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2.  Introduction

' L 2.1 Purpose

The PIannlng Crlteria developed by SPP provide background information, guldelmes busmess
rules, and processes for the operation and administration of the SPP Plannmg Process
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SPP Planning C_riteria

3. Integrated Tr'an_smission Planning Manual (Placeholder)

4. Capac1ty Margm

This Criteria requlres and provides for the sharing of reserve generatmg capacity as a means of
reducing capacnty requirements of each Member and providing reliable electric service to ﬁrm
customers due to the cquitable purchase, sale and exchange of generatmg capacity among
Members. '

4.1  Definitions
411  Load S_erving"Member

A Load Serving Member shall mean any SPP_'Member assuming legal obligation _te provide firm
electric service to a customer or group of customers within SPP.

412 Firm Power

Flrm Power shall mean electric power which is mtended to be continuously avallable to the
buyer even under adverse conditions; i.e., power for which the seller assumes the obligation to
provide capacity (including SPP defined Capacity Margin) and energy. Such power shall meet
standards of reliability_and availability as that delivered to native load customers; For purchases

and sales, the contract arnount governs regardless of the amount actually delivered at the time of '

such Load Serving Member's greatest Net Load. Power purchased shall only be considered to be
Firm Power if Firm Transmission Service is in place to the Load Serving Member for dellvery of
such power. Firm Power does not include “financially firm” power. '

4.1.3 System Capaclty

A Load Servmg Member 5. System Capac:ty shall be equal to the capab111ty of its generatmg

facilities, including its ownership share of jointly owned units, demonstrated under procedures -
set forth in SPP Ratmg of Generating Equipment Crnterla adjusted to reflect the purchase from-

and/or sale to any other party of generatmg capacity or SPP defined Operatmg Reserve, under
any appropr1ate agreement. For purchases and sales, the contract amount governs regardl_ess of
the amount actually delivered at the time of such Load Serving Member's greatest Net Load.
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Capac;ty purchases shall only be con31dered if Firm Transmission Serv1ce is in place to the Load
Serving Member for dehvery of power from such capacity.. '

Unless reported  separately, generatlng facilities owned by others within the Load Servmg
Member’s system that_.are. obligated to furnish firm power to customers W_lthln the Load Serving
Member’s system shall also be reported. Absent any bilateral contractual arrangements with the
host Control Area, the host Control Arca will not be required to be _r'esponsibl'e for capacity
and/or reserve reqﬁii'_ements._ The reporting of generating facilities: owned by-dth_ers" does not

_constitute an obligation on the Load Serving Member's part to furnish reserves or back up power
*~ for that generation.

4.1.4 _ Net Load

The'tertﬁ Net Load for any Load Serving Member shaﬂ iﬁean, for any clock hour:
" a) - Net generation by the Load Serving Member's t'acilitieS; 'i)lus'.'
b) Net receipts into the Load .Serving Member's system; minus
¢) Net deliveries out of such Load Serving Member's system

Unless reported separately, the Net Load of othef_ non-Load Serving Members located within the -
Load Serving Member’s system shall also be re_pqrted. Absent any bilateral contractual
arrangements, the reporting of these loads does not constitute an obligation on the Load Serving

‘Member's part to furnish reserves, back up power, or incur financial obllgations from SPP for
: that load.: '

- 41.5  Capacity Year

- Capacity Year shall mean a period of twelve cons'ecutive .rﬁenths beginning on October 1 of each

calendar year. Any period less than a Capacity Year shall be designated as Short Term.

4.1.6 System Peak Responsnblllty

System Peak Responsibility of a. Load Servmg Member for any Capacity Year shall mean the .

Load Serving Member's greatest Net Load during that Capaelty Year plus:

a) The contract amount of Firm Power sold to others under agreements in effect as of the _ |
time of such Load Serving Member's greatest Net Load which provide for the sale of a
spec1fied amount of Firm Power; and minus
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b) The contract amount of Flrm Power purchased from others under agreements in effect as
of the time of such Load Serving Member's greatest Net Load Wh]Ch prov1de for the
purchase ofa spe01ﬁed amount of Flrm Power. :

In each case, the contract amount governs regardless of the amount actually delivered at the time
of a Load Serving Member s greatest Net Load. | ' '

4.1.7 Capacity Margm

Capacity Margin shall mean the amount by whtch a Load Servmg Members System Capamty
exceeds its System Peak Responsibility. :

4.1.8 Percent Capacity Margin
Percent Capacity Margin shall be defined by the for_mula:

. Percent Capacity Margin _1'= (Capacity Margin/System Capacity) x 100
4.1.9 Mlmmum Required Capaclty Margin

Each Load Servmg Member’s Mlnlmum Required Capac1ty Margin shall be twelve percent.. If a'
Load Serving Member’s System Capacity for a Capacity Year is comprised of at least seventy-
five percent hydro-based generatien then such Load Serving Member’s Minimum Required
Capacrty Margin for that Capae1ty Year shall be nine percent.

4.1.10 System Capaclty Margm Responmblllty

A Load Serving Member s System Capacity Responsibility for any Capacity Year shall mean the -

sum of that Load Serving Member's. System Peak Resp0n51b111ty and its Minimum Requlred
Capamty Margm : : : '

'4 111 Capaclty Balance

Capac:lty Balance shall mean the amount by whlch a Lead Servmg Member's System Capaclty

exceeds its System Capac1ty Responsibility. -
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4.1.12 Firm Transmission Service

N Flrm Transmission Service is that service defined in any applicable transmission service provider
' -tarlff

42 Capacity Responsibility

a) Each Capacity Year, each Load Servin_g Member shall possess System Capacity at least equal
- to its System Capacity Responsibility. -

b) Prior to the establishment of its System Peak Responsibility for each Capacity Year, each
Load Serving Member shall provide System Capacity by one or more . of the following

means:

1) Establishing a unit rating consistent with SPP generating equipment rati'hg Criter_ia; -
“prior to establishing its System Peak Responsibility; -

ii} Reducing its System Peak Responsibility by purchase of- Flrm Power from any
Member or non-Member by separate agreement;

iii) Separate written agreement with another Member or a non-Member for purchase of a
specified amount of capacity; and/or -

iv) Reducing its Net Load.

¢} A Load Servmg Member may purchase Short Term capacity to provide a part of its System _
Capamty or Short Term Firm Power to reduce its System Peak’ Responsrblhty subject to each
of the followmg restr1ct1ons '

). Such Short Te_rm_-' period shall not be less than four consecutive mohthe, and shall
include the day the Load Serving Member establishes its System Peak Responsibility.
Such per1od shall begin during May 1 to June 1 or November 1 to December 1;

' 11) The amount of Short Term capacity or Short Term F1rm Power purchased shall not
exceed 25% of the Load Serving Member's System Peak Respons1b111ty, and

111) The Load Servmg Member shall purchase such Short. Term Capacny or Short Term
Flrm Power prior to the start of the Short Term period. | o
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| d) A Load Serving Member may sell Short Term Capacity -or Short Term Firm Power from

resources comprlsmg its Capacity Balance provided that 1t s System Capacity Rcspons1b1hty o

is met.

4.3 Record's'._

o . Fach Load Servmg ‘Member, upon request shall provide accurate and ‘detailed records of
. “information related to this Criteria to the SPP ‘Staff. Except for System Peak Responsibility, all -

other information shall be provided prior to establishing System Peak Responsibility for a
Capac'i'ty' Year and shall include; validation of System Capacity per 'SPP Rating of Generating
Equ1pment Criteria, Capacity purchase and sale contracts, Firm Power purchase and sale
contracts; and firm transmission service agreements. The SPP Staff shall verify information
supphed by each Load Serving Member. Calculations shall be based on the highest peak load of
each of the Load Serving Members during the Capacity Year. All capacity and demand values

- will be rounded to the nearest whole MW for purposes of this. Criteria. All data submitted to SPP
related to this Criteria shall be consrdered confidential by the SPP Staff and shall not be released

in any form except by force of law

4.4 G'eneration Plannin:g;.-' :

4.4.1 Demgn Futures |

a) In order to maintain a balanced' design of the electric system, excessive concentration of

generating capae1ty in one unit, at one location, or in one area shall be avmded

b) Auxiliary power sources shall be provrded in each major generatmg station to provide for the
safe shutdown of all the units in the event of loss of external power. o

¢) In each major load area of SPP, a umt capable of b]ack start shall be pr0v1ded havmg the
) capal:nhty of restartmg the other units in the area. -

dy "Bmler controls and other essential automat1on of major generatmg units shall be des1gncd to
W1thstand voltage d1ps caused by system short circuits.

442 Fuel Supply -

~Assurance of having desired generatmg capacity depends, in part, on the avallablhty of an . .
o . adequate and rehable fuel supply Where contraetual or physical arrangements permlt_-; _
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curtailment or interruption of the normal fuel 's'upply, sufﬁcient quantities of standby fuel shall be

~provided. Due'to the dependence of hydroelectric plants on seasonal water flows, this factor shall
* ‘be taken into consideration when calculating capacity for capacity margin requ1rements

5 ‘Regional Transmission Planning

51  Concepts

The interconnected transmission system shall be capable of performing reliably under a wide
variety of expected system conditions while continuing to operate within equipment and electric
system thermal, voltage, and stability limits. The transmission system shall be planned to
withstand all single element contingencies and maintenance outages over the load conditions of
all seasonal models as developed by MDWG. Extreme event contingencies which measure the
robustness of the electric systems should be evaluated for risks and consequences. The NERC
Reliability Standards define specific requirements that provide a high degree of reliability for the
bulk electric system SPP provides additional coordinated regiona'l transmission planning
requirements to promote reliability through this Criterion and related “Coordinated Planning

Procedures” in the SPP Open Access Transmission Tariff.

5.2 , Definitions

All capitalized terms shall have their meaning as contemplated in the SPP OATT unless defined
below. '

- Bulk Electric System — Bulk Electric System shall have the définition as provided in the NERC
Glossary of Terms Used In Reliability Standards, as may be amended from time to time.

NERC - The North American Electric Reliability Corporation. or its successor organization,

which is an organization of all segments of the electric industry that recommends, sets, oversees,
and 1mplements pohcles and standards to ensure the continued rehablhty of North America’s
bulk electrlc system

Nommal Voltagc = The root-mean- square, phase-to-phase voltage by which the system is
demgnated and to whlch certam operating characteristics of the system are related. Examples of
no‘miha_l vOltagcs are 500 kV, 345 kV, 230 kV, 161 kV, 138 kV, 115 kV and 69 kV., SPP shall
evaluate contingencies on the transmission system for all system elements with a Nominal
Voltage of 60 kV or greater.
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Planned Project — A transmission project, driven by system needs and the recommended solution

among considered alternatives, which is a specific commitment o upgrade the transmission -
system which has little, if any, outstanding issues, including, but not limited to: budgetary
processes, siting, permitting, equipment procurement, installation, regulatory or other approvals,

that could delay implementation beyond the expected in-service date.

53 Coordinated Planning

SPP members operate in a highly interconnected system. and shall coordinate transmission
planning. This coordination shall include voluntary efforts between intereonneeted SPP
members ‘and non-members. SPP shall be the primary'_r_esponsible party for coordinated

transmission plannmg

The planning and development of transmission facilities shall be coordinated with ne1ghbormg
systems and regions to preserve the reliability benefits -of interconnected operattons. The
transmission systems should be planned to avoid excessive dependence on any one transmission

cireuit, structure, right-of-way, or substation.

The transmission system of the SPP region shall be planned and constructed so that the
contingencies as set forth in the Criteria will meet the applicable NERC Reliability Standards for
transmission planning. The Model Development Working Group (MDWG) shall annually
assemble and verify power flow models, short circuit models, and stability models, which shall
be used by SPP staff to check eomphanee with NERC Relrablhty Standards for transmission
planning. Extreme contmgency evaluations shall be conducted to measure the robustness of the
transmission systems and to maintain a state of preparedness to deal effectively with such events.
Although it is not practical to construct a system to withstand all poss1ble extreme cont1ngenc1es
wathout cascading, it is desirable to understand the risks and consequences of such events and to
attempt to limit the significant eeonom1c and social impacts that may result. ' :

Sufﬁc1ent reactive capac1ty shall be planned within the SPP electric system ; at appropnate plaees

to maintain transmission system voltages 60 kV and above within plus or minus 5% of nominal -
Voltage on all buses urider normal conditions and plus 5% or minus 10% of nommal voltage on

load serv1ng buses under single contmgeney condmons
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~33.1  Planning Criteria

Iﬁdividual membes fnay deve]dp Planning Criteria that shall, at a minimum, conform to. NERC' o

Rellablhty Standards and SPP Criteria. Individual member Criteria shall consider the followmg S

(1) * Excessive concentratmn of power being carried on any smgle transmission c1rcu1t multi-
01rcu1t transmission line, or right-of-way, as well as through any single transmlsswn '
stat10n shall be avoided.

2) Intra-reglonal, 1nter-reg10nal, and trans-regional power flows shall not result in excessive
risk to the electric system under normal and contingency conditions as outlined in this
criteria.

(3)  Switching arrangements shall be planned to permit effective maintenance of equipment
without excessive risk to the electric system.

(4) Switching arrangements and associated protective re]ay systems for all facilities defined
in SPP Planning Criteria shall be planned to not limit the capability of a transmlssmn path
to the extent of causing excessive risk to the electric system.

(5) Sufficient reactive capacity shall be planned within the SPP electric system at appropriate
places to maintain applicable transmission system voltages under base case and
contingency conditions.

(6) Facilities shall be rated as assigned in SPP Planning Criteria section 7.

5.3.2 Planning Assessment Studies

Individual transmission owners shall perform individual transmission planning studies and shall
cooperate in the SPP Transmission Expansion Plan and other SPP coordinated studies. These
planning studies are for the purposes of identifying any planning criteria violations that may exist

and developing plans to mitigate such violations. Members shall contact the Transmission =

Working Group whenever new facilities are in the conceptual planning stage so that optimal
"_-1ntegrat10n of any new facﬂltles and potentially benefiting parties .can be identified. Studies”
affecting more than one system owner or user will be conducted on a joint system basis.
Reliability studies shall examine post-contingency steady-state conditions as well as stability,
overload, cascading, and voltage collapse conditions. Updates to the transmission assessments
will be performed, as appropriate, to reflect anticipated significant changes in system conditions.
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533 Benchmark SPP Models

SPP staff shall benchmark model data against actual SPP system ‘conditions (e g., generation
dispatch, load, and load power factor) which correspond to the time frames for wh1ch the models
are created. As a minimum the results shall be reported semlannually '

54 | SPP Compllance with NERC Rellablllty Standards for
' Transmission Planning

54.1  Base Case (TPL-001)

All power flow models developed by the MDWG shall be evaluated for eOmpliance with the
NERC Reliability Standard for system performance under normal (no contingency) conditions

(Category A of Table 1). In addition to the NERC requ1rements SPP requires that these models _

shall conform to the followmg standards:

(1) Normal Operanon — Any estabhshed normal (pre -contingency) operatmg procedures

shall be filed by the applicable Transmission Owner. w1th SPP and shall be kept on file by
the SPP staff liaison to the SPP MDWG. Normal operations shall reflect a reasonable -
‘unit’ commitment which reflects any contracted or operational limitations. ~System .

- fac1l1t1es shall be modeled to reflect normal operat1on

@. Transmlssmn Project Inclusion — All Planned ‘Projects shall be moluded in the power’

S ﬂow models if the expected in-service date is’ pr1or to (i) November 1, for all winter peak
o cases, and (i June 1, for all summer peak cases. '

Comphance w1th NERC Table 1 - Category A System Performance Standards — All MDWG
‘power flow models shall be tested to ver1fy compliance w1th the System Performance Standards

 from NERC Table 1 — Category A, subject to the followmg clar1ﬁcat1ons

(1) Thermal Limits W1th1n Applicable Ratmg — Applicable Ratmg shall be deﬁned as the
Normal Rating per SPP Planning Criteria 7 section 7.2. 1 1 ‘The thermal 11m1t shall be
100% of the Applloable Rating ' ' '

(2 Voltage L1m1ts W1thm Apphcable Ratmg — Applicable Ratmg shall have the meaning of
Nominal Voltage per Criteria 3. Voltage limits shall be set at plus or minus five percent
- (+H-5%) of Apphcable Rating. ' o -
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3

@)

System Stablhty Both dynamic and steady state stabllrty of the Transmission System .
shall be maintained. Cascadmg outages shall not occur. -

Modehng of Projected Firm Transfers - All contracted firm (non-recallable '.rese'rv'e_d).

. transfers shall be maintained. All firm customer demands shall be mamtamed

The 'MDWG shall work with the Transmrsswn Working Group (TWG) to resolve issues not
considered data errors.

5.4.2

Loss of Single Bulk Electric System Element (TPL-002)

SPP staff shall conduct an assessment of the _power ﬂow modeIs by MDWG to assess
compliance with the NERC Reliability Standard for system performance following the loss of a
single element (Category B). In addition to the NERC requtrements SPP requires that the power
- flow models conform to the following standards: S

1y

()

3)

Normal Operations - In'itiating incident results'in a single Bulk Electric System element

out of service. Both non-fault and fault 1n1t1ated cvents should be evaluated for severity
of impact. -

Transmission Project Inclusion — All Planned PrOJects shall be included in the power
flow models if the expected in-service date is prior to (i) November 1, for all winter peak
cases, and (11) June 1, for all summer peak cases.

Compliance_with NERC Table 1 - Category B System Performance Standards — All
MDWG power flow models shall be tested to verify compliance w1th the System
Performance Standards from NERC Table 1 - Category B, subject to the following

clarifications;

(a) Thermal Limits within Applicable Rating — Applicable Rati'ng shall be defined as
the Emergency Rating per SPP Planning Criteria 7 sectron 7 2.1.2. The thermal
limit shall be 100% of the Applicable Rating.

(b} Voltage Limits Within Applicable Rating ~ Applicable Rating shall have the

‘meaning of Nominal Voltage per SPP Planning Criteria 5. Voltage limits shall be
set at plus five percent to minus ten percent (+5%/-10%) of Applicable Rating for
. systems operating at 60 kV or above on load serVing_bu_ses.

©) Sy_stem _St'ability — Stability -of the Transmission_. _S_yst_em (angular and voltage)
shall be haintained. Cascading outages shall not occur. -
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(4)

(d) Modeling of Projected Firm Transfers — All contracted ﬁnn'(non-recallable S

reserved) transfers shall be maintained. All firm customer demands shall be

maintained.

‘Loss of Demand — No loss of firm customer demand (except as noted in NERC

: _Rellablllty Standards Table I, Transmission System Standards — Normal and Emergency
Conditions, Footnote b) not- the curtailment of contracted firm (non-recallable reserved)

" transfers shall be requrred

()

5-4.3 .

Mrtlganon Plans - M1t1gat1on plans shall be submltted to' SPP to venfy effectiveness.
Mitigation plans may include Transmlssron Operating Dlrectlves or additional system
clements. A m1t1gat10n plan is deemed effective if it shall return all system voltages and
line and equ1pment ratings to within the Applicable Ratmg as defined above. SPP shall
document the correctlve plans necessary to mitigate effects of those events.

Loss of Two or More Elements (TPL 003)

SPP staff shall conduct an assessment of the’ power flow models by MDWG to assess
"_'compllance with the NERC Reliability Standard for system performance following the loss of
" two or more elements (Category C). In addition to the NERC requ1rements SPP requ1res that
- the power flow models conform to the following standards: Co

(1) Normal Operatlons Initiating incident may result in two or more (multlple) components

()

out of service. Both non-fault and fault initiated events should be evaluated for severlty .

ofi 1mpact

(2) Transmission Pro'lect" Inclusion — All Planne_d Projects shall be .included in the power

flow models if the expected in-service date is’prior to (i) November 1, for all winter peak
cases, and (ii) June 1, for all summer peak cases. '

Compliance with NERC Table 1 - Cat_gorv C System Performance Standards - All

MDWG power flow models shall be tested to verify compliance with the System .
Performance Standards from NERC Table 1 — Category C, subJect to the followmg' o
- clarifications: -

(a) Thermal Limits within Apphcable Ratmg Applicable Ratmg shall be deﬁned as
the Emergency Rating per SPP Plannmg Criteria 7 section 7.2.1.2. The thermal
limit shall be 100% of the Applicable Ratmg ' s
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~(b) Vol'tage Limits Within Applicable Rating - Applicable Rating shall have the
meaning of Nominal Voltage per Criteria 3. Voltage limits shall-be set at plus :
five percent to minus. ten percent (+5%/-10%) of Applrcable Rating for systems'
operating at 60 kV or above on load serving buses. |

(4) System Stability — Stability of the. Transm1ss1on System (angular and voltage) shall be

maintained. Cascading outages shall not occur.

(a) Modeling of Projected” Firm Transfer —_All contracted firm - (non- recallable

. r_eserved)_ transfers shall be maintained. All firm customer demands shall be
- maintained.

| _(i)'_- Loss of Demand — Planned outages of customer demand or generation (as

o noted _.i'n NERC Reliability Standards Table I Transmission System

Standards — Normal and Emergency Conditions) may occur, and
contracted firm (non-recallable reserved) transfers may be curtailed.

(i) Mitigation Plans — Mitigation plans shall be submitted to SPP to verify
effectiveness.  Mitigation plans may include Transmission Operating
Directives or additional system elements. A mitigation plan is deemed
effective if it shall return all system voltages and line and equipment
ratings to within the Applicable Rating as defined above. SPP shall
document the corrective plans ‘necessary to mitigate effects of those
cvents. . ' '

_5.444_ Extreme Event (TPL-004)

An extréme event ‘shall have the meaning consistent with Category D of NERC Reliability
Standards Table 1, Transmlssmn System Standards - Normal and Emergency Conditions. SPP
shall run contmgency studies as prov1ded by ‘the transmlssmn owners under the followmg
condltlons '

(l) : In1t1ating event(s) shall result in multiple elements out of service.

(2) SPP shall document the measures and procedures to mitigate or elrmrnate the extent and

_-'effects of those events and may at their discretion recommend such measures and

| .'_procedures where extreme contingency events could lead to uncontrolled ‘cascading
o _outages or system 1nstab1l1ty
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545 Study Requlrements

System contingency stud1es should be based on system simulation models that should
incorporate: ' '

(1) Evaluation of reactive p'oWer resources

: (2) Existing protectmn systems :

©(3) Any ex1stmg backup or redundancy protection systems . _
4y Al prOJected firm transfers (including rollover rights of long term firm transact1ons)
(5) All exrstmg and Planned Projects ' N

These: studies shall assist to determine that existing transmission " protection schemes are
sufficient to meet the system performance levels as defined in appropriate Category of NERC
_Rel1ab1l1ty ‘Standards  Table I, Transmission System Standards — Normal and Emergency
Conditions. Studies shall consider all contingencies-applicable to the appropr1ate Category and
document the selection rationale. Studies shall be conducted or reviewed annually, shall cover
seasonal or expected critical system conditions for near (current or next year) and intermediate
(two to five year recommended) planning hOI‘lZOl’lS and address both intra- and interregional -
reliability. Detailed analyses of the systems will not be conducted annually if changes to system
conditions do not warrant such analyses. o '

The longer-term (beyond five years) si_m'u'lations will identify concerns that may surface in the
period beyond the more certain interm_edia_te year period. Focus of simulations for the longer
term will be on marginal system conditions evident from the intermediate year cases. Cases

beyond the five-year horizon will be evaluated as needed to address identified marginal - .

conditions.
5.4.6 Mitigation Plans

When simulations indicate an_'in'abil_ity of the systems to respond as prescribed by-this Criterion,
responsible entities must provide a writien summary of their mitigation plans, including a
schedule for - implementation, ' 'to achieve the required ‘system performance throughout - the

plannmg horizon. M1t1gat10n plan summaries should discuss expected required in-service dates o

of facilities, should consider lead-times necessary to 1mplemer1t plans, and w1ll be reviewed for . -

contmumg need in subsequent annual assessments.-
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54.7  Transmission O'peratil_lg Directives

A Transmission Operating Directive qualifies as a valid mitigation measure when the
Transmission Operating Directive is effective as written.

. 54.8 Reporting Requirements

Entities responsible for the reliability of interconnected transmission systems shall report
annually on the performance of their systems in connection with NERC Reliability Standards to
‘the SPP Region. The SPP will annually provide a summary of intra- and interregional studies to
the NERC. Regional and interregional reliability assessments shall include the results of the
system simulation teSting as stated in the NERC Reliability Standards. |

5.5 Interconnection Review Process

Southwest Power Pool Planning Criteria3.3.2 and the Regional Open Access Transmission Tariff
both require_members to contact the SPP and the Transmission Wofkih_g Group whenever new
transmission _fa’cilities that impact the interconnected operation are in the conceptual plan_ﬁing
stage so that the optimal integration of any new facilitics can be identified. Under this criterion
an interconnection involves two or more SPP members or an SPP member and a non-member. A
project that creates a non—re_d_ial, non-generation interconnection at 69 kV or above or that
removes an interconnection 'at_230.kV or above shall be reviewed for impacts in accordance with
Appendix PL-6. A Transmission Servic'e-P.r_Qvider shall be subject to provisions of this criterion.

6. Regional Calculation of Available Transfer Capability

SPP takes a regi(_)nal'app'roech in the determination of Available Transfer Capability (ATC). The
regional approach calls for SPP to evaluate the inter-area transfer capability of its Transmission -
Owners. This approach provides a hi'gh level of coordination between ATC reported by SPP and

Transmission Owners on SPP Open Access Same-time Inforrnatlon Network (OASIS) nodes. .
L1kew1se when Transmission Owners calculate ATC, they are responsible to. ‘coordinate the
ATC between their areas. If there is a dispute concerning the ATC, the SPP Transmrssmn_
Working Group (TWG) will act as the technical body to determine the ATC to be reported Th1s__'
Plannmg Criteria prov1des Transmission Owners and the SPP Transmission Prov1der ﬂexrbrhty' .
to revise the ATC as needed for changes in operating conditions, while providing for unlque'

modeling parameters of the areas. The SPP Transmission Prov1der calculatzons do not preclude '
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- any studies made by Transmlssmn 0wners in accordance ‘with their md1v1dua1 tariffs, whlch may
contain specific methodologles for evaluating transmission service requests.

~ Transfer capabilities are.'oalculated for two dlffer_ent commercial business applications; a) for use

_ "+ as default values for Transmission Owners to post on their OASIS node for business under their

- transmission tariffs and _b')' for use by SPP in administering the SPP Open Access Transmission
- Tariff (SPP OATT). ' ' 3

- The SPP utilizes a “constrained element” approach in determining ATC This approach is
referred to as a Flowgate ATC methodology. Constrained facilities, termed “Flowgates”, used in
this approach are identified primarily from a non-smultaneous transfer study using standard
incremerital “transfer capability techniques. that recognize thermal voltage and contractual
limitations. Stability limitations are studied as needed. Flowgates serve as proxies for the

transmi:s'lsion' network and are used to study system response to transfers and contingencies. -
~ Using Flowgates with pre-determined ratings, this process is able to evaluate the ATC of specific -

' paths on a constrained element basis (Flowgate basis) while conmdermg the simultaneous lmpact
of ex1st1ng transactions. -

The calculation. of ATC is a very complex and dynamic procedure SPP realizes that there are
many technwal and policy issues coneermng the calculation of ATC that will evolve. with
industry changes Therefore, the SPP Operatmg Reliability Workmg Group and the SPP
Transrmssmn Workmg Group will have the Jomt authority to modlfy the implementation of this
Section' of the- ‘Criteria based on- experlence and 1mprovements in technology and data
coordination. Any changes made: by these groups will be subject to formal approval as outlined

in the SPP Bylaws at the first practical opportunity with the exception of response factor -

thresholds for shortterm transmission service which may be approved for immediate
implementation by the ORWG subject to subsequent review by the MOPC at the first practlca}

opportunity. The response factor thresholds for short-term and long -term service are mcluded in

- Appendix PL-4.
6.1 Definitions
611 Base Loadlng, Flrm and Non-Flrm (FBL & NFBL)

:The -determined loading on a Flowgate resu]tmg from the net effect of modeled ex1st1ng
;transmlssmn service commitments for the purpose: of serving firm network load and 1mpacts
from existing OATT OASIS commitments. '
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6.1.2 ~  Capacity Benefit Margin

h ;The amount of Flowgate capac:tty reserved by load serving entrttes to ensure > access to generatlon
. from interconnected systems to meet generation reliability requtrements '

6.1.3 .~ Contractual Limit

Contractual arrangements between Transmission - Providers that define transfer capablhty '

between the two

6.1.4 Critical Contingency

Any generation or transmission facility that, when outaged is: deemed to have an adverse impact
on the rehab111ty of the transmlssmn network.

6.1.5 Des1gnated Network Resources (DNR)

Any demgnated generation resource that can be called upon at anytime for the purpose of serving
network load on a non-interruptible basis. The designated generatlon resource must be owned,
purchased or leased by the owner of the network load. o

6.1.6 Emergen_cy 'Voltage Limits

The operating voltage range on the interconnected system that is acceptable for the t1me
sufficient for system adjustments to be made following a Critical Contingency.

6.1.7  Firm Available Transfer Capability (FATC) R

The determined'trans'fer capability available for firm Transmission Service as defined by the
FERC pro forma Open Access Transmission Tariff (OATT) or any d1rect10n of interest on a

- transmission network between generation groups and/or -system load for which commercial -

serv1ce may be desired.

6.1.8 '. Flrst Contmgency Incremental Transfer Capablllty (FCITC)

NERC Transm1sswn Transfer Capability, reference document (May 1995) defines FCITC as:
"The amount of power, 1ncrementa1 and above normal base transfers, that can be transferred over
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the interconnected transmission systems in a- reliable manner based on all of the following
cond1t1ons : ' :

(1) For the ex1st1ng or planned system configuration, and with nonnal (precontmgeney) .

operating procedures in effect, all facility loaclmgs are w1th1n normal ratings and all
voltages are within normal 11m1ts_, :

- (2) The electric systems are capable of absorbing the dynamlc power swings, and remaining

stable, folloWing a disturbance that results in the loss of any single electric system
element, such as a transm1ss1on circuit, transformer or generating unit, and,

(3) After the dynamic power swmgs subside following a disturbance that results in the loss of
~any single electric system element as described in 2 above, and afterthe operation of any
. automatic operating systems, but before any postcontmgency operator—1n1t1ated system
“adjustments are implemented, all transmission facilities loadmgs are within emergency
‘ratings and all voltages arewithin emergency limits." '

6.1.9 Flowgate :

A selected transmission element or group of elements acting as proxy for the transmission
network representing potential thermal, voltage, stability and contractual system constraints to
power transfer. The process of determmmg the reliability issues: for which a Flowgate is
representative of and by wh1ch a Flowgate is estabhshed is outlmed in SPP Plannmg Cr1ter1a
Section 6.4. ' ' '

2 6.1.10 Lme Outage Dlstrlbutlon Factor (LODF)

"The percent of" the power flowing across the contlngency facility that transfers over the
- monitored facility . when the contmgency fac1l1ty is switched out of service. o

6.1. 11 Local Area Problem

A Transm1ss1on Owner may deelare a facﬂlty under its control a ' Local Area Problem if it 1s" '
overloaded in either the base case or contingency case prior to the transfer. If a member declares.
a facility a Local Area Problem, the member may- neither deny transm1ss1on service nor request .

NERC Transm1ss10n Loadrng Relief for that defined cond1t1on
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6.1.12  Monitored Facilities
Any transmission facility that is checked for predefined transmiséion limitation_s;. |
6.1.13  Non-firm Available Transfer Capability (NFATC)

The determined transfer capablhty avallable for sale for non- firm -Transmlssmn Servwe as
defined by the FERC pro forma Open . Access Transmission Tariff for any direction of interest on
a transmission network between generatmn groups and/or system load for which commercial
service may be desired.

6.1.14  Normal Voltage Limits

The operating vbl_tage range on the interconnected system that is acceptable on a su_staine'd basis.
6115 (')pen".Access Transmission Tariff (OATT)

FERC approved Pro-Forma Open Access Transmission Tariff.

6.1.16  Operating Horizon

Time frame for which Hourly transmission service is offered. The rolling time frame is twelve to
36 hours with a 12 noon threshold It includes the current day, and after 12 noon, the remalnder .
of the current day and all hours of the followmg day. '

6.1.17 Ope'rating Procedure

Any policy, practice or system adjustment that may be automatlcally implemented, or manuaily
implemented by the system operator within a spe(nﬁed time- frame, to maintain the -operational .
integrity of the interconnected electric systems. If an Operatmg Procedure is submitted to the
'SPP in writing and states that it is an unconditional action to implement the procedure without
regard to economic impacts or existing transfers, then the Operating Procedure will be used to
allow transfers to a higher level.

6.1.18  Outage Transfer Distribution Factor (OTDF)

The percentage of a power transfer that flows throu'gh-'the monitored facility for a particular
transfer when the contingency facility is switched out of s'efvice._-
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6.1.19 Partlclpatlon Factor |

The percentage of the - total power ad]ustment that a participation point w1ll contribute when

simulating a transfer.
6.1.20 Partlclpatlon i’omts
= - Specified generators that will have their power output adjusted to simulate a trarrsfer
6121 Planning Horizon .
Time frerr:'e'beyond which Hourly transmiss'ioln service is not of_fered..
6.1.22 .. : :Power Transfer Distribution Factor (PTDF)

The per_eerltage of power transfer flowing through a facility or a set of facilities for a particular

transfer when there are no contingencies.

6.1.23  Power .Trelrsfer Voltage Response Fttctor (PTVF)

The per unit amount that a facility’ s voltage changes due to a particular transfer level. - -
6.1. 24 SPP Open Access Transmlssmn Tariff (SPP OATT) |
The Southwest Power Pool Reg10nal FERC approved Open Access Transmlssmn Tariff |

6125 Transfer Distribution Factor (TDF)

A general term which may refer to either PTDF or OTDF - The TDF represents the relationship
between the partl(:lpatlon adjustment of two areas and the Flowgates within the system.

6 1 26 Transfer Test Level-

The amount of power that will be transferred to determme facility TDFs for use in DC linear -

analysus

6.1.27 Transmlssmn Owner (TO)

~ An entlty that owns transm1ssmn facilities Wthh are operated under a FERC approved OATT
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~6.1.28  Transmission Provider (TP)

An entity responsible for administering a transmission tariff. In the case of the SPP OATT, SPP" :
is the Transmission Provider. An SPP member may be its own Transmission Provider if the
member continues to sell transmission service under the terms of its own tariff.

6.1.29  Transmission User (TU) ' o
Any entities that are parties to transactions under appropriate tariffs..
6.1.30 T_ransni_i's_'s_i'on Reliability Margin (TRM)

The amount of Flowgate capacity necessary to ensure that the interconnected transmission
network is secure under a reasonable range of uncertainties in system conditions.

'_ '6.1.31 . TRM multipliers (a & b)

) .-“ ”-multiplier; a factor between 0 and 1 indicating the amount of TRM not available for
non-firm use during the Planning Horizon

2) “'b”-mult_ipli'er;a factor between 0 and 1 indicating the amount of TRM not available for
non-firm use during the Operating Horizon -

6.2 Concepts
- 6.2.1 Transfer Capability

'Transfer capab1l1ty is the measure of the ability of the interconnected electric systems to reliably
move or transfer power from orie area to another over all transmission circuits (or paths) between
those areas under speclﬁed system cond_1t1ons. The units of transfer capability are in terms of
electric power, generally expressed in megawatts (MW). Transfer capability is also directional in
nature. That is, the transfer capability from area A to area B is not generally equal to the transfer
capab111ty from area: B to arca A.

