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PREFACE

The goal of the U.S. Department of Energy Federal Energy Management Pro-
gram (DOE-FEMP) is to facilitate energy-efficiency improvements at federal
facilities. This is accomplished by a balanced program of technology develop-
ment, energy efficiency resource and energy supply assessment, and facility
modernization. Technology development focuses upon the tools and procedures
used to identify and evaluate efficiency improvements, such as the federal
Tife-cycle cost analyses. For efficiency resource and energy supply assess-
ment, FEMP provides metering equipment and trained analysts to federal
agencies exhibiting a commitment to understand and improve energy use
efficiency and reduce energy costs.

The U.S. Army Forces Command (FORSCOM) has tasked Pacific Northwest
Laboratory (PNL), as the lead laboratory supporting the FEMP mission, to
provide technical assistance to modernize energy systems at FORSCOM instal-
lations. Under this task, PNL has undertaken an evaluation of the supply
options to provide natural gas to Fort Drum. The analysis examined several
options for natural gas supply, and the results will be used by decision
makers to determine the most cost-effective strategy for future natural gas
supply to the site.
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EXECUTIVE SUMMARY

Fort Drum, an Army Forces Command (FORSCOM) installation near Watertown,
New York, consumed over 2.4 million therms of natural gas in fiscal year 1991,
at a cost of nearly $1 million. Fort Drum staff have been aggressive in
securing least-cost gas supply strategies, as evidenced by the fact that their
current gas supply configuration reduced costs by nearly 30% from the next-
best alternative offered by Niagara Mohawk Power Corporation (NMPC). This
analysis investigates strategies for Fort Drum to acquire a reliable natural
gas supply while reducing its gas supply costs still further.

The analysis results indicate that Fort Drum can reduce its gas supply
costs significantly while maintaining a reliabie supply. The following is a
summary of the results.

e The best immediately implementable strategy is for Fort Drum to
purchase its gas from the Defense Fuel Supply Center (DFSC) and
transport it under the large volume interruptible rate (the SC5-1
rate), use NMPC SC6 supplemental service when the DFSC is cur-
tailed, and build a propane-air mixing station to provide supple-
mental gas service during NMPC interruptions. This strategy will
be referred to as Strategy 11. Strategy 11 has an estimated net
present value of $7.4 million, and estimated annual energy cost
savings of $288,000 at current fuel and electricity prices.

* The strategy with the Jargest net present value (NPV) is to move
gas through the Iroquois pipeline to NRMPC, and to switch to NMPC's
large volume interruptible transportation rate (the SC5-1 rate).
Fort Drum should build a propane-air mixing station to provide sup-
plemental gas service during interruptions. This strategy will be
referred to as Strategy 2. This strategy has an NPV of $8.4 mil-
lion and annual energy cost savings of $353,000 at current fuel and
electricity prices. However, this strategy is not immediately
available since Iroquois will not complete its pipeline hookup with
NMPC until 1994. Iroquois is also not accepting new customers
until November 1993.

°* We recommend that Fort Drum implement Strategy 11 by building the
propane-air station and switching to the NMPC SC5-1 rate as soon as
contractual obligations allows it to do so, while beginning the
process of implementing Strateqy 2, so that once Iroquois is
accepting customers and the Iroquois-NMPC pipeline is open, Fort
Drum will be able to switch easily to the largest NPV strategy.
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It should be noted that the costs and savings given above are for gas
supply to the New Fort only and that conversion of the 01d Fort to natural gas
is.not included. The analysis was also performed for the Entire Fort, which
assumes that conversion of the O1d Fort to natural gas occurs.

The analysis proceeded by defining the comporents of supply (gas pur-
chase, gas transport, supplemental fuel supply); identifying alternative
options for each supply component; constructing gas supply strategies from
different combinations of the options available for each supply component; and
calcuiating the 1ife-cycle costs of each supply strategy under a set of dif-
ferent scenarios reflecting the uncertainty of future events. This complex
procedure is illustrated in a fiowchart in Figure S.1.

Table S.1 gives the analysis results for Strategies 11 and 2 as well as
for the additional strategies analyzed. The results reported in Table S.1 are
for the Base Case-New Fort scenario, which assumes that the conversion of the
01d Fort to natural gas does not occur; that real energy prices escalate in
accordance with the Department of Energy’s (DOE’s) price forecasts ("Energy
Prices and Discount Factors," NISTIR 85-3273-5, 10/91); and that NMPC is able
to continue to supply its interruptible gas customers without any interrup-
tions. Section 4 contains more details regarding all of the scenarios
explored and the assumptions incorporated within them.

The analysis was also performed for two additional gas pricing sce-
nariocs. The High Gas Price Forecast scenario assumes that real gas prices
escalate at a rate double that assumed by DOE, based on a recent Gas Research
Institute (GRI) gas price forecast. Electricity prices are assumed to esca-
Tate at the DOE escalation rate.

Under the NMPC Interruption scenario, gas prices are assumed tc escalate
according to the DOE escalation rate, but NMPC curtails gas use to its inter-
ruptible customers, forcing them to utilize their supplemental fuels. Under
this scenario, it is assumed that NMPC interrupts its gas service for a total
of 264 hours in the peak demand period of October through January.

vi
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Both the High Gas Price Forecast scenario and the NMPC Interruption sce-
nario are run for the New Fort and the Entire Fort. The analysis scenarios
are described in detail in Section 4.

Table S.2 gives the analysis results for all of the strategies under the
High Gas Price Forecast scenario for the New Fort, and Table S.3 gives the
results for the NMPC Interruption scenario for the New Fort. In Table §S.2,
the estimated NPV of Strategy 11 rises to $9.1 miliion from the $7.4 million
for the base case. Strategy 2 Tikewise shows an increase in NPV. Note that
the annual energy cost savings are the same as in the base case. This is
because this scenario refers to a higher rate of escalation of future prices,
but assumes the same current gas price as the base case. In Table S.3, the
estimated net present value of Strategy 1l decreases from the base case to
$5.6 million, but the estimated net present value of Strategy 2 remains the
same as for the base case.

For the Entire Fort, the analysis includes the planned conversion of the
01d Fort from propane and fuel oil to natural gas, resulting in approximately
a 140% increase in gas consumption over current use.

Under the High Gas Price Forecast scenario, the estimated NPV of
Strategy 11 would rise to over $25 million. Under the NMPC Interruption sce-
nario, the estimated NPV of Strategy 11 would fall to approximately $18 mil-
lion, and the annual fuel cost savings would be $791,000. Tables S.4
through S.6 present the analysis results for all of the strategies for the
Entire Fort. Strategy 2 remains the highest NPV strategy, with an NPV of
almost $24 million and annual energy cost savings of over $1.1 million.
Strategy 11 remains the best immediately implementable strategy, with an NPV
of over $21 million and annual energy cost savings of $1 million. (Note that
neither Strategies 2, 3, nor Strategy 8 can be implemented until Iroquois Gas
Transmission Corporation is accepting new customers. It is possible that
Strategy 8 could never be implemented, due to possible regulatory
constraints.)
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JABLE S.1. Analysis Results: Base Case-New Fort (1992 $ thousands)

Annual Initial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 5,461 192 950
2. Interruptible Transportation, Iroquois to NMPC, with Propane 8.416 353 850
Air Supplemental
3. Interruptible Transportation, Iroquois to CNG to NMPC, with 6,754 261 850
Propane Air Supplemental
4, Interruptible Transportation, with NMPC Supplemental 4,167 117 950
5. Interruptible Transportation, with Propane Air Supplemental 3,379 21 950
6. Firm Transportation, Iroquois to NMPC, with NMPC Supplemental 3.859 214 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 2.197 122 0
Supplemental
8. Pipeline Connecting Iroguois to Fort Drum -1,414 668 13,700
9, DFSC, Firm Transportation, with NMPC Supplemental 2,856 160 0
10. DFSC, Interruptible Transportation, with Propane Air 6,889 353 950
Supplemental
11. DFSC, Interruptible Transportation, with NMPC 7.447 288 950
Supplementa)
TABLE S.2. Analysis Results: High Gas Price Forecast-New Fort
(1992 $ thousands)
Annual Initial
NPV of Energy Cost Capital
Strategy [nvestment Savirgs Cost
1. Large Volume Interruptible Rate with Propane Air Supplemertal 6,616 192 950
2. Interruptible Transportation, Iroquois to NMPC, with Propane 10,152 353 850
Air Supplemental
3. interruptible Transportation, Iroquois to CNG to NMPC, with 8,180 261 950
Propane Air Supplemental
4, Interruptible Transportation, with NMPC Supplemental 5.121 117 950
5. Interruptible Transportation, with Propane Air Supplemental 5,288 21 950
6. Firm Transportation, Iroquois to NMPC, with NMPC Supplemental 4,571 214 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 2,609 122 0
Supplemental
8. Pipetine Connecting Iroquois to Fort Drum 673 668 13,700
9. DFSC, Firm Transportation, with NMPC Supplemental 3,366 160 0
10. DFSC, Interruptible Transportation, with Propane Air 8,679 244 950
Supplemental
11. DFSC, Interruptible Transportation. with NMPC 9,167 288 850

Suppiemental
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TAB .3. Analysis Results: NMPC Interruption-New Fort

(1992 $ thousands)

Annual Initial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 4,882 147 950
2. Interruptible Transportation, Iroquois to NMPC, with Propane 8,416 353 950
Air Supplemental
3. Interruptible Transportation, Iroquois to CNG to NMPC, with 6,754 261 950
Propane Air Supplemental
4, Interruptible Transportation, with NMPC Supplemental 3,882 90 950
5. Interruptible Transportation, with Propane Air Supplemental 3,379 21 8950
6. Firm Transportation, Iroquois to NMPC, with NMPC Supplemental 3,859 214 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 2,197 122 0
Supplemental
8. Pipeline Connecting Iroquots to Fort Drum -1,414 668 13,700
9. DFSC, Firm Transportation, with NMPC Supplemental 2.856 160 0
10. DFSC, Interruptible Transportation, with Propane Air 6,905 236 950
Supplemental
i1, DFSC, Interruptible Transportation, with NWPC 5,614 160 950
Supplemental
TABLE_S.4. Analysis Results: Base Case-Entire Fort (1992 § thousands)
Annual [nitial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 16,761 764 1,393
2. Interruptible Transportation, Iroquois to NMPC, with Propane 23,647 1,138 1,393
Air Supplemental
3. Interruptible Transportation, Iroguois to CNG to NMPC, with 19,682 317 1,393
Propane Air Supplemental
4, Interruptible Transportation, with NMPC Supplemental 9,783 370 1,393
5. Interruptible Transportation, with Propane Air Supplemental 5,030 -180 1,393
6. Firm Transportation, Iroquois to NMPC, with NMPC Supplemental 11,746 650 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 7,780 428 0
Supplemental
8. Pipeline Connecting Iroquois to Fort Drum 17,582 1.730 13,700
8. DFSC, Firm Transportation, with NMPC Supplemental 4,796 585 0
10. DFSC, Interruptible Transportation, with Propane Air 20,672 939 1,393
Supplemental
11, DFSC, Interruptible Transportation, with NMPC 21,397 1,025 1,393

Supplemental



T 5. Analysis Results: High Gas Price Forecast-Entire Fort

(1992 $ thousands)

Annual Initial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
i. Large Volume Interruptible Rate with Propane Air Supplemental 20,020 764 1,383
2. Interruptible Transportation, Iroquois to NMPC, with Propane 28,298 1,138 1,393
Air Supplemental
3. Interruptible Transportation, Iroguois to CNG to NMPC, with 23,617 917 1,393
Propane Air Supplemental
4, Interruptible Transportation, with NM{'C Supplemental 11,842 370 1,393
5. Interruptible Transportation, with Propane Air Supplemental 12,164 -190 1,393
6. Firm Treasportation, Iroguois to NMPC, with NMPC Supplemental 13,955 650 0
7. Firm Transportation, Irogquois to CNG to NMPC, with NMPC 9,274 428 0
Supplemental
8. Pipeline Connecting Iroquois to Fort Drum 23,069 1,730 13,700
9. DFSC. Firm Transportation, with NMPC Supplemental 11,453 552 0
10. DFSC, Interruptible Transportation, with Propane Air 25,489 939 1,393
Supplemental
11. DFSC, Interruptible Transportation, with NMPC 25,406 1022 1,393
Supplemental
T S.6. Analysis Results: NMPC Interruption-Entire Fort
(1992 § thousands)
Annual Initial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 15,747 684 1,393
2. Interruptible Transportation, Iroquois to NMPC, with Propane 23,647 1,138 1,393
Air Supplemental
3. Interruptible Transportation, Iroquois to CNG to NMPC, with 19,682 917 1,395
Propane Air Supplemental
4, Interruptible Transportation, with NMPC Supplemental 9,268 319 1,393
5. Interruptible Transportation, with Propane Air Supplemental 5,030 -190 1,393
6. Firm Transportation, Irogquois to NMPC, with NMPC Supplemental 11,746 650 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 7,780 428 0
Supplemental
8. Pipeline Connecting Iroquois to Fort Drum 17,582 1,730 13,700
9. DFSC, Firm Transportation, with NMPC Supplemental 4,796 555 n
10. DFSC, Interruptible Transportation, with Propane Air 21,043 924 1,393
Supplemental
1. DFSC, Interruptible Transportation, with NMPC 18,088 781 1,393

Supplemental
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1.0 INTRO 10N

This analysis investigates strategies for Fort Drum to acquire a reli-
able natural gas supply while reducing its gas supply costs. The purpose of
this study is to recommend an optimal supply mix based on the life-cycle costs
of each strategy analyzed. In particular, this study is intended to provide
initial guidance as to whether or not the building and operating of a propane-
air mixing station is a feasible alternative to the current gas acquisition
strategy.

The analysis proceeded by defining the components of supply (gas pur-
chase, gas transport, supplemental fuel supply); identifying alternative
options for each supply component; constructing gas supply strategies from
different combinations of the options available for each supply component (the
strategies are explained in Section 3); and calculating the life-cycle costs
of each supply strategy under a set of different scenarios reflecting the
uncertainty of future events (the scenarios are defined in Section 4). This
procedure is illustrated in a flowchart in Figure 1.1. The process by which
natural gas is supplied to a major customer such as Fort Drum is rather com-
plex, and a brief description of the gas supply process is warranted.

1.1 COMPONENTS OF SUPPLY

The supply process has been broken down into five components, as illus-
trated in Figure 1.1 and discussed in detail in Section 2. The first compo-
nent is the purchase of gas at the "wellhead," where natural gas is first
produced. The second component is the transportation of the gas by small
feeder pipelines to a major inter-state pipeline. The third component is the
transportation of the gas through the major pipeline to a distribution point
close to its final destination: this distribution point is known as the
"city-gate." The fourth component is the transportation of the gas from the
city-gate to its final destination (the "burner-tip") by the local gas utility
company. The fifth component is the acquisition of supplemental fuel, either
natural gas from the local gas utility, or a second fuel such as propane or
fuel 0il. These supply components are more thoroughly explained in Section 2.

1.1
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Each scenario results in an optimal strategy which defines ar optimal combination

of supply component options.
EIGURE 1.1. Flowchart of Analysis Process

At present, Fort Drum buys its gas at the wellhead through a natural gas

broker (Hudson Bay).

The broker arranges transportation to the Consolidated

Natural Gas (CNG) pipeline, and charges Fort Drum for the cost of transporta-

tion to CNG.

for the cost of transportation to the city-gate.

1.2
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Fort Drum and charges the Fort for transportation to the burner-tip. This
arrangement has saved Fort Drum nearly 20% of the cost of purchasing gas
directly from NMPC . (&)

1.2 FIRM VERSUS INTERRUPTIBLE

The purchase of natural gas and the transportation of gas can both be
arranged under "firm" or "interruptible" contracts. A firm gas purchase
contract means that the customer is guaranteed to receive all of the natural
gas for which he or she has contracted, and a firm gas transportation contract
means that the customer is guaranteed to receive all of the gas transportation
capacity for which he or she has contracted. Interruptible contracts, on the
other hand, aliow the natural gas provider or the transportation provider to
"interrupt" customers, providing them less gas or less transportation than the
contracted amount. The gas or transportation provider would interrupt the
customer in times of peak demand, such as extremely cold winter days, so that
the needs of the firm customers could be met. Firm centracts carry a premium
charge for the gas and transportation they provide, reflecting the guaranteed
nature of the service. Appendix A contains the Niagara Mohawk Power Corpora-
tion’s (NMPC) rate schedule for firm and interruptible gas purchase and
transportation.

1.3 SPOT _MARKET

Natural gas can be purchased through a natural gas utility company, such
as NMPC, or it can be purchased through a broker on the open market. The
"spot market" for natural gas refers to the process by which gas is sold at
prevailing prices to the brokers, utilities, and major customers. Prices in
the spot market fluctuate greatly, and a successful gas broker can use the
spot market to cut gas costs considerably. Fort Drum currently contracts with
a gas supply broker to purchase gas on the spot market.

(a) Memorandum for Doc, Attn: Gordon Reynolds, Engineering Housing &
Support Center, Army Corps of Engineers. 14 June 1991. From Gordon E.
Greene, Chief, Utilities - Electrical Branch, Engineering and Housing
Directorate, Fort Drum.

1.3



1,4 ORGANIZATION OF THE REPORT

Section 2 of this report discusses the components of supply mentioned
above, and Section 3 discusses how options available for each supply component
were combined into strategies. Section 4 defines the scenarios used in the
analysis. Section 5 describes the formulation of the gas consumption fore-
cast. Section 6 describes how the costs of each strategy were developed.
Section 7 presents results, and discusses some limitations of the analysis.
Section 8 is the reference 1ist. Four appendixes provide supplemental
information. ‘
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2.0 COMPONENTS OF SUPPLY

The natural gas supply process was broken down into five components that
describe the purchasing and transporting of natural gas and the provision of
supplemental gas service in the event that an interruption occurs. The five
components and the options available for each are listed in Table 2.1. At
present, Fort Drum contracts with a gas supply broker who is purchasing U.S.
Gulf Coast gas, transporting it from the wellhead to Niagara Mohawk Power
Corporation via the CNG nipeline, and then transporting it through NMPC on its
SC8 firm transportation rate, with supplemental gas provided by NMPC under its
SC6 rate.

TABLE 2.1. Natural Gas Supply Components and Options

1. Gas Purchase at Wellhead

Option 1: Purchase U.S. Gulf Coast gas

Option 2: Purchase Canadian gas

Option 3: Purchase gas through the DFSC

Option 4: Purchase gas from NMPC under rate SC4

2. Transnort to Pipeline

Option 1: CNG feeder pipeline or Iroquois feeder
pipeline
3. Pipeline Transport to City-Gate
Option 1: CNG to NMPC
Option 2: Iroquois to CNG to NMPC

Option 3: Iroquois to NMPC
Option 4: Iroquois to Fort Drum (bypasses city-gate)

4. Transport from City-Gate to Burner-Tip

Option 1: NMPC firm transportation under rate SC8

Option 2: NMPC interruptible transportation under rate
SC5-1

Option 3: Iroquois to Fort Drum (bypasses city-gate)

5. Supplemental Fuel Service

Option 1: Dual-Fuel System
Option 2: NMPC supplemental gas service under rate SC6

2.1
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The first component is the actual purchase of n&tura] gas at the well-
head. We looked at four options for gas purchase: U.S. Gulf Coast gas;
Canadian gas; purchase through the Defense Fuel Supply Center (DFSC); and NMPC
gas service under rate SC4, which involves NMPC handling the details of the
wellhead purchase. Under the SC4 rate, NMPC would also hancle all aspects of
transporting the gas, bypassing the next three components.

