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UNITED STATES OF AMERICA
FEDERAL ENERGY REGULATORY COMMISSION

Southwest Gas Storage Company § Docket No. RP07-__ -000

PREPARED DIRECT TESTIMONY
OF
KAREN G. BENSON

Q. Please state your name and business address.

A. My name is Karen G. Benson. My business address is 5444 Westheimer Road,

Houston, Texas.

Q. By whom are you employed and in what capacity?

A. Iam employed by Panhandle Eastern Pipe Line Company, LP (“Panhandle”) as

Director of Engineering Services in the Operations and Engineering Department. In
addition to Panhandle, I have the same position with the other pipeline companies of
the Panhandle Energy pipeline group which include Florida Gas Transmission
Company, LLC (“Florida Gas”), Sea Robin Pipeline Company, LLC (““Sea Robin”),
Southwest Gas Storage Company, (“Southwest Gas Storage”), Trunkline Gas
Company, LLC (“Trunkline”) and Trunkline LNG Company, LLC.

My present duties include directing the Operations and Engineering Audit group,

Project Services group, and the Underground Storage group.

Q. Please describe your pertinent employment history.

A. Thave been employed by Panhandle since 1979. From June 1979 until January 1983,

I was employed as an Assistant Petroleum Engineer. During this period, I assisted in
the development of the Borchers North Storage Field for Southwest Gas Storage and

in the development of the Epps Storage Field for Trunkline. From January 1983
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until October 1989, I was employed as a Petroleum Engineer and as a Division
Petroleum Engineer. In this capacity, I provided underground gas storage
engineering expertise for reservoirs, wells and surface equipment to the Panhandle
Energy pipeline group. From October 1989 until February 1996, I was employed as
a Senior Petroleum Engineer and as a Principal Petroleum Engineer. During this
time, I assisted in the supervision of drilling a horizontal gas storage well and
continued my responsibilities of providing underground gas storage engineering
expertise for reservoirs, wells and surface equipment to Panhandle, Trunkline,
Southwest Gas Storage, Centana Energy Corporation and Texas Eastern
Transmission Corporation. From February 1996 until August 2000, I was employed
as Manager of Underground Storage. In this capacity, I managed the activities of the
Underground Storage group staff and provided underground gas storage engineering
expertise for reservoirs, wells and surface equipment to the PanEnergy (later Duke
Energy and CMS Energy) pipeline group. During this time, 5 horizontal wells were
drilled and the Company developed two salt caverns for gas storage. From February
2000 until December 2004, I was employed as Director of Facility Planning, Gas
Storage and Reserves for the Panhandle Energy Pipeline group. In addition to my
responsibilities of directing the gas storage group, I directed the facilities planning

and gas reserves personnel. In December 2004, I assumed my present duties.

Q. Please describe your educational background and any professional affiliations.

A. Ireceived my Bachelor of Science degree in Petroleum Engineering from The

University of Tulsa in 1979. I am a member of the Society of Petroleum Engineers,

and I served on the Underground Gas Storage Reprint panel responsible for the
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selection of the twenty best papers written on underground natural gas storage for
publication in the SPE Reprint series. I am a member of the Gas Research Institute /
Pipeline Research Council, International Gas Storage Committee (for which I served
as Vice Chairman from 2003-2005), the American Gas Association Operating
Section Underground Storage Committee (for which I was chairman from 1994-
1995) and of the Department of Energy Gas Storage Technical Consortium (for
which I served on the Executive Council from 2003-2005).

Q. Have you previously submitted testimony before the Federal Energy Regulatory
Commission (Commission)?

A. Yes. Ihave submitted testimony in Southwest Gas Storage Company, Docket No.

RP07-34-000 and in Trunkline Gas Company, Docket No. RP96-129-000.

Q. What is the scope of your testimony in this proceeding?

A. My testimony provides a detailed explanation of the physical nature of Southwest
Gas Storage’s storage fields, and the reclassification of recoverable base gas to non-
recoverable. My testimony supports aspects of the accompanying testimony of
Southwest Gas Storage’s witnesses Mr. Rickey J. Brocato and Mr. Michael T.
Langston.

Q. What Exhibits are you responsible for in this proceeding?
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A. I am responsible for the following exhibits and schedules which support my

testimony and have been prepared by me or under my supervision:

Exhibit No.

Reference

SGS-17

SGS-18

SGS-19

SGS-20

SGS-21

SGS-22

SGS-23
SGS-24
SGS-25
SGS-26

SGS-27

SGS-28
SGS-29
SGS-30

SGS-31

SGS-32

Description

Reclassification of Base Gas
Waverly flowing pressure vs. time

Waverly withdrawal rate vs. time
Waverly withdrawal rate vs. inventory
Waverly economic limit calculation

N. Hopeton withdrawal rate and pressure vs.
inventory

N. Hopeton withdrawal rate vs. time

N. Hopeton economic limit calculation
Borchers North pressure vs. inventory
Borchers North withdrawal rate vs. time

Borchers North withdrawal rate and pressure
vs. inventory

Borchers North economic limit calculation
Howell pressure vs. inventory
Howell withdrawal rate vs. time

Howell withdrawal rate and pressure vs.
inventory

Howell economic limit calculation

Q. What storage capacity does Southwest Gas Storage have available?

A. Southwest Gas Storage owns four storage facilities: the Borchers North, Howell and

North Hopeton Storage Fields which were converted from depleted natural gas

producing fields to gas storage and the Waverly Storage Field which was an aquifer
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(non-hydrocarbon bearing reservoir) converted to gas storage. In addition, Southwest
Gas Storage has acquired third party storage from Tenaska Gas Storage, LLC
(“TGS”) pursuant to an executed contract dated April 4, 2007, as more fully

explained in Mr. Langston’s Exhibit No. SGS-1.

. Please explain the characteristics of the facilities owned by Southwest Gas

Storage.

. Borchers North Storage Field, located in Meade County, Kansas, is a volumetric, gas

expansion drive reservoir with a base gas volume of 35.1 Bef and maximum
developed working storage capacity of 28.3 Bef. The maximum withdrawal rate is
350 MMcfd and the maximum injection rate is 300 MMcfd. There are 45

ihj ection/withdrawal wells and 10 observation wells. Installed compression consists
of 5 identical units of 3,000 hp each for a total of 15,000 hp. The maximum wellhead
surface injection pressure is 1,745 psig, and the minimum wellhead flowing pressure
is 500 psig. The storage field gas feeds into Panhandle’s main line in the Field zone,
which averages around 700 psig of line pressure. The storage horizon at Borchers
North is a sandstone reservoir of the Morrowan series. The field is located near the
northeastern edge of the Anadarko Basin. Sediments of the Pennsylvanian-aged
Morrow were deposited in a shallow marine environment on an erosional surface of
Mississippian-aged carbonates, filling topographically low areas. The reservoir is a
stratigraphic trap formed by the pinch-out of the sand and by the degradation of
effective permeability. The Morrow sand at Borchers North is generally divided into
two areas on the basis of sand characteristics. The most productive portion of the
reservoir is a narrow channel sand that cuts into the erosional surface on the

Mississippian unconformity. The channel sand reaches a maximum thickness of 76
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feet. The second portion of the sand overlays the thick channel sand. While this sand
covers a larger area, it is shaly, fine-grained, somewhat lenticular and generally of
lower quality. This part of the sand reaches a maximum thickness of 19 feet.
Although this sand is present down-dip in several dry holes in the area, it is water-
bearing and of very low quality. The low permeability of the water-saturated sand
may explain why very little water was produced during primary production or during
storage operations. Reservoir communication exists between the two sand bodies,
although the degree of communication depends on the specific area of the field and
the arﬂount of thin shale baffles present within the sand interval.

