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1. Intreduction

1.1 Background

Tlie transmission system of castern fowa s comprised matnly of 161, and 69 kY facifities, hut in

addition there are Tacilities rated 3435, 145, and 343 kV,

Beginning in the latter part of the 19967 with the advent of the apen access energy markes, the
sagtern lowa trausmission sysistn began fo realize additionn] stress as regional power flow patterns

have increased from-the south and southieast ditections to the-siorth and northwest,

i Septesnber 9, 2003; Alliant wiote to North-American Electric Reliability Counell (NERC) and the
Midwest 180 (MISO) about Alllant's concerns regarding “the transmission reservation coordinating
process.used by various transmission service providers andthe vesultant equity impacts of the fack of
coordination when transmission congestion develops. Alliant noted that if *has borne the operational
consequences and the significant coste of TLRs,” resulting from this less than desirable level of
coordination between-entities selling transmission service becanse the transmission system is over

subscribed” [F].

in MNovestber 2003, tie Alliant West TLE Task Force {AWTTF) was created by WERC 1o develop
sperific recommendations for market and operating:practices to-address problems associated with
Transmission Loading Reliel {TLR)-curtaiimerns i e Alliant Wesl region expected in summner
2004, The AWTTF final report was released i March, 2004, Trs that repost, both short term and long
term recommendations were included, Gne of fong term recommendations for planuing is “MISQ,
wotking with other transmission providers, shall tead an investigation {o delerniine what aspests of
the various transmisstonservice request processes canged overselling of AFC for summer 26804 for
the Alliant West fiowgatey and make recommendation fo the appropriaie suthorities 1o prevent

overselling from hpppening in futire years™ {1},

This Bastern lowa Tranamission Relizbility Study is 16 address the above mentioned WERT long tarm

planning recommendation, The study is desived to:

By SRR G
707 City Cenler Drive Carmel BE.86032 1125 Enerpy Park Drive St Pagl, N 53108
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1. Iderstify bulk transraission (100 k¥-and above) needs to support the subsiransmission system, with
respect to foad serving:
2. identify veliabiifty concerns onthe bulk transmission systein duefo the impacts of power transfers;

Address key aperational issues in the region thathave been seen over the last fow years.

There aretwo objectives in thisstudy;

1, With thorough and comprehensive analysis, galnan understanding of the intersetions of the eastern
fowa transmission system with sespect to varying load and market levels asd tieir impacts on
retiabiltty for the near term and long ferm: planning horizons;

2. Develop a respansible; comprehensive and cost effective transmission ples for sastern fowa system
that.willaddress all needs of the transinission system to accommodate both the figar téers and tong

term horizons.

1.2 Study Region

The geographic region of casters lowa system for load serving purpose will include the wansmission
system east of Cedar Repids, nortly of Davenport, tie Alliant West (ALTW) system inHlinois and
Hazleton to the nosth (Figare 1, bhue cirole). Flowgates and the bulk iransmission system outside of,
but: having influence on this rogion, will 'be considered for the. povier ransfer portion of the study

{Figure 1, green gircle),

The ene-line power flow diagram of eastern Towa system (2071 summer peak base case) is shown in

Figure 2,

fage ®
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Figure 11 Geographic Region of Eastern Towa System

Page i0



ALLFE NI 15 Bl Y S S8 A oy
@G S e

SR L] YO IIWMING |17 0] WRIRed 16 Wiy surt-eugy 17 andig

“Janend 300D Ay R

G5 358y



1.3 Historieal Flow Pattern in Fasters Jows

idwest IsQ
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Historically afleriater [950% with open socess energy market, south-north and east.west Bow

patterns. are often seen In the castern Towa region, especiatly during winter peak and summer peak

pericids.

Figure 3 is the'historicad hourly flow patiern on the Arneld - Hazleton 345 KV line during November

20065 and July 2006, A fow items to note are;

1. The dominant-flow pattern on Arold ~ Hazleton 345 EV line is from southto vorth, L6, frdm.

Arnold 1o Hazlefon;
2. During this period, the maximum S-N flow on Arnold - Haziston 345 KV T is 646.9 MW at
17:22 on December 17, 2005;

3. Below s table for rourly occurrence of Ambld - Hazleton flow above S08 MW, 1 is knowrrthat

. high leve! flow on Arnold - Hagleton 345 k¥ Yine is usvnlly seer during winter peak

periods(December to Marth) and summer peak periods (Jane to Augustl,

Month

Dee-05

4206 | Feb-06

iar-06

AprsGE

fay-08

Jun-06

July -
g, 2006

Oceurrenge

26

24

g

20

2
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BERRE UL HAEIIT LR B30 BRI E

FOE City Center Debve Cormel, BN 46032 1125 Energy Park Drive S, Paol, MN 55108
wops mrada atees gt



didwest Independent Transmission Systern Gperator, fne,
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Figiwe 3: Historical Hourly Fiow on Amoid — Hazleton 345 kV Line

Figure 4 is ahistorical 10-mimite flow pattern on Montezuma - Bondurant 345KV line during Juneg

2005 and August 13, 2006, A few notes are:

1. The dominant fiow patters on the Montezums — Rondurant 345 ¥V line is front east'to wesi, i.e,,
from Montezumg to Bondurant;

2. The maximum flow onthe Montezuma - Bondurant 345 £V line is 670.2 MW at 7:19 on December
5, 2605 during June 2065 and Deceraber 2095, During Janusry 2006 and August 13, 2006, the
mtaxirmum flow on this line s $03.8 KW at 1830 on February 17, 2006,

3.Below is 1 table for 10-minute oocurrence.of Moritezuma — Bondurant E-W flow zbove 500 7MW,
It ja moticed that high level B-W flow on Montezuma - Bondurant 345 k¥ Hine 15 usually seen during

winter peak periods (November to February) and summer peak pericds {June o Aygust).

: 181708
Junp Jul Augi Sep| Oct| Nov| Dec| Jan| Feb! Mar! Apri May! Juni Juf|-
ffonth 2005 | 2005 | 2005 | 2005 | 2005 | 2005 | 2008 | 2005 | 2008 | 2006 | 2006 | 2008 | 2006 | 2008 | 8/13/06
Qocurrence | 118 81 5 2z 3 206 484 17 80 i g ol T4l 82 74

Page 13
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Moeplezuma - Bonderant Plow Duslng 872805 - 4203122008
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Figure 4: Historical 10-Minnte Flow on Montezoma ~ Bondurant 345 &V Line between June 200%
and August 13, 2006
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Z. Medels, Input Files, and Criteria

2.3 Models

Eastern lowa transmaission refiability: study is performed for the.years of 207 1 and 2015. In each vear,
fhree seenarios are developed:

1. Sumumer peak scepario;

2. Heavy transfer flow from south to north, with benchunark flow on the Amalkd to Hazieton 345 &V
lineat the 600 MW level;

3, Heavy transfer flow from east to wesy, with benchmark flow on the Montezuma to Bondurast 345

EV Hne at the 450 MW level

2011 sumuner peak modef (base model) is based on the MTEPOS phase-2 model, The baséline
reliebility prajects with religbility needs verified by MHSG are included. Regional beneficial peojscts
are nat ineluded nor ave projects not verified by MISO to be based upon relisbility needs of the
system, Some additional updates are made:

1, Bome rating corrections on 69 KV Hnes;

2. Add a seoond Galena 161/69 kY {ransformer in DPC;

3. Change Amana T — Amans 55 KV line to norinal open;

4. Add and dispaich each |5 MW generatorat69-kV buses ADM 100 (34330) and ADM {34333);

5. Add a 8.2 Mvar switched shunt et bus Wauknip8 (34418);

&, Change Burr TP — Locust 89 kV line te nomal close;

The 2011 heavy souti to north transfer model (8N transfer modef} is developed fram the 2011 base
modelwith some enerators in Ameren (AMEN), Morthern Diineis (N} turned omand redispatched.
The participation factors for these generators being redispeiched are based upon their Pmax, their
high distiibution factors oa the Arnold to-Hazleton 345 kV Yine, and thisit avaliable capasity (Pgen <
Priax or offline) for redispateh. Table A1 in Appendix A Tists al! these generators and their
sensitivities and impact on Arnold-Hazleton line. To keep the power balance, generation in Xeel
Eneigy (XEL}, Mimesota Power & Light {MP}, and Otter Tail Power (OTP) Is uniformly seaied
down roughly at the vatio of 41111, Table 1 {isis the chonges of generation and Met Scheduled
Interchange (N3} in these areas.

Midvait Bedopetdas D antadnd S o Onetse, lia
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The 2011 beavy east to west fransfer model (E-W transfer model) fs developed from the 2011 base
mode] with some generators in Ni turned on and redispatched ina methad consistent with that ased
forthe S-N transfer model (as described above), Table A2 in Appendix A Tists all of these gENerators
and thelr sens?fi.viz%es end fmpact on Montezema-Bondurant line, To keép the power balance,
gengration in Western Area Power Administration {WAPA), Webrasks Pablic Power Disirict {NPED),
and Omaha Public Power Disteiet {OPPDY are uniformly scaled down roughly at the ratio of 1:1:1.

Table 2 fists the changes of genoration and Net Scheduled Tnterchange {NSEy i these areas.,

Area Base Case . B Transtes Case Cenaraiion Channn
Baneration (MW NSLANR Geasration (MW HE (MW
ARAN a887.8 <B4 4ETES 503.7 1877
P §202.1 £64 52024 6540 (Y
ChT 12235 -7 2235 T s}
N 264302 877 291223 1588.1 6521
| XEL _BBMLB L 2535 73588 31882 -1283.2
Me 1888y 88 1575.4 . -225.3 -313.3
i Q1P 2028.8 -26 17128 -338.3 i ~313.3

Table 1: Comparizon between Base Case and 8- Trapsfer Case

Areg Bage Caor B Transier Case Gentralion Change
Generativi (MA) NSV Geneation (AW NSLIMY
i 2343602 BFF 283468 27938 18168
1 NAPRA 463341 1248 2325.8 607.1 -.535;9:
NPED 28648 -4%8 15865 ~105T.8 -638.8 .
OFPPL 28354 -7 3963.2 7358 1 -638.8

TableZ: Comparison befween Base Case aud E-W Transfer Case

The 2015 summer peak model (2015 base model) s developed from 2011 summer peak mode! {2011
base model) with ALTW load scaled up by 10%. Sincethe ALTW 2011 summerpeak control aren

toad level Is assumeod 21 4682 MW, the ALTW confrol area 2015 summer peak load level is set mz

Page 6
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5150 MW level. The ALTW power misinaich die to load increasing in 2015 is picked up by turaing
en and fully dispatching the following generaters in ALTW contral area as shewn in Table'3, These

generators were sufficiently remote from the study ares so as not to affect the study’s canclusions:

B Narne Gory i W
POV & 34508, & k=
T DERMARKS TEA1ED, 1 125
HANCWAIND 345453 146
FOXLKEAG 2013 26

Table 3: Generdtion Hedispateh in 2015

The 2015 model with heavy transfers from south to nerth {8+N transfer modef} s developed from the
2015 Base mote} using & methodology consistent with that used to develop the 2011 sonth to nortk
transfer modél The flow on the Arnold to Hazleton 345 %V Hue is benchunarked 21 600 MW,

The 201 $ model with heavy transfers from east fo west {E-Wtransfer maodel} is developed frontthe
20£5 base model using a methodology consistent with thatused to develop the 2017 east to west

transfer model. The flow on the'Montezama to Bendusant 345 kY line is beachimarked at 450 M W™s.

The fiews of some key branches in 2011 and 2015 base-madels sre shown.in Table 4.

et Mkt Mentesmive-Bondin (YY) Avtolt-Heroton (M) Salern T516F Nimas {RIW)
2611 o 2761 612
2015 40.5 2535 255

Fable 4: Branch Flows iu 2011 and 2015 Base Models

2.2 Input Fiies

AlL 180 kY and above branches in the easter. Jowa system are monitored for thermal and valtage
violations, Some sub-transmission and distribution systems are also monitoréd. The eastern Tows
subsystem is defined in Appendin B.1; Flowgates and bulk transmission facilities outside of, but
having influenee on the eastern Iowa system are also.mopitared for the power transfer portion of the

stedy. The total number of flowgates is 28 and they are listed in Table 5.

The specifically specified catepory B and C coniingencies are described in Appendix 8.2 and B.3,

Page 17
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We monage power.

Baséd on NERC Planning Standards, two types of confingencies are sinnilated:
1. NERC Category B contingencies which defined as the loss of a single slement;

2. NERC Category C contingencies which are defined.as the loss of tivo eramore (muliiple) elements.

The englneering software for use in this study is Power Technologies, Inc. PSS/E version 29.0.0,
MUST 7.0, and NewEnergy Associates PROMOD 5,0.3,

Cases representing pre-contingency conditions are solved with awtomatic contre! enabled Tor LTCs,
phase:shifters, DO taps, and switched shunts, In addition, area interchange is eoabled, Cases
representing posi-contingency conditions are soived with area interchange disabled (fixed} while

other options are kept the same.

Other tmportant solution options are:
Continpency Flow Change Cotoff: [ MW
Contingency Voltage Change Cutofft 1%
AC Mismatch Change Cutoff; P MW

2.3 Criteria
NERC Transmission Planning Standards TPL-091-0, TPL-002.0, TPL-003-0, and TPL-064-0

effective on Aprdt 1, 2005 are generilly applied to test the system. The Alliant Energy Transniission
System Planning criterion [2] is used if different from NERC planning-criteria. MRD criterion is used

on MidAamerican Energy and CIPCG facilities,

All sastern Towa faciltties 100 kY and above (also incluling some: facilities below 100 kV) are
rmonitored for thermel vielations. Loading is compared against both normaland emergency branch
ratings. Steady state thermal violations-are eited if branch loadings exceed nownaf ratings under

systers intast conditions ar ifbranch ioadings exceed emergency vetings under continpencies.

Voltages a1 buges 100 kV and above (also inciuding some facilities below 10 &) are moniiored in

the eastern Jowa region. Under system intact conditions, buses are monitored for voltages sbove

ne{hniag, by

ark Deive 83 Pual, MN S5108
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105% or below 55% of nominal. Under post-contingency conditions, generally, buses-are monitored

for voltages abeve §10%. or below 90% of nominal,
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3. AC Contingency Asalysis

The transmission system deflned in the eastern lowa study region Is monitored for thermal impacts.
Loading is compared against both the normal snd emergeney branch ratings, Steady state thermal

violations are cited if branch loadings excsed normal ralings.

Yoltages at buses défined in the study region are manttored. Under pre-contingancy condition, buses
are monifored for voltages above 1859 o below 95% of pominal. Under post-contingenicy

conditions, buses ate monitored fof volteges above 110% v below 90% of pominal,
Results in section 3 ave all Tisted in Appendix C.

3.1 Base Case AC Centingency Aunlysis
3.1.1 Under Normai Conditions
A 2011 Base Case

Under normal conditions, there are no drermal viclations. There are two fow volia g violations in
ALTW Liberiy srea on the 69 KV system. The low voltage buses are HOPRECS und SANDSPRE,
fisted in Table C.t-1, {Documentation showsn fater in the study shows that these low velfages were

due to modelling errors),

B) 2015 Bage Case
One of the Hazleton 161769 transformers was shown to be ovefdoaded in the 2015 base case (Table

C.1-2}, There were no voltage vicolafions afier mode] corrections were included.

3.1.2 Under Category B Contingencies
AY2011 Base Case

Under category B contingencies, overioads were shown on the Huzleton 224 MVA, 3454161 kv
transformer, cach of the Hazleton 61469 KV (ransformers, and several 65 IV nes in the Postyilie
and PCI areas, See Table C 14,

There is no voltage vidldion under category B contingencies xRer modelling corrections were

applied.
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B).Z015 Base Case

Owerloads under category B contingencies include, the Hazleton 204MVA, 3457161 BV transformer,
the Hazleton 16169 kV transformers, the Salem 3457161 kV #ransformer, and-the Dundee 1617115
IV transfanmer, The Hiawatha/Tairfax area had severa! 167 and 69 k¥ libe overloads, In the Postville

area, one 181/69 transformer and one 69 KV line were shown with overloads. Sec Table C.1-5,

The table dovuments the ncreased tordings of facilities between the 2011 and 2005 base cases, The
Salem 345/10 1 KV transformer is Tenpacted by about 17 MW, Lines iy the Tiawatha/Fairfay arenare
also shown fo'be sighificantly impacted by the toad growth represented hotween flie ko base cases,

with the PCLEast — Oakeidge Hne showing e 30 MW increase in joading,

There Is no voltage violation wider categery B contingencies in 2015 base case.

3.1.3 Under Category C Contingencies
A} 2011 Base Case

Under categary U1 (bus outage}, C2 {breaker falhwe) and C5-(feommon tower outage) contingengies,
averloads occurred on'the Hazletosr 161769 kV wansformers, the Safem 345/161 &V transformer, the
Lansing 167/69 kV transformes, and several 69 KV lines in the Postville, Salem/Lore, and Fairfe/PCI

areas. Bee Table €146,

For deable {category U3} contingencies, oriteria allow for the transmission system and iransmission
systesy aperstors o make adjusimenis to the syslem as preparetion for a second centingency. This
system adjustment can not be simulated by PSS/E or MUST when perforning bulk contingency
analysis. With this iimitation for midd, e outpul ol the stody was seredned for thermat violztions

szbove 125%,

Table C.1-T shaws some typical thermal overlonds especially on the T0D' LV and above systern, under
cetegory C3 contlngenicies, Besides the thermal overloading issues tdertified in category CHC2/CS
contingencies, thermal overloads are also identified in the Turkey River, Beaver Ch./Albany, Tiffin

areas.gs well as-the Dundee - Coggon 115 &V lina
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Unider the C2.contingency “ALTW-C-NW-DUNDEE 16! BUS -8TUCK BREAKER”, several low

voltage violations ocour on the 69 KV systern along the Hazleton - Salem line. This is shown in Table

.1-8

Under €3 automatic double contingencies, several low voltage violations on the 100 kV and sbove
systent are identified. They are in Savanna/Yosk, Faitfax/Hiawatha, Postville areas, and along the

Hazleton « Love 161KV e as weil as e Dundee - Marion 115 &V fine. See Table C1-9.

