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f£S ex. ^ 

Duke Energy Ohio 
Case No. 10-2586-EL.SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT.03-022 

REQUEST: 

State the total number of customers to whom You currently provide distribution service. 

RESPONSE: 

The Company provides distribution service to 683,236 customers as of October 2010. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No, 10-2586.EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-034)23 

REQUEST: 

Of the number You identify in response to hiterrogatory No. 22, state the number of 
customers who are: 

a) residential customers; 

b) commercial customers; and 

c) industrial customers. 

RESPONSE: 

a) residential customers: 606,940 

b) commercial customers: 67,532 

c) industrial customers: 2,262 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT.03-024 

REQUEST: 

Of the number You identify in response to hiterrogatory No. 22, state the number of 
customers who are served under each of Your rate classifications and/or tariffs. 

RESPONSE: 
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Note: 

GS is Rate GS-FL. SF is Rate SFL-ADPL. OR is Rate ORH. SO, SS, SX, and UO are 
all Rate UOLS (one of the lighting rates). WS is water pumping special contract. All 
other rates match the title of the tariff sheet. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2S86-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-025 

REQUEST: 

State the current average annual and monthly kilowatt hour (*kWh") usage for each of the 
customer classes referenced in hiterrogatory No. 23 and 24. 

RESPONSE: 

Attachment FES-INT-03-025 shows the kWh, number of customers, and calculated kWh 
per customer by month, rate, and customer class for each month of November 2009 
through October 2010. 

PERSON RESPONSIBLE: James E, Ziolkowski 
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Duke Energy Ohio 
Case No. 10-2586.EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-026 

REQUEST: 

State the total number of customers to whom You currently provide distribution service 
and who take generation service from a competitive retail electric service supplier. 

RESPONSE: 

As of October 2010, there are 181,948 Duke Energy Ohio distribution customers taking 
service from a CRES provider. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-027 

REQUEST: 

Of the nimiber You identify in response to Interrogatory No. 26 state the number of 
customers who are: 

a) Residential customers; 

b) Commercial customers; and 

c) hidustrial customers. 

RESPONSE: 

a) Residential: 153,480 

b) Commercial: 23 J14 

c) hidustrial: 1,212 

There are also 2,732 OPA customers and 810 street lighting customers taking service 
from a CRES provider. 

PERSON RESPONSIBLE: James E. Ziolkoy/ski 



Duke Energy Ohio 
Case No, 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-029 

REQUEST: 

State the current average annual and monthly kWh usage for each of the customers 
classes referenced in hieterrogatory Nos, 27 and 28. 

RESPONSE: 

Please see Attachment FES-INT-03-029. 

PERSON RESPONSIBLE: James E. Ziolkowski 
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Duke Energy Ohio 
Case No. 10.2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-030 

REQUEST: 

State the total number of customers to whom You currently provide distribution service 
and who take generation service pursuant to Your current Standard Service Offer. 

RESPONSE: 

As of October 2010, there are 501,288 customers taking generation service pursuant to 
the Company's Standard Service Offer. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10.2586-EL-SSO 

FES Third Set Interrogatories 
Date Received; December 15,2010 

FES-INT.03.031 

REQUEST: 

Of the number you identify in response to Interrogatory No. 30, state the number of 
customers who are: 

a) residential customers; 

b) commercial customers; and 

c) industrial customers. 

RESPONSE: 

a) Residential: 453,460 

b) Commercial: 43,818 

c) Industrial: 1,050 

There are also 912 OPA customers and 2,048 street lighting customers taking service 
under the Company's Standard Service Offer. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10.2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-032 

REQUEST: 

Of the number You identify in response to Interrogatory No. 30, state the number of 
customen who are served under each of Your rate classifications and/or tariffs. 

RESPONSE: 

Sumo* CUSTOMERS 
RATE bar 

DM 
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OR 
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SC " " , 
SE 
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WS 
Grand Tottf 

CUSTOMER CLASS U^ 
Commercial Wusirial 
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24,406 

22: 
7,642 

514: 
23: 
0; 

. \̂ 

10.446! 
&i 

" 581 
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355: 
bi 

6 
1; 

56 

43.aiB 

OPA 
0 

476 
21 

S37 
9 
1 
0: 
0: 

• 6 : ' 

0 

1,050 

Residential 
0 

S37 
4 

Z52 
47 
51 
0 
6 

14 

5' 

0 
2 

912 

SIreet Ughting 
14 

0̂  
0 

162 
453.262 

0 

22 

0' 

453,460: 

0 
3 

8 
5 
0 

33 
262 

1.256 

17 

190 

274 

2,048 

Grand Total 
291 

25,424 
47 

B.431 
570 
83 

5 
0 

162 
463,722 

38 
320 

5 
1.611 

0 
17 
22 

201 
7 

330 
2 

501^88 

Note: 

GS is Rate GS-FL. SF is Rate SFL-ADPL. OR is Rate ORH. SO, SS, SX, and UO are 
all Rate UOLS (one of the lighting rates). WS is water pumping special contract. All 
other rates match the title of the tariff sheet. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT.03-033 

REQUEST: 

State the current average annual and monthly kWh usage for each of the customers 
classes referenced in Interrogatory Nos. 31 and 32. 

RESPONSE: 

Please see Attachment FES-INT-03-033. 

PERSON RESPONSIBLE: James E. Ziolkowski 



m T •* Sl§ 
r i 

^ 
i% 5 a 

SSi III 
9 

Wi MM s?f I 
S3 t n • 

— \ 

a" a 

S t " 
a 

H 
8' 

is 

§11 

5 

| i ^ 

S E ^ 2SS 
ri ei lli 

«2P! 

« V o* i/T 

O a at 

u) u S 

itfir 

m m o> 

is" 

!3S 

^ £ & 

^ i i 

in 

AS 

S2-

P i - . 

SS 

I II) 

la 

of » J;' 

a 
W S- (O 

O) Ig' lA 

8( 

^11 

n N O) 

Sis 
Iff a ' 

s 

S s 

ass 

N n S 

I' 

oi 

SIS 

9 

s 

g 

p 

I 

s i 

si 
s 

i 
s 
s'i 

5 

3 

O 

1̂ 

i l l 

^ 8 ' 

§ R I ^S 

S2S 
O ID 

1̂  

lA S 

1̂ 

Si 

°5; 

8" ! 

ID' 

U i 
c"̂ ' 

~ in S 
10 o* »-" 

S ? M 

I'" 
«' II 

Ii 

p 

p 

""^g 

RS 

Site 

I « UI 

S P 2 

8 | | 

I i 
5" 

i 

H 

I? 

U 

To" 

IB 

^ i ^ 
s 

8" 

Ssi 

g^g 

!̂ §l 

3 : : 

3 = 

g i g ^ 

i?5 

|g 

i§ 

Si 

a j . 

9' 

«S2 

ri T-

SSI 
l A Clj 

CO ct( 

ig 
• » • 

is 
V 

Is 

is 
T ' 

' l g 

Si 
§1 

H 

i i 

§g 

S = § 

r 

«l, 

w S o 

5 8' 

53 , 
i i f -

i ' 

i! 
I 

^^P. 

RSt 

5~ 

S ui 8 

e"8 
s 

S s s 

nj 

5S 

^gl 
s 

sg | 

| 5 g ^ ?• 5 S 

¥ll 

5£g 

Pi 

IP. 

« | i 

n IB 

Si ! 

sSis 
='3 

- w 3 

O DSC 

E E 

SSI 
U 3 le 
B B B 

rr, p ... rr 

B B B 
E i E 

0 UJ Q 

B B B 

II 

s i 

III 
B B B 

i l 

s i 

i i 
B B B 
£ i E 

S i 

O D !£ 
B B B 

u 5 ^ 

A A <A m tn m 

1-0 5 ill 
B B B 
e 1 1 
u ut n 

S lu 

U D se 
B B B 
E I E 

95 

B B B 
E E E 

Si 
B B B 
E E E 

i i 

B B B 

^ in A 

ill 
ID ^ ^ 

B B B 

W A Efl I I 

I i 
U 3 ^ 
B B B 

a tmrn 

Q UJ B 5 

ii i i§ 
B B B 

E i i 
B B B 

I n A I 

B B B 
£ E 

B B B 
E E E 

I 
— 10 2 

8 K 5 

^ ^ te 



ii^ss: 
-̂ 1 

o 

u.m% ri ri 

si 

zsi 1^ i i j 

i 1̂ 
uzn V Sg | °S 

SS Re 
^HM 

S!? 

$¥ 

I i 

n (a I 

S 8 

S 8 

S 8 

9§ 

RI h- g 

£ 8 

"I 
Q 

i 

'-'I 

t i 

5 

1̂ 

51 
Cl 

if 

8"! 
" a 

?i 
5 

riQ 

n S 

IS. ' ciT 

0) fti 

rirl 

s 

- 5 

- f 

" l § 
5 

Si 
IE 

o lo in}o I 

8': 

c i P 

in M Ol 

ui lo 

' 2 * 

n 

8il 
N ' 

e 

ri 

§ i 

p ni A 

KS 2S 

r 
n « N 

11^ 
-"8 

ri 

• i ' 

u 

at T̂  a 

^tas 

s s s 

HI 

rt ^ t 

= 52 
gs5 

s$ 

I' 

^2a 

§iJ 
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Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-034 

REQUEST: 

State the total number of customers to whom You project You will provide distribution 
service for each year of the first five years of the proposed MRO. 

RESPONSE: 

This information is not available, however, the Company docs not expect the number of 
distribution customers to materially change from current levels. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10.2586-EL-SSO 

FES Third Set Interrogatories 
Date Received; December 15,2010 

FES-INT-03-035 

REQUEST: 

Of the number You identify in response to hiterrogatory No. 34, state the projected 
number of customers who will be: 

a) residential customers; 

b) commercial customers; and 

c) industrial customers. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-036 

REQUEST: 

Of the number You identify in response to hiterrogatory No. 34, state the projected 
number of customers who will be served under each of Your rate classifications and/or 
tariffs. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December IS, 2010 

FES-INT.03-037 

REQUEST: 

State the projected average annual and monthly kWh usage for each of the customer 
classes referenced in Interrogatory Nos. 35 and 36. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-038 

REQUEST: 

Of the total number of customers You identify in response to Interrogatory No. 34, state 
the number of such customers who You project will take generation service from a 
competitive retail electric service supplier for each year of the first five years of the 
proposed MRO. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15» 2010 

FES-INT-03-039 

REQUEST: 

Of the number You identify in response to Interrogatory No. 38, state the projected 
number of customers who will be: 

a) residential customers; 

b) commercial customers; and 

c) industrial customers. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE; James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-040 

REQUEST: 

Of the number You identify in response to Interrogatory No. 38, state the projected 
number of customers who will be served under each of Your rate classifications and/or 
tariffs. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL.SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03.041 

REQUEST: 

State the projected average annual and monthly kWh usage for each of the customer 
classes referenced in hiterrogatory Nos. 39 and 40. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No, 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15, 2010 

FES.INT-03-042 

REQUEST: 

Of the total number of customers You identify in response to Interrogatory No. 34, state 
the number of such customers who You project will take generation service pursuant to 
the proposed MRO for each year of the first five years of the proposed MRO. 

ItESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03.043 

REQUEST: 

Of the number You identify in response to Interrogatory No. 42, state the projected 
number of customers who will be: 

a) residential customers; 

b) commercial customers; and 

c) industrial customers. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrt^atories 
Date Received; December 15,2010 

FES-INT-03-044 

REQUEST: 

Of the number You identify in response to Interrogatory No. 42, state the projected 
number of customers who will be served under each of Your rate classifications and/or 
tariffs. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Interrogatories 
Date Received: December 15,2010 

FES-INT-03-045 

REQUEST; 

State the projected average annual and monthly kWh usage for eadi of the customer 
classes referenced in Interrogatory Nos. 43 and 44. 

RESPONSE: 

Please see the response to FES-INT-03-034. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke Energy Ohio 
CaseNo.10-25S6-EL.SSO 

FES Third Set Production of Documents 
Date Received: December 15,2010 

FES.POD.03.016 

REQUEST: 

All Documents You identified in response to the foregoing Interrogatories. 

RESPONSE; 

The responses provided to FES-INT-03-022 through FES-INT-03-033 are tabulations of 
billing data obtained from the Company's bill and revenue reporting system. There are 
no documents or additional data to be provided other than the tables are attachments that 
appear or are referenced in those responses. 

PERSON RESPONSIBLE: James E. Ziolkowski 

http://CaseNo.10-25S6-EL.SSO


Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

FES Third Set Production of Documents 
Date Received: December 15,2010 

FES-POD-03-017 

REQUEST; 

All Documents You relied on in generating Your responses to the foregoing 
Interrogatories. 

RESPONSE: 

Please see the response to FES-POD-03-016. 

PERSON RESPONSIBLE; James E. Ziolkowski 



Duke Energy Ohio 
Case No, 10.2586-EL-SSO 

FES Third Set Production of Documents 
Date Received: December 15,2010 

FES.POD-03.018 

REQUEST: 

All documents that reflect, relate or refer to projections, forecasts, estimates or 
calculations of the number of customers to whom You will provide distribution service 
and who will take generation service from a competitive retail electric service provider 
during the first five years of the proposed MRO. 

RESPONSE: 

There are no responsive documents. 

PERSON RESPONSIBLE: James E. Ziolkowski 



Duke E n e i ^ Ohio 
Case No, 10-2586-EL-SSO 

FES Third Set Production of Documents 
Date Received: December 15,2010 

FES-POD-03-019 

REQUEST: 

All documents that reflect, relate or refer to projections, forecasts, estimates or 
calculations of the number of customers to whom You will provide distribution service 
and who will take generation service pursuant to the proposed MRO during the first five 
years of the proposed MRO. 

RESPONSE: 

There are no responsive documents. 

PERSON RESPONSIBLE; James E. Ziolkowski 
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1 Study Overview 
Ranewabia Portfolio Standards (RPS) pasaad by most Mdwast ISO mambar states mandata maating 
significant parcantagaa of total alectrical anargy wtth ranawabia anargy rasourcaa. To davalop 
transmisston poitfolioa lUtfllfing tiiesa raquiramanta and maating ttw obiodlva ftmction of acMaving ttia 
kMMst dativarad dollar par MWh cost. M k l w M ISO. wHh ttM aasistanoa of stata ragutotors and industry 
stakehoklars. conductad the Ragional (Sanarator Outiat Study (RGOS). 

1.1 RGOS Results Summary 
During initial RQOS phasaa. analysto showad locating wind zonea In a dtotributad mannarttvoughout ttia 
sy8tam-4tt opposad to only k>cating ttia wind tocal to toad or ragtonaly whera ttia b M wind raaouroaa 
ara locatad—raauKa in a sat of toast-cost wind zones ttiat hat) to raduca ttia dattvarad dotiar par MWh 
cost naadad to maal ranawabia anargy raquiramants. From ttito aartiar woric, a comblntfkxi of local and 
regtonal wind zonas wara idantiffad and approvad by ttia Uppar M idwM Transmtoslon Davalopmant 
Initiative (UMTDQ. Furtttar sotidHying ttia vaMity of ttito mattKXtotogy, tt>a M idwM Governors'AssM 
afllnnad ttia mettwd amployed salacttng ttiaaa wind zonaa as tha b M approach to vvfnd zona a a l ^ ^ 

• R ( ^ S datamninad ttia b M fit sokJtton to ba a transmisston ovartay anoompaMng a l 
M k l w M ISO atataa, premtoad on a distrfbulad M of wtod zonaa, aach witti varying capadty 
factors and (fiatancaa fhxn kMd. 

RQOS nanvwed Ha Ibcus to ttia davatopmant of ttvaa (3) transmisston axpansion scenarioa to Ir^agraia 
wind ftom ttia dasignatad zonaa: (1) a NsAlva Vdllaoa ovariay ttiat doas no^ introduoa new v o l ^ ^ 
aa 765kV In araaa vtfhara ttwy do not cu r ra r^ axtot; (2) a 766 kV ovariay atiowing ttw introduction of 765 
KV transmtoston ttvoughoU ttw study footprint; and (3) Nat lw Vdttaga %vim DC ttansnitosta 
for ttw axpanston of DC tachnology wittito ttw study footprint 

• All ttwea (3) transmtoston axpanston soanarioa m M raspactiva stata Ranawabia PortioNo 
Standards (FtPS) raqulramania wHhin ttw MKJwM ISO fbo^rfnt 

- ThaaddWon of ranawabto anargy zonaa wfttt ttw transmtoston ovarfayaraducad ttw MkKvM ISO 
toad-watghtad LMP batwaan $4.30 to $4 OQ/MWh (2010 USD). 

• Ttw ttvaa (3) trwwmtoston ovartay plans rapresM potanttal investment of $16B to $22B m 
2010 USD ki transmtoston ovar ttw n M 20 years and constot of naw transmtoston milaaga of 
6,400-6.000 milas. 

- Total C M Ibr ttw transmtoslon ovariaysrwiga firom 119/MWh to $2S/MVVh. The C M of ttw wind 
ganaration to an addtttonal $72/MV^ Howavar, ttw ovariaya and generation atoo produca 
A ^ u s M Production CM(APC) savkigs of $4iyMWh to $43/MWh wNNn ttw MkJwMtSO 
footprint, craating a nal o M of $49/MWh to $64/MWh. Thto c M doas not induda ttw vafcia 
aasodatad witti an additional $20MVM) to $22Amh of APC savings whtoh wouW a c c r ^ 
rest of ttw Eastam intaroonnact as ttw result of ttw RQOS transmtoston ovariaya and ganaration. 

- Analysaa of ttwsa ttvaa (3) transmtoston pton attamattvaa ttKough ttw RQOS study, along wKh 
addtttonal analytica parlbmwd wtthin M M w M ISO ptonntoig procassas, hava ktontifiad a s u b - M 
qualifying as inputs Into ttw Candklate Mutil-Vakw P r c ^ (MVP) portfolio analysis. 

Bacauaa of R(»3S. M i d w M ISO has Mantiflad ttw ne)d, m M toimadtote slap to transmtoston invastmant 
a M of r o b M CandMate MVPa deslgnad to addrasa currant ranawabto anargy nwndatos and ttw 
regtonal raHabi% naads of its mambara. Viabia for naar-larm davatopmant, ttwsa prpiacia rapraaant 
$5.8B (2010 USD) of capital tovaslmant, approximatBly $4.4 biMon in ttw M idwM ISO footprint wtth ttw 
ramatodar ki PJM. These Canctidate MVPa w i l serve as inputa k«o ttw 2011 Candklala MVP PortfoHo 
analysto, ttw firat of a cydtoal M of MVP Porttbtio analysaa whtoh wOi proposa and avahiito transmtoaion 
to m M a c h a n g e poNcy landscapa. V\ffiia nona of ttw ovariay scanarioa-Naflva Voltaga. 765 kV, 
Native VoRaga witti DC—haa amargad as ttw dafkiittva ranawalala anargy transmtoslon solution, It la 
Importam to note ati salactad Canctidata MVPs ara compatibia witti all ttvaa (3) tranamtosion pims. 



Case No. 10-2Sa6-EL-SSO 
lEU-Slf PP-l>OIM)3-00S <•) 
Paa*9ofl48 

1.2 Long-term Transmission Strategies 
All ttirea (3) transmisston plans wara davalopad to provida reltobto daHvary of ttw RPS-klantiflad lavala of 
ranawabto anargy. Raliabia dalhrary assumptions are discussad wlttiin Sacfion 5 and focua on 
transmtoston system constrainta 200 kV and highar. Ralar to Figura 12 -1 . The study regton consists of 
M k l w M ISO and neighboring fodiitiaa including MAPP, Commonwaatth Edison, and Amarican 
Elactric Power. 

Figura 1.2-1: RGOS Study Footprint 

Bacausa RGOS transmission plans h n p M MAPP and PJM aystanw. refsrancaa to ttwsa naightwrlng 
systems ara mada wtwnevar RGOS to dtocussad. ttw rasuR of nacassary asaumptiona regarding 
plannkig practicaa and stratagto asaasamant For axampla. a 765 kV grid togtoafly connacto kito an 
alraady asdsting 765 backbone on tha PJM system, but PJM rsfarancas ara not yat indicaflva of any 
praiacte in ttw PJM Ragional Ttansmisaton Expanaton Plan. Evaluation of ovariaya moving forward wtti 
continue to require coordinatton batwaan impacted neigN)oring entitiaa, InckJdIng P M , MAPP, SPP, 
andTVA. 

1.2.1 Transmission Expansion Drivers 
Tha KffidwMtSO ragton obsarvad two signlf lcM drivers for transmtoston axpanston: (1) state RPS 
mandates; and (2) assoctotad ganaration In ttw M M w M ISO Ganaration Intaroonnaction Quaua (GIQ). 
For mora dataHad information raganting state RPS mandalaa and goato. rafar to sactfon 3 and 
Appandb(2 of ttito documant Thasaoond mafor driver for transmtoston axpanston to ttw M k l w M ISO 
Ganaration Intarconnaction CHiaua (GIO), wNch—aa of ttw and of July 2010—heM approximataly 
64,500 MWs of wind raquasta. Alter caraftil axantination of ttw Inharantty complax tosuaa bwolvad, 
M k l w M ISO staff and stakahoktera dalarminad ttw GIQ prooaaa wouM not ba an afflctont maana fbr 
buikting a cost-effective trananrilsston systam eittwr immadlately, ovar ttw next 5-10 yaar parted or Ni ttw 
Ibrasaaabto fiitura bayond ttiat tima-frama. 



a 
CaseNo.tO-2586-EL-SSO 
IEU-SUPP-POIMI3-00S (!) 
Pi |elOof14S 

1.2.2 Indicative Zone Selection Rationale 
Saverai dlfTteant ganaration Siting options wara analyzed during pravtoua phasas of RGOS. This anatysto 
focused on ttw reiativa baneflte of local ganaration. whtoh typiMly r a q i ^ lass tranamtoskm to ba 
daUvarad to major load oentara, and ragional generation, whtoh can ba tocatad whara wind anargy to ttw 
strongest A total of fourtaan (14) generation siting opttona wara davalopad, witti options r a n ^ from 
purely focal generation siting, p u r ^ regtonal generation siting, or a combination of focal and ragtonai 
generation siting. Transmtoston ovartays wara ttwn davatopad witti Transmisston Ownars (TOs) on a 
high-teval. indicativa basto for each gen^ation siting option. Capital coste for aach ganaration siting 
o^fon and Ka asaodatad high-toval transmisston overlay wara catoulatad and ptottad aga^st aach ottwr 
to datarmina ttw relative c M of each ganaration siting approach. Rater to Figura 1.2-2. 

SlSMM 

Lecsl 
Generedon 

Combinatton (Local Sk 
ke| lon^ Generation 

Figure 1.2-2: ZOne Scanarto (Saneratlon and Tranamteakm Coat Comparteon 

tt waa detannkwd tiw toM C M approach to ganaration siting to a mattwdotogy Gonttfnkig a combinatton 
of toM and ragkxwl wind ganaration locationa. aa ahown by ttw white araa on Figura 1.2-2. Hito waa ttw 
approach aflfmwd by ttw M k l w M Oovamora'Association aa ttw b M approach to wNfid zona satectfon. 

For graatar datail ragardkig ttw todtoativa tranarntoakm raatdte, dasign, and optimization, rater to s a d k r a 
4.1.1, 5.1, and Appandbt 3 of ttito document Aleo rater to saction 9.1 of ttw M k l w M ISO Transmtoston 
Expanafon Plan (MTEP) 2009, w t ^ mora fuHy dascribas ttw rationate drtving zona scanarto ganeraflon. 
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1.2.3 Comparative Analysis 
During ttia study procasa, ttw RGOS group focusad on ttw davetopment of ttiraa (3) transmtoston 
axpansion scanarios menttonad in ttw previous saction: (1) a Nath/a Voltaga ovariay ttwt doaa not 
IntitKluca new tachnotogy or vottagas in ttw area; (2) a 766 kV ovariay altowing ttw introduction c^ 765 kV 
ttansmisston ttvoughout ttw study footprint; and (3) Nativa Vottaga wi th DC transmtoston ttiat alksws for 
ttw axpanston of DC tachnotogy witttin ttw study footprint Rafbr to Tabto 1.2-1, whtoh dascribaa ttw 
phystoai characteristics of ttw ttirea (3) ovariay scenarios, tt shows how ttw numbar of naw Unas, totel Una 
mites, acras of rfght-of^ray, river cTMSkigs. and ai^ntations differ batwaan soanarioa. It also b ( « a ^ 
each soanario gaographtoally batwaan M i d w M ISO. PJM, and Total study footprint. Joint/DC raprasante 
AC and DC tr«iamtoston prtjacto ttiat may constitute shared coste batwaan M k l w M ISO and PJM. 

Tha data revaato, fbr axampte, ttwt ttw Nativa Vottaga scanario raquiras more new Nnaa, mora Una milaa, 
and mora substationa ttian ttw 765 kV overiey for ttw totai study footprint but doas. howaver. require laaa 
acraa of right-of-way. 

Tabte 1 ^ - 1 ; Sumnwry of RQOS Ovariay Phyateal Infraatnictuia 

• 
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Refiar to Tabto 1.2-2. whtoh dascribaa ttw coste to buiki naw transmisston and generation fbr ttw ttiraa (3) 
ovariay scenarioa. Transmisston coste were catoulatad by muttiplying Una mSmgo by c M par mite, witti 
c M par mito diflisrantiatad by state. Thasa catoutotions also induded substations, transformars, and 
retetad inlirastnjctura. Construction c M aatimatas atoo ^tamptad to induda ttw regutetory pamittting 
procasa. Tha tabte catagorizas ttwsa tectors by N^iva VoHaga. 765 kV. and Nativa Vottaga wtth DC 
scanarioa, as wail as M d w M ISO, PJM. and Joint/DC gaographtoa. 

Basad on ttwsa tectors. RGOS produoad total ovariay astimataa of $16.3 bilton (2010 USD) for tha 
Nativa Vottaga system. $20.2 billton tor 765 kV, and $21.9 bllHon for ttw Nativa Vottaga witti DC scanarto 
for ttw RQOS sttidy footprint 

Ganaration coste wara 
c M astimataa of $2 
baNvaan scenarios. 

by multiplying ttw total amount of RPS raquirad MW by construction 
par MW. Thto cost, at $58.1 billton (2010 USD), doas not vary 

Tabto 1.2-2:2010 Coat Summary - Construction (2010 USD In MIIKona) 

Treiwmlssion 

— 

Totel 

Totsi 

MMwMiaO 

PJM 

JdntroC* 

Total 

MMwMISO 

PJM 

JoMOC^ 

Total 

PJM 

JoMDC* 

$16,301 

$13,885 

$1,952 

$484 

$58,100 

$44,737 

$13,363 

$-

$74,401 

$58,602 

$15,315 

$464 

$20,249 

$15,099 

$4,196 

$955 

$58,100 

$44,737 

$13,363 

$-

$78,348 

$69,838 

$17,559 

$956 

$21,544 

$12,662 

$2,138 

6,744 

$58,100 

$44,737 

$13,363 

$-

$79,644 

$57,399 

$15,501 

$6,744 

• 
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Refer to Tabte 1.2-3. which dascribaa 2010 Lavalizad Annual Costo. whtoh ara ttw total ravanua 
raquiramante (2010 USD) fbr ttw ttirea (3) scanarios. Ravanua requiremanto rafbr to ttw total annuaNzad 
costo fbr ttw naw transmtoston and ganaration. Thasa tavalizad annual coste ara datarminad ttvough 
appltoation of proxy Attachmant O of ttw M i d w M ISO FERC tariff. Tabte 1.2-3 braaks ttwsa tectors down 
by Nativa Vottaga. 765 kV. and Nativa Vottaga witti DC (Nativa DC) soanarioa, and M k l w M ISO, PJM. 
and Joint/DC gaographtoa. 

