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I. INTRODUCTION AND BACKGROUND 1 

A. Witness Identification 2 

Q. Please state your name. 3 

A. Thomas L. Puracchio. 4 

Q. Are you the same Thomas L. Puracchio who submitted pre-filed Direct Testimony on 5 

behalf of The Peoples Gas Light and Coke Company (“Peoples Gas”) in this consolidated 6 

Docket? 7 

A. Yes. 8 

B. Purposes of Testimony 9 

Q. What are the purposes of your Rebuttal Testimony in this proceeding? 10 

A. The purposes of my testimony are (1) to show that the total amount of cushion gas that 11 

has been injected into Manlove Field is sufficient to support operations, (2) that there is 12 

no reason to suspect that a large amount of cushion gas will soon be required, (3) to 13 

calculate the amount of cushion gas that could be “allocated” to Hub services, and (4) to 14 

explain the operational benefit that offering Hub services has provided to Peoples Gas’ 15 

ratepayers. 16 

C. Summary of Conclusions 17 

Q. Please summarize the conclusions of your Rebuttal Testimony. 18 

A. I re-affirm that all of the injections of cushion gas into the Manlove Field storage 19 

reservoir that Peoples Gas is seeking to include in rate base in this proceeding were used 20 

and useful in the rendering of utility service to Peoples Gas’ customers.  There is 21 

abundant evidence to show that sufficient cushion gas has been injected into Manlove 22 
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Field.  It is unclear from Mr. Anderson’s testimony whether he is suggesting that an 23 

additional 45 Bcf of cushion gas should have been injected when Hub operations began 24 

or if he is suggesting that 45 Bcf of cushion gas – some of it injected in the years prior to 25 

the beginning of Hub operations - should be allocated to the Hub.  Either way, there is 26 

ample evidence to show that a sufficient amount of cushion gas has been injected.  27 

Exhibits TLP-2.1 and TLP-2.2, the 2006 reservoir simulation study and the results of a 28 

simulation forecast of the effects of allocating 3.5% of total injections to cushion gas, and 29 

actual field performance, strongly support this conclusion. 30 

I also conclude that, if cushion gas were “allocated” to Hub services for the 31 

purpose of assessing the Hub’s net contribution to revenue, the proper allocation would 32 

be 1.34 MMDth. 1 33 

D. Itemized Attachments to Rebuttal Testimony 34 

Q. Are there any attachments to your Rebuttal Testimony? 35 

A. Yes.  Exhibit TLP-2.1, Report titled, “Manlove Gas Storage Field Geological 36 

Characterization Study and Updated Reservoir Simulation Model”, on the development 37 

of a reservoir simulation model by MHA Petroleum Consultants, Inc. (“MHA”) dated 38 

November 2006.  Exhibit TLP-2.2, Reservoir simulation result investigating the impact 39 

of a cushion gas allocation of 3.5% of the injected volumes also by MHA and dated 40 

November 17, 2006.  Exhibit TLP-2.3, Graph of the results of late season flow tests.  41 

Exhibit TLP-2.4, Graph of water-gas ratios.  Exhibit TLP-2.5, Report of a study on the 42 

accuracy of injection metering dated September 18, 2003.  Exhibit TLP-2.6, Data table 43 

and graph of the 7-year average of capitalized cushion gas expressed as a percent of total 44 

                                                 
1   An MMDth is equal to 1,000,000 dekatherms. 
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injections.  Exhibit TLP-2.7, Analysis of mobile and trapped gas volumes using filed 45 

pressures and gas saturations.  Exhibit TLP-2.8, Estimation of cushion gas associated 46 

with Hub operations.  Exhibit TLP-2.9, report titled, “Effect of Increasing Seasonal 47 

Stored Gas Volume On Reservoir Performance”,from Rozar, Inc. (Roxar), dated July 48 

1999. 49 

II. CUSHION GAS 50 

Q. What is cushion gas? 51 

A. Cushion gas, also known as base gas, is that quantity of gas that is required to support the 52 

working gas.  Without adequate amounts of cushion gas in an aquifer such as Manlove 53 