'Some major pomts concerning transfer capability analys1s are briefly outlined below:

(1) System Condltlons Base system conditions are 1dent1ﬁed and modeled for the period
bemg analyzed including projected customer demand generauon dispatch, system
conﬁgurat:on and base reserved and scheduled transfers
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(2) Critical Contmgencres - During transfer capability studies, both generatlon and
fransmission system contingencies are evaluated to determme which fac1l1ty outages are

most restrictive to the transfer being analyzed.

(3) System Limits - The transfer capability of the transmission’ network can be 11m1ted by
' thermal, voltage, stablhty or contractual con51deratlons

Thermal and voltage transfer limits can be determmed by calculatmg the F1rst Contmgenoy
Incremental Transfer Capab1lxty Stability studies ‘may be performed by the Transmission

Owners at their d1scretlon Any known stability limits, which are determined on a simultaneous

basis, and all contractual limits will be supplied by each Transmission Owner in writing to the
Transm1s31on Prov1der and the TWG. '

6.2.2 Ava'il_able Transfer Capability

NERC Available Transfer Capability.Def nitions and Determihations reference document (June

1996) states: “Available Transfer Capab111ty (ATC) is a measure of the transfer capability
remaining in the physrcal transmission network for further commercial activity over and above

already committed uses

SPP determines ATC as a function of the most llmltrng Flowgate of the path of interest.
Howlimiting a Flowgate is to a path is based on two aspects (1) The determmed firm or non-

firm Available Flowgate Capacity (FAFC or NFAFC) for that Flowgate, and (2) the TDF for

which that Flowgate responds to power movement on the path under evaluation.

The common relationship between' the identified limiting Flowgate and the path is the Transfer -

Distribution Facter (TDF). This is mathematreally expressed as follows

Il

() Firm ATC = the firm Available Flowgate Capamty divided by the Transmission
D1str1butlon Factor (FATC FAFC/TDF) of the assoe1ated path.

L1kew1se,

(2) ‘Non-Firm ATC = the non firm Available Flowgate Capacity divided by the

: _ Transmlssmn D1str1but10n Factor (NFATC NFAFC/TDF) of the associated path.

_Path ATC is determmed by 1dent1fy1ng the most l1m1t1ng Flowgates to the path in quest1on Each

Flowgate represents a potentlal limiting element to any path within a system. Therefore each
Flowgate with known Transfer Distribution Factor (TDF) can be translated into path ATC.
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However, the Flowgate that produces the most limiting path ATC is the key Flowgate for that
_path. : '

The calculation of path ATC using this method is bas'ed_ on the ratio of the TDF into the
remaining capacity of a Flowgate, (non firm Ava_ilabl_e Flowgate Capacity or firm Available
Flowgate Capacity). Once a group of potential _-limiti_ng_ elements has been selected, then all
values pertaining to ATC can be translated based on the TDF.

623 Res_pons_e Factors

~ Response _Faot_ors are numeric'al_relationships between key adjustments in the transmission
system and specific transmission. components being monitored. 'They pro'Vide a linear means of -
extrapolation to an antlcrpated end.for which decisions can be made. The thresholds for several
of the following response factors are listed in Appendix PL 4

(1). Transfer Drstrrbutron Factor - The Transfer Distribution Factor (TDF) is a general term
referring to either PTDF or OTDF. The relationship between adjustments in participation
points associated with a specific path and the identified Flowgate in the system is the
TDF. Depending on the Flowgate type, the TDF may specifically represent.-the respon_se
in the system to certain types of pre-identified system limitations as mentioned in SPP
Planning Criteria section 6.2.4. n | L

(2) Line Outage Distribution Factor - The Line ‘Outage Distribution Factor (LODF) is the
percent of the power flowing across the contingency facility that transfers over the
monitored facility when the contingency facility is switched out of service.

(3)- Power Transfe'r'Di'stribntionFactor - The Power Transfer. Distribution Factor (PTDF) is
~ the percentage of a power transfer that flows through a fac111ty or a set of facilities for a
.partrcular transfer ‘when there are no contingencies. PTDF type Flowgates are used for
representrng Thermal, Voltage Stablhty and Contractual erltatlons ‘To be considered a
valid limit to transfers a PTDF Flowgate must have a PTDF at or above the apphcable

' short-term or long-term threshold. SR '

o '_-('4_) : Outage Transfer Dlstrlbutlon Factor - The Outage Transfer D1str1butron Factor (OTDF) is

- the percentage of a power transfer that flows through the monltored facility for a B

_ part1cu]ar transfer when the contmgency facility is sw1tched out of servrce OTDF type
" Flowgates ty_prea_]ly_ represent. eontlngency based thermal hmltatron_s within the system..
- They 'ean_-'al_so'be' used to represent Stability limitations. To be considered a valid limit to
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(5)

6.2.4

transfers a Monitored Fac1l1ty must have an OTDF at or above the apphcable short term
or long-term threshold '

Power Transfer Voltage Factor - The Power Transfer Voltage Factor (PTVF) is the per
unit amount that a fae1l1ty s voltage changes due to a particular transfer level. To be -
considered a vall_d limit to transfers, a Monitored Facility must ha'v_e_-la-'PTVF at or above
the applicable _short_-term o'r_ long-term threshold. L '

- Transfer Capab111ty leltatlons

The electr1cal ab111ty of the 1nterconnected transmission network to reliably transfer electric

power may be limited by any one or more of the following:

)

@

3)

Thermal Limits - Thermal limits establish the maximum amount of electrical current
that a transmission circuit or electrical facility can conduct over a specified time period

7 before it sustains permanent damage by overheating or before it violates public safety -

requirements. Normal and emergency transmission circuit ratmgs are defined in the SPP
Rating of Equ1prnent

Voltage Limits --_. System voltages must be maintained within the range of acceptable
minimum and maximum voltage limits. For example,"__mihimum voltage limits can
establish the maximum amount of electric power that can be transferred without causing
damage to the electric system or-customer facilities. A widespread collapse of system
voltage can result in a blackout ‘of portions of or. the entire 1nterconnected network.
Aceeptable minimum and rnax1mum voltages are network and system dependent. The
Normal Voltage Limit range is the operatmg voltage range on the interconnected
systems, above or below nominal voltage and generally expressed in kilovolts that is
acceptable on a sustained basis. The Ernergency Voltage Limit range is the operating
voltage range on the interconnected systems, above or below nominal voltage and
generally expressed in kilovolts that is acceptable for the time sufficient for system
adjustments to be made following a facility outage or system disturbance. Voltage limits -
will be as specified in the Spp Planning Criteria section 5. '

Stability Limits: - The transmission network must be capable of surviving disturbances

* through the trans1ent and dynamic time periods followmg a disturbance. Specific Stability -

Limits Criteria 1s found in the SPP Cr1ter1a Reglonal Transm1ssron Coordmated
Planning. o
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(4) Contractual Requirements- Some Transmission Owners have contractual arrangements
- that contain mutual a.greem'ent_s regarding the power transfer available between them.
These contractual _arrangemeri_te have been approved by the appropriate regulatory
agencies. The NERC Operating Policies inherently recognize contract requirements that

may limit the power transfer between Transmission Owners. Some contract requirements

are discussed in NERC Operating Policy 3 - Interchange.
The limiting conditions on some portions of the transmission network can shift among thermal,
voltage, stability and contractual limits as the network operating conditions change over time.
6.2.5 Inval_id Limits
The procedures outlmed in criteria may lead to 1dent1ﬁeatron of certain lrmltmg facilities that are
invalid. Reasons may 1nc1ude but are not limited to:

(1) - An invalid contmgency generated as a generic single outage which is not valid without
' - the outage of other facilities.

2) | Incorrect ratings. Ratings will be corrected and the limiting- transfer level recalculated.

(3) The ratmg used may be directional in nature (drrectlonal relaying) and may not be vahd
for the- dlrectlon of flow.

(4) The limiting facrhty is. the result of over-generation/under- generatlon at a participation
point. ' '

(5) The contmgency 1s consrdered 1rnproper implementation of an operatrng procedure
(6) The faelhty represents an equivalent circuit.

) The hmrtrng facﬂlty is declared a Local Area Problem.

Any limiting facrhty determined to be invalid due to modeling error that could be eorrectecl must o

be corrected by the next series of seasonal calculatlons
6.2.6 _'Flowgates

FI'owgé.te'é are selected power transmission element groups that act as proxies for the power

transmission system capable of representing potential thermal, voltage, stabrhty and contractual

system lrmrts to power transfer There are two types of Flowgates
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(1)  OTDF Flowgate; Composed of usually two power transrnission elements in which the.
loss- of one (contingency facility) can cause the other power transmission element
(momtored facility) to reach its emergency rating.

(2) PTDF Flowgate Composed of one or more power transmission elements in which the
total pre-contmgency flow over the flowgate cannot exceed a predetermined limit. Either
with the power transmission system- 1ntact or with a contlngency elsewhere, the Flowgate
can be selected to represent a thermal voltage, stability or contractual limit.

Once a set of limiting elements have been 1dent1fied as potential transfer constraints, they can be _
grouped with their related components and identified as unique Flowgates. The rating of the'

Flowgate is called the Total Flowgate Capacity (TFC) of the Flowgate and is monitored and used
for evaluation of all viable transfers for commerce. To the extent that the impedance network
models are similar with similar participation patterns the same Flowgates can be monitored in
other. network models for purposes of evaluating the impact of add1t1onal transactions on the

network. Of course, each network model will be subtly d1fferent therefore it is important that

engineering judgment is exercised regardlng the valldlty of apply1ng existing Flowgates 1o a new
network model - : '

6.2.7 Total Flowgate Capa(:lty (TFC)

The Flowgate and its Total 'Flowgate Capacity are pre- -defined. A Flowgate is intended to 11m1t

the amount of power allowed to Tlow over a defined element set. This ' TFC may reflect several -

p0531ble types of system 11m1tat10ns as desctibed in SPP Planning Cr1ter1a section 6.2.4.

For OTDF Flowgates representmg thermal overloads, the TFC represents the total amount of -
power that can flow during the _contmgency without violating the emergency rating of the.

monitored facility.

For PTDF Flowgates the TFC represents the total amount of power that can ﬂow over a def'med

element set under pre- contingency conditions.
Again, limit types could be:

(1) Thermal l1m1ts under normal operatmg condrtlons or hnked contingency events,
(2) Voltage 11m1ts under normal operatmg conditions or lmked contlngency events

(3) Stability limits under normal opera_tlng _condltlons or llnked contingency events, or

(4) Contractual limits.
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Flowgates are selected based on the impacts of power transfer in an electrical network and will
‘be evaluated on a reguIar ba51s and revised as needed to ensure thorough representatlon of the
system they are representing. Each Flowgate represents a possible limitation within a network
and in itself has a F lowgate rating (TFC) and an Available Flowgate Capacity. (AFC) which can
be translated via the path response factor (IDF) to a path Avallable Transfer Capability (path
ATC) for any path

_6.2.8 . Flowgate Capaclty
62.81  Total Flowgate Capacity (TFC)

A Flowgate acts as proxy to path transfer limitations, This allows additional transfer capability
on a path based on the additional loading that can be incurred. The determination of additional
loading that can be incurred on a Flowgate begins first with the determination of the maximum
loading that can be allowed on a PTDF Flowgate or on the monitored facility of an OTDF
Flowgate during its associated contingency. This maxir'nﬁ_m' loading is termed Total Flowgate
Capacity (TFC).

6.2.8.2  Available Flowgate Capacity (AFC)

The available capacity on a Flowgate for additional loading for new power transfers is
determined by taking the Total Flowgate Capacity (TFC) and removing the Flowgate Base
Loading (FBL) and the Impacts due to existing system commitments and any transmission

marglns

AFC TEC - FBL - Impacts-of ex1st1ng commitments - transmission margins

6.2.8.3  Firm and Non-Firm Available Flowgate Capacity (FAFC and NFAFC)

Path ATC is classified as firm or non- ﬁrm This distinction is made when determining the
Available Flowgate Capac1ty (AFC) remammg for path ATC. AFC is classified as firm or on
firm depending on the types of existing commitments conmdered for Impacts This is realized in
the formula for Avallable Flowgate Capacity:

(AFC =TFC - FBL - Impacts of existing commitfnents - transmission margins).
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629  System Impacts
6.2.9'..1- Impacts of Existing Commitments

In order to 'simultaneously account for impacts of all commitmerits to all paths at any given
instant in time, it is necessary to devise a system that allows for ﬂuctuatlon in the number of and
the magmtude of system commitments on each path within an acceptable amount of time, for the
purpose of prov1d1ng transmission service in a competltlve manner. '

.'Ex1stmg transmlssmn commitments beyond those modeled as native load and related generat1on

_' _.'-commltments can be found on the OASIS. However, befo_re impacts of OASIS posted -
- reservations can be calculated, they must first be interpreted — carefully examined for peculiar

" ‘individual characteristics. Due to the nature of the OASIS and the rules therein, posted :
- ‘reservations sometimes require interpretation as to their actual value to apply toward the
transmission network. B o L ;

- The followmg are examples of evaluatlons that are performed

. ‘(1): - Recognize and adjust for duplicate reservat1ons by multiple providers to complete one
transaction. ' '

" (2) Adjust for reservations that may have changed status or have been replaced by another
reservation, 1nc1udmg renewals and redirects.

'_ (3) Check for proper reflection of capamty profiles of reservat1ons

'(4) Dlstmguish status and class of reservations such as Study, Accepted Conﬁrmed Firm,
and Non-Firm status to determine their proper impact level. '

6 2 9.2~ Positive Impacts

The scope of “Impacts of ex1st1ng comm1tments” in the formula for AFC incorporates both the
calculated posmve impacts and counter 1mpacts of non-firm and firm service commitments. A’
positive 1mpact is determined as havmg the effect of mcreasmg the loading on a Flowgate in the
direction. of the Flowgate. Positive impact types are sotted into those resulting from firm and
non-firm serv1ce commitments. To determine firm or non-firm Available Flowgate Capamty, the
approprlate mlpacts are applied to make up the “Impacts of existing commltments” in the above
formula Additionally, - counter 1mpacts are con51dered dependmg on firm or non-ﬁrm
determ1nat1ons ' ' :
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6.2.93  Counter Impacts

Counter impacts are those impacts due to transfers that act to relieve loading on limiting

- elements. Counter impact types are sorted into those resulting from firm and non-firm service

commitments. These flows are not traditionally accepted as valid under the pretense that any
reservation that may cause such a loading relief is not actually doing so until it has been
scheduled. To consider counter-flows in transfer capability studies is to assume.a high
probability of scheduling,

62.10  Monitored Facilities

Dufing the Flowgate determination process those facilities monitored for pre-defined limiting
conditions. Mandatory Monitored Facilities, for use in these calculations, are all facilities
operated at 100 kV and above and all interconnections between Transmission Providers, Other
facilities operated at lower voltage levels may be added to the Monitored Facilities list at the
discretion of the Transmlssmn Providers or Transmission Owners In deﬁmng Flowgates, the
Monitored Famhtles are those components of a Flowgate that remain in service followmg the

:deﬁned contmgeney

_."_6.2.11 Critical Contingencies

Those facilities that, when outaged, are deemed to have an adverse impact on the reliability of
the transmission network. These facilities may be transmission facilities, including multiterminal
lines, or generating units. All interconnections of an area will be considered - Critical

Contingencies, regardless of voltage level as will the largest generating unit in the area.
6.3 Reliability Margins

Transm1ss1on margins are very important to the rehablhty of the 1nterconnected network in an
Open Access ' environment. The NERC "Avallable Transfer Capablllty Deﬁnltlons and
Determmatlon Reference . Document" deﬁnes Transmlssmn Rehablllty and . Capaelty Beneﬁt-"_
margins (TRM CBM). o ' o ' o

When usmg Flowgates as a means to represent a system’ s constra'ints it is 'neeessafy to.
translate rellablhty marglns TRM and CBM to a unique TRM and CBM for ‘each Flowgate.
Marglns are the required capacities that must be preserved for the purpose of moving power
between areas during specific _emergency conditions. Since a margin is a preservation of transfer
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. . capacity, the margin itself will have an 1mpact on the most Ilmttmg element between the two

. “areas for which it is. reserved

" All studies for the purpose of assessing TRM and CBM will only include generation units -

" located within the transrmssmn system for which the Transmission Provider is responsible.

" These generation units may also include those not specifically designated to serve network load '

. connected to transmission systems within th_e ‘Transmission Provider system:. However, the

‘method by which a Transrhission Provider is to determine TRM and CBM shall not vary from
that described herein with the exeeptlon of assessing facilities located outside of SPP reg1ona1
structure/bounds

631  Transmission Reliability Margin (TRM)

TRM on a Flowgate basis is that amount of reserved Flowgate capacity necessary to ensure that
the interconnected transmission network is secure under a reasonable range of uncertainties in

- system conditions. The following factors shall be oonsidered by SPP in the "determination' of

TRM:

(1) Load F__o_l*eeast

Transmissidn Providers will forecast hourly load for the next seven days for all '

apphcable ‘control areas. Beyond seven days, Transmission Prov1ders will project a
demand- based on seasonal peak load models: for all applicable Transmlssmn Owners.
These load levels will be the projected peaks for the time frame for which the forecast
applies. :

" (2) Variations in’ Generatlon Dlspatch

Variations to generatlon patterns constitute a v1able concern. Generation dispatch in near-
* term models will be based on real-time snapshots of network system conditions. For the-

- longer-term horizons, whenever possible, gencration dlspateh information provided: by

. generation owners will be apphed to the ATC calculations. However, it is ‘recognized that
 longer-term  dispatch is* probably unknown ‘to the generatlon eontrolhng entities
- ‘themselves except for base-load and must run type units. '

(3) * Unaccounted Parallel Flows

Parallel flows can be an issue if pertment data to the ATC calculatlons are not shared

among the transmlssmn providers and ‘those transaetxons ‘that have multlple Wheehng o
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parties are not 1dent1ﬁed Prov1510ns in the SPP OATT have reduced the Impacts of these
transactlons ‘within SPP and between SPP and other regions. Transmission Owners of

- facilities that are impacted by unaccounted parallel flows or variations in dispatch may

)

(3)

63.2

- req_uest ad_diﬁenal TRM for their impacted Flowgates from the TWG. Such requests must
~ be in writing, must document the parallel flow impacts or the variance in historical

dispatch and be accompanied by analysis or documentation supporting the additional

TRM requirements. The TWG shall have the authority to grant or reject requests for the

addmonal TRM requests.
SPP Operating Reserve Shafing

The SPP Operating Reserve Sharing program was instituted to provide both reliability
and economic benefits to its members. This pro"gram reduces the amount of internal
operating reserves each entity is required to maintain while providing an automated way
of allocating resources on a region wide level to ensure quick recovery for the loss of any
unit. Transmission facilities must be able to support the automatic implementation of the
Reserve Sharing program. To that end, TRM on the Flowgates will provide enough
capacity to withstand the impact of the most critical generation loss to that facility. All ~

generation contingencies will be simulated by the Operating Reserve Sharing algorithm -

to determine the highest impact on each Flowgate. This capacity will be' inchid_ed in

Counter Flow Impacts

* Another factor to consider in the SPP TRM process is that for the planning horizon,

which is primarily next day and beyond, the counter flow impacts of reservations on the:
Flowgates are removed with the exception of Designated Ne’fwork ‘Resources. ThlS
provides an inherent margin in the calculation which along with the constant TRM
provided by the reserve sharing allocation, is a proxy for the generation variation. '

" TRM Coordination

The TRM spéciﬁed_bn a Flowgate fepres'ents a transmission margin that the transmission system
needs to maintain a secure network urder a reasonable range e_f uncertainties in system
conditions. As such it is not necessarily an import or export quantity specifically. The Automatic
Operating Reserve Sharing portion is determined by centralized R'eg_io_nal st_Udy_-based on the SPP

Version 1.0 _ 112002015 - ' 47



‘:’ SPP Southwest
Power Pool

SPP Planning Criteria

.Operatmg Reserve Sharmg Criteria. Any additional TRM rnay be requested by the Flowgate "

owner’/s, subjeet to review by the SPP TWG.

6.3.3 TRM Avallabllxty for Non-firm Serv1ce

To maximize transmlssmn use to the extent rehably possible, Transm1sswn Providers may seH
TRM on a non-firm bas,1s_ _.The ‘a’ and ‘b> multipliers facilitate this purpose in the
calculations. Hewever, a contingency or long—terlh-'outage to a high 1mpact unit may result in the
curtailment of non-firm schedules and displacement of non-firm reservations sold within' the

6.3.4'_ ._ TRM Calculation Frequency

The Operatmg Reserve Sharing portlon of the TRM w111 be determmed annually for each season
(Sprmg, Summer, Fall, Winter). This process is outlined in the SPP Criteria under Operating
Reserves and the ‘Operating Reserve Share. Program Procedures. Flowgate owner requests for
additional TRM may be submitted at any t:me for consideration at the next TWG meeting. The
submittal should include justification and ratlonal in writing for the requested add1t1onal TRM.
The TWG shall have authority to reject or grant such requests.

6.3.5 - Capacity Benefit Margin (CBM)

CBM en a Flowgate basis is the amount of Flowgate capacity reserved by load :serving entities to
ensure -access to generatmn from interconnected systems to -meet generatlon reliability

requlrements

SPP will use a pfebab'ilistic approach for Regional and sub-regiohé.l Generation Reliability
assessments. These assessments will be. performed by the SPP on a biennial basis. Generation
Rehablhty assessmients examine the reglonal ability to mamtam a Loss of Load Expeetatlon

- (LOLE) standard of 1 day in ten years. The SPP capae1ty margin Criteria requires each control -
_ _areato maintain 2 minimum of 12% capacity margin for steam-based ut111t1es and 9% for hydro-_. :
. based utilities. Historical stud1es indicate that the LOLE of one day. in ten years can be
- .- maintained with a 10% - 11% capacity margm SPP does not utlhze CBM for calculatlons of
- :_ ATC for some or all of the followmg reasons: ' '

(1) the existing level of internal capacity marg_i'n'_o'f each member ié.'e;dequate

2) historieal're_liebility indicators of transmission strength of the SPP area
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3) Open Access transmission usage environment allows greater purchasmg options

Since SPP does not utilize CBM for any ﬂowgate W1th1n the SPP. footprmt the CBM value used
in any calculations will be zero. :

6.4 Flowgate and TFC Determmatlon

The Flowgates used by SPP to admlnlster the Regronal Tariff - serve ‘as a proxy of the
transmission system. It is therefore essential to the reliable operation of the transmission system -
for the set of Flowgates to adequately represent the transmission system.

64.1 Fldeate Up’da'tes

_Updatlng the list of Flowgates is a contmual process. Flowgate additions and deletions and

changes in TFC are the result of studies, analyses and operating experlence of SPP and its
member Transmission Owners. At any time during the year, the owner of transmission facilities

- may require that a set of facilities be used as a Flowgate to protect equipment or maintain system

reliability, regardless of the ownership of that set of facilities. SPP will update the Flowgate list
as needed. The responsibility for reviewing and monitoring the list will be shared between the
individual Trarismission Own_ers;' the TWG, the Operating Reliability Working Group (ORWG)
and the SPP staff. Updati'ng the Flowgate list may or may not require running a study. If the
Transmission - Owner is to perform a study, they are respon31ble for gathering accurate
information from nelghbormg Transmrssmn Owners. The followmg requirements apply when
addmg a Flowgate to the list: '

(1) Transmlssmn Owners may add OTDF Flowgates, provrded that the contmgency is valid,
‘the TFC represents the total amount of power: that can flow durmg the contingency
without v1olat1ng the emergency ratmg of the momtored fac111ty, and no operating
procedures apply to that Flowgate o

(2) Transmission Owners may add PTDF Flowgates, provided that it is a single facility
Flowgate, the TFC is equal to the normal rating of the single facility, and no operating
procedures apply to that F lowgate

(3) Al other Flowgates proposed by Transmission Owners must have TWG and ORWG
approval The Rehablhty Authorlty can prov1de interim approval until the TWG and
ORWG can convene 0. assess the request Examples of such Flowgates are PTDF
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Flowgates with two or more elements, OTDF Flowgates with three or more elements or

Flowgates involving operating procedures

' 'There may be times when significant topologlcal changes occur during operations that create
: -unexpected loadings on facilities not explicitly modeled as Flowgates. During these conditions,

the Re11ab111ty Coordinator will work with the Transmission Owner(s) to develop a commercial

' Flowgate representative of the condltlons present. Any such additions will be analyzed -at the

next. Flowgate evaluatlon to determine 1f they should remain in the permanent list of Flowgates

6.4.2 Annual Review‘_-

Tn addition to the continual studies and analyses, the Flowgate list will also be reviewed annually '.
by the TWG using seasonal power flow models. Thls annual assessm_ent will be performed -
following the January SPP Model Development Work Group (MDWG) re'le_ase of each year’ s _
load flow cases. This review is intended to serve as atool by which the TWG ‘the Transmission’

Owners, and the SPP may assess the adequacy of the existing list of Flowgates and thereby
recommend necessary additions, deletlons and TFC changes. In order to accomplish this
assessment, the process herein descrlbed will be used to identify the most limiting elements for a
variety of transfer directions. Although transfer values will be involved in thi's'process this

- process is not intended to produce any viable ATC values for use commercrally or otherwise:

Rather, ATC values are determmed as described in SPP Plannmg Criteria sectlon 6.5.

6.4.2.1  Power Flow Models

The power flow models to be used in the process will be based on the models -developed -
'annually by the SPP MDWG. Apphcat1on of the models will use the following season
- definitions. The Summer Model will apply to June through September, the Fall Model will apply
o to ‘October and November, the- Winter Model will apply to December through March and the

Sprmg Model will. apply to April and May. Each of these seasonal models developed will

represent peak models. In addition, for the summer season onIy, a ‘Summer Shouldet. Case :

representmg a reduced load level, as spemﬁed in the MDWG Powerflow Procedure Manual will

be used in the determmatron process.
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6422 - Parameters .Supplied by 1 the Transmission Owners

In order to simulate a transfer, certain parameters must be known. These 1nc1ude the part1c1pat10n
points of MW increase/decrease and the partlclpatlon factor of these pomts These 1tems will be
supplied to SPP by the TI‘allSIl’lISSIOIl Owners. ' '

Participation points for exp_orts wi_l_l primarily be points of generation within the sending area.
Generators that are off-line may be turned on to-participate in a transfer. A Transmission Owner
can specify generators to be excluded from use as participation points, such as generators that

serve base -load. The participation points used for export will be consistent for all transfer
" directions.

The participation points for imports will primarily be points of generation reduction within the
receiving area. A Transmission Owner can specify generators to be excluded from use as
par'ti'cipation- p'oirits su'ch"as generators that serve base load. The generation reduction should be
based on economics, operatmg constraints or other criteria as specified by the Transmission

‘Owner. The participation points used for import will be consistent for all transfer d1rect10ns

- Other par_ameters that must be supplied by the Transmission Owners include the followmg:

(I) A contingency list including all critical single contingencies (both transmission and -
generatlon) as well as multi-terminal facilities.

(2) Al cont1ngenc1es suspect of causmg voltage limitations and the transfers for which they
should be studled

(3) Any addmonal facﬂltles below 100 kV to be monitored.

- 4) _-ngh and low voltage limits for system and/or individual buses.

- (5) ;All"_Co'_ntract_ua_l 'Requirements.

6423 Default Parameters

The following parameters w1ll be used in the event that a Transmlssmn Owner does not submlt
the area specific parameters: '
(1) For exports, the participation points will include all on-line generating facilities in the
model with unused generating capacity available. -
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" (2) The export participation factors will be the amount of unused geherating capacity at each.-' '
point d1v1ded by the sum of the’ unused generating capacity - at all export participation
~ points. (i. ., PMAX- PGEN)

(3) For 1mports all on- lme generators w111 be decreased prorated by their capable generatlon
(ie., PGEN-PMIN)

(4) Transfer d1reet1ons w1ll be a set of all commerclal paths.

(5) Exports from merchant power plants w111 ‘be cons1dered in the determ1nat1on of

i _Flowgates

(6_)"_' The transfer test levels are spec1ﬁed at the t1me of the ATC calculat1ons and are
o determmed by SPP staff.

(7). ' All facilities 100 kV and above will be mcluded in the contingency list and the monitored
- facility list: In addition, the largest unit within the area will be included in the"
contmgency list. '

8) Voltage l1m1ts will be as specified in SPP Planning Criteria sectlon 5.

6.4.2. 4 Voltage Limits

Voltage l1m1ts are network and system dependent. Each Transm1ss1on Owner will subm1t an
acceptable set of Normal Voltage Limits and Emergency Voltage Limits to be applied for the
purpose o of Flowgate and TFC determm_ahon

6.4.2.5  Linear Analysis and AC Verlficatlon

SPP will- perform DC linear analys1s stud1es estimating the 1mport or export ab111ty of the
1dent1ﬁed commercial paths using a combmed linear evaluat1on of the network models with a
follow up AC verification of a minimum _of the first three valid operational l1m1tat1_on_s Specific

" AC analysis will also be. 'performed on any specified contingency/transfer combinations notedas

. voltage limiting contmgeneles Monitored Facilities, Contingency Facilities and Partmpa’uon.
B " Points will be 1mplemented as described in SPP Plannmg Criteria sections 4.4.2.2 and 4.4. 2 3 as
- 'appllcable o
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64.2.6 .Operating Procedures

Operating Proceduresfa_re available and may increase the Total Flowgate Capacity of a Flowgate
when implemented._-'I_hiplementation of any available ‘Operating Procedures will be done using a
full AC solution to determine the cotrect limit to be placed on a F'lowgate. Any operationally
increased Total Flowgate Capacities established will be so noted.

64.27  Identification of Flowgate Changes

" TWG will review the FCITC results of the power flow models and selected paths and .identlfy
whether any Flowgates should be added removed, or changed to better represent the SPP
transmlssmn system. :

A minimum of the first three valid FCITC limi_taﬁons to each path will be AC verified. When all
pa_ths have been ev_aluated, the TWG will review the AC verification results and, where needed,
the linear results for consideration as potential Flowgates.

Typically, new Flowgates should be either OTDF Flowgates with a TFC representmg the total _
amount of power that can flow dur1ng a contingency without violating the emergency ratmg of
the monitored facility or single facility PTDF Flowgates with a TFC equal to the normal rating of
. _'the single facility. In situations involving operatmg procedures the TFC may be higher than the
K -fac1l1ty ratmgs

The TWG_wﬂl then determine any needed changes to the existing list of Flowgates. The number
of times elements_ appear as one of the most limiting o_ornp_on_ents for transfers, the rank in the list
of most limiting -elements, and the TDF level will be the primary factors considered in making__
the determination. Flowgates can also be developed to represent identified Voltage Limitations .
“and Contractua] Requirements. ' '

36.4.2.8' ' -Review and Coordination with Tr:a-nsm'ission Owners

Each SPP Transmission Owner Wlll have the option of naming a representatwe to review the
results of the Flowgate review or deferrmg to the TWG finalization of the results. Summary‘
sheets of all interfaces or paths calculated will be communicated to the representat1ves for
review. All data will be made ava11able for rev1ew upon request. The results will be approved by
'the TWG before being reported B

.: '. fThe Transmission Owner should revi'e\rv _the 'TWG'pro'posed Flowgate changes and consider their -
' .'_;o.Wn operating experience and study: results. Any modifications to the TWG proposed changes_'
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should be returned to “the TWG. Further dialog and justiﬁcation may be required- of a

Transmission 0wner if the TWG has concerns about their modlﬁcatlons

TWG will draft a final Flowgate list, incorporating the comments of the Transmlssmn Owners. -
The Transmission Owners should approve any additions, deletlons or changes to the Flowgate .

list.
6429  Titiating Interim Review of Flowgate List

Operational cond1tlon changes, especially status changes of EHV transmlssmn fac111t1es and
large generators, may warrant a partial or full evaluation of the list of Flowgates. A rev1ew may
also be necessary due to multiple schedules being 1mp1emented causing parallel flows.

Transmlssmn Owners will have access to copies of the SPP models and all relevant data used for
the- annual review. Transmission Owners may at ‘any time request a re-run of the Flowgate
evaluations. The. Transmission Owner requesting the re-run shall provide the1r reasons for
requesting the re-run to the TWG for consideration. Should the TWG deem a re run necessary,-
the SPP staff wrll perform the addmonal evaiuatlon

6.4.3 Dlspute Resolution

If there is a dispute concerning a Flowgate, the questioning party must. contact SPP and the
Transnussmn Owner(s) involved to resolve the dlspute

Examples of reasons for disputing a Flowgate may 1nc1ude

8 The contingency used for the Flowgate is not valid.

(2) - There is an operating procedur‘ei'that corrects the_-viola_tion that is not being properly taken o

1nto aceount

- (3) An operatmg procedure is berng taken into account in an 1mproper manner yleldmg an
incorrect TFC. ' '

| -'.:If the parties mvolved do not reach agreement on the selected Flowgates the. SPP TWG will

K .'._revrew all of the arguments Additional analyses will be performed if necessary SPPTWG will
then make a final determination. If a party still wishes to dlspute the Flowgate, the: SPP Dispute . - '

Resolutlon pollcy descr1bed in Section2 of the SPP By- laws may be initiated.
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6.4.4 _Coordination with'.N thSPP Members

Flowgates 1nvolv1ng transfers on interfaces and paths between SPP Transmlssmn Owners and
non-SPP Transmlsswn Owners will be coordinated by the partles involved and the TWG.

: 46 -4 5. Feedback to SPP Members

The SPP staff shall maintain a table of all F lowgates on the SPP OASIS The table shali include
all Flowgate data, which are applicable, including the F lowgate name, monitored facility,
contingency facility, Flowgate ratmg, TRM, CBM, a and b muitipliers, LODF, the TDF basis for
the Flowgate (OTDF or PTDF), and the TDF cutoff threshold. This table shall be updated with
any new information on or before the first of each month.

6.5 ATC Calculation Procedures -

The determination of ATC - via Flowgates utilizes proxy elements to represent the power
transmission network. This process depends on the selected Flowgates to act as predetermined
limiting constraints to power transfer. The process by which ATC will be determined when using
the Flowgate proxy technique incorpbrates_the Definitions and Concepts within this Criteria.

Determination of ATC via Flowgates ac"i_he'ré_s' to the following approach:
(1) establishes a network representation (power ﬂow model)

(2) identifies potential limits to transfer (thermal, vdltage, stability, contract)

(3  determines reépor_;s_e factors of identified limits relative to transfer directions (TDF)

(4) determines impé.c_ts"of existing commitménts (firm, non-firm)
(5) applies margins (TRM, CBM, a&bmulﬁpliers) o

(6) determines maximum transfer capablhtles allowed by limits and applled margms ( ATC
FATC NFATC)

6.5.1 AT C.:Calcula_tio_n_ and Postmg Timeframes

To assist Transmission beﬁ_i’dei‘s_- ._Wiﬂ.’l'. Short Term service obligations under FERC Order 888 ;
and 889, SPP will calculate the monthly path ATC for the upcoming 16-months for all potential N
commercial paths for Tran‘srn'is_si_on Providers in.t_hc_e SPP Region. This data will be posted for use’ -
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in evaluatmg the SPP OATT requests and provided on a monthly basis to the Transm;ssmn .
Providers in adequate t1me to post the mformanon on OASIS nodes by the 1st of each month.

