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1.0 PURPOSE 28 

• Documents facility interconnection requirements for generation owners that may 29 
interconnect to Hoosier Energy’s transmission system and control area.   30 

• Updates facility interconnection requirements for generation owners that are 31 
already interconnected to Hoosier Energy’s transmission system.  32 

• Ensures safe interconnections to the Hoosier Energy system to achieve necessary 33 

system performance throughout the planning horizon.  34 

• Verifies compliance with industry standards.  35 

 36 

2.0  APPLICABILITY 37 

This document applies to voltage levels of 69kV and above.  Interconnections to the Bulk 38 
Electric System (BES; typically voltages greater than 100kV) are coordinated through the 39 

Midcontinent ISO (MISO) and must adhere to North American Electric Reliability 40 
Corporation (NERC) reliability standards. 41 

 42 

3.0  HOOSIER CONTACT 43 

 44 
Generations facilities applying to interconnect with Hoosier should contact the following. 45 

 46 

William C. Ware 47 

Manager, Power Delivery Engineering 48 
Office:  812-876-0366 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 
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4.0  PROCEDURES FOR COORDINATED STUDIES OF NEW OR 60 

MATERIALLY MODIFIED EXISTING INTERCONNECTIONS AND THEIR 61 

IMPACTS ON AFFECTED SYSTEM(S)  FAC-001-3 R4.1 62 

 63 

When an interconnection request is submitted, and the applicable facility data and 64 

monetary deposits are routed to the appropriate recipients, MISO in conjunction with 65 

Hoosier Energy will carry out a series of system studies. This series of studies will 66 

continue as long as the request is active, and will be terminated if the request is 67 

withdrawn. This series of studies consists of the following: 68 

 69 

• Feasibility Study 70 

This is a high level evaluation of the proposed interconnection to identify 71 

potential problems that may be unacceptable to the stakeholders involved. 72 

• System Impact Study 73 

This study is more detailed and is conducted to assess the effects the 74 

proposed connection has on transmission system adequacy and reliability. 75 

Transmission facility loadings, voltage profiles, power quality impacts, 76 

short circuit duties, and transient phenomena are examined over a range 77 

of expected system conditions. If the results of this study are acceptable to 78 

all stakeholders, a Facility Study will be performed. 79 

• Facility Study 80 

This study will review and potentially repeat the System Impact Study and 81 

develop the physical connection between the transmission system and a 82 

proposed connected facility. The electrical configuration of the connection 83 

equipment including transformers, circuit breakers, other station 84 

equipment, and required transmission line sections are determined. The 85 

physical layout of equipment and right-of-way needs are also determined. 86 

Multiple alternatives may be considered when developing facility 87 

requirements. Cost estimates of required system upgrades for each 88 

alternative are included. 89 

 90 

The specific steps and requirements of the process for interconnecting new generating 91 
capacity or modifying existing interconnections to Hoosier Energy’s BES Transmission 92 
System are set forth in detail in MISO’s Business Practices Manual (BPM) – Generator 93 

Interconnection.  94 
 95 
A customer request for interconnection to MISO begins the MISO Pre-Queue and 96 

Application Review process. The specific requirements of the interconnection request are 97 
available on the MISO website Generator Interconnection page at: 98 
 99 
https://www.misoenergy.org/planning/generator-interconnection/ 100 

 101 

https://www.misoenergy.org/planning/generator-interconnection/
https://www.misoenergy.org/planning/generator-interconnection/
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5.0 PROCEDURES FOR NOTIFYING THOSE RESPONSIBLE FOR THE 102 

RELIABILITY OF AFFECTED SYSTEM(S) OF NEW 103 

INTERCONNECTIONS FAC-001-3 R4.2 104 

 105 

Hoosier Energy will follow the MISO Planning Coordinator procedures and the MTEP 106 

processes and upon notification of a facility connection request Hoosier Energy will notify 107 

the MISO Transmission Planning Coordinator and any potentially impacted neighboring 108 

entity of the facilities connection request. As facilities connection studies progress and 109 

additional information comes available, Hoosier will share that additional or updated 110 

information from the study result process with the neighboring reliability entities impacted 111 

by the requested facilities connection.  112 

 113 

 114 

6.0 PROCEDURES FOR CONFIRMING WITH THOSE RESPONSIBLE 115 

FOR THE RELIABILITY OF AFFECTED SYSTEM(S) OF NEW 116 

INTERCONNECTIONS OR MATERIALLY MODIFIED GENERATION 117 

FACILITIES ARE WITHIN A BALANCING AUTHORITY AREA’S 118 

METERED BOUNDARIES FAC-001-3 R4.3 119 

 120 

As part of specifying metering equipment, settings, and requirements, Hoosier Energy 121 

shall determine that any new or materially modified generation facilities resulting from 122 

any connection to Hoosier Energy’s system are within the appropriate Balancing 123 

Authority Area's metered boundaries.  124 

 125 

7.0 DEFINITION OF MATERIALLY MODIFIED 126 

 127 

FAC-001 requires Transmission Operators to have procedures for the coordination and 128 

notification of those having responsibility for reliability when existing facilities are 129 

materially modified. What constitutes a “material modification” to a Facility will vary from 130 

entity to entity.  The entity should use sound engineering judgment to make the 131 

determination of who and when studies should be coordinated and communicated.  Some 132 

items that may constitute a material modification of a generation facility include, but are 133 

not limited to the following: 134 

• Addition of generator, line or transmission termination to the Facility 135 

• Addition of circuit breakers or switching devices that change the topology. 136 

• Increases in Generation Output Capability of the facilities from internal upgrades, 137 

efficiency improvements or other modifications. 138 

• Change of impedance (may be required coordination under PRC-001) 139 

• Addition to Generator Owner facilities to accommodate another end user or 140 

generation/transmission connections.  141 
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Items not considered a material modification may include, but are not limited to 142 
the following: 143 
 144 

• Change in rating of element that constitute the Facility (May require coordination 145 

under FAC-008 and FAC-014) 146 

• Change in relay settings (may require coordination under PRC-001) 147 

• Replacement or addition of distribution transformer that provides no change in BES 148 

topology OR switching devices that can change the topology.  149 

8.0 SYSTEM IMPACT STUDY REQUIREMENTS 150 

All requesters of generation connection service must petition MISO for approval of the 151 

connection. MISO will then perform any system impact studies needed for the 152 

interconnections at the requester’s cost.  All generation connections above 100kV and 153 

selected interconnections (at MISO discretion) at 69kV will be evaluated by MISO.  See 154 

MISO Procedures for details. 155 

In order to assess the impact of a proposed facility connection on system reliability, 156 

system impact studies need to be conducted. These system impact studies, as a 157 

minimum, examine the transmission line and transformer loading; generation capacity 158 

(MW) provided a point of connection; voltage profiles and schedules; minimum reactive 159 

(MVAR) requirements; and power quality impacts of the proposed facility for a range of 160 

expected seasonal loading and power transfer conditions. The effect of the proposed 161 

facility on short circuit duties is examined for all proposed generation facilities and 162 

transmission connections. Stability performance is also assessed for all proposed 163 

generation facilities. A multi-step approach to the proposed facility may be considered 164 

where the impact of each step is assessed separately. Alternative plans of service may 165 

be considered.  166 

System Impact Studies may include some or all of the following analyses: 167 

 168 

8.1 POWER FLOW ANALYSES 169 

 170 

Power flow analyses are conducted to examine the impact of the proposed facility on 171 
nearby transmission line and transformer loading, and nearby voltage profiles. These 172 

analyses may typically determine the maximum generation that can be accommodated 173 

with minimal or no upgrades to the transmission system. Contingencies consisting of 174 

single or multiple outages of lines and/or transformers are considered in these analyses. 175 
Where the analyses indicate that transmission upgrades are necessary, alternative 176 
reinforcement plans may be devised and evaluated for their capability to accommodate 177 
the proposed facility. These analyses may also indicate a need to perform dynamic 178 
studies. 179 

 180 
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8.2 SHORT CIRCUIT ANALYSES 181 

 182 

Short circuit analyses are conducted to examine the impact of the proposed facility on 183 
equipment duties. Increased fault duties may require upgrading existing circuit breakers 184 
and other equipment. 185 

 186 

8.3 TRANSIENT STABILITY STUDIES 187 

The ability of a proposed generation facility to remain in synchronism with the 188 

transmission network during disturbances, including faults, is investigated here. As with 189 
load flow analyses, transient stability studies determine how much generation can be 190 
accommodated at a given location. Typically, disturbances corresponding to the 191 

contingencies examined in the load flow analyses are simulated. Other aspects of system 192 
dynamic performance affected by the proposed generation facility may be assessed. Any 193 
required remedial measures, transmission facility upgrades and/or additional design 194 
requirements for the proposed generation facility are identified. 195 

 196 
The criteria Hoosier uses to determine what constitutes acceptable performance in the 197 

above system impact studies is readily available from Hoosier’s FERC Form 715 filing. 198 

 199 

8.4 ADDITIONAL ANALYSES 200 

Other analyses may be required as part of system impact studies depending on the nature 201 
of the proposed connected facility and its location within the transmission network. Power 202 

quality analyses are undertaken for all generation that could potentially cause harmonic 203 

current or voltage, voltage flicker, and/or telephone interference. Criteria for harmonic 204 
interference, voltage flicker, and telephone interference are included in the document 205 
appendices. 206 

 207 
The scope of all the above system impact studies is determined by MISO based on the 208 

type, location, and power level of the proposed facility. Normally, MISO will perform the 209 
system impact studies at the expense of the Owner.1 A report documenting the 210 
assumptions, results, and conclusions of the system impact studies is made available to 211 
the Generation Facility Owner. 212 

 213 

Hoosier and MISO must be notified of new facilities, upgrades, or additions such as an 214 
increase in load or added generating units to existing facilities connected to the 215 
transmission system within the Hoosier Energy Control Area. System impact studies are 216 

to be conducted to determine the need for any upgrades of transmission equipment or 217 
transmission reinforcements to the Hoosier system to accommodate the changes in the 218 
connected facility. 219 
 220 

                                                           
1 Herein after the Owner refers to the Generation Facility Owner or third party acting on behalf of 
the Generation Facility Owner. 
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8.5 FACILITY CONNECTION STUDY 221 