RGOS found total study fbotprint annual tovalizad coste vary between $1.7 bHIton per yaar for Nativa 
Vottaga, to $2.1 fbr 765 kV. to $2.2 for Nativa Vottaga witti DC (Native DC), witti ganaration annual coste 
at$4.9bill ioa 

Tabte 1.2-3: Coat Summary - 2010 Levellzad Annual Coate*" 

Transmission 

Oefwratton 

Total 

Total 

MkteMISO 

PJM 

JointAX^ 

TotsI 

MUwMISO 

PJM 

Jolnl/DC* 

Totsi 

MklwM ISO 

PM 

Joint/DC* 

$1,888 

$1,419 

$209 

$57 

$8,334 

K931 

$1,402 

$-

18,019 

$6,351 

$1,612 

$57 

$2,084 

$1,537 

$424 

$102 

SaJ34 

$4,931 

$1,402 

$-

$8,387 

$8,469 

$1,826 

$102 

$2,188 

$1,304 

$227 

$656 

$8,334 

$4,931 

$1,402 

$-

$8,621 

$6,236 

$1,630 

$656 

• 
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Tabto 1.2-4 describes 2010 Annual Coste $/MWh, which takes total coste Irom Tabto 1.2-^ and prasante 
total coste as a par MWh valua. This calculation Is baaed on 88.6 TWh of anergy dalivarad ftam 
ranawabia anergy zonea. Tabto 1.2-4 dascribas transmisston and ganaration coste for ttw modalad 
RGOS ranewabte wind zone anergy. 

Thasa ara not incramantal coste; rattier, ttwaa are a comparattva maasura of total MWh c M if wind 
sanml as ttw only anargy sottfca ralattva to RQOS wind and transmtoston. Thto tabte Uidicataa 
transmisston coste fbr ttw modalad RGOS ranawabto anargy wind zona delivered wouki be $19, $23, 
or $25 per MWh basad on ttw addition of ttw vartoua RGOS transmtoston ovariaya In ttw M k l w M ISO 
footprht On ttw ganaration skia, MVMi c M wouM increaaa to $72/MV\li fbr aN scanarioa. tt shouM ba 
understood ttiat ttw wind and ttw subsaquartt ttansmisston hava impacte on ttw antira systam baing 
sarvad. Thto indudas provkling addtttonal potantial reliabHI^ benafite to ttw systam fbr ttw transmission 
addttkvw, as wail aa provking reductiona In ttw production coste on ttw systam. Wlttiin ttito study, only 
acQustad production coste were given a valua to compare to the costo. Bacausa costo are added to tha 
systam intk^stmcture aa a d k M rasutt to ttw ranawabto anargy zonas to meat RPS requkamertta, ttw 
anargy dalivarad I h m ttwsa zonaa was usad aa a comrnon danominatar for ttw par untt comparstort 

Tabte 1.2-4: Coat Summary - 2010 Annual Coato ($/MWh*^) 

— ^ 

* - « . , 

Total 

Totel 

M k t e M I S O 

PJM 

J o k M C * 

ToCsl 

M i d w M ISO 

PJM 

Joint/DC* 

Total 

M U w M I S O 

PJM 

JotoVDC 

$19 

$16 

$2 

SI 

$72 

$56 

S16 

$0 

$91 

$72 

$18 

SI 

$23 

$17 

$5 

$1 

$72 

$S6 

$16 

$0 

$9S 

$73 

$21 

$1 

$25 

$15 

$3 

$7 

$72 

$56 

$16 

$0 

$96 

$70 

$18 

$7 

• JoHCC leprwenle AC end DC kanwnlMkm pniiecti Swt mey cons t t ^ 
there It one AC proiict «M Pkmeer TSa kV proiect to Indtone. The lert lepraaM OC pnifecto. 
•• Tranomiulon coele fcwhjde me and MiMtMMi coot eiSmetoe 
***i-eveazed annuel coots deiimiinedawuughepplcBBen of pro»y>MtwhmentOceleulaBont^ 
foquiiemenls 
* ^ Cakarieaon baoed on energy delvered ftom renawifato onoigy zoneK 8S6 TVM (eedi 0 1 ^ ^ 
etnountofeneioy) 
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Adding wind to ttw systam raducas enargy costo. This benefit to c^)tured ttirough ttw adjustad production 
CM catouteted by dhridtog tottf production c M savings by total MWh. Ralbr to Tabto 1.2-5, whtoh 
dascribaa ragtonai par MWh adjusted production savings basad on 88.6 TWh of RQOS wind zona 
dalivarad enargy. Ad^stad c M savings wtthin ttw MklwM ISO fbotprint fbr Nativa Vottaga, 765 kV, and 
Nativa Vottaga witti DC (Nativa DC) scanarioa wouM ba $41/MWh, $43/MWi, and $43/MVWi 
(2010 USD), raspactiveiy. 

Tabte 1.2-6:2010 Ad|ustad Production Coet (APC) Savlnge ($/MWh) 

Midwsstiao 

MMwast I80MAPP 

MMWMWOMAPP/PJM 

Eaatsrn kitefMniMCt 

$41 

$56 

$62 

$62 

$43 

$57 

$63 

$63 

$42 

$57 

$63 

$63 

Tabte 1.2-6 aummarizas 
2010 instaltod coste 

M cost Subttacting 2010 MWh A4U8M Production C M (APC) 
in ttw fotiowtog M coste par MVMi of deiverad RQOS wind zona 

Tabte 12-6:2010 Net Total Coat Summary ($/MWh) 

MMWMWO 

MMwMWOANUPP 

MMweat ttOaiAPP/PJM 

Eaatem inteiconnecl 

$49 

$35 

$29 

$29 

$52 

$37 

$32 

$32 

$54 

$39 

$33 

$33 

V\ttwn analyzing ttw tofomwtion praaantad in Tabtee 1.2-1-1.2-4. tt to important to note whHa ovaraN 
matrica show soma dtoparity among ptena, ttw Nativa Vottaga and 765 KV ovariaya are vary simiter whan 
tookkig sotoly at MklwM ISO-only Impacte tt to more prebtematic, however, when comparing atthar of 
ttwsa two (2) ovariaya to ttw Nativa Vottaga wttti DC option stoca DC ttansmtoston coste are not 
categortzed as sotely MklwM ISO or sotely PJM bacausa ttw Mnas start In ona systam and tanninato in 
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1.2.4 N a t i v e V o l t a g e O v e r l a y 

Tha Nativa Voltaga soUjtion fbcusas on ttansmisston davatoprnont ttwt doas not introduca a naw vottaga 
dass wtthin areas. Thto means araas witti 345 kV ttansmisston as ttw native Extta High Vottaga (EHV) 
transmtoston must ba limitad to a maximum of 346 kV ttansmtoston for naw infrasttuctura axpanston. 
Howavar, ttwsa araas witti axisting 765 kV ttansmtoston wouU ba dtowad to axpand 765 kV 
infk^sttucture. Rafar to Figure 1.2-3, whtoh daptoto ttw N^hre Vottaga ttansmtoston solution maating tha 
RQOS d M g n criteria. For a large (42 in. x 36 in.), datailad verston of ttw Nativa Vottaga ovariay, rafbr to 
Appendbc 10. attachad. 
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Figure 1.2-3: Nativa Vottaga Tranamtealon Ovartay Strategy 

As cunrentty dasignad. ttw Nattva Vbttaga ttansmtoston ovariay has ttw towM construction cost AHhough 
Nativa Voltega haa more line mitos ttwn ttw 765 kV overtay, tt raquiraafiBwar acrss of rtght-of-way. Whan 
consktoring M M w M ISO atone, atthough ttw aconomto metrics of ttw Nattva Vottaga oirertay may not ba 
as attractiva aa ttw nwtttoa for ttw 765 KV ovartay. ftettva Vottaga raquiras about $1.200M tosa in capttal 
InvastaTwnt to corwtruct Tha Nativa Vbttaga plan. Ilka ttw two ottwr ttansmtoston ovariaya, achiavaa ttw 
raHaUltty objactivaa of tha study. Itowavar, ttito plan doaa not axtand as f r soutti aa ttw ottwr two plana. 
Thto to part of ttw raason ttw ottwr plans hava highar consttuction/bapttal ooste. 

Tha Nattva Vottaga sttalagy doas hava soma risks and banaftta. If ranawabte anargy mandataa are 
incraasad wKhki ttw study footprint, or tt ttwre to an incraasad nead fbr axporta. addtttonal ttansmtoston 
may naad to ba oonsttuctad. Thto wouM Nkaiy require addtttonal righMway and more mHaa of 
ttansmtoston Una whan compared to ttw 766 kV and Nativa VoRaga wtth DC ovariaya. In ttw tong-tanm. 
ttito may rasutt ki aacatocing coate and anvironmental knpacte ttwt are not acoountad fbr to tttia study. 
Itowavar, ttw Nativa Vbttaga (Ovartay haa toaa dapendanca on ttw future tranemisston expanston plana of 
naighbore. By not inttodudng naw vottagaa, ttw IMativa Vbttaga attatagy readily integrataa into ttw axtoting 
M k l w M ISO system and may atiow for qutokar oonattuctton and battar saquandng wtth ottwr ovariay 
componente comparad wtth ttw 766 kV ovariaya. AddtttonaRy. ttito sttatagy poMbly pute toss c M at riak 
if actual wkKl raquireinante of ttw i iAdwM ISO states are datannkwd to ba toNiiar ttwn ttw ainount of wtod 
indudad In ttw RQOS study—a datarmkiation not yat mada. Thto risk will ba minimized by caraAiMy 
saquandng ttw oonstfuction of whtohavar ovartay to chosan. 
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1.2.5 765 kV Overlay 

The 765 kV solution emphasizas ttw davetopment of ttansmisston ttwt Inttoducas a naw vottaga dass to 
much of ttw RGOS footprint Figure 1.2-4 dajstote ttw 765 kV tranamtoston sototion maating RGOS dasign 
critaria. For a targe (42 in. x 36 in.), detailed verston of ttw 765 kV ovariay. refer to Appendbc 10. attachad. 

Figure 1.2-4:766 kV Tranamteaton Ovartay Stratagy 

Tha 766 KV ovartay raautta to A d M M Production C M (APC) savttigs graator ttwn ttw Nattva Vottaga 
ovartay. Tha 765 kV ovariay atoo usas toaa Una mHaa of ttansmisston Hnaa ttwn ttw Nativa VoHaga 
ovartay, atthough ttw 765 KV ovartay doaa raquire more acras of rightof^way dua to ttw wklar 
right-ofway needed for 765 KV ttanemtoston. However, in ttw M M w M I S O portion of ttw ovariay, ttw 
coiDiwrtaon of ttansmtoston costs, mtiaage. and acreaga may tevor ttw 766 KV plan. 

Salacttng 765 KV aa an ovaraR sttatogy atoo hokte risks. For axampte, aystam davalopmant may not ba 
achievabte wtthout cooparatton among ttw transmtoston expansion sttalagias of two RTO ragtona; a.g.. 
InvesttnM in 765 kV consttuctfon wtthto MkKrest ISO may ba more haavily dapandant upon ttw 
invaattnM of ttw 765 kV grid wtthto ttw wastem PJM ragton ttwn ttw Nativa Vottaga ovariay. Propar 
coordkwtion of davatopmant wtthto MkhvM ISO to atoo an Important consklaratton. Transmtoston buttt to 
ttw wastem portton of ttw footprirtt to 766 kV standarda may dateuR to 346 kV ttansn^saton operation If 
eastern portions of ttw M M w M ISO footprtnt do not ooimntt to ttw sama 765 KV davetopmant In ttw sama 
time-frame, raautting to potanttal o M risk. FkwRy, kittodudng 765 kV into naw porttona of ttw fbotprtnt wttI 
raquire coste assodatad wtth ttw teamtog cunre requttad fbr ttw davatopmant and managamM 
nacasattatad by a naw vottaga typa in ttw systam. 

Adopting a 765 kV sttatogy doas. howavar. offsr a numbar of barwffte For exampto, tiw 765 KV ovariay 
damonsttataa ttw naad for tesa mites of ttansmtoston ttwn ttw mHaa of ttansmtoston raquirad by Nattva 
Vottaga to daiivar ttw sanw amount of ranawabto anargy. If wkid davatopmant to ttw ragton contfnuaa to 
incraasa over ttw fUtura—and tt to reasonabto to axpact ttito wouM ba a continuing trand—ttw 765 kV 
ovariay w « raduca ttw amount of anvironmental I m p M causad by ttansmisston consttuction. Atthough 
ttw cunant 765 kV pton haa ttw potantial to craato battar totaroonnactton access to STMS to ttw soutti and 
Sou t twM of M k l w M ISO, addtttonal reflnanwnt of ttw 765 kV pton ttwt rasutts to ttw sama gaographtoal 
footprint accasa aa ttw currant hl^hw Vottaga dasign couto further reduca ttw Hna n^toiKte of ttw sttatagy 
white also reducing total coste 
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1.2.6 Native Voltage with DC Overlay 

The Nativa Vottaga wtth OC sototton focusas on ttw davetopment of ttansmtoston ttwt inttoducas a naw 
vottaga dass to much of ttw RQOS study fbotprint Figwa 1,2-5 shows ttw Nativa Vottaga wtth DC 
transmisston sototion ttwt maate RGOS dasign critaria. Fora large (42 In. x 36 in.), dateltod varston of ttia 
Nativa Vottaga wtth DC ovariay. rafsr to Appendbc 10, attachad. 

Figure 1.2-6: Native Vottaga wtth DC Tranamteaton Ovartay Stratagy 

Tha IMhra Vbttaga wtth DC ovartay provklae banaftta to ttw systeni--redudng, fbr axampto, ttw a n n o ^ 
of AC ttansmtoston needed by aHowing eneiw to ba gattwrad to ttw waslam r s ^ of ttw stody f b o ^ 
and daHvarad to pointe to ttw a M white avoklng potanttal knpacte on ttw undsrtying syrtanw. Thto 
soanarto damonsbatas ttwt ttw croastog undar Laka Mtohlgan has ttw potential to raduoa land-basad 
ttansmtoston wtthto VMsconsto and atong ttw souttwm shoras of Lake Mtohlgan. Uka 766 KV. Nattva 
Vottaga wtth OC aooessaa part of ttw tbotprtnt ttwt ttw Nattva Vottaga sttategy wouto riot 

Landtesad High Vottaga D i r M C u n M (HVDC) ttansmtoakm waa modetod aa conventional HVDC. 
Howavar. ttwre ara ottwr opHona for ttw DC d M g n availabte for fbture ana^sto ttwt may provkte for 
oparatfonal baneffi ttwt could not ba capturad ttvough ttito sttjdy. For axampte. HVDC-VoNaga Sourca 
Conttol (VSC) pravklaa r M powwr fkNV osnttd bayond ganarator dtopatoh at fUl ranga of capabiMy whara 
conventional has Itoittations at lightiy toadad schadutoa. to addttton. HVDC-VSC haa vottaga control 
capabiHty todapandant of ttw r M power fiow on ttw Kna, wharaea convantional d M g n reactiva siqDport to 
dapandant on ttw r M power flow. Finally, tt to more ftmctfonal to batog abte to totaroonnM at more 
Intarmadtete tocattona comparad to conventional HVDC M#itoh Itoitts Inlsmfwdteto hfitaroonnaction pointe 

Itofortunately ttw coste of addtog DC to ttw systam are rattwr high comparad to ttw AC attanwtivaa at 
shortar dtotanca naads, and ttw anttlaa to tap tiw Hnaa are much more wpansiva and tosa integratad 
ttwn provkltng AC pattw across ttw systam. Howavar, tt to dttltoutt to admtoate DC ttansmtoston aa an 
option f x butic anargy daNvary from ranewabte anargy araaa across tong dtotanoas bacftwa of nol-yat-
avakiated option vakws. Propar avatoation of ttwsa ottwr metrice atong wtth Improvad dasign of what 
typa of HVDC as waH as intarconnactton tocattons couM improva ttw caaa for tong-^Mtnoa DC 
energy daMvary. 
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1.3 RGOS Candidate Multi-Value Projects 
Atthough RGOS focusad on ttw devetopmant of hoHstic system solutions maating tong-temi naada for ttw 
intagratton of renewabto rasourcaa into ttw ttansmtoston systam, tt Is Important to idantiiy an Inttlal j^oup 
of prplacte ttwt are compatiUa wtth ttw ttirea ovartays tti^ provida a practical first stop towards maating 
ttw ranawabto resouroa raquiramante. M k l w M ISO staff has devetopad an analytical framaworic to 
idantiiy ttw b M potantial transmtoston prc^scte. Thasa RGOS-klantiflad prpjacte will raquire mora 
dateiled analysto. Bacausa a M i d w M ISO tong-ranga ttansmisston axpanston stratagy haa not yM baan 
datamninad and was not wtthin ttw scopa of RQOS analysto, tt Is Important Candktete Muttl-V^kw 
Prcijacte (MVPs) not pre-datermtoa M M w M I S O tongnranga sttatagto aima and aqually toiportant 
Candklate MVPs provacompatibte wtth all potantial sttatagias. 

Rafbr to ttw Venn diagram to Figure 1.3-1 concaptuallztog RQOS Candtoato Mutti-Vahw 
ProjM(MVP)satoctioa 

a 

Figure 1.3-1: Candklate MVP Strategy Devetopment Venn Diagram 
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1.3.1 Identifying RGOS Candidate Multi-Value Projects 
Tha RGOS topute Into ttw Candktete Muttt-Vatoe Prcjacte (MVPs) portfolto were identiflad by meana of 
ttw stops outiinad batow. Plaasa note ottwr studiea ware consklarad in ooflacting ttw final Cttndklato MVP 
portfblto; not all projacto In ttwt portfdto are dartved from ttw RGOS study aflbrt. For graatar datail 
regarding ttw staps comprising ttw Candklate MVP identificatton procasa, rafbr to saction 7 of ttito 
document. For a summary of ttw future ramifications of Candidate MVP porttdto Identification, rafbr 
to saction 8. 

• Step 1 : Idantify usalU conldore common to muttipto M k l w M ISO shjcfias. 

> Stap 2: Idantiiy RPS timing naads and synchronize wtth generation intarconnactton 
quaua tocations. 

• Stap 3: Evaluate consttuctabiltty of ttansmisston. 

An inttlal M of ttansmtoston projacte waa kJentiffad using ttw Inspection steps Itotad above. Thasa 
ttansmtoston projacto sanred as an input into ttw ovarati Candktete MVP portfblto daacribad in 
saction 7.1. Tha salactad Candklato MVPs are compaltt)to wtth RQOS-davatopad ovariaya and provkte 
potantial vahw fbr ottwr naads ktonttfied wtthto ttw ttansmtoston systam. Rafbr to f l g u n 1.3-2, whtoh 
deptote Candtoato MVPs Ihxii ttw HGOS andysto. Estimatad c M for ttito RQOS Candktete MVP M to 
approximately $5.8 Billton, wtth $4.4 billton of ttwt amount wtthto M M w M ISO bontors. 

a 

E3 noot;hni^itiioi 

V I "̂ -y > I 
Figure 1.3-2: RGOS-ktentlftod Candklato Multi-Value Projacto 

( M I d w M ISO and PJM Unea Shown) 
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The numbered iiat shown in Tabto 1.3-1. batow. conrasponds to tha Candklato MVP identifiare daptotad in 
Figure 1.3-2 on ttw pravtous paga. 

Tabto 1.3-2: Candtoato Multi-Value Projecte 

1 

2 

3 

4 

S 

a 

7 

a 

a 

10 

11 

Big Stone to Brookings 345 kV line 

Brookings to Twto Cities 345 kV nne 

Lakefiekl Junction to Mitehel County 345 kV Ine conattuctod at 765 
KV specmcatnna 

North LaCrosse to ^4orttl MadiMn to Catotoal. Dubuque to Spring 
Green to Catotoal 345 kV Unea 

Shekton to Wbbster to Haztoton 345 kV line 

Ottunwue to Adelr to Thames H I . Adair to Patoiyia 345 kV Rnea 

Paknyra to Maredosto to Pawnee. Ipava to Maiadosto 345 KV Itoes 

SuHhnn to Meadow Lake to Gieentown to Bhie Creak 765 kV Ine 

CdNna to Kewenee to Ponttao to Meadow Lake 785 kV Ine 

MtoMgan Thumb 345 kVttanamtoaton toop 

Oavto Beaae to Beever 345 kV Ine 

150 

700 

600 

811 

458 

285 

345 

906 

964 

510 

71 

Tha RQOS afibrt ancompaaaad not only M k l w M ISO but atoo knmadteto nelghbore wtthto PJM. Thto 
broadaning cf ttw sttJdy fbotprint rasuttad to davatopnwnt of transmisston ovariaya ttwt atoo toduda 
ttanamtoaton wtthto ttw PJM frxitprint Howavar, for purposas of Candktate IMuttI Vatoa P r o j M (MVP) 
avatoation. only M k l w M ISO proiacto are todudad. 
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1.4 RGOS Results Summary 
RQOS provktes Industty stakahoktera and pdtoy makare wtth a ragtonai planning parspactiva Idantifyttig 
potantial invastment opportunttias and damonsttating ttw integration of renewabto energy pdtolas into 
etodrical system davetopment The purposa of R<30S has baan to a)9>tore tong-tarm ttanamtoaton 
sttatagias ensuring study defined reiiablltty ofajactivas in dalhwry of renewabto anergy as waft as RPS 
compltonca. Askte firom davatopmantal consklarationa and ragutatory concams. datarmintog a tong-tarm 
transmisston axpanston sttatagy also sarves to frame and define naar-tann naads. WKh thasa fisctore to 
mind. RCaOS oonttttHitore consktored ttw foltowtog when ft)nnulating vtobte tong-tann 
ttansmisston sttatagias: 

• Perlormanca: Doaa ttw proposad sttatagy perform wati undar a variety of ftittjra scenarios? 

• Davetopmental Conatoarattona: Noting many of ttw more raliabto wtod rasourcaa reskto fbr 
from tonga aiadrfcal toad cantara and lack adaquate long-distanoa ttanantisston lines, what to ttw 
expectation for further fong-tarm davatopnwnt of wind rasourcaa wtthto M d w M ISO? 

• Ttnw Conatralnto: Can finaHztog a singto, tong-tann sttatogy dadaton ba deterrad tong anough 
to atiow oontinuad taating of Nnportant assumptions wtthout jaoparclzing lagal raquhaman^ 
ranawabto InvesttnM or risWng tha potantial for sttandad hwestment? 

Tha b M fit sokition to a ttansmtoston overtay enoompasskfig a l M M w M ISO states, prsmlsad on a 
dtotributad M of wtod zonaa. aach wtth varykig capadty factora and 
f^omtoad. 

M k l w M ISO cannot currantty recommend a tong-tarm transmisston 
devetopment sttategy emptoytog Nattva Vottaga. 765 KV, or Native Vottaga 
wtth DC. A l ttirea plana meat sttidy obiactivaa. Coste and baneflte vary 
batwaan scanarioa, but not stgr^ftowttly. Malhodologlea fof analyzttig 
parformanoa undar a variety of posaibto ftituraa requka continued 
devetopment atong wtth determtokig 'optiorw valua* fbr each stratagy. 
Detailed consttuction design analysto to sti l required 

No consansus axtote ragardtog tiw amount of ranewabte ganaration 
utttoiataly naadad to comply wtth c u r r M and fbtura RPS mandataa. 
Pradictions vary. Sonw assart a much highar laval of wtod generation wttI ba 
raquirad ttwn ttwsa todudad to RQOS analysas whito ottwrs. squatty 
confident, daton a tower amourtt. Regardlaea of ttw tong-torm uncertattvty 
angendered by axpanston or roductton of renewabto anergy standania, stataa wtthin ttw M k l w M ISO 
systam wIR naad new ttansmtoston to meat current and naar-tarm renewabto anergy requiremants, to 
ansura raliabto operation of ttw transn^sston grid, and to fadUtato ttw generation totarconnaction quaua 
procass. M k h v M ISO wlH continue to wori( wtth policy makara and kidustty stakahoktera to datorrrHrw a 
sttatagy fbr transmisston davatopmant wtthto ttw fbotprint 

Bacausa of RQOS. M k l w M ISO haa ktonttfied ttw next, nrwst imrnedtote ^ a p to ttansmtoston Invaatnwnt 
a M of robM Candklato Mutti-VakM Projacto (MVPs) maating currsnt ranawabte anargy mandataa and 
the ragtonai ratiabiliQr rwads of Ha mambara. 
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2 Scope 

2.1 Stakeholder Study Participation 
Stakahoktera revtowed and oontobutad to RQOS ttvoughout ttw study procasa. A Techntoal Raviaw 
Group (TRQ), oomposad of regulatore. ttansmlMon ownare, ranawabto anergy davatopara. a i d martcat 
partteipante, mat monttily witti M k l w M ISO enginaare to provkte Input, feadback, and guktanca. 
Composad of a smelter group of exparienced ttansmisston engttwera. a Dasign Subtaam (DST) mat 
bi-waakly to review detaled resutta. RCsOS reported ragularty to ttw M k l w M ISO Planning Adviaory 
Commttlea (PAC) and Planning Subcommttlaa (PSC). R<30S ttansmission plannare also oonforrad wtth 
ttw Uppar M k l w M Transmisston Davatopnwnt Inttiativa (UMTDI). a group of (3ovamor-appolntad 
raprasantativas from Wtoconsto, Iowa, Mkvwsota. Soutti Dakote. and North Dakota. 

2.2 Stakeholder Survey Results 
In 2008, at ttw o n M of Phaaa I of ttw RQOS study, a stakahoklar survey waa complatad for ttw stataa of 
IINnoia. Iowa. Minnesota, and Wtoconsto. Tha purposa of ttw sunrey was to datarmttw ttw ranawabto 
anargy raqubamenta; La., ttw RanawMa Portfolto Standards (RPS), of ttw vartoua Load Sarvttig 
EnttHaa(LSEs) to ttwsa stetea. Tha rasutts ware publtohad to ttw RQOS Phasa I Exacuttva Summary 
Raport\ Ukawtoa. anottwr sunwy was paribmwd during ttw summar 2009 to updato RQOS Phaaal 
Infonnation and to gattwr LSE renewabto raqukanwnte from ttw rsrnatotog M M w M ISO strtaa. Tha sunreya 
atoo todudad ttw PJM mambara Commonwaalto Edtoon (CE) and Amaricwi Etodric Powar (AEP). 

Thto toqulry sought detailed Infomwtton regardtog ttw plan of aach cornpany to m M ttw raqUremanto of 
ttwb' particuter RPS or g M . Each State atoo reoalvad a sunrey for ttwir parspactiva. Tha sunrey raautta 
providad spacttte and c u r r M tofbmMton on ttw r^PS and wtod assurnptions wtthto ttw RQOS sttidy araa, 
such aa tha fr)lowkig: 

• klantifytog ttw RPS mttxtataa and raspactiva ptona by aach LSE, by stoto 

• Datsnntotog how and to what extent each LSE intanda to utittzawttid generation to maatlto RPS 

• Catouteting ttw aneigyproiactions of aach LSE for each yaar undar tts RPS 

The ttift)mMkNi obteinad from ttwaa survaya waa vttal to datemfiintog ttw amount of ranawabte a n a ^ 
and capactty to study. I M aN ttw LSEs rasponded to ttw sunrey resulting to sonw data batog datanntoad 
ttvough a stoiHar sunwy by ttw Organization of M i d w M Stataa (OMS) C M Altocation and Ragtonai 
Planiiing (CARP) Woricing Group. 