B) 2015 Base Case

Again, tables dooument the incressed foadings of facilities between the 2011 and 2015 base cases.
Under category CHC2/CS contingencies, the Saleny 3457161 KV transformer is impacted by 17 MW
inthe 2011 case cornpared fo the 2015 base ¢ase. Overloads on the Hazlcton 161/69 kV trangformers
ang the Lansing 16169 kY trainsformer are aggravated. The Amnold - Fairfax 161 ¥V line, Bundee
163/115 &V wransformey are newly overloaded in the 2015 case. Several 6% LV facilifies are
overloaded inthe Postville, Fairfag/Hiawatha, Tiffin, Beaver Ch/Rock Creek aveas and along the

Hazleton - Lore 161 kV ling, See Table C1- 10

Under C3 automatic double contingencies, the Hazleton - Lore 161 kV line, the Dundee - Marion 113
KV line, the Falrfax/Hiawathsa area, the Tiffin ares, and the Rock Creeh/Beaver Ch. area are most

impacted by represented load increases in the 2015 base madel. Se& Table C.1:11.

Under the C2 contingency “ALTW-C-NW-DUNDEE 161 BUS -STUCK BREAKER”, fow voltage

violations ooeur on 69 KV facilities along the Hazleton - Salem line, This 15 shown in Table C.J-12.
Unider-C3 automatic dodble contingencies, low voltages in the areas of Savanna/Youlk,

Fairfax/Hiawatha, and along the Hazleton - Lore 161KV line and (e Duandes - Marion 113 KV Hae

are most aggravated by ALTW control area load wicrease. Beg Table €.1-13,
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3.2 South-North Transfer-fmpuet
3.2.1 Under Normal Conditions
AY2011 SN Case

inthe 2011 8N Case, the Hazleton 161789 kY and the Salem 3457161 KV transformers are

averfoaded under normal conditions. See Table C2-1.

) 2015 8- Case
Not surprisingly, the Hazleton 161/69 kV and the Salem 3457161 &V transformers.are more

overioadsd under nomnet conditions. in 2015, Ne other constraints ars identified
Two new low bus voltagesat bus “RICE " and “PFEILRESR” are identified. SecTable C.2.3,

3.2.2 Under Category B Contingencies
I both the 2011 and 2015 5-N cases, under different category B contingencies, the Salem 3457161

KV transformer has oy to 2 5.6% TDF impact with respect fo the south-north wansfer. Also, the
Albany - Savanna 161 XV line, the Dysart- Washbusn 163 KV line, the Tiffin - Amold 345 &V line,
the E Calemus - Magquokata 181 KV line, the SWAMPFX7T - Dundee 115 KV, the Galend [61/69 £V

transformer, the SalemdLore and Falrfax/Hiawatha areas are overloaded,, See Table £.2-4,

Thereare no voltage violations under category B contingencies inthe 2011 82N transfercase, But in
the 2015 8-N transfer oase, three low voltape viclations ocour atbuses “SALEM 3 3457, "EOQCK
CK3 345", and “PFEILRESS9.0", see Table £.2-5

3.2.3 Under Category C Contingencies

Under categery C contingeneies, the Salem transformers, the Hazleton transformers, the Albany -
Sevanna 167 kY lirg, the Dysart « Washbum 181 KV line, the Tiffin - Arneld 345 KV line, the B
Calamus - Maguoketa 161 kV line, the BWAMPFX7 - Dundee 115 kY line, and the Salem/Lore,
Hazleton, and Paichn/Hinwatha areas are overloaded. Alsu the Guad CitiesMRock Creek fine is
tmpacted by a 14.7% TOF uader seuth-north fransfer. Ses Table C.2-§ for typieal thermal constrainis.

iargely impacted by 5N iransfer in 2011,

Under categary © conitingencies, fow voltage violations are observed fir the. Lansing, SalervLore,

Roek Creek, Fairfax/Hiawatha, Postville, and Galena areas as well as areas along the Hazleton —
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Salem and Bertvam - Maquoketa lines with up o a 4.6% continpency voliage decrense under soutli-

north transfer. See Tabie C.257,
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3.3 Enst-West Transfer Impact

3.3.1 Under Normal Conditions
Al 2011 B-W Case

In the 20F1 E-W case, the Sslem 345/167 kY transformer is overloaded at' 108% under pormal
conditicns. See Table C.3.1,

B} 2015 E-W Case
Besides the Balem 345/163 ¥V tansformer overload, one of the Hazleton 161/68 KV transformers is
also overfoudsd in 2015, See Table C.3-3.

Gine mew Tow bus voltage al bus “PFEILRES” is identified. See Table C.3-4,

3.3.2 Under Category B Contingencies
in beththe 2011 and 2015 £-W cases, under different category B vontingencies, the Salem 345/161

KV-transformer has up to 4.0% TDF impact with cast-west transfer, Adso, the Salem/Lore areg, the B
Calamas - Maguoketd 161 k'V e, and the Yoik- Savanna 161KV line are overloaded, See Tabls
C3.5,

There is no voltage-viokation under category B contingencies in 201 BE-W transfer case. Bat in 2015
E-W transfer case, twe low voltage violations at buses “SALEM 3 345" and “PEEILRESSS0” are
identiftet], see Table C.3-6.

3.3.3 Under Category C Contingencies
Besides the impact of E-W transfers on the Salers 3d5/161 kY transformer, under categury C

contingencies, the Salem/.ore area, the Rock Creek/Quad Cities.area, the Rock Creek - E Calanmus

161 kV fine, the E'Calamus - Waquoketa 161 kV line, the York - Savannz 161 ¥V line, the Hazleton -
Blackhawk 161 k¥ Tine arc overloaded. Parficularly, the Quad Cities/Rock Creek Une is impacted by
19.5% TDF under & category C contingency with respect to-the gastewest transfey, Table 0.3-7 shows

typical thermal vialations under category C contingencies mpasted by the E-W transfer in 2015,

inder category € contingenoies, low voltage viclations are ohserved in the SalemfLore, Rock Creek,
Fairfax/Hiawaths, Postville, and Galena aress as wel] as buses along the York - Savanna line and the
Bertram « Dundee line, with up to 2 3.6% voltage impact under E-W tanster, Table .58 lats typical

vohage violations under category C contingencies Targely impacted by E-W fransfer in 2015,
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. We monage pawe,

34 Impacts on Flowgates
To-create the heavy transfer models, different incrementa] frunsfers from Bast (N1} 1o West {WAPA,

NPPD, OPPD) or from South {AMRN, NI} to North (XCEL, MP, OTP} were appfied to the 2011 or
15 base models, They are listed in. Table 6:

“Fromafer Bedel b ms}égah‘s!-’! vusTer from Lorredpondine Base N wdel (51N
W08 EW 16166

20§1 BN JERE

S EW 20306

2013 8-N 20308

Table 6 Incvemental Transfer to Crente Heavy Transfer Models
These impacts fo flowgates as-aresult-of these transfors are tisted in Appendix Du

ALTW load Increase between 2017 and 2015 vears dlso has impact on the flowgates as Heied in

Appendix B,

Based on the flowgate impact analysis, 2 few important notes are;

1. The east-west wansfer has most impact on flowgates 37085 _Arnoid-Hazelon 345 for Wemp-
Paddack 345, “3705b_Armcld-Hazeiton 345 for Wemp-Rockdaie 345" and “3715_Quad Cltes-Rock
Cresk 345/MEC Cordova-Sub 39, The ‘Transfer Diswibution Factors {FIF} are all sbout TV,

2. The southrnorthtransfer bastthe most impact on flowgates 3705 Amcld-Hazélton 345 for Wemp-
Paddodi 3437 and “3705b_Arnold-Hazelion 345 for Wemp-Rockdale 3457, The TDF are nil about
% )

3. Both the east-west transfer and south-north transfers have abeut the same (7%) TDF impact on
CQuad Cities-Rock Creek flowgate, but south-nonth transfer has more impacton Armold-Hazleton
flowgates;

4. Both eastawvest and south-north transfers have more than 3% TDF on alf flowgates with the Sulem
345161 wansformer a8 a monitored element, where some of these flowgates are overloaded inall
these transfer cases, The south-north transfer has more impact on Salem 345/161 transformer then

the cast-west fransfor;

Sfhsnt Dosopomiond ran aofemi By vatn ey By
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5. Flowgate “3725_Sub $6(Davnpet}-E.Calamius 161 for Quad-RockCr3d5” is overleaded in all
transfer cases except 201 [ E«W transfer case, The south-nogth transfer has 1% more inepact on this
flowgate thar the cast-west transter, bt'zt-iadﬂ: transfers have leas than 3% TDF on thiy fidwgate;

G, Flowgate “3728 Dysart-Washburn 161 for 1. Armold-Hazleton 3457 is overloaded in the 2011 and
2015 seuthenorth transfer ¢ases, The south-north tansfer hasa 6.4% TDF on this flowgate,

7. The 10% ALTW control area ioad increase has the most impact (28,1 MW) on flowgsate

#3715 Quad Cittes-Rock Creek 345/MEC Cordova-Sub 397, It afso has more than-a 10 MW impact
on ﬁsiﬁgézes 3725 Sub 56(Davnpri}-E.Cdlamusi 6] for Quad-RockCr345?, Y3716 Rock Creek
345161 TR for (ruad-Sub 91 345", .and several Salem 345/161 transfonner flowgstes.
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3.8 First Contingency Incremental Transfer Capacity (FCITC)

FCITC iscaiculated by comparing a pariicular branch losding under the-same-confingency between
the transfer case and buse case under system intact and cutegory B contingeneies, The final FCITC is
the minimum value of these caleulated FCITC values, Nocategory C confingencies will be
considered in FCITC calenlation. To move acéurately capture transfer inpact, & 2% TDF cul-offis
adopted, Le., FCITC is-only calculated when the branch under the contingency has af least 2% TDF

vahue for the transter,

For example, iFbranch A (smergency rating is 2000:MVA) is loaded at 1900 MVA under
contingency B in 2041 base cese, and i 15 loaded at 2406 MV A under the same contingeney in 2011
SN transfer case (8- incremental transfer level (5 [872.8 MW as shown in Table 6}, the Transfer

Distribution Faetor for branch A under contingency B with 1872.8 south-north transfer is caloulated

as;
Dr= M #3100 =10.6%
18758
The particular FCITC, forbranch A under contingency B is:
FCITC, mmi%iém #100 =943.4 MW

S the final FCITC for 2041 8-N transferstudy should be:
FCITC = Min{FCITC )

3.5.1 FCITC Caleoulation in 2011 Year

1n 2011 vear FCITC caloulation, the most constrained facility Iy the Salem 345/16¢ wansformer under
botly the souti-north transfer and eastavest transfer, The FCITC for 2611 S-N transfer i 752 MW,
and the FCITC for 2011 E-W transfer is 88.2 MW. The second most constrained facility fs the Kerper
58" §r. 161 KV line under bath transfers, If the Salem transformer constraint could-be fesclved, the
FCITC under §-N transfer would be 987.3 MW duc to Kerper 5- 8% §t, 161 KV line constraint, and
the FCITC under B-W transfer would be 1697.4 MW due to the same congtraint, See Tables E.F and
EZ in Appendix E for some typical constraints. The same constraint under different contingencies is

only listed one time in the Tables,

Bindwunt Brdepelslonl Tramsiarsan hoent Upsesstar, i
01 Tity'Conter Prive Carmel, IN-46032  £125 Energy Fark Drive S Paul, MV 55108
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The constraints to preves! incremental transfer from south (o northoare the Arnold - Tiffin 343 &V
line, the Dysart - Washburn 161 &V line, the York - Savanna 161 KV lins, the Genoa - Lac Tap3 181

£V Hine,.as well ag the Salemy/Lore and E Calamus areas,

The mumber of constraints to prevent.incremenialtransfer from east 1o west is fewer than that in SN

transfer, These constraints are in Satem/L.ore ares and E Celamys - Maquoketa 161 KV line,

3.5.2 FCITC Calenlation in 2015 Year
in 2015 year FCITC caloulntion, the most constrained facility ie s6ill the Salem 3457161 kv

transformer both ender souti=norh transfer and east-west transfer. The FCITC values for 2015 VEAr

are negative under both §-N transfor and B-W transfer, See TablesE3 and E4 in Appendix E.

The eonstraints io prevent Incremental 8-N and E-W transfers in 2015 year are shnilar 1o those in

20171 year.

Page 32



Midwest Tndependemt Transmdysion Syster Operator, Inc,

4. MISG Market Wide Analysis

Under MISO market operation, gensrtion offered {nto the MISC market is vommitted and dispatehed
based on Security Constrained Economic Dispateh (SCED) rule. The PROMOD analysis is based on
a simulation of electric system operations and regional power markets nsing the PROMOD IV®
production costing and power flow model. The model was used fo project houily production casts,

ganeration revenus, hourly load LMP and hourly loading profiles ¢f major transnyission fines.

PROMOILY IV® includes anhowly chvonological dispateh algorithny that minimizes costs while
simultancousiy adhering to a wide variety of operating constrainte, PROMOD IV® integraies
shronologics! production costing and detailed power flow analysis, The made! represents power
system operations inthe Eastern Interconnect, which includes representations of the operation 6f the
5000 generating units that are t MW or larger, 40,000 transtission buses and 50,000 transmiission
lines. The mode! calculntes and can track location-speeifie, hourly prices for up 1o 8,000 specific

locations.

The maodel captures the dynamics of the markeipiace through ifs ability to determine the éffects of
transmission congestion, fuel costs, generator-availability, bidding behaviour and load prowth on
market prices. PROMOD-V® performs an §760-hour commitment aund dispaicl recognizing both
generation and transmission impacts af the bus-bar (noedal) level. PROMOD IV forpcasts hourdy
energy prices, unit generation, revenues and fuel consumption, Bus-bar and zoni] energy market

prices, external market transaclions, transmission flows, losses and conpestion prices.

Same lines arg overfonded for different hours in PROMOD 8760-hr simulation with Securfty

Constrained Econemic Dispaich (SCED. These lines me mainly:

1y Cordova - Nelson 343 &V fine being constrained for 1013 Brs, about 1/8 time of 2 year
2y Genos - Lac Tap 181 KV Hne being constrained for 60 hirs, about 6.8% time-of & year
3} Dysart - Washbum 161 kY line belnp constrained for 116 brs

43 Dundes 1617515 kY transformer being constrained for 48 hes

5y E Calasmus - Davenport 18] kY line being constrained for 48 hrs

&} Galena 161769 &V #1 dansformerbeing constrained for 41 hes

Overloaded lines under 8760-hr SCEDD dispaich are shown in Table 7.
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igh shadow price flowgates with $1% and up are sShown ir Table 8. These flowpates are:

133428 Gualesbury 161/138 Xfm #2 flo Electric Jet-Nelson B 345, annual shadow price 15 448,89 K3
2) 3264_Nelson-Nelson RT FLO Nelsos-Dixon B, annual shadow price is 84.94 K§
3¥505_Cordova-Nelson (15503 343 XV line Yo Quad Cities-H471 345 kV Hae, annual shadow prive
is 193 K%

4} G083 _Genoa-Coulee 161 {flo) Genoa-Lake Tap-Marshland 161, annuai shadow priceis 14,43 K$
534188 _Turkey. River-Cassviile 161, {flo) Wempletown-Paddock 345 + Op Guide, annual shadow
price is 3.50. K%

63 3712_Dundes 161-115 for Arnold-Hazleton 343kV, annual shadow price s 3.54 K3

75 6148 _Genoa-LaCrosse-Marshiand flo Genoa-Coutee, anmual shadow price is 206 K§
£)3227_0404 Quad-F47T! for 15503 Cordo-Nelson, annual shadow priceis 1 26 K3
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5. Hastern Jowa Study Findings

Based on the AL contingency analysis, flowgate impact study, FCITC caloulation, and MISO market

wide PROMOD analysis, here are the findings In eastern Towa systen:

1) Atsystemintast conditions, tow voltage violations are found at HOPRECE and SANDSPREGY KV
buses;

2Y Under category B contingencies, thermal violations are found in the Hezleton 34 5/161 and 161/69
kV transformers, the Salem 345/16) XV transformer, the Dundee 161/115%Y trantformer, the
Fairfax/Hiswatha and Pogtville arcas. There Is no voltage violation under category B conlingencies;
3) Under category CI/CZ/CE contingencies, thermatviolations are found inthe Mazletory 1617688V
transformers, the'Salem 345/161 kY transformer, the Lansing 61769 k¥ transformer, the Amold -
Fairfax 161 KV line, and'the Dundee [61/115 kY wransformer. Several 68 kY therma! violations sre
found in the Fairfax/Hiawatha, Postvilie, Salemflore, TiTin and Beaver. Ch./Rock Creek areas, as
well as along Hazieton - Lorg Hne, Under the C2 contingency “ALTW-C-NW-DUNDEE 161 BUS-
STUCK BREAKER”, several low voliage violations are identified in 69 kV buses along Hazlston -
Lore ling;

4) Besides therms! violattons identified incstegory CHC2/CS contingencies, under category C3
autematic doublecontingencies newly overloaded facilities. are identified in the Marion - Dundee
175 KV ling-arid i the Turkey River, Beaver Ch/Albany and Tiffin aress. Low voltage vielations are
found on the York - Bavannz 161 EV line, the Marion - Dundes 115 &V line, in the Fairfax/Hiawatha
and Postville areas, and on some 69 'V buses along Hazieton - Lore Hne;

5) The 10% ALTW load increase in 2075 Tras significant impacton Salem 335/161 BV idahsformer,
the Marion - Dundee 115 %V line, the York ~Savanna 161 kY kine, the Hinwatha/Fairfax and Reck
Cregl/Beaver Ch. areas, and-aiso along the Harleton - Lore ling;

£} The sonthe-norih transfer has Sgnificant impact o1 the Salern 345/161 kV transformer, the Albany -
Bavansa 161 KV line, the Dysart - Washbuen 151 kV line, the Tifn - Amold 345 kV Hne, the E
Caiamus - Maguoketa 161 kV line, the Marien - Dundee 115 kV Hne, the Galena 161768 kY
transformer, the Salem/Lore srea, the Hazlston, Quad CitfesTRock Creek-and Fairfax/Hiawatha areas;
7} The east-west transfer has significant impact on the Salem 345/161 kV transformer, the E Calamus

~ Maguokeid 161 k¥ line, the York - Savanna 161 kY Hue, the Rock Creek - E Calamus 161 kY line,

M el Indeypre i o Syake: (opoiator. T
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the Hazleton - Blackhawk 161 kV line, and the Salem/Lore; Ouad Cities/Rock Creek and
Fairfax/Hiawatha areas;

8) The 8-N transfer has up to 5.6% TDF impact on the Sulerh 345/16) ¥V transformer, compared
with 4.0% TDF tmpact with E-W transfern;

9} Both the BE~W and §-N transfers have the greatest-impact on fowgates “3705_Amold-Hazelton
345 for Wemp-Paddock 3437, *3705b_Armiold-Hazelion 345 for Wemp-Rockdale 345%, 93775 Quad
Cities-Roek Creek 345/MEC Cordova-Sub 39", The TDF are all abont 7%;

) Both E-W and 8-N transfers Have more than 3% TDF ori the Salem 3457161 Howpates, The §-N
transfer has move fmpact than the B-W iransfer.

