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ILLINOIS COMMERCE COMMISSION 1 

DOCKET No. 10-0079 2 

REBUTTAL TESTIMONY OF 3 

CURTIS E. STEPANEK 4 

ON BEHALF OF 5 

ILLINOIS POWER COMPANY 6 
d/b/a AmerenIP 7 

I. INTRODUCTION AND WITNESS QUALIFICATIONS 8 

Q. Please state your name. 9 

A. My name is Curtis E. Stepanek.   10 

Q. Are you the same Curtis Stepanek who previously filed testimony in this 11 

proceeding? 12 

A. Yes.   13 

II. PURPOSE AND SCOPE 14 

Q. What is the purpose of your rebuttal testimony? 15 

A. The purpose of my rebuttal testimony is to respond to the testimony of Staff 16 

witness Ms. Mona Elsaid regarding the need for the Latham to Oreana transmission line 17 

(“Latham-Oreana Line”) project proposed in this proceeding.    18 

Q. In addition to your testimony are you sponsoring any other exhibits? 19 

A. Yes.  I am submitting AmerenIP Exhibit 7.1, a diagram showing the system 20 

information for the Decatur area for the same 620 MW load level and double-circuit 21 

outage referenced in the response to Staff data request ENG 4.06, with the powerflow 22 
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model modified to represent distribution capacitor banks and distribution reactive load 23 

separately instead of netted together.   24 

III. RESPONSE TO STAFF WITNESS ELSAID 25 

Q. What position does Staff take with respect to the need for the proposed 26 

Latham-Oreana Line? 27 

A. Staff takes the position that the Latham-Oreana Line is not needed at this time.  28 

Staff witness Ms. Elsaid testifies that, based on the most recent load forecast information, 29 

the Decatur area summer peak load in the year 2013 is expected to be approximately 608 30 

MW.  Although she references potential new load additions from large customers that can 31 

occur in relatively short time, she states that the exact commitment date of these load 32 

additions and the probability of adding these load additions by this particular customer 33 

are unknown to AmerenIP at this time.  She concludes that, “[f]rom AmerenIP’s most 34 

recent load forecast, it is apparent that, without load additions, AmerenIP’s Decatur area 35 

load will not reach 660 MW until after the year 2021. This is too long of a lead-time to 36 

support the proposed transmission line at this time. Therefore, AmerenIP could not 37 

demonstrate a need for its proposed transmission line by the year 2014.”  She also states 38 

that, with a load level of 620 MW in the year 2016, without any load additions, 39 

AmerenIP would not need the proposed transmission line to comply with Ameren 40 

Transmission Planning Criteria. 41 

Q. What is your response to her position? 42 

A. AmerenIP’s analysis of the need for the Latham-Oreana Line was based on the 43 

resultant contingency voltages in the Decatur area associated with load forecasts 44 

developed in 2006 that showed 660 MW of load in the Decatur area by 2013.  Staff is 45 
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correct that more recent load projections show lower forecasted loads in the 2013-2016 46 

time period, with a 620 MW load level projected for 2016.   47 

In determining the need for the Latham-Oreana Line, however, Staff’s analysis 48 

focuses on the question of projected load growth and does not fully address the exposure 49 

to a voltage collapse for the Decatur area.  Placing the focus on the risk of voltage 50 

collapse in the Decatur area, I believe that the Latham-Oreana Line is required to 51 

eliminate the risk of voltage collapse for the double-circuit outage condition.  In any 52 

event, as I discuss below, the Latham-Oreana Line is needed to provide adequate and 53 

reliable service. 54 

Q. Please explain. 55 

A. To better illustrate the voltage collapse issue,  AmerenIP has updated and refined 56 

its modeling of the loads and distribution capacitor banks in the Decatur area.  The results 57 

of the updated model clearly show that, at a projected load of 620 MW in 2016, there is 58 

significant risk of voltage collapse and therefore, in accordance with the Ameren 59 

Transmission Planning Criteria, construction of the Latham-Oreana Line is required to 60 

provide adequate and reliable service to the Decatur area.  As discussed by Mr. David 61 