' RGOS Phase i Executive Summary Raoort 



CaaeNo. 10-2586-EL-SSO 

T'niiirri"^"'**^^''* 
Paie34oria 

Tabte 3.2-1 batow summarizes ttw rasutts of ttw RQOS survey, ktentifying total and nat ranawabte 
anargy requiremente, existing and planned renawabto anergy. and ttw net renewabto capadty fbr 2027. 
Tabto 3 . 2 - 1 1 ^ ktontifias ttw amount (in penwnt) of aach stataa RPS axpactad to ba sanred by wind 
enargy. Tha Total Enargy Required* cdumn to ttw M requirement attar appiytng ttw"% <^ RPS by WlndT 
parcantages. As can ba saan in Jatka 3.2-1, soma stataa hava more existing ranawabto anargy ttwn 
required by ttwir raspectiva mandataa or go«is. Existing ranewablas ware only counted ttywards ttw 
raqulramento of tha respective stato in whtoh these renewabtos origkwto; ttus, an excesa of axisting wtod 
in one stato was not oountad towanto ttw requlremante in anottwr stato. tn tawa, for axampte, tt waa not 
fully known whera an exoass of ttwt state's axisting ranawabto anargy to batog suppNad. Confintog sourca 
to stata atoo reduced ttw risk of doubto counttng tf an LSE to fuHllllniB part of ite requkemante by darivttig 
soma of tte ranewabte anergy from anottwr state. 

Tabte 2.2-1: RQOS Survey Reautta 

IA 

IL 

IN 

Ml 

MN 

MO 

MT 

OH 

vw 
ND 

SO 

Totri 

RTO 

MMWMISO 

PJM 

100% 

75% 

-

92% 

98% 

90% 

-

100% 

83% 

-
« 
• 

-
• 

34S 

17.808 

. 

7.884 

22.7SS 

6.901 

-

28.244 

14.S30 

1.483 

1.294 

ssbias 

7S.707 

20/128 

10.272 

9.0OS 

2J»3 

38S 

9.929 

430 

. 

3 

1.909 

4.7S2 

826 

33,218 

32.168 

1.060 

-

12.297 

-

7.519 

19.867 

6.152 

-

28.241 

12.671 

> 

ess 
61,406 

62.028 

19.376 

4.650 

2.200 

1.000 

3.180 

3375 

1.000 

400 

8,07S 

2.325 

2.329 

2.328 

39^36 

21.582 

6.743 

ttwfblowtog: 

"Existing 6 Planned'relbra to wttidftenns or ottwr quatiiyttig ranewabte 
operation or hokting a signed Generator Intarconnectton Agreement 

Tha Wlaoonsto RPS to 10% of anergy sarvad from ranawabto 
25% par dttection from ttw Stato of \Msconsto. 

Savarel sources wara consklered in order to datamittw ttw m M up-to-dato tovate of Extoting and 
Ptenned ranawabte anergy wtthto ttw study fbotprint Those souroaa toduded LSE aurvaya, 
M k l w M ISO Oparatione dato. and d M compitod from ttw SMARTransmtoston'study. 

however, tt has 

cunanttyto 

baan aclustad to 

SMARTransmlsston 

file:///Msconsto


a 

a 

Caac No. 10-2586-EL-SSO 
IEU.StPP-POD.03-005 <•) 
Pa|e25ori4S 

2.3 Wind Zone Development 
A Key assumption of ttw RQOS study has been ttw amount and tocation of wind energy zonea modalad 
wtthin ttw study fbotprint Wind energy zone devetopment was basad on stakehokter sunreys focusing on 
expected renewabto anargy needa over tiw next 20 yaare and how much of ttiat naad la expected to ba 
met wtth wind generation. 

During RQOS I and RQOS II wind zone devetopment M IdwM ISO staff provktod for consktoration 
muttipla energy zona conflgurations ttwt met renewabto anergy requiremente In this process, study 
parttoipante ktenttfiad capttal coste assodatad wtth generation ca^wctty as vMI as capttal coste assoctote^ 
wtth Indicativa ttansmisston ttwt wouto help deHver ttw energy to ttw system. In boto RQOS I and II 
aflbrta, ttw mMexpensiva anergy deiivary options were ttiosa options relying solely on ttw b M ragtonai 
wind sourca araas (wtth highar amounte of transmisston needed) or those options relying solely on ttw 
b M tocal wind sourca areas (wtth highar amounte of generation capttal raqukad). 

As a rasutt of RQOS I and RGOS H zone davatopnwnt aflbrts as wa i as totsradton wtth regulatory bodlaa 
such as ttw Uppar KffidwM Transmtoston Davatopnwnt Intttottva (UMTDI) and vartoua stata agendea 
wtthto M k l w M ISO, a M of renewabto anergy zones was salactad. Thaea zones reixasant tha totantion 
of stata govammente to source some renewabto anergy tocatiy white also ustog tha higher wtod potantial 
araas wtthto tha M k l w M ISO market fbolprtnt Zone selection waa basad on a numbar of potential 
tocationa davatopad by ttw lUHdwMISO utilztog masoscate whid date suppHad by ttw National 
Renewabto Energy Laboratory (NREL) of ttw US Dapartnwnl of Energy. Wind zonea dtotttoutad acroaa 
ttw ragton (1) reflecting tocal davatopnnent ttands and raquiramante; or (2) occupying ttw b M ragtonai 
wttid tocations, rasutts to a M of dtotributad wttid zonae b M balandng ranawabto energy requiremente 
and ovarell systam costs. 

Rafbr to Figure 2.3-1. whtoh deptote ttito aetocted M of ranevrabte 
Tabte 2.3-2, which fbmish zona-by-zone UMTDI and non-UMTDI 

zonae, and to Tabte 2.3-1 
raspecflvaly. 

Figure 2.3-1: Ranewabte Energy Zona Locattona 
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Tabto 2.3-1: Ranewabte Energy Zone Infbmwtton (UMTDI Zone Selection B) 

lA-8 

lA-F 

IA-0 

1 lA-H 

UM 

\ M 

MNa 

: MN.E 

MN44 

uauf 

IA 

IA 

IA 

IA 

IA 

IA 

MN 

MN 

MN 

MN 

0.306 

0.362 

0.394 

0.367 

0.396 

0.327 

0.393 

Q.3S2 

0.366 

0.334 

775 

775 

778 

ns 
778 

778 

779 

776 

778 

779 

2460 

2458 

2403 

2492 

2417 

2220 

2666 

2988 

2486 

2266 

MN4. 

NOO 

NCM( 

NOM 

SON 

SOJ 

SOL 

vwa 
VMO 

Wl-F 

MN 

NO 

ND 

ND 

so 
so 
SD 

VW 

Wl 

VW 

0.349 

0,424 

0.373 

0.359 

0.384 

0.407 

0.399 

0.206 

0.263 

0.276 

779 

779 

779 

779 

779 

779 

779 

778 

779 

778 

2369 

2679 

2932 

2437 

2607 

2763 

2700 

1606 

1921 

1674 

Tabte 2.3-2: Ranewabte Energy Zona Infbrmatton (non-UMTDI Zbne Satecttona) 

• 

N.-A 

IL-B 

IL-F 

IL-K 

IN« 

U K 

MM 

Ml-B 

mc 
MIO 

Ml-E 

Ml-F 

IL 

IL 

IL 

H. 

M 

M 

Ml 

Ml 

Ml 

Ml 

Ml 

Ml 

0.310 

0.296 

0.300 

0.262 

0.311 

0.291 

0.264 

0.274 

0.299 

OJUI 

0.272 

0.270 

560 

590 

990 

990 

900 

900 

300 

900 

500 

500 

500 

500 

1494 

1439 

1446 

1214 

1363 

1276 

694 

1200 

1306 

1231 

1191 

1163 

MH 

MOA 

MOC 

MT-A 

OHA 

OHa 

OHO 

OHO 

Ol fE 

OH-F 

Ot f l 

Ml 

MO 

MO 

MT 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

0.260 

0.358 

0.330 

0432 

0.272 

0J71 

0280 

0.262 

0256 

0291 

0.407 

390 

500 

900 

400 

728 

726 

726 

729 

728 

728 

728 

794 

1868 

1446 

1614 

1727 

1721 

1776 

1600 

1620 

1766 

2566 

The capadty facton uaed to Tabte 2.3-1 and Tabte 2.3-2 are waightad capadty teclore (CFa) devetopad 
as part of RGOS Phasa t analyato. For further toft)mriation raganltog CF catouteltona. rafbr to aactfon 9 of 
MTEP09 and ttw RQOS Phaae I Exacuttva Summary Repot In setecttng ranawabto anergy zonae, a 
general mattwdology was used: 

1. UMTDI B zonea from ttw R<30S Phasa I ware usad fbr ttw wastam footprint to meat 
toM needa. 

2. Mtohlgan wouto m M all of tta energy needa wtthto ttw state of Michigan to aooordanoa wtth 

• 

3. Ohto,Miasouri. and Itltooto wouto m M 50% of ttwir naads wtth raspectiva In-etate raaouroaa to 
raflM stato tegtolaflon and ttw desire for toM devatopment 

4. UMTDIgroupBzorws. Montana, and bxllana ware usad to m M ttw rematotog renewabto energy 
needs of Ohto, Missouri, and Iffinda. 

5. Target enargy from ranawabto energy zonee waa 81,406 QV\8i. 
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2.4 Study Methodology 

There were ttiree (3) prinwry steps utilized to ttw devak^Niwnl of ttw ttansmisston overiays. Thasa stapa 
induda botti production c M and Powar Ftow wwtysto. wtth each t e c h n k ^ previdng Ha own value to ttw 
procaaa. The starting potot of ttito analysis waa ttw todtoativa ttansmtoston developed during RGOS 
Phasa I and Phase II shjdias in 2008 and 2009. For more Inftirmation regarding tills davatopmant 
process, agato refsr to MTEP09 report Section 9. 

2.4.1 Production Cost Analysis 

Power Flow reHabiltty analysto was conductsd using a production c M modal as a starting pokit Thte 
starting potot anairiyzed ttw energy flow on ttw system and reduced ttw Indtoattva ttansmtoston to a Itoittad 
tovel of ttansmission to acNava eoonon^ anergy fiow. Production c M modeltog usee a Iknttad list of 
raiteblltty consttainte for analysto, and ttwrefore shouM not be consklered an optimal solutton wtthout 
reiiablltty modal analysto. 

Tha pnxluction o M modal indudad ttw transmisston kiftasttudure oonlattwd wtthto ttw RGOS 
pear-revtowad 2019 Power How modal. The inttlal production o M analyste waa basad on ttw 
Organization of M k l w M ISO Statea (OMS) C M Altocation and Ragtonai Ptenntog (CARP) davatopad 
Buatoase as Usual wtth High Demand end Energy Case. Rafbr to Tabto 2.4-1. whto 
assumptions assodatad wtth ttw davatopmM of ttito case. 

Tal>te 2.4-1: Key Asstmnpttoiw for Economto Modal Devetopment 

Demand Source 

Demand (3rowto 

energy urowoi 

Nattjral Gaa C M (2010 Henry Hub) 

CariMn Cost/Cap 

Reaarva Target 

ModuteE2009SUbmtttal 

1.6% Annual Eacatolton 

2.19% Annual Escatetion 

$6.22MBto 

No Cap nor C M applied 

15% of MIdwast ISO Coincident Paak Demand 

wind zona garwration wtthout 
mn toduded t yp iM flowgataa. 

to severely restrict RPS wttid 

Note aach ovartay was compared to a base nm ttwt todudad 
addtttoM transmtoston beyond 2019 base case assumptions. The 
and was not screened for addtttonal fiowgatas ttwt might hava ttw 
irijactiona rasutttog in 'dump' anargy. 

Tha production C M model usas an a v M ffte to perform contingencies and system moi^oring. Thte avant 
flte waa updated wtth 'tocaT contingendes to capture wtod aflbcte, and oontatoa M M w M ISO and N B ^ 
flowgataa. These flovvgataa wIR not show ttw outtal tosuee aasodatad wtth ttw zones. To add relevant 
Gonsttaktts to ttw modaflng. M k l w M ISO staff utilized ttw Power Ftow Analysto T M (PAT). 
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2.4.2 Linear Power Flow Analysis 

The reduced amount of ttansmtoston davetoped ttvough ttw production c M analysto of ttw kidicativa 
transmtoston designs was ttwn added to ttw off-peak (70% of paak toad), shoulder Powar Ftow 
Unear analysto on ttw of^paak shouklar model Identified addtttonal raitobytty consttatote ttwt 
addressed. Tha bulk of ttw reHabiltty analysis fell wtthto ttw off-peak shoukter case wori( aflbrt. 

Once a l selected critsrie violations ware klantifled and sdutions proposad. plans were analyzed ustog an 
on-peak model as watt as a iigtit toad (40% of pcwk toad) m o M . 

MTEP09 Power Row modeia ware used In ttw devek^pnwnt of ttw 2019 peak and off^wak modate 
Thasa modate ware created wtthto ttw M k l w M ISO Modal On Demand database and toduda 2019 
summar paak toad cases, whtoh ware ttwn modttled to produca ttw 2019 off-peak modal usad to tha 
analyste TTw MTEP10 Powar Ftow modal was usad to create ttw light toad m o M arttotoyed in analyala. 
Tha axtamaf representation used for ttw MTEP m o d M are ttw NERC ERAQ MMWQ modate The totest 
MRO modeto ware usad to update non-MklwMISO M M w M RaHaMtty Organization (MRO) data. 
M k l w M ISO systam updates ware added ttvough ttw stakehokter prooaaa. Neighbortng utiWy updalaa 
ware provktod by SPP. TVA, and PJM. 

Tha 2019 m o M contains aN prcjacte movtog to MTEP Appendbc A or Appendbc B as wa i aa ttwaa MTEP 
AppendbcB prcjecte ktenttfied wtth a 'Ptenned* statue designaHon. Qlvan ttw uncartatoly of ttwir 
respacttva status, ttwsa pTQiacte to MTEP Appendtoas B and C not movtog to MTEP Appanctix A to tha 
c u r r M planning cyde w i l ba removed or not tocorporatad to RQOS modate Designing RQOS (or any) 
transmtoston systam dependent on projecte not oonfimwd for devetopment or po tanMy destined for 
reptecenwrtt by an attsrrwtfva p r p i M woukI adversely k n p M the fiM M of transrnisston prpjacte 

tVERC Cittegory A. B and C avente were uaed to Power Ftow analyste A comprahensiva Category C 
evahiation waa not pertbmwd. Category C evente were Hmttad to satod avente graalsr ttwn 230 kV 
supplted by stakehoktore, and doitote branch contingjffidaa wtthto a bua of aach zone's o u M tedttttes 
were uaed. Category C avente were tasted fbr energy zone outtet restttoflon and for potantial caacadttig 
avente. These cascadtog avente were defined as sttuationa to whtoh ttansmisaton facHttlea expertenoa a 
maxknum loadtog of 125% a higher, aa compared to ttwtedlty'aamargarKy ratinga. A i etomento 
greater than 100 kV ware monHorad durtng analyste However, orily alemante greater than 200 kV to 
vkMton were addressed fbr sokitions. A i other etomento ware klentiflad and todudad wtthto ttw 
evatoatton of ttw ovartaya. 

tt te understood ttwt avatoating ttw systam raiabHtty fbr vtolations on ttw 230 kV systam and above 
missea conattatote on tha tower vott^ie system. Thte may rasutt to ttw underslatenwnt of the wind 
curtaiknant wtthto ttw economto modete as wstt aa ttw amount of ttansmisston ttwt m M ba conaidaped fbr 
fbHreHabHttymodalkigin^wcL Howavar, tttoattmcttonal screenof ttw knpactecauaadbyttwiri |adionof 
naw resources on the system. Futtjre evahiation of an ovarsN stratagy may naad to assaas tha tower 
vottaga concerns to Ms flM dedston on ttw proper ttansmisston exparwkm sfratsgy fbr ttw M k l w M ISO 
vooiprim. 

2.4.3 AC Power Flow Analysis 

AC Power Ftow analyato waa partbrmed on ttw sanw paak, off-peak, and Hght toad modeto usad to ttw 
Hnaar ftow analyato by emptoytog an AC Power Ftow sdution v ^ ttw sama contingency flies used to 
Knear Power Ftow work. Thto analysto helped ktentiiy an approxknation for reactive and capadtfva 
support on ttw systam, improvbig ttw accuracy of C M astimatee and provkflng a more hoHstic sototion to 
statod RGOS objectives. 

2.4.4 Study Objective Change 

Inttlaly. ttw RQOS study waa oommtostonad to davetop and analyze muttipto ttansmisston ovartay 
Muttons ttwt wouto nwat ttw desks to deliver ttw RPS raqukamanto to a ralebto and aconomtoally 
consdentioua way. tt was expected ttwt ttw study wouto klentify a stogto strategy ttwt woukI gukto 
ttansmtoston investtnertt fbr ttw n M 20 yeare. However, during ttw devetopnwnt and analytics of ttw 
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ovariaya. tt was determined by M k l w M ISO staff and management ttwt none of ttw overiays stood out as 
ttw proper sttatagy to push fbnvard fbr a l futore EHV ttansmission dsvatopment. 

Because an overal sttategy fbr flrture ttansmisston devetopment was deemed toappropriato at ttiia tinw, 
ttw RQOS study focused on ttansmtosk)n prpiacte klentifled wtthto ttw study ttwt tecllttate RPS 
requiremente tiiroughout ttw study footprint white not predetemnkilng a tong-tann transmisston 
investment sttatagy. 

a 

3 Renewable Energy Requirements 
The buK of ttw generation axpanston wtthki ttw RQOS study footprint wiH constot of resources ttwt wW be 
reqirired to m M togisteted renewabto anargy requiremente and goate Basad on RGOS survey raautta 
and ttw currant consttud of ttw M k l w M ISO Generation ttiterconnection Queue (QIQ). wind wW be relted 
upon to m M ttw majority of ttw requiremente Therefore, ttw RQOS study fbcusad on ttw devetopnwnt 
of a ttansmtoston systam ttwt woirid help tedlttato ttw wind comribution to ttw renewabto 
energy raquiramante. 

3.1 Renewable Portfolio Standards 
The Mk lwMISO ragton obsanred two signttkant driven for ttansmtoston axpanston: (1) stato RPS 
mandates; and (2) assodatad generation to ttw M M w M ISO Generation Intaroonnaction Queue (GIQ). 

Some states wtthto ttw M M w M ISO pun^tow; l.a., Montana. Mkmesote, Wtoconsto. towa, Mtesourt, 
t inois, Mtohlgan. Ohto. and Pennsylvanto. currantty hava RPS mandates ttwt raquire varykig 
peroeritagee of e todr iM energy be met INxn renewabto energy resources, ftortti Dakote and Soutti 
Dakote do M hava an RPS but do hava renewabto goate Kerttucky and todlana currantty hava naittwr 
RPS mandataa nor goate RPS mandatee vary firom state to stato to spedfic raqukamanto and 
knptemantation timing but generaly start at or around 2010 and continue toto ttw n M decade. Refer to 
Figira 3.1-1. 
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Figure 3.1-1: RPS Requiremente wtthto MMwest ISO Footprint 

The second mijor driver fbr ttansmisston axpanston to ttw MMwM ISO Generation interconnection 
Queue (GIQ), whtoh-as of ttw end of July 2010-heM approxknatety 64.500 MWs of wind requaste. 
After carefiil examkwtion of ttw inherentty complex issues Involved, MMwM ISO staff and stakehoktore 
detemntoed ttw GIQ procass wouM not be an afltdant meana fbr buikltng a cM-eflbctive ttansmtoston 
system over ttw n M 5-10 year period or in ttw foreseeabte ftiture bayond ttwt time-flame. 
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4 Renewable Energy Zones Development 
4.1 Wind Analysis 
SigNflcant woric waa pertbmwd In 2008 and 2009 relating to wtod date devetopnwnt and analyato fbr ttw 
RGOS Phasa I study, comptotod In 2009. Thto woric was essential to ttw RGOS Phass I effort and cantod 
ovar into further devetopnwnt of renewabto resources for cunant R(90S study wortc No oonstotM source 
for geographtoaly cisparate wtod date extoted wtthto ttw RGOS study ragton at ttw start of ttw study. 
Alttwugh Iwsto v ^ 8paed kiformation haa been avaltebte for iriany yaare. fbckare such as w k ^ 
axampte. toave too many unanswersd assumptions for ttw purposas of a detaled statistiM and aconomto 
study. Ottwr fbdore toduda--^)ut are not Imttad lo-wtod powar output, time conelation wtth k w ^ 
cteas used, tanato. waattwr, and availabte cafwdly. Atthough date from exMng wtod fbmw to ttw 
M M w M ISO regton couH have been used, ttwre were Hmttations to ttito date, such as size and quanti^, 
geographto dhmity . output htotory. and ftjture tachnotogy or turbtoe cteseas. 

Aa ktenttfied In ttw RGOS Pheee I Executive Summery Report*, ttw Ganeratton Interconnection 
Quaua (GIQ) waa not, of ttsatt, an appropriate Mantifler for wttid rasourcee to pertbnn toto atudy. Aa 
reported to ttw RGOS Phasa I report to July 2008. ttw M M w M ISO Queue had 350 wtod toteroorawdton 
requeste toteing 67,000 MW. and ttw PJM (2uaue hed 42,400 MW of wtod. of whtoh 27.000 MW waa to 
ttw RQOS stajdy ragton. Thia totated over 94,000 MW of wtod genersdton whtoh couM hava baan used 
during ttw R(90S study, knpertteiy selecting a s u b M of qiwusd projecte to m M klentiflad stato 
ranawabte energy requkamente w f t h M datailad wind date wouM hava been dHflcutt. 

Several addtttonal toaues mada uskig GIQ deta probtematfc, to bidude: 

• Queue requaato fbr wtod had Incraa8ad to tocations wtth an RPS, whtoh oouM potentiaiy biaa 
zonae tt)warda stetes wtth RPS and agatost potsntiaiy higher capadty tedor sHas to stetas ttwt 
do not hava audi mandataa, such as North and Souto Dakota, and Inciana. 

• Tha tocation of generation Inlarconnacflon rsquaste ware potentiaiy biased by ottwr critarte not 
retorted to ttw wtod capadty I M o r . such aa ttw ganeratare' tocation to relatton to avaflabto 
transmtoston, wtod turt)kw transportation, and flnandng. However, tt waa raoognteed ttwt m M of 
ttw wtod kitarconnection requeste do occur to ttw high wind araaa, and ttwt tttia wouU ba 
accounted for to any StatistiM analyste of wtod potential to ttw r a s ^ . 

M M w M ISO wortcad a(tth ttw Nat ioM Ranewabte Enargy Laboratory (NRB.) tttfoughM 2007 » i d aarty 
2006 to a cottaborativa eflbrt wtth ttw Jdnt Coonfinatod System Pton (JCSP) and was aware NREL wouM 
ba parfbrmtog ttw Eastern V\find totagration and Transmtoston Study (EWfTS), a comprehensive sttidy of 
wtod to ttw Eastem Interconnect to March 2006, NREL engaged AWS TnwwkM to devatop a M of wttid 
resource and plant output date for ttw eastem Unflad Stataa for EWTTS. Tha statenwnt of work Mentffled 
! t ^ (5) techntoal tasks to devatoptog high raeototion wtod power output date In lO-mtouto tocramente for 
yaare 2004. 2006, and 2006. Tha mettwds used and rasutts achteved are deecribed to ttw foltowtog 
sectione. The flnal rasutts and a study rsport are avaiabte on the N R ^ webetta at 

^ i ^ V i l l ^ 

^ RGOS Phasa I EK*cutiva Summary Report 
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4.1.1 Renewable Energy Zone Scenario Development 
The information gattwred in pertbrming ttw metrics woric dtocussed In Section 4.1 was used to identify an 
approprtato weighting system for developing ttw renewabto energy zonee. The renewabto energy zonaa 
were davetoped on a stata-by-stato basto taktog advantage of ttw h ighM eleven (11) year average 
capadty factor sttes in each stato. Selected sttes were lumped togettwr to achieve an anargy zona that 
had an approxknate capadty of 2,400 MW, whito m a x k n i ^ ttw overel capadty factor of ttw enargy 
zone. Many e n e r ^ zones were devetoped fbr each state In ttito manner. Based on ttw metrics, waightad 
values were created and used to rank ttw zones. The four (4) weighted measures and ttwk weighting are 
as fdtowa. where on-peek houre are 6AM-10PM. afternoon ornwak houra are 3PM-6PM. and summer 
monttw are June, «toly, and August 

Weighted Capaetty Factor (CF) 

11-Year average CF 

3-Yeer average CF 

50% 

10% 

On-peak CF 

Afternoon On-peak CF 

Summar On-paakCF 

Summer Afternoon On-peek CF 

Dtotanca to Load Center 

Wbigli led Vertabttify 

Variance of houriy wtod output 

- Standard Oeviatkxi 

Average houriy ramp-up 

- Average houriy ramp-down 

Dtotanca te Infiraatfucture 

10% 

10% 

10% 

10% 

25% 

25% 

25% 

25% 

- Dtotanca to extoting ttanemtoston (>300kV) 33.3% 

Dtotanca to Raflroacto 33.3% 

- Dtotanca to major hH^iways 33.3% 

For each renewabto energy zone devetoped, waightad metrics were calculated aa a compoatta of ttw 
selected sites to ttwt zona. The weighted capadty fbctor wee converted to a S/MVUh vatoa baaed on a 
capadty of 750MW f^om each zone and a o M of $2M/MW for wtod turt)kws. Dtotanca-to-toad oantar 
vatoea were catoulatad by takttig ttw dtotanca ftnm each selected stta to ttw n e a r M l»ge toad canter. 
Dtotanca to inttaattudure was usad to help setod zones ttwt may ottwfwiee hava e sknHar metttoe score 
to anottwr zona, by givtog preference to e zone ctoee to extoting tofrasbudura. Picodmtty to major 
ralfoada and highways akto to ttw delivery and constnjction of neoessery substations and wttid terme. 
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Wind zones were created in aach stato once a procass mettwdotogy was astabtiehad. Even ttwugh North 
Dakoto, Soutti Dakota and Indiana do not hava RPS mandates in accordance wtth R<30S scope, ttwy do 
hava exienshra wind resources and ttius were i»ed to provkte po88ibte ranawabte anergy to ttw stucty. in 
order to establish l o M versus regional energy sources—again per study scope—energy zone scenarioa 
were created, each concanbating on toM to toad center wind (wtth m M of ttw renewabto energy zones 
located wtthin each state, respectively), remoto to toed center wkfid (utilztog higher capadty teclore and 
transporting ttw wind as needed) and a toM and remote combtoation. A ranktog was applied to ttw 
four (4) measures descrtoed in ttw I M section to create a score from 0-100 for each energy zona. 
Appropriate ranewabte energy zones were selected fbr each scenario basad on ttiosa rankings. For 
ranawabia energy zonee In ttw western part of ttw fbotprint ttw Upper M M w M Transmtoston 
Developnwnt Inttiativa (UMTDI) Zone Scenario B was used. 

