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EXECUTIVE SUMMARY

This report documents our study of the gross Cost of New Entry (“CONE”) for combustion
turbine (“CT”) and combined-cycle (“CC”) power plants with a target online date of June 1,
2015, consistent with the 2015/16 delivery year in PJIM’s capacity market. We prepared this
study in cooperation with CH2M HILL, a major engineering procurement, and construction
company with extensive experience in the design and construction of power plants, and Wood
Group, a power plant operation and maintenance (“O&M?”) service provider.

Gross CONE includes both the capital and ongoing fixed operating costs required to build and
operate a new plant. We present these estimates for consideration by PJM Interconnection and
stakeholders as they update the administrative CONE parameters for PJIM’s capacity market, the
Reliability Pricing Model (“RPM”). The CT CONE parameter is used to define points of the
Variable Resource Requirement (VRR) curve; both CC and CT CONE parameters are used for
calculating offer price screens under the Minimum Offer Price Rule (“MOPR”) for new
generation offering capacity into RPM. We provide separate CT and CC CONE estimates for
each of the five administrative CONE Areas in PIJM.

Table 1 shows our recommended CONE for gas CT plants in each CONE Area based on
levelized plant capital costs and annual fixed operation and maintenance (“FOM”) costs for the
2015/16 delivery year. The table shows the major components of the CONE calculation
including overnight costs, plant net summer installed capacity (“ICAP”), annual ongoing fixed
O&M costs, and the after-tax weighted-average cost of capital (“ATWACC”). Our CONE
estimates are presented on a “level nominal” basis (i.e., equal payments over the plant’s
economic life) as well as on a “level real” basis (i.e., payments that start lower but increase with
inflation over time). As we explain in our concurrent report, Second Performance Assessment of
PJM’s Reliability Pricing Model, August 26, 2011 (“2011 RPM Report”), we recommend
transitioning toward using a level-real CONE for MOPR purposes; for defining the VRR curve,
we also recommend transitioning to level-real contingent on the implementation of several other
recommendations.

Our estimates differ by CONE area due to differences in plant configuration assumptions,
differences in labor rates, and other locational differences in capital and fixed costs. In each
CONE area, except for the Rest of RTO area, all plants are configured with dual fuel. In
addition, the CT plants are fitted with Selective Catalytic Reduction (“SCR”) in each location
except in Dominion, where the current Ozone attainment status does not yet require an SCR. We
also provide costs for plants with dual-fuel capability and SCRs in each Area in case future
developments necessitate such investments.

The Eastern Mid-Atlantic Area Council (“Eastern MAAC” or “EMAAC”) and Western MAAC
regions have the highest CONE estimates at $112/kW-year ($307/MW-day) and $109/kW-year
($298/MW-day) respectively on a level real basis. The Southwest MAAC and Rest of RTO
areas are somewhat lower, both at $103/kW-year ($283/MW-day), primarily because of the non-
union labor availability in Southwest MAAC and the lack of dual-fuel capability in the Rest of
RTO region. The lowest CONE estimate is in Dominion at $93/kW-year ($254/MW-day), due
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to lower non-union labor rates and avoiding an SCR. Avoiding an SCR in Dominion reduces
overnight capital costs by approximately $24 million, while avoiding dual-fuel capability in the
Rest of RTO area reduces capital costs by approximately $19 million. These corresponding
level-nominal costs are shown in Table 1.

Table 1 also shows the CONE estimates Power Project Management (“PPM”) provided to PJM
in 2008. PJM stakeholders agreed to use those estimates for setting points on the VRR curve by
discounting them by 10 percent and then escalating them with the Handy-Whitman Index. To
facilitate a more direct comparison of the PPM study to ours, we present the PPM results without
discount, and inflation adjusted to 2015 dollars. As such, our level-nominal estimates are $19 to
23/kW-year ($53 to 62/MW-day) lower than the PPM estimates in the three CONE Areas
reported. Our estimates are lower primarily due to reductions in equipment, materials, and labor
costs since 2008 relative to inflation, as well as economies of scale associated with the larger size
of the GE 7FA.05 turbine compared to the previously examined GE7FA.03 turbine model.

Finally, Table 1 also shows the CONE PJM has applied in its recent auction for the 2014/15
delivery year, escalated for one year of inflation to represent 2015/16 dollar values.

Table 1
Recommended Gas CT CONE for 2015/16

Total Plant Net Summer Overnight  Fixed After-Tax Levelized Gross CONE PJM 2014/15

CONE Area Capital Cost ~ ICAP Cost O&M WACC  Level Real Level Nominal ~ CT CONE
($Mm) (MW) ($/kwW) ($/kW-y) (%) ($/kW-y)  ($/kW-y) ($/kW-y)

Brattle 2011 Estimate Escalated at CPI
June 1, 2015 Online Date (2015$) for 1 Year

1 Eastern MAAC $308.3 390 $791.2 $15.7 8.47% $112.0 $134.0 $142.1

2 Southwest MAAC $281.5 390 $722.6 $15.8 8.49% $103.4 $123.7 $131.4

3 Rest of RTO $287.3 390 $737.3 $15.2 8.46% $103.1 $123.5 $135.0

4 Western MAAC $299.3 390 $768.2 $15.1 8.44% $108.6 $130.1 $131.4

5 Dominion $254.7 392 $649.8 $14.7 8.54% $92.8 $111.0 $131.5

Power Project Management, LLC 2008 Update
June 1, 2008 Online Date (Escalated at CPI from 2008$ to 2015$)

1 Eastern MAAC $350.3 336 $1,042.2 $17.2 8.07% $154.4
2 Southwest MAAC $322.1 336 $958.4 $17.5 8.09% $142.8
3 Rest of RTO $332.5 336 $989.4 $15.3 8.11% $146.1

Sources and Notes:
Overnight costs are the sum of nominal dollars expended over time and exclude interest during construction.
Dominion estimate excludes an SCR; with SCR CONE increases to $100.8/kW-year level real and $120.6/kW-year level
nominal.

Rest of RTO CONE is for single fuel; dual-fuel CONE would be $110.7/kW-year level real and $132.5/kW-year level
nominal.

PPM'’s estimates shown here were discounted by 10% in settlement and escalated at the Handy-Whitman Index for setting the
administrative gross CONE parameters over the 2012/13 through 2014/15 delivery years PJM Interconnection, L.L.C.
(2011d), p. 10; Power Project Management (2008).

PPM’s numbers are escalated according to historical inflation over 2008-2011 and at 2.5% inflation rate over 2011-2015, see
Federal Reserve Bank of St. Louis (2011) and Section VI.A.

Table 2 shows our recommended 2015/16 CONE for gas CC plants. These estimates are
compared to the most recent estimates developed by Pasteris Energy for PJM in 2011. In each
location, the gas CC plant is configured with an SCR. The plants have dual—fuel capability in all
CONE Areas except in the Rest of RTO Area. Avoiding dual-fuel capability in the Rest of RTO
Area reduces capital costs by approximately $18 million.
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Eastern MAAC has the highest CC CONE at $141/kW-year ($385/MW-day) on a level real
basis, while Rest of RTO and Western MAAC are a bit lower, both at $135/kW-year ($370/MW-
day). Southwest MAAC and Dominion have the lowest CONE estimates at $123/kW-year
($338/MW-day) and $120/kW-year ($329/MW-day) respectively, primarily due to non-union
labor rates in those locations. Our estimates are $6 to 12/kW-year ($17 to 32/MW-day) below
the Pasteris Energy CONE estimates on a level-nominal basis primarily due to a higher ICAP
rating. Our higher plant ICAP rating reflects the larger size of the GE 7FA.05 turbine relative to
the GE7FA.04 turbine model examined by Pasteris, as well as the greater duct firing capability in
the plant we examine. Table 2 also shows the CC CONE value PJM has utilized for the 2014/15
delivery year, inflation adjusted to 2015/16 dollar values.

Table 2
Recommended Gas CC CONE for 2015/16

Total Plant Net Summer Overnight  Fixed After-Tax Levelized Gross CONE PJM 2014/15

CONE Area Capital Cost ~ ICAP Cost o&M WACC Level Real Level Nominal ~ CC CONE
(3M) (MwW) ($/kW) ($/kW-y) (%) ($/kW-y) ($/kW-y) ($/kW-y)

Brattle 2011 Estimate Escalated at CPI
June 1, 2015 Online Date (2015$%) for 1 Year

1 Eastern MAAC $621.2 656 $947.5 $16.7 8.47% $140.5 $168.1 $179.6

2 Southwest MAAC $537.2 656 $819.3 $16.6 8.49% $123.3 $147.5 $158.7

3 Rest of RTO $599.0 656 $913.5 $16.0 8.46% $135.5 $162.1 $168.5

4 Western MAAC $597.4 656 $911.1 $15.8 8.44% $135.1 $161.8 $158.7

5 Dominion $532.9 656 $812.8 $15.4 8.54% $120.2 $143.8 $158.7

Pasteris 2011 Update
June 1, 2014 Online Date (Escalated at CPI from 2014$ to 2015%$)

1 Eastern MAAC $710.9 601 $1,183.1 $18.5 8.07% $179.6
2 Southwest MAAC $618.7 601 $1,029.5 $18.8 8.09% $158.7
3 Rest of RTO $678.0 601 $1,128.3 $16.9 8.11% $168.5

Sources and Notes:
Overnight costs are the sum of nominal dollars expended over time and exclude interest during construction.
Rest of RTO CONE is for single fuel; dual-fuel CONE would be $138.9/kW-year level real and $136.3/kW-year level
nominal.
Pasteris Energy’s 2011 CONE estimates were used as the basis for the CC CONE estimate for the 2014/15 delivery year, see
Pasteris Energy (2011), pg. 55.
Pasteris Energy’s numbers are escalated at 2.5% inflation rate, see and Section VI.A.



I. BACKGROUND
A. STuDY OBJECTIVE

The Cost of New Entry (“CONE”) is an administrative parameter used in PJM’s capacity market,
the Reliability Pricing Model (“RPM?”), with CONE values defined separately in each of five
CONE Areas." The CONE parameter for a gas combustion turbine (“CT”) is used as an input for
calculating points on the Variable Resource Requirement (“VRR”) curve.? The CONE
parameters for a gas combined cycle (*CC”) as well as a gas CT are used in calculating offer
price screens under the Minimum Offer Price Rule (“MOPR”) for new generation offering
capacity into RPM.?

As a requirement of the Open Access Transmission Tariff (“OATT”), PJM is required to review
the CONE parameter for the delivery year starting June 1, 2015 and every third year after that.*
Between these triennial reviews, CONE is updated annually according to the Handy-Whitman
Index. We were asked to assist PJIM and stakeholders in this triennial review by developing
CONE estimates for new gas CT and CC plants in each of the five CONE Areas. In this study,
we define the gas CT and CC reference technologies for each CONE Area and estimate plant
capital and other fixed costs for each plant.

B. ANALYTICAL APPROACH

For a particular reference technology, CONE is made up of plant capital costs, which must be
levelized to produce an annual cost, plus annual fixed operation and maintenance (“FOM”) costs.
Our analytical starting point is the selection of the most economic reference technologies and
feasible siting locations in each CONE Area. For each CC and CT in each area, we
characterized the reference plants by size, turbine technology, configuration, and typical site
characteristics. Key configuration variables include NOy controls, duct firing and other power
augmentation, cooling systems, dual-fuel capability, and gas compression. We selected specific
characteristics based on our analysis of the predominant practice among recently-developed
plants; our analysis of technologies, regulations, and infrastructure; and guidance from
engineering sub-contractors.  Key site characteristics include proximity to high voltage
transmission infrastructure and interstate gas pipelines, siting attractiveness as indicated by units
recently built or currently under construction, and availability of vacant industrial land. Our
analysis for selecting plant locations and technical specifications is presented in Section Il. A
summary of the resulting technical and site characteristics of the identified reference
technologies is presented in Section I11.

To develop estimates of plant proper capital costs for the reference gas CT and CC plants in each
CONE area, The Brattle Group sub-contracted with CH2M HILL Engineers, Inc. CH2M HILL

PIM (2011b), p. 2278
PIM (2011b), p. 2280.
PIM (2011b), pp. 2297-2300.
PIM (2011b), p. 2280.
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is an engineering, procurement, and construction (“EPC”) company with extensive experience in
the design and construction of gas CT and CC plants. They developed capital and construction
cost estimates using the same data and models they use to support their bids for actual projects.
The results of their analysis are presented in Section IV.A with detailed supporting
documentation for the CT and CC technologies in Appendices A and B. Separately, we
estimated several plant owner’s costs, as described in Section IV.B. Given the combined,
comprehensive costs of each reference plant, we estimated levelized annual capital carrying costs
using standard financial techniques, as described in Section V1.

The Brattle Group also sub-contracted with Wood Group Power Operations, Inc. to estimate
fixed and variable O&M costs for the reference CT and CC plants. Wood Group has extensive
experience providing outsourced O&M services to owners of generation plants, and has
previously provided O&M estimates for PJIM in previous CONE studies. The results of their
analysis are presented in Sections 1V.B.6, V.C, and V.E, with additional supporting details
included in Appendix C.

We separately estimated several other fixed annual operations costs that will be incurred over the
plant life but that are not covered under an O&M services provider’s scope. Our analyses were
further informed by a number of conversations with plant operators and developers.

II. DETERMINATION OF REFERENCE TECHNOLOGY
A. APPROACH TO DETERMINING REFERENCE TECHNOLOGY CHARACTERISTICS

We determined the reference technology primarily using a “revealed preferences” approach, in
order to assess the market’s determination of the most attractive technology for investment. The
advantage of this approach is that it is informed by the choices that actual developers found to be
most feasible and economic. However, because technologies and environmental regulations
continue to evolve, we supplement this “revealed preference” approach with guidance from
CH2M HILL and with additional analysis of underlying economics, regulations, and
infrastructure.

As the basis for determining most of the selected reference technology specifications, we closely
examined all gas CT and CC plants developed in PJM and the U.S. since 2002, including plants
currently under construction. We characterized these plants by size, turbine technology, plant
configuration, NOx controls and emissions rates, duct firing, dual-fuel capability, and cooling
systems.

B. SITING PLANT LOCATIONS WITHIN EACH CONE AREA

The Open Access Transmission Tariff (“OATT?”) requires a separate Gross CONE parameter in
each of five CONE Areas as summarized in Table 3.

> PJM Interconnection, L.L.C. (2011b), p. 2278.



Table 3
CONE Areas

CONE Area Transmission Zones States
1 Eastern MAAC AECO, DPL, JCPL, PECO, PSEG, RECO NJ, MD, DE
2 Southwest MAAC BGE, PEPCO MD, DC

3 Restof RTO
4 Western MAAC

AEP, APS, ATSI, ComEd, DAY, DEOK, DQL WYV, VA, OH, IN, IL, KY, TN, Ml
MetEd, Penelec, PPL PA

5 Dominion Dominion VA, NC

Sources and Notes:
PJM Interconnection, L.L.C. (2011b), p. 2284.
PJM Interconnection, L.L.C. (2011c)
CONE Areas fall on exact transmission zone boundaries but not on exact state boundaries.

We conducted a siting evaluation to select a specific county to use as the cost estimate basis for
the reference plant within each CONE Area. Our primary criteria for identifying feasible and
favorable locations were: (1) the availability of high voltage transmission infrastructure; (2) the
availability of a major gas pipeline; (3) siting attractiveness as indicated by units recently built or
currently under construction; and (4) the availability of vacant industrial land.® Figure 1 and
Figure 2 show the locations of gas CT and CC units built in PJM since 2002.

Figure 1
Gas CTs under Construction or Built Since 2002
o @ 4 N
%B‘ Conn
Q »
Ohio 6ennsylvama o
linois Indiaga Qew Jeaey
o o Marylarﬂo )
Q West / Delaware
@ Virginia, "~/ ©Q
: Q e D t
Y . istrict o
Kentucky Virginia Columbiz

Sources and Notes:
Plant locations from Ventyx (2011). Mapped with Google Maps (2011).
Map shows 27 different plants built since 2002.

®  Plant locations from Ventyx (2011), transmission infrastructure from PJM (2008), gas pipeline locations

from Platts (2011), and vacant industrial land sales postings from Loopnet (2011).
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Figure 2
Gas CCs under Construction or Built Since 2002
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Sources and Notes:
Plant locations from Ventyx (2011). Mapped with Google Maps (2011).
Map shows 25 different plants built since 2002, and excludes cogeneration facilities.

Table 4 shows the counties we selected in our siting exercise along with the transmission zone,
infrastructure available, the selected generator step-up (“GSU”) high side-voltage, and the gas
pipelines available in that county. The Eastern MAAC, Western MAAC, and Dominion CONE
Areas each have multiple counties that meet our selection criteria, with several recent projects
having been developed along corridors with major gas pipelines and with substantial electric
infrastructure. In these areas, we selected locations with more recent projects where possible,
recognizing that there are multiple locations with equally good siting opportunities. The Rest of
RTO CONE Area is the largest geographically, spanning many states and containing a large
number of recent builds. We selected a county near Chicago because this location has the
highest concentration of recent projects.

Our siting selection for the Southwest MAAC CONE Area is less certain because there are no
gas-fired generation projects recently built or under construction. In order to select a feasible
site, we used additional criteria to supplement our requirement of electric and gas infrastructure
availability. We selected Charles County over other counties because of a greater availability of
vacant industrial land relative to the more densely developed locations along the Transco and
Columbia pipelines.” Further, the only permitted prospective gas plant in the CONE Area is in
Charles County, the 640 MW CPV St. Charles gas CC project.® The most recently built gas-
fired facility in Southwest MAAC is the 230 MW Panda Cogeneration project, built in 1996 in
the neighboring Prince Georges County immediately across the county line. We did not select
this county due to the relatively longer gas interconnection lateral that would be required.’

For example, few vacant industrial properties are listed for sale or have been recently transacted in
Howard or Montgomery counties in Maryland. In the past 2 years, the only transaction in Howard or
Montgomery county for over 20 acres of vacant industrial land was located in Elkridge, Maryland, in
Howard county, see Maryland Assessment Records (2011).

8 Ventyx (2011).

% Ventyx (2011) and Platts (2011).



Table 4
Selected Locations for Reference Plants

Transmission

CONE Area and County Zone Infrastructure GSU High- Gas Pipelines
Available  Side Voltage
(kV) (kV)
1 Middlesex, NJ JCPL 130, 230, 500 230 Transco, Texas Eastern
2 Charles County, MD PEPCO 230, 500 230 Dominion Cove Point
3 Will, IL COMED 138, 345 345 ANR, Natural (NGPL), Midwestern, Guardian/\Vector
4 Northampton, PA PPL 138, 230, 500 230 Transco, Columbia
5 Fauquier, VA DOM 115, 230, 500 230 Transco, Columbia, Dominion

Sources and Notes:
Transmission infrastructure information from PJM (2008).
Gas pipeline information from Platts (2011).

C. PLANT CONFIGURATION AND SIZE

We selected plant size and configuration based on a review of gas CT and CC projects currently
under construction or built in PJM since 2002. Table 5 shows the amount of gas CT capacity
built in PIM since 2002 for each plant size bracket. The plant size refers to the total plant size
including all CT units installed at each site, with most plants including multiple turbine units.
We selected a target plant size of 400-500 MW, which is the dominant size for newly-built CT
plants in PJM, representing 2.8 of the 7.5 GW of PJM simple-cycle turbines built or under
construction since 2002. This is the most common plant size range in the Rest of RTO and
Dominion CONE Areas, representing three of the 13 recently built plants in the Rest of RTO
Area and both of the two plants recently-built in Dominion. The Eastern MAAC CONE Area
had three recently built plants, with the middle-sized one in the 400-500 MW range. Although
there no sizeable recent projects in the Southwest MAAC and Western MAAC CONE Areas, we
use the same 400-500 MW gas CT plant range for these areas.

Table 5
PJM Gas CT Plants under Construction or Built Since 2002

CONEArea <100 100-200 200-300 300-400 400-500 500-600 600-700 700-800 800-900  Total
M)  Mw) (Mw)  (Mw) (MW (MWY) (MW) (MW)  (MW) (MW)

1 Eastern MAAC 48 326 462 639 1474
2 Southwest MAAC 0
3 Rest of RTO 80 156 888 664 1,351 1,088 825 5,052
4 Western MAAC 10 10
5 Dominion 947 947
Total 138 156 888 990 [2.760] 1088 639 0 825 7484

Sources and Notes:
Plant information from Ventyx (2011).
Table includes only new plants, not additions to existing plants.

Similarly, we determined the predominant configuration for gas CC plants based on a survey of
PJM plants currently under construction or built since 2002. Table 6 shows the amount of gas
CC capacity built for each plant size and configuration. As the table shows, the dominant size



and configuration has been 500-700 MW in a 2x1 configuration.”® As we discuss in Sections

I1.D and II.F, we specified a slightly larger 2x1 plant consistent with the increased size of the
new 7FA.05 turbine model.

Table 6
PJM Gas CC Plants under Construction or Built Since 2002

<300 300-500 500-700 700-900 900-1100 1100-1300  Total
Mw) Mw) (MW)  (MW) (MW (MW) (MW)

2x1 5.593] 5593
2x2 573 573
3x1 245 556 2,386 3,187
4x2 1,080 3,725 4,805
4x4 1,140 1,140
6x2 935 1,130 2,065
Total 245 6,723 2,386 2,015 5,995 17,364

Sources and Notes:
Plant information from Ventyx (2011).
Table includes only new plants, not additions to existing plants.

D. TURBINE MODEL

We determined the predominant turbine models by reviewing the turbines installed in gas-fired
plants in the United States since 2002. Table 7 shows the total installed capacity and costs of the
most widely-used turbines used in gas CT plants since 2002.** The most commonly installed
turbine since 2002 in simple-cycle configuration has been the GE Frame 7FA model turbine
followed closely in terms of installed MW by the GE 7EA, although for our purposes we did not
select that smaller turbine model because the 7FA has both a lower heatrate and a lower cost per
unit of power output.

We also note that the 7FA turbine model has changed substantially during the period from 2002
to the 2015 installation date that we use for our turbine model. The 7FA.03 model available in
2003 had a nameplate capacity rating of 175 MW, while the 7FA.04 model had a higher rating of
183 MW. The new 7FA.05 model that is now available and will replace the 7F4.04 has a higher
rating of 211 MW." The updated 7FA.05 model also has a substantially improved heatrate.™

10

" Also note that the second-most common configuration is 4x2, or two 2x1 units at a single plant.

We use the Ventyx Energy Velocity database to identify the installed MW and turbine type for each
technology. The database does not identify the turbine technology for all turbines.

12 see GE (2009), p. 7.

13 The efficiency of the 7FA.05 is 1.4 percentage points higher than the 7FA.03 model on an LHV basis. See
GE (2009), p. 5.



Table 7
Gas CT Units Installed by Turbine Type in the U.S. Since 2002

Turbine Model Installed Since 2002 Cost

(MW) (count) ($/kwW)
General Electric Co-MS7001FA GT 11,571 87 $232
General Electric Co-MS7001EA 10,115 119 $266
Siemens Power Generation Inc-SGT6-5000F 3,120 15 $226
General Electric Co-LM6000PC Sprint 2,805 55 $319
General Electric Co-LM6000PC 2,596 59 $334
General Electric Co-GE LM6000 2,451 57 $340
General Electric Co-LMS100PB-DLE?2 1,881 19 $296
Pratt & Whitney-FT8 Twinpac 1,860 30 $298
General Electric Co-LMS100PA-SAC 1,854 18 $300
Pratt & Whitney-FT8 SwiftPac 976 16 n/a

Sources and Notes:

Installed MW and number of units by turbine model from Ventyx (2011). This database is not
completely comprehensive in identifying turbine model, with about 80% of the total MW
installed since 2002 being identified by turbine type.

Turbine cost (excluding balance of plant) from Gas Turbine World (2010).

Similarly for gas CC plants, Table 8 shows the amount of capacity installed by turbine type since
2002, as well as cost information based on a typical configuration from Gas Turbine World.
Like the gas CT plant, we chose the GE 7FA turbine because of its predominance and low capital
costs compared with other turbines.
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Table 8
Gas CC Units Installed by Turbine Type in the U.S. Since 2002

Turbine Model Installed Since 2002 Cost
(MW) (Count) ($/kw)
General Electric Co-MS7001FA GT 32,940 180 $473
Siemens Power Generation Inc-501FD 11,232 54 $499
Mitsubishi Heavy Industries-M501G 5,874 22 $504
Siemens Power Generation Inc-SGT6-6000G 1,335 5 na
General Electric Co-MS7001FB 1,260 7 $466
Mitsubishi Heavy Industries-M501F 925 5 $537
General Electric Co-MS7001EA 765 9 $524
Siemens Power Generation Inc-V84.2 452 4 $459
General Electric Co-LM6000PC Sprint 204 4 na
General Electric Co-LM6000PD Sprint 172 4 na

Sources and Notes:

Installed MW by turbine model from Ventyx (2011). This database is not completely
comprehensive in identifying turbine model, with 35% of the total MW installed since 2002
being identified by turbine type.

Unit cost (including steam turbine but excluding balance of plant) assumes a typical configuration
and steam turbine, from Gas Turbine World (2010).

E. COMBINED-CYCLE COOLING SYSTEM

For the reference combined-cycle plant, we assumed a closed-loop circulating water cooling
system with a multiple-cell mechanical draft cooling tower, based on the predominance of
cooling towers among new CCs and CH2M HILL’s recommendation. Among the 15 CC units
installed in PJM since 2002 and reporting cooling system data, 13 have cooling towers while 2
have air cooling or once-through cooling systems.**

F. DuCT FIRING AND POWER AUGMENTATION

For the reference CC plant, we included duct firing capability, consistent with predominant
practice among projects in PJIM and elsewhere. We determined that a cost-effective amount of
duct firing to include was 74 MW at 92 °F (76 MW at 59 °F) based on guidance from CH2M
HILL, and consultation with GE representatives. According to CH2M and GE, this quantity of
duct firing is consistent with 7FA.05 2x1 projects currently being developed.

For CCs and CTs, we also evaluated additional power augmentation options by comparing the
capital costs and incremental output available if investing in each option. Table 9 and Table 10
compare inlet evaporative cooling to inlet chilling and to no power augmentation for both gas CT
and CC plants. These cost and performance metrics were calculated by CH2M HILL using GE
software, and while self-consistent, represent rough approximations of equipment and balance of
plant (“BOP”) cost components without considering detailed locational, materials escalation, or
other engineering cost factors.

1 Ventyx (2011).
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We selected inlet evaporative cooling for power augmentation for both plant types because it
increases their output substantially for only a small increase in cost. The slightly higher output
that inlet chilling could provide does not appear cost-effective for the incremental cost, as
indicated by the relatively higher cost per unit of output than that of the overall plant.

Table 9
Power Augmentation Comparison for Gas CT
Capacity Incremental Output Incremental Costs

Total ISO Summer ISO Summer ISO Summer

Cost Conditions Conditions  Conditions Conditions Conditions Conditions

($m) (Mw) (MW) (MW) (MW) ($/kW) ($/kW)
None $192 412 377
Inlet BEvaporative Cooling $193 420 395 8 18 $84 $39
Inlet Chilling $205 425 417 5 22 $2,306 $555

Sources and Notes:
CH2M HILL (2011), using GE software.
International Organization for Standardization (ISO) conditions are 59 °F and 60% relative humidity.
Summer conditions are 90 °F and 53% relative humidity.

Table 10
Power Augmentation Comparison for Gas CC

Capacity Incremental Output Incremental Costs
Total ISO Summer ISO Summer ISO Summer
Cost Conditions Conditions Conditions Conditions Conditions Conditions
($m) (MW) (MW) (MW) (MW) ($/kW) ($/kW)
None $449 618 550
Inlet Evaporative Cooling $450 627 589 10 39 $62 $16
Inlet Chilling $463 633 613 5 24 $2,640 $580

Sources and Notes:
CH2M HILL (2011), using GE software.
International Organization for Standardization (ISO) conditions are 59 °F and 60% relative humidity.
Summer conditions are 90 °F and 53% relative humidity.

G. NOx CONTROLS

In determining the NOx controls that will be required for each new unit to pass its new source
review (“NSR”) and receive an operating air permit, we considered the following: controls
installed by recently developed gas-fired units, tightening standards due to recent and imminent
EPA regulations, special permitting considerations in each plant location, and special
technological considerations for each plant configuration we selected.

Table 11 contains a summary of NOyx control equipment on units built in PJM since 2002. The
data is displayed separately for single-fuel and dual-fuel gas CCs and CTs, and by turbine type.
The table shows that there are several NOx controls that are consistently required under NSR for
all units regardless of locational air permitting considerations. The table shows that all 7FA units
in either CT or CC configuration are equipped with dry low-NOx burners, as expected because
dry-low NOx burners are part of the 7FA turbine model design. All 7FA CC and CT units with
dual-fuel capability are also equipped with water injection for NOx control for use during firing
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on distillate.*> Most recently built CCs installed with 7FA or non-7FA turbines have also been
fitted with Selective Catalytic Reduction (“SCR”) controls.

Table 11
Number of Turbines with NOx Control Equipment in PIJM Units Installed Since 2002
Single Fuel Dual Fuel
All Turbine TFA All Turbine TFA
Models Turbines Models Turbines
(count) (count) (count) (count)
Gas CT
Dry Low NOx Burners 39 7 23 17
Selective Catalytic Reduction 16 0 1 0
Water Injection 20 1 24 17
Total 55 7 24 17
Gas CC
Dry Low NOx Burners 17 11 10 10
Selective Catalytic Reduction 18 11 13 10
Water Injection 0 0 9 9
Total 18 11 13 10

Sources and Notes:
Ventyx (2011).

The data in Table 11 indicate that 7FAs in simply cycle mode have not installed SCRs.
However, this does not prove that SCRs will be infeasible or unneeded in 2015 as environmental
regulations continue to tighten. Many recently-built non-7FA CTs have been fitted with an SCR.
Although no recently-built 7FA CTs have been fitted with SCRs, one earlier unit was fitted with
this technology, however, it is not located in PIM.'® There are two reasons that few SCRs have
been required on 7FAs in simple-cycle configuration. First, the 7FA has a relatively lower
emissions rate than most other turbines even without an SCR because of its dry low-NOx
burning technology. The 7FA.05 NOx emissions rate is 9 ppm without an SCR (2 ppm with an
SCR), while many emissions standards have been developed based on the maximum allowed
emissions rates of 25 ppm for gas CTs."

Second, the temperature of 7FA turbine exhaust is very high, which requires the exhaust to be
diluted through tempering air fans to avoid damaging the SCR equipment. Adding a hot SCR to
a 7FA in simple-cycle configuration incurs a higher cost than adding a typical SCR to a turbine
with a lower exhaust temperature. Despite the higher costs, CH2M HILL has confirmed with
three potential suppliers of hot SCR controls that they have received inquiries and budget
requests for hot SCRs on large F-class turbines for projects currently under development in the

> Confirmed based on guidance from CH2M HILL and GE representatives.

16 The Rowan plant in Salisbury, North Carolina built in 2001, see Ventyx (2011).
7" See for example, New Jersey State Department of Environmental Protection (2011), pg. 29, as well as the
Ozone Transport Commission (2010), pg. 4, both stipulate a maximum CT emissions rate of 25 ppm.
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U.S. In particular, the Mirant Marsh Landing Generating station in Contra Costa County, CA
will be fitted with a hot SCR and is currently expected to complete construction in 2013."

The determination of whether a particular CT project will require an SCR in order to receive an
air permit will be determined based on the outcome of the new source review (“NSR”), as
determined on a case-by-case basis for each plant. The NSR is overseen by a state regulatory
agency in most cases and is guided by the current status in meeting the National Ambient Air
Quality Standards (“NAAQS”). In locations that are in attainment of the NAAQS, the NSR is
conducted under the Prevention of Significant Deterioration (“PSD”) rules that require units to
install the Best Available Control Technology (“BACT”) in order to obtain approval. In
locations that are designated as non-attainment of the NAAQS, the Non-Attainment NSR
(“NNSR”) rule require units to apply the more stringent Lowest Achievable Emissions Rate
(“LAER”) standard.”® In locations that have previously been in non-attainment and are
currently in “maintenance” of the NAAQS, the NSR will generally continue to impose a
stringent control technology standard in order to maintain air quality pollutant levels.

The attainment status for ozone, for which NOx is a precursor, is the most relevant for
determining whether an SCR will be required. Table 12 shows the current 8-hour ozone
attainment status based on current NAAQS. The EPA is currently in the process of tightening its
NAAQS for ozone with new standards to be ruled soon after the publication of this study that
will likely bring more areas into nonattainment.?® Additional regulatory uncertainty regarding
the need for an SCR is also introduced by the Cross-State Air Pollution Rule (“CSAPR”)
finalized on July 6, 2011 that will require PJM states to revise their SIPs in order to help meet
ozonezll\IAAQS not only in their own states but also in specific downwind locations in other
states.

Table 12
8-Hour Ozone Attainment Status
CONEArea County Ozone Attainment
Status

1 Eastern MAAC Middlesex, NJ Nonattainment
2 Southwest MAAC  Charles County, MD  Nonattainment
3 Rest of RTO Will, IL Nonattainment
4 Western MAAC Northampton, PA Maintenance

5 Dominion Fauquier, VA Attainment

Sources and Notes:
EPA (2011a).