The second component in gas supply is transporting gas from the wellhead
to a major pipeline. We did not investigate options under this component, as
this is usually handled by the broker who arranges the gas purchase.

The third component is the interstate transport of gas over the major
pipeline to what is known as the "city-gate," which is the transfer point on
the major pipeline closest to the point of final delivery. We looked at four
options for interstate transport. The first option is the existing situation,
where gas is transported from CNG’s Ohio terminus to NMPC. The three alterna-
tive options all involved transportation of Canadian gas over the newly con-
structed Iroquois pipeline. At present, gas can be moved through the Iroquois
pipeline to CNG, and then moved to NMPC. Alternatively, Iroquois will be com-
pleting a direct 1ink to NMPC within 2 years. The final Iroquois option is to
build a direct 1link between the Iroquois pipeline and Fort Drum, which
bypasses the city-gate.

The fourth component in gas supply is the transportation of gas from the
city-gate to its final destination, known as the "burner-tip." Three options
were considered for this component. Gas could be moved by NMPC under the firm
transportation rate SC8, which is the current situation. Alternatively, NMPC
could transport the gas under the interruptible rate SC5-1. The third option
is the direct pipeline link from Iroquois to Fort Drum, which avoids the city-
gate entirely.

The fifth and final component in the gas supply process is the provision
of supplemental gas service. Supplemental service is a requirement for taking
service under an interruptible rate. Supplemental service can be provided
through the construction of a dual-fuel system, such as a propane-air mixing
station or an oil-fired system. NMPC can also provide supplemental service
under the SC6 rate for customers who have chosen to transport their own gas at
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a firm rate. This analysis examined the propane and the NMPC opticns, but the
analysis of an oil-fired, dual-fuel system is beyond the scope of this study.
Such a system would require the installation of dual-fuel furnaces, boilers,
and water heaters, for example.

The options available under the five supply components fall into four
general categories: 1) alternative rate structures within NMPC, 2) dual-fuel
capabilities, 3) alternative pipelines, and 4) alternative suppliers. These
options are discussed in more detail below. Other options, such as using
another utility company or an alternative broker, were dismissed. Rochester
Gas and Electric, another utility company, was dismissed because utilities are
not allowed to service customers outside of their district./® Alternative
brokers may present a cost saving over the current broker, but the examination
of this option was beyond the scope of this analysis.

2.1 EXISTING SUPPLY CONTRACT

Fort Drum currently contracts throuih Hudson Bay Natural Gas Corporation
(Hudson Bay) for its gas supply, which is then delivered via the CNG pipeline
through NMPC. The contract with Hudson Bay is a 1-year renewable contract.
Gas pricing is indexed with the publication Natural Gas Week and is bought on
the spot market according to each month’s prices.(m In addition to charg-
ing for the gas, Hudson Bay charges a fee for transportation to the NMPC pipe-
line, which varies from month to month, and an adjustment factor, which is a
fixed charge per therm and which does not vary from month to month within the
contract year. The last optional renewal period of the broker contract
expires May 31, 1993.

Fort Drum’s contract with NMPC is for firm transportation under its SC8
rate (transportation service with standby sales service), with supplemental
gas service for gas transportation service customers at NMPC’s SC6 rate. NMPC
delivers Fort Drum-purchased gas to the Fort, charging it for transportation

(a) Personal Communication, Dave Gardner, Gas Purchasing and Transportation,
Rochester Gas and Electric Co., February 25, 1992.

(b) Current gas purchasing contract with Hudson Bay Natural Gas Company for
supply of natural gas to Fort Drum, Section B, item 0001A, p. B-1.
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of gas and a demand charge. In addition, NMPC provides supplemental gas to
meet the Fort’s demand beyond the amount Hudson Bay is able to supply. Sup-

plemental gas is supplied at the SC6 rate on an interruptible basis.

2.2 GAS PURCHA

There are three potential sources of natural gas for Fort Drum. They

are: the purchase of U.S. Guif Coast gas; the purchase of Canadian gas;
the purchase of natural gas through the local distribution company (LDC),

and

NMPC. Fort Drum is not limited to buying natural gas from a broker or NMPC.
CNG also acts as a supplier in addition to offering transportation services.

With a broker, gas is often purchased on the spot market, ensuring the lowest

price available at that time. In order to purchase gas from CNG, a customer

must sign a 6-month or 1-year contract to purchase gas at a fixed price.

Under a fixed contract, the customer would be protected against erratic prices

and price increases, but if the price of gas were to fall, then the customer
would pay more for that month compared with the price that would have been

paid under a spot market or indexed contract price. However, this option was

not explored because CNG is not interested in offering a gas package to Fort

Drum at this time.(®

2.2.1 Option 1: Purchase of U.S. Gulf Coast Gas

While it may be possible for Fort Drum to do all of the work involved in
the procurement process, the common procedure is to contract this component to

a brokerage firm that deals with the purchasing and transporting of natur

al

gas. In this option, the primary supply source would be the U.S. Gulf Coast

natural gas fields. The broker also arranges for the transport of the gas to

the LDC.

2.2.2 Option 2: Purchase of Canadian Gas

—

As with the Gulf Coast gas purchase, the purchase of Canadian gas is
contracted out to a brokerage firm which then purchases Canadian gas and
arranges for transportation to the LDC.

(a) Correspondence, Bob Phiilips, Manager, Interstate Marketing,
Consolidated Natural Gas Transmission Corporation. March 3, 1992.
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2.2.3 Option 3: Purchase Gas through the Defense Fuel Supply Center {DFSC)

Many Department of Defense installations are now required to purchase
their natural gas through the DFSC, and Fort Drum may be required to do so as
well. The DFSC currently contracts the procurement of natural gas to a broker
‘who makes all arrangements for delivery to the city-gate. The installation
must sign a contract with the LDC to transport gas from city-gate to burner-
tip. In the future, the DFSC plans to arrange all procurement and transporta-
tion of natural gas.®

Natural gas purchased through the DFSC is transported on an interrupti-
ble basis to the city-gate. In order to provide reliable delivery, the
contract between the DFSC and the trahsporter contains clauses that make pro-
visions for possible short-falls during the winter. First, natural gas can be
provided by Appalachian sources when Gulf Coast gas cannot get to the North-
east. Second, curtailments in transportation prior to the LDC are limited to
a total of 21 days from November through March; and a cortinuous curtailment
may only last 10 days.(®

2.2.4 Option 4: Purchase Gas from KMPC under Rate SC4

Fort Drum can also choose to purchase natural gas directly from the LDC
(NMPC). NMPC would then handle all purchasing and transporting of the gas. A
copy of NMPC’s rate schedule appears in Appendix A.

NMPC’s SC4 rate (large-volume interruptible natural gas service) pro-
vides NMPC gas to customers who use at least 2.5 million therms per year and
who have 100% dual-fuel capability. NMPC suggests that the dual-fuel system
should be able to supply all energy needs for at least 1 week and that a
complete switchover be possible within 4 hours. (?)

There are three potential dual-fuel systems: a compressed gas system,
gas storage, and fuel oil. Fuel oil was dismissed as an option for this study
because of the high costs associated with environmental compliance and the

(a) Personal Communication, David Robinson, Alternate Fuels, Defense Fuel
Supply Center. May 22, 1992. 12:45 pm.

(b) Personal Communication, Janice Bailey, Supervisor, Customer Transporta-
tion, Niagara Mohawk Power Corporation. February 21, 1992.
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current activities at Fort Drum involving the conversion from fuel oil to
natural gas on the 01d Fort site. The other options are discussed in more
detail later in this section.

At present, there is an $825 minimum monthly charge for SC4 service,
plus gas costs. However, NMPC is applying for approval for a decrease to $250
per month. This change, if approved, would take effect in January 1993, (%)

2.3 TRANSPORT TO PIPELINE

This component was not explored, as the transportation is arranged by
either the broker or NMPC.

2.4 PIPELINE TRANSPORT TO CITY-GATE

The third component of gas supply involves the transporting of gas from
the feeder pipelines to the LDC. There are two pipelines through which gas
could be delivered to NMPC: CNG and Iroquois.

2.4.1 Option 1: CNG to NMPC

The CNG pipeline is used primarily to deliver gas purchased from the
Gulf Coast, although Canadian gas could be fed into the CNG pipeline from
other pipelines. We assumed that CNG would only be carrying Gulf Coast
natural gas.

2.4.2 Option 2: Iroquois to CNG to NMPC

At present, Fort Drum’s gas is transported from the supply location
through the CNG pipeline to Fort Drum via NMPC. Another pipeline, Iroquois,
is also providing gas transportation in the area. Because Iroquois does not
sell gas, a broker would be necessary, but this option would allow for an
alternative transpertation route. At this time, a direct 1ink between
Iroquois and NMPC does not exist, but it is possible for gas to be shipped
from Iroquois to NMPC via the CNG pipeline, and then on to Fort Drum.

(a) Personal Communication, Janice Bailey, Supervisor, Customer Transporta-
tion, Niagara Mohawk Power Corporation. March 18, 1992. 10:30 a.m.
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2.4.3 Option 3: Iroquois to NMPC

While direct transport from the Iroquois pipeline to NMPC is not pres-
ently available, a pipeline Tinking Iroquois to NMPC is planned for 1994,
which would eliminate the need to transport through CNG. It must be pointed
out, though, that Iroquois will not be adding customers until November 1993,
so all strategies involving Iroquois transportation are not immediately
implementable. (¥

2.4.4 Option 4: Iroquois to Fort Drum

Another potential supply option is for Fort Drum to build a pipeline
extending from the Iroguois Gas Transmission (Iroquois) pipeline. This option
would require approval from the Federal Energy Regulation Commission (FERC).
Because the pipeline would enter NMPC's service district, NMPC would most
1ikely be opposed to the project, causing extensive delays and 1itigation.

A pipeline would also require extensive investment expenditure.
Iroquois estimates that to construct a pipeline covering the 27.4-mile
distance from the Iroquois pipeline to Fort Drum’s outlet would cost approxi-
mately $500,000 per mile, with annual operation and maintenance costs esti-
mated at $13,700. %

2.5 TRANSPORT FROM CITY-GATE TO BURNER-TIP

Fort Drum lies within the boundary of NMPC’'s service district, and must
therefore arrange its transportation from city-gate tu burner-tip through
NMPC. Niagara Mohawk provides gas transportation under different rate sched-
ules. There are two primary types of rate schedules: those for firm gas
supply and transportation, and those for interruptible supply and transporta-
tion. Both have advantages and disadvantages. Firm rates are higher because
gas supply is guaranteed, while interruptible rates are lower because the
supplier/transporter does not have to guarantee delivery. Under the

(a) Personal communication, Chris Bosco, Iroquois Gas Transmission System.
February 27, 1992.

(b) Personal Communication, Chris Bosco, Iroquois Gas Transmission System.
March 4, 1992. 1:00 p.m.
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interruptible rate, the customer could be interrupted or curtailed, at which
time the gas company or pipeline requests the customer to halt gas usage or
face large fines. Many interruptible rates require customers to have back-up
or dual-fuel capabilities in case an interruption occurs.

The present rate, SCs, had been the best fate for which Fort Drum was
eligibie. With the estimated level of gas demand at Fort Drum, alternative
rates have become feasible.

2.5.1 Option 1: NMPC Firm Transportation under Rate 5CO

'NMPC provides firm transportation of customer-owned natural gas to its
customers under the SC8 rate (transportation service with standby sales
service). Under this rate, the customer must be capable of consuming at Jeast
1 million therms annually. The customer must also subscribe to the supple-
mental gas service under rate SC6.

2.5.2 Option 2: NMPC Interruptible Transportation under Rate SC5-1

Niagara Mohawk’s SC5-1 rate (large-voiume interruptible gas transporta-

. tion service) is available to those customers who qualify for the SC4 rate,

but opt to purchase their gas from another supplier and then transport it to
NMPC for distribution. These customers must take supplemental gas service
from NMPC under the SC6 rate. This rate structure is similar to the SC8 rate
under which Fort Drum currently operates in that it transports customer-owned
gas with provisions for NMPC supplemental gas. Supplemental gas is provided
when the customers’ contracted supply is not enough to meet their demand for
that month. As in the SC4 classification, the customer must have dual-fuel
capability.

2.6 SUPPLEMENTAL FUEL SERVICE

The final component of gas supply is the provision of supplemental fuel
in the event of an interruption. Supplemental fuel can be provided by a dual-
fuel system built onsite or it can be purchased through NMPC.

2.8
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2.6.1 OQOption 1: Dual-Fuel System

The three options for meeting the dual-fuel capability are: fuel oil,
natural gas storage, and a compressed gas system. While recent prices have
made fuel oil more attractive, a fuel oil system was dismissed due to the high
costs associated with environmental compliance and the current activities at
Fort Drum involving the conversion from fuel oil to natural gas on the 01d
Fort site.

Natural Gas Storage

The first option for dual-fuel capability is natural gas storage. This
option involves buying extra gas during off-peak hours, such as summer months
or night hours when demand for gas is low, and storing it until it is needed.
There are three processes by which gas can be stored: 1low-pressure storage,
high-pressure storage, and atmospheric-pressure storage of liquefied natural
gas (LNG) in heat-insulated vessels. None of these options is feasible at
Fort Drum, as described below.

Low-pressure storage facilities have generally been used in conjunction
with gas producticn from coal or petroleum. The process involives expanding
the gas before it enters the storage vessel and then sometimes recompressing
it before distribution. The cost of these facilities is usually high in rela-
tion to their capacity, and the technology is more suited to coal and petro-
leum gasification, so this option was considered to be infeasible (Lom 1974,
p. 18).

The second process involves storing natural gas at high pressure. High
pressure gas storage vessels can be above or below ground. While there are
some storage facilities aboveground, it is becoming more common to inject the
natural gas into underground formations such as specially constructed caverns
in salt rock or exhausted gas fields. It is assumed that Fort Drum does not
have the suitable geology for underground salt caverns or exhausted gas fields
in its vicinity, so this option was not explored (Lom 1974, p. 16). Gas stor-
age along the pipeline itself would be a possibility; however, Iroquois(”

(a) Personal Communication, Chris Bosco, Iroquois Gas Transmission System.
February 27, 1992.
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and NMPC®) do not have gas storage capabilities, and CNG®) does not offer
gas storage to interruptible customers.

The third method of storage involves liquefying natural gas during the
off-peak season and then revaporizing it during peak demand. The type of
facility needed is known as a peakshaving plant. These plants operate in
three stages: liquefaction, storage, and vaporization. Because of the cold
temperature required for storage, LNG is considered to be cryogenic. New York
State regulations prohibit storage of cryogenic materials, so this option was
not explored.‘®

Mention has been made to the possibility of building a compressed
natural gas station at Fort Drum, with NMPC underwriting some of the cost and
using the facility to fill fleet vehicles.!® While Utica, New York, has a
natural gas station, it is only used for filling fleet vehicles, and there are
no known stations in the area that use compressed natural gas for end uses
other than vehicles. In discussing the use of compressed natural gas for
heating, Richard Nikodem of the NMPC Utica office indicated that such a system
makes sense only in remote areas where main line delivery is unreliable, and
when the system is used for fleet vehicles.® Because Fort Drum has reli-
able delivery, and because vehicles are beyond the scope of this analysis, a
compressed natural gas system was not explored further.

ompressed Ga st

Compressed gases refer primarily to liquefied petroleum gases (LPG).
Propane and butane are the two primary typos of LPG. Of the two gases, pro-
pane or a propane-butane mix are preferred because propane’s boiling point is
much lower than that of butane. Therefore, the more butane in the supply, the

(a) Personal Communication, Janice Bailey, Supervisor, Customer Transpor-
tation, Niagara Mohawk Power Corporation. February 21, 1992.

(b) Personal Communication, Bob Phillips, Manager, Interstate Marketing,
Consolidated Natural Gas Transmission Corporation. February 27, 1992.

(¢) Personal Communication, Ron Harvey, New York State Regulatory Affairs.
February 25, 1992.

(d) Personal Communication, Jeff Marsh, Niagara Mohawk Power Corporation,
Watertown Office. May 21, 1992. 1:45 pm.

(e) Personal Communication, Richard Nikodem, Niagara Mohawk Power
Corporation, Utica Office. May 22, 1992. 8:30 am.
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more energy that is required for vaporization. The gases can also be mixed
with air. A propane-air mixture would be more desirable than other dual-fuel
options because it shares many of the same characteristics as natural gas.

For example, it requires the same types of equipment for burning as is neces-
sary for the normal burning of natural gas, so the purchase of additional
burning equipment is not necessary. Propane-air mixtures are also advanta-
geous over straight LPG vapors because recondensation problems in distribution
lines are decreased significantly. For these reasons, the only compressed gas
system explored was that of a propane-air mixture.

2.6.2 Option 2: NMPC Supplemental Gas Service under Rate SC6

NMPC customers who transport their own gas are required to subscribe to
NMPC’s SC6 supplemental gas service in addition to the rate under which they
are transporting gas. Natural gas under the SC6 rate is delivered on a best
effort interruptible basis. SC6 gas is delivered wher the customer’s nomi-
nated amount of gas is not enough to meet the customer’s needs. In compari-

son, a dual-fuel system is necessary when NMPC cannot meet the gas demand of
the customer (an NMPC supply interruption). The dual-fuel system could also
be used by the customer in place of the SC6 service at the customer'’s
discretion.
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3.0 GAS_SUPPLY STRATEGIES

The supply components described in Section 2 were combined to describe
the existing configuration (Strategy 0) and eleven alternative strategies, as
represented in Table 3.1 and defined below:

Strategy 0:

Strategy 1:

Strategy 2:

Strategy 3:

Strategy 4:

Strategy 5:

Strategy 6:

Strategy 7:

Strategy 8:

The base or existing strategy where gas is purchased through a
broker, transported firm to city-gate via CNG, transported to
burner-tip via NMPC under a firm transportation rate, with sup-
plemental gas provided by NMPC. ‘

Purchasing gas from NMPC under an interruptible rate, with a
propane-air station for supplemental gas service.

Purchasing gas at the wellhead through a broker, transporting it
firm to city-gate via Iroquois, transporting it to burner-tip
from city-gate via NMPC under an interruptible transportation
rate, with a propane-air station for supplemental gas service.

Purchasing gas at the wellhead through a broker, transporting it
firm to city-gate via Iroquois and CNG, transporting it to
burner-tip via NMPC under an interruptible transportation rate,
with a propane-air station for supplemental gas service.

Purchasing gas at the welihead through a broker, transporting it
firm to city-gate via CNG, transporting it to burner-tip from
city-gate via NMPC under an interruptible transportation rate,
with supplemental gas service provided by NMPC. Requires a
propane-air station for NMPC interruptiible rate.

Purchasing gas at the wellhead through a broker, transporting it
firm to city-gate via CNG, transporting it to burner-tip via
NMPC under an interruptible transportation rate, with a propane-
air station for suppiemental gas service.

