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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 Direct and Rebuttal Testimony on 5 

behalf of The Peoples Gas Light and Coke Company (“Peoples Gas”) and North Shore 6 

Gas Company (“North Shore”) (together, “the Utilities”) in this consolidated Docket? 7 

A. Yes. 8 

B. Purposes of Testimony 9 

Q. What is the purpose of your Surrebuttal Testimony in this proceeding? 10 

A. The purpose of my Surrebuttal Testimony is to respond to the rebuttal testimony of Staff 11 

witnesses Dennis L. Anderson and David Rearden on the subject matter of cushion gas. 12 

C. Summary of Conclusions 13 

Q. Please summarize the conclusions of your Surrebuttal Testimony. 14 

A. In brief, the conclusions of my Surrebuttal Testimony are as follows: 15 

(1) Re-affirm, as I showed in my direct and in my rebuttal testimonies, that all of the 16 

7.88 MMDth of cushion gas that Peoples Gas is seeking to include in rate base in 17 

this proceeding is used and useful to Peoples Gas’ customers. 18 

(2) By Staff’s own logic, there is no reason not to allow at least 6.54 MMDth of the 19 

7.88 MMDth in rate base.  It is clear from Staff’s testimony that Staff believes 20 

that a certain amount of cushion gas, which the Staff calls maintenance gas, 21 

would have been required even if no increase in working gas for Hub operations 22 
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had occurred.  Peoples Gas agrees with this.  My earlier testimony (Ex. TLP-2.0 23 

and Ex. TLP-2.8) broke down the 7.88 MMDth year by year and arrived at 1.34 24 

MMDth as being the quantity associated with the expansion of Manlove Field for 25 

Hub operations.  The difference, 6.54 MMDth (7.88 MMDth – 1.34 MMDth), is 26 

the amount of cushion gas that would have been required even if no increase in 27 

working gas had occurred. 28 

(3) Staff’s description of Manlove Field and of aquifer storage is overly simplistic 29 

and its analysis of the data that has been supplied to Staff is incomplete.  This has 30 

led Staff to incorrectly conclude that Peoples Gas has injected an insufficient 31 

amount of cushion gas. 32 

(4) As a consequence of (3), it’s clear that Staff does not realize that growth can and 33 

does occur through increased gas saturations and increased average reservoir 34 

pressures.  A more thorough review, as suggested here, along with the additional 35 

information being supplied, should alleviate Staff’s concerns and allow Staff to 36 

conclude that all of the 7.88 MMDth of cushion gas should be included in rate 37 

base. 38 

(5) Peoples Gas performed studies which it provided to Staff that analyzed if growth 39 

could occur and how much additional gas would need to be injected to support the 40 

growth. 41 

(6) The Staff has mischaracterized my earlier testimony.  Specifically, my earlier 42 

testimony did not claim that no base gas was required, or that no base gas was 43 

injected, to support Hub operations.  In fact, I specified the amount of cushion gas 44 

associated with the Hub (Ex. TLP-2.8).  Nor does my testimony state that no 45 
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growth occurred in areas of virgin aquifer.  My earlier testimony is specific on 46 

these points. 47 

(7) As all the evidence provided in my rebuttal testimony and here in my surrebuttal 48 

testimony indicate, there is abundant proof that an ample amount of cushion gas is 49 

in place to support the full working gas quantity.  Without this being the case, 50 

Manlove would not have been able to operate as it has.  There is absolutely no 51 

proof to the contrary.  Mr. Anderson comes close to explaining this when he 52 

states, “In order for Peoples Gas’ contention that the inventory expansion to 53 

support the Hub required no base gas, Peoples Gas would have had to previously 54 

inject too much base gas into Manlove” (ICC Staff Ex 22.0, lines 506-508).  I 55 

made nearly the same point in my rebuttal testimony while discussing Ex. TLP-56 

2.7 when I stated, “what this means, is that in effect, most of the cushion gas 57 

required to support a larger working gas quantity was already in place when 58 

Peoples Gas began offering Hub services” (Ex. TLP-2.0, lines 236-237). 59 

(8) I understand Mr. Anderson’s premise and I do not totally disagree with the 60 

concepts behind it.  But he is discounting key factors, namely, the effect of 61 

increasing gas saturations and higher average reservoir pressures on the need to 62 

inject cushion gas to support an incremental increase in working gas and that a 63 

significant amount of cushion gas to support the Hub working gas was already in 64 

place prior to the start of Hub operations.  These key factors make all the 65 

difference.  It is his discounting of these factors that leads to his dilemma of not 66 

being able to explain Manlove operations.  Twice in Mr. Anderson’s submitted 67 

testimony, once in his direct (ICC Staff Ex. 10.0, lines 439-441) and again in his 68 
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rebuttal (ICC Staff Ex. 22.0, lines 534-537) Mr. Anderson asks himself if he 69 

knows how Manlove has been able to operate.  Both times he states that he does 70 