Field the reservoir can be expected to experience a decline in peaking capacity, late 54 

season deliverability, and seasonal withdrawal volumes.  An increase in water-gas ratios 55 

can also be expected. 56 

Q. Mr. Anderson also refers to maintenance gas.  (ICC Staff Ex. 10.0, pp. 23-27)  Is there a 57 

difference between cushion gas and maintenance gas? 58 

A. No, maintenance gas is cushion gas.  Peoples Gas introduced the term maintenance gas in 59 

about 1999 to refer to the amount of gas that needed to be injected beyond that which was 60 

intended to be withdrawn but that was not being capitalized.  During the 2001 gas charge 61 

reconciliation process, Peoples Gas agreed with Staff’s recommendation, which the 62 

Commission’s order adopted, to treat these injections as cushion gas, and Peoples Gas 63 

subsequently capitalized these volumes back to 2001.  For the sake of clarity, the terms 64 

maintenance gas and cushion gas are synonymous for all purposes. 65 
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Q. Has Peoples Gas added any cushion gas to Manlove Field during the period of time when 66 

the capacity increased? 67 

A. Yes.  During fiscal years 2001 through 2006, Peoples Gas injected and capitalized 7.88 68 

MMDth of cushion gas.  An additional 1.31 MMDth was injected in 1999 and 2000 that 69 

was not capitalized – this is essentially uncapitalized cushion gas.   70 

Q. Is the quantity of cushion gas sufficient to maintain the field? 71 

A. Yes.  As I discuss in more detail below, by every indication the quantity of cushion gas is 72 

sufficient.  73 

Q. Mr. Anderson stated that Peoples Gas increased the percentage of maintenance gas from 74 

2% to 3.5%.  (ICC Staff Ex. 10.0, p. 25)  Why did Peoples Gas make this change? 75 

A. Peoples Gas increased the cushion gas allocation from 2% to 3.5% of total injections 76 

upon the recommendation of its reservoir consultant.  This recommendation was made 77 

after late-season flow tests in the winter seasons of 2004/2005 and 2005/5006 yielded 78 

less than the expected amount of gas.   79 

Q. Has Peoples Gas conducted additional studies to investigate the effects of a cushion gas 80 

allocation of 3.5%? 81 

A. Yes.  In November 2006, MHA completed a study included as Exhibit TLP-2.1, titled, 82 

“Manlove Gas Storage Field Geological Characterization Study and Updated Reservoir 83 

Simulation Model”.  The reservoir simulation model is a numerical model that serves as a 84 

predictive tool by which to perform engineering studies.  The development of the model 85 

included inputting the entire history of the field since injections first began in 1964 and 86 

tuning a multitude of parameters until the model was able to match the historical 87 
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performance of the field.  When construction of the model was completed, Peoples Gas 88 

instructed MHA to simulate, or predict, how the field would react to a continued cushion 89 

gas allocation of 3.5%.  The results of that simulation study, included as Exhibit TLP-2.2, 90 

predicted that the 3.5% cushion gas allocation was not only adequate to maintain the field 91 

but predicted that the field would regain all lost performance after just three years.  92 

Q. Was the prior allocation of 2% inadequate? 93 

A. Yes, but this did not begin to become evident until after the winter of 2004/2005.  Prior to 94 

the winter of 2004/2005 the 2% allocation appeared adequate.  In fact, the reservoir at 95 

that time had a recent history of outperforming expectations.    Up until the winter season 96 

of 2004/2005, the field produced gas at or above its expected rate during testing.  The 97 

field fell short of its expected rate for two consecutive years, the winter seasons of 98 