 222 

A facility connection study is performed to evaluate and determine the physical 223 
connection between the transmission system and a proposed connected facility. The 224 
electrical configuration of the connection equipment including transformers, switchgear 225 
and other station equipment, and required transmission line sections are determined. 226 

Attachment A illustrates some of the more typical configurations for facility connections, 227 
but other possibilities exist depending on the particular situation. The physical layout of 228 
equipment and right-of-way needs are determined in the facility connection study as well. 229 
Typically, more than one alternative is considered in developing a facility connection 230 
depending upon the accessibility of the local area transmission facilities and the needs of 231 

the proposed connected facility. A multi-step approach may be considered in the facility 232 

connection study to accommodate a multistep increase in generation for the connected 233 

facility. Normally, the expense of developing a facility connection is the responsibility of 234 
the Generation Facility Owner. 235 
 236 

8.6 RESPONSIBILITIES 237 

All Owners may be responsible for the costs associated with connecting to the Hoosier 238 
Energy Transmission System. This will include both the costs of the Owner’s facilities and 239 
all costs of modifications and/or additions to Hoosier transmission facilities required to 240 

integrate the generation facilities. Hoosier will also require reimbursement for evaluation 241 
of requests for service, for performing necessary System Impact Studies, and for required 242 

regulatory filings. These direct costs may also be increased to cover any increase in taxes 243 
in those jurisdictions where applicable. The information contained herein is subject to 244 

change and may be revised at any time.  245 

9.0 TYPES OF CONNECTED CIRCUIT CONFIGURATIONS 246 

REQUIREMENTS 247 

The typical arrangement for generation connected to a transmission line is shown in 248 
Attachment A, and the typical arrangement for generation connected to a breakered bus 249 
is shown in Attachment B. These figures illustrate some acceptable configurations for 250 
connection of generation to the Hoosier Transmission System. 251 

 252 

This document is not intended to cover the connection of generation to distribution 253 
systems. For requirements applicable to distribution connected generation, the 254 

Generation Facility Owner should also contact local Hoosier member cooperatives. 255 

10.0 DESIGN REQUIREMENTS FOR CONNECTION 256 

The Generation Facility Owner is responsible for installing appropriate equipment 257 

and facilities so that the generation is compatible with the Hoosier Transmission 258 
System. The Owner is also responsible for meeting any applicable federal, state, and 259 



 

Generation Facility Interconnect 
Requirements  

Effective Date: 12-31-2018 

Version: 5 

 

Generation Facility Interconnect Requirements_V5_12-31-2018.pdf                                          11 
 

local codes. The minimum Hoosier Transmission System connection requirements for 260 
generation are as follows. 261 
 262 

10.1 GENERATOR FREQUENCY 263 
 264 

The Owner’s generating facility will provide a balanced, symmetrical, three phase 265 
interchange of electrical power with the Hoosier Transmission System at a nominal 266 

frequency of 60 Hz. 267 
 268 

10.2 SYSTEM PROTECTION 269 

The Generation Facility Owner is responsible for providing adequate protection to 270 
Hoosier facilities for conditions arising from the operation of generation under all Hoosier 271 

transmission system operating conditions. The Owner is also responsible for providing 272 

adequate protection to their facility under any Hoosier transmission system operating 273 
condition whether or not their generation is in operation. Conditions may include but are 274 

not limited to: 275 
 276 

• single phasing of supply 277 

• transmission system faults 278 

• equipment failures 279 

• abnormal voltage or frequency 280 

• lightning and switching surges 281 

• excessive harmonic voltages 282 

• excessive negative sequence voltages 283 

• separation from supply 284 

• synchronizing generation 285 

• resynchronizing the Owner’s generation after electric restoration of the supply 286 
 287 

More complete relaying system requirements are identified in Section 12. 288 
 289 

10.3 INTERRUPTING DEVICE 290 
 291 

All Generation Facility Owners shall provide a three-phase circuit interrupting device 292 

with appropriate relaying systems (as stated in Section 12) to isolate the generation 293 
facilities from the Hoosier supply for all faults, loss of Hoosier supply, or abnormal 294 
operating conditions regardless of whether or not the Owner’s generator is in operation. 295 

 296 

This device shall be capable of interrupting the maximum available fault current at that 297 
location. Fault current is subject to change and may increase in the future, therefore 298 
Generation Facility Owner should make necessary provisions at their expense. The 299 
three-phase device shall interrupt all three phases simultaneously. The tripping control of 300 
the circuit interrupting device shall be powered independently of the utility ac source in 301 

order to permit operation upon loss of the Hoosier transmission system connection. 302 
 303 
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The specific reclosing times for the Generation Facility Owner’s circuit interrupting 304 
device will be provided by Hoosier. It is the Generation Facility Owner’s responsibility 305 

to design and maintain their interrupting device(s) to properly isolate generation upon loss 306 
of the Hoosier connection until the appropriate Hoosier facilities are returned to service. 307 
 308 

10.4 SYSTEM GROUNDING AND SAFETY 309 
 310 

The grounding of the Generation Facility Owner’s system and any associated safety 311 
devices at the transmission voltage level will be considered on a case-by-case basis.   312 

 313 

10.5 VOICE COMMUNICATION CIRCUIT 314 

 315 

The Generation Facility Owner may be required to establish a dedicated voice 316 
communication circuit to the Hoosier System Control Center to permit coordination of the 317 
synchronization and operation of the generation. 318 

 319 

10.6 DISCONNECTING DEVICES 320 
 321 

A three phase air break switch or a three-pole single-throw disconnect switch shall be 322 
installed on each transmission line supply entrance to the Owner’s facility be accessible 323 
at all times. The disconnecting device shall be mechanically lockable in the open position 324 

with a Hoosier padlock in order to provide for a visible electric isolation of the Owner’s 325 
facility and shall be identified with a Hoosier designated equipment number. 326 

 327 

10.7 DISTURBANCE MONITORING 328 
 329 
The Generation Facility Owner’s system must have disturbance monitoring 330 

equipment  for interconnections to certain buses in Hoosier Energy’s BES system 331 
as defined in PRC-002. Hoosier will evaluate the interconnection and determine 332 
the need for monitoring equipment. 333 

10.8 TRANSIENT STABILITY PERFORMANCE 334 
 335 

Transient stability performance of the generator is the responsibility of the Generation 336 
Facility Owner. Transient stability performance should be in accordance with Hoosier 337 

Transient Stability Criteria. Hoosier may, at its discretion, elect to perform the necessary 338 
studies to evaluate transient stability performance. The cost of these studies will be borne 339 
by the Generation Facility Owner as part of the System Impact Study. 340 

 341 

10.9  EXCITATION CONTROL 342 

 343 
In addition to the normal excitation system and automatic voltage regulation equipment, 344 

the following controls are also required for each synchronous generator. 345 
 346 

 347 

 348 
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10.9.1 REACTIVE COMPENSATION 349 
 350 

A circuit should be provided in the automatic voltage regulator (AVR) to permit the control 351 

of voltage beyond the generator terminals. This is known as reactive line drop 352 
compensation. The point of control is to be adjustable over a range covering 0 to 15% 353 
reactance (on the generator base) beyond the generator terminals. Hoosier’s general 354 
practice is to regulate voltage at 6% back from the station bus (toward the generator). 355 

 356 

10.9.2 OVERCURRENT LIMITER 357 
 358 

The excitation system is to be provided with a current limiting device which will supersede 359 
or act in conjunction with the AVR to automatically reduce excitation so that generator 360 

field current is maintained at the allowable limit in the event of sustained under-voltages 361 
on the transmission system. This device must not prevent the exciter from going to and 362 

remaining at the positive ceiling for 0.1 seconds following the inception of a fault on the 363 
power system. 364 

 365 

10.9.3 UNDEREXCITATION LIMITER 366 
 367 

A limiter to prevent instability resulting from generator underexcitation is required. 368 
 369 

10.9.4 POWER SYSTEM STABILIZER 370 
 371 

Hoosier studies may identify the need for the use of power system stabilizers, depending 372 

on the plant size, excitation system type and settings, facility location, area transmission 373 

system configuration and other factors. This will be determined on a case-by-case basis. 374 
 375 

10.10 SPEED GOVERNING 376 
 377 

All synchronous generators shall be equipped with speed governing capability. This 378 

governing capability shall be unhindered in its operation consistent with overall economic 379 

operation of the generation facility. 380 
 381 

10.11 DYNAMIC PERFORMANCE DATA 382 
 383 

Dynamic performance data shall be made available to Hoosier as part of the facility 384 

specifications and plans for evaluation by Hoosier. This data is required to evaluate the 385 
system dynamic performance of the generation facility which includes but is not limited to 386 

transient stability. See Attachment C. 387 
 388 

10.12 AUTOMATIC GENERATION CONTROL (AGC) 389 
 390 
Depending upon various control area factors applicable to tie line and frequency 391 

regulation, provision for dispatch control of the generation facility by Hoosier System 392 
Control Center AGC system may be required. This will be considered on a case by case 393 
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basis and any provision for control by AGC should be included in a Connection Agreement 394 
between the Generation Facility Owner and Hoosier. 395 

 396 

10.13 BLACK START CAPABILITY  397 
 398 

Depending upon the geographic location and other considerations applicable to system 399 
restoration in the event of a blackout, the provision of black start capability may be 400 

required or desirable. A black start capable generation facility is one that can be started 401 
without the aid of off-site power supplied by the transmission system. The Connection 402 
Agreement is to address this matter. Responsibilities of the Generation Facility Owner will 403 
be addressed in the Connection Agreement. 404 

 405 

10.14 SUB-SYNCHRONOUS TORSIONAL INTERACTIONS OR 406 

RESONANCES 407 
 408 

Depending upon the specific location of the generation facility in the transmission 409 

network, close electrical proximity to series compensated transmission lines or FACTS 410 
devices may result in undesirable or damaging sub-synchronous currents. Also, the 411 

provision of high speed reclosing following transmission line faults may result in excessive 412 
torsional duties. The Generation Facility Owner must provide Hoosier with indemnity 413 
from damaging torsional oscillations resulting from all Hoosier transmission system 414 

operations, and insure the turbine-generator is not excited into resonance by normal 415 
system operations. The Connection Agreement shall address these matters. 416 