not know.  This also leads to his and Dr. Rearden’s erroneous conclusion that 71 

Peoples Gas will, within a “few years”, need to inject 37.4 MMDth of cushion 72 

gas. 73 

D. Itemized Attachments to Surrebuttal Testimony 74 

Q. Are their any attachments to your Surrebuttal Testimony? 75 

A. Yes, I am sponsoring the following attachments to my Surrebuttal Testimony: 76 

(1) TLP-3.1  Maximum Depth of Gas. 77 

(2) TLP-3.2 Memos from M. Raisin Tek, Professor of Chemical Engineering, 78 

University of Michigan, dated March 11, 1974 and August 5, 1974. 79 

(3) TLP-3.3  Observation Well Surface Pressure.  80 

(4) TLP-3.4. Results of a reservoir simulation investigating the impact of a cushion 81 

gas allocation of 3.5% for ten forecasted years, by MHA Petroleum Consultants, 82 

Inc. 83 

II. CUSHION GAS  84 

Q. Please describe the units of measurement you will use in your testimony. 85 

A. Throughout most of my testimony, I use units of “MMDth” or million dekatherms.  This 86 

is a unit of energy, not volume.  One MMDth is equivalent to one million dekatherms and 87 

a dekatherm is, in turn, equivalent to one million MMBtu.  I use MMDth because Peoples 88 

Gas typically report injections and withdrawals in terms of energy.  The reservoir 89 

however, is concerned only with volume.  So, for portions of my testimony, units of 90 

volume are more appropriate.  “Bscf” is a unit of volume equivalent to one billion 91 



 

Docket Nos. 07-0241 / 07-0242 (Cons.) Page 5 of 25  North Shore/Peoples Gas Ex. TLP-3.0 

standard cubic feet.  One Bscf of gas contains one MMDth if the heating value of the gas 92 

is 1,000 Btu per standard cubic foot or Btu/scf.  Since natural gas typically contains just 93 

over 1000 Btu/scf, the two units, MMDth and Bscf are essentially equivalent.  Mr. 94 

Anderson’s testimony typically uses the unit “Bcf,” or billion cubic feet.  Since it is 95 

standard practice when discussing gas in a reservoir to adjust the volume to standard 96 

conditions, I assume that when he uses the term Bcf that he is using a short-hand for 97 

Bscf. 98 

Q. Has an adequate amount of cushion gas been injected to support all working gas volumes 99 

including those associated with Hub operations? 100 

A. Yes.  In my rebuttal testimony I presented engineering studies (Exs. TLP-2.1, 2.2, and 101 

2.7) and actual field performance data (Exs. TLP-2.3 and 2.4) to support this.   102 

Q. Mr. Anderson stated that Peoples Gas changed its methodology for determining cushion 103 

gas requirements, and he questions if the studies you provided were sound in light of 104 

what he considered a change in methodology (ICC Staff Ex. 22.0, pp. 18-19).  Please 105 

comment. 106 

A. Mr. Anderson believes that Peoples Gas’ change in methodology from periodically 107 

injecting a quantity of cushion gas to continuously injecting cushion gas based on a 108 

percentage of daily injections represents a substantial change, but it does not.  The 109 

method of allocating a percentage of daily injections simply recognizes what actually 110 

occurs in the reservoir – that cushion gas is continually created whether or not any 111 

increase in working gas is occurring.  Any study would consider the total quantity of 112 

cushion gas injected each year and would not be affected by the methodology by which 113 

that cushion gas was allocated.  114 
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Q. Please comment on the studies that Peoples Gas submitted. 115 

A. In regards to Exhibits TLP-2.1 and 2.2, the report of the development of the reservoir 116 

simulation model and the subsequent simulation forecast investigating the impact of 117 

allocating 3.5% of injections to cushion gas, simulation modeling of reservoirs is 118 

standard practice in the industry.  The developer, MHA Petroleum Consultants, Inc., has 119 

developed dozens of reservoir models in numerous countries.  In regards to Ex. TLP-2.7, 120 

the analysis of mobile and trapped gas volumes using field pressures and gas saturations 121 

is performed using standard petroleum engineering calculations.  122 

Q. What studies has Peoples Gas performed at the time that Hub operations were being 123 

contemplated? 124 

A. Peoples Gas had two reservoir simulation studies performed, each of which has 125 

previously been submitted to Staff in this proceeding.  The first, submitted in response to 126 

a Staff Data Request, was a study by Smedvig Technologies, dated April, 1998.  The 127 

second was a study by Roxar, Inc., dated July 1999 (Ex. TLP-2.9).  The conclusion of the 128 

studies was that working gas could be increased as long as injections were properly 129 

planned and an adequate amount of make-up gas, or cushion gas, was injected each year.  130 

Peoples Gas’ actions in developing the Hub were consistent with these conclusions. 131 

Q. Mr. Anderson stated that he is concerned that Peoples Gas failed to inject cushion gas to 132 

support the Hub’s inventory (ICC Staff Ex. 22.0, p. 3).  Did Peoples Gas inject cushion 133 

gas to support the Hub operations? 134 

A. Yes.  Peoples Gas injected cushion gas to support the expansion of the field for Hub 135 

operations, and since cushion gas is required even if the working gas is not increased, 136 