Purchasing gas at the wellhead through a broker, transporting it
firm to city-gate via Iroquois, transporting it to burner-tip
from city-gate via NMPC under a firm transportation rate, with
supplemental gas service provided by NMPC.

Purchasing gas at the wellhead through a broker, transporting it
firm to city-gate via Iroquois and CNG, transporting it to
burner-tip from city-gate via NMPC under a firm transportation
rate, with supplemental gas service provided by NMPC.

Purchasing gas at the wellhead through a broker, transporting it

firm directly to burner-tip (Fort Drum) via Iroqueis pipeline,
with no supplemental gas service.

3.1
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Strategy 9:

Strategy 10:

Strategy 11:

Purchasing gas through the DFSC, transporting it interruptible

to city-gate CNG, transporting it to burner-tip from city-gate
via NMPC under a firm transportation rate, with supplemental gas
service provided by NMPC.

Purchasing gas through the DFSC, transporting it interruptible

to city-gate CNG, transporting it to burner-tip from city-gate
via NMPC under an interruptible transportation rate, with a pro-
pane-air station for supplemental gas service.

Purchasing gas through the DFSC, transporting it interruptible

to city-gate CNG, transporting it to burner-tip from city-gate
via NMPC under an interruptible transportation rate, with sup-

plemental gas service provided by NMPC.
station for NMPC interruptible rate.

Requires a propane-air

TABLE 3.1. Natural Gas Supply Strategies
Transport Provide
Transport to Transport to to Burner- Supplemental
Strategy Gas Purchase Pipeline City-Gate Tip Fue) Service
0 Gulf Coast CNG Feeder CNG Ohio to NMPC (SC8) Firm NMPC (SC6)
NMPC Interruptible
1 NMPC (SC4) N/A N/A N/A Propane Air
Interruptible
2 Canadian Gas Iroquois Feeder Iroqueis teo NMPC (SC51) Propane Air
NMPC Interruptible
3 Canadian Gas Iroquois Feeder Iroquois to CNG  NMPC (SC51) Propane Air
to NMPC Interruptible
4 Gulf Coast CNG Feeder CNG Ohio to NMPC (SC51) NMPC (SC86)
NMPC Interruptible Interruptible
5 Gulf Coast CNG Feeder CNG Ohio to NMPC (SCS1) Propane Air
NMPC Interruptible
6 Canadian Gas Iroquois Feeder Iroguois to NMPC (SC8) Firm NMPC (SC6) Inter-
NMPC ruptible
7 Canadian Gas Iroquois Feeder Iroquois to CNG  NMPC (SC8) Firm NMPC (SC6) Inter-
to NMPC ruptible
8 Canadian Gas Iroquois Feeder Iroquois to Fort Drum, bypassing None
city-gate
9 DFSC Gas N/A N/A NMPC (SC8) NPMC (SCB)
Firm Interruptible
10 DFSC Gas N/A N/A NMPC (SC5I1) Praopane Air
Inter-
ruptible
11 DFSC Gas N/A N/A NMPC (SC51) NMPC (SC6)
Inter- Interruptibie
ruptible
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These strategies represent the supply strategies that are currently
available or will be in the near future. A1l would present a reliable supply
of natural gas to the Fort under our assumptions. In the strategies where gas
is shipped through NMPC on an interruptible rate, we assumed that natural gas
would be shipped by a broker on a firm basis to the city-gate (NMPC) and that
a propane-air station would be built, as is required in order to be eligible
for the NMPC interruptible rates. In the strategies where gas is bought
through the DFSC, the gas would be shipped on an interruptible basis, but with
contract clauses limiting curtailments. In the event of an NMPC interruption,
the Fort should be able to rely on the propane-air station for its fuel
supply.

In all other strategies, natural gas is assumed to be shipped on a firm
basis to Fort Drum. Firm rates are usually higher than interruptible rates
because demand charges are applied to the transportation of gas. A demand
charge is basically a reservation on a pipeline for a specified quantity of
gas. As long as a pipeline is not running at full capacity, reserving space
should not be a problem, and a reliable gas supply is assured in most cases.
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4.0 ANALYSIS SCENARIOS

Each of the supply strategies was explored under six different sce-
narios, as represented in Table 4.1. The scenarios could be grouped into two
classifications based on the two consumption forecasts. Fort Drum is divided
into two sections, a "New Fort" and an "0ld Fort." The New Fort area is cur-
rently being fueled by natural gas, and historical data from this area pro-
vided the basis for the "New Fort" consumption forecast. The "O1d Fort" area
currently relies on fuel oil, but may be converting to natural gas in the
future. The natural gas consumption forecast for this area was derived from
past fuel 0il needs. When combined, the New Fort and 01d Fort forecasts make
up the Entire Fort forecast and analysis.

Because there are two general scenario classifications, there are two
base cases. The first, "New Fort," assumes that the conversion of the 01d
Fort from fuel oil to natural gas does not occur. The second, "Entire Fort,"
assumes that the conversion takes place.

The next two scenarios assume that gas prices rise at a faster rate than
is forecast by the U.S. Department of Energy. According to the Gas Research
Institute’s (GRI) 1991 price forecast, Gulf Coast gas prices will rise to
$2.50/Decatherm {(Dt) by 1995, and to $5.40/Dt by 2010, while the DOE escala-
tion rates used forecast an average 1995 Gulf Coast price of $1.56/Dt and an
average 2010 price of $2.30/Dt. Because of the discrepancy in rate estima-
tions, the High Gas Price forecast assumed that gas prices would rise at

TA 4.1. Analysis Scenarios

Demand Price Interruption
Scenario _Scenario Scenario Scenario
1 New Fort Base Base
2 New Fort High Gas Base
3 New Fort Base NMPC Interruption
4 Entire Fort Base Base
5 Entire Fort High Gas Base
6 Entire Fort Base NMPC Interruption
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double the DOE escalation rate. When the DOE escalation rates are doubled,
the estimated 1995 Gulf Coast price rises to $1.59/Dt, and to $3.06/Dt in
2010. This pricing scheme, while more moderate than the GRI, serves to illus-
trate the sensitivity of the results to a greater increase in gas prices.
These higher gas prices were used under the New Fort and Entire Fort
assumptions.

The final two scenarios assumed that there would be an interruption in
the gas supplied by NMPC to the gas customers they serve under interruptible
gas rates. The only component options that were affected by this assumption
were gas purchase under the SC4 rate and supplemental fuel provision under
NMPC’s SC6 rate, because they represent the only times in which Fort Drum
would be purchasing gas directly from NMPC. The interruption scenario assump-
tions are explained below in more detail.

According to historical data, Fort Drum’s gas supply has been inter-
rupted during the months of October through January. These interruptions were
due to gas transportation exceeding capacity at the point at which gas enters
the interstate pipeline in Ohio.® The broker (Hudson Bay) has therefore
been unable to receive enough space on the interstate pipeline (CNG) to
deliver the requested amount of natural gas. Once the gas is on the CNG pipe-
line, however, delivery to NMPC has not been, and is not expected to be, a
probiem since CNG has 17 connection points with the NMPC pipe]ine.(” In the
cases where the broker could not deliver the required supply, the excess
requirement was purchased from NMPC under its Supplemental Gas Tariff (SC6).
It may be possible to alleviate such supply interruptions by entering the CNG
pipeline system through Buffalo, New York, or by moving gas via the newly
built Iroquois pipeline.® The Buffalo connection was not examined further.

In estimating future pipeline capacities, it was assumed that during
peak winter months, full gas supply from the broker would not be possible due
to current pipeline capacity constraints. This results from the fact that the
CNG pipeline, at the Ohio supply point, is currently running under full

(a) Personal Communication, Bob Phillips, Manager, Interstate Marketing,
Consolidated Natural Gas Transmission Corporation. March 18, 1991.
11:30 a.m.
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capacity, which could be considered a transportation bottleneck on the part of
CNG. Because of this bottleneck, the amount of gas available from the Gulf
Coast for the months of October through January was assumed to be the same as
it was for FY 1991. Under the Entire Fort scenario, supply requirements will
be much greater with the addition of the 01d Fort; therefore, it was assumed
that Fort Drum will exceed pipeline capacity at the CNG-Ohio point for the
additional months of February through April. In February 1991, the gas sup-
plied by the broker exceeded that of any other month for the period in which
we have data. Therefore, the quantity supplied in that month was used to
represent the maximum possible supply. All additional gas requirements during
these 7 months will need to be met by supplemental sources.

One source is through the current local distribution company, NMPC. In
the past, it has not been necessary for NMPC to interrupt its gas custom-
ers,“) although interruptions of unknown duration may occur in the future
as more customers come on line. Most interruptions would be caused by extreme
weather conditions or pressure problems. NMPC currently has ongoing projects
designed to increase pipeline capacity, including the construction of a pipe-
line connecting the Iroquois pipeline directly with an NMPC pipeline, sched-
uled for 1994, ()

Because NMPC has been able to meet its customer’s needs in the past, two
scenarios for each supply mix regarding NMPC-supplied gas were explored. The
first assumed that NMPC could meet any excess demand requirements, while the
second allowed for interruption during the peak winter months, October through
January. A total of six interruptions of varying durations were simulated for
the Interruption scenario. The first interruption is assumed to last 24 hours
and occurs in October. The second occurs in November and lasts 48 hours. Two
interruptions were forecast for December for a total of 72 hours, and two

(a) Personal Communication, Dennis Bartlett, Gas Transportation Specialist,
Niagara Mohawk Power Corporation. March 4, 1992. 9:00 a.m.

(b) Personal Communication, Gary Beland, Gas Supply and Planning, Niagara
Mohawk Power Corporation. March 18, 1991. 11:00 a.m.
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interruptions totaling 120 hours were scheduled for January. During the NMPC
gas interruptions, the Fort would rely on the propane-air stations for its
fuel requirements. '
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5.0 CONSUMPTION FORECAST

A 5-year monthly forecast of gas consumption at Fort Drum was developed
to evaluate the supply strategies. The forecast of gas demand was done sepa-
rately for the New Fort and for the 01d Fort, and was then combined for an
Entire Fort forecast. The New Fort has a history of natural gas consumption,
which was combined with historical weather data to produce a weather-
normalized forecast of natura] gas use on the New Fort. This analysis
includes gas consumption by New Fort commercial buildings and on-post housing;
off-post housing was excluded from the analysis as it is served under differ-
ent service contracts. The 01d Fort monthly forecast was developed from a
Fort Drum Directorate, Engineering and Housing (DEH) annual forecast, and
includes two planned new facilities: the new airfield and the new vehicle
wash facility.

Gas consumption on the New Fort is determined by the level of activity
on the New Fort and by climate. The level of activity determines the base
load, and tha climate determines the heating load. Figure 5.1 plots gas con-
sumption and climate data for fiscal year (FY) 1988 through FY 1991. Climate
data are included in the form of heating degree days (HDD). Heating degree
days are calculated by taking the average of the maximum and minimum tempera-
tures for the day, and then comparing that average temperature with a base
temperature, in this case 65°F.

A complete model of gas use should include a variable such as monthly
manpower levels at the Fort as an indicator of activity. However, we were
unable to obtain data on manpower levels due to security concerns. An exami-
nation of the data shows three distinct levels of gas use. There is a marked
increase in consumption from FY 1988 to FY 1989, and then again from FY 1989
to FY 1990. We hypothesize that this pattern is a result of the increase in
the level of activity at the New Fort from FY 1988 to FY 1990. We then com-
pensate for the lack of actual activity data by including three activity
indicator variables in the model. The first activity indicator is the "LOW"
variable, which has a value of 1 in FY 1988 and O throughout the rest of the
period. The second activity indicator is the "MEDIUM" variable, which has a
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FIGURE 5.1. Gas Use and Heating Degree Days

value of 1 in FY 1989 and O throughout the rest of the period. The third
activity indicator is the "HIGH" variable, which has a value of 1 in FY 1990
and FY 1991 and 0 throughout the rest of the period.

Natural gas consumption at the New Fort increased during 3 of the
4 years for which we have data. Natural gas consumption increased from
FY 1988 to FY 1989 and again in FY 1990. Consumption remained at nearly the
FY 1990 level in FY 1991. This analysis assumes that the increases in natural
gas consumption were a result of increasing levels of activity as the New Fort
was completed, and that this increasing trend ended. The analysis therefore
assumes that future New Fort gas consumption will remain at approximately its
FY 1991 Tevel, after adjusting for weather effects. One factor complicating
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this forecast is the on-going Federal Energy Decision Screening (FEDS) Base
Modernization activity being carried out by PNL. This activity should result
in significant increases in natural gas efficiency. This analysis does not
attempt to forecast these efficiency increases. Once the FEDS activity is
completed and the natural gas efficiency improvements have been realized, the
consumption forecast produced by this analysis should be adjusted.

The climate data and the activity indicators were combined in the fol-
lowing equation which was then estimated using the ordinary least squares
(OLS) technique:

THERMS = B, + BMEDIUM + BHIGH + B,(LOW * HDD)

(5.1)
+ B,(MEDIUM = HDD) + B (HIGH = HDD)

where THERMS

total monthly gas consumption, in therms

LOW = low activity indicator variable
MEDIUM = medium activity indicator variable
HIGH = high activity indicator variable

HDD = monthly total heating degree days.

Table 5.1 presents the results of the OLS estimation.

The high R-squared and high t-statistics indicate the model is a good
fit. This is confirmed by Figure 5.2, which plots the actual gas use over the
period against the predicted use for the time period October 1988 to September
1991. The inconclusive Durbin-Watson statistic does not allow us to reject
the hypothesis of autocorrelation in the error terms, which if present could
lead to misleading values for the t-statistics.

The regression model is used to forecast weather-normalized gas consump-
tion. It is assumed that the current high level of activity at the New Fort
will continue, and so the variables "LOW" and "MEDIUM" are set to zero, while
the variable "HIGH" is set to 1. We then use the average monthly heating
degree days at Fort Drum over the 10-year period 1976 to 1985 as our forecast
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Tota! Monthly Gas Use {Therms)

JABLE 5.1. OLS Estimation Results

Standard
: Error of
Varjable Coefficient Coefficient T Statjstic
Constant 21,430 26,889 0.80
M 28,201 18,004 1.57
H 41,344 15,457 2.67
L*HDD 100 17 6.02
M*HDD 175 16 10.77
H*HDD 255 11 22.38

R Squared = 0.95
Number of Observations = 48
Durbin-Watson D = }.596
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EIGURE 5.2. Actual Gas Use Versus Predicted Gas Use
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of climate. Figure 5.3 plots the 10-year average HDD data against the 4 years
of data in the model. The weather-normalized forecast of gas consumption is
obtained when the estimated coefficients are used in the equation, with the
activity indicator variables set as specified, and the average HOD data used
for each month. Figure 5.4 shows 1 year of the New Fort forecast in relation
to the 4 years of historical consumption data.

The 01d Fort forecast is obtained by distributing the Fort Drum DEH
annual 01d Fort forecast (developed in support of the planned Old Fort conver-
sion to natural gas) over the months of the year. This is done by using the
average monthly share of total gas consumption developed from the historical
data. The average shares are shown in Figure 5.5. The 01d Fort monthly
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FIGURE 5.3. Heating Degree Days: FY 1988-91 and 10-Year Average
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FIGURE 5.4. One-Year Forecast of Gas Use at New Fort

forecast is combined with the New Fort monthly forecast to produce the Entire
Fort monthly forecast. This is presented for the entire 5-year forecast
period in Figure 5.6.

Table 5.2 and Figure 5.7 present the total annual gas forecasts for the
New Fort, the 01d Fort, and the Entire Fort.

The forecasts used for this analysis assume that the activity level at
Fort Drum will remain high. The analysis does not account for a decrease in
activity level. If the Fort were to see a decrease in personnel, the results
could be different.
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6.0 STRATEGY COST ESTIMATES

The estimation of strategy costs required energy cost forecasts and an
estimation of the capital cost for a propane-air station. Energy costs
include prices for natural gas, propane, electricity, and transportation
rates. These costs are explained below.

6.1 FUEL PRICE ESTIMATES

In urder to determine fuel costs for each of the supply mixes, fuel
prices were escalated according to the DOE escalation rates. It was assumed
that the DOE escalation rates included transportation, so they were also used
for the escalation of transportation rates. The estimated initial annual
average fuel prices are detailed in Table 6.1, and the initial summer and
winter averages are given in Tables 6.2 and 6.3, respectively. Each of the
price components is more thoroughly described below. The complete price and
escalation rate tables are provided in Appendix B.

6.1.1 Natural Gas Price

In order to better represent the energy prices faced in each supply com-
ponent, a series of natural gas prices were forecast for the analysis period.

TABLE 6.1. Initial Average Delivered Rates per Therm

Commodity Percent Transport Percent Total
Source ($) (%) ($) (%) ($)

Wellhead —> CNG — NMPC (SCB) 0.1615 39 0.2567 61 0.4182
Wellhead = CNG — NMPC (SC5-1) 0.1615 53 0.1433 47 0.3048
Wellhead = IR = CNG — NMPC (SC8) 0.1337 33 0.2718 67 0.4055
Wellhead — IR = CNG —* NMPC (SC5-1) 0.1337 46 0.1584 54 0.2921
Wellhead —* IR -+ NMPC (5C8) 0.1337 36 0.2386 64 0.3723
Wellhead —* IR — NMPC (SC5-1) 0.1337 52 0.1252 48 0.2589
NMPC (SC4) 0.2793 88 0.0388 12 0.3181
NMPC (SC6) 0.3891 84 0.0728 16 0.4519
Propane~Air 0.6004 100 0.0000 0 0.6004
Wellhead = IR = Fort Drum 0.1337 61 0.0864 39 0.2201
DFSC — NMPC (SC8) 0.2240 58 0.1601 42 0.3841
DFSC — NMPC (SC5-1) 0.2240 83 0.0467 17 0.2708
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TABLE 6.2. Initial Summer Delivered Rates per Therm

Commodity Percent Transport Percent Total
Source ($) (%) ($) (%) ($)
Wellhead <* CNG =+ NMPC (SC8) 0.1340 35 0.2459 65 0.3799
Wellhead = CNG —* NMPC (SC5-1) 0.1340 50 0.1325 50 0.2665
Wellhead = IR = CNG ~* NMPC {SC8) 0.1337 33 0.2718 §7 0.4055
Wellhead = IR —* CNG = NMPC {SC5-1) 0.1337 46 0.1584 54 0.2921
Wellhead =+ IR —* NMPC (SC8) 0.1337 36 0.2386 64 0.3723
Wellhead = IR —> NMPC (SC5-1) 0.1337 52 0.1252 48 0.2589
NMPC (SC4) 0.2310 86 0.0388 14 0.2698
NMPC (SC6) 0.3891 84 0.0728 16 0.4619
Propane-Air 0.6004 100 0.0000 0 0.6004
Wellhead =* IR =* Fort Drum 0.1337 61 0.0864 39 0.2201
DFSC = NMPC (SC8). 0.2154 57 0.1601 43 0.3755
DFSC ~* NMPC {SC5-1) 0.2154 82 0.0467 18 0.2522

TABLE 6.3. Initial Winter Delivered Rates per Therm

Commodity Percent Transport Percent Total
Source ($) (%) ($) (%) ($)
Wellhead = CNG = NMPC (5C8) 0.1800 4] 0.2640 59 0.4440
Wellhead — CNG = NMPC (SC5-1) 0.1800 54 0.1506 46 0.3306
Wellhead = IR = CNG — NMPC (SC8) 0.1337 33 0.2718 67 0.4055
Wellhead =+ IR —* CNG =+ NMPC (SC5-1) 0.1337 46 0.1584 54 0.2921
Wellhead =* IR = NMPC (SC8) 0.1337 36 0.2386 64 0.3723
Wellhead = IR — NMPC (SC5-1) 0.1337 52 0.1252 48 0.2588
NMPC (SC4) 0.3120 89 0.0388 11 0.3508
NMPC (SC6) 0.3881 84 0.0728 16 0.4619
Propane-Air 0.6004 100 0.0000 0 0.6004
Wellhead = IR = Fort Drum 0.1337 61 0.0864 39 0.2201
DFSC — HMPC (SC8) 0.2293 59 0.1601 41 0.3894
DFSC ~* NMPC (S€5-1) 0.2293 83 0.0467 17 0.2761

Separate pricing methodologies were used for wellhead (Gulf Coast), city-gate,
DFSC, supplemental, and Canadian (wellhead) gas. These methodologies were
derived as explained below.