After considering the regulatory and technological factors described above, we believe the most
likely outcome of a 7FA simple-cycle NSR for an online date of June 1, 2015 is that the project
will be required to be fitted with an SCR if it is currently in a non-attainment or maintenance
area for ozone, but that it will not need an SCR if it is in an attainment area. Table 13 contains a

8 The plant permit to construct contains details about the plant configuration and SCR, see BAAQMD

(2010). Online date from Ventyx (2011).
19 See EPA (2011b).
20 gee EPA (2011c).
2l See EPA (2011d).
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summary of the resulting NOx controls that we selected for each plant configuration, by location.
All plants are assumed to have dry-low NOx combustion, consistent with the 7FA turbine model.
For all CONE Areas other than “Rest of RTO,” the units are equipped with dual-fuel capability
and are therefore also equipped with water injection.?? Finally, we assume that all CC CT plants
in ozone non-attainment areas will be equipped with an SCR, with the exception of the
Dominion CT plant, assumed not to have an SCR. However, because of the current regulatory
and technological uncertainty regarding the need for an SCR on CTs in each location, we also
provide alternative CT CONE estimates in sensitivity cases that we recommend PJM and
stakeholders use if these uncertainties are resolved in the future.

Table 13
NOx Control Equipment for Gas CT and CC Plant
Gas CT Gas CC
CONEArea SCR DryLowNOx Water SCR DryLowNOx Water
Burners  Injection Burners  Injection

(Y/N) (Y/N) (Y/N) (Y/N) (Y/N) (Y/N)
1 Eastern MAAC Y Y Y Y Y Y
2 Southwest MAAC Y Y Y Y Y Y
3 Restof RTO Y Y N Y Y N
4 Western MAAC Y Y Y Y Y Y
5 Dominion N Y Y Y Y Y

H. DUAL-FUEL CAPABILITY

To determine whether each reference unit should be equipped with dual-fuel capability, we
considered the prevalence of dual-fuel capability in existing and recently built units. We also
analyzed the need for dual-fuel capability based on the frequency of gas curtailment events in
each location.

Table 14 and Table 15 summarize dual-fuel or single-fuel capability for all CT and CC capacity
for the states containing the selected location within each CONE Area. These tables show clear
patterns in the Eastern MAAC, Rest of RTO, and Dominion CONE Areas. In Eastern MAAC,
the majority of CTs and CCs have been equipped with dual-fuel capability. In the Rest of RTO
area, almost no gas CTs and CCs have dual-fuel capability, except for one CT plant in Illinois.
In the Dominion Area, dual-fuel capability is dominant for both gas CT and CC plants.

There was not a definitive pattern in the other two CONE Areas, due to the lack of recently
constructed units in some cases and due to the mix of dual-fuel and non-dual-fuel plants in
Western MAAC. To supplement our analysis in these areas, we examined the number of non-
maintenance curtailments on the Transcontinental pipeline (which runs through all of the eastern
CONE Areas) as well as the ANR pipeline (which runs through ComEd). Table 16 shows that
curtailments on the Transco pipeline have been much more frequent than along the ANR
pipeline. Based on this information and the predominance of dual-fuel capability in other eastern

22 Our sensitivity case with dual-fuel capability in the Rest of RTO CONE Area is also equipped with water

injection.

15



locations, we decided that these locations would be most appropriately fitted with dual-fuel
capability.

Table 14
Single-Fuel and Dual-Fuel Gas CTs in Selected PJM States
Units Installed Since 2002 All Units Installed
CONE Area State Gas Only Dual Fuel Total Gas Only Dual Fuel Total
(MW) (MW) (MW) (Mw) (MW) (Mw)
1 Eastern MAAC New Jersey 326 90 416 368 . 2.208 | 2,575
2 Southwest MAAC Maryland 0 0 0 236 (557 792
3 Restof RTO llinois 456 2,648 5.736 456 6,192
4 Western MAAC Pennsylvania 0 0 0 447 0 447
5 Dominion Virginia 0 1,428 0 2,990
Sources and Notes:
Ventyx (2011).
Summary numbers include all PIJM units within the selected state.
Table 15
Single-Fuel and Dual-Fuel Gas CCs in Selected PJM States
Units Installed Since 2002 All Units Installed
CONE Area State Gas Only Dual Fuel Total Gas Only Dual Fuel Total
(MW) (MW) (MW) (MW) (MW) (MW)
1 Eastern MAAC New Jersey 766 L1780 ] 2,546 820 L 2.735] 3,555
2 Southwest MAAC Maryland 0 0 0 0 0 0
3 Restof RTO lllinois 1.140 0 1,140 0 1,144
4 Western MAAC Pennsylvania 1,920 1,130 3,050 2,589 1,130 3,719
5 Dominion Virginia 0 1,494 0 2,801
Sources and Notes:
Ventyx (2011).

Summary numbers include all PJM units within the selected state.

Table 16
Non-Maintenance Curtailments Since 2010

# of Curtailments

ANR Pipeline Co 3
Transcontinental Gas Pipe Line Corp 46

Sources and Notes:
Ventyx (2011).

To summarize, we determined that the reference units should have dual-fuel capability with the
exception of the Rest of RTO CONE Area. However, for consistency and at the request of PJM,
we also evaluated the cost of dual-fuel plants in the Rest of RTO area. We also considered
whether units without dual-fuel capability would need to contract for firm gas delivery. We
contacted several plant operators in the ComEd transmission zone and confirmed that they do not
currently have firm gas delivery contracts. We therefore conclude that firm gas commitments
need not be considered as part of our study.
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I. GAS COMPRESSION

We determined that gas compression would generally not be needed for new gas plants located
near and/or along the major gas pipelines selected in our study. Although gas pressures
occasionally fall below the pressures the reference plants require, these instances are rare enough
that gas compression capability would be generally unused. To support this conclusion we
inquired with gas pipeline operators to confirm the average and realistic minimum expected gas
pressures in each location. The New Jersey site has the lowest gas pressures of all CONE Areas;
however, we confirmed with individual plant operators in New Jersey that no on-site gas
compression was needed at their facilities. Further, these eastern plants’ ability to meet capacity
obligations is supported by having dual-fuel capability.

J. BLACK START CAPABILITY

We do not include black start capability in either the CC or the CT reference units because few
recently built gas units have this capability. Table 17 shows the number of gas CT and CC units
that have been built and are currently operating with or without black start capability since 2002
based on PJM data. We reviewed these data by CONE Area and found no locational differences.

Table 17
Black Start Capability in Gas Plants Built Since 2002

Gas CT Gas CC
Total Number of Plants Built 24 21
Total Number of Plants with Black Start 4 1

Sources and Notes:
PJM (2011a).

I1l. REFERENCE TECHNOLOGY PERFORMANCE AND SPECIFICATIONS

Table 18 shows the summary of plant characteristics selected in Section Il as well as major plant
performance characteristics as determined by CH2M HILL. As discussed in Section 11.D, we
identified the GE 7FA.05 turbine as the most appropriate technology for the reference gas CT
and CC plants. This turbine is substantially larger than previous models, with the 7FA.05 model
having an increased nominal capacity rating 36 MW relative to the 7FA.03, as well as having a
substantially improved heatrate.”® This increases output significantly for both the gas CT and
CC plants relative to previous PJIM CONE studies, due to the larger gas turbine in all
configurations as well as an increased size for the heat recovery steam generator (“HRSG”) and
steam turbine on the CC. Table 19 contains a summary of emissions rates under each plant
configuration.

% General Electric (2011a).
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Table 18

Gas CT and CC Plant Characteristics and Performance

Plant Characteristic Simple Cycle Combined Cycle
Turbine Model GE 7FA.05 GE 7FA.05
Configuration 2x0 2x1
Net Plant Power Rating CONE Areas 1-4 (w/ SCR): Baseload (w/o Duct Firing):
418 MW at 59 °F 627 MW at 59 °F
390 MW at 92 °F 584 MW at 92 °F
CONE Area 5 (w/o SCR): Maximum Load (w/ Duct Firing):
420 MW at 59 °F 701 MW at 59 °F
392 MW at 92 °F 656 MW at 92 °F
Cooling System n/a Cooling Tower

Power Augmentation
Net Heat Rate (HHV)

NOx Controls

Dual Fuel Capability

Blackstart Capability
On-Site Gas Compression

Evaporative Cooling

CONE Areas 1-4 (w/ SCR):
10,094 btu/kWh at 59 °F
10,320 btu/kwWh at 92 °F

CONE Area 5 (w/o SCR):
10,036 btu/kWh at 59 °F
10,257 btu/kwWh at 92 °F
Dry Low NOxBurners
Selective Catalytic Reduction (Areas 1-4)
Water Injection for DFO (Areas 1-2, 4-5)
Single Fuel (Area 3)
Distillate Fuel Oil (Areas 1-2, 4-5)
None

None

Evaporative Cooling

Baseload (w/o Duct Firing):
6,722 btu/KWh 59 °F
6,883 btu/kWh 92 °F

Maximum Load (w/ Duct Firing):
6,914 btu/kWh at 59 °F
7,096 btu/kWh at 92 °F
Dry Low NOx Burners
Selective Catalytic Reduction
Water Injection for DFO (Areas 1-2, 4-5)
Single Fuel (Area 3)
Distillate Fuel Oil (Areas 1-2, 4-5)
None

None

Sources and Notes:

Plant specifications are based on reference technology determination study as presented in Section II.

Plant technical performance data were determined by CH2M HILL (2011).

Table 19
Gas CT and CC Plant Emissions Rates
NOXx VOC co
NG Fuel Oil NG Fuel Oil NG Fuel Oil

(ppm)  (ppm) (ppm)  (ppm) (ppm)  (ppm)
Gas CT No SCR 9 42 7 7 9 20
Gas CT w/ SCR 2 5 5 5 5 11
Gas CC 2 5 5 5 5 11

Sources and Notes:
Plant emissions data were determined by CH2M HILL (2011).
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IV. CAPITAL COST ESTIMATES

Costs for the gas CT and CC plants are broken into two categories: capital costs and fixed
operation and maintenance (“FOM?”) costs. Capital costs are incurred when constructing the
power plant, before the commercial online date. Power plant developers typically hire an
engineering, procurement, and construction (“EPC”) company to complete construction and to
ensure the plant operates properly. The costs of EPC contractor services, as well as the costs of
major Owner-Furnished Equipment (“OFE”), were estimated by CH2M HILL as summarized in
Section IV.A below for plant proper costs. There are additional owner’s capital costs that a gas
CT or CC developer would face, such as the purchasing of land, development costs,
interconnection costs, start-up fuel, and owner’s contingency which we estimate in Section 1V.B.

A. PLANT PROPER CAPITAL COSTS

Plant proper costs include most of the costs required to engineer and construct a plant including
the costs of major equipment and EPC services. CH2M HILL developed engineering cost
estimates for the reference technology and sensitivity case estimates in our study as summarized
here. Full documentation and supporting details regarding these estimates are included as
Appendices A and B for the simple-cycle and combined-cycle technologies respectively.

1. Plant Developer and Contractor Arrangements

We asked CH2M HILL to assume that a plant owner will contract with an EPC services provider
to engineer and construct the project. The EPC contractor would then be responsible for
procuring all equipment and materials with the exception of major Owner-Furnished Equipment.
The OFE consists of the plant gas turbines and SCR units for the simple-cycle plants, and the gas
turbines, steam turbines, and HRSG units in the combined-cycle case. The OFE in our scenario
is purchased by the owner and then assigned to the EPC contractor, meaning that, while the
owner initially orders the equipment, the EPC contractor takes on responsibility for handling
delivery and installation of the equipment.

We also asked CH2M HILL to assume that the EPC contractor will be taking on all contingency
risk associated with cost overruns for all items within their scope. This associated contingency
risk includes all contingency risk associated with the assigned OFE including delivery delays,
but excludes any contingency risk associated with potential change orders to the EPC scope.

2. Owner-furnished Equipment and Sales Tax

The plant proper costs that will be paid directly by the owner include the costs of OFE and sales
tax incurred in procuring the OFE, as well as the sales tax incurred by the EPC contractor and
passed through to the owner. Table 20 summarizes these direct owner’s costs for the simple-
cycle plant, with OFE including two 7FA.05 gas turbines and a hot SCR. Table 21 summarizes
these costs for the combined-cycle plant, with the OFE including two 7FA.05 gas turbines, a
steam turbine, and two HRSG units. These owner costs are incurred over the capital drawdown
schedule as summarized in Section 1V.A.4. Additional supporting documentation for these costs
is included in Appendix A for the simple-cycle and Appendix B for the combined-cycle
configurations.
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Table 20
CT Costs of Owner-Furnished Equipment and Sales Taxes

CONE Area OFE Sales Tax
CT SCR OFEScope EPC Scope Total

($m) ($/kW) ($m) ($/kW) ($m) ($/kW) (Sm) ($/kW) ($m)  ($/kW)
1 Eastern MAAC $93.0 $238.7 $215 $55.2 $8.0 $206 $23 $6.0 $1249  $320.5
2 Southwest MAAC $93.0 $238.7 $21.5 $55.2 $6.9 $176 3$20 $5.1 $1234  $316.7
3 Rest of RTO $90.0 $231.0 $215 $55.2 $7.8 $200 $20 $5.2 $121.3  $3114
4 Western MAAC $93.0 $238.7 $215 $55.2 $6.9 $176 $20 $5.2 $1234  $316.7
5 Dominion $93.0 $237.2 $0.0 $0.0 $47 $119 $18 $46 $99.5  $253.7

Sources and Notes:
Owner-furnished equipment and sales tax data provided by CH2M HILL (2011).

Table 21
CC Costs of Owner-Furnished Equipment and Sales Taxes
CONEArea OFE Sales Tax
CT HRSG ST OFEScope  EPC Scope Total

($m)  ($/kW) ($m) ($/kW) ($m) ($/kW) ($m) ($/kW) (Sm) ($/kW) ($m) ($/kW)
1 Eastern MAAC $93.0 $141.8 $41.0 $625 $42.0 $641  $123 $188 $65 $9.9  $1948 $297.1
2 Southwest MAAC $930 $141.8 $41.0 $625 $42.0 $641  $10.6 $161 $55 $84  $1921 $292.9

3 Restof RTO $90.0 $137.3 $41.0 $625 $42.0 $64.1 $121 $185 $61 $94  $191.3 $291.7
4 Western MAAC $93.0 $141.8 $41.0 $625 $42.0 $64.1 $106 $161 $55 $85  $1921 $293.0
5 Dominion $93.0 $141.8 $41.0 $625 $42.0 $64.1 $8.8 $134 $46 $7.0 $1894 $2889

Sources and Notes:
Owner-furnished equipment and sales tax data provided by CH2M HILL (2011).

3. Engineering Procurement and Construction Costs

All other plant proper costs are paid to the EPC contractor as summarized in Table 22 and Table
23. These costs include all EPC costs required to engineer and construct the plant after
considering specific locational and time-dependent escalation rates for materials, equipment, and
labor. Direct project costs include, but are not limited to, materials, instrumentation, site work,
craft labor, freight, and balance of plant (“BOP”) mechanical and electrical equipment. Indirect
costs include taxes, builder’s all risk insurance, and performance and payment bonds.
Management costs include project management, engineering, procurement, site management,
and startup. Contingency costs are incorporated for all potential cost over-runs within EPC
scope and a project profit margin is included.

These EPC costs are incurred over the capital drawdown schedule as summarized in Section
IV.A.4. Additional supporting documentation for these costs is included in Appendix A for the
simple-cycle and Appendix B for the combined-cycle configurations.
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Table 22
EPC Costs for Gas CT Plants

CONEArea EPC Costs
($m) ($/kW)
1 Eastern MAAC $130.6  $335.1
2 Southwest MAAC  $105.0 $269.5
3 Restof RTO $113.6 $291.5
4 Western MAAC $123.0  $315.8
5 Dominion $104.0  $265.3

Sources and Notes:
EPC Costs provided by CH2M HILL (2011).

Table 23
EPC Costs for Gas CC Plants

CONEArea EPC Costs

($m) ($/kW)
1 Eastern MAAC $356.2  $543.3
2 Southwest MAAC  $274.6 $418.8
3 Restof RTO $334.9 $510.8
4 Western MAAC $3334  $508.6
5 Dominion $274.4  $4185

Sources and Notes:
EPC Costs provided by CH2M HILL (2011).

4. Capital Drawdown Schedules

CH2M HILL has developed monthly capital drawdown schedules over the project development
period for each plant configuration. Separate monthly drawdown schedules have been developed
for the direct owner’s plant proper costs identified in Section 1VV.A.2, as well as for the EPC costs
identified in Section IV.A.3. These drawdown schedules differ slightly for each plant, but
representative drawdown schedules are included for one simple-cycle plant in Appendix A.5,
consistent with the project schedule in Appendix A.4, as well as for one combined-cycle plant in
Appendix B.5 consistent with the project schedule in Appendix B.4.

B. OWNER’S CAPITAL COSTS

Outside of the plant proper owner and EPC costs, there are additional costs an owner must incur
in the development and construction of a generating plant. We estimate these costs, which
include land, emissions reductions credits, gas interconnection, electric interconnection, start-up
fuel during testing, and owner’s contingency. We developed these cost estimates based on
publicly-available sources, except for project development and owner’s contingency, for which
estimates are based on industry experience and conversations with a number of project
developers and plant operators.

1. Land

We estimated the cost of land by reviewing historical transaction prices and current asking prices
for vacant industrial land for sale in each selected county. We narrowed the recent transactions
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and current land offers by looking only at land greater than 20 acres, and considering only sites
listed as vacant or classified as “unimproved land.” We estimated land costs using a weighted
average of historical transaction prices when available, supplemented with current asking prices.
Table 24 shows the range and number of observations for current asking prices as well as recent
transactions on industrial land.

Table 24
Current and Historical Land Costs
CONEArea County Current Asking Prices Recent Transactions
Range  Observations Range  Observations

($000/acre)  (count) ($000/acre)  (count)
1 Eastern MAAC Middlesex, NJ $70-$236 5 $228-$306 2
2 Southwest MAAC Charles County, MD $78-$217 6 $97-$217 4
3 Rest of RTO Wwill, IL $42-$217 15 $33-$189 4
4 Western MAAC Northampton, PA $13-$209 8 $136 1
5 Dominion Fauquier, VA $42-$335 2 $11-$34 3

Sources and Notes:
Current Asking Prices from LoopNet (2011).
New Jersey Assessment Records (2011).
Maryland Assessment Records (2011).
Ilinois Assessment Records (2011).
Pennsylvania Assessment Records (2011).
Virginia Assessment Records (2011).

Table 25 shows the resulting land prices we used for each CONE Area (calculated by taking a
weighted average of the historical transactions and current offerings). We also include the
acreage needed, based on recommendations from CH2M HILL, and report the final estimated
cost for the land for each location.

Table 25
Gas CT and CC Land Costs
Acreage Cost

CONEArea County LandPrice Gas CT Gas CC Gas CT Gas CC

($/acre)  (acres) (acres) ($m) ($m)

[1] [2] [3] [4] [5]

1 Eastern MAAC Middlesex, NJ $129,000 30 40 $3.87 $5.16
2 Southwest MAAC  Charles County, MD  $120,000 30 40 $3.60 $4.80
3 Rest of RTO Will, IL $80,000 30 40 $2.40 $3.20
4 Western MAAC Northampton, PA $90,000 30 40 $2.70 $3.60
5 Dominion Fauquier, VA $118,000 30 40 $3.54 $4.72

2. Emissions Reductions Credits

As part of its NSR, a plant may be required to procure emissions reductions credits (ERCs) in
areas that are in Maintenance or Nonattainment of the EPA’s National Ambient Air Quality
Standards (NAAQS). ERCs represent permanent reductions in air quality pollutants that must be
purchased to offset the emissions of new major sources. A new plant must obtain ERCs from
nearby existing facilities that have created ERCs by permanently reducing their emissions output
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through retirement or other means.** We estimate ERC costs for VOCs and NOx, which are
precursors to ozone and for which both the CC and CT plants will be considered major sources.

To estimate the number of ERCs needed, we started with two recently permitted plants, the
Bayonne Energy Center gas CT and the York Energy Center gas CC facilities. Both air permits
specify a potential to emit (PTE), or the maximum potential emissions limit for the year.> We
then developed an estimate of PTE for each reference plant by scaling based on each plant’s
heatrate, emissions rate, and total MW rating as summarized in Table 26.

Table 26
Total Potential to Emit

Emission Rates Potential to Emit
Capacity ~ Heat Rate NOx VOC NOx VvOoC
(MW) (btu/kWh) (ppm)  (ppm) (tpy) (tpy)

Recently Permitted Plants
Bayonne (CT) 512 9,519 25 25 109.5 36.8
York Energy Center (CC) 1,100 7,727 2.0 2.0 460.2 46.2

Reference Technology

Gas CT No SCR 392 10,036 9.0 7.0 318.2 83.2
Gas CT w/ SCR 390 10,094 20 5.0 70.8 59.5
Gas CC 656 6,722 20 5.0 238.8 59.9

Sources and Notes:

See Bayonne Permits Obtained (2011), pg. 151 for capacity, pg. 158 for emission rates, and pg. 76 for PTE
See York Energy Center Permits Obtained (2005) for capacity, emissions rates, and potential to emit

See Ventyx (2011) for heat rate information

See CH2M HILL Engineers, Inc. (2011) for reference technology specifications.

We used locational cost estimates for ERCs provided by CH2M HILL to determine the total
compliance costs as shown in Table 27 and Table 28. In each case the total ERCs that must be
procured is also multiplied by a location-specific offset ratio, reflecting the requirement to
procure offsets in excess of PTE at a rate that depends on the severity of ozone Nonattainment as

reported previously in Table 12. Because Dominion is in Attainment, we do not estimate ERC
costs for that location.

% See EPA (2011e)
See Bayonne Permits Obtained (2011) and York Energy Center Permits Obtained (2005).
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Table 27
Gas CT Emission Reduction Credits

CONEArea Emissions Offsets Emission Offset Cost and Ratio ERC Costs
NOx VvVOC NOx VvVOC NOx VvVOC NOx VOC  Total
(tpy)  (tpy) ($/tpy) ($/tpy) (ratio) (ratio) ($m)  ($m)  ($m)
1 Eastern MAAC 71 59 $4,000  $4,000 1.30 1.30 $0.37 $0.31  $0.68
2 Southwest MAAC 71 59 $3,000 $5,000 1.30 1.30 $0.28 $0.39  $0.66
3 Rest of RTO 71 59 $5,000 $4,000 1.15 1.15 $0.41 $0.27  $0.68
4 Western MAAC 71 59 $4,000 $4,000 1.15 1.15 $0.33 $0.27  $0.60
5 Dominion -- - -- - -- - -- -- --
Sources and Notes:
Emissions offsets from Table 25.
Emission offset costs from CH2M HILL Engineers, Inc. (2011).
Emission offset ratios from Evolution Markets (2011).
Table 28
Gas CC Emission Reduction Credits
CONEArea Emissions Offsets Emission Offset Cost ERC Costs
NOx VOC NOx VvVOC NOx VvVOC NOx VOC  Total
(tpy)  (tpy) ($/tpy) ($/tpy) (ratio) (ratio) (%) (%) (%)
1 Eastern MAAC 239 60 $4,000 $4,000 1.30 1.30 $1.24  $031  $155
2 Southwest MAAC 239 60 $3,000 $5,000 1.30 1.30 $0.93 $0.39  $1.32
3 Rest of RTO 239 60 $5,000 $4,000 1.15 115 $1.37 $0.28  $1.65
4 Western MAAC 239 60 $4,000  $4,000 1.15 115 $1.10 $0.28  $1.37

5 Dominion -- - - - - -

Sources and Notes:
Emissions offsets from Table 25.
Emission offset costs from CH2M HILL Engineers, Inc. (2011).
Emission offset ratios from Evolution Markets (2011).

3. Gas Interconnection

To estimate gas interconnection costs, we used historical gas lateral interconnection costs filed
with the Federal Energy Regulatory Commission (“FERC”). Each gas plant must build a lateral
pipeline from a major natural gas pipeline in order to operate. Total pipeline costs depend on
several factors, including pipeline width, pipeline length, terrain, right-of-way costs, and whether
a project has a metering station, which measures quality and amount of natural gas being
transferred in a pipeline. Table 29 shows historical pipeline costs for several projects with

publicly-reported costs.
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Table 29
Historical Gas Lateral Project Costs Filed with FERC

Expansion State Pipeline Pipeline Pipeline Cost Meter Station Cost
Width  Length Station
(inches)  (miles) ($m/mile) (YIN) (m$)
Delta Lateral Project [1] DE 16 342 $2.77 Y $3.33
MarkWest [2] NM 16 3.16 $1.10 N n/a
Texas Eastern Transmission [3] LA 20 3.79 $3.76 Y $3.16
Gulfstream [4] FL 20 17.74 $3.44 Y $3.72
Bayonne Delivery Lateral Project [5] NJ 20 6.24 $2.21 Y $3.86
Columbia Gas [6] NJ 24 23.80 $1.63 Y $3.09
Duke Energy Indiana [71 IN 20 19.50 $1.92 Y $3.75
Awerage $2.40 $3.48

Sources and Notes:
[1] Delta Lateral Project (2009).
[2] MarkWest (2007).
[3] Texas Eastern Transmission Co. (2007).
[4] Gulfstream (2006).
[5] Bayonne Delivery Lateral Project (2009).
[6] Columbia Gas (2001).
[7] Duke Energy Indiana, Inc. (2010).

Pipeline lengths range from 3 to 23 miles. For the gas CT and CC plants in our study, we
selected siting locations in the same county as a major gas pipeline, with a reasonable availability
of vacant industrial land. For this reason, we assume that each plant will interconnect with a
pipeline with a 5-mile gas lateral, a reasonable assumption based on historical pipeline lengths.
In addition, each plant will be equipped with a metering station.” Total gas interconnection
costs vary widely from location to location, but we estimate a cost consistent with the average
observed. We estimate the total gas interconnection cost for each CONE area is $16 million
based on $2.5 million per mile for 5 miles plus $3.5 million for the metering station.

4. Electric Interconnection

We estimated electric interconnection costs based on historical electric interconnection cost data
provided by PIJM.? Electric interconnection costs consist of two categories of costs: direct
connection costs and network upgrade costs. Direct connection costs will be incurred by any
new project connecting to the network. Network upgrade costs do not always occur, but are
incurred when improvements, such as replacing the transformer, are required.

To determine the most appropriate basis for determining expected interconnection costs, we
reviewed interconnection costs for plants recently built and summarized them by voltage, plant
size, and location. The total range of interconnection costs is quite large, depending on both
voltage and plant size. Interconnections below 138kV vary substantially as a function of voltage
and can be quite low, while interconnection costs above that threshold did not appear to vary
substantially by voltage. For projects above 138kV, plant size is another factor affecting

% Note that while meter stations are not included in all projects in Table 29, this means only that the meter

station cost was not included as part of the public filing, not that the project was without a meter station.
2T PJM Interconnection, L.L.C. (2011a).
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interconnection costs, as summarized in Table 31. We did not observe any systematically
different costs by location. The wide range of costs, particularly network upgrade costs, over a
relatively small number of observations for large plants, means that the upgrade costs for any
individual project may vary substantially. To estimate costs for our reference plants, we
examined the costs for similarly-sized plants.

For the CT, we reviewed interconnection costs for 300-500 MW plants. The average direct
interconnect cost was $3.1 million and the average network upgrade cost was $7.7 million, for a
total of $10.8 million. For the CC, we considered 500-750 MW plants The average direct
interconnect cost is $7.7 million and the average network upgrade cost is $7.9 million. Based on
these numbers, we estimate the total interconnection costs at approximately $11.0 million for the
CT and $15.5 million for the CC.

Table 30
Historical Electric Interconnection Costs in PJM
Direct Interconnection Costs Network Upgrade Costs Total Costs

PlantSize Observations Aw. Median Aw. Median Aw. Median

(count) ($m) ($m) ($m) ($m) ($m) ($m)
100-300 MW 5 $1.1 $0.2 $4.4 $0.1 $5.5 $0.3
300-500 MW 4 $3.1 $3.2 $7.7 $6.7 $10.8 $9.8
500-750 MW 9 $7.7 $4.0 $7.9 $2.5 $15.6 $6.5

Sources and Notes:
Source is PIM (2011a).
Excludes plants that are interconnected at 138kV or lower.

5. Net Start-Up Fuel Costs during Testing

Before commencing full commercial operations, new generation plants must undergo testing to
ensure the plant is functioning and producing power correctly. This occurs in the months before
the online date and involves testing the turbine generators on natural gas, as well as fuel oil if it
has dual-fuel capability. We received fuel consumption and energy production data from CH2M
HILL for each plant type based on data from recently built projects.?® During testing, a plant
will pay for the natural gas and fuel oil consumption, and will receive revenues for its energy
production.

We estimated the cost of natural gas using Henry Hub futures through 2015 and adding a basis
differential to each delivery point. We used the Chicago Citygate basis differential for the Rest
of RTO CONE Area, and our estimate of the Transco Zone 6 Non-New York (Z6 NNY) basis
for all other CONE areas.”® We averaged the delivered price over the months of testing to obtain

28
29

Reported in Appendices A.1 and B.1 for the simple cycle and combined cycle plants respectively.

Because Z6 NNY basis future is an illiquid product there are no futures data available there. Instead we
used the Zone 6 New York (Z6 NY) basis after adjusting for the historical relationship between the two.
Historically, the Z6 NNY and Z6 NY prices are nearly identical except for three winter months when the
Z6 NY prices spikes much higher than (but with a strong correlation to) the Z6 NNY price. Because
neither the Z6 NY and Chicago Citygate basis futures are available as far forward as 2015, we increased
the monthly-varying basis futures at the rate of inflation for subsequent years. Henry hub futures and basis
differentials were downloaded from Bloomberg (2011).
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a natural gas price estimate. We estimated the cost of fuel oil using distillate futures through
2012, extended to 2015 using historical relationship between crude oil and distillate prices.*

We estimated the future energy price based on PJM Eastern Hub for Eastern MAAC, Northern
[llinois Hub for the Rest of RTO, and PJM Western Hub for all other CONE Areas.®* We
calculated a 2012 market heat rate based on electricity and gas futures in each location, and
assuming this market heat rate would remain constant to 2015. We averaged the resulting
estimates for locational day-ahead on-peak and off-peak energy prices to estimate the average
revenues that would be received during testing. Table 31 summarizes these gas, oil, and energy
price estimates as well as our total resulting net startup cost estimates. Net costs are highest in
the Rest of RTO Area where energy prices are lowest, and are lower for CC plants, which have a
lower heatrate and whose costs will be lower relative to their revenues. In Eastern MAAC our
net startup fuel cost is actually negative due to our higher energy price estimate in that location.

Table 31
Startup Production and Fuel Consumption During Testing
Energy Production Fuel Consumption
Energy  Energy Energy Natural Natural NG Fuel Oil Fuel Oil Fuel Oil Total
Produced Price  Sales Gas Gas Price  Cost Price Cost Cost
(MWh)  ($/MWh)  ($m) (MMBtu) ($/MMBtu) ($m)  (MMBtu) (MMBtu) ($m) ($m)
Gas CT
1 Eastern MAAC 215,000 62.7 135 2,000,000 7.02 14.0 75,060 219 16 221
2 Southwest MAAC 215,000 54.8 118 2,000,000 7.02 14.0 75,060 219 16 3.90
3 Rest of RTO 215,000 41.6 8.9 2,000,000 5.67 113 75,060 219 16 4.05
4 Western MAAC 215,000 54.8 118 2,000,000 7.02 14.0 75,060 219 16 3.90
5 Dominion 215,000 54.8 118 2,000,000 7.02 14.0 75,060 219 1.6 3.90
Gas CC
1 Eastern MAAC 546,788 62.7 34.3 4,138,657 7.24 30.0 75,060 221 17 -2.65
2 Southwest MAAC 546,788 54.8 30.0 4,138,657 7.24 30.0 75,060 221 17 1.66
3Rest of RTO 546,788 41.6 22.8 4,138,657 571 23.7 75,060 22.1 17 2.56
4 Western MAAC 546,788 54.8 30.0 4,138,657 7.24 30.0 75,060 221 17 1.66
5 Dominion 546,788 54.8 30.0 4,138,657 7.24 30.0 75,060 221 17 1.66

Sources and Notes:
Energy production and fuel consumption from CH2M HILL Engineers, Inc. (2011).
Energy and fuel prices from Bloomberg (2011).

6. O&M Mobilization and Startup

Concurrent with their estimates of O&M and service agreement costs presented in Sections
30V.CV.EV.E and X, Wood Group has provided estimates of pre-operation mobilization costs.
These costs summarized in Table 32 would be incurred during construction in the last year prior
to the commercial online date. Additional supporting details for these estimates are included in
Appendix C.