 417 

10.15 UNBALANCED ELECTRIC CONDITIONS 418 

 419 

10.15.1 VOLTAGE BALANCE 420 
 421 

All three-phase generation shall produce balanced 60 Hz voltages. Voltage unbalance 422 

attributable to the Generation Facility Owner combined generation and load shall not 423 
exceed 1.0% measured at the point-of-service. Voltage unbalance is defined as the 424 
maximum phase deviation from average as specified in ANSI C84.1, “American National 425 
Standard for Electric Power Systems and Equipment – Voltage Ratings, 60 Hertz.” 426 

 427 

10.15.2 CURRENT BALANCE 428 
 429 

Phase current unbalance attributable to the Generation Facility Owner combined 430 

generation and load shall not exceed that which would exist with balanced equipment in 431 
service, measured at the point-of-common coupling. 432 

 433 
Situations where high unbalance in voltage and/or current originate from the transmission 434 
system are to be addressed in the Connection Agreement. 435 
 436 

 437 

 438 
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10.16 HARMONICS AND FLICKER 439 
 440 
The Generation Facility Owner shall take responsibility for limiting harmonic voltage and 441 

current distortion and/or voltage flicker2 caused by their generation equipment. Limits for 442 
harmonic distortion (including inductive telephone influence factors) are consistent with 443 
those published in the latest issues of ANSI/IEEE 519, "Recommended Practices and 444 
Requirements for Harmonic Control in Electrical Power Systems." Specific Hoosier 445 
harmonics and flicker criteria are given in Attachment D. Hoosier criteria requires that 446 

flicker occurring at the point of compliance shall remain below the Border Line of Visibility 447 
curve on the IEEE/GE curve for fluctuations less than 1 per second or greater than 10 per 448 
second. However, in the range of 1 to 10 fluctuations per second, voltage flicker shall 449 
remain below 0.4% (see Attachment D, Exhibit 1). Depending upon the nature of the 450 
generation and its location, Hoosier may require the installation of a monitoring system to 451 

permit ongoing assessment of compliance with these criteria. The monitoring system, if 452 
required, will be installed at the Generation Facility Owner’s expense. 453 

 454 
Situations where high harmonic voltages and/or currents originate from the transmission 455 

system are to be addressed in the Connection Agreement. 456 

11.0 REQUIREMENTS FOR OPERATION 457 

The Generation Facility Owner is responsible for operating their generation with full 458 

regard for the safe practices of, and with full cooperation under the supervision of, the 459 
Hoosier System Control. A Generation Facility Owner’s generation shall not supply power 460 

into the Hoosier transmission system unless a specific written agreement has been made 461 

to supply power to the Hoosier transmission system. 462 

 463 
Under no circumstances shall a Generation Facility Owner energize Hoosier 464 

transmission facilities which have been de-energized. Circuits which are electrically 465 
disconnected from the Hoosier transmission system and are energized by a Generation 466 
Facility Owner constitute a potential safety hazard for both Hoosier transmission 467 
personnel and the general public. Also, the energizing of such circuits at abnormal voltage 468 

or frequency could cause damage to electrical equipment of both the Hoosier 469 
transmission system and the generation. 470 
Hoosier reserves the right to disconnect service to any generator facility if, for any reason, 471 
Hoosier deems the continuation of the generator is, or may be, a detriment to the 472 
operation of the Hoosier Transmission System. 473 

 474 

The minimum requirements for operation of generation on the Hoosier Transmission 475 

System are contained herein. 476 
 477 
 478 
 479 

                                                           
2 Flicker is an objectionable, low frequency, voltage fluctuation which can be observed through 
changes in intensity or color of illumination. 
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 480 

11.1 SYNCHRONIZATION 481 

 482 
The Generation Facility Owner shall assume all responsibility for properly synchronizing 483 
their generation for operation with the Hoosier Transmission System. Upon loss of the 484 
Hoosier supply, the Generation Facility Owner shall immediately and positively cause 485 
the generation to be separated from the Hoosier system. Synchronizing of generation to 486 

the Hoosier Transmission System may be, at Hoosier’s discretion, performed under the 487 
direction of the Hoosier System Control Center. 488 

 489 

11.2 VOLTAGE SCHEDULE/POWER FACTOR 490 
 491 

Specification of the generator voltage schedule will be determined under the direction of 492 
the Hoosier System Control Center. See also NERC Standard VAR-002, B.R2 for details. 493 

A steady-state deviation from this schedule between +0.5% to –0.5% of the nominal 494 

voltage will be permissible. Nominal Hoosier system voltages are 345, 161, 138, and 69 495 
kV. 496 

 497 

In certain unusual situations where a voltage schedule is inappropriate, Hoosier, initially 498 
and in the future, may substitute adherence to a specified voltage schedule with a 499 

specified power factor. A steady state deviation from this power factor within +2% to –2% 500 
will be permissible. 501 

 502 

11.3 VOLTAGE RANGE 503 
 504 
The generation facility must be capable of continuous non-interrupted operation within a 505 
steady-state voltage range during system normal and single facility outage conditions. 506 

This range is from 95% to 105% of the nominal transmission voltage. Hoosier system 507 
nominal voltages are as indicated in Section 11.2 above. During emergency and/or 508 
transient system conditions, as voltage may temporarily be outside the 90% to 110% 509 

range, all reasonable measures should be taken to avoid tripping of the generation facility 510 
due to high or low voltage. 511 

 512 

11.4 FREQUENCY RANGE 513 
 514 

The generation facility must be capable of continuous, non-interrupted operation in the 515 
frequency range of 59.5 to 60.5 Hz. Time-limited, non-interrupted operation is also 516 

expected outside this frequency range in accordance with the generator manufacturer’s 517 
recommendation or the figure contained in Attachment E. 518 
 519 

11.5 NET DEMONSTRATED REAL AND REACTIVE CAPABILITIES 520 
 521 

The Net Demonstrated real and reactive capability in accordance with MOD-025 must be 522 
provided to Hoosier annually. Hoosier reserves the right to witness these tests. In 523 
addition, individual generators in the generation facility must make available the full 524 
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steady-state over- and under-excited reactive capability given by the manufacturer’s 525 
generator capability curve at any MW dispatch level. Tests which demonstrate this 526 

capability must be conducted and documented not more than at five year intervals in 527 
accordance with MOD-025. Such documentation shall be provided to Hoosier. Hoosier 528 
reserves the right to witness these tests. 529 

 530 

11.6 OTHER APPLICABLE OPERATING REQUIREMENTS 531 
 532 

In order to assure the continued reliability of the Hoosier Transmission System, the 533 
Generation Facility Owner may be requested to adhere to other operating requirements 534 
and/or encouraged to adopt common operating practices. These include the coordination 535 
of maintenance scheduling, performance not to exceed a specified forced outage rate, 536 

operations procedures during system emergencies, participation in control area operating 537 
reserves, provisions for backup fuel supply or storage, and provisions for emergency 538 

availability identified by the North American Electric Reliability Council.3 Hoosier, as the 539 
Transmission Provider, may require the Generation Facility Owner to provide 540 

Interconnected Operation Services defined by NERC standards. Such requirements shall 541 
be addressed in the Connection Agreement with the Generation Facility Owner. 542 

 543 

Conformance with applicable requirements in MOD-025, VAR-002, and PRC-002 is 544 
required. All data reportable to NERC and/or RFC shall also be made available to Hoosier. 545 

 546 

11.7  MAKE-BEFORE-BREAK TRANSFER 547 
 548 

Make-before-break transfer is only permitted between two live sources which are in, or 549 

close to, synchronism. A transfer switch designed for automatic make-before break 550 

transition shall be equipped with logic to prevent a transfer if the specifications for either 551 
the Generation Facility Owner or the Hoosier transmission system source fall outside 552 
of the synchronizing requirements recommended by the generator equipment 553 

manufacturer. Switch transfers made when the synchronizing requirements cannot be 554 
met shall be of the break-before-make type of transfer. The time that the Generation 555 
Facility Owner’s generation is permitted to operate in parallel with the Hoosier 556 

Transmission System during a make-before-break transfer shall be no greater than 100 557 
milliseconds (6 cycles). 558 

 559 

11.8 OPERATING RESTRICTIONS 560 

 561 

Situations necessitating generation curtailments or forced outages as the result of 562 

unavailability of transmission facilities owned and/or operated by Hoosier are to be 563 

addressed in a Connection Agreement with the Generation Facility Owner. 564 

                                                           
3 North American Electric Reliability Council, “Reliability Considerations for Integrating 
Non-Utility Generating Facilities with the Bulk Electric Systems,” January 1992. 
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12.0 PROTECTIVE RELAYING REQUIREMENTS 565 

Generation Facility Owner relay requirements are summarized in Section 12.1. Specific 566 

requirements are noted below. 567 

 568 

12.1 PARALLEL GENERATION FACILITY 569 

 570 

The following utility-grade relays shall be provided by the Generation Facility Owner for 571 

protection of the Hoosier system. Use of the transfer trip receiver is conditional as set 572 

forth in Section 12.2, Hoosier Facilities. All relays specified for the protection of the 573 

Hoosier system, including time delay and auxiliary relays, shall be approved by Hoosier. 574 

Relay operation for any of the listed functions shall initiate immediate separation of the 575 

Generation Facility Owner’s generation from the Hoosier System. 576 

 577 

 578 

Relay Function  
Frequency To detect underfrequency and overfrequency 

operation 
Overvoltage To detect overvoltage operation 
Undervoltage To detect undervoltage operation 
Ground Detector To detect a circuit ground on the Hoosier system 

(applicable to three-phase circuits only) 
Directional Overcurrent To detect the directional flow of current in 

excess of a desired limit  
Transfer Trip Receiver To provide tripping logic to the generation for 

isolation of the generation upon opening of the 
Hoosier supply circuits 

Directional Power* To detect, under all system conditions, a loss 
of Hoosier primary source. The relay shall be 
sensitive enough to detect transformer 
magnetizing current supplied by the 
generation. 