Peoples Gas also injected cushion gas to support injections on behalf of the Utilities.  I 137 
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discussed the cushion gas associated with Hub operations in my rebuttal testimony (Ex. 138 

TLP-2.0, lines 13-14, 31-33, 46-47, and 264-270).  Also, an exhibit to my rebuttal 139 

testimony (Ex. TLP-2.8) calculates that 1.34 MMDth of cushion gas injections were 140 

capitalized to support the Hub operations.  All cushion gas, including the 1.34 MMDth 141 

associated with the Hub operations, is split between recoverable cushion gas and non-142 

recoverable cushion gas.  My direct testimony (Ex. TLP-1.0, lines 234-237) refers to the 143 

methodology used to determine this split.  Mr. Anderson seems to recognize this once 144 

when he states “… Peoples Gas made a decision to continuously inject maintenance or 145 

base gas volumes to support Hub operations…”, (ICC Staff Ex. 22.0, lines 103-105), 146 

emphasis added.  Despite this, Mr. Anderson erroneously states (ICC Staff Ex. 22.0, lines 147 

57-58) that Peoples Gas did not inject recoverable and non-recoverable cushion gas to 148 

support the Hub’s working inventory.   149 

Q. If Hub operations had not been undertaken would cushion gas still have been required? 150 

A. Yes.  Even when the working inventory of a reservoir such as Manlove Field is not being 151 

increased, some working gas continually becomes cushion gas.  Staff agrees with this 152 

(ICC Staff Ex. 10.0, lines 459-477 and 528-530, and ICC Staff Ex. 22.0, lines 481-488 153 

and lines 571-572).  Therefore, Staff should also agree that some quantity of cushion gas 154 

should be allowed in rate base. 155 

Q. If Hub operations had not been undertaken, how much of the 7.88 MMDth cushion gas 156 

would have been injected? 157 

A. If Hub operations had not been undertaken, Peoples Gas would have injected 6.54 158 

MMDth of the 7.88 MMDth.  This is the difference between the total amount that has 159 
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been capitalized (7.88 MMDth) and the amount associated with Hub operations (1.34 160 

MMDth, per Ex. TLP-2.8). 161 

Q. Throughout Mr. Anderson’s rebuttal testimony (ICC Staff Ex. 22.0), he draws a 162 

distinction between base gas (cushion gas) and maintenance gas.  Is there a difference? 163 

A. No.  Peoples Gas used to account for maintenance gas differently but that distinction no 164 

longer exists.  Staff points out that there are three categories of gas supporting operations 165 

in the reservoir (ICC Staff Ex. 10.0, lines 196-208).  They are 1) working gas (or top 166 

gas), 2) recoverable cushion (or base) gas, and 3) non-recoverable cushion (or base) gas.  167 

Mr. Anderson defines maintenance gas as “the percentage of working gas inventory 168 

injections into Manlove that migrates to become non-recoverable gas” (ICC Staff Ex. 169 

22.0, lines 19-21).  He also states, "all maintenance gas, by definition, should be allocated 170 

to base gas" (ICC Staff Ex. 10.0, line 512).  So, it should be clear that when Mr. 171 

Anderson uses the term maintenance gas and when he uses the term base gas he is 172 

referring to cushion gas.  Again, at certain points in his testimony Mr. Anderson 173 

recognizes this, as noted above (ICC Staff Ex. 22.0, lines 103-105).  Another example is 174 

when he refers to “additional volumes of base gas, or maintenance gas” (ICC Staff Ex. 175 

22.0, line 487).  In any event, it’s a distinction without a difference; to the reservoir 176 

cushion gas is cushion gas. 177 

Q. Staff uses a balloon analogy (ICC Staff Ex. 22.0, lines 191-206) to describe the operation 178 

of an aquifer storage field.  Is the analogy complete? 179 

A. No.  I recognize that no analogy is perfect, but, from Staff’s analogy, one would infer that 180 

if you blew the balloon up to a specific circumference at a specific pressure at the end of 181 

each injection cycle that the gas stored in the balloon would always be the same. This is 182 
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how tanks operate, not aquifer storage reservoirs. Consider the walls of the balloon as the 183 

limits of the gas in the reservoir and the pressure as the field pressure at the end of the 184 

injection season.  However, instead of inflating the balloon with only natural gas, the 185 

balloon is filled with 50% water and 50% gas.  This is because not all water is pushed 186 

outward by the injected gas – some water stays behind.  Now, deflate the balloon and 187 

restart.  However, on this cycle let the gas occupy 75% of the balloon and the water 188 

occupy 25% of the balloon capacity.  When the balloon is expanded to the same extent as 189 

before at the same pressure as before it is obvious that there will be more gas in the 190 

balloon because the gas saturation is now 75%.  Put another way, the balloon doesn’t 191 

have to expand farther out if the gas saturation within the balloon increases. 192 