30
31

Number 2. distillate and WTI Cushing crude oil futures from Bloomberg (2011).
Mapping is based on the portion of price nodes in each zone that are combined for the aggregate hub node
price.
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Table 32
Pre-Operation Mobilization Costs

CONEArea Gas CT Gas CC
($m) ($m)
1 Eastern MAAC $1.2 $2.9
2 Southwest MAAC $1.1 $2.7
3 Restof RTO $1.1 $2.8
4 Western MAAC $1.1 $2.6
5 Dominion $1.0 $2.6

Sources and Notes:
For additional details see Wood Group report
in Appendix C.

7. Project Development, Financing Fees, and Owner’s Contingency

For several categories of owner’s costs, there are no readily available public sources
documenting them. We estimated these costs based on industry experience and discussions with
a number of project developers and plant operators.

Project development costs are the owner’s costs for all development activities from the initial
feasibility studies through project startup, exclusive of plant proper and other owner’s costs that
we estimated separately. These costs include market studies, interconnection studies, staff time
for project development, permitting fees, legal fees, water and sewer interconnection, and
technical professionals hired throughout development and construction. Owner’s costs also
include financing fees to pay lenders for securing the project debt, financial advisor fees, and
legal fees for contract support, including gas procurement contracts, construction contracts, lease
agreements, and O&M contracts. We estimate these fees at $6 million for the simple-cycle and
$8 million for the combined-cycle plants. We estimate financing fees at 200 basis points applied
to the 50% portion of the project financed with debt as discussed in detail in Section VI.

Owner’s contingency reflects the expected value of unforeseen cost categories that may fall
outside of the original scope of the project, additional materials needed, unforeseen costs
incurred for permits or land, or price increases on materials not anticipated by the owner. Our
estimates are consistent with our assumed arrangement in which the EPC contractor will take on
all contingency risk associated with cost items in their scope, but will not take on any risks
associated with change orders. Further, we considered the actual expected realized contingency
costs, and excluded any reserve funds that may often be set aside in case of contingency but that
would not be expected to be spent on average. Finally, we excluded contingencies associated
with gas and electric interconnections since our estimates in those categories already reflect an
expected value based on the average of actual projects. The owner’s contingency estimate is 3%
of total project oversight costs before considering contingency or interest during construction
(*IDC”).
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V. FIXED AND VARIABLE OPERATION AND MAINTENANCE COSTS

Once the plant enters commercial operation, the plant owners incur fixed costs each year,
including property taxes, plant insurance, facility fees for operating labor and minor
maintenance, and asset management costs. We subcontracted with the O&M services provider
Wood Group Power Operations, Inc. to estimate facility operation and maintenance fees as part
of our Gross CONE calculation. Wood Group also provided estimate for variable O&M costs
and major maintenance and long-term service agreement (“LTSA”) costs for use in PJIM’s
dispatch modeling of E&AS offsets.

A. PROPERTY TAX

We calculated property tax rates for each location using state and county property records to
calculate the implied tax rate based on 2010 taxes paid by the current plant owners in each
CONE Area. For each location, we determined the relevant tax rates, which in many cases apply
only to the assessed value of land, but in other cases also apply to the value of the plant. Table
33 contains a summary of the plant tax rates and total annual taxes in each county where we
estimated the first year of operation (increasing each year by the 2.5% inflation rate that we
estimated in Section VI.A).

For Eastern MAAC we considered property tax rates paid by 3 different power plant owners in
Middlesex, NJ.** Each owner paid 4.25% property taxes on the land only and had no additional
taxes for the plant on the land. In Southwest MAAC, power plant owners paid 1.14% tax on
land and $831/MW tax on the power plant.* In the Rest of RTO CONE Area represented by
Will County, IL, property taxes are 1.72% of land market value® (5.15% tax rate on one-third
land market value).*> In Western MAAC, the power plant owner paid taxes at a rate of 3.02% on
the value of the land plus $135/MW on the power plant.®* In Dominion, we found property taxes
did not need to be paid by power plants in Fauquier County, and the Commissioner of the
Revenue Office confirmed that power plants are exempt from property tax.

%2 Used property tax information from AES Red Oak, LLC., North Jersey Energy Associates, and Reliant

Energy NJ Holdings. See New Jersey Assessment Records (2011).

Used property tax information from Mirant Mid-Atlantic LLC. See Maryland Assessment Records (2011).
Illinois Department of Revenue (2011), p. 11.

Used property tax information from Midwest Generation LLC. See Illinois Assessment Records (2011).
Used property tax information from Conectiv Bethlehem LLC. See Pennsylvania Assessment Records
(2011).

33
34
35
36
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Table 33
Property Taxes for Gas CT and CC Plants

Property Tax Rate Property Tax
CONEArea County Land Plant Gas CT Gas CC

(%)  ($/MW-yr) ($/yr) ($/yr)
1 Eastern MAAC Middlesex, NJ 4.25% $0 $164,475 $219,300
2 Southwest MAAC Charles County, MD  1.14% $831 $390,060 $637,251
3 Rest of RTO Will, IL 1.72% $0 $41,163 $54,884
4 Western MAAC Northampton, PA 3.02% $135 $138,240 $203,355
5 Dominion Fauquier, VA 0.00% $0 $0 $0

Sources and Notes:
New Jersey Assessment Records (2011).
Maryland Assessment Records (2011).
Illinois Assessment Records (2011).
Pennsylvania Assessment Records (2011).
Virginia Assessment Records (2011).

B. INSURANCE

We estimated insurance costs by contacting insurance companies with experience insuring gas
CT and CC plants. Insurance coverage includes general liability, property, boiler and machinery,
and business interruption. We estimated the annual premiums for the CT and CC plants at $1.75
million and $3.75 million respectively for the first online year, increasing at the 2.5% inflation
rate that we estimated in Section VI.A.

C. ANNUAL FIXED FEES FOR PLANT OPERATION AND MAINTENANCE

We subcontracted with Wood Group to estimate annual fixed O&M costs. Table 34 and Table
35 show the first year annual fixed O&M expenses for the CT and CC reference plant in each
location, with costs increasing with inflation over time. The largest component of the fixed
operating expenses is the staff labor costs, accounting for approximately half of the total fixed
O&M costs depending on plant type and location. The remaining annual O&M services costs
are comprised of consumables, office administration, maintenance and minor repairs, and
corporate and administrative charges. Additional supporting details for the Wood Group
estimates are contained in Appendix C.
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Table 34

Gas CT First Year Annual Fixed O&M Expenses

CONEArea
1 2 3 4 5
EMAAC SWMAAC RTO WMAAC DOM

($m) ($m) ($m) ($m) ($m)
Facility Staff Labor Costs $1.47 $1.30 $1.38 $1.26 $1.25
Consumables $0.16 $0.16 $0.16 $0.16 $0.16
Office Administration $0.16 $0.16 $0.16 $0.16 $0.16
Maintenance & Minor Repairs $0.51 $0.51 $0.51 $0.51 $0.51
Corporate & Administrative Charges ~ $0.41 $0.41 $0.41 $0.41 $0.41
Total $2.72 $2.54 $2.62 $2.50 $2.50
Sources and Notes:

For additional details see Wood Group report in Appendix C.
Table 35
Gas CC First Year Annual Fixed O&M Expenses
CONE Area
1 2 3 4 5
EMAAC SWMAAC RTO WMAAC DOM

($m) ($m) ($m) ($m) ($m)
Facility Staff Labor Costs $3.88 $3.45 $3.63 $3.34 $3.31
Consumables $0.30 $0.30 $0.30 $0.30 $0.30
Office Administration $0.21 $0.21 $0.21 $0.21 $0.21
Maintenance & Minor Repairs $0.92 $0.92 $0.92 $0.92 $0.92
Corporate & Administrative Charges ~ $0.43 $0.43 $0.43 $0.43 $0.43
Total $5.74 $5.31 $5.49 $5.20 $5.17

Sources and Notes:

For additional details see Wood Group report in Appendix C.

D. ASSET MANAGEMENT COSTS

Asset management costs are costs associated with ongoing compliance, permitting, legal,
contract management, fuel management, accounting, energy sales management, 1SO interface,
and administrative overhead. We estimated asset management costs at $1.5 million annually for

both the CT and CC plants based on estimates provided to us by several asset owners.

E. VARIABLE OPERATION AND MAINTENANCE COSTS

Variable operation and maintenance (“VOM?”) costs are not part of gross CONE but are needed
for estimating administrative E&AS offsets. Wood Group has estimated two components of
these VOM costs consistent with their other O&M estimates: (1) the relatively small variable
component of the facilities O&M costs, primarily consisting of consumables, and (2) the larger
costs associated with major maintenance overhauls though an LTSA. Table 36 contains a

summary of these variable costs by CONE Area.
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As explained in more detail in Appendix C, the LTSA contract structures vary, but we asked
Wood Group to assume a contract structure that would be appropriate to use over a range of
operating profiles. The timing of LTSA payments (and major maintenance events) depends on
plant operations as measured typically through factored fired starts (“FFS”) or factored fired
hours (“FFH™).3"  For simple-cycle plants, LTSA costs are typically determined on a starts basis
as a function of FFS. For combined-cycle plants, LTSA costs may be either starts-based or
hours-based depending on how much the plant is cycling. Based on guidance from Wood Group
about one type of typical contract structure, we assume that if the plant cycles frequently with the
FFH:FFS ratio < 27, then all LTSA costs would be assessed on an starts basis. If the plant cycle
less frequently with long duty cycles and an FFH:FFS ratio > 27 then the LTSA would be hours-
based.

Table 36
Variable O&M and LTSA Costs
CONEArea Gas CT Gas CC
VOM LTSA VOM LTSA LTSA
($/MWh) ($/FFS) ($/MWh) ($/FFS) ($/FFH)
1 Eastern MAAC $0.91  $19,846 $0.85 $10,370 $311
2 Southwest MAAC $0.91  $17,501 $0.85 $9,144 $274
3 Restof RTO $0.91 $18,565 $0.85 $9,700 $291
4 Western MAAC $0.91 $16,968 $0.85 $8,866 $266
5 Dominion $0.87 $16,887 $0.85 $8,823 $265

Sources and Notes:
For additional details see Wood Group report in Appendix C.
All LTSA costs would be hours-based if FFH:FFS > 30, or all starts-based otherwise.

VI. FINANCIAL ASSUMPTIONS
A. INFLATION

Inflation rates affect our net CONE estimates by forming the basis for projected increases in
several FOM costs over time. We also use the inflation rate as cost escalation rate in our level-
real CONE estimate as discussed in Section VII.C. We estimated future inflation rates based on
bond market data and consensus U.S. economic projections. Table 37 shows that the implied
inflation rate from Treasuries is 2.3% over 5 years, 2.6% over 10 years, and 2.8% over 20 years
as of late April 2011. Figure 3 shows the historical nominal and inflation protected yields, as
well as the implied inflation since 2008. Since 2011, implied inflation averaged approximately
2.5%.

These implied rates are consistent with consensus projections. The monthly Blue Chip
Economic Indicators report compiles analyst forecasts from various financial institutions and has

¥ FFS and FFH account for the number of starts or the number of fire-hours experienced, but also consider

other factors that will contribute to requiring maintenance to be scheduled earlier. Two examples of these
factors include whether the starts were on gas or oil and whether the unit has tripped, although a full
account of these factors can be obtained from the turbine manufacturer, see Appendix C.
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consensus forecasts for various economic variables. The consensus ten-year average consumer
price index (“CP1”) forecast through 2022 is 2.4%.%® Based on these two sources, we chose an
estimated average long-term inflation rate of 2.5%.

Table 37
Implied Inflation from Treasury Yields

5-year 10-year 20-year
(%) (%) (%)

Nominal Yield 2.2% 3.5% 4.3%
Inflation Protected Yield -0.1% 0.9% 1.5%
Implied Inflation 2.3% 2.6% 2.8%

Sources and Notes:
Yields as of April 25, 2011.
Bloomberg (2011).

Figure 3
Implied Inflation Since 2008
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% Blue Chip Economic Indicators (2011), p. 15.
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B. INCOME TAX AND DEPRECIATION SCHEDULE

All corporations with an income above $18.3 million have a marginal federal tax rate of 35%.*
We estimate that the gas CT or CC plant will need to earn at least approximately twice that
amount in net annual income to be economically viable as determined in Section VII.C, placing

it in the highest corporate tax bracket. In addition, the plants will be subject to a state-specific
income tax rate as summarized in Table 38.

Table 38
State Corporate Income Tax Rates

CONEArea State Tax Rate
(%)

1 Eastern MAAC New Jersey 9%

2 Southwest MAAC Maryland 8.25%

3 Restof RTO Illinois 9.5%

4 Western MAAC Pennsylvania  9.99%

5 Dominion Virginia 6%

Sources and Notes:
Tax Foundation (2011)
NJ corporate tax rate is for income greater than

$100,000. All other states are for income greater than
$0.

The Federal tax code allows generating companies to use a Modified Accelerated Cost Recovery
System (“MACRS”) of 15 years for a Gas CT plant and 20 years for a Gas CC plant.”> Table 39
shows this depreciation schedule as a function of the operating year.

39

IRS (2010a).
Asset classes 49.13 and 49.15, see IRS (2010b).
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Table 39
MACRS Depreciation Schedule

Year Gas CT Gas CC
(%) (%)
1 8.75% 6.56%
2 9.13% 7.00%
3 8.21% 6.48%
4 7.39% 6.00%
5 6.65% 5.55%
6 5.99% 5.13%
7 5.90% 4.75%
8 5.91% 4.46%
9 5.90% 4.46%
10 5.91% 4.46%
11 5.90% 4.46%
12 5.91% 4.46%
13 5.90% 4.46%
14 5.91% 4.46%
15 5.90% 4.46%
16 0.74% 4.46%
17 4.46%
18 4.46%
19 4.46%
20 4.46%
21 0.57%
Sum 100.0% 100.0%

Sources and Notes:
IRS (2010b), Table A-2.

C. CosT OF CAPITAL

The financing assumptions and cost of capital we used in developing CONE are consistent with a
merchant generation project that is balance-sheet financed by a larger corporate entity. To
inform our cost of capital estimate, we calculated the after-tax weighted-average cost of capital
(“ATWACC”) for a portfolio of publicly-traded merchant generation companies. We also
considered ATWAAC estimates from equity analysts and fairness opinions rendered in recent
merger and acquisition transactions as summarized in Section VI.C.2. After considering each of
these pieces of information, we developed a recommended estimate of the ATWACC as reported
in Section VI.C.2.

1. Estimated Cost of Capital for a Portfolio of Merchant Generation Companies

In calculating a cost of capital estimate, we examined a value-weighted portfolio and the five
publicly-traded merchant generation companies: NRG, Calpine, Dynegy, GenOn Energy
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(formerly known as RRI Energy), and GenOn Energy Holdings (formerly known as Mirant).**
Table 40 shows the market capitalization of these companies. For each of these companies, we
estimated the return on equity, cost of debt, debt-to-equity ratio, and ATWAAC.

Table 40
Market Capitalization of Merchant Generation Companies
Market
Capitalization

($m)
NRG Energy, Inc. $5,163
GenOn Energy Inc (fka RRI Energy) $1,467
Calpine Corp. $6,861
GenOn Energy Holdings Inc (fka Mirant) $1,271
Dynegy, Inc. $696

Source: Bloomberg (2011).

a. Return on Equity

We estimate the return on equity (ROE), the return that stockholders require to invest in a
company, using the Capital Asset Pricing Model (“CAPM”) for each merchant generation
company as shown in Table 41. The ROE for each company is the risk free rate for U.S.
treasuries plus a risk premium, defined as a company’s beta multiplied by the market premium.*?

We calculate the risk free rate of 4.3% using a 15-day average of 20-year U.S. treasuries as of
April 2011.*® We estimate a market risk premium of 6.5% based on an average of long-term
equity risk premia of 6.7% and 6.3% from Ibbotson and Credit Suisse. ** The company beta
describes a company’s correlation with the market; we calculate each company’s beta using the
S&P 500 over the last five years.*

41

42
43
44
45

Mirant and RRI merged in December 2010 to form GenOn. Our analysis spans the time period before and
after the merger, prior to which RRI and Mirant are tracked as separate companies and after which our
reported results reflect the performance of the merged company. See GenOn (2010).

Brealey, et al. (2011), p. 193.

Treasury yields of 4/27/2011 from Bloomberg (2011).

Ibbotson (2011), Table A-1 and Dimson, et al. (2010), Table 10.

The security’s beta is measured as the covariance of the stock price and market index divided by the
variance of the market index. A beta of 1 implies that, on average, when the market moves 1%, the
company’s stock moves 1% as well. A company with a beta of 2 is more volatile because, on average, its
share price moves 2% with a 1% move in the market. We calculated betas for each company by averaging
5-year weekly betas starting Mondays, Wednesdays, and Fridays .
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Table 41
Merchant Generation Company Return on Equity

Merchant Generation Company Risk Free MarketRisk Beta Returnon
Rate Premium Equity
(%) (%) (%)
[1] [2] [3] [4]
NRG Energy, Inc. 4.3% 6.5% 1.10 11.4%
GenOn Energy Inc (fka RRI Energy) 4.3% 6.5% 1.73 15.6%
Calpine Corp. 4.3% 6.5% 1.29 12.7%
GenOn Energy Holdings Inc (fka Mirant) 4.3% 6.5% 1.08 11.3%
Dynegy, Inc. 4.3% 6.5% 1.55 14.4%
Value-weighted Portfolio Average 4.3% 6.5% 1.23 12.3%

Sources and Notes:
[1] 15-day average yield of 20-year U.S. Treasury Rate as of 4/25/2011 from Bloomberg (2011).
[2] Average of long-term equity risk premia of 6.7% and 6.3% from Ibbotson®® and Credit
Suisse,”’ respectively.
[3] Five year average of Monday, Wednesday, and Friday weekly betas from Bloomberg (2011).
RRI Energy and Mirant betas are as of 4/9/2010, one week before merger announcement.
Dynegy beta is as of 8/6/2010, one week before Blackstone's tender offer.

[4] [1]+[2]x[3].
b. Cost of Debt

We estimated the cost of debt by compiling the unsecured senior credit ratings for each of the
five merchant generation companies and examining bond yields associated with those credit
ratings. In Standard and Poor’s (“S&P”) credit ratings, a company receives a higher rating based
on its ability to meet its financial commitments, with “AAA” being the highest rating and “D”
being the lowest.*® Table 42 shows the S&P credit rating, 5-year average long-term debt, and the
corporate bond yield implied by the credit rating for each merchant generation company. The
credit rating for four of the companies is “B” while NRG has a rating of “BB,” implying that
these companies are more risky and vulnerable to adverse business, financial, and economic
conditions than are top-rated companies. We calculate the industry bond yield of 8.1% by
weighting each company’s bond yield by its 5-year average long-term debt.

" |bbotson (2011), Table A-1.
" Dimson, et al. (2010), Table 10.
8 Standard & Poor’s (2011)
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Table 42
Standard & Poor’s Credit Ratings for Merchant Generation Companies

Merchant Generation Company S&P Credit 5-Year Awrage Corporate
Rating Long-Term Debt Bond Yield
($m) (%)
[1] [2] (3]
NRG Energy, Inc. BB $8,847 7.0%
GenOn Energy Inc (fka RRI Energy) B $2,683 8.5%
Calpine Corp. B $10,062 8.5%
GenOn Energy Holdings Inc (fka Mirant) B $2,848 8.5%
Dynegy, Inc. B $5,149 8.5%
Value-weighted Portfolio Average 8.1%

Sources and Notes:
[11-[3] Credit ratings, average long-term debt, and corporate bond yield as of 4/25/2011
from Bloomberg (2011).

c. Debt-to-Equity Ratio

Table 43 shows the 5-year average debt-to-equity ratio for each merchant generation company
that we examine, as reported in each company’s annual 10-K report.

Table 43
5-Year Average Debt-to-Equity Ratios
Debt/Equity

Ratio

NRG Energy Inc 59/41
GenOn Energy Inc (fka RRI Energy) 41/59
Calpine Corp 67/33
GenOn Energy Holdings Inc (fka Mirant) 38/62
Dynegy Inc 66/34
Value-weighted Portfolio Average 56/44

Sources and Notes:
5-year average debt-to-equity ratio from annual 10-K reports, and
downloaded from Bloomberg (2011).

d. Estimated After-Tax Weighted-Average Cost of Capital

We estimate the ATWAAC using ROE and cost of debt estimated for each company in Sections
VI.C.1.a-b, as well as the debt-to-equity ratio and corporate tax rate reported by each company.
The cost of capital is the weighted average of the cost of equity and the cost of debt.** To
calculate ATWACC, interest is a tax deductible expense for corporations so the after-tax cost is
discounted by (1- tax rate). Table 44 shows a summary of these results for each of the merchant
generating companies we examined along with the value-weighted average across the portfolio.
Table 44 also shows the average and median of ATWAAC values.

“ Brealey, et al. (2011), p. 216.
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Table 44
Cost of Capital Summary for Merchant Generation Companies

Company S&P Credit  Equity Cost of Debt-to- Costof Debt Corporate ATWACC
Rating Beta Equity  Equity Ratio Income Tax
Rate
(%) (%) (%) (%)
[1] (2] (3] [4] [5] [6] [71
NRG Energy, Inc. BB 1.10 11.4% 59/41 7.0% 40.0% 7.2%
GenOn Energy Inc (fka RRI Energy) B 1.73 15.6% 41/59 8.5% 40.0% 11.2%
Calpine Corp. B 1.29 12.7% 67/33 8.5% 40.0% 7.6%
GenOn Energy Holdings Inc (fka Mirant) B 1.08 11.3% 38/62 8.5% 40.0% 8.9%
Dynegy, Inc. B 1.55 14.4% 66/34 8.5% 40.0% 8.3%
Average 8.6%
Median 8.3%
Value-weighted Portfolio Average 1.23 12.3% 8.0% 40.0% 8.1%

Sources and Notes:

Bloomberg (2011).

[1] S&P unsecured senior credit ratings as of April 2011 from Bloomberg (2011).

[2] Five-year average of Monday, Wednesday, and Friday weekly betas from Bloomberg (2011).
RRI Energy and Mirant betas are as of 4/9/2010, one week before merger announcement.
Dynegy beta is as of 8/6/2010, one week before Blackstone's tender offer.

[3] From Table 41.

[4] 5-year average debt-to-equity ratio from annual 10-K reports, and downloaded from Bloomberg (2011).

[5] Table 24.

[6] KPMG (2010), p. 26.

[6] [3]x[4]+ [5] x [4] x (1 - [6]), Brealey, et al. (2011), p. 216.

2. Cost-of-Capital Estimates from Industry Analysts and Fairness Opinions

We compared our estimates of ATWACC to industry analysts and fairness opinions for the
companies in our portfolio, as well as other merchant generation segments of publically-traded
companies. Analyst estimates range from 7.1% to 12% ATWACC, with most estimates within
8.0% to 9.0%. These numbers are in line with our value-weighted portfolio average of 8.1%.
Table 45 shows the industry analysts and fairness opinions by company.
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Table 45
ATWACC Estimates from Industry Analysts/Fairness Opinions

ATWACC Estimates

[1]
NRG Energy Inc [1] 7.1%
GenOn Energy Inc (fka RRI Energy) [2] 8.5% - 9.5%
Calpine Corp [3] 7.5%
GenOn Energy Holdings Inc (fka Mirant) [4] 8.5% - 9.5%
Dynegy Inc [5] 8.0% - 12.0%
FirstEnergy Merchant Generation [6] 8.0% - 9.0%
Allegheny Merchant Generation [71 8.0% - 8.5%
Duke's Merchant Generation [8] 8.2% - 9.2%

Sources and Notes:
[1] Cohen, Jonathan, and Greg Gordon (2010a), p. 7.
[2] Mirant Corp. And RRI Energy (2010), p. 42.
[3] Cohen, Jonathan, and Greg Gordon (2010b), p. 7.
[4] Mirant Corp. And RRI Energy (2010), p. 48.
[5] Dynegy Inc. (2010), p. 48.
[6] FirstEnergy Corp. and Allegheny Energy (2010), p. 85.
[7] FirstEnergy Corp. and Allegheny Energy (2010), p. 84.
[8] Duke Energy Corporation (2011), p. 102.

3. After-Tax Weighted-Average Cost of Capital Estimate

We considered both the value-weighted portfolio and recent ATWACC estimates in order to
calculate ATWACC for the CONE study. We chose a ATWAAC of 8.5%, 40 basis points
higher than the value-weighted portfolio average that reflects a 50/50 debt-to-equity ratio, a
12.5% return on equity, and a 7.5% return on debt. The ATWAAC of our recommendation has a
slightly higher expected rate of return when compared to the value-weighted portfolio average,
which reflects the business risk of the entire portfolio of contracts and the entire generation fleet
of different technologies, fuel types, and locations. Table 46 shows a summary of the merchant
generation companies, as well as our recommendation for ATWACC of 8.5%, which is
consistent with the median of the ATWACC estimates (including the midpoints of the Analysts’
ranges) reported in the bottom half of Table 46.
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Table 46
Summary of Recommended Financial Parameters

Brattle Estimates

Merchant Generation Compan _to-
pany S&P Costof Cost of Debt-to Analyst

Credit . Equity ATWACC ATWACC
Rating Equity Debt Ratio Estimates
(%) (%) (%) (%)
[1] 2 ) I [5] [6]
Comparable Merchant Power Generation Companies
NRG Energy Inc BB 11.4% 7.0% 59/41 7.2% 7.1%
Genon Energy Inc (fka RRI Energy) B 15.6% 8.5% 41/59 11.2% 8.5% - 9.5%
Calpine Corp B 12.7% 8.5% 67/33 7.6% 7.5%
Genon Energy Holdings Inc (fka Mirant) B 11.3% 8.5% 38/62 8.9% 8.5% - 9.5%
Dynegy Inc B 14.4% 8.5% 66/34 8.3% 8.0% - 12.0%
Merchant Generation Segments of Publicly Traded Companies
FirstEnergy Merchant Generation 8.0% - 9.0%
Allegheny Merchant Generation 8.0% - 8.5%
Duke's Merchant Generation 8.2% - 9.2%
Average 8.6%
Median 8.3%
Value-weighted Portfolio Average 12.3% 8.0%  56.2% 8.1%
Brattle Recommended Financial Parameters 125% 7.5% 50.0% 8.5%
Sources and Notes:
[1] Table 42
[2] Table 41
[3] Table 42
[4] Table 43
[5] Table 44
[6] Table 45

D. INTEREST DURING CONSTRUCTION

Because the construction of a CC or a CT power plant takes a few years, the interest on debt used
to fund the power plant construction is required by tax law to be capitalized (i.e., added to the
depreciable cost basis) prior to energy production, and amortized over time once production
starts. The IDC can be computed on the actual interest expenses traceable to the construction of
the power plant, or the interest on a theoretical amount of debt that would have been avoidable
but for the construction project. For modeling purposes, we assume that the power plant
construction would be funded at the same debt ratio (50%) and debt cost (7.5%) as in the
operation phase.
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VIl. SUMMARY OF CAPITAL, FIXED, AND LEVELIZED COSTS

In this Section, we summarize capital and fixed annual operating costs developed in Sections IV
and V, reporting the resulting total plant costs. Based on these costs and the financial
assumptions developed in Section VI, we report our resulting level-real and level-nominal
CONE estimates. We report these levelized CONE estimates for each CONE Area for the
selected reference technology as well as for select sensitivity cases regarding plant technology.

A. TOTAL CAPITAL COSTS

Table 47 and Table 48 contain a summary of the total plant capital costs estimated in Section IV
for the simple-cycle and combined-cycle reference plants respectively for a June 1, 2015 on-line
date. We report these numbers as overnight costs as well as total capital costs after accounting
for interest during construction (“IDC”).

Table 47
Simple-Cycle Capital Costs for 2015/16
CONEArea CONEArea
1 2 3 4 5 1 2 3 4 5

EMAAC SWMAAC RTO WMAAC DOM EMAAC SWMAAC RTO WMAAC DOM
($m) ($m) ($m) ($m) ($m) ($/kW) ($/kW)  ($/kW)  ($/kW)  ($/kW)

Plant Proper Costs

EPC Contract $130.6 $105.0 $113.6  $123.0  $104.0 $335.1 $269.5 $291.5 $3158  $265.3
Owner Furnished Equipment ~ $114.5 $114.5 $111.5 $114.5 $93.0 $293.9 $293.9  $286.2  $2939  $237.2
OFE and EPC Sales Tax $10.4 $8.9 $9.8 $8.9 $6.5 $26.6 $22.8 $25.2 $22.8 $16.5
Owner's Costs
Land $3.9 $3.6 $2.4 $2.7 $35 $9.9 $9.2 $6.2 $6.9 $9.0
Emissions Reduction Credits $0.7 $0.7 $0.7 $0.6 $0.0 $1.7 $1.7 $1.7 $15 $0.0
Gas Interconnection $16.0 $16.0 $16.0 $16.0 $16.0 $41.1 $41.1 $41.1 $41.1 $40.8
Electric Interconnection $11.0 $11.0 $11.0 $11.0 $11.0 $28.2 $28.2 $28.2 $28.2 $28.1
Net Start-up Fuel Costs $2.2 $3.9 $4.1 $3.9 $3.9 $5.7 $10.0 $104 $10.0 $10.0
Mobilization and Start-up $1.2 $1.1 $1.1 $1.1 $1.0 $3.0 $2.8 $2.9 $2.8 $2.5
Project Development $6.0 $6.0 $6.0 $6.0 $6.0 $15.4 $15.4 $15.4 $15.4 $15.3
Financing Fees $3.0 $2.7 $2.8 $2.9 $2.4 $7.6 $6.9 $7.1 $7.4 $6.2
Owner's Contingency $9.0 $3.2 $3.4 $8.7 $7.4 $23.0 $21.0 $21.5 $22.4 $18.9
Total Owernight Costs $308 $282 $287 $299 $255 $791 $723 $737 $768 $650
Interest During Construction $14.0 $12.7 $10.9 $135 $115 $36.0 $32.6 $27.8 $34.5 $29.4
Total Capital Costs $322 $294 $298 $313 $266 $827 $755 $765 $803 $679

Sources and Notes:
Plant proper costs estimated by CH2M HILL Engineers, Inc. (2011).
Owner’s costs estimated in Section IV.B
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Table 48
Combined-Cycle Capital Costs for 2015/16

CONE Area CONE Area
1 2 3 4 5 1 2 3 4 5
EMAAC SWMAAC RTO WMAAC DOM EMAAC SWMAAC RTO WMAAC DOM
($m) ($m) ($m) ($m) ($m) ($/kW) ($/kW) ($/kW)  ($/kW)  ($/kW)

Plant Proper Costs

EPC Contract $356.2 $274.6  $3349 $3334  $274.4 $543.3 $418.8 $510.8 $508.6 $418.5
Owner Furnished Equipment $176.0 $176.0 $1730 $1760 $176.0 $268.4 $268.4 $263.9 $268.4 $268.4
OFE and EPC Sales Tax $18.8 $16.1 $18.3 $16.1 $13.4 $28.7 $24.5 $27.8 $24.6 $20.4
Owner's Costs
Land $5.2 $4.8 $3.2 $3.6 $4.7 $7.9 $7.3 $4.9 $5.5 $7.2
Emissions Reduction Credits ~ $1.6 $1.3 $1.6 $1.4 $0.0 $2.4 $2.0 $2.5 $2.1 $0.0
Gas Interconnection $16.0 $160 $160 $16.0  $16.0 $24.4 $24.4 $24.4 $24.4 $24.4
Electric Interconnection $15.5 $155  $155  $1565  $155 $23.6 $23.6 $23.6 $23.6 $23.6
Net Start-up Fuel Costs -$2.7 $1.7 $2.6 $1.7 $1.7 -$4.0 $25 $3.9 $25 $2.5
Mobilization and Start-up $2.9 $2.7 $2.8 $2.6 $2.6 $4.4 $4.1 $4.2 $4.0 $4.0
Project Development $8.0 $8.0 $8.0 $8.0 $8.0 $12.2 $12.2 $12.2 $12.2 $12.2
Financing Fees $6.0 $5.2 $5.8 $5.7 $5.1 $9.1 $7.9 $8.8 $8.8 $7.8
Owner's Contingency $18.1 $15.7 $17.4 $17.4 $15.5 $27.6 $23.9 $26.6 $26.5 $23.7
Total Owernight Costs $621 $537  $599  $597  $533 $948 $820 $914 $911 $813
Interest During Construction $37.0 $31.9  $354  $352  $315 $56.4 $48.6 $53.9 $53.7 $48.0
Total Capital Costs $658 $569 $634 $633 $564 $1,004 $868 $968 $965 $861

Sources and Notes:
Plant proper costs estimated by CH2M HILL Engineers, Inc. (2011).
Owner’s costs estimated in Section IV.B

B. ToTAL FIXED O&M Co0STS

Table 47 and Table 48 contain a summary of the fixed ongoing annual plant costs estimated in
Section V for the simple-cycle and combined-cycle reference plants respectively. The costs
reported here are the first-year FOM costs for the first operating year starting in 2014/15. Each
of these costs increases with inflation over the economic life of the plant.

