
From: Dale Osborn [mailto: DOsborn~misoenergv.orq]
Sent: Monday, April 27, 2015 1:39 PM
To: PUG - Executive.Director; Speidel, Alexander; Shulock, David; epler@unitil.com; McCluskey, George;
Bailey, Kate; Stachow, Leszek; matthew.fossum~eversource.com; mdean~mdeanlaw.net; PUG - OCA
Litigation; robert.bersak~nu.com; sarah .knowlton~libertvutilities.com; steven.camerino~mclane.com
Cc: Kurt W. Bilas; rsedano@raponline.org; Tom Levy; John Lawhorn
Subject: Larger market access-lower energy prices for New Hampshire

I saw that there is an order to investigate energy pricing in New Hampshire. The discussion below
presents an option for capacity diversity exchange, that may be a future cooperative solution.

There is a potential value of load diversity exchange in the U.S. of about $50B. Capturing the diversity
with a HVDC transmission overlay and exchanging your diversity with someone who would obtain a
value from it may more than pay for the transmission costs. Your area may be able to obtain peaking
power for a lower cost than building combustion turbines with the exchange without building gas
pipelines. The concept for an HVDC overlay for New England and a market of markets depends heavily
on Hydro Quebec participation.

The high price of transmission estimates in PJM, NYISO and ISONE and the low potential exchange, did
not produce an HVDC transmission solution for PJM, NYISO and ISONE to add to the HVDC Network. The
benefit/cost ratios were less than 1:1. However, using Canadian price estimates for transmission, the
HQ exchange potential and possibly the more efficient use of combined HVDC projects in the NYISO and
ISONE regions may produce a conceptual HVDC overlay that may prove to have a sufficient benefit/cost
ratio( 1.25:1) to justify building transmission. The carbon production of the U.S.-Canadian footprint
may also be lowered.

The exchange of capacity is a new concept for many. When MISO combined 26 Balancing Areas into a
single market with primarily two time zones, the coincident load of the MISO Market single Balancing
Area was reduced by 6% or 6,000 MW on a then 100,000 MW system. Time zone diversity was the
primary driver. When the U.S. and Canada were analyzed to see what the ultimate effect that FERC
Order 1000 may have on the Eastern Interconnect and future transmission, potential diversity partner
pairings were driven by an east-west time zone diversity and a north-south load pattern diversity. The
maximum exchange partners are located at a diagonal on the U.S.-Canadian footprint. If Mexico were
added to the HVDC Network, Mexico would probably add enough diversity to include most of the
Northeast El into exchanges. There is little capacity diversity exchange potential with neighboring
entities.

New Hampshire would have a potential share of the potential savings. Studies in other areas show that
benefits and costs are approximately proportional to a load ratio share of the total load in the exchange
footprint. The displaced peaking capacity of the HVDC Network currently is 30,000 MW for a 315,000
footprint. Using a 10% estimate for the displaced capacity, New Hampshire may be able to expect
about a 220 MW share an HVDC Network including the Northeast El. Using the HVDC Network
economics, a simple cost savings calculation would lower the capacity price of 220 MW by 20%, for a
present value cost saving estimate of $123M for the capacity only. A modest energy price savings may
also be in addition to the $123M in capacity savings.
Assumptions:
$700,000/MW value of construction for a combustion turbine
1.25:1 Benefit/cost ratio of the H\JDC Network - 80% of the alternate cost



220 MW displaced peaking generation in New Hampshire estimated on a 2,200 MW load

One business concept for the HVDC Network is that all participants would have the same cost. Benefits
may vary by geographical areas due to cost of construction and financing option. The construction cost
of the HVDC Network plus the Transmission Service cost for point to point transmission service to the
nearest HVDC Network terminal would be the total cost of the HVDC Network. Each participant would
have a share of the cost roughly proportional to the load ratio share of the total load in the HVDC
Network footprint. New Hampshire’s estimated cost would be the load in New Hampshire over the total
HVDC Network load. Each state would not require an HVDC terminal to obtain proportional
benefits. The lowest rating of HVDC terminals for the HVDC Network is 2200 MW, which is ten times the
requirements for New Hampshire. Sharing terminals is economically necessary.