The base price for Gulf Coast natural gas was the average price paid in
FY 1991. The FY 1991 prices were calculated by divid.ng the amount paid for
natural gas in the broker contract by the number of therms ordered. The
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average 1991 price was then forecasted out for a 25-year period using the DOE
price escalations on commercial natural gas rates to determine yearly aver-
ages. Price escalations are given in Appendix B. These price averages were
adjusted to allow for seasonal variation in prices within the year.

From the historical data collected, it was observed that during the win-
ter months (November-March), the average gas price was 35% greater than the
average gas price for the summer months (April-October). This provided the
basis for the seasonal change adjustment. The forecast prices, assumed to be
yearly averages, were used in conjunction with the percent difference to cal-
culate summer and winter gas prices.

The base price for city-gate natural gas was the February 1992 city-gate
price given by J. A. Kraker of Direct Gas.® This price was used as an
annual average from which winter and summer averages for SC4 gas were calcu-
Jated in the same manner as the Gulf Coast prices. These prices were then
forecasted out for the 25-year period using the DOE escalation rates for
commercial natural gas.

The base price used for DFSC natural gas was derived from 1991 data on
city-gate prices for another DFSC New York Customer.®’ The data were
divided into a winter average and a summer average, and include the cost of
transportation to the city-gate. These rates were escalated according to the
DOE escalation rates.

The base price used for SC6 supplemental gas was the tiered rate
schedule from NMPC dated October 1991, minus the estimated transportation
price, which was assumed to be equivalent to the SC8 transportation rate.

The base price for Canadian gas was derived by adding the Canadian
wellhead price(” to the Canadian Eastern Toll Transportation rate for

(a) Personal Communication, J. A. (Sandy) Kraker, Direct Gas, February 26,
1992.

(b) Personal Communication, David Robertson, Alternate Fuels, Defense
Fuel Supply Center. May 22, 1992. 12:45 p.m.

(c) Personal Communication, Mike Wedel, Manager, Marketing, BP Canada.
April 1, 1992. 2:00 p.m.
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transportation on the Trans Canada Pipeline to the Iroquois P1pe11ne.(”

This price was then converted from Canadian to U.S. dollars using the exchange
rate of U.S. $0.829 to Canadian $1.00 given by Sea-First National Bank for
April 1, 1992.®) No information was available regarding possible seasonal
variation in Canadian gas prices, so it was assumed that the average annual
price does not vary seasonally. This annual average price was forecasted over
the 25-year period using the DOE escalation rates for commercial natural gas
since no information was available regarding Canadian escalation rates.

6.1.2 Propane Price

The base price for propane was calculated using an average of 3 months
data from Fort Drum.(®) This price was forecasted over the analysis period
using the DOE escalation rates for residential LPG. This price was assumed to
be a yearly average which did not vary seasonally.

6.1.3 Electricity Price

Electricity is required to run the propane-air station compressors,
vaporizers, and mixers; and is also necessary for lighting and heating the
building in which the compressors would be housed. Estimates of the electric-
ity kequired were provided by Combustion Services. "

A weighted average of the on-peak and off-peak prices was used as a base
price for electricity per kilowatt hour, while the base demand charge used was
the on-peak charge. Both the electricity price per kilowatt hour and the
demand charge were then forecast for the 25-year period using the DOE escala-
tion rates for commercial electricity (U.S. DOC 1991, p. 39). These prices
were assumed to be yearly averages.

(a) Personal Communication, Mike Durnin, Engineering and Operations, Trans
Canada Pipeline. April 1, 1992. 1:30 p.m.

(b) Personal Communication, Sea-First National Bank. April 1, 1992.

(c) Personal Communication, Steve Rowley, Fort Drum. February 10, 1992.

(d) ?ersona] Communication, Ray Self, Combustion Services Inc. May 29,
992. 8:00 a.m.
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6.1.4 Transportation Price

For the analysis, it was assumed that the DOE escalation rates for
natural gas included any real price escalation in transportation costs.
Transportation prices were therefore assumed to rise at the same rate as
natural gas. Broker transported gas also contains seasonal variation because
of the larger volumes transported during the winter, making it more expensive
to transport natural gas through pipelines. The most direct route may not be
available, so alternative routes are often used. (*

In addition to being adjusted by the DOE growth rate, the broker trans-
portation rate was also adjusted for seasonal variation. According to
historical data, there was a 21% difference between winter and summer trans-
portation charges. The forecasted transportation rates were used as annual
averages and were adjusted to allow for seasonal variation.

DFSC transportation rates were not broken out of the city-gate gas
price, and no assumptions were made regarding transportation costs as no
information was gathered on interruptible transportation prior to the NMPC
pipeline.

Because NMPC SC4 and SC6 rates are not broken down into gas price and
transportation price, the SC4 transportation cost was assumed to be equivalent
to the SC5-1 transportation. When the city-gate gas price was added to the
SC5-1 transportation rate, the total was within the range of recent SC4 rates,
so it was assumed that the method gave a relatively close approximation. The
SC6 transportation rate was assumed to be equivalent to the SC8 rate for trans-
portation, which was subtracted from the rate for each tier to determine the
SC6 gas price.

6.1.5 Delivered Fuel Price

The prices listed above were combined with the appropriate demand
charges and taxes to create total delivered fuel prices. Figures 6.1 and 6.2
graph the rates over the 25-year period for strategies 1, 2, and 11, and the

(a) Personal Communication, J. A. (Sandy) Kraker, Direct Gas Natural Gas
Company. February 26, 1992.
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FIGURE 6.1. Delivered Fuel Price for Base and Interruption Scenarios,
Strategies 1, 2, and 11

propane and SC6 rates under the base and interruption escalation rate and the
same strategies under the high gas price escalaticn rate.

6.2 PROPANE-AIR STATION CAPITAL COST ESTIMATE

Capital cost figures for the propane air station were calculated by
Combustion Services, Inc. Two estimates were calcuiated: the first assumed
that the 01d Fort conversion from fuel oil to natural gas did not occur, so
that the propane air station would service only the New Fort area; and the
second assumed that the conversion took place, and that the propane-air
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station would provide backup service for the entire Fort. Operation and
maintenance (0&M) costs were derived from a study prepared for Fort Meade
(Loria 1990).

The proposed air station would include two air compressors, two vapori-
zers, two air-assisted mixers, and four 90,000-gc lon underground storage
tanks for the New Fort or six 90,000-gallon underground storage tanks for the
Entire Fort. The proposed system would yield a pressure of 15-20 psi, which
meets the 15 psi distribution system at Fort Drum. Because of the high dis-
tribution pressure, air compressors and mixers are necessary to meet the
required pressure. This added equipment increases the cost. If the New Fort
were to be repiped to allow for a Tower distribution pressure, or if the
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01d Fort were converted and the gas lines installed built for lower pressure,
the added equipment would not be necessary, which would result in a cost
savings.

Anothef way in which cost savings could be introduced is by reducing the
amount of storage. The system was designed for 15 days of propane storage, in
accordance with Fort Drum’s desire for extensive storage capacity. NMPC (@)
and Combustion Services!® suggest that 7 days would be sufficient; the pro-
pane supplier to Fort Drum, Agway, does not foresee any problems in making
multiple deliveries as long as the reason for the natural gas interruption
does not also affect propane.(®

(a) Personal Communication, Janice Bailey, Supervisor, Customer
Transportation, Niagara Mohawk Power Corporation. February 21, 1992.

(b) Personal Communication, Ray Self, Combustion Services Inc. May 26,
1992. 10:15 a.m.

(c) Personal Communication, Jim Trask, Propane Manager, Agway. May 26,
1992. 12:30 p.m.
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7.0 RESULTS AND LIMITATIONS

This section provides the results, as well as the limitat-ons, of the
Fort Drum natural gas analysis.

7.1 ANALYSIS RESULTS

The analysis results indicate that Fort Drum can reduce its natural gas
supply costs significantly while maintaining a reliable supply. For life-
cycle cost calculations and detailed results, see Appendixes C and D.

The best immediately implementable strategy is for Fort Drum to purchase
gas from DFSC and transport it under the SC5-1 interruptible transportation
rate and to build a propane-air station to provide supplemental gas during an
NMPC interruption. Under the New Fort scenario, this strategy has an esti-
mated net present value of $7.4 million, and estimated annual energy cost sav-
ings of $288,000 at current fuel and electricity prices.

The strategy with the largest net present value (NPV) is to transport
natural gas through the Iroquois pipeline to NMPC under the large volume
interruptible transportation rate (SC5-1), and to build a propane-air station
to provide supplemental gas service in the cace of an interruption. This
strategy has a net present value of $8.4 million and annual energy cost sav-
ings of $353,000 at current fuel ani electricity prices. The pipeline between
Iroquois and NMPC will not be open until 1994, and Iroquois will not be
accepting new customers until November 1993, so this strategy is not immedi -
ately available.

Bucause the best NPV strategies involve the construction of a propane-
air station, a station should be researched in more detail. Assuming that a
propane-air station is built, we recommend that Fort Drum purchase gas from
the OFSC and switch to the NMPC SC5-1 rate as soon as current contractual
agreements allow, while beginning the process of becoming an Iroquois
customer.

Under all scenarios, the strategy of transporting gas through Iroquois
to NMPC under the large volume interruptible transportation rate presented the
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best net present value of investment. This strategy consistently did better
than the others because of its lower costs per therm and because it was
assumed that an NMPC supply interruption would not affect this strategy, and
therefore there would be no need to purchase more costly supplemental gas from
NMPC or to use propane.

The rankings of the remaining strategies fluctuated from scenario to
scenario. The best immediately implementable strategy fluctuated between
strategies 11 and 10. Both involve purchasing DFSC gas and transporting it
under the interruptible NMPC SC5-I rate. The only difference is the use of
NMPC suppiemental SC6 gas versus the propane-air station, and the choice fluc-
tuates as gas prices and the number of interruptions fluctuate. It is our
recommendation that the Fort use whichever is less expensive at that time.

Foilowing Strategies 11 and 10, Strategy 1 was the next best immediately
implementable strategy under all scenarios. Although this strategy has a
higher total cost per therm than the remaining immediately implementable
strategies (Strategies 4 and 5), it is still preferable, as explained below.

It was assumed that under Strategy 1, with Fort Drum buying gas under
NMPC’s SC4 rate, no interruption of supply took place in the base case and the
higher gas price case. In Strategies 4 and 5, which involved transportation
from a supplier, however, it was assumed that, due to current capacity con-
straints at the broker-CNG supply point, a large amount of gas would need to
be provided by either the propane-air station or through the purchase of sup-
plemental gas from NMPC under the SC6 rate. This gas volume was enough to
increase the price of fuel during the winter since both the propane and SC6
prices per therm are higher than that of SC4.

The results also show that the pipeline strategy moved from a negative
to a positive NPV when the conv~vsion of the 0ld Fort was assumed to take
place because the increased vol.me of gas began to justify the large capital
expenditure. Strategy 5, large volume interruptible transpor“ation through
CNG and NMPC with propane-air as the supplemental gas, presented a higher NPV
under the High Gas Price Increase scenarios because a smaller percentage of
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their fuel is natural gas, but fell between the New Fort and Entire Fort sce-

narios because of the increased requirement for the more expensive fuel,
propane.

The analysis results are summarized in Tables 7.1 through 7.6. The
strategies are compared with the existing situation, Strategy 0.

7.2 LIMITATIONS OF THE ANALYSIS

Throughout the course of this analysis, we have attempted to clearly
state all assumptions that were made. At this point, the limitations of the
analysis will be condensed and discussed.

7.2.1 Strateqy Limitations

To the best of our knowledge, the costs presented within this analysis
are representative, but not necessarily inclusive, of actual costs involved.
In particular, costs associated with the pipeline strategy are most likely

TABLE 7.1. Analysis Results: Base Case-New Fort (1992 $§ thousands)

Annual Initial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 5,461 192 950
2. Interruptible Transportation, Iroquois to NMPC, with Propane 8,416 353 950
Air Supplemental
3. Interruptible Transportation, Iroquois to CNG to NMPC, with 6,754 261 950
Propane Air Supplemental
4, Interruptible Transportation, with NMPC Supplemental 4,167 117 950
5. Interruptible Transportation, with Propane Air Supplemental 3,379 21 950
6. Firm Trangportation, Iroquois to NMPC, with NMPC Supplemental 3,859 214 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 2,187 122 0
Supplemental
8. Pipeline Connecting Iroqueis to Fort Drum -1,414 668 13,700
9. DFSC, Firm Transportation, with NMPC Supplemental 2,856 160 0
10. DFSC, Interruptible Transportation, with Propane Air 6,889 353 950
Supplemental
11. DFSC, Interruptible Transportation, with NMPC 7.447 288 950
Supplemental
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TABLE 7.2. Analysis Results: High Gas Price Forecast-New Fort

(1992 $ thousands)

Annual Initial
NPV of Energy Cost Capital
Strategy Investment. Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 6,616 192 850
2. Interruptible Transportation, lroquois to NMPC, with Propane 10,152 353 950
Air Supplemental
3. Interruptible Transportation, Iroquois to CNG to NMPC, with 8,190 261 950
Propane Air Supplemental
4. Interruptible Transportation, with NMPC Supplemental 5,121 117 950
5. Interruptible Transportation, with Propane Air Supplemental 5,288 21 950
6. Firm Transportation, Iroquois to NMPC, with NMPC Supplemental 4,571 214 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 2,609 122 0
Supplemental
8. Pipeline Connecting Iroquois to Fort Drum 673 668 13,700
9. DFSC, Firm Transportation, with NMPC Supplemental 3,366 160 0
10. OFSC, Interruptible Transportation, with Propane Air 8,679 244 950
Supplemental
11. DFSC, Interruptible Transportation, with NMPC 9,167 288 950
Supplemental
TA 7.3. Analysis Results: NMPC Interruption-New Fort
(1992 $ thousands)
Annual Initial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 4,882 147 950
2. Interruptible Transportation, Iroquois to NMPC, with Propane 8,416 353 950
Air Supplemental
3. Interruptible Transportation, lroguois to CNG to NMPC, with 6,754 261 950
Propane Air Supplemental
4, Interruptible Transportation, with NMPC Supplemental 3,882 90 950
5. Interruptible Transportation, with Propane Air Supplemental 3,379 21 350
6. Firm Transportation, Iroguois to NMPC, with NMPC Supplemental 3,859 214 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 2,197 122 0
Supplemental
8. Pipeline Connecting Iroquois to Fort Drum -1,414 668 13,700
g. DFSC, Firm Transportation, with NMPC Supplemental 2,856 160 0
10. DFSC. Interruptible Transportation, with Propane Air 6,905 236 950
Supplemental
1. DFSC, Interruptible Transportation, with NMPC 5,614 160 850

Supplemental
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TJABLE 7.4. Analysis Results: Base Case-Entire Fort (1992 $ thousands)
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Annual Initial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
1. Large Voiume Interruptible Rate with Propane Air Supplemental 16,761 764 1,393
2. Interruptible Transportation, Iroquois to NMPC, with Propane 23,647 1,138 1,393
Air Supplemental
3. Interruptible Transportation, Iroquois to CNG to NMPC, with 19,682 917 1,393
Propane Air Supplemental
4, Interruptible Transportation, with NMPC Supplementall 9,783 370 1,393
5. Interruptible Transportation, with Propane Air Supplemental 5,030 -190 1,393
6. Firm Transportation, Iroquois to NMPC, with NMPC Supplemental 11,746 650 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 7,780 428 0
Supplemental
R Pipeline Connecting Iroquois to Fort Orum 17,582 1,730 13,700
9. DFSC, Firm Transportation, with NMPC Supplemental 4,796 555 0
10. DFSC, Interruptible Transportation, with Propane Air 20,672 939 1,393
Supplemental
11. DFSC, Interruptible Transportation, with NMPC 21,397 1,025 1,393
Supplemental
JABLE 7.5. Analysis Results: High Gas Price Forecast-Entire Fort
(1992 $ thousands)
Annual Initial
NPV of Energy Cost Capital
Strategy Investment Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 20,020 764 1.393
2. Interruptible Transportation, Iroquois to NMPC, with Propane 28,298 1,138 1,393
Air Supplemental
3. Interruptible Transportation, Iroquois to CNG to NMPC, with 23,517 817 1,383
Propane Air Supplemental
4. Interruptible Transportation, with NMPC Supplemental 11,842 370 1,393
5. Interruptible Transportation, with Propane Air Supplemental 12,164 -190 1,393
6. Firm Transportation, Iroquois to NMPC, with NMPC Supplemental 13,955 650 0
7. Firm Transportation, Iroquois to CNG to NMPC, with NMPC 9,274 428 0
Supplemental
8. Pipeline Connecting Iroquois to Fort Drum 23,069 1,730 13,790
9. DFSC, Firm Transportation, with NMPC Supplemental 11,453 552 0
10. DFSC, Interruptible Transportation, with Propane Air 25,489 939 1,393
Supplemental
11. DFSC, Interruptible Transportation, with NMPC 25,406 1022 1,393

Supplemental
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TABLE 7.6. Analysis Results: NMPC Interruption-Entire Fort
(1992 $ thousands)

Annual Initial
NPV of Energy Cost  Capital
Strategy Investment Savings Cost
1. Large Volume Interruptible Rate with Propane Air Supplemental 15,747 684 1,393
2. Interruptible Transportation, Iroquois to NMPC, with Propane 23,647 1,138 1,393
Air Supplemental
3. Interruptible Transportation, Iroguois to CNG to NMPC, with 19,682 917 1,383
Propane Air Supplemental
4. Interruptible Transportation, with NMPC Supplemental 9,288 319 1,393
5. Interruptible Transportation, with Propane Afr Supplemental 5,030 -190 1,393
6. Firm Transportation, Iroquois to NMPC, with NMPC Supplemental 11,746 650 0
7. Firm Transportation, Iroguois to CNG to NMPC, with NMPC 7,780 428 0
Supplemental
8. Pipeline Connecting Iroquois to Fort Drum 17,582 1,730 13,700
9. DFSC, Firm Transportation, with NMPC Supplemental 4,796 555 0
10. DFSC, Interruptible Transportation, with Propane Air 21,043 924 1,393
Supplemental
11. DFSC, Interruptible Transportation, with NMPC 18,088 791 1,393
Supplemental

underestimated. There would most likely be additional regulatory and adminis-
trative costs associated with the building of a pipeline. In essence, this
strategy would turn Fort Drum into a small utility company. The fact that
customers rarely build their own pipelines indicates that we have not fully
captured the costs of this strategy.