1) The 18% ALTW load increase has most impact {28.1 MW) on fliowgsate “3715_Quad Citles-Rock
Creek 345/MEC Cordova-Sub 39

12} For both §-N ang E-W FCITC caloulations, the Salem 3457161 kV transformer is the maost
Ilimiting element;

13} B-N transfer hag-most impact on Hills - Sub'T 345 KV ling (22.3% TDFY, the Arnold - Hazleton
345KV dine (18.7% TOF), and Areold - Tiffln 345 kV line (16:8% TDFY

143 I MISO market wide analysis, the most constrained facilities zre the Cordova - Nelson 345 kW
Hue, the Genoa - Lac Tap 161 kV line, the Dysart - Washburn 161 kV line, the Dundee 1617115 kV
transformer, and the E Calamus - Davenport 161 kV lise;

15} Correspondingly, easters Iowa flowgates with monitored brinches of Cordova - Nelson, Genoa -
Coules, Tutkey River - Cassville, Dundee [61/115 &V wansformer, Genoa - Lac Tap, Quad Cities -

H4T1 have mors than §$1k tolal flowgate price.

Figure 5-shows the geographic locations of all the above identified svstem issues (thermal
overloading or lowe voltage violation) n eastern lowa system, [n this-diagram, red represents issues
Henfified inthe 2041/201 5 suramer peak-base case, and pross fepresents issues only occurring in the
heavy 8-N or B-W wransfer scenarios, Circles represent sreas with several identified constraints, and

lines represent branches with overloading and/or low voltage fssuss.

Figure 5 shows that system issties are widely spread in eastern Iowa system. Also it i noted that
although most of issues (=)} ovour I 201 1/2015 summer peak bese cases, some oF issuss (ureen) are
only identified in §-N or E-W heavy transfer scenarios, When system rediabifity solutions ave being

developed, load serving issues in base case (2011/2015 summer peak base case} are mainly focused,
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while B-N or E-W transfer inypact and foad prowth tmpact are closely monitored. The branches with

overloading only in transfer scenarios are iisted tn Table 9 with some typical overioading examples.
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6. Sotution Development and Comparison
All the identified system issues in eastern lowa system are addressed in this Chapter. The possible

solutions for these issues could be:

. Modef corrention;

2, Generation redispatch;

3. Interruptible-ioad;

4, System reconfiguration:

5, Possible and practicable load shedding;

. Futire facility upgrades, including transrdssionftransformer/terminal equipment/shunt capacitor

{eta.) upgrades, or futare generation addition.

6.1 Proposed Solutions

6.1.1 Medel Corrections
Afier reviewing the AC contingency analysis results, further model errors were identified and

corrected. These cozrgctions inchude:

1-Correct load “I5" at 34.5 KV bus “SANDSPRS” from P= 12.7 MW, (=87 MW to F = 12.7 MW,
Q= 4.5 MW in 2011 base model. This eliminates the two low voitage viokations st buses
“HOPRECE” and “SANDSPRE” under system nonmal conditions;

2. Correet zatings of 69 kV hne “POSTYIPE” - “POST” (34444 - 68748) from 25/28 1o 45/45 MVA:
3, Corrett ratings of 115 k¥ line “DUNDEE 77 - "COGGON 77 {34133 - 34131) from 60760 to 75775
MVA;

4. Correct ratings of 161/115 kV wansformer “DUNDEE 57 - “DUNIRE 7" {34145 - 34133} from
S6/56 10 75175,

5. Correct 69 &V line “NO LIBER” - “NO LIBR” (34856 - 34762) from normally eloseidin the model

to normally epen. This willaffect thermal loading results in the Cedar Rapids ares tosome degree,

6.1.2 Initial Facility Lipgrade Proposals
Based on the initiul AC contingency analysis, flowgate impact study, FOITC calenlations, and MISO

market wide PROMOD analysis, the following system issues may only be addressed by facility

Mot indopendunt Tea ioisstan Sestom Cparalon ey
26} City Gonter Drive Cormel, BN 46032 1123 Energy Park Drive SL Paut, MN 55108
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‘upgrads solations die 1o their overloading levels and the impact of SN and F-W transfers and load

growth:

1 Qverloading on two Haglelon 161/69 kV transformers unider cateégary 4, B & C contingencies;
2-Ovetloading on Salem 345/161 kV wansformer under category B-and € contingencies;

3, Overloading on Hazleton 345/161 KV #1 transformer (224 MVAY under category B and ©
contingencies;

4, Ovetloading in the Fairfax/Hiawatla area under category B & C contingencies;

5. Overloading in the Lore/8™ 5t/ Turkey River areas under category C contingencies;

6. Overloading on Marion « Swampfx7 — Coggon - Dundee 115 kV line undercategory C
contingencies;

7. Gverloading on E. Calamus - Rock Creek 161 KV Iine under category © contirigencies;

8. Ovgrioading in Beaver Chi/Albany atea under caiegory € contingencies;

9. Oveiloading on Rock Ck 345/161 KV wansformer under category C contingéncies;

10. Overtoading on-Beaver Ch. — York - Savanna 161 KV line under category C contingensies;
11, Low voltage viotations ir the Beaver Gha/Yourk/Savanna areas under catepory Cochntingencies -
especiaily in heavy transfer scenarios;

12. Lowvoliage violafions in the Pairfax/Hiawatha aréas under category € contingeneics;

13. Lew voliage viclations in the Dundee/Liberty arées under category C contingencies;

14. Low voltage violations at Salem and Rock Ck under heavy transfers for category B &0

contingencies;

To address the above easters fowa systen issues, the foliowing four transmission options are
proposed and theirperformances ave compared:

Option 12 New Hazleion~ Salein 345 kV Hine with a second Salem 34561 &V wansformer:
Option 2: New Hagleten - Lore - Salem 345 &V fine with a'Lore 3457161 kY transformet;
Option 3:'New Cassville - Liberty 161 kV line;

Option 4 Wew Hazleton - Salem 161 kV lne;

Besides these four aptions, the following two facility upprades sre glst proposed and added;

{. Replace two Hazleton 161/69 %V temnsformers, The new recommended ratings are 74,7/74.7 MVA,

This addresses the overloading prabiem on thess two transformers;
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2. Toaddress the overloading problem between Hinwatha and Cogpon, & siew 161115 &V substation
named *Lewis Fields™ (bus 34561} s proposed. A new 161 kV [ine from “Hiawatha” to “Lewis
Fields™ is to be built, and this new substation is tepped on the 115 kV line between the Swamp Fox
and-Cogan substations (*SWAMPFXT" - *Coggon™). The Lewls Fields substation bus will be
redatively close o the Swamp Fox substation {tap polvitat 5% ofthe line distance between Swamp

Fox and Coggan).

6.1.3 Performance Comparison among Four Options Based.on AC Contingency
Analysis
AT contingency analysis is porformed orrthe 201 summer peak base model! to compare the four

proposed transmission options.

1, The following deseribes the results when comparing option 1 (Salem ~ Hazleton 345 KV Line)and

option 2 {Saletn — Lore [new 3457161 KV sub] - Hazlelon 345 kV Line}

a) Oplion | shows fess loading on the Salem - Rock Ck+ Quad 345 kV ling, Dundes 161/115 kY

transformes, and Lore - Turkey River 161 &V bine.

Option 2 shows less foading on the two Hazleton 343/161 £V transformers, the Julian - Salem - 8,
Grandview - 8% St. 167 kV Hues, the DECQ 8% Street 161/60 KV transformer, the Beaver Ch. — Albany
— Savanna - York 181 &V lines, Hazleton - Dundee 161 kV line and Rock Creek 345/161 kW

transformer

Ses Teble F.l and F2 in Appendix F.

by Oiption 2 provides hetter veltage than option L. The 181 &% Dundee bus voliage:is.3.89% higher
and the Postvifte 163 KV bus vollage is 0.82% higher than what option 1 can provide under

contingency. Observation of Table F.3 shows that this is e significant difference at Dundee. .

c} Option 1 shows stgnificant flowgaie reductions seross the Lore-Twrkey River, Turkey River-

Cassville and Quad Citles ~Rook Creék flowgate by 12 to 22% when compared fo option 2.
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Option 2 shows significant flowgate reduction across. the Salem — Julian, 8" Sireet - Ke:_'p_rsr,

Hazleton 345/(61 ¥V Xfir, Satem 345/161 ¥V Xuifr and Rock Creck 345/161 kV X&nr by 3.5 —

93.5% compared to optien!,

There are no overloaded fowgates-in eitheroption 1 oroption 2, See Table 4 for the complere

listing:

The following observations.aie also Hsted:

&} The Hmitation on Salem - Rock Chk - Quad Cities 345 RV Tine Is due to CT's and conductor nside
the subsiations. The line conducror rating Is {246 MVA. } should be & retatively inexpensive upgrade
to get a significantly higher rating on this Hne. So ford velatively small amownt of money spent on
substation upgrades a noticeable henefit of option | can bemiligated ifoption 2 is pursuad,

b} Thedimitation on Juliss ~ Salem - S, Grandview -.8" 81, - DBQ B8 (61 &V line is dusto
conducter rating hetween these substations. So it will' be expentsive fo upgrade this 161 kV ine.
Option 2 dramatically lowers the flows on these flowgates.over option 1.

¢} Loading on the fwo Bazieton 343/161 kV transformers is ower with optian 2. Since Hazieton #1
wansformer will e replaced anyway due to its overloading issues it-does mitigate somewhst the
benefits of option 2. Having said that, option Z is still 4 benefit 1o help reduce the Hazleton #2
transformer loading.

d} Lioading.on the Beaver Ch. — Albany — Savamna - York 165KV lines is lower withvoption 2. The
Beaver Ch. - Albany 181 k¥ line is roted a1 223 MVA and Hmited by terminal equipment {CT, wave
wap, and some substation jumpers), The line conducror rating is 240 MVA. The Albany - York 161
KV jine is rated at 200 MVA and Hmited by the Bne condnetor. The Savanna~ York 161 KV line is
rated at 167 MV A apd Hmited by jerminal eguipment (CT, swilch, wave trap, and some substation
conductor). The line conductor rating is 260 MVA. Su the lower fine loading provided by optien 2 s
beneficial, See Tables F.f and FIZ

€} Voltage improvement.on 181 kV “Dundee” bus with option 2 Is also beneficia! as show in Table
Fi

£ Flowgate performanes with opiion 2 is better than option 1 especiaily for the Saiem — Julian and 8%
8t. — Kemper flaowgates as shown in Table F.4;

&) Loading on Lore - Turkey River [6} kV line with option 1 is lower. This line israted 4t 200 MVA
and Himited by line conductor. With the second Wempletown - Paddorek 345 IV line in service in

20605 the overloading of the Lore - Turkey River [ine for loss of Wempletows - Rockdale or
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Wempletown - Paddock 345 kY line is mitigated. Evenso option 11z s8] beneficial over option 2

under this condition.

Overall, option 2 iz generally a better sehstion than option 1 based ox the dbave comparisons and

observations. Also the cost-of ather impacted follow-up facility upgrades by option 2 is:jess.

Furthermore, performance of an option 1A is-also investigated. Opfion 1A is a varians of option 1.
Instesd of installing 2 second Salem 3457161 kV transformer, the pre-existing Salem transformer will
be roplaced-by 2 larger transformer (rafings-as 448/448 MVAY o option 1A, Nene of the overloads
Julen — Selein - 8, Grandview - 8% 81, - DBCQE™ under option 1 is cansed by any contingency
involving 8alem transformer, so the performance on Diibugue 161 KV system is the same between

option.} and 1A,

Givenythat the biggest advantage of option 2 is the much less loading In Dubugue 161 kV systerm, and

that option [ A has the same/siimilar performance as option I, option 2 is also better then option 1A,

2, The following deseribes the results when comparing option | (Salem — Hazleton 345 k¥ Line)

and option 3 (Cassville — Liberty 161 £V Lineg).or 4 {Salem - Hazleton 181 KV Line,

With option 3 and other two facility upgrades (replacement of two Hazleton 161769 &V transformers,
and iilding.a new Lewis Fields161/115 kV substation and a new 161 kV line from Hrwatha to
Lewis Fieldsymentioned in ssction 6.1.2, thermal loading on-typica! branches i shown in Table F.5.

Some important notes are:

a) With Hazleton 3457161 kV #1 wansformer replacementand installation of & second Sulem 3457161
kY transformet; there will be no thermal/voltage violation under category B & © conlingencivs
fexcept 33 for 201! summer peak base case;

&) The overloading or potentiat overioading on the B. Calamus - Rock Creek 161 kV line is not
mitigated- by option 3;

¢} The overloading or potential overloading on Davenport - Maguokets 161 ¥V line ks not mitigated
by option 3y

4 The overloading or potential overloading on 161 kV system in'the Dubuque 8™ St. aves is not

mifigated by opiion 3
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&) The Hazleton 343/161 kV #2 transformer vill be potentially overloaded;

) The Beaver Ch. - Albany - York < Savanna 161 k' line will siili be overioaded upder category €
contingencies;

g) Coggon — Dundee | 13 &V fne will still be overloaded under category Cconfingencies;

) Overtoading Jur the Paivfaw/Hiawatha area 15 not mitigated by option 3.
Table F.6 compares overlonds between option 3 and option §. The major différences are:

#) Option 3 only mitigates some local issues inthe Cassville/Turkey Rives/Liberty areas. Uption
miligates not only the system issues along Hazleton - Saler tine but also oveilonding issues ori the E,
Catamus - Rock Creek 161 kV line, the Davenport-Maguokets 161 kV Iine, and the Coggon ~
Dundee HIS RV lne. Option { also mifigates the overloading issues on the Beaver Ch, — Albany ~
York ~ Savanpa 161 kV line;

b} Purthermore, if option 2-is chosen, it will also mitigate the 161 kV sysiem issues in the Dubugus
gt gt areay

¢) Foroption 3, the second Salem 3457161 kV tanstormer sifl still need to be added, or the pre-

existing transformer will still bave to be replaced by a larger one (448/448 MVAY,

Comparing oplion 3 with eption | or 2, and considering the mpact from essi-west and southenorth

wransfers-and load growth, option 3 is not & refiable option,

Systeny performance of opiien 4 is quite similavto thet of option 3. The defails are skipped here.

6.1 4 Interruptible Loads Solution

Acgording 1o NERC planhing ceiteria, category C violations ailows for the controtied interruption of
electric supply 1o customers (Juad shedding), the planyied removal from service el cerlain generstons,

and/or the surtailinent ‘of contracted Finm slsctric powver transfers,

Besides transmission opiion 2, replacement of two Hazigton 161/69 kV transformets, and building
Lewis Fields 161 KV stbstation and new 115 kV line from Lewls Fields to SwampFox nientioned in
Seotion 6.1.2, appHcability and feasibitity of relying on interruptible loads floads which have contract
o be interrupted if needed) and generation redispatch are first investigated for remaining category C

condingency (especially C3 double contingencies) vinlations identified i easier lowa system, If
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interruptible load shedding and generation redispatch ase not sufficient to mitigate the category C
rontingency violations, and load ghedding is nolspplicable to mitigate the overtoads, transmission

projects will be furtker proposed.

Some-of the major Interruptible loads maindy locateil in the areas of Falifax/Himwvatha, §° $i/DRQ

are fisted in Table 10,

PRORKIG | BEVERLIS | WILMSRGE | WiLLORKS | CAKRIDGE | ONTRGRY | HIAWATAS | JDEERR

BUS & BUS-# ~ 34082 - 34160 - 34153 ~ 34337 - 34760 ~34027 - 34112 = 34466

|

Inferruptibie

i

5.8 124 27 Z8 G 2.5 127 128 !

Tableid: Major Interuptitle Loads in Egstern lowa

Table @1 lists sore typical identilfied systen fssues after includingroption 1 and two-ther proposed
Tacitity upgrades Héted Brsection 6.5.2. b this 4able, we oan see this main fssues arc in the arsas of
Fairfax/Hiawaths, 8% SL/DBQ. Also the last column “Interruptibie Load Relel lists-the maxinmumy
loading relief from eight major interruptible loads for these identified thermal overloading isswes, It js

calotated based on.sensitivities on an identified constralsit by interruptible load shedding.

From Table G.1, it {s demonstrated that it is not feasible and sufficient torely on these interruptible

londs for mitigating the identified thermal overloading problems.

6.1.5 Generation Redispatch Solution

The Generation redispatch solution is also investigated. for remaining category € contingency

violztions ineastern fowa.

Genevators.in ALTW, ALTE, and MGE are included for sensitivity analysis on the total 72 identified
consiraiitts after adding option | antl thetwo facility upgrades Hisied Tn-sevtion 6.1.2, Only generators
with sensitivity values more than 2% i & sonstraint sre considered to be redispatched for this
constraint mitigation, Table G.2 ists these 72 identified constraints, the maxtmum loading relief
through generstion radispaleh, anid whether generation redispateh is applicable to mitipate fhe

constezint (loading relief Is significantly Jarger than overloading MW),
From Table (1.2, some observations are Hsted below:

1. For overidading in the Lansing aren vnder category €3 contingencies, backing off Lansing

generators (“LANSS 4G22.07, "LANSS 30322.07) will provide enough mitigation,
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2, Overloading in the Falrfax/PCH arca can not be mitigated by generation redispatch, so further
facility upgrades are necéssary}

3. Overloading i the Dubugue 8% 8, arer nonnally can not be fully mitigated by redispatching
“DBRQ 8THR6%.0" generation. Since oplion 2 eliminates these overlond isshes ftis demonsirated 1o be
z better saiution than option 1 in this regard;

4. Orverfoading in Beaver Ch. system under categdry C3 contingencies can nomsally bé-mitigated by

backing off generation of “BVRCH2G26.5Y.

