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NEPOOL Summary of OFSA Addendul
Stakeholder Requested Analyses

i NEPOOL

A In January 2018, the ISO issued the OperationalSeelrity
Analysis (OFSA) to improve ISO and stakeholder
understanding of winter operational risks related to fuel

availability

A Subsequently, NEPOOL Participants and other stakeholders
requested that the 1ISO analyze additional scenarios to provids
a more complete picture of that risk

A The results of the stakeholder requests are presented in this
addendum



NEPOOL Summary of OFSA Addendul
Stakeholder Requestednalyses

i NEPOOL

A Dueto the volume of requests, and model limitations, the ISO
was not able to rurevery scenariosequestedby stakeholders

A The addendum presents the results of over 100 specific
scenarios

A Graphs were also developed showing the effect on-fuel
security risk of changing a single variable that reflects
additional stakeholder requests

A The results broaden the range of fuel security risk from what
was presented by the ISO



Addendum Outline

A Section 1: General Comments and Clarifications
I Addresses requests for general explanations or clarifications ef ISO
created Scenarios

A Section 2: Graphic Depictions of Changes to Inputs
I Addresses reqguests for changes to various input assumptions by
grouping similar requests and showing directional trends

A Section 3: Specific Scenario Results
I Reports results of stakeholdeequested model runs that ISO was able
to conduct
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SECTION 1:
GENERAL COMMENTS & CLARIFICATIONS




Caveats for the Operational Fu&lecurity Analysis

A The Operational Fu&ecurity Analysis isdeterministic
analysis that providedirectional guidance; it is not a
forecast or prediction of actual future events

A The Operational Fu&ecurity Analysidoes not reflect the

potential for market responséo pricing or other incentives

I While the study did not explicitly consider specific market responses,
the ISO assumed that prices in each scenario would sustain the inputs
to that scenario

A The Operational Fuel Analysis does not evaluate impacts of
the sudden drawdown of oil orLNG
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CertainLimitations or Constraintsot
Addressed by thévlodel

L{hQ&a Y2RSt A& y2i OIFLIo6tS 2-
A State emissions limitations or goals

A Local constraints on the electric transmission or gas
transportation systems

A Market response to pricing or stateandated purchases

Note: Ifa stakeholder requestrovided a proxy for such
a0SYI NA2a&a dzaAaAy3a GKS Y2RSt Qa )
throughthe model
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Requested Clarification on Modeling of Mystic
and Distrigas

A The model assumeBistrigascan support a LNG vaporization
rate capable of providinthe full output needed for Mystic 8
and 9andsimultaneoushallow pipeline injections

I Enough fuel for Mystic 8 and 9 at full output

I Plus 0.438cfd injections
A 0.3Bcfd into Algonquin and Tennessee
A 0.135Bcfd into the local gas utility distribution system

A LNG vaporized to provide fuel for Mystic 8 anid #h addition
to the LNG injection caps used in any of the 23 scenarios in tr

Analysis
I LNG injection caps apply only to sources injecting into the interstate

pipelinesand do not consider locational factors
I WhenDistrigags out of service, the Mystic units are also out of service
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Requests for Clarification on Inclusion/Exclusion of
Specific Pipeline Expansion Projects

A The only pipeline expansion projects included in the

assessment were based on the ICF International analysis
I Specifically those that were to be completed in the study horeamth
that would add incremental pipeline capacity to the existing

Infrastructure
A Ex: Portland Natural Gas Transmission System expansidBcfol3

Continent to Coast (0.28cfd), and Portland Express ((B&fd)

A Excludeshose that do not add capabilitfirectlyinto New
England such as the New Market Projédtjennium Eastern

System Upgrade, and Northeast Supply Enhancement, which

are New York pipelinexpansions
I Note: If stakeholders provided a proxy for such scenarios using the
Y2RSt Qa Ay Llzia 2N g NAmadéelSasz GK



