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GE Power & Water
Distributed Power

More Power - Total Flexibility

GE's LM6000-PG* (SAC)

Adding technology odvancements
to deliver greater value,

In its quest to push the limits of gas power and performiance, GE
Fower &\Watsr continues to innovate avalable gos turbine offerings IS0 Pﬂ'hrmm:e based on natural gas at 1SO
conditions, zero losses

that improve powesr capability and enhance customer apsrations.
Nk, Comtreld Method' SpAnk®  Unoboted’-  Water-  Wider/Spimt®
Power CULpUE [k 52,784 55,617 5BO36
Thermal Effickenicy (] 437N a1% A0.9%
Heat Rate LHW [BOy RAe-Hr) 7,528 B355
Exhoust Flow [lbsfsec) 310 320
Exhoust Termpenature PF) BTE

Nk EmEEsians [ppmwd] -

wWigter injection for MO dbs!hn -

Powver Turbine Speed rpmi)

Nou of Compressor Stages

No. of Turbine Stoges

Ciffering o 25% simple ocle power increass and an 19% Boost in
exhiqust energy for cogeneration apploations, GE imtroduces ane of the
latest enhancermernts of its proven LMo 000" asrcderieative gas turbine
product lime: the LMECO0-PG with sindle anrular cornbaestor (5801

The LMECCC PO wil provide combined gpce powerin the rangs
of B megawatts (M) with efficiencies ranging from 50 1052%,
depending on sslectsd emissions confrol methods. The power
ircreass comes from the same 4.5 m & 215 m package footprint
as existing 90 He LMESID technolagy, vislding a powsr density
improvernent of nearty 20%.

aE's LM&300 has a product heritage of cver 1000 units shipped
and +21 million cperating hours with cver 99% reliability. The
improved combined cycle efficiency of the LMEXI0-PG can reduce
fusl corsumption by the equivalent of 33,000 barrels of oil per
wear, when compared to other similar asrcderivative solutions

in itz class. The LMEDDD uprate also reduces carbon dioxids
ermissions by 6,500 tons overthe course of a typical aperating
year—the same emissions reduction achieved by removing 2,500
cars from the road annually.

Materialand tech nology upgrades previously demonstrated on
the CFE-80E and GESD aircraft engine, and the LME100% wera key
to the improvements an the LME320. The LMED00-PG has been
designed with specific attention to commonalities betveen the
m l.h |:||'Id Eﬂ Fh D'H:Erll'lgﬂ ulbl'l'”-lg DFEmtDTE o tE'l'IEﬁtfn:llTl a PO LTI EPLI= 5 LS I DT ey el AT Rl

global experience bose. The 60 Hz packoges will be assembled flexibility. Built upon the heritage of an industry leader,
in GE's Houston, Texas facility, whike the 50 Hz packages will be the LMe000-PG is ready to meet yvour power neads.
rmanufactured in GE's Hungary foc il
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STANDARD 60/50 Hz LMB000-PG (SAC)
Package Configuration

(as Turbine

# Cold-=nd drive

= Sirgle Annular Combustor (28 ppm MOy, 50 ma!Nm3) combuster
# Horizontally splitcasing

= Yarigble inlet guide vanes

# (o= turkine familiarization training

Generatar

= 138 KW 085 FF brushless 2-pole exciter (60 Hzl
« 115 K, Q2 FF brushless 2-pole exciter (50 Hzl

= WHIweather protectsd

= Veltage regukator’neutral side protection CTs

= MEMA Class Finsulation and B tempsrature riss
# |ntegroted protective relay panel

» Verticd offset gearbox

Package

= Supdiliary module comtaining turbine lube il, water wash, hydraulic
start, andwater injection systems

# Fully enclosed gas turbine and gensratar systemn mesting 25 dBA
niear fiekd design

= Direct drive generator fars

= Guard inlet air filters

* Electro-hydraulic start/shutdown system

# Clazz | Div 2 Group DVZone 2 class electrical system

= Digital controd systern with duplex key reliability senscrs and
instrurnentatian

= Simplex shel and tube coolers for the lube oil system

= Axialexhaust collectar

* Fire protection system with gas detsctors, and optical flame
and thermal detectors

A35-2|Page

July 2, 2015

Options
+ Dual igniter
* Integrated piping, cable rays, and wiring
* Enhanced wallway 60 Hz units onlyl
+ Comral Madulke
* enerator options
- Vaologes from 12,47 B to 158K 160 Hzl
- Vaologes from 105 kY to TLE kY 50 Hzl
* Fusl systems
- 5as with water ar steam for My control - 25 ppri,
0 ! M3
- Liquid with water for Ny control - 42 pprn, 86 mafMm?
- Dal fuel
+ Corrol systemn
- Black start for island cpsration
- Continucus Emnission Monitoning
- Remnote display tocontno o monitor the unit
- Powesr & Control Module fully wirsd
- Mator control center
# ik il system
- Dillwater coclers
- First fill lubricarts
* ‘Winterization intervd packages down to -39°F, -35°C
Pulse air filesr for kess mantsnance
+ 20 dBA copabiity

+ |nlet condiionirg for optimized efficisncy
- Bwvaporative cooling
- Mechanical chilling
- Heating

LME000-PoPH

Enhanced Packoging

Eay Charactarktics

« Link arsal gu= sk reduces
foalprink

+ Fnimizes field conrecbores

# Maln basa has sama
foalprink

= MarkYla ond W cadward
Conirols

= Zomainket alr filer housa
« Somechilar colls

For more information, contact your GE representatve
O WIS W ge- OSrcom

o tagEriaed drocsse ke of Saserol Qechnr Compey
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GE Power & Water

LMS100 Gas Turbine (60 Hz)

July 2, 2015

Technology

The LM51C00 i an intercoaled gas turbine system, developed from
3E frame ard aercderivative gas wurbine technokegiss, with simple
cycle thermal efficiencies of up to 44%.

# Peaking, mid-range and bassload power capabilities of
upto 106 MW

 Lnrestricted daily staps and starts

# Modular design for ease of maintenance and high awailability
= Fast 10-minuts start-up

= High part- power efficiency

# Load following and cycling capakilities

Experience

The LM5100 is a new gas turbine based on a combination of
proven tec hnalogies, derived from the CFe-20E and CFE-20C2

aircraft engines, the predominant engines for the Boeing 747 and
7&T wide-bady aircraft, and from the frame R4 gas turkines.

= 3E CFe-20 engines have mare than 100 million opsrating
hours in airline sarvice

= 3E F t=chnology units hove mare than eight million operating

Faurs in power gensnation senvice
= End-Users: utiliies, municipalities, indzpendent power producers

# Configu rations: simple cycle, cogeneration and combined cycle

Innovation

3k Erergy and GE Transportation collaborated—along with thres
companies from outside of GE—to develop the first modern
intzrooled gaos turbine cycle.