Canadian gas prices and the Canadian natural gas market are also not
necessarily representative of the actual situation. We do not know much about
the contracting and purchasing of Canadian natural gas, nor of the gas market
and pricing trends within that country. In the analysis, only one rate for
Canadian natural gas was assumed for each year, since it was unclear whether
or not Canadian gas prices fluctuate seasonally. The regulations for the
natural gas market most 1ikely also vary between the U.S. and Canada. For
example, only about 20% of all Canadian gas moves on the spot market, as
compared with approximately 80% in the u.s.@

(a) Personal Communication, Mike Wedel, Manager of Marketing, BP Canada.
April 1, 1992. 2:00 p.m.
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Other limitations dealing with the propane-air station and pipeline
capacities are discussed in more detail below.

7.2.2 Propane-Air Station

The primary concern involved with the propane-air station is that the
storage capacity may be excessive. Propane supply has been reliable in the
past, and the propane supplier does not foresee any problems in multiple
deliveries during the time in which the station would be operated, so it is

1ikely that 7 days of storage would suffice, thus reducing the cost of storage
by 50%.

7.2.3 Pipeline Capacity Constraints

In February 1992, we set out to document all past supply interruptions.
Hudson Bay NGC told us that they had that information and would send it to us;
however, we have not heard from them since, despite 11 phone calls and
numerous messages.

NMPC has indicated that it is not running at full capacity, and also
that it is in the process of expanding current capacity to meet the forecasted
future needs of its customers. CNG has capacity within parts of its pipeline,
and meeting Fort Drum’s current and forecasted gas demand should not be a
problem once the gas is in CNG's pipeline, but there is currently a transpor-
tation bottleneck located at CNG’s Ohio terminus. It was assumed that this is
where the broker feeds the gas supply for Fort Drum into the CNG line, but we
were unable to confirm this.

7.2.4 Unexplored Strategies

Near the end of the analysis, a potential new set of strategies
surfaced. It would be possible for Fort Drum to purchase Canadian natural
gas, transport it over the Trans Canada pipeline, and move it on to the CNG
pipeline at the Buffalo terminus, and then transport the gas through NMPC to
Fort Drum. This option would present itself to at least two new strategies:
the transportation of gas under NMPC SC8, and the transportation of gas under
NMPC SC5-1. These strategies would avoid the transportation bottleneck in
Ohio.

7.7
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~ Another method of potential cost reduction that was not explored was
that of alternative brokers. It was assumed that, because the broker portion
of the contract is open for bidding, the company with the lowest bid would be
chosen. Therefore, the figures from the current contract with Hudson Bay were
assumed to be representative of brokerage costs. We recognize that this may
not be the case, however, so it is suggested that when a broker is needed, the
contract be put up for bid again. With many potential strategies involving
the purchase of Canadian natural gas, there may be more brokerages that could
become involved.
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Explanation of Service Classifications

Qctober 1991

Rev. 7

SC1 Residential
Natural Gas Service

First 3 Therms Of 1888 . .......viereess TR $5.81
Next 37 Therms, per Therm....
Over 40 Therms, per Therm..........o.ovviiinnn .55207

Characteristics of Service

» Available in all territory served.

* Term of Service: For residential service without building heat-
ing, customer rmay terminate service after three days notice to
Company. For all other service, one year and, thereafter, until
cancelled.

Characteristics of Rate

+ 30 day minimum charge is $5.81
* Subject to the Gas Adjustrnent Clause.

S5C2 Small Genseral
Natural Gas Service

First 3ThermS Or 18SS.....ccov corvviiviriinniinn, $5.81
Next 37 Therms, per Therm........oociiiveiinnn 72475
Next 240 Therms, per Therm ...... 62300

Additional Therms, per Therm.......cocoovivinn, .55339

Characteristics of Service

« Available in all territory served when Niagara Mohawk has
suitable and adequate facilities tor the load.
« Term of Service: One year and, thereafter, until cancelled.

Characteristics of Rate

+ 30-day minimum charge is $5.81
s Subject to the Gas Adjustment Clause.

8C4-Large
Volume Interruptible
Natural Gas Service

Characteristics of Service

Large volume requirements for customers who use nol less
than 2,500,000 Therma per year.

« Totally Interruptible

« Gas supplied by Niagara Mohawk

* Service available to customers who maintain standby facililies
{Including fuel) adequate to enable satisfactory operation of
facilities wherever and so long as gas supply is interrupted.

*Term of Service: One year initially and renewable on a yearly
basis until cancellad on prior 90 day written notice by the Com-
pany or Customer.

Characteristics of Rate

« Calendar month minimum charge will be no less than $825.00
subject to conditiuns defined in the tariff,

« Calendar month rate per Dt sel monthly at Niagara Mohawk's
discrelion, but subject to boundaries defined In the larif as not
less than the monthly Adjusted Commodity Cost of Gas (flnor
price) and not more than the Firm Gas Price (ceiling price).

S8C3-Large General
Natural Gas Service

First 7,200 Therms or 18s8........ccoovvviins $3,804.00
Next 92,800 Therms, per Therm................o.00 .4662
Additional Therms, per Therm.............cooi ,4452

Characteristics of Service

« Available in all territory served when Niagara Mohawk has
suitable and adequate facilities for the load.

« Term of Service: One year and, thereafter, until cancelied.

Characteristics of Rate

« 30-day minimum charge, no less than $3,894.00, subject to
conditions defined in the tariff.

* Subject to the Gas Adjusiment Clause,

S8C8-Large Volume Gas
Transportation S8ervice

SC5-(Firm)

Minimum 250,000 Therms hut
not greater than 1000,000/
Year

Parameters

* Rate is $0.05975/Therrn plus
a Pipeiine Suppliers Adjust-
ment per Therm (Take or Pay,
Cove Point LNG) and a
Demand Cost Adjustment il
the right to return lo "'Sales
Customer" status is elecled.
» Customer must lake SC6
Supplemental Cas Service
for Gas Transportation Ser-
vice Customers.

SC5-1 (Interruplible)
Minimum 2,500,000 Therms/
Year

Parameters

« Service available only 17
those customers who would
otherwise qualify for SC No.
4, large volume interruptible
service,

» Market based rate with a floor
of $0.010/Therm and a ceiling
of $0.05975/Therm.

* Customer must lake SCB
Supplemental Gas Service
for Gas Transportation Ser-
vice Customers.

* Subject to Pipeline Suppliers
Adjustment (Take or Pay,
Cove Point LNG.)

Characteristics of Service

« Firm Transportation of Customer owned gas in minimum annuat
quantities of not less than 250,000 Therms.

« Custorners are subject to rollover balancing provisions and

associaled charges.

— - L
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« [ntarruptible lransportation of customer owned gas on a “Best
Efforts” basis by Niagara Mohawk in minimum annual quantities
of not less than 2,500,000 Therms.

» Delivery of Customer owned Gas will be at a pressure approved
by Nlagara Mohawk.

s Custorner owned Gas must be of pipeline quality, having a mini-
mum BTU value of 1018 BTU per cubic foot on a dry basis.

¢ Customer owned gas will be converted from volumetric meas-
urement in CCF to Therm measurement, 100,000 BTU per Therm
on a dry basis, if required, at the point the customer owned gas
enters Niagara Mohawk's distribution system, as outlined in the
tarit

 Cuslomer taking firm transportalion service may retain the right
1o return to a “Sales Customer” status by paying an additional
Demand Cost Adjustment for each therm of gas transported.

» Term ol Service: For Firm Transportation Service one year ini-
tially tenewable on a year-to-year basis. For Interruptible Trans-
portation service up to one year initially and renewable up to one
year, \herealter. Cancellation requires written notice by Niagara
Mohawk or Custorner 30 days prior to the expiration of the term
ol service.

Characteristics of Rate

 For Interruptible Transportation Service, the Calendar month rate
will be determined at the sole discretion of Nlagara Mohawk and
will not exceed the firm transportation rate or be less than $0.010
per Therm. Rate is effective on the first calendar day of each
month

e Term ol Rate: For firm service, ona year initially and renewable
on a year-to-year basis, thereafter. For interruptible service, up
to one year initially and renewable up to one year, therealter.
Cancellation requires written notice by Niagara Mohawk or the
custorner 30 days prior 1o expiration of term of service.

» Service on both Firm and Interruptible basis is provide according
to the speclal provisions outlined in the tarifl.

Characteristics of Service

¢ Firm Transportation of Custonier owned gas in minimum annual
quantities of not less than §0,000 Therms,

* Delivery of Customer owned gas will be at a pressure approved
by Nlagara Mohawk

» Customer owned gas will be converted from volumelric meas-
urement in CCF lo Therm measurement, if required, at the point
the gas enters Nlagara Mohawk's distribution system.

o Term of Service: One year initially and renewable on a year-lo-
year basis, therealter, until cancelled on a prior thirty-day written
notice by Niagara Mohawk or the Customer.

« Customers are subject to rollover balancing provisions and asso-
clated charges.

SC8-Supplemental Gas
Service for Gas Transporta-
tion Service Customers

First 3 Thermsor less ... ...
Next 37 Therms, per Therm ...
Nex! 240 Therms, per Tharm ... 62300
Next 6,920 Therms per Therm
Nex1 92,800 Therms, per Therm .........
Over 100,000 Therms, per Therm ... e, 44520

Characteristics of Service

* Supplemental Gas Service available only to those
Customers taking service under SC5, SC7, or SC8 Gas
Transportation Services.

® Service in continuous except as provided in the tariff,

Characteristics of Rate
L « Subject to the Gas Adjustment Clause.

SC8- Transportation
Service with Standby
Sales Service

* Mandalory for firm transportation of customer owned gas for
customers who are capable of consuming at least 1,000,000
therms annualiy.

* Customers have the option to contract for any lavel of standby
sales volumes. Selecting this option requires the customer to
nominate daily and annual contract demand levels from zero to
one-hundred percent of the customer's requirements. Nomina-
tions are subject to specifis provisions.

* Customers must take SC6 Supplemental Gas Service which is
available on a best efforts, interruptibin basis.

e Customers are subject to rollover balancing provisions and asso-
clated charges.

‘e Transportation volumes are subject to the Calendar Month Rate

of $.05975/Thm., plus supplier adjustment surcharges

» Standby sales are subject to the Calendar Month Rate and the
current commodity cost of gas. Nominated contract demand lev-
els are subject to variable monthly demand-related charges and
are applicable whether or not actual standby sales are taken

» Customers are responsible for the cost of ali required equipment
and associated instalfation costs.

o Tha lerm of service is nne year intially and renewable on a year
to year basis. Cancellation requires written nolice by the Com-
pany or Customer thirty days prior to the expiration of (he annual
lerm of service

¢ Customers served on the classilication are eligible for various
economic development discoun! programs.

SC7-Low Volume Gas
Transportation Service

First 2,100 Therms or Less ............ccooevevveioen e, $252.00
Over 2,100 Therms, per Therm R

Plus a Pipeline Suppliers Adjustment Rate per Therm
(Caove Point, Take-or-Pay) and a Demand Gas Cost
Adjustment if the right to return to "Sales Customer”
slatus is elected

Customer must take SC6 Supplemental Service for Gas

Trangportation Service Customers.

General Information About
Niagara Mohawk Rates

® Rates are stated on the basis of a 30-day month — if during your
billing period your meter reading is less than or more than 30
days, charges are prorated on the basis of the number of days
in the billing period.

¢ Gas Adjustment Clause (GAC) — An adjusiment per unit of use
(Therm) refiecting the portion of the average cost of gas nol
included in the base rates.

» Gross Revenue Tax — Niagara Mohawk is required o pay a Stale
3.5% Gross Income Tax and a .75% Gross Earnings Tax which
may be modified by new laws such as the 15% temporary
increase imposed by the New York State Legislature for the
years 1990 thru 1992. In addition, certain cities and villages also
charge a 1% or 2% Municipal Gross Income Tax. The rates for
all service classes staled above are adjusted by a tax faclor to
recover these taxes. These revenue taxes are applied to all
rates and charges with the exception of sales tax. To derive the
charges including revenue taxes the rates stated are divided by
applicable revenue tax factor depending on the tax district in
which service is provided. Your local Niagara Mohawk office
will provide information about revenue laxes at your service
address,

if you would like more detailed information about a specific
Service Classification, please contact your local Miagara Mohawk
business office to request that this information be mailed to you

Note: The aforementioned rates are briel excerpls of Niagara Mohawk's filed tariffs in effect as of lhie time of printing
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APPENDIX B

PRICE ESCALATION RATES

Tables B.1 and B.2 contain the escalation rates and prices for the Base,
Interruption, and High Gas Price scenarios. Tables B.3 and B.4 contain the
average delivered fuel prices for the scenarios over the 25-year period.

TABLE B.1. Escalation Rates - Base and Interruption Scenarios

DOE Escalation Rates

Commercial Residential Commercial
Year Natural Gas PG Electricity
1992 1.00 1.00 1.00
1993 . 1.01 0.99 1.00
1994 1.02 0.97 1.01
1995 1.02 0.95 0.98
1996 1.02 0.95 0.96
1997 1.02 0.95 0.95
1998 1.03 0.96 0.94
1999 1.06 0.97 0.93
2000 1.10 0.98 0.94
2001 1.15 1.00 0.94
2002 1.21 1.02 0.94
2003 1.25 1.04 0.94
2004 1.28 1.06 0.94
2005 1.34 1.08 0.95
200¢ 1.38 1.10 0.95
2007 1.42 1.12 0.96
2008 1.45 1.13 0.96
2009 1.47 .13 0.95
2010 1.50 1.14 0.96
2011 1.52 1.16 0.97
2012 1.55 1.19 0.97
2013 1.59 1.21 0.97
2014 1.61 1.23 0.98
2015 1.64 1.25 0.98
2016 1.66 1.27 0.98
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TABLE B.1. (contd)

Gulf Coast Gulf Coast City-Gate City-Gate Canadian

Natural Gas Natural Gas Natural Gas Natural Gas Gas
Year Winter Rate Summer Rate Winter Rate Summer Rate Price
1992 $0.180 $0.134 $0.312 $0.231 $0.134
1993 $0.182 $0.135 $0.315 $0.233 $0.135
1924 $0.184 $0.137 $0.318 $0.236 $0.136
1995 $0.184 $0.137 $0.318 $0.236 $0.136
1996 $0.184 $0.137 $0.318 $0.236 $0.136
1997 $0.184 $0.137 $0.318 $0.236 $0.136
1998 $0.185 $0.138 $0.321 $0.238 $0.138
1999 $0.191 $0.142 $0.330 $0.245 $0.142
2000 $0.198 $0.147 $0.343 $0.254 $0.147
2001 $0.206 $0.154 $0.358 $0.265 $0.153
2002 $0.217 $0.162 $0.376 $0.279 $0.161
2003 $0.226 $0.168 $0.392 $0.290 $0.168
2004 $0.231 $0.172 $0.401 $0.297 $0.172
2005 $0.242 $0.180 $0.419 $0.310 $0.180
2006 $0.249 $0.185 $0.431 $0.319 $0.185
2007 $0.256 $0.190 $0.444 $0.328 $0.190
2008 $0.261 $0.194 $0.457 $0.335 $0.194
2009 $0.265 $0.197 $0.459 $0.340 $0.197
2010 $0.270 $0.201 $0.468 $0.347 $0.201
2011 $0.274 $0.204 $0.474 $0.351 $0.203
2012 $0.279 $0.208 $0.483 $0.358 $0.207
2013 $0.286 $0.213 $0.496 $0.367 $0.212
2014 $0.289 $0.215 $0.502 $0.371 $0.215
2015 $0.295 $0.219 $0.511 $0.378 $0.219
2016 $0.298 $0.222 $0.517 $0.383 $0.222

Broker Broker SC6 Gas &
SC5-1 SC8 Transport Transport Transport

Year Transport Transport Winter Rate Summer Rate Tier 1
1992 $0.0388 $0.0728 $0.1039 $0.0858 $5.81
1993 $0.0392 $0.0735 $0.1049 $0.0866 $5.87
1994 $0.039%6 $0.0742 $0.1059 $0.0875 $5.92
1995 $0.0396 $0.0742 $0.1059 $0.0875 $5.92
1996 $0.0396 $0.0742 $0.1059 $0.0875 $5.92
1997 $0.0396 $0.0742 $0.1059 $0.0875 $5.92
1998 $0.0399 $0.0749 $0.1070 $0.0883 $5.98
1999 $0.0411 $0.0770 $0.1100 $0.0908 $6.15
2000 $0.0426 $0.0799 $0.1141 $0.0942 $6.38
2001 $0.0445 $0.0835 $0.1192 $0.0984 $6.66
2002 $0.0468 $0.0877 $0.1253 $0.1035 $7.01
2003 $0.0487 $0.0913 $0.1304 $0.1077 $7.29
2004 $0.0498 $0.0935 $0.1334 $0.1102 $7.46
2005 $0.0521 $0.0977 $0.1396 $0.1152 $7.80
2006 50.0530 $0.10006 30.1430 30.11806 $8.03
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TABLE B.1. (contd)

Broker Broker SC6 Gas &

SC5-1 SC8 Transport Transport Transport
Year Transport Transport Winter Rate Summer Rate Tier 1
2007 $0.0552 $0.1034 $0.1477 $0.1220 $8.26
2008 $0.0563 $0.1056 $0.1508 $0.1245 $8.43
2009 $0.0571 $0.1070 $0.1528 $0.1262 $8.54
2010 $0.0582 $0.1091 $0.1558 $0.1287 $8.72
2011 $0.0590 $0.1106 $0.1579 $0.1304 $8.83
2012 $0.0601 $0.1127 $0.1609 $0.1329 $9.00
2013 $0.0616 $0.1156 $0.1650 $0.1363 $9.23
2014 $0.0624 $0.1170 $0.1671 $0.1380 $9.34
2015 $0.0635 $0.1191 $0.1701 $0.1405 $9.51
2016 $0.0643 $0.1206 $0.1721 $0.1422 $9.63
SC6 Gas and Transportation, Continued
Year Tier 2 _Tier 3 Tier 4 _Tier 5 _Tier 6 .
1992 $0.72475 $0.62300 $0.55339 $0.46620 $0.4452
1993 $0.73186 $0.62911 $0.55882 $0.47077 $0.44956
1994 $0.73896 $0.63522 $0.56424 $0.47534 $0.45393
1995 $0.73896 $0.63522 $0.56424 $0.47534 $0.45393
1996 $0.73896 $0.63522 $0.56424 $0.47534 $0.45393
1997 $0.738%6 $0.63522 $0.56424 $0.47534 $0.45393
1998 $0.74607 $0.64132 $0.56967 $0.47991 $0.45829
1999 $0.76738 $0.65965 $0.58594 $0.49362 $0.47139
2000 $0.79580 $0.68408 $0.60764 $0.51191 $0.48885
2001 $0.83133 $0.71462 $0.63477 $0.53476 $0.51067
2002 $0.87396 $0.75126 $0.66732 $0.56218 $0.53686
2003 $0.90949 $0.78180 $0.69445 $0.58504 $0.55868
2004 $0.93081 $0.80013 $0.71073 $0.59875 $0.57178
2005 $0.97344 $0.83677 $0.74328 $0.62617 $0.59796
2006 $1.00186 $0.86121 $0.76498 $0.64445 $0.61542
2007 $1.03028 $0.88564 $0.78668 $0.66274 $0.63288
2008 $1.05160 $0.90396 $0.80296 $0.67645 $0.64598
2009 $1.06581 $0.91618 $0.81381 $0.68559 $0.65471
2010 $1.08713 $0.93450 $0.83009 $0.69930 $0.66780
2011 $1.10134 $0.94672 $0.84094 $0.70844 $0.67653
2012 $1.12265 $0.96504 $0.85721 $0.72215 $0.68962
2013 $1.15107 $0.98947 $0.87891 $0.74044 $0.70708
2014 $1.16528 $1.00169 $0.88976 $0.74958 $0.71581
2015 $1.18660 $1.02001 $0.90604 $0.76329 $0.72891
2016 $1.20081 $1.03223 $0.91689 $0.77243 $0.73764
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Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

S

Demand Chg
($/therm)
.0794

.0802
.0810

Electricity
$/kWh

c8

.0506
.0506
.0511
.0496
.0486
.0480
.0475
.0470
.0475
.0475
0475
.0475
.0475
.0480
.0480

TA B.1.