Hourly, Daily and Weekly ATC shall be calculated on a daily basis and posted at the time of run.
SPP will also provide- commermal path conversions to any individual prov1ders needing that
information to administer their own tariff. Hourly. ATC shall be calculated for 12 to 36 hours
ahead depending on time o_f day. SPP has a firm scheduling deadline at 12:00 noon of the day

prior to start. At this point all firm schedules are known and the hourly non-firm request window -

opens for the next day. At this point SPP will calculate hourly ATC for HE 14 of the current day
through HE 24 of the next day. This process continues dropping the current hour each
resynchron1zat10n until 12:00 noon the next day when the cycle starts agam Again SPP will
provide commercial path conversions for any SPP prcv1der that needs them for posting on their
own OASIS nodes. ' '

6.5.2 | Power Flow Models

The monthly calculauon of Flowgate based ATC will be made using rolling seasonal models that -
produce an update for the upcoming. sixteen month service window (12 month multi-month -
service + 4 months advance notice). For example, the required data update for January of any -
year will yield data for January thru December plus the next January, February, March and April
of the following year. The necessary seasonal models will be selected from the approved SPP
MDWG set to represent this time frame. Any known system changes/corrections to these models
will be included. SPP will routinely calculate ATC for the upcoming 16-month service wmdow

~ ‘Monthly models will be updated/developed from the latest seasonal models to represent
- ‘individual months for the purpose of capturmg operational conditions that may be unique from - -
- other monthly models

6.5.3 Base Loadmg, Flrm and Non-Firm (FBL & NFBL)

Model base flows provide the basis for which to ‘begin determmauon of Available Flowgate
'Capac1ty However, there are many transactions within the monthly models that are: dupl1cated
on the OASIS. A record of the network model flows of each Flowgate as found in the solved
network models will- be used as a begmmng point to account for impacts of base case
transactions and ex1stmg commitments. The 1mpacts on Flowgates. due to transactions outside the

purpose of representing des1gnated Network Resource exchange w1]l be removed by applying the
' TDF factors determinéd to each transaction identified in the base case. In add1t1on to adjusting -
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the model flow in this manner, positive and counter impacts of existing OASIS commitments
will be "applied according to the type of Base Loading (Firm or Non-Firm) under consideration.
In non-firm Base Loading, 50% of Counter. Impacts resulting from firm Confirmed reservations
will ‘act to reduce the overall Base Loadmg figure. This process will establish the base loading

- expected with each control area serving its firm Network Load.

6.5.4 Transfer Distribution Factor Determinations (TDF)

For export and import participation points all on- hne generators, unless otherwise denoted (e g,
nuclear units), will be scaled prorated by their machine base (MBASE) TDF data ‘will be
calculated for all commercial paths using the most current participation data, ATC models and
Flowgate list on a monthly basis.

6.5.5 Existing Commitments and Netting Practices.

Existing commitments resulting from Confirmed, Accepted and Study reservations on the SPP
OATT OASIS nodes will ‘be considered and accounted for in the determinatio'n of Avai_lable
Flowgate Capacity. Accounting for the impact of existing commitments is a key part of _tlll'e_-'
processr for determining which new transfers will be allowed, unlike the TLR impleméntation_ "
process which involves determining which existing transfers must be curtailed. Therefore, unlike

TLR implementation which requires a minimuym TDF threshold, all positive impacts from

existing commitments must be applied without ﬁsing a minimum TDF threshold. Impacts from

these commitments will be applied according to the future time frame of wh1ch “they are

applicable. These time frames are dlscussed below: '

6.5.5.1  Yearly Calculations (_whole y_ez_i_rs_, starting 60 days out)

A Yearly-fransmi_ssion service 'r'.equest is defined as a service request with a duration of greater -
than or equal to 1 year in length. The evaluation of Available Transfer Capability for this service

type is'pérfdnﬁed"utili_zing_solved network models with existing OASIS commitments figured in

as net area interchange '_v'alues. In addition to monitoring Flowgates, sta_hdard_ N-1 contingency

analyses will be performed to study the impact of yearly transmission 'i‘éQuests on the

transmission system. The long-term threshold is shown in Appendix PL-4 and is apphed to all

elements above 60kV -
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6.5.5.2 ©  Monthly Calcu]atlons (months 2 through 16)

The impacts of OASIS reservatlons that are Confirmed Accepted and in Study mode will be
applied to each Flowgate according to the TDF values determined. All positive impacts on a
Flowgate due to these t'ypes of reservations decrease ATC. 100% of counter flow impaets due to
reservations supplying Designated Network Resources are allowed to increase ATC. For non-
ﬁrm service, up to 50% of the counter-flows due to all firm Conﬁrmed reservations will be
allowed on a Flowgate. The combined positive impacts and counter flow impacts will be added
to the base flows to determine Available Flowgate' Capacity for the Monthly calculation.

6.5.5.3  Daily and Weekly Calculzitions (Day 2 through 31)

For Daily and Weekly calculations, compos1te area interchange values will be deterrnmed by

mtegratmg all OASIS Confirmed and- Accepted reservations into projection models. Base flows _

will be determined by the projection models. The impacts of OASIS reservations that are in
Study mode will be applied to each Flowgate according to the TDF values determined. Positive
impacts on a Flowgate due to Confirmed resetvations that are not expected to be scheduled based
on actual historical scheduling data will be removed and aliowed to increase firm Available
Flowgate Capacity. Counter flow impacts" of Confirmed reservations that are expected to be

scheduled based on actual historical scheduling data will be allowed to increase firm Available o
Flowgate Capacity. Up to 50% of the counter flow impacts due to all firm Conﬁrmed_-'_

reservations will b'e allowed to increase non-firm Available Flowgate Capacity.

6.5.5.4 Hourly Calculatlons (Day 1)

These calculations are for hourly non- ﬁrm service only. All known schedule mformatmn from

NERC Electromc-tags will be applied to base flow calculations. These schedules determme base

interchange values. Since these are expected schedules, all counter flow impacts are allowed in

this calculation. OASIS reservatlon information is not con51dered for determmatlon of ex1st1ng s

1mpacts in thls calculatlon
6.5.6 Partial Path-Reservations

Requests made on 1nd1v1dual Transmissmn Prov1der s tariffs requlre ‘two or more reservat1ons
" to complete a transaction resultmg in a partial path reservation. The SPP OATT offers service
_ _-'out of, into and across SPP and between SPP members with- a single reservation. For
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transmission service under the SPP OATT, only reservations with valid sources and sinks are
allowed. However, to avoid double acé_oﬁnting of Flowgate and system impacts due to duplicate
reservations documented on Transmission Provider OATT OASIS nodes from partial path
reservations, necessary means _\i_f_ill be incorporated to recognize these related reservations and
determine the correct singular impacts.

657  ATC Adjustments Between Calculations

- ATC will be adjusted following recc’ipt of any valid SPP OASIS node reservation. The requested

capacity will be multiplied by the TDF on all affected Flowgates and the resulting amounts will
be subtracted from each Flowgates’ ATC and posted to the OASIS.

6.5.8 -Coordination - of Transmission Commitments with Neighboring
Organizations

Coordination of dispatch information, Confirmed firm and non-firm system commitments from

~neighboring regions, RTO" s, ISO’ s ete. will be conducted as appropriate to each type of ATC -

being determinéd to establish the most accurate system representation of base flows and
generation profiles. External reservations may be retrieved from other OASIS sites or locations
designated by neighboring Transmission Providers.

6.5.9 Margins

Identified TRM and CBM will be apphed to each Flowgate as.described in SPP Planmng Criteria

© section 6. 3

6.5.10 ATC Determination

The fbllowing’__etiuati'ons are used in ATC determination:
6.5.10.1  Firm Base Loading (FBL)*, **:
Fima‘Base Loading = (Flows resultant of DNR) + (2 Positive'lmp'acts due' t'o' Firm OASIS

Commltments, Confirmed, Accepted and Study) - (100% of X Counter Impacts due. to
) Confirmed Firm OASIS Commitments for DNR only) ' '
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6.5.10. 2 Non-Firm Base Loadmg (N FBL)*, **:

Non—F1rm Base Loadmg (Flows resultant of DNR) + (Z Pos1t1ve Impacts due to F1rrn

and Non- F1rm OASIS Commitments, Conﬁrmed Accepted and Study) (up to 50% of z
Counter Impacts due to Confirmed Firm OASIS Commitments)

6.5.10.3  Firm Availahle: _Flowgate Capacity (FAF.C):

.- Firm Available Flowgate C.apacit_y_ = (Total Flowgate Capacity) - (TRM) - (CBM) -
" (Firm Base Loading) . ;

6. 5104 Non-Firm Available Fleivga'te Capacity (NFAFC, Operating Horizt_m):

Non Firm Available Flowgate Capacity, Operatmg Horizon = (Total Flowgate Capac1ty)
- (b*TRM) (CBM) - (Non-Firm Base Loadmg) '

6.5.10.5 Non-_Fir;m Available Flowgate Ca’pacity (NFAFC, Planning Horizon):

Non-Firm Available Flowgate Capacit'y; Planning Horizon = (Total Flowgate-'Capacity) -
(2¥TRM) - (CBM) - (Non-Firm Base Loading) ' '

6. 5 10 6 Firm Available Transfer Capablllty (FATC):

F1rm ATC = Most limiting value from associated Flowgates = Min {F1rm Avallable
Flowgate Capac1ty/TDF of appropriate path} '

6.5.10.7 Non- Flrm Path Available Transfer Capability (NATC Operatlng HOl'lZOl'l)

Non—an ATC Operating Horlzon = Most limiting value from assoc1ated Flowgates =
path}

- 6.5.10.8  Non-Firm Available Transfer Capablhty (NFATC, Plannmg Horlzon)

Non-Firm ATC, Plannmg Horizon = Most llm1t1ng value from assoc1ated Flowgates =

Min {Non-Firm Avallable Flowgate Capamty, Planning Hor1zon/TDF of appropnate

path}

- Min {Non-Firm. Ava1lab1e Flowgate Capac1ty, Operatmg Hor;zon/TDF of appropnate 3
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*Applicable. pre-emption requirements of lower priority service types will be considered when
evaluating requests for transmission service.

“** Tmpacts resulting from quetied Study reservations will be applied according to priority when
*‘evaluating requests for transmission service.,

'SPP will calculate the ATC for each of its Transmission Providers on their direct

interconnections (either physical interconnections or by rights to a line) and any interface or path
requested by a Transmission Provider to fulfill its obligations under FERC Order 889. The ATC
for requested -interfaces or paths will be calculated only if requested by the. Transmlssmn
Provider obhgated to post the interfaces or paths. '

6.5.11 Ann'ua_l Review of ATC Process

The SPP TWG will conduct an annual review of the Regional ATC determination process
including TRM and CBM to assess regional compliance with NERC requirements, regional

' reliability needs and functionality toward SPP Transmission Owners and Users. This review will

be held at the same time as the Flowgate Evaluation process. The: apphcabfe long—term TRM is
listed in Appendlx PL-4.

SPP will conduct a survey of the Transmission Owners and Users and the :results.will be
published on the SPP website. Concerns that are identified from the survey will be forwarded to
the appropriate SPP Commlttee

6.5.12 - Dialog with Transmission Users -~

i Transmission Users may contact the TWG with any concerns regarding this eriterion its

implementation, or the resulting ATC values. The concerns should be in writing and sent to the
chair of the TWG. The chair will then draft a written response to the Transmission User

containing either an answer or a schedule for when such an answer can be provided: If the
Transmission User is not satlsﬁed the concerns can be sent to the chalr of the Markets and

B o _Operatlons Policy. Committeg.
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7. ',Eléctrical .Faci]ity'.Ratin_.gs
7' 1 Accredlted Net Generating Capaclty

This Section shall be used to determine the annual and seasonal accredited net generatmg
capamty of generators in calculatmg the capamty/reserve margin. Procedures are herein for
establishing a system of records so that changes i in capacity during the life of the equ1pment can
be - recognized. These Aprocedures define the framework under which the net generating
capacity are to be established while recognizing the necessity of exercising ]ud_gment in their
determination.. The terms defined and the net generating capacity established pursuant to these

procedures shall be used for SPP purposes_, including determining capacity margins for capacity

planning and preparation of reports of other information for industry organizations, news media,

and governmental agencies. These net generating capacity are not intended to restrict daily =
operating practices associated with SPP operating reserve sharmg, for which more dynamic
. ratings may be necessary. Each member shall test its generating equrpment in accordance with

the procedures contained. herein. On the basis of these tests summer and winter net capability

' ratings for each generating unit and station on the member's electric system shall be established.

This net capability is the maximum capacity a unit can sustain over a specified period modified
for seasonal limitations and reduced by the capacity required for station service or: auxiliaries.
The summer net capability of each unit may be used as the winter net capability without further
testing, at the optlon of the member. As a minimum, each member shall conduct tests on all its

generators that are designated as a part of the resource for supplying a member’s peak load and.

minimum oapaolty/reserve margin requirement of this Criteria. The seasonal net capabilities

'_ " ‘shall be furnished to SPP for all existing gencrating units and upon installation of new generating

*. units and shall be revised at other times when necessary. Membgrs shall annually report the
1' - seasonal net generatmg un1t capability in conjunctlon with the Department of Energy 411 Report
- data gathermg effort. -

7;1;1_. o . Accredited Capability"Test

Capablhty Tests are required to demonstrate the claimed capability of all synehronous generatmg ‘

units, excludlng run-of-the-river hydroelectrlo plants and wind/solar plants During a Capablllty

'Test a unit shall generate-its rated net capability for'a minimum of one hour period. Only minor

changes in unit controls shall be ‘made during this tlme as requlred to brmg the unit mto normal

steady state operation.
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712 Ope"ra'ti'onal Test

An Operational Test is used to demonstrate the ability of a generating unit to be loaded to its
nominal rating. Operational tests sh_a_]l be conducted at a minimum of 90% of c¢laimed member’s
peak season capability for a minimum of 1 hour, Any normal operating hour with the unit at or
above 90% of claimed capability may be deemed an Operational Test.

713 Frequency of T.eSt.ihg |

Summer Capability Tests shall be conducted once every 5 years. If the winter capability rating is
greatér than summer, winter tests shall also be conducted once every 5 years. Operational Tests
shall be conducted oh_ce every year during the member’s peak season. New units or units
undergoing-a physical or operational modification which could impact capability shall be given a
capability test. o

7.1.4 Net generating .capacity and Testing Conditions

Ambient conditions at the time of running capability tests shall be recorded so that appropriate
adestments can be made when establishing seasonal capabilities. Conditions to be recorded are:
dry-bulb temperature wet-bulb temperature, barometric pressure, and condenser cooling water
inlet temperature. “Summer Capability Tests are to be conducted at an ambient temperature
within 10 degrees Fahrenheit of Rating dry-bulb temperature,

Wintér Capability Tests are to 'Be conducted at an ambient temperature equal to or greater
than the minimum dry-bulb temperature for winter testmg and rating defined in paragraph SPP _
Planmg Crlterla 7. 1 S5247). -

71.5 ._ Procedures For Estabhshmg Capability Ratings
7151 External Factors

(1) Units dependent upon common systems which can restnct total output shall be tested
simultaneously. ' '

(2) ‘When the total output of a member s system is reduced due to restrlctlons placed upon the
' :output of individual generating units through the operation of the Clean Air- Act, or
-similar legislation, then the total of the individual unit ratings of a member's generating

" resources shall not exceed the modified system capacity.
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(3) The fuel used during testmg shall be the general type expected to be used durmg peak |
load cond1t1ons or adJustments made to test data if an alternate fuel is used.

(@) Net Capability is the net power output whlch can be obtained for the period spec1ﬁed ona

' seasonally adjusted basrs with all equlpment in service under average conditions. of
operation and with the. equipment in an average state of mamtenance Deductions from
net capability shall not be made for equlpment temporarily out-of service for normal
mamtenance or repalrs .

' é) The seasonal net capab111ty shall be determmed separately for each generatmg umt ina . -
power plant ‘where the input to the prime mover of the unit is independent of: the others,
except that in the event multiple unit plani capability is limited by fuel limitations, - _
transmlssmn limitations or other auxiliary devices or.equipment, cach unit shall be .-
assigned a net generating capac1ty by apportioning the combined capablhty among the

~ units. The 'seasonal net capability shall be determined as a group for common header
sections of steam plants or multiple unit hydro plants and ¢ach unit shall be ass1gned a
net generatmg capac1ty by apportlomng the combined capablhty among the umts -

7.1.5.2 Seasonahty

(1) The summer season is defined by the months June, July, August and September The
winter season is defined by the months December, January, February, and March. The
adjustments required to develop seasona] net capabilities are intended to include seasonal
'variations in ambient temperature, condenser cooling water temperature and availability,
fuel changes, quality and availability, steam heatlng loads, reservon' levels, scheduled '
reservoir dtscharge, and wind speed. '

(2) The total seasonal net capability ratlng shall be that available regularly to satlsfy the dally
load patterns of the member and shall be available for a'minimum of four contmuous
hours taking into account poss1ble fuel curtatlments and thermal 11m1ts '

3 The seasonal net capablhty of each generatmg unit “shall be based upon a set of
conditions, referred to as the "Net generating capaclty Conditions" for that unit. This. set o
of conditions is determined by the geographtcal location of the umt and is composed of
three or four factors, dependmg upon the type of unit. The three factors which can affect
most generating units are: Ambient dry-bulb temperature, Ambleht_wet -bulb temperature
and Barometric pressure. Condensing steam turbines which obtain condenser coo"l_ing'
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6)

6)

water frorn a lake, river, or comparable source have a fourth factor Condenser cooling
water source temperature. ' '

The Rating dry-buib and wet-bulb temperatures shall be obtamed from weather data
provided in the most recently published American Society of Heating, Refrigeration, and

'Aii‘_ Conditioning Engineers (ASHRAE) Funda_mentals Handbook, Chapter 27 Climatic _
Design Information. The handbook is published every four years; 1997, 2001, etc., andis .

based- on 15 years of historical weather data where available. If the geherating station is
within 30 miles of the nearest weather station reported in the Handbook, then these
temperatures will be those for -the rrearest station. For all other stations, rating
temperatures shall be determiﬁed._.by interpolating between weather stations using plant
latitude and longitude. The steps' to be used for interpolating weather data and correcting
for elevation are presented in SPP Criteria Appendix PL-1.

If experience for a given unit suggests otherwise, members may optionally use their own

site specific temperature data if accurate hourly data is available to allow calculation of .

the temperature levels as defined in the Criteria. Site specific data shall contain both dry-
bulb and wet-bulb temperatures '

Temperatures for summer ratmg of equrpment should be taken from Handbook Table 1B:
Cooling and Dehumidification Design Condltxo_n_s - Cooling DB/MWB for 0.4% DB
(dry-bulb) and MWB (mean wet-bulb) (Column 2a and 2b, respectively) According to

“the 2001 Handbook Page 27.2, "The 0.4% annual value is about the same as the 1.0%

| surnmer design temperature in the 1993 ASHRAE Handbook." In older Handbooks, the

(7)

~dry-bulb temperature for summer rating of equipment shall be taken ‘as' that which is

equaled or exceeded 1% of the total hours during the months of June through September
for the plant's geographical location. The wet- bulb-t'emp'erature for the summer rating
shall be the "mean coincident wet-bulb" temperature correspondmg to the above dry-bulb
temperature. '

The temperature for wmter ratmg of equlpment should be taken from Handbook Table_ ) :-'
1A: Heating and Wlnd Design Condrtlons-U_n__lted States - Heating Dry Bulb 99% = -

(Column 2b). Accord_ir_lg to the 2001 Handbook _Page 27.3, "Annual 99.6% and 99.0%
design conditions'represeht a slightly colder. eondition than the previous cold season
design temperatures, although there is consid'erable variability in this relationship from
location to location." In older Handbooks, th'ezlminimurri dry-bulb temperature for winter
testing and net generating capacity shall be taken as that which is equaled or exceeded
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(8)

©)

(10)

7.1,5.3- |

(1)

- 99% of the total hours during the months of December through February (per Handbook

definition) for the plant's geographical locat1on The wet-bulb - temperature 1s not
s1gn1ﬁcant for the winter rating and can be dlsregarded

Standard ‘barometric pressure for a plant site shall_.be determined for each plant elevation
from the equatlon provided in Appendn( PL-1. - '

For those units using a lake or I‘lVBI‘ as a source of eondenser coohng water, the summer
standard inlet temperature is the hlghest water inlet temperature during the month
concurrent with the L.oad Serving Member’ s peak load of the year, averaged over the past

ten years.

Ambient wet-bulb- temperature and condenser cooling ‘water temperature are generally
- not significant factors in adjusting eold weather capability of generating units. Shall

special situations arise in which these temperatures are requ1red reasonable estimates for
.temperatures occurring coincidentally ‘with the winter ratlng dry-bulb temperature as
.defined in the Criteria shall be used. : '

~ Net Generating Capacity Adjustments

- The rated net capability of'a unit may be above or below the actual tested net generation

" as a result of adjustments for Net generating capacity Conditions, with the exception of

)

NG

‘units with w1nter season net generating capacity greater | than therr summer net generating
capacity. For these units, the winter season rated net capablhty shall be no greater than
the actual tested net generation. No net generatmg capa01ty adjustment for ambient

condltlons shall be made

'Seasonal net capablhty shall not be reduced to provide regulatlng margin or splnnmg
reserve. It shall reflect operation at the power factor level at which the generating
equlpment is normally expeeted to be operated over the dally peak load period.

Extended capab111ty of a unit or plant obtained through bypassing of feed water heaters, _

by utlhzmg other than normal steam conditions, by abnormal operatlon of auxiliaries i in

steam plants, or by abnormal operatlon of combustlon turbines or diesel units may be -

included in the seasonal net. capability if the followmg conditions are met; a) the extended
capability based on such conditions shall be available for a period of not less than four
contmuous hours when needed and meets the other restrictions, and b) approprlate
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4)

)

(6)

@

procedures have been estabhshed so that this capablhty shall be available promptly When :
requested by the system operator.

The seasonal net capability establlshed for nuclear- units shall be determined taking into
consideration the fuel management program and any restrictions imposed by
governmental agencies. ;

The sea’s_onal- net capability established for hydro electric plants, including pumped
storage projects, shall be determined taking into _consideration the reservoir storage

program and any restrictions 1mposed by governmental agenc1es and shall be based on .
median hydro conditions.

The seasonal net capability established for run-of-the-river hydroelectric plants shall be
determined using historical hydrological data on 2 monthly basis.

The recommended methodology to evaluate the net planning capability established for

‘wind or solar facilities shall be determined on a monthly basis, as stated below. If a

member’s desire to use a more restrictive methodology to evaluate the net capability of
wind or solar they may do so, however net capability determined by the alternative
methodology employed cannot credit the wind or solar with a eapabrhty greater than
determined with the methodology stated below: '

-(_a) Assemble all available hourly net power output (MWH) data measured at the
- system interconnection point. o

' '(b) '.Seleet the hourly net power ootput values-'occ'urring during the top 3% of load

hours for the SPP Load Servmg Entity for each month of each year for the
evaluation period. - : : o

. '. (¢) Select the hourly net power output value that can be expected from the faci_li_ty' _

60% of the time or greater. For example for a 5 year period with the 110 hourly-'
net power output values ranked from hrghest to Towest, the capamty of the facility
will be the MW value in the 65th data point.

() A seasonal ot annual - net capab111ty may be determined by selectmg the

appropriate monthly MW values corresponding to the Load Servmg Entity’s peak
- load month of the season of i mterest (e.g., 22 hours for a typlcal 30 day month and
110 hours fora 5 year perlod)

(e) Facilities in eommercral operatlon 3 years or less:
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(i . The data must include the most recent 3 years. .

(f). Values may be calculated 'fi‘o‘m wind or solar data if measured MW values are not
yet avallable Wind data correlated with a reference tower beyond fifty miles is
subject to Generation Workmg Group approval. Solar data correlated w1th a
referenee measuring device beyond two hundred miles is subject to Generation
Workmg Group approval. For calculated values,-at least one year must be based
on site specific data. c ; )

_(g)'_ * If the Load Serving Entity chooses not to petform the net capability calculations

. as described above'during' the first 3 years of comm.ereial operation, the Load
Serving Entity may- submit 5% for: Wmd facilities and’ 10% for solar facilities of
- 'the site facility’s nameplate rating. - '

(h) ‘Facilities in commetcial operation 4 years and greater

.(i) The data must include all avallable data up to the most recent l() years of
' commercial operatlon

(il) ~ Only metered hourly net power output (MWH) data may be used.

(iif) " After three years of commercial operations, if the Load Serving "Entity
~ does not perform or provide the net capab1l1ty calculations to SPP as
deserlbed above then the net eapab111ty for the resource will be 0 MW.

: (_i) The net capab111ty ealeulat1on shall be updated at least once every three years

7.2 Ratlng of Transmnsswn Clrcults

.- Each SPP member shall rate transmlssmn circuits operated at 69 kV and above in aecordance
- - with this criteria. A transmission circuit shall consist of all elements load carrying between

circuit breakers or the eomparable switching devices. Transformers with both primary and

‘secondary windings energized at 69 kV or above are subject to this criteria. All circuit ratmgs

shall be. computed with the system operated.in its normal state (all lines and buses in-service, all
breakers with normal status, all loads served from their normal source). The circuit ratings will -
be specified in "MVA" and are taken as the minimum ratings of all of the elements in series.
The minimum circuit’ ratmg shall be determmined as descr1bed in this criteria. and members shall
mamtam transmission right-of-way to operate at this rating. However, SPP members may use
circuit ratings higher than these minimums. Each element of a circuit shall have a normal and an
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emergency rating. "For certain eqnipment, (switches, wave traps, current transformers and circuit
breakers), these two ratings are identical and are defined as follows:

(1) NORMAIL RATING: Normal circuit r'atings specify the level of power flow that
facilities can carry continuously w1thout loss of life to the facility involved.

(2) EMERGENCY RATING: Emergency c1rcu1t ratmgs specify the level of power flow that
a facility can carry for the time sufficient for adjustment of transfer schedules, generation
dispatch, or line switching in an orderly manner with acceptab]e loss of life to the facility
;mvolved

'At a m1n1mum each member shall compute summer and winter seasonal ratings for each c1rcu1t

element:. The summer season is defined by the months June, July, August and September. The
winter season is defined by the months December, January, February and March. The seasonal
rating shall be based upon an ambient temperature (cither max1mum or average) developed usmg
the methodology described in Appendix PL-2.A. A member may elect to compute a third set of
seasonal ratings for the remammg months of the year (April, May, October and November). If

that electlon is not made, summer ratings shall be used for these remaining months.

72 1 a Power Transformer

;Power transformer ratmgs are dlscussed in- ANSIIEEE C5791, IEEE Guide for Loadmg'

Mmeral -Oil-Immersed Power Transformers Every transformer has a distinct temperature rise :
capability used in sefting its nameplate rating (either 55°C or 65°C). These temperature rise
amounts reflect the average winding temperature rise over ambient that a transformer may
operate ona contlnuous ba51s and still provide normal life expectancy

72.1. 1 Normal Ratmg

The normal: cl_rctut rating for_- power transformers shall be 'its'highes't'nameplat'e rating. © The i
nameplate rating' shall include the effects of forced cooling equipment if it is available. For
multi-rated transformer (OA/FA OA/FA/FA, OA/FOA/FOA, OA/FA/FOA) with all or part of
forced coolmg inoperative, nameplate rating used is based upon the maximum coohng available
for operation. Normal hfe expectancy W1]1 oceur with a transformer operated at continuous

.nameplate ratlng
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7212 Emergency Rating

. 'When operated for one or more load cycles above nameplate rating, the transformer insulation '
- deteriorates at a faster raté. than normal. The emergency circuit rating for power transformers.

shall be a minimum of 100% of its highest nameplate rating. Member systems may use a h1gher
emergency rating if they are w1llmg to experience more transformer loss-of-life.

7243 Loss of Life

In ANSI/IEEE _CS7.91, a 65°C rise transformer can operate at 120% for an 8 hour peak load

cycle and will experience a 0.25% loss of l'ife If a 65°C rise transformer experiences 4 incidents
where it operates at or below 120% for an 8 hour peak load cyele it will still be within the target
of 1% loss of l1fe per year. In ANSI/IEEE C57.91,a55°C rise transformer can operate at 123%
for an 8 hour peak load cycle and will experience a 0.25% loss of life. Likewise, if a 55°C rise
transformer experiences 4 inc_idents.where it operates at or below 123% for an 8 hour peak load
cycle, it will still be 'within't-he target of 1% loss of life per year. i

72.14  Ambient. Temperature

Average ambient temperature is an 1mportant factor in deterrnmmg the load capabrllty of a
transformer since the temperature rise for any. load must be added to the ambient to determine
operating temperature. Transformers designed according to ANSI standards use a 30°C average
ambient temperature (average temperature for 24 consecut1ve ‘hours) when settmg nameplate
rating. Transformer overloads can be increased at lower average ambient temperatures and still

experience the same loss of life. This allows seasonal ratings with hlgher normal and emergency.

ratings. However, this circuit rating criteria does not call for seasonal -transformer ratings. - In
ANSVIEEE C57.91, transformers can be loaded above 110% and expetience no loss of life when
the average ambient temperature is below 78°F. By not having seasonal ratings, the four
occurrences that contribute to loss. of life are l1m1ted to days when the average ambient
temperature exceeds 78°F. The Power Transformer Ratmg Faetors include: |

(1) _"Nameplate rat1ng, normal loss of life for 55°C and 65°C rise transformers with coolmg

' -equ1pment operatmg _
(2) Average ambient temperature, 30°C.
'(3) Equivalent load before peak load, 90% of nameplate ratmg

(4) Hoursof peak load, 8 hour load cycle.
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.(-5)" - Acceptable annual loss of life, 1% o
7.2.2 Overhead Conductor

Overhead conductor ratings are discussed in IEEE Standard 738, IEEE Standard for Calculating
the Current-Tempera_ture Relationship of Bare Overhead Conductors. Ampacity values are to be
determined using the fundamental heat balance equation outlined in the House and Tuttle
method. Beca‘use of the "amount and complexity of the equations, this method lends itself to
computer application. ‘The recommended computer programs to be used for this calculation
either include the BASIC program listed in Annex B of IEEE Standard 738 or an equivalent
program, such as the DYNMAP program which is p_art of the EPRI TLWorkstation ™ software
- package. While tables and graphs may be eonvenient'to use, they fail to take into account the

- geographic location of the line and often lack either the desired ambient temperature and/or the

de31red conductor temperature. The use of tables and graphs is not acceptable :

7.2.2.1 Conductor Properties

‘Some computer programs used to compute ampacity values have a conductor property library

“whereby a user simply specifies the conductor code name and the pregram will search the
" conductor property file and select the proper input properties. Those using the BASIC program
from Annex B of IEEE Standard 738 or another computer program- that does not have a
conduetor property library will obtain conductor properties from an appropriate data source
(Alnrninurr_l Electrical Conductor Handbook, EPRI Transmission Line Reference Book 345 kV
and 'Above,.Westinghouse.Transmission and Distribution Book, ete.).

7.2.2.2 Line Geographic Location

o _These factors specify the location of the line, its predominant direction and its predommant

inclination. These numbers can either be line specific or they can represent a general line within o

the control area. One ambient- temperature shall be agreed upon for tie lines traversing several
geographic areas and interconnections among different control areas.

7223  Radiation Properties

The two radiative properties of conductor material are solar absorptiifity' and infrared emissivity.

Solar Absorptivity The fraction of incident solar radiant energy that is absorbed by the
: conductor surface. This value shall be between 0 and 1. Recomrnended
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values are givén in the following tables:

COPPER CONDU_CTORS_' B ALUMINUM CONDUCTORS
Oxidation Level Ab_sorp'ti'vity_ ' Service Years Absorptivi_ty"_'
None 0.23 _ . 0<5 0.43
Light - 05 05 . 1.00

Norma_l._.' : 0.7
Heavy 1.0
Source: Glenn A. Davidson, Thomas E. Donoho, George Hakun 11, P. W. Hofmann, T.E

Bethke, Pierre R. H. Landrieu and Robert T. McE!haney, "Thermal Ratings for
Barc Overhead Conductors", IEEE Trans., PAS Vol 88, No.3, pp 200-03, March
1969

Infrared Emissivity The ratic of infrared radlant energy emltted by the
conductor surface to the infrared radiant energy e_mlt_ted by a blackbody at _the
same temperature. This value shall be between 0 and 1. Recommended values
are givef_l'.in'tables below: ' . I

" COPPER CONDUCTORS | ALuminum coNDUCTORS |

Oxidation Level Emissivity | service Years | Emissivity
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Al

“Nore 003 N 0 023

Light 0.3 3 510 0.82

Normal 0.5 10—20 0.88

" Heavy 0.8 | R 020 0.90
Source: W. S. Rigdon, H. E. House, R. J. Grosh and W. B. Cottingham, "Emissivity of

Weathered _Condu_c':tors' After Service in Rural and Industrial Environments,"
AIEE Trans., Vol. 82, pp. 891-896, Feb. 1963.

72.24  Weather Conditions

- Ambient temperature represents the maximum seasonal temperature the line may experience for .

summer and winter conditions. Appendix PL-2.A contains a methodology to compute maximum
ambient temperature, Wind speed is assumed at 2 fi/sec (1.4 mph) or higher.  Wind direction is
assumed perpendicular to the conductor.

7.2.25 Maximum Con.duct'o_r Temperature

The selection of a maximum conductor temperature: affects both the operation and design of
transmission lines. Existing transmission lines were- deSIgned to meet some operating standard
that was in effect at the time the line was built. That standard spec1ﬁed the maximum conductor
temperature which maintained- acceptable ground clearance while allowing for acceptable loss of
strength. Over time, the required _amount.of ground clearance and the maximum conductor
temperature needed to maintain acceptable ground clearance have changed. The changes are
reflected in the revisions that have been'niade to the National- Electric Safety Code (NESC) over

the years. Aithough this Criteria speclﬁes a maximum conductor temperature that could be met- -~ -
- by current line des1gn practices, consideration must be given fo existing lines that were - bullt 5
) accordmg to.an earller standard. - This Circuit Rating Criteria specifies a maximum conductor L

| temperature (for both normal and emergency operating conditions) that shall be used for seasonal" '

circuit ratmgs For those ex1st1ng hnes that were designed to meet an earlier standard, it is the. -
responmblhty of the line owner to establish a rating -that is consistent with the NESC design

standards being praetlced at the time the line was bu11t This Crlterla specifies the use of
max1mum conductor temperatures that cither maintain acceptable ground clearance requirements
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. from earlier NESC's or meet the temperature requlrements in SPP Planmng Criteria sectlon :
- 7.2.2.6, whichever is lower '

| . | 7.2';2.6 Determination_. _of Maximum Conductor Temperature

~ The maximum conductor temperature for normal ratings may be lirnited by conductor clearance
~ concerns. Normal ratings are at a level where loss of strength is not a concern. The maximum
conductor temperature for emergency ratings have both conductor clearance and loss of strength'
concerns. By settmg a maximum conductor temperature and the length of time a conductor may
operate at this temperature, the maximum allowable loss of strength over the hfe of the
conductor is prescribed. Unless conductor clearance concerns dictate otherwise, at least the
following maxim’um conductor temperatures shall be used. ' This allows for the efficient
utilization of the transmrssron system while accepting minimal rrsk of loss of conductor strength
during emergeney operating conditions.’ “These conductor temperatures are a result of the

examination of SPP members practices.