For each sosnerio, ttw top ranking zonas were selected as sttes for renewabto generation until ttw 
needed amount of MWh*s was sufftotont to m M ttw RPS requiremento. Stoca higher capadty tedor 
araas produca more energy, ttw regkmal scenarioa had fewer zonea ttwn the k>M ecenartoa. 

The resutts of ttito woric are shown In Figures 4.1-1-4.1-3, whtoh dsptot ttw ttiraa (3) 
regtonal. and combtoation, toduding ttw UMTDI Zona Scenerio B. 

scenarioa: toM, 

a 

ttQOajmm 

Figure 4,1-1: Local Wind Zone ktentlficatton 
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Figure 4*1-2: f^egtoniri Wind Zone IdentlfteatkHi 

Figure 4.1-3: Combinatton Wind Zona Mentlficatlon 
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To provkte for a ftill range of opportontties in meeting various RPS and g M requiremente, ttwse ttiree (3) 
renewable anergy zone scenarios were adjusted to create two (2) addttk»nal scenarios. These flva (5) 
soanarioa induda ttw fdtowing: 

• L o M : In the L o M scenario, ranewabte energy reqidremente and goate w i l ba mat wtth 
resources tocatad wtthto ttw same stato as ttw load. 

• Regtonal: In ttw Ragkxwl scenario, renewabto energy requkamente and goato wifl ba nnat wtth 
resources tocatad to ttw h ighM ranktog ranewabte anergy zones ragardless of respective zona 
tocation retettve to ttw RGOS II loed. Thte scenario wiH utilize ttw high capadty tedor zonea 
reconmwnded by UMTDI from RGOS I. 

• R e g t o M Optimized: The RegtoM scenario resutta to capadty to exceeso fwM to needed to at 
l a M cover the renewabto requkaments/goato. to ttw optimized case, the capadty in sonw zonaa 
la reduced to ttw e x t M ttwre are j M enough resourcee to cover renewabto anergy 
requkaments/ttoate 

• ComlMnatkm: In ttw Combtoation scenario, renewabto energy requiremente and goate w i ba 
r M witti a combination of resourcee tocated wtthto ttw f^QOS II stataa and ttwaa outskte 
RQOS H statea wtth ttw M g h M ranktog. Emphasto wM ba given to state rsqukamente to tocato 
part or a i of ttwtt resources usad to meet renewabto energy requkamente and goato wtthto thoea 
statae. Atoo, dtotanca to toad centere wW be given more emphasto when detemntotog zonee than 
to the Re^onal scanarto. 

• Combkwtlon 76/26: In toto scenario. 75% of R(30S requttamento are mat wtth resources to ttw 
UMTDI zonas end 25% of RQOS requkamente are met wtthto ttw rematotog 
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5 Regional Transmission Designs 
The goal of ttw Ra^^onal Ganeratton O u M Study (RCSOS) to to devetop transmtoston projecte ttwt w i 
fadlttate ttw state renewebte energy mandates to ttw MMwMISO footprint The process used to m M 
ttito g M oonstoto of delated transmtoslon design analysto to datenntoe a ttansmtoston systam ttwt meete 
RQOS refiabi% ot^actives whito deUvering energy firom ttw generation zonae. Rafar to Figure 5-1. 

H Capacity Cost 

Transmission Cost H 

Figure 6-1: Bateiwlng Generatton and Tranamteaton Inveatnwnt 

S.l Indicative Transmission Designs 
As to ttw RQOS Phasa I. once candMato renewabto energy zone scenarioa ware estabished fbr study, 
ttw n M step waa to design an todtoattva ttansmtoston systam fbr thoee zonee to o o n n M to ttw grid and 
deiver energy to toad. There vrare many d t t b r M ttansmtoston designs ttwt oouM be utiized to achteva 
ttito g M , a i of whtoh had d t t lb rM coste and baneflte assodatad wtth ttwm. The purpose of ttw Indtoattva 
Transmtoston Design phasa of ttw study waa to analyza ttwsa dt t fs rM attenwtivea and to quantify ooate 
and banaflto of ttwsa attamaflvaa. Thasa coste and baneflte wouto ttwn be used to provkte toformatton to 
s e l M a A M M of energy zonea. 

Indicativa transmtoston daetgiw were creatsd wtth stakehoktore by means of a dasign wortcshop. 
Stakahoktere. spadflcafly expertencad ttansmtoston plannere firom ttw regton. and M k l w M ISO staff 
davetoped ttw dMbrent transmtoston attamativas for economto analyste Tha process constettMl of 
devetoping an Msumption M to gukto ttw todtoattva devetopnwnt proceee. understandtog ttw vartoua 
renewabto energy zone scenarioa. and flnaiy devetoping en todtoattva M of ttansmtoston ttwt oouM 
potentially supply ttw renewabto energy. The todtoattva transmtoston was devetoped wtthout ttw uaa of 
system modeltog or analyste; rattwr, ttw task waa achtovad by hamesstog ttw coNective knowledga of 
wortcshop partk^wnto, att experienced ttansmisston plannera. Agato, ttw pokit of ttw exerdee waa to 
davetop transmisston ttwt couM'todtoativaly* provkte a sdution. 
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5.1.1 Assumption Set 
An assumption M was estadMished by tiw stakehoMere to devetop ttw indtoattva ttansmtoston portfdtos 
and apply coste to ttwm. The incflcative ttansmission portffoltos were ctovetoped w t t h M the beneftt of 
ttansmisston simulations; l.a. Power Ftow, so a consistM assumption M had to be employed to 
compare ttw transmtoston portfdto of ona anergy zone scenario a g a l M anottwr. 

Tha primary assumption for tha Indtoattva ttansmtoston devetopnwnt was ttwt ttw sy^am wouM ba 
consMered self^wanng. tt wouM not d^wnd on ttw underiying system to ttw indicattva design phase. For 
ttiis wortc, Surge impedance Loading (SIL) ratings were used for new ttansmtoeton Ikws. Thto eUmtoatad 
ttw need fbr Povrer Flow analysto to ttw indtoattva stage stoca a 'self-heeling' plan minimized ttw I m p M 
of new transmisston on ttw extoting system. A c t M analyste of Povrar Ftow was planned fbr ttw 
conceptual ttansmisston dasign phasa to evaluato ttw under^tog system knpacte and wouM use nomM 
and emergency line ratings. 750 MW of capadty wouM be exptoited firom each zone. Ottwr assumptions 
toduded ttw approxknate range off capadty for 345 kV and 765 kV ttansmtoston ustog SIL aa a Ikntter. 
Note economto parametare ware also daMoped for catoulatfng ttw c M of ttw ttanemtoston. Rafbr to 
Tabte 5 . M . whtoh shows ttw capital coste appited to ttw transmtoston. 

Tabto 8.1-1: Transmtoston Ltoe Coat Aaaumpttona uaed within Indtoatlve Wortc Efforta (2010 USD 
In MHItons) 

345 

2-345 

500 

766 

400 

800 

2 

26 

3.6 

4.6 

0 

22 

1.5 

2.1 

4.2 

0 

2.2 

2.5 

3 

4.6 

0 

22 

2 

2.6 

4.2 

0 

2.2 

1 

1.5 

4.2 

0 

2.2 

18 

23 

4.4 

0 

2.2 

1.8 

2.3 

3.6 

0 

2.2 

2 

2.5 

4 

0 

2.2 

Noto Wkid generation at $2IWMW was used for ttw vrind turbine capttal coste 
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5.1.2 Indicative Transmission Results 
Given ttw Ave (5) renewabto energy zone scenarioa, several indtoattva ttansmtoston ovariaya were 
created using 346 kV, 765 kV. and DC transmtoston options. For addtttoM deteite regardktg Indtoattva 
Transmisston Design, refer to Appendix 3, whtoh shows ttw ttansmisston and renewabto energy zone 
maps for ttw vsvtous overiays. Financial rasutts are shown to Tabte 5.1-2. 

Tabte 6.1-2: indtoatlve Transmtoslon Coste (2010 USD In MHItons Sorted by Totel Cost) 

345 

345 

785 

765 

765 

765AX: 

765 

785rtX 

765A3C 

345 

345 

765 

765AX: 

346 

Combtoation 75/25 

f^'junhin.m.HnMi 
sAMTmlnimOQn 

Combinstion75^ 

Comt>to.tion 

Re^onel Optimized 

^ ——* — — —i ^ ^ It—.1 • • l i 

Regionei 

RegtoM 

RegtoM Optimized 

LoM 

RedoM Optimizsd 

t oM 

RegtoM 

ne^a iw i 

S62.300 

365,300 

$62,300 

$85,300 

$80,800 

$80,800 

$88,900 

^V^v.(fUU 

$80,800 

$91,400 

$60,800 

$91,400 

$66,900 

$66,900 

$18,601 

$18,601 

$25,193 

$25,192 

$30,428 

$33,981 

830.428 

$33,961 

$47,855 

$19,291 

$61,260 

$22,553 

$47,855 

$51,260 

$80,901 

$83,901 

$87,493 

$90,482 

$91,228 

$94,781 

$97,326 

$100,661 

$108,655 

$110,691 

$112,060 

$113,953 

8114,755 

$118,160 



•JMl&i^ii&J A -̂i'̂ -'i- <ii-JSii^liSLi!ir^'x;/iiJa^::^livss^jaii'-ii^^if:^x^ • 'I '-^iiiii IMHTIMHI mk*»asuMXiiLiiMmiaaiatk.itva. ittnmmvMumi,* 

% 

a 

Caae No. 10-2f»6-EL-SSO 
lEU-SliPP-POD-OMOS (•) 
P i | e40or i48 

As can be seen f^om Tabto 5.1-2, ail four (4) Combination scenarios demonsttated ttw l o w M overal c M 
attamative. The "Battitub Curve" for ttwse scenarios can tw seen In Figure 5.1-1 (also rafbr to section 5 of 
tNs documanQ. Hence, a Combination M of zonaa was salectad as ttw b M s for moving fbrward to 
9^ait:X a flnal M of renewabia energy zonea. Feedtog Into the flnal zone setoction fbr each scenario were 
ottwr a t ^ requiremente to addttton to anergy. For exampto. ttw State of Michigan requires ttw s t ^ s RPS 
be sanred 100% internally to ttw state In Ohto, ttw reqdrenwnt to 50%. and IRtooto haa a prateranca 
deftoed in tts requiremente for tocal wind. As a rasutt, Mtosouri. ttttoote, and Ohto renewabto energy zones 
were selected based on at toast 50% of ttw wind requkamente betog served wlttiin ttwt respective state. 
Inpitt on ttw final zones was gattwred fixxn M M w M (jovemore Association (MCsA). ttw Upper M M w M 
Transmtoston Davetopment toW^ive (UMTDI). and ftom stakahoktera—todudtog non-MMwM ISO. PJM 
membere Commonwaatth and American Electric Power. 

SIMJM 

Local CombkwttonlLocaia 
Ocnsretton ttcstonil)6«nwatton 

Figure 8.1-1: Zone Scenario Generatton and TVansmtoston Cost Comparison 

For (paatar detai regardtog kidtoative ttansndsston resutts, design, and optimization, rafbr to Appendix 3 
of ttito docunwnt Atoo refbr to M M w M ISO Transmtoekm Experwton Pton (MTEP) 2009, whtoh more firiiy 
describee ttw rationate drivtog » n a scenario origtoation. 

5.2 Model Development 

5.2.1 Power Flow Model Creation 
The majority of ttw ttansmisston design analyato was conductsd on a MTEP09 sertee 2019 eummer peak 
m o M . Thto m o M waa devetoped vte ttw MTEP09 m o M buttdtog eflbrt wtth conskterabte stakehokter 
ravtow. tt was usad fbr two sate of analyses: a summer off^wak analysto and a summer peak analyste 
For ttw Bumnwr off-peak enalysto, ttw base ttanamtoaton m o M waa modttled to create a shoukJar-paak 
(70% toad teveO Power Ftow m o M for ttw RQOS I system wwiysto to mM-2009 and sent to ttw 
stakahoktera for adci t ioM raviaw. Botti ttw summer peak and sunmer off-peak rnoclato vmre updated fbr 
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ttw fuH RGOS analysis effort In eerty 2010 and s M to ttw stakehoMere for a flnal review. A liet of ttw 
major transmtoston upgrades made to ttito modd since ttw RQOS I sttMy eflbrt to Induded in ttw publto 
fdder tocated a t 

fto://mteD.mMwesti8O.orQftnteo10/RGQS/reDort/ADDendtees4-6.ziD 

And Indudea ttw foltowtog MS E x M .xtexspcaadshM files: 

> A4J.NaUva Vottage.xtax 

• A4_2.Nativa VoNage wtth DCxtox 

• A4.3.785kV.xlsx 

A secondary M of analyses were performed on a light toad m o M . Thto m o M was converted firom a 
MTEP10 series 2015 light toad scenario to a 2019 light toad scenario. Tha m o M , to addttton to batog 
devetoped and ravlewed ttvough ttw MTEP m o M buldtog Effort, was also provMed to ttw stakehoMere 
for addtttoM revtow. A list of ttw major modeHng conactions made to ttito m o M to atoo todudad to ttw 
pidsito foMer ktenttfied above and todudas ttw fblowtog MS E x M .xlsx spreadshM fltee: 

" ModeHng Corrections-765filoda»ngDocumentation.xtox 

> ModeHng Corrections-NVwtth DC Modeling Documentetion.xlsx 

• ModeHng Correctione-NVwo DC ModeHng Documentation.xlsx 

Extemel ttansmisston system representation to ttw IMTEP seriee modete waa provktod by ttw E M a m 
Interconnection ReHabiN^ Assassmere Group (ERAG) Muttl-RegtoM ModeHng Wbridng (Sroup ^ M W G ) 
North American Bacttto ReHabiltty Corporation (NERC) modate. except fbr ttw non-MMwM ISO MRO 
membere. where ttw l a t M M M w M Rettabtttty Organization (MRO) modete were used. Commonwaatth 
Edtoon and American Etedric Power (AEP) suppHed system updatae dka(% to ttw RQOS study aflbrt for 
ttiettretyective ttansmtoston syateme.The base MTEP modete induded aR ttansmtoston precede movtog 
to MTEP Appencttx A or B as wall as Appendix B and C prpjacte wtth a stahw of Ptenned. Prior to ttw start 
of ttw RGOS wortc eny prcjacte in Appendbc B or C ttwt ware M movtog to Appendix A in ttw MTEP10 
planntog cyde end hava a vottaga dass graatar ttwn 300 kV ware removed fixim ttw m o M . Thasa 
pn}iacte couM have a sIgnHlcM i m p M on ttw ttansmtodon network. As such, given ttw l e M of 
uncertattity on whettwr ttw prcjiecte wit be consttucted or not tt waa detemfitoed ttM dee^intog ttw f U ^ 
ttansmteston systam dependM on ttwse projecte adda addtttoM unoertato^ to ttw A M RQOS 
tranamiaston porttbHo. 

5.2.2 Generation 
As ptf t of ttw MTEP10 m o M bulMtog process, a RegtoM Merit Dtopetoh (RMD) waa created to aM to 
dtopatditog ttw M M w M ISO generation A M for ttw various MTEP10 Powar Ftow modete Thte RMD was 
usad to dtopafaiit ttw wkto zonas toto afl ttw modate used fix ttw R(30S analyste. Conmonwaatth Edtoon 
suppHed a generatton dtopatch for tts systam to enabto ttw wtod zones ki Hs conbol area, and ttw 
generation In Amarican Etodric Powar (AEP) waa seated down to enabto ttw dtopatdi of ttw wind zonae 
ki He conttd aree. Further kifonnatton on RMD may be found to ttw MTEP10 report Appendix E l . 
AddtttonaHy, only extoting genaratore and generators wtth an executed generator toteroonnedton 
agraenwnt were induded to ttw Power Ftow m o M . 

ConsistM wtth M M w M ISO Planntog Subcommttlae prectfcea, generatton from ttw energy zorws was 
cMspatchad to ttw system at 90% and 20% of capadty fbr aH zones to ttw ahouklar-peak and peek 
modete. respectively. No wtod waa dtopatdwd to ttw Hght toad m o M . Exteting and planned wtod 
generation akaady to ttw m o M was dtopatchad at ttito same toM. respectively, for each m o M . Date 
analysto shows toad kMwto between 40% and 80% of paak toad, wtod output can randomly vary from 
0%-90%. Tha wttM toveto choaan for analysto rsp rasM a nwjority of ttw worst case condttions for aach 
scanario-atthough tt couM ba argued a Hght toad. 90% wtod output m o M shouM ba oonsMered to 
capture all ttw worst case scenarioa. Thto light toad, high^uvtod analysto, whHa kittteHy part of ttw RGOS 
eflbrt, waa deterred due to time consttatote 
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Refbr to Tables 5.2-1 and 5.2-2, whtoh show ttw modeled capadty of each wind zone, tt to toiportant to 
note aach zona was designed for a potantial capadty of up to 2400 MWb even ttwugh ttwismisston was 
not designed for that level of injection. Wkid generatton in ttw MkhvM ISO footprint was daUvered (sunk) 
to ttw M M w M ISO martcet (^aneratore to ttw IIHnote Commonwaatth EcKson area are deHvered to 
Commonwaatth Edtoon (PJM), and ttw wkid zones tocated in American Electric Powar (AEP) ware sunk 
to ottwr AEP generation. 

Tabte 6.2-1: Ranewabte Energy 2:one Infomwtton (UMTDI Zone Selecttons) 
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Tabte 5.2-2: Renewable Energy Zone Infonmatton (non-UfilTDI Zona Selectiona) 
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5.3 Analyses 

5.3.1 Initial Energy Model Results 

The fttst ttansmisston analytical step of ttw R(30S process was ttw avatoation of ttw combination 
('Combo*) indtoattva overiays wtth ttw setocted RGOS zones In a production c M m o M . The analysto 
consisted of four (4) tterations of PROMOD nins ttwt reduced ttw indtoattva overiays ttwt defivared 
energy and showed utiHzation off ttw ttansmtoston Ikws Mentifled in the overiays. Through ttito pnxass, 
ttw RQOS SttMy was abto to reduce ttw InherM overtMilM of ttw todtoattva wortc to a M (rf transmisston 
ttwt provided energy flow based on modeled flowgetos, Mivered ttw renewabto energy zonee. and 
provided a starting pokit fix ttw more dateiled Power Ftow wortc. 

Tha primary mettto to reduce overtay ttansmtoston was Hne utiHzation. Wtthto ttw flrat ttaration. a i 
ttansmtoston sagmente wtth peak tine flow teas ttwn 20% of ttw rated Ikntt were removed ftom ttw 
overiay. tterations 2 and 3 removed att ttansmtoston toadad toaa ttwn 30% of ttw rated Hmtt waa also 
removed, ttaration 4 removed addtttoM undar-utiized ttansmisston whie uetog engtoeering Judgment to 
ensure overiay drcuHs were not radial and made general sense in system configuration. 

5.3.1.1 Native Voltage Overlay 

The Nativa Vottaga ovartay saw sIgnHlcM reduction to ttw process of eHmkwttng under-utiHzed 
transmissiorL Between ttaration 1 and ttaration 4.126 ltoe segmente and autottansfomwre were ranwvad 
finom ttw overiay, reducing ttw high-leM generic C M of ttw overtey used in ttito stage of ttw analyate ftam 
$18 bUHon to $10.3 bHHon. WMi better engtoeering judgnwnt on ttw kiterconnedton of ttw renewabto 
anergy zones, vdnd ourtaUnwnt knproved wtth ttw reflneinent However, acfjustad produdkxi c M savttigs 
atoo decreased—tHit M et ttw sanw rato as ttw c M to add ttw ttansmisston to ttw system. Reter to 
Tabto 5.3-1. which provktes more dstaH on ttw outpute of ttw energy m o M iterationa. 

Tabte 6.3-1: Native Voltaga Ovariay Infbrmatton fkrom Intttel Enargy N t o M Analyate 

1 

2 

3 

4 

18.024 

16.677 

9.697 

10.289 

3,605 

3.335 

1,939 

2.054 

809 

614 

459 

467 

749 

756 

567 

802 

718 

718 

547 

558 

0.84% 

085% 

242% 

071% 

*C0MiiipfMM345ai1.sai.346^O$2.a8iL766O83.QMMa28%addwtorslMkmGaM 1 
** 10.44% VWidCurt>aiiMprioftotodfciSwksnimmion«ddlSo>a | 
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Refbr to Figurea 5.3-1 and 5.3-2. which show ttw overiay at the beginning and end of ttw energy 

Figure 6.3-1: Native Voltage indtoattve Ovartay (Naratton 1) 

Figure 6.3-2: Native Vottage after Productton Coat Iflodeltog Optimization (Keratton 4) 



WBJiiii: sii-j^ '.-sss»in**iaSiM«Eae*EiEWi.-*Jiii!.'i ' J W S B 

CaKNo.lO-2586-EUSSO 
,rii-MrP»-Pnmi*JiM/,> 

Pate4«ofl4S 

5.3.1.2 765 kV Overlay 
The 765 kV overiay saw significant reduction In ttw process of eHminating under-utfNzed ttansmisston. 
Between tteration 1 and ttaration 4, 124 line segmente and autottansfbmrwre were removed ftom ttw 
overiay. Thto reduced ttw high-tevel gwwric cost, used in ttito stage of ttw analysto, of ttw ovariay firom 
$23.8 billton to $15.6 bilHon. Wtth better engineering judgnwnt on ttw interconnection of ttw ranawabte 
energy zonee. ttw wind curtaflmant Improved wtth ttw refinement However, adjusted production c M 
savlnge also decreased Ixit not at ttw same rato as ttw c M required to add ttw ttansmtoston to ttw 
system. Refbr to Tabto 5.3-2. vvhtoh ftmilshes more detafl on ttw ou^xjte of ttw energy r n o M tterafione. 

Tabte 5.3-2: Native Voltage Overiay Infbrmatlon from Intttel Energy Model Analyste 
Annual APC Savlnge (2018 USD In MItltona) 
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2 

3 

4 

23.752 

21.781 

16.960 

15.564 

4.750 

4.356 

3.392 

3,113 

702 

701 

689 

558 

926 

922 

924 

786 

887 

884 

883 

737 

0.89% 

0.90% 

0.14%'" 

0.10% 

* Cori i rapraMnI 346 0$1-8M. 346^e$2-aAi 768 083.QM and a 26% adMfor i t « k » 0 ^ 

•• 10.44% vand CuitaBmant p M to lndk»8va kanmMton addaore 
***PfknafyraducSon reauttofmotaigsofMorSiavrindionaatDantodtoaSwoMriaytttMon 
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Refer to Figures 5.3-3 and 5.3-4, whtoh deptot tiw overiay at ttw baginntog and end of ttw energy 
moM refinement 

Figure 6.3-3:786 kV Indtoattve Ovariay (Naratton 1) 

Figure 6.3-4:786 kV Overiay after Productton Coat Ntodaling Optttnlzatton (Keratton 4) 
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5.3.1.3 Native Voltage with DC Overlay 

The Native Vottaga wtth DC overiay saw signHlcant reduction in ttw process of eliminating under-utilized 
transmtoston. Between tteration 1 and tteration 4,123 line segmente and autottansformere ware removed 
firom ttw overiay. reductog ttw high-tevd generic C M of ttw overiay used to ttito stage ^ ttw analysis finom 
$23.5 bliton to $16.1 billton. VMto better engtoeering judgment on ttw kiterconnedton of ttw renawabto 
anergy zones, ttw wtod curteHment improved wtth refirwment However, acljustad production c M savings 
also decreased but not rt ttw sama rato as ttw C M required to add ttw ttansmisston to ttw system. Refer 
to Tabto 5.3-3, whtoh oflbre more detail on ttw outpute of ttw energy m o M i t e n ^ s . 

Tabte 6.3-3: Nathre Voltage Overiay Infbrmatton f tom Intttel Energy Model Analyate 
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23.524 

22,457 

14.654 

16,109 

4.705 

4.491 

2,031 

3.222 
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734 
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734 
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827 
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0.85% 

0.85% 

0.32% 

0.04% 

* C M n i | B n M ^ 
IranaiiMiion 
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Refer to Figures 5.3-5 and 5.3-6. whtoh show ttw overiay at ttw beginning and end ^ ttw energy m o M 
refinement process. 

Figure 6.3-6: Nathre Voltaga with DC Incflcatlva Overtay 

Figure 6.3-6: Nattva Voltaga wtth DC Overiay alter Productton Cost Modeling Opttmizatton 
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5.3.2 Power Flow Analysis Set-up 
A M of monttored and contingent etomento was created and consttainte were defined prior to begtoning 
Power Ftow analysis. Voltega and ttwrmal design criteria fiom each Transmtoston Owner were applied 
during ttw analysto. Vottage Hmttations ware M ttirough ttw monttored etenwnt fHe and ttwnM ratings off 
elemente were taken ftom ttw Power Ftow case. More detaito on ttw monttored. cont ingM eiemente. and 
consttaint parametare are dtocussed betow. 

5.3.2.1 Monitored Elements 
Tha shjdy footorfnt induded ttw entire M M w M I S O footprint, atong wtth ttw footprkite of American 
Eledric Power, Commonwaatti Edtoon. and MAPP. Ovarioads ktenttfied outoMe of ttw study foo^Ktol 
were evaluated fbr ttwir impact; aH consttainte outskte ttw footprint wtth a meaningftil causa and m a t a M 
i m p M on ttw RGOS footprint were mttlgBted. AR elemente greater ttwn 100 kV vrare monttored durtng 
analysto. but ttw primary focua off ttw study was ovarioade on ttansmtoston elemente wtth a vottaga of 
230 kV or highar. More delaHa on ttw monitored eiemente are shown to T M e 6.3-4. betow. 

Tabte 6.3-4: Monttored Etemento Mettles and Criteria 

Themial 
Monitoring 

Voltegss 

1. System IntM 
Z A l ttansmisston wtth ttwmwl toadtogs over 90% of ttw nonM rating (Rate A) wss 

monHoiad during ttw analysis. 
3. CstegoryBContingemdes: 

a AHttanamtastonwKhttiemialtoedkigsovergo%ofttwemsfgsncyrating(RateB)wss 
monitored durtng ttw enriysis. 

4. Category C Contingenctos: 
a. Alttanwntoston wtth ttwmwl tosdkigs over 125% of ttw smsigsncy rating (Rate B) 

was monnoraa ounng me eneqfSM. 

1. System Intact 
^ A H f — . l l i B M N ' • — - l l i a i i I h * T n M i M B a k a J i - b i i ^ i M U I I I I B I I j f i i H n . m I h * 

2. A i vossges grssisr tnsn or loss then trw T O threshons wsra monsored oumg irw ———h—fa sneiyws. 

5.3.2.2 Contingency Set-Up 
HERO Category A and B evente were used for ttw primary f^QOS analysto, todudtog ttw blanket outage 
o# any 200 kV or higher fMHttea as weR aa ttw knplementatton off ttw contingiincy files provktod 
ttvoughM ttw MTEP study prooese. Setocted Category C avente were atoo anal^nd to ttw analyate 
Theee evente tocfcMe ttw doubte outage off Hnee surroundtog eadi wkto zona, and they atoo 
'crtt iM fbW doubte outage contingendes provMed by StakehoMere. The contingency filea usad were ftom 
ttw MTEP10 rdteblHty study and constotM wtth NERC, ragtoM, 6 t M . and toM ptonntog critoria Thaea 
contingency fltoa ware screened ftv compatibHtty wtth each m o M , any discrepandee resolved. 
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5.3.2.3 Constraint Criteria 

All 200 kV or higher ttansmisston wtth ovarioads was Mantified as a consttatot and appropriate mttigation 
was taken. More deteito on ttw spedfic constratot mttigation for each portton of ttw analysto are shown to 
Tabte 5.3-5. batow. 