Q. What is the significance of this more complete analogy? 193 

A. This illustrates that increasing gas saturation in the reservoir occurs through repeated 194 

injection/withdrawal cycles, each of which can drive out additional water from the pore 195 

space and create additional storage space for working gas growth in the reservoir without 196 

invading virgin aquifer space.  By contrast, Staff’s testimony erroneously infers that gas 197 

saturations do not change and that in order for the balloon to hold more gas, i.e., in order 198 

for working gas to increase, the balloon has to extend further out into the aquifer.  This is 199 

not the case. 200 

Q. Did your rebuttal testimony address this? 201 

A. Yes.  Exhibit TLP-2.7, the analysis of mobile and trapped gas using actual field pressures 202 

and gas saturations and laboratory analyses of actual core samples from the reservoir 203 

examines the effects over time of the increasing gas saturations.  204 
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Q. Will some gas invade virgin aquifer during this process? 205 

A. Yes.  Inevitably some gas will invade virgin aquifer.  This more complete analogy is still 206 

not perfect, as no analogy ever is, because the balloon does not always expand in exactly 207 

the same manner with each cycle.  Many factors contribute to this such as different 208 

injection patterns from one cycle to the next and varying injection pressures throughout 209 

one cycle versus another. 210 

Q. Does growth necessarily occur by invading virgin aquifer? 211 

A. No, not exclusively.  Parts of Mr. Anderson’s rebuttal testimony may be misleading to 212 

non-reservoir engineers.  He implies that inventory growth must occur primarily in 213 

previously non-invaded aquifer.  He correctly asserts that some expansion will occur into 214 

previously non-invaded aquifer areas with or without growth, because the reservoir is 215 

above aquifer pressure most of the time.  However, growth also occurs in areas where gas 216 

saturations have previously been established, but have not reached their maximum 217 

values.  Most of the Manlove gas storage pore space is in this latter category.  This 218 

component of growth is very important, because most of the growth that occurs in these 219 

areas will be recoverable gas. 220 

Q. Please explain how growth occurs in gas storage in aquifers. 221 

A. Gas injection into an aquifer is different than other types of storage.  Many pore volumes 222 

of gas must be injected to establish working gas saturations in the aquifer.  What this 223 

means is that as gas flows through a portion of the reservoir during injection the gas 224 

saturation in that portion continues to improve as the inventory of working gas increases.  225 

This is illustrated in the following graph: 226 
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GAS-WATER DISPLACEMENT EFFICIENCY
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The illustration is not calculated from Manlove data, but is typical of gas-water displacement 228 

operations.  The graph shows gas saturation on the vertical axis versus pore volumes of gas 229 

injected.  Note from the graph: 230 

1. Early injection quickly establishes a low gas saturation, on the order of 30 percent 231 

in the illustration. This gas saturation is much less than can be reached with 232 

successive injection, but it is typically not producible. 233 

2. After this early saturation is achieved, the gas saturation increase continually 234 

becomes slower as more pore volumes of gas are injected.  Most of the gas at 235 

saturations greater than 30 percent can be produced. 236 

3. Many pore volumes of gas are required to increase the gas saturation to a 237 

maximum value, or decrease the water saturation to a minimum. 238 
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4. The illustration shows clearly that increases in gas saturation, and consequently in 239 

inventory, continue after many pore volumes of injection have occurred.  Mr. 240 

Anderson completely ignores this aspect of growth as inventory increases and 241 

more pore volumes of gas are injected through successive injection seasons.  His 242 

testimony strongly implies that gas saturations quickly reach their maximum, and 243 

that they do not increase through successive cycles of gas injection as the 244 

inventory working gas is increased. 245 

Q. Is this illustration consistent with Peoples Gas’ experience at Manlove Field? 246 

A. Yes.  Staff correctly quotes my testimony where I say most growth took place in areas 247 

already saturated, meaning minimally saturated (ICC Staff Ex. 22.0, lines 115-117).  Yet 248 

just 6 lines later, Staff erroneously characterizes my statement as meaning that injections 249 

for expansion stay only (ICC Staff Ex. 22.0, line 123, emphasis added) in previously 250 

saturated areas. 251 

Q. Is this the only place mischaracterizes our testimony? 252 

A. No.  Throughout his rebuttal testimony, Mr. Anderson repeats his mistake numerous 253 

times, for example, ICC Staff Ex. 22.0, lines 233-235, 241-245, 262-265, and 309-311. 254 

Q. Mr. Anderson refers to a “historic ratio” between working gas and cushion gas (e.g., ICC 255 

Staff Ex. 22.0, lines 440, 565-566).  Do you agree that this “historic ratio” must be 256 

maintained? 257 

A. No.  There are numerous factors that can affect this ratio.  Some of these factors were 258 

touched on earlier.  One major factor is heterogeneous porosity and permeability of the 259 

sandstone.  There are often preferential flow paths where gas will flow much faster than 260 

other areas of the reservoir.  When an observation well detects gas reaching the boundary 261 
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of the field in an area, operations are required to change to prevent gas exiting the field.  262 