Maxirn:_ljrlj .Conductor Tem"pe'rature
Normal Rating En’re_rgency Rating
ACSR  ss°C L '.'1__0_0°_C
| copperwen _:. asoc 100°C
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: AAAC 85°C 100°C
‘SSAC 200_7°C | - 200°C
Note: '. Anneal.ing of 't::_opp.e'r and aluminum hegins near 100°C.

7.2.2.7  Hours of Operation_ at Emergency Rating

The effect of conductor heating due to operating at the maximum temperature during emergency
conditions is cumulative. If a conductor is heated under emergency loadiug for 4 hours 8 times
during the yeat, the total effect is nearly the same as heating the conductor continuously at the
temperature for 32 hours. Using a useful conductor life of 30 years, the conductor will have
been heated to the maxitnum temperature for 1000 hours. For an all aluminum conductor

(AAC), this results in-a 7% reduct1on from initial strength. - Since the steel core of an ACSR .

conductor is essentlally unaffected by the temperature range considered for emergency loadings,
for an ACSR conductor, this results in a 3% reduction from initial strength. Both of these
amounts are acceptable loss of strength The daily load cycle for operating at the emergency

. rating shall not exceed 4 hours. This load cycle duration for conductors operating at the

erhergency rating is more restrictive than power transformers because power transformers have a
delay in the time requlred to reach a stable ‘temperature following any change in load (caused by
a thermal Iag in oil rise) and because seasonal ratings shall allow transmission lines to achieve a
maximum conductor temperature throughout the year not Just days when the ambient exceeds

_78°F

'_ 7.2.3 | I'.I_nd.e_rlg.r'o'un.d Cables

Ampacities are caleul'ate'd by solving the thermal equivalent of Ohm's Law, Concept'ually, the'_.' -

solution is mmple, however the careful selection of the values of the components of the circuit is' . .
necessary to' ensure an accurate ampacity calculation. The recognized standard for almost all_ SR

steady-state ampacity caleulat_lous,_m the United States, is taken from a publication, _"The_'__.'_ .
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Calculation of the Temperature Rise and Load Capability of Cable Systems," by J.H. Neher and
M.H. McGrath, 1957, hereafter referred to as 'thefNeher-McGrath_ ‘method. The’l_:'p_rocedure is
r_elatively simple to follow and_-'has been verified thr_ough testing. 'In_ recent years, some of the
parameters have been updated fb'ut the method is still the basis of all ampacity calculations_.

7 2. 3 1 Cable Ampaclty

Cable ampamty is dependent upon the allowable conductor temperature for the partrcular
insulation being used Conductor temperature is influenced by the following factors:

(1) Peak current and load- -cycle shape |

) Conductor s1ze material and constructlon

3) D1electrlc loss in the insulation;

(4) Current-dependent losses in conductor, sh1elds sheath and plpe

" (5) Thermal res1stances of insulation, sheaths and coverings, ﬁllmg medium, pipe ot duct and
' covering, and earth;

(6) Thermal capacitanc'es of these components of the thermal citcuit;
(7) Mutual-heating effects of other cables and other heat sources; and
(8) Ambient earth temperatures. |

Both steady state and emergency ampacmes depend upon these factors, although emergency '
ratrngs have a.greater dependency upon the thermal capa01tances of each of the thermal circuit

components

7"2 3.2 Conductor Temperature

- The maximum allowable conductor temperature is 85°C for’ hlgh -pressure ﬂuld filled (HPFF), -
p1pe type cables and 90°C for crosslmked extruded-dielectric cables ' :

The table below summarizes allowable conductor temperatures for dlfferent insulation materials.
Two values arc given for each cable insulation. The higher temperature may be used if the
thermal environment of the cable is well-known alcng the entire route, or if controlled backfill is
used or if fluid circulation i is present in an HPFF crrcult The maximum conductor temperatures
.':allowed under steady-state COI‘IdlthHS are limited by the thermal aging characteristics .of the
- insulation structure of the ‘cable. For emergency-overload operatmg conditions, maximum
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conductor temperatures are also limited by the thermal aging characteristics. The température is -
also limited by the .r_ne'lti_ng temperature range of the insulation structure of the cable, its
deformation charac_t'eristic with temperatures, restraints imposed by the metallic shield,
deformation characteristic of the jacket, and the decrease in ac and impulse strengths with
increases in tempérafure.

Insulation Mate_r'ial o Maximum Temperature
Normal -~ | Emergency
Impregnated  paper (AEIC CS2-90 for | 85°C 105°C for 100 hr

'HPFF and HPGF
R (75°C) | 100°C for 300 hr

(AEIC CS4-79 for SCLF)

Laminated paper-polypropylene (AEIC 85°C | 105°C fbr 10_6 hr

| cs2-90) (75°C) | 100°C for 300 hr
e Cro'ssli_nke_d'polyethylene (AEIC CS7-87) 90°C 105°C

(80°C) cumulative for 1500 hr

th_ylene-propylene rubber (AEIC CS6-87) | 90°C 105°C;‘

(80°C) cumulative for 1500 hr

Electronegative gas/spacer Consult man ufacturer_fofsb.edﬁc’: des_ighé

* Emergehcy operation at conductor temperatures up to 130°C ma_y.'bé' used if m_utuall_y_ 'agr'ée'd' ;
between purchaser and manufacturer and verified by qualification and p_requalificatio_n_’test_s.. B
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7233  Ambient Temperature

The ambient temperature is mea’sured at the specified burial depth for buried cables and the
ambient air temperature is used for cables installed above ground IEC Standard 287-1982 (2-5)
recommends that in the absence of natlonal or local temperature data the followmg should be

used:
C!tmate ._ Amoiont Air Ambient Ground
| Tem.pe:rature °C :.-T'em.perature °C
Tropical ; 55 o | 40
Subtropical | 0 30
Temperature . 25 20

| T'he.electrical resistance is- 'composed of conductor dc resistance, ac increments due to skin and
- proximity effects, losses due to induced currents in the cable shield and sheath and induced
* . magnetic losses in the steel pipe. Heat generated in the cable system’ w1ll flow to ambient earth
and then to the earth surface. This heat passes through the thermal resistances of the cable

" insulation, cable jacket, duct or pipe space, pipe covering and soil. Adjacent heat sources, such

as other cables or steam mains, will provide 1mpedance to the heat flow and thus reduce cable -
ampacity. Further information’ concerning the components of the ampacrty calculations are
‘sumimarized in Appendix PL-2.B and fully detailed in the EPRI Underground Transm1ss1on
- Systeins Reference Book An example calculation, from the EPRI book, is also prov1ded in
'Appendlx PL-2.B. ' '

7.2.4 Switches' :

Appendix PL-2.C contains a discussion on developing ratings for switches. In"ge'neral, switches
have seasonal ratings that are a function of the maximum ambient temperature. A switch part

class de51gnat10n is used to dlfferentlate loadability curves that give factors which can be - o

multiplied. by -the rated continuous current of the switch. to determine temperature adJusted

normal and 4 hour emergency ratlngs. ‘The summer normal and emergency switch ratings canbe - -
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compu{ed by selecting the appropriate loadability factor curve for the switch part class, reading
the loadability factors that are appropriate for the summer maximum ambient temperature (40°C
or the summer maximum ambient temperature determined in Appendix PL-2.A), and multiplying
the continuous current ratmgs by the loadability factor. The switch winter normal and
emergency ratings can be computed by multiplying the continuous current ratmg by the normal
and emergency loadablhty_ factors that are appropriate for the wmter maximum ambient
temperaturé (0°C or the Wintér maximum ambient temperature determined in Appendix PL-2.A).
Appendix PL—2'.C'c'o'r_ltains'.-loadability factor curves (both normal and emergency) for various
switch part classes.  The ANSI/IEEE standard referenced in Appendix PL-2.C allows for
emergency ratings to be greater than normal ratings. This Criteria does not require the

-emergency rating to be greater than the normal rating.
72.5  ‘Wave Traps

' Appendix PL-2.D contains a discussion on developing ratings for wave traps. The two types of

wave traps are the older air-core type and the newer epoxy-encapsulated type. In general, both
types have a continuous current rating based on a 40°C maximum ambient temperature. Both
types have a loadability factor that can be used to determine seasonal ratings that are a function
of the maximum ambient temperature. However, the older air-core type has another loadability
factor that can be used to determine a four-hour emergency rating that is also a function of the

._maxim_un_i ambie_nt .teniperature._ The newer epoxy encapsulated type does not have an

~emergency rating.

726 | Cu’i‘rent Transfor.méi'sr

Appendix PL-2.E contains a discussion on developing ratings for current transformers. The two
types of current transformers are the separately-mounted type and the bushing type. In general,
both types have a chtihuous current rating base_:_d on a 30°C average ambient temperature.

7.2.6.1 Sepafately Mounted Current Tranformers

The separately-mounted type has an ambient-adjusted continuous thermal current rating factor
that can be multiplied by the rated primary current of the current transformer to determine
seasonal ratings. Separately-mounted current transformers do not have emergency ratings.
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7.2.6.2 anhing Current Transformers

Bushing current transforiners are -subject to and influenced by the environment of the power
apparatus in which they are mounted. Bushing current transformers can be located within circuit -
breakers and power transformers Since bushing current transformers are subject to the
_:env1ronment within the power apparatus, they do’ not have ambient’ ad_]usted continuous-thermal
_ourrent rating factors. Rather, if the primary current rating of the ratio being used is less than the
_continuous current ratmg of the breaker or the power transformer, this restricts the breaker or
power transformer to operate below its rated current which. reduces the current transformer
temperature. This allows the current transformer to be operated at a continuous thermal rating
factor greate_r than 1.0. Having a bushing current transformer whose primary current rating of
the ratio being used is less than the continuous current rating of the breaker or the power
transformer is an unusual case. However, the formula to develop the rating factor for this case is -'
located in Appendlx PL-2.E. Although bushing current transformers have some short-term B
emergency overload capab111ty, it must be coordinated with the overall apphcatlon limitation of
the other equipment affected by the current transformer loading. Consequently, thls criteria does
not recognize an emergency rating for bushing current transformers.- - '

7.2.7 Clrcult Breakers

Appendix PL—2F contains a dlsousswn on developlng ratmgs for circuit breakers. = This
discussion centers on the use of specific circuit breaker design information to set seasonal and
emergency ratmgs This design information is not. readlly available to the owners of such ™
equipment. To-use the rating methodology discussed | in Append1x PL-2.F would require
contacting the manufacturer for detailed design information for gach circuit breaker being rated.
Rather than doing that, this circuit rating criteria specifies that the narneplate rating shall be used
for seasonal norr_nal.and emergency ratings. The nameplate rating is based on a ‘maximum
ambient temperature of 40°C. If a circuit breaker is found to be a limiting element in a circuit
and is. experiencing loadings that limit operations, a member system may pursue the
methodology outlined in Appendlx PL-2.F to deterrmne the circuit breakers seasonal normal and '

emergency rating.
7;_2.8 Ratings of Serie's_ and Reactive Elements

The series transmission eclements rating will be in amps, ohms and MVA. The serics
transmlssmn elements current (amps) ratlng w1ll be taken as the mlmmum ratlng of all mternal

Version 1.0 R 20015 I



‘Z’SPP Southwest
Power Pool

SPP Plannihg Criteria

components (e.g., breakers) that are in seri¢s with the interconnected transmission circuit. Shunt
reactive elements (e.g., capacitors, reactors) MVA ratmgs will ‘be based on the nommal
transmlssmn interconnecting voltage. ' '

The documentatlon of the methodology(ies) used.to' detérmine the rating. 'of"s'éfies and reactive
elements shal] be provided to SPP and/or NERC on request w1th1r1 ﬁve busmess days. '

7.2.9 Ratmgs of Energy Storage Dev1ces

The available real power rating, reactive power rating, control points, and availability of each
electrical energy storage device will be provided to SPP upon request. The documentation of the
methodology(ies) used to rate electrical energy storage devices shall be provided to SPP and/or

NERC on request within five business days. .

- 72.10  Circuit Rating Issues

7.2.10.1  Dynamic (Real Time) Ratings

The calculation of static thermal ratings specified in SPP Planning Criteria section 7.2.2.6 uses
worst case thermal and operational factors and therefore apply under all conditions. Often times,
these worst case thermal and operational factors do not all occur at the same time. Consequently,

‘a static rating may understate the thermal capacity of the c1rcu1t For operation purposes, some
-members have elected to monitor the factors that affect circuit ratings and use this information to
- set d)’I_laml_C: ratings. A member can develop and use a rating that exceeds the static thermal

rating for operating purposes. The ratings developed by using this criteria are not intended to
restrict daily operations but set a _miﬁif_num' rating that can be increased when factors for
determining the equipment rating have 'Chahged. However, if transmission line ratings are
changed dynamically, the required clearances shall still be met. .

172102 Non-Thermal Limitations

There may be instances when the flow on a transmission circuit is limited by factors other thart-' :
the thermal capacity of its elements. The limit may b'e_-'cétu_ssd by other factors such as dynamics, -
phase angle difference, relay settings or voltage limited. - -
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7 2.10.3 Tle Lines

When a tie hne exists between two member systems, use of thlS criteria shall. result in a unlform
circuit rating that is determined on a consistent basis between the two systems. For tie. lines
between a SPP member and a non-member the member shall follow this criteria to rate the
circuit elements owned by them and shall coordinate the rating of the tie line with the non-
“member system such that it utilizes the lowest ratmg between the two systems '

7.2.10.4 Rating Tnconsistencies

A member may have a contractIial interest in a joint ownership tra_n_smission line whereby the
capacity of the line is allocated among the owners. The allocated capacity may be based upon
the thermal capacity of the line or other considerations. Members shall use good faith effort to
amend their transmission line agreements to reflect the effects of new circuit ratings. There may

exist other transmlss1on agreements or regulatory mandates that usc the thermal capacity of

transmission circuits in allocation of cost and determination of network usage formulas (for
example, the MW-mile in ERCOT) These agreements and mandates may specify a
methodology. and/or factors for computing thermal capacity used in the formulas. Since these
amounts are only used in assignment of cost or usage ‘responsibility and not in actual operations
of the transm1ssron system there is no conflict with using a dlfferent set of ratings for this

specific purpose.

72.10.5 Damaged Equipment

There may be -instances when a derating of a transmission line element is required due to
damaged equij)ment The limit may be caused by such factors as broken strands, damaged,

connectors, falled cooling fans, ot other damage reducmg the thermal capab111ty

N 7.2. 1 Reportlng Requlrements

- Each member will admmlster this Crlterra and will make avallable upon request the application .

~ of this Criteria for those facilities that impact another member (i.e. force them to curtail

schedules due to line loadings, denies them access to transmission service or requn‘es thern to’

build new transmission facilities or pay opportunity costs: to receive transmission service). -
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7.3 - System Operating Limits (SOLs)

The value (such as MW, MVar, Amperes, Frequerlcy of Volts) that satisfies the most limiting of
the prescribed operating criteria for a specified system .configur'ation to ensure operation of the _
Bulk Electric System (BES) within acceptable: rellablhty criteria. System Operatlng Limits are
based upon certain operating criteria. These melude but are not- limited to: Facility Ratmgs' '

(Applicable pre- and post-Contingency equ1prne_n_t or facility rat1r_1gs), Transient Stability Ratings

(Applicable pre- and post-Contingency Stability Limits), Voltage Stability Ratings (Applicable
pre- and post-Contingency Voltage Stability), and System Voltage Limits (Applicable pre- and
post-Contmgency Voltage errts) SPP monitors and controls the BES using Flowgates and the
NERC TLR process .

SPP also rnonlto_rs nuni_eroixs other BES facilities within its footprint and creates temporary
flowgates when operating conditions reveal any additional limiting system configurations. Since
SPP is utilizing these flowgates to ensure the syst'e'm is operating’ within aceeptable reliability
criteria, these flowgate fimits serve as the SPP System Operating Limits.

7.3.1 Methodology for Determination of Operating Horizon SOLs

(1) This methodology is appliCable for developing SOLs used in the operating horizon.

(2) Based on results of system studles (as described below) SOLs are determined per the .
definition. - g o A
(3) SOLs shall not exceed Facility Ratings. SOLs equal app]ioabie Facility'Ra’tings 'unless" :
- additional studies have established a lower hmlt based on other operational issues such as
tran51ent dynamlc and voltage stability, etc.

'(4)" Antlclpated system topology, generatron drspatch and load levels are utilized da1ly via
~ SPP member submission on OPS1 and NERC SDX for non-members '

(5) Pre-contingency and first contingency studies will be conducted to mvestrgate therrnal
and voltage violations for current and next day.

©) Voltage and angular stablhty issues are mvestlgated off-line as deemed necessary by
. _operator and engmeer experlence and- engmeermg Jjudgment.

- (D As deemed necessary by study results, an operating guide to aid operators in mitigating -

L p_otentlal_SOL_ vrolat_ror_ls may be produced. These guides may be temporary or
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permanent dependlng whether the v1oIat10n is due to a short-term outage seasonal.'

loadlng issues, ete. At a minjmum, this operating guide will 1nclude

(a)':
(b)
(©)

Statement of type(s) of violations revealed by study (voltage/thermal/stablhty)
Applicable dates |

Avaﬂ'able/recornmended mitigation methods, including generation redispatch .
(maximum MW and/or minimum Mvar generation), transmission reconfiguration,

~ reclosing reconfiguration, load shedding, and Transmission Loading Relief

(8) Identified SOLs are screened to comp1le a llst of potent1al IROLs per the following

crlterla

(a)

®)

Potential IROLs will be investigated when a contingency analysis highlights a
thermal overload in excess of 120% of the SOL of the monitored facility. |
Potential IROLs wili also be investigated when a contingency analysis h'i'ghlights
an under-voltage condition characterlzed by bus voltages of less than 90% across_

' -three ormore BES facﬂmes

The potentlal IROL condltlon w11] be reviewed further by evaluatmg the system

- response to the loss of the SOL violated fac111ty The . original potentlal IROL -
contingency will be assumed to be a confirmed IROL condition if the evaluation

reveals that the ensuin._g" SOL violated facility contingency results in another BES

_ -facthy' being overloaded to greater than 120% of its SOL or three or more

additional BES facilities with bus 'voltages" in the area experiencing projected
post-contingency: voltages less than 90%, unless there are studles or system

knowledge that the SOL is not an IROL. .

9 The_lROL Tv is 30 minutes.

(10) Special Protection Schemes (SPS’s) are allowed to prevent prolonged undervoltage-'and

to preserve system voltage and machine stability. The Transmission Owner shall provide - -

the RC with the location and description of each SPS and shall notify the RC when the -
schemes are enabled/d1sabled .
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73.11

SOL Provisions
In the pre-contingency state, the BES shall demonstrate transient, dynamic, and voltage
stability; all Facilities shall be within their Facility Ratings and within their thermal,
voltage, and stability limits, In determining SOLs, the BES condition used shall: reflect

future system conditions with all facilities operated in their normal operating condition.

Following single contingencies as defined in (a) and (b) below, the system shall

demonstrate transient, dynamic, and voltage stability; all Facilities shall be operating .

wi_thiﬁ their Facility Ratings and within their thermal, voltage, and stability limits; and
Cascading Outages or uncontrolled separation shall not occur. '

(a) Single- line-to- -ground or three-phase fault- (whichever is more severe), with
normal clearing, on any faulted generator, line, transformer, or shunt dev1ce

(b) Loss of any generator, line, transformer or shunt device w1th0ut a Fault

In determmmg the system’s response to a smgle Contingency starting with all facilities

' operated in their normal operating condition, the followmg shalI be acceptable:

“)

)

(a) Planned or controlled interruption of electric supply to radral customers or some

local network customers connected to or supplied by the Faulted Facility or by the

: affected area. System reconfiguration should be 1mp1emented to minimize the
1nterrupt10n of electrlc supply to the extent possible. S

(b) System reconfiguration through manual or automatic control or_-protECtion_aCtiens.

To prepare for the next Contingency, 'éystem adjustments may be made, irrcluding

changes to generatlon uses of the transmission system and the transm1ssron system
topology.
Starting w1th all fa0111t1es operated in their normal operating COI‘[dlt]OIl and followmg any

of the multlple contingencies identified in Reliability standard TPL-003 the system shall
demonstrate transient, dynamic and voltage stability; all facilities shall be operating

- within their facility ratings and within their thermal, voltage and stability limits; and

B cascadmg or uncontrolled separatlon shall not occur.

©)

In determmmg the system’s response to any of the multiple. c'orrtingencies identified in

Reliability standard TPL-003, in addition to the actions 1dent1ﬂed in (a) and (b) above,

the followmg shall be acceptable
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73.1.2

(1)

@

(3)

@

'7313

(@ Planned or controlled interruption of electric 'suf)ply to customers (load shedding)
' the planned removal from service of certain generators, and/or curtailment of
contracted firm e¢lectric power tran'sfers. System reconfiguration -should be
implemented to minlm'ize the interrupt'iOn of electric sup'ply to the extent_.-possible.

- System Modeling and Contlngency Definltlon

All offline models are based on the ERAG MMWG model of the Eastern Interconnect
power system The model includes: all TOs within the SPP RC footprint.

The model mcludes all non-radial facilities within- the BES. Loads served over radial
lines are typlcally modeled as aggregate at the delivery bus. Many systems are modeled.
in greater dctall down to subtransmission level voltages (<69kV). This is typically true
only when the subtransmission system is networked (non-radial). - In a few cases
distribution level voltages (26kV/13kV) are also modeled. Distribution capacitors can be
modeled as aggregate at a load bus. ' '

The online model used by the SPP EMS application is constructed from data in the
offline model (PSS/E) :

At a minimum the contlngency list used in the operating horizon should mclude all non-
radial BES transmission lines and transformers > lOOkV and all generators rated 300MW

and above. Additional contmgen01es will be included- as provided by BA’s and/or TOs ~

within the RC footprint.

Methodology Dlstnbutlon

SPP shall issue this methodology and any changes to the methodology, prior | to the changes
taklng effect to all the following: :

@
()

' Ad_]acent RCs and each RC that has indicated it has a rehab111ty related need for the

methodology _ .
Each PA and Transm1ss1on Planner that models any port10n of the RC footprmt :

Each TOP within the RC footpnnt
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B)

7.3;1 4 Comments on Methodology
(0 Ifa rec1p1ent of the SOL methodology provides documented technical comments on the
' methodology, the RC will provide a documented response to that recipient within 45
- calendar days of receipt of those comments. The response will indicate whether a change
N w1ll be made to: the SOL methodo]ogy and, if no change w1ll be made to the SOL
) methodology, the reason why. :
7.3.2 'Methodology for Determination of Planning Horizon SOLs

(1) This methodology is applicable for developing SOLs used in the planning horizon.

(2) Based on results of planning studies (as described below), SOLs are determined per the
definition.

(3) SOLs -shall not exceed applicable Facility Ratinge. SOLs equal_: applicable Facility

~ Ratings unless additional studies have established a lower limit based on other
operational issues such as transient, dynamic and voltage stability, etc.

(4) Anticipated system topology, generation dispatch, and load levels are based on the
modeling data provided in the annual Loadflow Model Development process coordinated
by the MDWG. Individual Transmission Owners may request development of additional - -
models for SOL analysis as needed to evaluate reglonal transfer eond1t1ons wh1eh are not _
captured in existing MDWG models . -

Pre-contingency, first eontmgency and mult1ple eontmgency stud1es w111 be condueted to -
“investigate thermal and voltage violations for all those futuré year loadflow models
developed by the MDWG. '

(6) Voltage and angular stability issues are studied in the annual Dynamic Stab1l1ty models__-':" o
developed by the MDWG. L ' ' '

(7) As deemed necessary_ by study results, an operating guide to aid operators in mitigating

potential SOL violations may be produced. These guides may :be temporary or
permanent, depending whether the violation is due to a short-term outage, seasonal
loading issues, etc. At a minimum, this operating guide will include:

(a) Statement of type(s) of violations revealed by study (voltage/thermal/stability)
(b) Applicable dates ' '
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(maximum MW and/or minimum Mvar generation), transmission reconfiguration,

reclosing reconfiguration, load shed_di'ng, and Transmission Loading Relief
(TLR). _ . _ _

(8) Identified -SOLs are screened to compile a l1st of potent1al IROLS per the followmg
criteria: o : ; :

'(a) Potential IROLs ‘will be investigated when a contingency _.snalysis highlights a
then'n'al overload in excess of 120% of the SOL of the monitored facility.

Bl e e

(b) Potent1al IROLs will also be investigated when a contingency analysns highlights
' _an under-voltage condition characterized by bus voltages of less than 90% across
three or more BES facilities.

The potential IROL condition will be reviewed furthet by evaluating the system response
to the loss of the SOL violated facility. Theoriginal potential IROL contingency will be
assumed to be a confirmed IROL condition if the evaluation reveals that the ensuing SOL
violated facility. 'eontingenoy results in another BES facility being overloaded to greater
than 120% of"its SOL or three or more additional BES facilities with bus voltages in the
area experiencihg-projected post- contingency voltages less than 90%, unless there are
studies or sYs_te_m.'knowledge that the SOL is not an IROL.

(9) The IROL TV is 30 minutes.

(10) Spee_ial Protection Schemes_"(_SPS'_"s)'_;'are allowed to prevent prolonged undervoltage and
to preserve system voltage and machine stability. The Transmission Owner shall provide . - 5

the RC with the location and descripuon of each SPS, and shall notify the RC when the
schemes are enabled/disabled. '

7.3. 2 1 SOL Provisions

(l) In the pre-oontmgency state, the BES shall demonstrate transient, dynam1c and Voltage .

. - stability; all Facilities shall be within their Fac1l1ty Ratmgs and within their thermal,
- voltage, and stability fimits. In determining SOLs, the BES cond1t1on used shall reflect
" future system condmons with all facilities operated in their normal’ operatmg condmon

(@) 'Followmg s1ngle cont1ngeno1es as deﬁned in (a) and (b) below the system shall
demonstrate trans1ent dynam1c and voltage stab111ty, all’ Fac1ht1es shall be operatmg

('o) Available/recommeﬁded lnitigation methods, - including genere.tion redispa:tc'h.-"' -
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7.3.2.2

(1)
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within their Facility Ratings and within their thermal, voltage, and stability limits; and
Cascading Outages or uncontrolled separation shall not oceur.

(a) Sing_lc-_line-to-ground or three-phase fault (whichever is more severe), with
' n_on_n_al clearing, on any faulted generator, line, transformer, or shunt device.

b L_o_'ss: _of any generator, line, transformer, or shunt device without a Fault.

In determining the system’s response to a single Contingency starting with all facilities
operated in their normal operating condition, the following shall be acceptable:
(a) Planned or controlled interruption of electric s_upply to radial customers or SOrn_e
local network customers connected to or su'p'pli:ed by the Faulted Facility or by the

affected area. System reconfiguration should be implemented to minimize the
interruption of electric supply to the extent possible.

(b System reconfiguration through manual or automatic control or protection actions.

To prepare for the next’ Contingency; system adjustments' may be made, including
changes to generation, uses of the transmission system, and the transmission system
topology.

Starting with all facilities operated in their normal operating condition and folloWing any =
of the multiple contingencies identified in Reliability standard TPL-003 the system shall -

~ demonstrate transient, dynamic and voltage stability; all facilities shall be operating

within ‘their facility ratings and within their thermal, voltage and stability limits; and
cascading or uncontrolled separation shall not occur.

In determining the system’s response to any of the multiple eontingenc'ies identiﬁ'ed"in
Reliability standard TPL-003, in addition to the actions identified in (a) and (b) above,
the following shall be acceptable:

(a) Planned or controlled interruption of electric supply to customers (load shedding)
the planned removal from service of certain generators and/or curtailment of
contracted firm electric power transfers. Systern reconfigur_atlon should be
1mplemented to minimize the interruption of electric supply to the extent possible.

System Modeling and Contingency Definition

All planning models are based on the ERAG MMWG model of the_-Eaétem In_terconneet
power system. The model includes all TOs within the SPP RC footprint. Updates shall be
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made to reflect’ the most accurate system conﬁguration, generation, and load |

representanon for each pertinent individual balancing authority area for the study period.
The followmg guidelines for system representation in modeling shall be applied:

(a)

- (b)

-‘(9)
.@
(©)

®

(h)

Full loop representation is to be used with the entire Eastern Interconnect power
-system modeled. The model includes all non-radial facilities within the BES.

'Loads served over radial lines are typically modeled as aggregate at the delivery
-bus Many systems are modeled in greater detail down to subtransmission level

voltages (<69kV). This is typically true only when the subtransmission system is

networked (nonradial). In a few cases distribution level voltages are also

modeled. Dis'tr'ibution capacitors can be modeled as 'aggregate at a load bus.

The study model will assume all facilities in their normal operating condition,
with no planned outages, except those faerhtles normally operated in a de-
energized oond1t10n '

System transfer levels for major Eastern Interconnect paths should be agreed upon
and listed. Addmonal transfer paths should be included as appropriate. -

Voltage profile and equipment loadmg will be within the ratings of the facﬂltles
and will be determined using ex1st1ng crrtena '

The phase shifter methodology to be followed for- all apphcable phase shifters

should be 1dentrﬁed

rGeneration and load shedding may exceed the minimum requirerr_)e_n_t to ensure -
- margin for system secur1ty ' _ '
(&) A MMWG model base case will be selected based on the generauon d1spatch
load level (peak/off-peak) for seasonal (i.e. winter, spring, summer, and/or fall)

system conditions: The generat1on_d1_spatoh may vary due to wind, hydro or other

condmons

Res1dent1al eornmerc1a1 and industrial load models, with constant power, current _
and Impedanee should be 1noluded as appropriate. Transient stability models shall .
represent voltage and’ frequenoy characteristics, either actual load models when '

- available, or accepted mdustry models. Loads shall be modeled as accurately as
o _-'possrble including the appropriate load power factor. Margins prov1ded to allow
_'for load model uneertamty shall be expheltly stated.

. ." /4\.\
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(2) At a minimum the contingencjflist used in the planning horizon should include all non-

€))

7.3.2.3

radial BES transmission lines and transformers > 100kV and all generators rated 3OOMW .
and above. Additional contingencies will be included as provided by BA’s and/or TOs
within the RC footprint. -

Special Protection Schemes (SPS) All SPS required to obtain the Accepted Rating should
be described in details and modeled as they will be applied in operation.

Methodology Dlstrlbutlon _

SPP shall issue this methodology and any changes to the methodology, prior to the changes

taking effect, to all the following:

(1)

)
3

7.3.2.4

M

Adjacent Planning Coordinator and each Planning Coordinator that has indicated it has a
reliability-related need for the methodology

Each PA and Transrn1ss1on Planner that models any portlon of the RC footprint
Each TOP w1th1n the RC footprmt ' '

Comments_ on Methodology

If a recipient of the SOL methodology provides documented technical comments on the
methodology, the Planning Coordinator will provide a documented response to that
recipient within 45 calendar days of receipt of those comments. The response will
indicate whether a change will be made to the SOL methodology and, if no change will
be made to the SOL methodology, the reason why. | | |
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8. - System Protectlon Requlrement
Sectlon Owner: Special Protection and Controls Workmg Group (SPCWG)

8. 1 Disturbance Momtormg Equipment

‘Dlsturbanoe Momtormg Equlpment (DME), as the term is used in this- Seetlon refers to_
equipment stch as Digital Fault Recorders (DFR), Sequence of Events Recorders (SOE andfor

' -~ SER), Dynamrc Disturbance Recorders (DDR), and other devices connected to the power system
- for the purpose of rnomtormg performance of the system This equrpment is used to capture data
during disturbances defined as

1) any perturbation to the power systern, or

2) the unexpected change in the power system that is caused by the sudden loss of
- generation, transmission or interruption of load. Disturbance monitoring equipment

-collect and store
' a) “fault data” from a 11ne or equipment trip for abnormal oondltlons or

b) “dlsturbance data” for power system performance swings or deviations out51de ofa
predefined operating range (frequency, voltage, current, power, transients, etc.).

: - Digital fault recorders (DFR) are capable of 'pro_ducing date and time stamped fault records,

consisting of instantaneous values of power system quantities collected many times per cycle,
for a specific per1od of time. In general, DFR’s are oontmuously monitoring devices that use
trlggermg methods to capture, over a period of several cycles, specific systern events, such as
line trips for fault conditions. Sequence of Events’ Recorders (SER) capture and time stamp
events in the sequence in which they occur. The facility owner should be responsrble for

" interpreting the information from SER’s due to the equipment specific and detailed nature of
" these records. Typically, SER’s record the sequence of breaker operations needed for higher-
level event reconstruction and analysis. Information provided by SER’s may- be obtained from-
other devices such as fault recording equipment, SCADA, or other real time computer records _
Dynamic dlsturbance recorders (DDR) record date and time stamped 1nc1dents that portray :
power system behavior during dynamic events such as low-frequency (0.1 Hz-3Hz)
oscillations and abnormal frequency, power, currént,. ot. voltage excursions. DDRs are also

commonly referred to as dynamlo swmg recorders (DSR)
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8.1.1 General Minimum Technical Requirements

Disturbance Monitoring Equipment, as a minimum, must be capable of producing time stamped
event records (some pre-fault and some post-fault data) including waveforms for voltages and
currents as well as power circuit Break_er_' position indications. All DME including DFRs, SERs,
and DDRs as required in 8.1.2 shall be synchronized to within 2 milliseconds or less of Universal
Coordinated Time scale (UTC). Recorded data from each disturbance shall be retrievable for at
least ten calendar days per PRC-018-1, R1-2. The Disturbance data reporting after 5-1-2007 shali

be in a format which is capable of being viewed, read and analyzed with a generic Common -
Format for Transient Data Exchange for Power Systems (COMTRADE) or its successor -

standard. Per PRC-O(_)?,-.I,-'neW DME required per 8.1.2 shall include naming of data files in '
conformance with the IEEE C37.232 Recommended Practice for Naming Time Sequence Data
Files effective 6 months after [EEE C37.232 is approved.

