation of the PGE Systemmundenal telecommunications conditions. Normalditaons
for telecommunications include both normal and emecy conditions for the transmission system. Hawre
emergency conditions may develop that affect paystem telecommunications with or without directffecting
power transmission system facilities.
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Examples of telecommunications emergencies indedollowing:

* Interruption of power service to telecommunicatioggeater and relay stations

* Telecommunications equipment failure, whether morocatastrophic

» Interruption or failure of commercial, public teleme network facilities or services

» Damage to telecommunications facilities resultirapf accident, acts of vandalism, or natural causes

Equipment redundancy and telecommunications radendancy can protect against certain kinds ofifaiand
telecommunications path interruption. A dedicatieglécommunications repair team should be maintaaledg
with an adequate supply of spare components.

2. Backup Equipment

Where commercial, public telephone network fa@hti or services support important power system
telecommunications, a backup strategy should alwayseveloped to protect against interruption chsservices.
Backup methodologies could include redundant sesyiself-healing services, multiple independente®and/or
carriers, and combinations of independent facdlitteich as wireline and cellular, fiber and radioc, eBackup
telecommunications system equipment such as emgrgstandby power generators with ample on-site fuel
storage, and reserve storage battery capacity meusicorporated in critical telecommunications liies. Backup
equipment should be considered as well for certam-critical telecommunications to assure continapdration

of power system telecommunications during inteliarpof power services.

3. Disaster Recovery
A disaster recovery plan should be in place foedemmunications restoration, and should be exefcise
periodically. The disaster recovery plan shouldude the ability to deploy transportable restamtequipment
capable of temporarily bypassing or replacing entielecommunication stations or major apparatusl unt
permanent repairs can be made.

4. Telecommunications Security
The operation of power system telecommunicatioositias should be continuously monitored at a calnalarm
point so that trouble can be immediately repormidgnosed, repaired and service restored. Powseray
telecommunication sites and facilities should beused against unauthorized access by means ofdogates,
security fences, warning signs, security doors,artdy alarms.
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9. Definitions

For the purposes of this document the following défitions apply:

ACE - Area Control Error is the instantaneous differebheéveen net actual and scheduled interchange,gtakin
account the effects of frequency bias includingaection for meter error.

Active Power - The component of total volt-amperes in an eledtiticuit where the voltage and current are in phase
It is also called real power and is measured insv@t/), kW or MW. This is the electrical power asigted with
useful energy, including mechanical work and healctive power used or transmitted over time is roead in
kilowatt-hours (kwh) or MWh.

Ancillary Services- The term used by FERC to describe the spedigices that must be exchanged among generation
resources, load customers and transmission prevtdesperate the system in a reliable fashion dod @eparation of
generation, transmission and distribution functionBhese include: 1) scheduling, system control disgpatch, 2)
reactive supply and voltage control from generat8jsregulation and frequency response, 4) enarthaiance, 5)
spinning reserves, and 6) supplemental reservesst bf these services are included in a similalbgeNERC and
termed Interconnected Operations Services, whif iaclude load following and black start capapilit

WECC Definition: Interconnected Operations Services identified bg 1J.S. Federal Energy Regulatory

Commission (Order No. 888 issued April 24, 1996nesessary to effect a transfer of electricity lestwpurchasing

and selling entities and which a transmission pdevimust include in an open access transmissiaff.tar

Automatic Generation Control (AGC) System -A system that measures instantaneous loads atletege points
(boundaries with adjacent Control Area) and adjgstgeration to follow load. It consists of conts, real time load
signals (kW), telemetered to AGC computers at astrassion control center.
NERC Definition: Equipment which automatically adjusts a Controk&s generation from a central location to
maintain its interchange schedule plus frequeneag bi

Baud Rate —A unit of signaling speed equal to the number stbte conditions or signal events per secondher t
reciprocal of the time of the shortest signal eletie a character.