» 100 MW Blochs of power

= Cycling capability

# Sustained power capability on hot days
# Fugl flexibility

* Bailer feedwater heating

= Tawowasts heat sources lexhaustand intercocker

IS0 performance bosed on natural gos

L5100 (60 Hel SAC DLE
Power Output (MW 1058 101.2
Heat Rats LHY [Broflah) 7877 TEle
Exhaust Flow (Ibsfs=c) 447 488
Exhaust Ternpearature [°F) 77l 789
Emnissicns, MO @ 25 25
15% 0z (ppm)
Power Turbine Speed (rpmi 3,600 3600
Ma. of Compressor Stages 20 20
M of Turbine Stoges
Intzrmediate Fressure [IFT) 2 2
High Pressurs HFT) 2 2
Poweer (PT) g g
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Service LMS100 SAC 60 Hz Output and Heot Rate
3E Erergy is the warld's largest osroderivative service provider, 18 2108
with a glabal netwark of field service offices and fully equippsd ) _\,\
senvice centers. A wids range of preducts and services are offersd - \ =
forthe LMS100 utility and industrial operators, including: 2 t o
r
* Customer support 24/ 7/ 365 E &0 F
—_—
» Global fisld s=rvices capability 5»,. B
# Leyee| IV Service Centers in Houston, Texas and = “:35
Rheden, The Netherands
" e
= Comprehensive spare parts support ’ — i [
@ = e Ao S deT=] I
= Critical repairs awailable globally 0 e E = £ e F
i Tamg O
* Spars ar kass engine module options
— 13as Turbine Supsrcors i Eat
— High Fressure Turkine . 2100
— Intermediate Fowser Turbine \ -
— Combustor = . = o
— Power Turbine T 5 - 5:::5
— Low Pressurs Turbine (Booster] Rotor g_ _:::E
= CM&L - Upgrads programs ar '-':::i
g:
= Remote diogniostic services TE0%
* CuUstomer training courses . - m
@ Hiam o (S aene

= Wide variety of contractual or kong-t=rm service agresments

&=
5
B

1
b
=
=]
=
&

This comprehensive product affering, combined with cur
commitment to reduce senvice center and cutage furm times,
results in substantial life cyc ke cost savings for the plant

owneroperator
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Package Layout

73 Faat
(222 Metars)

- 113 Feet |34.4 Mtars) —————#=

Standard 60 Hz LMS100 Generator Package

Gas Turbine Package
* 20-Stage Axial Compressor * Local Control System in Weatherproof Room
— 6 Low Pressure Stages and 14 High Pressure Stages « 24V and 125 V OC Batteries

— Off-Engine Air-to-Watsr Interccoler
— Horizontal Split Casing

— 42:1 Compression Ratio * Static Inket Air Filters
— 460 Ib/s (209 ka's) Nominal Inket Mass Flow

* 85 dBA Near Fizld Desian

* Electro-Hydraulic Start/Shutdown System

* Annular Combustor . .

o * Chass 10w 2 Group D Class Electrical System
— 30 Gas Fuel Nozzles, Water or Steam Injection for NO, Control
— 15 Gas Fuel Nozzles, Dry Low Emission Control * Mark* Vle Duplex Digital Control Systemwith a

Human Machine Interfacs (HMI|
* 2-Stage High Pressure [HPT) and Intsrmediate Pressure Turkine (IPT)

* Lube Oil Syst=mwith Cuplex Shelland Tube Cookers
* 5-Stoge Aerodynamically Coupled Power Turbine [PT)

* Turbine Foctory Tested (Static)
Generator

* 115 K,0.85 FF Continuous Duty

* On and Off Line Water Wash

* 1-Year Parts/Service Warranty and Remots Monitoring
* 2 Polz, 3 Phass, Brushless Excitsr and Diagnostics
SIFR Waathec ed * Packoge Familiarization Training

»Voltage Regulater/Neutral Side Protection CTs « Electronically Transmitted Drawings

* NEMA Class F Insulation and B Tempsrature Rise « Start-Up Technicol Assisionce

* Int=grat=d Protection Relay Panel
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Optional Equipment (Packaging)
«'Water Cocled Generator TEWAC]

= High Inertia Generator

* Poweer Systemn Stabilizer (PSS

# Synchronous Condenssr

* Diistillate ILiquid] Fusl System iavailable on by for SACH
* Dual Fuel System (gvailable only for S4C)

* Pulse Clean Inket Air Fiter

* Cinline Waater Wash far LPC

«'\Water Injection for My, Control - 3as or Liquid Fuel
[@wailablz anly for SAC)

# Oiry Lo Emnissions (CLEI
* Combustion Inlet &ir Heating &nti- k2 ing Coil - BExternal- Heated

= Combustion Inlet Air Heating &nti- kzing - Compressor Blesd
[@vailablz anly for SAC)

= Combustion Inlet &ir Heating &nti- ko ing - Exhaust Heat Recovery

* Combustion Inlet Air Cooling - Bvaporative Cocling

# Combustion Inlet Air Cooling - Chilling Cail

« \Winterization [for colder climates)

* Duples Shell and Tubs Luks Qil Canlers

# Secaondary Discharge CCy Systemn

* Duples Integrated Generator Protection System (IGPE)
= Mi-Cad Battery System

* Rzmots Workstation

* Alernative Gensrator Lineside and Neutral Cubicle Locations
* Duples: Water Injection Pumps ffor MC, Contrzll

* Comkined Lineside and Breaker Cukicle

A36-4|Page

Optional Equipment (Balance of Plant)

= Secondary Cooling - Water to Air iCooling Towsr]
= Secondary Cooling - [Finned Tuks to Air Heat Exchanger
+ Secondary Cooling Motor Contral Center

# 305 Fuel Filter'Coalescing Skid

= Liquid Fusl Forearding Furmp Skid

* Liquid Fuel Fitter Skid

* Fuel Gas Compressor System

# |rstnument Air Compressor Skid

* Cemineralized Water Filter Skid

= Simple Cycle Exhaust Stack

* Exhaust Stoc k Expansion Joint

# SCR and COR Catalyst Emissions Contral Systems
= Continuous Emissions Monitoring Systermn (CEMS)

# ZT Poc kage Anchor Bolts/ Fisators

# TG Package First Fill Lubricants

# Poseer Control Maodule (RCM)

# Cambustion Turkine Generator (CTG) Motor Control Center
# |mterocalkerWater Pump Skid Motor Control Center
* Balance of Plant (BOF) Mator Contral Center

= Generator Step-Up (G5 Transformer

= 15 K Rated Generator Breaker

# Supsnvizory Control System

= Black Start Diesel Gensrator Package

= Black Start Generator Control System

® 240 CC Motar Starters

wiwacge-energy.com,Ims100

= tha Garard @
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7F.05 Gas Turbine -

The Next Generation F-Class Wo

To meet the increasingly dynomic operating demands of today's global energy industry, power producers are looking
for flexible, efficient and reliable technology to partner with renewables.