Howell Storage Field, located in Livingston County, Michigan is a volumetric, gas

expansion drive reservoir with a base gas volume of 13.4 Bcf and maximum working
gas volume of 17.8 Bef. The maximum withdrawal rate is 410 MMcfd and maximum
injection rate is about 140 MMcfd. There are 67 injection/withdrawal wells and 3
observation wells. Installed compression consists of 2-1,000 hp units and 2-2,000 hp
units for a total of 6,000 hp. The maximum wellhead surface injection pressure is
1,892 psig, and the minimum wellhead flowing pressure is about 350 psig. The
storage field gas feeds into Panhandle’s main line in the Market zone, which averages
around 600 psig of line pressure. The storage horizon at Howell is a dolomite
reservoir in the Guelph formation of Niagaran age. The reservoir rock is a crystalline
dolomite, with a “fairway” of high permeability developed throughout the vugular
central portion of the field. The permeability decreases toward the outer edges,
pinching out to a tight dolomitic matrix at the field boundaries. The porosity
development is associated with a broad, symmetric southeast-northwest oriented

anticline with a steeper dip on the southwest flank. The structure is approximately 5
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miles long by 2 miles wide with about 200 feet of structural closure. The porosity
development is in a 10-15 foot thick zone associated with reefing within the Niagaran
formation near the southern rim of the Michigan Basin. The trap is stratigraphic with
a structural component. The best rock quality is developed just off the crest of the

structural high to the northeast and parallel to the anticlinal strike.

North Hopeton Storage Field, located in Woods County, Oklahoma, is a water drive

gas reservoir currently certificated with 11.6 Bef of base gas and maximum working
storage capacity of 10.0 Bef. Southwest proposed in Docket No. CP07-69-000,
currently pending before the Commission, to increase the base gas to 14.6 Bef and
reduce the maximum working storage capacity to 3.5 Bcf to reflect actual field
performance. The proposed design withdrawal rate is 35 MMcfd, with a maximum
withdrawal rate of 100 MMcfd, and the proposed design injection rate is 17.5
MMcfd. There are 14 injection/withdrawal wells, 4 observation wells and 2 salt
water disposal wells. Installed compression consists of 3 units for a total of 5,600 hp.
The maximum wellhead surface injection pressure is 3,000 psig, and the minimum
wellhead flowing pressure is 500 psig. The storage field gas feeds into Panhandle’s\
Elk City line in the Field zone, which averages around 600 psig of line pressure. The
storage horizon at North Hopeton is a dolomitic formation in the Hunton Group of
Silurian-Devonian age. The field lies on the northern shelf of the Anadarko Basin.
The gas storage zone is a stratigraphic trap at the up-dip limit of the Hunton. This
carbonate was deposited with a gradual thinning shelfward (to the north). A broad
regional uplift to the north and a lowering of sea level during the Devonian time
caused widespread erosion of the Hunton. The North Hopeton reservoir is located

along this truncated edge of the Hunton in a narrow, northward-trending arm. To the
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south of the field, the Hunton formation is an aquifer of large areal extent. This
aquifer provides a partial water drive for the field. The Hunton dolomite interval can
be subdivided into four layers on the basis of differing rock properties, although not
all four layers are present in all wells. The total interval thickness ranges from 50 feet
at the down-dip limits of the field to 32 feet in the up-dip wells. The lowermost layer
generally has the best reservoir rock properties. The varying rock properties and the
layered nature of the reservoir are partially responsible for the observation of uneven
water encroachment as the pressure in the reservoir declines.

Waverly Storage Field, located in Morgan and Sangamon Counties, Illinois is an

aquifer reservoir complex in three different reservoirs. The base gas volume is 46.6
Bef and maximum working gas volume is 5.0 Bef. The maximum withdrawal rate is
70 MMcfd and maximum injection rate is about 50 MMcfd. There are 37
injection/withdrawal wells, 17 withdrawal only wells, 30 observation wells and 23
facility wells. There are six compressor units totaling 5,550 horsepower. The
maximum wellhead injection pressure is 845 psig with a minimum flowing pressure
of about 75 psig. The storage field gas feeds into Panhandle’s 100 line in the Market
zone, which averages around 425 psig of line pressure. Waverly Field is in the north-
central portion of the Illinois Basin. The storage zones at Waverly were all originally
water-bearing formations. The domal structure at Waverly has a closure of about 100
feet, and covers an area of about 9,100 acres. The principal storage horizon at
Waverly is the St. Peter sandstone of Ordovician age. Itis a highly permeable,
friable, fine-to-medium grained quartz sandstone, and it averages about 200 feet
thick. The first Collection zone above the St. Peter formation is the Joachim “B”

formation, also of Ordovician age. It is a finely crystalline dolomite with vuggy-to-
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intergranular porosity and some thin shale layers. It averages about 56 feet thick.

The second Collection zone is the Decorah “A” formation, also of Ordovician age. It

too is a porous dolomite with similar characteristics to the Joachim, and it averages

about 12 feet thick. The Collection zones operate as withdrawal-only reservoirs and

contain gas that has migrated upward from the St. Peter formation.

. How do the reservoir characteristics relate to the management of the storage

fields?

. When the reservoir’s areal extent, net thickness, porosity (a measure of the percentage

of void space within the rock), water saturation (a measure of the percentage of the
void space filled with water), reservoir pressure and temperature are known, then the
reservoir’s capacity to hold gas can be determined. These factors determine the
storage field’s total capacity. The reservoir rock’s permeability (a measure of the
ability of fluids to flow through the rock) is ultimately related to the storage field’s
deliverability and injectivity. These reservoir characteristics impact the storage field
design, including number of wells needed and the amount of horsepower required to
provide the desired level of service. The reservoir drive mechanism (gas expansion
drive at the Borchers North and Howell storage fields and water drive at the North
Hopeton and Waverly storage fields) impacts the amount of base gas required to
provide the desired level of working storage capacity, and also the amount of base gas

that can ultimately be recovered upon abandonment of the storage facility.

. How does a water drive gas field differ from a volumetric, expansion drive gas

field?

. There are several differences between a water drive gas field and a volumetric,

expansion drive gas field. In a gas expansion drive reservoir, the reservoir’s energy
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comes from the expansion of the gas as it flows from an area of higher pressure to an
area of lower pressure. Since the well flow is single phase gas, the facilities are less
complicated and easier to operate. In addition, variation in the individual well flow
rates is not as critical since water influx and efflux are not issues in gas expansion
reservoirs. In a water drive reservoir, the reservoir’s energy comes all or in part from
the expansion of water in contact with the reservoir gas and the water-bearing sand,
or aquifer. The effect of water movement in the reservoir is multifold. As gas is
removed and water moves in, wells completed below the gas/water contact will water
out and deliverability will decline more quickly than in expansion drive reservoirs. In
reservoirs that are not homogeneous, water encroachment can follow the “path of
least resistance” and preferentially invade high permeability areas of the reservoir.
Gas flow from these areas is effectively blocked, and the stranded gas essentially
behaves like base gas. In addition to these detrimental effects on deliverability and
capacity, water production increases both the capital and operating costs of storage.
Additional equipment needed to handle water production can include well equipment
(tubing, submersible pumps, gas lift valves, etc.), salt water holding tanks, salt water
flow lines, salt water disposal wells, water injection pumps, separation and filtration
equipment and dehydration equipment. Increased operating costs that result from
water production can include salt water trucking, chemicals used to prevent corrosion,
service interruptions to clear freezes and/or run periodic line cleaners, chemicals used
for dehydration, costs to maintain salt water disposal wells’ productivity and
increased labor to maintain the additional equipment. Salt water spills can also

increase environmental mitigation costs.

Q. How is the working storage capacity determined?
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A. Before working gas capacity can be determined, the total storage capacity, which

includes both base and working gas, must be determined from volumetric and/or field
performance data. Once the total capacity is known, then working gas becomes a
design parameter based on minimum flowing pressure and delivery requirements. It
is an optimization exercise with the amount and unit cost of base gas, amount of

compression and number of wells as input parameters.

Q. What is the function of base gas?

A. The function of base gas is to provide the required reservoir energy (pressure) to

allow for withdrawal of all the working gas within the desired time frame at the rates

required to meet contractual obligations.

. How is the level of base gas determined to achieve the working storage

capability?

. The level of base gas required is a function of the minimum flowing pressure the

storage facility can achieve. In some cases, the field compression was designed to
provide injection service only and the minimum flowing pressure becomes the
pipeline pressure. In other cases, the field compression was designed to provide both
injection and withdrawal service, and in those cases the minimum flowing pressure is
normally lower than the pipeline pressure. The base gas is the amount of gas required

to fill the reservoir up to the minimum flowing pressure.

. Please explain the classification of base gas into recoverable and non-

recoverable.