Endorf, based on this updated analysis, coupled with a review of the construction 62 

schedule, AmerenIP has determined that the in-service date for the Latham-Oreana Line 63 

should be revised to December, 2015. 64 

Q. What is voltage collapse? 65 

A. The term “voltage collapse” is used by electric utility engineers to describe a 66 

scenario where an area of the interconnected system experiences rapidly declining 67 

voltages followed by a total loss of electric service.   A typical voltage collapse situation 68 
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occurs when the system is at a high load level and there is a sudden change in the 69 

source(s) of electric supply to an area.   The change could be the loss of a large generator 70 

or one or more transmission lines.   In either case, the remaining sources for the area 71 

cannot provide adequate voltage support and voltages at both the transmission and 72 

distribution levels of the system drop significantly below normal values.   The sudden 73 

drop of voltage causes the characteristics of the loads to change.  Electric motors stall, 74 

which results in a significant increase of real power load and a drastic increase in reactive 75 

power load.    The increased load from the stalled motors drives the voltages even lower.   76 

At this point, current flow on the entire system supplying the area is increased, resulting 77 

in increased voltage drop to the loads and a spiraling downward of system voltages as 78 

more motors stall.   Ultimately, the voltages collapse as the transmission and distribution 79 

system can no longer support the increased area load.   Under these situations, as the 80 

collapse develops, flows on distribution, subtransmission, or transmission circuits will 81 

exceed the settings of the protective relays, resulting in a total outage to the area.  In 82 

many instances, the voltage collapse event is precipitated by a fault on a transmission 83 

line.  During the time the fault is connected to the system, voltages at both the 84 

transmission and distribution levels of the system are very low.  Although this period of 85 

very low voltage may be relatively short, perhaps only 5-10 cycles (0.083-0.167 86 

seconds), some loads connected to the system can change drastically and not return to the 87 

pre-fault status when the faulted line is disconnected from the system by the opening of 88 

circuit breakers.  The drastic change in load characteristic may cause a voltage collapse to 89 

occur in situations where, absent the effect of the fault, a collapse would have been 90 

avoided. 91 
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Q. How quickly can a voltage collapse develop? 92 

A.  A voltage collapse can develop within a few seconds or less.  93 

Q. What system conditions lead to a voltage collapse?   94 

A.        A voltage collapse is generally caused by the outage of transmission and/or 95 

generation equipment.  The outage of transmission equipment effectively reduces the 96 

number of transmission paths and results in increased impedances from the generation 97 

resources to the load.  Because of the reduced number of paths, the current flow over 98 

these remaining paths is also increased, which results in increased electrical losses and 99 

voltage drop.   100 

A voltage collapse can also be caused by the outage of local generation 101 

equipment.  The outage of generation equipment reduces the real and reactive power 102 

supply in a given area, and the replacement of the outaged generation resources may be 103 

made up from resources farther away from the load resulting in higher losses and 104 

increased voltage drop over the longer distance and higher impedance paths.   105 

As described below and in my direct testimony (lines 332-344), the outage of the 106 

double-circuit 345 kV tower line involving the Clinton-Latham 345 kV line 4571 and the 107 

Clinton-Goose Creek 345 kV line 4545 severely impacts the strength of the transmission 108 

supply and will cause a voltage collapse in the Decatur area if the outage occurs during 109 

summer peak conditions.  These lines share common transmission structures for 110 

approximately 16 miles between the Clinton Nuclear Plant and the Oreana 345/138 kV 111 

substation.  In addition, each circuit is a three-terminal line.  The west circuit has a 112 

terminal at Clinton, one at Latham and one at Oreana.   The east circuit has a terminal at 113 

Clinton, one at Goose Creek, and one at Oreana.  This supply arrangement is vulnerable 114 
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to a single weather or other event involving a common structure resulting in the outage of 115 

both of the lines.  The double-circuit outage condition would render the remaining 116 

transmission system inadequate to support the forecast load of 620 MW by 2016 or 117 

before, exposing the Decatur area to voltage collapse.  Therefore, additional facilities 118 

need to be constructed to meet system performance requirements and maintain reliable 119 

service. 120 

Q.  How does system equipment and load respond to a low voltage condition? 121 

A.       The response of system equipment and load to a low voltage condition is 122 

dependent on the speed at which the low voltage condition develops.   If the low voltage 123 

condition develops gradually, distribution voltage regulators and transformer load tap-124 

changers (electrical devices that are installed to help control the voltages in certain areas 125 

of the power system within specific ranges)  may have time to react to increase the 126 

voltages.   If the low voltage condition develops instantaneously due to the loss of a 127 