CNG
Transport

$0.0332
$0.0335
$0.0339
$0.0339
$0.0339

$0.0514
$0.0527
$0.0534
$0.0544
$0.0550

Electricity
Demand Chg.

$/kW

$5.51
$5.51
$5.57
$5.40
$5.29
$5.23
$5.18
$5.12

(contd)
Iroquois Iroquois
Commodity Demand Chg Propane
Charge ($/therm) Price
$0.01263 $0.0659 $0.6004
$0.01275 $0.0665 $0.5942
$0.01288 $0.0672 $0.5818
$0.01288 $0.0672 $0.5695
$0.01288 $0.0672 $0.5695
$0.01288 $0.0672 $0.5695
$0.01300 $0.0678 $0.5756
$0.01337 $0.0697 $0.5818
$0.01387 $0.0723 $0.5880
$0.01449 $0.0755 $0.6004
$0.01523 $0.0794 $0.6128
$0.01585 $0.0826 $0.6252
$0.01622 $0.0846 $0.6375
$0.01696 $0.0885 $0.6499
$0.01746 $0.0910 $0.6623
$0.01795 $0.0936 $0.6747
$0.01833 $0.0956 $0.6809
$0.01857 $0.0969 $0.6809
$0.01895 $0.0988 $0.6871
$0.01919 $0.1001 $0.6994
$0.01956 $0.1020 $0.7118
$0.02006 $0.1046 $0.7242
$0.02031 $0.1059 $0.7366
$0.02068 $0.1078 $0.7490
$0.02093 $0.1091 $0.7613
New York
State DFSC Gas DFSC Gas
Import Tax Winter Summer
$0.0079 $0.229 $0.215
$0.0080 $0.232 $0.218
$0.0081 $0.234 $0.220
$0.0081 $0.234 $0.220
$0.0081 $0.234 $0.220
$0.0081 $0.234 $0.220
$0.0082 $0.236 $0.222
$0.0084 $0.243 $0.228
$0.0087 $0.252 $0.237
$0.0091 $0.263 $0.247
$0.0096 $0.277 $0.260
$0.0100 $0.288 $0.270
$0.0102 $0.295 $0.277
$0.0107 $0.308 $0.289
$0.0110 $0.317 $0.298

B.4
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Year

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

JABLE B.1.

Electricity

Electricity Demand Chg.
$/kWh _$/kW
$0.0486 $5.29
$0.0486 $5.29
$0.0480 $5.23
$0.0486 $5.29
$0.0491 $5.34
$0.0491 $5.34
$0.0491 $5.34
$0.0496 $5.40
$0.0496 $5.40
$0.0496 $5.40

B.5

(contd)

New York
State

Import Tax

$0.0113
$0.0115
$0.0117
$0.0119
$0.0121
$0.0123
$0.0126
$0.0128
$0.0130
$0.0132

DFSC Gas DFSC Gas
Winter Summer
$0.326 $0.306
$0.333 $0.313
$0.337 $0.317
$0.344 $0.323
$0.348 $0.327
$0.355 $0.334
$0.364 $0.342
$0.369 $0.346
$0.375 $0.353
$0.380 $0.357
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Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

JABLE B.2.

Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

City-Gate
Natural Gas
Winter Rate

312
318
.324
.324
324
324
.330
.349
373
.404
.440
471
.489
.526
551

DOE Escalation Rates

Escalation Rates - High Gas Price Scenario

Commercial

Natural Gas
1.

City-Gate
Natural Gas
Summer Rate

1
1
1
1
1
1
1
1
1
1
1
1
1.
1.
1
1
1
2
2
2
2
2
2
2

231
.236
.240
.240
.240
.240
.245
.258
276
.299
.326
.349
.362
.390
.408

Residential
LPG

1.00
.99
.97
.95
.95

ot ek ot 3 Pt it ek ot St Soand (ot Bk it ek Pt = D O OO T OOO
. s e e e & ° s o = . .

(=]

-

Guif Coast

Natural Gas
Winter Rate

PLASIA b

.180
.184
.187
.187
.187
.187
.191
.201
215
233
.254
272
.282
.304
318

B.6

Gulf Coast

Commercial
Electricity

Natural Gas

Summer Rate
.134
137
.139
.139
.139
.139
142
.150
.160
173
.189
,202
.210
.226
.236

COOCOOCOCODODDODOOCOLOOOO0OO I

Canadian
Gas
_Price

.134
.136
.139
.139
.139
.139
142
.149
.160
173
.189
.202
.210
225
236

e
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Year

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

City-Gate
Natural Gas
Winter Rate

.575
.593
.606
.624
.636
.655
.679
.691
710
722

SC5-1

Transport

.0388
.0396
.0403
.0403
.0403
.0403
.0411
.0434
.0464
.0502
.0548
.0586
.0609
.0654
.0685
.0715
.0738
L0753
.0776
.0791
.0814
.0844
.0860
.0883
.0898

City-Gate
Natural Gas
Summer Rate

Transport

TABLE B.Z.

$0.426
$0.439
$0.448
$0.462
$0.471
$0.485
$0.503
$0.512
$0.525
$0.534

SC8

.0728
.0742
.0756
.0756
.0756
.0756
.0770
.0813
.0870
.0942
.1027
.1099
.1141
L1227
.1284
.1341
.1384
.1412
.1455
.1484
.1527
. 1584
.1612
.1655
.1684

Gul

Natural Gas
Winter Rate

(contd)
f Coast

Br
Tra

$0.332
$0.342
$0.349
$0.360
$0.367
$0.378
$0.392
$0.399
$0.409
$0.416

oker
nsport

Winter Rate

$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

B.7

.1039
.1059
.1080
.1080
.1080
.1080
.1100
.1161
.1243
.1345
. 1467
.1569
.1630
.1752
.1834
.1915
1976
.2017
.2078
2119
.2180
.2261
.2302
2363
.2404

Gulf Coast Canadian
Natural Gas Gas
Summer Rate Price
$0.247 $0.246
$0.255 $0.254
$0.260 $0.260
$0.268 $0.267
$0.273 $0.273
$0.281 $0.281
$0.292 $0.291
$0.297 $0.296
$0.305 $0.304
$0.310 $0.309
Broker SC6 Gas &
Transport Transport
Summer Rate Tier 1
$0.0858 $5.81
$0.0875 $5.92
$0.0892 $6.04
$0.0892 $6.04
$0.0892 $6.04
$0.0892 $6.04
$0.0908 $6.15
$0.0959 $6.49
$0.1026 $6.95
$0.1110 $7.52
$0.1211 $8.20
$0.1295 $8.77
$0.1346 $9.11
$0.1447 $9.80
$0.1514 $10.25
$0.1581 $10.71
$0.1632 $11.05
$0.1666 $11.28
$0.1716 $11.62
$0.1750 $11.85
$0.1800 $12.19
$0.1867 $12.65
$0.1901 $12.87
$0.1952 $13.21
$0.1985 $13.44
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SC6 Gas and Transportation, Continued

Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

Tier 2

Demand Chg
($/therm)

$0

.72475
.73896
.75317
.75317
.75317
75317
.76738
.81001
.86686
.93791
.02318
.09423
.13686
.22213
.27897
.33581
.37845
.40687
.44950
.47792
.52055
.57740
.60582
.64845
.67687

SC8

0794
.0810
.0825
.0825
.0825
.0825
.0841
.0887
.0950
.1028
.1121
.1199
. 1245
.1339
.1401
.1463

TABLE B.2.

Jier 3

$0.
$0.

Transport

62300
63522

.64743
.64743
.h4743
.64743
.65965
.69629
.74516
.80624
.87953
.94061
97725
.05055
.09941
.14827
.18492
.20935
.24600
.27043
.30708
.35594
.38037
.41702
.44145

CNG

.0332
.0339
.0345
.0345
.0345
.0345
.0352
.0371
.0397
.0430
.0469
.0501
.0521
.0560
.0586
.0612

(contd)

Tier 4 Tier 5 Tier 6
$0.55339 $0.46620 $0.44520
$0.56424 $0.47534 $0.45393
$0.57509 :$0.48448 $0.46266
$0.57509 $0.48448 $0.46266
$0.57509 $0.48448 $0.46266
$0.57509 $0.48448 $0.46266
$0.58594 $0.49362 $0.47139
$0.61849 $0.52105 $0.49758
$0.66190 $0.55761 $0.53249
$0.71615 $0.60332 $0.57614
$0.78126 $0.65816 $0.62852
$0.83551 $0.70387 $0.67216
$0.86806 $0.73129 $0.69835
$0.93317 - $0.78614 $0.75073
$0.97657 $0.82271 $0.78565

.01997 $0.85927 $0.82056
$1.05253 $0.88669 $0.84675
$1.07423 $0.90498 $0.86421
$1.10678 $0.93240 $0.89040
$1.12848 $0.95068 $0.90786
$1.16103 $0.97811 $0.93405
$1.20444 $1.01467 $0.96896
$1.22614 $1.03295 $0.98642
$1.25869 $1.06038 $1.01261
$1.28039 $1.07866 $1.03007
Iroquois Iroquois
Commodity Demand Chg Propane

Charge ($/therm) Price
$0.01263 $0.0659 $0.6004
$0.01288 $0.0672 $0.5942
$0.01313 $0.0684 $0.5818
$0.01313 $0.0684 $0.5695
$0.01313 $0.0684 $0.5695
$0.01313 $0.0684 $0.5695
$0.01337 $0.0697 $0.5756
$0.01412 $0.0736 $0.5818
$0.01511 $0.0788 $0.5880
$0.01634 $0.0852 $0.6004
$0.01783 $0.0930 $0.6128
$0.01907 $0.0994 $0.6252
$0.01981 $0.1033 $0.6375
$0.02130 $0.1111 $0.6499
$0.02229 $0.1162 $0.6623
$0.02328 $0.1214 $0.6747
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Year

2008
2009
2010
2011
2012
2013
2014
2015
2016

Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Sc8

Demand Chg
($/therm)

.1510
.1541
.1588
.1619
.1666
.1728
.1759
.1806
.1837

Electricity
$/kWh

.0506
.0506
.0511
.0456
.0486
.0480
.0475
.0470
.0475
0475
.0475
.0475
.0475
.0480
.0480
.0486
.0486
.0480
.0486
.0491
.0491
.0491
.0496
.0496
.0496

TABLE B.2.

Iroquois
Commodity
Charge

CNG
Transport

$0.0631
$0.0644
$0.0664
$0.0677
$0.0697
$0.0723
$0.0736
$0.0755
$0.0768

Electricity
kW

Demand Chg.
—S/kd

B.9

(contd)

.02402
.02452
.02526
.02576
.02650
.02749
.02798
.02873
.02922

New York
State

Import Tax

$0.0079
$0.0081
$0.0083
$0.0083
$0.0083
$0.0083
$0.0084
$0.0089
$0.0095
$0.0103
$0.0112
$0.0120
$0.0125
$0.0134
$0.0140
$0.0146
$0.0151
$0.0154
$0.0159
$0.0162
$0.0167
$0.0173
$0.0176
$0.0181
$0.0184

Iroquois
Demand Chg Propane
($/therm) _Price_
$0.1253 $0.6809
$0.1278 $0.6809
$0.1317 $0.6871
$0.1343 $0.6994
$0.1382 $0.7118
$0.1433 $0.7242
$0.1459 $0.7366
$0.1498 $0.7490
$0.1524 $0.7613
DFSC Gas DFSC Gas
Winter Summer
$0.229 $0.215
$0.234 $0.220
$0.238 $0.224
$0.238 $0.224
$0.238 $0.224
$0.238 $0.224
$0.243 $0.228
$0.256 $0.241
$0.274 $0.258
$0.297 $0.279
$0.324 $0.304
$0.346 $0.325
$0.360 $0.338
$0.387 $0.363
$0.405 $0.380
$0.423 $0.397
$0.436 $0.410
$0.445 $0.418
$0.459 $0.431
$0.468 $0.439
$0.481 $0.452
$0.499 $0.469
$0.508 $0.477
$0.522 $0.490
$0.531 $0.498
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Source:

1
2
3
4
5
6
7
8
9
10
11
12

1
Year _Total

1992  $§0.4182
1993  $0.4223

25-Year Average Delivered Fuel Price Table - Base and Interruption

Scenarios

Wellhead-> CNG-> NMPC (SC8)
Wellhead-> CNG-> NMPC (SC5-1)
Wellhead-> IR-> CNG-> NMPC (SC8)
Wellhead-> IR-> CNG-> NMPC (SC5-1)
Wellhead-> IR-> NMPC (SC8)
Wellhead-> IR-> NMPC (SC5-1)
NMPC (SC4)

NMPC (SC6)

Propane-Air

Wellhead-> IR-> Fort Drum
DFSC-> NMPC (SC8)

DFSC-> NMPC (SC5-1)

2 3
Jotal Total

$0.3048  $0.4055
$0.3078  $0.4095

1994 $0.4264 $0.3108 $0.4134
1995  $0.4264 $0.3108 $0.4134
1996 $0.4264 $0.3108 $0.4134
1997  $0.4264 $0.3108 $0.4134
1998  $0.4305 $0.3138 $0.4174
1999  $0.4428  $0.3227 $0.4294
2000 $0.4592  $0.3347  $0.4453
2001 $0.4797 $0.3496  $0.4651
2002 $0.5042 $0.3675 $0.4890
2003  $0.5247 $0.3825 $0.5089
2004 $0.5370 $0.3915 $0.5208
2005 $0.5616 $0.4094  $0.5446
2006 $0.5780 $0.4213  $0.5605
2007  $0.5944  $0.4333  $0.5764
2008 $0.6067 $0.4423 $0.5884
2009 $0.6149 $0.4482  $0.5963
2010  $6.6272  $0.4572  $0.6082
2011  $0.6354 $0.4632 $0.6162
2012  $0.6477 $0.4721  $0.6281
2013 $0.6641  $0.4841  $0.6440
2014  $0.6723  $0.4901  $0.6520
2015  $0.6846  $0.4990 $0.6639
2016  $0.6928 $0.5050 $0.6719

4 5 6
Total . Tota) Total
$0.2921 $0.3723  $0.2589
$0.2950 $0.3759  $0.2615
$0.2979 $0.379  $0.2640
$0.2979 $0.3796  $0.2640
$0.2979 $0.3796  $0.2640
$0.2979 $0.3796 $0.2640
$0.3007 $0.3832 $0.2666
$0.3093 $0.3942  $0.2742
$0.3208 $0.4083  $0.2843
$0.3351 $0.4270 $0.2970
$0.3523 $0.4489 $0.3122
$0.3666 $0.4672 $0.3249
$0.3752 $0.4781  $0.3326
$0.3924 $0.5000 $0.3478
$0.4038 $0.5146  $0.3579
$0.4153 $0.5292 $0.3681
$0.4239 $0.5402 $0.3757
21,4296 $0.5475  $0.3808
$0.4382 $0.5584  $0.3884
$0.4439 $0.5657  $0.3935
$0.4525 $0.5767  $0.4011
$0.4640 $0.5913 $0.4112
$0.4697 $0.5986 $0.4163
$0.4783 $0.6095 $0.4239
$0.4840 $0.6168  $0.4290
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TABLE B.3. (contd)

Source: 7 8 9 10 11 12
Year Total Total Total Total Total Total _

1992 $0.3181 $0.4€19  $0.6004 $0.2201  $0.3841  $0.2708
1993  $0.3213 $0.4664 $0.5942 $0.2223 $0.3879  $0.2734
1994 $0.3244 $0.4709 $0.5818 $0.2245 $0.3917  $0.2761
1995 $0.3244 $0.4709 $0.5695 $0.2245 $0.3917  $0.2761
1996 $0.3244 $0.4709 $0.5695 $0.2245 $0.3917  $0.2761
1997 $0.3244 $0.4709  $0.5695 $0.2245 $0.3917  $0.2761
1998  $0.3275 $0.4754  $0.5756 $0.2266 $0.3954  $0.2787
1999 $0.3369 $0.4890 $0.5818 $0.2331  $0.4067  $0.2867
2000 $0.3493 $0.5071 $0.5880 $0.2417 $0.4218  $0.2973
2001 $0.3649 $0.5298  $0.6004 $0.2525 $0.4406 $0.3106
2002 $0.3836 $0.5569 $0.6128 $0.2655 $0.4632  $0.3265
2003 $0.3992 $0.5796 $0.6252 $0.2762  $0.4820  $0.3398
2004 $0.4086 $0.5932 $0.6375 $0.2827  $0.4933  $0.3477
2005 $0.4273 $0.6203  $0.6499  $0.2957 $0.5159  $0.3637
2006 $0.4398 $0.6384  $0.6623 $0.3043 $0.5310  $0.3743
2007 $0.4523 $0.6566 $0.6747 $0.3129 $0.5461  $0.3849
2008 $0.4616 $0.6701 $0.6809 $0.3194 $0.5574  $0.3929
2009 $0.4678 $0.6792 $0.6809 $0.3237 $0.5649  $0.3982
2010 $0.4772 $0.6928 $0.6871 $0.3302 $0.5762  $0.4061
2011 $0.4834 $0.7018 $0.6994 $0.3345 $0.5837  $0.4114
2012 $0.4928 $0.7154 $0.7118 $0.3410 $0.5950  $0.4194
2013 $0.5053 $0.7335 $0.7242 $0.3496 $0.6101  $0.4300
2014 $0.5115 $0.7426 $0.7366 $0.3539 $0.6176  $0.4353
2015 $0.5209 $0.7562 $0.7490 $0.3604 $0.6289  $0.4433
2016 $0.5271 $0.7652 $0.7613  $0.3647 $0.6364  $0.4486




TABLE B.4. 25-Year Average Delivered Fuel Price Table - High Gas Price
Scenario

Source: 1 Wellhead-> CNG-> NMPC (SC8)
2 Wellhead-> CNG-> NMPC (SC5-1)
3 Wellhead-> IR-> CNG-> NMPC (SC8)
4 Wellhead-> IR-> CNG-> NMPC (SC5-I)
5 Wellhead-> IR-> NMPC (SC8)
6 Wellhead-> IR-> NMPC (SC5-I)
7 NMPC (SC4)
8 NMPC (SCé6)
9 Propane-Air
10 Wellhead-> IR-> Fort Drum
11 DFSC-> NMPC (SC8)
12 DFSC-> NMPC (SC5-1)
Source: 1 2 3 4 5 6

Year Total Total Total Total Total Total

1992 $0.4182 $0.3048 $0.4055 $0.2921 $0.3723  $0.2589
1993 $0.4264 $0.3108 $0.4134 $0.2979 $0.3796  $0.2640
1994 $0.4346 $0.3167 $0.4214 $0.3036 $0.3869  $0.2691
1995 $0.4346 $0.3167 $0.4214 $0.3036 $0.3869  $0.2691
1996 $0.4346 $0.3167 $0.4214 $0.3036 $0.3869  $0.2691
1997 $0.4346 $0.3167 $0.4214 $0.3036 $0.3869  $0.2691
1998  $0.4428 $0.3227 $0.4294 $0.3093 $0.3942  $0.2742
1999 $0.4674 $0.3407 $0.4532 $0.3265 $0.4161  $0.2894
2000 $0.5001 $0.3646 $0.4850 $0.3494  $0.4453  $0.3097
2001 $0.5411 $0.3944 $0.5248 $0.3781 $0.4818  $0.3351
2002 $0.5903 $0.4303 $0.5725 $0.4124 $0.5256  $0.3656
2003 $0.6313 $0.4602 $0.6122 $0.4411 $0.5621  $0.3909
2004 $0.6559 $0.4781  $0.6361 $0.4583  $0.5840  $0.4062
2005 $0.7051 $0.5140 $0.6838 $0.4926 $0.6278  $0.4366
2006 $0.7379 $0.5379 $0.7156 $0.5155 $0.6570  $0.4569
2007 $0.7707 $0.5618 $0.7474 $0.5384 $0.6862  $0.4773
2008 $0.7953 $0.5797 $0.7712 $0.5556 $0.7081  $0.4925
2009 $0.8117 $0.5917 $0.7871 $0.5671 $0.7227  $0.5026
2010 $0.8363 $0.6096 $0.8110 $0.5843  $0.7446  $0.5179
2011 $0.8527 $0.6215 $0.8269 $0.5957 $0.7592  $0.5280
2012 $0.8773 $0.6395 $0.8508 $0.6129 $0.7811  $0.5433
2013  $0.9101 $0.6634 $0.8826 $0.6358 $0.8103  $0.5636
2014 $0.9265 $0.6753 $0.8985 $0.6473 $0.8249  $0.5737
2015 $0.9511 $0.6933  $0.9223 $0.6645 $0.8468  $0.5890
2016 $0.9675 $0.7052 $0.9382 $0.6759 $0.8614  $0.5991




Vil

Source:

Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

TABLE B.4.