. All base gas is utilized to maintain adequate pressure within the storage reservoir.

However, it can be classified as either recoverable or non-recoverable. Recoverable

base gas is that amount of the base gas that could be economically produced after the
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reservoir was no longer required for storage service. Non-recoverable base gas is the
amount of base gas that remains in the reservoir after the recoverable base gas is

removed. The gas remains in the storage reservoir because the cost to produce this

gas is greater than its economic value.

. What characteristics of the storage facilities are evaluated to determine that

certain base gas volumes should be classified as either recoverable or non-

recoverable?

. The storage reservoir performance must be evaluated in order to estimate the flow

rates the facility can achieve over time after all the working gas is removed. This
estimate provides the amount of base gas volume that could be produced once the
reservoir is taken out of storage service. The expenses to operate the facility over this
same time period are also estimated. The price of gas is estimated and multiplied by
the gas produced to determine the value of the recovered base gas. When the
expenses exceed the value, the economic limit to production is reached, and the base

gas remaining is considered non-recoverable.

. How did Southwest Gas Storage determine the level of base gas to be reclassified

from recoverable to non-recoverable?

. The non-recoverable base gas for each storage field was evaluated on an individual

basis. Final abandonment conditions were determined for each field. All working
gas was considered removed, leaving only base gas. Monthly base gas production
and expenses for the recovery of the base gas were estimated. The price of gas used
in the evaluation was $7.94 per Mcf, which was the 12-month NYMEX strip price for
July 2007 through June 2008, as of July 3, 2007 (when the analysis was undertaken).

The economic production limit was determined by field, and the base gas remaining
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after that point in time was considered to be non-recoverable base gas.

. What volume of base gas does Southwest Gas Storage need to reclassify from

recoverable to non-recoverable?

. My evaluation shows that 26,617,738 Mcf of base gas should be reclassified from

recoverable to non-recoverable. My Exhibit No. SGS-17 details this volume by

storage field.

Q. How was the non-recoverable base gas calculated for Waverly?

A. The Waverly Storage Field is a complex aquifer storage system operated in three

different zones. Exhibit No. SGS-18 shows wellhead flowing pressure versus days on
withdrawal for the last five withdrawal seasons (2002-2003, 2003-2004, 2004-2005,
2005-2006 and 2006-2007). The wellhead flowing pressure approaches the minimum
line pressure of 75 psig each withdrawal season. Exhibit No. SGS-19 shows
withdrawal rate versus days on withdrawal for the same 5 withdrawal seasons. The
withdrawal rate approaches 2 MMcfd near the end of each withdrawal season. Only a
few wells (less than 10 out of 54) are left producing from the highest parts of each
structure. All the other wells successively water out as the withdrawal season
progresses. Exhibit No. SGS-20 shows the withdrawal rate versus total inventory for
these same 5 withdrawal seasons. This exhibit shows that the withdrawal rate is
reduced to 2-4 MMcfd as the inventory approaches 46.6 Bcf, which is the base gas
level. These three exhibits graphically depict the withdrawal capability of the three
reservoirs at Waverly. By the end of the withdrawal season, the facility reaches
minimum flow rates and pressures, and essentially all the gas that can be withdrawn
has been produced. Exhibit No. SGS-21 shows the calculation of the economic limit

to base gas production for the Waverly Storage Field. For this analysis, all of the
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working gas is assumed to have already been withdrawn. At time = 0 months, the
field is assumed to start producing base gas. The first column in the schedule
(entitled “Mo”) is the month since base gas production commenced. The next column
(entitled “Base Gas Production Avg. Rate (Mcf/D)”) is the average rate at which the
field produced base gas for that month. The next column (entitled “Base Gas
Production Monthly (Mcf)”) is the volume of base gas produced for that month. The
next column (entitled “Cum Production (Mcf)”) is the cumulative volume of base gas
produced through that month. The next column (entitled “Gas Price ($/Mcf)”) is the
assumed unit price of gas, as described earlier in this testimony. The next column
(entitled “Gross Economic Value ($)”) is the gross value associated with that month’s
base gas production, calculated by multiplying the unit price of gas by the monthly
base gas production. The next column (entitled “Operating Expenses ($)” is the
assumed monthly cost to operate the facilities for base gas production. The next
column (entitled “Fuel Costs ($)”) is the assumed cost of the compressor fuel used to
produce the base gas for that month (if compression is required). The next column
(entitled “Amortization of Capital ($)”) is 1/12 of the capital expenditures (if
required) to continue base gas production for that month. The next column (entitled
“Net Economic Value ($)”) is the Gross Economic Value minus the Operating
Expenses, Fuel Costs and Amortized Capital Expense for that month. The last
column (entitled “Remaining Base Gas (Mcf)”) is the volume of base gas left in the
storage field as of that month. The economic limit to base gas production occurs
when the expenses associated with base gas production exceed the value for the base
gas produced that month. This calculation utilizes the current market value for the

projected gas produced, as compared to the operating expenses necessary to generate
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the gas production. The calculations indicate that base gas can be recovered from the
Waverly Storage Field over a production period of 3 months. The recoverable base

gas is determined to be 300,081 Mcf, leaving 15,769,791 Mcf to be re-classified as

non-recoverable base gas.

. How was the non-recoverable base gas calculated for North Hopeton?

A. The geological and storage performance data from North Hopetbn indicate that
water from the high permeability layers impedes the gas flow into the wellbores. The
reservoir remains at relatively high pressure even at the end of the withdrawal season,
when the withdrawal rate has been reduced to very low levels. The deliverability
model used to calculate the withdrawal rates expected during base gas recovery
combines the traditional gas well back pressure relationship with the gas material
balance equation. The flow performance coefficient, ¢, and exponent, n in the gas
well deliverability relationship:

q=c(ps’ —pw)"
are based on an average well computation. The other terms in this equation are q =
flow rate, ps = reservoir shut-in pressure and py, = reservoir flowing pressure. The
model allows multiple wells to be used in predicting performance. Due to the
variable reservoir rock properties present in the Hunton formation at North Hopeton,
gas depletion is not uniform. Water encroaches through the storage wellbores and
blocks gas flow from various areas in the reservoir. Once the field withdrawal rate
drops below 5 MMcfd during the base gas recovery period, five of the wells located
in the highest part of the structure will be recompleted to reduce the amount of water
entering the wellbores. The existing perforations will be plugged off and the wells

will be reperforated at the top of the Hunton zone at a cost of $120,000 per well



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

EXHIBIT NO. SGS-16

Docket No. RPO7-__ -000

Page 16 of 20
(3600,000 total). These capital costs are accounted for in the determination of the
economic limit. The gas material balance equation relates reservoir pressure (BHP)
to cumulative withdrawal and maximum inventory as follows:

BHP/Z = (BHP/Z)(1 — cumulative withdrawal/maximum inventory)

where Z is the gas compressibility factor at BHP. Predictions of flow rates during the
base gas recovery period are made by specifying the time step, initial flow rate,
flowing and shut-in reservoir pressures, and calculating the flow rate at the next time
step. Exhibit No. SGS-22 is a graphical depiction of the solution of the deliverability
model for North Hopeton. It shows predicted withdrawal rate and reservoir pressure
versus remaining inventory. Exhibit No. SGS-23 shows the predicted withdrawal rate
versus time for the base gas recovery period. Exhibit No. SGS-24 shows the
calculation of the economic limit to base gas production for the North Hopeton
Storage Field. The structure of this schedule is the same as the schedule presented
earlier in this testimony for the Waverly Storage Field in Exhibit No. SGS-21. Since
the calculations were explained extensively in the description of the Waverly exhibit,
they will not be repeated here. The calculations indicate that base gas can be
recovered from the North Hopeton Storage Field over a production period of 34
months. The recoverable base gas is determined to be 3,909,000 Mcf, leaving
3,591,057 Mcf to be re-classified as non-recoverable base gas. These calculations are
based on the originally certificated base gas volume of 11.6 Bef. Southwest Gas
Storage has filed to acquire an additional 3 Bcf of base gas for the North Hopeton
Storage Field, as detailed in Southwest Gas Storage’s Docket No. CP07-69-000. This
3 Bef of additional base gas will be recoverable. Upon receipt of the certificate in