generating unit or the sudden opening of a transmission line, tap changers and regulators 128 

will not have time to react.   Most load tap-changers (LTCs) or regulators have a time 129 

delay of at least 15 seconds, and then take about a second to move each tap step.    While 130 

the voltages are depressed, the output of area capacitor banks drops as the square of the 131 

voltage.  If the system voltage drops 10%, the var output of capacitors on the system will 132 

drop by about 20%. 133 

 Load response is also dependent on the speed at which the low voltage condition 134 

develops.  The response of the motors driving residential air conditioning units is of most 135 

interest, since their influence has the most significant impact on the outcome of a 136 

developing situation in this area.  If the low voltage condition develops slowly, motors 137 
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will begin drawing more reactive power and will operate with lower efficiency.  For 138 

thermostatically controlled air conditioning, each unit will run longer.  The net impact 139 

over time will be slightly higher real power load and higher reactive load.   If the voltage 140 

continues to decrease, the motors on some air conditioners will stall.  The real power 141 

demand of a stalled air conditioner compressor motor is about double the normal running 142 

load, while the reactive power demand of a stalled air conditioner compressor motor is 143 

about six times the normal running load.  If one residential air conditioner compressor 144 

motor supplied by a distribution transformer stalls, the motors on other air conditioners 145 

supplied by that same transformer will likely stall because of the increased load and 146 

voltage drop.  This increased load, particularly the reactive load, will cause the voltage on 147 

the distribution feeder to drop further and cause other air conditioner compressor motors 148 

to stall.  The pattern may accelerate and propagate into a widespread voltage collapse. 149 

If the low voltage condition develops suddenly due to loss of a generating unit or 150 

a transmission line, a large portion of the compressor motors on residential air 151 

conditioners in the area affected may stall quickly, and if so the condition can migrate to 152 

a widespread collapse very quickly.  If only a small percentage of the units stall initially, 153 

it may take a few seconds for the condition to propagate and cause other units to stall.  It 154 

is possible that a voltage collapse might take five to ten seconds to fully develop into a 155 

widespread collapse. 156 

Q. How does the load react to low voltages during fault conditions? 157 

A.  If the low voltage condition is preceded by a fault on the transmission system, 158 

there may be a significant percentage of residential air conditioner compressor motors in 159 

the area which stall during the time the fault is connected to the system, typically less 160 
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than 0.1 seconds.  When the fault is removed by the opening of circuit breakers to isolate 161 

the faulted element, the load characteristic is already changed.   This may cause a 162 

collapse to occur very rapidly.   Although a Good Utility Practice has not been 163 

established regarding how to model the load response during the fault, the voltages would 164 

be worse than indicated in a steady-state analysis that I discuss below. 165 

Q. Will the transformer load tap-changers be able to respond fast enough to 166 

avert a voltage collapse following a contingency event? 167 

A.       For a fast acting voltage collapse involving an outage to a transmission line or 168 

generator, the transformer load tap-changers (LTCs) will not act quickly enough to avert 169 

a voltage collapse.  As mentioned above, LTCs and regulators will not have time to react.   170 

Most LTCs or regulators have a time delay of at least 15 seconds, and then take about a 171 

second to move each tap step.   The voltage collapse event could be over before the LTCs 172 

would start to move. 173 

Q. Will system operators be able to respond quickly enough to avert a voltage 174 

collapse following a contingency? 175 

A.       For a fast acting voltage collapse involving an outage to a transmission line or 176 

generator, system operators will not be able to respond quickly enough to avert a voltage 177 

collapse. 178 

Q. Will protective relays on various portions of the system prevent a voltage 179 

collapse from occurring? 180 

A.       No. The protective relaying systems are not designed to prevent a voltage collapse 181 

from occurring. 182 
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Q. Once a voltage collapse has occurred, what is the expected time to return the 183 

system to normal conditions? 184 

A.       If a voltage collapse event occurred, most of the outaged load would be out of 185 

service for many hours.  Operating personnel would have to determine the cause of the 186 

event and then begin restoring segments of the system in a gradual manner.  Depending 187 

on the duration of the outage and the ambient temperatures, hot load pick-up may be a 188 

concern where all of the load diversity would be exhausted and customers would have to 189 

be restored feeder by feeder or perhaps tap by tap to avoid overloading equipment or 190 