A second business concept is associated with the MISO External Asynchronous Resource tariff (EAR) that
is FERCC approved and being used by Manitoba Hydro. The EAR allows the purchase or sale of any MISO
market product, including Ancillary Services similar to a market participant, but not participate in the
MISO dispatch or cost allocation of the transmission expansion. The EAR participant is independent of
MISO except for the obligations of buying or selling MISO market products.
The HVDC Network may operate under an EAR concept. An HVDC Network Board of Directors elected
by participants and the HVDC Network staff may be the governance foundation to determine the
operation of the HVDC Network.

While the justification of the HVDC Network transmission is based on the exchange of peak capacity
over a few hours of the year. The energy price of the peaking capacity delivery to the NEISO for New
Hampshire, would be based on an off peak supply price and the NEISO price-supply curve on peak. The
settled price may be estimated by reducing the ISONE price by 10% MW on the NEISO Price-supply
curve. The sharp peak characteristic would be truncated by moving the price down the Price-Supply
curve to a new load point of 90% of peak. Needle peak prices at other times would also see a price
reduction with 10% of the supply coming from a lower priced region.

The transmission capacity of the participating share for the other 8700 hours of the year could be used
for energy arbitrage or the delivery of renewable energy to the HVDC Network market footprint. Gas
will be on the margin and setting prices for most regions off peak. Little price difference would be
expected for gas-gas generation exchanges. The HVDC Network would also supply another path to
purchasing hydro energy or wind energy from Hydro Quebec. The HVDC Network may also provide a
third competitive price to establish energy price levels( NEISO, Hydro Quebec, HVDC Network)
depending the on location of a HVDC terminal in ISONE. The use of the 220 MV~J of HVDC Network
transmission capacity from the HVDC Network may be better used for selling or buying renewable
energy.

For renewable generation in New Hampshire, the renewable generator would have a footprint price to
work with. If the price is higher than the ISONE price, sales would take place. The additional revenue
allocation to the New Hampshire renewable generators or customers is depending upon the state
regulators.

Purchasing renewable energy from geographically diverse generation has been shown to increase the
capacity credit for renewable generation( reduce the need for fossil fuel generation) and reduce the net
variability of the aggregated renewable generation mix.



Some of the 220 MW might be used by the ISONE to reduce the Area Control Error which includes
renewable variability by buying and selling ACE over the HVDC lines. The net result is a lower price to
the customers.
MISC developed a conceptual design for an HVDC Network to capture potential capacity and energy
diversity for WECC, ERCOT and the Partial East( Eastern Interconnection minus PJM, Ontario, Hydro
Quebec, NYISO, ISONE, and the Maritimes)
The supply of capacity diversity is limited by the smallest diversity polarity. WECC’s diversity supply
limits the footprint of the Partial Eastern Interconnection. All of the WECC diversity is consumed within
MISC and SERC.

The Eastern Interconnection minus PJM, Ontario, Hydro Quebec, NYISO, SaNE, and the Maritimes has
been named the North East El. The North East El has a small diversity with MISC or other areas in the
Eastern Interconnection with the exception of Hydro Quebec. The attached presentation was for the
Pan Canada study for wind integration in Canada. The presentation suggest that there are opportunities
to coordinate with the U.S. that may more than pay for the HVDC transmission in benefits.

Considering that HQ would most likely have market activity with the NYISO and ISONE, there is about
3,400 MW of potential capacity exchange potential with MISC.

~so

Load D~vers~ty Potent~a~
Transmission Capacity

Required is
50% of Load Diversity

~
Far 1650 MW

of Load Diversity $2.3 B
In estimated benefits

For 550 MW of
Frequency Response
Generation Pooling

~/ S2B in estimated Benefits
Benefit/cost ratio

0~96~~1.14
\A/jthc)Ut

Wind or EnergyArbitrage

A conceptual H\IDC transmission integration to the HVDC Network is shown below. The HVDC \Joltage
Source Converters allow for back start support, fast reversal of power flows for market products such as
Regulation or renewable energy variability export or import and voltage support. Probably one \!SC
would be located in ISO NE, but is not shown on the map.
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L~J~ ~n1.erreg~ona~
~ Network

October 30th 2014

Dale Osborn



~nter Reg~ona~ Transrn~ss~on w~H be
rEconom~caNy Justme~

• Low gas pnces produce few benehts from
the energy sa~es and purcha$~

E• Capac~ty D~vers~ty exchanges have ~
max~mum potent~a~ of about S5O~ ~ the L~

Transmission may be just~fled from the vaftie of
partic~pafion Capacity D~vers~ty Exchanges ( bate~&)