Table 49
Simple-cycle Fixed O&M Costs
CONEArea CONEArea
1 2 3 4 5 1 2 3 4 5

EMAAC SWMAAC RTO WMAAC DOM EMAAC SWMAAC RTO WMAAC DOM
($mly)  ($mly)  (Smly) (Smly) ($mly) ($/kW-y)  ($/kW-=y)  ($/kW-y) (S/kW-y) ($/kW-y)

Property Tax $0.2 $0.4 $0.0 $0.1 $0.0 $0.4 $0.9 $0.1 $0.3 $0.0
Insurance $1.8 $1.8 $1.8 $1.8 $1.8 $4.5 $4.5 $4.5 $4.5 $4.5
O&M Services $2.7 $2.5 $2.6 $2.5 $2.5 $7.0 $6.5 $6.7 $6.4 $6.4
Asset Management $15 $15 $15 $15 $15 $3.9 $3.9 $3.9 $3.9 $3.8
Total Fixed O&M Costs ~ $6.1 $6.2 $5.9 $5.9 $5.7 $15.7 $15.8 $15.2 $15.1 $14.7

Sources and Notes:
Property tax, insurance, and asset management costs estimated in Section V.
O&M services estimated by Wood Group (2011).
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Table 50
Combined-cycle Fixed O&M Costs

CONEArea CONEArea
1 2 3 4 5 1 2 3 4 5
EMAAC SWMAAC RTO WMAAC DOM EMAAC SWMAAC RTO WMAAC DOM
($mly) ($mfy) ($mly)  ($mly)  ($mly) (B/kW-y)  ($IKW=y)  ($/KW-y)  ($7kW-y)  ($/kW-y)

Property Tax $0.2 $0.6 $0.1 $0.2 $0.0 $0.3 $0.9 $0.1 $0.3 $0.0
Insurance $3.8 $3.8 $3.8 $3.8 $3.8 $5.7 $5.7 $5.7 $5.7 $5.7
O&M Services $5.4 $5.0 $5.2 $4.9 $4.9 $8.3 $7.7 $7.9 $7.5 $74
Asset Management $15 $15 $15 $15 $15 $2.3 $2.3 $2.3 $2.3 $2.3
Total Fixed O&M Costs  $10.9 $10.9 $105 $104 3101 $16.7 $16.6 $16.0 $15.8 $154

Sources and Notes:
Property tax, insurance, and asset management costs estimated in Section V.
O&M services estimated by Wood Group (2011).

C. LEVELIZED COST OF NEW ENTRY

As discussed in Section IV.A.3 of our concurrently prepared 2011 RPM performance review
(“2011 RPM Report”),> translating investment costs into annualized costs for the purpose of
setting annual capacity prices requires an assumption about how net revenues are received over
time to recover capital and annual fixed costs. Level-nominal cost recovery assumes that net
revenues will be constant in nominal terms (i.e., decreasing in real dollar, inflation-adjusted
terms) over the 20-year economic life of the plant. A level-real cost recovery path starts at a
lower level then increases at the rate of inflation (i.e., constant in real dollar terms). As we
explain in our 2011 RPM Report, we find that level real is more consistent with our expected
trajectory of operating margins from future capacity and net E&AS revenues.™

As discussed in the 2011 RPM Report, we recommend that PJM and its stakeholders transition
toward using a level-real CONE for MOPR purposes, and we conditionally recommend the same
for defining the VRR curve. We recommend maintaining level nominal for the VRR curve until
our recommendations to increase the VRR curve cap and calibrate the administrative E&AS
offset are adopted. Until then, using the higher level-nominal CONE will help mitigate some of
the RPM performance risks we identified.

Table 51 and Table 52 show summaries of our capital costs, annual fixed costs, and levelized
CONE estimates for the gas CT and CC reference plants for the 2015/16 delivery year. Our
levelization calculation, after accounting for financing costs, depreciation, and IDC, results in a
capital charge rate of 11.9% to 12.2% for the CC on a level-real basis (14.8% to 15.0% level
nominal) AND 12.9% to 13.1% for the CT on level-real basis (15.8% to 16.0% level nominal).>
For comparison, the tables also report the results of the CONE studies used as the basis for
PJM’s current parameters after escalating at inflation to a 2015/16 delivery year. We also report
the most recent 2014/15 PJM administrative CONE parameters, inflation-adjusted for the
2015/16 delivery year.

0 See Pfeifenberger and Newell, et al. (2011).

L Historically, the average CT cost inflation exceeded CPI by 60 basis points while heatrate improvements
saved approximately 50 basis points, for a net growth rate in net operating revenues approximately equal
to general inflation. Id.

52 The capital charge rate is defined as the levelized CONE (without FOM) divided by the overnight capital
costs.
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The Eastern Mid-Atlantic Area Council (“MAAC”) and Western MAAC regions have the
highest CONE estimates at $112/kW-year ($307/MW-day) and $109/kW-year ($298/MW-day)
respectively on a level real basis. The Southwest MAAC and Rest of RTO Areas are somewhat
lower, both at $103/kW-year ($283/MW-day), primarily because of non-union labor availability
in Southwest MAAC and avoidance of dual-fuel capability in the Rest of RTO region. The
lowest CONE estimate is in Dominion at $93/kW-year ($254/MW-day), which has relatively
lower costs because of non-union labor as well as the assumption that the plant can be operated
without an SCR.

For comparison, we also present estimates provided by Power Project Management (“PPM”) in
their 2008 CONE study. After escalating with inflation to 2015 dollars, the PPM level-nominal
estimates are $19-23/kW-year ($53-62/MW-day) higher than our estimates in the three CONE
Areas reported. The lower capital costs in our study are related primarily to reductions in
equipment, materials, and labor costs since 2008, as well as the substantially larger size of the
GE 7FA.05 turbine now available compared to the previous GE7FA.03 turbine model. Finally,
Table 51 also shows the CONE value PJM has applied in its recent auction for the 2014/15
delivery year, escalated for one year of inflation to represent 2015/16 dollar values.

Table 51
Recommended CONE for Gas CT Plants in 2015/16

Total Plant Net Summer Overnight  Fixed After-Tax Levelized Gross CONE PJM 2014/15
CONE Area

Capital Cost ~ ICAP Cost o&M WACC  Level Real Level Nominal ~CT CONE
(3M) (MW) ($/kW) ($/kW-y) (%) ($/kW-y)  ($/kW-y) ($/kW-y)
Brattle 2011 Estimate Escalated at CPI
June 1, 2015 Online Date (2015%) for 1 Year
1 Eastern MAAC $308.3 390 $791.2 $15.7 8.47% $112.0 $134.0 $142.1
2 Southwest MAAC $281.5 390 $722.6 $15.8 8.49% $103.4 $123.7 $131.4
3 Rest of RTO $287.3 390 $737.3 $15.2 8.46% $103.1 $123.5 $135.0
4 Western MAAC $299.3 390 $768.2 $15.1 8.44% $108.6 $130.1 $131.4
5 Dominion $254.7 392 $649.8 $14.7 8.54% $92.8 $111.0 $131.5

Power Project Management, LLC 2008 Update
June 1, 2008 Online Date (Escalated at CPI from 2008$ to 2015$)

1 Eastern MAAC $350.3 336 $1,042.2 $17.2 8.07% $154.4
2 Southwest MAAC $322.1 336 $958.4 $17.5 8.09% $142.8
3 Rest of RTO $332.5 336 $989.4 $15.3 8.11% $146.1

As shown in Table 52, Eastern MAAC has the highest CC CONE at $141/kW-year ($385/MW-
day) on a level-real basis, while Rest of RTO and Western MAAC are a bit lower, both at
$135/kW-year ($370/MW-day). Southwest MAAC and Dominion have the lowest CONE
estimates at $123/kW-year ($338/MW-day) and $120/kW-year ($329/MW-day) respectively,
due primarily to non-union labor rates in those locations. Our estimates are $6 to 12/kW-year
($17 to 32/MW-day) below the inflation-adjusted Pasteris Energy CONE estimates on a level-
nominal basis primarily due to a higher ICAP rating and lower equipment, materials, and labor
costs since 2008 relative to inflation. Our higher plant ICAP rating is due to the larger size of the
GE 7FA.05 turbine compared to the GE7FA.04 turbine model examined by Pasteris, as well as
the greater duct-firing capability in the plant we examined and lower equipment, materials, and
labor costs since 2008. Table 52 also shows the CC CONE value PJM has utilized for the
2014/15 delivery year, inflation-adjusted to 2015/16 dollar values.
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Table 52
Recommended CONE for Gas CC Plants in 2015/16

Total Plant Net Summer Overnight  Fixed After-Tax Levelized Gross CONE PJM 2014/15

CONE Area Capital Cost ~ ICAP Cost O&M WACC  Level Real Level Nominal ~CC CONE
($Mm) (MW) ($/kw) ($/kW-y) (%) ($/kW-y)  ($/kW-y) ($/kW-y)

Brattle 2011 Estimate Escalated at CPI
June 1, 2015 Online Date (2015$) for 1 Year

1 Eastern MAAC $621.4 656 $947.8 $16.7 8.47% $140.5 $168.2 $179.6

2 Southwest MAAC $537.4 656 $819.6 $16.6 8.49% $123.3 $147.6 $158.7

3 Rest of RTO $599.0 656 $913.7 $16.0 8.46% $135.5 $162.2 $168.5

4 Western MAAC $597.4 656 $911.2 $15.8 8.44% $135.2 $161.8 $158.7

5 Dominion $532.9 656 $812.8 $15.4 8.54% $120.2 $143.8 $158.7

Pasteris 2011 Update
June 1, 2014 Online Date (Escalated at CPI from 2014$ to 2015$)

1 Eastern MAAC $710.9 601 $1,183.1 $18.5 8.07% $179.6
2 Southwest MAAC $618.7 601 $1,029.5 $18.8 8.09% $158.7
3 Rest of RTO $678.0 601 $1,128.3 $16.9 8.11% $168.5

In addition to our recommended CC and CT CONE estimates in the previous tables, we also
developed CONE estimates for select sensitivity cases. Table 53 shows a summary of these
CONE estimates for alternative configurations of plants we considered. For both the CT and CC
plants in the Rest of RTO, we estimated alternative dual-fuel cases. Adding dual-fuel capability
adds $19 million in costs for the CT and $18 million for the CC. For the CT we also developed
sensitivity estimates with an SCR in Dominion (increasing costs by $24 million) and without an
SCR in the other CONE Areas (decreasing costs by $23-27 million).
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Table 53
Additional Sensitivity Case CONE Estimates for 2015/16

Total Plant Net Summer Overnight  Fixed After-Tax Levelized Gross CONE

Cone Area

Capital Cost ICAP Cost o&M WACC Level Real Level Nominal
(M) (MW) ($/kW) ($/kW-y) (%) ($/kW-y) ($/kW-y)
Gas CT - No SCR - Dual Fuel
1 Eastern MAAC $281.1 392 $717.0 $15.6 8.47% $102.9 $123.2
2 Southwest MAAC $258.1 392 $658.4  $15.7 8.49% $95.6 $114.4
3 Rest of RTO $279.2 392 $712.1 %151 8.46% $101.7 $121.7
4 Western MAAC $272.4 392 $694.8 $15.0 8.44% $99.7 $119.3
Gas CT - With SCR - Dual Fuel
3 Rest of RTO $306.2 390 $786.0 $15.2 8.46% $110.7 $132.5
5 Dominion $279.0 390 $716.1  $14.7 8.54% $100.8 $120.6

Gas CT - No SCR - Single Fuel
3 Rest of RTO $260.6 392 $664.9  $15.1 8.46% $94.5 $113.2

Gas CC - With SCR - Dual Fuel
3 Rest of RTO $616.7 656 $940.6  $16.0 8.46% $138.9 $166.3
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LIST OF ACRONYMS

ATWACC
CAPM
BACT
BOP
cC
CONE
CPI
CSAPR
CT
E&AS
EPC
FERC
FFS
FFH
fka
FOM
GSuU
HHV
HRSG
ICAP
IDC
LAER
LHV
LTSA
MAAC
MACRS
MOPR
MW
MWh
NAAQS
NNSR
NSR

After-Tax Weighted-Average Cost Of Capital
Capital Asset Pricing Model

Best Available Control Technology
Balance of Plant

Combined Cycle

Cost of New Entry

Consumer Price Index

Cross-State Air Pollution Rule
Combustion Turbine

Energy and Ancillary Services
Engineering, Procurement, and Construction
Federal Energy Regulatory Commission
Factored Fired Starts

Factored Fired Hours

Formerly Known As

Fixed Operation and Maintenance
Generator Step-Up

Higher Heating Value

Heat Recovery Steam Generator
Installed Capacity

Interest During Construction

Lowest Achievable Emissions Rate
Lower Heating Value

Long-Term Service Agreement
Mid-Atlantic Area Council

Modified Accelerated Cost Recovery System
Minimum Offer Price Rule

Megawatts

Megawatt-Hours

National Ambient Air Quality Standards
Non-Attainment New Source Review
New Source Review
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OATT
Oo&M
OFR
PIJM
PPA
PPM
PSD
RPM
SCR
VOM
VRR

Open Access Transmission Tariff
Operation and Maintenance
Owner-Furnished Equipment

PJM Interconnection, LLC

Power Purchase Agreement

Power Project Management
Prevention of Significant Deterioration
Reliability Pricing Model

Selective Catalytic Reduction
Variable Operation and Maintenance
Variable Resource Requirement
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APPENDIX A. CH2M HILL SIMPLE-CYCLE COST ESTIMATES

CH2M HILL’s detailed engineering cost estimates for plant proper costs including both EPC
contractor costs and owner-furnished equipment costs are contained in this appendix for each
simple-cycle plant configuration examined. A summary report describing detailed plant
specifications and summary cost results for each CT configuration in each CONE Area is
contained in CH2M HILL’s summary report in Appendix A.1. Plant layout drawings, project
schedules, cost estimate details, and cash flow schedules were also provided for each CT location
and configuration. Appendices A.2 through A.5 contain this detailed supporting information for
one of the CONE Area 1 plant configuration, which is a dual-fuel plant with an SCR.

APPENDIX A.1. SIMPLE-CYCLE PLANT PROPER COST ESTIMATE REPORT
APPENDIX A.2. LAYOUT DRAWING FOR DUAL-FUEL CT wiTH SCR
APPENDIX A.3. PROJECT SCHEDULE FOR DUAL-FUEL CT wiTH SCR
APPENDIX A.4. CosT DETAIL FOR CT wiTH SCR IN CONE AREA 1
APPENDIX A.5. CASH FLOW SCHEDULE FOR CT wWITH SCR IN CONE AReA 1
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APPENDIX A.1l. SIMPLE-CYCLE PLANT PROPER COST ESTIMATE REPORT
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1.0 Executive Summary

CH2M HILL Engineers, Inc. was engaged by the Brattle Group, Inc to provide capital cost
estimates for gas fuel only and dual fuel (oil & natural gas) GE Frame 7FA.05 gas turbine simple
cycle power plants at multiple sites, each capable of generating approximately 420 MW. The
plant configurations each will consist of two (2) GE Frame 7FA.05 combustion turbine
generators (CTGs), and all necessary Balance of Plant (BOP) equipment. Each plant will be
capable of producing approximately 420 MW. Cost estimates were provide for simple cycle
plants both with and without SCR in the combustion turbine exhausts.

Dual Fuel Combustion Turbines

As a basis for the dual fuel combustion turbine estimates CH2M HILL developed the following
information:

e Capital costs for five (5) geographical areas (New Jersey, Maryland, Illinois,
Pennsylvania, and Virginia)

¢ A General Arrangement drawing for a representative simple cycle power plant

¢ A Level One Project schedule

¢ A basic monthly cash flow tabulation

The capital cost estimates for the dual fuel combustion turbine (without SCRs) alternative for
each geographical area are included in the table below. The details of the cost breakdown for
each location are included in Section 6. Note these costs are exclusive of the change in cash
flows at assignment of OFE and NTP to EPC contractor.

No SCR
Geographical Labor EPC Costs Owner Total Installed Capital Cost -
Area Type Costs $
$ $

New Jersey Union 126,012,137 | 102,043,367 228,055,504
Maryland Non-Union | 104,153,617 | 100,742,702 204,896,319

Illinois Union 123,709,817 | 102,042,993 225,752,810
Pennsylvania Union 118,716,860 | 100,752,855 219,469,715

Virginia Non-Union | 103,989,281 99,452,320 203,441,601

The capital cost estimates for the dual fuel combustion turbine with SCR alternative for each
geographical area are included in the table below. The details of the cost breakdown for each
location are included in Section 6. Note these costs are exclusive of the change in cash flows at
assignment of OFE and NTP to EPC contractor.
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With SCR

New Jersey Union 130,552,074 | 124,864,072 255,416,146
Maryland Non-Union | 104,991,119 | 123,371,532 228,362,651
[Mlinois Union 128,276,002 | 124,863,686 253,139,688
Pennsylvania Union 123,045,308 | 123,384,930 246,430,238
Virginia Non-Union | 104,760,187 | 121,893,014 226,653,201

Gas Fuel Only Combustion Turbines

As a basis for the gas fuel only combustion turbine estimate CH2M HILL developed the
following information:

Capital cost for the Will County, Illinois location

A General Arrangement drawing for a representative simple cycle power plant
A Level One Project schedule

A basic monthly cash flow tabulation

The capital cost estimate for the natural gas fuel combustion turbine without SCR for Will
County, Illinois is included in the table below. The detail of the cost breakdown for this location
is included in Section 6. Note these costs are exclusive of the change in cash flows at assignment
of OFE and NTP to EPC contractor.

No SCR

Ilinois Union 109,437,632 | 98,513,712 207,951,344

The capital cost estimate for the gas fuel only combustion turbine with SCR for Will County,
Illinois is included in the table below. The detail of the cost breakdown for this location is
included in Section 6. Note these costs are exclusive of the change in cash flows at assignment of
OFE and NTP to EPC contractor.

With SCR

Ilinois Union 113,572,247 | 121,323,142 234,895,389
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2.0 Development Approach

2.1 Estimating Process

For the development of the capital cost estimate, CH2M HILL utilized our Power Plant
Indicative Cost Estimating Methodology which is based upon the plant specific configuration,
location specific productivity and labor cost factors, and our extensive current cost data base for
equipment and material. These factors are processed using our proprietary Indicative
Estimating Software Model to produce a detailed analysis of the cost elements for the project
that are then compared to recently completed similar projects.

Project Configurations

CH2M HILL's experience with various plant configurations is extensive. The combustion
turbines shown in the table below have been designed and installed in combined cycle, simple
cycle and cogeneration modes.

1 X LMS 100 simple cycle

2 X F-class simple cycle

4 X LM 6000 simple cycle

12 X FT-8 Twin Pack simple cycle
1 X1 F-class combined cycle

2 X1 F-class combined cycle

3 X1 E-class combined cycle

CH2M HILL's estimating team retains standard plant layout configurations that have been
imported into the estimating data base for use in this study. The design basis for this study is a
2 x 0 - 7F class simple cycle plant, the details for which are defined in Sections 3.0 - Plant Scope
and Section 4.0 - General Arrangement of this report.

Variability by Location

The US construction industry has the most variability in productivity and execution strategy by
location than any other country in the world. Project execution ranges from strong union
locations such as New York City, Chicago, San Francisco and St. Louis to lower cost, merit shop
locations such as the Gulf Coast and Southeast US. CH2M HILL's historical database tracks and
updates labor productivity by location. CH2M HILL’s “base” productivity location is the Gulf
Coast, like many national contractors. At that location, the base productivity for each discipline
trade is considered a 1.0 productivity factor and is considered the most efficient location to
perform work based on worker skills and efficiency. That 1.0 productivity factor is then
adjusted to reflect union labor, local labor rules and other historical data.

Variability of Estimates for Material and Equipment
Certain material and equipment costs are more volatile in the heavy industrial market than

others. As examples, high temperature- high pressure pipe, electrical transformers and copper
wire are high in demand in the oil & gas market as well as the power market. When both
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industries are busy, costs increase dramatically due to not only material and manufacturing
costs, but also due to greater demand than supply. Market conditions sometimes make it nearly
impossible to assess with any certainty the proper amount of escalation to apply to some
materials and equipment. This is compounded by the extended time from estimate
development to project implementation. CH2M HILL’s constant activity in bidding and
procuring material and equipment provides more accurate costs that reflect current market
conditions than available by other means.

CH2M HILL’s Indicative Estimating Software Model

CH2M HILL has taken over 20 years of data from our involvement in the power industry and
developed an indicative database to aid in estimating future projects. The “Power Indicative
Estimating Program” derives project costs based on information that is input on various
worksheets within the program from a series of inputs, multiple logic functions and iterations,
and a preliminary Indicative Estimate is produced which can be reviewed and modified as
necessary.

Power Indicative Estimating Program Output

Once a project configuration, location, schedule and execution model is defined, the indicative
estimator works with a Power Project Engineer to reflect other project properties unique to the
project. The estimator inputs the specific project data into the model and then reviews with
experienced construction managers and engineers to confirm alignment. The program produces
an estimating basis and a series of outputs. Some of these outputs include:

Quantities of concrete, structural steel, pipe, conduit, cable and insulation
Equipment required by system

Work-hours for labor by discipline

Engineering hours

Construction supervision hours

Startup and testing hours

Indirect labor and equipment

The program allows the estimator to input the latest labor rates, productivity, which is then
tabulated in the program to develop the final cost of the plant. The results of these analyses are
contained in Section 6.0 of this report.

2.2 Owner Cost Estimates

Pricing for the Combustion Turbine Generators (CTGs), is based on GE Power Island
information obtained from similar plants CH2M HILL has constructed and proposed. Note that
GE'’s scope includes the Continuous Emissions Monitoring System (CEMS), Packaged Electrical
and Electronic Control Cab (PEECC), the Plant Distributed Control System (DCS) and the CTGs
auxiliary equipment. For plants with SCR, budgetary quotes were received from major SCR
system suppliers and one representative design was used for pricing data.
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These components (Owner Furnished Equipment or OFE) are procured by the Owner at project
start, prior to EPC contract NTP. They are assigned to the EPC contractor at that time. Estimates
of Owner costs that are in addition to the EPC contract cost are tabulated in Section 6.0.

2.3 EPC Cost Estimate

Pricing for the major Balance of Plant equipment including the generator step-up transformers
were obtained from actual pricing and budgetary quotes received from vendors for similar
recent projects and proposals. The plant construction cost estimates were developed based on
data from recent EPC projects. Labor rates and productivity factors for the following five (5)
geographical areas were verified and used to develop the direct and indirect costs.

1) Middlesex County, New Jersey

2) Charles County, Maryland

3) Will County, Illinois

4) Northampton County, Pennsylvania
5) Fauquier County, Virginia

The construction cost estimates are based on direct labor hire (concrete, steel, piping, electrical
and instrumentation) and specialty subcontract union (locations 1, 3, and 4) and merit shop craft
labor (locations 2 and 5). Quantities for bulks were determined from plants similar in size and
configuration. Historical data was utilized to provide an overall parametric check of account
values of the completed estimate.

Labor

Locations 1, 3, and 4: Union craft labor rates were determined from prevailing wages for the
area. Rates were built-up including the base rate, fringes and legalities. The estimate is based
on a 50 hour craft work week. A labor factor of 1.1 was applied to the CSA accounts, 1.3 for the
piping accounts, and 1.2 on all other accounts and based on various factors including location,
working in an existing facility, congestion, local labor conditions, weather and schedule.

Locations 2 and 5: Merit shop craft labor rates were determined from prevailing wages for the
area. Rates were built-up including the base rate, fringes and legalities. The estimate is based
on a 50 hour craft work week. A labor factor of 1.0 was applied to all accounts based on various
factors. A $50 per day per diem has been included.

Escalation

The cost estimates are provided in June 2011 dollars and escalation was included based on the
following schedules.

e Craft labor was escalated at 4.0% for 2011 and beyond.
* Engineered equipment and bulk materials were escalated at 6% for 2011 and beyond.

¢ Professional labor and construction indirect expenses were escalated at 3% for 2011 and
4% for 2012 and beyond.
® Specialty subcontracts were escalated at 5% for 2011 and beyond.
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Contingency & Gross Margin
Contingency was included at:

5% for Professional Labor, Material and Construction Equipment
7% for Craft Labor

6% for Specialty Subcontracts

2% for the CTGs and STG

3% for the HRSGs

3% for Engineered Equipment

A gross margin of 10% was applied with 5% assignment fee applied to the Owner Furnished
Equipment.

Project Indirects
Project indirects include:

Builders Risk insurance

General and excess liability insurance

Performance and payment bonds

Construction permits

Sales tax (not including OFE) to roll up through markups then taken out at bottom line
Letter of credit in lieu of retention

Warranty

Bonus pool

Scope - Inclusions

e Structural and civil works

e Mechanical, electrical, and control equipment

¢ Electrical Power Distribution Center (pre-assembled & tested)
¢ Heavy haul (allowance)

* Operator training

¢  O&M manuals

e Escalation

¢ Bulks including piping and instrumentation

¢ Contractor’s construction supervision

¢ Temporary facilities

¢ Construction equipment, small tools and consumables
e Start-up spare parts and start-up craft labor

e Construction permits allowance ($100,000)

e First fills

¢ Insurances

¢ (Gross margin

® 5% Letter of Credit in lieu of retention
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Construction power, water and natural gas consumption

Performance and Payment Bond

Builders All Risk Insurance (costs broken out from EPC estimate for reference - see
Estimate Basis Section 17.0)

Scope - Exclusions

Soils remediation, moving of underground appurtenances or piping

Dewatering except for runoff during construction

Wetland mitigation

Fuel gas compression

Noise mitigation measures or study (unless otherwise noted)

Piling

Geotechnical investigation and survey (shown separately from EPC estimate as an
Owners cost)

Sales Tax (shown separately from EPC estimates as an Owners cost)

Permitting/ Environmental permits (shown separately from EPC estimates as an
Owners cost)

Fuel oil and natural gas consumption during startup (shown separately from EPC
estimate as an Owners cost)

Switchyard

Scope - Assumptions & Clarifications

Assumes flat, level and cleared site.

Assumes free and clear access to work areas.

This site does not contain any EPA defined hazardous or toxic wastes or any
archeological finds that would interrupt or delay the project.

Spread footings are assumed for all equipment.

All excavated material is suitable for backfill/compaction.

Rock excavation is not required.

Temporary power and water will be available at site boundary as required to
support construction at no cost to Contractor.

An ample supply of skilled craft is available to the site.

TA services are owner provided as part of their equipment supply.

Craft bussing is not required.

Ample space (provided by owner) for craft parking, temporary facilities, laydown
and storage is available adjacent to site.

Field Erected Storage Tanks are carbon steel with internal high build epoxy coatings.
Access road modifications and improvements (beyond the site boundary battery
limit) will be performed by others.

Roads for heavy haul are suitable for transportation and contain no obstructions for
delivery of heavy/oversized equipment.

Heavy haul is assumed to be from a rail siding within one mile of the plant to setting
on foundations.

Equipment is supplied with manufacturer’s standard finish paint.
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Natural gas is delivered at an adequate pressure and no gas compression is required.
Gas metering station is by others.

The electrical equipment will be housed in pre-fabricated building.

The electrical scope concludes at the high side of the Generator Step-up (GSU)
transformers. Transmission line and substation costs are by others.

Heat tracing has not been included for large, above ground process piping where
system pumps can be operated to prevent freezing, or where the system can be
drained during extended cold weather outages.

Rental demineralized water treatment trailers.
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3.0 Plant Scope

3.1 General Description

The proposed simple cycle power plant has a nominal generating capacity of 420MW at 59 °F
outdoor ambient temperature when operating on gas fuel. The major components of the project
include two (2) GE Frame 7FA.05 Combustion Turbine Generators (CTGs), air pollution
controls and associated auxiliary and control systems. The CTGs will be equipped with inlet
evaporative coolers to increase power output at high ambient temperature. The plant (dual fuel
CT option) will operate both on natural gas and distillate fuel oil. The CTGs will be equipped
with dry-low NOx combustors (gas fuel operation) to reduce NOx emissions. The CTGs will be
equipped with water injection for NOx control when operating on distillate fuel (dual fuel
option).

The termination points for the power facility are at the battery limits of the facility and include
the following;:

¢ High Pressure natural gas supply downstream of the gas metering station (by
others) at the power facility boundary

e Water from the municipal water supply at the power facility boundary

¢ Waste to the municipal sewer at the power facility boundary

¢ Electrical connection is at the high side of the generator step-up transformers

The facility is assumed to be located on a Greenfield site. There will be one building included in
the plant layout: an integrated administration/control room/warehouse/maintenance building.
Buildings are of pre-fabricated construction. Layout of the plant shall be in accordance with the
General Arrangement drawing included in Section 4.0.

General performance parameters are tabulated below. Predicted emissions data is also provided
based on generic data for CTG and SCR performance using estimated stack emissions
concentrations and rates.
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General Performance

Simple Cycle Plant With SCR/CO

GAS
Evaporative Cooling
Plant configuration 1x0 2x0 1x0 2x0
CTG Load Point 100% 100% 100% 100%
Ambient Temperature,
oF 59 59 92 92
Relative Humidity, % 60 60 53 53
Evaporative Cooling ON ON ON ON
Fuel Heating Value,
Btu/Lb (LHV) 21,515 21,515 21,515 21,515
CT Generators
terminal power, kKW 213,280 426,560 198,989 397,978
Total Fuel Input,
Btu/Hr 1,902,884,160 3,805,768,320 1,814,381,700 3,628,763,400
Gross Plant Heat Rate,
Btu/kWH (LHV) 8,922 8,922 9,118 9,118
Plant Auxiliary Loads,
kW 4,399 8,798 4,185 8,370
Net Plant Power, kW 208,881 417,762 194,804 389,608
Net Plant Heat Rate,
Btu/kWH (LHV) 9,110 9,110 9,314 9,314
FUEL OIL
Evaporative Cooling
Plant configuration 1x0 2x0 1x0 2x0
CTG Load Point 100% 100% 100% 100%
Ambient Temperature,
oF 59 59 92 92
Relative Humidity, % 60 60 53 53
Evaporative Cooling ON ON ON ON
Fuel Heating Value,
Btu/Lb (LHV) 18,300 18,300 18,300 18,300
CT Generators
terminal power, KW 218,780 437,560 211,867 423,734
Total Fuel Input,
Btu/Hr 2,102,700,000 4,205,400,000 2,058,287,900 4,116,575,800
Gross Plant Heat Rate,
Btu/kWH (LHV) 9,611 9,611 9,715 9,715
Plant Auxiliary Loads,
kW 4,482 8,963 4,378 8,756
Net Plant Power, kW 214,298 428,597 207,489 414,978
Net Plant Heat Rate,
Btu/kWH (LHV) 9,812 9,812 9,920 9,920
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Simple Cycle Plant No SCR/CO

Evaporative Cooling

Plant configuration 1x0 2x0 1x0 2x0
CTG Load Point 100% 100% 100% 100%
Ambient Temperature,
oF 59 59 92 92
Relative Humidity, % 60 60 53 53
Evaporative Cooling ON ON ON ON
Fuel Heating Value,
Btu/Lb (LHV) 21,515 21,515 21,515 21,515
CT Generators terminal
power, kW 213,280 426,560 198,989 397,978
Total Fuel Input,
Btu/Hr 1,902,884,160 3,805,768,320 1,814,381,700 3,628,763,400
Gross Plant Heat Rate,
Btu/kWH (LHV) 8,922 8,922 9,118 9,118
Plant Auxiliary Loads,
kW 3,199 6,398 2,985 5,970
Net Plant Power, kW 210,081 420,162 196,004 392,008
Net Plant Heat Rate,
Btu/kWH (LHV) 9,058 9,058 9,257 9,257
FUEL OIL
Evaporative Cooling
Plant configuration 1x0 2x0 1x0 2x0
CTG Load Point 100% 100% 100% 100%
Ambient Temperature,
oF 59 59 92 92
Relative Humidity, % 60 60 53 53
Evaporative Cooling ON ON ON ON
Fuel Heating Value,
Btu/Lb (LHV) 18,300 18,300 18,300 18,300
CT Generators terminal
power, kW 218,780 437,560 211,867 423,734
Total Fuel Input,
Btu/Hr 2,102,700,000 4,205,400,000 2,058,287,900 4,116,575,800
Gross Plant Heat Rate,
Btu/kWH (LHV) 9,611 9,611 9,715 9,715
Plant Auxiliary Loads,
kW 3,282 6,563 3,178 6,356
Net Plant Power, kW 215,498 430,997 208,689 417,378
Net Plant Heat Rate,
Btu/kWH (LHV) 9,757 9,757 9,863 9,863
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Predicted Emissions

GE 7FA.05
OPERATING CONDITION N. Gas Fuel Oil
Ambient DBT Deg F 59 59
Relative Humidity % 60 60
Gas Turbine Unit Exhaust
Flow Rate Ibs /hr 4,132,000 4,151,000
Temperature deg F 1113 1147
Argon % VOL 0.88 0.84
Nitrogen % VOL 74.18 70.7
Oxygen % VOL 12.26 10.68
Carbon Dioxide % VOL 3.85 5.74
Water % VOL 8.83 12.04
Gas turbine
Emissions
NOx corrected to ppmvd 9 42
15% O2
NOx as NO2 Ibs/hr 69 370
CO corrected to ppmvd 9 20
15% O2
CcO Ibs/hr 33 72
UHC ppmvd 7 7
UHC Ibs /hr 16 16
PM10 particulates | Ibs/hr 9 17
With SCR
Gas CT
N.G F.0.
(ppmvd) (ppmvd)
NO, 2 5
VOC 5 5
co 5 11
PM, 5 - -
SO, Note A Note B
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Gas CT

N.G F.O.
(Ib/hr) (Ib/hr)
NO, 15.6 445
VOC 13.5 15.5
Cco 23.7 59.5
PM,; s 9 17
SO, 2.7 3.4
Gas CT
N.G F.O.