2004/2005 and 2005/2006.  In the Fall of 2005, Peoples Gas’ consultant recommended 99 

that the cushion allocation be increased to 3.5% beginning with the 2006 injection 100 

season, and Peoples Gas did so.   The allocation will be examined each year and may be 101 

changed, either increased or decreased, as conditions dictate. 102 

Q. What was Peoples Gas’ support for the 2% allocation? 103 

A. Reservoir performance met or exceeded expectations during the two winters immediately 104 

prior to 2004/2005.  This is evident from the results of late season flow tests and 105 

improving end-of-season water-gas ratios.  Exhibit TLP-2.3 contains the results of the 106 

late season flow tests and Exhibit TLP-2.4 contains a graph of the end-of-season water-107 

gas ratios.  Also, the 2003 report from which Mr. Anderson quoted on page 12 of his 108 

testimony supported the 2% level. 109 

Q. Please describe what Exhibit TLP-2.3 shows. 110 
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A. Exhibit TLP-2.3 details the results of late season flow tests from the winter of 2002/2003 111 

through the winter of 2006/2007.  Peoples Gas generally assesses late season 112 

deliverability each year by conducting a full-field flow test during which all available 113 

wells are put on production.  This is typically done after the decline point, the point when 114 

the daily quantity that can be withdrawn from Manlove Field begins to decline from its 115 

rated maximum, has occurred.  Alternately, if late-season  conditions are such that similar 116 

data can be obtained from a weather-driven event, i.e., if cold weather requires high 117 

withdrawal rates after the decline point, then that data is used to assess deliverability.  118 

Exhibit TLP-2.3 contains a graph of the expected and actual flows produced during 119 

testing and weather-driven events.  It illustrates that in the three tests or weather-driven 120 

events prior to the winter of 2004/2005 the field met or exceeded expectations.  For this 121 

reason, the 2% cushion allocation seemed adequate.  It also illustrates the improved 122 

performance during the winter of 2006/2007 after one injection season with a 3.5% 123 

cushion gas allocation. 124 

Q. Please explain the term “water-gas ratio” and describe what Exhibit TLP 2.4 shows. 125 

A. The term water-gas ratio is simply the ratio of total amount of water produced, expressed 126 

in barrels (BBLS) divided by the total amount of gas produced, expressed in millions of 127 

standard cubic feet (MMSCF).  In aquifer storage reservoirs such as Manlove Field this is 128 

an important performance indicator.  Generally speaking, higher water-gas ratios 129 

indicated poorer performance than lower water-gas ratios.  Exhibit TLP-2.4 contains a 130 

graph of water gas ratios from 2001/2002 through 2006/2007.  It is apparent from the 131 

graph that water-gas ratios are generally lower over the period with the most recent data 132 

from the winter of 2006/2007 being the lowest.  This is an indication of overall health of 133 
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the field and while other factors can affect the ratio, if the field were significantly short of 134 

cushion gas, one would not expect the water-gas ratio to improve. 135 

Q. Were there any other factors that are relevant to the drop in performance that occurred in 136 

the winters of 2004/2005 and 2005/2006? 137 

A. Yes.  Prior to the drop in field performance, Peoples Gas conducted a study of its 138 

injection metering.  The results of the study, reported in Exhibit TLP-2.5, indicated that 139 

the meters used to measure the amount of gas being injected were subject to error 140 

produced by the pulsation effect from the reciprocating compressors used to increase the 141 

gas pressure for injection.  The study indicated that depending on the combination of 142 

compressors being used at any one time, the metering could be understated by 0.1 to 143 

5.3% meaning that more gas was being injected than was believed at the time.  The net 144 

seasonal understatement at the time of the study was estimated at 1.25%.  As a result of 145 

the study, Peoples Gas took steps to improve its metering accuracy.  While preparations 146 

were being made to install new ultrasonic metering in locations that would not be 147 

affected by the pulsations, Peoples Gas temporarily routed gas to be injected through 148 

other existing meters less susceptible to the effects of the pulsations.  Once the ultrasonic 149 

meters were installed Peoples Gas began using them in September 2004 to measure the 150 

amount of gas injected into Manlove Field.  So, it is entirely possible that prior to the 151 

improvements in injection metering accuracy the actual cushion gas allocation was 3% to 152 