that proceeding, the total base gas at North Hopeton will be revised to 14.6 Bcf, of
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which 6,909,000 Mcf will be recoverable, and 7,691,000 Mcf will be non-
recoverable.
Q. How was the non-recoverable base gas calculated for Borchers North?
A. The pre-storage production history at Borchers North was modeled with a three
dimensional, three phase reservoir simulation. The reservoir structure, isopach and
porosity maps were digitized, and an areal grid system was superimposed over the
digitized data. The analysis was initialized with 70.1 Bef of gas-in-place, and each
production well was assigned its historical flow rates during the pre-storage, primary
production period from 1960 to 1980. Individual well measured pressures were
compared to the calculated well pressures. The simulation predicted pressures that
generally agreed with the historical measured pressures. The simulation was thus
considered calibrated, and it should provide an accurate prediction of reservoir
behavior during base gas recovery. The reservoir simulation was re-initialized with
inventory of 35.1 Bcf (base gas only). For the base gas recovery simulation, all 45
injection/withdrawal wells were placed on withdrawal. For the first six months of the
simulation, the wells produced against the existing compressor suction pressure of
350 psig. When the field rate declined below 30 MMcfd, a skid-mounted rental
compressor was projected to be installed, and the wells produced against a suction
pressure of 150 psig. Exhibit No. SGS-25 depicts BHP/Z versus inventory for the
storage period (actual data) and the base gas recovery period (calculated by the
simulation). The continuity between the historical storage data and the calibrated
reservoir model confirms the expected accuracy of the prediction of the reservoir’s
behavior during base gas recovery. Exhibit No. SGS-26 shows the predicted

withdrawal rate versus time for the base gas recovery period. The abrupt slope



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

EXHIBIT NO. SGS-16
Docket No. RP07-__ -000
Page 18 of 20
change after 6 months of production results from replacing the existing compression
with the rental compression. Exhibit No. SGS-27 depicts predicted withdrawal rate
and reservoir pressure versus remaining inventory during the base gas recovery
simulation. Exhibit No. SGS-28 shows the calculation of the economic limit to base
gas production for the Borchers North Storage Field. The structure of this schedule is
the same as the schedule presented earlier in this testimony for the Waverly Storage
Field in Exhibit No. SGS-21. The calculations indicate that the base gas can be
recovered from the Borchers North Storage Field over a production period of 33
months. The recoverable base gas is determined to be 23,952,226 Mcf, leaving

7,461,955 Mcf to be re-classified as non-recoverable base.

. How was the non-recoverable base gas calculated for Howell?

A. The storage history of the Howell Storage Field was modeled using a three
dimensional, two phase reservoir simulation. The reservoir structure, isopach and
porosity maps were digitized, and an areal grid system was superimposed over the
digitized data. The simulation was initialized from full inventory with reservoir
pressure of 2,074 psig, and utilized two and a half years of storage history. Actual
injection and withdrawal volumes by well were input into the analysis. Individual
well measured pressures were compared to the calculated well pressures. The
simulation predicted pressures that generally agreed with the historical measured
pressures. The simulation was thus considered calibrated, and should provide an
accurate prediction of reservoir behavior during base gas recovery. The base gas
recovery simulation was again initialized at full inventory and placed on withdrawal
for 127 days until only base gas remained. For the base gas recovery period, all 67

storage wells were placed on withdrawal. For the initial part of the simulation, the
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wells produced against the existing compressor suction pressure of 350 psig. When
the field rate declined below 15 MMcfd, a skid-mounted rental compressor was
projected to be installed, and the wells produced against a suction pressure of 150
psig. Exhibit No. SGS-29 depicts BHP/Z versus inventory for the storage period
(actual data) and the base gas recovery period (calculated by the simulation). The
continuity between the historical storage data and the calibrated reservoir simulation
confirms the expected accuracy of the prediction of the reservoir’s behavior during
base gas recovery. Exhibit No. SGS-30 shows predicted withdrawal rate versus time
for the base gas recovery period. The abrupt slope change after 6 months of
production results from replacing the existing compression with the rental
compression. Exhibit No. SGS-31 depicts predicted withdrawal rate and reservoir
pressure versus remaining inventory during the base gas recovery simulation. Exhibit
No. SGS-32 shows the calculation of the economic limit to base gas production for
the Howell Storage Field. The structure of this schedule is the same as the schedule
presented earlier in this testimony for the Waverly Storage Field in Exhibit No. SGS-
21. The calculations indicate that the base gas can be recovered from the Howell
Storage Field over a production period of 43 months. The recoverable base gas is
determined to be 8,519,224 Mcf, requiring 205,065 Mcf to be re-classified from non-

recoverable to recoverable base.

. With the updated economic calculations for all four fields which you have

explained, what are the total changes for Southwest Gas Storage in recoverable

to non-recoverable base gas volumes?

. Southwest Gas Storage currently has recoverable base gas volumes of 63,298,269

Mcf, and non-recoverable base gas volumes of 43,417,262 Mcf. The calculations,
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included in my exhibits and as explained above, indicate that the proper classification

is 36,680,531 Mcf for recoverable base gas volumes and 70,035,000 Mcf for non-

recoverable base gas volumes.

Q. Does the reclassification of base gas affect the operation of the storage fields?

A. No. The operation of the storage fields is not affected by the reclassification of base

gas. The total amount of base gas does not change. Each storage field has the same

working storage capacity as I have previously described.

Q. Does this conclude your direct testimony?

A. Yes it does.
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Line Current Redetermined Reclassification
No. Storage Field Base Gas, Mcf Base Gas, Mcf Adjustment
(a) (b) (c)
West Area
Borchers North
1 - Recoverable 31,414,181 23,952,226 (7,461,955)
2 - Non-Recoverable 3,667,045 11,129,000 7,461,955
3 Total Base Gas 35,081,226 35,081,226 -
North Hopeton
4 - Recoverable 7,500,057 3,909,000 (3,591,057)
5 - Non-Recoverable 4,099,943 7,691,000 3,591,057
6 Total Base Gas 11,600,000 11,600,000 -
Total West Area
7 - Recoverable 38,914,238 27,861,226 (11,053,012)
8 - Non-Recoverable 7,766,988 18,820,000 11,053,012
9 Total Base Gas 46,681,226 46,681,226 -
East Area
Waverly
10 - Recoverable 16,069,872 300,081 (15,769,791)
11 - Non-Recoverable 30,550,209 46,320,000 15,769,791
12 Total Base Gas 46,620,081 46,620,081 -
Howell
13 - Recoverable 8,314,159 8,519,224 205,065
14 - Non-Recoverable 5,100,065 4,895,000 (205,065)
15 Total Base Gas 13,414,224 13,414,224 -
Total East Area
16 - Recoverable 24,384,031 8,819,305 (15,564,726)
17 - Non-Recoverable 35,650,274 51,215,000 15,564,726
18 Total Base Gas 60,034,305 60,034,305 -
Total
19 - Recoverable 63,298,269 36,680,531 (26,617,738)
20 - Non-Recoverable 43,417,262 70,035,000 26,617,738
21 Total Base Gas 106,715,531 106,715,531 -




EXHIBIT NO. SGS-18
Docket No. RP0O7-

-000

[emelpylipn uo sheq

ovi ocl

00l

08

09

0)4

74

00¢

090 —

0[0) 2

90-G0
GO0 —
v0-€0 ——
€0-¢c0 —

009

aWl] SA ainssaid Buimol4 - pjal4 abeloys Allenepn
ANVdNOD 39VHOLS SYO 1SIMHLNOS

008

(B1sd) aunssaid Buimo|4 suoz ,uoio9||09),



EXHIBIT NO. SGS-19
Docket No. RP0O7-

-000

[emelpylipn uo sheq
oGl 00l 0S 0

090 —
90-G0 —
GO-¥0 —
v0-€0 —
€0-¢0 —

09

SWI] "SA a)ey [eMelpylip - PISld abelois Ajanepn
ANVdAINOD JIOVHOLS SVYO 1SAMHLNOS

(PIOININ) 81y [emelpylAA



EXHIBIT NO. SGS-20
Docket No. RP07-

-000

0'Lg

(Jog) Auojuanuj

/002-200Z ‘Alojusnul sA ajey [eMeIpUHAA - Plol4 abelols Alisnepn
ANVdINOD d9VHOLS SVO LSAMHLNOS