 579 
* If an agreement exists to supply power to the Hoosier system, additional relays may be 580 
required to provide adequate protection for the Hoosier system. 581 
 582 
 583 

The purpose of these relays is to detect the Generator Owner’s energization of an 584 

Hoosier circuit that has been disconnected from the Hoosier system, to detect the 585 

generation operating at an abnormal voltage or frequency, or to detect a fault or abnormal 586 

condition on the Hoosier system for which the Generation Facility Owner shall separate 587 

their generation. 588 

 589 
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Output contacts of these relays shall directly energize the trip coil(s) of the generator 590 

breaker or an intermediate auxiliary tripping relay, which directly energizes the breaker 591 

trip coil(s). The relaying system shall have a source of power independent from the AC 592 

system or immune to ac system loss or disturbances (e.g., dc battery and charger) to 593 

ensure proper operation of the protection scheme. Loss of this source shall cause 594 

removal of the generation from the Hoosier system. The protective relays required by 595 

Hoosier and any auxiliary tripping relay associated with those relays shall be utility-grade 596 

devices. 597 

 598 

Utility grade relays are defined as follows: 599 

 600 

• Meet ANSI/IEEE Standard C37.90, "Relays and Relay Systems Associated with 601 

Electric Power Apparatus" 602 

• Have relay test facilities to allow testing without unwiring or disassembling the relay 603 

• Have appropriate test plugs/switches for testing the operation of the relay 604 

• Have targets to indicate relay operation 605 

 606 

Hoosier will specify settings for the generation’s Hoosier-required relays to assure 607 

coordination between the generation protective equipment and the Hoosier system 608 

relays. It is the Generation Facility Owner’s responsibility to determine that their internal 609 

protective equipment coordinates with the required Hoosier protective equipment and is 610 

adequate to meet all applicable standards to which the generation is subject. Other pilot 611 

protection schemes may be required depending on topology and system configuration. 612 

Hoosier further reserves the right to modify relay settings when deemed necessary to 613 

avoid safety hazards to utility personnel or the public and to prevent any disturbance, 614 

impairment, or interference with Hoosier's ability to serve other customers.  615 

 616 

12.2 HOOSIER FACILITIES 617 

 618 

If at any time it is determined that the use of the above relay systems cannot provide 619 

adequate protection to the Hoosier system, the Generation Facility Owner shall 620 

additionally furnish and install at their expense, upon the request of Hoosier, a transfer 621 

trip receiver(s) at his facility to receive tripping signals originating from a Hoosier 622 

location(s). This additional protection would also necessitate, at the Generation Facility 623 

Owner’s expense, the purchase and installation of transfer trip equipment at the Hoosier 624 

location(s) and a communication channel between the Hoosier location(s) and the 625 

generation facility. 626 

 627 

 628 

 629 

 630 

 631 
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12.3 OTHER PROTECTION REQUIREMENTS 632 

 633 

The following items should be coordinated with each other: 634 
 635 

• Volts/Hz and overexcitation protection/limiting 636 

• Loss-of-excitation and underexcitation limiting 637 

13.0 TESTING AND MAINTENANCE OF PROTECTION DEVICE 638 

REQUIREMENTS  639 

The Generation Facility Owner shall permit testing and maintenance of devices and 640 

control schemes provided by the Generation Facility Owner for the protection of the 641 

Hoosier Transmission System by and Hoosier approved organization. Included in the 642 

testing and maintenance will be any initial set up, calibration, and check out of the required 643 

protective devices, periodic routine testing and maintenance, and any testing and 644 

maintenance required as the result of changes to protective devices by the Generation 645 

Facility Owner or Hoosier. 646 

 647 

All testing and maintenance performed by the Hoosier approved organization shall be 648 

under the general surveillance of Hoosier. This may include circuit breakers, circuit 649 

switches, power fuses, instrument transformers, switches, surge arresters, bushings, 650 

relays, and associated equipment (including battery and battery charger). Maintenance 651 

procedures are detailed in the Hoosier Energy Power Delivery Maintenance Plan. Also, 652 

a copy of all test and maintenance reports shall be forwarded to Hoosier. 653 

 654 

If the Generation Facility Owner’s testing and maintenance program is not performed 655 

to the satisfaction of Hoosier or at the required maintenance interval, Hoosier reserves 656 

the right to inspect, test, or maintain the protective devices required for the protection of 657 

the Hoosier transmission system. If the Generation Facility Owner’s protective relaying 658 

is determined to be unsatisfactory, Hoosier reserves the authority to disconnect the 659 

generation from the Hoosier system. 660 

 661 

All costs associated with the testing and maintenance of devices provided by the 662 

Generation Facility Owner for the protection of the Hoosier transmission system, 663 

including costs incurred by Hoosier in performing any necessary tests or inspections, shall 664 

be the responsibility of the Generation Facility Owner. 665 

14.0 MAINTENANCE AND COORDINATION REQUIREMENTS 666 

All Requester owned equipment up to and including the first protective fault interrupting 667 
device is to be maintained to Hoosier standards. This may include circuit breakers, circuit 668 
switchers, power fuses, instrument transformers, switches, surge arresters, bushings, 669 
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relays, and associated equipment (including battery and battery charger). Maintenance 670 
procedures are detailed in the Hoosier Energy Power Delivery Maintenance Plan.  671 

 672 
The Requester shall have a Hoosier Energy approved organization test and maintain all 673 
devices and control schemes provided by the Requester for the protection of the Hoosier 674 
system. Included in the testing and maintenance will be any initial set up, calibration, and 675 
check out of the required protective devices, periodic routine testing and maintenance, 676 

and any testing and maintenance caused by a Requester or Hoosier change to the 677 
protective devices. All testing and maintenance shall be coordinated with Hoosier and as 678 
necessary with MISO via the CROW system for coordinating generation outages.   679 

 680 
If the Requester's testing and maintenance program is not performed in accordance with 681 

Hoosier Energy Power Delivery Maintenance Plan, Hoosier reserves the right to inspect, 682 
test, or maintain the protective devices required for the protection of the Hoosier system. 683 

 684 
All costs associated with the testing and maintenance of devices provided by the 685 

Requester for the protection of the Hoosier system, including costs incurred by Hoosier 686 
in performing any necessary tests or inspections, shall be the responsibility of the 687 
Requester. 688 

15.0 METERING AND TELEMETRY REQUIREMENTS 689 

The Generation Facility Owner shall be responsible for the installation and operating 690 

costs of the metering equipment at the delivery point. The metering equipment will include 691 

potential and current transformers, meters and test switches. The accuracy of the 692 

instrument transformers and meters will be 0.3 percent or better. The secondary wiring 693 

and burdens of the instrument transformers will be configured so that they do not degrade 694 

the accuracy of the metering equipment to less than 0.3 percent. The metering equipment 695 

will be tested periodically as defined in the connection agreement and the test results will 696 

be available to all involved parties. The meters, test switches and wiring termination 697 

equipment will be sealed and the seal may be broken only when the meters are to be 698 

tested, adjusted or repaired. Proper authorities in both parties will be notified when seals 699 

are broken. 700 

 701 

At least (N-1) metering elements will be used to measure all real and reactive power 702 

crossing the metering point, where N is the number of wires in service including the 703 

ground wire. Bi-directional energy flows including watt-hour and var-hour will be 704 

separately measured on an hourly basis. Depending on the tariffs to be applied, 705 

appropriate demand quantities will be metered in terms of kilowatts, kilovars or kilovolt-706 

amperes. The meters will have a separate register for loss compensation. If required, 707 

voltage measurements will be provided. 708 

 709 

If, at the discretion of Hoosier, the generation necessitates real-time telemetry to the 710 

Hoosier System Control Center, the Generation Facility Owner shall install and operate 711 
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at their expense the communication channel, the Hoosier approved telemetry equipment 712 

and associated devices. 713 

 714 

At the discretion of Hoosier, generation control facilities and supervisory control and data 715 

acquisition of specific electrical devices from the Hoosier System Control Center may be 716 

necessary to integrate the generation into Hoosier’s control area. Such additional 717 

facilities, including required communication channels, shall, if required, be furnished and 718 

installed at the Generation Facility Owner's expense. The requirement for data 719 

acquisition and control will depend on the generation capacity, system location and 720 

voltage, and the net generation input into Hoosier System Control. 721 

 722 

Suitable telemetry equipment will be installed at the metering point to provide real-time 723 

telemetry data to Hoosier and to all other participating parties. Telemetry equipment will 724 

include transducers, remote terminal units, modems, telecommunication lines, and any 725 

other equipment of the same or better function. The remote terminal unit, or equivalent 726 

device, must have multiple communication ports to allow simultaneous communications 727 

with all participating parties. That device will accommodate data communication 728 

requirements specified by each participating parties’ control center, including 729 

communication protocol, rate and mode (either synchronous or asynchronous). All 730 

metered values provided to the telemetry equipment will originate from common metering 731 

equipment. All transducers used for telemetry will have at least 0.2 percent accuracy. As 732 

part of real-time data to be provided, Hoosier has the right to require the status and remote 733 

control of switching devices at the Receipt and/or Delivery Points. 734 

 735 

A continuous, accumulating record of megawatt-hours and megavar-hours will be 736 

provided by means of the registers on the meter. Freezing accumulation data for 737 

transmission will be taken every clock hour. The freezing signals synchronized to within 738 

2 seconds of Universal Coordinated Time must be provided by only one of the agreed 739 

upon participating parties. If the freeze signal is not received within a predefined time 740 

window, the remote terminal unit, or equivalent device, will be capable of freezing data 741 

with its own internal clock. 742 

 743 

The metering, if external power supply is required, and telemetry equipment will be 744 

powered from a reliable power source, such as a station control battery, in order to allow 745 

the equipment to be continuously operational under any power outage situations. Proper 746 

surge protection will be provided for each communication link to protect communication 747 

hardware from ground-potential-rise due to any fault conditions. A separate 748 

communication media shall be provided to allow Hoosier to remotely retrieve billing 749 

quantities from the meters. When real-time telemetry is required, a back-up data link must 750 

be provided in case of the outage of the primary telemetry line. The back-up link can be 751 

a data communication link between involved control centers; the party requesting service 752 

is responsible for furnishing the back-up link. 753 
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 754 

Data acquisition and control information will typically include, but not be limited to: 755 