being subject to extreme low voltages and another voltage collapse.     191 

Q. If a voltage collapse event would occur, could the situation be repeated 192 

again? 193 

A.       Yes.  A second voltage collapse event could occur, particularly during the system 194 

restoration if the double-circuit 345 kV line is still out-of-service.   And, even if the 195 

double-circuit line is returned to service, and all of the load is restored to service, another 196 

event could occur at any time.      197 

Q. In its planning and analysis of the Decatur area transmission system, did 198 

AmerenIP consider concerns about voltage collapse? 199 

A. Yes.  As I explained in my direct testimony (lines 345-358), Ameren has 200 

established transmission planning criteria which are applied to ensure the development of 201 

a transmission system that will adequately and reliably serve the projected customer loads 202 

as well as meet its obligations to its transmission service customers, as part of the 203 

interconnected transmission system.  The transmission system is planned to supply all 204 

load and transmission services without violating facility ratings or voltage limits during 205 
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normal and single contingency outage conditions.  The system is planned to provide 206 

reliable operation including an outage of any single generating unit or transmission 207 

facility.  In addition, with any one generator out of service, the system is planned to 208 

operate with all equipment loaded at or below emergency ratings and with all voltages 209 

within acceptable limits for the loss of any one transmission facility. 210 

 In my direct testimony (lines 165-172), I stated that in all cases, the system is 211 

planned, designed and operated to maintain adequate voltages to the customers.  The 212 

system is also planned to avoid thermal overload of equipment and minimize the 213 

likelihood of catastrophic equipment failure and widespread service outages.  The higher 214 

voltage lines have greater load carrying capability than the lower voltage lines, and the 215 

higher voltage lines can deliver power over greater distances more efficiently, with less 216 

energy loss and less voltage drop, than lower voltage lines.  As a result, extending 217 

transmission facilities close to the load minimizes energy losses and improves the 218 

delivery voltage. 219 

 As I also discussed (lines 204-218), the voltage criteria used in AmerenIP 220 

transmission system planning has been developed to provide voltages to the customer 221 

consistent with the 83 Illinois Administrative Code Part 410 Standards of Service for 222 

Electric Utilities.  The distribution system planning criteria sets maximum and minimum 223 

steady state voltage limit guidelines at the low voltage bus of distribution and customer 224 

substations and at 34.5 kV and above customer delivery points for normal and 225 

contingency outage conditions.  Voltages below these limits are investigated to ensure 226 

adequate voltage will be maintained on the distribution feeders.  Transmission system 227 

low voltage limits of 95% of nominal have been established considering the above 228 
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voltage requirements for the subtransmission and distribution systems.  Voltages below 229 

this threshold would initiate discussion with the distribution system planner to ensure that 230 

adequate distribution voltages would be provided for normal and single contingency 231 

conditions.  For conditions beyond single contingencies, transmission voltages below 232 

95% would be investigated further to determine what actions, if any, are required so that 233 

the contingencies would not result in widespread outages.  234 

Q. How is exposure to a voltage collapse identified? 235 

A. Although a voltage collapse is a dynamic process, planning engineers frequently 236 

use steady-state analyses (e.g., power flow models/tools) to identify areas that are 237 

exposed to this type of scenario.  Planning engineers using models of the transmission 238 

system will typically take notice of any situation where the steady-state analysis shows 239 

transmission voltages would be below 95% of nominal.  Additional review is performed 240 

to determine if the topology of the rest of the delivery system indicates there might be a 241 

problem.    If a steady-state analysis shows transmission voltages below 85% of nominal, 242 

the assumption is that a voltage collapse is essentially certain for the conditions being 243 

examined.   If a steady state analysis shows transmission voltages between 85% and 95% 244 

of nominal, additional review of the system in the area affected is needed.  When the 245 

steady-state analysis shows voltages in this range, there is no bright line to identify if a 246 

voltage collapse will occur, since the exact characteristics of the load are not known.  247 