G'09 009 g6y o6y g8y (018°]% A% 0Ly g9y 0'9¥y
[E N | L1 3 w. [ | "I | I N | I T | L1 L) ' 1 1 1 i O
oL
o o & -l-
%o&o%%pp - 0¢
03u 0% Om
oo o 09 0 ° o OW ”
—t o
0S
09

(PIOININ) B1eY |emelpylp SeD



EXHIBIT NO. SGS-21

-000

| Jo | ebed
—F
o
a
e
o
Z
ko)
X
[&)
o
=}
ooo.mmm,mw 121'86%- 0% orL'L$ 188'8Y1$ 00e'/5¢€$ v6'L$ rwo.mvm 000'GY 00S'} gl
9y 60L'VELS 0L6'LI$ 188'svy$ 005°665$ v6'L$ 000'SZ 00s'c 6T
000'G6€ 9V lev'Lses z62'vLS 1888y 009'vL.L$ v6'L$ 00006 000 o€
000'G81'or 112'209% LS¥'Lz$ 188'8vv$ €¥6'CL0'L$ ¥6°L$ L8o'sel 180'GElL 00S'v SP l
(on) ($) leyded ($) ($) ($) GoN) =) on) (@non) on
seo) aseg  anjeA dlwouod] Jlo} S1S09 sasuadx3 anjeA olwou0d3  3dld uononpold Ayuop ajey by
Buiureway 18N uonezipowy [on4 Bunelado $S0I0) seo wn) uononpold seo aseq
shAep 0¢ deys awi |
JOIN 000'000'S awn|joA seb Bujopn 188'8vv$ asuadxa Bunesado Ayuopy
JOIN 180'029'9 awn|oA seb aseq 0 uoljezijowe Jo SYjuop

JOIN 180°029°LG

aoe|d-ul-seb |enu|

0%

paziuowe aq o} [eyiden

pio14 obel0)g AlJoABA) WO} UOI}ONPOId SES aseq O} JiwiT] J1Wouod3 JO uoneulwlsleq

ANVdINOD 39VHOLS SVO 1SIMHLNOS



EXHIBIT NO. SGS-22
Docket No. RP0O7-

-000

(e1sd) aunssaud J10A19s9Yy abelaAy

006

0001

0oLl

oocl

0ocl

oovl

00G1

0091

001

0081

Kiojuaau| Bulureway sA ainssald pue ajey — pjai4 abe.io}g uojadoH YloN

¢l

(yog) Aiojuanuj Bujuieway
Ll 0l 6

\.\\\\\x

8jey [eMBIPYIA —l— SSBId SO BAY —e—

ANVdINOD JFOVHOLS SVO LSIMHLNOS

(PJOINN) S3EY [emeipyMm



-000

(SHLNOW) INIL
Ge 0e T4 0z GlL oL g 0

\

EXHIBIT NO. SGS-23
Docket No. RP0O7-

\ F

S T

™

/.//./././//./

<

I

Te]
(Q42ININ) FLVY TVMVEAHLIM

.

aWll] "SA 9)ey [emelpylip — piol4 abeloyg uojedoH YuoN
ANVdINOD 39VHOLS SVO LSIMHLNOS



-000

EXHIBIT NO. SGS-24
Docket No. RP07-

Page 1

Z jo | ebed
00020Z'8 0z6'287$ 0$ 02Z'GS1$ ovL'ev9$ v6'.$ 000°€6E'€  000'L8 00LZ  9¢
000'88Z'8 opL'LLGS$ 0$ 02Z'sSL$ 096'999$ v6'L$ 000'ZLE'S  000'¥8 008'c St
000'2/€'8 095'GES$ 0$ 022'sSL$ 08.'069$ v6'.$ 000'8Z2'€  000'/8 008'z  ¥2
000'65P'8 08€'655$ 0$ 02Z'sSL$ 009'VL.$ v6'L$ 000'L¥L'E  000'06 000'c €2
000'6¥5'8 002'€85$ 0$ 022'sSL$ 0zy'8eLs$ v6'/$ 000'LSO'€  000'€6 ooL's ¢z
000'Zv9'8 020°'209% 0$ 02Z'SSL$ ovz'z9.$ v6'.$ 000'856'Z  000'96 0oz's 1z
000'8€.'8 0v8'085$ 000'0S$ 0$ 022'SS1$ 090'98.$ v6'L$ 000'298'Z  000'66 oog's 02
000'£8'8 099'709$ 000'05$ 0$ 022'sSL$ 088'608% v6'L$ 000'€9.'Z  000°Z0} oor's 6l
000'6£6'8 08t'829$ 000'05$ 0$ 022'sSL$ 00.'c€8$ v6'L$ 000'L99'C  000'SO} 00S'€ 8l
000'+0'6 00€'259$ 000'05$ 0$ 02Z'SSLS 025'258% v6'L$ 000'9S5‘'C  000'80L 009'c /I
000'ZS}'6 0v6'669¢$ 000'0S$ 0$ 022'S51$ 091'506$ v6'.$ 000'8¥¥'Z  000'%LL 00g'c 9l
000'99Z'6 092'€2.$ 000'0S$ 0$ 02Z'GSL$ 086'826$ v6'L$ 000'PEE'Z  000'LLL 0068'¢ Sl
000'€8€'6 08S'/¥/$ 000'05$ 0$ 022'sSL$ 008'256$ v6'L$ 000'2L2'C 00002} 000 ¥l
000'€0S'6 0z2's6l$ 000'05$ 0$ 0zZ'sSL$ op'000'L$ v6'L$ 000'260'C  000'9Z} 00Z'v €l
000'629'6 098'Z78$ 000'05$ 0$ 02Z'S51$ 080'8%0°'L$ v6'2$ 000'LZ6'L  000°CEL oov'y 2l
000°19.'6 089'098$ 000'05$ 0$ 02Z'SSL$ 006'L20'L$ v6'L$ 000'6€8'L  000‘SEL 00S'v LI
000'968'6 0ZE'v1L6$ 000'05$ 0$ 02Z'sSL$ orS'6LLLS ¥6',$ 00040’k 000'L¥L 00L'v Ol
000'2£0'0L 096'1.96$ 000'05$ 0$ 0zZ'sSL$ 08L'291'1$ v6'2$ 000'€9S‘L  000'ZpL 006'y 6
000'v8L'0L 009'650°L$ 0$ 0ZZ'sSL$ 0Z8'vLZ'L$ v6'L$ 000'9L¥'L  000'€SL ooL's 8
000'€£€'0} ovZ'L0L'L$ 0$ 022'S51$ 09v'292'1$ v6'L$ 000'€92'L  000'6S} 00e's /L
000'96%'0L 088'vGL LS 0$ 022'sSL$ 00L'0LE'LS v6°L$ 000'v0L'L  000'S9L 00S's 9
000°'1L99°0} 025'20Z'L$ 0$ 02Z'sSL$ opL'L6E'L$ v6'L$ 000'6€6 000'L2L 002'6 §
000'Z€8°0L 086'c.Z'L$ 0$ 022'sS1$ 00z'62y'L$ v6'L$ 000'89. 000'08} 000'9 ¥
000'ZLO'LL ovy'sye'L$ 0$ 02Z'sSL$ 099'005'1$ v6'L$ 000'88S 000'68} 00g'9 €
000'L0Z°LL 080'c6€'L$ 0$ 0ZZ's5L$ 00€'8¥S'L$ v6'L$ 000'66€ 000'S61 00S'9 ¢
000'96€‘}1 ovS'vor'L$ 0$ 022'SSL$ 09.'6L9'L$ v6'.$ 000'¥0Z 000'v0Z 0089 L
(lon) €3} |eyded (€3] (%) (%) (on/s) (o) (on) (@mw) oW
seon) aseg  anjeA dlwouod] jo s150) sosuadx3y anjeA olwouody  89ld uononpold Auyuon ajey ‘Bay
Buiuiewsy 1©N uoieziyowy [en4 Bunelado $S01D seo wno uoloNpold sec) aseg