Requested Clarifications on LIémand and Gas Availability

A ICF developed a winter day gas demand vs. daily HeagggeeDay (HDD) curve that was then
scaled up to the total New Englagdsdemandforecast forWinter 2025

A As the chart showdaily Available Gagas shaped toeflect hourly gas usage. Gas availability
profile was shiftedrom off-peak hours to orpeak hours to follow thdourly electricdemand
curve

I (TotalDally Availabl&as)= (DailyPipeline Availabl&ask (DailyLNG Injectionévailable)+ (DailySatellite Gasnjections)
I (TotalDaily Available Gas f@eneration= (TotalDaily Availablé&as)c (NewENgland Daily LO@emand); (NewBrunswick
Daily LD@®emand)

T (HourlyGas Available fdBeneration)= (TotalDaily Available Gas for Generatijpr24 * (Ratioof Hourly Electric Demand to
Peak Demand for thBay)
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Requested Clarifications on LIEémand and
Gas Avallability, cont

A LDC gas demand is highly
correlated to the heating needs of a
particular day and the heating ;
needs over the entire winter. Low // A
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average daily temperatures, which
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England LDC gas demand as a
function of temperature for 2015,
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Requested Clarifications obDGGas Profiles
and Assumptions Underlying LI&mand

A The analysis assumed depletiofithe Sable Island and Deep Panuke
gasfields

A Therefore, the ICF analysis indicated that by 2024/2025, the
al NAGAYSaQ [ 5/ wo2dzt R f )\“[SCEamapo@S
or deliveries of pipeline gas imported from New York or Quebec via
the M&N pipeline

A Because pipeline gas is typically less expensive than LNG, it was
assumed that pipeline gas would beed before vaporization of LNG
at CanaportDistrigas or the buoy

A If Maritimes demand is served by pipeline gas from the west, less
natural gas would be available for New England

A Even if the Maritimes LDC gas demand is overstated, the combinec
gas consumption of the Maritimes (LDC plus power sector) seems:
match observations and will, consequently, affect inventory draw
down

|||||||||||
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Requested Clarifications onDGGas Profiles and
Assumptions Underlying LDQemand, cont

A Thechart shows the gas demand of the LDCs (including commercial and

iIndustrial loads) in both New England and taritimes, and total supply
I The total supply is based on the 3.860 Bcf/d of gas from pipelines from New York and
Québecplus an assumed cap on the amount of LNG vaporization set at 1.0 Bcf/d in the
reference case, for a total of 4.860 Bcf/d available from pipelines and LNG ifapiities
I On cold days, local satellite LNG facilities are called into service to support the gas

distribution system so that the total supply exceeds the pipeline gas plus the assumed L
cap of 4.86(Bcfd
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Requested Clarifications oGompressoiOutage
Scenario

A¢cKS OlasS froStSR |a &/ 2YLINL
would have the effect of completely eliminating throughput at
a single point on the pipeline

A The scenario represents several possible outages throughout
the region and is not specific to any single point on any
specificpipeline

I Several gas companies noted tapipeline outage would reflect the
magnitude represented in the model, but may not last all winter, while
a compressor outage may last all winter but not of the magnitude in
the model

i ¢CKS &/ 2YLINB&az2NJ hdzi| 3 Shke gengfal hiekidS
of theseoutcomes
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Requested Clarificationsen HourlyLoads
Underlyingthe 90-Day Winter Load Scenario

A Although the entire winter of 2014/2015 was one of the coldest based
on cumulative HDDs, the peak load day was much warmer than a

GY2NXNIfé G6AYUSNI LISF] f2FR RI

I The actual temperature was I® compared with the °F temperatureassumed
for the 50/50 peak loads and the Eetemperatureassumedor a 90/10 winter
peak load

A The 2014/2015 load shape was adjusted to the forecasted conditions

the 2024/202%imeframe

I Inthis future period, the New England system was modeled amtincrease in
winter gross loads countered by more energy efficiency that will result in a
generally lower netoad