(lb/MMBtu) (Ib/MMBtu)
NO, 8.20E-03 2.12E-02
VOC 7.09E-03 7.37E-03
co 1.25E-02 2.83E-02
PM, 5 4,73E-03 8.08E-03
SO, 1.43E-03 1.64E-03

Gas CT 1X0

Natural Gas Fuel oil
Heat input
(MMBtu/hr) 1,903 2,103
Fuel Heating
Value
Btu/Lb (LHV) 21,515 18,300
Notes

A - 0.5 grains/100 scf
B - 15 ppm on a mass basis for fuel oil
¢ - Assumed heating value of natural gas of 1000 Btu/scf

3.2 Owner Furnished Equipment (OFE)

The following paragraphs describe the equipment for which the Owner is responsible to
purchase.

Combustion Turbine Generators (Power Island Scope) - The combustion turbine generators
(CTG's) operate to produce electrical power and waste heat. The plant will include two (2)
General Electric 7FA.05 combustion turbine-generators packaged for outdoor installation.
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Depending upon the site the combustion turbines will be equipped for gas fuel only operation
or dual fuel (distillate fuel & natural gas) fuel operation. Units equipped for distillate fuel
operation will require a water injection system for NOx emissions control. The CTG equipment
package includes the following accessory systems:

DLN Combustion System (Natural Gas and Distillate fuel oil)
Water Injection System (for distillate fuel operation)
Lube Oil System

Hydraulic Control Oil Systems

Water Wash System

Exhaust System

Inlet Air Filtration System (with noise abatement)
Inlet Air Cooling System (evaporative)

Starting System (with turning gear)

Dual Fuel Control Systems (gas and distillate fuels)
Variable Inlet Guide Vane (IGV) System

Mark VI (TMR) Turbine Control & Protection System
Packaged Electric and Electronic Control Cab (PEECC)

Distributed Control System (Power Island Scope) - The Distributed Control System (DCS) will
be a GE MARK VI Triple Modular Redundant (TMR) control system provided by GE as part of
the power island package. The DCS shall provide for the supervisory control of the Combustion
Turbine Generators. In addition the DCS shall provide for the control and protection of the
Balance of Plant (BOP) equipment, excepting those systems that are better suited for local
control such as the Water Treatment System, Instrument Air Dryers, CEMs, and miscellaneous
sumps. Where local controls are used, common trouble alarms and supervisory control
functions shall be provided by the DCS. Human Machine Interfaces (HMlIs) shall be located in
the Central Control Room and locally at each major piece of equipment.

Continuous Emissions Monitoring System (Power Island Scope) - A fully certified Continuous
Emissions Monitoring System (CEMS) shall be provided (by GE) for each CTG to continuously
monitor the emissions from each CTG. A Data Acquisition and Handling System (DAHS) shall
be provided capable of logging and reporting emissions as required by the Air Quality Permit.
The CEMS and DAHS equipment shall be housed in a temperature and humidity controlled
CEMS shelter.

Selective Catalytic Reduction (SCR) - For plants with SCR, the proposed plant includes one SCR
assembly with NOx and CO catalyst, ammonia injection system, two tempering air fans, and
stack, per turbine.

3.3 EPC Scope

The following paragraphs describe the equipment for which the EPC contractor shall be
responsible for procurement.
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3.3.1 Gas Fuel Only - Combustion Turbines

Auxiliary Cooling Water System - The auxiliary cooling water system is a closed loop cooling
water system supplying cooling water to the gas turbine generator coolers, steam turbine & gas
turbine lube oil coolers and other auxiliary equipment. The major equipment includes the
following:

e Two (2) 100% Pumps

¢ Two (2) 50 % Fin - Fan Coolers

¢ Surge Tank

¢ Chemical Addition Tank

Auxiliary Electrical System - The auxiliary electrical system provides a means of stepping-down
the generator terminal voltage to deliver power to the plant auxiliaries at a reduced voltage.
Typical major equipment includes:

Auxiliary cable and/or bus

Station unit auxiliary transformers (UAT)

5 kV switchgear

5kV medium voltage motor controller gear (MVMC)

Station service transformers (SST)

secondary unit substations (SUS)

480 V motor control centers (MCC)

Cathodic Protection System - The cathodic protection system function to mitigate galvanic
action and prevent corrosion on the underground natural gas piping. The major equipment
includes:

¢ Sacrificial anodes

e Cable

e Test boxes for potential measurement

¢ Insulating flanges.

DC Power System - The DC power system functions to provide a reliable source of motive and
control power for critical equipment, the emergency shutdown of the plant, and the egress of
plant personnel during blackout conditions. These loads typically include control power for
power circuit breakers, switchgear, protective relaying, and power for the Uninterruptible
Power Supply (UPS). The major equipment includes:

* A bank of lead acid storage battery
* Two 100% capacity battery chargers
¢ A DC power distribution switchboard

Emergency Diesel Generator - The emergency diesel generator provides for the supply of
essential AC auxiliary power during an electrical system (grid) black-out to permit a safe and
orderly shutdown of the plant equipment. The major equipment includes:

e 500 kW diesel generator w/load bank
® 6,000 gallon diesel storage tank
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Demineralized Water System - The demineralized water system functions to provide a supply
of demineralized make-up water to the CT evaporative cooling system, the CT water injection
system (NOx control on distillate fuel), and for some the CT wash water solutions. During
operation on distillate fuel oil and/or when operating the CT evaporative cooling system a
rental water treatment trailer must be brought in to keep up with the demineralized water
demands of the CTs. Major equipment that makes up the demineralized water system includes
the following;:

e A 2,200,000 gallon demineralized water storage tank for dual fuel CTs

e A 150,000 gallon demineralized water storage tank for gas fuel only CTs
e Two (2) 100% capacity demineralized water transfer pumps

¢ Water treatment trailers (rental by Owner)

Facility Low Voltage Electrical System - The low voltage electrical system conditions and
distributes electrical power at various voltage levels for lighting, receptacles and small loads
(motors, HVAC, etc.) as required for all buildings and site support facilities. The major
equipment of this system includes:

¢ Transformers

¢ Distribution panel boards

¢ Disconnect switches

e Separately mounted motor starters
¢ General-purpose receptacles

¢ Welding receptacles

e Lighting

Fuel Gas Condition Skid- The fuel gas skid functions to filter and heat the natural gas supplied
for use as fuel by the combustion turbine. A skid is provided for each CTG. Fuel gas heating is
performed during startup and normal operation by an electric heater to provide the superheat
necessary to prevent the formation of liquid hydrocarbons in the fuel. The major equipment for
each skid includes the following:

¢ Two (2) 100% coalescing filter/separators
¢  One (1) 100% scrubber
¢ One (1) fuel gas electric heater

Fuel Gas Pressure Regulating Skid - A dual train fuel gas pressure regulating skid shall be
provided to filter and regulate the supply pressure of the natural gas to the facility to satisfy the
operational requirements of the CTGs. The major pressure regulation skid equipment includes
the following;:

One (1) emergency shutdown valve

Two (2) 100% capacity coalescing filter/separators

Two (2) 100% capacity pressure reducing trains each equipped with the following:
* One (1) automatic inlet isolation valve per train
* One (1) startup pressure reducing valve per train
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o * One (1) primary pressure reducing valve per train
¢ One (1) safety relief valve with vent stack
¢ One (1) fuel gas condensate drains tank

Fire Protection System - The fire protection system provides standpipes and hose stations, fire
extinguishers, independent fire detection systems, and fixed carbon dioxide suppression
systems to protect personnel, plant buildings and equipment from the hazards of fire. The
system consists of the following:

Low-pressure carbon dioxide fire suppression system

Fire detection systems

Portable fire extinguishers

Manual fire alarm systems

Manual pull stations in the buildings

Fire Protection Control Panel for alarm, indication of system status, and actuation of
fire protection equipment.

One (1) 100% electric driven fire pump

One (1) 100% diesel driven fire pump with diesel day tank.

One (1) jockey pump

100,000 gallons of fire water reserve within the raw water storage tank
Piping and valves, stand pipes and hose stations

Fire pump building

Grounding System - The grounding system function to provide protection for personnel and
equipment from the hazards that can occur during power system faults and lightning strikes.
System design shall include the ability to detect system ground faults. The grounding system
shall typically consist of copper-clad ground rods, bare and insulated copper cable, copper bus
bars, copper wire mesh, exothermic connections, and air terminals.

Generation (High Voltage) Electrical System- The generation electrical system functions to
deliver generator power to the Substation, and provides power for the auxiliary electrical
system. One set of the following equipment shall be provided for each the three (3) generating
unit).

¢ Generator main leads

¢ Generator breaker

¢ Generator step-up (GSU) transformer (230 kV), (345kV Location 3 Only)
® Auxiliary transformer

Oily Waste System - The Oily Waste system collects oil-contaminated wastewater in the plant
drains system. The oil waste system is gravity feed throughout the plant to an oil water
separator. The solids and oil collected in this system will be collected for offsite disposal at a
suitable, licensed, hazardous waste facility. The effluent from the oil/ water separator will be
discharged to the local sewer system.

Plant Instrument and Service Air System - The plant instrument and service air system function
to supply clean, dry, oil-free air at the required pressure and capacity for all pneumatic controls,
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transmitters, instruments and valve operators, and clean compressed air for non-essential plant
service air requirements. The plant instrument and service air system includes the following
components:

e Two (2) full capacity, air cooled, single stage, rotary screw type air compressors, each
complete with controls, instrument panel, intercooler, lubrication system,
aftercooler, moisture separator, intake filter-silencer, air/oil separator system and an
unloading valve.

e Two (2) full capacity air receivers

e Two (2) full capacity, dual tower, heaterless type desiccant air dryers

e Two (2) full capacity pre-filters

e Two (2) full capacity after-filters

¢ Associated header and distribution piping and valves

Plant Communication System - The plant communication system functions to provide the plant
external communication system through the use of the public telephone system. The
administration building, control room, maintenance and storage areas will be equipped with
telephone jacks. The Owner shall provide any internal plant communication systems including,
but not limited to, two-way radios.

Plant Security - The plant security system provides protection to the property and personnel. A
security system consisting of card readers, intercoms, motor operated gate and fencing will be
provided.

Potable Water - The potable water system serves as a water source for drinking and personnel
hygiene needs. Potable water also serves as a water source for eyewash and safety shower
stations. Potable Water will be supplied from the local water utility.

Raw Water System - The raw water system provides utility water for general plant use. The
water will be provided by the local water utility. The raw water system will supply water for
miscellaneous non-potable plant uses including demineralized water treatment system supply,
plant equipment wash-downs, general service water and fire water. The major equipment
includes the following:

¢ One (1) 200,000 gallon raw water/fire water storage tank
e Two (2) 100% capacity raw water pumps

Sanitary Waste System - The sanitary waste system collects sanitary wastes from the plant and
transports to the city sewer system.

Uninterruptible Power Supply (UPS) - The uninterruptible power supply functions to provide
reliable, regulated low voltage ac power to critical equipment during normal and emergency
operating conditions. The typical loads that are considered for connection to the UPS include
the Distributed Control System (DCS), CEMS, critical instruments, emergency shutdown
networks, and critical vendor supplied control panels. The UPS system consists of the following
components:
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Static inverter

Static transfer switch

Alternate source transformer and line voltage regulator

Manual make-before-break bypass switch

Two ac circuit breakers (alternate input, and bypass source)

One dc circuit breaker

Vital 120 V ac distribution panel with fused disconnects
Controls, indicating lights, meters and alarms to control the UPS

3.3.2 Dual Fuel - Combustion Turbines

The following equipment is required to support dual fuel (distillate fuel & natural gas fuel)
operation of the combustion turbines. It is in addition to the equipment listed above for gas fuel
operation of the combustion turbines:

Fuel Oil System - The fuel oil system receives, stores, regulates and transports distillate oil for
use as backup fuel in the combustion turbine. The major equipment includes:

One (1) 2,000,000 gallon fuel oil storage tank with steel containment

Two (2) fuel unloading stations

Two (2) 100% capacity fuel forwarding pumps

Two (2) 100% capacity fuel transfer pumps

Interconnecting power and instrument cable, piping valves, filters and accessories

Demineralized Water System - The size of the demineralized water storage tank must be
increased to 2,200,000 gallons for the dual fuel combustion turbines to support water injection
for NOx control.

3.3.3 Selective Catalytic Reduction (SCR)

The following additional equipment is required to support SCR operation, if SCR is installed
with the plant:

Ammonia System - The aqueous ammonia system stores and delivers ammonia to the Selective
Catalytic Reduction (SCR) system for the reduction of NOx emissions. The major equipment
consists of the following:

Two (2) 100% ammonia forwarding pumps

One (1) nominal 20,000 gallon horizontal storage tank
One (1) evaporator

Tank truck unloading area
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4.0 Power Plant General Arrangement

¢ Gas Fuel Only Combustion Turbine Arrangement, G-PP-003, revision A
¢ Dual Fuel Combustion Turbine Arrangement, G-PP-011, revision A
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5.0 Project Schedules

Single Fuel Option:

A 23 month overall schedule (NTP-COD) was assumed which includes a 17 month
construction/startup schedule through COD.

Project Start January 1, 2013
NTP and Start of detailed engineering July 1, 2013
Start of construction January 1, 2014
COD June 1, 2015

Single Fuel Option w/SCR:

A 23 month overall schedule (NTP-COD) was assumed which includes a 17 month
construction/startup schedule through COD.

Project Start January 1, 2013

NTP and Start of detailed engineering July 1, 2013

Start of construction January 1, 2014

COD June 1, 2015
Dual Fuel Option:

A 26 month overall schedule (NTP-COD) was assumed which includes a 20 month
construction/startup schedule through COD.

Project Start September 17, 2012
NTP and Start of detailed engineering April 1, 2013
Start of construction October 2, 2013
COD June 1, 2015

Dual Fuel Option w/SCR:

A 26 month overall schedule (NTP-COD) was assumed which includes a 20 month
construction/startup schedule through COD.

Project Start September 17, 2012
NTP and Start of detailed engineering April 1, 2013

Start of construction October 2, 2013
COD June 1, 2015

Prior to the NTP the Owner must obtain all the necessary environmental and local permits that
are required as a prerequisite to commence construction. Procurement of OFE starts with
project start and is complete for assignment to EPC contractor at NTP.
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6.0 Capital Cost Estimate
EPC Contractor
e Estimate Basis, Rev F/H Supplemental
For Locations 1-5, Dual Fuel and for Location 3 Single Fuel:

¢ Estimate Summary and Details, revision F (no SCR)
¢ Estimate Summary and Details, revision H (with SCR)

Owner
For Locations 1-5, Dual Fuel and for Location 3 Single Fuel:
¢ Owner Cost tabulations no SCR

o Owner Cost tabulations with SCR

Fuel consumption and power generation during commissioning and testing (estimated) for the
Simple Cycle plant is as follows:

operating hours 1200 hrs
duration 50 days
duration 7 weeks
generation 215,000 MWhrs
average load 179 MW
fuel gas 2,000,000 Dth
fuel oil 540,000 gals
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7.0 Cash Flow

EPC cash flow is based on the project cost excluding the OFE portion paid by Owner prior to
assignment but including the OFE portion after assignment. The percentages of OFE costs to be
used are identified in the Owners cost tabulations in Section 6.0. There are no monthly charges
until NTP and assignment.

Owner cash flow is based on the OFE portion paid prior to assignment and all sales taxes and
runs from project start thru end of project. The percentages of OFE costs to be used are
identified in the Owners cost tabulations in Section 6.0. Owner does not make OFE payments

after assignment at NTP.

These two percentages cannot be added together to get total monthly cash flows. They have to
be converted to cash first, and then added.

¢ Simple Cycle - Gas Fuel Only Cash Flow, revision F Supplemental (no SCR)
¢ Simple Cycle - Dual Fuel Cash Flow, revision F Supplemental (no SCR)

¢ Simple Cycle - Gas Fuel Only Cash Flow, revision H Supplemental (with SCR)
¢ Simple Cycle - Dual Fuel Cash Flow, revision H Supplemental (with SCR)
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APPENDIX A.2. LAYOUT DRAWING FOR DUAL-FUEL CT wWITH SCR
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EQUIPMENT

LEGEND

ITEM

EQPT TAG NO

DESCRIPTION

7FA CTG (COMBUSTION TURBINE GENERATOR)

TURBINE EXHAUST DUCT

EXHAUST STACK

FIN FAN COOLER

ORIGINAL DRAWING.
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NI 5 PARK ING
@ APPROXIMATE BATTERY LIMITS 6 CTG INLET AIR FILTER
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The Brattle Group

PJM Interconnect Study, Northeast US

GE 7FA Simple Cycle Plant W/SCR (Dual Fuel)

‘ CH2NMIHILL
-

Project # 421147
Activity | Activity Name Start Finish 2013 2014 2015
0 o | Sep | Oct | Nov | Dec Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec Jan | Feb | Mar Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec Jan | Feb | Mar Apr May Jun Jul | Aug |Sep
PROJECT 17-Sep-12  01-Jun-15 | w !
CONTRACT MILESTONES 17-Sep-12 01-Jun-15
PERMITTING 17-Sep-12*  16-Aug-13
NOTICE TO PROCEED 01-Apr-13*
ENGINEERING RELEASE 01-Apr-13
ELECTRICAL BACKFEED COMPLETE 15-Sep-14
MECHANICAL COMPLETION 07-Nov-14
FUEL GAS AVAILABLE 07-Nov-14
CcoD 01-Jun-15
OWNER TASKING 17-Sep-12 16-May-14
PROJECT START 17-Sep-12
SPEC/PROCURE/AWARD CTG's / SCR's 18-Sep-12 19-Nov-12
FABRICATE & DELIVER CTG'S / SCR's 27-Nov-12 16-May-14
CRITICAL CTG / SCR DRAWINGS RECIEPT 27-Nov-12 28-Jan-13
ENGINEERING 01-Apr-13  24-Sep-13
PROCUREMENT 27-May-13  03-Oct-14
CONSTRUCTION 02-Oct-13 | 07-Nov-14
Sitework 02-Oct-13 29-Oct-13
U/G Piping & Electrical 30-Oct-13 18-Feb-14
CTG Unit 1 Erection 19-Feb-14  12-Aug-14
CTG Unit 2 Erection 05-Mar-14  26-Aug-14
SCR / Stack Erection 19-Mar-14 | 26-Aug-14
GSU Transformers 06-Oct-14  07-Nov-14
Site Buildings 02-Jul-14 07-Oct-14
Fuel Oil Facility 16-Jul-14 30-Sep-14
Initiate Systems Release 07-Nov-14  07-Nov-14
START UP & COMMISSION 10-Nov-14  29-May-15
CTG -1 10-Nov-14  06-Feb-15
BOP SYSTEMS COMMISSIONING 10-Nov-14  02-Jan-15
FUNCTIONAL CHECKOUT 17-Nov-14 05-Dec-14
FIRST FIRE CT-1 (Gas) 08-Dec-14 12-Dec-14
TUNE & PERFORMANCE/EMISSION TEST 15-Dec-14 06-Feb-15
CTG-2 01-Dec-14 27-Feb-15
BOP SYSTEMS COMMISSIONING 01-Dec-14 23-Jan-15
FUNCTIONAL CHECKOUT 08-Dec-14 26-Dec-14
FIRST FIRE CT-2 (Gas) 29-Dec-14 02-Jan-15
TUNE & PERFORMANCE/EMISSION TEST 05-Jan-15 27-Feb-15
Fuel Oil Facility 02-Mar-15  29-May-15
BOP SYSTEMS COMMISSIONING 02-Mar-15 24-Apr-15
FUNCTIONAL CHECKOUT 09-Mar-15 27-Mar-15
FIRST FIRE CT-1 (Oil) 30-Mar-15 03-Apr-15
FIRST FIRE CT-2 (Oil) 06-Apr-15 10-Apr-15
TUNE & PERFORMANCE/EMISSION TEST 13-Apr-15 29-May-15

I Actual Work
1 Remaining Work
I Critical Remaining Work

Page 1 of 1

Level 1 SUMMARY SCHEDULE
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Project Name 429 MW 2x0 SC Plant - GE 7241FA.05 Data Date e
Client The Brattle Group Location 1: Dual Fuel w/ SCR Print Date 28-Jul-11 ' CHZMH "_L
Project Description Middlesex County, New Jersey Rev: H -
Total % % %
Professional Labor Self Perform Craft Labor Subcontract Labor Specialty Sub. Craft Material Const. Specialty Of Direct Of Project Of Project

Description Quantity | UM HRS / UM Hours Labor Amount Hours Labor Amount Hours Labor Amount] Hours Hours Eng. Equip Bulk Sub. Equip. Sub Other Total Total Total Revenue Total
DIRECT COSTS
Concrete 6,062 | CY | 8.84 MH/CY 53,560h 3,983,765 Oh - Oh 53,560h - 1,801,676 - 5,785,441 7.3%)| 4.4% 2.4%]
Steel 103 | TN | 26.82 MH/TN 2,769h 237,338 Oh - Oh 2,76%h - 304,300 - 541,638 0.7% 0.4% 0.2%)
Piping 26,293 | LF 1.68 MH/LF Oh = 0.0% 0.0% 0.0%

Above Ground 12,630 | LF 2.12 MH/LF 26,806h 2,343,204 Oh - Oh 26,806h 1,224,630 3,567,834 4.5% 2.7%)| 1.5%

Below Ground 13,663 | LF 1.28 MH/LF 17,430h 1,523,618 Oh - Oh 17,430h 861,843 2,385,461 3.0% 1.8%| 1.0%
Electrical Oh - 0.0% 0.0% 0.0%

Wire & Cable 386,246 | LF 0.05 MH/LF 20,11%h 1,892,460 Oh - Oh 20,11%h 838,428 - 2,730,888 3.5% 2.1%| 1.1%

Cable Tray 3,400 | LF 0.90 MH/LF 3,060h 287,835 Oh - Oh 3,060h - 102,000 389,835 0.5% 0.3% 0.2%)

Conduit 78,247 | LF 0.14 MH/LF 10,723h 1,008,643 Oh - Oh 10,723h - 405,292 1,413,935 1.8%| 1.1%| 0.6%
Instrumentation 1| LS 9,480h 891,724 Oh - Oh 9,480h 1,374,200 58,004 - 2,323,928 2.9% 1.8%| 0.9%
Heat Tracing 1| LS 1,326h 1,326h 428,550 428,550 0.5% 0.3% 0.2%)
Gas Turbine 1| LS 71,78%h 5,590,187 Oh - Oh 71,78%h - 400,000 5,990,187 7.6% 4.6% 2.4%]
Steam Turbine 1| LS Oh - Oh - Oh Oh - - - 0.0% 0.0% 0.0%
HRSG / Boiler / OTSG 1| LS Oh - Oh - Oh Oh - - - 0.0% 0.0% 0.0%
Condenser 1 LS Oh - Oh - Oh Oh - - - 0.0% 0.0% 0.0%
Cooling Tower 1 LS Oh Oh - - 0.0% 0.0% 0.0%
Air Cooled Condenser 1 LS Oh - Oh - Oh Oh - - - - 0.0% 0.0% 0.0%
GSU Transformers 1| LS 720h 67,726 Oh - Oh 720h 4,680,000 4,000 - 4,751,726 6.0%| 3.6%| 1.9%
Mechanical BOP 1| LS 63,894h 4,975,410 Oh - 16,082h 79,976h 4,884,601 51,200 5,197,500 15,108,711 19.1% 11.6%) 6.2%)
Electrical BOP 1| LS 16,726h 1,573,300 Oh - 309h 17,035h 4,797,390 231,591 100,000 6,702,280 8.5% 5.1%| 2.7%]
Relocation / Demolition Equipment 1 LS Oh - - 0.0% 0.0% 0.0%
Sitework 1| LS Oh - 7,334h 948,043 4,100h 11,433h - 23,157 1,324,963 2,296,163 2.9%| 1.8% 0.9%)
Buildings & Architectural 1| LS 3,094h 3,094h 1,000,000 1,000,000 1.3%) 0.8% 0.4%)
Insulation 1| LS 656h 656h 211,992 211,992 0.3% 0.2% 0.1%
Painting 1| LS 473h 473h 152,770 152,770 0.2% 0.1% 0.1%
Fire Protection 1 LS Oh Oh - 0.0% 0.0% 0.0%
HVAC / Plumbing 1| LS Oh Oh - 0.0% 0.0% 0.0%
Heavy haul 1| LS 1,547h 1,547h 500,000 500,000 0.6% 0.4% 0.2%)
Switchyard 1| LS Oh Oh - - 0.0% 0.0% 0.0%
Premium Time, Shift Differential 1| LS - 0.0% 0.0% 0.0%
Bussing 1| LS = 0.0% 0.0% 0.0%
Indirect Services & Support 1| LS 5,706h 474,672 Oh - 574h 6,280h 351,764 24,000 185,600 1,036,036 1.3%) 0.8% 0.4%
Temporary Facilities & Services 1| LS 2,126h 176,822 Oh - 7,540h 9,666h 544,961 245,598 2,436,867 3,404,248 4.3% 2.6%| 1.4%
Small Tools & Consumables 1| LS Oh - Oh - Oh Oh 1,327,986 1,327,986 1.7%| 1.0%| 0.5%
Construction Equip, Operators, Testing, 1| LS 21,421h 1,781,933 Oh - 63h 21,483h 355,631 1,340,858 20,285 3,498,707 4.4% 2.7%]| 1.4%
Scaffolding 1| LS 20,000h 1,663,764 Oh - Oh 20,000h 1,663,764 2.1% 1.3%| 0.7%
Startup Craft Labor, Materials, Supplies 1| LS 14,760h 2,095,939 Oh - 2,475h 17,235h 339,000 175,000 800,000 3,409,939 4.3% 2.6% 1.4%
Freight 1| LS 847,540 333,856 1,181,396 1.5%| 0.9% 0.5%
Export / Import - Warehousing, Loading/Unloading, Warehousing, Customs - 0.0% 0.0% 0.0%
Buy Downs 1 LS = 0.0% 0.0% 0.0%

= 0.0% 0.0% 0.0%
Project Indirects (Taxes, Insurances, Bonds, Other) 7,207,230 7,207,230 9.1%) 5.5% 2.9% 7,207,230
= 0.0% 0.0% 0.0%
SUBTOTAL DIRECT COSTS Oh - 361,088h 30,568,341 7,334h 948,043 38,240h 406,661h 17,422,158 8,720,892 1,785,456 12,358,525 7,207,230 79,010,646 100.0% 60.5%) 32.2%) 79,010,646
Avg. Rate
/ Hour 24 $ 84.66 $ 129.27 129.27
7/28/2011 4:12 PM Page 1 of 3
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Project Name 429 MW 2x0 SC Plant - GE 7241FA.05 Data Date
Client The Brattle Group Location 1: Dual Fuel w/ SCR Print Date 28-Jul-11 e cHZMH l LL,
Project Description Middlesex County, New Jersey Rev: H -
Total % % %
Professional Labor Self Perform Craft Labor Subcontract Labor Specialty Sub. Craft Material Const. Specialty Of Direct Of Project Of Project
Description Quantity | UM HRS / UM Hours Labor Amount Hours Labor Amount Hours Labor Amount| Hours Hours Eng. Equip Bulk Sub. Equip. Sub Other Total Total Total Revenue Total
INDIRECT COSTS
PROJECT MANAGEMENT 17,597 | HRS 2,414,780
Home Office Professional (PM/CM) 190.56 3,986h 759,566 759,566 1.0%| 0.6% 0.3%)
Project Support Professional (Safe/QC/PC/DocC/Est) 136.29 8,928h 1,216,882 1,216,882 1.5%| 0.9% 0.5%
Clerical 57.90 4,683h 271,127 271,127 0.3% 0.2% 0.1%
Expenses 167,205 167,205 0.2% 0.1% 0.1%
ENGINEERING 30,860 | HRS 3,603,790
Home Office Professional 107.48 29,060h 3,123,317 3,123,317 4.0% 2.4%| 1.3%
Field Professional (Site Support Engineering) 109.71 1,800h 197,473 197,473 0.2% 0.2% 0.1%
Value Center Engineering - 0.0% 0.0% 0.0%
Clerical - 0.0% 0.0% 0.0%
Expenses 283,000 283,000 0.4% 0.2% 0.1%
PROCUREMENT 7,300 | HRS 833,000
Home Office Professional 110.00 7,300h 803,000 803,000 1.0%| 0.6% 0.3%)
Field Professional - 0.0% 0.0% 0.0%
Clerical - 0.0% 0.0% 0.0%
Expenses 30,000 30,000 0.0% 0.0% 0.0%
SITE MANAGEMENT 82,850 | HRS 8,207,467
Field Professional 110.87 65,314h 7,241,459 7,241,459 9.2% 5.5%| 3.0%
Clerical 33.20 17,537h 582,192 582,192 0.7% 0.4% 0.2%)
Expenses 383,816 383,816 0.5% 0.3% 0.2%)
STARTUP MANAGEMENT 14,180 | HRS 1,506,266
Home Office Professional 136.50 500h 68,250 68,250 0.1% 0.1% 0.0%
Field Professional 98.28 13,680h 1,344,516 1,344,516 1.7%)| 1.0%| 0.5%
Clerical - 0.0% 0.0% 0.0%
Expenses 93,500 93,500 0.1% 0.1% 0.0%
SUBTOTAL MANGEMENT COST 152,787h 15,607,782 361,088h 30,568,341 7,334h 948,043 38,240h 406,661h 17,422,158 8,720,892 1,785,456 12,358,525 8,164,750 95,575,948 121.0% 73.2%) 39.0%) 95,575,948
CONTINGENCY Cont. & Escal.
Percentage 5.0% 7.0% 7.0% 13.7% 5.0% 5.0% 6.0% 20,038,730
Dollars 780,389 2,139,784 66,363 2,382,665 436,045 89,273 741,512 6,636,030 8.4% 5.1%| 2.7%]
ESCALATION
Percentage 12.3% 13.8% 10.3% 19.7% 17.3% 12.9% 15.3% 1.4%
Dollars 1,915,500 4,211,700 97,600 3,431,400 1,508,500 230,800 1,891,600 115,600 13,402,700 17.0%) 10.3%) 5.5%
RISK - 0.0% 0.0% 0.0%
PROJECT SUBTOTAL 152,787h 18,303,671 361,088h 36,919,825 7,334h 1,112,006 38,240h 406,661h 23,236,223 10,665,436 2,105,529 14,991,637 8,280,350 115,614,678 146.3% 88.6%) 47.2%) 115,614,678
7/28/2011 4:12 PM Page 2 of 3
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Project Name

429 MW 2x0 SC Plant - GE 7241FA.05

Data Date

@ cHzmHILL
E

Client The Brattle Group Location 1: Dual Fuel w/ SCR Print Date 28-Jul-11
Project Description Middlesex County, New Jersey Rev: H
Total % % %
Professional Labor Self Perform Craft Labor Subcontract Labor Specialty Sub. Craft Material Const. Specialty Of Direct Of Project Of Project
Description Quantity | UM HRS / UM Hours Labor Amount Hours Labor Amount Hours Labor Amount] Hours Hours Eng. Equip Bulk Sub. Equip. Sub Other Total Total Total Revenue Total
G&A & Margin

GENERAL OVERHEAD & ADMINISTRATION 17,286,468

Percentage 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Dollars - - - - - - - - - 0.0% 0.0% 0.0%
MARGIN

Percentage 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0%

Dollars 1,830,367 3,691,983 111,201 2,323,622 1,066,544 210,553 1,499,164 828,035 11,561,468 14.6%) 8.9% 4.7%
POWER BLOCK MARGIN

Percentage 0.0%

Dollars - - 0.0% 0.0% 0.0%
Assignment Fee For Owner Supplied Equipment 0.0% 0.0% 0.0%

Percentage 5.0%

Dollars 5,725,000 5,725,000 7.2%) 4.4% 2.3%]

PROJECT COST W/MARKUPS 152,787h 20,134,038 361,088h 40,611,808 7,334h 1,223,207 38,240h 406,661h 31,284,845 11,731,980 2,316,082 16,490,801 9,108,385 132,901,145 168.2% 101.8% 54.2%) 132,901,145
Sales Tax Deduction (2,349,072) -3.0% -1.8% -1.0% (2,349,072)
Management Adjustments - 0.0% 0.0% 0.0%

PROJECT TOTAL REVENUE 152,787h 20,134,038 361,088h 40,611,808 7,334h 1,223,207 38,240h 406,661h 31,284,845 11,731,980 2,316,082 16,490,801 9,108,385 130,552,074 165.2% 100.0% 53.3%) 130,552,074
OWNER FURNISHED EQUIPMENT = 0.0% 0.0%
CTGs 93,000,000 93,000,000 117.7% 38.0%
HOT SCRs 21,500,000 21,500,000 27.2% 8.8%
- = 0.0% 0.0%
- = 0.0% 0.0%
- = 0.0% 0.0%
- = 0.0% 0.0%
- = 0.0% 0.0%
= 0.0% 0.0%

= 0.0% 0.0% -

= 0.0% 0.0%
= 0.0% 0.0%

PROJECT TOTAL 152,787h 20,134,038 361,088h 40,611,808 7,334h 1,223,207 38,240h 406,661h 145,784,845 11,731,980 2,316,082 16,490,801 9,108,385 245,052,074 310.2% 100.0% 100.0%) 130,552,074

7/28/2011 4:12 PM
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The Brattle Group 2011 PJM CONE Study Appendix Page A-36



The Brattle Group The Brattle Group

429 MW 2x0 SC Plant - GE 7241FA.05 429 MW 2x0 SC Plant - GE 7241FA.05

EPC Cashflow Owner Cash Flow

08/15/11 Rev H 08/15/11 Rev H

Dual Fuel: w/ SCR CUMULATIVE Dual Fuel: w/ SCR Monthly CUMULATIVE

MONTH % % MONTH % %

1 Sep-12 0.000% 0.000% 1 0.00% 0.00%
2 Oct-12 0.000% 0.000% 2 0.00% 0.00%
3 Nov-12 0.000% 0.000% 3 34.78% 34.78%
4 Dec-12 0.000% 0.000% 4 0.00% 34.78%
5 Jan-13 0.000% 0.000% 5 17.39% 52.17%
6 Feb-13 0.000% 0.000% 6 0.00% 52.17%
7 Mar-13 0.000% 0.000% 7 0.00% 52.17%
8 Apr-13 4.920% 4.920% 8 1.17% 53.33%
9 May-13 2.419% 7.338% 9 1.20% 54.54%
10 Jun-13 2.691% 10.029% 10 1.23% 55.77%
11 Jul-13 2.863% 12.892% 11 1.26% 57.03%
12 Aug-13 2.790% 15.682% 12 1.29% 58.32%
13 Sep-13 2.572% 18.254% 13 17.41% 75.73%
14 Oct-13 4.619% 22.873% 14 2.39% 78.12%
15 Nov-13 3.200% 26.073% 15 1.38% 79.51%
16 Dec-13 5.383% 31.456% 16 2.52% 82.03%
17 Jan-14 3.846% 35.302% 17 1.45% 83.48%
18 Feb-14 5.933% 41.235% 18 2.52% 86.00%
19 Mar-14 3.936% 45.171% 19 1.64% 87.64%
20 Apr-14  12.460% 57.630% 20 5.59% 93.23%
21 May-14 3.404% 61.034% 21 1.13% 94.36%
22 Jun-14 3.070% 64.104% 22 0.49% 94.85%
23 Jul-14 4.088% 68.192% 23 0.57% 95.41%
24 Aug-14 3.708% 71.901% 24 0.62% 96.04%
25 Sep-14 4.499% 76.399% 25 0.46% 96.50%
26 Oct-14 4.568% 80.967% 26 0.54% 97.04%
27 Nov-14 3.422% 84.389% 27 0.43% 97.47%
28 Dec-14 4.060% 88.449% 28 0.35% 97.82%
29 Jan-15 2.800% 91.249% 29 0.30% 98.12%
30 Feb-15 2.275% 93.524% 30 0.20% 98.32%
31 Mar-15 1.367% 94.891% 31 0.20% 98.53%
32 Apr-15 1.391% 96.282% 32 0.16% 98.69%
33 May-15 0.866% 97.148% 33 0.11% 98.80%
34 Jun-15 2.852% 100.000% 34 1.20% 100.00%
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APPENDIX B. CH2M HILL COMBINED-CYCLE COST ESTIMATES

CH2M HILL’s detailed engineering cost estimates for plant proper costs including both EPC
contractor costs and owner-furnished equipment costs are contained in this appendix for each
combined-cycle plant configuration examined. A summary report describing detailed plant
specifications and summary cost results for each CC configuration in each CONE Area is
contained in CH2M HILL’s summary report in Appendix B.1. Plant layout drawings, project
schedules, cost estimate details, and cash flow schedules were also provided for each CC
location and configuration. Appendices C.2 through C.5 contain this detailed supporting
information for one of the CONE Area 1 plant configuration, which is a dual-fuel plant.