+ Positioned 1o mest customer demands for flexible cyclic operation by delivering power with advanced start-up and
extended turndown capability, fost romp rate, and low life-cycle costs in peaking, cyclic, and continuous operation.

+ Flexibility is enhanced by a proven compresser with removable blades. The 30 aerodynamic comprassor with
super-finish airfoils delivers improved fuel efficiency with less long-term degradation.

+ The DLW 2.6 combustion system provides proven operating flexibility on o wide range of natural gos or
distillate fuel compositions.

+ The air-cooled turbine hot gas path hos advanced cooling and sealing technologies 1o improve efficiency and
pravide the lowest lifecycle costin its class.

Madel GT cutput 1x1 CC output 2xl CC output Il CC output CC efficiency
GEGT-TROS 22T MW MIMW 82 MW 1033 MW > L0%
14-can annular chambers 3-stoge HGP

‘fq-lﬂ"th ..'.“_Il

" 'lllil!

Combustor Turbine
« Yariable 1GVs plus thres rows of * DLW 2& combustor « I-stage turbine
Variabls Stator Vanes V3V « O ppm MO, and C0 emissions + 1D aercair-cooled hot gas path
* 18.2:1 preszure ratia * Emizsion Compliant Turndown: s Single crystal and directionally
» 3D aero airfoils with supsrfinish for 36% boselcad solidified ICS) blades
impr-::ued n.?l"ficiency and reduced + Auto-tune capakbility + Reduced axidation and creep
deterioration accommodates wider fusl variation + Improved cooling and szaling
* Fizld-replaceable blades for » Lowe fusl pressure rduces ne=d for
irmproved maintaina bilite on-site fuel compression
F-CLASS GAS TURBIMES << TABLE OF CONTENTS H
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Appendix 38
Siemens SGT6-5000F Turbine Brochure
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Siemens Gas Turbine SGT6-5000F

Reliability with Flexibility

Answers for energy. SIEMENS
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Fhe SGT6-PAC 5000F is your 60 Hz

power solution, And, because of its

evolutionary design philesophy, the
Siemens SGTG-PAC 5000F will continue to

meet your requirements for years to come.

’!.V‘
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Revolutionary performance
through evolutionary design

At the forefront of the gas turbine
(ndustry, the uncompromlising Slemens
Gus Turbines (SGT7) continue to set
rellabitity and continuous operation
records, Pockaged with the generotor
and other guxilfary modules the
SGTH-5000F Is the musele within

the stand-alone power generation
package (SGT-PACT) known os the
SGTH-PAC 5000F. The 60 Hz SGTH-5000F
gus turbine has more thon 5.3 miiilon
houts of lieet operation amd net
cambined cycle efficiencios of ove!
$7.5%. These ochievements are the
result of successfully implamenting
inerements of performance
Improvements Into o proven
tochnology plotform.

The SGTE-PAC SO0OF power guneration
system provides economicol pawer for
peaking duty, operarional flexibility
and load following copabilities for
intermediate duty, while mointaining
high efficiencies for continwoun
service

Key system benefits include:
o Most powerful 60 Hz Fclass englne -
capable of over 230 MW
# High simple and combined cycle
elficiencies
w Single digit ppm NO, snd CO capability
w Operational Hexibility
<10 minute start-up capability
- Cyclic capadity including daily start/
stop

» Hot re-start capability = without time
delay

» Foremost maintainability - easity
removable blading and combustion

companents
= High reliability - 99% average

» Advanced service and maintenance
tochnologes tar increasod availability

The SGT6-S000F gas turbine is ideally
suited for simple cycle and heat recovery
applications Including Integrated
Gasification Combined Cycle (IGCC),
cogenaration, combined cycle and
repowening. Flexible fuel capabilities
include natural gas, LNG, distillate oil
and other fuels, such as low- or medium-
B gas

The SGT6-PAC S000F is your 60 Mz
power solution. And, because of its
evolutionary design phitosoply, the
Siemens SGTH-PAC S000F will continue
10 meet your requirements for years 1o
come,
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Siemens Gas Turbine
SGT6-5000F

As the heart of the SGT6-PAC 5000F

the SGT6-5000F gus turbine consists of

threa basic elomonts; oxial flow
compressor, combustion system ond
turbine section, Incorporated into the

advancerments of this proven gos
furbine design are foatures sueh os
horontolly spht casmgs, twe-beoring

rotor support, external rotor air cooler,

gnd axial-flow exhaust,

A38-4|Page

Compressor

The compressor 1s a 13- 51age axial flow
design, which achieves a 17 to 1 pressure
ratio. The compressor is equipped with
faur stages of variable quide vanes to
improve the low speed surge
characternstics and part-load performance
In combined cycle applications. The blade
path design is basved on an advanced
three-dimensional flow tield analysis
computer model. Compressor vanes rows
four through elght consist of
mechanically assembied 60° segments
while rows nine through 13 are
individually removabe from a T-root
section of the vane carrier, One row of
exit gulde vanes is used 1o direct the flow
lepving the compressor, Stationary
aitfolls utilize corrosian and heat
resistant stainless steal throughout. All
compressor rotating and stationary
airfoils are coated to improve
aerodynamic performance and corrasion
protection, The compressor rotor 1s
comprised of multiple dises equipped
with Hirth Secrations on the single
tia-holt rotor

July 2, 2015

Combustion system

The combustion system consists of 16
can-annubor combustors, Each combustor
has an air-cooled transition piece, which
directs the combustion gases 10 the
turbine blade path,

Turbine

The turbine section i comprsed of four
stages, each containing a stationary and
rotating row of blading. The turhine
rotor, which contalns the rotating blades,
Is constructed of four interlocking discs
using Hirth Serrations on the single
tie-bolt rotor

Rotor

The fotor s a single tie-bolt comprised of
muitiple discs equipped with Hirth
setrations for torque transmission and is
supported by twe tiling-pad bearings.
Design features include advanced
materlals, coatings and cooling schemes
that are implemented throughout the
tuthine section 10 yield high turbine
efficiencies and maintain long turbine
component life,
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Rotor alr cooler

A comprehensive cooling system s
provided to supply cooling air to the high
temperature areas of the turbine section
Rotoe cooling alr is extracted from the
combustor shell, The air is externally
cooled and iIntregduced Nt the turbine
section to be used for sealing purposes
and to cool the appropriate rotating
discs and rotating blades, This provides
a blanket of protection from hot blade
path gases.