PIOININ G Mojeq sdoip ojel pjaly 8y} Uaym uojuny ay} jo do} ay} ul paja|dwiodal le S||om aAld “| :SSJ0N

shep o¢ deys awi]
JOIN 000'000°0L awin|oA seb Buplopn 02z'sSL$ asuadxa Bunesado Ajyjuon
JOIN 000°009°L L awinjoA seb asegq 2zl UoIBZIJOWE JO SYJUO|
JOIN 000°009°L2 aoe|d-ul-seb [eniu| , 000'009% paziuowe aq o} [eyded

pio14 abel0}g uojadoH YHMON WOJj UojoNpold se aseq 0} JiwlT d1WOU093 JO uoijeuluuslaq
ANVdINOD FOVHOLS SVO LSIMHLNOS




-000

EXHIBIT NO. SGS-24
Docket No. RPQ7-

Page 2

¢ Jo g abed
000'589'L 085'201$- 0$ 02Z'sSH$ 0v9'Lv$ v6'L$ 000'GL6'E  000'9 002 se
|000'169°L  091'65$ 0$ 02T'sSL$ 08e'vLT$ v6'L$ 000'606'€  000'/Z 006 €
000'84L'L ovg'eLes 0$ 022's51+$ 09.'82v$ 6'L$ 000'Z88'€  000'%S 008’k €€
000'2LL'L 028'89€$ 0$ 02Z'sS51$ 0v0'2S$ ¥6'L$ 000'8Z8'€ 00099 00z €
000'8€8'L 0v9'z6€$ 0$ 022'551$ 098'L1S$ 6,8 000'Z9.'€ 00069 00€Z  I€
000'£06'L 09v'9Lr$ 0$ 022'551$ 089'1.5$ v6'L$ 000'€69'€  000°ZL oov'z o
000'6.6'L 08Z'0vr$ 0$ 022'551$ 005'G65$ v6'L$ 000'429'€  000'S. 00SC 62
000'750°8 08Z'0vr$ 0$ 022's51$ 005'565$ 6'L$ 000'9YS‘€  000'SL 00ST 82
0006248 004 '7or$ 0$ 02Z'551$ 0Z€'619% ¥6'L$ 000'LL¥'€  000'8L 009 L2
(om) ($) leyded (¢ ($) ($) on/s) (on) (ow) (@sow) oW
secg) aseg aneA d1uouody j0 Sis0) sasuadx3y anjeA dlwouodo3 a0lld uononpold Ayiuopw aey bay
OC_C_NEON_ JoN uonezijowy 1on4 mc_«m._mao SS0I9 seo wn) uoionpold seo aseg

pio14 abelo}g uojodoH YON Wodj uoonpold ses aseq 0} JiWiT 91WOUODT JO uoljeuiunajeq
ANVdINOD IFOVHOLS SVO 1SIMHLNOS



EXHIBIT NO. SGS-25
Docket No. RPO7-

-000

(109) AMOLNIANI
g9 09 GG 0s S ov Ge 0 Gz 0z Gl ol
\&\AA
\ﬂ \\ﬂ
\ i
\
® ]
@ € b
B
o yv\‘ ~
\.\.&&w\\
Z/dHg ebeiony o Z/dHg uonenuis umopmolg e

Aiojuanuj "sA Z/dHg — plold4 @belo}s YlloN siaydlog
ANVdINOD IOVHOLS SVO 1SIMHLNOS

00g
ooy
009
008
0001
0oci
oovi
0091
008l
000¢
00¢ce

oove

Z/dHd OVHIAVY



EXHIBIT NO. SGS-26
Docket No. RP0O7-

-000

Ge

(SHLNOW) 3INIL
0¢ T4 0z Gl 0l S

L L L

O
v

L 4
L 4
L 4

L 4
L 4
L 4
L 4
®

p

)

L 4

3wl "SA 9)ey [emelpylip — plald abelo)g YlioN siayolog
ANVdINOD ID9VHOLS SVYO 1SIAMHLNOS

0¢

ov

09

08

0oL

0clL

ovi

09l

08l

00¢

0ce

(Q42WIN) FLVYH TVMVYHAHLIM



EXHIBIT NO. SGS-27
Docket No. RP0O7-

-000

(e1sd) aunssaid JloAl1asay abelaAy

00¢c

ooy

009

008

000°L

00zt

AlojuaAau| Bulureway "sA ainssald pue ajey — pjai4 abelo}g YloN siayosiog

oy

ge

(Jog) A1ojuanuj Bululeway
0e 14 0¢ Gl ol

L L L | L

ssald SoY BAY —e— 8)BY [emeipy A\ —E—

ANVdINOD 3I9VHOLS SVO 1SIMHLINOS

0S

001

0s1

00c

14

0o¢€

(P3OININ) 338y [emespy)m



-000

EXHIBIT NO. SGS-28
Docket No. RP07-

Page 1

Z o | obed

0007¥0'ZL 112'796$ LOE'vES Z9v'9LL$ 0P0'SLL'LS v6'L$ 92z'/€0'€C 0009} 002'L /T
000'09Z'Z} 259'/50'1$ 902'9¢$ Zov'oLL$ 0Ze'0L8'1L$ v6'L$ 922'128'2Z  000'82Z 009'Z oz
000'88Y'Z) 9z0'LGL'L$ zLL'eses Zov'oLL$ 009'506°L$ v6'L$ 927'€65'2C  000'0vC 000'8 14
000'82.'Z) vp1'192'L$ AN Zov'oLL$ 00.'v20'2$ v6'L$ 9zz'eSe'2z  000'SST 005'8 ve
000'€86'Z1 BrLLEY' LS 628'cr$ Zov'oLLs oby'L6L'ZS v6'L$ 922'860'2Z  000'9/Z 00Z'6 €T
000'65Z'€L 626'/89'L$ 690'67$ Zov'9LLs 09v'€SY'2$ v6'L$ 92z'z28'tlc  000'60€ 00€0L e
000'895'€L 8/9'v/8'L$ 088'25$ Z9v'9LL$ 020'v¥9'2$ v6'L$ 92Z'€LS'Le  000'EEE 00L'LL Iz
000'L06'€} £80'8€0'Z$ S12'95$ Zov'9LL$ 09.'018'2$ v6'.$ 9zz'08L'LZ  000'¥SE 008'}L 0z
000'SSZ'¥L vrL'8LL'T$ /0'65$ Z9v'9LL$ 089'€56'2$ v6'L$ 922'928'0Z  000°ZLE 00v'ZL 6L
000'229'%} 615'881'2$ 000'c8$ 6.6'09% Zov'oLl$ 096'870'€$ v6'.$ 92Z'vSy'0Z  000'V8E 008'ZL 8L
000'L1L0O'GL 1€2'G0€'T$ 000'c8$ L9£'c9$ zov'oLLs 090'89L'c$ v6'.$ 922'0.0'0Z 000'66€ 00g'clL Ll
000'0LP'SL 119'86€'2$ 000'c8$ 192'69¢ . Zov'oLl$ 0Pe'€9Z'c$ v6'/$ 9zz'L/9'6L  000'LLY 002'€lL 9l
000'128'GL 986'L6v'2$ 000'c8$ zl1'29% Z9v'9LLS 029'85€'€$ v6'L$ 92z'09Z'6L  000'€ZV 00L'vL Sl
000'v¥2'9L 910'295'2$ 000'c8$ 209'89% Zov'oLL$ 080'0cP'€$ v6'L$ 9zz'/€8'8L  000'ZEY 00v'pL vl
000'929'0L L¥0'2€9'C$ 000'c8$ 1€0'02$ Zov'oLL$ 0pS'L0S'e$ v6'L$ 9zz'sop'8l  000'Lvi 00.'vL el
000°ZLL'ZL 8/0'20.'C$ 000'c8$ 09v'LL$ Zov'oLls 000'€.5'e$ v6'L$ 9zZZ'v96'LL  000'0SP 000'SL 4!
000'29S'ZL 60L'2LL'T$ 000'c8$ 688'2.$ Zov'oLLs 09V 'v79'€$ v6'L$ 9ZZ'vLS'ZL  000'6SY 00€'SL L
000'920'8L ovlL'zye'ce 000'c8$ 8LE'vLS Zov'oLLs 0Z6'GLL'ES v6'L$ 922'GS0°ZL  000'89Y 009'GL ol
000'v61'8) 128'888'7$ 000'c8$ L12'S/$ zov'oLl$ 095'€9.'€$ v6'L$ 92z'/85'9L 000Vl . 008'GlL 6
000'896'81 ¥1G'SE6'2$ 000'c8$ v2z'9l$ Zov'oLL$ 00Z'118'c$ v6'L$ 9Zz'€LL'9L  000'08Y 00094 8
000'8¥¥'61 102'286'2$ 000'€8$ LIV'0LS zov'oLl$ 0v8'858'c$ v6'L$ 92z'€€9'SL  000'98Y 00Z'9L L
000'7£6'61 v.8'19¢'s$ v98'€CLS$ Z9v'10.$ 00Z'€6}'9$ v6'.$ 92z'/¥L'SL  000'08L 000'92 9
000'vL2'0C  Cvl'zev'l$ 91z',91$ 297108 028'09¢'8$ v6'.$ 92z'/9¢'yL  000'€S0‘L 0ol'se g
000292t 998'€L¥'LLS$ A TAIA 4 Z9v'10.$ 085'29€'2L$ v6'L$ 9zZ'vie'el  000'8S'L 006'LS %
000'vZE'€T LzL'0zr'6L$ 1G9'0L¥$ Z9v'10.$ 0¥8'2€5'0Z$ v6'/$ 9zz'/S.'LL  000'98S'C 00Z'98 €
000'0L6'SZ  €79'808'6Z$ 659'229$ Z9v'10.$ ovL'ZEL'LES v6'/$ 9zz'L/L'e  000°LZ6'E 00L0€L 2
000'L€8'6C  /BS'LGL'OVS$ 9e/'ce8$ Z9v'L0L$ ¥6.'989'L¥$ v6'L$ 92z'0S2'S  922'0S2'S 000'GZL L