7 8 9
Total Total Jotal
$0.3181 $0.4619 $0.6004
$0.3244 $0.4709 $0.5942
$0.3306 $0.4800 $0.5818
$0.3306 $0.4800 $0.5695
$0.3306 $0.4800 $0.5695
$0.3306 $0.4800 $0.5695
$0.3369 $0.4890 $0.5756
$0.3556 $0.5162 $0.5818
$0.3805 $0.5524 $0.5880
$0.4117 $0.5977 $0.6004
$0.4491 $0.6520 $0.6128
$0.4803 $0.6973  $0.6252
$0.4990 $0.7245 $0.6375
$0.5365 $0.7788 $0.6499
$0.5614 $0.8150 $0.6623
$0.5864 $0.8513 $0.6747
$0.6051 $0.8784 $0.6809
$0.6176 $0.8965 $0.6809
$0.6363 $0.9237 $0.6871
$0.6488 $0.9418 $0.6994
$0.6675 $0.9690 $0.7118
$0.6924 $1.0052 $0.7242
$0.7049 $1.0233 $0.7366
$0.7236 $1.0505 $0.7490
$0.7361 $1.0686 $0.7613

B.13

L T N T TIR o)

S e

(contd)

10
Total

$0.2201
$0.2245
$0.2288
$0.2288
$0.2288
$0.2288
$0.2331
$0.2460
$0.2633
$0.2849
$0.3108
$0.3324

$0.4489
$0.4619
$0.4791
$0.4877
$0.5007
$0.5093
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Total

.3841
.3917
.3992
.3992
.3992
.3992
.4067
.4293
.4594
.4971
.5423
.5799
.6025
.6477
.6779
.7080
.7306
.7456
.7682
.7833
.8059
.8360
.8511
.8737
.8888

11

12

Tota1-

.2708
.2761
.2814
.2814
.2814
.2814
.2867
.3026
.3238
.3504
.3822
.4088
4247
.4566
.4778
.4990
.5150
.5256
.5415
.5521
.5681
.5893
.5999
.6158
.6265
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APPENDIX C

LIFE-CYCLE COST METHODOLOGY

As discussed in the main report, each of the supply components was com-
bined to create complete supply strategies. The demand forecast for Fort Drum
was used to evaluate the cost and capacity constraints of each strategy. The
life-cycle cost was calculated for each supply strategy, and then those fig-
ures were compared to determine which supply mix would be the optimal one for
Fort Drum. For the analysis calculations, the discount rate of 4.6% and the
25-year period were chosen following the federal guidelines established in
10 CFR, Part 436, Subpart A (U.S. DOC 1991, p. iii).

The Tife-cycle cost and net present value cost for each strategy were
calculated as shown in Equations C.1 and C.2:

LCC = PV(EC) + PV(IC) + PV(OM) (€.1)
25

PV =A§: .__ji___ (€.2)
ta (1 + i)t

where LCC = life-cycle cost
PV(EC) = net present value of energy cost
PV(IC) = net present value of‘investment cost
PV (OM) = net present value of operation and maintenance cost

PV = net present value
C = cost in year t

t

year

C.1



i = discount rate (4.6%).

The net present value of investment, used in the comparison tables in
the summary, was calculated by subtracting the existing supply Tife-cycle cost
from each of the alternative strategy life-cycle costs.

C.1 GAS PURCHASE AT WELLHEAD

Calculations for this component were broken down into two groups. The
first, broker costs, was used to calculate the cost of purchasing gas through
a broker. For the calculations, the origin of the natural gas did not matter
as the methodology was the same. The second group of calculations was used to
estimate the costs involved with the purchase of natural gas from NMPC under
the SC4 rate.

C.1.1 Broker Costs

Broker costs consistcd of energy costs. The annual energy cost was
calcuiated using Equation (c.3).®

G =(G+T+A) =0 (C.3)

where C, = broker cost ($ per year)
G = gas price ($ per therm)
T = transportatien price ($ per therm)
A = adjustment factor ($0.0099 per therm)
0 = gas ordered from broker per y~:r.

An annual cost stream was generated, from which the net present value was
calculated.

1 X

{a) Current gas purchasing couiraci wiilii Hudson Bay natl
supply of natural gas to Fort Drum, Section B, P. B-1.

€.2

Woew o T T TR T NIRRT T TR RN TR TR T R A S e i e L | 1

LR '



C.1.2 DFSC Costs

DFSC costs are comprised of energy costs which were calculated using
Equation (C.4).

=P *G (C.4)

where C; = DFSC cost ($ per year)

P = price of gas ($ per therm)

G = DFSC gas used (therms per year).
C.1.3 NMPC SC4 Costs

The $C4 rate is comprised of energy costs which were calculated using
Equation (C.5)."

C, mMC +P *G (C.5)

where C,

cost of SC4 per year

MC = minimum monthly charge ($825 per month)
P = price of gas ($ per therm)
G = gas used (therms per year).

These costs created an annual cost stream, from which the net present value of
the energy costs was calculated.

Two cost streams were calculated for this rate. The first assumed that
NMPC was able to deliver all gas required by Fort Drum. The second assumed
that NMPC was unable to deliver all gas required causing Fort Drum to resort

(a) Personal communication, Dennis bartlett, Gas Transportation Specialist,
Niagara Mohawk Power Curp. ®arch &, 15%2. 35:00 a.m.

o Wi

€.3
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to the propane-air station for the remainder of its fuel requirements. In the
second case, then, the amount of gas used under SC4 was less than the first.

C.2 TRANSPORT TO PIPELINE

Costs for this component were included in the cost calculations for the
first component. For broker cost calculations, the transportation cost is
included in the transportation price. For DFSC and NMPC SC4 calculations, the
transportation cost is incorporated into the price charged for natural gas.

C.3 PIPELINE TRANSPORT TO CITY-GATE

While the options under this component dealt primarily with transporta-
tion through the Iroquois pipeline, there was one option which assumed gas
transportation on the CNG pipeline. The cost calculations for that option are
included in the transportation price charged by the broker since the broker
arranges it. Although the brouker would also arrange transportation through
the Iroquois pipeline, the Iroquois charges were calculated separately from
the broker transportation price, as no historical data was available, and
therefore required more detailed calculations than that of CNG transportation.

C.3.1 Iroquois to CNG to NMPC Transportation

At present, the only way in which natural gas can be transported to Fort
Drum from the Iroqueis pipeline is via CNG and NMPC. Transportation charges
were computed for this component using Equation (C.6).

Co =D #D, + (C1+C +P) %6 (C.6)

#

where C,. = transportation costs through Iroquois and CNG ($ per year)

o
H

; = Iroquois demand charge ($ per therm)

o
=)
"

daily demand nomination (therms per year)

o
—
B

= Iroguois commodity charge ($ per therm)

o
]

CNG charge ($§ per therm)

C.4



|

i

|

|l

WMﬂl

P. = price of Canadian gas (§ per therm)
G = volume of gas transported (therms per year).

These charges formed an annual cost stream from which the net present value
was calcilated. The CNG transportation charge was derived from Fort Drum’s
November 1991 billing statement from Hudson Bay Natural Gas Corporation, and
was escalated according to DOE escalation rates. Canadian gas prices were
used because it was assumed that gas transported through the Iroquois pipeline
would originate in Canada. Because the interruptions assumed in the analysis
dealt only with an NMPC gas interruption, it was assumed that no interruption
would take place under this component.

C.3.2 Iroquois to NMPC Transportation

While it is currently impossible to ship natural gas through Iroquois
without also shipping through CNG, the pipeline from Iroquois to NMPC should
be opening in 1994. It will then be possible for Fort Drum to purchase gas
and then ship it directly from Iroquois to NMPC. The transportation cost for
this component was calculated using Equation (C.7).

C =D, #Dy + (CI +P) *G (C.7)

where

L}

. = transportation cost through Iroquois per year

L]

C

D, = Iroquois demand charge ($ per therm)

D, = daily demand nomination (therms per year)
o

—
]

Iroquois commodity charge ($ per therm)

L]

?. = price of Canadian gas ($ per therm)

L]
)

volume of gas transported (therms per year).

These costs formed an annual cost stream from which the net present value was
calculated. Because the interruption under the Interruption scenario assumed
in the aznalysis dealt only with an NMPC gas interruption, it was assumed that
an interruption would-not affect costs under this component.

C.5




C.3.3 Iroquois to Fort Drum Pipeline

The pipeline option actually incorporates two components, transport to
the city-gate and transport from city-gate to burner-tip, aithough the city-
gate is avoided because the pipeline bypasses the local distribution company
(NMPC). This option is composed of energy, capital, and O&M costs.

neyr ost

The energy cost for the pipeline component was computed using Equa-
tion (C.8).

=D #Dy +(CI +P, +t) 6 (C.8)

where C. = energy cost per year
D, = Iroquois demand charge ($ per therm)
D, = daily demand nomination (therms per year)
CI = Iroquois commodity charge ($ per therm)
P. = price of Canadian gas (§ per therm)
t = New York State import tax ($ per therm)
G = volume of gas (therms per year).

These costs formed an annual cost stream, from which the net present value was
calculated. The transportation charge is composed of demand and commodity
charges on the Iroquois pipeline. The demand charge acts as a reservation fee
to ensure firm transportation on the pipeline, and the commodity charge is the
rate charged on the transportation of each therm. Canadian gas prices were
used for this component because the Iroquois pipeline originates in Canada.

Capital Cost

The capital cost was computed using Equation (C.9).

C.6
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Cc =P =D (C.9)

whe?gW‘Cﬂﬂn capital cost of pipeline
- / ;

P = estimated cost per mile of pipeline ($ per mile)
D = miles of pipeline required.

Operation and Maintenance Costs

The 0&M costs were the estimated costs for O&M of the pipeline once it
was built. They formed an annual cost stream, from which the net present
value was calculated.

C.4 TRANSPORTATION FROM CITY-GATE TO BURNER-TIP

Costs under this component are composed of the NMPC charges for trans-
porting customer-owned gas to the customer. The costs of piping gas from the
Iroquois pipeline directly to Fort Drum were included in the pipeline costs
above.

C.4.1 NMPC SC8 Costs

The NMPC SC8 rate component does not involve construction or cperation.
An annual energy cost was calculated using Equation (C.IO).(”

Cg =T »G + (D, »D1 +D, »D2) +t =Gy (C.10)

=
o
(3}
S
™
o
@

]

cost of SC8 per year

:
—_
]

transportation price ($ per tharm)

o0
]

p = 9as delivered under SC8 rate

o
]

p = daily demand nomination (therms per year)

(a) Personal communication, Dennis Burtlett, Gas Transportation Specialist,
Niagara Mohawk Power Corp. March 4, 1992. 9:00 a.m.

<
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D,

annual demand nomination (therms per year)

D1 = daily demand charge ($0.70 per therm initially)
D2 = annual demand charge ($0.03 per therm initially)
t = New York State import tax ($0.0079 per therm initially)

Gg = gas delivered from broker or DFSC (therms per year).

The estimated annual gas demand was used as the annual demand nomination. The
daily demand nomination was calculated by using the ratio of estimated annual
demand over current annual demand and multipiying by current daily demand.

The prices used for demand charges were approximate monthly charges,“) and
were escalated using the DOE escalation rate. The New York State import tax
was derived from Fort Drum’s November 1991 NMPC billing statement and was
escalated using the DOE escalation rate.

C.4.2 NMPC SC5-1 Costs

The energy costs associated with this rate were calculated using Equa-
tion (C.11).®

Co=T*G +t *G (C.11)

where C, = cost of SC5-1 per year
T = transportation price ($ per therm)
G, = gas delivered under SC5-1 rate (therms per year)
t = New York State import tax ($0.0079 per therm initially)
Gy = gas delivered from broker or DFSC (therms per year).

(a) Personal Communication, Dennis Bartlett, Gas Transportation Specialist,
Niagara Mohawk Power Corporation. March 4, 1992. 9:00 a.m.

(b} Personal communication, Janice Bailey, Supervisor, Customer Transpor-
tation, Niagara Mohawk Power Corp. February 21, 1992.

c.8
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These annual energy costs formed a cost stream. The net present value was

calculated from the cost stream to yield the present value of the energy costs
associated with this component.

C.5 SUPPLEMENTAL FUEL SERVICE

Supplemental fuel charges are divided into the costs associated with a

propane-air station and the charges levied by NMPC under its SC6 supplemental
gas service rate.

C.5.1 Propane-Air Station

The propane-air station component involves energy costs, capital (con-
struction) costs, and operation and maintenance costs.

Energy Costs

Energy costs for the propane-air station were calculated using Equa-
tions (C.12) and (C.13).

Cp=H »C +D; +F %G (C.12)
and
H=Th *xPC *a (C.13)
where C, = cost of propane-air plant per year

H = hours of operation

C, = cost of electricity per kilowatt-hour ($ per kWh)
D, = electricity demand charge ($ per kW)

F = fuel cost ($ per gallon)

G, = gallons of fuel

Th = therms needed for total annual interruptions

C.9
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PC = plant capacity (therms per hour)
a = average operating capacity percentage (0.60).

It was assumed that the plant would operate, on average, at 60% capacity
during a 24-hour day.®

Three cost streams were calculated for this component. The first
assumed that the propane-air station would be used after the broker could not
deliver the monthly amount required. The second assumed that the propane-air
station would be used after the DFSC could not deliver the monthly amount
required, and the third assumed that the propane-air station was used during a
gas interruption on the part of NMPC.

Capital Costs

The capital cost was provided by Combustion Services. (")

Operation and Maintenance Costs

Operation and Maintenance (0&M) costs can be broken into two separate
cost flows: fixed and variable. Fixed O&M costs included scheduled mainte-
nance and station testing days. Following the direction of the Fort Meade
study, it was assumed that there would be 5 scheduled maintenance days per
year and 2 days for facility testing during the summer season, and that labor
costs were set at $50 per hour.

Variable 08M costs varied with each supply strategy. In general, each
transportation interruption was assumed to last 2 to 3 days. Following the
direction of the Fort Meade study again, it was assumed that each interruption
would require 8 hours for startup and shutdown of the plant. For every
10 interruptions an allowance was made for 1 unscheduled maintenance day, and
1 scheduled maintenance day was added.

(a) Personal Communication, Plyler McMannus, Army Corps of Engineers,
Huntsville Division. May 20, 1992. 10:30 a.m.

(b) Personal Communication, Ray Self, Combustion Services Inc. May 28,
1992. 8:00 a.m.
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Under the Interruption scenario, it was assumed that there were six NMPC
gas supply interruptions for a total nf 264 hours (11 days), causing the addi-

tion of 1 unscheduled maintenance day, and 1 scheduled maintenance day was
added.

Under the DFSC interruptible strategies in the Base Case and High Gas
Price scenarios, it was assumed that gas supply would be interrupted prior to
reaching NMPC for a total of 21 days, requiring the purchase of either propane
or NMPC SC6 gas.

For strategy 5, interruptible transportation using the propane-air sta-
tion as the supplemental gas source, it was assumed that the station would
need to operate a total of 27 days under the New Fort scenarios; and would
operate 81 days under the Entire Fort scenarios.

These costs formed the 0&M cost stream, from which the present value was
calculated to determine the present value of 0&M costs for the life-cycle
calculation.

C.5.2 NMPC SC6 Costs

As with broker costs, the costs faced under NMPC rate SC6 were comprised
only of energy costs. A tiered payment scale was used to determine the price
charged for SC6 service. The number of therms bought and transported under
SC6 are charged as follows:(®

First 3 therms or less $5.81

Next 37 therms, per therm $0.72475
Next 240 therms, per therm $0.62300
Next 6,920 therms, per therm $0.55339
Next 92,800 therms, per therm $0.46620
Over 100,000 therms, per therm $0.44520

These rates were escalated according to the DOE escalation rates for commer-
cial natural gas and were assumed to include transportation. From these

(a) Niagara Mohawk Power Corporation, Eneray Decisions: Explanation of
Service Classifications, October 1991.

C.11




rates, two cost streams were generated. The first assumed that all supple-
mental gas required was supplied under the SC6 classification. The second
assumed that a gas interruption on the part of NMPC occurred, affecting only
those customers who have dual-fuel supply systems. The interruption lessened
the amount of SC6 gas taken because the Fort would be required to switch over
to 'its back-up system.

c.12
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APPENDIX D

DETAILED RESULTS

Each of the components described in the main report was combined in dif-
ferent ways to form the supply strategies that made up the analysis. The
strategies were analyzed under the six different scenarios: New Fort, New
Fort with higher gas prices, New Fort with NMPC gas interruptions, Entire
Fort, Entire Fort with higher gas prices, and Entire Fort with NMPC gas
interruptions.