In combined cyclo applications, the
‘waste® anergy romaved from the cooling
air is used to produce intermediate- and
lowe-pressure steam which is introduced
Into the steam circuit 1o increase steam
turbine output and cycle efficiency.
Alternatively, this energy can be
reclaimed for fuel heating or boller

feed water heating,

Inlet alr system

A slde- or top-mounted (nlet duct directs
alrflow Into the compressor inlet
manifold, which is designed to provide
an efficient flow pattern of air into the
axial-flow compressor, A parallel-baffle
silencing configuration s located in the
infot systom lor sound attenuation, Air
filtration is provided by a two stage pad
fiiter as the standard arrangemant. Other
filter systems are also available,

Generator

The SGTG-5000F gas turbine {s caoupled
10 an open air-cooled (OAC) Siemens
genérator (SGen”™) which is equipped
viith cooling air Bltration, silencers, inlet
and exhaust ducting, collector ring
assembly, acoustical enclosure and
necessary Instrumentation, The isolated
phase bus interfaces are near the non-
drive end of the generatar and the top
of the enclosure. There are three maln
{line slde) leads and three neutral leads.
Internal cooling is provided via shaft-
mounted blowers, which direct liltered
ambient alr through the generator’s
major internal components, Tatally
enclosed water-to-air-cooled (TEWAC)

I« avaliable as an option,

Starting system

The Static Frequency Conyarter (SFC) Is
used for starting the gas turbine, The
SFC generates a rotating magnetic feld
In thie generator stator that interacis
with the magnetic tield generated by the
static excitation equipment (SEE) In

the generator rotor 10 provide the torque
required to rotate the turbine. Brushless
excitation is available as an option.
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Exhaust system

After passing through the combustar and
turbine section, combustion gas
discharges axially thmugh a transition
section which is an interface on the
exbaust system, For heat recovery
applications, the exhpust stack is deleted
and the goases are directed to the heat
rotuwry steam gmm'.llnr.

Elactrical and control package

The electrical and control package
contains equipment necessary for
sequencing, control and monitoring of
the turbine and generator. This includes
the Siemens Power Pant Automation
(SPPA™) system known as the SPPA-TI000
Wab based distributed control system,
motor controd centers, ganerator
protective relay panel, fire protection
system for the elecircal package, battery
and battery charger. 'he batteries are in
an isolated section ol the package and
are readily accessibie For maintenance

July 2, 2015

Lubricating oll package

The lubncating ol package houses
the common lube oif system for the
nas turbine and generator.

Gas fuel system

The principal components of the gas fuel
system are located within the gas turbine
enclosue, Monilonng instrumen laton is
mounted on a fuel control pane! located
inside the turbine enclosure. Pressure
gauges to locally monitor the fuel
pressure are typically located on this
panel.



Net performance for the SGT6-PAC 5000F
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Correction curves

To estimate thermal performance of the
SGTE-PAC SO00F at conditions other than
those noted, the following correction
curves may be usod,

| s
B e ot O U BT B
O s I O U B B

o e S M A PSR
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Compressor water wash skid

The comprassor water wash skid is
provided for both on-line and offline
compressor cleaning. This skid
Incarparates an AC motor-driven pump,
piping, valves, strainer junction box,
cabling, Howmeter and a detergent
storage tank, These are assembled on a
portable skid railer with steel wheels
attachable 1o @ 1railer hitch or clevis,

Cooler assemblies

An alr-to-oll findan lube oil cooler (water
ta-0il cooler is aptianal) is lncated above
the lubricating oll package. An pir-to-air
cooler for turbine rotor cooling Is placed
adjacent 1o the exhaust stack, Other
cooler options are available for combined
cycle applications,

Pipe rack assemblies

Plpang for the SGTH-5000F power plant is
designed and manufactured 10 minimize
field work, Each of the major pipe
assemblies is factory labricated, requiring
only & few fekd connections. The turbine
pipe rack, located adjacent 1o the gas
wrbine in the turbine enclosure, containg
piping and valves for the cooling air and
lube il supply and return,
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As an integrated technology
company, Siemens supplies
innavative solutions for the
utmost efficiency and
productivity olang the entire

energy conversion chain.

Siemens offers truly
customizable solutions -
everything from on equipment-
only solution to o combined
cycle power plant or simple
cycle configuration.

July 2, 2015
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Fuel Storage Tank Cost Estimation
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Introduction

While storage tanks for liquid fuel are one of the most obvious requirements for power plant
dual-fuel capability, their capital cost is a significant, but not overwhelming portion of the total
incremental capital cost. Distillate fuels such as ULSD are generally stored in above-ground,
field-fabricated tanks made from welded steel plate. They are surrounded by a concrete
containment dike sized to handle the full capacity of the tank in the event of leak or rupture. The
tank capacity is determined by the hourly burn rate of the power plant and the number of hours
of inventory deemed necessary to maintain operation during a natural gas curtailment or price
spike. The cost of the tank and its spill containment components is seldom reported as a
breakout for new power plants, so LAI has relied on other public sources for estimates of tank
cost as a function of capacity and location. A primary source is the “Petroleum Infrastructure
Study Final Report’ prepared for the New York State Energy Research and Development
Authority by ICF Consulting LLC and Applied Statistical Associates in September 2006 (“the
ICF Study”). The tabulated costs in the ICF Study are supplemented or confirmed with scattered
reports of tank costs for new plants and modifications in the public record and a few data points
from confidential documents available to LAI.

Fuel Tank Capacity

As indicated in the research conducted under Task 1 of Target 4, the capacities of on-site liquid
fuel storage tanks for existing dual-fuel power plants, relative to full load burn rates, varies over
a wide range. LAI has determined that a reasonable rule-of-thumb is to provide storage for 72
hours of full load fuel requirements, although this guideline is subject to variation based on
application-specific variables such as the availability of near-by off-site storage and delivery
capacity from fuel dealers and the expected operating profile of the plant. Fora2x1 7FA CC
unit, the winter condition fuel burn rate is 4,540 MMBtu/hr (HHV) on ULSD, or 30,600 gallons
per hour. A 72-hour supply would therefore be 2.2 million gallons. Roughly the same math
would hold for a 2-unit 7F.05 SC station. For a 2-unit LMS100 SC station, the 72-hour
requirement would amount to 0.9 million gallons.
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Cost data points for the tanks identified in the ICF Study and for several examples identified by
LAl are shown in Figure A39-1. Costs from the ICF analysis are provided in 2004 dollars for
the New York City area and for the Lower Hudson Valley. Dates for the other points are
indicated in the labels.
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LAl used the ICF Study data point for capacities from 500,000 gallons to 4,000,000 gallons to
derive linear best-fit equations for New York City and Lower Hudson Valley tank costs, as
shown in Figure A39-2.
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Figure A39-2. Regression Analysis on ICF Study Cost Data
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The regression equations were then adjusted from 2004 dollars to 2018 dollars to obtain the cost

functions used in this study:

For New York City:
For Lower Hudson Valley:
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Land Requirements for Tanks
Land requirements for fuel storage tanks are estimated based on the following assumptions:

e Tank effective height (excluding dome top) is 40 ft for volumes from 500,000 gallons to
4,000,000 gallons

e Containment dike is square, and wall height is 8 ft.