These operational changes may involve reducing injections in this part of the field and 263 

injecting more in another portion of the field.  The net result is that more cushion gas has 264 

been left in the field and the working gas to cushion gas ratio increases. 265 

Similarly, porosity and permeability may be completely different from one area of 266 

the field to another area that gas may be expanding into.  These changes in the reservoir 267 

characteristics could lead to changes in the working gas to cushion gas ratio. 268 

The February 3, 2003 report (Ex. TLP-1.1) from Peoples Gas’ consultant Charles 269 

Connaughton includes a chart showing that gas saturation improves the more pore 270 

volumes of gas that move through a given volume of rock.  As more gas is injected into a 271 

given volume of rock that has already received the necessary cushion gas, this extra 272 

increase is all or mostly all working gas.  As discussed later in this testimony, an 273 

irreducible gas saturation of about 30% is typical for the reservoir based on whole core 274 

analyses.  An additional amount of gas will be non-recoverable cushion because water 275 

intrusion will cutoff gas flow or kill well production.  Finally, a smaller addition to 276 

cushion is needed for pressure maintenance.  Each of these cushion requirements is a 277 

fixed amount for a given volume of reservoir.  Once all of these cushion requirements are 278 

met, any additional improvements in gas saturation in that volume of rock will be 279 

increases in working gas.  Hence, over time the working gas to cushion gas requirements 280 

ratio can improve. 281 

Q. Is there evidence that supports that growth is occurring faster in pores with mobile gas 282 

saturations and that the ratio is changing? 283 
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A. Yes.  My rebuttal testimony, specifically Ex. TLP-2.7, examined the period from 1997 to 284 

2006.  Inventory increased by about 18 Bscf, but trapped gas increased only 7.8 Bscf.  285 

Therefore, 10.2 Bscf was added to recoverable gas.  Thus, in this time period, nearly all 286 

of the increase in inventory (growth) in excess of cushion gas took place in pores above 287 

the trapped gas saturation and became working gas.  It was not necessary to maintain the 288 

historical ratio of inventory to base gas.  The calculated amount of trapped gas is nearly 289 

identical to the amount of cushion gas that was capitalized.   290 

Q. Do you have any evidence to support your assertion that earlier in the history of the field 291 

gas migrated into zones that are either just now being re-entered by gas or have still not 292 

been re-entered by gas? 293 

A. Yes.  First, there is evidence that significant gas exists in deeper zones of the field than 294 

Peoples Gas typically reaches in its more recent operations.  Consequently, additional 295 

injections deeper into the field are not necessarily into virgin aquifer.   We log a selection 296 

of wells every year with gamma ray-neutron surveys near the end of injection.  These 297 

logs show the location of gas down the length of the well bore in each well.  After the 298 

year 2000 logging program, a historical review was conducted on 112 of Manlove Field’s 299 

153 gas storage wells.  This review looked at the maximum depth that gas occurred in 300 

each of these wells for each year that they were logged.  The results show that there is 301 

large variability in the depth that gas is injected each year.  In general, in more recent 302 

years, gas has been injected to a shallower depth.  The attached table, Maximum Depth of 303 

Gas (Ex. TLP-3.1), shows a summary of the results.  The average shows that gas has 304 

existed almost 14 feet deeper in the past than in more recent times. 305 
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This is a significant amount of gas that is in deeper zones than we currently reach.  306 

A typical porosity (void space) for Manlove Field’s sandstone is approximately 10%, and 307 

a typical residual gas saturation (immobile gas trapped in the rock) is approximately 30%.  308 

Over the 12.5 square mile field this amounts to 135,907,200 ft3 of space occupied by gas. 309 

Radius to edge of active gas bubble   2 miles 310 

 Porosity    10% 311 
 Residual gas saturation  30% 312 
 Reservoir pressure   1900 psia 313 
 Reservoir temperature   100o F 314 
 Z factor    0.83 315 

Using the standard engineering formula of: PV=znRT 316 

The volume of gas left deeper in the inactive portion of the reservoir is 317 

approximately 20 Bscf of gas.  This is immobile gas in the reservoir that Peoples Gas is 318 

not using.  The neutron logs show that we inject gas deeper some years and not as deep in 319 

other years, but we rarely inject gas deeper into virgin reservoir. 320 

Second, gas has moved out farther horizontally than in the past.  Consequently, 321 

additional injections outside the area of the field used for more recent operations are not 322 

necessarily into virgin aquifer.  This can be seen in the table of observation well 323 

pressures.  This table shows surface pressure readings in observation wells beyond the 324 

perimeter of the field.  This clearly shows that there are times when gas has moves out 325 

farther in the past when gas inventory was less than at present. 326 

In 1974, memos from M. Raisin Tek (Ex. TLP-3.2) discuss the issue of gas 327 

fingering northeast from the field in 1974.  Mr. Tek is widely known in the gas storage 328 

industry and has authored books on the topic of underground storage of natural gas.  He 329 
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was a reservoir consultant for Peoples Gas during the 1970’s and 1980’s.  At that time of 330 

the memos, the Suttle No. 1 well had a full column of gas in the well (estimate 1650 331 

psig).  This well is over one mile northeast of the closest producing gas storage well. 332 