Bi-directional Metering - Measures kWh and kVArh flowing in both directioofiin’ and ‘out’ kWh and leading and
lagging reactive).

Blackstart Capability - The ability of a generating plant to start its (g)itwith no external source of electric power.
(WECC)

Bottleneck —A location in the transmission system where lin@guipment ratings limit transfer capabilities. €5k
situations may require special operating practioes/oid overloads under certain system conditions.

Connection Point -The location on the PGE System where a new cororeiiestablished to serve a load or connect
a line to another electrical system.

Demand- The rate at which energy is being used by sooust. (NERC)
Directional Relay - A relay that responds to the relative phasetjposdf a current with respect to another currant o
voltage reference.

Distribution — The lower voltage lines and equipment directly sey\electrical consumers. This is generally aahdi
circuit, operating at voltages at or below 57 kWhe term ‘distribution’ may also be used to refereguipment
operating at or below 57 kV.

Disturbance - An unplanned event that produces an abnorméisysondition. (WECC)
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Dynamic Schedule- A telemetered reading or value which is updatecal time and which is used as schedule in the
automatic generation control and area control ezgpration (AGC/ACE) and the integrated value ofalihis treated

as a schedule for interchange accounting purpo€esnmonly used for ‘scheduling’ jointly owned gesigon to or
from another control area.

Dynamic Scheduling Service - Provides the metering, telemetering, computer swoftw hardware,
telecommunications, engineering, and administratiequired to electronically move a transmissiont@mer's
generation or demand out of the Control Area tocWli is physically connected and into a differ€atntrol Area.

Dynamic Signal- A telemetered reading or value that is update@al time, and which is used either as a tieflow
or as a schedule in the AGC/ACE equation (dependimghe particular circumstances). Common appboat of
dynamic signals include ‘scheduling’ jointly owngeneration to or from another control area anddwercontrol area
boundaries. Another application provides for atitgno request (schedule) a change in power flolhe resulting
response is telemetered to the entity signifyirg dlctual movement of a resource. This form of dynasignal is
applied to supplemental control area services. imtegrated value of this signal is used for int@rge accounting
purposes, as appropriate.

Eccentric (Non-Conforming) Loads -Any cyclic load with the ability to change periodily by more than 50MW at
a rate of greater than 50MW per minute, regarddé$ise duration of this change.

Effectively Grounded - A system that provides any/X;<3 & Ry/X,<1 where X and R are zero sequence reactance
and resistance respectively, angixXpositive sequence reactance.

Fault - A short circuit on an electrical transmission ostdbution system between phases or between plsyses]
ground, characterized by high currents and lowages.

Feeder -A radial electrical circuit, generally operatingaatbelow 57 kV serving one or more customers.
FERC - Federal Energy Regulatory Commission

Ferroresonance -A phenomenon usually characterized by overvoltagets very irregular voltage and current wave
shapes and associated with the excitation of onmare saturable inductors through capacitance riesevith the
inductor (IEEE). A condition of sustained wavefodistortion and overvoltages created when a redbtiweak source
of voltage energizes the combination of capacitaarmue saturable transformers. A sufficient amodmdamping, or
resistance, in the circuit usually controls or @tiates the phenomenon.

Hybrid Switching - A variation of single-pole switching that is used long lines to extinguish the secondary arc of
single line-to-ground faults. The faulted phaseditected and opened first via single-pole relayingfter
approximately fifty cycles the two unfaulted phaaes opened to extinguish the secondary arc. Fpinase automatic
reclosing follows.

IEEE - Institute of Electrical and Electronic Engineers

Interchange Metering - Metering at interchange points between two adlimig utilities. Consists of AGC
(continuous kW) telemetering and hourly kWh (on-timair hourly load kWh). These quantities must goboth
controlling utilities so they can manage their exdfve Control Areas.

Interchange Point - Locations where power flows from one Control &m® another (i.e. connection between two
controlling utilities).