-~ Capac[ty Diversfty uses transm~ss~on on~y a few hours
of the year

— Renewab~e Energy and Energy Arb~traqe wou~d have
reduced pr~ce transm~ss~on avaNah~e- eflergy market
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~I: I.u~.!. E.~xterna~ Resource Tariff

~ A~//flCh~Dfl~HJ~I ~i~ystems connected to M~SO
~ ~ U U

wutib H~1D~ i... may partucupate as a generator or
a ~oa ~ in~ ~ the M~SO markets~market pr~ce

U Uiror ~ has max~murn benef~ts

~~1.tes on the EAR tar~ff
Buy~r~ ~...•;ne~rg~~y lflrom w~nd resources at sower prices

~ñng the er~eri.~y by reduc~ng hydro
SeWna on oeak penods
PLEXC~ market~hydro mod& of how MHEB wouOd
opc~rate~ w~h the M~$O market
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~VDC Sketch D~fferences
Jafl 3th ~ Oct 16th, 2014

~omUpiop~oçjy
~ Based first ~n frequency ~\esponse

2012 ~oaci ~ta
~ 23~u0J ~zr ~rs~tj

o Icp~Down Topology

° Based first on Load Diversity
° 2OO6~2O12 Load Data
° 7D~1OO MW of diversity and

renewables

L ~ncreased scope by ~33% of MISO total load 5



Costs aNocated by % of ber~f~ts
Benefits ($B~ %)

SERC Load, $4.1

Wind Diversity, $2.2 , 5%

WECO Freq, $3.3, 7%

MISC Freq, $2.2 , 5%

SERCFreq, S1.1,3%

ERCOT Freq, $3.3, 7%

Frequency response 22%

Wind diversity 5%

Other Energy Based 27%
Products

Capacity
Capacity
Capacity
Energy

~( V

$9.8, 22%

Load diversity

4

46%
Examp’e:

SERC Load Cap. Cost = $36~2B * 9% $33~

SERC Freq Reg Cost = 36.2B * 3% = $1 I B
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Self Contingent Design
• A system of three transmission lines can be economically

designed and operated to set a new level of maximum
contingency.

• HVDC is particularly effective and simpler to design a self
contingent system

— Does not overload unless programmed to do so
— Consistent response for the same state of contingency
— Can be designed to operate over long distances to collect

and deliver benefits
— Low risk of heavily impacting underlying AC systems that

are designed to a lower contingency level

7



rTyp~ca~ Long D~stant ~ ran~m~c~r~ Co~
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c.~ont~nu~ng Benef~ts
HVDC Network Transm~ss~on Cost to DeNver Wind Energy

co ~nrared to Present Project Methods
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$35000000

$25~000~~0
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MiSO North1Central Diversity with East Canada -
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~1 ~Load D~vers~ty Pot~n~r
Transm~ss~cn Capacity

Requ~red ~s
50% of Load D~vers~ty

For 1650 MW
of Load D~vers~ty $2~3 B

~n es~mated benefits

Fc~ 550 MW of
Erequencv Response
Generation Poo~nq

$2B ~n est~mated Benefits
Benefit/cost ratio

0~96-1 ~14
\/V ~t hout

Wind or Energy Arh~rape
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Quest~ons?
Contact: D&e Osborn
Phone: (651) 632~8471

b~.:~r~ria~: dosborn~m~soenergy~org
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~tDa nc~eptua~ ~nterreg~ona~
HVDC Network

October 16th 2014

Dale Osborn
David Orser

Maire Waight



HVDC Network Study

~ Objectwe: Determrne the vahie of connectmg
mu~t~p~e reg~ons of the U~$~ wfth an HVDC*
network

n• Potent~a~ benef~ts
— 30 GW of displaced peaking generation
— Revenue of $45~3 bilNon
— I ~25 Benefit~Cost ratio

1I~.

ii

*HVDC - High Vo!tage
Direct Current o~O’~iA6 Et~lSo~

I

N~h0L U

2



How ~s th~s study different?

Energy v~ Capac~ty
Most power transmission planning today deals largely
in energy
Capacity Supplying power during peak load

~zero energy (E = P*(1 0 hours Il year) 0)

Peak capacity is supplied by peaker units
° High $IWhr
° H~gh capfta~ cost, ~ow fue’ cost
° ~t poss~b~e to increase utihzation % of these units?