Disturbance Monitoring Equlpment will also be required to meet the NERC PRC-002-1 and
PRC 018-1 Re11ab111ty Standards. :

8.1.1.1 } DFR Minium Technical Requirements

DFRs as :r.e_quired in '8.1.2 shall be capable of recording at least 5 events of not less than 30
cycles in duration W_ith a sampling rate of not less than 64 sampies per cycle. Event data shall be
retrievable within a. period of not less.than 72 hours. A minimum of three (3) cycles of )
predisturbance data shall be ree_drded_ wi_th each event. Disturbance records shall be continuous
until the system returns to a non-faul'red'condition' orthe 30 cycle minimum record duration has
been reached. DFRs shall record, at a minimum, the quantities listed below in a single reeordmg _
system, This smgle recording system shall be capable of and configured to simultaneously -
capture and time synchromze all required quantitics at a substation for each event in a single
record. ' '

1) One set of voltages for each operatmg voltage at 100 KV and above in a substation. A sct
of voltages shall consist of each phase voltage waveform. If potentlal dev1ces are not
requlred for protection or metering purposes at a particular voltage level ‘then  this
partlcular voltage level need not be monitored. '

2) For all lmes operating at 100KV and above either three phase current waveforms or two
phase current waveforms and neutral (residual) current waveform. o
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3) For all autotransformers, current waveform for three phases and e1ther neutral/res1dual.-'
current waveform or current waveform in delta wmdlngs ' :

4) Status — c1rcu1t breaker trip 01rcu1t energ1zat1on for all breakers operatmg at IOOKV and -

above,

5) Status ~ carrier transmtt/recelve 1f catrier relaymg is used for all’ 11nes operatmg at 100KV _:
and above. L :

6) Date and time stamp.
~7) For equipment installed after 1-1-2007, frequency, MW and MVARS shall be recorded

and -displayed or be able to be derived from collected information, using industry
standard software. Sampling rate minimum for this data shall be one sample per cycle.

8) For equipment 1nstalled after 5-1- 2007, polarlzmg currents and voltages if used, on lmes'
operating at 100KV and above '

81,1.2 SOE/SER Minimum Technical Require:nents

SER’s, as required in 8.1.2, as a minimum, must be capable of producing time stamped power
circuit breaker position indications. Sequence of Events Recorders may not be required as long
as an appropriate monitoring device provides breaker indication and meets the general technical
' requirements in 8.1.1.

__ 8.1;2_ ' DDR Mlmum Techmcal Requirements

DDRs as required in 8.1. 2 shall be capable of recordtng 960 samples per second and shall record
the true RMS value of electrical quantities at a rate of at least 6 records per second For DDR’s
installed after January 1, 2009 continuous recording shall be required. DDRs shall be capable of
recording electrical quantities for"e'ach'monitored element sufficient to determine . and display
voltage, current, frequency, megawatts and megavars DDRs shall record at a minimum,  the
quantities l1sted below ' ' o '

1) One set of voltage and current for each line operated at IOOkV and above A set shall
consist.of phase to neutral voltage and the correspondmg phase line current '

2) One sct of voltage and current for. each auto- transformer with a secondary voltage
operated at 100kV and- above. A set’ shall. consist of phase 10 neutral voltage and the
corresponding phase lme current. -
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3) Date and time stamp.

4) Frequency, MW and MVARS shall _b_e_ recorded;and_.'displayed or be able to be derived
from collected information, using industry standard software. '

8.1.3 Required Locatmn for Dlsturbance Momtormg Equlpment

DFR and SER capabilitics are requtred at all new EHYV substations, operated at 345kV or higher,
and all new generating stations of 400 MVA or greater placed in service after January 1, 2002. In
addition, any new substation placed in service after January 1, 2002 containing six (6) or more
lines operating at 100 KV and above will be required to have DFR, and SER capabilities. ~
However, when additional lines placed in service after January 1, 2002 are added to an existing -

substation that results in six (6) or more total lines, then DFRs and SERs shall be requ_iréd for.
‘monitoring all elements within the substation as defined in 8.1.1.1 ‘and 8.1.1.2. These

requirements may be waived at SPP’s discretion, if a DFR is already .located;at_-an' adjacent

substation.

DDR capabilities are required at all new EHV substations, operated at 345kV or higher, and all
new generating stations of 400 MVA or greater placed in service after January 1, 2008. In
addition, any new substation placed in service after January 1, 2008 containing six (6) or more
lines operating at 100 KV and above will be required to have DDR capabilities. However, when
additidnal lines placed in service after January 1, 2008 are added to an existing substation th_at
results in six' (6) or mbré total lihes then DDR shall be requfred for monitdring all elements
within the substatlon as- deﬁned in 8.1:1 3 These requirenents -may be waived at SPP’s
discretion. '

The number, type and location of disturbance monitoring equipment will normally be the
responsibility of the facility owners based on recommendations by the owners’ studies and this

. “criteria. Information about installations will be provided by. the facility owners to the SPP in
' accordance with NERC Standards and maintained in a database by the SPP staff for a period of

at least three (3) years. The SPP System Protection and Control Workmg Group (SPCWG) shall

‘monitor this database. The Transmission Working Group and Operating Reliability Working

Group will review the database to recommend that equipment with adequate capabilities --
including digital fault recorders and dynamic disturbance recorders --be installed at critical
locations throughout the system as determined in power flow and dynamic stability studies.
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8.1.4 Periodic Review of Disturbance Monitoring-'Equipment

SPP members shal] maintain a list of substations where Disturbance Monitoring Equipn*rent"is
located for generatlon and transmission facilities including those desrgnated as being critical by
the Transmission Assessment and Security Workmg Groups. The facility owner shall be
responsible for providing required data on a form developed by the Sys_te_rn Protection & Control c
Working Group and supplied by SPP. Required d'ata should include ty;ae of DME, make and .

~ model of equipment, installation location, operatlonal status, date last tested, monitored =

elements, monitored devices, and monitored clectrical quantltres Each facility owner shall
provide updates to the SPP upon request. The SPP staff will maintain and update the Disturbance
Monltormg Equipment database. The. Transmission Assessment and Operating Reliability
Worklng Groups will review the database annually for additions and changes, specifically
checking for equipment as recommended in Section 8.1.2. The SPCWG will update if necessary,
this System Proteetmn Equipment Criteria every three (3) years.

8.1.5 Req_u_ests for Disturbance Data and Retention Req_u_irements

SPP shall function as a requesting agent and clearing house for the cel_l'ection of data on an as
needed basis when the request is not from an SPP member. Facility owners shall provide
requested equipment lists and disturbance data within 30 business days with a copy of the
requested information forwarded to the SPP. SPP shall prov1de installation and: reportlng
requirements to other regions and NERC within five (5) business days. SPP members and NERC
sta'ff'rn'ay also formally request data from SPP members with a. E:Opy of the request forwarded to
the SPP. Such requests will be considered to be a request from SPP staff

A narrative descrlptlon of each disturbance, pursuant to the requlrements of SPP Crlterla 11
addressmg System Disturbance Reporting, to be provided by the facﬂlty owner shall 1nclude, ata

‘minimum, a brief description of the event as identified on a form supphed by SPP. Additional
| items that shall be included are the cause of the incident, its consequences, service interrupted,
. corrective actions taken and any other additional actlons that may be requtred beyond the point . -

_'.-1n time when the analy51s is completed to include when these actions’ will be completed: B
_ - Attachments shall be prov1ded including relevant information from the DME that substantiates '

 the determination of cause(s) of the disturbance. This information shall 1nclude all quantltles

based on the equipment requirements spemﬁed_ in 7.1.1, Minimum Techmcal Requirements. -
Facility owners shall retain disturbance data for a period of not less than one (1) year in a -
common format to the extent possible given the d_ifferent manufacturers and types of equipment. -
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Disturbance data recorded after 5-1-2007 shall be stored in a format which is capable of being
viewed, read and analyzed with a generic COMTRADE analysis tobl or its succesSOr standard.
However, the units of the data and source such as line, transformer and generator terminal shall
be clearly 1dent1ﬁable in a consistent, time- -synchronized format ' '

82 Transmission Protection Systems
8.2.1 Introduction

The goal of transmission Protection Systems (TPS) is to ensure that faults within the intended
zone of protection are cleared as- quickly as possible. When isolating an electrical fault or
protecting equipment from darhagé, these protection systems should be designed to remove the
- least amount of equipment from the transr_ni'ssion network to preserve electric system integrity.
'They should also not erroneously trip for faults outside the intended zones of protection or when
no fault has occurred. The need for redundancy in protection systems should be based on
ancvaluation of the system consequences of the failure, misoperation of the protection system,
and the need to maintain overall s'ystem reliability. All reviews of facilities as included in
Criteria 8.2 shall be for those _opexjated at 100kV or above.

- 82.2°  Protection System Review
8.2;_2.1 Assessment of System Performance

The transmission or- protection system. owners shall provide an assessment of the system
performance results of simulation tests of the contingencies in Table I of Standard LA. (NERC
Planning Standard). Thesé assessments should be based on existing protection systems and any
existing backup or redundahcy protection systems to determine that existing transmission
protection schemes are sufficient to meet the system performance levels as defined in NERC.
Standard 1.A. and. assoc1ated Table 1. Therefore, the relative effects on the 1nterconnected .
transmission systems due to a failure of the protection systems to operate when required versus
an unintended operation should be weighed carefully in selecting design paramecters. All
noncompliance ﬁndings' shall be décumehted-including a plan' for achieving compliance. These
assessments should be prov1ded to NERC, SPP, and those entities responsible for the reliability
of the mterconnected transmlsswn systems w1th1n 30 days of the request.
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8. 2 2. 2 Revnews of Components and Systems

The owner shall conduct per10d1c reviews of the components and systems that make up the °
transm1ssmn protect1on system to assure that components and systems function as desired to
minimize outages All non- compllance findings, as a result of this review, shall be documented
including a plan for achieving compliance. These reviews are to be completed as system changes
dictate, or more frequently as needed based on misoperations as 1dent1ﬁed in Criteria 8.2.4. The
revrews should include, but not be 11rn1ted to, the following items:

1) Review of relay settmgs
¥ 2) Current carrying oapabrlrty of all components (Lines, CTs, breakers switches, etc.). -
| 3) Interrupting capablhty of all components (breakers, switches, fuses, etc)

4) Breaker farlure and transfer trip schemes

5) Comrnunrcauons systems used in protectlon

Models used for determining protectron settings should take into account s1gn1ﬁcant mutual and
zero sequence impedances. The design of protection systems both in terms of circuitry and :
physical  arrangement, should facilitate periodic testing ‘and maintenance. Generation
_ andtransmission proteetron systems should avoid tripping for stable power swings on the
 interconnected transmission = systems. Automatic reclosing - or s1ngle-pole switching . of
' transmission lines should be used where. studies indicate enhanced system stab111ty margins are
- necessary. However, the possible effects on the sysiems of reclosure into a permanent fault need
" to be considered. Protec‘uon system applications and settings should not normally limit
transmission use. Appl1cat10n of zone 3 relays with settings overly sensitive to- overload or
depressed voltage conditions: should be avoided where possible. Communications systems used -
in protection should be cither contrnuously monitored or alarmed or automat1cally or manually_
tested. '

8.2.3 System Redundancy

Transm1ss1on Protection Systems shall provide redundancy such that o s1ngle protectron system
component -failure would prevent. the interconnected transm1ss1on systems from meeting the
system performance requirements of the .A. Standards on Transmlssmn Systems and associated
Table I (NERC) Each Transm1ssron or Protect1on System Prov1der shall develop a plan for
reviewing the need for redundancy in its exrstlng transmission protect1on systems and for

Version 1.0 o 11/202015 - 98



SPP Southwest
Power Pool

SPP Planning Criteriaf

' Implcmentmg any requ1red redundancy:. Documentat1on of the protection system redundancy

reviews shall be pr0v1ded to NERC, SPP, and those entities responsible for the rehabﬂlty of the
interconnected transmission systems, on request. Where redundancy in the. protection systems
(due to single protect1on system component failures) is’ necessary to meet the system'
performance requn‘ements (of the .A. Standards on Transm1ssmn Systems and assoclated Table .
), the transmission or protection system owners shall prov1de as a minimum, separate ac current
inputs and scparately fused dc control voltage with new or upgraded protectlon system
installations. Breaker: failure protections need not be duplicated. Breaker failure protection
systems, either local or remote, should be provided and designed to remove the minimum
number of elements necessary to clear a fault _-Whilc maintaining performance requirements.

- Physical and clectrical separation should be maintained between redundant protection systems,
- where practical, to reduce the possibility of both systems being disabled by a single event or

condition. When two independent protection systems are required, dual circuit breaker trip coils
should be considered. Where each of two protection systems are protecting the same facility, the
equipment and communications channel for cachsystem should be separated physically and
designed to minimize the risk of both protection systems being disabled simultaneously by a
single event or condition. '

"_8.2.4 o Monitoring, Analysis and Notification of MisOperations

Each Transmlssmn or protectlon system owner shall have a process in place for the monitoring,
notlﬁcatlon and analy51s of all transmission protect1on trip operatwns Any of the following
events constltute a reportable TPS misoperation:

1) Failure to trip — Any failure of a Protection System element to operate when a fault or

“abnormal condition occurs within a zone of protection. (Note: Lack of targeting, such as

- when a high-speed pilot system is beat out by a high-speed zone, is not a reportable

misoperation If a fault or abnormal condition is cleared in the time normally expected

with proper functioning of at least one Protection System, fa11ure of a Protection System
element is not a reportable mlsoperatlon )

2) Slow Trip — Any failure of a Protectlon System element that is slower than planned to
operate when a fault or abnormal .conc_htlon oc_c_u_rs wlthm the zone of protection. (Note:
Delayed Fault Clearing, where a high‘-specd 'sys_ter'n is employed but is not essential for
transmission system performance, is not a report_ab_le misoperation.)
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-3) Unnecessary Trip Duiing a Fault — Any unnecessary Protection System operation for a '
fault not within the zone of protectlon An example of this type of Misoperation is an_

over-trip due to lack of coordination between Protection Systems. (Note: Operation as
properly coordinated backup protectlon for a fault in an adjacent zone that is not cleared

within the spe01ﬁed time for the protectlon for that adjacent zone is not a reportable :

Misoperation. )

4) Unnecessary _Tr1_p Other Than Fau_l.t.-'_'— Any unnecessary Protection System opetation
when no fault or other abnormal condition has- occurred. (Note that an operation that a

occurs during on-site mamtenance testing, construction and/or commlssmmng act1v1t1es

is not a reportable Misoperation.)

Misoperations at lower voltages t_hat cause an outage of a transmission component, operated at
100KV or higher, shall be reported. An operation of a TPS that only has an effect on a
~ nontransmission component operated at less than 100kV need not be reported. Documentation of

all protectlon trip misoperations shall be provided to SPP and NERC within five (5) business -
days of the request Each facility owner shall document that it has fully complied with its process
for monitoring, notification, and analy51s of all TPS trip operations. It shall also provide
consistent documentation of all TPS trlp misoperations, indicating the cause and those correctlve '

actions that have been or will be taken. The facility owner will be responsible for prov_Idmg
documentation of misoperations on a form supplied"b'y' SPP. When ‘requested, supporting
documentation shall be prov1ded 10 SPP and include. all fault and- sequence of events data
relevant to the cause of the m1soperat10n The facility owner shall maintain the documentatlon of

all operations for a minimum of one (1) year. The facility owner’s processes should include

items such as:
1) Unifon_ﬁ_ fb._r:mat to the extent possible.
2) Content guidelines. E
- 3) Requirements for periodic reviéw.
.4) Reqmrements for updating data. |

5) Procedures for analysm of all trip mlsoperatlons. :
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 82.5  Transmission Protection System Maintenance and Testing Programs

Facility owners shall have a protection: s'ysfém maiﬁtenance and testing 'prograh‘i in place. The
facility owner shall demonstrate full cornphance to the program for protectlon system
maintenance and testing and that all required activities have been cornpleted on schedule. The
program shall be maintained and documented. The facility owner will be respon51ble for
maintaining and providing requlred ‘data for each- facility. Each facility owner will provide
updates to SPP or NERC within 30 days of a request Each facility owner shal] perlodlcally test
the protection system components and system on a frequency as needed to assure that the system
is functional and correct. Protection System component maintenance and testing shall be done
based on the manufacturers’ recommendation or, if less frequent, to maintain reliable operation.
; A facility _owner that tests on a less frequent basis than the manufacturer’s recommendation shall
- provide written justification for such a change, if requested by SPP or NERC. For newer TPS
- with - selfémonitoring, having SCADA reporting for a TPS failure, and with successful
downloading or viewing of data following operations, then such activity and application shall
satisfy the testing and maintenanceprocedure requirements. The facility owner shall maintain the
documentation of all maintenance and tests records for one test period. Protection systems and
their associated maintenance and testing procedures should be designed to minimize the
likelihood of personnel error, such as incorrect operation or inadvertent disabling. Protection and
control systems shall be functionally tested when initially placed in service, when modifications
are made, and at a frequency of no less than five (5) years to verify the dependability and
| 'securlty aspects of. the design. The maintenance and. testmg program of the protectlon system
~“should include pr0v151ons for relay callbratlon functlonal trip testing, commumcatlons system
' 'testmg, and breaker tnp testing. All maintenance and testing shall be documented as described

below:
' : 1) 'T'ransmi.sSieﬁ-'protecti_on.sy_ster'n:i_den.t-i'ﬁcatiof_l-."_; '
| 2)- Sumrhary o'f'testin.g Iﬁroeed'.ure's..'.' | |
3) Frequency-of testing.
4) Date last tested.

5) Results of last testing,
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8.2.6 Requests for Trans_mission Protection System Data

SPP shall function as a requesting agent and clearinghouse for the collection of TPS data on an
as-needed basis. FaciIity owners should provide the requested data within thirty (30) days with a
copy of the requested 1nformat10n forwarded to the SPP. If a fac111ty owner cannot provide the
requested data within this specified time frame, SPP -shall be notified of the delay and the
" anticipated date of forwardmg the requested data. SPP members and NERC staff may also
‘formally request data from SPP members with a copy of the request forwarded to the SPP Such
requests w111 be oon51dered to be arequest from SPP staff.

82.7 "Transm'ission Prtection Systems' Criteria Updates

The SPCWG will update, if necessary, this transm1ssmn Protection Systems Crlterla every three

3) years -
8.3 Under—Frequency Load Sheddmg and Restoratlon "

8.3.1 Automatlc Load Shedding

A major disturbanee' among the interconnected -bulk electric system may_ result in certain areas _
becoming isolated and experiencing abnormally low frequency and voltage levels. The areas of o
separation -are  unpredictable. To provide load relief and minimize the probability of -
networkcollapse the following practices are established. For more details refer to SPP UFLS Plari

and -NE_RC.'PRC-OOG-I.
8.3.1.1 Operatmg Reserve

All SPP operatmg reserve shall be utilized before resortmg to shedding ﬁrm load During a

perlod of declining frequency, there may be violent’ swings of both real and reactlve power. For

this reason, all generator governors and- voltage regulators shall be kept in automatic serv1ce as

much as practical.

8.3. 1 2 Operatmg Prlnclples

To realize the maximum beneﬁt from a load shedding program the points at :which the load is
shed in.a company area: _shall be widely dispersed. This can ‘be accomplished at the sub-
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transmission and distribution voltage level where the types of load and the increments of load to - -
be shed can be selected. | ' '

The time interval involved in shed_d_ing load is of extreme importance. System operators cannot
and shall not be required to manuélly shed load during a period of rapidly declining frequency.
The only practical way to remove load from a member in an .attempt to stabilize the frequency is
to do so automatically by the use of under-frequency relays. Since a geographical area or the
timing of a period of low frequency cannot be predicted, all of the designated underfrequency
relays on a member system shall be in service at all times. Underfrequency relays shall not be
insta]lcd _oni'transr'n'i_ssion' ifiterconnections unless considered necessary and has been mutually
agreed upon between the members involved. '

83.1.3 Requiremen_ts for Testing and Maintenance Procedures

Each facility owner shall have a documented maintenance program in place to test or the means
(i.e. self-testing microprocessor relays) to periodically check the functidna]ityrahd'availability of
the UFLS equipment in service. These tests shall be done based on the manufacturers’
recommendatioh or, if less frequent, to maintain reliable operation. A facility owner that tests on
a less .fre_qucnt basis than the manufacturer’s recommendation shall provide written justification
for such a ché,nge,. if _fequ'csted by SPP or NERC. The facility owner will be responsible for
maintaining and pro_vi'di_r'lg required maintenance data for its facilities for a minimum of three (3)
years. Each facility_-'own'er will provide updates to the SPP-or NERC upon request.

83.14 Restorai:ion

After the frequehC_y has stabilized the following procedure shall be followed:

1) In the e_vé_nt'fhe freq_ﬁcncy stabilized below 60 Hz, system operators shall coordinate

operations to-uti]iz’é all available generating capacity to the maximum extent possible in

order to restore the frequency to 60 Hz. Deficient systems shall contmue to shed load
-until the frequency can be restored to normal. ' ' '

2) At 60. Hz the isolated arcas shall be synchromzed w1th the remamder of the
' 1nterconnected systems. Synchronization between individual members shall be performed
only upon dlrect orders of the system operators of both companies involved.

3) System operators shall coordinate load restoration as generating capability, voltage levels
. and tie-line loadmgs allow.
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4) Any shed load shall be restored only upon direct orders of the system operator. Extreme :
care shall be exerclsed as to the rate at which load is restored to the system’in order that .

limits of generation and transmission line loadmg are not exceeded. Insofar as p0351ble
supervisory control shall be used to restore load; otherwise, manual restoratlon is.
preferable to insure positive control by the system operators.

5) It is recommended that a .i'estoration plan be furnished by each company for use by its

system operators for implementation of a coordinated and successful recovery. |

832  Manual Load Shedding

A situation can arise when a control area must reduce load even though the frequency is normal.
Since an automatic load shedding program will be of no avail in this case, manual load shedding
procedures shall be utilized. One of the basic principles of interconnected operation is that a

control area -Will match the area generation to area load at 60 Hz at all times. Should a generation |

-~ deficiency develop for any reason, arrangements 'shall be made with adjacent control areas to
- “cover the deficiency; but failing this, the affected control area shall reduce the area load until the
. available generation is sufficient to match it. In some cases a generatlon deficiency can be
- foreseen and will deve_lop gradually; whereas, in other cases the deficiency will develop

- immediately with no forewarning. A gradually developing deficiency can probably. be offset by
- 'using conservation procedures; whereas, an_-im_mediate deﬁ_eiehcy will probably require customer
- service interruption. The importance of a load reduction plan :oannot be overemphasized. A plan .

is offered here _Wh_ibh can be modified to fit individual cases. -
8321 Conservation

- 1) Interruption of service to interruptible customers. Utilize'to"the extent that the situation

requires.

2'.) _-Reduotlon of load in company faCﬂltleS

3) _-Reductlon of distribution voltage level. Utilize to the extent posmble and as the sﬂuatlon.

requlres

4) _Load reductlon by request to company employees and general public. The company
employees and the general ‘public shall be notlﬁed through news media to curtall the use
of electricity. o '
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5) Load reduction by request to bulk_ power users. Concutrent with voltage reduction and
asking employees and the general public to reduce load, bulk power users (rhunieipals
and cooperatives) will be asked to reduce load in their areas using the same methods. .

will be requested to curtail electric power usage where such curtailment will not s_.eriously-
disrupt customers' operations. |

8.3.2.2 Service Interruption

Manual load 1nterrupt10n shall be 1mplemented by a pre- -determined plan, an example of which
follows.

1} Each company operating subdivision shall select distribution circuits in approximately
‘ 5% increments in the order of their priority that will be taken out of service. The 5%
increments will be labeled "A", "B", "C", "D", "E", and "F". The interruption and the
_restoratlon of these clrcults will be under the control of the system operator. When the

system _op_erator det_enmnes that load must ‘be reduced, he shall direct the subdivision

“operators to open all "A" circuits. This will reduce the system load 5%. If further load
reduction is necessary, the System operator shall direct all "B" circuits to be opened
which will tesult in an additional 5% reduction. This shall continue through "C", "D",
"E", and "F" until the generation deficiency is eliminated.

§ 2) The objective of this plan is to have no circuits open more than two hours. If the duration
of the system emergency exists in excess of two hours and only the "A" circuits have
~ been opened, then at the end of two hours the "B" circuits shall be opened and the "A"
circuits reeldsed. If a 10% reduction is necessary, "C" and "D" circuits shall be opened
and "A" and "B" reclosed, after "A" and "B" have been open for two hours. Obviously,
no circuits shall be open longer than is absolutely necessary. The "E" and "F" circuits
_ shall be opened to avoid opemng "A" and "B" 01rcu1ts twice in one day

3) When a- generatlon defimency develops or begms to develop, the system operator shalI '

6) Load reduction by large use customers. Large use commercial and industrial customers '

alert all 1nvolvcd operatmg personnel to the effect that certain circuits may have to be -

' mterrupted This actlon will reduce the time required to execute circuit 1nterrupt10n'

~ orders. of the system: operator Some control areas in SPP have extensive. supervisory

B '.control systems while others have little, if any, supervisory control. Obv1ously, any
: 1mplementat10n plan shall make best use of available equipment.
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84 Speclal Protectlon Systems Equlpment

A Special Proteotlon Systems (SPS) or Remedlal Action Scheme (RAS) is de51gned to detect

abnormal system cond1t1ons and take automatlc pre-planned, coordinated, corrective action
(other than the isolation of faulted elements) to provide acceptable system performance SPS

. actions include among others, changes in demand (e.g., load Shedding), generation- or system
~ configuration to mamtam system stab1l1ty acceptable voltages, or acceptable facﬂrty loadings.

Al reviews of facilities as included in Criteria 8.4 shall be for those used to monitor and control
transmlssmn facilities operated at 100kV or above. The SPS design shall not create cascading
transmlsswn outages or system instability. One poss1ble SPS may be the automatic and
sequent1a1 droppmg of load, generatlon or adjacent high voltage (HV) lines, if a HV line trips. A
SPS ‘does not include (2) underfrequency load shedding or undervoltage load shedding as they
* are addressed under NERC Plannmg Standards 111.D, SPP Planning Criteria section 8.3, and IILE
or (b) fault conditions that must be isolated or (c) out-ofstep relaying. The SPS shall not require

operator action, and'all actions of the SPS are automatic. SPS shall be automatically armed -
without human intervention when appropriate. The status indication of any automatlc or manual

arming of SPS shall be provided as SCADA alarm inputs.

8.4.1 Operatmg Reqmrements and System Redundancy

Special Protection Systems shall 1nclude redundancy such that no single protection systern
component fallure would prevent the interconnected - transmission systems from meeting the
system performance requirements. of NERC ILA. Standards on. Transmlssmn Systems in

Categories A, B or C of the associated Table I. Each facility owner shall develop a plan for :
reviewing the need for redundancy in its existing speclal protection ‘systems and for .

implementing any required redundancy. Documentation of these reviews shall be provided to

NERC, SPP, and those entities responmble for the rehablhty of the interconnected transmlssmn

- systems, on request. Also, the misopération, incorrect operatlon or unintended operatlon of an

_-:SPS when considered by itself and not in combination with any other system contingency shall
*. - ‘meet the system perfonnance requlrements as defmed under Category C of Table T of the NERC

_I A Standards on transm1ssmn systems.

'. '8;4.2 Locatlon and Data Reportlng for Special Protectlon Systems Equlpment

The number, type and location of SPS equipment will normally be the respon51b111ty of the

facility owners based on recommendations by the owners® and SPP’s studies: Information about . - :
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1nsta11at10ns will be provided by the facility owners to the SPP in accordance with NERC

Standards and maintained ‘in databases by the SPP staff for a perlod of at ]east five (5) years.
These databases shall be rnomtored as necessary by the SPP System Protectlon and Control
Working Group (SPCWG) The Transmlsswn Assessment Workmg Group and Operatmg '
Reliability Working Group will rev1ew the databases and recommend that equipment with
adequate capabilities be installed at ‘critical locations throughout_the syst_e_m as determined in
power flow and dynami(.:'s'tability studies. The specific -data that is requ_ired in SPP’s circuit
analysis models shall be maintained and submitted to SPP by the facility owners or their

‘designated representatives on an annual basis or as otherwise required. This data shall represent
* ‘the designed functionality of the system. Documentation by facility owners for cach SPS utilized
. shall include details on its design, its operation, its control, its functional testing, and

coordination with other schemes that are part of or impact the SPS.
843 Testihg and Maintenance Procedures

Each facility owner shall have a documented maintenance program in place to test or the means
to periodically check the functionality of the SPS equipment in service. Component testing and

maintenance shall be done based on the manufacturers’ recommendation or, if less frequent, to

-maintain reliable operation. A facility owner that tests and maintains on a less frequent basis than

' the manufacturer’s recommendation shall provide written justification for such a change, if
. requested by SPP or NERC. The facility owner will be responsible for maintaining and providing - -

' retjuired maintenance data for its facilities for one testing period SPS shall be functionaliy tested o

when initially p]aced in' service, When modlﬁcatlons are made, and at a frequency of no less than
five (5) years to verify the dependabihty and security aspects of the design. Each facﬂlty owner
will provide updates to the SPP or NERC upon request.

8.4.4 - Periodic Review of Special Protection '_Systems'Equip_ment

SPP members shall maintain a list of substations whére SPS équipméﬁt is located for all areas
including - those designated as being critical by the Transmission Assessment and Operating
Reliability Working Groups. The facility owner will be responsible for providing required data
on forms developed by the SPCWG and supplied by SPP. Each facility owner will provide
updates to the SPP as requested. The SPP staff will maintain and update the SPS equipment
database. The Transmission Assessment and Operating Reliability Working Groups will review
the database annually for additions and changes, specifically checking for equipment as
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recommended in Section 8 4.2. The SPCWG will update, if necessary, this SPS Criteria every E :

three (3) years. Based upon (a) a five year interval ot other interval as requrred by electric system
changes, or (b) if a new SPS, or (¢} if a modified SPS, each fae1hty owner will review and
document their SPS for comphance with Regional planning criteria and guides, and the NERC
Planning Standard LA in_ell'uding the associated Table I. This review shall include system studies

to evaluate the conseque'nees of:
1) the proper operatlon of the SPS,
2) the fallure of an SPS to operate due toa smg]e component failure of the SPS and

3) the r_msoperatmn, incorrect op_erat1on, or the unlntend_e_d operation .of an ‘SPS when
eonsidered by itself without any other system contingency-.' '

These consequences shall not include. cascading transmission . outages or system instability.
These studies shall include the date that they were performed, who performed them, the.
methodology of the study, the results of the study, and when the next study is antrelpated

8.4.5 Requests for Spec1al Protectlon Systems Data

SPP-shall funct1on as a requesting agent and clearlng house for the colleetlon of SPS data on an
as-needed basrs Fa0111ty owners should provide the requested data within thirty (30) days with a
copy of the requested information forwarded to the SPP. If a facility owner cannot provide the
requested data within this specified time frame, SPP shall be notified of the delay and the
anticipated date of forwarding the requested data. SPP members and NERC. stafl’ may also
formally request data from SPP members with a copy of the request forwarded to the SPP Such
requests will be cons1_dered to be a request from SPP staff. '

8.4.6 Submlttals of Special Protectlon Systems Mlsoperatlons

All'misoperations of a SPS shall be reported to the SPP within five (5) business days after rece1pt_. .

'of the request, or as soon as possible thercafter. Any of the followrng events constitute a
.reportable SPS mrsoperatlon ' '

1) Failure to Operate ~ Any failure of a SPS to perform its 1ntended function within the
 designated time when system conditions intended to trigger the SPS oceur. L

2) Failure to Arm — Any failure of a SPS to automatlcally arm 1tse1f for system condltlons ;
that are mtended to result in the SPS being automatically armed
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3) Unnecessary Operatlon Any failure ofa SPS that occurs without the occurrence of the
intended system trlgger condition(s) including human error. '

4) Unne_cessary Arming — Any automatic arming of a SPS that occurs without the
occurrence of the intended arming system condition(s).

- 5) ._Failure to Reset — Any failure of a SPS to automatically reset following a return. of
‘normal system conditions if that is the design intent.

. Misoperations at lower voltages that cause an operation of a SPS, in systems 100kV or higher,

shall be reported. A detailed analysis of the misoperation, its consequences, and the corrective
actions taken to prevent a reoccurrence will be reported to the SPP within thirty (30) days. SPP
shall be notified of any delay and the anticipated date of forwarding the required data. This
analysis to be provided by the facility owner shall include, at a minimum, the description of
facility as identified on a form, developed by the SPCWG and supplied by SPP, including a
complete summary report of the misoperation, its consequences, corrective actions taken, and
any other additional actions that may be requlred beyond the point in time When the analys:s is -
completed to include when these actions w11] be completed The analys1s and corrective actions
shall be reviewed by the SPCWG. If these_ reported corrective actions are deemed inadequate,
then the corrective actions that SPP recommends shall be completed as soon as possible subject
to equipment availability.

84.7 Submittals for New, Modified, (including Removal) or Renewed Special
Protection Systems

The owner of the SPS shall notify SPP of its intent to construct a new, modified, or renewed SPS
with sufficient lead time to allow for an orderly review by SPP’s working groups and
committees. This notification will include statements on whether misoperation or failure of the
SPS would have local, inter-company, inter-area or interregional consequences, when the SPS is

- planned for service, how long it is. expected to remain in service, what specific contmgency(s) it

. s designed to operate for and whether. the SPS will be demgned accordmg to a11 SPP operating
o requlrem_ents of the bu_lk tr_ansmlsston system a_nd NERC Standards. For a new_or modified SPS
prior to construction of’ facilities, one (1) _el_,ectronic version in legible format and three (3) hard
'copies of all applicablé-studies supporting the design reqtlirernents of the SPS including a

complete set of electrical design specifications, drawings and operating plans shall be submitted
to the SPP with this notification. The drawings shall include a.geographical map, a one-line
diagram of all affected areas, and the associated protection and control function diagrams. The
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documentatlon of the proposed system will 1nc1ude any special condltlons or design restrictions

that exist in the proposed system. For renewed SPS prior to the expiration date, the facility owner
shall supply all the above mforrnatlon_plus any changes. in the original coordmatlon studies,
operation history, maintenance history, and any change in the original coordination with other
schemes. that are part of or impact the SPS. The System Protection and Control Transmission
and Operatlng ‘Reliability Working Groups will assess thc SPS’s. conformance with all SPP
operating requ1rernents of the bulk transmission system and NERC Standards. If necessary, the
working groups will request that the facility owner conduct additional studies and prov1de

additional details of design specifications, drawings and operating plans The results of such

compliance review shall be documented with all recommendations that are deemed approprlate
by the SPP and forwarded to the requesting party normally within 120 days from the date of
request. The recommendatlons of SPP shall be completely 1ncorporated into the design of the
SPS. ' _

* A presentation will be made to appropriate working groups when a facility owner deviates from
‘any of the SPP operating requirements of the bulk transmission system and NERC Standards as
~ well as when a member system is in doubt as to whether the design meets theSe requirements.
The facility owner shall arrange for the technical preseritation by advising SPP approximately
- four months prior to the presentatlon and by providing copies of the materials to be presented 30
- days prior for new or modified SPS. The facility owner will advise appropriate working groups
- of the basic design of the proposed system and include a geographical map, a one-line diagram
of all affected aras, and the associated protection and control function diagrams. The proposed -
system should be explained with due emphasis.on any special conditions or design restrictions o
- that exist in the proposed system. A presentation will alsobe made to appropriate working
‘groups relating to new facilities or a modification to an existing facility when requested by either
~a member system ora worklng group '

8.5 Undervoltage Load Sheddmg

One characterlstlc of electric systems that experience heavy loadlngs on transmlssmn facﬂltles

with relatively limited reactive power: control is the suscept1b111ty to voltage 1nstab1hty Such
instability can cause tripping of ge_n_erauon and transmission facilities resulting in loss of
customer: demand as well as collapsc" of ‘the bulk transmission system. A major disturbance
among the interconnected bulk electric systems may result in certain areas becoming isolated and
experlencmg abnormally low frequency and voltage levels. Smce voltage collapse can occur
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rapidly, operators may net have sufficient time to stabilize the systems. Therefore, a load-
shedding scheme that is automatically-'at:tivated as a result of underifoltage conditions in portions
of a system can be an effective means to stabilize the interconnected systems and mitigate the
effects of a voltage collapse -~

8.5.1 Program Participanfs

Facility Owners who determine it_beneﬁdial to install undervoltage load shedding (UVLS)
equipment may do so. However, UVLS schemes must coordinate with all protection and
underfrequency load shedding schemes for the reliable operation of facilities operated at 100kV

~ - and dbove. Also, members are not required to install such equipment unless deemed necessary by

either _SPP -0;‘ NERC to-ensure the reliability of bulk transmission systems.
852 Opera_tiﬁg Reserve and Principles

All SPP operéting reserve shall be utilized before resorting to shedding firm lpad. All generator
governors and voltage regulators shall be kept in automatic service as much as practical so that

generating units may be used to their maximum capability for supplying voltage support during -
:disturbances

1) To realize the max1mum benefit from a load shedding program, the points at which the
- load is shed in a company’ area should be widely dispersed. This can be accomplished at
‘the sub- transmission- and distribution voltage level where the types of load and the

lncrcments of load to be shed can be selected.