3.5%.  When we corrected the metering error we may in fact have lowered the cushion 153 

allocation to a true 2%.  This could explain the drop in performance in the winters 154 

subsequent to the installation of the new meters. 155 

Q. Has the 3.5% been sufficient to maintain the performance of the field? 156 



 

Docket Nos. 07-0241 / 07-0242 (Cons.)  Page 8 of 14  North Shore/Peoples Gas Ex. TLP-2.0 

A. Yes.  Actual field performance improved dramatically and was fully restored after the 157 

increase in cushion gas allocation.  This quantity is in alignment with the historical norm 158 

dating back to 1984.  The data table and graph that make up Exhibit TLP-2.6 illustrate 159 

that the 7-year average of capitalized cushion gas expressed as a percent of total 160 

injections was 4.1% in 1984 and has varied from a low of 1.2% in 2003 to a high of 6.3% 161 

in 1987.  The graph also clearly illustrates that cushion gas requirements for an aquifer 162 

reservoir such as Manlove Field are very high early in the development of the field.  As 163 

such, the calculation of a historical cushion gas ratio (ICC Staff Ex. 10.0, line 426) is 164 

heavily weighted by the quantities required by the early development.  Therefore, the 165 

application of this ratio as performed by Mr. Anderson (ICC Staff Ex. 10.0, lines 418 166 

through 429) and Dr. Rearden (ICC Staff Ex. 12.0, lines 507 through 528) to arrive at the 167 

costs associated with an incremental increase in working gas is invalid.   168 

Q. What was Peoples Gas’ support for the change to 3.5%? 169 

A. Peoples Gas sought the recommendation of its reservoir consultant.  That 170 

recommendation (PGL Ex. TLP-1.1) was followed.  Peoples Gas subsequently had a 171 

reservoir simulation model constructed and a study of the effects of a 3.5% cushion gas 172 

allocation was simulated as discussed earlier.  The results predicted that field 173 

performance would be restored after the three seasons at the higher allocation.  Again, 174 

actual field performance was fully restored after just one season. 175 

Q. What do the two events, the drop in performance when the injection metering accuracy 176 

was addressed and the restoration of performance when the cushion gas allocation was 177 

increased, suggest about the reaction time of the field? 178 
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A. The two events indicate that the field seemed to react fairly quickly to an insufficient 179 

cushion gas allocation and that it seemed to respond quickly to an increase as well.  In 180 

other words, one should not expect to be able to operate the field as successfully as 181 

Peoples Gas has been able to do without adequate cushion gas for even a short period of 182 

time.  Gas flow rates are highly dependent on the average field pressure.  The average 183 

field pressure is dependent on the total volume of gas in the field – both working gas and 184 

cushion gas.  If there is insufficient cushion gas it would be impossible to achieve the 185 

normal decline point for the field.  This addresses Mr. Anderson’s conjecture that 186 

Manlove Field has somehow been operating without the appropriate amount of cushion 187 

gas (ICC Staff Ex. 10.0, pp. 9, 22-23).    188 

Q. Has Peoples Gas’ experience with 3.5% shown that this level is adequate? 189 

A. Yes.  The first winter season after the allocation was increased to 3.5%, the 2006/2007 190 

season, the field exceeded performance expectations.  Injections have to be sufficient to 191 

support withdrawals or the field performance will drop.  Regardless of what might be 192 

predicted by a study, actual field performance is clearly the final arbiter. 193 

Q. What does the increase from 2% to 3.5% mean in terms of quantity? 194 

A. At 2%, the cushion allocation amounts to 0.7 MMDth.  At 3.5%, the cushion allocation 195 

becomes 1.3 MMDth, or an increase of 0.6 MMDth of total annual cushion gas.  This is a 196 

small difference between small quantities, yet the field seemed to respond measurably 197 

and favorably as apparent from the results of the late-season flow tests.   198 
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Q. Do you agree that approximately 50% of gas injected into space in the Manlove Field 199 

aquifer that previously contained no gas will become trapped?  (ICC Staff Ex. 10.0, pp. 200 