3



HVDC Sketch D~fferences
Jan 8th 2014

o Bottom Up Topo~ogy
o Based first on Frequency Response

• 2O12~oad data
o 23,000 MW of d~vers~ty and

renewab~es

Oct 16th, 2014

o I~y~LflTOpO~Ogy

o Based first on Load Diversity
o 2OO6~2Oi2 Load Data
0 70,100 MW of diversity and

renewab~es
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H~11OC H~gh~Leve~ Value Dr~vers
Load D~vers~ty

— lnterregiona~ transport of capacity (near zero
energy)

Frequency ~9esponse
— Enhanced power system reHabUity through

frequency support

~ ~MndISobr D~ver&ty
— Reduced variabiNty of renewable resources

• ct~er benefits
— Transport of high~value energy for renewable

por[foUo standards’ requirements
— Bulk transport of energy

MISO Value Proposition

1 ~ Ii~4~i~i ~

0~ 1r~ iiii
n47g—

1 2 3) 4 5 6~ 7 8 9 10

~n~p~nnnd D~ Oh S ng F! F otpn t Don- FOSO Tnt~)
P c0E,no~py Rn~nro tot n Do ty / Coot Not

kCotoooiD no 0 n F to t

-

Load Diversity 46%

Frequency Response 22%

Wind/Solar Diversity 5%

Other Benefits 27%

0116-
S026- yt,
0631 ~Nl
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Load D~versHty
o Load D~vers~ty = D~fferences ñn the load profNes

between two regions

— Value ~ Spare capacity displaces generat~on
— Sources ~ Time, industry, cNmate, weather,
— Greatest value with greatest distance

6
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08: M~SO vs~ WECC (year)
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2008: M~SO vs~ WECC (~ M~SO peak day)
140,000

p

—~WECC Total

MISOnc

—max(M ISOnc)

——‘—rnax(WECC)

0
7/29/08 0:00 7/30/08 0:00 7/31/08 0:00

[14GW of spare capacity ]
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So

Load D~vers~ty Between Areas
5.9 GW

4.6 GW

3.8 GW

Noñh CentraM

SanFran

7.9 GW South East
Total = 35 GW ~~~~___________
of load diversity i~Va~ued at $700kIMW

L of disp~aced capacfty



HVDC Network Sketch
Total Transmission Capacity = 15 GW (East-West)

Servicing 30 GW of diversity

LCC — Load Commutated
Converter
VSC — Voltage Source
Converter

5400 MW
600 kV

DC Lines

Access via two terminal types:
~ 5400 MW LCC (Load)
~ 2200 MW VSC (Frequency

Response and Wind)



Frequency Response
Potent~& v&ue ~n d~str~but~ng Resource Cc..~ nt~ngency
CHter~a (RCC) between HVDC network partk. ~pants

° Benefit comes from:
— $700,000/MW from

capital cost of capacity
— $13/MWh from frequency

response premium

F nit~al slops Of dechne is
detemilned by s~etern

R inertia (or cumuistive
inertial response of all

E60 Hz ~—————~~ ~snecahon)

Q
U

C
Y

---____

0 5 typiCally. typeatly, typically,
5-lOs 20-SOs 5—10mm

Primary Freq. Control AGC
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Frequency Response

~VV~

~ Sharhig frequency response reserves through interreg~ona~
secure ~aov~ier transm~ss~on

— —950 MW of ~ocal reserve, —2750 total reserves
* 2x900 MVV of secure transmission
— Net benefit 5400 MW of displaced capacity (3x1 800 MW)

~~y I hi 3D years there w~N be an outage hi two
reg~ons s imidtaneous~y

M~SO+
(1100MW)

WECC
(940MW)

900MW

ERCOT
(950MW)

‘.-.---J

-~ MISO± 2900

WECC 2740

ERCOT 2750
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Frequency Response (cc r..L)

• ~mproved frequency response performance
— Current governor contro~ responds ~n 3~5 seconds
— VSCs aHow for response in Oi seconds

Raises frequency event nad~r
Frequency Response Event

Nadir
(w/out

>1

C)

0,

0)
LL~

Nadir
(wi HVDC)

14



W~nd Ener~y Benefits for WECC
• Add aN w~nd generat~on across M~SO5 ERCOT~ and WECC
• Re~d~str~bute w~nd based on peak capacfty

C)

C)