However, it is known that some motors connected to the distribution system will begin to 248 

stall when the distribution bus voltages fall below 90% of nominal.  249 
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Q. What did AmerenIP initially conclude about voltage collapse in the Decatur 250 

area? 251 

A. As I explained in my direct testimony, and using conventional load modeling 252 

techniques, it was expected by 2012 that a large part of the Decatur area load would be 253 

subject to low voltage conditions and voltage collapse should an outage event occur that 254 

results in the loss of two or more bulk electric system elements during peak load 255 

conditions.  The Clinton to Latham 345 kV line 4571 and the Clinton to Goose Creek 345 256 

kV line 4545 share common transmission structures for approximately 16 miles between 257 

the Clinton Nuclear Plant and the Oreana 345/138 kV substation.   If the outage of these 258 

circuits would occur during high load conditions, the analysis showed that the voltages 259 

would be so low that motors would stall resulting in a voltage collapse and dropping of a 260 

large amount of load in the Decatur area.  Under the 2006 load projections and 261 

conventional power flow modeling used for planning purposes at the time I prepared my 262 

direct testimony, the amount of load that would be dropped for this double-circuit outage 263 

event at time of summer peak conditions caused concerns from an Ameren planning 264 

perspective.  As stated at lines 368-383 of my direct testimony, the amount of load 265 

exposed to being dropped for more than 15 minutes due to the system topology and/or the 266 

natural response of the system in a voltage collapse event would exceed 300 MW.  With 267 

the new Latham-Oreana line and the circuit breaker additions at Oreana Substation, the 268 

outage of the tower-line circuits that presently supply the Oreana Substation will no 269 

longer cause low voltages in the Decatur area.   270 

Q.  Why did you rely on conventional modeling when evaluating the Decatur 271 

system? 272 
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A. In the periodic analyses of the Ameren system, using conventional modeling 273 

assumptions, the Decatur area was identified as possibly being vulnerable to a voltage 274 

collapse.    A study performed in 2007-2008 confirmed that the area would be exposed to 275 

a voltage collapse.  At that time, the load forecast for the Decatur area showed a total 276 

load of 660 MW in 2013.   The analysis indicated that the area would be clearly exposed 277 

to a voltage collapse in 2013 or before.   In response to this study, mitigation options 278 

were evaluated and the addition of a 345 kV line from Latham to Oreana was identified 279 

as the best solution.    Due to lead time constraints, the target in-service date for the new 280 

Latham-Oreana line was set as 2014.   Because the need for the line was so clear-cut at 281 

that time, there was no reason to consider more in-depth modeling of the area.   282 

Q. Are there aspects of the electric system that are not reflected in conventional 283 

modeling? 284 

A. Yes.  Generally, power flow models used to evaluate the transmission system do 285 

not explicitly represent the details of the distribution system.  Typically, the model 286 

explicitly shows only the transformers at distribution substations connected to the 287 

transmission system, with all of the downstream distribution system shown simply as a 288 

net load.   Capacitors connected to the low-side bus of the distribution substation may or 289 

may not be netted with the load.   The power flow model used in the analysis to support 290 

my direct testimony related to the Latham-Oreana project, for example, used a net load 291 

representation at many of the low-side load buses for all substations connected to the 292 

transmission system.   The model did explicitly include large 34 kV capacitor banks at 293 

those substations that have 34 kV capacitor banks.  However, the entirety of the rest of 294 

the distribution system was represented simply as lumped net load.   295 
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Q. What was the impact of using conventional modeling in your direct 296 

testimony? 297 

A. As a result of using conventional modeling, in responses to data requests from 298 

Staff, I commented on various load levels and corresponding voltages on the segments of 299 

the system included in the model, including the response to Staff data request ENG 300 

4.06(d_.  Using 85% as a threshold for indication of a voltage collapse, the conclusion 301 

reached was that the Decatur area may not be exposed to voltage collapse in 2016, as the 302 

model showed contingency voltages dropping to as low as 87%.  This was based on the 303 

standard power flow model and updated load forecasts that showed lower future load 304 

levels.   It should be noted that 85% is the level at which a voltage collapse is essentially 305 

assured.   Situations which show 86% - 89% voltage in a steady-state analysis carry 306 

significant risk for voltage collapse. 307 

Q. Is it possible to develop a model that would better reflect the impact to the 308 

distribution system? 309 

A. Yes.  The Transmission Planning staff at Ameren reviewed the model used in the 310 

initial evaluation of the Decatur area and determined that some assumptions made in the 311 

development of the model resulted in under-stating the exposure to voltage collapse.   It 312 

was identified that the model could be improved by showing more detailed information 313 

for the underlying distribution system.    Although a significant amount of detail could be 314 

added, it was decided that one key improvement would be to explicitly model the 315 

capacitors on the underlying distribution system instead of showing a net reactive load 316 

representation. 317 
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Q. What was the result of the more detailed modeling? 318 