2)  The time _1nterval 1nvolved in shedding load is of extreme importance. System operators
- -:cannot_' and shall not be required to manually shed load during a period of rapidly
;decliniﬂg "voltage One practical way to remove load from a member in an attempt to
 stabilize the voltage is to do so automatlcaliy by the use of undervoltage relays. All of the
demgnated undervoltage relays on a member system shall be in service at all times.
Undervoltage relays shall not be installed on transmission 1nterc;.onnect10ns unless
considered necessary and has been mutually agreed upon_.bétween t_he_ fn'ember_s;'i.nvo'lved.

-3) Loads may be shed in multiple steps. Whatever actions are planned or implerﬁentéd by
- . one member, including actions other than load shedding, shall be coordinated with
- -nelghbormg ‘members and SPP. All UVLS programs shall coordinate with
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underfrequency load shedding.requirements' of othet members and SPP to maintain the -
reliability of the bulk transmission system operated at 100kV and above. "

4) Should the utilization of various assets, such as responsive voltage- supportmg TEsources, -

B generation, capacitors and_st_atlc var systems, fail to stop a voltage decline, load shedding
shall be initiated as determined by the member of which is conditional upon the regional
requirements of SPP. The relays used to accomplish load Shedding_sha]l be high speed_.
with the necessary exterrlal ‘intentional time delay devices employed to eliminate
nuisance trips during faults, reclosing delays, etc. '

8.5.3 Loc_a_ﬁon and Data Reporting

The determination of the number, type and location of UVLS equipment will norma.]_ly be the
responsibility of the facility owners based- oo recommendations b'y the owners” or SPP’s studies.
Facility owners shall provide information about these mstallat1ons to the SPP in accordance with
NERC Standards within five (5) business days upon feceipt of the request. This information will
be maintained in databases by the SPP staff for a period of at least three (3) years. The SPP
System Protection and Control Working Group (SPCWG) shall’ monitor these databases. as
necessary. The Transmission Assessment Working Group and Operating Reliability Working
Group will review the databases and recommend that equipment with adequate capabilities be
installed at crmcal locatlons throughout the system as determined in power flow and dynam1o
stability studies.: '

The specific data that is required in SPP’s circuit analysis models shall be maintained and
submitted to SPP by the facility-owners or their designated representatlves on an annual basis or
as otherwise required. This data- shall include, but not be limited to, type of equipment, locat:on
breaker trip voltages, amount of load shed by trip voltage, relay and :breaker operatmg times,
and any intentional delay of breaker clearing. Also required will - be any related generatron
protectlon tie tripping schemes, 1sland1r1g schemes, or any other schemes that are part of or
1mpact the UVLS programs. o ' |

8.5.4 : f' - Momtormg, Analysis and Notlficatlon of Mlsoperatlons i

Each _fao-i_lity owner shall hav_e -aiproc_ess in place for the_ monitoring, notrﬁcatioﬁ,'._and analysis of -
all UVLS trip operations. An'y'_o_f the"following constitute a reportable UVLS misoperation:
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1) Failure to trip — Any failure of UVLS equipment to initiate a trip to the appropriate
terminal when a voltage level is less than or equal td alow- voltage set point.

- 2) '_ Slow Tr1p A correct operation of UVLS equlpment for a low- voltage condltlon where
. the relay system initiates tripping slower than the system design mtends

3) Unnecessary Trip With Acceptable Voltage — Any re]ay 1n1t1ated operatlon of a circuit
breaker when the voltage is within acceptable limits.

' 4) Unnecessary Trip Within Period Of Time Delay — Any fe]ay initiated operation of a- |
circuit breaker before an intended time delay has expired.
5) Unnecessary Trip, Other— The unintentional operation of a UVLS scheme which causes a

circuit breaker to trip when no low-voltage condition is present. This may be due to
vibration, improper settings, load swing, faulty relay, or human error.

' Misoperations at lower voltages that cause an outage of a transmission eompon'e'nt, operated at

100kV or higher, shall be repb_fted.'D.ocumentation of all misoperations shall be provided to SPP
and NERC within thirty (30). b’usineés days of the request. Each facility owner shall document
that it has fully complied with its process for monltormg, notification, and analysis of all trip
operations. It shall also provide consistent documentatlon of all trip misoperations, indicating the
cause and those corrective actions that have beén or will be taken. The fac111ty owner will be
responsible for providing documentation of misoperations on a form, developed by the SPCWG -

- and supplied by SPP, with applicable attachments. These attachments ‘shall include all voltage' .
- and sequence of events data relevant to the cause of the misoperation of which is the bas1s for the_- .

documentation.

The facility owner shall mamtam the documentation of all operatlons for a rnlnlmum of one (1)
year. The facility owner’s processes should include 1tems such as: o

1) Uniform format to the extent possible.

2) Content guidélines.

3) Reqnir'ements for'p'ei;iodic révié{v EERERE
4) Requirements for updatmg data

5) Procedures for analysns of all trlp mlsoperatlons
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._8.5'._5 Testing and Maintenance Procedures

Eé_teh facility owner shall have a documented_.rnainteﬁanCe pregram in place to test or the means
(i.e. self-testing microprocessor relays) to periodically check the functionality and availability of
the' UVLS equipment in service. These tests shall be done based on the manufacturers’

recommendation o, if less frequent, to maintain reliable operation. A facility owner that tests on -

a less frequent basis than the manufacturer’s re'commen'dation shall provide written justification
for such a change, if requesied by SPP or NERC. The facility owner will be resp'onsible for

) mamtammg and provrdmg required maintenance data for its facilities for a minimum of three (3) _

years Each fa0111ty owner will prov1de updates to the SPP or NERC upon request.
- 8.5.6 Periodic Review of Undervoltage Load Shedding Equipment

SPP members shall maintain a list of substations where UVLS equipment is located for all areas
including those designated as being critical by the Transmission Assessment and Operating
Reliability Working Groups. The facility owner will be resporlsible for providing required data
on forms developed by the System Protection & Control Working Group and supplied by SPP.
“Each facilii:y_ owner will provide updates to the SPP as requested. The SPP staff will maintain
and update the UVLS equipment database. The Transmission Assessment and Operating
Reliability Workiﬁg Groups will review the database annually for additions and changes,
" specifically checkmg for equipment as recommended in Section 8.5.3. The SPCWG will update,
if necessary, thrs UVLS Criteria every three (3) years ' o

| 8.5.7 R'equests for'Undervoltag'LOad Sheddingf'D.a_ta |

SPP ‘shall function as a requésting agent and clearing house for the collection of data on an as

needed basis when. the request is not from an SPP member. Facility Owners shall provide '

program information in'cluding equipmerit"dafa within. ﬁve' (5) business days upon reeéipt of a
request with a copy of the requested information forwarded to the SPP. Facﬂ]ty owners shall also
provide documentatlon ‘within thirty (30) busmess days upon recelpt ofa request, relatmg to 1)
all misoperations within the requested time frame, 2) an_l_mplemented maintenance program, and
3) an applicable technical assessmient. SPP shall provide program information including
equipment data to NERC within thirty (30) business dayé upon receipt of a req'uest SPP
members and NERC staff may also formally request data from SPP members with a copy of the
request forwarded to the SPP Such requests will be con51dered to be a request from SPP staff.
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85.8 Coordinafion of Undervoltage Load Shedding Programs

The facility owners and operators of an UVLS program shall ensure that their programs. are
consistent with Regional UVLS program requirements 1ncludmg automatically shedding load in
the amounts and at the locations, voltages rates and times consistent with those Regional
requiremnents. When an undervoltage event occurs which is below the initializing set points of
their UVLS programs, the owners or operators shall analyze and document- the event.
Documentation of the analys1s shall be provided to SPP and NERC on request in the time frames
established in 8. 5.7

8.6 Automatlc Load Sheddmg

Following a disturbance when the frequency and voltage have stab1hzed properly coordmated o
and implemented programs for the automatw restoration of load can be useful to minimize the
duration of interrupted electric service. However, the design of such plans rust ensure that the
a_ut(_)matw restoratlon_o_f load does not impede the restoration of the interconnected bulk electric
facilities operated -at. 100kV or higher. After the automatic shedding of load by either
underfrequency or-undervoltage relaying schemes has occurred, the interconnected bulk electric
facilities must first .be stabilized with regard to both nominal frec’juency and voltage within
appropriate limits pr1or to arming an automatic restoration of load system. Also, sufﬁment
spinning reserves must be available such that the recreation of an underfrequency or
undervoltage condition does not occur when electric service is restored. Then automatic load
restoration programs can be used to effectively expedite the restoration of electric service to
accommodate customer demands. -

8.6.1  Program Participants

Facility Owners who determine it bene_ﬁeial' to install equipment for the atitorﬁé_.ﬁc_ restoration of
Toad (ARL) may do so. However, ARL schemes must coordinate with all protection as well as
underfrequency _(UFLS) -.a'nd undervoltage load shedding.'_(_UVLS) schemes. for the reliable
_-'operatio'n of facilities o'pefated at 100kV and above while 'not'overloading any of these facilities.
o _'Also members who install such equ1pment shall meet all requ1rements of SPP and NERC to
ensure. that the rel1ab1l1ty of butk transm1ss10n systems is mamtalned
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8.6.2 Operatmg Reserve and Pr1nc1ples

* Available spinning reserves w1th1n SPP and each control area must be sufﬁc1ent to serve the load
fo be energized by ARL schemes before armmg such schemes. To prevent the use of ARL
'schemes when 1nsufﬁc1ent spinning reserves are. ‘available, ARL schemes shall be armed by

automatic generation control systems of which are operated by or are coordinated with the
appropriate control area(s). All generator governors. and excitation equ1pment including Voltage
regulators shall be kept in automatic service when ARL schemes are atmed so that the spinning
reserve of available generating units may be used to their maximum capablhty for supplying real

and reactive power during restoration. Additional requirements for the appl1cat10n of programs

involving the automatic restoration of load are listed below.

1) Whatever actions are planned or implemented by one member mvolvmg the automatic
restoratron of load shall be coordinated with other members, SPP and other Regions. All -

ARL programs shall coordmate with underfrequency and undervoltage load shedding
programs as well as ARL programs of other members to malntaln the re11ab1l1ty of the
bulk transmission system operated at 100kV and above. '

2) An ARL system shall not be armed unless all pre- de51gnated conditions are sat1sf1ed

within the ‘conirol area unless a designated island or sub-area is spec1ﬁed Unless

- removed’ from service for testing and maintenance purposes, an ARL system shall be
automatically armed and remain so only when

a) 1nd1cat1on that an UFLS or UVLS scheme has operated

b) the governor and excitation systermns of available generatlon are in the automatlc

mode,

¢) spinning reserves of available generat1on are greater than or equal to the real and
reactive power requirements of: the - pre-event load to be restored, adJusted to the
. forecasted daily load curve and changes in diversity, plus 1ncrernental losses,

d) an adequate system frequency has been achleved
_:e) voltages throughout the transmission system are w1th1n valid l1m1ts
) all intended transmission system interconnects are closed, and

g). all intended breakers mcludmg those used for islanding are closed
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However, operators of an island or control area that has separated from the remamder of the bulk_-" L

transmission system rnay arm an ARL system for this specific area if

2)

3)

4)

S)

6)

a) a ne1ghbor1ng system(s) has not achieved or mamtamed an adequate frequency or
E voltage levels w1th1n acceptable 11m1ts, and '

. b) all of the cond1t10ns spee1ﬁed ahove are met except that all intended transmission

- s_ystem mterconne.c_ts or 1_s_1andmg breakers may not be closed.

The time - intervals: involved in- the -automatic restoration of loads is of extreme
importance. The restoration of too much load at one or over time relative to the capacity
of available generating units given their dynamic characteristics may result in an unstable
system. Therefore, loads to be automatically restored over time shall not exceed  the
ramping capabilities of the available generation. Also, upon being armed, ARL
equipment shall restore load in multiple blocks by design to minimize the posmbmty of
causing an underfrequency or undervoltage condition.

When any portion of the generation required to serve restored load is physically separated
from the load by facilities within another control area, then adequate facilities between
the generation and load with sufficient capacity to transfer the power shall be verified and
applicable breakers shall be closed before the ARL system is armed.

Only those loads interrupted by UFLS and UVLS schemes may be restored by ARL'_

equipment. Therefore, if either a UFLS or UVLS scheme d1d not interrupt a given load, -
then the use of ARL equ1pment ‘shall not be used to restore -the load. When UVLS N
equipment is used to trip loads; then the local Voltage shall ‘be within acceptable limits
before the local ARL equipment energizes the load. |

The points at which the load is restored.in a company area should be widely dispersed. o

This can be accomplished at the sub- transmission and distribution voltage level where the-' o
types of load and the increments of load to be restored can be selected. '

Should the utilization of spinning reserve fail to adequately stabilize either frequency or
voltage in a control area or designated portion theteof after restoring service to loads, or
portions thereof, controlled by ARL equipment, the ARL equipment of said area shall be
automatically disarmed. ARL schemes shall be designed and installed to restore load only
once before being rearmed manually or by system.-operators via SCADA.

. Version 1.0 N _ 1172012015 T ST



SPP Southwest
Power Pool

SPP Planning_Criteria B

863 Locatio‘n'.a.nd Data Reporting

The determination of the number, type"and location of ARL equi'pment will normally be the
respon31b1hty of the facility owners based on recommendations by the owners’ or SPP’s. studies.
The technical assessments of ART apphcatlons conducted by or on bchalf of the fac111ty owner
shall validate the coordination with underfrequency and undervoltage programs within SPP and
other Reglons as necessary. Facility owners shall provide information about these 1nstallatlons to
the SPP in accordance with NERC Standards within five (3) business days upon receipt of the
request. This information will be maintained in databases by the SPP staff for a period of at least .
three (3) years. The SPP System Protection and Control Worklng Group (SPCWG) shall monitor -

these databases as necessary. The Transmission Assessment Working Group and Operating
Reliability Workmg Group will review the databases as well as technical assessments conducted
by facility owners and recommend that equipment with adequate capab111tles be installed, or
removed as necessary, at critical Jocations throughout the system as determined i in | power flow

“and dynamic stability studies.

The ‘specific data that is required in SPP’s circuit analysis models shall be maintained and
“submitted to SPP by the facility owners or their designated representatives on an annual basis or
- 'as otherwise required. This data shall include, but not be limited to, type -of equipment, location,
breaker, minimum voltage and _fre.quency thresholds, amount of load shed that is to be restored,

relay and breaker operating times, and any intentional delay of breaker closing Also required - |

will be any related generation protection, tie-closing schemes 1s1and1ng schemes or any other
schemes that are part of or 1mpact the ARL programs :

"_:8._6.'4 Momtormg, Analys1s, and Notification of Mlsoperatlons

' Each facility owner shall have a process in place for the monltormg, notification, and analySJS of
.~ ‘all ARL closing operations. Any of the following constitute a reportable ARL misoperation:

1) Failure to cl'o's'e — Any failure of armed ARL equipmen.t" to initiate a close to the -
appropriate circuit breaker when a local voltage and/or frequency level is greater than or
equal to applicable set pomts ' '

2) Slow Close — A correct operatlon of armed- ARL equrpment where the relay system
! 1mt1ates closing slower than the system design intends.

Versionl0 - o 11/20/2015 N o B 18



[ T RO

>

SPP Southwest
Power Pool

SPP Planning Criter;z'a

3) Unnecessary Close By Unarmed Equipment — Any initiated closing of a circuit breaker
when all pre-designated conditions are not met.
4) Unnecessary Close, Other— The unintentional operation of an unarmed ARL scheme that

causes a circuit breaker to close when no event had préiriously occurred. This may be due
to vibration, improper settings, faulty relay, or human error.

Documentation of. all’ misoperations' shall be provided to SPP and NERC within thirty (30)
business days of the request. Each facility owner shall document that it has fully complied with

its process for monitoring, notification, and analysis of all trip operations. It shall also provide .

consistent documentation of all closing misoperations, indicating the cause and those corrective
actions that have been or will be taken. The facility owner will be respon51ble for providing
documentation of misoperations on a form, developed by the SPCWG and supplied by:SPP, with
applicable attachments. These attachments shall include all voltage, frequency and. sequence of
events data relevant to the cause of the misoperation of which is the basis for the documentatlon

The facility owner shaIl maintain the documentat1on of all operatlons for a minimum of one (1)
- year. The facility owner’s processes shouid 1nclude items such as:’

1) Uniform format to the extent possible.
-2) ‘Content guidelines.
3) 1Req_11irenieri_ts for periodic review.
4) Reciuireméh_ts.'fb_r updating data.

5) Procedures for analysis of all closing misoperations.

 8.6.5 | Testing and Maintenance Procedures

Each facility owner shall have a documented maintenance program in place to test or the means
to periodically check the functionality and availability of the ARL equipment in service. These
tests shall be done based on the manufacturers’ recommendation or, if less frequent, to maintain
rehab]e operation. A facility owner that tests on a less frequent basis than the manufacturer’s

- recommendation shall prov1de written _]ustlﬁcation for such a change if. requested by SPP or
_ ."NERC The facility owner will be responsible for maintaining ‘and providing required
" ‘maintenance data for its facilities for a minimum of three (3) years. Each famhty owner will

o _prov1de updates to the SPP or NERC upon request.
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ARL systems shall be funetlonally tested when initially placed in serv1ce, when modlﬁcatlons
are made, and at a frequency of no less than three (3) years to verify the dependab111ty and ) '
seeurlty aspects of the design. The maintenance and testing program of the ARL system should
include provisions for relay callbratlon functional trip testing, communications system testmg, '
and breaker closure testing. All mamtenance and testmg shall be documented as described
below '

1) Automane Restoratlon of Load system 1dent1ﬁcat10n.
2) Summary of testing procedures.

3) Frequency of testing.

4) Date last tested.

5) Results of 'l_é_st testing.
8.6.6 Periodic Review of _Eq'uipment

SPP members shall maintain a l'i_st_. of substations whete ARL equipment is located for all a_reas
including those designated as being critical by the"Transmission ASsessment and Operating -
Reliability Working Groups The facility owner will be responsible for providing required data
on forms developed by the System Protection & Control Working Group and supplied by SPP.
Each facility owner w111 prov1de updates to the SPP as requested. The SPP staff will maintain
and update the ARL ‘equipment database. The Transmission  Assessment and- Operatmg
Reliability Working Groups will review the database annually for additions and: changes,

specifically checking for equipment as recommended in Section 8.6.3. The SPCWG will update,

if _necesSary, this ARL Criter-i_a every three (3) years. : o

8.6.7 Requests for Data

SPP shall functlon as a requestmg agent and clearmg house for the collectlon of data on an as
needed bams when the request is not from an SPP member Facility Owners shall provide -
program 1nformat1on including equlpment data within ﬁve (5) business days upon receipt of a _

request with a copy of the requested information forwarded to the SPP. Facility owners shall also -
7pr0v1de documentatlon, within thirty (30) business days upon receipt of a request relating to:

: 1)- all misoperations within the requ_ested time frame,

3) an implemented maintenance program, and
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3) -an applicable technical assessrnenf.

SPP shall provide program information including eq_liipment_ data to NERC within five (5)
business days upon' receipt of a request. SPP members and NERC staff may also formally request
data from SPP. members with a copy of the request forwarded to the SPP Such requests will be
cons1dered to be arequest from SPP staff.

86.8 __C00_rd1nat_10n of Programs

The owner of the ARL system shall notify SPP of its intenf_ to install a new or modify an existing
ARL with sufficient lead time to allow for an orderly review by SPP’s working groups and
com_mittees. This notification will include statements on whether _fnisoperation or failure of the
ARL system would have local, inter-company, inter-area or inte'rregional_"consequences, when

h the ARL system is planned for service, how long it is expected to remain in service and_ whether
. the ARL system will be designed according to all SPP operating requirements of the bulk

transmission system and NERC Standards. For a new or modified ARL system prior to
installation of facilities, - three (3) copies of all applicable studies supporting the design
requirements of the ARL system and three (3) copies'_of a complete set of electrical design
specifications, drawings and operating plans shall be submitted to the SPP with this notification,

- The drawings shall include a geographical map, a one-line diagram of all affected areas, and t_he
associated protection and control function diagrams. The documentation of the proposed system
il 1nclude any special conditions or design restrictions that exist in the proposed system.

The System Protectlon And Control, Transmission Assessment and Operatmg Reliability
Workmg Groups will assess the ARL system’s conformance with all SPP operating requirements
of the bulk transmission system and NERC Standards. If necessary, t_he working groups will
request that the facility owner conduct additional studies and provide ad'c_li'tio'nal details of design
specifications, drawings and operating plans. The results of such . 'com'plliance re\}iew" shall be .

- documented with all recommendations that are deemed appropriate by the SPP and forwarded to

the requesting party norma]ly within 120 days from the date of request. The tecommendations of
SPP shall be completely incorporated into the demgn of the ARL

A presentatlon will be made to appropriate wo_rkmg.- groups when a facility owner deviates from
any of the SPP operating requirements of the bulk transmission system and NERC Standards as
well as when a member system is in doubt as to whether the design meets these requirements.
The facility owner shall arrange for the technical presentation'by advising SPP approximately
four months prior to the presentation and by providing copies of the_,. niaterials to-be presented 30
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days prior. The fac111ty owner will advise appropriate workmg groups of the basm design of the

proposed system and 1nclude a geographical map, a one-line dlagram of all affected areas, and

the associated protection . and control function diagrams. The proposed system should be
explained with due empha51s on any special conditions or design restrictions that exist in the
proposed system. A presentatlon will also be made to appropriate working groups relating to new
facilities or a modification to ‘an existing faclhty when requested by elther a member system or a
working group. .

8.7 Generation Control and Protection

The objectives of protective relaying and control schemes within generation facilities are to -
promptly detect abnormal conditions and isolate or control equipment to minimize damage to )
equ1pment Some of these abnormal conditions which w1ll result in an alarm- or tripping of -

generation include faults, overload overheating, off- frequency, loss of fiéld, motoring,.
singlephase or unbalance current operatlon and out-of-step. The . selection and settlngs of
equipment should not result in erroneous trlppmg for acceptable cperatmg cond1tlons or for
faults outside the 1ntended zones of protection. '

Generation Control and Protection Systems (GCP) must be coordinated with exmtatlon and
governor controls to minimize genetator tripping during disturbance-caused abnormal voltage,

current and frequency conditions. Therefore, protection and control schemes should be designed =
and installed with appropriate settings to provide a reasonable balance between the need for the
generator to support the mterconneeted clectric systems durlng abnormal condltlons and the need '

to adequately protect the generator equlpment from damage. All reviews, monitoring and
analysis of each generator rated at 20MW or above, shall be’ completed as descrlbed in Crlterla

8.7.1 Rev1ews of Components and Systems

The owner shall conduct perlodlc reviews of the components and systems that make up the.

generatwn protectlon system to assurc that components and systems . function as desired to
minimize outages. The design and 1mp1ementat10n ‘of all new protection schemes shall be in

- accordance with IEEE and ANSI Standards, Guides and Recommended Practices as well as
:-'_NERC Standards and Guides. Should it be determined that the_ deslgn and application of
| * protection equipment do not adhere to such requirements, then these ﬁndings,—as a result of this
- - review, shall be documented including a plan for achieving the necessary results. These reviews
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‘are to-be completed as system changes dictate, or more-.frequently as needed based on

misoperations as identified in Crrter:a 8 7.2. The reviews should 1ncIude but not be limited.to,
the following items: '

1) Review of relay settmgs

2) Current carrymg capability of all components (Bus, cables 11nes CTs, breakers,
switches, etc.). ' i )

3) Interrupting capability of all components (breakers, fuses, etc.).

E 4 Breaker failure and trip schemes.

The design of protection systems, both in terms of circuitry and physical arrangement, should
facilitate periodic testing and maintenance. Generator protection systems should not operate for
stable _power_ swings except when that particular generator is out of step with the remainder of the
system. Loss of exci_tation and out of step relays should be set with due regard to the
performance of the excitation system.

All underfrequency, overfrequency, undervoltage and overvoltage protection systems shall be

'c'oordin'ated with system underfrequency and undervoltage load shedding schemes. Power plant

. 3'au:xiliary'm'ot'ors should not trip or stall for momentary undervoltage associated with the
. contingencies- as defined in Categories A, B and C of NERC [.A Standards unless the loss of the
'assomated generatlng unit(s) would not. cause’ a v1olat10n of the contingency performance

requlrements '

Redundant generator protectlon schemes are requlred for all new generator 1nstallat10ns and all
re-powerlng projects where the generator is rated at 20MW or above. Redundant generator
protectlon schemes for the step-up transformer and the main auxiliary transformer (if any) are
not requ1red but encouraged Where. redundant protection systems are being used, efforts should
be made to use separate curtent transformers, potential transformers, and DC control power

circuits to minimize the risk of both systems being disabled by a single event or condition.

The use of dual trip coils, if available, on both generator and unit circuit breakers are reqoired for
all new generator installations at 20MW or above. The installation of breaker failure relaying for
generator and unit circuit breakers are also required for all new generator installations at 20MW
or above. The addition of breaker failure relaying for all generator and unit circuit breakers at

- existing sites is not required but encouraged.
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8.7.2 Monitoring, Analysis, and Notification of Misope’r_ration's" o

Each facility' owner shall have a process in place for the monitoring; notification, and analysis of
all generation protection trip operations. Any of the following constitute a reportable
misoperation of generatlon protection equlpment and schemes: '

1) Failure to trip — 'Any failure of a GCP system element to operate when a fault or
abnormal condition occurs within a zone :of protection. (Note: Lack of targeting, _such as
* when a high-speed pilot system is beat out by a high-speed zone, is not a reportable

misoperation. If a fault or abnormal condition is cleared in the time normally expected

with proper functioning of at least one GCP system, failure of a GCP system element is
' not a reportable misoperation.). ' '

2) Slow Trip — Any failure of a GCP system element that is slower than planned to operate

~ when a fault or abnorrr_lal co_nditlon occurs w1th_11_1 _the zone of protec_tl_on (Note: Delayed
Fault Clearing, where a high-speed system is ‘employed but is not essential for
transmié;s’ion system performance- is not a reportable misope'fation ) '

3) Unnecessary Trip During a Fault ‘Any unnecessary GCP system operation for a fault not
~within the zone of protectlon (Note: Operation as properly coordinated backup protection
for a fault in an adjacent zone that is not cleared within the specified.time for the

" protection for that adjacent zone is not a reportable misoperation.)

4) Unnecessary Trip Other Than a Fault — Any unnecessary GCP system operation when no
' fault or other abnormal condition has occurred. (Note that an operation that occurs during -

on-site maintenance, testing, construction and/or commissioning dctivities is not a
teportable r'nisoperation) o :

Misoperations occuring prior to synchronization need not be reported but shall be mvest]gatcd
and corrected to prevent possible mlsoperatlons when the unit is synchromzed to the system.
~ Documentation of all protectlon misoperations shall be prov1ded to SPP and NERC within thlrty
: _(30) business days of the request :

Each facility owner sha]l document that it has fully complied with 1ts process for monitoring,
notification, and analysis - of all GCP tr1p “operations. It shall also provide consistent
documentation of all GCP trip mlsoperatlons, indicating the cause and those corrective actions
that have been or will be taken. The fac111ty owner will be _responsible for prov1d1ng
documentation of mlsoperatlons on a form supplied by SPP When requested, supportmg
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documentation shall be provrded and include all fault dlsturbance, load and sequence of events
data relevant to the cause of the m1soperat10n '

The facrhty owner shall maintain the documentatlon of all operatlons for a minimum of one (1)

o year The facility owner’s processes should mclude items such as:

i 1) Un1form documentation format to the extent p0s51bie
| .. 2_) Content guidelines.

3) Requirements for periodic review.

4) Requirements fo'r updatin g data.

5) Procedures for analysis of all trip .misoperations.

8.7.3 Generation Protection- System' Maintenance and Testing Programs

Facility owners shall have a protectlon system maintenance and testing program in place. The
facility owner shall demonstrate full compliance to the program for protection system
maintenance and t_estmg, demonstrating that all required activities have been completed on
schedule. The program shall be maintained and documented. The facility owner will be.
responsible for maintaining and proyiding required data for each facility. Each facility owner
will provide updates to SPP or NERC within 30 days of a request.

The facility owner shall maintain the documentation of all matntenan’c_e and tests records for one
test period. Protection systems and their associated maintenance and testing procedures should
be designed to minimize the likelihood of personnel error, such as incorrect operation or
inadvertent disabling. Protection and control systems shall be functionally tested when initially

placed in service, when modlficatlons are made and at a frequency of no less than five (5) years

to verify the dependablllty and security aspects of the desngn

- Each facrhty owner shall perlodlcally test the protectlon system c'ompo'n'ents on 'a'frequency as s
: needed to. assure that the system is functional and correct. The maintenance and testmg of system o
'components 1es relays, shall be completed based on the manufacturers’ recommendation or, 1f

less frequent 'to maintain reliable: operation but at least every three (3) years. A fac111ty owner'
that tests ona less frequent basrs than the manufacturer s recommendation shall provide wrltten o
justification for such a ~change,. rf requested by ‘SPP or NERC. For newer GCP Systems w1th_'
selfmonitoring, havmg SCADA reportmg for a GCP failure, and with successful downloading or
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viewing of data following operatlons then such actlvrty and appllcatlon shall satlsfy the testmg
and mamtenance procedure requirements. .

The maintenance and testing program of the protection system should melude provrslons for
relay calibration, functional trip testing, and breaker trip testing. All mamtenance and testing -
shall be documented as described below: ' ' :

i) Gen_eration protecti.on system identiﬁoat_i_o_n.
2) Surhmary of testing procedures_._- |

3) Freque.ney of testing. |

4) Date ]ast tested.

5) Resulte_. of last testing.
8.7.4  Requests for Data

SPP shall function as a requesting agent and clearing house for the collection of data on an as
needed basis when the request is not from an SPP member. Facility Owners shall provide
program 1nformat10n mcludmg equipment data within five (5} business days upon receipt of a
request with a copy of the requested information forwarded to the SPP. Faolllty owners shall also
provide documentatlon within thirty (30) business days upon receipt of a request, relatmg to 1)
all misoperations within the requested time frame, and. 2) an implemented maintenance and
testing program. SPP shall provide program information including equipment data to NERC
within five (5) business days upon receipt of a. request SPP members and NERC staff may also
formally request data from SPP members with a copy of the request forwarded to the SPP. Such
_requests will be considered to be a request from SPP staff.. ' :

815 Coordin’ation of Programs

The facility owners and. operators of a GCP program shall ensure that their 'programs are .

consistent ‘with Regional - GCP program requlrements effective January 1, 2002. When a
dlsturbance, fault, or mlsoperauon occurs whlch initiates the utlllzatlon of GCP equlpment and”

~schemes, _the OWners or operators shall analyze and document the event. Documentation of all

misoperations shall be provided to SPP and NERC on request in the time frames. established in
8.7.4. Generator ownersfoperators shall have a generator: protectlon system maintenance and" :
testmg program in place ' ' ' '
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87.6  Generation Protection Systems Criteria Updates

The SPCWG will update, if necessary, this Generation Control and Protectron Systems Cr1ter1a
every three (3) years.

8.8 ‘Generator Controls — Status and Operations

88.1  Generator Excitation System Control Operation

All synchronous generators connected to the interconnected transmission systems shall be
operated with their excitation systems in the automatic voltage control mode (automatic voltage
regulator in service and controlling voltage) unless approved by the control area operator.

- 8.8.1.1  Reporting Pro’cedﬁ_r_es

Corntrol Area- Operators shall implement procedures that require Synchronous Generator
Operator/Owners to provide information to the Control Area Operator, SPP, and NERC upon
request (30 business days) concerning the -generators’ automatic voltage control regulator. The
procedures shall include the following.

1) Summary report showmg the number of hours each synchronous generator did not
operate in automatlc voltage control mode during each calendar month. Information shall
‘be provided | on the “Generator Owner/Operator Excitation System Summary Report™
supplied by SPP ‘if control area operator does not have its own form.

2) Detailed reports of the date, duration, and reason- for' each instance in whrch a
synchronous generator was not operated in the automatic voltage control mode for a
specific calendar month, Information shall be provided on the “Generator Unit Excitation

System Status Report” supphed by SPP, if control area operator does not have its own

_ form.

3) The Generator Owner/Operator shall retain the reports mentloned in (a.) and (b) for a
period of 12 rolling months. :

8.8.1.2  Exempt Generators

Control Area operators shall have crrterla statlng which generators may be exempt from these
procedures. Exernptrons shall 1nclude the followmg
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1) Generator output less than ZOMW

-2} -:Other criteria as control area operator de'ems appropriate.

Generator Operationg for Maintaining Network Voltage

Synchronous generators shall maintain a network voltage or reactive power output as requtred by
the control area operator within the reactive capablhty of the units. '

Co’ntrol Area Responsibilities

Each control area operator shall specify a voltage or reactive schedule to be mamtamed
by each synchronous generator at a specified bus and shall provide this information to the
generator ownet/operator. Documentation. of the information shall be provided on the
“Generator Owner/Operator Voltage Schedule Requirements” report supplied by SPP, if
the control area operator does not have its -own form. This information shall be made

" available to SPP and NERC on request (30 business days).

8.8.2.2

1)

2)

Each control area operator shall malntam a list of synchronous generators that are exempt
from the requirement of mamtammg a network voltage or reactive schedule. The list of

 exempt generators shall be. made available to SPP and NERC on request (30 business

days) and shall be supplied on “Control Area Operator s List of Exempt Generators
report supplied by SPP if control area does not have 1ts own form. :

Generator OwnerIOperator Responsrbrlrty.' .