Island - A portion of the interconnected WECC system thas become isolated due to the tripping of trassiom
system elements. ‘Local’ Island - A portion of ttransmission system, often a single line, thasatated from the
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main system and energized by a local generatomef@#y, system islands do not have a stable géarreesource
balance.

ISO —Independent System Operator

Control Area - 1. The electrical (not necessarily geographieaba within which a controlling utility has the
responsibility to adjust its generation to matcteinal load and power flow across interchange bates to other
Control Areas. 2. A resource or portion of a tese that is scheduled by a specific utility. hétutility schedules the
resource, the resource becomes part of its CoAtedl. Physical location of the Connection Poingégslaot determine
its Control Area.

WECC Definition: A system which regulates its generation in orteimaintain its interchange schedule with
other Control Areas and contributes its frequen@slobligation to the interconnection.

NERC - North American Electric Reliability Council is a tafmr-profit company formed by the electric utililydustry
in 1968 to promote the reliability of the electtycisupply in North America. NERC consists of niRegional
Reliability Councils, one of which is the Westerys&ms Coordinating Council.

Non-spinning Reserve- That portion of the operating reserve capableedig connected to the bus and loaded within
ten minutes. Also included is any load that isiglested for use as reserve and can be reducedspgtdher action
within ten minutes. (WECC)

NWPP - Northwest Power Pool

OASIS - Open Access Same-Time Information System is artrel@c posting system for transmission access data
that allows all Transmission Customers to viewdhta simultaneously.

Operating Reserve- That reserve above firm system load capable@figing for regulation within the hour to cover
load variations and power supply reductions. Hsists of spinning reserve and non-spinning resefwéECC)
NERC Definition: Provides additional capacity from electricity geators that are on line, loaded to less than
their maximum output, and available to serve custodemand immediately should a contingency occur.

Phase Unbalance The percent deviation of voltage or current in phase as compared to the average of all three
phases.

Pilot Protection - A form of line protection that uses a communicatdrannel as a means to compare electrical
conditions at the terminals of a line. (IEEE) Té¢mmmunication channel may be power line carriecrawave or
other radio, fiber optics, leased telephone lina dedicated hardwire circuit.

Portland General Electric (PGE System) The transmission facilities owned or controlledR$E.

Power Factor - The ratio of real power in watts to the productolts times amperes in an alternating current dircu
The power factor is unity when the voltage and enfrrare in phase. A ‘lagging’ power factor is assted with a
partially or wholly inductive load that ‘absorbsogtive reactive power. A ‘lagging’ power factisralso associated
with a generator that ‘delivers’ positive reactpawer. A ‘leading’ power factor is associated watltapacitive load
that ‘delivers’ or a generator that ‘absorbs’ pesiteactive power. See reactive power.

Power System -The integrated electrical generation and transoms&acilities owned or controlled by one electric
utility organization. (WECC)

Prudent Electric Utility Practices or ‘Prudent Util ity Practice’ - The generally accepted design, practices, methods,
operation and maintenance of a power system, teweelsafety, dependability, efficiency, and econpand to meet
utility and industry codes, standards, and reguoieti
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Pseudo-Tie- A telemetered reading or value that is updateckal time and used as a tie line flow in the ASCE

equation but for which no physical tie or energytenieg actually exists. It usually represents dipn of an actual
metered flow. The integrated value is used as ter@@ megawatthour (MWh) value for interchange antiag

purposes. A pseudo-tie is one form of dynamicadign

Radial Line - A transmission line that is connected to th@graission network only at one end. More typicadly,
distribution line where only one end connects biacthe network and loads are served at the othetaed along the
line.

Rating Criteria — The assumptions used for rating PGE transmidsierfacilities are: 2.93 ft/sec wind speed, 40°C
summer ambient temperature, 0°C winter ambient ¢eatpre, 75°C conductor temperature for copper, Aéhd
ACSR conductors under normal operation, 93°C caimdutemperature for AAC conductors under emergency
operation and 100°C conductor temperature for aoppeé ACSR under emergency operation.