Actual data, the attached table Observation Well Surface Pressure (Ex. TLP-3.3), 333 

supports this.  Referring to Exhibit TLP-3.3, the Buchan No. 2, Crooks No. 1, L. Kroner 334 

No. 3, Lukens No. 1, and McCord No. 3 wells have all shown large gas columns at high 335 

pressures in the past, but now these wells show little to no gas at the very end of 336 

injection.  The Lukens No. 1 and the Buchan No. 2 are both approximately 0.75 miles 337 

west of the closest producing gas storage well.  The Crooks No. 1, the L. Kroner No. 3 338 

and the McCord No. 3 are respectively about 0.5, 0.25 and 0.25 miles from the closest 339 

producing well. 340 

It is difficult to know the exact amount of gas that may have been pushed farther 341 

beyond the perimeter than is currently used  However, a crude but conservative estimate 342 

can be made with the following assumptions: 343 

 Radius to active gas bubble   2 miles 344 
 Radius to past gas limit  2.5 miles 345 
 Gas reservoir thickness  20 ft 346 
 Porosity    10% 347 
 Residual gas saturation  30% 348 
 Reservoir pressure   1900 psia 349 
 Reservoir temperature   100o F 350 
 Z factor    0.83 351 

This amounts to an approximation of 17 Bscf of residual gas beyond the active 352 

limits of the field.   353 

These calculations, amounting to 20 Bscf deeper in the inactive portion of the 354 

reservoir and 17 Bscf wider than the active portion, demonstrate that it is possible that 355 
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over 20% of the existing gas inventory of about 169 Bscf is actually beyond the currently 356 

active gas storage bubble. 357 

Q. Does this indicate that the field was operated improperly earlier in the life of the field? 358 

A. Not at all.  One can never know exactly where the gas is traveling in the reservoir except 359 

when it is encountered in a well.  Earlier in the operations of the field there was less well 360 

data to work with.  When gas appears in an observation well it is necessary to use your 361 

best understanding of what happening.  Future gas migration patterns can be altered by 362 

altering injection patterns.  When this occurs a section of reservoir that was filled with 363 

cushion gas is left behind, but this cushion gas can be available for future use.   364 

This scenario can happen multiple times in the life of an aquifer storage field.  As 365 

can be seen from the data it has happened in other areas of Manlove at other times.   366 

This is why it is erroneous to use a simple calculation of total gas injected versus 367 

the current working gas volumes (i.e., the “historic ratio”) to apply to any current growth.  368 

It also shows why it is erroneous to assume expansion of the field must necessarily enter 369 

virgin reservoir. 370 

Q. Is there any other way for some gas to be injected into the reservoir and not invade virgin 371 

reservoir? 372 

A. Yes.  A portion of the gas that is injected will be compressed into existing pore space, 373 

which is to say in the gas-filled voids in the rock.  Gas is injected into the center of a 374 

storage field at a relatively constant pressure based on the operation of the storage field, 375 

the depth of the reservoir, and the competence of the rock.  The aquifer is at a given 376 

pressure.  These two pressures are boundary conditions on the field.  As the field is 377 
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grown over a period of several years the pressure in the center of the field remains 378 

relatively constant during injection.  The gas bubble grows pushing the boundary with the 379 

aquifer (and hence the minimum aquifer pressure) farther from the center of the field.  380 

This movement of the boundary means the minimum pressure boundary is moving father 381 

from the center of the field resulting in a higher average pressure in the gas bubble.  The 382 

increase in pressure means more gas is compressed into a given unit space of the 383 

reservoir.  Casing head pressures at the end of injection show that average pressure has 384 

risen approximately 30 to 40 psi since 1995.  The reservoir pressure is about 1865 psia.  385 

An increase of 35 psi over 1865 psia is an increase of about 2%.  2% of 160 Bscf is 3 386 

Bscf.  This means that approximately 3 Bscf more gas will be stored in existing gas-filled 387 

pore spaces. 388 

Q. What are the implications of the above answers? 389 

A. First, there is a significant amount of gas-filled reservoir that is not being used by the 390 

active gas bubble.  This gas-filled reservoir is capacity that is available for additional 391 

storage without any additional cushion gas requirement.  The cushion gas is already in 392 

that portion of the inactive reservoir.  Note, that this is additional, excess cushion that 393 

exists today even though we have increased working gas over the past 8 years. 394 