(o) €3] leyded [€3) %) (€3] (lon/s) (Bom) (Iom) (@ww)  onw
seg) aseg  anjeA dlwouod] jo s]S0) sosuadxg anjeA olwouoo] 201ld uononpold Ayiuopy aley by
Bulureway BN uonezipowy [on4 Buneitado $S0I9) sen wn) uoioNpold seo aseq

SUJUOW | JOAO pazijoLie UoissaidLiod mau [[Bjsul pue uoissaldwiod pjo 8jeAjoeap 03} 1s0) 2
ps||elsul S| uoIssaidwos PajuNoW-pIys Jaye paunoul si yuow Jad 000'SL$ Jo 1s00 Bunjesado Ajyjuow [euonippe uy “| :SSION

shep 0¢ dajs swi|

JOIN 000°00£'82 awn|on seb Buijiopn , 2oV'10L$ asuadxa Bunesado Ajyjuop
N 922'180'GE awnjoA seb eseg Zl UOI}BZILOWE JO SYIUOW
JOIN 000°002°LL aoe|d-ul-seb [eniu] . 000°966$ pazipowe aq 0} [eyded

plo14 a6el0)g YMLON S18Y210g WO} UOI}oNpoid Ses) aseq 0} Jii] 1WOouod3 JO uoljeujwsajaq
ANVdINOD FDOVHOLS SVO 1SIMHLNOS




-000

EXHIBIT NO. SGS-28
Docket No. RP0O7-

Page 2

Z jo g obed
vSL'OLS- z6T'vLS Zov'oLLs 009'vL2$ v6'/$ 000°'06 000'€
¥95'001$ v/9'91$ Zov'9LL$ 00.'€€8$ v6'L$ .000'SOL 00S'€
rA:TAVARAS 950'6L$ Zov'oLLs 008'256$ ¥6',$ 000°'0ZL 000'% ze
000'¥SE‘LL 812'06¥$ 0z8'c2$ Z9v'9LL$ 000°'L6L'L$ v6'/$ 9zz'/zl'€sz  000'0SL 000'S Le
000'¥0S'L L 9ep'2195$ z0z'9zs$ zovr'9LL$ 00L'0LE'LS v6'.$ 9¢z'2/S'€T  000'S9L 00S'S o€
000'699'L L ¥S1'v89¢$ 95'82$ zov'oLl$ 002Z'62Z¥'L$ v6'L$ 9zz'ZLY'€C  000'08L 0009 62
000'6¥8'LL 2/8'008$ 996'0€$ Z9v'9LLS 00€'8¥S'L$ v6'/$ 92z'zeT'eT  000'S6L 005'9 8z
(3o) €3} [eyded €3] (%) €3} (on/s) (o) (Bom) (awow) oW
wmmu aseg anjeA diwouod3 Jo S]s0) mwmcwaxm_ anjeA Jlwouod] 30lld uoionpold >_£CO_>_ aley .m><
Buiurewsy BN uonezipowy 1en4 Bunesedo $S0I9) seo wno uonloNpold seo aseqg

pIol4 a6el0}g YMLON S481210g WO} UOIJONPoid SeS aseq 0} Wi 91Wouod3 Jo uoljeulwiajeq
ANVdINOD FOVHOLS SVO LSIMHLNOS



EXHIBIT NO. SGS-29
Docket No. RP0O7-

-000

4>

(328) AMOLNIANI
0¢ 8z oz 74 rod oz gl 9l vl 4} oL 8 9
! , m !
\
’.
OQ
. )
0¢
—ts
{ ® i«
o
o
T B
\\v
\“.

Z/dHg abeiany e Z/dHg uohigjnwig umopmolg ¢

AiojuaAauj “sA Z/dHE — piol4 2bel0)s ||9oMOH
ANVdINOD IOVHOLS SVO 1SIMHLNOS

ooc
00y
009
008
0001
ooci
010 4%
0osL
oosi
000C
0occ

o0o¥e

+ Q0ee

Z/dHE 3OVMIAY



-000

EXHIBIT NO. SGS-30
Docket No. RP07-

0s

114

oy

(syjuow) awi g
e 0 74 0z Gl oL

swil] "SA 8)ey [emeipylIM — pjeld4 abelo)g |[omoH
ANVJINOD 39VHOLS SV LSTIMHLNOS

- 0l

0c

0€

- OY

0s

09

0.

(PIOWIN) @3By [emespypm



EXHIBIT NO. SGS-31
Docket No. RP0O7-

-000

(e1sd) aunssaud J1oA1aS9Y abeloAy

00y

00S

009

004

008

006

0001

143

(30g) L10juaau] Bujurewoay
el 4} Ll oL 6 g J 9 o

Vol
A

SSald oY DAY —m— 812y [EMBIPYNAN —e—

g

Aiojuanu| Bulureway "sA ainssald pue ajey — p|ai4 abeiols ||omoH
ANVdINOD 39VHOLS SVO LSIMHLNOS