Tabte 5.3-6: Conatratot Mettica and Criteria 

Thwinri 
a a « n Mm B I M m 

Monnonna 

VoKagsa 

1. Sysfism Intact 
2 AH 200 kV+ttansmisston wHhttwmsi toadtogs over 100% of ttw nonM rating (Rate A) 

wss considsfed s constrsirtt. 
3. CMgoryB Contingenctos: 

a AH 200 kV« ttansmtoston wtth ttwmwl tosdkigs over 100% of ttw emergency rating 
(Rate B) was consktofed a conattakit 

4. Category C Contingenctos: 
8. AH 200 kV^ ttansmisston wtth ttwnM tosdktgs over 125% of ttw emergency rating 

(ftete B) wee oonsidsred s oonsttsint 

AH vdtegse on a 200 kV+ txises ttwt were grsster tttsn or toss ttwn ttw TO ttveshoHs were 
oonawfeo cPtwwwwa. 

5.3.3 NERC Transmission Planning Standards 
North American ReHabHNy Corporation (NERC) Transmtoston Ptenntog stendards TPL-001-0, TPL-002-0, 
and TPL-003-0 spediy systsm perfomwnce requkemente for ttw Bdk Etedric Systsm (>100 kV) under 
systsm kitad (Category A), singte atenrwnt evente (Category B), and multipte atenwnt evente (Category 
C) for a variety off s^^tem condtttone. Transmtoston ptennere m M analyze and d M g n ttw aystem to nwat 
ttwsa systam perfonnance requkanwnte or face monetary penatttee. The stendante spediv the typa off 
evente to be analyzed and ttw system pertbmranca requkad fbr ttw dt t lbrM categories of avente. System 
I n t M peribmwnoe hea ttw m M restttotive perfomwnce requkamente for voltega tevete and ttwnM 
toadtogs on equipnwnt Stogto elanwnt evente, toea of any dngto Hne or ttansformar or gsnerator or 
shunt. m M rasutt to systsm parftKmanca wtthto appHcabto vottaga Hmtta and ttwrmal ratfnga. There 
shouM be no toss of toad on ttw system M dkectfy tovdved to ttw event The system m M atoo ba 
statote. wtth no cascadtog outagae. For muMpte etonwnt oirtagee, ttw system m M be wtthto Hmtta, stabia, 
and wtth no caecadtog outaiges. However, systam a4usttnante tockxttng conttoHed tosa of toad or firm 
ttansfsra are aflowad to mt t igM cont ingM pertbnnance tosuee assodatad wtth Category C evente. 

The totM of ttw RQOS eftort waa to examtoe systam 
reHMH^ guMeHne. to detemikw transmisstor 
perfomwnca standarda. Tha focus of reHablH^ study sflbrte 
deHver power and energy from wtod energy zones. 

perfomwnce. wtth NERC TPL standards as a 
to prot^de systsm Intad and ountingant 

was fixed on provMtog adaquate cafwdty to 

» 
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Refer to Tabte 53-6. NERC Category A. B, and setod C evente were used in Power Ftow analysto. Tha 
Megory C avente appltod to g r M e r ttwn 230 kV evente as supplted by stakehoMere. and bua doubte 
branch contingenctos wtthki a bus of each zone's ouUet fadHties was used. Category C evente tested for 
anergy zone outiat rastttotion and for potantial cascadtog avente. Ttwsa cascadbig evente were defined 
as sttuationa in whtoh ttansmtoston fbcHtttos experience a maxknum toading o l 125% or higher, as 
compared to ttwtedltt/sanwrgency r^nga. AH etomento greater ttwn 100 kV were monttored during 
analysto white only etomente greater ttwn 200 kV ki vtotation were addressed for sdutions. AH ottwr 
etemente were Mentifiad. NERC and regtoM entity (RE) plannkig criteria were appltod. Tranamteaton 
Ownare'vQlttige and ttwrmal dasign criteria were applied. 

Tabto 8.3-8: Power Ftow Solution Crtterte 

ThenM 
aOnwI fc i r two 

Muiniunne 

ThenM 
Overtoed 

High 
Vottage 

Low VoNage 

1. System Intect 
2 ThenM toedkigs over nonM rating (Rate A). AR ttansmtoston witti ttwnM tosdkigs 

twtween 90% end 100% of nonM rsting w i be idsntifled end notsd snd considsrsd whsn 

3. Conttnosnt: 
4. Themwi overtosds over emergency (Rate B). AH ttansmtoston witti ttwnM toadtogs 

between 90% end 100% of smergency rating wlH be ktenttfied end nolsd snd oonsMersd 
when compering portfoHos. 

1. System totact 
2. AH ttansmteston greeter ttwn 200 kV wtth ttwnM toedkigs grostsr ttwn 100% of nomwl 

rMinQ wsi be soorssssQ for solution. 
3. AH ttansmteston toss ttwn 200 kV wtth ttwmwl tosdkigs grsstsr ttwt 100% off nomwl rating 

wwm WW wa i lU l lOU « i i u n v i M I W N UUIIBNJaieU W I M I U U i l l | M l f f i y INMUUHCie. 

4. Contingent! 
6 AH ttansmteston greater ttwn 200 kVwWi ttwnM toedkigs greater ttwn 100% of emergency 

rating wM be addressed for sdution. 
6. AH ttansmteston toss ttwn 200 kV wtth ttwnM toedtogs grester ttwt 100% d smergency 

maig WW DS losmnea srw riowo srw cnwwsrso wiwn cornpsrvig pomsoa 

1. SystamkrtM 
2. VdHagss greater ttwn TO ttHeshoktewMbssddresssd for sduHon on buses grsster ttwn 

200 kV. AH ottwr buses wM be ktentifled snd noted 
3. Contingent 
4. VoNeges tester ttisn TO ttueshoktewN be addressed for sdution on buses gmtosr ttwn 

200 kV. AH ottwr buaes wM be ktenttfied and noted and consktored when compering 
i l • i i l f i i l t n a 

1. System IntM 
2. Vottages toss ttwn TO ttireshoktewM be eddresssdfx sdution on buses greeter ttwn 200 

kV. AH ottwr busss wHI be ktentifled end noted snd oonstosrsd whsn compering portfoHoe. 
3. Contingent 
4. Vottages to66 ttwn TO ttireshoktewHI be sddresssd tor Muftw on buse^ 

kV. AR othsr tMises wfll tw identffisd end notsd aro oonsidsred wtwn compering pormHoe. 
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5,3,4 Off-peak Linear Analysis Results 

The primary analysto was perfonned on a 2019. summsr off-peak m o M . Thto m o M was chosen due to 
ttw likdlhood of a high wind output during summer off-peak condttions. Thto analysto begen wtth ttw 
transmtoston detennined to ttw energy analysis, and tt corttlnued in a highly tterativa teshton, wtth 
between 60 and 110 iterations were peribmwd on each off ttw Ntrtfva Vottaga, Nattva Vottaga wtth DC, 
and 765 kV scenarios, tt also contakwd several dttferent phases, as discussed betow. Each of ttw phases 
was conduded in an tterativa manner, wtth ttw transmisston rsfinsmant relykig heavily upon rerurw of ttw 
Category A, B, and C analyses. 

• Category A and 8 (Syatam Intact and N-1) analyato fbcusad upon ttw Mentiflcation and 
m t t i g s ^ of 200 kV and above Category A and B consttatote A large amount of ttanamiaston 
was added to ttw m o M during ttito period, wtth ttw end reeutt being a systam w t t h M an 200 kV 
and above consttatote under system k i t M or stogto contingency condtttons. 

- Category C (N.2) analyato to basad upon ttw resutts of ttw Catogory A and B analyste. tt 
focused on polaritiafly cascadtog systsm evente, whtoh were skmilated to ttw m o M aa any 
ttansmisston elenwnt whtoh has a 125% or graatar toadtog under a Category C event 

• TrarwiMaton reflnenwnttopttmlzMon was conducted to ensure ttwt ttw ttansmisston dedgn 
waa not ovartHJttt tt analyzed ttw ttansmisston added ttvough ttw energy and pravtous of^peak 
analyato to determkw ttwt ttw Hnas propossd ware used and uaeftji. Iff any ltoe waa found to ba 
Hghfly toadad. tt was removed ftom ttw m o M , and analyses were conductsd to ensure ttwt no 
naw consttatote occurred WtthM ttw Hne. 

These analysas rssuttad to a M off new 
ovarioads on ttw systam undar peak a 
later analyste Ftefsr to Flgurae 5.3-7-6.3-9 

for each scenario 
Thto ttansmisston 

resolved aH ttw ttwnM 
used aa an kiput for 

Figure 5.3-7: Native Vottage Off-peak Analyste 
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Figure 6.3-6: Native Vottage wtth DC Off-peak Analyate 

Figure 6.3-9:766 Kv Off-peak Analyate 
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5.3.5 Sensitivity Analysis Results 

A M of sensttivities were njn on a peak and light toad case. These sensttivtties Induded botti Ikwar and 
AC analysto, and ttw rssutto are dtocussed In more detail 

5.3.5.1 Peak Sensitivity Analyses Results 

Peak sensttivtty analyses were conduded to ensure system rdlablHly when ttw ttansmtosion system ie 
experiendng tiw hlj^wst l e M off loading. Analyses induded boto linear and AC analysto to order to 
capttjre ttwmnal and vottage overtoads. Peak sensttivtty started wtth ttw ttansmisston from ttw fiM 
ofT^wak linear analysto for each scenario. Refer to Figures 5.3-10-6.3-12. 

Figure 6.3-10: Nattva Voltega Peak Analyate 
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Figure 5.3-11: Nattva VoKage wtth DC Peak Analyate 

Figure 5.3-12:766 kV Peak Analyste 
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5.3.5.2 Light Load Sensitivity Analyses Results 

Light toad sensttivtty analyses were conducted to ensure system reHabiltty wtth a foil transmission 
bdktout, WtthM ttw support of wind fiom ttw wtod zones, to parttouiar. ttito scenario waa designed to 
detennine and mttigato any reactive (vottaga) constrainto whtoh may occur due to ttw large reactive 
i m p M of ttw Hghtiy toadad new ttansmisston ttwt was addad during ttw off-peak and peak analysas. 
Ught kwd analyste began wtth ttw ttansintosion from ttw fiM paak seMtivity and relied ^ )on AC a n f l ^ ^ 
to detemnlne any new ttwmwl or vdtege constrakite. 

5.3.6 Final Off-peak AC Analysis Results 

The final step taken during RQOS Power Ftow analysto wee to mn an ol^peak AC analysto ustog 
ttansmtoston davetoped ttinxigh ttw llgM kwd senstthrtty. R M oINwsk AC analyM had t ^ 

1. To t M ttw ttansmtoston addttions addad to ttw peak and Hgitt toad sensttivtty analyses to ensure 
ttwse addtttons dM M craato any raHablHty vkMtona under off-peak condtttons. Thto provMed a 
A M check, under a scenario wtth ttw h i ghM wtod output, ensuring RGOS plans ware 
notharmfbl. 

2. To find and rasdva any Ikigering vottage VkMtona. 

Alter A M off-peak analyste was completed. RQOS ttansmisston sosnartos ware ffnaHzed erM economto 
analyses were performed on each of tha scenarioa. 

5.3.7 Lower Voltage Constraints 
Refer to Tabte 5.3-7. Atthough RQOS analysas nHtigated aR consttatote on ttw 200 kV and abova 
ttansmisston system, tt dM M expNcNIy attempt to rrritigate consttatote on ttw transmisston syatam 
batow 200 kV. These consttatote were ettmtoated firom ttw RGOS acopa to mtokntea ttw study timaHna 
and--<fcw to ttw high tavd of Tranemtosion Owner kiteractfon—mttigato ttwae tower vottaga iaeuae. A l 
ttansmtoston constrakite wouM requka mttlgatatton prior to any transmisdon plan or prior to any portton of 
a ttanemtoston plan betog inoved to MTEP Appendbc A for approM and subsaquare oonstoidton. 

Atthough ttwnM analysto dM M mttigato aH sub-200 kV consttatote it dM Menttiy and back ttwsa 
constratote ttvoughout ttw procasa. Tha first tteration off ttw Powar Ftow analyate, partbrmed on ttw 
off-peak m o M wMh todtoattva ttansmisston added fifom ttw flM energy analyate. contakwd between 166 
and 228 sut>-200 kV overtoaded Hnee, depencUng on sosnerio. After ttw fiM ttansmtoston scenartoa had 
been devetoped and appltod to ttw moMa, ttw offiwak m o M had 76-100 sub-200 kV ovartoaded Hnaa. 
These fiM consttatote wouM hava to ba mtttoatad prior to any RCsOS plan bekig moved to 
MTEP Appandbt A. 

Tabte 6.3-7:8ub-200 kV Constrainto 

Native Vottage 

Native VoNage wtth DC 

765 kV 

228 

147 

188 

190 

78 

127 
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5.3.8 Energy Model Results 

The production c M m o M to atoo used to evaluato ttw dHterM sttatagias refined wtthto the Power FkMv 
reHabiltty wortc effbrt. The infr)miation In tills section was derived from ttw evakwting ttw ttansmisston 
overiays as off ttw end of ttw df-peakrdiabHtty analysto. Because of tNs, ttansmisston added because of 
tight toad or peak analyses ara M induded in thto production c M m o M evduation. 

The production c M simulation modeto rdteblHty at a high l e M . UnHke Power Ftow analysto, which can 
sknulato aH poMbte systsm contingencies, ttw production c M m o M ftscuses solely upon ttiosa 
contingencies provMed by ttw user ttirt wHI have signlficani re-dispatch aflbcte. Wtthto ttito analysis, 
contingencies related to RQOS zones ware not modeled as compMely as ttw contingencies that may 
have resutted firom addng ttw naw overtay ttansmisston. tt to also ImportM to noto ttw evente modeled 
focus primarily on tha 230 kV and abova ttansmtosion system. The uttknate a f l M e off contingency 
Hmttations are ttwre are unknown coste and baneflte due to raKltopalch ttiat hava M yat been exptorad. 

5 . 3 . 8 . 1 C o s t S a v i n g s 

RQOS focusea on ttw addttton of Incremental wkM to nwat ttw f^PS requiremente ttvoughM ttw study 
footprint and ttw ttansmisston ttwt tecHttates ttw dsHvery of ttw energy. ^ addtog ttw wind to ttw systam 
wtthout any RGOS ttansmisston. a reduction to adjustsd production coste to rscognlzed wtthto ttw study 
footprint aa waH aa some of ttw defined neighboring regkRw. Thto reduction to ttw reeutt off addtog 
tow^cM energy to ttw system. Thte can be seen to cdunm 2 off Tabte 5.3-6. whtoh rapresente ttw change 
to a^ustad production c M savtogs compared to a m o M ttwt doee not Indude f^QOS wtod or 
ttanamtoaton. Addtog ttw dHVsrent ttansmtoston sttatagias shows addtttoM benefll can ba achtovad vMhto 
ttw study footprint 

Tabte 6.3-8: Adjuatad Productton Cost Savlnge (2010 USD to Mllfftona) 

PJM 

MISO 

TVASUB 

MAPPCOR 

SPP 

SERCNI 

IMO 

MHEB 

NYISO 

RGOS (no mapp) 

Eastem int 

$560 

$3,265 

($16) 

$1,222 

($34) 

$8 

$11 

<$14) 

($13) 

$3,600 

$4,088 

$527 

$3,864 

($20) 

$1,283 

($36) 

$15 

$19 

($7) 

($8) 

$4,220 

$8,448 

$512 

$3,767 

(i28) 

$1,317 

($17) 

$18 

$21 

($6) 

($14) 

$4,317 

$5,571 

$500 

$3,747 

($18) 

$1,338 

$26 

$6 

$24 

$3 

($13) 

$4,304 

$5,613 
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Another mettto ttwt can be taken from ttw preduction c M m o M to toad c M savtogs. to Tabte 5.3-9. tt 
can be seen coste to toad reduce wtth ttw addttton of RGOS wtod In m M modalad ragtona, and ttwn 
reduce even more wtth ttw addttton of ttansmisston to ttw systam. Thto potential benefit to recognized 
more wtthin ttw RGOS study footprint However, ottwr regtons beneflt firom ttw greater avaitebtttty off 
cheaper generatton due to a greater abundance of towcM energy wtthin ttw study ftwtprint 

Tabte 6.3-9: Load Cost Savlnge (2010 USD In MHItona) 

PJM 

MISO 

TVASUB 

MAPPCOR 

SPP 

SERCNI 

IMO 

MHEB 

NYISO 

R008(nonwpp) 

Eastem Int 

$865 

$1,688 

$212 

$1,776 

$41 

$57 

$104 

$50 

($38) 

$2,281 

$4,754 

$1,769 

$2,170 

$307 

$1,591 

($3) 

$279 

$145 

$26 

($14) 

$3,352 

$8,274 

$1,984 

$2,283 

$298 

$1,405 

($86) 

$290 

$201 

$22 

($12) 

$3,533 

$0,404 

$2,021 

$2,021 

$360 

$1,188 

$126 

$502 

$205 

$6 

($17) 

$3,226 

$6,400 
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5.3.8.2 RGOS Zone Energy Delivered 
R(30S m o M e d an Incremental 26 QW of wind wtthto tha study footprtot to meet aggregate RPS 
requiremente assumed wtthto ttw study, resuMng ki moMing of 88.5 T v A of energy to ba deHvered to 
ttw system. Refsr to Tabto 5.3-10, which shows approxknately 6% of ttw wind was curtaHed vvhen adding 
RQOS-only wind. CurtaiknM occurred at tocatioM Marginal Pricee (LMP) of -$40 deflned wtthto ttw 
m o M . The curtaUnwnt to a rasutt of LMPs being supprsssed due to modeled consttatote on ttw system, tt 
to expected ttHs curtaHment may be toss ttwn w M aduaHy ShouM hava been seen beceuse of ttw lack of 
approprtately modeled consttainte around ttw wind zones and buHt Mivery pattw. Rater to Tabto 5.3-10, 
whtoh shows ttHs curteUmM of RQOS energy zones (fisappeare when RGOS tiransmisston to addad to 
ttw system. 

Tabte 8.3-10: RQOS Wind Zone Energy DeHvered 

Bsse Cass (wind added with no 
transmitsion) 

Nstive Voltage 

765 kV 

Nstive wtth DC 

26,325 

28.325 

28.325 

28.325 

88,560,820 

86.560,920 

88.560.920 

88.580.920 

81.417.778 

88.533.050 

88,580.920 

88.580,920 

6.07% 

0.03% 

0.00% 

0.00% 

5.3.8.3 Overlay Line Utilization Summary 
Beceuse ttw production m o M analyzea every hour wtthto ttw modeled year, flow kiformatton on each of 
ttw modeled RQOS Rnes csn be ktenttfied. Tabtee 5.3-11-6.3-13 summertze ttw max tostantanaoue 
toadtog off tiw RQOS Hnas Mantified ki eedi overtay sttatagy. Thto toatflng to Mentifiad ae a percentage off 
ttw stated rating vvtthto ttw tMee . Atoo, ttwse kwdngs repreaant systsm k i t M toMngs. Becauae off ttito, 
soma Hnas Mantified wtthto ttw power fiow analysto sre primarily needed for reHabHtty and ttiua toad 
poorty under system i n t M condtttons. More dstaRad totomwtion on eedi Hne cen be found to tiw 
spreadshM Mantified ae Appendix 6: Production C M M o M Summary Resutts. 

Tabto 8 . M 1 : Nattva VoNage RRax Loading Summary 

Total Lkws 

Losdkigstorat)ove20% 

Losdkigstorst>ovs30% 

LoedkigBtorsl)ove40% 

Losdkigstorsbove50% 

4 

2 

1 

1 

0 

134 

123 

95 

47 

27 

6 

5 

2 

1 

0 
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Tabte 6.3-11: Nattva Vottaga Max Loading Summary 

VuH.ujr ikV) a, RatiiKj (MW) 

345 kV 
1600 MW .000 IVIW 

Loading at or 8t)ove 60% 

Loading at or sbove 70% 

Losdtogstorsbove80% 

Loadtog St or alxwe 90% 

Loedtog«torat)ove100% 

0 

0 

0 

0 

0 

10 

4 

1 

0 

0 

0 

0 

0 

0 

0 

Tebte 6.3-12; 788 kV RRax Loading Sumnwry 

TotdUnes 

LosdkigatoretKyve20% 

Losdtogatorsbove40% 

Loedtogetorel»ve50% 

Loedkigatorebove80% 

Losdkigetor^ove70% 

Losdkigstorsbove80% 

Loedtogstorsbovs90% 

Loedtoget or above 100% 

62 

52 

31 

19 

11 

3 

0 

0 

0 

0 

34 

34 

30 

28 

14 

7 

3 

3 

0 

0 
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Tabte 6.3-13: Native Vottaga with DC Max Loading Sumnwry 

Total Lines 

Losing St or sbove 20% 

Loedtoget or sbove 30% 

Loe«ngstQrsbove40% 

Loadtog d o r above 50% 

Losdtogetorabove60% 

Loedtoget or above 70% 

Loedtoget or sbove 80% 

Loedtoget or sbove 90% 

Loedtoget or sbove 100% 

92 

83 

58 

44 

32 

18 

11 

6 

5 

2 

9 

9 

6 

5 

3 

2 

2 

1 

0 

0 

^ 2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

5.3.8.4 Interface Flow Summary 
Hundrade off Hnee and autotrsnsfDmwre vrere modeled for RQOS-davetoped dratsgtes. IRore dataHad 
infonnation can ba fiDund to Appendbc?: Nittive Vottaga Transmtoston Dalai Ftow InlbmwBon for ttw 
Native Vottage sttatogy; AppandbcO: 766 kV Transmtoston DateR Ftow Infonnation for ttw 766 kV 
strategy; and Appandbt 9: IMIve Vottaga wtth DC Transmtoston DataH Ftow Infonnation for ttw Nattva 
Vbttaga wtth DC sttatew. 

Anottwr way to summarize ttw I m p M off RQOS ttansmisston sttatoglas to to concepluaHza ttw fiow of 
energy over d^toed totertbces. For purposes off ttito study, totertbcee were deflned ae ttansmtoston Hnaa 
crosdng stato boundariee. Tabto 5.3-14 provktes kifonnation ft)r ttw M energy flow wtthto 
contatotog RGOS Hnas ttwt cross state bordare for ttw NdhM Vbttaga overtay sttatagy. 

Tabte 6.3-14: Native Voltage Strategy Net Stato Interfsca Ftow Summary (RGOS Ltoae Only) 

DekotesNet 

lANet 

ILNel 

IN Net 

MNNet 

1,982 

2.039 

1.887 

329 

919 

-489 

-833 

-2.548 

-2.052 

-2.031 

8,376 

7,729 

3,779 

202 

1.399 

380 

1.028 

4,974 

8,555 

7.354 
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Tabte 8.3-14: Native Vottaga Strategy Net Stato Intertece Flow Summary (RQOS LInaa Only) 

MO Net 

MTNet 

OH Net 

WINet 

1.213 

223 

869 

1.974 

-412 

-298 

-1,612 

-1.079 

7.571 

3.047 

898 

6.580 

1,160 

5,627 

7,857 

2.175 

Figure 5.3-13 provklee ttw M energy duration curve for each of ttw states prevtoudy ktenttfied wtth ttw 
modeled Native Vottage overiay. Reterendng Tabte 5.3-14 and Figure 5.3-13, tt can ba seen araaa wtth 
highar incrementd wind penetration tend to ba M axportam wNto states wtth more toad and tosa wttM 
capabiltty tend to be M Importare. 

Net&iport 

•IJNM 

-XOOO 

Figure 6.3-13: Native Vottage Stratagy Net Stete Intertece Duration Curves (RGOS Unes Only) 
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Table 5.3-15 and Figure 5.3-14 represent M state energy infixmation for ttw 765 kV sttatagy overtay. it 
is evMM more energy fiows on ths lines wtth the 76SkV overiay ttwn wtth ttw Native V o t o ^ ov«1ay. 
Thto shouM be expected because of ttw higher ratings and lower impedance of 765 kV 
ttansmisston lines. 

Tabte 6.3-16:786 kV Strategy Net Stete Intertece Flow Sumnwry (RGOS Ltoea Only) 

OskotasNst 

lANet 

ILNd 

INNd 

MN NSI 

MONst 

MTNst 

OHNst 

WINd 

2.925 

3.935 

1.752 

1.424 

2.837 

4.308 

215 

2.073 

2.438 

-672 

-1.401 

-8.447 

-3,552 

-2.184 

-2.003 

^297 

-3.479 

-2.019 

8,351 

8.121 

929 

537 

6.932 

7.154 

2.915 

701 

5.430 

405 

639 

7.830 

8.222 

1.822 

1,804 

5.789 

8.058 

3.326 

Net Export 

Figure 6.3-14:766 kV Strategy Net State Interface Duration Curvaa (RQOS Lines Only) 
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Tabto 5.3-16 and Figure 5.3-15 show M state energy Infixmation fix ttw Native Vottaga wtth CX: 
transmisskxi sttatagy. The purpose off DC transmtoslon across ttw RGOS study footprint is to detiver high 
toveto off energy across ttw systam wtth mintoid I m p M on existing ttansmisston tiwt tt (DC ttansmisston) 
bypasses. Beceuse of ttw source and dnk tocations of ttw DC lines, ttw Dakotas, Mtonasote. and Iowa 
see a high k n p M fix M stato export whito Ohto experiencee large imports due to m M off ttw DC 
transmtoston dnktog wtthki Ohto stato boundaries. 

Tabte 6.3-18: Nativs Vottage wtth DC Strategy Net Stata Intaiface Ftow Sumnwry 
(RGOS Lines Only) 

DskotesNet 

lANet 

ILNst 

INNst 

vM F^H 

MNNet 

MONst 

MTNst 

OHNst 

WINet 

3.628 

5,774 

1.646 

-81 

2.485 

4.793 

1.100 

241 

2,814 

1.800 

-249 

-610 

-3,822 

-1.808 

-3.129 

-1.290 

-1.125 

-284 

-10.223 

-1,600 

8.704 

8.450 

3.566 

0 

1.321 

8.134 

4.437 

3.627 

491 

6.970 

56 

309 

5.194 

8.760 

7,438 

626 

4.317 

5.050 

8,269 

1.790 
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Figure 5.3-16: Nattva VoNage wtth DC Strategy Net State Intertece Duratfon Cunree 
(RQOS Ltoea Only) 

To 6how to greater detaR whara energy to aduaHy fiowtog, ttw fioHowkig tabtoa and figures show spedfic 
state-to-atate RGOS Hne energy flow kttbnnMm. Max power flow and nuniber of posittve houra rapraM 
Itam" to "to" flow WhHa ttw mto power flow and numM off negative houre represM ttw oppodto. 