Synchronous generator owner/operators shall maintain the voltage or reactive output as
specified by the control area operator. :

When requested by SPP. and NERC, the synchronous". generator owner/operator shall
prov1de (30 business days) a log that spec1f'1es the date ‘duration, and reason for not
rnamtammg the established voltage or reactlve schedule, along with’ approvals for such
operatron received from the transmission operator This information shall be provided on _
the “Generator Unit Voltage Schedule Status Report” supplred by SPP, if control area "
operator does not have its own form, C |
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883 Generator Step-Up and Auxiliary Transformer T ap Settiugs

Generator step up and aux1]1ary transformers shall have their tap settmgs coordmated electrlc :
system voltage requ1rements '

8.8.3.1 Reportmg'l’ro'c_edures .

Control Area .operatof_s _éhall implefnel_lt- procedures concerning the reporting and changing of
transformer tap settings. The procedures shall at a minimum include the following.

1) Owner/Operators shall provide current tap settings, tap setting ranges, and impedence
data for all Generator Step-Up (GSU) and Auxiliary Transformers to the control area
operator, SPP, and NERC upon request (30 business days). This information shall be
supplled on ‘Generator Unit Transformer Tap Setting Report” supplied by SPP is control

. area operator does not have its own form.,

2) When tap setting changes are necessary, the control area operator shall notify generator
owner/operator with “Generator Unit Transformer Tap Setting Change Request” supplied
by SPP, if control area operator does not have its own report. In this report, tap setting
changes are specified along with a technical justification for the changes.

3) Generator Owner/Operators shall have a period of nine (9) months in which tap setting
changes must be made. After setting changes have been made, Genei'ator _
Owner/Operator shall suppIy new “Generator Unlt Transforrner Tap Settmg Report” for _

' the affected generating statlon o ' S o

4) Criteria for Generatmg units whose GSU and AUX transformers wou]d be exempted

5) List of generating units that meet exemption criteria shall be documented on “Generation
Units Exempt from Tap Setting Reporting Procedures” report supplied by SPP, if Control
Area Operator does not have its own form. '

8.8.4 Generator Performance during Temporary Excursions
88.4.1  Excursions Voltage -

During Emergency and/or transient system conditions, all reasonable measures should be taken
to avoid tripping of the generator due to high or low voltage.
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8. 8 4 2 . Excurs'ions in Real and ReactiVe Power 'Output.'

Generators shall be able to sustam temporary excursions in real and reactive power output that
may occur during a period of -declining frequency- or voltage. For this reason, all generator
governors and automatic voltage regulators shall be kept in automatic mode as much as practical.
A generator shall not trip during stable power swings except when that partlcular generator is out
of step w1th the remainder of the system e

Generators ‘shall be able to run at maximum rated reactive and real output according to each
unit’s Capability Curves during emergency conditions for as _long as acceptable frequency and
voltages allow the generator to continue to operate. ' '

8.8.4.3 Exempt': (:}.el.:rerators

Generators shall be_e)terld_pt from this section if .they meet the fo'ilowing,criteria:
1) Generator output.less than 20MW |

885  Generator VOltage Regulator Controls and Lim'.i't__.-Functions _

Voltage regulator controls and limit functions (such as over and under excitation and volts/hertz
limiters) shall coordinate . w1th the generator s short term duration capabilities and proteetwe

relays

8.8.5.1 Reportmg Procedures

Generator Owner/Operators shall provide control arca, SPP and NERC as requested (30
business days) with information that ensures generator controls coordinate with the generator
short term duration capabilities and protective relays. The information shall be supplled on the

“Voltage Regulator Control Settmg Status Report” as supphed by- SPP is control area operator

does not have its own form.

8.8.6 Governor Control Operatlon

Prime mover control (governors) shall operate with approprlate speed/load characterlstlcs to
regulate frequency Governors” speed regulation” response shall be set such that a decrease in

: system frequency causes the governor to respond by i increasing the generator real power output
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8.8.6.1  Reporting Procedures |

1) Generator OIWner/Operators shall provide control area, SPP, and NERC as requested (30
business days) with the characteristics of the generator’s épéed/lt)ad gover’ﬁirig system,
Boiler or nuclear reactor control shall be coordinated to maintain the capability of the
generator 10 aid control of system frequency during an eleetric system disturbance.

- Information shall be supplied on “Generator’ Govemor Characterlstlc Reportmg report
supphed by SPP if control area operator does not have its own form

2) Non-functioning or blocked speed/load governor controls shall be reported to control
area, SPP, and NERC on request (30 business days). Information shall be supplied on
“Non-Functioning Governor Control” report supplied by SPP if control area operator
does not have its own form. B

89 Inter-connection Revenue Metering - |

89.1 Meter Technical and Data Reporting Protocols

The protection design may also include various types and accuracies of metering and associated
equipment. The metering may include, but not be limited to, the following: local station or plant
annunciated / displayed metering, SCADA type operational metering exchanged among parties

- - within a station or plant, SCADA type station to control ‘center 'ﬁqetering used for operational
" .purposes, control center to control center ICCP type metering, and inter-connection revenue
meterlng These metering types may or may not have specific SPP crlterla requirements. Other

metering design requirements may need to be referenced when creating: meterlng and protection
design, especially those that include the control center to control center metering and revenue
metering. SPP has specific functional and demgn type requ1rements for Inter-Connection
Revenue Metering,

8.9.2 Revenue _“Meter Techmcal and Data Reporting Protocols”' Cross
Reference ' o

The Southwest Power PooI (SPP) Market Workmg Group s (MWG) Settlement Data and Meter
Standards Task Force (SDMSTF) subcommittee has Jurls_d_lct_lonal control over the power plant
and transmission system “inter-connection settlerent revenue metering”. The SPP System
Protection and Control Working Group.(SPCWG')_' and ethe'l”_.parties providing inter-connection
settlement revenue metering designs in the SPP afea_must refer to the MWG - - SDMSTF Market
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- Protocol Document “Appendix I: Meter Technical and Data Reporting Protocols” for inter-
" 'connection settlement revenue metermg equipment design requlrements Per the SPP Market
: _'Protocol Document, the mter—connectmn revenue metering design requirements must be met for

- -all new msta]latlons
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4.0 EXAMPLE

Given: Plant site is 39°, 15’ latitude; 94°, 58’ longitude.
Elevation is 750 feet.
Find: Generator rating conditions.

l. Determine the three nearest weather stations and temperatures from the ASHRAE

Handbook.
Station Latitude | Longitude | Elevation | Td | Tw
Kansas City, MO | 38°, 07’ 94°, 35 791 99 75
Atchison, KS 38° 34’ 85°, 07’ 945 98 77
Topeka, KS 397, 04’ 95°, 38’ 877 ag 75

2. Correct the temperatures to the plant elevation

Station Elevation Effect on Effect | Corrected | Corrected
above Plant Td onTw Td Tw
Kansas City, MO 41 0.2 .01 992 75.1
Atchison, KS 195 1 0.4 97 774
Topeka, K8 127 0.6 0.3 99.6 75.3

3. Using 39°, 00°; 94°, 00 as the origin determine the relative location of each point A, B, and
C from the plant P. To obtain the east-west dimensions, multiply the longitude minutes
from 94°, 00’ by the cosine of plant latitude; cos (39.25) = 0.7744. Doing so, the following
coordinates are obtained:

North | West Point
Plant 15 44.9 P
Kansas City, MO 7 271 A
Atchison, KS 34 51.9 B
Topeka, KS 4 759 C

4. Calculate the distance between P and points A, B, and C, and then temperatures at P.

Dea = ((ye —yA)z+ (XP — %) Zi :’= 195
Drs = ((yr — yB)2+ (xp — XB) % %= 20.2
Drc ={(yr—yc) +{Xp—xc)) =329
S0,

Ti= X(T/Dy} / Z(1/D}
Ta = (Taa/Dra + Tae/Dee + Tac/Drc)/(1/Dpa + 1/Dres + 1/Drc) = 98.46°F
Tw = (Twa/Dra + Tws/Dee + Twc/Drc)/( 1/Dra + 1/Drs + 1/Drc) = 76.01°F

5. The standard barometric pressure for the site is:

5.2559
Pss = 29.921 x (1 — 6.8753 x 0.000001 x Elevation) = 29.12 inches Hg

App. PL-1



Appendix PL-2.A- Ambient Temperature

1.0 Purpose

The purpose of this Appendix is to describe the methodology to be used when determining
ambient temperature for circuit rating purposes. This methodology allows for the
flexibility of computing ambient temperatures that are location specific and allows for the
ease of using default values.

2.0 Types of Ambient Temperature

Maximum ambient temperatures are used when calculating seasonal ratings for overhead
conductors, disconnect switches, circuit breakers and wave traps. Average ambient
temperatures are used when calculating seasonal ratings for power transformers and
current transformers.

2.1 Maximum Ambient Temperature

Circuit rating criteria specify the maximum temperature an overhead conductor, switch,
circuit breaker, and wave trap may experience. As the ambient temperature increases,
the temperature rise that produces the same maximum equipment temperature is reduced.
The reduced temperature rise results in a reduced load carrying capability. Consequently,
increases in the maximum ambient temperature does not alter the maximum temperature
the equipment was designed to withstand, but it does reduce the current carrying
capability for the same maximum equipment temperature.

Selection of the maximum ambient temperature used in rating transmission circuits
involves trade- offs. If you select an ambient temperature that is the highest temperature
ever recorded for your control area, you may be limiting the use of the transmission
system on an ongoing basis for a temperature that has a very small likelihood of
occurring. On the other hand, if you select an ambient temperature that is frequently
exceeded, you put the transmission system at risk of operating equipment at temperatures
in excess of design when it is carrying rated load.

This circuit rating criteria attempts to achieve a balance by specifying a method for
determining the maximum ambient temperature that allows for full utilization of the
transmission system without experiencing frequent violations of equipment design
temperatures. When selecting a maximum ambient temperature for seasonal ratings, a
system may choose to either compute a temperature based on local weather station daia
or may use a default value.

Switches, circuit breakers and wave traps have nameplate ratings based on a 40°C
(104°F) maximum ambient temperature (if designed according to ANSI/IEEE

standards). The 40°C shall be used as the summer default value for this equipment
along with overhead conductors. A system that elects to use the summer default
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value shall utilize the nameplate rating. Those systems wanting to compute their own




maximum ambient temperature shall use the procedure

described in section 3.1 and must adjust the nameplate rating using the procedure
described in the appropriate appendix for that piece of equipment. The winter default
temperature is 1oac

(50°F). Whether a system elects to use the winter default value or compute its own, it
shall still need to determine winter ratings for overhead conductors, switches, circuit
breakers and wave traps using the procedures described in the appropriate appendix
(nameplate ratings apply for summer months only).

The maximum ambient temperature, whether based on a default value or a computed
value, represents a ceiling or highest number that can be used for rating circuits. A
system may rate their equipment at some lower temperature but cannot exceed the
default value or the computed value. This allows systems that have historically
computed their circuit ratings using an ambient temperature below the default value or
the computed value to continue using this value for rating purposes.

However, for a system that has historically utilized an ambient temperature that exceeds
both the default value and the computed value, it must lower the maximum ambient
temperature it is using for rating purposes such that it equals either the default value or
the computed value, whichever of the two the system elects to use.

2.2 Average Ambient Temperature

According to ANSI standards, both power transformers and current transformers are rated
using average ambient temperature. The average temperature is calculated by averaging
24 consecutive hourly readings. The maximum daily temperature should not be more than

10°C greater than the average temperature. Power transformers and current transformers
both have nameplate ratings based on a 30°C (86°F) average ambient temperature. The
30°C shall be used as the summer default value for this equipment. Using the 30°C
average ambient temperature allows for a maximum daily temperature of 40°C that is
consistent with the summer default value used for other equipment. The winter default

value is 0°C (32°F). It allows a maximum daily temperature of 10°% (50°F) for the winter
months and is consistent with the winter default value used for other equipment. A system
can elect to compute its own average temperature using the procedure described in Section
3.2. Using a computed average ambient temperature (either summer or winter) for power
transformers shall require adjusting its nameplate rating. The default average ambient
temperature value of the transformer has been used to determine its emergency rating and
an acceptable loss of life. This circuit rating criteria uses the power transformer nameplate
rating as a year-round rating (both summer and winter). Consequently, even though an
average ambient temperature can be computed, using it to adjust transformer nameplate
ratings will affect emergency ratings and is not recommended.

Similar to the maximum ambient temperature the default or computed average ambient
temperature represents a ceiling or highest number that can be used for rating power
transformers and current transformers. A system can use an average

PL-2.A-2 January 1996
ambient temperature that is less than the default or computed amount but cannot use
one that exceeds the default or computed amount.
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3.0 Procedure for Computing Ambient Temperature

Systems have the option of either using default values or computing maximum ambient
temperature and average ambient temperature. This section describes the procedure for
computing ambient temperatures. In general, it is intended that a system would use this
procedure a single time and once they have determined their maximum and average ambient
temperature, these amounts would remain constant for all future circuit ratings.

When computing ambient temperature, systems shall use temperature readings from nearest
weather stations. Some control areas span a large area that may encompass several weather
stations. If a large enough geographic area is involved, it is also possible that the computed
ambient temperature could be significantly higher at one or more of the weather stations. For
these control arcas, they may choose to either divide the control area into sections using the
highest ambient temperature readings from weather stations within the section or, to maintain
consistent ratings throughout the control area, they may choose to use the highest ambient
temperature of all weather stations within the control area.

A system is not required to use the same weather station when computing summer and winter
ambient temperature. However, the weather station selected must be within the control area or,
if there are no weather stations within the control area, it must be the nearest weather station to
the control area. Once a weather station is selected for either summer readings or winter
readings, all or the readings for each season must come from the same weather station.

3.1 Maximum Ambient Temperature

The summer maximum ambient temperature is determined by averaging the top 1% of the
houtly temperature readings from the nearest weather station for the summer months (June
through September). The summer average shall be computed each year for the past five
years and the highest average shall be selected as the summer maximum ambient

temperature.

The winter maximum ambient temperature is determined by averaging the top 1% of the
hourly temperature readings from the nearest weather station for the winter months
(December through February). The winter average shall be computed each year for the
past five years and the highest average shall be selected as the winter maximum ambient

temperature.

3.2 Average Ambient Temperature

The summer average ambient temperature is determined by averaging the 24 consecutive
hourly temperature readings from the nearest weather station for the summer months
(June through September). This summer average shall be computed using an average of
the five hottest days during the four months. It shall be computed
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for each year for the past five years and the highest average shall be selected as the
summer average ambient temperature.




The winter average ambient temperature shall be computed in a similar manner but shall
use the average of the hottest 24 consecutive hourly temperature readings from the nearest
weather station for the winter months (December through February). The winter months
are defined as the three consecutive months that overlap the end of the year. The winter
average shall be computed similar to the summer average using an average of the five
hottest days during the three months. The winter average shall be computed each year for
the past five years and the highest average shall be selected as the winter average ambient

temperature.
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The determination of the ampacity of an underground cable is dependent upon the
maximum temperature the conductor can withstand without causing significant thermal
deterioration. This temperature can refer to steady-state, emergency or short-circuit
conditions. M is the specification of this temperature limit that limits the cable's ampacity.
The Neher-McGrath procedure is the basis of steady-state ampacity calculations. This
current rating can be calculated by solving the thermal equivalent of Ohm's Law and in its
basic form is shown by the equation below:

¢ - Ta - ATd

where

T¢ =allowable conductor temperature, °C
Ta=ambient earth temperature, °C

ATd =temperature rise due to dielectric loss, °C
Rel, = electrical resistance, p Q/ft

Ru = thermal resistance, TOF (thermal ohm-{ect)

The basic thermal circuit consists of cable heat (in watts) that corresponds to electrical
current (in amperes), thermal resistance (in thermal ochm-feet) that corresponds to electrical
resistance (in ohms) and temperature drop (in°C) that corresponds to voltage drop (in volts).
The electrical analogy and thermal circuit are shown below.

Simply stated, the ampacity calculation consists of the calculation of losses and the
temperature rise due to those losses flowing through the various resistances. The
procedure can be summarized as follows:

1. Determine the cable construction and conductor size of the existing cable.

2. Refer to AEIC specifications for the maximum allowable conductor temperature for
this cable. Determine the temperature rise over ambient earth temperature that will

give this value.
3. Calculate dielectric loss.

4. Calculate the electrical resistances of each current-carrying component of the system for
the expected operating temperature of that component.

5. Calculate the thermal resistance of each component of the system, including the earth.
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~ 6. Calculate the temperature rise due to dielectric loss flowing through the thermal
' resi'stanées, and subtract that number from the total available temperature rise.

7 Solve the Ohm's law equwalent circuit to determme the ampacnty that achleves the
allowable temperature rise. '

The total thermal circuit for a self—qooled buried transmlssmn cable is shown as an
electrical analog in figure below ' -

i Lalcu[atmg Allowable Ciivei

- Temperature Ri
For pipe-type cables,

- — —
AT, = W, (ER,v-l-Rm-i- R,,c+Rde'+Rm), (c®)

for single-conductor cables,

ST IS U S

ATy = Wy (ERJ'"'-RJ'-"-de+Rd+RFc+Rde'+Rdcosz (c°)

“where

R, = insulation thermal resistance (TOF)

Ri =Rsd jacket thermal resistance (TOF)

= thermal resistance between cable surface and surrounding enclosure
(TOF) '

Rd =Rpe duct thermal resistance - (TOF)

= Rde' = pipe-covering thermal resistance (TOF)

Rdeorr = earth thermal resistance for dielectric losses (TOF)

correction factor for controlled backfill or concrete-encased  duct (TOF)

Avaita ble:-Temg" erature Rise fo'r-'Cur_rent-Degendent. Losses
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where

Te

ATy

ATint

ATC = T(_-"Ta'ATd"ATima (Co)

allowable conductor temperature (C°)
ambient earth temperature {C°

conductor temperature rise due to dielectric and charging-current losses (C°}

temperature rise due to extraneous heat source (C°)
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3 Summation of Electrical and Thermal Resistances
for pipe-type cables:

ZR"C—RIOC/MZ Rﬂ(—‘t'Rl + RUCJRM + RmpRpc + Rachdr + Rncheanh + Rachnm: + RmpRcmn-

for single-conductor cables:

S Rac Ri*C/ kA = RueRi + RusR; + RoxRot + RasRa + RusRas + Rucs Rooms + Rocs Rows + Rows Roeor

where

De = diameter at start of the earth or external portion of the thermal circuit (in.)
D, = fictitious diameter at which the effect of loss factor begins (in.)

Race = conductor ac resistance { I Q/ft)

Racp - ac resistance at pipe (JQ/ft)

:m _  acresistance at shield (UQ/ft)

R::" _ correction factor, current-dependent losses (TOF)

Rearth - thermal resistance from De to diameter D, {TOF)

Remit = thermal resistance from Dx to ambient earth (TOF)

mutual-heating earth thermal resistance term (TOF)
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For further and more detailed information see the EPRI Underground Transmission
Systems Reference Bopk, Chapter 5: Ampacity. The above equations apply to buried
cable installations. For above ground installation (e.g. bridge crossings, tunnel installations
or riser sections), there are three main differences. First, solar radiation provides heat
input. The Neher-McGrath method does not consider this factor. Second, heat transfer by
conduction is negligible. And third, heat transfer for cables in air is by free or forced
convection and by radiation. Generally, the ampacity of an identical cable circuit installed
in the air will be greater than that for a buried cable circuit. The equations will not be
presented here and may be found in the EPRI Underground Transmission Systems
Reference Bock, Chapter 5: Ampacity.

Under emergency conditions it may become necessary to exceed the normal temperature
limit of the cable. A new cable rating may be calculated by substituting the new
temperature limit into the equations seen above. The key to calculating the emergency
rating will be establishing the allowable temperature increase. One must be careful not to
overestimate the ability of the cable to withstand higher temperatures as well as not to
underestimate the loss of life that will occur with operation above normal temperatures.

EE S Y
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/ﬁ) APPENDIX PL-2.C Switches

APPENDIX PL-2.C

Switch ratings are discussed in ANSI/IEEE C37.37 Loading Guide for AC High-Voltage Afir

Switches (in excess of 1000 volts) and in ANSIIEEE C37.37a-1EEE Loading Guide for AC
High-Voltage Air Switches Under Emergency Conditions. Ingeneral, the allowable confinuous current
of @ switch is based on the allowable maximum temperature of the switch parts and is affected by the
ambient temperature. ‘Provisions are made for loading the switches under emergency conditions in the
above referenced ANSI/IEEE Standard ©37.37a—Therefore, both Normal and Four-Hour

Emergency circuit ratihgs will be developed based upon the allowable continuous current capability rating
of the switch. These ratings will be treated as the loading limits for normal and emergency conditions.

A switch & made up of e number of different switch parts, which are classified and grouped in
accordance with their mate_rial-and function into switch. part classes, each of which is given a swiich part
class designation of the:form- xO#. Examples of the switch part class designations are A01, 0086, J010,

- .NO1, and WO09. The loadability factors of each switch part class, as a function of ambient temperature,
are represented by a-curve. Tabular represeritations of these curves for normacontnuous load

conditions are contained in Table C- 3 for non-enclosed indoor and cutdoor switches and in Table C- 4
for enclosed indoor and outdoor switches. Tabular representations of these curves for emergency load
conditions with a maximum emergency loading duration of four hours are. contamed in Table C - 5 for non-
enclsed

indoor and outdoor switches and in Table C-6 for enclosed rndoorand outdoor swnches

-The Allowable .Continuous Curent Class {ACCC) designation of a_ switch is a code whrch identifies a -
composite loadability curve made up from the limiting switch part classes. In most instances, the ACCC
designation will be contained on the switch's _hameplate. However, air switches designed in accordance
with ANSI C37.30- and earlier may not have an ACCC designation on the nameplate. Such non—
enclosed switches having a 30°C limit of observable temperature rise in 2 maximum ambient of 40°C,
indicative of an. allowable maximum temperature of 70°C, are assigned an ACCC designation of AC1. rn
like manner, such enclosed switches having a 30°C limit of ocbservable temperature rise in a maximum
ambient of 55°C, indicative of an-allowable maximum temperature of 85°C are aSS|gned an ACCC
deSIgnatron of NO1.

o ACCC 'designations were developed such that the first character, x, designates - that the sbecifc normal
' _-'Ioadabtity factors for that class are represented by Curve x when the ambient is between 60°C and 25°C:;
the sécond character inthe ACCC designation, O, represents the specific normal loadability factor for.

that class at 25°C. (Al curves intersect at Oand have a loadability factor of 1.22 at 25°C emb:ent) and -
the third character, # designates that the specific normal loadability factors’ for that class are represented
by Curve# when the ambient is between 25°C and -30°C. - .

In some instances, a composite- curve must be developed due to the fact that the switch is constructed
such that some parts of the switch have different switch part class designations than other parts of the
switch. In this situation, the switch's ACCC designation will differ from the standard ACCC designetions
listed in the tables and instead will- be- a composite of two of the standard. ACCC designations. An
example of this would be a switch havrng ‘a designation of 006, signifying that the switch is constructed
using some parts having the switch part class desugnatons of 004 and some parts having the switch
part dass desrgnatrons of F06 :

Based upcn the ACCC designation of a switch, a normal Ioadablllty factor curve can be developed for the
switch in the following manner. .

1. Using Table C -2 for non-enclosed indoor and oltdoor s_Witc':_h_e's or Table C-3 for enclosed
indoor and outdoor switches, the appropriate values for Curve x, C_urve 0, and Curve# are
determined based upon the switch's ACCC designation. These curves will be jorned' together to

. form a composite normal loadability factor curve for the swnch for the ambrent temperature range
- fom 80°C to -30°C. .

PL2.C-1 7 January 1996




2. The normal loadability factor for specific ambrent temperatures can be determined fromthe . .
©* composite loadability factor curve. If the normal loadability factor for-a specific temperature, which
is not represented in the composite tablg is desired, the normal loadability factor may be
calculated by interpolating between the nearest known va!ues Inno case shallthe normal
loadability factor exceed 2. 00

'3 The Allowable Continuous Current -Capability of a switch at a given ambient temperature is equal to
the normal loadability factor at that ambient temperature multiplied by rated continuous current of
the switeh, which is contained on the switch's nameplate

_ " The Allowable Continuous Current Capablllty of a switch at a given amb|ent temperatu re will be treated as the
© normal ratings of the switch for that ambient temperature. .

Example: The following example should Serve to clarify this process:

Problem:

@ Develop a loadability factor table for a 1200—amp non-enclosed switch with ACCC
de3|gnat|on Doe6.

(b) Usmg this table, determine the Allowable Continuous Current Capabllrty of this switchatan - :
ambient temperature of o°C.

Solution:

(a) The normal loadability factor table, Table C -1, was created using Table C-3foranon-
enclosed switch with ACCC designation 006. For the temperatures from 25°Cto 60°C, the
Ioadablllty factors from Curve D were used. The standard loadability factor of 1.22 was used for
an amblent of 25°C. The loadability factors from Curve 6 were used for the temperatures from
20°Cto-30°C. '

| _' - (b) Based upon Table C-1, the AIIowabIe Contlnuous Current Capab:lmj ofa 1200-A non-
: . enclosed swrtch demgnated D06 at 0°C would be

Loadablllty Factor @ 0°C* Rated Current
or
" 1.41* 1200 amps= 1692 amps

" For operation at 0°C,_'the Normai rating of switch would-be -'1:6_92 amps.
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Maximum Loadability Factor ;'. '. Curve Used"
Ambient = '
Temperature
: 60‘6 0.84
. | Curve D
50°C - 096
40°C "' 1.07
arc 118
25°C 1.22 - Standard
20°C 1.27 '
10°C 1.34
0°C 1.41 Curve 8
-10°C 1.47
-20°C 1.54
-30°C | 1.60 -

Table C -1: NormalLoadability Factors for a Type o086 Sinritch'

The Four-Hour Emergency Load Current carrying capability of a switch can be determined based upon the
switch's ACCC designation. A four-hour emergency loadability factor curve can be developed for the switch in
.the follow:ng manner.

1

- Uslng Table C- 5 for non-enclosed indoor and cutdoor switches or Table C- 6 for enclosed indoor and

outdoor switches, the appropriate emergency loadability factors are determined based upon the switch's

" ACCC demgnatlon In developing the composite curve, the emergency loadability factor curves of the
‘two standard ACCC designations must be examined and the most limiting loadability
- factor at each ambient temperature will be used to form a composite emergency Ioadab|I|ty factorcurve

for the switch for the ambient temperature range from 60°C to -30°C.

The emergency loadability factor for specific ambient temperatures can be determined'from the

. composite loadability factor curve. If the emergency loadability factor for a specific temperature, which o

is not represented in the composite table, is desired, the emergency loadability factor may be calculated

-by interpolating between the nearest known values. In no case shall the emergency loadability factor

exceed 2.00.

The Four-Hour Emergency Load Current Capability of a switch at a glven amblent temperature is equal'
to the emergency loadability factor at that ambient temperature multlplled by rated contmuous current
of the switch, which is contained on the switch's nameplate ) .

The Four-Hour Emergency Load Current Capability of a switch ata glven amblent temperature wilt be treated
as-the Emergency ratings of the switch for that ambient temperature . .

Example: The following example should serve to clarify this process:

Prohlem:

(a) Develop an emergency Ioadability factor table fora 1200-amp non-enclosed switch with -
ACCC designation 0086.
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(b) Using this table, determine the Four-Hour Emergency Load Current Capability of this
switchat an ambient temperature of 0°C.. . S

Solution: _ _ _ _
{a) The-emergency loadability factor table, Table C- 2,was created usihg Table C;-S fora
non-enciosed switch with ACCC designation DO6. The composite curve was developed by
examining the emergency loadability curves for switches having ACCC designations of 004

and FOB. At each of the'ambient temperatures, the most limiting loadability factor was chosen
from the D04 and'FO6 curves to form the composite curve.

- {b) Based upon Table C- 3,the Four-Hour Emergency Load Current Capabil'i_ty-of a 1200-A
non-enclosed switch designated D06 at 0°C would be: )

Emergency Loadability Factor@ 0°C * Rated Gurrent
or L

1,54 *1200 amps = 1848 amps .

For operation at 0°C, the Four-Hour Emergency ratings of the switch would be 1848 amps.

" Compasite
Curve for a
(006 Switch

Maximum Loadability Loadability
Ambient Factor Curve Factor Curve
. Temperature 004 FO6

60°C
50°C

a0°C

- | __a3sC

30°C
25°C

_20°C

-~ 10°C
e

-1 Q°.C
-20°C
- -30°C
Table C-2: _F_our-Hour Eme@engy Loadabil!_ly_ Factors fbr aType D06 Swi-tch. '
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Table € 3: Non-enclosed Indoor and QOutdoor. Switches

Switch Part Normal Loadability Factors {LF) for Various Ambient Temberatures

U PL2CE . January 1998

Maximum ' ACCC Deslgnation
Ambient
Temperature
. . AO1 . ' BO2 co3 DQ4- ‘EQ5 F0& GO7 HO8 109 JO19 KO11
e F .
— - —

&0 -1 | os| c¢| o067 c| om| cf os] c| osst c| osz| ¢ os4|. ¢ ess| ce] 1e3] -c| 108 ¢ 110 ¢
ur ur ur ur ur ur ur ur ur ur ur
ve ve ve ve ve vé ve ve | ve ve ve

. o K
A 8 c D E F G |~ ' J
50 122 | oas2 - 0.87 090 096 056 1.02 103 1.05 . 109 - 112 i.14
40 104 1.00. 1.03 104 1.07 1.06 111 | 113 115 - 11s 116
' 116 119 119 120 120 120 121
_ 122 12z 122 122 122 122 122
127 | Fuar ] | 127 126 125 124 124
: v ) ¢ c c c [
ur ur ur ‘ur ur ur ur
ve Ve ve ve’ ve Ve ve
1 2 3 4 5 6 7 U6 9 1
e . 1
. 0
10 50 ] 141 140 136 136 134 134 132 132 130 1.26 ‘L8
0 a2 1.53 151 1.47 1.45 142 1.41 139 138 1.34 132 131
10 14 163 160 |- 156 152 1.49 147 145 144 139 136 134
20 -4 173 170 164 160 156 154 151 149 L4 140 137
-30 2 | e 1.78 172 167 163 160 187 154 145 144 140




Maximum ACCC Designation
- - Ambient S
Temperature )
Q0 33 P02 .ND1 RO4 S05 CTO6 Uo7 V08 . W09 X010 Yo
- — - —_—
¢ o
60 140 1 o0 | © | 045 ¢| oss |'c| ot | clom | c|loss | c|]oss|cjoszic|1o|c|i1os]|]cC|re ¢
ur ur ur ur ur ur Sour ur ur, ur ur
¥ v ¥ v ¥ v v ¥ ¥ ¥ v
e ] e e’ e e . e ] e e
. s Y
Q P N R 5 T u v w X
50 122 | 071 0.77 0.82 087 0.90 096 0,98 102 107 110 113
40 104 | 100 S1.00 100 - 103 104- | 108 108 111 1.13 115 S 117
30 g6 | 122 [ C. | 118-| CQ 115 116 116 118 118 IRCE 120 120 - 1.20
ur ur . Lo
v ¥
[+ e
3 2
ne S s 122 122 1.22 1.22 122 122 1.22 122 |0 | 122
. c | [ - C c [+ [ c |- c [
20 68 | 141 134 129 [ ur| 120 |G| 128 wur| 12 wr| 128 | ur| 126 | ur| 125 | ur | 125 frur| 124 | ur
. ve ve ve v N v A v v
e B -] e e e [
1 4 5 ) 1
6 7 8 5 1
1
_ 0
10 50 | 158 148 1.4] 140 138 136 ias’ 1y 131 120 128
o 32 | 173 1581 | 153 1.51 147 145 142 141 1.36 134 1.31
10 14| 1387 173 163 161 156 153 1.50 L4l 140 _1a3s
20 4 | 200 1.84 L7 17 164 1,50 1.5 1.54 1.46 L4z Loias |
0 22 | 200 195 - 1.83 178 172 1.67 1.63 - 160 1.51 146 - 141

Switch Part Normal Loadabil
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Maximum ACCC Deslignation

Ambient -
Temperature

' | aa 802 | cos | po4 | mo5s | ros |  eor | HoB 109 jo10 | xo11
% | '
- ___________ ______________|

'ﬁn 1'40 100 103 104 10R 1.08 ' L1l Lil 113 115 116 118§
50 122 1.15 117 1.16 1.18 1.18 119 1.18 120 1.20 120 1,21

40 104 1.29 1,29 127 128 1.26 1.27 1.26 126 125 124 1.24.
s H] 135 1._35' 1.33 1.32 1.30 130 1.29 129§ 127 1.26 - 126
30 8 | 141 | 140 1.38. 1.36 1.34 1-;34_ 1.32, 1,32 . 130 | 128 1,28

25 | 77 ] 147 | 146 142 | 1a1 | 138 137 136 | 135 132 1,30 129
20 68 153 1.51 147 145 1.42 1.41 1.39; 1.38 135 1.32 1.31

10 '50 163 | 161 156 1.53 1.49 1.47 1.45 1.44 139 1.36 1,34

0 3| um 1.70 1.64 160 1.56 1.54 1.51 1,49 1.44 1.40 1.37
-10. 14 1.83 1,78 172 | 1e7 1.63 1.60 1.57 1.54 1.48 1.44 1.40
20 -4 1.92 1.87 1.80 1.74 1.69 1.65 1,62 159 1.52 1.47 143
-a0 22 2.00 195 1.87 1.80 1.76 171 1.68 1.64 1.56 1.51 1.45

=B Non-enclosed Indoor and Outdoor Switches

" Switch Part Emergency Loadability Factors (ELF) for Various Ambient Temperatures
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! Maximum - : S . - AGCC: Designation
; Ambient ' : :
i Temperature o _
: ' Q0,3 PO,2 . -NoI RO4 s0s TO6 Uo7 . vos W09 X010 . YOIl
] °c % o | : :. —
60 | 140 oo | o0 | 100 1.03 104 108 108 | ri 113 115 | L7
50 | 122 | 122 118 | . 115 117 16 | 118 118 | 19 120 120 | L2
4 | 104 | 141 | 134 1290 |7 129 127 | 128 | 126 127 125 125 - 124
3 35 | o5 | 130 141 135 135 133 132 | 130 130 | 128 127 126
30 | se | 158 1.48 141 | 140 138 136 ] 13 i3 | 13 129 128 -
25 | 77| 166 155 147 . 146 142 | 14 138 137 | 134 131 1.30
20' S oes 1.73 1.61 153 - 1.51 147 |- 145 1.42 1.41' 136 1.33 1'.3i
.10_"-- 50 | 187 173 1.63. _ 161 156 | 153 1.49 147 | 14 138 ‘1.35
o | 32| 200 1.84 173 | 170 164 | 160 156 154 | 146 142 | 138
10 | 14 200 1.95 1.83 178 172 | . 167 163 .| 160 1.51 146 | 141
- 20 | -4 | 200 2.00 192 187 180 | 174 169 | 165 156 1.50. 144
_ ' 30 | 22 | 200 200 | 200 1.95 1.87 1.80 176 | 17 1,60 14 | 147
-8: Enclosed Indoor and Outdoor Switches

K T Switch Part Emergsnt:y Loadabﬂity Factors (ELF) for Various Ambient Temperatures

PL-2.C-8 January 1996




APPENDIX PL-2.D - Wave Traps

Wave trap ratings are discussed in several sources. The ratings for the older wave traps in which the
main coil is designed as a single-phase, afr-cored inductor of the dry lype are discussed in ANSI C93.3-
1981, Requirements for Power-Line Carrier Line Traps and in Westinghouse Electric's Curve No.
311545 (Copy included in this Appendix}. The ratings of the newer type of wave traps consisting of a coil
of wire encapsulated in an epoxy resin are not covered in an ANSI/IEEE standard. The ratings for this
type of wave trap were developed based upon guidelines supplied by the manufacturer, Trench Electric,
(Copy included in this Appendix). In general, the rated continuous current for wave fraps is based on the
maximum permissible temperature rise limitations of the wave trap when it is carrying rated current at an
ambient temperature of 40°C. The total temperature of the wave trap under service conditions depends
both on the actual load current and the actual ambient temperature. It is, therefore, possible to operate at
a current higher than rated continuous current when ambient temperature is less than 40°C, provided that
the allowable total temperature rise limitation is not exceeded.