 756 

• desired generation MW set point 757 

• automatic generation control status (on, off) 758 

• generator availability 759 

• generation MW, MVAR output 760 

• generator minimum and base MW capability 761 

• generator MW AGC high limit and low limit 762 

• connection facilities’ breaker status/control/alarms 763 

• connection facilities’ MW and MVAR line values and bus voltage 764 

• generator and substation metering (MWh) data 765 

16.0 COMMUNICATION REQUIREMENTS 766 

 767 

16.1 VOICE COMMUNICATIONS 768 

 769 

16.1.1 NORMAL  770 
 771 
At Hoosier’s request, the Generation Facility Owner shall provide a dedicated voice 772 
communication circuit to the Hoosier System Control Center (SCC). Such a dedicated 773 
voice communication circuit would originate from the Owner’s office staffed 24 hours a 774 

day and would be typically required for generation facility synchronization and operation 775 
within Hoosier’s Control Area. 776 

  777 
All other normal voice communication concerning facility operations shall be conducted 778 

through the public telephone network to the SCC phone number(s) issued by Hoosier. 779 
 780 

16.1.2 EMERGENCY 781 
  782 
Voice communications in the event of a transmission system or capacity emergency shall 783 

use the dedicated voice circuits, or public telephone network and phone number(s) 784 
designated for emergency use. In the event of a transmission system or capacity 785 
emergency, the Generation Facility Owner may be notified by the Hoosier System Control 786 
Center. Specific instructions may also be given regarding the operation of the Owner’s 787 
unit(s) depending on the nature of the emergency. These instructions may consist of 788 

voltage schedule changes, real and/or reactive dispatch changes, or instructions to shut 789 
down or start-up the Owner’s unit(s). It is the Owner’s responsibility to ensure that the unit 790 

operators follow all instructions given by the Hoosier Control Center during system 791 
emergencies. 792 
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17.0 DESIGN REVIEW REQUIREMENTS 793 

The Generation Facility Owner is responsible for submitting all specifications and 794 
detailed plans to Hoosier for review and approval prior to receiving permission to connect 795 
to the Hoosier transmission system. 796 
 797 

17.1 FACILITY DATA 798 
 799 

At least three (3) months prior to the in-service date, the following data shall be received 800 
by Hoosier. If the data is not available three months prior to the in-service date, the 801 
Generation Facility Owner shall provide estimates based on their design information. 802 
Such data shall be identified as "estimated" and replaced with actual data by the 803 

Generation Facility Owner as it becomes available prior to installation. The purpose of 804 

generation facility data to be provided to Hoosier by the Generation Facility Owner is to 805 

ensure proper coordination to protect against equipment or facility damage, to mitigate 806 
safety hazards to utility personnel and the public, and to minimize disturbances, 807 

impairment, or interference with Hoosier’s ability to serve other transmission system 808 
users. 809 

 810 

17.1.1 DATA ON EQUIPMENT TO BE INSTALLED 811 
 812 

Interrupting Devices 
and Relays  

 

Complete manufacturer's data for interrupting devices and 
relays or fuses used for the protection of the Hoosier 
system and the generation. 

Power Transformers Complete nameplate or test sheet data, including 
manufacturer, serial number, high- and low-side voltage 
taps, kVA ratings, impedance, load loss and no load loss 
watts, high- and low side voltage winding connections, 
low-side voltage winding grounding (if used), and high 
voltage inrush current. 

Power Capacitors Location, kV and kVAR rating of capacitor banks, number 
of units, and bank configuration. 

 813 

17.1.2 DATA ON THE GENERATION PROTECTION EQUIPMENT 814 

 815 

Including make-before-break transfer switches, fuses, breakers, relays, relay settings 816 
associated with the proposed generation, and detailed schematic diagrams of protective 817 
relaying proposed for the Hoosier transmission system. 818 
 819 

Complete manufacturer's data and specifications for make-before-break transfer 820 
switches, including transfer times and conditions of transfer, testing procedures, 821 
equipment schematics, and backup protection. 822 

 823 
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17.1.3 INFORMATION ON CHARACTERISTICS OF LOAD 824 

 825 
Such as initial and near future expected load, power factor of such load, and dynamic 826 
(flicker, harmonics, etc.) character of such load. 827 

 828 

17.1.4 MINIMUM AND MAXIMUM REQUIRED LOW-SIDE OPERATING 829 

VOLTAGES 830 
 831 

17.1.5 GENERATOR DATA 832 
 833 

• Type (synchronous, induction, dc with solid-state inverter, etc.) 834 

• Nameplate data and ratings, including any rectifying, regulating, or inverting 835 

equipment; 836 

• Harmonic content at full rated output 837 

• Detailed Dynamic Performance Data in accordance with Attachment C 838 

• Real and Reactive capabilities at scheduled voltages 839 

 840 

17.1.6 ELECTRIC ONE-LINES AND SCHEMATIC DIAGRAMS 841 

  842 
Showing the generation, the interconnecting facility with the Hoosier transmission system, 843 

and the protective relaying. 844 

18.0 REQUESTER'S FACILITY EQUIPMENT – GROUNDING AND 845 

SAFETY REQUIREMENTS 846 

18.1 SIZE AND TAKE-OFF TENSION OF LINE CONDUCTORS AND 847 

OVERHEAD GROUND WIRES 848 

The Requester's structure shall be designed for (# of) incoming (size and type of) 849 

phase conductors and (# of) incoming (size and type of) overhead ground wire(s). The 850 

approximate take-off or dead-end tension will be (#) lbs. for each phase conductor and 851 

(#) lbs. for each overhead ground wire in accordance with Rule 250 of the National 852 

Electric Safety Code (NESC). The exact take-off tensions will be determined after the 853 

facility plans are finalized. Additionally, the transmission interconnection design will be 854 

subject to Hoosier Energy design criteria. 855 

The line terminal connectors furnished by the Requester should be (copper or 856 

aluminum) wire-and-pad connector to bolt to and be materially compatible with the air 857 

switch terminal pad. The overhead ground wire shall be grounded using aluminum 858 

compression wire and a pad type connector furnished by the Requester. 859 

The point of attachment of the line entrance conductors shall be of sufficient height to 860 

provide the basic vertical clearance requirements for lines crossing over public streets, 861 

alleys, or roads in urban or rural districts, as outlined in the NESC. 862 
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18.2 SHORT CIRCUIT DATA & INTERRUPTING DEVICE RATINGS 863 

The following estimated short circuit levels will be provided by Hoosier at the point of 864 

common coupling. 865 

Estimated Initial Short Circuit Levels (Year) 

3 Phase Fault MVA ANSI X/R Ratio 

Phase-to-Ground Fault* MVA ANSI X/R Ratio 

Estimated Future Short Circuit Levels (Year) 

3 Phase Fault MVA ANSI X/R Ratio 

Phase-to-Ground Fault* MVA ANSI X/R Ratio 

Generation Interconnection equipment should have adequate interrupting and 866 

momentary ratings for the future short circuit conditions listed above. 867 

While Hoosier will endeavor, where possible, to anticipate system changes which may 868 

affect these values, it does not assume responsibility or liability with respect to such 869 

protective devices, nor guarantee their continuing adequacy against increased 870 

interrupting capacity requirements resulting from system changes. Generation 871 

Interconnection who use this information should periodically review existing and future 872 

fault conditions and equipment ratings for adequacy. Any equipment replacements or 873 

upgrades to maintain adequacy of the Generation Interconnection facilities will be at 874 

the Generation Interconnection expense. 875 

All gas insulated protective devices within the Requester's facility having a direct 876 

connection to an Hoosier transmission line shall be equipped with a low gas pressure 877 

alarming/tripping/lockout scheme as appropriate for the particular device. 878 

18.3 OTHER DESIGN CRITERIA 879 

18.3.1 EQUIPMENT BASIC INSULATION LEVELS 880 

The minimum required Basic Insulation Levels (BIL) for stations are listed in Table 1 of 881 

Attachment F. Facilities in areas with significant airborne pollution may require a higher 882 

insulation level.  The Requester will coordinate insulation levels as needed to meet 883 

Hoosier Energy requirements in Table 1 of Attachment F as well as switching surge 884 

clearances for EHV. 885 
 886 

 887 
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18.3.2 TRANSFORMER SURGE PROTECTION (LIGHTNING 888 

ARRESTERS)  889 

Lightning arresters protecting transformers are generally porcelain design and mounted 890 

on the transformer. However, since lightning arresters can adequately protect 891 

equipment some distance from the arresters, the overall number of lightning arresters 892 

required in each design can be reduced. Lightning arrester allowable separation 893 

distance from the equipment being protected is based on Table 4 of IEEE Std. C62.22. 894 

The Requester should consult the manufacturer's catalog for details concerning 895 

arrester protective characteristics, ratings, and application. 896 

18.3.3 CURRENT CARRYING EQUIPMENT RATINGS 897 

For tap and looped connections, the Requester's high voltage bus and associated 898 

equipment, such as switches, connectors, and other conductors shall have minimum 899 

continuous current and momentary asymmetrical current ratings which: (1) do not limit 900 

the Hoosier transmission system network capability and (2) have adequate capability 901 

for the initial and future system conditions identified by Hoosier.  All Requester 902 

equipment must meet the requirements of FAC-008.  The Requester is all required 903 

cases must submit Facilities Rating data to Hoosier Energy as part of the Information 904 

submittal. 905 

18.3.4 ELECTRICAL CLEARANCES (OUTDOOR) 906 

Electrical facility design clearances are listed in the table in Attachment F. These design 907 

clearances should be used for electrical facilities up to and including any interrupting 908 

device connected directly to a Hoosier transmission line and for all facilities that are part 909 

of the Hoosier transmission system. This includes switching surge for EHV. 910 

The minimum vertical clearance of the conductors above ground and the vertical and 911 

horizontal clearance of conductors passing by but not attached to a building or wall shall 912 

be in accordance with the NESC or applicable state and local codes. 913 

18.3.5 INSULATORS FOR STATION 914 

The required station post insulator types are listed in the table in Attachment F. Facilities 915 

in areas with significant airborne pollution may require a higher insulation level. Higher 916 

strength insulators are available and should be used if needed to meet bus momentary 917 