Reactive Power -The component of total volt-amperes in an altengagurrent circuit where the voltage and current
are out of phase by ninety electrical degreess riteasured in units of volt-amperes reactive (VRYAr or MVAr. It
represents the power involved in the alternatintharge of stored energy in inductive and capacéleetromagnetic
fields. Although this type of power supplies ne@fus energy, it is an inherent requirement foradlérnating current
power systems. By convention, positive reactivavegrois ‘absorbed’ by an inductance and ‘generateg’ a
capacitance. Reactive power transferred over ismeeasured in VAr-hours (VArh). See power factor.

Real Power -The component of total volt-amperes in an eledicuit where the voltage and current are in phdse
is also called active power and is measured insn@it), kW or MW. This is the electrical power asisted with
useful energy, including mechanical work and hde¢al power used or transmitted over time is messur kilowatt-
hours (kwh) or MWh.

Real Time - Data reported as it happens, with reporting &igdintervals no longer than a few seconds. A&gpid
AGC type data, but not to kWh or RMS data, which accumulated and reported only when queried byasten
station.

Remedial Action - Special pre-planned corrective measures whichnétrated following a disturbance to provide for
acceptable system performance. (WECC)

Remedial Action Scheme (RAS) A protection system that automatically initiateseoor more control actions
following electrical disturbances. Also called &yml Protection System.” (WECC) Typical exampdes generating
dropping, load tripping, shunt capacitor switchargl shunt reactor switching.

Requester -An electrical utility or other customer or theimpresentative that is requesting a new connectiaheo
PGE Transmission System.

Revenue Metering- General term for metering which is calibrated\td¢SI| Standards for Billing Accuracy.
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Single Pole Switching (SPS) The practice of tripping and reclosing one poleag#) of a three pole circuit breaker
without changing the state of the remaining pol€spping is initiated by single-pole relays thaspond selectively to
the faulted phase. Notes: 1) Circuit breakersl disesingle pole switching must inherently be dalpaof independent
pole opening. 2) In most single pole switchingesuhbs it is the practice to trip all poles for aault involving more
than one phase. (IEEE)

Spinning Reserve- That portion of the operating reserve whichyischironized to the system, responds automatically
to fluctuations in system frequency, and is capablassuming load up to the cited spinning resemagnitude within
ten minutes. (WECC)

Station Service- The electric supply for the ancillary equipmessed to operate a generating station or substation.
(NERC)

Supervisory Control and Data Acquisition (SCADA) -A system of remote control and telemetering useaia@nitor
and control the transmission system. (NERC)

Tap Line — A line that connects to an existing transmissiordistribution line without breakers at the tap ppin
resulting in an additional terminal on the existiimg.

Telemetering - Continuous, real time data reporting, as for A@t Generation kW (but not for kWh or Revenue
Metering Systems, which are not continuously regmrt
NERC Definition: The process by which measurable electrical gtiastirom substations and generating stations
are instantaneously transmitted using telecommuiticaechniques.

Three-Pole Switching -A relay system and corresponding switchgear thps tor opens all three poles (phases)
regardless of fault type.

Wheeling - Transmitting power from one point to anotherivita Control Area or between Control Areas.
WECC - Western Systems Coordinating Council
For industry standard definitions of electric indugry terminology, please refer to:

The New IEEE Standard Dictionary of Electrical andElectronic Terms,
IEEE Std 100-1992.
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10. References

1. ANSI - IEEE - NFPA

1.1 ANSI/IEEE Std 80 Guide for Safety in AC Substation Grounding

1.2 |EEE Std 81 Part 1Guide for Measuring Earth Resistivity, Ground Imaede, and Earth Surface
Potentials of a Ground Syste8nPart 2:Guide for Measurement of Impedance and Safety Cherniatics of
Large, Extended or Interconnected Grounding Systems

1.3 |IEEE Std 100 {EEE Standard Dictionary of Electrical and ElectioTerms.