APPENDIX B.1. COMBINED-CYCLE PLANT PROPER COST ESTIMATE REPORT
APPENDIX B.2. LAYOUT DRAWING FOR DUAL-FUEL CC

APPENDIX B.3. PROJECT SCHEDULE FOR DUAL-FUEL CC

APPENDIX B.4. CosT DETAIL FOR CC IN CONE AREA 1

APPENDIX B.5. CASH FLow SCHEDULE FOR CC IN CONE AREA 1
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APPENDIX B.1. COMBINED-CYCLE PLANT PROPER COST ESTIMATE REPORT
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Combined Cycle Cost Estimate
2 x 1 GE 7FA Reference Plant

Brattle Group
PJM Estimating Support

Prepared By CH2M HILL
Project No. 421147
Rev.C
August 2011

¢ cHz2mviHILL.
-
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1.0 Executive Summary

CH2M HILL Engineers, Inc. was engaged by the Brattle Group, Inc to provide capital cost
estimates for gas fuel only and dual fuel (oil & natural gas) GE 7FA.05 gas turbine combined
cycle power plants at multiple sites, each capable of generating approximately 701 MW. The
plant configurations each consist of two (2) GE Frame 7FA.05 combustion turbine generators
(CTGs), two (2) duct fired three pressure reheat Heat Recovery Steam Generators (HRSGs), one
(1) condensing reheat Steam Turbine Generator (STG), surface condenser and all necessary
Balance of Plant (BOP) equipment.

Dual Fuel Combustion Turbines

As a basis for the dual fuel combustion turbine estimates CH2M HILL developed the following
information:

e Capital costs for five (5) geographical areas (New Jersey, Maryland, Illinois,
Pennsylvania, and Virginia)

¢ A General Arrangement drawing for a representative combined cycle power plant

¢ A Level One Project schedule

¢ A basic monthly cash flow tabulation

The capital cost estimates for each geographical area are summarized in the table below. The
details of the cost breakdown for each location are included in Section 6.0.

Geographical Labor EPC Costs | Owner Costs | Total Installed Capital Cost
Area Type $ $ -$

New Jersey Union 356,186,888 | 194,785,565 547,444,257
Maryland Non-Union | 274,566,035 | 192,061,631 466,627,666

[linois Union 348,377,452 194,784,480 543,161,932
Pennsylvania Union 333,447,565 192,106,147 525,553,712
Virginia Non-Union | 274,373,867 | 189,384,692 463,758,559

Gas Fuel Only Combustion Turbines

As a basis for the gas fuel only combustion turbine estimate CH2M HILL developed the
following information:

The Brattle Group 2011 PIM CONE Sudy Appendix Page B-5

Capital cost for the Will County, Illinois location
A General Arrangement drawing for a representative simple cycle power plant
A Level One Project schedule

A basic monthly cash flow tabulation
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The capital cost estimate for the natural gas fuel combustion turbine for Will County, Illinois is
summarized in the table below. The details of the cost breakdown for this location are included
in Section 6.

Illinois Union 334,931,825 191,257,369 526,189,194
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2.0 Development Approach

2.1 Estimating Process

For the development of the capital cost estimate, CH2M HILL utilized our Power Plant
Indicative Cost Estimating Methodology which is based upon the plant specific configuration,
location specific productivity and labor cost factors, and our extensive current cost data base for
equipment and material. These factors are processed using our proprietary Indicative
Estimating Software Model to produce a detailed analysis of the cost elements for the project
that are then compared to recently completed similar projects.

Project Configurations

CH2M HILL's experience with various plant configurations is extensive. The combustion
turbines shown in the table below have been designed and installed in combined cycle, simple
cycle and cogeneration modes.

1 X LMS 100 simple cycle

2 X F-class simple cycle

4 X LM 6000 simple cycle

12 X FT-8 Twin Pack simple cycle
1 X1 F-class combined cycle

2 X1 F-class combined cycle

3 X1 E-class combined cycle

CH2M HILL's estimating team retains standard plant layout configurations that have been
imported into the estimating data base for use in this study. The design basis for this study is a
2 x 1 -7F class combined cycle, the details for which are defined in Sections 3.0 - Plant Scope and
Section 4.0 - General Arrangement of this report.

Variability by Location

The US construction industry has the most variability in productivity and execution strategy by
location than any other country in the world. Project execution ranges from strong union
locations such as New York City, Chicago, San Francisco and St. Louis to lower cost, merit shop
locations such as the Gulf Coast and Southeast US. CH2M HILL's historical database tracks and
updates labor productivity by location. CH2M HILL’s “base” productivity location is the Gulf
Coast, like many national contractors. At that location, the base productivity for each discipline
trade is considered a 1.0 productivity factor and is considered the most efficient location to
perform work based on worker skills and efficiency. That 1.0 productivity factor is then
adjusted to reflect union labor, local labor rules and other historical data.

Variability of Estimates for Material and Equipment

Certain material and equipment costs are more volatile in the heavy industrial market than
others. As examples, high temperature- high pressure pipe, electrical transformers and copper
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wire are high in demand in the oil & gas market as well as the power market. When both
industries are busy, costs increase dramatically due to not only material and manufacturing
costs, but also due to greater demand than supply. Market conditions sometimes make it nearly
impossible to assess with any certainty the proper amount of escalation to apply to some
materials and equipment. This is compounded by the extended time from estimate development
to project implementation. CH2M HILL's constant activity in bidding and procuring material
and equipment provides more accurate costs that reflect current market conditions than
available by other means.

CH2M HILL’s Indicative Estimating Software Model

CH2M HILL has taken over 20 years of data from our involvement in the Power industry and
developed an indicative database to aid in estimating future projects. The “Power Indicative
Estimating Program” derives project costs based on information that is input on various
worksheets within the program from a series of inputs, multiple logic functions and iterations,
and a preliminary Indicative Estimate is produced which can be reviewed and modified as
necessary.

Power Indicative Estimating Program Output

Once a project configuration, location, schedule and execution model is defined, the indicative
estimator works with a Power Project Engineer to reflect other project properties unique to the
project. The estimator inputs the specific project data into the model and then reviews with
experienced construction managers and engineers to confirm alignment.

The program produces an estimating basis and a series of outputs. Some of these outputs
include:

¢ Quantities of concrete, structural steel, pipe, conduit, cable and insulation
¢ Equipment required by system
e  Work-hours for labor by discipline
¢ Engineering hours
¢ Construction supervision hours
e Startup and testing hours
¢ Indirect labor and equipment
The program allows the estimator to input the latest labor rates, productivity, which is then

tabulated in the program to develop the final cost of the plant. The results of these analyses are
contained in Section 6.0 of this report.

2.2 Owner Cost Estimates

Pricing for the three major components, the Combustion Turbine Generators (CTGs), the Heat
Recovery Steam Generators (HRSGs) and the Steam Turbine Generator (STG), is based on GE
Power Island information obtained from similar plants CH2M HILL has constructed and
proposed. Note that GE’s scope includes the Continuous Emissions Monitoring
Systems(CEMS), Packaged Electrical and Electronic Control Cabs (PEECC), the Plant Distributed
Control System (DCS) and the CTGs and STG auxiliary equipment.
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These components (Owner Furnished Equipment or OFE) are procured by the Owner at project
start, prior to EPC contract NTP. They are assigned to the EPC contractor at that time. Estimates
of Owner costs that are in addition to the EPC contract cost are tabulated in Section 6.0.

2.3 EPC Cost Estimate

Pricing for the major Balance of Plant equipment including the ST surface condenser, cooling
tower and generator step-up transformers were obtained from actual pricing and budgetary
quotes received from vendors for similar recent projects and proposals.

The plant construction cost estimates were developed based on data from recent EPC projects.
Labor rates and productivity factors for the following five (5) geographical areas were verified
and used to develop the direct and indirect costs.

1) Middlesex County, New Jersey

2) Charles County, Maryland

3) Will County, Illinois

4) Northampton County, Pennsylvania
5) Fauquier County, Virginia

The construction cost estimates are based on direct labor hire (concrete, steel, piping, electrical
and instrumentation) and specialty subcontract union (locations 1, 3, and 4) and merit shop craft
labor (locations 2 and 5). Quantities for bulks were determined from plants similar in size and
configuration. Historical data was utilized to provide an overall parametric check of account
values of the completed estimate.

Labor

Locations 1, 3, and 4: Union craft labor rates were determined from prevailing wages for the
area. Rates were built-up including the base rate, fringes and legalities. The estimate is based
on a 50 hour craft work week. A labor factor of 1.1 was applied to the CSA accounts, 1.3 for the
piping accounts, and 1.2 on all other accounts and based on various factors including location,
working in an existing facility, congestion, local labor conditions, weather and schedule.

Locations 2 and 5: Merit shop craft labor rates were determined from prevailing wages for the
area. Rates were built-up including the base rate, fringes and legalities. The estimate is based
on a 50 hour craft work week. A labor factor of 1.0 was applied to all accounts based on various
factors. A $50 per day per diem has been included.

Escalation

The cost estimates are provided in June 2011 dollars and escalation was included based on the
following schedules.

¢ Craft labor was escalated at 4.0% for 2011 and beyond.
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Engineered equipment and bulk materials were escalated at 6% for 2011 and beyond.
Professional labor and construction indirect expenses were escalated at 3% for 2011 and
4% for 2012 and beyond.

Specialty subcontracts were escalated at 5% for 2011 and beyond.

Contingency & Gross Margin

Contingency was included at:

5% for Professional Labor, Material and Construction Equipment
7% for Craft Labor

6% for Specialty Subcontracts

2% for the CTGs and STG

3% for the HRSGs

3% for Engineered Equipment

A gross margin of 10% was applied with 5% assignment fee applied to the Owner Furnished
Equipment.

Project Indirects

Project indirects include:

Builders Risk insurance

General and excess liability insurance

Performance and payment bonds

Construction permits

Sales tax (not including OFE) to roll up through markups then taken out at bottom line
Letter of credit in lieu of retention

Warranty

Bonus pool

Scope - Inclusions

Structural and civil works

Mechanical, electrical, and control equipment
Electrical Power Distribution Center (pre-assembled & tested)
Heavy haul (allowance)

Operator training

O&M manuals

Escalation

Bulks including piping and instrumentation
Contractor’s construction supervision

Temporary facilities

Construction equipment, small tools and consumables
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Start-up spare parts and start-up craft labor

Construction permits allowance ($100,000)

First fills

Insurances

Gross margin

5% Letter of Credit in lieu of retention

Construction power, water and natural gas consumption

Performance and Payment Bond

Builders All Risk Insurance (costs broken out from EPC estimate for reference - see
Estimate Basis Section 17.0)

Scope - Exclusions

Soils remediation, moving of underground appurtenances or piping

Dewatering except for runoff during construction

Wetland mitigation

Fuel gas compression

Noise mitigation measures or study (unless otherwise noted)

Piling

Geotechnical investigation and survey (shown separately from EPC estimate as an
Owners cost)

Sales Tax (shown separately from EPC estimates as an Owners cost)

Permitting/ Environmental permits (shown separately from EPC estimates as an
Owners cost)

Fuel oil and natural gas consumption during startup (shown separately from EPC
estimate as an Owners cost)

Switchyard

Scope - Assumptions & Clarifications

Assumes flat, level and cleared site.

Assumes free and clear access to work areas.

This site does not contain any EPA defined hazardous or toxic wastes or any
archeological finds that would interrupt or delay the project.

Spread footings are assumed for all equipment.

All excavated material is suitable for backfill/compaction.

Rock excavation is not required.

Temporary power and water will be available at site boundary as required to support
construction at no cost to Contractor.

An ample supply of skilled craft is available to the site.

TA services are owner provided as part of their equipment supply.

Craft bussing is not required.

Ample space (provided by owner) for craft parking, temporary facilities, laydown
and storage is available adjacent to site.

Field Erected Storage Tanks are carbon steel with internal high build epoxy coatings.
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Access road modifications and improvements (beyond the site boundary battery
limit) will be performed by others.

Roads for heavy haul are suitable for transportation and contain no obstructions for
delivery of heavy/oversized equipment.

Heavy haul is assumed to be from a rail siding within one mile of the plant to setting
on foundations.

Equipment is supplied with manufacturer’s standard finish paint.

Natural gas is delivered at an adequate pressure and no gas compression is required
Gas metering station is by others

The electrical equipment and water treatment equipment will be housed in pre-
fabricated building

The electrical scope concludes at the high side of the Generator Step-up (GSU)
transformers. Transmission line and substation costs are by others.

Heat tracing has not been included for large above ground process piping where
system pumps can be operated to prevent freezing, or where the system can be
drained during extended cold weather outages.
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3.0 Plant Scope

3.1 General Description

The proposed combined cycle power plant has a nominal generating capacity of approximately
701 MW at 59 °F outdoor ambient temperature when operating on gas fuel. The major
components of the project include two (2) GE Frame 7FA.05 Combustion Turbine Generators
(CTGs) each with a dedicated reheat Heat Recovery Steam Generator (HRSG), one (1) shared
reheat Steam Turbine Generator (STG), surface condenser, cooling tower, air pollution controls
and associated auxiliary and control systems. The CTGs will be equipped with inlet evaporative
coolers to increase power output at high ambient temperature. The HRSGs will generate steam
at three pressure levels and will be equipped with natural gas fired duct burners to provide
additional steam to augment power output. The plant (dual fuel CT option) will operate both on
natural gas and distillate fuel oil. The CTGs will be equipped with dry-low NOx combustors
(gas fuel operation) and the HRSGs with Selective Catalytic Reduction (SCR) control systems to
reduce NOx emissions. The HRSGs will also be equipped with oxidation catalyst systems to
reduce CO and VOC emissions. The CTGs will be equipped with water injection for NOx control
when operating on distillate fuel (dual fuel option).

The termination points for the power facility are at the battery limits of the facility and include
the following;:

¢ High Pressure natural gas supply downstream of the gas metering station (by others)
at the power facility boundary

¢ Water from the municipal water supply at the power facility boundary

¢ Waste to the municipal sewer at the power facility boundary

¢ Electrical connection is at the high side of the generator step-up transformers

The facility is assumed to be located on a Greenfield site. There will be three buildings included
in the plant layout: an integrated administration/control room/warehouse/maintenance
building, an electrical/water treatment building, and a STG building. Buildings are of pre-
fabricated construction with the exception of the STG building. Layout of the plant shall be in
accordance with the General Arrangement drawing included in Section 4.0.

General performance parameters are tabulated below for the (2x1) combined cycle plant.
Predicted emissions data is also provided based on generic data for CTG and SCR performance
using estimated stack emissions concentrations and rates.
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GAS

Evaporative Cooling

Plant configuration 2x1 2x1 2x1 2x1
CTG Load Point 100% 100% 100% 100%
Ambient Temperature, oF 59 59 92 92
Relative Humidity, % 60 60 53 53
Evaporative Cooling ON ON ON ON
Duct Burner Status OFF ON OFF ON
Fuel Heating Value, Btu/Lb (LHV) 21,515 21,515 21,515 21,515
CT Generators terminal power, kW 426,560 426,560 397,978 397,978
ST Generator terminal power, kKW 223,440 300,120 207,320 281,440
Gross Plant Power, kKW 650,000 726,680 605,298 679,418
Gas Turbine Fuel Input, Btu/Hr 3,805,768,320 3,805,768,320 3,628,763,400 3,628,763,400
Duct Burner Fuel Input, Btu/Hr 0 570,000,000 0 570,000,000

Total Fuel Input, Btu/Hr

3,805,768,320

4,375,768,320

3,628,763,400

4,198,763,400

Gross Plant Heat Rate, Btu/kWH

(LHV) 5,855 6,022 5,995 6,180
Plant Auxiliary Loads, kW 22,750 25,434 21,185 23,780
Net Plant Power, kW 627,250 701,246 584,113 655,638
Net Plant Heat Rate, Btu/kWH (LHV) 6,067 6,240 6,212 6,404
FUEL OIL

Evaporative Cooling
Plant configuration 2x1 2x1 2x1 2x1
CTG Load Point 100% 100% 100% 100%
Ambient Temperature, oF 59 59 92 92
Relative Humidity, % 60 60 53 53
Evaporative Cooling ON ON ON ON
Duct Burner Status OFF ON OFF ON
Fuel Heating Value, Btu/Lb (LHV) 18,300 18,300 18,300 18,300
CT Generators terminal power, kW 437,560 437,560 423,734 423,734
ST Generator terminal power, kW 221,300 289,240 210,530 275,180
Gross Plant Power, KW 658,860 726,800 634,264 698,914
Gas Turbine Fuel Input, Btu/Hr 4,205,466,000 4,205,466,000 4,116,575,810 4,116,575,810
Duct Burner Fuel Input, Btu/Hr 0 460,000,000 0 460,000,000
Total Fuel Input, Btu/Hr 4,205,466,000 4,665,466,000 4,116,575,810 4,576,575,810
Gross Plant Heat Rate, Btu/kWH
(LHV) 6,383 6,419 6,490 6,548
Plant Auxiliary Loads, kW 23,060 25,438 22,199 24,462
Net Plant Power, kW 635,800 701,362 612,065 674,452
Net Plant Heat Rate, Btu/kWH (LHV) 6,614 6,652 6,726 6,786
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GE 7FA.05

OPERATING CONDITION N. Gas Fuel Oil
Ambient DBT Deg F 59 59
Relative Humidity % 60 60
Gas Turbine Unit Exhaust
Flow Rate Ibs /hr 4,132,000 4,151,000
Temperature deg F 1113 1147
Argon % VOL 0.88 0.84
Nitrogen % VOL 74.18 70.7
Oxygen % VOL 12.26 10.68
Carbon Dioxide % VOL 3.85 5.74
Water % VOL 8.83 12.04
Gas turbine
Emissions
NOx corrected to ppmvd 9 42
15% O2
NOx as NO2 Ibs/hr 69 370
CO corrected to ppmvd 9 20
15% O2
CcO Ibs/hr 33 72
UHC ppmvd 7 7
UHC Ibs /hr 16 16
PM10 particulates | Ibs/hr 9 17
After HRSG/SCR
Gas CC
N.G F.O.
(ppmvd) (ppmvd)

NOy 2 5

VOC 5 5

co 5 11

PM; s - -

SO, Note A Note B
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Gas CC

N.G F.O.
(Ib/hr) (Ib/hr)
NO, 15.6 445
VOC 13.5 15.5
Cco 23.7 59.5
PM, s 9 17
SO, 5.4 6.9
Gas CC
N.G F.O.

(lb/MMBtu) (Ib/MMBtu)
NO, 4,10E-03 1.06E-02
VOC 3.55E-03 3.69E-03
co 6.23E-03 1.41E-02
PM, 5 2.36E-03 4.04E-03
SO, 1.43E-03 1.64E-03

Gas CC 2X1

Natural Gas Fuel oil
Heat input
(MMBtu/hr) 3,806 4,205
Fuel Heating
Value
Btu/Lb (LHV) 21,515 18,300
Notes

A - 0.5 grains/100 scf
B - 15 ppm on a mass basis for fuel oil
¢ - Assumed heating value of natural gas of 1000 Btu/scf

3.2 Owner Furnished Equipment (OFE)

The following paragraphs describe the equipment for which the Owner is responsible to
procure.
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Combustion Turbine Generators (Power Island Scope) - The combustion turbine generators
(CTG's) operate to produce electrical power and waste heat. The plant will include two (2)
General Electric 7FA.05 combustion turbine-generators packaged for outdoor installation.
Depending upon the site the combustion turbines will be equipped for gas fuel only operation or
dual fuel (distillate fuel & natural gas) fuel operation. Units equipped for distillate fuel
operation will require a water injection system for NOx emissions control. The CTG equipment
package includes the following accessory systems:

¢ DLN Combustion System (Natural Gas and Distillate fuel oil)
¢ Water Injection System (for distillate fuel operation)
¢ Lube Oil System

¢ Hydraulic Control Oil Systems

¢  Water Wash System

¢ Exhaust System

¢ Inlet Air Filtration System (with noise abatement)

¢ Inlet Air Cooling System (evaporative)

e Starting System (with turning gear)

¢ Dual Fuel Control Systems (gas and distillate fuels)

¢ Variable Inlet Guide Vane (IGV) System

¢ Mark VI (TMR) Turbine Control & Protection System

Distributed Control System (Power Island Scope) - The Distributed Control System (DCS) will
be a GE MARK VI Triple Modular Redundant (TMR) control system provided by GE as part of
the power island package. The DCS shall provide for the supervisory control of the Combustion
Turbine Generators and Steam Turbine Generator. In addition the DCS shall provide for the
control and protection of the HRSGs and all Balance of Plant (BOP) equipment, excepting those
systems that are better suited for local control such as the Water Treatment System, Instrument
Air Dryers, CEMs, BMS and miscellaneous sumps. Where local controls are used, common
trouble alarms and supervisory control functions shall be provided by the DCS. Human
Machine Interfaces (HMlIs) shall be located in the Central Control Room and locally at each
major piece of equipment.

Continuous Emissions Monitoring System (Power Island Scope) - A fully certified Continuous
Emissions Monitoring System (CEMS) shall be provided (by GE) for each CTG to continuously
monitor the emissions from each CTG and HRSG duct burner. A Data Acquisition and Handling
System (DAHS) shall be provided capable of logging and reporting emissions as required by the
Air Quality Permit. The equipment shall be housed in a temperature and humidity controlled
CEMS shelter.

Heat Recovery Steam Generator (Power Island Scope) - The Heat Recovery Steam Generators
(HRSG) function to generate high-quality, superheated steam utilizing exhaust heat from the
combustion turbine. Steam is generated at three (3) pressure levels for admission into the steam
turbine. One HRSG will be supplied for each CTG as part of the Power Island purchase. The
major components of each HRSG are as follows:
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Ductwork from combustion turbine
Three pressure drums

Low Pressure (LP) Economizer

Low Pressure (LP) Evaporator

Low Pressure (LP) Superheater
Intermediate Pressure (IP) Economizer
Intermediate Pressure (IP) Evaporator
Intermediate Pressure (IP) Superheater
High Pressure (HP) Evaporator

High Pressure (HP) Economizer

High Pressure (HP) Superheater

High Pressure Reheater

Main Steam Attemporator

Reheat Steam Attemporator

Natural Gas fired duct burner
Ductwork to stack

150 foot high, 18'6” diameter stack
SCR system utilizing 19% aqueous ammonia
CO Catalyst

N2 blanket connections

Steam Turbine Generator (Power Island Scope) - A single steam turbine generator produces
electrical power from steam produced by the two (2) HRSGs. This steam turbine is a multistage,
reheat, condensing type turbine. The turbine will have a downward exhaust with an expansion
joint between the condenser and turbine. The major components include:

Turbine Sections - HP, IP and LP
Generator

Stop/Control Valves

Reheat Intercept/Stop Valves

High Pressure Control Oil System

Lube Oil System

Steam seal and exhauster system
Turning Gear

Mark VI (TMR) Turbine Control System

3.3 EPC Scope

The following paragraphs describe the equipment for which the EPC contractor shall be
responsible for procurement.
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3.3.1 Gas Fuel Only - Combustion Turbines

Ammonia System - The aqueous ammonia system stores and delivers ammonia to the HRSG’s
Selective Catalytic Reduction (SCR) system for the reduction of NOx emissions. The major
equipment consists of the following:

Two (2) 100% ammonia forwarding pumps

One (1) nominal 20,000 gallon horizontal storage tank
One (1) evaporator

Tank truck unloading area

Auxiliary Steam Boiler - The auxiliary steam boiler is used to maintain the steam turbine shell
and rotor metal temperatures hot during shutdown and to provide sealing steam to the steam
turbine to enable more rapid startups. The major equipment consists of the following:

One (1) 77,000 Ib/hr Packaged Auxiliary Boiler
Stack

Deaerator

Two (2) 100% capacity boiler feedpumps
Instruments, valves and controls

Auxiliary Cooling Water System - The auxiliary cooling water system is a closed loop cooling
water system supplying cooling water to the gas turbine generator coolers, steam turbine & gas
turbine lube oil coolers and other auxiliary equipment. The major equipment includes the
following:

e Two (2) 100% Pumps

e Two (2) 100% Plate and Frame Heat Exchangers
¢ Surge Tank

¢ Chemical Addition Tank

Auxiliary Electrical System - The auxiliary electrical system provides a means of stepping-down
the generator terminal voltage to deliver power to the plant auxiliaries at a reduced voltage.
Typical major equipment includes:

Auxiliary cable and/or bus

Station unit auxiliary transformers (UAT)

5 kV switchgear

5kV medium voltage motor controller gear (MVMC)
Station service transformers (SST)

secondary unit substations (SUS)

480 V motor control centers (MCC)

Boiler Blowdown System - The boiler blowdown system collects the blowdown streams from the
HRSGs and directs them to the blowdown tank for draining to plant drains. Additionally,
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startup blowdown, blow-offs, and other high temperature drains can be collected in the
blowdown tank. The service water cools the streams prior to flowing to the plant drains. The
major equipment includes one (1) blowdown tank per HRSG provided with the power island
equipment supplied (by GE).

Circulating Water System - The plant circulating water system provides cooling water for the
condenser and for auxiliary cooling system. Makeup water for the circulating water system is
provided by the city and blowdown is sent to the municipal sewer system. The major equipment
includes:

e Two (2) 50% circulating water pumps

e Multiple cell, mechanical draft cooling tower with pump basin
e Tower basin screens

¢ Level control valves

¢ Piping, valves and instrumentation

Condensate System - The condensate system receives turbine exhaust steam, turbine bypass
steam and other miscellaneous steam drains then transports condensate from the hot well to the
low-pressure drum of the HRSG for de-aeration. The condenser also provides a storage volume
for other plant steam drains and the low-pressure, intermediate-pressure and high-pressure
(cascading) steam turbine bypasses. The bypasses shall be designed for the steam turbine rapid
startup and shutdown requirements. The major equipment includes the following;:

Three (3) 50% capacity Condensate Pumps with Motor Drives
Steam Condenser

Gland Seal Condenser (provided with STG)

Two (2) 100% capacity liquid ring mechanical vacuum pumps
Control Valves and Instrumentation

Chemical Feed System - The purpose of the chemical feed system is to protect the HRSG from
corrosion and scale formation, and to provide protection of the circulating water from scaling,
bio-fouling and controlling pH. The major equipment includes:

e HRSG - Two (2) phosphate chemical feed skids each with one (1) 100% HP & one (1)
100% IP injection pumps, day tank if required, piped, prewired and including
necessary components and accessories for a complete functional feed skid.

e HRSG - Two (2) feed water chemical feed skids each with two (2) 100% injection

pumps (oxygen scavenger & amine), day tanks if required, piped, prewired and
including necessary components and accessories for a complete functional feed skid.

¢ Circulating Water - One (1) acid chemical feed skid with two (2) 100% injection
pumps, day tank, piped, pre-wired and including necessary components and
accessories for a complete functional feed skid.
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¢ Circulating Water - One (1) biocide chemical feed skid with two (2) 100% injection
pumps, piped, prewired and including necessary components and accessories for a
complete functional feed skid.

Cathodic Protection System - The cathodic protection system function to mitigate galvanic
action and prevent corrosion on the underground natural gas piping. The major equipment
includes:

Sacrificial anodes

Cable

Test boxes for potential measurement
Insulating flanges.