Tank diameter (ft), square area containing tank (acres), and square area of dike (acres) are
plotted in Figure A39-3.
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Appendix 40
Mobile Demineralized Water Capacity
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Introduction

Demineralized water supply is an issue for dual-fuel capability at CT-based generation plants
because most current model heavy-frame CTs use dry low-NOx burner systems to control NOx
emissions under current emission rules when firing natural gas, but must use water (or in some
cases, steam) injection when firing a liquid fuel such as ULSD. The CT scope of supply for
dual-fuel capability includes manifolds and burners, as well as forwarding pumps and filtering
systems to accommodate water injection, but the balance-of-plant scope must provide for
adequate supply and storage of demineralized water for CT injection purposes. CC plants
require demineralized water for boiler make-up purposes on a continuous basis whenever the
plant operates, but the flow rates for this use are an order of magnitude less than the rates
required for NOx control injection.

This appendix provides background for estimating the capital and operating costs associated with
providing the demineralized water supply required for NOy control for a typical F-technology
plant with 2 CT units in either SC or CC configuration. The information on mobile
demineralizer capacity is based primarily on communications with GE Water & Process
Technologies.?

Water Requirements for NOx Control Injection

Each GE 7FA CT requires approximately 350 gpm of demineralized water for injection when
operating on ULSD, so the requirement for a 2x1 CC installation is approximately 700 gpm. The
CC unit, with a net output of about 651 MW (winter conditions) also requires about 38 gpm for
boiler makeup. The water quality specifications for boiler makeup are sometimes more stringent
than those for CT water injection.

A 2-unit LMS100 SC installation would require about 135 gpm for water injection firing ULSD
under winter conditions, but would require 127 gpm firing natural gas, since most such
installations use water injection for both fuels. Hence, demineralized water does not constitute a
major incremental cost of dual-fuel capability for LMS100 peaking stations.

Mobile Demineralizer Technology

Several companies maintain large fleets of mobile demineralizer trailers which can be
transported to and put in service at a power plant site on an emergency basis or a longer term
scheduled basis. GE maintains a 24/7 logistics center to dispatch trailers to where they are
needed. Customers usually set up a contract that provides pricing and terms for emergency
service.

Each 43-foot trailer contains a string of demineralizer tanks, each with its own specialized anion,
cation, or mixed bed media to achieve the required reduction in dissolved solids. Depending on
the source water quality and final product specifications, a trailer might include a reverse

! Discussions and communications with Mr. Scott Gorry of GE Water & Process Technologies,
July 23, 2014 and July 31, 2014. Websites for suppliers of similar services, such as Evoqua
Water Technologies (Siemens) and PureTec Industrial Water were reviewed, as well.
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osmosis unit as well. Trailers are equipped with propane heating systems to avoid freezing, and
include filter units and standardized connection flanges for inlet and outlet hoses. The trailers
are designed to be hooked up to a 120 volt, 20 amp power supply for lighting and controls.

Throughput rate for a typical application using good quality city water as raw water input is up to
800 gpm per trailer, so one trailer is typically sufficient to supply a 2-unit 7F.05 installation. The
trailer is limited by raw water quality to a cumulative throughput of from 360,000 gallons at 235
ppm total dissolved solids (TDS) to 1,425,000 gallons at 225 ppm TDS. Once the cumulative
throughput has been reached, the demineralizer units must be recharged and the accumulated
solids disposed of. The service provider would set up another trailer and haul the spent trailer to
its regeneration center.

Mobile Demineralizer Cost Structure

Mobile demineralizer service providers typically charge a flat fee per trailer that includes the cost
of recharging and a set number of days of on-site availability. There is a daily demurrage charge
for additional days on-site and a round-trip transportation charge based on the distance from the
provider’s service center to the power plant site. Some generators rely on an inventory of stored
demineralized water to cover one to three days of liquid fuel operation and arrange for
emergency delivery of a trailer as soon as they begin to draw down that inventory. Other
generators may arrange to have a trailer on-site for the entire 3-month winter period. The
optimum supply arrangement would depend on the expected frequency and duration of liquid
fuel operation events, as well as the proximity of service provider regeneration centers.

GE provided some pricing parameters that it claims are typical of providers in a competitive
market. The base charge per trailer was given as $6,000, which includes 10 days “free” of
demurrage charges. After that, demurrage would be $600 per day. Freight was estimated at $55
per mile, charged in each direction with credit for consecutive exchanges.?

Plant-Provided Infrastructure

The generation plant would provide a pad for the trailer with connections from the raw water
supply source and to the demineralized water storage tank. Both raw water and demineralized
water systems would presumably be heat traced as necessary for expected winter design
conditions. Hoses for the trailer connections should also be heat traced where appropriate. GE
Water recommended a demineralized water storage capacity of 1,000,000 gallons, or about 24
hours of full load operating requirements for a 650 MW CC unit. The amount of raw water
storage required would depend on the source of raw water. A dependable full-flow connection to
city water might make raw water storage unnecessary.

Cost Examples

Based on information provided by GE Water, LAl developed a simplified model for estimating
the cost of mobile demineralizer capacity for a 2x1 7FA CC unit and a 2x7FA SC station at a

2 For a full season, the freight charge would be ($55/mile) x (distance in miles) x (No. of trailers
used + 2).
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range of locations. It is assumed that the boiler make-up requirements for the combined cycle
examples are provided with a separate system. The Newburgh, NY location has good quality raw
water at 60 ppm TDS, and it is located 10 miles from a regeneration center. The Cleveland, OH
location has poor quality raw water at 235 ppm TDS, and it is located 55 miles from a
regeneration center. Petersburg, VA, is an intermediate location with moderate quality raw water
(85 ppm TDS) and located about 14.5 miles from a regeneration center. It should be noted that
other service providers would have regeneration centers at different distances from the locations.
The examples developed in Table A40-1 below show a range in average costs from $7.73 per
1,000 gallons to $26.27 per 1,000 gallons.
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Case 1 2 3 4 o) 6
Assumptions:
Plant Type 2X1 7TFACC 2x17FACC 2x17FACC 2x7TFASC  2x7TFASC 2x7FA SC
Nominal Capacity, MW 650 650 650 385 385 385
Demin water use (gpm)
Firing gas 38 38 38 0 0 0
Incremental for injection firing oil 700 700 700 700 700 700
Plant Utilization on ULSD (hrs)
Maximum annual hours on oil 720 720 720 720 720 720
Expgcteq annual hours on oil 240 240 240 120 120 120
(all in winter season)
Max consecutive hours on oil 72 72 72 24 24 24
Site Assumptions:
General location
State NY OH VA NY OH VA
City or County Newburgh Cleveland Petersburg Newburgh ~ Cleveland  Petersburg
Distance from Regeneration Center
(miles estimated by GE Water) 10.0 550 14.5 10.0 550 145
Raw water source City water City water City water City water ~ City water  City water
TDS (ppm) (estimated by GE Water) 60 235 85 60 235 85