ol

0¢

0¢

oy

0s

09

(PJONIIN) B3ey lemelpyim



-000

EXHIBIT NO. SGS-32
Docket No. RPO7-

Page 1

Z 4o | ebed
000'8L2'9 789'82v$ 86191 000'G9€$ 088'608$ v6'L$ ¥ZZ'96L'L  000°20L oov'e  sc
000'0Z€'9 920'zSv$ v/9'9L$ 000'59€$ 00.'c€8$ v6'L$ ¥ZZ'¥60'L  000'SOL 00S'€  ¥2
000'SZH'9 0.€£'S.¥$ 0SL'ZL$ 000'59€$ 025'268¢ v6'L$ ¥2Z'686'9  000'80L 009'c €2
000'€€S'9 €1L2'86V$. 129'2L$ 000'G9€$ ore'188$ v6'/$ v2Z'188'9  000'LLL 0oLe  zz
000'7¥9'9 150'22S$ coL'gL$ 000'59€$ 091'G06$ v6°L$ ¥2Z'0/L'9  000'PLL 008'c 1z
000'85.'9 00¥'SS$ 085'8L$ 000'S9€$ 086'826$ v6'L$ ¥22'959'9  000°ZLL 006'c 02
000'5/8'9 P2'89G$ 950'61$ 000'S9€$ 008'256$ v6'L$ ¥ZT'6€S'9 00002} 000 6l
000'S66'9 €01'229$ L¥T'0T$ 000'S9€$ 0S€'ZL0'L$ v6'L$ vZT'BLY'9  00S'LC) osz'y 8l
005'22L'L Z9v'589$ 8ey' LTS 000'59€$ 006°'L20'L$ v6'L$ ¥Z/'162'9  000'SEL 00S'y LI
005'262'L 128099 000'c8$ 629'22$ 000'S9€$ 0St'LEL'LS v6'L$ ¥Z.'9S5L'9  00S'CylL 0s.'v 9l
000'00%*2 08L'6L2$ 000'c8$ 028'€T$ 000'S9€$ 000°L6L°L$ v6'L$ ¥ZZ'¥10'9  000'0GL 000's Sl
000'0S5'Z 868'GE8% 000'c8$ z0z'9zs$ 000'G9€$ 00L'0LE'LS v6'L$ vZZ'v98'S  000'S9L 00S'S ¥l
000'SLL'L 792'056$ 000'c8$ 9€6'9z$ 000'G9€$ 818'9zv'L$ v6'2$ ¥ZZ'669'S  00L'6LL 066'S €l
00.'v68'L SLL'20'L$ 000'c8$ gzLLes 000'S9€$ 0rZ'955'1L$ v6'L$ ¥ZS'6LS'S 000961 €es'o Tl
00.'060'8 £€2'812'1$ 000'€8$ SL0'vES 000'G9€$ 852'00L'1$ v6'.$ ¥ZG'€2E'S  00Z'PLe orL'L Ll
006'v0€'8 vST'TeeL$ 000'€8$ 95G'/€$ 000'G9€$ 0L8'2/8't$ v6'2$ ¥ZE'60L'S  00S'9ET €88'. 0L
00V'L¥S'8 8zy'ses'L$ 000'c8$ 8/t'0p$ 000'G9€$ 906°'€20'$ v6'L$ ¥28'2/8'v  006'VSZ l6v¥'8 6
00€'96.'8 G0E'09.'L$ 000'c8%$ 190'S$ 000'59€$ z.£'€52'T$ v6'L$ ¥Z6'/19'Y  008'€8Z oov'6 8
001'080'6 GL1'280'¢ 000'€8$ L€1°16$ 000'G9£$ 758'985'Z$ v6'/$ vZL'vEE'y  008'STE 098'0l £
006'G0P'6 119'602'2$ 000'c8$ Lot vo$ 000'S9€$ z50'z2T'e$ v6'L$ ¥2€'800'y  008'SOV L8k 9
00.°118'6 229'986'7$ 000'c8$ ¥60'0.$ 000'S9€$ 9L2'v0S'€$ v6'.$ ¥2S'709'c  00V'Lvb SLLvL S
00L'€5Z'0} £vz'eez'ss LTL'EL$ 000'05€$ 0/£'959'c$ v6'L$ pZL'LOL'e  00S'09% 0se'st ¥
009'€LL'0} 0ZL'8LE'v$ 08Z'56$ 000'0S€$ 000'¥9.'¥$ v6'L$ ¥29'00.'C 000009 0000z €
009'€LE‘LL 080'€59'9$ 0Z6'ZvL$ 000'0S€$ 000'9vL'2$ v6'L$ ¥29'00L'Z  000'006 0000 ¢
009'€LZ'Z) S62'266'8$ 659'061$ 000'05€$ G56'25'6% v6'.$ ¥29'002'L  ¥29'00Z'L 000'0F L
(ow) (%) [eyded %) [€3) (€3) (lom) (lon) (lon) (@om)  onw
Sec) 8seg  onjeA dlwouod] Jo [Stele} sasuadx3y anjeA dlwouod] aoud uononpold Auyuopy ajey ‘Bay
Bulurewsy BN uoneziuowy 1an4 Buiesado $S0I9 seq wno uononpold ses) aseq

SYjuoOW Z| JaA0 pazijiowe uoissaldwod mau [[Blsul pue uolissaldulod pjo aleAljoeap 0} 1S0D) 2
paj|elsul s uojssaidwod pajuNoW-piys Jaje painoul si yuow Jad 000'SL$ Jo 1500 Bunesado Ajyjuow |euonippe Uy ‘| :S8JoN

shep 0¢ dals awij
1OIN 000°0G.2°2L awnjon seb Buijiopp , 000'06€$ asuadxs bunesado Ajyiuop
N v2Z'vLy'Sl awn|oA seb aseg ZL uolneziyowe Jo SYjuop
PN ¥ZTPIL'LE aoe|d-ul-seb [eniu] - 000°966$ paziowe aq o} [epded

pioi4 abel0)g [[oMOH WOJ} UOI3INPOId SBS aseg 0} Wi 21Wouod] JO uoljeuiwajeq
ANVdINOD FOVHOLS SVO LSIMHLNOS




EXHIBIT NO. SGS-32
Docket No. RP0O7-

Page 2

-000

Z Jo Z ebeqd

8L $- opL'L$ 000'S9€$ 00€'25€$ v6'.$ vZT'¥9S'e  000'Sh 00S'}

86v'8% z29'L$ 000'G9e$ 0zl'18e$ v6'L$ X 000'8t 009't

000'€V6'Y LP8'LES 660'8$ 000'S9€$ 0v6'vor$ v6'L$ vzZ'Llv'e  000'LS 00.'t
000'v66'% G81'sS$ G/G'8$ 000'S9€$ 09.'8Z¥$ v6',$ ¥Zz'0Zy'e  000'PS 008'L  L¥
000'8%0'S 825'8/$ 250'6$ 000'S9€$ 085'25v$ v6'/$ ¥2Z'99€'8  000'/S 006'L  OF
000'S0L'S z/8'L0L$ 825'6$ 000'59e$ 00v'9.LP$ WA ¥2Z'60€'e 00009 000 B¢
000'S9L'S glLz'szie ¥00'0L$ 000'S9€$ 02Z'00S$ v6'.$ vZT'6ve'e 000'€9 0oL’z 8¢
000'82Z'S 6SS'svL$ L8Y'0L$ 000's9€$ 0¥0'2S$ v6'L$ vZz'o8L'e  000'99 00z'z  l€
000'v62'S €06'LLLS /S6'0L$ 000'S9€$ 098'.¥S$ v6'L$ ¥2ZZ'0ZL'8  000'69 00T  9€
000'€9€'S vZ'G6L$ vEYLLS 000'S9€$ 089'L/5$ v6'.$ ¥22'150'8  000'ZL oov'z  Se
000'GEP'S 065'gLz$ oL6'bL$ 000's9e$ 005'S65$ v6'2$ ¥z2'616'L  000'GL 00S'z  v€
000'01LS'S ve6'LYTS 98e'zL$ 000'59€$ 0ze'619$ v6'L$ v2ZZ'v06'.  000'8L 009'c €€
000'885'S 112'692$ €98'zL$ 000'S9€$ obL'cro$ v6'L$ vze'oze',  000'L8 002 €
000'699'G 129'882$ gec'cls 000'G9€$ 096'099% v6'L$ yZZ'syl'L  000'%8 008'c L€
000'€S.'S v96'LLES olg'cL$ 000'S9e$ 08.'069$ v6'.$ ¥ZZ'L99'L  000'/8 008'z  O¢
000'0¥8'S goe'sees Z6T'rLS 000'G9€$ 009'VL.$ v6'L$ vZT'vlS'. 00006 000'€ 62
000'0£6'S z59'sses 89.'vL$ 000'S9€$ 0zy'8el$ v6'L$ vZZ'y8y'L  000'€6 ool's 82
000'€20'9 G66'18€$ ShZ'SLS 000'G9€$ 0vZ'29.$ v6'/$ yeZ'Llee'.  000'96 ooze  l2
000'6L1'9 BEE'SOVS 122'GL$ 000'S9e$ 090'98/$ v6'L$ ¥2T's62',  000'66 0og's 9z

(lom) [€3) |eyded (%) [€3) %) (Bow) () (o) (@mow) oW
seo aseg  anjeA dlwouod] 0 S1509 sasuadx3y anjeA olwouod3  8dld uononpold Ayyuop ajey Bay
Buiuiewasy 1oN uonezipowy |an4 Bunesado $S0I9) seo wn) uononpold ses aseq

plol4 obelo}s [[oMOH WO} UoIJONpOoId S aseq O} }wiT d1Wouo97 Jo uoljeujwialaqd
ANVdINOD IOVHOLS SVO LSIMHLNOS