12, 13) 201 

A. Yes.  And the fact that Peoples Gas has been able to increase the working gas without 202 

incurring losses to that degree, losses that would certainly manifest themselves in the 203 

form of lost performance on a scale of magnitude higher than what was observed in the 204 

winters of 2004/2005 and 2005/2006, is evidence that gas is obviously not being injected 205 

or forced solely into aquifer space that previously contained no gas (what Mr. Anderson 206 

referred to as “virgin aquifer”).  It should be noted that the same 2003 report from which 207 

Mr. Anderson quoted on page 12 regarding the amount of gas that will become trapped 208 

concludes that a 2% cushion allocation is “a reasonable amount for 2003 under current 209 

operating conditions”.  Indeed the purpose of that report was to consider all factors 210 

relevant to the current state of the reservoir and to recommend a cushion allocation.  211 

Peoples Gas followed that recommendation and the subsequent one, in 2005, to increase 212 

the allocation. 213 

Q. What does this say about the growth of working gas concurrent with Hub operations? 214 

A. It says that at the time that the working inventory increased, the state of the aquifer was 215 

such that the cushion gas that was already in place, coupled with the additional cushion 216 

gas that was injected in subsequent years, has been sufficient to support the working gas 217 

growth and to maintain performance.  Mr. Anderson picks out a point in time, when there 218 

was about 27 MMDth of working gas and 120 MMDth of total cushion and develops a 219 

“historic ratio” of working gas to cushion to cushion gas without regard to the state of the 220 

aquifer at that point in time.  Peoples Gas has operated Manlove Field for over forty years 221 
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and during that time our knowledge of the aquifer and of reservoir engineering has 222 

increased substantially.  Early in the operation of the field, gas expansion occurred deeper 223 

and further out than would be necessary today for an equivalent amount of inventory.  224 

Partly as a result of this, most of the working gas growth concurrent with Hub operations 225 

took place in areas of the reservoir that were already saturated with gas.  This is evident 226 

from a reservoir engineering analysis of certain performance indicators over time.  227 

Exhibit TLP-2.7 contains a recent analysis of trapped and mobile gas volumes using 228 

observed field pressures and gas saturations determined from periodic neutron surveys.  229 

The analysis illustrates that the additional working gas has been injected mostly into 230 

reservoir space already saturated with gas and that the current cushion gas allocation is 231 

adequate to maintain performance.  The analysis approximates that 7.8 BSCF (billion 232 

standard cubic feet) of gas became trapped from 1997 to 2006.  Trapped gas accounts for 233 

most cushion gas.  The estimated quantity of trapped gas, 7.8 BSCF, nearly matches the 234 

amount of cushion gas that Peoples Gas capitalized, 7.88 MMDth, over the same period.  235 

What this means is that, in effect, most of the cushion gas required to support a larger 236 

working gas quantity was already in place when Peoples Gas began offering Hub services 237 

and the “historic ratio” that Mr. Anderson quotes is too low.  Mr. Anderson recognizes 238 

that cushion gas required to support a larger working gas quantity was already in place in 239 

his testimony (ICC Staff Ex. 10.0, lines 278-279) when he acknowledges that our 240 

consultant’s report indicates that cushion gas injected since 1990 supported an 8 MMDth 241 

increase in working inventory.  What has occurred since then is that the field has been 242 

operated more efficiently by maintaining tighter control of the gas which in turn has 243 

allowed for better use of the existing cushion gas.  The reservoir is very much the sum of 244 



 

Docket Nos. 07-0241 / 07-0242 (Cons.)  Page 12 of 14  North Shore/Peoples Gas Ex. TLP-2.0 

its parts, and one cannot draw proper conclusions without considering a broad history of 245 

operations.  The performance of the reservoir will tell us pretty quickly if injections have 246 

not been sufficient to support withdrawals.  247 

Q. Can expansion of working gas without a higher cushion allocation continue indefinitely? 248 

A. No.  At some point, if growth were to continue, larger quantities of gas would begin to 249 

predominantly enter aquifer space not previously occupied by gas.  When and if that 250 

occurs, we should expect to need a much higher cushion gas allocation – perhaps along 251 

the lines of 50% of the amount of the incremental growth.  Until that occurs, however, it 252 

would not be economically justifiable to increase the cushion gas allocation.  To do so 253 

one would have to ignore the historical operation of the field and what the actual 254 

performance data demonstrates.  Consider the context in which our consultant stated that 255 