short circuit withstand values. 918 

 919 

 920 
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18.3.6 AIR BREAK SWITCH(ES) AND DISCONNECT SWITCH(ES) 921 

A group operated switch shall be installed on each transmission line supply entrance to 922 

the Requester's facility and accessible to Hoosier personnel at all times. The switch 923 

shall be mechanically lockable in the open position with a Hoosier padlock in order to 924 

provide for a visible electric isolation of the Requester's facility and shall be identified 925 

with a Hoosier designated equipment number. 926 

All air break switches shall be three phase, single throw, group operated. Disconnect 927 

switches shall be a three pole, single throw device. Characteristics for all air break 928 

switches and disconnect switches including voltage and BIL ratings, clearances and 929 

pole spacing shall meet the requirements shown in the table in Attachment F. Facilities 930 

in areas with significant airborne pollution may require a higher BIL level. There shall 931 

be no braids in the current carrying parts of the switch. Group operated switches shall 932 

be complete with a horizontal, rotating-type operating handle. A grounding device is to 933 

be furnished for the operating shaft and shall consist of a tin coated, flexible copper 934 

braid, located as close as possible to the operating handle. The braid shall have a cross-935 

sectional area equivalent to 4/0 copper cable, or greater. The braid shall be secured to 936 

the shaft by means of a galvanized steel V-bolt clamp and associated cradle-type 937 

galvanized steel hardware. The opposite end of the braid shall have two (2) 9/16 inch 938 

holes at 1-3/4 inch spacing. Both ends of the braid shall be stiffened and protected by 939 

a ferrule or additional tinning. Switches for voltages above 100 kV will be required to 940 

have wormgear and/or motor operators. 941 

As a minimum, a protective grounding loop shall be provided around all group operated 942 

switches as illustrated in Attachment G. This table applies to areas where native soil 943 

resistivity does not exceed 500 Ohm-meters. When the above condition is exceeded a 944 

detailed engineering assessment study must be undertaken by Hoosier. 945 

All workers, who are using the operating handles on air break switches and disconnects 946 

on energized lines and equipment shall use protective headgear, insulating gloves and 947 

approved protective footwear. Before operating, the switch and ground arrangement 948 

shall be visually checked. 949 

All switches are to be manufactured and tested in accordance with the latest revision of 950 

ANSI C37.30, ANSI C37.32, and ANSI C37.34. 951 

18.3.7 FACILITY FENCE SAFETY CLEARANCES 952 

The fence safety clearances in the Requester's facility shall comply with Section 11 of 953 

ANSI C2-2012, “National Electrical Safety Code.” 954 

 955 
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18.3.8 GROUND SYSTEM RESISTANCE 956 

The grounding system should be designed in accordance with IEEE Standard 80 -latest 957 

revision, “IEEE Guide for Safety in AC Substation Grounding.” In evaluating the step 958 

and touch potential the target body weight value should be set to 50 kg. If a reasonable 959 

grounding design is unobtainable using the 50 kgs, then consider a body weight of 70 960 

kg as the absolute minimum allowable. 961 

Ground fault levels from Hoosier sources are listed in Section 18.2, Short Circuit Data 962 

& Interrupting Device Ratings. Requester equipment ground sources can contribute 963 

significant fault current independent of the ground fault values in Section 18.2. These 964 

Requester ground sources should be considered in the design of the grounding system. 965 

If the facility structure is to be wood-pole type construction, the transmission line 966 

overhead ground wire, all switch bases, fuse bases, and other noncurrent-carrying 967 

metal parts shall be grounded to the station grid. 968 

 969 

19.0 FINAL INSPECTION REQUIREMENTS 970 

Before a generation facility can be energized, it must pass a final inspection by Hoosier 971 

personnel. Hoosier will inspect all substation equipment from the point of interconnection 972 
to the first protective fault interrupting device. This may include circuit breakers, circuit 973 

switchers, power fuses, instrument transformers, switches, surge arresters, bushings, 974 
and relays and associated equipment (including battery and battery chargers). The 975 

inspection will consist of a visual inspection of all major equipment as well as review of 976 
required test results. 977 

20.0 FINAL DOCUMENTATION 978 

Hoosier shall receive final documentation of the generation facility that replaces the above 979 
specifications and data submitted for the design review under Section 17.0 once the 980 

facility is ready for operation. 981 
 982 

Prior to operation of a generation facility, the Generation Facility Owner shall supply to 983 
Hoosier three copies of all final electric one-lines, equipment data, and schematic 984 
diagrams. Subsequent revisions affecting the generation shall be documented with three 985 

copies of the revised electric one-line and schematic diagrams. 986 

21.0 PROTECTION EQUIPMENT APPROVAL 987 

The construction, testing, and maintenance of the protective equipment provided by the 988 

Generation Facility Owner for protection of the Hoosier transmission system shall be 989 

subject to review and approval by Hoosier. 990 

 991 



 

Generation Facility Interconnect 
Requirements  

Effective Date: 12-31-2018 

Version: 5 

 

Generation Facility Interconnect Requirements_V5_12-31-2018.pdf                                          30 
 

Prior to establishing service for operation, the Generation Facility Owner shall obtain 992 

approval from Hoosier for the generation, electrical equipment specifications, and 993 

operating procedures. 994 

 995 

Final approval for operation of a Generation Facility Owner's generation will be issued 996 

by Hoosier. A signed contractual document with Hoosier for the generation is required for 997 

final approval. Failure to meet any of the requirements stated herein to the satisfaction of 998 

Hoosier may result in a refusal to permit operation of the generation. 999 

 1000 
Review and approval by Hoosier of the proposed generation facility specifications 1001 
and plans shall not be construed as confirming or endorsing the design or warranting 1002 
the safety, durability, reliability, adequacy, or otherwise of the generation facility. 1003 

 1004 
Note that the proposing entity must have approval from MISO before receiving any 1005 

approval from Hoosier. 1006 

22.0 SPECIAL PROVISIONS 1007 

Special provisions may be made with operators of small power production facilities and 1008 

other co-generators pursuant to rules of the Federal and/or State agencies of the 1009 
applicable regulatory jurisdiction. 1010 

23.0 COORDINATION WITH OTHER CODES, STANDARDS, AND 1011 

AGENCIES 1012 

The information contained in this document is supplementary to and does not intentionally 1013 
conflict with or supersede the National Electric Code (NEC) as approved by the American 1014 

National Standards Institute (ANSI) or such federal, state and municipal laws, ordinances, 1015 
rules or regulations as may be in force within the cities, towns or communities in which 1016 

Hoosier furnishes electric service. It is the responsibility of the Generation Facility 1017 
Owner to conform to all applicable national, state and local laws, ordinances, rules, 1018 
regulations, codes, etc. 1019 

24.0 COSTS INCURRED 1020 

1. The Generation Facility Owner shall reimburse all costs incurred by Hoosier to 1021 
provide operation of their generation. The costs include but are not limited to: 1022 

 1023 
2. Each review of the engineering and engineering drawings associated with the 1024 

generation. 1025 
 1026 

3. All metering not covered under the transmission tariff of general applicability. 1027 
 1028 
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4. The necessary facility modifications on the Hoosier transmission system to 1029 
adequately accommodate the operation of the Generation Facility Owner’s 1030 

generation. 1031 
 1032 

5. Hoosier facility replacements, modifications, and/or enhancements due to 1033 
exceeded ratings directly caused by or which could potentially be caused by the 1034 
power flow attributed to the generation. 1035 

 1036 
6. All communications circuits required for telemetering, SCADA, protective relaying, 1037 

and/or voice communications with the generation. 1038 
 1039 

7. All protective devices to be provided by the Generation Facility Owner for the 1040 

protection of the Hoosier transmission system. 1041 
 1042 

8. All protective relaying, including the transfer trip transmitter(s), receiver(s), and 1043 
associated equipment, not on the Generation Facility Owner's premises required 1044 

by Hoosier due to the addition of the generation. 1045 
 1046 

9. All protective relaying required to protect the generation from faults and abnormal 1047 

system operating conditions. 1048 
 1049 

10. All additional regulating and control devices required to meet the conditions set 1050 
forth in Section 11.0. This would include any equipment necessary for suppression 1051 
of harmonic current and/or voltages. 1052 

 1053 

11. Hoosier equipment replacements or modifications due to an increase in available 1054 
short circuit fault current directly caused by the addition of the Generation Facility 1055 
Owner’s equipment. 1056 

 1057 
12. Calibration, testing, and maintenance of relays and protective devices provided by 1058 

the Generation Facility Owner for the protection of the Hoosier transmission 1059 

system. 1060 
 1061 

13. All telemetering equipment to provide necessary telemetry to the Hoosier System 1062 
Control Center. 1063 

 1064 

14. Future changes associated with the generation due to changing conditions on the 1065 
Hoosier system. 1066 

 1067 
15. All studies performed by Hoosier pertaining to the generation. 1068 

 1069 



 

Generation Facility Interconnect 
Requirements  

Effective Date: 12-31-2018 

Version: 5 

 

Generation Facility Interconnect Requirements_V5_12-31-2018.pdf                                          32 
 

25.0 INDEMNIFICATION 1070 

The use and reliance upon the information contained in this document shall in no way 1071 
relieve the Generation Facility Owner from the responsibility to meet NEC and NESC 1072 
requirements governing their design, construction, operation, and materials. 1073 
 1074 
The Generation Facility Owner, for itself, its successors, assignees and subcontractors 1075 

will be required to pay, indemnify and save Hoosier, its successors and assignees, 1076 
harmless from and against any and all court costs and litigation expenses, including legal 1077 
fees, incurred or related to the defense of any action asserted by any person or persons 1078 
for bodily injuries, death or property damage arising or in any manner growing out of the 1079 
use and reliance upon the information provided by Hoosier. Reliance upon the information 1080 

in this document shall not relieve the Generator Facility Owner from responsibility for the 1081 

protection and safety of the general public. 1082 

 1083 

 1084 

 1085 
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ATTACHMENT A: TYPICAL GENERATION TAP LINE SUPPLY 1086 

CONFIGURATION 1087 

 1088 

1089 



 

Generation Facility Interconnect 
Requirements  

Effective Date: 12-31-2018 

Version: 5 

 