DC Power System - The DC power system functions to provide a reliable source of motive and
control power for critical equipment, the emergency shutdown of the plant, and the egress of
plant personnel during blackout conditions. These loads typically include control power for
power circuit breakers, switchgear, protective relaying, and DC power source for the
Uninterruptible Power Supply (UPS). The major equipment includes:

¢ A bank of lead acid storage battery
e Two 100% capacity battery chargers
¢ Two (2) DC power distribution switchboard

Emergency Diesel Generator - The emergency diesel generator provides for the supply of
essential AC auxiliary power during an electrical system (grid) black-out to permit a safe and
orderly shutdown of the plant equipment. The major equipment includes:

¢ 1,000 kW diesel generator w/load bank
* 6,000 gallon diesel storage tank

Demineralized Water System - The demineralized water system functions to provide a supply of
demineralized make-up water to the ST condenser hotwell, the CT evaporative cooling system,
the CT water injection (NOx control on distillate), and for some the CT wash water solutions.
The demineralized water system is sized to handle make-up when the plant is normally
operating on natural gas fuel. During back-up operation on distillate fuel oil a rental trailer must
be brought in to keep up with the water injection demand of the CTs. Major equipment that
makes up the demineralized water treatment system includes the following:

¢ Multimedia filters for pre-filtration,

¢ Sodium bi-sulfite feed system

* Antiscalant chemical feed system

¢ Reverse Osmosis (RO) system

¢ Electro deionization (EDI) polishing

e Two (2) 100% capacity demineralized water transfer pumps
e A 200,000 gallon demineralized water storage tank
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Facility Low Voltage Electrical System - The low voltage electrical system conditions and
distributes electrical power at various voltage levels for lighting, receptacles and small loads
(motors, HVAC, etc.) as required for all buildings and site support facilities. The major
equipment of this system includes:

¢ Transformers

¢ Distribution panel boards

¢ Disconnect switches

e Separately mounted motor starters
¢ General-purpose receptacles

¢ Welding receptacles

e Lighting

Fuel Gas Condition Skid- The fuel gas skid functions to filter and heat the natural gas supplied
for use as fuel by the combustion turbine and HRSG duct burner. A skid is provided for each
CTG. Fuel gas heating is performed during startup by an electric heater to provide the
superheat necessary to prevent the formation of liquid hydrocarbons in the fuel. During normal
operation the fuel gas is heated by a performance heater using high temperature boiler
feedwater to enhance the thermal performance of the CTG. The major equipment for each skid
includes the following:

e Two (2) 100% coalescing filter/separators
¢  One (1) 100% scrubber

¢ One (1) fuel gas performance heater

¢ One (1) fuel gas electric startup heater

Fuel Gas Pressure Regulating Skid - A dual train fuel gas pressure regulating skid shall be
provided to filter and regulate the supply pressure of the natural gas to the facility to satisfy the
operational requirements of the CTGs. The major pressure regulation skid equipment includes
the following;:

One (1) emergency shutdown valve

Two (2) 100% capacity coalescing filter/separators

Two (2) 100% capacity pressure reducing trains each equipped with the following:
* One (1) automatic inlet isolation valve per train
* One (1) startup pressure reducing valve per train
* One (1) primary pressure reducing valve per train

One (1) safety relief valve with vent stack

One (1) fuel gas condensate drains tank

Fire Protection System - The fire protection system provides standpipes and hose stations, fire
extinguishers, independent fire detection systems, and fixed carbon dioxide suppression
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systems to protect personnel, plant buildings and equipment from the hazards of fire. The
system consists of the following:

Low-pressure carbon dioxide fire suppression system

Fire detection systems

Portable fire extinguishers

Manual fire alarm systems

Manual pull stations in the buildings

Fire Protection Control Panel for alarm, indication of system status, and actuation of
fire protection equipment.

One (1) 100% electric driven fire pump

One (1) 100% diesel driven fire pump with diesel day tank.

One (1) jockey pump

300,000 gallons of fire water reserve within the raw water storage tank
Piping and valves, stand pipes and hose stations

Fire pump building

Boiler Feedwater System - The boiler feedwater system functions to pressurize and transfer de-
aerated condensate from the HRSG low-pressure drum to the high and intermediate pressure
steam drums. The feedwater system also provides water to the MS and RH steam
attemporators, and the steam bypass desuperheating stations associated with the ST steam
bypass to the condenser. The major components of the feedwater system for each HRSG include
the following;:

e Two (2) 100% boiler feed pumps per HRSG
¢ Two (2) automatic pump minimum flow recirculation control valves per HRSG
¢ One (1) HP and one (1) IP feedwater control valve per HRSG

Grounding System - The grounding system function to provide protection for personnel and
equipment from the hazards that can occur during power system faults and lightning strikes.
System design shall include the ability to detect system ground faults. The grounding system
shall typically consist of copper-clad ground rods, bare and insulated copper cable, copper bus
bars, copper wire mesh, exothermic connections, and air terminals.

Generation (High Voltage) Electrical System- The generation electrical system functions to
deliver generator power to the Substation, and provides power for the auxiliary electrical
system. One set of the following equipment shall be provided for each the three (3) generating
unit).

Generator main leads

Generator breaker

Generator step-up (GSU) transformer (230 kV), (345kV Location 3 Only)
Auxiliary transformer
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Main Steam System - The main steam (MS) system functions to convey high pressure steam to
the HP steam turbine section. During normal operation steam flows from each HRSG though the
main steam headers into the steam turbine. The major equipment includes:

¢ Flow measuring equipment for steam flow
¢ Isolation valves
¢ Piping, valves and accessories

Hot Reheat and Cold Reheat Steam Systems - The hot reheat (HR) and cold reheat (CR) steam
systems function to convey intermediate pressure steam to the intermediate pressure section of
the steam turbine. During normal operation (CR) steam flows from the HP turbine exhaust to
the HRSG reheater, and from the HRSG reheater steam flows through the HR steam system to
the IP turbine inlet. The major equipment includes:

e Isolation valves
¢ Piping, valves and accessories

Oily Waste System - The Oily Waste system collects oil-contaminated wastewater in the plant
drains system. The oil waste system is gravity feed throughout the plant to an oil water
separator. The solids and oil collected in this system will be collected for offsite disposal at a
suitable, licensed, hazardous waste facility. The effluent from the oil/ water separator will be
discharged to the local sewer system.

Plant Instrument and Service Air System - The plant instrument and service air system function
to supply clean, dry, oil-free air at the required pressure and capacity for all pneumatic controls,
transmitters, instruments and valve operators, and clean compressed air for non-essential plant
service air requirements. The plant instrument and service air system includes the following
components:

e Two (2) full capacity, air cooled, single stage, rotary screw type air compressors, each
complete with controls, instrument panel, intercooler, lubrication system, aftercooler,
moisture separator, intake filter-silencer, air/ oil separator system and an unloading

valve.

e Two (2) full capacity air receivers

e Two (2) full capacity, dual tower, heaterless type desiccant air dryers

e Two (2) full capacity pre-filters

e Two (2) full capacity after-filters

® Associated header and distribution piping and valves

Plant Communication System - The plant communication system functions to provide the plant
external communication system through the use of the public telephone system. The
administration building, control room, maintenance and storage areas will be equipped with
telephone jacks. The Owner shall provide any internal plant communication systems including,
but not limited to, two-way radios.
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Plant Security - The plant security system provides protection to the property and personnel. A
security system consisting of card readers, intercoms, motor operated gate and fencing will be
provided.

Potable Water - The potable water system serves as a water source for drinking and personnel
hygiene needs. Potable water also serves as a water source for eyewash and safety shower
stations. Potable Water will be supplied from the local water utility.

Raw Water System - The raw water system provides utility water for general plant use. The
water will be provided by the local water utility. The raw water system will supply water for
miscellaneous non-potable plant uses including demineralized water system supply, plant
equipment wash-downs, makeup to the circulating water system, general service water and fire
water. The major equipment includes the following:

¢ One (1) 500,000 gallon raw water/fire water storage tank
e Two (2) 100% capacity raw water pumps

Steam & Water Sample System - The steam and water sample system functions to collect, cool,
condense, draw and analyze the feedwater supply stream, blowdown from the HRSG drum,
and the HP steam to the steam turbine. A sample system is provided for each HRSG. The major
equipment includes:

One new sample panel/sink

Sample coolers

Analyzers

Sample tubing, valves, fittings & supports

Insulation and freeze protection

Lab facilities necessary to provide analysis required herein

Sanitary Waste System - The sanitary waste system collects sanitary wastes from the plant and
transports to the city sewer system.

Uninterruptible Power Supply (UPS) - The uninterruptible power supply functions to provide
reliable, regulated low voltage ac power to critical equipment during normal and emergency
operating conditions. The typical loads that are considered for connection to the UPS include the
Distributed Control System (DCS), CEMS, the turbine supervisory instrumentation, transducer
power supplies, burner management systems (BMS), critical instruments, emergency shutdown
networks, and critical vendor supplied control panels. The UPS system consists of the following
components:

e Static inverter
e Static transfer switch
¢ Alternate source transformer and line voltage regulator
¢ Manual make-before-break bypass switch
e Two ac circuit breakers (alternate input, and bypass source)
¢  One dc circuit breaker
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e Vital 120 V ac distribution panel with fused disconnects
¢ Controls, indicating lights, meters and alarms to control the UPS

3.3.2 Dual Fuel - Combustion Turbines
The following additional equipment is required to support dual (distillate fuel & natural gas
fuel) operation of the combustion turbines. It is in addition to the equipment listed above for

gas fuel operation of the combustion turbines:

Fuel Oil System - The fuel oil system receives, stores, regulates and transports distillate oil for
use as backup fuel in the combustion turbine. The major equipment includes:

¢ One (1) 2,000,000 gallon fuel oil storage tank with steel containment (over 1 day
storage).

Two (2) fuel unloading stations

Two (2) 100% capacity fuel forwarding pumps

Two (2) 100% capacity fuel transfer pumps

Interconnecting power and instrument cable, piping valves, filters and accessories

Fire Protection System - The fire protection system will be expanded to include the distillate fuel
unloading area and the distillate fuel storage tanks.

Demineralized Water System - The demineralized water system will be expanded to support
dual fuel operation of the CTs. This include the addition of demineralized water piping to the
CTs water injection system and interconnecting piping, foundation and power feeds required to
support operation of a trailer mounted water treatment system. In addition the storage capacity
of the demineralized water storage tank will be increased to 2,250,000 gallons.

Page 23 of 27

The Brattle Group 2011 PIM CONE Study Appendix Page B-26



4.0 Power Plant General Arrangement

¢ Gas Fuel Only Combustion Turbine Arrangement, G-PP-002, revision A
¢ Dual Fuel Combustion Turbine Arrangement, G-PP-010, revision A
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5.0 Project Schedule

A 32 month overall schedule (NTP-COD) was assumed which includes a 28 month
construction/startup schedule through COD.

Project Start April 2, 2012
NTP and Start of detailed engineering October 1, 2012
Start of construction January 14, 2013
COD June 1, 2015

The overall schedule is essentially the same whether gas fuel only or dual fuel.

Prior to the NTP the Owner must obtain all the necessary environmental and local permits that
are required as a prerequisite to commence construction. Procurement of OFE starts with project
start and is complete for assignment to EPC contractor at NTP.
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6.0 Capital Cost Estimate

EPC Contractor
e Estimate Basis, revision F
For Locations 1-5, Dual Fuel and Location 3 Single Fuel:

¢ Estimate Summary and Details, revision F

Owner
For Locations 1-5, Dual Fuel and Location 3 Single Fuel:

o Owner Cost tabulations

Fuel consumption and power generation during commissioning and testing (estimated) for the
Combined Cycle plant is as follows:

operating hours 2847 hrs

duration 119 days

duration 17 weeks

generation 546788 MWhrs | includes STG
average load 192 MW

fuel gas 4138657 Dth

fuel oil 540,000 gals
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7.0 Cash Flow

EPC cash flow is based on the project cost excluding the OFE portion paid by Owner prior
to assignment but including the OFE portion after assignment. The percentages of OFE
costs to be used are identified in the Owners cost tabulations in Section 6.0. There are no
monthly charges until NTP and assignment.

Owner cash flow is based on the OFE portion paid prior to assignment and all sales taxes
and runs from project start thru end of project. The percentages of OFE costs to be used are
identified in the Owners cost tabulations in Section 6.0. Owner does not make OFE
payments after assignment at NTP.

These two percentages cannot be added together to get total monthly cash flows. They have

to be converted to cash first, and then added.

¢ Combined Cycle - Gas Fuel Only Cash Flow, revision F
¢ Combined Cycle - Dual Fuel Cash Flow, revision F
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The Brattle Group

PJM Interconnect Study, Northeast US

Combined Cycle Plant (Dual Fuel)

‘ CH2NMIHILL
-

Project # 421147
Activity ID_| Activity Name Start Finish 2012 2013 2014 2015
Mar Apr | May | Jun Jul | Aug | Sep Oct | Nov | Dec Jan | Febl Mar Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec Jan | Feb | Mar | Apr | May Jun | Jul | Aug |Sep
PROJECT 02-Apr-12 01-Jun-15 . .
CONTRACT MILESTONES 01-Oct-12  01-Jun-15
NOTICE TO PROCEED 01-Oct-12¢ [
ENGINEERING RELEASE 01-Oct-12 |
ELECTRICAL BACKFEED COMPLETE 06-Oct-14 |
FUEL GAS AVAILABLE 06-Jan-15 |
MECHANICAL COMPLETION 09-Feb-15 |
cob 01-dun-15 |
OWNER TASKING 02-Apr-12  13-Dec-13
PERMITTING 02-Apr-12*  21-Dec-12 | .
PROJECT START 02-Apr-12 |
CTG PROCUREMENT 02-Apr-12 | 31-Oct-13 T I : : y
STG PROCUREMENT 02-Apr-12 | 13-Dec-13 1, I 1 1 — 1 ; y
HRSG PROCUREMENT 02-Apr-12 | 19-Jul-13 | I y
NTP-COD 01-Oct-12  29-May-15 : : — .
ENGINEERING 01-Oct-12 | 11-Oct-13 |- EmiE— | — : (o
PROCUREMENT 10-Dec-12 | 09-May-14 o = — ‘ I y
CONSTRUCTION 14-Jan-13  06-Oct-14 \ . . . . . . . . . .
General Sitework 14-Jan-13 15-Feb-13 C[:EV
Underground Piping & Electrical 18-Feb-13 09-Sep-13 : \ : 1 __
CTG UNIT #1 Erection 10-Sep-13 | 17-Feb-14 A o e —
CTG UNIT #2 Erection 24-Sep-13 | 03-Mar-14 R~ o — —
HRSG -1 Erection 19-Jul-13  04-Aug-14 o { I I —T 3 20
HRSG - 2 Erection 19-Jul-13 18-Aug-14 T I I ‘ I ‘ y
STG -1 Erection 26Nov-13  26-May-14 | ECEEEse—
GSU Transformers 31-Dec-13 | 20-Jun-14 I s— g E—
Site Buildings 08-Apr-14 25-Aug-14 WKl TIT T : 7
Cooling Tower 31-Dec-13  09-Jun-14 (oM | 4 ; ;
Fuel Oil Storage & Transfer Facility 27-May-14  04-Aug-14 ‘:EK]:I:I:'
Install Mechanical / Electrical BOP Systems 27-May-14 | 06-Oct-14 | —— ——
Initiate Systems Release 06-Oct-14 06-Oct-14 ‘ ‘ ‘ Lo
START UP & COMMISSION 07-Oct-14 | 29-May-15
Unit #1 07-Oct-14 02-Mar-15
CTG Unit #1 07-Oct-14 26-Jan-15
OIL FLUSH 07-Oct-14  13-Oct-14 |
BOP SYSTEMS COMMISSIONING (CTG) 14-Oct-14 15-Dec-14 |
FUNCTIONAL CHECKOUT 16-Dec-14 05-Jan-15 |
FIRST FIRE UNIT # 1 (Gas) 06-Jan-15 12-dan-15 |
TUNE & PERFORMANCE/EMMISSION TESTING 13-Jan-15 2-Jan-15 |
HRSG Unit #1 21-Oct-14 02-Mar-15
BOP COMMISSIONING (HSRG) 21-Oct-14 01-Dec-14 |
HYDRO TESTING 02-Dec-14 22.Dec-14 |
CHEM CLEAN 23-Dec-14 12-Jan-15 |
STEAM BLOWS 20-Jan-15 02-Feb-15 |
RESTORE PIPING/MECH 03-Feb-15 02-Mar-15 |

I Actual Work
1 Remaining Work
I Critical Remaining Work
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The Brattle Group

PJM Interconnect Study, Northeast US

Combined Cycle Plant (Dual Fuel)

‘ CH2NMIHILL
-

Project # 421147
Activity ID | Activity Name Start Finish 2012 2013 2014 2015
Mar Apr | May | Jun Jul | Aug | Sep Oct | Nov | Dec Jan | Febl Mar Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec Jan | Feb | Mar | Apr | May | Jun | Jul | Aug |Sep
Unit # 2 07-Oct-14 30-Mar-15 ! ! ! ! ! | ! | ! ! ! ! ! | ! 1 ! ! ! ! v ! ! ! !
CTG Unit #2 07-Oct-14 09-Feb-15
OIL FLUSH 07-Oct-14 | 13-Oct-14 |
BOP SYSTEMS COMMISSIONING (CTG) 28-Oct-14 29-Dec-14 |
FUNCTIONAL CHECKOUT 30-Dec-14 19-dan-15 |
FIRST FIRE UNIT # 2 (Gas) 20-Jan-15 26-Jan-15 |
TUNE & PERFORMANCE/EMMISSION TESTING 27-Jan-15 09-Feb-15 |
HRSG Unit # 2 02-Dec-14  30-Mar-15
BOP COMMISSIONING (HRSG) 02-Dec-14 12-dan-15 |
HYDRO TESTING 13-Jan-15 26-Jan-15 |
CHEM CLEAN 27-Jan-15 16-Feb-15 |
STEAM BLOW 17-Feb-15 02-Mar-15 |
RESTORE PIPING/MECH 03-Mar-15 30-Mar-15 |
Fuel Oil Storage & Transfer System 10-Feb-15 16-Mar-15
System Commissioning 10-Feb-15  02-Mar-15 |
CTG #1 First Fire (Oil) 03-Mar-15 09-Mar-15 |
CTG # 2 First Fire (Oil) 10-Mar-15 16-Mar-15 |
STG Unit #1 24-Feb-15 29-May-15
BOP COMMISSIONING 24-Feb-15 06-Apr-15 |
STG ON TURNING GEAR 02-Mar-15 |
VACUUM TEST 07-Apr-15 04-May-15 |
STEAM & GENERATOR TEST FUNCTIONAL TESTING  08-Apr-15 21-Apr-15 |
GENERATOR SYNC 27-Apr-15 08-May-15 |
FULL LOAD 11-May-15  29-May-15 |

I Actual Work
1 Remaining Work
I Critical Remaining Work
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Level 1 SUMMARY SCHEDULE
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Project Name 701 MW 2x1 CC Plant - GE 7241FA.05 Data Date e
Client The Brattle Group Location 1: Dual Fuel Print Date 24-Jul-11 ' CHZMH "_L
Project Description Middlesex County, New Jersey Rev: F -
Total % % %
Professional Labor Self Perform Craft Labor Subcontract Labor Specialty Sub. Craft Material Const. Specialty Of Direct Of Project Of Project

Description Quantity | UM HRS / UM Hours Labor Amount Hours Labor Amount Hours Labor Amount] Hours Hours Eng. Equip Bulk Sub. Equip. Sub Other Total Total Total Revenue Total
DIRECT COSTS
Concrete 14,940 | CY | 9.09 MH/CY 135,791h 10,100,010 Oh - Oh 135,791h - 4,241,693 - 14,341,703 6.3%| 4.0% 2.7%]
Steel 1,526 | TN | 22.37 MH/TN 37,988h 3,255,887 Oh - Oh 37,988h - 4,286,600 - 7,542,488 3.3% 2.1%| 1.4%
Piping 84,006 | LF 3.00 MH/LF Oh = 0.0% 0.0% 0.0%

Above Ground 59,619 | LF 3.63 MH/LF 216,410h 18,917,159 Oh - Oh 216,410h 12,768,089 31,685,248 13.9%) 8.9% 6.0%

Below Ground 24,387 | LF 1.48 MH/LF 36,011h 3,147,874 Oh - Oh 36,011h 1,934,368 5,082,242 2.2% 1.4%| 1.0%
Electrical Oh - 0.0% 0.0% 0.0%

Wire & Cable 1,242,931 | LF 0.05 MH/LF 61,421h 5,777,517 Oh - Oh 61,421h 2,429,804 - 8,207,321 3.6% 2.3%)| 1.5%

Cable Tray 14,800 | LF 0.90 MH/LF 13,320h 1,252,929 Oh - Oh 13,320h - 444,000 1,696,929 0.7% 0.5% 0.3%

Conduit 198,214 | LF 0.14 MH/LF 27,294h 2,567,401 Oh - Oh 27,294h - 1,089,748 3,657,149 1.6%| 1.0%| 0.7%
Instrumentation 1| LS 26,118h 2,456,757 Oh - Oh 26,118h 2,368,200 218,462 - 5,043,419 2.2% 1.4%| 0.9%
Heat Tracing 1| LS 12,662h 12,662h 4,092,000 4,092,000 1.8%| 1.1%| 0.8%
Gas Turbine 1| LS 71,78%h 5,590,187 Oh - Oh 71,78%h - 400,000 5,990,187 2.6% 1.7%]| 1.1%
Steam Turbine 1| LS 57,973h 4,514,343 Oh - Oh 57,973h - 285,000 4,799,343 2.1% 1.3%| 0.9%
HRSG / Boiler / OTSG 1| LS 206,448h 16,076,100 Oh - Oh 206,448h - 50,000 16,126,100 7.1%)| 4.5% 3.0%
Condenser 1| LS 4,940h 384,678 Oh - Oh 4,940h 3,100,000 100 3,484,778 1.5%| 1.0%| 0.7%
Cooling Tower 1| LS 16,116h 16,116h 5,208,500 5,208,500 2.3%) 1.5% 1.0%
Air Cooled Condenser 1 LS oh - Oh - Oh Oh - - - - 0.0% 0.0% 0.0%
GSU Transformers 1| LS 1,080h 101,589 Oh - Oh 1,080h 8,930,000 6,000 - 9,037,589 4.0% 2.5%| 1.7%
Mechanical BOP 1| LS 20,404h 1,588,823 Oh - 14,968h 35,372h 12,173,822 80,936 4,837,500 18,681,081 8.2% 5.2% 3.5%)
Electrical BOP 1| LS 30,752h 2,892,613 Oh - 309h 31,061h 6,914,905 491,598 100,000 10,399,116 4.6% 2.9%| 2.0%
Relocation / Demolition Equipment 1 LS Oh - - 0.0% 0.0% 0.0%
Sitework 1| LS Oh - 13,090h 1,692,192 5,752h 18,842h - 41,334 1,859,090 3,592,616 1.6%)| 1.0%| 0.7%]
Buildings & Architectural 1| LS 9,948h 9,948h 3,214,880 3,214,880 1.4%| 0.9% 0.6%
Insulation 1| LS 6,845h 6,845h 2,212,268 2,212,268 1.0% 0.6% 0.4%
Painting 1| LS 1,343h 1,343h 434,027 434,027 0.2% 0.1% 0.1%
Fire Protection 1 LS Oh Oh - 0.0% 0.0% 0.0%
HVAC / Plumbing 1| LS Oh Oh - 0.0% 0.0% 0.0%
Heavy haul 1| LS 9,283h 9,283h 3,000,000 3,000,000 1.3%) 0.8% 0.6%
Switchyard 1| LS Oh Oh - - 0.0% 0.0% 0.0%
Premium Time, Shift Differential 1/ LS - 0.0% 0.0% 0.0%
Bussing 1| LS = 0.0% 0.0% 0.0%
Indirect Services & Support 1| LS 20,811h 1,739,600 Oh - 960h 21,771h 788,688 116,000 310,300 2,954,589 1.3%| 0.8% 0.6%
Temporary Facilities & Services 1| LS 2,975h 248,714 Oh - 13,618h 16,593h 812,552 402,248 4,400,970 5,864,484 2.6% 1.6%| 1.1%
Small Tools & Consumables 1| LS Oh - Oh - Oh Oh 4,152,218 4,152,218 1.8%| 1.2%| 0.8%
Construction Equip, Operators, Testing, 1| LS 74,846h 6,256,409 Oh - 246h 75,092h 1,352,318 4,158,336 79,530 11,846,593 5.2% 3.3% 2.2%]
Scaffolding 1| LS 66,342h 5,545,530 Oh - Oh 66,342h 5,545,530 2.4% 1.6%| 1.0%
Startup Craft Labor, Materials, Supplies 1| LS 41,220h 5,853,293 Oh - 5,647h 46,867h 654,000 475,000 1,825,000 8,807,293 3.9% 2.5% 1.7%
Freight 1| LS 1,629,506 1,776,830 3,406,336 1.5%| 1.0% 0.6%
Export / Import - Warehousing, Loading/Unloading, Warehousing, Customs - 0.0% 0.0% 0.0%
Buy Downs 1 LS = 0.0% 0.0% 0.0%

= 0.0% 0.0% 0.0%
Project Indirects (Taxes, Insurances, Bonds, Other) 18,333,820 18,333,820 8.0% 5.1% 3.4% 18,333,820
= 0.0% 0.0% 0.0%
SUBTOTAL DIRECT COSTS Oh - 1,153,932h 98,267,414 13,090h 1,692,192 97,697h| 1,264,719h 37,546,237 35,874,535 5,151,584 31,574,065 18,333,820 228,439,847 100.0% 64.1%) 42.9%) 228,439,847
Avg. Rate
/ Hour 24 $ 85.16 $ 129.27 129.27
7/24/2011 4:10 PM Page 1 of 3
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Project Name 701 MW 2x1 CC Plant - GE 7241FA.05 Data Date
Client The Brattle Group Location 1: Dual Fuel Print Date 24-Jul-11 e cHZMH l LL,
Project Description Middlesex County, New Jersey Rev: F -
Total % % %
Professional Labor Self Perform Craft Labor Subcontract Labor Specialty Sub. Craft Material Const. Specialty Of Direct Of Project Of Project
Description Quantity | UM HRS / UM Hours Labor Amount Hours Labor Amount Hours Labor Amount| Hours Hours Eng. Equip Bulk Sub. Equip. Sub Other Total Total Total Revenue Total
INDIRECT COSTS
PROJECT MANAGEMENT 32,140 | HRS 4,224,367
Home Office Professional (PM/CM) 186.36 7,27%h 1,356,425 1,356,425 0.6% 0.4% 0.3%
Project Support Professional (Safe/QC/PC/DocC/Est) 128.17 14,422h 1,848,494 1,848,494 0.8% 0.5% 0.3%
Clerical 56.81 10,440h 593,102 593,102 0.3% 0.2% 0.1%
Expenses 426,347 426,347 0.2% 0.1% 0.1%
ENGINEERING 149,700 | HRS 16,097,528
Home Office Professional 96.91 | 143,300h 13,887,657 13,887,657 6.1% 3.9% 2.6%
Field Professional (Site Support Engineering) 109.71 6,400h 702,127 702,127 0.3% 0.2% 0.1%
Value Center Engineering - 0.0% 0.0% 0.0%
Clerical - 0.0% 0.0% 0.0%
Expenses 1,507,744 1,507,744 0.7% 0.4% 0.3%
PROCUREMENT 14,000 | HRS 1,600,000
Home Office Professional 110.00 14,000h 1,540,000 1,540,000 0.7% 0.4% 0.3%
Field Professional - 0.0% 0.0% 0.0%
Clerical - 0.0% 0.0% 0.0%
Expenses 60,000 60,000 0.0% 0.0% 0.0%
SITE MANAGEMENT 172,247 | HRS 16,550,609
Field Professional 109.73 | 133,710h 14,671,638 14,671,638 6.4%| 4.1% 2.8%)
Clerical 32.72 38,537h 1,260,828 1,260,828 0.6% 0.4% 0.2%)
Expenses 618,143 618,143 0.3% 0.2% 0.1%
STARTUP MANAGEMENT 38,472 | HRS 3,937,483
Home Office Professional 110.00 552h 60,720 60,720 0.0% 0.0% 0.0%
Field Professional 93.70 37,920h 3,553,096 3,553,096 1.6%| 1.0%| 0.7%
Clerical - 0.0% 0.0% 0.0%
Expenses 323,667 323,667 0.1% 0.1% 0.1%
SUBTOTAL MANGEMENT COST 406,560h 39,474,087 1,153,932h 98,267,414 13,090h 1,692,192 97,697h| 1,264,719 37,546,237 35,874,535 5,151,584 31,574,065 21,269,721 270,849,835 118.6% 76.0%) 50.9%) 270,849,835
CONTINGENCY Cont. & Escal.
Percentage 5.0% 7.0% 7.0% 12.3% 5.0% 5.0% 6.0% 50,834,214
Dollars 1,973,704 6,878,719 118,453 4,636,387 1,793,727 257,579 1,894,444 17,558,014 7.7%)| 4.9% 3.3%
ESCALATION
Percentage 10.3% 12.2% 7.5% 16.7% 15.5% 11.3% 13.9% 1.4%
Dollars 4,074,800 11,976,300 126,200 6,282,400 5,549,000 584,000 4,395,400 293,100 33,281,200 14.6%) 9.3% 6.3%
RISK - 0.0% 0.0% 0.0%
PROJECT SUBTOTAL 406,560h 45,522,592 1,153,932h 117,122,433 13,090h 1,936,846 97,697h| 1,264,719 48,465,024 43,217,262 5,993,163 37,863,909 21,562,821 321,684,048 140.8% 90.3%) 60.4%! 321,684,048
7/24/2011 4:10 PM Page 2 of 3
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Project Name

701 MW 2x1 CC Plant - GE 7241FA.05

Data Date

@ cHzmHILL
E

Client The Brattle Group Location 1: Dual Fuel Print Date 24-Jul-11
Project Description Middlesex County, New Jersey Rev: F
Total % % %
Professional Labor Self Perform Craft Labor Subcontract Labor Specialty Sub. Craft Material Const. Specialty Of Direct Of Project Of Project
Description Quantity | UM HRS / UM Hours Labor Amount Hours Labor Amount Hours Labor Amount] Hours Hours Eng. Equip Bulk Sub. Equip. Sub Other Total Total Total Revenue Total
G&A & Margin

GENERAL OVERHEAD & ADMINISTRATION 40,968,405

Percentage 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Dollars - - - - - - - - - 0.0% 0.0% 0.0%
MARGIN

Percentage 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0%

Dollars 4,552,259 11,712,243 193,685 4,846,502 4,321,726 599,316 3,786,391 2,156,282 32,168,405 14.1%) 9.0%| 6.0%
POWER BLOCK MARGIN

Percentage 0.0%

Dollars - - 0.0% 0.0% 0.0%
Assignment Fee For Owner Supplied Equipment 0.0% 0.0% 0.0%

Percentage 5.0%

Dollars 8,800,000 8,800,000 3.9% 2.5%)| 1.7%

PROJECT COST W/MARKUPS 406,560h 50,074,851 1,153,932h 128,834,676 13,090h 2,130,530 97,697h| 1,264,719 62,111,526 47,538,988 6,592,479 41,650,299 23,719,103 362,652,453 158.8% 101.8% 68.1% 362,652,453
Sales Tax Deduction (6,465,565) -2.8% -1.8% -1.2% (6,465,565)
Management Adjustments - 0.0% 0.0% 0.0%

PROJECT TOTAL REVENUE 406,560h 50,074,851 1,153,932h 128,834,676 13,090h 2,130,530 97,697h| 1,264,719 62,111,526 47,538,988 6,592,479 41,650,299 23,719,103 356,186,888 155.9% 100.0% 66.9%! 356,186,888
OWNER FURNISHED EQUIPMENT = 0.0% 0.0%
CTGs 93,000,000 93,000,000 40.7% 17.5%
- = 0.0% 0.0%
HRSGs 41,000,000 41,000,000 17.9%) 7.7%]
STG 42,000,000 42,000,000 18.4%) 7.9%]
- = 0.0% 0.0%
- = 0.0% 0.0%
- = 0.0% 0.0%
= 0.0% 0.0%

= 0.0% 0.0% -

= 0.0% 0.0%
= 0.0% 0.0%

PROJECT TOTAL 406,560h 50,074,851 1,153,932h 128,834,676 13,090h 2,130,530 97,697h| 1,264,719 238,111,526 47,538,988 6,592,479 41,650,299 23,719,103 532,186,888 233.0% 100.0%, 100.0%, 356,186,888
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APPENDIX B.5. CAsSH FLOW SCHEDULE FOR CC IN CONE AREA 1
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The Brattle Group

701 MW 2x1 CC Plant - GE 7241FA.05

EPC Cashflow

08/15/11

Dual Fuel

MONTH
1 Apr-12
2 May-12
3 Jun-12
4 Jul-12
5 Aug-12
6 Sep-12
7 Oct-12
8 Nov-12
9 Dec-12
10 Jan-13
11 Feb-13
12 Mar-13
13 Apr-13
14 May-13
15 Jun-13
16 Jul-13
17 Aug-13
18 Sep-13
19 Oct-13
20 Nov-13
21 Dec-13
22 Jan-14
23 Feb-14
24 Mar-14
25 Apr-14
26 May-14
27 Jun-14
28 Jul-14
29 Aug-14
30 Sep-14
31 Oct-14
32 Nov-14
33 Dec-14
34 Jan-15
35 Feb-15
36 Mar-15
37 Apr-15
38 May-15
39 Jun-15

Rev.
Monthly

%

0.000%
0.000%
0.000%
0.000%
0.000%

0.000%
4.434%
3.212%

1.666%
1.931%
3.474%
2.785%
2.975%
3.100%
4.729%

3.447%
4.344%
3.914%
6.914%
4.689%
2.696%
3.734%
3.856%
3.186%
3.736%
4.039%
4.039%
3.521%
3.339%
3.247%
2.759%
2.150%
1.571%
1.327%
1.022%
0.992%
0.748%
0.230%
2.191%

The Brattle Group

701 MW 2x1 CC Plant - GE 7241FA.05

Owner Cash Flow

F - Supplemental 08/15/11
CUMULATIVE Dual Fuel
% MONTH

0.000% 1
0.000% 2
0.000% 3
0.000% 4
0.000% 5
0.000% 6
4.434% 7
7.646% 8
9.312% 9
11.243% 10
14.718% 11
17.502% 12
20.478% 13
23.578% 14
28.307% 15
31.753% 16
36.097% 17
40.011% 18
46.925% 19
51.615% 20
54.310% 21
58.045% 22
61.900% 23
65.086% 24
68.823% 25
72.862% 26
76.902% 27
80.423% 28
83.762% 29
87.009% 30
89.768% 31
91.918% 32
93.489% 33
94.816% 34
95.839% 35
96.831% 36
97.579% 37
97.809% 38
100.000% 39
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Rev.