A. To include the effects of distribution capacitors, a power flow model was 319 

developed considering a 620 MW load level in the Decatur area expected by 2016 320 

without the addition of new large customer loads (the same model that was used to 321 

develop the response to Staff data request ENG 4.06(d)).   The distribution capacitors 322 

previously netted against reactive power load were modeled as discrete items at all 323 

relevant distribution buses in the model. 324 

 A side-by side comparison of the bus voltages in the Decatur area for the double-325 

circuit outage of the Clinton-Latham 345 kV line 4571 and the Clinton-Goose Creek 345 326 

kV line 4545 shows that modeling the distribution shunt compensation capacitors 327 

explicitly produces lower voltages as compared to the conventional net load model.  (Bus 328 

voltages below 89% of nominal are highlighted in red; bus voltages below 90% but above 329 

89% are highlighted in yellow.) 330 

Decatur Area  
Double-Circuit Outage of Clinton-Latham line 4571 and Clinton-Goose Creek line 4545 

Load Tap-Changers Locked 
Bus 

Number 
Bus name Bus voltages with 

conventional net 
load model 

Bus voltages with 
shunt compensation 
capacitors modeled 

Delta 
Voltage 

84400 East Main 34 kV 0.9197 0.8943 -0.0254 
84401 North Decatur 34 kV 0.9209 0.8943 -0.0266 
84402 North Decatur 34 kV 0.9181 0.8923 -0.0258 
84403 N 27th Firestone 34 

kV 
0.9193 0.8906 -0.0287 

84404 N 27th Firestone 34 
kV 

0.9186 0.8926 -0.0260 

84408 North Decatur 69 kV 0.9139 0.8777 -0.0362 
84415 South Clinton 34 kV 0.9631 0.9382 -0.0249 
84548 ADM North 34 kV 0.8945 0.8735 -0.0210 
84549 ADM North 34 kV 0.9197 0.8932 -0.0265 
84553 Cnty Hiway 20 34 

kV 
0.9275 0.8988 -0.0287 
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84554 ADM East 34 kV 0.8929 0.8715 -0.0214 
84556 Northgate #1 12 kV 0.9030 0.8677 -0.0353 
84567 Northgate #2 12 kV 0.8727 0.8160 -0.0567 
84568 Route 51 #2 12 kV 0.9019 0.8767 -0.0252 
84569 Route 121 #1 12 kV 0.8702 0.8197 -0.0505 
84570 Clinton Rte 54 12 

kV 
0.9165 0.8898 -0.0267 

84571 Route 51 #1 12 kV 0.8981 0.8712 -0.0269 
84572 Clinton Rte 54 12 

kV 
0.9464 0.9304 -0.0160 

84614 Route 121 #2 12 kV 0.9104 0.8987 -0.0117 
348842 S Clinton Tap 138 

kV 
0.9116 0.9064 -0.0052 

348845 Clinton Tap 138 kV 0.9178 0.9064 -0.0114 
348853 ADM North 138 kV 0.8810 0.8623 -0.0184 
348862 N Decatur W 138 

kV 
0.9041 0.8871 -0.0170 

348863 N Decatur E 138 kV 0.8980 0.8807 -0.0173 
348864 N 27th St 138 kV 0.8924 0.8743 -0.0181 
348865 Decatur Jct 138 kV 0.8993 0.8816 -0.0177 
348866 E Main St 138 kV 0.9013 0.8816 -0.0197 
348867 Route 51 138 kV 0.9003 0.8828 -0.0175 
348868 Route 51 Tap 138 

kV 
0.9013 0.8841 -0.0172 

348869 Moweaqua Tap 138 
kV 

0.9387 0.9280 -0.0107 

348870 Caterpillar 138 kV 0.8847 0.8662 -0.0185 
348871 Faries Parkway 138 

kV 
0.8804 0.8617 -0.0187 

348872 Mt. Zion 121 138 
kV 

0.8882 0.8696 -0.0186 

348873 Mt. Zion PPG 138 
kV 

0.8922 0.8741 -0.0181 

348876 Clinton Rte 54 138 
kV 

0.9133 0.9009 -0.0124 

348877 Cnty Hiway 20 138 
kV 

0.8983 0.8819 -0.0164 

     
Max  0.9631 0.9382 -0.0567 
Min  0.8702 0.8160 -0.0052 
Avg  0.9064 0.8838 -0.0226 