Generation Facility Interconnect Requirements_V5_12-31-2018.pdf                                          34 
 

ATTACHMENT B:  TYPICAL GENERATION ARRANGEMENTS FOR 1090 

TRANSMISSION BUS CONNECTION 1091 

 1092 
 1093 

 1094 
 1095 
 1096 
 1097 
 1098 
 1099 
 1100 
 1101 

 1102 

 1103 

 1104 

 1105 
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ATTACHMENT C:  GENERATION DYNAMIC PERFORMANCE DATA 1106 

Customer Name _____________________________________ Date ___/___/___ 1107 

GENERATOR DATA 1108 

UNIT RATINGS 1109 

kVA  ________   ________ °F   Voltage    ________ 1110 
Power Factor    ________   H2 psig    ________ 1111 
Speed (RPM)   ________   Connection (e.g. Wye) ________ 1112 
Short Circuit Ratio  ________   Frequency, Hertz   ________ 1113 
Stator Amperes at Rated kVA ________   Field Volts  ________ 1114 
 1115 
REACTANCE DATA (PER UNIT-RATED KVA)  DIRECT AXIS  QUADRATURE AXIS 1116 
 1117 
Synchronous – saturated      Xdv   ________  Xqv   ________ 1118 
Synchronous – unsaturated     Xdi    ________  Xqi    ________ 1119 
Transient – saturated      X’dv ________  X’qv  ________ 1120 
Transient – unsaturated      X’di  ________  X’qi   ________ 1121 
Subtransient – saturated      X”dv ________  X”qv  ________ 1122 
Subtransient – unsaturated     X”di  ________  X”qi   ________ 1123 
 1124 
Negative Sequence – saturated     X2v ________ 1125 
Negative Sequence – unsaturated     X2i  ________ 1126 
Zero Sequence – saturated     X0v ________ 1127 
Zero Sequence – unsaturated     X0I  ________ 1128 
Leakage Reactance      Xlm ________ 1129 
 1130 
FIELD TIME CONSTANT DATA (SEC) 1131 

 1132 
Open Circuit       T’do ________  T’qo ________ 1133 
Three-Phase Short Circuit Transient    T’d3 ________  T’q   ________ 1134 
Line to Line Short Circuit Transient    T’d2 ________  1135 
Line to Neutral Short Circuit Transient    T’d1 ________ 1136 
Short Circuit Subtransient      T”d   ________  T”q   ________ 1137 
Open Circuit Subtransient      T”do ________  T”qo ________ 1138 
 1139 
ARMATURE TIME CONSTANT DATA (SEC) 1140 
 1141 
Three Phase Short Circuit      Ta3 ________ 1142 
Line to Line Short Circuit      Ta2 ________ 1143 
Line to Neutral Short Circuit     Ta1 ________ 1144 
 1145 
ARMATURE WINDING RESISTANCE DATA (PER UNIT) 1146 
 1147 
Positive        R1 ________ 1148 
Negative       R2 ________ 1149 
Zero        R0 ________ 1150 
 1151 
Rotor Short Time Thermal Capacity I22t    = ___________ 1152 
Field Current at Rated kVA, Armature Voltage and PF  = ___________ amps 1153 
Field Current at Rated kVA and Armature Voltage, 0 PF  = ___________ amps 1154 
Three Phase Armature Winding Capacitance   = ___________ microfarad 1155 
Field Winding Resistance      = ___________ ohms  _______ °C 1156 
Armature Winding Resistance (Per Phase)    = ___________ ohms  _______ °C 1157 
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 1158 
                  COMBINED TURBINE-GENERATOR-EXCITER INERTIA DATA (Provide one) 1159 

 1160 
Inertia Constant, H     = _____________________ kW sec/kVA 1161 
Moment-of-Inertia, WR2   = _____________________ lb. ft.2 1162 
 1163 
CURVES 1164 
Saturation, Vee, Reactive, Capacity Temperature Correction 1165 
 1166 

GENERATOR STEP-UP TRANSFORMER DATA 1167 
 1168 

RATINGS 1169 
 1170 
Capacity   Self-cooled/maximum nameplate  ______________/______________ kVA 1171 
 1172 
Voltage Ratio   Generator side/System side  ______________/______________ kV 1173 
 1174 
Winding Connections  Low V/High V (Delta or Wye)  ______________/______________ 1175 
 1176 
Fixed Taps Available  __________________________________________________ 1177 
 1178 
Present Tap Setting __________________________________________________ 1179 
 1180 
Load Tap Changer?  ________ Yes  ________ No 1181 
 Range (+/-%) ________  ________ 1182 
 1183 
IMPEDANCE 1184 
 1185 
Positive    Z1 (on self-cooled kVA rating)  _____________________________ % 1186 
 1187 
Zero    Z0 (on self-cooled kVA rating)  _____________________________ %  1188 
 1189 
 1190 

EXCITATION SYSTEM 1191 
 1192 

Identify appropriate IEEE model block diagram of excitation system and power system stabilizer (PSS) for 1193 
computer representation in power system stability simulations and the corresponding excitation system and 1194 
PSS constants for use in the model. Also, identify the source(s) (e.g., vendor or field tests) of the model and 1195 
modeling data. 1196 

 1197 
GOVERNOR SYSTEM 1198 

 1199 
Identify appropriate IEEE model block diagram of governor system for computer representation in power 1200 
system stability simulations and the corresponding governor system constants for use in the model. Also, 1201 
identify the source(s) (e.g., vendor or field tests) of the model and modeling data 1202 
 1203 

 1204 
 1205 
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ATTACHMENT D:  HOOSIER VOLTAGE FLICKER CRITERIA AND 1206 

HARMONIC DISTORTION CRITERIA 1207 

This document summarizes Hoosier’s policy on voltage flicker and harmonic distortion for 1208 
customers connected to the electrical system via a Company dedicated transformer or a 1209 
Customer owned transformer. The term Company is defined as Hoosier Energy REC, 1210 
Inc. (Hoosier). The term Customer is defined as the party connected to the Hoosier 1211 

System. 1212 
 1213 

I. POINT OF COMPLIANCE – The point where the Company dedicated transformer or 1214 
Customer owned transformer connects to the Company system will be the point where 1215 
compliance with the voltage flicker and harmonic distortion requirements are evaluated. 1216 

 1217 

II. VOLTAGE FLICKER CRITERIA – The Company requires that the voltage flicker 1218 

occurring at the point of compliance shall remain below the Border Line of Visibility curve 1219 

on the IEEE/GE curve for fluctuations less than 1 per second or greater than 10 per 1220 
second (see Exhibit 1). In the range of 1 to 10 fluctuations per second, the voltage flicker 1221 
shall remain below 0.4%. 1222 

 1223 
The Customer agrees that under no circumstances will it permit the voltage flicker to 1224 

exceed the Company criteria, whether or not complaints are received or 1225 
service/operational problems are experienced on the Company sub transmission or 1226 
transmission system. Should complaints be received by the Company or other operating 1227 

problems arise, or should the Customer flicker exceed the borderline of visibility curve, 1228 
the Customer agrees to take immediate action to reduce its flicker to a level at which 1229 

flicker complaints and service/operational problems are eliminated. 1230 
 1231 

Corrective measures could include, but are not limited to, modifying production 1232 
methods/materials or installing, at the Customer’s expense, voltage flicker mitigation 1233 
equipment such as a static var compensator. The Company will work collaboratively with 1234 

the Customer to assess problems, identify solutions and implement mutually agreed to 1235 
corrective measures. 1236 

 1237 
If the Customer fails to take corrective action after notice by the Company, the Company 1238 
shall have such rights as currently provided for under its tariffs, which may include 1239 

discontinuing service, until such time as the problem is corrected. 1240 
 1241 

III. HARMONIC DISTORTION CRITERIA - The Company also requires that the 1242 

Customer’s operation be in compliance with the Company’s Harmonic Distortion 1243 

Guidelines (see Exhibit 2). These requirements are based on IEEE Standard 519, “IEEE 1244 
Recommended Practices and Requirements for Harmonic Control in Electric Power 1245 
Systems”. 1246 

 1247 
The Customer agrees that the operation of motors, appliances, devices or apparatus 1248 
served by its system and resulting in harmonic distortions in excess of the Company’s 1249 
Requirements will be the Customer’s responsibility to take immediate action, at the 1250 
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Customer’s expense, to comply with the Company’s Harmonic Distortion Requirements. 1251 
The Company will work collaboratively with the Customer to assess problems, identify 1252 

solutions and implement mutually agreed to corrective measure. 1253 
 1254 
If the Customer fails to take corrective action after notice by the Company, the Company 1255 
shall have such rights as currently provided for under its tariffs, which may include 1256 
discontinuing service, until such time as the problem is corrected. 1257 
  1258 
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EXHIBIT 1: RELATIONS OF VOLTAGE FLUCTUATIONS TO 1259 

FREQUENCY OF THEIR OCCURANCE 1260 

  1261 
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EXHIBIT 2: HARMONIC DISTORTION REQUIREMENTS 1262 

The HE Harmonic Distortion Requirements shown below are based on the 1263 

information IL presented in the IEEE Standard 519, approved in 1992 and titled, 1264 
"IEEE Recommended Practices and Requirements for Harmonic Control in Electric 1265 
Power Systems." The voltage limits are intended to be used to gauge the 1266 
acceptability of harmonic magnitudes on the transmission systems, while the current 1267 
limits are applicable to individual customers injecting harmonic currents at the point 1268 

of common coupling (FCC). 1269 

HARMONIC VOLTAGE DISTORTION (THDv) LIMITS 

Bus Voltage at PCC 
Individual Harmonic 

Voltage Distortion (%) 
Total Voltage Distortion THDv (%) 

< 69 kV 3.0 5.0 

6 9 k V < v < 1 6 1 k V  1.5 2.5 

Above 161 kV 1.0 1.5 

HARMONIC CURRENT DEMAND DISTORTION (TDD) LIMITS 1270 
MAXIMUM HARMONIC CURRENT DISTORTION IN % OF BASE QUANTITY 

Harmonic Order (Odd Harmonics) 

v ≤ 69 kV 

ISC /I L < 11 11 ≤ h < 17 17 ≤ h < 
23 

23≤ h<35 35 ≤ h TDD 

<20 
20-50 

50-100 
100-1000 

>1000 

4.0 
7.0 

10.0 
12.0 
15.0 

2.0 
3.5 
4.5 
5.5 
7.0 

1.5 
2.5 
4.0 
5.0 
6.0 

0.5 
1.0 
1.5 
2.0 
2.5 

0.3 
0.5 
0.7 
1.0 
1.4 

5.0 
8.0 

12.0 
15.0 
20.0 

 
69 kV < v ≤ 161 kV 

kV 

 ٭20 >
20-50 

50-100 
100-1000 

>1000 

2.0 
3.5 
5.0 
6.0 
7.5 

1.0 
1.75 
2.25 
2.75 
3.5 

0.75 
1.25 
2.0 
2.5 
3.0 

0.3 
0.5 
0.75 
1.0 
1.25 

0.15 
0.25 
0.35 
0.5 
0.7 

2.5 
4.0 
6.0 
7.5 

10.0 
 

161 kV<v 

<50 
≥50 

2.0 
3.0 

1.0 
1.5 

0.75 
1.15 

0.3 
0.45 

0.15 
0.22 

2.5 
3.75 

Where ISC = Maximum short circuit at PCC 
 IL = Load current at the time of the maximum metered amount 

 ,All power generation equipment is limited to these values of current distortion٭
regardless of actual ISC / IL. 