§.1.6 System Reconfiguration Solution
For soms of 65 kV system loading or low voltage violations under category C contingencies, &-

practical way fo mitigate these violations # {0 open 4 normally-closed branch.or close ¥ normaliy-
open branch, This often done at the 69 &V level, while enswring ¥ will not cause other viclations.
Table 4.3 demonsirates the applicabllity and feasibility of this system veconfiguiaifon for mitigating

the thermal and voltage violations of these T2 constraings.

6.1.7 Further Facility Upgrade Froposals

For category C vinlations, if gencration redispatehi,-and/or imterrupdible loads, and/or system
veconfiguration can not mitigate the violations, end if the impacted foads ars not designed or allowed
0 be shed for whatever veason, facility upgrades have to'le proposed to address these category C
viofations, With el this fu mind, analysis shows that the following-additional facility upgendes-are

proposed:

1. Add s sceond Fairfax 161/69 4V transformer. This new transformer has the same design as the pre-
existing Feirfax #1 transformer and the ratings are 205/205 MV A. This second Fairfax transformer
will mitigate theselated overtoad fssues in the Fairfax/PCT area undercatepory C contingencies;

2. Inthe Fairfax/Hiawatha area in Cedar Rapids, if the 161 k¥ Aruold -~ Faivfan and PCE - Bertram
lines ave opened, porential voltage collapse is indicated and this double contingency is not solved.in
PSS/E. To resolve this issue, 2 new 345 kY “BEVI4STY (34555) substation is proposed to be built
and tapped o the Arnold -Tiffin 345 kV line.  This was modelled to be tapped on the 343 kY line at
distance a bif closar to Arnold than Tiffin (Aracid sub [40% of line} —New 345 kV Sub - Tiffin [60%
sfline]}h. A new 345/161 kV transformer and 2 new 161 ¥V line will connect this new substationto
Boverly 181 KV bus (34107

3. Replace the Hazleton 345/161 kV #] wransformer with the same design as Hazleton 345/161 k¥ #2

transformer. The new ratings are 3357338 MVA;

Fage 49



Ihitdsvest Vndependent Transmission Systeny:Gperptor, Ing,

4: Replace the dimiting CTs and conductars Inside the substations for Quad Cities - Rock Crask -
Salem 345 KV tines sothe line rating can be raised to the same as conductor rating bofween these
substations, The new ratings of this 345 kV {ine will be 1246/1246 MVA. Upgrade subsiation
conducior so the Rock Creek 345/161 ¥V 448 MVA transformer is the limiter for this branch;

3, Under the stuck breaker contingeney (C2y¥ALTW-C-NW-DUNDEE 161 BUS -8THCK
BREAKER™ at Dundee 161 %V bus, both Dandee Liberty and Liberty ~ Lore 161 kV will be tripped
-and Dundee 161 KV bus will be-disconnected. This is because there fsno breaker al Liberty 167 bus.
This contingency causes a lot of fow volage violations and thermal overlodading i1 Dundee and
Liberty 89KV systom. To resolve this issue, breakers-are proposed 16 be installed at both ends of
Liberty 161 &V bus. The new “ALTW-C-NW-DUNDEE 161 BUS -STUCK BREAKER"

contingency is defined as:

CONTINGENCY "New-ALTW-C-NW-DUNDEE 161 BUS -$§TUCK BREAKER'
TRIF LINE FROM BUS 34135 TOBUS 3i20CKT 1/ 'DUNDEE 8 161KV TO
LIBERTYS 161KV
DISCONNECT BUS 34135 /* DUNDEE 161KV BUS OUTAGE
END

6. Upgrade terminal equipment for 69 ¥V fine KIRK JT -~ Fairfax - NURSRYR (34749 -- 34149 .
34 §96) 5o that the ratings are vonductor Hinited o 103/103 MIVA between substations;

7. Upgrade terminal equipment for 115 &V line Pralvic Creek - Marion {34095-34103) so that new
ratings are conduector Ei'm'if;ed 1987198 MVA botweer substations, Rebuild 115 kY line Marion -
Swémpfx? -Coggon to a 198/198 MVA rating, The present fine conductor is limited to 76 MVA;
8. Replace Dundee 161/1 15 kV-(34.135 - 34133} wangformer {upgrade CT's) fo-a larger 112/112
WMIVA unif, Tt is presently o 75 MVA Bansformer;

9. Upgrade 65 ¥V line Peosta —Amocoi] - Lore {34505 — 34460 - 344064) with new ratings as B0/30
WIVA. This Hine is prasently Hmited-to 40 MVA,

€.1.8 Feasibility Study on Building New BEV343T - Beverly 161 ¥V Line
To build a now 345 KY “BEV343T substation witich s tepped betwesn the Arnold — Tifin 345 ¥V

fine, a new 345/161 ¥V transformer, and a new 161 ¥V line connecting from this new substation to

Beverly, one routing option is to use the existing Blairsiown — Praivle Cregk 115 KV fine Right OF
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Way (ROW), Le., tearing fowr the oldsged Blairsiown — Prairie Creek 115 KV fineand building the
new BEVI45T ~ Beverly {61 kV line,

With el proposed eastern fowa prajects added into the 2011 andl 2015 sumimer peak base models, O
contingenty analysis was performed to study whether it s feasibleto-build BEV345T ~ Reverly 161
KV line using the ROW of Blalrstown — Prairie Creek 1313 KV lire, Two scenarios are studied and

DOCC results are compared, These two seenarios are:

Scenevic [ Blalestown + Fraivie Creek 115 KV fine is ot of service

Scenaric 2+ Blairstown — Praiiie Creek 15 kV line is in service

Branel: loadings under 2l category A, Band Ccontingsncies aresompared between these two
scenarios, Table G1.7 and G1.2 in Appendix Gi fist 81 branches with loading changes more-than 5%
of rating in 201 1-and 2015 semmer peak base modets with ali proposed eastera towa projects
in¢luded. Bome notes are Hsted from this comparisom

1. tf Blairstown-Pratrie Creek 115 kV fine s ouvof service, doadings on Prairie Ck — Bertram 115 kY
line, Prairie Chk — Marion 113 &V line, Ston PT - 6th.5t 115 KV line, Ston PT ~ Prairie Ck 115 LV fine
are increased by 5% - 20% of rated values under different category O3 contingencies compared with
thase with Blairstown-Praizie Creek 115 KV Hne in sepvice;

2. Overloads were found on Praiiie Ck - Bertram 115 ¥V line, Ston PT - Pralvle Ck 1E5 &V line
wader category C3 contingencies;

3. Ston PT —6th 81 115V line is Toaded at maximum 94% under C3 contingency.

4,80 thuees 115 kY lines of Praivic Tk — Bertvany, Ston PT — Prabrie Ck, and Ston PT ~ 6ih 5t have
lines.use 785 ACSR conductor which is vated at 197 MVA. Currently these three Hnes lave fower
ratings Hmited by substation conductor, It should be relativefy inexpensive to replace Hiniting
stibstation conductor and raise the ratings of tiese three lines 10 197 MV A, which s sufficient forall
category A, Band C contingencies. Having sald that, zeview of the tables shows that if this is done
there {5t & great-deal of margin 168 over on the upgrades Yinex.under second continpency. The
highest flow shows under conlingency is 185 MV A on the Praifie Creek — Bertramn 115 kV Hne, This
would imply that at some point in the foresesable future some of this 4,7 mile Hne may be the frst o

have to be upgraded to-a higher rating,
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In conclusion, it {5 feasitie to tear down Blairstown — Prairie Creék 115 kY line and beild BEVI4ST
- Beverly 161 kV iine én the same ROW, if substation condactor of fhree I 15 kV lines can be
upgraded to raise ratings.to 197 MVA,

6.1.9 Further Analysis on Proposed Transmission Option 2
Regarding the proposed 3¢5 kY transmission eption 2 {new Harleton — Lore - Balem 345.5V line

with & Lore 345/161 kV transformer), there are bwo follow-np quesiions listed below:

t. What will be the ouistanding jssues in eastern Towa system #'thve-option 2 Ts 1ot taken?
2, Instead of building this line, is it more economical to develop several smali projects to adédress

these easters Jowa eutstanding issues?

In order to answer these quesitons, AC snalysis was performed on the 2011 summer peak models
with and without this new line and results were-compared to idendify what the remnining outsfanding
issues will be if this 345 KV lineds notbuile. All other proposed projecis fisted in Section 6.1.7 plus
two projects listed in Section:6.1.2 (Titial Faciiity Upprades Proposals) are included in the compared

raodels. So the only difference inihe modeis is whether transmission option 2 is included or not,

Forthe ACCC analysis on the 2011 summer peak base model without oplion 2; branch loadings over
50%.of rating s monitored. Bus voliages below 0.85 p.u. are alse monitored. This is to cateh al]
leading and volisge fssues o potential isstes since transfer impact o7 load growth impact should also
be considersd when developing a transmission solution, Forthe ACOC ana lysis-on the 2011 base
mods! with eption 2, branch leadingrover 60% of rating is monitored. This is 20 caloulate the bransh
loading difference between Joaiding veith.anid without fhis new Salem — Lore{new sub} - Hazicton
345KV line {pption 2}.-Also bus voltages bejow B.35 p.u. are monitored. Table F:1 in Appentiix H
lists branch overlvading or potential overloading in 2071 summer peak base case with loading
increese more than 5% of rating without transmission option 2. Table 1.2 Tists-bus voltage viclation
or potential violation in 2011 summer peak base case with voltage decrease more.than 0.01 ..
withiout transmission aption 2. From Table H.d and H 2, it is noted that the following are major issues

in eastern: Towa systern without transmission option 2!

1. Overloading on Salem 345/161 BV wansformer;
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2. Overleading of 161 ¥V system in Dubucue area: Salem W — Julian — Center Grove 161 &V fine,
Salewn — Bo.GVW.5 - 8% 8t~ DBQ 88 161 kV line, 8% St - Kerper 3 161 kV fine;

3. Overoading of 167 kV system in the west of Rock-Creek: E Calamus — FW it - Rock Creek
[61 kV-line, Rock Creek 161765 ¥V sransformer;

4. Overloading of 161 KV system in the norih of Beaver Ch: Beaver Ch —-Albany ~ York - Savanns
161 £V iine, Heaver Ch 161/69 &V transformei;

5. Gverioading on 151 &V Hre Davenport ~ ECal TS ~ £ Calamus ~ Maguoketa;

6. Overloadingon 115 kV line Coggon -~ Dundee

1, Gverloading on 161 &V lines SBEIC S ~ Hills § and SB 91 —88 99

8 Potential voltage violation in Salem aren: 34020_SALEM 3_345kV, 34030 SALEM N3_isi
RV, 34034 _SALEM §5_161 BV, 69505 GALENA §_I6T kY

9. Potential voltage vicletion i the Lore/Dubuque area: 34026_ASBURY 5_161 kv,

34027 CNTROGRVS 161 &V, 34028 _LORE §_161 kv, 34031 _SO.GVW.5_161 &V, 34032 BTH
8T.5_161 &V, 34908_KERPER 3161 &V, 34508 _JULIAN 5_161 kV

16, Vokage viokation or potential vislation slong Beaver Ch. — Savanna fine: 34038_BVR CH 5_181
kV, 34042 BVR CH6S 161 k¥, 34043_SAVANNAS 161 KV, 34046_YORK 5 161 kv,

34359 _SAVANNAS_69 kV, 68741_MTCARROL_69'kV, 68742_PALISADE 69 kv

11, Voltage violation or potential vivlation along Dundee ~ Liberty line: 3¢135_DUNDEES_161kV,
34128 LIBERTYS_161 KV, 34647 PREILRTS 69 kV, 34608 PFEILRES 60 kV, 856 NO
LIBER, 65-kV, 34857 HOLIDAY 65 LV, 34858 CVLE TAP_ 69KV, 34859_CORALV R 69 kv,
34800 _HRTLNDTP_69kV, 34861 _HERTLAND 89kV;

12. Potential vollage violatfon in Rock Creek area: 34036 ROCK CK3_M5%V,

34035 ROCKCEWS_161 kv

13. Potential voltage vidlation slong Wyoming - Mt. Vernon dine: 341 29 _WYOMINGS 151 &V,
34053_MT VERNS_ 161 kY, _
14, Potential voltags vielation siong Turkey Rives — Nefsor Diewey line: 34037_TRK RIVE 1614V,
39959 GRANGRAE. 69%V;

L5, Potential voltage vielafion in Tiffin 65KV system: 34862 _TTFFINR_69 kv, 34864 TIFFIN_69
kY

Without transmission option 2, there are 8 few other facilities with loading increase more than 5% of

thiele rating but loaded between 80% and 80%. These facilities are;
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34078 HAZLTON3I 345 34019 HAZLTONS 161 1
34018 HAZLTONS 345 34020 HAZL S5 1612
34026 ASBURY 5 16] 34027 CNTRGRVS 161 1
34030 SALEM NS 161 34034 SALEM 85 161 1
34035 ROCKCKWS 161 34037 ROCK CK3 161 1
34037 ROCK CKS 161 34042 BVR CHS5 161 1
3406 PCY 5 161 34109 BERTRAMS 1611
4TI HILLSIES 161 64350 HILLS 3345 ¢
34126 MQUKETAS 161 34034 SALEM 85 161 1

. 34135 DUNDEE 5 161 34020 HAZL § 5161 1

34423 MONONA_BAR.0 68748 POST 69.01

. 34908 KERPER 8 161 34028 LORE 5161 1

64422 8B 49 5161 34038 BVR CH 5 161 ¢

64422 8B 49 5161 6641488 17 5161 1

15, 69505 GALENA 5 16] 34043 BAVANNAS 161 1

B s s o

et b et s ped
FL L A ¢ SECT I e |

Fiowgate loading is 2lso compared'in the 2017 summer peak base mode? with or without transmission
aption 2. Loadings are compered on 27 eastern Tows flowgaies andthe resulis are listed in Table H.3.
Maost of flowgates have more loading without transmission pption 2. This is consistent with branch
loading comparison result in Table H.1. But loading on flowpgzates with monitored branches.of Quad
Ciljes ~ Rock Creek 345 kW kine, Love — Turkey River 1614V Hne, or Turkey River - Cassville 151
k¥ iine are lower without transmission option 2. With transmission option 2, laadings on these
Howgates are increased by up 10 13% of the rating. As mentioned in Section 6,1.7, rafing on Quad
Citles — Rock-Creek 345 %V 35 proposed 1o be uprated to conductor rating by replacing some terminal
squipinent, 5o loading inciense on this line with option 2 is not an-issue, Loading increase-on

flowgates associated with Lore ~ Turkey River — Cassville 161 kV line will be amalyzed jn Chapter 7.

Table H.4 lists facility rating {line condugtor rting ortransformer vating) for branches Hsted in Table
H.1 with loading Increase more than 5% of rating without option 2, Most of these branches have
current rating the same or very close as facility rating, so their ratings are mostly Hnited by i
conductor of transformer. As found and stated in Section 5, 10% ALTW load increase has significant
impact or Saler 345/161 ¥V transformer, Mation ~ Dundee 115 £V Hae, York — Savanna 161 kV

line, Hinwatha/Fairfax area, Rock Creek/Beaver Ch. area, and glong Hazleton - Lore line. South ~
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‘North transfer has significant impact on Salem 345/161 kV transformer, Albany — Savanna 161 kV
Tine, Dysart — Washburn 161 kV line, Tiffin — Arnold 345 KV fine, E Calamus — Maquoketa 161 kV
line, Marion — Dundet 115 kV line, Galena 161/69 kY transformer, Salem/Lore area, Hazleton area,
Guad Cities/Rock Creel ares, Faivfax/Hinwatha arca. East-West transterhas sipnificant impactan
Salem 345161 KV transformer, E Célamus - Maguoketa 167 kV Tine, York « Savanpa 161 kV fine,
Rock Creek - E Calomus 161 kY line, Hazleton ~ Blackhawk 161 EV line, Salem/Lore-area, Quad
Cities/Rock Creek aren, Fairfex/Hliawatha area. All these faciliffes/areas significantly- fmpacted by
load growth and.transfers have Joading inerease more than 5% of rating or voltage decreasemore than
0,01 putk. under contigencles without transmission option 2, Without transmission-option 2, most of
these facilities/aress are loaded more than 90% of their ratings undercoilingencies, afl others are
ioaded more than 80% of ratings. Considesing all the sbove, the averdoading or potential overloading
facilittes shovld mostly be replaced by higher rating facilities if ransmission option 2 will not be.
implementedt. Compared with the cost-offransmission option 2, the totab-cost of all these smail
projects will be higher. So-considering system reliabillty performance in far future (assuming 40-vear
Jife time of a 345 £V Tie)and eost of 1oial projects, it is recommended 1o build a new Hazleton -
Lore — Balem 345 &V tine with a 345/161 kV transformer at Lore (transmission option 2) instead of

building a'bunch of sinall projects.

6.1.10 Proposing Projects for System Near-Term Needs
It smay take 710 10 years to build a-major 345 kV Hie. So the questiorn here is before ainew Hazleton

—Lore — Sgiem 345 XV line with s.Lore 345/161:kY transformer is built, what near-tenn issues in
grstern Towa system ave, Besides (zafismitssion oition 2, some other small projects are d@lso proposed
i Sections 6. 1.7 and 6.1.2 to address the reinaining cutstanding issues after optfion 2 is taken. 1f some
afthese smail projects are-buill in thie near term fiest, can they address near-term easiern jowa system

issues espectally under category A ant'B contingencies?

To.answer these questions, AC contingenicy analysis was performed in. 2011 and 20} 5 surminer peak
base models without including any proposed projects ineastern fowa study, Only NERC category &
end B contingencies are eonsidered, Table L1 in Appendix | Hsts typieal examyples of thermal
vielations urider category A and B contingencies in 2011 and 2075 sunuer peak base cases, Na bus
“voltage was found below 0.9 g.u. under category A and B contingencies in these two base eases. For
the thermal violations with voltage 100 kY and sbove, the following projects mainly proposed in

Sections 6.1.7 and 6.1.7 are recommended to be built first 1o address these system near-ierm issues:
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1. Replace Balem 34571615V transformer with a larger 448/448 MV A trarsformer. This is an
addiiional projeet to address Salem transformer numercus overloating issues ender category B and C
contingencies before transmission option 2 is buily

Z. Replace Hazleton 345/161 &V #71 transformer with.a larger 3357335 MVA transformer:

3. Repiscetwo Hazieton 161/65 KV transformers with two larger 74.1/74.7 MV# transformers;

4; Build a-new 3451V “BEV345T" substation and tapped to 345 kY line Arnoid - Tiffin 2t 40%
distance away from Arnold. Add 2 new 345/161 &V transformer and build a new 161 kV line
connecling the newy substation to Beverly 167 ¥V bus, Thig will mitigate overloading on Arnold —
Fadrfax and PCI - Bertrary 18] kW lines under categery B contingencies. Also it will prevent potential
voltage (z.@i’iap&e ‘when the area of Fairfan/Hiawatha loses one 161 KV line ARNOLD 5 - FAIRFAXS!
cornestedidn Arhold and another 161 ¥V line PC1 5 BERTRAMS! connected to Bertramn.