     
 331 
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In general, modeling distribution shunt compensation capacitors provides an average 332 

difference of about 2.3% in the Decatur area compared to net load modeling.  The 333 

additional detail shows a larger impact on distribution bus voltages than the transmission 334 

bus voltages because of the increased voltage drop through the bulk and distribution 335 

substation transformers.  The heavily loaded 138-12 kV substations at Northgate #1 and 336 

Mt. Zion Route 121 #1 have voltage differences exceeding 5% compared to net load 337 

modeling.   338 

 With 12 kV bus voltages less than 89% at several stations, and 5-7% lower 339 

downstream on the distribution feeders, it is expected that many motors connected to 340 

these stations would stall.  The real power demand of the stalled motors would increase 341 

significantly, and the reactive power demand of the stalled motors would increase 342 

drastically, further decreasing the area voltages and causing more motors to stall, 343 

resulting in a rapid deterioration of the voltages and ultimate collapse of the Decatur area.  344 

It should also be noted that an even more detailed model (including distribution feeders, 345 

etc.) would be expected to show voltages that are lower than those shown in the Table.    346 

Also, even with the slightly more detailed representation to specifically model the 347 

distribution system capacitors, this steady-state analysis still does not consider the added 348 

impact of load characteristic change due to a transmission fault.   Although the industry 349 

has not yet developed a Good Utility Practice which would provide a framework for 350 

including this aspect, the phenomenon is present and would make the voltage situation 351 

worse than indicated by the steady-state analysis.  This suggests that the refined model I 352 

discuss above is conservative in its results.  The powerflow diagram attached as 353 

AmerenIP Exhibit 7.1 shows the same voltage results that are included in the table above. 354 
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Q. Is it practical to install additional distribution capacitors or perform other 355 

upgrades on the distribution system to avert a voltage collapse for the double-circuit 356 

outage of the Clinton-Latham and Clinton-Goose Creek 345 kV lines? 357 

A.       No.  It is not practical to install additional distribution capacitor banks or voltage 358 

regulators, or other electrical equipment on the subtransmission or distribution system to 359 

avert a wide area voltage collapse caused by the outage of the Clinton-Latham and 360 

Clinton-Goose Creek 345 kV lines.   As explained above, the distribution voltages are too 361 

low for the double-circuit transmission line outage event, such that the addition of 362 

distribution capacitors would not be able to keep the air conditioner motors from stalling. 363 

Q. Was the addition of transmission capacitor banks in the Decatur area 364 

analyzed to determine if that approach could be used as a way to avert a voltage 365 

collapse? 366 

A.       Yes.  The addition of transmission capacitor banks in the Decatur area was 367 

considered.  The addition of capacitor banks is not a feasible solution to prevent a voltage 368 

collapse for the Decatur area considering the topology of the supply system.  The amount 369 

of additional reactive support required to assure that a voltage collapse would not develop 370 

as a result of an outage of the double-circuit 345 kV supply to Oreana is estimated to be 371 

in the range of 300 Mvar to over 700 Mvar.   The lower number considers only the steady 372 

state conditions.  The higher number represents the amount of reactive support needed to 373 

assure adequate voltage during a fault on the double-circuit line, and it is simply not 374 

feasible to operate the system with this much additional reactive supply.   Adding this 375 

much reactive supply would cause unacceptably high voltages with normal conditions on 376 
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the system. Also, it is not feasible to have the capacitors switch-on only during a voltage 377 

collapse, due to fact that the voltage collapse may develop quickly.  378 

Q. Is the proposed Latham-Oreana Line addition the only system upgrade that 379 

can be installed to avert a voltage collapse in the Decatur area? 380 

A.       No; however, it is the least cost option.  AmerenIP considered several possible 345 381 

kV line extensions to Oreana Substation from the nearest 345 kV sources in central 382 

Illinois.  In addition, Ameren considered the installation of static-var-compensators.  383 

However, the cost estimates for other alternatives were $18 million to $100 million 384 

higher than the cost of the proposed Latham-Oreana Line.  The proposed option to build a 385 

short 8-10 mile Latham to Oreana 345 kV line is the least cost method to meet the 386 

requirements of NERC Standard TPL-003 and Ameren transmission planning criteria.  It 387 

does not make engineering or economic sense to build a much longer line and create a 388 

larger impact to the public when a simple modification to the connection arrangement of 389 

the existing Clinton-Latham line 4571 and a short line extension will suffice. 390 