A40-1|Page



July 2, 2015

Table A40-1. Mobile Demineralized Water Cases

Case 1 2 3 4 5 6

LAI Calculations:
Cost at projected operating level
Expected seasonal usage for water injection

(gal)
Throughput per trailer, gal

10,080,000 10,080,000 10,080,000 5,040,000 5,040,000 5,040,000

(85,500,000/TDS per GE data) 1,430,000 360,000 1,010,000 1,430,000 360,000 1,010,000
Trailers required per season 7.05 28.00 9.98 3.52 14.00 4.99
Days in winter peak season 121 121 121 121 121 121
Total free days, at 10 per trailer 70 280 100 40 140 50
Demurrage days = greater of O or
(121 -free days ) 51 0 21 81 0 71
Cost components:
Base unit charges at $6,000 $42,300 $168,000 $59,900 $21,100 $84,000 $29,900
Freight charges at $55/mile x Distance x
(No of Trailers + 2) $5,000 $90,800 $9,600 $3,000 $48,400 $5,600
Demurrage at $600 per day $30,600 $0 $12,600 $48,600 $0 $42,600
Total Cost per Winter $77,900 $258,800 $82,100 $72,700 $132,400 $78,100
Effective cost per 1,000 gallons $7.73 $25.67 $8.14 $14.42 $26.27 $15.50
Trailers per day at peak usage 0.70 2.80 1.00 0.70 2.80 1.00
Seasonal stand-by cost (no usage) $73,700 $78,700 $74,200 $73,700 $78,700 $74,200
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Appendix 41
Gas Turbine Performance Parameters

Adl-i|Page



July 2, 2015

The tables which follow show key performance characteristics for the GE 7FA CT ina 2x1 CC
configuration, the GE 7FA CT in SC configuration, the GE LMS100 CT in SC configuration, the
Siemens SGT6-5000F CT in a 2x1 CC configuration, and the Siemens SGT6-5000F in a SC
configuration. Performance data were provided by manufacturer’s representatives, and generally
represent the most current version of the model, which may be slightly different than the
performance data used by the Brattle Group in the 2014 PJM CONE Study or by NERA
Economic Consulting in the 2013 NY1SO Demand Curve Reset Study. In particular, the 7FA

data provided by GE are for the 7F.05 version, while the 2014 PJM CONE Study was based on
the 7F.04 version.
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Table A41-1. General Electric 7FA.05 Combined Cycle
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Manufacturer: General Electric

Model: 7FA .05 Cooling (CC Only): Evaporative Tower
Configuration: 2x1 Combined Cycle Short Name: GE 7FA CC
Conditions ISO Winter Peak Day Summer Peak Day
59 F, 60% RH, Sea Level | 20 F, 50% RH, Sea Level | 90 F, 60% RH, Sea Level
Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD
Combined Cycle Operation
GT NOx Control Type DLN Water Inj'n DLN Water Inj'n DLN Water Inj'n
Post combustion NOx Control SCR SCR SCR SCR SCR SCR
CC Output (MW) 642 652 668 652 620 650
CC Heat Rate (Btu/kWh LHV) 5,880 6,505 5,935 6,515 5,965 6,535
CC Heat Rate (Btu/kWh HHV) 6,514 6,957 6,575 6,968 6,608 6,989
CO. Emissions (Ib/h) 498,945 733,197 524,082 734,254 488,729 733,788
CO- Emissions (Ib/MWh) 778 1,125 785 1,127 789 1,130
NOx Emissions at GT Exhaust (ppmvd) 9 42 9 42 9 42
NOx Emissions at HRSG Stack (ppmvd) 2 6
NOx Emissions at HRSG Stack (Ib/MWh) 0.049 0.162
Water Injection Rate (gal/min) 0 700
Boiler makeup Rate (gal/min) 38 38
AGC Ramp Rate (MW/min) 80 80
Turndown Ratio (Maintaining emissions) 28% 30%
Minimum Fuel Gas Pressure (psig)
Full Load Operation 425 425 375
Maximum Load for Fuel Switching (%) 80%
Time to Complete Switch (Min) 2
Major Maintenance Accrual:
Equivalent natural gas hours 1.0 1.5
Equivalent natural gas starts 1.0 1.5
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Table A41-2. General Electric 7FA.05 Simple Cycle

Manufacturer: General Electric
Model: 7FA .05
Configuration: Simple Cycle

Cooling (CC Only): na
Short Name: GE 7FA SC
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Conditions ISO Winter Peak Day Summer Peak Day
59 F, 60% RH, Sea Level | 20 F, 50% RH, Sea Level | 90 F, 60% RH, Sea Level
Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD
Gas Turbine Operation
NOx Control Type DLN Water Inj'n DLN Water Inj'n DLN Water Inj'n
NOy Control Level at GT Exhaust (ppmvd) 9 42 9 42 9 42
GT Output (MW/GT) 216 222 229 224 207 220
GT Heat Rate (Btu/kWh LHV) 8,745 9,540 8,670 9,450 8,900 9,630
GT Heat Rate (Btu/kwWh HHV) 9,688 10,203 9,605 10,107 9,860 10,299
Water Injection Rate (gal/min) 0 350
CO- Emissions (Ib/h) 249,858 366,123 262,456 366,182 243,656 366,264
COz Emissions (Ib/MWh) 1,157 1,649 1,146 1,635 1,177 1,665
Without SCR
NOyx Emissions at Stack (Ib/MWh) 0.329 1.659
With air dilution SCR
NOx Emissions at Stack (ppmvd) 2 6
NOyx Emissions at Stack (Ib/MWh) 0.073 0.238
AGC Ramp Rate (MW/min) 40 40
Turndown Ratio (Maintaining emissions) 46% 50%
Minimum Fuel Gas Pressure (psig)
Full Load Operation 425 425 375
Maximum Load for Fuel Switching (%) 85%
Time to Complete Switch (Min) 2
Major Maintenance Accrual:
Equivalent natural gas hours 1.0 1.5
Equivalent natural gas starts 1.0 1.5
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Table A41-3. General Electric LMS100 Simple Cycle