5. Build e new 18] KV substation “Lewis Flelds” {34561) and anew 16} KV line from “Flinwatha® 1o
“Lewis Fields”, This new “Lewis Flelds™ substation is tapped to the IS &V line “SWAMPEXT” -
“Cuggoﬁ” at 5% distance away from SWAMPFX? via anew 161/115%V transformer. Thiswill
address thermal uvaﬂﬂa&iﬂg issues on Prairie Creek - Marlon 115 &V line and Marion - Bwampfi7
HI5 &V bine;

6. Add.a second Fairfax 161/69 kV tranisformer, This pew transformer has the same destgn as the pre-
existing Fairfax #1 transformer and the ratings are 205/205 MVA. This second Frirfax traisformer
will mitigete thermal overloading on Fairfax 161/69 KV #1 transformer under contingencios;

7. Upgtade substation conducter for three 115 kV lines of Praivie Ck ~ Bertram, Ston BT — Prairie Ck,
and Ston PT - 01iv'St so that new ratings Beeoine 197/197 MVA lunited by line condietor sating, if
the new 161 kV lne BEV345T - Beverdy wilibe built using the ROW of Blairstown - Praivie-Creek

115 KV lipe.

6.1.11 New Transformer Capacity Consideration
Two new 345/161 kV transformers are proposed to beadded at Lore (option 2) and “BEVI45T”

{between Arnold ~ Tiffin} in the proposed eastern fowa projects. Since Hazleton 3457161 kV #1
transformer (2247224 MIVA) is proposed to be-replaced by a targer 335/335 MVA transformer, end
Salom 345/161 KV transformer (335/335 MVA)Y may bereplaced by a larger 448/448 MV A
transformer to address near-term system issues, one Jegitfimate question here is whether these two
replaced transformers can be installed in "BEV345TY and Lore; Le., install 224/224 MW 4 original

Hazleton transformer at “BEV3457T” and install 335/335 MV A original Salem tramsformer af Lore,
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With ali proposed eastern Jowa prdjects added into 2041 énd 2015 sumumer peak base model, sad with
the assumption of 224/224 MV4 transtormer at “BEVI4ST™ and 3357333 MV A vansformerat Lozs,
DC contingency analysis was pefforned to-evalugie the maximontloading at Lows and “BEVI4ST?
{ransformery wnder all eategory' A, B and C contingencies. Table L1 and L2 In Appendis J listtop 3

loadings at “"BEV345T” and Lare transformers. A few notes are:

1. 3357335 MVA wensformeral Lore s sufficient to meet system reliability need;

2. 224/224 MIVA CBEVIST™ transformer {s foaded 96% at maximum in 201 | sunimer peak base
case and overloaded at 11 (% af maximum in 2015 summer peak base case under the same double
contingency (C3) “DrARNOLD SFAIRFAXST +PCL S-BERTRAMST”. The second and third
maximum leadings are 81% and 70% in 2011 summer peak base case, and 91% and 78% in 2015
summer peak base gase, underthe corresponding €3 double contingencies "IHARNOLDIG-
ARDNOLI $1 +ARNOLE S-ARNGLD 317 wid "DrARNOLDIG-ARNOLD 51 +P01 5-
BERTRAMSI®,

3. There is ro overloading on 224/224 MVA "BEV3435T transformer under all category A, B and O
contingencies in 2011 sumer peak-base case;

4, In 2015 sumemer peak base case, there is no thermal overleading on 224/224 MVA “BEV345T"
transformer ender all category A, B and C contingencies exeept €3 double contlnpencies;

5. In 2015 summer peak base case, 224/224' MVA “BEVI4ST” ransformer is overloaded af 1 1% of
rating under the double contingency (C3) “"DIARNOLD S-FAIRFAXS] +PC1  S-BERTRAMST.
Generation redispatch and systemrreconfiguration are tested and they-are not sufficient to mitigate

this overioading.
in conelnsion, 335335 MV A transformer I capacity sufficient o be inslalted af Lore, 2247224 MIVA

“BEV343T” transformer s tentaiively capacity sufficlent up o 2012 vear. After #hat, & larger335/335
MV & transformer is reconnnended 6 be installed at “BEV2457™,
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6.2 Project Economic Comparison based on PROMOD Analysis

Asitis noticed in Section 6.1, the propused projesis.can resolve all or part of the reBability fssuss in

eastern Jowa region, These projects may afso have scontmic values on the following aspects:

1. Reduce the reglongl snnual produetion cost {(generation cost) since more generation are dispatched

sconoinically to serve loads if transmission constraints are reduced;

¥isg M
regional annual production cust = ZZ C,J,

= fe
where
C,.j is fuel cost of generator | during hour |
M s the number of total generators
2. Reducs the regional annual load cost since.congestion component of LMP (Losational Marginal
Price} is veduced with more constraints mitigated and energy component of LMP is also reduced with

mose economical gensration dispatched;

g6 N

regional annual load cost = 22 LAMF, *L,

iui el
where

L, is MW amount of load j duting hour 3

LMEF, is LMP at bus of load j during hour §

N is'the number of to1af foad buses

Economic performances of four transmission options are compared with PROMGD analysis in 2011
base scenaric, Also-when four transinission options are compared, the other small projects proposed
in Secfions 6,1.2 and &, 1.7 are also insluded since they are necessary no mattor which option is finally

chosen. These four transmission optipns are again listed here:

Option 1: New Hazleion - Salem 345 KV Hne with & second Saleny 3453/161 &V transformer;
Omtion 2; New Hazleton — Lore - Salem 345 KV Hne with a Lore 343/16] tansformer;
Option 3 New Cassyille - Liberty 161 kV ling;

Option 4: New Hazleton - Salem 161 kV line;
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6.2.1 Cost and Saving Comparison
Table 10 lists the annual load cos, annual production cost and annual production costsaving fn the

whole eastern lowa region with each of the four projects,

ArnughProsustion Cost{$)..

Annuat Production Cost Saving($)

Eastervlowa | Annual Lead Cost ($)
Base Dase 787 563,185 403445100 b
Optien 1 711,431,608 371,157,592 32,287 508
. Qption 2 718,762,708 371,140,130 32304971
§ Option 3 711489882 372845857 30,589,263
Oplion 4 712,198,785 372,438,461 31,005,640

Table 11 Anmval Costand Saving Comparisen among:Four Transmission Options

whiere annual production cost saving is the difference between annual production cost with each

option and base case,

Form Table 11, the followings are observed,

i Optioa 2 has the most annuat production cost saving (332,304,971} and least annual foad cost

LET10,762,708). Option 1 15 ranked the second, with 317,463 jess annual protfuelion cost saving and

SG6E,E89 more annusal load cost;

2. Option 4 has wore annual production cost saving than option 3 though it has move annval load eost

than option 3,
3. Comparing option 2 with cption 4, option 2 has-ebout’ .3 millien mere-aninual produetion cost

savings than option 4. Considering 40-vearfife time of 2 343 ¥V line, the total produetion cost saving

will be.about 52 million dotlars;

4. Option Z has:about $1.4 mitlion fess amual load cost thar oplion 4. 8o thetotal load vost will be

saved by 56 million dolars during 40 years somparing option 2.with option 4.

So onthe production st saving and load cost.aspect; option 2 is the most economical prajest-among

the four fransmission options,

Page 39




hidwest Independent Transmission System Operator, ne,

6.2.2 LMFP Comparison

LMP at some typieal busey in eastern Tows aie slst compared. With i generator and lead
added/deleted from the system, low annual average LMP indicates less system constraint and. more

economics! peneration dispaiched.

Ajoad hubis established with all Joad buses in eastern fowa systers, The-kourly hub LMP i
calculated as:
¥
S e,

sastern Towa ik LMP = 2 -

2.4

=1
whaere

L, 1MW amount of load } during one particular hour
LMF, is LMP at bus of load | during one partlenlar hour

N is the munnber- of total load buses

In Appendix K, Figure .1 shows ihe annual average LMP comperison at some buses with each
transniission solution. The deteiled deia s Heted in Table K.} Figure K.2 shovws the annual masdmum
LIMP comparison ot sorme buses with each transmission sslutior, The detailed data is listed in Table
K.Z. Figure K.3 shows the annval minimum LMP comparison at some buses with each transir isgion

solution. The delalied data is Hsted in Table K3,

A Tew notes ate listed bélow,
I, Eastern Towa hub anmual LMP is the least with option 2. Also LMP at most buses are the feast with

oplion 2;
2. Qption 2 has the smallest annual maximum LMP at eastern Towa hub and most busss;

From this LMP-comparison, it is flustrated that opfion 2 has least system constraint and maost

coconomical generation dispatched in eastern Iowa region.
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6.3 System: Loss Comparison
Real power losses and reactive-power Josses are caleulated in the control area besis of ALTW, MEC,

ALTE, MGE, and MPW for gastern lowa 2011 summerpedk base case with four differert
transmission options as stated previousty. These loss results are compared against the original 2011
summer peak base case (without any propesed transmission upgrades) and the toss changes are shown
in Table 12, Note that negative-value means loss decrease compared withdhe original base case, and

positive value means loss increase.

Opition 1 i Dion 2 Oplion & Siption 4
Control | Delta P\ Delta_Q | Delta P | Delta_(1 | Delta_ P | Delts @ | Deta_pP | Delia G
Area {iAg (MVAR} | (MW {MVAR) | (W AVARY O (VAR
ALTW -1,56 “26.53 -1.28 ~28.45 -%.90 ~16,16 -2.00 ~17.86
FEEC -2,18 -18.86 “2:23 =205 -0.08 (.08 .30 462
ALTE -0.40 ~4.43 0.04 ~2.86 026 1.18 ~0.01 334
BMGE -0.04 -.38 “L.07 .72 -2.03 (.30 -0.01 057
i 0.07 -3.02 0.61 .80 ~:.01 -0.08 -0.01 -0.08

TFable 121 Loss Change with Different Transmission Cptions
Based on the loss changs comparisen result in Table 12, the following conchusions are dravn:

1. All these four ransmission oplions will reduce the real power losses in the controhareas oFALTW
and MEC. Loss changes in other controf aress are mino

2. Becausé-both opfion | arid Z have a-pro;msed 345 EV transmission fine from Hazleton to Salem,
angf this ling Wil 'f‘aciii'iate:_:pm\fer trangfer through Tows, the ALTW real power loss reduction of
option | or 2 isa Hitlesmalier compared with.option 3 or 4. But reaciive lossreduction is much jarger
than that in option 3 or 4. This indicates-that voltage profile in ALTW and MEC will be greatly
improved,

3. Cption | has muoreveal power loss redection (aboif 0.28 MW in ALTW) than option 7, but-opfion
2 has more reactive power loszreduction {about 0,46 MVAR In ALTW) than option . Since alt these
real power loss and reactive power loss seduetions arg small, the performance of option | and 2 is

similar in the ioss reduction perspective.
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6.4 Recommended Solution
Four gifferent transmission solutiens sre proposed and their-performance in AC contingency analysis,

PROMOD market wide analysis, and system foss reduction are analyzed and.compared, A few

findings are vepeated here:

L. In the aspect of AC contingency analyshs, opticn 2 is beter thaw option 1. Compared with option 1,
toading on fwo Hazleton 345/161 kV transformers, hillan — Salem - & Grendview - 8% $t, - DRG 8%
LOT KV Bine, Beaver Ch, - Albany — Savanna - York 161 KV ling, Hazleton + Drufides 167 XV line and
TRock Creek 3437161 transformer are loss with option 2;

2. Inthe aspect of production cost saving and load cost 6f eastern Towa under MISCrmarket wide
dispaich, uption 2 haes the mostapnual production cost saving ani least annual foad eost among foar
transmission aptions;

3, Bvthe aspect of LIP reduction, opiion 2 ey Jeast anrwal LMP in eastern Towa hab and most buses
in eastern Jowa system. This aiso indicates-that option 2 hes least $yslem constraints and most
economical generation dispatehed;

4. bn the dspect of syste Toss reduction, option | and option 2 have similar performance.

To resoive the identified eastern lowa system issues, different transmission solutions ave compated
and their performance is evaluated. Option 2 v selected from four different fransmission options
based on the veliabitityfeconomic-comparison, The possibility and cost of deing # bunch of small
upgrades instead of implerenting aption Z is also investigated: From perspeetives of system
relinbiilty performance and cost of afl projects, it is recommended to baild fransmission option 2
instead of buiiding & bunch ofsmall projects. Applicability and feasibility for the solutions of
pereration vedispateh, systen reconfignration, interruptible foads and Joad shedding are investigated
and tested. For systeny issues without solutions of generation redispatch, cte., transmission solutions
are investigated and tested. Based on this comparison and study, the Hilowing solutions are

recomumended o resolve the eastern Towa systesm jssues:

1. Bulld a new Hazlston - Liore - Balem 345:%V line witha Lore 3457161 k¥ 335/335 MVA
transformer {option 2}, This resolves a lot of thermal and voltage viclations under category B and ¢

contingencies tn the whole system;
2. Replace two Hazleton 181768 KV transformers. The new ratings are 74.7/74.7 MV A This address

the pverloading probiom on these two transformers under category B and C contingencies;
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3. Bisld anew 161 KV substution “Lewis Fields” (34561) and a new 16§ KV line from “Hiawatha® to
“Lewis Fields™. This new “Lewis Fields” substation is tapped 1o the 115 k¥ line “SWAMPEX7" -
“Copgen” at 5% distanee vida new 16171 15 KV transformer. This addresses the overioading and jow
volage lssues between Hiawatha and Coggon,

4. Add asecond Fairfax 1614895V iransformer, This new ransformerhias the same design ss the pre-
existing Fairfax-#1 tvansformer and the ratings are 2057208 MVA, This second Falffax tansformer
wili mifigate the related thermal overfoading tssues in the-arer oFFairfax/PCE

5. When the area of Feirfu/Hiswathd lose one 161 &V line “ARNOLD 5" - “FAIRFAXS” sonnected
fo Amold and another 161 kY line *PCI 57w “BERTRAMS™ connecied fo Berfram, potential
voltage coliapse is indicated and this double.contingency is not solved. To resolve this issue, a new
343 kV "BEV345T” (34555) snbstation is o be bullt between 345 kV live Arnold-Titfin ar 40%
distance away from Arncid, A.new 345/161 kV transformer {reconunended rating of 335/335 MVA,
but 224/224 MV A transformer can be tentatively used up to 2012 yedrhand anew 1671 £V Jine'will
connect this new substation to Beverly 161 kV bus (341073

6. Replace the Hazleton B45/161 KV #1 transformer with the same design as Hazleton 345/161 KV #2
transformeér, The new ratings are 335/335 MVA. This addresses the overdoading probicm on his
transformer when the second Hazleton 345/161 BV transformer is.lost;

7, Replace the limiting facility of CTs and conductor inside the substations for 345 kV line Quad
Cities-Rock Creek-Salam so the Hne rating can be réisef 1o the same as conductor rating between
substations. The new ratings of'this 345 KV Hnewill be 124671246 MVA. T his resolvesthe potential
line overloading under numercus contingencies; .

£. Upgrade substation conduetor so-the ratings of Rock Creek 345/165 &V transformer are 448 MYA
Hmited by transformer iself This nddressas (he transformer overjoadiag under sategory C
contingencics;

9. Under-stuck breaker confingency (€2} "ALTW-C-NW.DUNDEE 16] RUS -STLICK BREAKER?
atDrupdee 161 kV bus, both Dundee-Liberty and Liberty-Lore 161 £V will be tripped and Dundse
161 kY bus will be disconnscted. This is doe fono breaker at Liberty 161 buss, The contingency
catses a lot.oflleay voltage vicktions avid thermal overloading in Dundee and Liberty 59 kY Systems.
To resolve this {ssue, breakers are propesed to be installed af both entls of Liberty 16 kV bus;

10. Upgrade terminal equipment Tor 63kY line KIRK.JT — Fairfax - NURSRYR (34749 .- 34546 -
34896) sothat the ratings become 103/103 MVA Himited by conductor rating belwees silbstations.

This resolves the 69 k¥ line overloading wnider category © contingenciss;
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1. Upgrade terminal equipment for' 115 kW line Prairle Creek - Marion {34099 - 34103} 5o that new
rafings become 198/198 MVA linHted by conductor rating. Rebulld 115 kV Jine Marion - Swampfi?
- Coggon to the new rating-as 198/198 MVA. This resolves line overloading ixsues under category B
vontingencies with heavy transfer oor category C contingencies;

12, Replace Dunidee [61/115 KV {34135 - 34133} transformer with hew ralings as 1 I E2 MVA.
This resolvel-fransformer overleading under category B contingencies with heavy transfor or
overloading under entegery C contingencies;

13. Upgrade 65 KV ine Peosta ~ Amocoll - Lore (34505 ~ 34460~ 34464) with new ratings as 80780
MVA. This resolves line overioading issue under category C contingencies;.

14, For thermal overloading in the avea of Lansing under category C3 coptingencies, backing off
Lansitig gererators (“LANSS 4G22:0”, "LANSS 3G22:0") will provide enough mitigation;

15, Themnal overloading in the ares of Beaver Ch. can be mitipated- by bagk'ing off generation of
SEVRCHS2G20.0%

t8: Thermat.overloading of the 161 KV e Hazleton — Blackhawk undér-category C3 contingency
canbe-mitigated by furning o generation at "EL FARMS 181, or "GT SUB 860.0", or *FLOYD
869.0%

17, Numerons 69 kV line overloading oan be mitigated via system reconfiguration of openipg &
nomal-closed Hine or closing & normal-open line.