Q. Although the analysis above was based on a load level of 620 MW expected 391 

by 2016, is the Decatur area subject to voltage collapse before that time? 392 

A.       Yes.  Based on the more detailed load modeling (results included above) which 393 

shows distribution bus voltages at less than 89%, and knowing that the voltages would be 394 

up to 7% lower downstream from these buses and indicating that a voltage collapse 395 

would be assured, it appears that the Decatur area would be vulnerable to a voltage 396 

collapse during summer peak conditions before 2016.   397 

Q. Are there any proposed load additions in the Decatur area that could 398 

significantly change the Decatur area load forecast? 399 
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A.       Yes.  AmerenIP is in negotiations with a large customer in the Decatur area that 400 

could add 30-100 MW of load over the next several years.  The customer has projected a 401 

30 MW load addition as early as 2011, with an additional 30 MW targeted for 2012.  A 402 

40 MW load addition could be added some time after 2013.  The customer presently has 403 

not committed to the expansion and is working with AmerenIP to address specific design 404 

issues, including the addition of a 138 kV transmission loop and supply to a new 405 

substation.  As the customer is reviewing its business plan before determining to move 406 

forward,  AmerenIP has not included these proposed load additions in its load forecasts 407 

for the Decatur area.    408 

Q. How would a large load addition in the Decatur area impact the contingency 409 

voltages? 410 

A.       A large load addition would result in lower Decatur area voltages during 411 

contingencies and advance and increase the exposure to voltage collapse if the proposed 412 

line addition is not constructed.   413 

Q. Can the existing Ameren system accommodate the proposed initial load 414 

addition of 30 MW from this large customer? 415 

A. No.  The proposed Latham-Oreana 345 kV line is needed to enable Ameren to 416 

maintain reliable service to the Decatur area in the near future with only the expected 417 

general load growth in the area.   The addition of a 30 MW load in the Decatur area 418 

would advance the timeframe for the need for the line. 419 

Q. Would additional transmission facilities be required to maintain reliable 420 

service for the Decatur area if the large customer proceeds with the addition of a 421 

total of 100 MW? 422 
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A. Yes.  Although the full expansion of the large customer has not been studied 423 

completely, it is believed that transmission facilities in addition to the Latham-Oreana 424 

345 kV line would be needed to maintain reliable service to the Decatur area. 425 

Q.    What load level was experienced for the Decatur area for the summer of 2010? 426 

A.    Preliminary analysis of the loads experienced during the summer of 2010 shows the 427 

area reached a peak load of approximately 608 MW.   This system peak would be 428 

approximately 626 MW on a weather-normalized basis.  This load level exceeds last 429 

year’s forecast for 2016 of 620 MW. 430 

IV. CONCLUSION 431 

Q. What is your conclusion? 432 

A. The existing transmission system in the Decatur, IL area, without the double-433 

circuit tower line that supplies the Oreana 345/138 kV substation, is inadequate to 434 

support the Decatur area load in the near-term.  Further, the existing transmission system 435 

would not be able to support possible large load additions while providing adequate 436 

voltages to customers during contingencies.  Based on the revised power flow analysis of 437 

the Decatur area, which shows many distribution bus voltages between 86% and 89% 438 

(levels that carry a significant risk for voltage collapse) and a few distribution bus 439 

voltages below 85% (the level at which a voltage collapse is essentially assured) for the 440 

double-circuit tower line outage, and knowing that the voltages would be up to 7% lower 441 

downstream from these buses, it is concluded that the Decatur area will be exposed to 442 

voltage collapse by 2016 (or before).   A review of the low voltages indicates that the 443 

voltage collapse would result in the loss of service to most if not all of the load (over 600 444 

MW) in the Decatur area.   A loss of this magnitude far exceeds the 300 MW limit in 445 
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Ameren’s Transmission Planning Criteria for the amount of load dropped by the natural 446 

response of the system.   In order to avoid exposure to this outage and to comply with 447 

Ameren’s Transmission Planning Criteria, the Latham-Oreana 345 kV project should be 448 

completed by 2015.   449 

Q. Does this conclude your prepared rebuttal testimony? 450 

A. Yes, it does. 451 

 452 
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