Second, these results show that our operational changes have resulted in more 395 

efficient use of the reservoir.  We are better able to maintain gas in the field and not let it 396 

expand too rapidly horizontally away the center of the field. 397 

This further illustrates that gas storage fields are complex and do not operate in a 398 

uniform manner.  Specific data about the field (Manlove Field in this case) need to be 399 

taken into account when applying general principles about how aquifer fields operate.     400 
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Q. Mr. Anderson stated that your description of the early development of Manlove Field is 401 

not consistent with your testimony about the expansion of the field (ICC Staff Ex. 22.0, 402 

p. 22).  Can you expand on the fact that cushion gas requires a higher percentage of 403 

injected gas earlier in the history of the field? 404 

A. Yes.  A chart was provided in my rebuttal testimony (Ex. TLP-2.6).  It illustrates that 405 

cushion gas for Manlove Field comprised a higher percentage of the injected gas early in 406 

the history of the field.  This is how an aquifer storage field works.  This can be 407 

demonstrated by a couple of straightforward examples. 408 

If we inject a given volume of gas into a new field, say 10 Bscf, and the geology 409 

is such that 70% of the gas that enters into virgin reservoir is needed for cushion, then 410 

70% of the gas is needed for cushion and only 30% of the gas is available for working 411 

gas.  That is, we have cushion of 7 Bscf and working gas of 3 Bscf.  If the next year we 412 

inject 10 Bscf of gas into the reservoir, 3 Bscf of that is replacing working gas and only 7 413 

Bscf is invading virgin reservoir.  Of the 7 Bscf invading new reservoir 4.9 Bscf (70% of 414 

7 Bscf) remains as cushion and 2.1 Bscf is available for working gas.  The cushion gas 415 

requirement this second year is 4.9 Bscf divided by the 10 Bscf injected, or 49%.  Of the 416 

10 Bscf injected during the third year only 4.9 Bscf enters virgin reservoir.  Of that 4.9 417 

Bscf, 3.4 Bscf remains as cushion.  So the third year we needed 34% to meet cushion gas 418 

requirements.  This can be continued through time until the ratio of new cushion gas to 419 

working gas flattens out.  In this case we kept injection constant from year to year.  The 420 

table below shows the results: 421 
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Year Injection Cushion Total 
Cushion 

Working 
Gas 

New 
Cushion 
Injection 

 Bscf Bscf Bscf Bscf % 
      
1 10 7.00 7.00 3.00 0.70 
2 10 4.90 11.90 5.10 0.49 
3 10 3.43 15.33 6.57 0.34 
4 10 2.40 17.73 7.60 0.24 
5 10 1.68 19.41 8.32 0.17 
6 10 1.18 20.59 8.82 0.12 
7 10 0.82 21.41 9.18 0.08 
8 10 0.58 21.99 9.42 0.06 
9 10 0.40 22.39 9.60 0.04 

10 10 0.28 22.67 9.72 0.03 

If we change this case from a constant annual injection of 10 Bscf to the case where we 422 

add 10 Bscf of gas each year to the working gas volume (that is being cycled) we obtain 423 

the following results: 424 

Year Injection Cushion Total 
Cushion 

Working 
Gas 

New 
Cushion 
Injection 

 Bscf Bscf Bscf Bscf % 
      

1 10 7.00 7.00 3.00 0.70 
2 13 7.00 14.00 6.00 0.54 
3 16 7.00 21.00 9.00 0.44 
4 19 7.00 28.00 12.00 0.37 
5 22 7.00 35.00 15.00 0.32 
6 25 7.00 42.00 18.00 0.28 
7 28 7.00 49.00 21.00 0.25 
8 31 7.00 56.00 24.00 0.23 
9 34 7.00 63.00 27.00 0.21 

10 37 7.00 70.00 30.00 0.19 

Typically as aquifer storage fields are developed the amount of injection is high and then 425 

tapers off as the field is developed.  An example is shown in the figure below.  This case 426 

assumed that the initial injection was 10 Bscf and each subsequent year the increase in 427 

growth fell off slightly by the formula: 428 

  10 Bscf/1.05N 429 
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 430 
  where, N = number of years since start of injection 431 
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The annual cushion gas requirements falls off in a steady manner.  Once again it 433 

ultimately flattens out.   434 

These examples and illustration follow very closely the shape of the 7 year 435 

average of actual Manlove data provided in my rebuttal testimony (Ex. TLP-2.6).  These 436 

examples demonstrate that a higher ratio of new cushion gas to working gas is required 437 

early in the development of an aquifer storage reservoir, and much less is required later in 438 

the life of a reservoir.  This is a general trend that is independent of the type of operation. 439 

There can be many variations on these cases.  It is possible to cause an upward 440 

spike in the graph, but only by increasing the amount of gas injected.  This spike will 441 

never exceed the ratio of the first year and will always fall off over a period of time to the 442 
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general trend.  The long term trend is to have a decreasing percentage of new cushion gas 443 

required per working gas volume. 444 

It should be noted that in these examples, the ratio of working gas to cushion gas 445 

is constant.  However, these are general examples of an ideal reservoir that do not take 446 

into account the specific circumstances at Manlove Field.  But, the point is that in an 447 

ideal field or in a real field the ratio of the amount of cushion gas that is injected each 448 

year versus the total amount of working gas will fall over time as demonstrated here and 449 

in Exhibit TLP-2.6. 450 

Mr. Anderson states that you ignore Peoples Gas’ own report dated February 3, 451 