18, Upgrade substation conductor for three 115 &V lines of Praisie Ck — Beriram, Ston'PT — Prairie
Ck; anid Ston PT - 6th Stso-that new ratings become 197/19%7 MVA. limited by the conductor rating,
if the new 161 &V line BEV345T - Beverly will be bullt using the ROW of Blairstows — Prairie
Tireelo 115 KV line,

1. There ars some severs jow voltage issues in Grand Mound area, Since ALTW is currently doing &
planning study for this Jocal ares, the system issues iy Grand Mound and their possible transmission
solutions are not considered int this eastirn lowa study. Up o date, one possible transmission selution
being considered i5 to build one 167 &V sitbstation between E-Calamus — DeWitt 161 kV fine 5%
distance away from E Calamus and build one 2 miles new:161 XV line benveen the new substation

and Grand Mound with normal-open.

Table 13 lists system thermal/veltage issues mitigated by eath of these recommended projects.
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Since it usually takes about 7 1o 18 years to bulid 2 major 343 KV wansmnission Hne, to. address the
system near-term kssues especially thermal violations in 100 kV and above system, the folfowing

projects are recommended to be bulls first:

I. Replace Salem 345/161 kV transformer with & larger 448/448 MVA transformer, This s ait
additional project to address Salen: transformer numerous pverloading issues ander eategory B and ©
contingencies before transmission option 2-is builty

2. Replace Hazleton 345/161 kY. #1 transformerwitha larger 335/335 MVA transformer;

3. Replace two Hazletow 161/6% &V transformers with-two larger 74.7/74.7 MV A wansformers;

4. Build a new 345 kV "BEV3I4ST” substation and fapped to0 3451V line Avaold - Tiffin 41 40%
distance away from Avnold. Add s new 345/481 &V vansformer and bulid 2 new 1$EEY jine
connecting the new substation to Beverly #61 kY bus. This wil mitigate overloading on Arnofd ~
Fatrfac and PCE- Bearam 161 KV linesunder category B contingencies. Also it wiit prevent potential
voltage collapse when the area of Fairfax/Hiswatha foses one 161 &V line ARNGLD 3. FAIRFANS]
connected to Arnold and anotber 161 %V Hne PCT 5 - BERTRAMS! connected to Berieam.

5. Bulld a new 161 kV substation “Lewis Fields™ (34561) and &new 161 KV ling from “Hiawathe” to
“Lewis Fields™. Thiz new "Lewis Figlds” substation is tapped fo the 115 &V line “SWAMPFX 7" -
“Coggon” at 5% distance away from SWAMPTXT viz a new (G614 15 KV transformer. This will
address thenmal overloading issaes on Praitie Creel - Marion 115 iV line and Marion - Syvampfic?
1S KV lings
§. Add a second Fairfax 161/65 kY transformer. Thie new wansformer has-the same design as the pre-
existing Fairfax #1 fransformerand the ratings are 205/205 MVA. This second Fairfax tansformer
will mitigate theemal overtoading on Falrfax 16169 kV 41 transTormer tnider contingencies;

7. Upgrade substation conductor for thige. 115KV Hnes of Peairie Ck ~ Berteawm, Ston FT' — Prairie Ck,
and Ston PT — 6th St so that new ratings become 197/197 MVA limited by line conductor raing, if
the new 161 KV line BEV345T - Beverly will be built using the ROW u:t‘ Blalrstawn ~ Praivie Creek
LE5 KV Hne, .
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we monoge power,

7. Solution Verification
All the recommended sohitions in Section 6.4 for Eastern Iowa system:are added into-the originally

developed 2011 summmer peak base- model, 201§ SN yranster model, 2011 E-W wansfer model, 2015
suresner peak base model, 2015 S0 ransfor moded, 2015 E-W transfer medel. In this ¢hapter, the
zastertt lowa transmission sysiem performance will be.checked and verified via AC steatiy-state
coningency andlysis {including FCITC), PROMOD analysis for MISO market wide dispaichi, voliage

stability analysis, and dynamic stability analysis.

7.1 Verification via AC Steady-State Contingency Analysis
7.1.1 2011 Bummer Peak Base Case

Tablo L.1 lists branck:- thermal loading above 97%under system intact, category B & C contingencies
in 2017 surmmer peak base case. The same monitored branch i only listed one time for the highest

loading with one contingency. From this table, some notes are listed balow:

1. There.is no branch loaded above $7% under system htact and category B contfagencles;

2. Branch overloading is only observed under some category C3 {automatic double contingancies)
contingencies. All these branch overloads can be mitigated by system reconfiguvation or peneration
redispatein. For example, the Turkey River 161/69 KV frensformer overloading (34033 TRK RIVS
161 34465 TURK RVESD.0 1) under double contingency (HAZLTONS-WINDSORS!
HANSINGW-LANBINGSE) can be mitigated via-either opening the overioaded transformer or
backing dowd generation of LANSINGEED.0, LANSS 3G22.0;

3. Fairfax 161/65 kY wransformers #1 and #2 are loaded af 99,1% under double contingency {one
Fairfax transformer contingency with ons PCI transforsaer contingeney). One simple solution is to
replace these Fairfax 161/69 &V transformers with biggsr kansfonmers. The recommended ratings for

these bigger transformers should be 253/250 MV A.

There Isno 100 kV and above voltage violation under any contingency. There arg a fow 66 £V bus
voltage violations (most are about 0.89 p.u.) under calegory 3 douhle contingencies, Since system
reconfiguration or generation redispateh are not simulated for these-auiomatic double contingensies,
and the 0% KV bus voltage is close to the low voitags Bimit (0.8 pw), these 69 kv voltage violations
are ignored.

Wbt b it A0y Bder, 5
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Table L.2 tists the eastern Iowa Howgate loadiag. There are only three flowgates with high loading
above 60%, which are flowgate 3758 (3758_Hazleton TZ1 345/161kV Ho-Hazleton T22 345361V,
3725 (3725_Sup 56(Davapr-ECilamus 161 for (rad-RockCy345), and 3761 (3761 Lors-Turkey
River 161 {fic) Wempletown-Rockdale 343), '

For the non-convetged contingencies (tontingencies not solved by MUSTY, ail of themy canbe

mantelly solved. None of them cause any thermal evetloading orvoltagevislations,

Based on the-above, itis concluded that with: the recommended transmission sefutions in servics, the
eastern Iowa system Is performing reliably under AC contingeney anelysis during 2011 summer peak
base scenaric. But as it is pointed previously, Fairfax 161/6% kV transformers should be replaced by

bigger transformers. with ratings a5 250/250¢ MV A,

7.1.2 2011 §-N Transfer Case

In 2011 south-north heavy transfer scenario, there ave:several theymal viokations under category B

contingencigs, They are lisfed in Table L.3, From this table, we can see that,

1. Salemn 345/561 XV transformer is overlosded at 111.4% under the contingensy of #3402% SALEM
3 345 34920°LORE345 545 17, Under the same contingency, Salem 345/161 £V wransfornier is only
loaded at 81% irt 201 | summey peak base case, As it is found in Section 5, beth scuth-nofth and east-
west iransérs have significantimpact on Salem 345/161 kY transformer, The simple solution is 1o
replace this Salem fransformer with & 448448 MVA larger transformer;

4. Other category B thermal viciafions eas be mitigeted by generatisnredispatch or sysiem

reconfiguration.

Under catepory € {except C3 double contingency) contingencies, all branch thermal violatioss are
Histed in Tabie L.4. [t is very clear that albthese violations can be mitigated by generation redispatch

or-systetn reconfiguration.
Considering the probability of occurrense of heavy south-north transfer scenario (flow on Arnold-

Hazleton 345 KV linz at 600 MW), and the probability of'ccewrrence of £3 double contingencies, the

probability of cocurrence of these particular C3 double contingencies under hiesvy S-N transfer
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scenatio is deemed very low. Hence thermal viclations under C3 contingencizs are not stirdied fn 5-N

transfer case,

There is no bus voltage viofation under any contingencies excepi C3 contingency. There are three 100
kV and above bus velageviclations under eatogory C3 contingencics. Al these three bus voltage
violations can be mitigaied by fixing the transtormer tap. See Tabie'L.5. Norsignificant 69 kV hug

voltage violations under category U3 contingencies.

Tiable L6 lists alfcastern fowa flowgate loading under 2011 SN transfor-scenario, Flowgate 3725
{3725 _Sub. 56{DavnpitE.Calamus iG] for Quad-RockCi3438) is loaded ar'99.4%, ollowed by
flowgate 3761 (3761 _Lore-Turkey River 16} {fio} Wempletown-Rockdale 345 loaded at §9.7% and
flowgate 3728 (3728_Diysart-Washburn 1671 for . Arnold-Tazleren 345) loadsd at 81.2%.

Al non-vonverged contingencies {contingencies notsolved by MEST) canr be manually soived.

It is concluded that with the recommended iransmission solutions in service, the easter lowa system
is performing reliably witha few fimited nuunber of generatiosi redispaich snd system reconfiguration
under AC contingency analysis in 281 F'S-N heavy transfer scenario. But as it is stated previously,
one solution for Salem 3457161 bV transformer overloading is fo replace it with a2 448M48 MY A

transformer,

7.1.3 2011 BE-W Transfer Case

Bevaral thermal-overloads were found in 2011 east-west heayy transfer scenavio under alt
contingencies excent £3 doubile comizzgericy. They are listed in Table L.7. 19z cleay that except
Salems 343/161 KV transTormer oveploaded af 105% wnder the contingaricy. 67934029 SALEM 3 348
34920 LORE34S 345 17, other branch thermal overloading can all be mitigawd by generation
redispatch or systes) reconfiguration. So it is alse shown that Balem 345/181 KV transformer should

be replaced by & 448/448 MV A transformer.
There ieno bus voltage violation under any contingencies exeept T3 contingency, There are only

several:69 &V bus voltage violattons under category C3 contingencies. All these violated bus voltages

are around. .89 p.u.
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Flowgate loading under 2011 E-W scenaric is Hsted In Tabile L.8. Flowgate 3725 {3725 _Sub
56(Davapst)-E.Calamus 161 for Quad-RockCr345) is the most leaded flowgate, ihich is foaded at
8.7%. The second must loaded fowgate is flowgate 3758 (3758_Hazieton T21 345/161%V flo
Huzleton T22 345/161% V), which is loaded at 81,4%. Flowgate 3715 {3715 Quad Cittes-Rock Creek
345/MEC Cordova-Sub 39) is the third most loaded Howgate, which is loaded at 77.7%.

Adi non-converged coniingencies {contingsncies not solved by MUST) can ke manuaily solved,

From theabove, it is conchuded that with the.recommended transmizssion solotions in servics, the
eastern fowa system is performing reliably with under AC contingency anslysis in 2011 E-Wheavy
transfer scenarin, with Salem 3457161 KV transformer being replaced by o 448/44% MVA. traniformer,

So based on the AC contingency analysis, withthe recommended fransimission sohutfons T service,
and-furthermore, Fairfax 161/69 ¥V transformer replaced by a 2507250 MV A transformer and Salem
345/161 &V vansformer replaved by n'448/448 MV A. transformer, castern Towatiansmission system

15 reliabie tnder three scenatios (sumsner peak base, S-N-transfer; BSW transfer) In 2011,

7.1.4 2015 Summer Pealk Base Case
The following AC contingency analysis for 2015 three scenarios is assuming Salem 3457161 kv

transformer being replaced by a 448448 MV A transformer.

Table L9 lists branch thermal vverioading under system iniact; category B & C .contingencies in 2045
summer peak base case. The same monitored branch s enly listed one time for the highestloading

with one contingency. From this table, some notes are listed below;

L. There is no beanch overloading under system intaot, category’B cordingencies, and category C
{except O3 donbie contingency) contingencizs;

2. Braneh overloading is only observed under some category €3 {(automatic dotble contingencies)
contingencies. Most of these branch overloading can be mitigated by system reconfiguration or
generatioryredispateh, For example, the Lansing 161/69 &V tansformer overloading {34022
LANERGS 161 34023 LANSINGE6%.0 [yunder double contingency (DILANSINGW-QENDA 51
+LANSINGS-POSTVILIL) can be mitigaied by backing down generation of LANSS4G22.0,
LANSINGE69.0, LANSS 3G22.0,
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3. Fairfax 164/6% KV transformers #1 and #2 are overloaded at 111.2% under double contingency
{one Fairfax (ransformer contingency with one PCI fransformer condingenay’., PCL 161/68 1Y
transforiner is overloaed ut 102.8% under double continpengy (I ARNOLD 5-FAIRFAXS]
+BEVERLYS-FAIRPAXS ) The shnplest solution Is to replace Fairfax 161769 kV transformers and
PCI ansformer with bigger transfonners. The recommended ratings for thess bigger transformers

shoild be 2567250 MVA,

There are several [0 kY and above bus voltage violations under 3 double contingencies, Thuse are
ligted in Table L.18. A few notes are:

Lo Fictransfomner tap af [0 is & good solution for bus voitage violations at “POSTVILS™,
SGVW.ST, “ETH §T.57, and “KERPER 5%

2. For bus voltage violations at "MARION 7 and *"DRYCREKT", it s a good solation to histall a
switched shunt at 1155V bus *MARION 77

3. There are a few 69KV bus: voltage viofations fmost are around $.89 p.s) under category €3 double
contingencies, Since system reconfiguration or generation redispatoh ave not simulated forthese
autainatic desible contingencies, and the 69 kV bus voltage is close {o the fow voliage lmit (0.9 pus),

these 62 KV voltage violations are ignoted.

Teble L.11 lists the eastern Jows flowgats loading. There zre only three flowgates with high foading
sbove 60%, which are 3723 (3725_Sub 56(Davapri-E.Calamus 161 for Quad-RockCrid5) toaded at
73.5%, flowgate 3758 (3738 _Hazleton TZ1 3161RY Tlo Hazleton T22 3457161k VY loaded af
65.8%, and 3761(3761_Lore-Turkey River 161 {flo) Wempletown-Rockdale 345} loaded at 62.8%.

Allthe non-converged contingencies (contingenciesnot solved by MUST} can be mantmlly soived.

HMone of them cause any other thermal overloading or voltage viclations.

Based gir the:above, it Is concluded that with the recormmended fransmission solutions n service, the
eastern fows system is performing reliably under AC contingency analysis during 2015 summer peak
base scenario. One addidonal project Is to replace Falrfax 161/69 KV vansforners and POL

uansformer with bigger transformers. The recommended ratings for these bigger transformers should

be 250/250 MVA.
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7.1.5 2015 SN Transfer Cage

Tabte L.12 fists al! branch thermal violations under category B and C (except C3) costingencies, For
information purpose, overloading on Fairfax 161/69 kV transformers and PCY 161769 KV transformer
undet a doiilile contingency of the other hwo transformers out of service Is also Hated A few notes

areg’

1. There are several thermal viclations under category Broontingenvies. AN these violations can be
mitigated by generation redispatch oy system reconfiguration;

2. PCY 162759’5{’\" transformer is-ovetloaded underthe.Bus oulage “34111 FAIRFANE 161" (category
C1). For other brénch overloading under eategory C'{except T3) contingencies, alf of them can be
mitigated by generation redispaich or system reconfiguration;

3. Fairfax 161/69 KV transformers, PCL 161/09 KV trpnsformer should be replaced by 250250 MVA
transfonmers;

4, Salem 345/161 kV transformer should be replaced by a 448/448 MVA wansformer,

Thete Is no bus voltage violation (89 kY and up) wnder &1l continpencies except CF dodble
contingencies. There are several 100 kV and zbove bus voltage vidlations under C3 double
cantingencies. Thess-are listed in Table L.13. Except bus voltage violations at “DRYCREKT" and
“MARION 77, which ¢an be reselved by installing a switched shunt at “MARION 77 115 &V bus,

other veltage viclations ean ail be mitigated by fixing the transformer fap at [0 position.

There re & few 69 KV bus voltage vinlations {most are around $:88 par, 0.89 p.u.) under category C3
double ccnﬁngencies.'Since syslem reconfignration or gensration redispateh are not simulated for
these sutomatic double confingencies; and the 69 ¥V bus voltage f5-close o the low voltage Hmit (0.9

pa), these 68 k' voltage violations are ignored,

Table L.14 Hsts the easiem Towa fowgate vading, Flowgate 3725 (3725 Sub 36(Davapri).
E.Calamusial for Quad-RockCr3d3) is overlouded at 108, 1%, As 1t is stated in Table L.12,
goneration redispaich can be a good solwtion by turning on “EL FARMS 161" or backing down
FRIVEIDSG15.0", The other three flowgasces toaded above B0% are: Tlowgate 3761 {3767 _Lore-
Turkay River 161 {flo} Wempletown-Rockdale 345) loaded at 88.6%, flowgate 3728 {3728 _Dysart-
Washburn 167 for D Arnold-Hazleton 345) loaded at §4.2%, and flowgate 3715 (3715 _Quad Cities-
Rock Creek 345/MEC Cordova-Sub 39) loaded at §3%.

Page 74



Midwest Independent Tvansmisslon Sysiom Operator, ine

All the nonvconverged contingencies (contingencies nat seived by MUST)can' be manually ssived.

From the above analysis, under 2015 82N heavy transfer seenario, with-Safem 3457161 kY
vansformer refifaced by o 44848 MVA transformer and PCI, Fairfax: 161/69 BV wansformers
reglaced by 250/250 MVA transformers, eastern fowa system is reliable viith 4 few Himited rmamber of

generation redispatches oz system reconfigurations based on AC contingency analysis.
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7.1.6 2015 E-W Transfer Case

Table L.15 lsts all branch thermal violations under category B and C (except &3) contingencies in
2015 E-W heavy wansfer scenario. Forinformation purpose, vveroading on Fairfax 16165 kV
wansformers and PCY 161/69 KV transformer under a double contingency of the: other two

tramsfoviness out of service s also listed. A fow notes me:

L. Atlthese thermal ovetlonding can be:mitigated by peneration redispatch-or system reconfiguration;
2. Again, PCLand Fairfax 161/69 kV transformers shovid be: replaced by 250/250 MV, transformers.

There fs no-bus vollage viclation (69:5V end above) under 2l contingencies except C3 double
cotingencies. There are several 1001V and abave bus voltage violations under C3 double
contingencies, These are Jisted in TableL.35. Except bus voltage viclations at "DEYCREK T and
“MARION 77 115 %V buses, which can be resolved by installing a switched shunt at “BMARION 7
bus, other voltage viclations can all be mitigared by fixing the transformer tap at 1.0 position. Again,

68 kW bus-voltage violations under fouble contingencies are ignored.