0

C)w

— Reduced ramp rate
— Reduced var~abWty (and thereby potentiafly increased capacity credit)

2011 WECC Ramp Rate
2000

1500

1000

500

0

-500

-1000

-1500

—~—Rate of change of

k 729MW/hr —Rate of Change of
~

~
~

~
/_

1 Reduced peak [~——~~-~
~ ramp rate

~ 2011:x2.O I
\~ MW/hr

0~”

C)

C)

U
0

2012 Hourly Wind Distribution
12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

Benefits
0 2000 4000 6000 8000 10000 12000

Generation (MW)
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0.8

0.7

~ 0.6

V

0
~J 0.4

z
~0.3

0
•~ 0.2

0.1

Hugh Sobr Generabon ~mpact
Southern CaNfomb Ed~son and HVDC load and net load

for off~peak day: 11/2512012

~%%%~ -

~

S. CA Ed~son peak load: 22,400 MW
HVDC Network peak load: 316,000 MW

—SoCa~Ed Norma’ized Load

~SoCa!Ed Normaflzed Net Load

~HVDC NormaI~zed Load

HVDC Normahzed Net Load

—SoCalEd Reduced Ramp

12 13 14 15 16 17 18 19 20 21 22 23 24

Hours
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“OtherEnergy Based Benefits”

~ Energy Arbftrage across the network
— $3/MWhr

~ Wrnd and $obr for RenewabNe Portfoho Standards
— $4IMWhr

Spht transrn ~ss~on of renewab~es ~n the mNd~west and
south~west

— Upto$30!MWhr
— More detaHs eater th~s sess~on

(not counted) Secondary ~oad d~versfty m~n~ng
— North~South Unks, Rock~es, SPP, and
— $700k/MW

17



HVDC Term~na~ Types
DC voltage, line to neutral

Une Commutated Converter (LCC)
— Widely deployed today
— Lowest $IMW for bulk transport ~Cvo1tage,lincto line LCC

— LCCs are “Slow” with >10 sec. reversal times N~N~1Nr~NNN\f

• Voftage Source Converters (VSC)
— A few standard VSCs in service today :~

(Michigan Straits, San Francisco, Spain) ~-i~ ~:
— Black startcapability
— Full four quadrant operation (voltage VSC

regulat~on to zero schedule)
— Fast response (frequency regulation)
— Reversible and controllable ramps (load

foflowing, renewables) 18

VSC-MMC graphic by: Clampower [CC-BY-SA-3.Oj, Wikimedia Commons



Conceptua~ HVD•C Network Sketch

Max three term~n& LCC Nnks ~n concept network
° VSC taps hi paraN& (Frequency Response and Regu~at~on)

19



Contrngency Ana~ys~s
Network incHudes 3 Nnes = 16~2 GW (east~west transm~ss~on)

— N-I fault event = 10.8 GW of transmission
-~ 5.4 GW Contingency (MSSC - Most Severe Single Contingency)

Afterat~ve:
— HVDC Lines have overload capacity (115% for 20+ mins)
— 5000MW scheduled, 400 MW reserved capacity
— N-i Capacity of 2x6.25 GW = 12.5 GW

-~ 2.5 GW Cont~ngency (MSSC)

• Additional mitigation is possible with
spare AC capacity between some
terminals (north-south)

• Expansion of network to >3 links will
further reduce the MSSC

20



Cost I Benefit

$10.4 Billion

$ 9.8 Bii1on 22%
\~‘~L~ D~vers~y — — $ 2.2 BiWon 5%

21

Line

LCC

vsc

$23.0 Billion

$2.9 Billion

LC’fers~t\~’ cr~ ‘~-~ ,-•~

.i.) bniiu~

0th r nergy as d B ne its ~1 12.2 Billion 27%



Costs aNocated by % of benefits
Benefits ($B, %)

SERC Load, $4.1 , 9%?