Model: LMS100 PA+
Configuration: Simple Cycle

Manufacturer: General Electric

Cooling (CC Only): na
Short Name: LMS100 SC
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Conditions ISO Winter Peak Day Summer Peak Day
59 F, 60% RH, Sea Level | 20 F, 50% RH, Sea Level | 90 F, 60% RH, Sea Level
Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD
Gas Turbine Operation
NOx Control Type Water inj’n ~ Waterinj’n | Waterinj’n Water inj’n | Waterinj’n = Water inj’n
NOy Control Level at GT Exhaust (ppmvd) 25 42 25 42 25 42
GT Output (MW/GT) 112.1 109.2 112.0 111.1 100.6 96.1
GT Heat Rate (Btu/kWh LHV) 7,945 8,067 7,922 8,000 8,169 8,329
GT Heat Rate (Btu/kwWh HHV) 8,802 8,628 8,776 8,556 9,050 8,908
Water Injection Rate (gal/min) 58.2 61.9 63.7 68.3 48.5 52.2
CO- Emissions (Ib/h) 117,809 152,283 117,325 153,777 108,674 138,438
CO. Emissions (Ib/MWh) 1,051 1,395 1,047 1,384 1,080 1,440
Without SCR
NOx Emissions at Stack (Ib/h) 93 152 92 153 85 138
NOyx Emissions at Stack (Ib/MWh) 0.830 1.392 0.821 1.377 0.845 1.435
With air dilution SCR
NOx Emissions at Stack (ppmvd) 2.5 6.0
NOx Emissions at Stack (Ib/MWh) 0.083 0.199
AGC Ramp Rate (MW/min) 60 60
Turndown Ratio (Maintaining emissions) 25% 25%
Minimum Fuel Gas Pressure (psig)
Full Load Operation 910 910 910
Trip Point 250
Maximum Load for Fuel Switching (%) 85%
Time to Complete Switch (Min) 2
Major Maintenance Accrual:
Equivalent natural gas hours 1.0 1.5
Equivalent natural gas starts 1.0 1.5
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Manufacturer: Siemens

Model: SGT6-5000F Cooling (CC Only): Evaporative Tower
Configuration: 2x1 Combined Cycle Short Name: SGT6 CC
Conditions ISO Winter Peak Day Summer Peak Day
59 F, 60% RH, Sea Level | 20 F, 50% RH, Sea Level | 90 F, 60% RH, Sea Level
Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD
Combined Cycle Operation
GT NOx Control Type DLN Water Inj'n DLN Water Inj'n DLN Water Inj'n
Post combustion NOx Control SCR SCR SCR SCR SCR SCR
CC Output (MW) 688.5 659.7 678.4 653.2 661.6 608.4
CC Heat Rate (Btu/kWh LHV) 5,894 6,431 5,946 6,370 5,909 6,437
CC Heat Rate (Btu/kWh HHV) 6,530 6,878 6,587 6,813 6,546 6,885
NOx Emissions at GT Exhaust (ppmvd) 9 42 9 42 9 42
NOx Emissions at HRSG Stack (ppmvd) 2 6
NOx Emissions at HRSG Stack (Ib/MWh) 0.049 0.162
Water Injection Rate (gal/min) 0 252 0 188 0 276
Boiler makeup Rate (gal/min)
AGC Ramp Rate (MW/min) 27 27
Turndown Ratio (Maintaining emissions) 30% 30%
Minimum Fuel Gas Pressure (psig)
Full Load Operation 525 525 <525
Maximum Load for Fuel Switching (%) 90%
Time to Complete Switch (Min) 10
Major Maintenance Accrual:
Equivalent natural gas hours 1.0 1.5
Equivalent natural gas starts 1.0 1.5
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Table A41-5. Siemens SGT6 Simple Cycle

Manufacturer: Siemens

Model: SGT6-5000F
Configuration: Simple Cycle

Cooling (CC Only): na
Short Name: SGT6 SC
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Conditions ISO Winter Peak Day Summer Peak Day
59 F, 60% RH, Sea Level | 20 F, 50% RH, Sea Level | 90 F, 60% RH, Sea Level
Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD
Gas Turbine Operation
NOx Control Type DLN Water Inj'n DLN Water Inj'n DLN Water Inj'n
NOy Control Level at GT Exhaust (ppmvd) 9 42 9 42 9 42
GT Output (MW/GT) 231.6 226.8 231.6 231.1 217.0 205.3
GT Heat Rate (Btu/kWh LHV) 8,844 9,233 8,819 9,017 9,124 9,557
GT Heat Rate (Btu/kwWh HHV) 9,798 9,875 9,770 9,644 10,108 10,221
Water Injection Rate (gal/min) 0 124 0 94 0 138
Without SCR
NOyx Emissions at Stack (Ib/MWh) 0.319 1.659
With air dilution SCR
NOx Emissions at Stack (ppmvd) 2 6
NOyx Emissions at Stack (Ib/MWh) 0.073 0.238
AGC Ramp Rate (MW/min) 13 13
Turndown Ratio (Maintaining emissions) 30% 30%
Minimum Fuel Gas Pressure (psig)
Full Load Operation 525 525 <525
Maximum Load for Fuel Switching (%) 90%
Time to Complete Switch (Min) 10
Major Maintenance Accrual:
Equivalent natural gas hours 1.0 1.5
Equivalent natural gas starts 1.0 1.5
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Appendix 42
Determination of Liquid Fuel Inventory Levels
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General

In LAT’s view there is no “right” amount of backup fuel inventory or storage tank capacity for a
dual-fuel capable power plant. Optimizing tank size and fuel inventory requires multi-faceted
mathematical analysis of PPA specific reliability goals, weather conditions, plant-specific criteria
and transportation replenishment logistics that are beyond the overall scope of the Target 4
research goals and objectives. LAI formulated the tank “bogie” for distillate liquid fuel, usually
ULSD, which would be utilized by combustion turbines in SC or CC applications as an alternate
or back-up fuel.! In developing the “bogie” for constrained locations for PPA review, LAI has
relied on the results of the Target 2 analysis, but then considered other factors affecting the
PPAs’ability to realize the benefits of fuel assurance through dual-fuel capability in lieu of
incremental firm transportation. Decisions regarding tank capacity and inventory management
are influenced by a wide range of factors, including grid reliability. Reliability is the principal
driver for traditional regulated cost-of-service utilities such as TVA and IESO, and for
competitive markets developing market rules and penalties to promote generator availability
when called on by PPAs in the day-ahead or real-time energy market. Owners’ decisions are
also driven by expected return on investment, tempered by the impacts of low-probability, high-
impact events. In performing this analysis, LAI did not address specific financial risk factors
attributable to PJM’s Capacity Performance proposal or ISO-NE’s two-part settlement
mechanism designed to induce generator performance.

For the purposes of this analysis, LAI set a tank capacity/target inventory level for each power
plant location selected by the PPAs based on a consideration of the pipeline constraint
frequency-duration characteristics defined in Target 2 applicable to the location, along with an
assumed winter peak period operation profile (5 days/week x 16 hours/day for CC, 5x8 for SC)
and identifiable characteristics of the local ULSD delivery infrastructure.?