A The 2014/2015 actual gross peaks are comparable in magnitude to th
forecast 2024/2025 peaks. Additionally, the actual peak load in
2014/2015 was approximately equal to the 90/10 winter peak for the

studyyear
I Therefore to model the 2024/2025 winter loads to reflect the 2014/2015
weather, the hourly profile was scaleg slightlyby 0.8%

ISGNE PUBLIC
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Requested Updates for PV and Onshore Wind

Profiles

A The use of the higheXational Renewable Energy Laboratory
(NRELPVoutput in the Operational Fuebecurity analysis
would have tended to decrease tli@P4/OP Mmetrics slightly
compared to the New England estimates ofdeNput

Comparison of PV Output Profiles
ISONE 2014/15 vs. NREL 2006/07
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== |SONE 2014/15 ——NREL 2006/07
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Requested Updates for PV and Onshore Wind
Profiles, cont.

A The use of the highedREL onshoreind output in the
Operational FueSecurity analysiould have tended to
decrease theéOP4/OP fetrics slightly compared tthe actual
NewEngland onshoravind output

Comparison of Wind Output Profiles
ISO-NE 2014/15 vs. NREL 2005/06
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SECTION 2:
GRAPHIC DEPICTIONS OF CHANGES TO INPUT.




Sensitivity Charts

A Thesensitivity charts below summaritiee results ofmany
requests for changes to input assumptions used in the
Analysis

A Using the ISO Reference Case as a zero pointhtémsshow
the expected energy shortfall impacts of increasing or
decreasing a singular input value such as Gas Only Units,
Imports, Peak Load Forecast, .etc

A All sensitivities in the following cases are subject to the
caveats and constraints noted in slides 6 & 7 of this
presentation(i.e., if certain resources are added, other
resources may retire and thus the sensitivities are linked Iin
ways the model does not specifically reflect)

IIIIIIIIIII
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GRAPHIC DEPICTIONS OF CHANGES TO INPUTS
Effect on Energy Shortages (OP7)




Effect on Energy Shortages (OP7) due to Changes in Resc
Capacity

A In general, several variables showed minimal effect on the expesiedyy
shortages (OP#yhenadjusted, while others were more sensitive to shifts in
resource capacity in the model

Effect on Energy Shortages due to
Change in Resource Capacity
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the motttispeesfically reflect)
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Effect on Energy Shortages (OP7) due to Changes in Resc
Capacity: Ga®nly

A Asthega yf & dzy A (U a&ljusied indthéhadeél &t shibled no impact on
the expectedenergyshortages (OP7) in the Operational F8elcurity Analysis

Effect on Energy Shortages due to
Change in Resource Capacity:
Gas only

200

180 Change i Gas only
— Capacity|
'Eﬂ 160 (MW) (GWhOf OP7
=] -2,000 11
E 140 -1,500 1
Y 120 -1,000 10
- -500 10
3 100 500 10
: 1,000 10
% 80 == Gasonly 1,500 10
uw 2,000 10
0 &0
=
G %

20

+
0 . : : : : : .
(2,000) {1,500) {1,000) (500) 500 1,000 1,500 2,000
<=Decrease Change in Single Variable MW of Capacity Increase==>

All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the motttispeesfically reflect)
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Effect on Energy Shortages (OP7) due to Changes in Resc
Capacity: PV

A As the PV units capacity wadjusted in themodel, it showed minimal impact on
the expectedenergyshortages (OP7) in the Operational F8elcurity Analysis

Effect on Energy Shortages due to
Change in Resource Capacity:
PV
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the motttispeesfically reflect)
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Effect on Energy Shortages (OP7) due to Changes in Resc
Capacity: Offshore Wind

A As offshore wind waadjusted in themodel, it showed decreases in the expected
energyshortages (OP7) if the offshowend was increased

Effect on Energy Shortages due to
Change in Resource Capacity:
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the motttispeesfically reflect)
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Effect on Energy Shortages (OP7) due to Changes in Resc
Capacity: Onshore Wind