WECC Freq, $3.3, 7%

MISO Freq, $2.2, 5%

SERCFreq, S1.1,3%

ERCOT Freq, $3.3, 7%

Frequency response 22%

Wind diversity 5%

Other Energy Based 27%
Products

Wind Diversity, $2.2 5%

$9.8,22%

Load diversity

4

46%

N
Examp’e:

SERC Load Cap. Cost = $36.2 B * 9% = $33B

SERC Freq Reg Cost = 36.2B * 3% = $1.1 B

22



D~versfty vs~ Load Ratio Share

2011 SE U~S~
Load Share and Diversity Ratio

70%

60%

50%

40%

30%

20%

10%

0%

Diversity Ratio Load Ratio Share

-1
Georgia Power Florida Power& Alabama Power Progress Energy Tampa Electric Florida Municipal JEA

Company Light Company Florida Company Power Pool
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70%

D~versfty vs~ Load Rat~o Share

11 SE U~S~
Load Share and Diversity Ratio

i Diversity Ratio ~i Load Ratio Share

60%

50%

40%

30%

20%

10%

0% —

Georgia Power
Company

Florida Power& Alabama Power Progress Energy Tampa Electric Florida Municipal
Light Company Florida Company Power Pool

JEA

Examp’e Continued:

FPL Load Cap. Cost = $36~2B * 9% * 25% = $815M

FPL Freq Reg Cost = $36.2B * 3% * 25% = $270M

24



WECC Load Ratio Share and D~versfty
2006 WECC

r~ % Exchange ~ % Load Share

25%
Cr,

20%
D

0

15%

Cl,

2 10%

1
0%
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•HVDC Network Study Findings
• An interregional HVDC network may provide benefits

in excess of costs
• Utilizing capacity and frequency response sharing

substantially reduces the coèt burden to justify
transmission

• Utilizing loop and overload allows lines >MSSC

• Potential benefits
— 30 GW of displaced peaking gei
— Revenue of $45.3 billion
— 1.25 Benefit-Cost ratio

ft.
••‘ 4%

It
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Quest~ons?
Contact: Dav~d Orser
Phone: (651) 6324588

E~ma~: dorser~rn~soenergy~org
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(N~1) Contrngency Ana~ys~s

- ~N links between 2 region

o Maximum Schedu~ed Power

(with 5400MW Nnes and 2700MW MSSC)
— I link ~ 2700 MW
— 2 links ~ 4050 MW
— 3 links ~ 4500 MW

MSSC - Most Severe Single Cont~ngency
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(N~1) conthigency An&ys~s Cont

Power Schedu~ed per Une

PSCh/N (N*Pr * C)IN

Max Schedu~ed Power vs.
Number of Unks

____ ___ ___ ~100%~50O0 H— *

__ 800/0~4000 H ~——~K——————————————————— 0

~~n0I
o 3000 —————--——~—————— —~ ~ 0

~ 2000 —————————.———————————————— 40% ~

~ 1000 ~__ ——-—_———______. 20% .~

0 --—~———-—————-———————-——— 0%
0 1 2 3 4 5 6 7

Number of Discrete Links

N

N = number of hnks
= Rated Power

~sch Scheduled Power
C = Most Severe Single

Contingency

27OO~ 5O%~

2 4050 75%

6~ 4950~ 92%~
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Future Work on HVDC Network

~ ‘VV~nd dNers~ty
Capac~ty cred~t
Energy vague

• Sobrd~vers~ty
~nergy market vague

• c’oNaborate wfth key partners and
stakeholders

Jollnt studies with peer reg~ona~ bodies
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C&cu~at~ng Load D~vers~ty: Methodo~ogy

Start with hour~y goad data
from Ventyx

° Frnd the spare cap~çj~çy of
region B at reg~on A’s peak
~oad

— 1’actual (tpeak,region)‘~peak,region

° F~nd the m~n~mum avaNab~e
spare capadty over 7 years
(2OO6~2O1 2)

Ventyx data are obtained from
FERC Form 714 Part W
Schedu~e 2 reporting

Region A

Region B
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IrisAncmary Benefits
U• HVDC term ~na~ ~ocat~ona~ advantages

Can be placed anywhere, not just at seams
Near wind, provide voltage support
Near loads, reduced congestion

Asynchronous and schedulable to meet needs (no
loop flow&)

• Over~oad Capabmty
HVDC converters and Nnes can be overloaded for
short per~ods of t~me (longer than a FR event)
Can help allev~ate faults wfth~n HVDCnet or external
events
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2008: M~SO vs~ WECC (summer)
140,000

120,000 ______________________

100,000

80,000 ~WECC Total

MISOnc

—max(MISOnc)60000 - - - - -

—~max(WECC)

40,000 -

20,000

0
6/1 6/08 0:00 6/23/08 0:00 6/30/08 0:00 717108 0:00 7/14/08 0:00 7/21/08 0:00 7/28/08 0:00 8/4/08 0:00
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