1.4 |EEE Std 367 Recommended Practice for Determining the Electdw@ Station Ground Potential Rise
and Induced Voltage from a Power Fault

1.5 |IEEE Std 519 {EEE Recommended Practices and Requirements fanbtaic Control in Electrical Power
Systems

1.6 |IEEE - 487 Recommend Practice for the Protection of Wire-lQmnmunication Facilities Serving Electric
Power Stations

1.7 |EEE - 837 -Standard for Qualifying Permanent Connections UseBubstation Grounding

1.8 NESC C2 National Electrical Safety Code

1.9 ANSI C84.1 —Electric Power System and Equipment — Voltage Bat{f0Hz)

1.10 NFPA 70 -National Electrical Code

2. NERC - NWPP - WECC

2.1 NERCOperating Standards

2.2 NERCPIlanning Standards

2.3 NWPPOperating Manual

2.4 WECC Reliability Criteria including:
2.4.1 Reliability Criteria for System Design
2.4.2 Power Supply Design Criteria
2.4.3 Minimum Operating Reliability Criteria
2.4.4 Reliability Management System

3. Portland General Electric — T&D Design and CongtancStandards
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11. Connection Request Form

TRANSMISSION/END-USER CONNECTION REQUEST

INFORMATION:

This application will be used by the PGE to perform Preliminary Studies to determine the Interface requirements at the customer’s Point of
Interconnection. The applicant should attempt to fill in as much of the form as possible.

SECTION 1: PROJECT OWNER/PROJECT SPONSOR INFORMATION

Project Owner Project Sponsor/Engineer
Company Company
Contact | Contact
Mailing Address: | Mailing Address:
City/County/State/ 9 Digit Zip Code | City/County/State/ 9 Digit Zip Code
Phone Number | Phone Number

ELECTRICAL CONTRACTOR (as applicable)

Company

Mailing Address

City County | State 9 Digit Zip Code

Phone Number | Contact
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SECTION 2: PRELIMINARY REVIEW INFORMATION

Type of connection

O Radial Load O Network Connection with Other Sources Present
Comments:

Connection Point
Identify the PGE Line or Substation

Type of Load
Identify the characteristics which best describe the type of load to be served (more specific information may be required for loads such
as those associated with arc furnaces, large motor, etc.)

Load Data (at the time of energization and every year for 10 years)

Projected Peak Load Summer Peak Load Winter Peak Load Anticipated Power Factor

Future Plans (Where known)
Modification or changes affecting the connection or connected equipment
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SECTION 3: STUDY DATA REQUIREMENTS

Pagé& 4

One Line Diagram
Attach Diagram

Network Power Flow Model
Enclose a network power flow model using GE or PTI format

LINE DATA
Positive Sequence Resistance (ohms/mile) Reactance (ohms/mile) Susceptance (mhos/mile)
Zero Sequence Resistance (ohms/mile) Reactance (ohms/mile) Susceptance (mhos/mile)

Conductor Rating (amperes @ T temperature rise) and Conductor
Type

Line Length (miles)

System Data

Provide a system equivalent (R1,X1,R0,X0 in per unit on a 100 MVA base) at the proposed Connection Point looking into the connecting
system. This values should be determined such that the system model does not include the physical connection to the PGE System.
Assuming there are no other connections to the PGE System at any other point, these quantities are available by computing a single

line-to-ground 'bus fault' at the proposed Connection Paint.

Reactive Equipment
Location, size, and rated voltage

To be filled out by the PGE Transmission and Reliability Services Representative:

PGE Representative | Location

Internal Routing | Phone Number

Copy of Connection Request and Attachments to:

Manager, Transmission and Reliability Services
Manager, System Planning and Engineering
Manager, Customer Account Management

Please note that this document is subject to revisi.

It will be periodically reviewed and updated as neessary.