Tabto 5.3-17 and Figure 5.3-16 show ttw buHc off ttw energy flow tonds to go w M to e M to ttw Nattva 
Vottaga overtay study footprint 

Tabte 5.3-17: Nattva Vottaga Stratagy Stete Intarfbce Ftow Summary (RODS Unas Only) 

DaktolA 

DsktoMN 

lAtolL 

MtoMO 

lAtoVM 

ILtolN 

INtoOH 

MNtolA 

400 

2.042 

780 

438 

568 

2.060 

1.612 

980 

-337 

-298 

-455 

-687 

-100 

-166 

-888 

-1.408 

4.759 

8.486 

7,836 

4.201 

8.874 

8.753 

7,857 

4.515 

3.959 

272 

911 

4,517 

61 

6 

M8 

4.233 
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Tabte 5.3-17: Native Vottage Strategy State Interface Ftow Summary (RGOS LInea Only) 

MNtoWl 

MOtOlL 

MTloOak 

NEtolA 

WItoH. 

462 

716 

223 

42 

2,204 

•284 

- 4 ^ 

-296 

-157 

-741 

8.433 

7.802 

3.047 

438 

8.440 

322 

941 

5,627 

6.240 

316 

* Portivs numbwt wprtwnt Sowt ftom A to B (DafcotM te MN) wtat rwoaSw numbwi n o n t m Sow torn B te A (MN to 
Dakotet). 
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Figure 8.3-16: Nativa Vottaga Stratagy Stato Intertece Duration Curvea (RQOS Unea Only) 
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As prevkxjsly noted, ttw 765 kV overiay shows many off ttw sanw characteristics of ttw Nativa Vottaga 
but itt highar capadty toveto Tabto 5.3-18 and Figure 5.3-17 provkte energy flow toftxmation fix 
thto sttategy. 

Tabte 5.3-18:788 kV Strategy State Intertece Flow Summary (RQOS Unea Only) 

DsktoMN 

lAtolL 

lAtoMO 

lAtoWl 

ILtolN 

INtoOH 

MNtolA 

MOtoH. 

MOtolN 

MTtoDsk 

WItolL 

D S S S ? " * ' " * ^ 

2.943 

4.103 

2.056 

2.773 

3.546 

3.479 

5.097 

525 

2.440 

210 

3.796 

-795 

-993 

-2.838 

-372 

-2.021 

-2.073 

-2.468 

- ^6 

-922 

^287 

-1,750 

8.218 

8.623 

5.183 

8.696 

e,:MM 

8.068 

7.841 

7,417 

8,194 

2.916 

8.423 

rapiewrt SoM ftom A te B ( M M s te Mf6 wNte mssRw n i M M s teprssMtt 

537 

137 

3,599 

63 

505 

701 

917 

1.301 

564 

5,789 

336 

How ftom B te A (MN te 
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Figure 6.3-17:786 kV Strstagy Stato Interfbca Duratton Curvea (RGOS Unea Only) 

Tebto 5.3-10 and Figure 6.3-16 rapresere energy flow Infonnation for ttw Neflve Vottaga wtth DC overtay. 
Becauae ttw DC overiay kitaroonnecte toto ttw exMtog system at only a few pdnta, new state kitarfacaa 
are devetoped—ttw iHtoote to Ohto kiteribce. for example, tt can also be seen some ttitsrisce 
characteristics are dt t lbrM bacausa of where ttw DC toterconnede. F a exampte. ttw ganeM flow of 
anergy goee from Mtesourt to IHkwto to ottwr overtaya. However, wtth ttw DC Hne tykig to ttw ayatem 
soutti off a S t Louto in IHtoote, the generd energy flow of ttwt totertbce flows firom IWnoto to Mtoeourt. 

Tabte 5.3-19: Nattva Voltaga wtth DC Stratagy Stato ttitorfbca Ftow Summary (RGOS Ltoea Only) 

DsktoMN 

lAtolL 

lAtoMO 

ILtolN 

ILtoOH 

INtoOH 

MNtolA 

MNtolL 

3.768 

8.400 

324 

1.721 

8,000 

493 

1.664 

8.400 

-322 

0 

-922 

-131 

io 

-687 

-1,496 

0 

8.681 

8,306 

572 

8.750 

8.397 

3.610 

4.531 

8.300 

79 

0 

8.186 

10 

0 

5.127 

4.225 

0 
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Tabte 6.3-19: Native Vottage wtth DC Strategy Stato Intertece Flow Summaiy (RQOS Unea Only) 

MOtolL 

MTtoDsk 

OH to Ml 

WItoMI 

552 

241 

2.141 

1.600 

-1,180 

-284 

-1.968 

-1.600 

1.120 

3.627 

4.167 

6,970 

7.633 

5,050 

4.569 

1.790 

* PoMve numbwt rapraaM flows from A to B (DriuM to MN) wMto nogtfve numbm mprMWit flow torn B te A (MN to 
Dritotat). 
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Figure 6.3-18: Nattva Voltage wtth DC Strategy Stata Interface Duration Curvea (RQOS Unae Only) 
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To demonsttate a more integrated kxk of ttw k n p M of ttw RGOS lines added to ttw system, ttw 
fdtowing tables and figures show ttw intertece energy fiow summary firom stata-to-stato wtth RQOS lines 
as well as extoting ttansmisston of 230 kV and greater. 

Tabte 5.3-20 and Figure 5.3-19 represent ttw stato kiterfbce flow of ttw base case. Tha base case te 
defined as adding RGOS energy zones to ttw extoting ttansmisston system w t t h M adtfing addttional 
RGOS ttansmtoston. 

Tabte 6.3-20: Baae Caaa Stata Intertece Summary (All Unas 230 kV and Greatar) 

DK-MHEB 

lA-IL 

lA-MO 

lA-NE 

lA-SD 

IL-IN 

IL-KT 

IL-MO 

INOH 

MHN 

MI-OH 

MN4>AK 

MN-IA 

MNMHEB 

MN-WI 

OH-PA 

WML 

WMW 

* PoUflvs mjmbwi 

550 

1.098 

616 

1.650 

1,064 

6.383 

1.188 

1.897 

7.040 

3.981 

2.599 

553 

1.246 

834 

2.256 

1.924 

1.314 

333 

-500 

-991 

-776 

-1.944 

-680 

-4.308 

-166 

-1.873 

-3.390 

-2.355 

-1.921 

-1.514 

-1.670 

-855 

-734 

-3.746 

-1.682 

-77 

1 ripraiM flows ftom A to B (Drit to MHEB) wNte n«9Mlw 

1.968 

6.822 

5.194 

5.140 

4.390 

8.013 

8.738 

4.467 

8,064 

6,826 

6.571 

254 

4.989 

28 

8,698 

2.558 

7.084 

8.243 

numbon ispisisntflow fti 

6.771 

1.931 

3.536 

3.615 

4,350 

746 

21 

4.290 

695 

2.130 

^186 

8.504 

3.762 

8.734 

62 

6.196 

1,675 

476 

m8toA(MHEBtolMg. 
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Figure 6.3-19: Baae Caae State Intertece Duratton Curvea (All Unea 230 kV and Greatar) 

Tabto 5.3-21 and Figure 5.3-20 represM the totortboe kifomwtion for ttw Nattva Vottaga ovartay wtth 
axisflng transmisston added. The knpM off addtog ttansmisston to one or sonw off ttw totsrtboes may also 
hava an e f lM on ttw energy flowa of unattered totertbcee. 

Tabte 6.3-21: HaO:^ Vottage Strategy Stato Intertece Sumnwry (AN LInea 230 kV and Greater) 

DK-lUttiEB 

lAtoWl 

\A4l 

lA-MO 

lA-NE 

lArSO 

M N 

IL-KT 

IL-MO 

487 

566 

2.245 

1.000 

1.859 

909 

8.729 

1,195 

2.136 

^81 

-100 

-1.407 

-1.321 

-1.755 

-1.224 

-3.808 

-182 

-2.814 

1.790 

8.675 

7.666 

8.293 

4.458 

2.889 

8.499 

8.724 

3,050 

6.952 

81 

880 

3.464 

4.297 

5.666 

261 

36 

5.704 
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Tabte 5.3-21: Nativa VoKage Strategy Stata Intertece Sumnwry (All Unea 230 kV and Greater) 

IN^H 

MMN 

MI-OH 

MN'DAR 

MN-IA 

ani-uuca mn-n f r iCD 

UNJUM 
IVIIV'fffI 

OH-PA 

Vvl-IL 

UUL.UI 

* I I I IBII I IM n.initiMi 

7.882 

4.148 

2,754 

811 

1.481 

788 

2.661 

1,088 

4.337 

341 

-2.385 

-2,336 

-2.093 

-3.834 

-2.201 

-907 

-1.184 

-3,675 

-2.141 

-70 

itepfiMflow8tomAtoB(DakteMHEB)whteiwos6<w 

8.531 

6.302 

6.435 

420 

4.7N 

29 

8,664 

3.256 

8.258 

8.355 

229 

2,455 

2,323 

8.340 

3.667 

8,731 

96 

5.497 

501 

370 

immbmteprMMSowftomBteA(MHEBteOok). 1 
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Figure 6.3-20: Native Voltage Strategy Stata Intertece Duratton Curvea 
(All Unes 230 kV and Greatar) 
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As mentioned prevtously. ttw 765 kV systam shows those intarteces wtth new ttansrrHsston hava highar 
energy flow knpacte ttwn ttwse wtth ttw Nativa Vottage overiay. This can be seen In Tabte 5.3-22 and 
Figure 5.3-21. 

Tabte 5.3-22:768 kV Stratagy Stato Intarfbce Summary (AH Unea 230 kV and Greater) 

1 Ifiterfaoe Max Power Fiow iMWj Mm Power FUJW I M W ( -T of Hours Positive " of Hours Noyalivo 

Dsk-MHEB 

lArIL 

IATMO 

IATNE 

lArSD 

lA-WI 

IL-IN 

IL-KT 

IL-MO 

INOH 

i i U M 

MI-OH 

MfHlAK 

M N ^ A 

H i l l i i i n c o 

MN-WI 

MCMN 

0H4»A 

WML 

tiUI_UI 
V I I WH 

544 

5,158 

2,569 

1.620 

651 

2.773 

11.086 

1.204 

2.258 

12,019 

4,004 

2.694 

1.140 

5.931 

819 

2.422 

2.440 

2.453 

4.966 

343 

-473 

-1.586 

-3.191 

-1,467 

-811 

-372 

^.906 

-252 

-^323 

-4.880 

-2.476 

-2.277 

-4.299 

^.450 

-902 

-633 

-922 

-3.720 

-2.608 

-71 

1,478 

8.437 

5.363 

4.314 

3.745 

8,688 

8,490 

8.716 

3.996 

8,423 

5.533 

6.044 

398 

7.444 

24 

8.884 

8.194 

4.027 

8.247 

8,333 

7.275 

320 

3.395 

4.432 

5.001 

83 

269 

44 

4.763 

336 

3.226 

2.714 

6.363 

1.316 

8.736 

76 

564 

4.730 

512 

383 
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Figure 6.3-21:766 kV Stratagy Stato Intarfbce Duretion Curvea (All Unea 230 KV and Greater) 

The DC ttansmtoston to ttw Nattva Vottaga wtth DC ovariay showa much off ttw sanw knpacte wtth ttw 
extoting systsm es wtthouL ftattve Voltage wtth DC continuee to demonstrate ttw ttansfsr off targe 
amounte off energy but ateo shows ttwt aetectton off tocattons for ttw DC tenntoate can change 
chsracteristtcs of ttw energy flow acresa ttw system. Thte chenge to characteristtce can ba seen on ttw 
Iowa and Mtonasote Intoribca and ttw Mtesourt to NInoto totortboe. Refbr to Tabto 5.3-23 
Figure 5.3-22. 

Tabte 6.3-23: Native Vottaga wtth DC Stratagy Stato Intertece Sumnwry 
(AH Unea 230 kV and Qreator) 

DK-MHEB 

lArIL 

lA-MO 

IAPSD 

IL-IN 

IL-KT 

444 

7.506 

741 

1.046 

906 

7.732 

1.283 

-512 

-1.073 

-1.867 

-2.628 

-852 

-4.287 

-233 

838 

8.448 

1.254 

636 

6.432 

6.880 

8.689 

8.114 

311 

7.501 

8,120 

2.322 

1,900 

68 
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Tabte 6.3-23: Native VoKage wtth DC Strategy State Interface Summary 
(All Lines 230 kV and Greater) 

hiterf.^ce M.ix Power Plow (IVIWI M m Power Flow i M W ] ^ of Hours Posi t ive ft of Hours Ncc j j t i ve 

IL-MO 

IL-OH 

IN-OH 

MN-IN 

MI-OH 

MH-OMi 

MN-IA 

antt-iL 

UM_UUCB 

UMAAil 

OH-PA 

VW-IL 

WMA 

3.276 

8.000 

6.085 

4.813 

4,775 

716 

1.854 

6.400 

922 

2.119 

2.309 

1.599 

1.819 

-1,663 

0 

-2.977 

-3.096 

-2.606 

-5.530 

-2.686 

0 

-803 

-1.137 

-3.685 

-2,213 

-1,855 

6,451 

8.397 

7.712 

5.020 

8.619 

103 

^013 

8.300 

23 

8.233 

3.974 

3.299 

7,081 

2.304 

0 

1,046 

3.735 

2.138 

8.657 

6.737 

0 

8,737 

527 

4.764 

5.500 

1.679 
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Figure 9.3-22: Native Vottage wtth DC Stratagy Stato tnterfaca Duration Curvea 
(AH Unea 230 kV and Greater) 
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5.3.9 Sensitivity Analysis for RGOS Plans - Robustness Testing 
WKh Intensive stakehokter cottaboration taktog place under ttw Techntoal Review Group (TRQ), tiirBe(3) 
distinct tong-temi ttansmisston axpanston scenartoa hava been devetoped to meet state renewabte 
energy standards and goato ancompesstog ttw entire sttKly footprint, as (ttscussed In section 5. In parattal 
wtth RQOS shKly process, e collaborativa eflbrt on robust business case devetofynent haa been 
undertaken ttvouQh ttw MTEP10 planning process to enebte a more holtotic vt iua assessment of 
ttansmisston projecte or porttbltoe. The sensttivtty analysto fbr ttw ttiree (3) RGOS plans haa been 
perfonvwd wtthto ttw oontext of ttw MTEP process to facUttate tha buskwsa case davetopment for 
new ttansmisston. 

Tha primary focus of sensttivtty analysto eftort to to datamrUne ttw total vatoas of ttw ttvaa (3) proposad 
ttansmtoston plans by means oif a robusttwss testing process. To perfbrm robusttwse testing, each of ttw 
ttiree ttansmtosion sokitions to asseseed against a set off vatoa maasurss across a broad range of 
pteustt)te tottire scenartoa. As a rasutt. robusttwss ts^tog undBr muttipte futures provktes addttional 
quantiflabte baneflte to ensure a more oomplete evakiation on ttw pertbmwnca off ttw ttiree (3) 
transmtoston scsnarios. and ate to ktorttttVttig ttw best-fit tong-tsnn etratagy whtoh wM rssutt to ttw laaat 
fttture rsgrate regardteM of poticy dactotona. 

Recogniztog ttw need for consktoration off addtttonal vatoa maasurss and torther mettwdotogy 
davatopmertt to ttansmtosion bustoess case analysis, ttw ovaraN beneflte off ttw ttirea tong-tann etrittagtea 
kterttttted ttirough ttw robusttwse testing process are kxttcativa and are siibiecl to change dependttig on 
ttw assumptions mada to quantiiy ttw ktentifled vakw measuras and addtttonal vahw measure toctoston. 
Wkhout ftirther devetopment off vatoa meaaure mettwdotogy inckidtog botti flnanctefly quantiflabte 
measures and non-flnaiKlal maasurea, tt w i be premahjre to detennkw the overal comparattva baneflte 
off ttw RGOS ttansmisston ptens and select ttw deflntttea tong-tarm sttategy. However, wtth ttw 
substantial amount of vakiabte toformatton rasutttog from santitMty arwiyste, tt Blows pottoy makare a n ^ 
stekehoktere to recogniza ttwt ttwre to a broader set off vatoee b^ond sattsiytog pubic poNcy needa to 
support tha knptemantation off ragtonai plane. 

5.3.9.1 Future Scenario Selection and Weights 
The Planntog Advisory Commttlaa Proceee (PAC) devetoped an ansy off future scanaitoe (Futures). 
RGOS used ttw fbflowtog: 

S I : CARP Bueineea Aa tteual wWi high Demand and Energy Oiowtt i Ralaa: Consktored ttw 
status quo sosnerio, viHttt a qutok recovery fifom ttw eoononite downturn to demand and energy 
projections. Thto Mure scanarto modsto ttw power systsm as tt axtote today wtth raterenoe vakiaa 
and ttands wtth ttw exception of demand and anergy growtti ralaa. 

82 : CARP Fbderai RPS: Requkae ttwt 20% off ttw energy consumption to ttw EMtam 
tntarconnecl come ftom renewabte reeourcee by 2026. State mandates are ttw sama aa ttwaa 
modeled to ttw Bustoess aa Usual Futtire and any addtttonal renewabte energy to met wtth wtod 
to satisiy ttw 20% rsneirabto energy requkamant 

84 : CARP Paderel RPS, Carbon Cap and Trade, Smart Ortd and Etectrte Cam: Combinea ttw 
toipact off muttipte lUure poltoy soanertoe toto ona future. Smart grtd to modeled wtthto ttw 
demand growto rate tt to assumed ttwt an incraesed penettation of smart grid wNI kswar ttw 
overal grawtti of demand. Etecttto vehtotee ere modeled wtthto ttw energy growtti rate. Bacttto 
vehtotee are assumed to tocrsase off-peak energy usege and as such tocraasa ttw overatt energy 
growtti rato. 

88: PAC Buetoeee aa (teual wWi MM-Low Demand and Energy Growtti Ratea: Consktored 
ttw status quo future scsnario and oonttnuee ttw economto downttjrn-affbdad growtti to demand, 
energy, and kiflation rattae. 

810: PAC Carbon Cap and ' t a d a wtth Nuclear Modeto a dadnlng cap on futore 0 0 2 
emisstons wtth an aggresslva nucteer bulto oiA aa csrbon neirtral rasourcee. 



Case No. 10-2586-EL-SSO 

Pate79or i4S 

The flexibHtty provktod by ttw nnittl-dkinenstonal scenario planntog analysto aHows a more complete 
robusttwss analysto around ttw long^enn ttansmtoston ptam. The weighting off ttw littures and how a 
ttansmisston plan perfbmis based on ttw assigned weighte nHist be taken into account to order to more 
aocuratoly satoct ttw appropriate sttatogy. To achteva ttito end. Ptennkig Advtoory Commtttoe (PAC) 
sectore ware requestod to provide vreighto for ttw setocted totures based on tiw possibittty of each future 
relative to ttw ottwre. The sttcright secttx average vreighte assigned to each fUtore are tebulated to 
Tabte 5.3-24. 

Tabte 6.3-24: Future Scanarto PAC Sector Average Weighte 

FLiturt' S*-Oii,irius W t ' K l l l I t 

S8: PAC Buskwss ss Usual Mto-low 0*B 

S2: CARP Federel RPS Future 

S10: PAC Caibon Future - Csrtwn Csp wMh Nuctoer 

SI : CARP Buskwss es UsusI witti high growtti mte for D+E 

S4: CARP Federal RPS >CerbonCsp +Smart Grid •^EtocbteCsrs 

34% 

26% 

15% 

14% 

11% 

6 
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5.3.9.2 Robustness Testing Process and Value Measures 
As illusttatad to Figure 5.3-23. robustness testing involves a oomprehenslva vatoa assessment tor 
transmisston sokitions utilztog a dectoion ttae basad mettwdotogy. To perform robustness testing, aach 
tinnsmisston sototion to tasted across muttipto lUtore scenarios whtoh tt might not be designed for. The 
valua of ttw transniisaton for each given future to ttwn svalualed and quantified agattwl a cornptoto sat off 
value measures. By applytog ttw assigned fotore weighto to ttw valuea derived ftom each future, ttw 
overal weif^itad average vatua to detennttwd fbr each transmtoston sototion. The uttknate goal of 
robusttwss tasting to to ktentiiy ttw preferred ttansmtoston stratagy ttwt can provkte ttw best value under 
most, If not a l , future outcomae to order to mttittnize ttw risk assoctotad witii ttw various uncertatotles 
surrounding poltey dtocusstons. 

The MIdwast ISO utiflzes PROMOD IV*, a commercial production coet mode!, to 
economto beneflte of ttansmtosion ptens. Productton cost model simutetfons are peribntwd vrith and 
wtthout eech devetoped ttansmtoston scenario. Taktog ttw dttterance between ttwse tm> (2) sknulation 
rasutts provktes ttw aconomto beneflte assoctetsd witti each apacttto plan. 

lM l ^< t l f< t t f c ^ l 
Figure 6.3-23: Indtoatlve Robuatneea Teating Dacteton Tree Diagram 
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As a key component of ttansmtoston value aseessment. ttw foltowtog financtelly quantifiable measuras 
hava been considered for msMng comparisons on ttw partbnrwnoe of ttw ttvee (3) RQOS plans: 

a, Adjuated Productton Coet Savtoga where totel annual generation production coste tockKtelUel, 
variabte operations snd maintenance (08iM) and start up costs, and are acQusted wtth off-system 
purchases and sates. Tha off-system purcfwses and sales are quantified using toad we^ihtad 
LMP and gen weighted LMP respectively. Adjusted production cost savtoga can ba achieved 
through reduction off transmisston congsation ooste and more afftolant generation 
resource utilization. 

b. Load Coat Savtoga where load cost rspresente ttw annual toad paymenta, measured by 
projections to houriy toad weighted LMP. Load cost savings and adjusted productton cost savtogs 
« a assentiatty two attenwtive benefit measures to address ttw single type of economto vakw and 
are not addttive measures. Load cost savtogs to not used to catoutete ttw total vatoa of ttw RQOS 
plans to MTEP10. 

c Capadty Loea Savlnga where capaetty tosses rsprasent ttw amount of capaetty requttad to 
serve ttansmteston tossea during ttw systam paak hour. The kitent to to captore ttw vatoa of 
reduckig ttw amount off capaetty reserves ttwt are raqukad to maintato s ^ t o m ralabiKty. Tha 
avoktod capaetty inveattnant due to toaa raductton to quantified ustog a generic overnight 
consttuction coat of $960,000 par MW. 

d . Capacity Savtoga Diw to PtennlngRaeervaMaigta Reduction: The kttant off ttite meaaure te 
to capttjre ttw vakw assoctotad wtth ttansmtoston ptens by potantiatiy towartng ttw ovaratt 
Pfenning Resenre Margto requkamant ttvough congestion rsHeff. Reoo(piiztog a relatively sma l 
reduction to resenre requkament wouto aHowa signHtoant amount off banaflto to accrue, ttite 
nwasure to undar oonskteration for toctoston to future avetoation of transmtoston ptens/portfolos. 

a. Carbon Emtealon Reduction Coet Savlnga: To addraee cartwn reduction tegtelatton to aome 
fUhire scanarioa, a oertato coet on certwn to ptoced combtoed wtth uneconomto coal ratirsment 
deptoyment to echieva ttw high teval cartwn raductione. The cost of cariEwn to modeled to a way 
to onhf toipact ttw untt dtopatch as a panatty and exchide ttw ooste aasodatad wtth caritwn 
emisstons ftom production coste The beneflte of caribon amteston rsduction are addtthre to ttw 
aclustad production cost savtoga deecribed abova. Tha ccrraspondtog cartwn cost modeled to 
each scenerio to used to quantify ttw dotiar vahw off carbon emtoston reductions. 

f. Generation fUvenue D I M to Wind CurtaNmant Reduction: WHh ttw new transmtoston 
corrtdore to access ttw remoto wkid resouroes, ttw curtalnwnt tovel off wtod energy to mtoknized 
substantialy. parttoularty for ttw lUturee wtth aggressive RPS requkamente. The ravanua te 
quanttflad ustog annual generation weighted LMP fbr ttw RQOS foob)rint as an estimate. Tha 
intent off ttito measure to only to provkto a standatona vakw assoctotad wtth wtod curtalmant 
reduction and to not inctoded to ttw overal vatoa cstoutetion. aa ttito vakw to embedded to 
adiustad productton cost savtogs described above. 

Robusttwss tasting for ttw ttvaa (3) tong-tann stratogtoa has been focused on flnanctetty 
measurBs as a starting pokiL There are ottwr benefit measurae tockidtog quaWattva and risk tectore ttwt 
need to be taken kito accourtt to provkte a nwre tfwrough a n a ^ and alow a more Gornplete vakw to ba 
capttjrad ttvough ttw robust buskwss case development process. MkhvastlSO wH contttwe to 
GoUeborate wtth stakahoktere on forther devetopment off vekw measures as an ongotog effort to ttw next 
fbw planning cycles. 

• 
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5.3.9.3 RGOS Transmission Plan Value Assessment Results 

From tiw aforementioned Itot of financtely quanttffatM measuras, only ttw mutualy exctosivs or addttive 
maasurss were used to catoutete ttw totel vahw of RQOS ttansmisston plans to avoto overstating ttw 
value of ttw plans. Tha sttaight sum of adjusted production cost savings, capadty toss savtogs and 
cartx>n emisston reduction cost savings ware used to detemikw ttw vakw of each pton for a given fUtore 
scenario. AHhough ttw capadty savings due to PRM reduction is addttive, tt has not been evakiated due 
to tinw consttainte The overal aggregated finandaly quanttfiabto value for each RQOS plan Is ttwn 
detamikwd t ^ applytog ttw PAC-usignad fUhjre weighto to ttw vakw derived for each fUtore. Tha total 
financtelly quantiflabte vatoa resuKs for the ttiree (3) RQOS ptens are incficativa, subject to change 
depending on ttw assumptions mada to quantify ttw kiantified vakw maasurss and adttitional value 
measure todusion. to general, ttw adcfitiva finandaly quantiflabte benefito are consktored for 
ttansmisston vahw assessment However, fbr ttw potential martcet effldency projects, ttw RECBtl 
economto benefit rnettto. a blend off 70% aclustad project cost beneflt and 30% toad cost savings, to st i l to 
place for transmisston vakw avatoation. Spadflcafly. ttw finandaly quantifiabte vakw of each RQOS 
ttansmisston plan waa determkwd as fdtows: 

Vatoa off transmisston pton (par fUhjre)» Sum of veluee of finandsdiy quantiflabte measurae 

" Adjusted production cost savtogs + Capadty loss savtoga 4-Cartwn emisston rsductfons^ 

Vakw of ttansmtoston plan (overal)« Sum off vahw off ttw plan per future * fUtore weighte 

-34%*Scenarto 8 +15%*Scanario 1(M-14%*Scan«to l4-26%*Soenerio 2+11%*Scenario 4 

For aach RGOS ttansmtoston plan, ttw vahw off eech IndMdual flnandaly quantiflabte measure under 
each given future, ttw ttM vahw per fitture and ttw overal waightad vakw are sucdnctiy iRusttatod 
ttvough ttw dedston ttae dtograms to Figures 5.3-24-6.3-26. 