Monthly
%

0.00%
31.63%
0.00%
0.00%
25.79%

15.82%
0.03%
0.59%

1.86%
0.90%
0.92%
1.69%
1.00%
0.99%
1.07%

1.58%
1.12%
1.15%
1.17%
2.81%
1.59%
0.60%
0.59%
0.54%
0.64%
0.64%
0.61%
0.51%
0.55%
0.50%
0.45%
0.42%
0.27%
0.23%
0.20%
0.19%
0.16%
0.11%
1.08%

F - Supplemental

CUMULATIVE
%

0.00%
31.63%
31.63%
31.63%
57.42%

73.24%
73.27%
73.87%

75.72%
76.63%
77.54%
79.23%
80.23%
81.23%
82.30%

83.88%
85.00%
86.15%
87.32%
90.13%
91.72%
92.32%
92.91%
93.44%
94.08%
94.72%
95.33%
95.84%
96.39%
96.89%
97.34%
97.76%
98.03%
98.25%
98.45%
98.64%
98.80%
98.92%
100.00%



APPENDIX C. WOOD GROUP O&M COST ESTIMATES

Wood Group cost estimates for each simple-cycle and combined-cycle plant fixed and variable
operations and maintenance costs are included in this Appendix. These costs are reported in

their components related to an annual facility fees as well as the costs of a long-term service
agreement.
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Wood Group GTS
Power Plant Services

August 5, 2011

Kathleen Spees

The Brattle Group

44 Brattle Street
Cambridge, MA 02138

Re:  The Brattle Group Plant Evaluations

Kathleen:

We have estimated here the variable and fixed costs associated with operating CT and CC plants of
several configurations. These costs are presented in two components:

1. Life Cycle Operations and Maintenance (O&M) Fees
2. Long-term Service Agreement (LTSA) Costs

We look forward to discussing this and answering any of your questions.

Sincerely yours,

Ted Kowalski

Vice President, Product Management
Wood Group Power Plant Services, Inc.
Office: (678) 242-0226 Ext 104

12600 Deerfield Parkway, Suite 315 ~ Alpharetta, GA 30004
Tel 678.242.0226 ~ Fax 678.990.7211
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Assumptions
e Equipment Descriptions

We have developed cost estimates for three plant configurations, one combined cycle configuration, and
two simple cycle configurations as listed below. The simple cycle configurations are identical except
that one is fitted with Selective Catalytic Reduction (SCR), and the other is not. In all cases these
estimates are consistent with a dual fuel plant that uses distillate fuel oil as a backup fuel under
emergency conditions. The numbers we report here for Will County, IL can be used for either a dual
fuel or a non-dual fuel plant.

Plant Characteristic Simple Cycle Combined Cycle

Turbine Model GE 7FA.05 GE 7FA.05

Configuration 2x0 2x1

Net Plant Power Rating With SCR: Baseload (w/o Duct Firing):
418 MW at 59 °F 627 MW at 59 °F

Without SCR: Maximum Load (w/ Duct Firing):

420 MW at 59 °F 701 MW at 59 °F

Cooling System n/a Cooling Tower

Power Augmentation Evaporative Cooling  Evaporative Cooling

Blackstart Capability None None

On-Site Gas Compression None None

e Location and Labor Type

For each plant configuration, we have estimated costs in each of five locations with labor rates
consistent with union or non-union labor as listed.

CONEArea Plant Location Labor

1 Eastern MAAC Middlesex, NJ Union

2 Southwest MAAC Charles, MD Non-Union
3 Rest of RTO Will, IL Union

4 Western MAAC Northampton, PA  Union

5 Dominion Fauquier, VA Non-Union
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Life Cycle Costs

We report here the life cycle operating costs for each plant configuration, including pre-mobilization
costs and ongoing annual fees for a plant with an online date of June 1, 2015. For all years after the five
years we report, these fees would be escalated at a 2.5% inflation rate. For year 1, we have reported the
breakdown between fixed costs and variable costs included in these fees. The proportion of cost
breakdown would be constant over the plant life assuming the same number of hours and starts reported
here. These variable costs are additive with the variable costs reported for the LTSA.

This does not include Owner’s costs such as property tax, plant insurance, or asset management.
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Will County, IL Simple Cycle without SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC
Power Facility located in Will County, IL

Pre Operation - Mobilization Hours of Operation
12 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 521,103 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, &
. . $ 261,546

Administrative Charges Hours / Year 500
Total Mobilization Cost $ 994,649 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019

May 31, 2016 May 31, 2017 May 31,2018 May 31, 2019 May 31,2020

Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1,379,047 | $ 1,413,524 | $ 1,448862 | $ 1,485,083 | $§ 1,522,210
Consumables $ 175,097 | $ 179,475 | $ 183961 | $ 188,561 | $ 193,275
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handlng, Corporate, & $ 418649 $ 429116 | $ 439,843 | $ 450,840 [ $ 462,111
Administrative Charges ! ! ! ’ !
TOTAL Multi-Year Annual Fee Summary | $§ 2,767,682 | $ 2,836,874 | $ 2,907,795 | $ 2,980,491 | $ 3,055,003

June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost

TOTAL Variable Fixed $/MWh

Facility staff labor costs $ 1,379,047 $ 1,379,047
$ -
Consumables $ 175,097 | $ 12,001 | $ 163,096 | $ 0.07
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 969,985 | $ 140471 | $ 829514 | $ 0.83

Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 6,321 | $ 412,328 | $ 0.04
TOTAL $ 2,767,682 | $ 146,792 | $ 2,620,890 | $ 0.87

Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
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Charles County, MD Simple Cycle without SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC
Power Facility located in Charles County, MD

Pre Operation - Mobilization Hours of Operation
12 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 509,039 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, & $ 261546
Administrative Charges ’ Hours / Year 500
Total Mobilization Cost $ 982,585 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019

May 31, 2016 May 31,2017 May 31,2018 May 31, 2019 May 31,2020

Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1300035 % 1332536|% 1365849 $ 1,399,995 | $§ 1,434,995
Consumables $ 175,097 | $ 179475 | $ 183961 | $ 188,561 | $ 193,275
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 429,116 | $ 439,843 | $ 450,840 | $ 462,111
TOTAL Multi-Year Annual Fee Summary $ 2,688669 | $ 2,755,886 | $ 2,824,783 | $ 2,895,403 | $ 2,967,788

June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost

TOTAL Variable Fixed $/MWh

Facility staff labor costs $ 1,300,035 $ 1,300,035
$ ;
Consumables $ 175,097 | $ 12,001 | $ 163,096 | $ 0.07
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 969,985 | $ 140,471 | $ 829,514 | $ 0.83

Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 6,321 | $ 412,328 | $ 0.04
TOTAL $ 2688669 | $ 146,792 | $ 2,541,877 | $ 0.87

Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
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Middlesex County, NJ Simple Cycle without SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC
Power Facility located in Middlesex County, NJ

Pre Operation - Mobilization Hours of Operation
12 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 548,759 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, &
Administrative Charges $ 261,546 Hours / Year 500
Total Mobilization Cost $ 1,022,305 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019

May 31, 2016 May 31,2017 May 31,2018 May 31, 2019 May 31,2020

Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1473690 $ 1510532 | $ 1548296 | $ 1,587,003 | $ 1,626,678
Consumables $ 175,097 | $ 179475 | $ 183961 | $ 188,561 | $ 193,275
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 429,116 | $ 439,843 | $ 450,840 | $ 462,111
TOTAL Multi-Year Annual Fee Summary $ 2,862,324 | $ 2,933,883 | $ 3,007,229 | $ 3,082,411 | $ 3,159,471

June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost

TOTAL Variable Fixed $/MWh

Facility staff labor costs $ 1,473,690 $ 1,473,690
$ ;
Consumables $ 175,097 | $ 12,001 | $ 163,096 | $ 0.07
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 969,985 | $ 140,471 | $ 829,514 | $ 0.83

Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 6,321 | $ 412,328 | $ 0.04
TOTAL $ 2,862,324 | $ 146,792 | $ 2,715,532 | $ 0.87

Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
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Northampton County, PA Simple Cycle without SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC
Power Facility located in Northampton County, PA

Pre Operation - Mobilization Hours of Operation
12 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 487,945 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, & $ 261546
Administrative Charges ’ Hours / Year 500
Total Mobilization Cost $ 961,491 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019

May 31, 2016 May 31,2017 May 31,2018 May 31, 2019 May 31,2020

Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1260467 | $ 1291978 | $ 1,324,278 $ 1,357,385 | $ 1,391,319
Consumables $ 175,097 | $ 179,475 | $ 183,961 | $ 188,561 | $ 193,275
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 429,116 | $ 439,843 | $ 450,840 | $ 462,111
TOTAL Multi-Year Annual Fee Summary $ 2,649,101 | $ 2,715329 | $ 2,783,211 | $ 2,852,792 | $ 2,924,112

June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost

TOTAL Variable Fixed $/MWh

Facility staff labor costs $ 1,260,467 $ 1,260,467
$ -
Consumables $ 175,097 | $ 12,001 | $ 163,096 | $ 0.07
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 969,985 | $ 140,471 | $ 829,514 | $ 0.83

Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 6321 | $ 412,328 | $ 0.04
TOTAL $ 2,649,101 | $ 146,792 | $ 2,502,309 | $ 0.87

Note: When online, units assumed to be at 100% maximum load for variable cost calculation.

The Brattle Group 2011 PIM CONE Sudy Appendix Page C-8



Fauquier County, VA Simple Cycle without SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC
Power Facility located in Fauquier County, VA

Pre Operation - Mobilization Hours of Operation
12 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 499,050 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, &
. . $ 261,546
Administrative Charges Hours / Year 500
Total Mobilization Cost $ 972,596 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31,2018 May 31, 2019 May 31,2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1,254,444 | $ 1,285805|$ 1,317950 | $ 1,350,899 | $§ 1,384,671
Consumables $ 175,097 | $ 179,475 | $ 183961 | $ 188,561 | $ 193,275
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 429,116 | $ 439,843 | $ 450,840 | $ 462,111
TOTAL Multi-Year Annual Fee Summary | $§ 2,643,078 | $ 2,709,156 | $ 2,776,884 | $ 2,846,306 | $ 2,917,464
June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 1,254,444 $ 1,254,444
$ -
Consumables $ 175,097 | $ 12,001 | $ 163,096 | $ 0.07
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 969,985 | $ 140471 | $ 829514 | $ 0.83
Purchasing, Handling, Corporate, &
Administrative Charges $ 418,649 | $ 6,321 | $ 412,328 | $ 0.04
TOTAL $ 2,643,078 | $ 146,792 | $ 2,496,286 | $ 0.87
Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
8
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Will County, IL Simple Cycle with SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC w/SCR
Power Facility located in Will County, IL

Pre Operation - Mobilization

WS

WOOD GROUP

Hours of Operation

06 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 770,282 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, &
Administrative Charges $ 149,046 Hours / Year 500
Total Mobilization Cost $ 1,131,328 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1,379,047 | $ 1413524 | $ 1,448862 | $ 1,485,083 | $ 1,522,210
Consumables $ 181,090 | $ 185,618 | $ 190,258 | $ 195,015 | $ 199,890
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, & $ 418919 | $ 429392 |$ 440,127 | $ 451,130 | $ 462,408
Administrative Charges ! ! ! ! !
TOTAL Multi-Year Annual Fee Summary $ 2,773,944 | $ 2,843,294 | $§ 2,914,375 | $ 2,987,235 | $ 3,061,915
June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 1,379,047 $ 1,379,047
$ -
Consumables $ 181,000 | $ 17,994 | $ 163,096 | $ 0.11
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 975978 | $ 146,464 | $ 829,514 | $ 0.87
Purchasing, Handling, Corporate, &
Administrative Charges $ 418919 | $ 6,591 | $ 412,328 0.04
TOTAL $ 2,773,944 | $ 153,055 | $ 2,620,890 | $ 0.91
Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
9

The Brattle Group 2011 PIM CONE Study Appendix Page C-10




Charles County, MD Simple Cycle with SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC w/SCR
Power Facility located in Charles County, MD

Pre Operation - Mobilization

WS

WOOD GROUP

Hours of Operation

06 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 747,269 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, &
Administrative Charges $ 149,046 Hours / Year 500
Total Mobilization Cost $ 1,108,315 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1,300,035|$ 1,332,536 $ 1365849 | $ 1399995 | $ 1,434,995
Consumables $ 181,090 | $ 185,618 | $ 190,258 | $ 195,015 | $ 199,890
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, & $ 418919 | $ 429392 |$ 440,127 | $ 451,130 | $ 462,408
Administrative Charges ! ! ! ! !
TOTAL Multi-Year Annual Fee Summary $ 2694932 | $ 2,762,306 | $ 2,831,363 | $§ 2,902,147 | $ 2,974,701
June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 1,300,035 $ 1,300,035
$ -
Consumables $ 181,000 | $ 17,994 | $ 163,096 | $ 0.11
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 975,978 | $ 146,464 | $ 829,514 | $ 0.87
Purchasing, Handling, Corporate, &
Administrative Charges $ 418919 | $ 6,591 | $ 412,328 0.04
TOTAL $ 2,694,932 | $ 153,055 | $ 2,541,877 | $ 0.91
Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
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Middlesex County, NJ Simple Cycle with SCR

Wood Group Power Plant Services L L[=
Cost Plus Estimate for a 2 x Frame 7FA SC w/SCR WOOD GROUP
Power Facility located in Middlesex County, NJ

Pre Operation - Mobilization Hours of Operation

06 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation 799,603 Days / Week 2
Facility Costs 212,000 Hours / Day 5
Purchasing, Handling, Corporate, &

$
$
$ 149,046
$

Administrative Charges Hours / Year 500
Total Mobilization Cost 1,160,650 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1473690 )| $ 1,510,532 | $ 1,548296 | $ 1,587,003 | $ 1,626,678
Consumables $ 181,090 | $ 185,618 | $ 190,258 | $ 195,015 | $ 199,890
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, & $ 418919 | $ 429392 |$ 440,127 | $ 451,130 | $ 462,408
Administrative Charges ’ ’ ’ ’ ’
TOTAL Multi-Year Annual Fee Summary $ 2,868,587 | $ 2,940,302 | $ 3,013,809 | $ 3,089,155 | $ 3,166,383
June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 1,473,690 $ 1,473,690
$ -
Consumables $ 181,000 | $ 17,994 | $ 163,096 | $ 0.11
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 975,978 | $ 146,464 | $ 829,514 | $ 0.87
Purchasing, Handling, Corporate, &
Administrative Charges $ 418919 | $ 6,591 | $ 412,328 | $ 0.04
TOTAL $ 2,868,587 | $ 153,055 | $ 2,715,532 | $ 0.91

Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
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Northampton County, PA Simple Cycle with SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC w/SCR
Power Facility located in Northampton County, PA

Pre Operation - Mobilization

WS

WOOD GROUP

Hours of Operation

06 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 731,962 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, &
Administrative Charges $ 149,046 Hours / Year 500
Total Mobilization Cost $ 1,093,008 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 1260467 | $ 1,291,978 | $ 1,324278 | $ 1,357,385 | $ 1,391,319
Consumables $ 181,090 | $ 185,618 | $ 190,258 | $ 195,015 | $ 199,890
Office Administration $ 161,347 | $ 165,381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, & $ 418919 | $ 429392 |$ 440,127 | $ 451,130 | $ 462,408
Administrative Charges ! ! ! ! !
TOTAL Multi-Year Annual Fee Summary $ 2,655364 | $ 2,721,748 | $§ 2,789,792 | $ 2,859,537 | $ 2,931,025
June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 1,260,467 $ 1,260,467
$ -
Consumables $ 181,000 | $ 17,994 | $ 163,096 | $ 0.11
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 975978 | $ 146,464 | $ 829,514 | $ 0.87
Purchasing, Handling, Corporate, &
Administrative Charges $ 418919 | $ 6,591 | $ 412,328 0.04
TOTAL $ 2,655364 | $ 153,055 | $ 2,502,309 | $ 0.91
Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
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Fauquier County, VA Simple Cycle with SCR

Wood Group Power Plant Services
Cost Plus Estimate for a 2 x Frame 7FA SC w/SCR
Power Facility located in Fauquier County, VA

Pre Operation - Mobilization

WS

WOOD GROUP

Hours of Operation

06 Month Period - Jun 1, 2014 to May 31, 2015 US$ Weeks / Year 50
Facility Labor & Program Implementation $ 732,068 Days / Week 2
Facility Costs $ 212,000 Hours / Day 5
Purchasing, Handling, Corporate, &
Administrative Charges $ 149,046 Hours / Year 500
Total Mobilization Cost $ 1,093,114 Starts / Year 50
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 12544441 $ 1,285805|9% 1317950 | $ 1,350,899 | § 1,384,671
Consumables $ 181,090 | $ 185,618 | $ 190,258 | $ 195,015 | $ 199,890
Office Administration $ 161,347 | $ 165381 | $ 169,515 | $ 173,753 | $ 178,097
Maintenance & Minor Repairs $ 633,541 | $ 649,379 | $ 665,614 | $ 682,254 | $ 699,310
Purchasing, Handling, Corporate, & $ 418919 |$ 429392 $ 440127 |$ 451,130 | $ 462,408
Administrative Charges ’ ’ ’ ’ ’
TOTAL Multi-Year Annual Fee Summary $ 2649341 | $ 2,715575 | $ 2,783,464 | $ 2,853,051 | $ 2,924,377
June 1, 2015 to May 31, 2016 - Projected Costs
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 1,254,444 $ 1,254,444
$ -
Consumables $ 181,090 | $ 17,994 | $ 163,096 | $ 0.11
Office Administration $ 161,347 | $ 5014 | $ 156,333 | $ 0.03
Maintenance & Minor Repairs $ 633,541 | $ 123,456 | $ 510,085 | $ 0.73
Subtotal | $ 975,978 | $ 146,464 | $ 829,514 | $ 0.87
Purchasing, Handling, Corporate, &
Administrative Charges $ 418919 | $ 6,591 | $ 412,328 0.04
TOTAL $ 2649341 | $ 153,055 | $ 2,496,286 | $ 0.91
Note: When online, units assumed to be at 100% maximum load for variable cost calculation.
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Will County, IL Combined Cycle

Wood Group Power Plant Services

Cost Plus Estimate fora 2 x 1 Frame 7FA CC

Power Facility located in Will County, IL

Pre Operation - Mobilization Hours of Operation
12 Month Period US$ Weeks / Year 50
Facility Labor and Program Implementation $ 2,302,001 Days / Week 5
Facility Costs $ 212,000 Hours / Day 20
Purchasing, Handling, Corporate, &
Administrative Charges $ 262244 Hours / Year 5,000
Total Mobilization Cost $ 2,776,245 Starts / Year 150
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 3,631653|$% 3,722445]$ 3,815506| $ 3,910,893 | $ 4,008,666
Consumables $ 1069272 |$ 1,096,003 |$ 1,123,403 |$ 1,151,488 | $ 1,180,276
Office Administration $ 216,029 | $ 221,429 1 $ 226,965 | $ 232,639 | $ 238,456
Maintenance & Minor Repairs $ 1181221 |$ 1,210,751 | $ 1,241,020 | $ 1,272,046 | $ 1,303,847
Purchasing, Handling, Corporate, &
Administrative Charges $ 485993 | $ 498,143 | $ 510,597 | $ 523,362 | $ 536,446
TOTAL Multi-Year Annual Fee Summary $ 6,584,169 | $ 6,748771 | $ 6,917,491 | $ 7,090,428 | $ 7,267,691
June 1, 2015 to May 31, 2016
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 3,631,653 $ 3,631,653
$ i
Consumables $ 1069272 |9$ 1,128,759 | $ 299,050 | $ 0.14
Office Administration $ 216,029 | $ 1,205 | $ 214,019 | $ 0.10
Maintenance & Minor Repairs $ 1,181,221 | $ 195,201 | $ 919,198 | $ 0.42
Subtotal | $ 2,466,522 | $ 1,325,166 | $ 1,432,267 | $ 0.66
Purchasing, Handling, Corporate, &
Administrative Charges $ 485993 | $ 59,632 | $ 426,361 | $ 0.19
TOTAL $ 6584,169 | $ 1,384,799 | $ 5,490,281 | $ 0.85
Note: When online, units assumed to be at 80% maximum load for variable cost calculation.
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Charles County, MD Combined Cycle

Wood Group Power Plant Services

Cost Plus Estimate fora 2 x 1 Frame 7FA CC

Power Facility located in Charles County, MD

Pre Operation - Mobilization Hours of Operation
12 Month Period US$ Weeks / Year 50
Facility Labor and Program Implementation $ 2,232,371 Days / Week 5
Facility Costs $ 212,000 Hours / Day 20
Purchasing, Handling, Corporate, &
Administrative Charges $ 262244 Hours / Year 5,000
Total Mobilization Cost $ 2,706,615 Starts / Year 150
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 3454910 $ 3,541,282 $ 3,629814 | $ 3,720,560 | $§ 3,813,574
Consumables $ 1,069,272 $ 1,096,003 | $ 1,123,403 | $ 1,151,488 | $ 1,180,276
Office Administration $ 216,029 | $ 221,429 1 $ 226,965 | $ 232,639 | $ 238,456
Maintenance & Minor Repairs $ 1,181,221 $ 1,210,751 | $ 1,241,020 | $ 1,272,046 | $ 1,303,847
Purchasing, Handling, Corporate, &
Administrative Charges $ 485993 | $ 498,143 | $ 510,597 | $ 523,362 | $ 536,446
TOTAL Multi-Year Annual Fee Summary $ 6,407,425 | $ 6,567,609 | $ 6,731,799 | $ 6,900,095 | $ 7,072,599
June 1, 2015 to May 31, 2016
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 3,454,910 $ 3,454,910
$ i
Consumables $ 1069272 |9$ 1,128,759 | $ 299,050 | $ 0.14
Office Administration $ 216,029 | $ 1,205 | $ 214,019 | $ 0.10
Maintenance & Minor Repairs $ 1,181,221 | $ 195,201 | $ 919,198 | $ 0.42
Subtotal | $ 2,466,522 | $ 1,325,166 | $ 1,432,267 | $ 0.66
Purchasing, Handling, Corporate, &
Administrative Charges $ 485993 | $ 59,632 | $ 426,361 | $ 0.19
TOTAL $ 6407425 | $ 1,384,799 | $ 5,313,537 | $ 0.85
Note: When online, units assumed to be at 80% maximum load for variable cost calculation.
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Middlesex County, NJ Combined Cycle

Wood Group Power Plant Services LIS
Cost Plus Estimate for a 2 x 1 Frame 7FA CC WOOD GROUP
Power Facility located in Middlesex County, NJ

Pre Operation - Mobilization Hours of Operation
12 Month Period US$ Weeks / Year 50
Facility Labor and Program Implementation $ 2414955 Days / Week 5
Facility Costs $ 212,000 Hours / Day 20
Purchasing, Handling, Corporate, &
.. . $ 262,244
Administrative Charges Hours / Year 5,000
Total Mobilization Cost $ 2,889,199 Starts / Year 150
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 3880667 |% 3977684 |$ 4,077,126 | $ 4,179,054 | $ 4,283,530
Consumables $ 1,069272|$ 1,096,003 | $ 1,123403|$ 1,151,488 | $ 1,180,276
Office Administration $ 216,029 | $ 221,429 1 $ 226,965 | $ 232,639 | $ 238,456
Maintenance & Minor Repairs $ 1,181,221 | $ 1,210,751 | $ 1,241,020 | $§ 1,272,046 | $ 1,303,847
Purchasing, Handling, Corporate, & $ 485993 | $ 498143 | $ 510597 | $ 523,362 | $ 536,446
Administrative Charges ! ! ! ! !
TOTAL Multi-Year Annual Fee Summary $ 6,833,182 | $ 7,004010 | $ 7,179,110 | $ 7,358,589 | $ 7,542,555
June 1, 2015 to May 31, 2016
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 3,880,667 $ 3,880,667
$ -
Consumables $ 1069272 |$ 1,128,759 | $ 299,050 | $ 0.14
Office Administration $ 216,029 | $ 1,205 | $ 214,019 | $ 0.10
Maintenance & Minor Repairs $ 1,181,221 | $ 195201 | $ 919,198 | $ 0.42
Subtotal | $ 2,466,522 | $ 1,325,166 | $ 1,432,267 | $ 0.66
Purchasing, Handling, Corporate, &
Administrative Charges $ 485993 | $ 59,632 | $ 426,361 | $ 0.19
TOTAL $ 6833,182 | $ 1,384,799 | $ 5,739,295 | $ 0.85
Note: When online, units assumed to be at 80% maximum load for variable cost calculation.
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Northampton County, PA Combined Cycle

Wood Group Power Plant Services LIS
Cost Plus Estimate for a 2 x 1 Frame 7FA CC WOOD GROUP
Power Facility located in Northampton County, PA

Pre Operation - Mobilization Hours of Operation
12 Month Period US$ Weeks / Year 50
Facility Labor and Program Implementation $ 2,163,772 Days / Week 5
Facility Costs $ 212,000 Hours / Day 20
Purchasing, Handling, Corporate, &
Administrative Charges $ 262244 Hours / Year 5,000
Total Mobilization Cost $ 2,638,015 Starts / Year 150
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 3338601 % 3,422,066 % 3507618 $ 3,595308| $ 3,685,191
Consumables $ 1069272 |$ 1,096,003 |$ 1,123,403 | $ 1,151,488 | $ 1,180,276
Office Administration $ 216,029 | $ 221,429 1 $ 226,965 | $ 232,639 | $ 238,456
Maintenance & Minor Repairs $ 1,181,221 |$ 1,210,751 | $ 1,241,020 | $ 1,272,046 | $ 1,303,847
Purchasing, Handling, Corporate, &
Administrative Charges $ 485,993 | $ 498,143 | $ 510,597 | $ 523,362 | $ 536,446
TOTAL Multi-Year Annual Fee Summary | $ 6,291,117 | $ 6,448393 | $ 6,609,603 | $ 6,774,843 | $ 6,944,216
June 1, 2015 to May 31, 2016
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 3,338,601 $ 3,338,601
$ .
Consumables $ 1069272 |$ 1,128,759 | $ 299,050 | $ 0.14
Office Administration $ 216,029 | $ 1,205 | $ 214,019 | $ 0.10
Maintenance & Minor Repairs $ 1,181,221 $ 195201 | $ 919,198 | $ 0.42
Subtotal | $ 2,466,522 | $ 1,325,166 | $ 1,432,267 | $ 0.66
Purchasing, Handling, Corporate, &
Administrative Charges $ 485993 | $ 59,632 | $ 426,361 | $ 0.19
TOTAL $ 6291,117 | $ 1,384,799 | $ 5,197,229 | $ 0.85
Note: When online, units assumed to be at 80% maximum load for variable cost calculation.
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Fauquier County, VA Combined Cycle

Wood Group Power Plant Services LIS
Cost Plus Estimate for a 2 x 1 Frame 7FA CC WOOD GROUP
Power Facility located in Fauquier County, VA

Pre Operation - Mobilization Hours of Operation
12 Month Period US$ Weeks / Year 50
Facility Labor and Program Implementation $ 2,159,263 Days / Week 5
Facility Costs $ 212,000 Hours / Day 20
Purchasing, Handling, Corporate, &
.. . $ 262,244
Administrative Charges Hours / Year 5,000
Total Mobilization Cost $ 2,633,506 Starts / Year 150
Multi-Year Annual Fee Summary June 1, 2015 June 1, 2016 June 1, 2017 June 1, 2018 June 1, 2019
May 31, 2016 May 31, 2017 May 31, 2018 May 31, 2019 May 31, 2020
Year 1 Year 2 Year 3 Year 4 Year 5
Labor $ 3,310,788 | $ 3,393,557 | $ 3,478396 | $ 3,565356 | $ 3,654,490
Consumables $ 1,0692721$ 1,096,003 | $ 1,123,403 | $ 1,151,488 | $ 1,180,276
Office Administration $ 216,029 | $ 221,429 | $ 226,965 | $ 232,639 | $ 238,456
Maintenance & Minor Repairs $ 1181221 |$ 1,210,751 | $ 1,241,020 | $ 1,272,046 | $ 1,303,847
Purchasing, Handling, Corporate, &
Administrative Charges $ 485993 | $§ 498,143 | $ 510597 | $ 523,362 | $ 536,446
TOTAL Multi-Year Annual Fee Summary | $ 6,263,303 | $ 6,419,884 | $ 6,580,381 | $ 6,744,891 | § 6,913,515
June 1, 2015 to May 31, 2016
Year 1 Total Costs Variable Cost
TOTAL Variable Fixed $/MWh
Facility staff labor costs $ 3,310,788 $ 3,310,788
$ .
Consumables $ 1069272 |$ 1,128,759 | $ 299,050 | $ 0.14
Office Administration $ 216,029 | $ 1,205 | $ 214,019 | $ 0.10
Maintenance & Minor Repairs $ 1,181,221 | $ 195201 | $ 919,198 | $ 0.42
Subtotal | $ 2,466,522 | $ 1,325,166 | $ 1,432,267 | $ 0.66
Purchasing, Handling, Corporate, &
Administrative Charges $ 485993 | $ 59,632 | $ 426,361 | $ 0.19
TOTAL $ 6,263,303 | $ 1,384,799 | $ 5,169,415 | $ 0.85

Note: When online, units assumed to be at 80% maximum load for variable cost calculation.
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LTSA Budgets

e There are many different contract payment structures where the cash flow varies on an annual basis
because of the delivery schedule of the parts for a scheduled event, and when the major maintenance
events occur based on the plant’s operations. Plant operations will determine how long it takes for the
plant to reach the total factored fired starts (FFS) or factored fired hours (FFH) limit requiring such a
maintenance event to be scheduled. For your purposes, we understand the LTSA costs are intended to
reflect the total variable costs of the LTSA including major equipment costs incurred during these
maintenance events (including combustion and hot gas path parts).

e The simple cycle and combined cycle plants were modeled with nominal operating profiles of 50 starts
and 150 starts per year, respectively, although the resulting variable cost numbers would be consistent
with a range of operating profiles
We assumed a seventeen (17) year contract

e The Simple Cycle configuration would have the same LTSA budget on a $/FFS and $/FFH basis with or
without an SCR

e The nominal dollars reported are for the year starting June 1, 2015 and would be escalated with a 2.5%
inflation rate thereafter

e For both the simple cycle and combined cycle plant, LTSA fees would be assessed on either an FFS basis
or an FFH basis. If the plant is operating at greater than 27 FFH/FFS, the maintenance intervals would be
hours based, otherwise the costs would be assessed on a starts basis.

There are several factors that will affect the maintenance intervals regardless of whether the unit is hours or starts
based . For example, fuel type, trips, type of NOx control, operational considerations, etc. will all affect how the
FFS and FFH are calculated. General Electric GER3620, Heavy-Duty Gas Turbine Operating and Maintenance
Considerations, provides details for why these factors affects the maintenance intervals.

19

The Brattle Group 2011 PIM CONE Study Appendix Page C-20



Simple Cycle Inspection Schedule
Project Name: Brattle Group - 50 Starts Simple Cycle

Project Location: Various

Date: 2015-06-01

Date Date End Unit Inspection Type
2023-09-24 2023-09-30 GT02 Cl
2024-03-17 2024-03-23 GTO01 Cl
2032-09-24 2032-10-05 GT02 HGPI
2033-03-17 2033-03-28 GT01 HGPI

Combined Cycle Inspection Schedule

Project Name: Brattle Group USA- 150 Starts Combined Cycle

Project Location: Various
Date: 2015-06-01

Date Date End Unit Inspection Type
2017-01-26 2017-02-01 GTO02 Cl
2017-11-09 2017-11-15 GTO01 Cl
2020-01-26 2020-02-06 GTO02 HGPI
2020-11-09 1900-01-20 GTO01 HGPI
2023-01-26 2023-02-01 GTO02 Cl
2023-11-09 2023-11-15 GTO01 Cl
2026-01-26 2026-02-06 GTO02 HGPI
2026-11-09 2026-11-20 GTO01 HGPI
2029-01-26 2029-02-01 GTO02 Cl
2029-11-09 2029-11-15 GTO01 Cl
2032-01-26 2032-02-22 GTO02 Ml
2032-11-09 2032-12-01 GTO01 Ml
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LTSA Costs

Project Name: Brattle Group - LTSA Variable Costs

Simple Cycle Combined Cycle
$/FFS $/FFS $/FFH
Will County, IL $ 18,565 $ 9,700 $ 291
Charles County, MD $ 17,501 $ 9,144 $ 274
Middlesex County, NJ $ 19,846 $ 10,370 $ 311
Northampton County, PA $ 16,968 $ 8,866 $ 266
Fauquier County, VA $ 16,887 $ 8,823 $ 265
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