Plant Owner Considerations

The objective of a plant owner is to optimize cash flows consistent with system reliability and
fuel assurance goals. In establishing tank size and/or target inventory level for backup fuel,
owners are likely to consider the following list of factors:

1 An alternative fuel assurance strategy for generators in NEMA / Boston and SEMA would be a
seasonal peak arrangement for the purchase and storage of one or more cargoes of LNG at the
Suez Distrigas terminal in Everett. This strategy would surely necessitate the participation of
multiple generators to overcome diseconomy of scale problems. This analysis is limited to
ULSD as a back-up fuel for new SC or CC generators, and does not include LNG alternatives.
Logistics for existing dual-fuel capable plants, including steam plants using residual oil as
backup/alternative fuel, are addressed in Section 2 of the report.

2 The operation profile of the CC is based on the typical dispatch regime of a new CC observed
in AURORAXxmp, as well as a simplifying assumption for the SC. The 5 x 8 operation profile of
the SC accounts for the real option value of an efficient, quick-start SC in the DA and RT
markets. The profile determines the potential daily ULSD consumption during severe winter
conditions, relative to the maximum daily quantity. That these profiles match the profiles used
to quantify annual average natural gas consumption to calculate a credit for avoided IT service is
purely coincidental.
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1. Frequency and duration of pipeline limitations on the scheduling of natural gas during the
peak heating season, January, February and December. To the extent non-firm shippers
are exposed to curtailments or interruptions, nominations in accord with the existing or
anticipated changes to NAESB scheduling protocols may still limit a generator’s ability
to obtain all or a portion of the daily fuel requirements to meet the expected dispatch
regime in the day-ahead or real-time market. Curtailment can be characterized by both
frequency and duration of curtailment events. Even without actual curtailment, pipeline
constraints can make it difficult to schedule gas delivery to match ISO/RTO required
dispatch profiles. Under usual wintertime operating conditions, there are no restrictions
on the scheduling of natural gas if the generator holds a firm entitlement equal to or
approximately equal to the MDQ. However, to the extent the pipeline posts an
Operational Flow Order during a critical event, the generator’s ability to schedule natural
gas during such an event may be limited due to enforcement of the ratable take tariff
provisions.

2. Economics of operation on back-up fuel. Owners would consider what fraction of the
winter days is operation on backup fuel likely to be “in-the-money” relative to prevailing
market energy prices? To what extent are such days likely to be consecutive? How
many hours of equivalent full load operation per day can be expected when dispatched on
backup fuel?

3. Delivery lag time for backup fuel delivery. How many hours are likely to pass between
ordering replenishment service from a supplier and the arrival of first deliveries?
Depending on the location and size of available transportation fleets (truck or barge), this
lag could vary between one day or less and several days or more. Under normal road
conditions, the lag time for initiation of delivery by truck is typically about one day.
Barge deliveries typically have longer lead times but are aided somewhat by the much
larger volume of deliveries (600,000 to 1 million gallons) as compared with truck
(typically around 10,000 gallons).

4. Impact of severe weather events on backup fuel delivery capacity. To what extent can
severe winter weather events, particularly snow (for truck delivery) or severe cold (for
barge delivery) slow down or stop a contracted delivery stream to the plant? During and
in the aftermath of a severe storm, truck drivers may not be able to reach oil terminals
due to lags in plowing and sanding secondary and tertiary roads for 3 or more
consecutive days. Barge deliveries may be faced with limitations on movements due to
marine waterway icing.

5. Impact of failure to deliver dispatched energy or to offer into market due to unavailability
of fuel on plant net revenues. In particular, does failure to generate during a fuel
constraint event result in a significant loss of capacity revenue or a penalty with similar
effect?

Existing dual-fuel capable plants have distillate fuel tank capacities that can range depending on

location and specific plant conditions from one day of full-load operation to five days or more, as
shown in Section 2 of the report.
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Procedure for Determining Tank Capacity/Target Inventory Levels

Based on a goal of fuel assurance roughly equivalent to firm transportation for natural gas, LAI
utilized the following approach for each of the identified locations to set an inventory level,
measured in days of equivalent full load fuel burn.

1. Identification of the Relevant Constraint — The appropriate constrained pipeline segment
for the location was selected from among those described in Sections 6 and 8 of the
Target 2 report for RGDS S0, Winter 2018. This identification provides the fraction of
days in the season in which some level of affected generation is likely to occur, along
with the extent to which such days are clustered over consecutive day events. Inspection
of the Frequency-Duration (F-D) results by pipeline in the recommended constrained
region results in a characterization of frequency duration as “high,” “moderate,” or
“low.”

2. Identification of the Relevant ULSD Supplier — The closest substantial distillate fuel
terminal was identified for each location. The time lag to initiate deliveries upon
notification, normal round trip times for trucks, etc., was defined as was a maximum
daily delivery rate, based on the normal daily fuel burn.

3. ldentification of ULSD Delivery Constraint Events — The likelihood and extent of events
which could slow down or stop deliveries for more than a 24 hour period was evaluated,
based on the locations of the depot, the plant location, and the intervening route. This
constraint was defined as the time that would be required to clear roads from a severe
snow fall. Given the development of the transportation market for ULSD, which has
resulted in large refinery runs and widespread storage and distribution facilities, there
should be fewer winter availability and transportation constraints for ULSD going
forward as compared with traditional No. 2 fuel oil supplies observed in the past.

4. Set the tank capacity/target inventory level per the following equation:

TIL =(DPC + DLC + DCC) * EDF
where TIL = Target Inventory Level, days of Full Load Equivalent (FLE) Fuel Burn
DPC = Demand Persistence Component, days
= 0 days for no identified constraint
=1 day for “Low” F-D of applicable constraint
= 2 days for “Moderate” F-D
= 3 days for “High” F-D
DLC = Delivery Lag Component, days
DCC = Delivery Constraint Component, days
= Estimated max consecutive days of ULSD delivery constraint
EDF = Equivalent Dispatch Factor
= (5x16) /(7 x 24) =0.476 for CC plants
=(5x8)/(7x24)=0.238 for SC plants
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Example 1 (Truck Delivery):

For a location linked to a pipeline segment with a “moderate” constraint F-D pattern, a ULSD
delivery lag of 24 hours, and a ULSD delivery constraint of 2 days to clear roads after a major
snowstorm, the target inventory levels for CC and SC applications would be as follows:

TILforCC=(2+24/24+2)*0.476 = 2.38 days FLE
TILforSC=(2+24/24+2)*0.238 =1.19 days FLE
Example 2 (Barge Delivery):

For a location with barge delivery facilities linked to a pipeline segment with a “high” constraint
frequency-duration pattern, a ULSD delivery lag of 7 days, and a ULSD delivery constraint of 10
days to clear ice in a major cold spell, the target inventory levels for CC and SC applications
would be as follows:

TIL for CC = (3 +7+10) * 0.476 = 9.52 days FLE
TIL for SC= (3 +7+10) * 0.238 = 4.76 days FLE

Note that, in the case of barge delivery, the tank capacity would be increased by the volume of
one bargeload to facilitate unloading and to avoid demurrage charges.
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