Even harmonics are limited to 25% of the odd harmonic limits above.  
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EXHIBIT 3: DEFINITIONS 1271 

Harmonic Voltage Distortion is to be normalized to the nominal system voltage 1272 
and calculated using Equation 1. 1273 

TOTAL VOLTAGE HARMONIC DISTORTION (THDv) in percent: 1274 

Where: 1275 
Vn = Magnitude at Individual Harmonics (RMS) 1276 

Vs = Nominal System Voltage (RMS) 1277 
n = Number of Harmonic Order 1278 

Harmonic Current Distortion is to be normalized to the customer's load current at 1279 

the time of the maximum metered demand which occurred over the preceding twelve 1280 
months for existing customers and the customers anticipated peak demand for new 1281 
customers. For existing customers who are increasing their load, the projected 1282 

demand should be used. The harmonic current demand distortion (TDD) should be 1283 
calculated using Equation 2. 1284 

TOTAL CURRENT DEMAND DISTORTION (TDD) in percent: 1285 

Where: 1286 
In = magnitude of Individual Harmonic (RMS) 1287 
IL = Load Current at the Time of the Maximum Metered Demand 1288 

n = Harmonic Order 1289 

PCC - Point of Common Coupling- The location where the customer accepts 1290 
delivery of electrical energy from the utility. 1291 

Field Measurements- To gauge the acceptability of field measured harmonic 1292 

distortion, a statistical evaluation of the data is to be performed. Measurements 1293 

should be taken at live minute intervals or less over a minimum of 24 hours. For the 1294 
measured data to be considered acceptable, two criteria must be met: 1) 95% of the 1295 
measured data must fall below the limits stated; 2) no measured data shall exceed 1296 
the limits specified by more than 50% of the absolute upper limit value.  1297 
 1298 
  1299 
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EXHIBIT 4: HARMONIC INFLUENCE 1300 

 1301 

As stated in IEEE Standard 519, it is difficult to place specific limits on the telephone 1302 
influence which the harmonic components of current and voltage can inflict. Hence, IEEE 1303 
Standard 519 outlines a range of values where problems could our (refer 10 the table 1304 
below). The actual interference to voice communication systems in proximity to the 1305 
power system is dependent upon a number of factors not under the control of the utility 1306 

or customer, these factors will vary from location to location and from time to time as the 1307 
state-of-the-art of inductive coordination progresses. 1308 

IEEE Standard 519 - Balanced I٭T Guidelines 

Category Description I٭T 

I Levels most unlikely to cause interference <10,000 

II Levels that might cause interference 10,000 to 25,000 

II Levels that probably will cause interference > 50,000 

The limit applicable to HE is the upper bound limit of the I٭T levels that might cause 1309 

interference on telephone systems. Thus, the customer induced harmonics shall not 1310 
result in an I٭T product to exceed 25,000 weighted amperes per phase, applicable to 1311 
both the transmission and distribution systems. Residual I٭T should also be minimized. 1312 

Residual I٭T is IG٭T, where IG is the earth return current and is defined as the difference 1313 
between the phasor sum of phase currents and neutral current. The I٭T calculation is to 1314 

be performed using Equation 3. The weighting of harmonic currents should conform to 1315 
the 1960 TIF curve shown below. 1316 

I٭T = I٭TIF =       weighted amperes (Eq.3) 1317 
 1318 

Where: 1319 
I = Current of individual harmonics, amperes, RMS 1320 
T = Telephone Influence Factor (TIF) 1321 
Wn = Single frequency TIF weighting at frequency n (refer to table and chart below) 1322 
K < 42, Maximum harmonic order 1323 

 1324 

 1325 

 1326 

 1327 

 1328 
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 1329 

 1330 

FREQ TIF 
(W) 

FREQ TIF 
(W) 

FREQ TIF 
(W) 

FREQ TIF 
(W) 

60 0.5 1020 5100 1860 7820 3000 9670 

180 30 1080 5400 1980 8330 3180 8740 

300 225 1140 5630 2100 8830 3300 8090 

360 400 1260 6050 2160 9080 3540 6730 

420 650 1380 6370 2220 9330 3660 6130 

540 1320 1440 5650 2340 9840 3900 4400 

660 2260 1500 6680 2460 10340 4020 3700 

720• 2760 1620 6970 2580 10600 4260 2750 

780 3360 1740 7320 2820 10210 4380 2190 

900 4350 1800 7570 2940 9820 5000 840 

1000 5000       

1331 

 1332 

 1333 

 1334 

 1335 

 1336 

 1337 

 1338 

 1339 

 1340 

 1341 

 1342 

 1343 

 1344 

 1345 
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ATTACHMENT E:  GENERATION ABNORMAL FREQUENCY 1346 

OPERATING ALLOWANCE 1347 

 1348 

1349 
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ATTACHMENT F:  ELECTRICAL CLEARANCES AND 1350 

EQUIPMENT RATINGS 1351 

Nominal 

System 

Voltage 

(kV) 

Basic Impulse 

Insulation 

Level 

 

Outdoor Design Clearance (in.) 

Air Insulated 
Switch  

Design Clearance 
(in.) 

Station Post 
Insulators 
Technical 
Reference 

Number(1)(2) 

(BIL) 
(KV crest) 

(2) 

Air 

Break 

Disconne

ct 

 
Bus & 
Xfmer 

Winding 

Xfmr 
Bushing 

Centerline-Ground Centerline-Centerline 
Phase 

Spacing 

Phase 
Spacing 

Rigid Bus Strain 

Bus 

Rigid Bus Strain Bus 

765 2050 2050 195 240 390 480 480 390 n/a 

500 1550 1550 147 180 270 300 300 270 379 

345 1050 1050 99 132 150 180 216 150 316 

230 900 900 84 120 124 164 192 124 304,308 

161 750 750 63 86 86 116 168 86 291,295 

138 550 650 46 60 72 84 144 72 286,287 

88 450 550 37 44 54 60 108 54 286,287 

69 350 350 29 36 42 48 84 42 216 

46 250 250 21 24 36 42 72 36 214 

34.5 200 200 16 21 30 36 60 30 210 

23 150 200 13 18 24 30 60 30 208 

(1) The technical reference numbers shown are a widely used identification 1352 

series for post type insulators and are the Hoosier standard for the voltage 1353 

class. Refer to ANSI Standard C29.9-1983, Table 1, for dimensions and 1354 

characteristics for each insulator. Higher strength insulators with different 1355 

technical reference numbers are available and should be used if required. The 1356 

ANSI Technical Reference (T.R.) numbers refer to insulators with specific 1357 

mechanical ratings. Higher ratings may be required or may be adequate 1358 

according to the duty of the specific application. 1359 

(2) Substations in heavily contaminated areas may require a higher insulation level 1360 

than indicated. 1361 

 1362 

 1363 
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ATTACHMENT G: PROTECTIVE LOOP INSTALLATION  1364 

 1365 

Air Break Switch on a Line 

Wood Pole Line 

Direct Embedded Steel Pole 

Self Supported Steel Pole 

1. With shield wires grounded at every 

structure and extending for at least ½ 

mile in both directions from the air 

break switch location. 

Grounding Protection Loop Fig. 1 

2. With ungrounded shield wires 

extending for at least ½ mile in both 

directions from the air break switch 

location. 

Grounding Protection Loop Fig. 2 

3. With air break switch ground 

bonded to multi-grounded neutral or 

to nearby station ground grid. 

Grounding Protection Loop Fig. 1 

4. With no shield wire or shield wire 

extending less than ½ mile in both 

directions, with no multi-grounded 

neutral and with air break switch not 

bonded to nearby station ground grid. 

Grounding Protection Loop Fig. 2 

Design Limits: 1366 

 1367 

IΦ-Gnd = 8000A Max. 1368 

Soil Resistivity = 500 Ω-Meter Max. 1369 

 (If exceeded further analysis is required) 1370 

Spread 3/4 “ crushed stone with 10-15% binding material, 1371 

4 “ deep over entire area extending 1’-0” beyond grounding 1372 

NOTES FOR FIGURE 1 & 2 1373 

A.) For wood pole structures, a minimum 8 foot length of wood or plastic protective molding should be 1374 
installed to completely cover the 4/0 AWG copper ground wire. 1375 
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B.) Tie protective grounding loop to 4/0 AWG copper ground wire (Wood Pole) or structure ground pad 1376 
(Steel Pole). In either case, the switch handle ground must be terminated to this 4/0 AWG copper 1377 
ground wire. 1378 

C.) If switch structure is 100 feet or less from existing station ground grid, guy wire anchor grounding is 1379 
recommended. Also, connect protective ground loop to existing station ground grid as noted. 1380 

 1381 

 1382 

 1383 

 1384 

 1385 

 1386 

 1387 

 1388 

 1389 

 1390 

 1391 

 1392 

 1393 

 1394 
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1395 
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