' Th8 cipMity swrinot duo to PRM iwkicSon l i sddlSvt and i t undtr dsvikipnwnt fc^ 

http://Ca9eNo.16.2586-EL.SSO
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Looktog at ttw resutts. a wkte range Of potential beneffte are achtovad across ttw five (5) setocted futures. 
Based on ttw robusttwss analysto process described above, ttw ttvae RGOS plans are expected to bring 
an annual weighted finandatty quantiflatito benefito rarnitog ftom $1,064 miHton to $1,630 miHton In year 
2025 for RGOS study fbotprint tt to important to reitsrato ttwt vetoes derived to ttito section are imficativa 
and hava only been used for ttw purpoee of perfbmnanca comparison among ttw ttiraa (3) tong4amfi 
ttansmtoston sttateglee. 

$1,113,067,671 
$6H0(7.«BQ 
$7(̂ 80^280 

$6 

$2.4ai.7H9W 
saaaoMxa 

$0 
$799̂ 757.696 

Sua^iT^aes 
$^39,298^851 

$2732308 
$1.75(2^531 

Figure 6.3-24: Indtoative RGOS 786kV Pten Robuatoeaa Testing ReauKa* 

'TheRGOSlrifwnlMtonptontaif rtBtodawtopffunt 
Ihs rasuSt amtratMl ki tiM dtogram v » a o a 

and ttw plin vonlon uMd for nibuikiMt tosSng b 86 of May 26.2010. A l 
and a n calcuMrt for RGOS skidy iootptint 
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Figure 8.3-25: Indtoatlve RQOS Native Vottage Plan Robuabwaa Testing Reautta* 
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In Iha diagram ara 2S36 

ttw plan 
and ara 
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Figure 6.3-28: Indtoathre RQOS Nathre Voltega wtth DC Plan Robustness Teating Raautta' 
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Tabte 5.3-25 summartzes ttw annual coste. financtelly quantifiabte virtues, and benaflt-to-cost ratios 
assodatad wtth each of ttw ttiree (3) RQOS ttansmtoston plans. It shows ttw ftettva v M OC option 
provktea ttw highest beneflt-tt>-cost ratio based on an annual analysto In year 2025. However, befixe 
detennining an overal definttiva tong-tann ttansmtoston stratagy. an exparided buskwss caaa analysto 
haa to be in place wtth consktoration of a more complete Itot of value measures. Each RQOS plan has tts 
own risks and ottwr perttoent tectore ttwt may signlflcantty knpad ttw way ttw preferred tong-tenn 
sttt^egy to Identified, aa descrtbed in section 1. 

Tabte 6.3-26: RQOS Transmission Pten Cost and Bsneftt Comparteon - 2026 USD In Milltona 

R008786KV 

RQOSNsttve 

RQOS Native WNh DC 

4,684 

3.818 

4.868 

1.408 

1.064 

1.830 

0.30 

0 .^ 

0.38 

Tabte 5.3-20 shows resutta of soma addtttonal quanttfiabto benafite, not necessarily finandaly 
quantiflabte, ttwt can be tocorporatad kito ttw dedstofHnaktog procasa. Movtog f o n M ^ 
continue to refine ttw fet of vekw measurss and devetop a mettwdotogy to batter utiNza non-finandatty 
quantiflebto vakw measures, as w s l aa ensure extsnslva stakehokter tovolvement ttvoughout 

Tabte 6.3-26: fIGOS Tranemteaton Pten Comparteon - Other Quantlftebte Maaaurea 

ROOOTSSkV 

R006 Nattva 

ROOSNettveWtthDC 

138.637 

126.637 

15a084 

17% 

16% 

21% 

'Annual coat to 20266 la cafculatoduakis 18.3% ttw Mkkraat WO annurtawafasachaisa rato baaad 2010 
aacatotton rait. Tiw RGOS ptew ara aiatinad to ba ki aarvloa at 2010. H18 knportant 
banaOMoHXwl ratio calcuMon ordy. 
* Tha total Snan l̂hfquanlRabto vakw numtwra ara IndtoattM and a^ 

0and3% 
araiNadfor 

on how to 

' Tha tenait4oHxwlra6oa ara htfcalw and caiculaiaduakig 2028 annual whwa only. Botpraiantvakwa. Tiw raaidti ara 0 ^ 
Intandad to provida ttw compartaon bafeoaan kaniinliaion plana nialhw to aach I 
" Tha parcanlasa of hourly naw Iranamisakm uOteatton la calcukted lor ttw CARPBAU fUkira only, uakig ttw ^ ^ 
hourly Iowa on 8w naw R008 kananiaalon Inaa divklad by ttw raflnga. 
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6 Construction Cost Estimates 

6.1 Estimating Assumptions 
Coat of consttuction assumptions were devetoped through ttw study stakehokter process. Several 
assumptions ware used to detemnlne botti capttal and present value coste assodatad wtth ttw ganaration 
and ttansmtosion ovartays devetoped. Tabte 6.1-1 and Tabte 6.1-2 summertze capttal expencHturaa. Not 
shown to ttw tebles to ttw cost fbr wind generatton. whtoh to $2M per MW (2010 USD). 

Tabte 6.1-1: Line Mite Coate - SWtolto (2010 USD) 

346 

2-346 

880 

788 

230 

181 

138 

118 

DC (OH) 

DC(ISsr) 

$1.8 

$2.3 

$2.1 

$3.2 

$0.75 

$0.5 

$0.5 

$0.6 

$2.2 

$3.0 

$1.5 

$2.0 

$1.8 

$2.8 

$0.75 

$0.5 

$0.5 

$0.5 

$2.0 

$2.0 

$1.8 

$28 

$0.75 

$0.5 

$0.5 

$a5 

• I I 
$18 

$2.7 

$0.0 

$3.6 

$075 

$0.5 

$a5 

$0.5 

111 
$1.8 

$2.5 

$24 

$3.5 

$0.75 

$a5 

$0.5 

$a5 

$0.8 

$2.3 

$1.8 

$3.2 

$0.75 

$0.5 

$0.5 

$0.5 

$1.4 

$1.9 

$18 

$2.6 

$0.75 

$a5 

$0.5 

$a5 

wm 
$14 

$18 

$18 

$2.8 

$0.75 

$0.5 

$0.5 

$0.5 

$2.0 

$2.0 

$18 

$2.8 

$0.75 

$0.5 

$0.5 

$a5 

Ha 
$14 

$1.9 

$18 

$2.8 

$0.76 

$0.5 

$0.6 

$0.5 

$2.1 

$2.7 

$2.8 

$4.0 

$0.76 

$0.6 

$0.5 

$as 

OH - Overtwed Consttuction 

Mar-Marine 

Tabte 6.1-2: Subatetion Coate (2010 USD) 

a 

115 

138 

161 

230 

345 

766 

2 

2 

2 

2 

2 

2 

DCStetionV-eOOkV- BI-Poto.6400MW 

OC Stetion «/-400 KV-Bi4»oto 1000 t M 

TWO bays (3 CBs) 

$9.0 1 

$8.0 

$8.0 

$ao 

$118 

$25.1 

$549.0 

$340.0 
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Tabte 6.1-3: Transfomwr Costo (2010 USD) 

765/345 

765/161 

765/138 

765/115 

345/230 

345/161 

345/138 

345/115 

^ . 2 

$20.7 

$20.7 

$20.7 

$0.5 

$5.7 

$5.7 

$5.7 

Note 765 TrenslbmwrekKtodeon-stte spew. | 

Tabte 6.1-4: Reacthre Coato (2010 USD) 

346 

765 

$0.0224 

$a0580 

Ottwr factore used to devatoptog capttal coste toduded ustog e 50% muHiplter for addtttons to ^dating 
substations. Extoting substattone ware coated at hatt ttw price of a naw substation unless more ttwn 
two (2) baya ware added, in inMch cese no muttlpltor was appfied. AM ttansmtoston rabuikte were prtced 
as naw consttuction and a 1.1 multtpfier was sppKed to an Rna miteagae to account tor a(|ustownto to 
right^wey catoutetione. River cnwstog ooste toduded $14.0M (2010 USD) tor each croastog of ttw 
Mtostoslppi River and $7.0M tor ttw Missourt Rhrer. Cost teclore usad to pertbnn net pnasent vakw 
catoutetione are shown to Tables 6.1-5 and e.1-S. 

a 

Tabte 6.1-6: Net Preeent Value Factore 

tnoonw Tax Rato 

Inflation Rate 

BodtUte 

Sehwge 

40.0% 

3.0% 

20 

0 

40.0% 

3.0% 

40 

0 
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Tabte 8.1-6: Net Present Value Pactore 

TsxUte 

Discount Rate 

0&M(%oftnveslment) 

IS 

7.0% 

0.20% 

15 

7.0% 

0.20% 

Tabte 8.1-6: Net Prsaant Capttalizatton Coat Factore 

Bonds 

Prsfsnad 

Short Terni Debt 

50.00% 

0.00% 

5000% 

0.00% 

6.00% 

7.50% 

13.38% 

5.00% 

6 
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6.2 Transmission Scenario Overlay Cost Estimate Results 
Cost values were catouteted on toree tevele, 2010 Cs^ttal. 2010 LeveHzed Annual and 2010 $/MVVh 
(2010 USD) for generation and each of ttw ttiree ttansmisston overiays. Native Vbttaga (345 kV). 766 kV 
and Native DC. C^ittal coste represent ttw dollar amount tt an entire ovWtoy waa buHt and pato for today. 
The toivefized annual cost rspresente an eqtwl payinent to be rnade each yeer tor ttw tttb of ttw respective 
overiay tt ttw overiay was finanoad vte typkwl utiltty options (represented by Tabte 6.2-1). A $/MVUh vakw 
was calculated by divkHng ttw 2010 leveHawd annual coste by ttw ttital annual deHvered wind energy firom 
ttw renewabte energy zonee. 

Important to ttwsa catoutattons was ttw dtobursement of capttal dofiare across ttw toture Investtnerit 
horizon. An overiey of ttito magnttude vM be consttucted across several yeare. VWwn ttwt money w l i be 
spent to not yet known, so assumptions must be mode. The assumption used to ttutf ttw eartieet 
kweattnent wouto be to 2015 and ttw tetest wouto be 2025. As noted to Section 1.4 Starter Projecte, a sat 
of Inttlal ttansmisston prajacte hava been ktenttfied. The totel coste for ttwse Inttlal projecte were spread 
over ttw 2015-2016 horizon. Rematotog ovariay ooste were ttwn equafiy apporttoned ttvough 2025 tor 
aach overiay. respectively. For generation tovasttnent, ttw generation capital was rationed from 2015 
ttirough 2025 based on r^PS requkemente. 

Une mites snd substation ooste were catouteted on a state-b^atate basto as w a l as Mdweet ISO va PJM. 
Transmtoston Rnea ttwt had end potot substations to both ttw MtowaatlSO were consktered a 
Mkfwest ISO tovesttnent and likawtoe for PJM. Sonw ooste however, such aa AC llnae where ttw end 
substations ware to difterent RTO's ware catoiMad as Jotot ttansmtoston tovasttnent DC ttansmisston 
and substations ware catoutotad on a stata-by-state bMto, however, were ateo labeted as Jotot wHti 
respect to Mtowest ISO vs PJM. 

Refer to Tabtee 6.2-1 to 6.2-7 on ttw fofiowing pages, whtoh provkte a dateltod capttal cost and net 
present vatoa summary. 
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7 RGOS 2011 Candidate MVP Portfolio Selection 
AHhough RQOS focused on ttw devetopment of hoHstfc systsm sokitions meeting tong-term needs for ttw 
integration of renewabto resources Into tiw transmtoston systam, tt to important to idantify an totttel gnxip 
of prpiecte ttwt are compatibto wtth ttw ttiree overiays ttwt provide a practical first step towards meeting 
ttw renewabte resource requiremente. Mtowest ISO staff has devetoped an analyticbl framewortt to 
Identify ttw best potantial transmisston pre|ecto. These RGOS-ktentifled protecte wfil requka addtttonal, 
more detailed analysto. Bacausa a f^dwast ISO tong-ranga transmtoston sxpanston sttategy has not yat 
been detennkwd and waa not wtthto ttw analytical scope of ttite study, tt to knportant to noto ttwt ttw 
pc^ential ttansmisston projscte do not pra-detennlns Mtowest ISO longhranga stralegto akne. tt is atoo 
Important to noto ttwt ttwse ttansmtoston projecte prove compatibte wtth aH potenttel strategies. 

7.1 Candidate Multi-Value Project Identification Process 
The RQOS kipute toto ttw Candktate Mutti-Vbkw Prcjacte (MVPs) portfolto were ktenttfied by means of 
ttw process oulfinsd betow. Please noto ttwt ottwr studtos were consktersd to oofiecting ttw Candtoato 
MVP portfolto; not a> of t tw proiacte to ttwt portfolto are from ttw RQOS study effort 

Stap 1 : IdentHy ueefbl corrMore common to muttipte Mkfweat ISO atudiea. 

Conrfdore represent general psrths for trsnsmtoston ttwt cto not dtocrtnitoate between vottagea or potential 
Intermedteto connection pointe. Sludtea to be consktered when ktentiiytog corridore tockjde ttw IbHowttig: 

- Ragtonai Qeneration Outiat Study overtey devatopment resutta 

• Qeneration tolarconnecHon studies: 

- Dafinttive Planning Phasa (DPP) 

- Systsm Ptenntog and Analysto (SPA) 

• MTEP related sttidtes: 

- MTEP Appendix B and CproiectB. whtoh address fUtore retieblRly concerns 

- Top congestsdflowgate studies 

- Cross-border tt)p congested fiowgatesttjdias 

- Narrowly consttakwd 
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Step 2: ktentny RPS timing needa and synchronize wtth Generatton Interconnectton 
Queue (GIQ) tocattona. 

Rafar to Tabte 7.1-1. whtoh shows renewabto portfolto requiremente starting to 2015. A i statae wtthto 
Mtowest ISO wtth RPS mandatee or toad-sen/tog entity goato are Hated. 

Tabte 7.1-1: Renewabte f*ortfblto Stendard Requiremente 

2015 

2018 

2017 

2018 

2018 

2020 

2021 

2022 

2023 

2024 

2025 

10.0% 

10.0% 

100% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

12.0% 

17.0% 

17.0% 

17.0% 

17.0% 

20.0% 

20.0% 

20.0% 

20.0% 

20.0% 

25.0% 

160% 

25.0% 

25.0% 

260% 

25.0% 

30.0% 

300% 

30.0% 

30.0% 

30.0% 

30.0% 

10.0% 

11.5% 

13.0% 

14.5% 

16.0% 

17.5% 

18.0% 

20.5% 

22.0% 

23.5% 

25.0% 

(Of Energy Served) 

10.0% 

10.0% 

100% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

3.5% 

4.5% 

5.5% 

65% 

7.5% 

8.5% 

8.5% 

10.5% 

11.5% 

125% 

12.5% 

5.0% 

5.0% 

5.0% 

100% 

10.0% 

10.0% 

15.0% 

15.0% 

15.0% 

160% 

15.0% 

160% 

15.0% 

15.0% 

160% 

15.0% 

15.0% 

15.0% 

160% 

15.0% 

15.0% 

160% 

5.5% 

6.0% 

6.5% 

7.0% 

7.5% 

8.0% 

8.0% 

ao% 

ao% 

8.0% 

8.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

100% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

10.0% 

iao% 

10.0% 

10.0% 

(MW) 

105 

105 

105 

106 

105 

105 

106 

105 

105 

105 

105 
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Locations of generation kitarconnection queue requeste to ttw Mklwest ISO transmisston systam can be 
seen in Figure 7.1-1. Thto map repmente wtod queue tocations as of ttw end of July, 2010. 

Figure 7.1-1: Locatton of Rlidweat ISO Qeneration Interconnectton Queue flequeato 

Step 3: EvahisAa conetructaUttty of trsnamteatofk 

Constttjction dynamkw posstt>ly requktog tonger teed times 69r projecte toctode ttw fofiowtog: 

• Interstate transmtoston coordkwtion 

- River crosskigs 

> Commonsense coordtoatton of pro)ecte; l.e.. a group of fines may not make eense until anottwr 
group te consttuctsd first 

- IMdwest ISO/PJM crose-border projecte 

Cartato pro|acte may hava shortar teed timee; fbr exampte. when sttfngkig second drcutts on "exteting* 
doubte ckcutt capabte transmisston sttucturee. 

a 
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7.1.1 RGOS-identified Candidate Multi-Value Projects 
An initial set of transmisston proiecto was ktentifled ustog ttw tospecUon steps described to section 1. and 
served aa an Input Into ttw design cH ttw overall Candktete MVP portfotio. Setected Candktete MVPs are 
compatibte wtth RQOS-davetoped overiays and provkte potential v t iue fbr ottwr needs identified wtthto 
ttw transmisston systam. such as cor^to^Hon reltef and mttigation of reHabHtty conoeme. Refsr to Figure 
7.1-2. whtoh depkite Candktate MVPs from ttw RQOS analyste. Estimated cost for ttito RQOS Can(«date 
MVP set to approxtoiately $5.8 BMIton (2010 USD). K 4 b i ion of whtoh to wtthin Mklwest ISO bordera. 

Figure 7.1-2: RQOS-ktentMed CandMato Multi-Value Prcjecte 

The foltowtog numbered Itot corresponds to ttw numbered ktentifiere to Figure 7.1-2 and Aimishes 
addtttonal detoito on ttw retionetogutotog specific Candtoato MVP setoction. 

1. Big Stone to BrooUnge 346 kV Hne (2010 eetbneted InMaiad coat: $16011): Thte Hne 
prwklee aooesa to and coOection from renewabto energy arsas tocated to ttw eeslam Soutti 
Dakote portton of ttw Buflbto Rklga araa. TMe conktor te ktentifled to efi RQOS ovartaya at ttw 
345 kV voltega teval. TTw conrktor to atoo compatibte wtth current Qeneration IntarcormecBon 
Queue (QIQ) tocationa. 

2. BrooMnga t o Twta CIttea 346 kV Una (2010 estbnalad Inatalted c o a t fTOOM): Thte ltoe. aa 
appnwad ttw Mtoneeote PubHc UttMlee Convnlsston, dsfivsre energy firom ttw Buflbto Rklge area 
to a maior toad center to ttw T^vto Cttlee end beyond. Thte 345 KV proiect atoo provktea ooHectton 
potote fbr renewabte energy, aa wefi as rsUablHty beneflte Thto corridor to ktenttfied to aH RGOS 
ovartay soanertoe, atthou(^ at dHVersnt vottaga lavete Roceedtog wtth 345 kV consttuction doee 
not negato a tong-ranga 765 kV ttansmtoston axpanston sttatagy. Tha 765 kV sttatsgy can ba 
adjusted to accommodate ttite selection. 

a 
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3. LakefleM Junctton to MttcheN County 346 kV Hne con^ructed at 786 kV apeclftoattona 
(2010 eattowtad InateHed coat: $800M): Thto Ikw provktes for en addtttonal West to East petti 
fbr energy deHveiy from ttw Bufhto Rk^ite area. Thto corridor haa been ktenttfied In att of ttw 
RQOS ovartaya. as wsH as ki ottwr sttidtes such ae ttw Top Congested FkM^ate analyste to ttw 
2009 MTEP procass and recant GIQ SPA anal^tis. Thto corridor to ^ o compatibte to cofiact 
resources associated wtth cunant QIQ tocations. By devetoping ttils corridor using 765 kV 
consttuction, aH potantial tong-temi sttatagias ramato viabto. 

4. North UiCroaee to North Madteon to CarcHnal, Dubuque to Spring Green to Cardinal 346 kV 
Hnaa (2010 eatbnated InateHed coat: $81116): The devetopment of ttwse conktore wItt provkte 
for ttw conttouation and extanston of ttw wast to eest trwwmtoston pato to provkte more ereaa 
wtth greater access to ttw high wtod sreee wHhto ttw Buflbto Rklge and beyond. These corridore 
are compatibte wtth ttw RQOS overiays u vwH as ottwr studtos such aa ttw QIQ SPA and DPP 
staJdies. These pro|eete can be wefi-totegratad regardless of ttw tong-ranga ttansmisston 
a)q;wnston sttatagy adopted by Mkterest ISO; eg . . Native Vbttaga. 766 KV, and 346 kV ptoa DC. 

5. SheMontDWbbeter tDBIackhawktoHazte ton346kVi ina(a010e^towtadtoeta l ladGoat : 
$488M): Thto set of ttansmtoston prq|acte providee botti a coltection of renewabte anergy to high 
wtod areas and an addtttonal wast to east ttansmtoston patti fbr deivery of energy to ottwr parte 
of ttw study footprint Thto combtoation of coHection and delivery to competibto wHh ttw RQOS 
overiays (Mitti proper acfusttnente made) and haa shovm to be ooinfwttt)te vvtth corridore ktentt 
wtthto ttw QIQ SPA studtos. 

6. Oltumwa to Adair to ThomaaHHlAdakr to Patoiyra 346 kV Hnee (2010 eettowtad Inatalted 
c o a t $296M): Thte set of ttansmtoston to compatibte wtth ttw a l RGOS overiays and provktea 
access to quaHly wtod resouross wtthto ttw MMwsstiSO footprint to KAssourt. Thto oorrtdor 
devetopment provklee an addtttonal north to soutti patti and begkw a new west to east 
ttansmisston pitth for energy defivery acRws ttw fbotortnt 

7. Paknyra to Marsdoete to Pawnee^ ^wva to Meredoete 346 KV Hnaa (2010 
InataHed c o a t $346M): Thto ttansmtoston to compatibto wtth ttw RQOS ovartoye and provktea 
accaee to quettty IHtoote wtod potontiai tocatad wtthto ttw Mtowest ISO footprint Thesa Hnee 
provkte reNabHi^ support to ttw Ipava area nMh ttw new 345 kV corawctione. tt eleo continues ttw 
new vwst to east path ttiat w i help bridge sonw of ttw martcet consttatote across HHnote 

8. Sirittvan to MaadowvLeke to Qreentown to Blue Creek 766 KV tow (2010 eettmatadlnataitad 
coe t $808M): 765 kV ttansmtoston to nativa to todtana. Thto ttanamtoskm pten te part of ttw 
765 kV ovariay but can atoo ba compatibte wtth tiw ottwr overiaya such as ttw 345 kV Hnaa 
dtocussad pravtously. Thto ttansmtoston provktes access to ttw wind potsnttal in ttw Benton 
Coun^ area of Indiana and provktea an addtttonal weet to east energy delivery route. Both 
Mtowest ISO and PJM generation kitarconnection queuee tocfcjde potentiel resourcee In tttia araa. 
tt wHI ateo provkte ttw comptetton of a 765 kV toop wtthto todtona to help mttigate some of tha 
martcet consttatote assoctetad wtth ttw extottng Rockport to Jaflbrson 765 kV Ikw. A stoiHar Ikw 
waa ktenttfied as a potential sototion to consttatote aasoctotod witti ttw Souttiwest IndtoNW 
generation energy deivery. Note a varsksn of ttito project vras prevtously proposed aa a jotot 
project between PJM and Mtowest ISO. Beceuse of ttito. coete may ba spHt betewen Mklwest ISO 
snd PJM and wouto-to ttw event of a Jotot project undertektog-atoo raquire a cotocktent 
PJM analyste. 
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9. Collins to Kawanae to Ponttac to Meadow U k a 786 kV line (2010 eetlmated InateHed c o e t 
$864M): 765 kV transmtoston to nativa to ttw P M system to northern llHnois and ttidtena. Thto 
corridor to ktenttfied primarUy wttNn ttw 765 kV overtay. However, tt does hava corrtdor 
compattbUtty wtthto ttw ether overiays. As pravtously dtocussed, Nativa Vottage and Nattva 
Voltage wtth DC ttansmtoston can botti ba adjusted approprtatsfy to provkte compatfbiltty ^ 
of ttw sttategles. Thto line provktes a second EHV fMtth firom ttw Chicago area to ttw east It atoo 
provtoes a potential sokition to ttw WItton to Dumont related consttatote ttutt providee three (3) of 
ttw top 20 htotorical top congested fiowgatas wittito ttw Midwest ISO martcet VMtti ttw tocraastog 
pressure of wind wtthto ttw Mklwest ISO and ttw PJM portton of llltooto. specHteatty ttw Kawanae 
area, ttito ttansmisston Ikw wHI help reteaee known and projected congissfion assoctetsd wtth ttw 
ttanemtosk}n systems atong Lake Mtohigan's souttwm shore. 

Mtohlgan Thumb 346 kV tranamtealon toop (2010 eetbneted InataHed c o e t $610M): Thto 
toop was evaluatod under an Out-ofCycte procass fbr incknton to MTEP10 Appendbc A and 
apiorovad by ttw Kffidweet ISO Board of Dkactore (B(X)) to tts August meeting. Thto acceteratad 
ravtow was raqukad to meet tiw near-time needs of ttw Mtohlgan renewabte energy mvidate. 
Thto ttansmtoston to compatibto wtth ttw aN of ttw sttattsgtos wtthto ttw RQOS analysto and ̂ vaa 
access to a Ngh wtod potential araa wtthto Michigan. 

11. Davte Beeaa t o Beever 346 kV Hne (2010 eathnatad InataHed c o e t $71M): Thte ttansmtoston 
provtoee access to and delivery of wtod energy potsnttal tocatad around ttw shoraa of Laka B to 
wtthto Ohto. There te QIQ generation to the area and ttw ttansmtoston to ktonttfied wtthto att of ttw 
RQOS-dsvatofwd transmisston 

10. 
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8 Going Forwar(i 
RGOS provktes industty stakeholdera and poHcy makere wtth a regtonal plannkig perspective ktentttying 
potontiai Invesbnent opportuntties and demon^rating ttw totagration of renewabto energy policies kito 
etectttoal ay^am development The purpose of ttw RQOS ttansmtoston devetopment eflbrt has been to 
axptore tong-tenm transmtoston sttatagies ensuring study-defined r^iablity objectives In deUvery of 
renewable energy as weR as compHanca wtth RPS mandataa anconi|Msskig states wtthin ttw 
study fbotprint 

No consensus extota regerdtog ttw amount of renewabto gener^ton uNknalaly needed to comply wtth 
cunant and futuraRPS rrwniaitaa. Some assert a much higlwr level of wind generation wM be requked 
ttwn ttiosa toctoded to RQOS analyees whfie ottwre ctekn e tower amount Regartfiass o l ttw toni^tomi 
uncartekitias engendered by expanston or reduction of renewabte energy standards, states wtthto ttw 
kMdwastlSO systsm wW need new ttansmtoston to meet cunant and near-tenn renswabte energy 
requkamente ensure reHabte opanstion of ttw ttansmisston grtd, rsNava cunent and prc)jected araaa of 
congastion. and tecHttato ttw generation kitarconnection queue prooesa. 

As a rasutt of ttw RGOS effort. Mkhvsst ISO has ktentifled ttw next rnosl knmedtete step to ttansn^sston 
tovasttnent a set of robust Candktate MuNI-Vakw Projecte (MVPs) meeting cunant renewabte enargy 
mandates and ttw regtonal reHabiltty needs of fia membere Thte Candktate MVP proiect portfbtto, 
comprised of resutts from RQOS, multipte congsstfon sttidiee, and numeroue generatton intarconnaction 
studtos, Witt undsrgo rigorous snslysto ae a first stsp towards a regtonal ttansmtoston pten to meat ttw 
poticy driven needs of ttw statae to ttw Mklwwst ISO frwtprint 

Figure 8-1 : Proposed MIdweet ISO CandMato Mutti-Vahw Project Portfblto m 
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Candtoato MVP portfolto analysto to designed to be a fiuto. adaptabto, and dynamto planning approach 
based upon ttw concept of piovtoing a high level of benefite relative to project cost under a number of 
dttlbrent fbtore possibitttos. cukninating ki a regtonal plan ttwt reHabty and eflldentty daHvare value to 
toad. I n t t w M T E P I I sttidy cycto. ttito portfofio wiH be ttwroughly evaluated to ensure project vatoa and to 
confimn system rellMltty wtth eH Candktete MVPs Included, wtth a goal of moving any ai^toabto projecte 
to MTEP Appendix A as MVPs. In 2012 and subsequent years. Candktete MVP portfoHo anelysee wlH 
continue to deveksp portfoltos addressing long-tenn s ^ l e m vakw driven and needs. 