“most continued growth” will result in losses on the order of 50%.  That statement was 256 

made in 2003 after over 80% of the growth that supports Hub operations had already 257 

occurred.  258 

Q. If Peoples Gas did not provide Hub services, would it still have had additional cushion 259 

gas requirements since 1999?   260 

A. Yes.  If no growth in working gas had occurred, there would still be an annual cushion 261 

gas requirement.  Mr. Anderson recognizes this when he states that volumes of working 262 

inventory are “lost” to cushion gas (ICC Staff Ex. 10.0, line 703).     263 

Q. Have you estimated how much cushion gas is associated with the Hub volumes? 264 

A. Yes.  Exhibit TLP-2.8 is such an estimate.  This exhibit, for each of the years 1998-2006, 265 

identifies the Hub storage capacity and the total Manlove working gas capacity.  For each 266 
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year, the ratio of Hub storage capacity to total working gas capacity is then multiplied by 267 

the amount of cushion gas capitalized in the corresponding year.  Using this method, of 268 

the 7.88 MMDth of capitalized cushion gas, the portion required as a result of Hub 269 

operations is 1.34 MMDth. 270 

Q. Is there adequate cushion gas in Manlove Field to support the current total working gas 271 

quantity, including the quantity associated with Hub operations? 272 

A. Yes.   273 

Q. What is Peoples Gas’ support for this conclusion? 274 

A. All the evidence discussed above supports this conclusion.  No evidence supports a 275 

conclusion to the contrary. 276 

II. BENEFITS OF HUB OPERATIONS 277 

Q. Staff witness Dr. Rearden stated that customers have not received any operational 278 

benefits from the Hub.  (ICC Staff Ex. 12.0, p. 12)  Do you agree? 279 

A. No.  The Hub has produced benefits to Peoples Gas’ customers.  Since all Hub volumes 280 

are contractually required to be withdrawn, they bring with them the benefit of the higher 281 

volumes without the risks associated with a warm winter.  The additional Hub volumes 282 

serve to extend the decline point.  An examination of the actual results of late season flow 283 

tests show this to be undeniable.  So, the benefit comes in the form of access to the full 284 

daily peak withdrawal capability of Manlove Field longer into the winter season.  At the 285 

same time, the risk of loss in future performance resulting from a significant amount of 286 

working gas being left in the reservoir following a warm winter, i.e., the risk associated 287 

with not fully cycling the reservoir is mitigated.  288 
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Q. Are there any reports by outside parties that support your conclusions? 289 

A. Yes.  Roxar, Inc. prepared a report in July 1999, attached as Ex. TLP-2.9, that showed the 290 

decline point extending as working gas increased.  Also, the 2003 and 2005 Connaughton 291 

reports (Ex. TLP-1.1) each contain a discussion of the extension of the decline point.   292 

Q. Dr. Rearden estimates that the “incremental” (ICC Staff Ex. 12.0, line 517) cushion gas 293 

required to support the Hub operations is either 45 MMDth (line 515 and in the 294 

calculation following line 528) or 36 MMDth (line 520).  Do you agree?   295 

A. No, there is certainly no evidence that an incremental amount of cushion gas anywhere 296 

near as large as 36 or 45 MMDth was required.  As previously shown, the 7.88 MMDth 297 

of cushion gas that Peoples Gas is seeking to include in rate base (along with the 1.31 298 

MMDth of uncapitalized cushion injected during 1999 and 2000) is sufficient.   299 

Q. Does this conclude your Rebuttal Testimony? 300 

A. Yes. 301 