Talite 1,17 lists the eastern Iowa flowgate iozding, Flowgate 3725 £3725 Sub S6(Davaprt
ELatemus 161 for Quad-RockCr345) is leaded:at 96.7%, followed by fowgate 3715 (3715 Quad
Cities-Rock Creek 34 5/MEC Cordova-Sub 39} londed at §1% and flowgate 3758 (3758__Haziémn
T21 345/151%V flo Hazleton T22 34571615V} loaded at £0,5%.

All the non-converged contingencies {sontingsncies not solved by MUST) canbe manually solved.
In conclusion, under the 2015 E-W heavy transfer scenario, with the Salern 345/161 kV transformer
veplaced by & 448448 MY A transformer and PCL Tairfin 161/69 KV transformers replaced by

250/250 MV A transformers, eastern Iowa system isrelisble with a few fimited numbsr of generation

redispajch or system reconfigusation based on AC cortingency analysis,
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7.2 Veriffeation via FCITC Caleulation

With all the recommended solutions in Section 6.4 added into the 20171 swsmner peik base nrodel,
2071 8-N pransfer model, 2011 E-W transfer model, 2015 summer peak base model, 2015 8N
fransfer &Gdelﬁ 2015 BE-W transfer model, Pirst Contingency hicremental Transfer Capacity (FCITC)
fs-rescaloulated for 201 ] year and 2018 year under south-north transfer and east-west ransfer. Only
sysiemn intact and category B contingencies are considered. FUITC §s calonlaied on the monitored

branches with atleast 2% TDF value for the transfer under the sysiem intact or contingency.

7.2.1 ECITC Re-Calculation i 2011 Year

A stated in Seotion 2.4, 2041 5-N wransfor case is created from1 2011 base case by increasing south-
norily transfer up to 1916.6 MW so that flow on Arnold (o Hazleton 345 KV line s benchmaiked at
600 MW, 2011 E-W transfer case is created from 2011 base.case by increasing east-wést transfer up
to FR79.8:MW so that flow on Montezuma to Bondurant 345 BV line is benchmarked a1 450 MW,

1n 2011 year FCITC calentation, the most constrained Facility is Salem 3457161 &Y transformer
{assumne Safem transtormer has not beeh replaced) both under south-north and east-west fransfer. The
FCITC for 20171 S+ fransfer i 1190.5 MW, and the FCITC for 2011 E-W transfer 15 1528.6 MW,

For 2001 8-N transfer, if Salen 3457161 kV transformer isreplaced by 2 448/448 MVA transformer,
the following facilities are still preventing further south-north transfer up to 606 MW flow on Arnold
~Hazleton 345 KV line since thélr FCITC valves are kess than 1946.6 MW, See Table 14,

% Fpom-bhus  vE r# e buw o) T S Losding In
B CRT ContMva | Reting 1 Contingancy L0711 Base OF FOID

34029 SALEM 3345 34030 SALEMNG | 4] 34029 SALEM 3 345
611 CHTEL 3356 1734920 LOREI4S 3455 265,72 5.5 1 2190:5
69523 GENGA 5 161 69535 LAC TAPS 60302 COULEE 5161
1611 Figs 3068 1 .G9523 GENDA 5161 1 2941 3.7 i715.8
34909 £ CAL TS 161 64425 DAVNPRTS 34036 ROCK CK3 345
A6i 3 FERg 22301 36382 QUAD ; 345 1 1494 4,2 111625
34043 SAVANNAS 161 34046 YORK & 34029 SALEM 3 345 -
16131 16T 167,01 34036 HOCK CK3 345 | 2127 2.9 | 1855.9
34142 T CALMSE 163 34900 & CAL TS 34488 ROCK CK3 345
1611 IGLE 200.0 | 38382 QUAD ; 345 3 118 4.4 | 1861.8
34122 ECALMSS 161 341326 34029 SALEM 3 345
MOOHETAS 163 1 1FhE 1760 | 34036 ROCK CKF 345 1 95.8 4.2 | 18727
372513725 _Sub B6{Davnpri}-
£, Calamuslbl 2217 223.0 148.3 3.8 119130

Table 14: Other Constrrined Facilities besfdes Salem XEMR for 2011 Year SN Transfer

Pape 77




Wfidwest Indepesdent Transodission Bystem Ogerator, Fav.

For 2037 E-W transfer, 17 Saler 345461 KV transformer is replaced by a 448/448 MVA treasformer,

thers is no ofiter facility preventing further east-west transfer up to 450 MW on Montezuma ~

Bondurgnt 345 kV line.

7.2.2 FCITC Re-Caleulation in 2015 Year
Asstated. In Section 2:1,°20%8 8-N transfer case is created from 2015 base case by increasing south-

nosthctransfer up to 2036.6 MW so thal. flow on Amold 1o Hazlston 345 ¥V line is benchmarked at

GO0 MW. 2011 E-W transfer case iy created from 2015 base case by increasing enst-west transfer up
to 20313 MW 5o that flow on Monteziima to Bondurant 345 &V line is banchmarked st 450 MW,

in 2018 year FCITC caloulation, the most constrained fagility is Salam 3457161 KV transformer

[assinming Salen transfories has not been veplaced)-both under south-nosth and east-west transfer.
The FCITC for 2011 $-N transfer i 1146.9 MW, and the FCITC for 201 L BE-W transfer is 15404

W,

For 2015 S-N transfer, if Salem 3457161 kV transformer is repfaced by a 44R/M48 MVA transformer,

the foliowing facilities are stil] prevemnting further south-north transfer up 1o 600 MW fow on Arnold

- Hazieton 345 kV lne sinee their FCITC values aie Jess than 2036.6 MW. See Tabls 15,

{ecading
®E o Frowm bisg AR oA T - bia . . In20s
RN ContMva | Rabing - Contingensy | Buse e FOIYe

34029 SALEM 3 345 28030 SALEM NS 34029 .SALEM 3345

1613 ety 355.0 | 34920 LOREIAE 459 2667 | 60 11469
34909 E CAL TS 161 54425 DAVNPRIS ] 34036 ROCK CK3 345 .

1611 2 223.0 | 36382 QUAD ; 13451 167 § 4l 135%.8
34122 E CALMSS 161 34909 E CAL TS 34036 ROCK TK3 345

161 1 Py g 200.0 | 36382 GUADL 1 3451 13381 4.4 1533.0
3725:3725_5ub 56{Davapr)-
E.Calamuslel 2405 223.6 igdd | 3.8 15523
34122 ECALMES 161 34125 34029 SALEM 3 345

MOOKETAS 181 1 ABG.1 1780 | 34036 ROCK CK3 345 1 10381 4.2 17198
34043 SAVANNAS 161 34048 YORK 34029-SALEM 3 345 ]
5361 3 . 136.6 i87.0 | 34036 ROCK CK3 345 3 11651 287 17245
62523 GERGA 5 16 69535 (AL TARS 60302 COULEE 5 163 )

1511 FEEG 3069 | 68527 GENDA 5161 1 2387 | 37 IRE7.8

Table 15 Oiher-Constrained Frellities bestdes Snlem XEME for 2018 Year 8-N Transfer

For 2015 E-W sransfer, i Salemn 345/161:kV wansformer fs.veplaced by n 448/448 MVA transformer,

these is no other facility preventing farther east-west transfer up to 450MW on Montezuma -

Bondurant 345 kV line,
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7.2.3 Some Conclusions from FCITC Re-Calculation
Based on the FOITE re-calculation for south-north transfer and cast-west transfer in 2011 and 2015

years, Salem 345/161 kY transformer Is themost constrained facility which prevents these transfers,
if Salem transformer is-roplaced by a 448448 MV A transformer, there:will be no-facilify preventing
eastawest fransfer, Also FOITC value will be increased by more:than. 500 MW for south-north transfer

in 2011 yearand 200 MW for south-north transfer 12015 vear.

Page 7%



flidwest Independent Transmission System Opevator, Ine,

7.3 Performance in MISO Market Wide Dispatch

With the eastern lowa recommmended solutions in Section 6.4 added into the 2817 spnmner peak base
muodel, MISO mesket wide dispatch is simulated for- 8760 houts in 2071 year using PROMOD and
system performance is analyzed. Table N.1 compares the annual branch overloading hows with-and

without the recommended solutions i eastern Jowa,

Frorn Table W.1,.4t is noted that overloading hours in rmost branches are greatly reduced vvith the
recommended projects in place, But there are two branches with increased overloading hours. These

two branches are;

1. Lore - Turkey River 161-kV line overloading howrs are inereased from § hours to- 171 Hours;

2. Turkey River - Cessville 161 ¥V line overloading houts:are increased from 7 howrs to 93 hours

As they are listed in Table L.d-end L.12, these two branches are alsooverloaded under Category C5
contingency “WEMPLETON 345 with heavy south-north transfer in 2011 and 20185, Forthe
overioading on Lore - Turkey River line, generation redispaich by backing down peneration at “DBQ
§TM869.0" OR “BVROHS2G20.0™ is & solution. Overleading on Turkey River - Cassville Tine can be
mitigated by backing down genssation-at “BVRCHS2G20.0" or “PRAR CK7 1157,

Table W.2 compares flowgate shadow price with and without the recommended solufions in eastern

Towa, [ is clear to see that,

1. Total annual shadow price at constraint for most flowgates are reduced dramatically with the
recommended ensterst Towa solutions inplace;

2. Again, annual shadow price al fiowgates with monitorad branch of Lore - Twrhey River 161 kV
Hne or Turkey River - Cassville 161 kY line is increased,
3 Ansual shadow price af Nowgate 6148 “6148_Genoa-LaCrosse-Marshiang flo Genoa-Conlee” is

increased a little from. 2.06 i3 ¢ 2.65 K5.
Based on the above PROMOD analysis, the castern Towa system can perform well underMISG

market dispatch with the recommented solations In place. Flow loading on Lore - Turkey River 161

KV ling and Turkey River - Cassville 161 KV line should be closely watched and investigated.
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7.4 hinpact on Neighboving Systems by Eastern lowa Recommended

Transinission Soletions
The impactonsurrownding systems{(ALTW, MEC, ATC-ALTE, ATC-WPS, DPFC, MPW) with

eastern lowa recommended transmission projects implemented is analyzed in this seotion, The fmpact
is mainly analyzed-based on comparison of AC Enntiagency analyses between 2011 summer peak
base model with easters Towa proj ects and without eastern fowa projects. In addition, WUMS
(Wisconsin Upper Michigan Sysiem] Import capability-is also analyzed z0d compared. lmpast

sensitivities arg investigated based on & few nsswmptions, Solutions are-flither investipated.

Five additional flowgates were added for imonitoring loading tmpact by eastern lowa transinission
projects. These fve flowgates are in MEC and ALTW and descsibed jis Table 0.1,

7.4.1 Compatison:on Branch Loadings and Bus Voltages
AC contingency andlysis was performed on 2611 sunuper peak base models with eastern Jows

prajectsorwithow eastern lowa projects. 100 kY and sbove systems and 69 kV and abave te lines
ale monitored under sysiem intact and category I3 contingencies. Branch thermal loadings above 50%
of rating are compared and branches with loading change more than 5% of rating are listed for further
analysic. To capture sitiations of toading changes from above 50% ta below 30% of rating, ACCC
resuits from 2041 sumimer peak basecase without eastern it:iva-pmjects are compared.against rasults
with eastern fows projects, and viee versa. Bus vollapes are monitored within0.95 and 1.05 p
range i 100 &V and above systoms. Wher any bus voltage is out of ihe range under category A and B
coniingencies, it is-compared with and without casters Jowa projects. Bus voltage deviations more

than (.01 pax arelisted for impact.analysis.

Table (i1 and ©.1-2 fist all bishiches with loading changes more than 5% with casters Iowa

prajects included. From these two tables, a faw notes are listed hélow:

1. For thermal overloading issués identified in eastern Jowa systeny{Chapter 5}, their branch inadings
pre all decrepsed significantly with castern lows recommended projects included. For sxample,
Salem 345/161 KV wransformer, Hazleton 345/161 kV transformer, Rock Creck 3457161 &V
ransformer, Arnold 343/163 £V transformer, Dundee Yo 1/ 15 £V transformer, Fairfax/Hinwatha
aree, Suleny/Lore arca, Albany - Savanna 161 &V fing, Arncid — Dysart 161 kV line, Dysart —
Washburn 161 KV line, Arnold ~ Tiffin 345 kV line, Rock Creek — E. Catamus 161 ¥V line,
Davenpont ~ E. Calainus — Maquoketa - Salem 161 KV line, Dundee - Hazieton 161 k¥ line;
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2. With eastern fowa projects Included, most of loading decreases oceur on ALTW branches, but
several branches in ofher systerns alsosee sone significant loading decrease. For example, NOW 138
~ ALB [38 - TOWNLINE [38 kV Hnein WUMS has abouf 11% leading decrease, 88 31T5-E
MOLINE, 8B 3175~ 8B 28 5, and 8B I7 5-8B 28 5161 kV lines in M EC have about 9% loading
decrease;
3. The following branches have lvading fncrease more than 5% of their vatings with eastern fowa
projects included:

ay Love — Turkey River — Cassville - Nelson Dewey 161 ¥V iine

b} Quad Cities ~ Rock Creek 345-kV Hae

) Hazleton 3457161 KV #1 fransformey

d)"-Héziemn - Blagkhawk 161 kV line
4, All the above branches with loading increase have maximun loading below 70% of rating under
category A and B countingencies with eastern lowaproects ingluded;
5. Singe (Juad Cities — Rosk Creek 345 KV lins is recommended to be uprated by replacing terminal
equipment and Hazleton 3457161 KV #1 transformer will be replaced, loading increase on them is not
an issue,
6. As discussed in Section 7.1, In 2011 and 2015 base scenarias, there is no thermat overloading on
Lare ~ Tuthey River — Cassville ~ Nelson Dewey 161 KV line and Hazlelon — Blackhiwk 161 KV line
under all cai'agm)f}i,- B and C {except £3) contingencies. Category C2 thermal overloading on these
two-lines can &l be-mitigated by generation redispasch. Under 8-N and E-W-transfer -sc‘enariésq these
two [inge are gvetloaded under a fow category C (including nen-C3) contingencies bit they are not

overloaded under catepory A and B.contingsncies;

‘Table 001-2 and O.1+4 Hst all flowgate loading changes with zastern lowa projects included. These
Hlowgate loading change results are consistent with-bransh leading comparison results, With eastern
fowa projects inclnded, loading increase is only sgen on flowgates with monitored slement sssociated
with Lore — Turkey River— Cassville line, Hazleton 3457161 KV 23 transformer, or Quad Cities ~
Rock Creek litne.

Table (1.1-5 lists significant bus voltage increases (F0.01 pa) with eastern Jowa projects included for
voltages below 0085, . without castern jowa projects. It is noted that witiv eastern Jows projects
inchuded, voltage at Salein 245 kV bus has up to 0.083 p.u. Increase, voltage af Dundse 161 &V bus

has up to 0,029 pai. increase, voliage at Fairfay 161 KV bus has up fo 0,026 pa, increase, and
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voltages at:Rock Cresk 3435 kV bus, Beverly 161 kV bas, PCI 61 kV bus, Dundes 115 £V bus all

have more than 8.6 p.. increase,

Based on the above branch loading and bus voltage comparison, it is alse demonstrited that alf
identified castern Towa system issues can be addressed and resolved by the recommendéd solufions,
Except loading {ncrease on Lore ~ Turkey River —Cassville — Nelson Dewey 167 &V ling and
Hazleton — Blackhawk 161 &V line, the easter lowa projects have no advarss impact onne ighboring

systems.

7.4.2 WUMS Import.Capability

Historically, Wisconsin Upper Mishigan system relies on its powerimport capability o meet the foad
serving need, So bmpaet ont WUME impart eapabiiity with eastery Jowa projects included is alsy

evalaated.

Eastern fowa project impact on WUMS import-capabiiity was studied on 2011 sunmer peak base
madel. I that model, 1100 MW netscheduled Interchange was medelled as finn power import for
WEIMS system, lie,, WUMS has 1100 MW net impost miodelled ir the 2011 base case. To evaluate
castern Jowa prigect impact on WUMS fmport capdbility, FCITC was caleufated fronr souzce
subsystei: {Ameren, ComBd, MEC, TV A} to sink subsystem { W UMS) and compared among fve

differsnt scenarios. These five scenarios are:

Seenario 1 - without EITSG Project: 2017 sumwmer peak base case withouteastern
fowa projects;
Scenario 2 - with EITSG Projeet (Oplion 1): 2011 summier peak base case with ransmission

option 1 (Hazleton — Sales 345 KV linc) and all other easterny Iowa projects included;

Scenaric 3 - wilh EITSG Project [Option 2% 2011 sumunerpeak base case with fransmission

option 2 (Hazleton - Love - Batem 345 kV line) and all other casteyn Towa projecis included;
Beenario 4 - EITSG Project {Option 23+ G527_0OfF 2011 summer peak base easewith transmission

option 2 (Hazleton ~ Lore - Salem 345 kK {ine) and all other eastern lowa projects ichuded, pius

assuming new 161 kY teansinission line Liberty — Welson Dewey sssociated with generatar
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interconnection project 3527 is in service and new 300 MW generator proposed to be bujlt at Nelson

Deway {G527) is offling;

Scenario 5 -~ EITSG Project (Option 2) + G527 On; 281 Lsummer pesk base case with transmission
-eption 2 {Hazleton — Lore ~ Salem 345 &V line) and ali other sastern Towa projects inciuded, plus
assuming new 1618V transmission iine Liberty ~Nelsor Dewey associated with generstor
interconnection project G527 s inservice and new 300 MW generator proposed fo be built at Nelson

Dewey (G527} is fully dispatched,

Generator interconnection request G527 is propesing to-billd a 300.MW power plant at Nélson
Drewey. To-date, factity study has been finished and Liberty - Nelson Dewey 161 ¥V line-was
Klentified as-anecessary transmission Hine to be built with this 300 MW power plant. Since the
generaior interconnection agreement has pot been signed yetand there are some uncertainties for this
plent to be built, FCITC ealeudations under scenarios 4 and F-are for purposes of sensitivity analysis

and further solution identification.