A As onshoravind wasadjusted in themodel, it showed increases in the expected

energyshortages (OP7) if the onshonend was decreased and it showed decreases

in the expected energy shortages (OP7) if the onshore wind was increased
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the moutIspeesically reflect)
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Effect on Energy Shortages (OP7) due to Changes in Resc
Capacity: Imports
A As imports wereadjusted in themodel, it showed significant increases in the

expectedenergyshortages (OP7) if the imports welecreased and it showed
decreasesn the expected energy shortages (OPThé& imports wereincreased

Effect on Energy Shortages due to
Change in Resource Capacity:

Imports
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the motttispeesfically reflect)

ISGNE PUBLIC

26



Effect on Energy Shortages (OP7) due to Changes In
Peak Load Forecast

A As the Peak Load Forecast veausted in themodel, it showed significant
increases in the expectaehergyshortages (OP7) if the forecantreased and it
showed decreases in the expected energy shortages (OP7)fdrdaast

Effect on Energy Shortages due to

Change in Peak Load Forecast
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the moutIspeesically reflect)
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Effect on Energy Shortages (OP7) due to Changes In
LNG Injection

A As the LNG injection wasljusted in themodel, it showed significant increase:s
In the expected energy shortages (OP7) if the LNG injectiomnle@sased and
It showed decreases in the expected energy shortages (OP7)LNGe
Injection increased

Effect on Energy Shortages due to
Change in LNG Injection
A Y
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(Beh
=° -0.75 463
5 \ 0.50 228
E 5 -0.25 69
= \ 0.25 0
S 0.50 0
Py ——NG 0.75 0
(o] 1.00 0
‘-‘6 2
E
\\
0.
< = Decrease Bcf vs Reference Case Increase = >

All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the mouglspeesically reflect)
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Effect on Energy Shortages (OP7) due to Changes In

LDC Demand

A As the LDC Demand wadjusted in themodel, it showed significant
Increases in the expected energy shortages (OP7) if the LDC Demand wa
Increased and it showed decreases in the expected energy shortages (OF
the LDC Demand decreased

Effect on Energy Shortages due to
Change in LDC Demand
500
) 4
/ Change in

400 LDC GWh
= Demand of OP7
£ 350 (Beh
) / -1.00 0
2 -0.75 0
2 .
g 300 -0.50 0
] -0.25 0
= 50 0.25 69
E / —4—LDC 0.50 228
0O 2 0.75 463
B
=
g 150
(G}

100 //

//
o v b v v
-1 -0.75 -0.5 -0.25 0.25 05 0.75
< = Decrease Bcf vs Reference Case Increase = >

All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the moutIspeesically reflect)
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Effect on Energy Shortages (OP7) due to Changes In
Retirements

A As the retirements weradjusted in themodel, it showed significant
Increases in the expected energy shortages (OP7) as the retirements incr

Effect on Energy Shortages due to
Change in Retirements
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the moutIspeesically reflect)
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GRAPHIC DEPICTIONS OF CHANGES TO INPUTS
Effect on Energy Shortages (OP4)




Effect on Energy Shortages (OP4) due to Changes in Resc
Capacity

A In general, one variable showed minimal effect on the expeetegtgyshortages

(OP4)whenadjusted, while others were more sensitive to shifts in resowaggacity
in the model

Effect on Energy Shortages due to
Change in Resource Capacity
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this presentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the modispeesfically reflect)
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Effect on Energy Shortages (OP4) due to Changes in Resc
Capacity: Ga®nly

A Asthega yf & dzy A ( & &ljusied indthéhadél gt shiplved minimal
Impact on the expectednergyshortages (OP4) in the Operational F8elcurity

Analysis
Effect on Energy Shortages due to
Change in Resource Capacity:
Gas only
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the mouglspeesically reflect)
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Effect on Energy Shortages (OP4) due to Changes in Resc
Capacity: PV