Ambient-compensated continuous current ratings will be used for the normal seasonal circuit ratings of both
types of wave traps. These seasonal ratings will be based on the nameplate rating of the wave trap with an
adjustment made for changes in the rated continuous current due to changes in the ambient air temperature.
The ambient-compensated normal loadability factors for Dry-Type, Air-Cored Inductor wave traps are given
in Table D- 1 and were obtained from Westinghouse Electric's Curve No. 511545. The ambient-
compensated loadability factors for Epoxy-Encapsulated Inductor wave traps were developed from Trench
Electric's loadability curves and are given in Table D- 2. To determine the normal seasonal circuit rating,
simply multiply the wave trap’s nameplate rating by the appropriate normal loadability factor. Interpolation
may be used to obtain loadability factors at ambients other than those specified in the tables.

Normal life expectancy will occur with a wave trap operated at or below its ambient-compensated normal
current rating. Any value of currents in excess of the ambient-compensated normal current ratings may
cause the designed temperature rise to be exceeded and may shorten the life expectancy of the wave
trap. For wave traps utilizing an air-cored inductor, an acceptable level of emergency overload current has
been determined and is specified in ANS| Standard C93.3-1881, Requirements for Power-Line Carrier
Line Traps. Ambient-compensated emergency current ratings will be used for the emergency seasonal
circuit ratings of wave traps utilizing an air-cored inductor. These seasonal ratings will be based on the
Four-Hour Emergency Overload Current-Carrying capability of the wave trap with an adjustment made for
changes in the continuous current due to changes in the ambient air temperature. The wave

traps may be loaded to this emergency leve! for a maximum of four hours per cycle. Before an emergency
load cycle, the wave trap loading must be at or below the normal seasonal loading level for at least two
hours.

The emergency seasonal circuit rating can be developed by simply multiplying the wave trap's nameplate
rating by the appropriate emergency loadability factor. The ambient-compensated emergency loadability
factors for Dry-Type, Air-Cored Inductor wave traps are given in Table D- 1 and were obtained from ANSI
Standard C93.3-1981, Requirements for Power-Line Carrier Line Traps. Interpolation may be used to
obtain loadability factors at ambients other than those specified in the tables.
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Average Ambient Air

Loadability Factors

Temperature
Normal 4-Hour Emergency
R e e
40°C 1.00 110
20°C 1.05 1.15
0’ 1.10 1.20
-20°C 1.10 1.25

Table D- 1: Loadabihty Factors for Dry-Type Alr-Cored Inducior Wave Traps

Average Ambient Air

Loadability Factors

TemperaOure
Normal 4-Hour Emergency
e
40°C 1.00 N/A
20°C 1.13 N/A
0’c 1.25 N/A
-20°C 1.36 N/A

Table D-2: Loadability Factors for Epoxy-Encapsulated Inductor Wave

Traps

Trench Electric, the manufacturer of the newer type of wave traps which consist of a coil of wire
encapsulated in an epoxy resin, has stated that no overload capability is available on this type of wave
trap. For this reasan, no separate emergency rating will be assigned to this type of wave trap and the
ambient-compensated current rating will be used for both the circuit's normal and emergency ratings.

pPL-2.D-2
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July 16, 1985

Westinghouse Electric Corporation

Subject: Line Trap Loadings
Attached is one copy of the Appendixto ANSI Standard C93.3-1981 titled "Guide for Emergency Overload
Current Capability of Line Traps".

This guide is current and, all Westinghouse traps built since 1970 conforms to the overload capability
designated therein,

The Curve No. 511545 supplied applies to Westinghouse Line Traps built prior to 1970. Note that the

overload capability of traps 2000 amperes and below on this curve are the same as that specified in the
Standard. The larger traps were modified in design in order to conform to the Standard requirement.
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July 25, 1985

Trench Electric

Attached are three copies of the overload current U.S. temperature curves. General Electric did not send
any such information when we purchased their Line Trap division but the curves should be approximately

the same.
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Appendix PL-2.E

APPENDIX PL-2.E - Current Transformers . _
Current transformer ratings are dscussed in ANSVIEEE C57.13 IEEE Standard Requirements for

Instrument Transformers and in Westinghouse 'Electric's technical papér fitled “Memorandum
on Thermal Current Characteristics of Current Transformers Used With Power Circuit
Breakers ‘and- Power Transformers" (Copy included in this Appendix). In general, the rated

* continuous -cument for current transformersis based on the maximum permissible temperature limitations
_of e varbus paris of the current transformer when it is carrying rated current at a 24-hour average
. ambient temperature of 30°C (with a maximum hourly temperature of 40°C). The total temperature of
~ these parts under service conditions depends both on the actual load current, the actual average

ambient temperature, and the service environment of the current transformer.  Depending on the
environment, it is, therefore, possble to operate at a current higher than rated continuous current when
the average ambient temperature is less than 30 °C, provided that the allowable total temperature limit
is not exceeded. ~ Similarly, when the average ambient temperature is greater than 30°C, the current
must be reducedto less than rated continuous current to keep totaltemperatures within allowable limits.

The environmentin which- a currenttra nsformer_.eper_at'es has a large effect onthe curreni-carrying . :
capability of the current transformer. Separately mounted current fransformers have been assigned rated
primary and secondary currents and continuous-thermal-current rating factors by the manufacturer.
Separately mounted current transformers are designed to meet these characteristis by the independent
control of such parametersas: current density inthe primary and secondary windings, geometry, area of
radiating surfaces, and heat transfer characteristics.  Permissible loading as a function of ambient
temperatures - and continuous-thermal-current rating factors, and permissible overloading under
emergency conditions, is covered in ANSIIIEEE C57.13 IEEE Standard Req urrements for '
Instrument Transformers ' : :

Bushing current transformers mounted in power circuit breakers and 'p‘ower transformers differ from
separately mounted current transformers in that the design parameters cannot be independently controlled
since they are restricted by the characteristics of the power apparatus in which they are mounted. Bushing
current transformers, when attached to various power apparatus, are subjecied to wide variations in their
environmental .ambient temperature. This variation is dependent upen the thermal characteristics of the
power apparatus and the relative current loading with respect fo the rated current of the power apparatus and its
bushing current transformer.. For this reason, continuous-thermal-current rating factors are not typically
calculated by the manufacturer for bushing current transformers. Instead, the continuous-thermal-current

rating factors must be determined for each application. Permissible loading and permissible overloading of
bushing current fransformers is. covered in Westinghouse Electric’s technical paper ttled "Memorandum on
Thermal Current Characteristics of Current Transformers Used With Power Circuit Breakers
and Power Transformers". N .

Ratina Separately Mounted Current Transformers: The maximum continuous-thermal-current ratings

for separately-mounted current transformers designed for 55°C  temperature rise above 30°C average
ambient air temperaiure will vary according to actual ambrent coolmg air temperature The adjusted
contl nuous current ratrngs will be based on three items: .

1. The nameplate prrmary and secondary current ratings at the ratro settrng berng used.

2 The average cooling arr temperature at which the rating is berng caiculated Note: - The maxrmum
‘ cooling air temperature must not exceed the average cooling alrtemperature by more than 10°C .

3. The ambient-adjusted Continuous-Thermal-Current rating factor. from Table E-1 The va[ue us'ed.' '

from this table is based upon the nameplate Continuous-Thetmal-Current ratrng factor of the current o
transformer and the average ambient air temperature. A .
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Average Nameplate Continuous-Thermal-Current Rating Factor

Cooling
Temperature
(cy - | |
100 | 133 1,50 200 | 300 | . 400
60°C 065 | 085 1.00 135 200 | 270
50°C 080 | 105 1.20 160 2.40 320
40°C 1 0.90 1.20 135 180 | 270 365
30°C 100 | - 133 1.50 200 | 3.00 400 -
20°C 1.0 145 165 | 220 330 - | 435
10°C 1,20 155 175 |  2.35 3.50 . 4.70

oC 130 165 185 | 245 370 | 5.00

Iable E -1: Ambient-Adjusted Continuous-Thermal-Current Rating Factors

. The ambient-adjusted coh_tinuous-thermal—current rating of a separately-mounted current transformer is equal

to the ambient adjusted continuous-thermal-current rating factor multiplied by rated primary current of the

- current_transformer at the. ratio -specified. According to ANSI/IEEE C57.13-1978, IEEE Standard .

Requirements for Instrument Transformers, no overload capability is available on separately-
mounted current transformers. For this reason, normal rating of  the separately-mounted current
transformer will be used forboth the normalseasonal circuit rating and the emergency seasonal circuit rating.

Example: The following example should serve to clarif_y this process:
Probiem: ' oo
(a) _D_et_érmine the summer seascnal norm'a'l_an"d emergency ratings for a separately-mounted current
Transformer operatirig on a 2000:5 amp ratio with a nameplate Contintious-Thermal-Current rating of

1.50. Assume the average ambient air temperature is 30°C with a maximum temperature of 40°C for
the summer period. Co A R

(b} Determine the wihtéfjseasonal hormal and emergency ratings for this samé.'separately-mountéd-'
current -transformgr assuming an average ambient air temperature of 0°C ‘wih a maximum
temperature of 10°Cfor the winter period. A ' S
Solution '

(a) ~ From Table E - 1, the 30°C ambient-adjusted Continuous-Thermal-Current rating factor for a
separately-mounted current transformer with @ nameplate Continuous-Thermal-Current rating factor

of 1.50 is 1.50 (They are the same due to the fact that the nameplate C-T-C rating factor is developed
at an average ambient of 30°C). The-normal and emergency summer ratings w_ould then be equal te:

' Amblent-Adjusted C-T-C R.F; @ 30°C  Rated Primary Cufrént of CT Ratio
150 *2000 amps = 3000 amps.
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T For operation at 30°C. both the Summer Normal and Emergency ratings of current transformer would .
o be 3000 amps. Note: When the primary current is 3000 amps, the secondary current would be 7.5 -
E amps due to the 2000:5 ratio used in the current transformer

_ (b) From Tabie E - 1, the 0°C ambient-adjusted Continuous-Thermal-Current rafing factor for a
. separately-mounted current transformer with a nameplate Continuous-Thermal-Current ratig factor
of 1.50 is 1.85. The normal and emergency summer ratings would then be equal to:

~ Ambient-Adjusted C-T-C R.F."@_ O.D_G ’_‘Rated Primary Current of CT Ratio
or '

1.85 * 2000 amps = 3700 amps

' For Ope'rat_i'on at 0°C, both the Winter Normal and Emergency ratings of current transformer would be:
3700 amps. - Note: When the primary current is 3700 amps, the secondary current would be 9. 25
amps-due to'the 2000: 5 ratlo used in the current transformer. .

: : : : : atus: The continuous current rating of
current transformers mounted in power crrcwt breakers or power transformers is determined as follows:

1. When the bushing .current transformer ratio being used has the same primary current rating as the
breaker ‘continuous current rating or the power transformer rated current the oontlnuous current
; ratmg factorof the current transformer is 1.0 {unity).

2 When the primary current rating of the ratio being used on the current transformer i is greater than the
continuous current rating of the breaker or greater than the power transformer rated current, then the
maximumi load current is limited by the breaker or power transformer rating, which ever is applicable.

3. When the primary current rating of the ratio being used is Jess than the continuous current rating of .
the breaker or the power transformer rated current, then the maximum load cument is limited by the . -
continuous thermal current rati ng ‘of the current transformer when operating on that ratio.  Under
these canditions, the temperature rises of the current transformer and the power apparatus would be
lower, and therefore, the current transformer can be- operated at a continuous thermal rating factor
greaterthan 1.0. Inthis situation, the permissible continuous-thermal-current rating factor is

- calculated based upon constant maximum power dissipation, using the following equation: .

“F 'pa 11/2
RF.= . |

where

R.F. =Continuous—thermal-current rating factor
s =_"Pow'erapparatus continuous current rating (amps)

g = Primary current rating of bushing
. 'cUrrent transformer ratic used (amps)

The results calculated from this equation should be so limited that the maximum ratlng factor does .
not exceed 2.0 and that the continuous current rating of the breaker or the rated current of the power.-' :
transformer is not exceeded . . '
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Note The situation, in whlch the primary current rating of the current transformer ratio being used

“is less than the continuous current rating of the breaker or the power fransformer rated current, is

an unusual case and should be viewed as the exceptlon ratherthan the ru[e

. The normal rating of a bushmg current transformer is equal to the: contlnuous—thennal-current ratmg factor
*multipied by rated primary current of the current transformerat the ratio specified. - :

Some short-term emergency overload capability is typ|cally avallable on bushlng current transformers
motinted on power circuit breakers and power transformers. - However, when utlhzmgthls emergency
overload capability, care must be taken to coordinate the Ioadlng limit of the current transformerwith the
overall application limitations of the other equipment affected by the current transformer loading. Particular
care should be taken to avoid exceading the maximum metering capablity of metering equment attached to

the current transformer secondary.
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APPENDIX PL-2.F

APPENDIX PL-2F - Circuit Breakers

Circuit breaker ratings are discussed in ANSIIEEE C37.010- 1EEE Application Guide for AC -
High-Voltage Circuit Breakers Rated on-a Symmetrical Current Basis and in ANSI/IEEE

'.'037'.010b—|EEE Standard for Emergency Load Current-Carrying Capability. These

standards discuss the development of ratings for circuit breakers from the standpont of the

‘manufacturers. From a practical standpoint. the application of the methods discussed in these
" standards to circuit breakers in operation will be very difficult. due to the fact that this application

would require contacting the manufacturer for detailed design information for sach circuit breaker

" beingrated. Therefore, it is recommended that for any circuit breakers which do not limit flows on

the transmission system, the nameplate rated continuous current be-used as the circuit breaker's

" nommal and emergency circuit ratings. For circuit breakers which limit flows on the transmission
- system, the manufacturer could be consulted -and ambient-compensated normal and emergency

ratings could be developed for the circuit breaker using the methods described in the ANSIIIEEE
Standards. These methods are descnbed inthe remalnder of this Appendlx

In generai, the rated contmuous current for circuit breakers is based on the maximum permissible :
temperature limitations of the various parts of the circuit breaker when it is carrying rated cuent
at an ambient temperature of 40°C. The total temperature of these parts under service conditions -
depends both on the actual load current and the actual ambient temperature. It is, therefore,
possible to operate at a current higher than rated continuous current when ambient temperature is
less than 40°C, provided that the allowable total température limit is not exceeded. Similarly,
when the ambient temperature is greater than 40°C, the curent must be reduced to less than

* rated continuous current to keep total temperatures within allowable limits.

Ambient-compensated ¢ontinuous current ratings wil be used for the normal seasonal
circuit ratings of outdoor circuit breakers. These seasonalratings will be based on the
nameplate rating of the circuit breaker with :an adjustment made for changes in the rated
continuous current due to changes in the ambient air temperature. The seasonai loading
limit shall be coordinated with the overall application limitations of the other equipment
affected by the loading of the circuit breaker, such as cables and current transformers.
{See other appropriate appendices to determhe limitations on the other equipment.) For
circuit breakers used in metakclad switchgear, no seasonal ratings will be calculated.
Instead, the loading limit shall be coordinated with the overall application limitations of the
switchgear.

The seasonal normalcircuit breaker ratings can be determinedin the following manner:

A circuit breaker's rated continuous current is based on the maximum ‘permissible total

temperature limitations, @max"" and €3, of the various parts of the circuit breaker when it is -

carrying rated current at an ambient temperature of 40°C. The constructional features of a

" circuit breaker dictate the appropriate values of Gimax and @, to be used in the calculation of

ambient- compensated ratlngs The major components of a circuit breaker have several
:dlfferent temperature I|m|tat|ons which are shown'in Table F - 1. ‘

In order that none of these temperature limitations be exceeded when the Ioad current is .
Adjusted to the value permltted by the actualambient temperature, the values of Qﬁmax and
0, should be determined as follows :

(E)] If the actual temperature is Jess than 40°C the apphcable component w1th -
the highest specified values of allowable : temperature Ilmitatlons should: .
be-used for determining Chmax and 3,. : : '

(b) If the actual temperature is greater than 40°C, the applcable component - -
with the lowest specified values of allowable temperature Ilmrtattons
should be used for determining Cnax and &3,.
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Limit of . - limit of
Temperature - Total
Rise, "C - o - Temperature, *C .
- - @, . Co 3
Component Description . ; Epmas
Circuit breaker parts Itend!ed by the operator in ) 10 . 50
Copper contacts, copper-to-copper conducting : 30 70
joints, extemal surfaces accessible to the
- operator in the nonmal course’ of his duties,
exdernal terminalconnastad to hiishing
Tapoil - 40 _ A0
Breaker terminals to be connected to 85"C 45 85
_Lnsujated_:able
. Hottest spot ternperature of parts where they 50 o0
- gahtact oil; silver (or- equal) contacts in oil; Silver
_Siitrer (or equal) contacts in air; silver (or egual) 65 © o 105
conducting joinis in air, hottest spot of bushing ;
- conductor or of bushing metal parts in contact
with Class A insulation or with oil; hottest spot
“winding temperature 565"C rise of current
External surfaees'not"accessible to an operator in : . 70 10
Hottest spot winding temperature of BO"C dry- ._3 110 150. |

" type current transformers

[able F -1: Su_mmary of Temperature L1m1tatlons for C1-rcult Breaker Components

B . 2 - The continuous current which a circuit breaker can carry at a gwen ambient temperature -

without exceeding iis total temperature limitations is given by the formula

I Omax-@a 1/1.8

la=l
L o,
where

i = . allowabie contmuousloed current, in amperes, at the actualamblent
“temperature Q, (1, is not to exceed two times |,

l, = rated continuous current, in amperes

Umax = .  allowable hottest spot totaltemperature (Omax =0, + 40°C) in -

_ degrees Celsius

0a = -actualambient temperature expected (between -30°C and 60°C) in

~ degrees Celsius
0, = allowable hottest spot temperature nse “at rated current, in degrees

: Celsms

3. The ambient- compensated allowable contlnueus Ioad current, Ja. calculated in Step2 will

be treated as the seasonalnormal rating of the circuit breaker.

PL2F2 . January 1996
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- Normai life expectancy will occur with a circuit _b'r_eék"er operated at continuous nameplate rating.

When operated for one or more load cycles above hameplate rating, the materialused in -
manufacturing the circuit breaker deteriorates at a faster rate than normal. The rate of

deterioration is commonly expressed as a percentage loss of life. According to ANSI/IEEE
C3_7.010b- IEEE Standard for Emergency Load Current-Carrying Capability, a circuit

breaker can experience operation at 10°FC above the limits of total temperature for which the
¢ircuit breaker was- designed for up totwo periods of an emergency cycle of eight hours before an

- unreasonable [oss of life occurs and maintenance is required. Inspection and maintenance must

be performed in- accordance with manufacturer's recommendations before the circuit breaker can

: . be subjected to additionalemergency cycles. [n addition, following each emergency cycle, the
~ load current shall be limited to 95% of the rated continuous current as modified by ambient
. compensation for a minimum of two hours. '

Ambient-compensated emergency current ratings will be used for the emergency seasonal circuit
ratings of outdoor circuit breakers. These seascnal ratings will he based on the Eight-Hour
Emergency Load Current-Carrying capability of the circuit breaker with an adjusiment made for
changes in the continuous current due to changes in the ambient airtemperature. The seasonal
emergency loading limit shall be coordinated with the overall application limitations of the other
equipment affected by the loading of the circuit breaker, such as cables and current transformers.

The seasonalemergency circuit breaker ratings can be determined in the following manner:

1. Emergency load current-carrying capability factors with ambient temperatures at 40°C are
listedin Table F- 2 for each limiting temperature of various circuit breaker components.
The factors have been selectedto allow-operafion at 104aC above the limits of total
temperature for an emergency period of eight hours. The factors are expressed as the
ratio of emergency load current allowed at an ambient temperature of 40°C, 1 to the
rated continuous current, ,, and can-be applied with the following restrictions;

(@)  The.circuit breaker component with the highest values of limiting temperature,
Oax and O,: shall be used to select the proper emergency load current-carrying
capability factor from Table F- 2. :

(b)  The Eight-Hour factor shall'be.'uséd fora cycle"of operation consisting of separate
periods of no longer than eight hours each, with not more than two such
occurrences before maintenance.

(©) Each cycle of operation is separate, and no tme-current integration is permissible
to increase the number of periods within a given maintenance cycle.

Limiting Temperatures (°C) of Different Breaker Combonents

Cimax 70 80 85 90 105 | 110 150,
a0 30 40 45 50 65 | 70 110-
1,17 1.13 1.11 1.10 1,08 1.07 1.05

',Table F-2:Emergency Load Current. Carrying Capablhty Factor (1))
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S 2 The emergency Ioad current, f of a circuit breaker operatlng atan amblenttemperature other
than 40°C can be calculated by the equation: : o

' Omx -0 1/% 118

where

laa —-emergency load current, in amperes at the actual amblenttemperatureo (lea is
not to exceed twotimes 1)} - .

|, = Rated continuous current, in amperes
_ - . emergency load current, in amperes, at 40°C amblent temperature
Dmax = allowable hottest spot total temperature _ (Omax =0, + 40°C), in

degrees Celsms
actualambient temperature expected (between -30°C and 60°C},'in

degrees Celsius
@, = allowable hottest spot temperature rise at rated current, in degrees

Celsius - -

o,

—_- emergency Ioad current-carrymg capablllty
I, factorfrom Table F-2 .

3. The amblent-compensated emergency load current lea» calculated in Stepz will be treated as the
seasonalemergency rating of the cucmt breaker :
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Appendix PL-3

Southwest Power Pool Generator Owner/Operator
Excitation System Summary Report

Instructions: Generator Owner/Operator shall fill out summary information for all units under
your control concerning the number of hours the Excitation System was not operated in

Automatic Voltage Control Mode.

Generator
Owner/Operator

Month Reporting Data

Contact Name

Contact Phone

Station Unit # # Hours Excitation System not operated in
Automatic Voltage Control Mode

Dev. February, 2001
By SPP GWG



Appendix PL-3

Southwest Power Pool
Generator Unit Excitation System Status Report

Instructions: Generator Owner/Operator shall fill out information concerning the frequency and
duration of events of a particular generating unit’s excitaton system not being operated in
automatic voltage control mode.

Generator
Owner/Operator

Generating Unit

Month Reporting Data

Contact Name

Contact Phone

Date (unit not Unit # Reason unit’s excitation system was
operated in operated out of automated voltage control

automatic mode) mode

Dev. February, 2001
By SPP GWG



Appendix PL-3

Southwest Power Pool Generator Owner/Operator
Voltage Schedule Requirements

Instructions: Control Area Operator shall specify voltage schedule to be maintained by each
Generator Owner/Operator’s units at a specified bus.

Generator
Owner/Operator

Control Area

Voltage Schedule Date

Contact Name
(Control Area)

Contact Phone
(Control Area)

Station

Unit #

Specified Voltage

Specified Bus

Dev, February, 2001
By SPP GWG




Appendix PL-3

Southwest Power Pool Generator Unit
Voltage Schedule Status Report

Instructions: Generator Ownet/Operator shall fill out information concerning the frequency and
duration of periods in which particular generating units did not adhere to control area’s prescribed
voltage schedule. If event was approved by control area operator, please attach written approvals.

Generator
Owner/Operator

Generating Unit

Month Reporting Data

Contact Name

Contact Phone

Date Duration | Reason unit did not adhere to voltage Approved
(hr:min) schedule (yes/no)

Dev. February, 2001




Appendix PL-3
By SPP GWG

Southwest Power Pool
Control Area’s List of Exempt Generators

Instructions: Control Area Operator shall list units in their area of responsibility that are exempt
from following prescribed Control Area Voltage Schedules.

Control Area
Operator

Last Updated

Contact Name

Contact Phone

Generator Owner/Operator | Generating Station Unit

Dev. February, 2001
By SPP GWG



Appendix PL-3

Southwest Power Pool
Generator Unit Transformer Tap Setting Report

Instructions: Generator Owner/Operators shall fill out information concerning the tap settings
and impedances of all GSU and AUX transformers under their control.

~

Generator
Owner/Operator

Generating Station

Last Updated

Contact Name

Contact Phone

GSU/AUX Current Tap Tap Setting Range Transformer

Transformer 1.D. Setting Impedence (OA
Base)

Dev. February, 2001

—



Appendix PL-3

/‘3 By SPP GWG
L Southwest Power Pool
Generator Unit Transformer Tap Setting Change Request

Instructions: Control Area Operator shall complete information necessary to let affected
Generator Owner/Operator know of needed Generator Unit Transformer settings changes.

Generator
Owner/Operator

Generating Station

Control Area

Date

Contact Name
(Control Area)

Contact Phone
(Control Area)

GSU/AUX Current Tap New Tap Setting | Technical Justification
Transformer Setting for Tap Setting Change
‘ LD.

Dev. February, 2001



Appendix PL-3
By SPP GWG

Southwest Power Pool
Generator Units Exempt from Tap Setting Reporting Procedures

Instructions: Generator Owner/Operators shall fill out information for all units under their
control that are exempt from Transformer Tap Setting Procedures. The criteria that is met must
also be documented

Generator
Owner/Operator

Control Area

Date

Contact Name
(Control Area)

Contact Phone
(Control Area)

Generating Unit # Exemption Criteria Met
Station

Dev. February, 2001



Appendix PL-3

By SPP GWG

Southwest Power Pool
Voltage Regulator Control Setting Status Report

Instructions: Generator Owner/Operators shall fill out information for all units under their
control.

Generator
Owner/Operator

Generating Unit

Date

Contact Name

Contact Phone

Generating Control Setting | Generator Short Term | Protective Relay
Control Capability Setting

Overexcitation
Limiter

Underexcitation
Limiter

Volts/Hertz
Limiter

Dev. February, 2001
By SPP GWG




Appendix PL-3

Southwest Power Pool

Generator Governor Characteristic Reporting

Instructions: Generator Owner/Operators shall fill out information for all units under their

control.

Generator
Owner/Operator

Generating Unit

Last Updated

Contact Name

Contact Phone

Governor Control

Control Setting

Speed Regulation

Dev. February, 2001
By SPP GWG




Appendix PL-3

Southwest Power Pool
Non-Functioning Governor Controls

Instructions: Generator Owner/Operators shall fill out information for all units under their
control that has a non-functioning or a blocked speed/ioad governor control.

Generator
Owner/Operator

Last Updated

Contact Name

Contact Phone

Generating Station Unit Governor Status
(Blocked/Non-functioning)

Dev. February, 2001
By SPP GWG




Appendix PL-3 - SPP Misoperation Report

Reporting Utility: Date:

Contact Person:

Name

Phone
Fax
E-Mail
Address

'Equipment Category and Operating Voltage:
DME (Yes/No): TPS (Yes/No): GCP (Yes/No):
SPS (Yes/No): UFLS (Yes/No): UVLS (Yes/No):
ARL (Yes/No): Voltage (kV):
Time, Equipment Location & Description:
Incident Date: incldent Time: Time Zone:
Relay MFGR: Relay Type: Relay Flags:
Substation Name/Number: Line/Bus/Auto/Unit Name/No.: Circuit Breaker Numbers:

Description of Misoperation/Failure:

[nvestigation Results:

Corrective Action:

Target Date To Complete Recommendations:

Recommendations:

Person Verifving That All Corrective Actions And Recommendations Have Been

Completed:

| Name: | Title: | Date:

Note: Equipment categories include DME — Disturbance Monitoring Equip, TPS — Transmission
Protection Systems, GCP — Generator Control & Protection, SPS — Special Protection Systems, UFLS —



endix PL-4 — R

actor Thr ds

June 2, 2004

/‘3 Factor | Short-term [Long-term *| Date Approved Comments
PTDF 3% 3% 4/27/2004
OTDF 3% 3% 4/27/2004
PTVF 0.02 p.u. 0.02 p.u. 12/12/2001
TRM 0% 12/12/2001 See SPP website for short-term TRM

* Long-term factors apply to all elements above 80kV.




Appendix PL-6 — Interconnection Review Process Details

This appendix shall be subject to review and approval of the Transmission Working
Group. Given the limited amount of time during a regular Transmission Working Group
meeting, and given the need for timely responses, the majority of the interconnection
review process will take place outside of a regular meeting. A Transmission
Assessment Report will be prepared by the parties to the proposed interconnection and
presented to the TWG for review. Once received, the Transmission Working Group will
review the information provided in the assessment of impacts on the interconnected
system. This appendix details the technical requirements which shall be the minimum
necessary.

Coordination

1. The party proposing the interconnection shall appoint a person who will serve as

the primary contact with SPP staff and with the Transmission Working Group.

2. Ifthe proposal for interconnection comes from the SPP, then SPP shall appoint

its primary contact. ‘

3. The primary contact shall ensure that all affected parties are identified, shall
provide a proposed timeline for the studies shall ensure that all affected parties
are notified of and kept informed of progress, and provided the opportunity to
review all study results prior to submission to the Transmission Working Group.
The rationale for determining affected parties shall be included.

The primary contact shall coordinate any joint studies that may be necessary and
shall report the results to all affected parties.

All affected parties shall cooperate in joint planning efforts.

All affected parties will work together to develop an estimated timeline for the
completion of the study.

SPP shall coordinate activities that affect other regions pursuant to an applicable
seams agreement.

oo M

~

Prior To The Review

Affected parties shall jointly develop and evaluate both the proposed interconnection and
any mitigation plans. The primary contact shall submit a request for review of the
interconnection request to the Transmission Working Group through the group’s
Secretary. The request for review shall include the following:

1. A list of all affected parties and the contact person at each affected party. The
rationale for determining affected parties shall be included.

2. A brief summary of the results of planning studies. Each affected party shall
provide a copy of its own planning criteria as documentation of the need of
mitigations that exceed regional requirements.

3. A detailed description of the project including: in-service date; design information;
ratings of the interconnection; a geographic map of the interconnection area;
electrical one-line diagrams of the facilities being connected.

4. A summary of the resuits of power flow, short circuit, and dynamic analyses
specifically addressing compliance to NERC Reliability Standards, SPP Criteria,
other regional requirements, and affected party planning criteria.

5. Appropriate program files and program automation files to allow SPP staff to
reproduce the studies performed.

6. Details of any required mitigation plans including identification of the parties
responsible for mitigation. The detailed description of mitigation plans shall
include such information as detailed in ltem 3 above.
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7. Any comments of the affected parties.

Technical Study Requirements

The following are minimum requirements for power flow analysis:

1.

3.

4,

5.

Impact analysis shall be performed using an N-1 contingency assessment of all
single elements in the entire first-tier area of the combined areas which the
proposed interconnection connects. This area maybe expanded or reduced as
mutually agreed upon. The rationale for expansion or reduction of the study area
shall be documented and agreed upon by all affected areas.

N-1 contingency assessment shalil not be limited to a breaker-to-breaker outage
assessment, but such assessment may also be included.

A review of impacts shall utilize al! applicable Scenario Cases developed by the
SPP extending to the planning horizon year.

If, at any time, impacts are identified affecting a nuclear power plant, it shall be
included separately as an affected party.

Affected parties shall report adverse impacts and required mitigations.

The TWG may request additional studies at its discretion. The rationale for requesting
additional studies shall be provided to all affected parties. If the proposed
interconnection was previously evaluated by SPP and included in the most recent STEP,
the power flow analysis described here does not need to be repeated.

The following are minimum requirements for short circuit analysis:

1.

2.

3.

4,

5,

The model(s) assessed shall be determined by the affected pariies. The
rationale for the model(s) assessed shall be included

Assessment shall consist of 3-phase and phase-to-ground faults applied at the
buses of the proposed interconnection plus all first-tier buses to the
interconnection.

Additional buses may be studied as mutually agreed upon and documentation for
including such additional buses shall be included.

Assessments shall document the before and after fault currents on all monitored
busses.

Affected parties shall report adverse impacts and the required mitigation.

The following are minimum reguirements for dynamics analysis:

1.

The model(s) assessed shall be determined by the affected parties. The
rationale for the model(s) assessed shall be included. If no dynamics analysis is
performed the rationale for not performing such studies shall be provided.

The assessments performed shall be determined by the affected parties. The
rationale for the assessments shall be included.

Assessments shall document the before and after dynamic performance on all
monitored busses.

Affected parties shali report adverse impacts and the required mitigation.

If the interconnection is to be made at 345 kV or higher voltage, an assessment
of reactive power impacts and management shall be made and provided for
review. This assessment may include but is not limited to power flow, transient
network analysis, or electromagnetics transients studies, insulation coordination
studies and dynamics studies clearly indicating any required levels of shunt
compensation.

_ Dispute Resolution



All disputes between SPP members shall be resolved using the procedures of Section
3.13 of the SPP Bylaws.

Review and Ballot by the Transmission Working Group

1.

2.
3.

The Transmission Working Group Secretary shall review the request for
interconnection for completeness.

Any deficiencies shall be reported to the primary contact.

Once a complete request is received, it shall be forwarded to the Transmission
Working Group for a 14 day review and comment period.

The primary contact shall be responsible for coordinating any response necessary to
comments and questions raised by the Transmission Working Group.

The Transmission Working Group shall schedule a baliot to accept or fo reject

the interconnection request.

Any action taken by the Transmission Working Group will be included in the minutes.

Transmission Interconnection Review Data Checklist

Calt A

o on

Primary contact and all affected parties’ contact information.
Overview of the proposed interconnection and its need.
Estimated or proposed in-service date.
List of all studies run by season.

a. Power flow studies minimum requirements met. b. Short

circuit studies minimum requirements met. ¢. Dynamics studies

minimum reguirements met.
Affected parties planning criteria, if applicable.
A detailed description of the proposed interconnection. a. In-

service date

b. Design information

c. Ratings of the interconnection

d. A geographic map of the interconnection area

e. Electrical one-line diagrams of the facilities being connected.
Appropriate program files and program automation files to allow SPP staff to reproduce
the studies performed.
Details of any required mitigation plans including identification of the affected
parties responsible for mitigation. a. In-

service date

b. Design information

¢. Ratings of the facilities

d. A geographic map of the facility area

e. Electrical one-line diagrams of the facilities being connected.
Comments of affected parties covering agreement or points of disagreement of the proposed
interconnection, if any.

The Transmission Working Group shall review and modify this appendix as needed but not less
frequently than once every 3 years.