Table 0.2-1 {ists the calontated {fotal import capability of WUMS under five scenarios. Top five prost
Hmiting constraints for WUMS hnporting are fisted for each scenario. A fow observations are listed

below:

i, Figure 6 shows WUMSE latest one-year-hourly average real time exporting MW levél. From: this
tecent one-year real fime daia, it Is very clear thet WUMSE was importing powermost-ofthe fime and
the maximum hourly-average inporting MW was about 274] MW in the most recent year, The
caloulated WUMS FCTTC underscenario | (2017 base'scenario} 35 3180 MW, Before 2011 summer,
several projects in WLME such as construstion of the 200+ mife 345-kV between the Arrowhead
{Duluth, MI}-and Gardaor Park (Wausau, WI) substations, along with the addition of Westen Unit £
(530 MW), Oak Creek Expansion Phase T and 11 units {650 MW each) and the 2nd 345-kV betwean
Warthesn Hlinols and South Centrsl Wisconsin (Wempletown-Paddock) are expected to be in service.
They are the contributing facters to the increase in import capabitity over historical capabilities

refiected in Figure 6;

2. With transmission opiion 2 and other eastern lowa prajects included {seenario 3), WUMS FCTTE
i 2470 MW and reduced by about 700 MW compared with 3180 MW FCTTC in 2011 base scenario;
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3. With transmission option 1-and other eastern Towa projects ineluded (scenario 2}, WUME FCTTC
is 2934 MW and reduced by ghout 250 MW compared witly FCTTC in scenaiio 1]

4. Inscenario 4, f the new Liberty — Melson Dewey 161 kV Hue is buil, even with option 2 and other
sastern Jows projects included, WUMS FCTTC s 3370 MW und increased by about 200 MW
compared with FCTTC in seenariv 1;

3. i scenario 5,-if generatorinterconnection project G527 will be built and in se’r'xr‘ﬁce {a néw 300
MW generator fully dispatched at Nelson Dewey and a new Liberty — Nelson Dewey 161 kV fine),
with option 2 and other easters fowa projects included, WUMES FCTTC is 3063 MW and-shightly
decreased by about 120 MW compared with 3180 MW FCTTC in scenario 1;

&. Under five scenarios, WUMS import-capabifity Is mostly limited by constraints on Cassvilie -
Turkey River 161 k' Hae and Lore — Turkey River 161 ¥V line with the co;'stingency of Seneca —
Genos 161 kY line. Another limiting constraint is Paddock 3457161 kV transformer with the
contingency of Wempletown ~ Paddock 345 &V line.

7. I trangmission option 2 and ofler eastern Towa projects willbi-built, WUMS importcapability will
be maintained-ahmos! the same 23 previous FCTTC if the new 300 MW power plant and its related
transmission praject in generator interconnection reguest G527 will also be bullt. If the new generator
and transmission line associated with generator interconnection request G527 witl not be built, a new

Liberty: - Melson Bewey 6] kV line wifl be a good solution tomaintain WIIMS dmport capability.
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Figure 6: Real Time WUMS Houtly Average Exporting MW during Recent One Year
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7.4.3 Further Study on Liberty - Neison Dewey Line

There are a few follow-up questions tove answered regarding the new Libety — Melson Dewey 161

k¥ line, These questions are;

I, With'ihe transmission-option 2 and other eastern fows recommended projects Included, WUMS
tmport capabiliy can still be maintained ai a littde higher Jevel 1 the new Liberty — Nelsow Dewey
161 KV lineis added. If we assume transmission option 2 will be implemented, can the new Liberty -
Nelson Dewey 161 KN lite replace a few small projects recommended In Bastern lowi?

2. Hliberty—Nelson Dewey 161.RV line Is added, will it have adverse impact on eastern Jowa

systens?

To angwerthese two questions, two models weré developed-from 201 | summer peak base model, The
first model oaly ineludes transmission option 2,.1.¢,, Hazleton —Lore — Salem 345 £V line witha
345/161 KXY transformer at Lere, The second mode! includes transmission option 2 and new Liberty —
Nétson Dewey 161 kV line. DC contingency analysis-results from these two models are compared for
al} branches with loading morg then 0% of rating. Branches with loading changes more than 5% of

rating are veported in Table 0.3-1.
Fraw Table 0.3-1, it s oliserved that

1. Loading on Loré — Praskey River — Cassville — Nelson Dewey 161 KV line under éategory A, B and
C contingencies is reducdd by wp to 30% of vafing with sew Liberty ~ NelsoriDewey 161 kV dine
added;

2. Loading on Phoenix — Menontin ~ T Kielér ~ Kaiser 69 kV line under category A, B and
contingencies is also reduced significantly with new Liberty — Melson Dewey 161 KV line added. As
discussed in Seetfon 7.1, thermial overloading on-Menomin — T Kieter — Kaiser 68 kV can be
mitigated by system reconfiguration {open the overioaded line);

3. There is no adverse impact on easters lowa system if new Liberty - Relson Dewey 161 kV fine is

added, i.e., there is no brancli Tireastern fows system with loading lncrease hove than 3% of mating.

Based on all these analyses, with eastern lows recommended projeets implemered, the new Liberty —

Nelson Dewey 167 KV Hne can significantly reduce the flow on Lore — Turkey River— Caseville
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Nelson Dewey J61 KV line, Also it can maintain WUMS fmport capability at a Hitle higher level than

the original ong.
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7.5 Resl Time Binding Constraints and TLRs
High incidence of TLR (Transmission Loading Ralief) and pérsistently Real Time {RT) bound hourg

are often indicative-of Tower syster reliability margins. During presmarket {before Apil 200%)
system operation, TLR is & min procedure to control flows and prevent system reliabifity violations.
There are nine’ TLR Jevels definett in NERC TLR procedure. With TLR level 3A and above, fiow
schediies-are changéd to mitigate system reliabifity fssues. 8¢ TLR level 3A aud shove are.only
analyzed here, AflerMIB( energy marke! is commenced, secusity constrained ecopomin dispatch
(SCED) Is becoming a primary process for contréiling security constraints on Day Ahesd {DA) and
Real Time operattonal basis. All pre-defined binding constraints are honoured to avoid veliabity
victations when SCED process is directing an economic dispaich. If some constraints.are bound in
real ime operation, corresponding bound hours and shadow price {generation redispatch cost) are

reflecting the congestion sevarity.

92 flowgates-and RT binding consteaints inceasteri lowa or Raving influence-on eastern Iowa region
are examined. These 92 flowgates and RT binding constraints have the-most called-on TLR hours or

RT bound hours. Their names and definitions are listed i Table P.1,

Lievel 34 and above TLR howrs calied on these flowgates. from January 2001 to Aprit 2005 {pre-
market)and from April 2005 to April 2006 (post-market) are examined. RT bound houts on these 592
flowgates and bindiag constrains from April 2005 to April 2006 are also examined becavse MISO:
Enesgy Market has been in operation since Apsil 2005, Average Annual Hour-of~Year of total 92
flowgates and binding constraints dwring 1/1/2001 and 3/31/2005 are added up and there are iop. 16
flewgates with FG-HR move than 1% of tote! eastern-lowa TLR hours. Figure 7 is 2 diagram of
average snual TLR hours of these top 16 eastern lows flowgates. Simiiarly, in the period of Apri}
2005 to April 2008, there aré top |9 flowgates.or binding consteaints with either TLR howrs or BT
binding bowrs more than ' [%. of towdl eastern lows congested. howrs, The congested hones of these tup

1% flowgates and binding constraints are shown in Figure 8.
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We monage power.

From--Jaﬂgary'ZﬁGi to. Aprit 2005, the top 16 flowgates'in eastém Fowa witll most hours of TLR 3A

and-up valied on ave listed below:

;‘ Top
| Saguence Flowgete Name
i F’owaﬁizie%ﬁeasmr 181 for Montezoma-Bondurend 345
271 Lore-Twkey River 184 (46) Wampletown-Faddork 345
3 : Armold-Vinton 161 for D.Amold-Harelion 346
£ | Monteruma:Bendurans 345kV
<573 3708, Amold-Hazelton 348 for Wemn-Paddork 343
5

E

4

g

Salem 345/164 flo Wempletown-Paddork 345
Sub S8(Bavnpm-E.Calamus 181 for QuadRackCr345
Genod-Ceulee FLO Genoa-Lalirossp-Mershiand 161KV
Salem 346/181 Guad Cives-Sub 81
10 HiJisieB»ﬁ"ﬁﬂS’S {fio) TEAn-Duane-Arnold 345
311 Aenold - Hazielon
12 | Sl KITiffin-Arnaid 345k
13 | Selem 3454161 for Qued-Bib 81 TR
14 | Arnoid-Mazsion 345 fo) Monfezumz-Bondurant 345
15 | Tiffin-Acnotd 345 fio Montezuma-Sondurant 345
168 | Quad Sity Wesl 3456V,
Trble 16: Top 16 Enstern Jowsa Flowgates with Average Annuval Hour-of- Vear (FG-HR) Mors

Than 1% (/172601 — 3/31/200%)

From April 2005 1o April 2006, the top 19 flowgates and binding ponstraints in esstérivlowa with

most congested hours: {TLR or bound hours) are listed below:

Top
Seglenee Flowgste Name

Geooa-Covtas FLO Senos-LaCrosse-Mershisnd 181kY
Hifig:Montezuima 345

Dundes-Hazleton 16ThY FLO Bysart-Washbun 181kV
‘Arnold « Hagzieton

Amotd-vinton 181 for DArneid-Hezelion 345
ALWRIECTS HAZLTON HAZLTODUNDERYE ¢ 4

Sub 56ilavnipal-E Calamus 161 loy Cuad-ReckCr34s
ALWEENDT HAZLUTON TREL TR2{

MECSA07 HILLE HILLOFARNES 4 1

ALWGEENDS ARRNOLD ARNOLTIFF(34 4 1

i Haziefon T21 345/16TKY flo Hazislon T22 345061kV
ALWIA004 E CALME £ CALMODKEIS 1 1
HEPGENGT HAZLTON HAZUTARNOLS3S 1 1
THfin-Arrold 348KV fig Amnald 111
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161 Haziston-Blackhawk flo Dysert-Washburn

16 ] ALW3403G ARNOLD ARNOLVINTGIE 11

17 | ALWGEND3_E_CALMS TR TR

38 1ALWIMD03 HAZLTON HAZLTOUNDEIS 11

18] MEC24002_PARNEL PARNEPOWESIS 11
Table 1% Top 19 Bastern Iowa FGs or Constraints with TLR or Boosd Howrs More Thaw 1%

{4/173005 - 3/31/20006)

Figires ¢ and 7 characterize the massive amount of TLR bistory and RT constraints bound record.
Average TER statistics during 17172001 and 3/31/2006 are focused: Figures Hsted in Appendin P have
detailed monthly TLR patlerns for some of top eastern Towa flowgates from January 2001 to

September 2005, These figures can help understand the system sitsations whes TLRs were called on.
A few cbservationsare listed below based onthe Figures In Appendix P

1. Most TLRs were calizd on these flowgates during summer peak-and winter pedl time. Heavy §-N
and E~W transfers are also often seen during summer peak and winter peak periods;

2, Most TLR houts.are on TLR level 34, which is, curtail transactions using Mon-firny Polnt-to-Poist
{ransmission service to allow trensactions using higher priovity Point-to Point transmission servies;
3. Bome flowpates have significant potions of TLR 5A-and S8 hours among its total TLR hours.
These flowgates-are: FG “Poweshisk-Reasnor 161 for Montezuma-Bondurant 3457, £G “Salem
5457161 flo Wempistown-Paddock 3457, FG“Salem 345/161 Quad Cltles-Sub 917, FG *Arnnld -
Hazleton™. These Aowgates are also in the tep 16 fowgate list withvaverage annual Hour-oEYear

(FG-HR) more than 1% dwing 1/1/2001 - 3/3 12085,

As worthy and velusble verification, it Is-necessary to check: whether recommended eastern lowa
prajesis or other planned/proposed prajects will address these historieal TLR fssues or RT Binding
consiraints, Table 18 lists the projects recommended i this eastern fowa study ot ether planned /
proposed projects, which will address issues associated with top 16 flowgates from. January 2001 to

Aprit 2005 and top 19 flowgates and BT binding constraints fromeApril 2005 o Aprii 2006,
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.. We manage power.
MERC [ Flowgate/Binding Sonstralnt Name ! Transmisston Prajects for Solution
14 ) i
3704 Poweshizk-Reasner 161 for Monlezuma-Bondurant 345 Poweshlek - Reasnor 187 k' line has been upgraded {o 526
MYA Iy June 2004,
37G7 Lore~Turkey Hiver 167 {Tw) Wempletown:-Paddock 345 Sceond-Wempletown ~ Padoock 345 kY line is.in service In
Spring 2005
¥ias Arntitaimion 181 for DAmsld-Hezelondds Transmission.npifon 2, "Lewis Fieids™ 161 KV substafion projed,
Beverly 345KV substationprojest recommanded Ineastern lowa
siudy
BOBE WMantezuma-Bonduran 858k This fine Is-vwned by MECG, )
3705 | 3705 _smoid-Hezelion 345 Yor Wemp-Paddock 345 Soeond Wempietaws - Fadtock 345 &V line lsdn senvice.in
Spring 2003, Also foading on Arrsid - Hazlelon 345V ine wit
Be rediined by ransmisston option 2 recommended-in.easiem
jowa siudy
3rae Salem 345/181 Ro Wemplelown-Fardock 345 Sceond Wempletown - Paddock 245KV ling 18 i servios m
Spring 2008, Alsolvading-on'Salem 345/161 KV ximwikbe
greatly redyced by transmisslon aplion 2 reesmimaondad in
easiern lowa study
3725 Sub Sﬁﬁcavnpr;t}»ti{}asamusm’f for-Quad-RookGrads “Transmission apten 2 tecommendad ineastern vwa siudy
6085 Genoa-Geillee FLO Genon-Lalrosse-tarshiand 161k Genos - Cottes 161 1Y line witl be uppradedin dune 3008
3718 Balem 34571671 Cusd Tiles-Sub 817 Transmission opion 2 recommended in eastam lowa sivdy
11784 Hilisie 3451163 (o} THin-Duane-Amold 345 Fransmissien aption Z recommerided in easlem iawa stdy
3706 Ao - Hoziion Transmiesion oplion 2 recommended Ineastern Jowa sludy
8124 Sub KTiffin-Arnold 345k Transmission option 2, "Lewis Fiells™ 181 ¥V aubsistion praject,
Bevady 345%Y substefion profect secommended In sastern fows
siedy
2721 Salam 3451461 for Quao-Bob 81 TR Transmissitn oplina 2 reconwnended hreaslern lows stugy’
3745 Amncid-Hazellon 348 {fid) Montezuma-Bondurant 345 Transnuission oplion 2 recommended.in eastern fowa sludy
T Tiffn-Aeriold 345 fio Montezuma-Bonduranl 345 Transnusston opiioﬁizl “Lewis Fields™ 161KV subsiation project,
. Beverly 345§V sibstatlon project recommended insdsierm fowa
stidy .
6081 Quad Gity Wesl 345k QO West:3458 and 161 kY upgrades proposed by MEC
12145 Filils-Moniazums 346 ) “Faiig e s owned by MEC,
13266 .| Hundes-Hazieton 161KV FLO Dyvsart-Washiuen 1615y Transmission oplion 2 recommended in eastem lowa siudy
MA ~ALWMECTS, HAZLTON_HAZLTDUNDE6_1 4 Tranemisslon option 2 recommended in eastarn lowa ghidy
A ALWRNOT_HAZLTOMN_TRZT_TR21 Huzlelon 345/161 kv #1 xbmr replacement, transmission oplion
Zrgcormmented In eastern tows study
N WECII00Z_HILLS HILLEPARNETB_1 1 Reconductor ant substaniialy tebuid the 1ills ~ Parasll 161 kY
fine proposed by WEC
[2) ALWEEND ARNOLD_ARNCLTIFFIBG 31 Transmission option 2, “Lewis Fislds” 167 KV subsiation profei,
Bevery 348 1V substalion prolect recommentied in saster lows
sludy
3758 Hazlelon T21 348/ 861kV o Haziglon T27 3451614V Hazieton 345/161 KV #1 xfmr fepiacemant, iransmission eplion
2 recommanded In easterr lows study
WA ALWE4004_E_GALMS_E_CALMGOKETB, 11 Transmission oplion 2, Beverly 345 KV sibstalion project
reqarnmended in aagtern fowa study

i
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Transmission oplion 2 recommended in easlern lowa stidy

NA NSPGEND? HAZLTON HAZLTARNDLA4 1 1
13350 TiffinsAmold 345KV fiv Amold 491 Transmission aption 2, "Lewis Fiekds™ 161 kV substation project,
Bevary 345 KV substation project recornmanderd in eastern towa
. sfady
13523 Hazleion-Blgckhawk flo Dysar-Washbum Loadisg on' Dysart - Washbuen 161 kY ie wilf be reduced by

tratismissioraption'2, Beverly 345 KV substation project
recommended in sastarg lowa study

WA ALVIBEE3G_ARNOLD ARNGLVINTDIE. 1

Fransmission option Z, "Lewis Felds™ 161 kV substation project,
Ele\mziy 348 ¥Vsubstation project recommended in easters lowa

-ghudy

NA ALWGENGS B CALMS TRE1_TRST Transmistion option 2. Baverly 345 kV subsiation frajent
recommendad Ineaslem owa stady

NA ALWHAODS, HAZLTON HAZLTOUNDETS 11 Transmission oplion 2 recommended ineastern lowa study

NA MEC34002 PARNEL _PARNEFOWESTS 1 1 Recoriducter and substantiaily reouitd the Pamet — Pm:ekshsak

Ha e proposed by MEC, Alse- lnading on Hillsie, 3451161
KV ximyr will b raducad by tansmission oplion 2 recommended
in easiefn lowa siudy

Trble 18: Top Basters Tows Flowgates and Binding Constigints Associated with Thelr

Transmission Sokutiouns

Some conclusions ¢an be drawnfioin Table 18:

1. The recommendsd castein fowa projects are good ttansinission soluiions to-atdress real time

systerm jssues such ag chronic TLRs-and Viiding conswaims In that regiosd;

2. Most-of gastern lowa opsrational issues can be resolved by transmission opfion 2 recommended in

eastern lowa study;

3. “Montezame-Bondurant 345kV" and “Hills-Monisauma 345" are the odly fwo fowsates without

aty planned/proposed transmission solufions. These two flowpates are owned By MEC.
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7.6 Voltage Stability Performance

7.7 Dynamic Stability Performance
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8. Conclusion
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