2003, that continued growth will invade virgin aquifer with lost gas on the order of 50%.  452 

Is this true? 453 

A. No.  Mr. Anderson is selectively pulling out generalizations and ignoring specific data 454 

about Manlove Field.  That a significant portion of gas invading virgin aquifer will be 455 

lost or converted to cushion gas is not in dispute.  My point is that Manlove Field’s gas 456 

bubble is shown to have expanded farther out in the past than the volume of reservoir that 457 

it currently occupies.  The February 3, 2003, report states on p. 3 that it is very difficult to 458 

generalize about the portion of growth that contributes to increased withdrawal 459 

performance.  More importantly, a table on p. 3 shows from 1996 to 2000 almost all the 460 

increase in growth in inventory was converted to actual growth in the amount of working 461 

gas.  Once again, on p. 3 of the report it states that “From 1996 to 2000, inventory and 462 

withdrawal grew by about the same amount, indicating very little trapped gas.”   As I 463 

discussed above, there is supporting data - neutron log measurements and observation 464 

well pressure measurements - that the edge or limit of the gas bubble grew out farther 465 
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laterally and deeper vertically in the past than the current gas bubble.  The 1996 to 2000 466 

results in the 2003 report show that our changes in operating practices were resulting in 467 

more efficient use of the existing gas-reservoir.  We were able to expand into areas of the 468 

reservoir that were previously filled with gas. 469 

Q. Mr. Anderson believes that insufficient cushion has been injected to support the 470 

additional working gas volumes and that in time this will result in a decrease in field 471 

performance.  Do you agree with this statement? 472 

A. Definitely not.  In lines 560 through 567 of his rebuttal testimony, Mr. Anderson states 473 

that it appears that Manlove can operate and provide 10.2 Bscf of working gas without 474 

the full amount of recoverable and non-recoverable base gas by the continuous injection 475 

of maintenance gas.  By the question and his response Mr. Anderson admits that Manlove 476 

Field appears to be operating normally.  He attempts to explain this away by saying that 477 

small amounts of annual injections of cushion gas are supporting the operations of field.  478 

This is in direct contradiction with his argument that Peoples Gas’ expansion of Manlove 479 

Field invaded virgin reservoir, which means a loss of 50% of the injected gas to cushion.  480 

In other words, Peoples Gas would have been able to recover half of the incremental 10.2 481 

Bscf (5.1 Bscf) and would not have enough working gas to withdraw each year.  This did 482 

not happen; Peoples Gas has consistently recovered all of the working gas. 483 

Q. What other supplemental information are you presenting? 484 

A. To alleviate Dr. Rearden’s concern that within a “few years” (ICC Staff Ex 24.0, lines 485 

620-629) Peoples Gas will need to inject 37.4 MMDth, Peoples Gas ran the same 486 

simulation that we previously ran (Ex. TLP-2.1) and extended the forecast period from 487 

three to ten years.  The results are presented in Ex. TLP-3.4. 488 
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Q. What do the results indicate? 489 

A. Referring to Table 1 in Ex. TLP-3.4, qualitatively, the predicted peak gas rate presented 490 

in the right hand column continues to increase over the 10 year forecast.  This increasing 491 

test rate clearly indicates that 3.5 percent cushion gas is, at the very least, adequate to 492 

maintain long term field performance without the need to inject additional cushion gas to 493 

support operations at the current working gas levels.  494 

Taken quantitatively, the predicted peak gas rate presented in the right hand 495 

column increased by nearly 30 percent. This would further indicate that excess peaking 496 

capacity is being created by the 3.5 percent cushion gas allocation. The forecast would 497 

indicate that not all 3.5 percent of cushion gas is being converted to cushion gas, but a 498 

portion of this volume is creating additional working gas. Stable field performance would 499 

be indicated if the field test were equal throughout the 10 year forecast. The forecast 500 

predicts that stable field performance could be accomplished by reducing cushion gas 501 

allocation over the 10 year period.  502 

Q. Why were total injections limited starting in simulation year 2012? 503 

A. The simulator has injection pressure limits.  When these limits are reached, the simulator 504 

puts more wells on injection.  The well schedule input into the simulator for this 505 

particular run had a reduced number of injection wells available.  If more of the existing 506 

Manlove wells had been made available to the simulator, the full injection volume could 507 

be cycled in these later years and the result would naturally have been even greater peak 508 

day gas rates.  In actual practice, once end-of-year field tests consistently showed excess 509 

performance, i.e., once the forecasted performance is verified by actual results, the 510 

cushion gas allocation for the subsequent injection seasons would be reduced. 511 
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Q. Does this conclude your Surrebuttal Testimony? 512 

A. Yes. 513 

 514 