D.1 EXISTING SUPPLY

The existing supply strategy was calculated by adding together the
broker, SC8, and SC6 components. These component costs generated an annual
energy cost stream for the strategy, from which the net present value was
calculated. Because these components were comprised only of energy costs, the
Tife-cycle cost for this strategy was equivalent to the present value of the
energy cost stream generated. The scenarios are specified in Table D.1.

Table D.2 contains the results for each of the scenarios studied under
the existing supply strategy. This strategy did not have interruption sce-
narios calculated because of the way in which NMPC customers are taken off the
supply line. In the case of a gas shortage, NMPC would first curtail its own

TABLE D.1. Scenarios

Demand Price Interruption
Scenario Scenario Scenario Scenario
1 New Fort Base Base
2 New Fort High Base
3 New Fort Base Inter
4 Entire Fort Base Base
5 Entire Fort High Base
6 Entire Fort Base Inter

D.1




TABLE D.2. Existing Supply Strategy (Strategy 0) (1992 $§ thousands)

Annual Energy Present
Annual Cost Value of Capital
Energy Reduction Energy Cost of
Scenario Cost (%) Over Base ($) Costs ($) Strateqy ($)
1 $1,283 $0 $22,906 $0
2 $1,283 $0 $26,983 $0
3 $1,283 $0 $22,906 $0
4 $3,198 $0 $57,166 $0
5 $3,198 $0 $67,398 $0
6 $3,198 $0 $57,166 $0
Average Present Value Net Present
Annual of Annual Life-Cycle Value of
Scenario 08M ($) __0&M ($) Cost (%) Strateagy ($)
1 $0 $0 $22,906 $0
2 $0 $0 $26,983 $0
3 $0 ‘ $0 ‘ $22,906 $0
4 $0 $0 $57,166 $0
5 $0 $0 $67,398 $0
6 $0 $0 $57,166 $0

use, then interruptible customers falling in the SC4 and SC5-I classifications
would be asked to switch to their backup fuel supply, and then SC8 customers
would be 1nterrupted.“) Since the SC8 customers are further down on the

1ist, and because NMPC has had no interruptions in the past, it was assumed
that an interruption on the part of NMPC would not affect Fort Drum under the
SC8 classification. The base numbers for the New and Entire Fort were used
instead as a comparison for the other strategies explored.

D.2 SWITCH TO NMPC RATE SC4

The SC4 strategy (Strategy 1) was calculated by adding the SC4 component
with the cost of the initial filling of the propane tanks for the base and
high gas price scenarios. For the interruption scenarios, where it was
assumed that there was an NMPC gas interruption, the SC4 component minus the

(a) Personal Communication, Janice Bailey, Supervisor, Customer Transporta-
tion, Niagara Mohawk Power Corporation. February 21, 1992.
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interrupted amount was added to the cost stream of running the propane-air
station for the interrupted amount.

Table D.3 contains the results for each of the scenarios studi=d under
the SC4 supply strategy. Because the assumed interruption was an NMPC gas
interruption, and because SC4 and SC5-1 customers are the first customers to
be interrupted, the costs under this strategy were affected.

TABLE D.3. Rate (Strategy 1) (1992 $ thousands)

Annual Energy Present
Annual Cost Value of Capital
Energy Reduction Energy Cost of
Scenario Cost ($) Over Base (§) Costs ($) Strategy ($)
1 $1,091 $192 $16,497 $950
2 $1,091 $192 $19,417 $950
3 $1,136 $147 $17,029 $850
4 $2,434 $764 $39,033 $1,393
5 $2,434 $764 $46,005 $1,393
6 $2,514 $684 $40,000 $1,393
Average Present Value Net Present
Annual of Annual Life-Cycle Vaiue of
Scenario 0&M ($) 0&M (%) Cost (%) Strategy (%)
1 $3 $41 $17,446 $5,461
2 $3 $41 $20,366 $6,616
3 $6 $88 $18,025 $4,882
4 $3 $41 $40,406 $16,761
5 $3 $41 $47,378 $20,020
6 $6 $88 $41,420 $15,747

0.3 SWITCH TO NMPC RATE SC5-1 USING IROQUOIS TRANSPORTED GAS

Two strategies actually fall under this category because the analysis
included both the Iroquois-CNG to NMPC and Iroquois to NMPC pipelines. After
speaking with Bob Phillips of CNG and Chris Bosco of Iroquois, it was assumed
that, barring unforeseen circumstances, gas shipped through Iroquois should
not face a transportation bottleneck, It was therefore assumed that Fort Drum
could meet all of its gas requirements through the broker because no transpor-
tation interruption would occur. Because these strategies do not require sup-
plemental gas, an NMPC gas interruption would not affect them.
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D.3.1 Transport via Iroquois

The costs for this strategy were calculated by adding the Iroquois com-
ponent with the SC5-1 component, and then adding the cost of initially fi]?ing
the propane tanks. The results of the analysis for this strategy are con-
tained in Table D.4 for each of the scenarios.

D.3.2 Transport via Iroquois and CNG

The costs for this strategy were calculated by adding the lroquois-CNG
companent with the SC5-1 component, and then adding in the cost of fuel
required to initially fill the propane tanks. Table D.5 contains the results
for this strategy under the different scenarios, with the interruption sce-
narios being equal to the base scenarios because the NMPC gas interruption
does not affect this strategy.

TABLE D.4. Iroquois SC5-1 with Praopane Air (Strategy 2) (1992 $ thousands)

Annual Energy Present
Annual Cost Value of Capital
Energy Reduction Energy Cost of
Scenario Cost ($) Over Base ($) Costs ($) Strateqy ($)
1 $930 $353 $13,542 $950
2 $930 $353 $15,881 $950
3 $930 $353 T $13,542 $950
4 $2,060 $1,138 $32,146 $1,393
5 $2,060 $1,138 $37,727 $1,393
& $2,060 $1,138 $32,146 $1,393
Average Present Value Net Present
Annual of Annual Life-Cycle Value of
Scenario Q&M (%) 0&M ($) Cost ($) Strategy ($)
1 $3 $41 $14,49] $8,416
2 $3 $41 $16,831 $10,152
3 $3 $41 $14,491 $8,416
4 $3 $41 $33,519 $23,647
5 $3 $41 $39,099 $28,298
6 $3 $41 $33,519 $23,647

D.4




TABLE D.5.

Scenario
1

NS WNS

Scenario

G H W

D.4 SWITCH TO NMPC RATE SC5-1 USING BROKER

SC5-1 with Propane Air (Strategy 3) (1992 § thousands)

Annual
Energy
Cost ($)

$1,022
$1,022
$1,022
$2,281
$2,281
$2,281

Average
Annual

&M ($)

$3
$3
$3
$3
$3
$3

Annual Energy

Cost

Reduction
Over BRase ($)

$261
§261
$261
$917
$917
$917

Present Value

of Annual
0&M (%)

$41
$41
$41
$41
$41
$41

Present
Value of
Energy

Costs (%)

$15,204
$17,844
$15,204
$36,112
$42,408
$36,112

Life-Cycle
_Cost ($)

$16,153
$18,793
$16,153
$37,484
$43,781
$37,484

Capital
Cost of
Strateay (%)

$950
$950
$950
$1,393
$1,393
$1,393

Net Present
Value of
Strategy ($)

$6,754
$8,190
$6,754
$19,682
$23,617
$19,082

The SC5-1 rate using a broker contains two separate strategies. The
first assumed that the Fort would take SC6 supplemental gas when the broker
was unable to deliver the required amount of natural gas.

The second assumed

that when the broker could not deliver the entire amount of gas required, the

Fort would switch to the propane-air station to meet its demand.

D.4.1 NMPC SC6 as Supplemental

The costs for this strategy under the base and high gas scenarios were

calculated by adding the broker, SC5-1, and SC6 components.

Because an inter-

ruption of NMPC gas would affect this strategy, the interruption scenarios

were different than those of the base cases.

For the interruption scenarios,

this strategy was calculated by adding the broker, SC5-I, and SC6 components
adjusted for less gas along with the propane-air requirements in the interrup-

tion case.

0.5

The results for this strategy are contained in Table D.6.
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D.4.2 Propane-Air Station as Supplemental

Annual
Energy

Cost (%)

51,166
$1,166
§$1,194
$2,828
§2,828
$2,879

Average
Annual

0&M_($)
$3
$3
$6
$3
$3
$6

Annual Energy

Cost

Reduction
Over Base (%)

$117
$117

$90
$370
$370
$318

Present Value

of Annual
0&M _(5)

$41
$41
$88
$41
$41
$88

Costs for this strategy were calculated by adding the broker, SC5-I, and

propane-air components.

NMPC gas was assumed to have been taken.

therefore the same as those of the base cases.

Present
Value of
Energy
Costs (§)

$17,790
$20,912
$18,028
$46,011
$54,183
$46,458

Life-Cycle
_Cost ($)

$18,739
$21,861
$19,024
$47,384
$55,556
$47,878

of this strategy under each of the scernarios studied.

D.6

NMPC SCZ-1 with SC6 (Strategy 4) (1992 § thousands)

Capital
Cost of

Strateqgy ($)

$950
$950
$950
$1,393
$1,393
$1,393

Net Present
Value of

Strateqy ($)

$4,167
$5,121
$3,882
$9,783
$11,842
$9,288

Strategy was unaffected by an interruption because no
The interruption scenarios were
Table D.7 contains the -esults



TABLE D.7. NMPC SC5-1 with Propane Air (Strategy 5) (1992 $§ thousands)

Annual Energy Present

Annual Cost Value of Capital

Energy Reduction Energy Cost of
Scenario Cost ($) Qver Base ($) Costs ($) Strateqy ($)

1 $1,262 $21 $18,491 $950

2 $1,262 $21 $20,658 $950

3 $1,262 $21 $18,491 $950

4 $3,388 ($190) $50,505 $1,393

5 $3,388 ($190) $53,602 $1,393

6 $3,388 ($190) $50,505 $1,393
Average Present Value Net Present

Annual of Annual Life-Cycle Value of

Scenario 0&M ($) 08M ($) Cost ($) Strategy ($)

1 $9 $129 $19,528 $3,379

2 $9 $129 $21,695 $5,288

3 $9 $129 $19,528 $3,379

4 $20 $299 $52,136 $5,030

5 $20 $299 $55,233 $12,164

6 $20 $299 $52,136 $5,030

D.5 MAINTAIN SC8 RATE USING IROQUOIS TRANSPORTED GAS

It would also be possible to maintain the SC8 rate under NMPC, but trans-
port the gas through the Iroquois pipeline instead of from the supplier
through CNG. There are two strategies included in this possibility. The
first allows for direct transportation from Iroquois to NMPC, which will be
possible once the pipeline is constructed. The second allows for transporta-
tion from Iroquois to NMPC via CNG, which is currently possible. As with the
similar strategies under SC5-1 with transportation through Iroquois, it was
assumed that there would be enough capacity to meet the needs of the Fort
without having to rely on supplemental gas. Therefore, the NMPC gas inter-
ruption does not affect these strategies.

D.5.1 Transport via Iroquois

Costs for this strategy were calculated by adding the Iroquois component
with the SC8 component. Table D.8 contains the results of this strategy under
each scenario.
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TABLE D.8. SC8 (Strategy 6) (1992 § thousands)

Annual Energy Present
Annual Cost Value of Capital
Energy Reduction Energy Cost of
Scenario Cost (3) Qver Base ($) Costs ($) Strateqy (%)
1 $1,069 $214 $19,047 $0
2 $1,069 $214 $22,411 $0
3 $1,069 $214 $19,047 $0
4 $2,548 $650 $45,421 $0
5 $2,548 $650 $53,443 $0
6 $2,548 $650 $45,421 $0
Average Present Value Net Present
Annual of Annual Life-Cycle Value of
Scenario 08M_($) 08M ($) _Cost ($) Strateqy ($)
1 $0 $0 $19,047 $3,859
2 $0 $0 $22,411 $4,571
3 $0 $0 $19,047 $3,859
4 $0 $0 $45,421 $11,746
5 $0 $0 $53,443 $13,955
6 $0 $0 $45,421 $11,746

D.5.2 Transport via Iroquois and CNG

The costs for this strategy were calculated by adding the Iroquois-CNG
component with the SC8 component. The results of this strategy are contained
in Table D.9 for each of the scenarios.
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TABLE D.9. Iroquois-CNG SC8 (Strategy 7) (1992 $ thousands)

Annual Energy Present
Annual Cost Value of Capital
Energy Reduction Energy Cost of
Scenario Cost (§) Qver Base ($) Costs ($) Strategy ($)
1 $1,161 $122 $20,709 $0
2 $1,161 $122 $24,374 $0
3 $1,161 $122 $20,709 $0
4 $2,770 $428 $49,386 $0
5 $2,770 $428 $58,124 $0
6 $2,770 $428 $49,386 $0
Average Present Value Net Present
Annual of Annual Life-Cycle Value of
Scenario D&M ($) 0&M (%) _Cost ($) Strateqy (§)
1 $0 $0 $20,709 $2,197
2 $0 $0 $24,374 $2,609
3 $0 $0 $20,709 $2,197
4 $0 $0 $49,386 $7,780
5 $0 $0 $58,124 $9,274
6 $0 $0 $49,386 $7,780

D.6 PIPELINE DIRECT FROM IROQUOLIS TO FORT DRUM

This strategy’s costs were taken directly from the pipeline component.
Because no transportation problems were foreseen on the Iroquois pipeline, and
because NMPC was completely bypassed for this strategy, an interruption in
NMPC gas would not affect the results. The results of this strategy are con-
tained in Table D.10 for each of the scenarios.
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JABLE D.10.

Annual
Energy

Cost (3)

$615
$615
$615
$1,468
$1,468
$1,468

Average
Annual

0&M ($)

$14
$14
$14
$14
$14
$14

Annual Energy
Cost
Reduction
Over Base ($)

$668
$668
$668
$1,730
$1,730
$1,730

Present Value
of Annual
0&M (%)

$201
$201
$201
$201
$201
$201

Pipeline (Strategy 8) (1992 $ thousands)

Present
Value of
Energy

Costs (%)

$11,021%
$13,010
$11,021
$26,286
$31,030
$26,286

Life-Cycle
_Lost ($)

$24,320
$26,309
$24,320
$39,585
$44,329
$39,585

D.7 MAINTAIN NMPC SC8 RATE USING DFSC SUPP!IED GAS

Capital
Cost of

Strategqy ($)

$13,700
$13,700
$13,700
$13,700
$13,700
$13,700

Net Present

Value of

Strateqy ($)

($1,414)
$673
($1,414)
$17,582
$23,069
$17,582

This strategy’s costs were calculated by adding the DFSC, SC8, and SC6

component costs.

strategy.
scenario.

Because SC8 customers are not the first to be interrupted,
it was assumed that an NMPC interruption would not affect the outcome of this

D.10
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TABLE D.11. SC8 (Strateyy 9) (1992 $ thousands)

Annual Energy Present
Annual Cost Value of Capital
Energy Reduction Energy Cost of
Scepario Cost (%) Over Base ($) Costs (%) Strateay (%)
1 $1,123 $160 $20,051 $0
2 $1,123 $160 $23,617 $0
3 $1,123 $160 $20,051 $0
4 $2,643 $555 $47,340 $0
5 $2,646 $552 $55,944 $0
6 $2,643 $555 $47,340 $0
Average Present Value Net Present
Annuall of Annual Life-Cycle Value of
Scenario 03M (%) 0&M ($) Cost ($) Strateqy ($)
1 $0 $0 $20,051 $2,856
2 $0 $0 $23,617 $3,366
3 $0 $n $20,051 $2,856
4 $0 $0 $47,340 $9,827
5 $0 $0 $55,944 $11,453
6 $0 $0 $47,340 $4,796

D.8 SWITCH TO NMPC SC5-1 RATE USING DFSC-SUPPLIED GAS

The Sc5-1 ra‘e using DFSC-supplied gas contains two separate strategies.
first assumed that when the DFSC could not deliver the entire amount of
natural gas required, the Fort would switch to the propane-air station. The
second assumed that the Fort would take 5C6 supplemental gas to meet its
demand when the DFSC was not able to deliver the required amount of natural
gas.

D.8.1 Propane-Air Station as Supplemental

The costs for this strategy under the base and high gas scenarios were
calculated by adding the DFSC, SC5-1, and propane-air components. Because it
was assumed that the DFSC could deliver all gas required from February through
October, an NMPC interruption did affect this strategy since an interruption
of 24 hours was assumed for the month of October. For the interruption -~~~
narios, this strategy was calculated by adding the DFSC, SC5-1, and propane-
air components adjusted for the decrcacad amount of gas delivered under SC5-1
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and the increased amount of gas.under the propane-air component. The results
for this strategy are contained in Table D.12.

TABLE D.12. SC5-1 with Propane Air (Strategy 10) (1992 $§ thousands)

Annual Energy Present
Annual Cost Value of Capital
Energy Reduction Energy Cost of
Scenario Cost ($) Over Base ($) Costs ($) Strateqy ($)
1 $930 $353 $14,998 $950
2 $1,039 $244 $17,284 $950
3 $1,047 $236 $14,976 $950
4 $2,259 $939 $35,051 $1,393
5 $2,259 $939 $40,465 $1,393
6 $2,274 $924 $34,674 $1,393
Average Present Value Net Present
Annual of Annual Life-Cycle Value of
Scenario 0&M_($) 0&M ($) Cost ($) Strateqv ($)
1 $8 $112 $16,017 $6,889
2 $8 $112 $18,303 $8,679
3 $8 $117 $16,001 $6,905
4 $8 $112 $36,495 $20,672
5 $8 $112 $41,908 $25,489
6 $8 $117 $36,123 $21,043

D.8.2 NMPC SC6 as Supplemental

The costs for this strategy under the base and high gas scenarios were
calculated by adding the DFSC, SC5-1, and SC6 components. An NMPC interrup-
tion affects both the amount of gas delivered under SC5-I and SC6 since an
interruption is scheduled for October, when the Fort would otherwise receive
all gas ordered from the DFSC. For the interruption scenarios, this strategy
was calculated by adding the DFSC, SC5-I, and SC6 components adjusted for Tess
gas along with the propane-air requirements in the interruption case.

Table D.13 contains the results for this strategy.



TABLE D.13. SC5-I with SC6 (Strategy 11) (1992 $ thousands)

Annual Energy Present
Annual Cost Value of Capital
Energy Reduction Energy Cost of
Scenario Cost ($) Over Base ($) Costs ($) Strateqy ($)
1 $995 $288 $14,510 $950
2 $995 $288 $16,867 $950
3 $1,123 $160 $16,297 $950
4 $2,173 $1,025 $34,396 $1,393
5 $2,176 $1,022 $40,619 $1,393
6 $2,407 $791 $37,658 $1,393
Average Present Value Net Present
Annual of Annual Life-Cycle Yalue of
Scenariy 0&8M ($) 0&M ($) Cost ($) Strategy ($)
1 $3 $41 $15,460 $7,447
2 $3 $41 $17,816 $9,167
3 $6 $88 $17,293 $5,614
4 $3 $41 $35,769 $21,397
5 $3 $41 $41,992 $25,406
6 $6 $88 $39,078 $18,088
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