A As the PV units capacity wadjusted in themodel,it showedincreasesn the
expected energy shortage®P4)if the PVwas decreased and it showed decreases
in the expected energy shortageQR4)if the PV wasncreased

Effect on Energy Shortages due to
Changes in Resource Capacity:
PV
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this pnesentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the moutIspeesically reflect)
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Effect on Energy Shortages (OP4) due to Changes in Resc
Capacity: Offshore Wind

A As offshorewind wasadjusted in themodel, it showed decreases in the expected
energyshortages (OP4) if the offshowend was increased

Effect on Energy Shortages due to
Change in Resource Capacity:
Offshore Wind
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this presentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the mauitispeesfically reflect)
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Effect on Energy Shortages (OP4) due to Changes in Resc
Capacity: Onshore Wind

A As onshorevind wasadjusted in themodel, it showed increases in the expected
energyshortages (OP4) if the onshonend wasdecreased it showedecreasesn
the expected energy shortages (OP4) if the onshore windingasased

Effect on Energy Shortages due to
Change in Resource Capacity:
Onshore Wind
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this presentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the mauitispeesfically reflect)
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Effect on Energy Shortages (OP4) due to Changes in Resc
Capacity: Imports
A As imports wereadjusted in themodel, it showed significant increases in the

expectedenergyshortages (OP4) if the imports were decreased iaistiowed

significant decreasas the expected energy shortagesR4)if the imports were
increased

Effect on Energy Shortages due to
Changes in Resource Capacity:

Imports
1200
1000 5
Change i
Capacity IS
Mw) (GWhof OP4)
-2,000 1,072
800 -1,500 787
-1,000 567
Pl -500 387
% 500 500 140
= 1,000 70
% == |mports 1,500 30
2,000 11

(2,000) (1,500) (1,000) (500) 500 1,000 1,500 2,000

< = Decrease Change in Single Variable MW of Capacity Increase = >

All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this presentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the mauitispeesfically reflect)
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Effect on Energy Shortages (OP4) due to Changes In

Peak Load Forecast

A As the Peak Load Forecast veausted in themodel, it showed significant increases
In the expectedenergyshortages (OP4) if the forecastreased and it showed
decreases in the expected energy shortageB4)if the forecast decreased

Effect on Energy Shortages due to
Change in Peak Load Forecast

900

800 /
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/ Change in|
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200 /
100 //
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All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this presentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the mouitispeesfically reflect)
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Effect on Energy Shortages (OP4) due to Changes In
LNG Injection

A As the LNG injection was adjusted in thedel,it showed significant

Increases in the expected energy shortageP4)if the LNG injection was
decreased and it showed decreases Iin the expected energy shoragdaf(

the LNG injection increased

Effect on Energy Shortages due to
Change in LNG Injection

Change in|

LNG GWh
Injection of OP4
(Beh
-0.75 1,495
1000 -0.50 1,180
g -0.25 651
o 0.25 38
™ 0.50 1
3 0.75 0
- 1.00 0

- a4
-75 -50 -25 +.25 +.50 +75 +1.0

<= Decrease Bcfvs Reference Case Increase =>

All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this presentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the mauitispeesfically reflect)
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Effect on Energy Shortages (OP4) due to Changes In
LDC Demand

A As the LDC Demand was adjusted inrtiael,it showed significant

Increases in the expected energy shortageP4)if the LDC Demand was
Increased and it showed decreases in the expected energy shor@gesif

the LDC Demandecreased

Change in|
LDC GWh
Demand of OP4

(Beh

-1.00 0
-0.75 0
-0.50 1
-0.25 38
0.25 651
0.50 1,180
0.75 1,495

<= Decrease Bcfvs Reference Case Increase =>

All sensitivities in the following cases are subject to the caveats and constraints noted in slides 6 & 7 of this presentatio
(i.e., if certain resources are added, other resources may retire and thus the sensitivities are linked in ways the mauitispeesfically reflect)
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