A Candtoato MVP portfblto has been ktenttfied by analyztog ttansmtoston neede from m i ^ p t e 
transmisskm and economto sttjdiee. whtoh Inckxtettwfofiowttig: 

- RQOS 

• Studtoe conducted in ttw generation kitercorawcOonprooese 

" Congestion studtos such as ttw Top Congested Ftowgate Study and ttw Cross Bordsr Congested 
Study 

- MTEP reHabHtty studtes 

Tranamtoston sokitions firom ttwea studtes ware evakwted for oon^wrabHtty and ablHly to be buttt wttNn 
ttw near-tenn. These projecte wW continue to be evahiatad to more detail toto 2011, botti to ensure 
project robusttwss and to confimi systam refiablNty wtth toctoston of ttw Candktate MVP portlbtio. Thte 
analyste waa pravtously refsnad to as "Starter PrcjecT analysis, but nornanctoiture vires mod t t l ^ 
align Ha evakiation wtth ttw July 15** cost attocatton fifing at FERC. 

CancNdato MVP analysee wM be used to find ttw totai vakw of ttw portfoUo of proposed prajecto. and 
uetog raltabifity end aconornto analyses, to dstsrmkw if ttwse prqjecto are aHgttite for MVP cost aHocatioa 
To ensure totai vakw of ttw pn)|acto to accurately captured, MMwest ISO wB continue to refine and 
davetop ttw set of metrtcs and mettwdotogy usad to evakiato ttw totbl vakw of a portfoHo of projecte to 
ttw robusttwse testing step Aecussed to section 4. Thte refinement wHt take plaoe wtth heevy stakehokter 
tovolvement ttirough such forunw aa ttw Planntog Advtoory Commtttee (PAC) and ttw Ptenntog 
Subcommttlae (PS). 
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Appendix 1: Site Selection Methodology 
A 1.1 Developing Wind Resource Datasets 
In ttito tesk, high resoiutton (2km x 2km) masoscate wind date vras dsveloped fbr yeere 2004,2006, and 
2006 to 10-minute totannde at various hub helghte. Mesoscate to a temi used to describe a ttvae 
dimenstonal numerical waattwr model. AW8 Truewind determkwd ttw best mesoscato modal and 
configuration to use fbr ctovetopkig Hs high resolution wtod resouroe dataset by testing and valkteting a 
number of potential modeHng configurations. Tha vattdation covered one foH year of sknulatione and 
compared ttw reeutta wtth actual wtod measursmante ftotrt ten measurement sHee ttvous^wut ttw study 
region. Resutts of ttito modol indudsd, tomperatore. pressure, wind speed, wind direction, wtod densi^. 
turisulent kkwtic energy at five helghta, specttto humtotty. tocomtog tong-vrave and short-wave radiation 
and predpttation. VVtth a vaHdatad masoscate wkto dataset tt was ttwn poestote to model power output for 
varioiw wtod terni configurations at varioua hub heighte 

Al.1.1 Site Selection Process 
The goal of ttito task was to ktentify potartttel wtod sMee In ttw study regton, botti on-shore and off-shore, 
wtth a combtoed total rated capaetty of at toast 3.000 gigawatts (QW). An addtttonal task, ttirough a 
setoction process, waa to ktentiiy a subset of ttwse wtod sttes tt)taNng 600.000 magawatta (MW) from 
whtoh to devetop a wkid database. 

Provtotog a consistent set of resource estimates for ranktog and selecttog sHas requkad the preparation 
of a seamlese map of 11-year average wtod speede at 80 metere hdght for ttw EWITS ragton. A 
rapresentattva wtampte wtod speed mep to shown to Figure A1.1-1. Tha map has Iwen rendered uekig 
Verityx V e t o d ^ Sutta^^ and to a represerttaHon of vrind resouross acroas ttw Unitsd Statae. The data vwa 
compiled fifom botti state and regtonel sources; ttms, level of detafi may vary. The ecete rangee from 
Class 1 wtods undar 12.5 mph to Ctoee 7 iMnde over 19.7 mph. Thte knaga to dtoplayad at 500-malar 
reeokjtion. WhHe ttw EWITS end JCSP study regtone were ttw eama, wtod date vrae not produced for 
entirety of ttw study regtone beceuse of ttme and coet conskterations, pkw lack of potsnttal wtod 
Tha map to Figure A l . 1 .-2 shows ttw stta satectfon wtod devetopment area. 

Vsntyxa. Vt todty SuttoO 2006 
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Figure A1.1-1: Exanqite of US Wind Reeource Map 

Figure A1.1-2: Site Selectton Wind Devetopnwnt Area 
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Ustog ttw 11-year average wind speed at 80 metere. a map of ttw estimated net capaetty tector for a 
composite lEC Class 2 wtod turialne vras ttwn created. 

These maps are eroded ustog QeograplMc kifonnation System (GIS) software, whtoh aUows ttw spatial 
representation of ttw date on a map In uniqiw layere. In slddltton to capaetty tector, ottwr layare such as 
tend araa. t o p o g r s ^ . lakes, rivers, cttias. mettopotttan areas, stato and federal lands, alrporte. stope, 
eto. were utiHzed. Using ttw capaetty tector map and an aasumption for how many wtod turbtoas couM be 
placad to a spedfled araa aUows estimation of totai potantial wtod capaetty and energy to tiw Eastem 
Untted States. Any araas where tt Is undssirabto or impossttvto fbr wind hjrt)kws to be tocatad were 
exduded from consktoration. WHh a capaetty factor rnap layer combtoed wtth an axduston rnap layer, ttw 
net potential wtod davetopmerrt couM be determkwd fbr ttw study regton. Maps of axduston araaa to 
apply to ttw stta selection process vrare created and ttw varioua criteria are llstsd below. 

Maps Layere from ttw USQS National Land Cover 

- OpenWster 

- 200m buflbr of Devetoped Low Intenstty 

- SOOm buflbr of Devetoped Medium Intenstty 

' 500mbidter of Devetoped High Intenstty 

- WbodyWbtiands 

- EnwrgantHertweeoueWbtiand 

Map Layare from ttw ESRI date base: 

(2001): 

- PartcaDataited 

- Federal Lands (non-pubHc) 

- 10,0006 buflbr of smaH airports (aH hub sizas) 

- 20.000ft buffer of tergaakporta (hub sizssmedkim and large) 

> Map Layare ftom ttw Conservation Btotogytostittita: 

- GPACTvakwof 1,2.7 &6(TVpicaHyttwse aremaneged areas. pubHc and private) 

' Map Layare finom Ottwr Sottfcee: 

- Stopas greater ttwn 20% 

- Araaa oulakto ttw study ragton 

Several mettwdotogies were used to furthsr prioritize ttw potantial vrtnd famw. The AWS Tnwwtod 
stta-screening program buHde wtod temrw one grid ceH at a time wtth 2km x 2km rasototion. addtog grids 
to ttw Item until an axduston area boundery to met A wtod fbrnn produced couM be aa smaH ae 2fcm x 
2 km or exttemely large to niral araaa. tt waa ttwrefrm necessary to speetty a mtoknum and maxknum 
size wtod temi to ensure reasonabto stta sizae. to addttton. to eneure geognaphto divarstty wtthto ttw sHaa, 
tt two sttes to an area were ac^aoant ttw program setocted ttw stta wtth ttw highaet catoedty fbctor and 
exduded ttw ottwr. Thus ttw modd togtostty reducee ttw emount of wtod capaetty ktenttfied to Bonwtfitog 
toes ttiat ttw total potontiai capadty. Even ttito reduction mettwdotogy does not reduce ttw amount of 
wtod sttea to ttw spadffed 3.000 GW of capad^ targeted ae ttw c^wdty to uee to ttw stta setoction 
proceee. to addttton, if ttw program were to setod ttw top 3.000 QW of wkid sitee. ttwse sttee wouto ttwn 
aH ba to ttw centtal part of ttw countty. whtoh to toss ttwn kteai. Ustog pravtous wtod studtos and ttw wortc 
done by ttw JCSP. NREL ktenttfied target amounte of wtod capadty wtthto each state Thesa combtoed 
metiwdotogtes prmkiced over 7800 sttee toteltog over 3.000 GW of rated capadty. Mesoscete wtod data 
was appHad to potantisd sttes ktentifled from ttito list 



Refer to Figure Al.1-3. 
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Rgure A1.1-3 Potenttel Sttes for Onshore Site Selectton by Capacity Factor 

a 
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From ttw 7.856 sttee to stte setection list NREL ktentifled 1,513 sttes totaHng 651.091 MW, ft)r AWS 
Truewind to apply ttw ttirea (SQ yeere of 10-mlnute mesoscato wtod date. These 1.513 sites are reterrad 
to as ttw 'setected sitee*. These sttes sre shown In Figure A l . 1-4. 

Figure A1.1-4 NREL Solected Stte for Mesoscato Wind farm Modeling 

The NREL-selected sites wtth ttw mesoscato wind modeling are avaHabie in on ttw NREL webstte fbr 
years 2004. 2005, and 2006. Tl>roughout tNs process, Midwest ISO wortced wtth NREL. reviewing ciate 
and provtoing feedback. Having modeled wind in ttw past; reviewed numerous wind studies; worthed with 
stakehoktore, wind devetopere, state regulatore: conducted ttw JCSP study, and wtth a need for wind 
date in or>gotng studies and future studies, Mtowest ISO vras in a unkiue position to provkle feedback and 
review the date. 



CaieN«.10.2566-EL-SSO 
lEU-StiPP-POD-03-0eS (a) 
Page 111 or 146 

From tills revtowtog proceu, MIdwast ISO ktentifled an addtttonal need outekte of ttw scope of the 
original request of AWS Truewkid. Mtowest ISO pertbmwd a gap analysis of ttw wind sttea setected and 
ktenttfied addttional sttes where tt wanted mesoscate wind date developed. NREL vras abte to wortc wtth 
AWS Tnwwind to incorporato ttwse addtttonal sttes. and ttw data to toduded on ttw NREL websHa. Reter 
to Figure A l .1-5. 

Figura A1-5 NREL and RGOS Study Regton Setected Sites 

A1.2 Generate Wind Plant Output 
A detailed exptenation of ttw procedure to catoutete ttw wkid ptent output to on ttw NREL wabstta. AWS 
Truewind ran a skTuitolton modal to convert ttw mesoscate wtod date to ttw selected sites. Blended power 
cunres ware ttwn created and ussd to catoulate ttw power output of each stta. Tha International 
EtedR^achntoal Commtoston (lEC) 1 and 2 cunres ware basad on a compostta of ttiree commercial 
turiMnes (QE. Vsstas. Gamese brands). The lEC 3 curve was based on two ttjrt)ines (GE 1.5xte and 
Gamesa G90). The lEC 1 and 2 ftjrt»toee vrare assumed to hava a hub height of 60 m and ttw lEC 3 
tLsbkwIOOm. 

A stogto toxl ffie fly ttw output vras created ft)r each sMs. Tha output kiekided 10-mtoute eknulalad vvtod 
speed at 60 and 100 meters, wtth power outpute for lEC cteae 1 and 2 at 80 metere and lEC deea 3 at 
100 metere AH outpute were time stamped to Greenwtoh Meen Tkne (GMT), to addttton, ttw program 
setodad ttw most appropriate lEC dass based on ttw mexknum meen speed wtthto ttw site a^i jstad fbr 
air denetty, for ttw spedfic year of study. Since ttw date was devetoped ftir yeare 2004.2006, and 2006. 
ttw setected turbtoe dass coidd vary to dttterant yeare. AH turbinae to ttw ptent were ttw sama typa (1 ,2 
or 3) as detennkwd from ttw average wtod speed wtth an adMtmeni for stta attttuda. The power oijtpul 
fbr ttw setected lEC dass to provktod ki ttw last cokimn of ttw ftta. A header to provktod for each stta 
ktentifying ttw stta number, tte rated capadty. ttw selected lEC ctess, and ttw tossee for each turtHna 
class. Tha 10-mtouto data may be converted to houriy data by taktog ttw average output for each hour, 
Thto mettwdotogy was accompHshed by Midwest ISO and NREL ki ttwk studtos. 
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Al.2.1 Forecasts and One Minute Samples 
AWSTnjawlndproduoedhourtyforecastefr)r ttvae dttlbrent time horizons: next-day, six-hour, and four-
hour for use in houriy production modefing. In addttton. ttwy developed one mtoute samplee of wind 
generation. The procedures are described to dsptti in ttw documentation on ttw NREL webstte. 

Al.2.2 Wind Statistics 
• Onshore Stta Selectton: 

- 7.656 sttes consktored wtth a capadty of 3,086,915 MW. 

- Range of setected sttes 11 year average capadty factor to 18.2% to 49.0%, ttw average 
capadty tector to 33.0%. 

> Mesoscato Date contatotog ttw foHowing: 

- Date In Greenwtoh Mean Ttow (GMT) 

- 1(Mntoutadatefbryeare2004.2006,2000 

- Power oulpittfiM'IEC1&2turi3kias at 60 metere and tB2 3hirt)toesat 100 metere 

' Wtod speede at 60 and 100 metere 

- Max capadty, prefonadtufbtoe type end tosaasprovkted for each stte 

- Onshore NRQ. Setected Sttee 

- 1,326 sttas setected by NREL wtth a capadty of 560,763 MW 

Tat>te A1.2-1: Onahore Stta Selectton Capacity Factora by Year 

2004 Capadty Fedor 

2005CapedlyFedor 

2006 Capeoity Fector 

3 Yesr Average Cspecily Fector 

36.8% 

36.3% 

37.4H 

38.6% 

2.4% 

2.4% 

4.2% 

3.8% 

81.7% 

80.9% 

82.1% 

81J% 

Onehore Mtoweet Addtttonal SHaK 

- 167 addtttonsi sttee setected by ttw Mklwest ISO wtth a capaetty of 70.328 MW 

- 1,513totelsttaetotafing661,091MWwtthmesoscatowtoddatedavek)ped 

- Three(3) Year Annual, Mto&Maxc^wdtyfBctorforaR1.513stteeor36.6,2.3%andffi!.5% 
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Refsr to Figure A l .2-1, whtoh shows ttw distribution of afl setocted sites by rated capadty. The buffic of ttw 
sites teH between 200 MW and 600 MW to size. A smaN numbar of 'magasttas* wtth rated capacities 
exceeding 1000 MW were also chosen. AH of ttw megasNas are tocattKl in ttw Great Ptains. 

Selected Site Capacity Di^ributlon 
(1,510 sites) 

350 

4 1 

§ § I § § § g § S § 
Rated CspedtvlMW) 

Figure A1.2-1: Dtetributton of SHe Cepacia for all 1,613 Setected Onahore Sitae 

The friNowkig figures rsprssera ttw mtoknum and maxknum aysism wtod fbr ttw Nf^EL sttes fbr each yaar 
of meeoecate data To understand and vteualza ttw mesoscato data, MMwast ISO created tiwmatfc mape 
whtoh represented ttw power ot^put fry ttw eastem kitarconned to a ootor coded map conaspondtog to 
ttw wkto powwr. To Hkisttato ttw houriy variance of wtod, nnjttipto knsgee vvere created and oontotoed toto 
"wtod movtoa' far 2004.2005. and 2006. These movtos rsprMant ttw meeoecate houriy power output of 
ttw NREL selected sttas. 

The date te presented as par untt power output wtth red having a vakw of 0.9 and dartc bkw wtth a vakw 
of 0.0. Thesa movtoa are avaHabte to downtoad at ttw fofiowtog vmbotte: hHP!//www.k5sPBhidv.Qrgf. Tha 
Figuree A1.2-2 and A1.2-3 showtog mk^mum and maxknum systsm virfnd were taken from ttw 
wttKlmovte. 

http://www.k5sPBhidv.Qrgf
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Figure A1.2-2: Mtofmum Power Output of the NREL Selected Sites for Each Year 
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Figure A l .2-3: Maximum Power Output of the NREL Setected Sitee fbr Each Year 
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A1.3 Renewable Energy Zone Scenario Development 
Al.3.1 Wind Analysis 
Several capadty fbctor matoce were cfltfculated to amdyze ttw wind data to dMnntoe ttw appropriate 
measures for rankhig tha ranewabte energy zones. The purpoee for exaintotog the vwtous capadty tector 
metrics was to first answer questions about ttw variablltty and timing of wtod production and also to 
detennine if ttwre ware arees where wind energy pertbmwd better. A statistical analyds of ttw date had 
to be pertbmwd to be abte to questions such as ttw fdtowtog: 

Is ustog tha ttiree 
be consklered a 

average capadty tector enough or ShouM ttw capadty factor ftx-each yaar 
criteria? 

to a sHattaatad whtoh may have e tower c^wd ty fbctor ttwn enotfwrstte buttanda to 
produce more energy during OTHwak houre? 

• Doee wtod reatty blow more In ttw evenkig ttwn during ttw day? 

To provkte answers, a range of statistics was crsaled based on time and appited to each stta. Tha varioua 
capadty tector metttoa are described to Tabte A1.3-1. betow. 

Tabte A1.3-1 Sumnwry of Capaetty Factor Matrica 

11 Year CF 

2004 CF 

2005 CF 

2008 CF 

3YeerCF 

On-peskCF 

Summsr On-peskCF 

Summer Aft On-pesk CF 

OfHwskCF 

CF based on 11 yeer everege wtod speed at 80m 

CF for 2004 

CF tor 2005 

CFfrN'2006 

Ararsge CF ftN-2004.2005 end 2006 

3 yeer CF for houre betwsen 6em to 10pm EST 

3 yeer CF for houre between 3pm to 6pm EST 

3 yeer CF on-pesk hours for June. July snd August 

3 yeer CF for aftsmoon oniwsk hours for June. July 6 August 

3 yssrCF for hows betwsen 10pm teOsm EST 

• 
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Figures A3-1 torough A3-3 provkte an ovenriew of some of ttw capadty fbctor metrics per state. The 
off-peak average d^ad t y fsctore were higher ttwn ttw orvpeak and signtttoanOy higher ttwn ttw summar 
afternoon on-pMk hours. A llneer relaOonship can be seen between ttw average capadty tectore and 
ttwir changes fbr ttw dttferent mettles. Spttcee or dips to ttw date Indtoate ttw averege capadty tectore to a 
given state partbrmed better or worse retotlva to ttw ottwr states. TMs to seen ki ttw afternoon on-peak 
houre witti a alight dip fbr Missouri and a slight tocreasa fbr ttidtana. 

Average Capacity Factor Metrics by State 

»0ff-Pe8k 

>nw 
'3Yr 

»0n-Peak 

' Afternoon On-Pc«k 

'Summer O n ^ a k 

'Summtr Aftornoon On-Peak 

Figure A1.3-1 Average Capaetty Factor Matrica by Stato 

a 

60J1 

S0.0 

40.0 

30.0 

20.0 

10.0 

0.0 

Maximum Capacity Factor Metrics by State 

>0ff-Peik 

•11W 

'3W 

*On-Ptik 

•Afternoon On-Pf8k 

'Summer On-Peak 

*Summor Afltrnoon On-Port 

• • ! I • I 

ND MT SO 
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Figure A1.3-2 Maxknum Capacity Factor Matrica by State 
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Minimum Capacity Factor Metrics by State 

^--Of f -Pcok 

— — l l Y r 

— 3 Y r 

»n-Poak 

»Aftenioon On-P«ak 

•Summer On-Ptak 

*Summtr Afternoon On-Poak 

Figure A1.3-3 filtoimum Capacity Factor Matrica by State 

Soma ottwr mettlce devetoped far analyste toduda oorretation of wtod to toad, ramp, and oonalation of 
wtod sttes to distance from each ottwr. The foHoiMng figuree demonsttate soma of ttw raautta firom 
thto wortc 

a 
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Figure A1.3-4 represente ttw wtod output correlation to kwd for Mklwest ISO. A correlation of 1.0 to a 
pwfed corrdalton. meaning toad and wtod e)wctty match each ottwr. A corretatton of 0.0 represente no 
correlsAton. meaning ttwt toad and wtod a d completely todependent of eech ottwr. The conelation vakwe 
demonsttate ttwt ttwre was not a strong correlatton between wtod output and toad. In other words, one 
cannot ganerefiy exped a spsdfic wind output based on kwd tevete However. In general, wind output to 
typkwHy higher during off-peek houre as opposed to on-peak houre (when toed to less) as shown In ttw 
previous figures. Similar resutts hdd ttua on a state by state basto ftK all ttw states to Mklwest ISO. 

Corretatton of vnndtoloed 
ANHoiin-MkhvoatlSO 

CorretadonofWtodto 

CorrslslkmefWtadto Correlsltonaf Wtod 10 loed 

Cevretaltonof Wtod «a laed 
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Figure A1.3-4 Conalatton of Wind to Load to the MMweat ISO 
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Houriy rampkig of ttw wind w a s calculated by tookkig at ttw detta of wind output fifom one hour to ttw 
n e x t A dtotributton o f ttwse vahies w a s created and a corratoAton to toad ramp w a s catoulated. A s 
expected, ttw correlations we re relatively d o s e to zero and toslgnHicant Refer to Figure A 3 - 5 for resutts 
f rom tawa (IA). IHtoote (IL). Mtonasote (MN), and Wtoconsto (WI). 

MNCoROtaSen Wtod Rrnnpto Looti Ramp 

0.10 

a i 

0.06 

0 

J I fM 

• • 

v ; \w ^^wJ^Cit: 
* / i H i 2 / W A ^ 
J i ^ ^ 90 too tfltt aoo 

• f l .w •— - ~ • - 1 

VN CofTototion WkW Ramp to Loed Romp 
• 6% 

0.12 

0.1 

008 

ao8 
OM 

aoB 

• • —0 0 

100 

0.12 ' 

0.1 

0.08 

0.08 

OM 

oot 

0 

LCoffietation VWnd Rampto Load name 
AMweso«S% 

0 

1. - * • -

v v V ^**-Vv^.*^iak. 
* » 40 m m too 

F igu re A1.3-6 : Cor rs te t ton o f W t o d f t a m p t o L o a d R a m p 



CaaeNo; I0k2586-CL-S50 
1EII-SUPP-P0IM)3^M» (•) 
PafCl21on48 

Figure A1 .3^ represente ttw conetotion of IndMdual ettas to each ottier. The green line represente 
distence separation east to west, ttw bkw line north to soutti. The figure demonettatae ttwt as ttw 
distonca betewen two sttee becomes large, ttw conatetton of ttw wtod at ttwse two sttee reducee. In ottier 
wonte, ttw ftjrther apart two sttes sre, ttw toss likely ttiey WIN have sknUer wtod profilee. Thto to an obvtoua 
expectatton since two (2) sttes tocated next to each ottwr wouto be expected to hava similar capadty 
factor characteristics. 

i 
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Appendix 3: Indicative Transmission Design 
Thto Appendix de|9tote and describee tiw Indtoative ttansmission overiays reeutting f^om formulation of 
five (5) ranewabte energy zone scenarioa. Also refbr to ssction 5 of ttiis document, which provktes greater 
detatt on design process bsckground and reeutte. These scenarios indude ttw fdtowing: 

• Local: In ttw Local scenario ttw ranawabto anergy recpjkemente and goate wlH be m a t wtth 
resources tocated wtthto ttw seme state as ttw load. 

• Regtonal: to ttw Regtonal scenerio renewabto energy requkemente and goate win ba mat wtth 
resourcee tocated to ttw highest ranking renewabte energy zones regardtess of ttw zonae 
tocation reiativa to ttw RGOS II toad. This scenario wHI utiHza ttw high capadty fbctor zones 
rscommended by UMTDI ftom RQOS I. 

" Regtonel Opttonlzed: The Ragional scenario resutta to capadty to excesa ofwhat to needed to at 
toad cover ttw renewabto raqukanwnta/iioate to tiw optimized case ttw capadty to sonw zonee 
reduced such ttwt ttwre to Just enough resourcee to cover ttw requkamente^tottle. 

• Combtoation 60/60: to ttw Combtoation scenario ranawabto anergy raqtAamante and goate wfil 
be met wtth a combtoation of 50% of ttw resourcee tocatod wtthto ttw eeetem statae (RGOS II) 
and 50% ftom ttw western stotes (RGOS 1/UMTDO. Emphasto wW be ghwn to etate requkamente 
to tocato part or a l of ttwk reeourcee used to meet renewabto energy requkamente and goate 

- Combinatton 7»26: Thto scenerio te sknitar to CombtoMton SQTSO except ttwt 78% of ttw 
renewabto energy requkamente wUt be met from ttw wast states (RQOS l/UMTDI). 

The fofiowtog tabtee and charte deptot reeutta from ttw todtoetive tranemtoeton wortcehop whereby the 
renewabte enargy zorw scenarioa abova were used to develop todtoattva ttansmtoston ovartaya te serve 
ttw energy and capadty ftom eech scenaria Thto wortc waa accompRshed uetog several ttanamteeton 
buHdKxit poBsttiUtttos ttwt toduded 346 kV. 765 kV. and DC. Each of ttw varioua ecenerioe haa a tabte 
showtog ttansmtoston mHeaga, a tabto Rsttng ttansmission capttal coate, and a map depicting ttw 
transmisston ovariay. 



Caae No. 10-2586-EL-SSO 
iFiksirpftPfHyimiHrti 
P^el25ari48 

A3.1 Local 345 kV 
Refer to Tabtee A3.1-1 and A3.1-2. 

Tabte A3.1-1: Local 346 kVSum of Une Lengthe (MNIee) 

345 

765 

2-346 

Grand Total 

1001 

454 

1486 

999 

238 

1237 

188 

187 

378 

271 

196 

486 

230 

2701 

2831 

611 

811 

228 

268 

59 

864 

B60 

135 

1018 

4408 

462 

3775 

8846 

Tabte A3.1-2: Local 346 kV Sum of Total Cost 

345 

765 

2-345 

Orend Total 

$1,501 

1953 

$t464 

$1,999 

$816 

$2,818 

$338 

$431 

$778 

$488 

$702 

$1,188 

$460 

$8,753 

$7,212 

$611 

$811 

$455 

$1,070 

$146 

$1,873 

$2,201 

$408 

$2,808 

$6,054 

$1,772 

$0,309 

$18,138 

MWofCepsdty 

46,700 

Cost(M$) 

$81,400.00 

TetsI Ceete (2018 USD to MNRone) 

Transmtoston $19,136 

Osneiation $81,400 

Substations 

Resctore 

Tolsl $118,836 



Caae No. 10-2S86-EL-SSO 
lEU^SIIPP-POD-OS-OOS (a) 

126 or 148 

Reter to Figure A3.M. 
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Figure A3.1-1: RQOS Local 346 kV 

a 
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Pate 127 of 146 

A3.2 Local 765 kV 
Refbr to Tabtes A3.2-1 and A3.2-2. 

Tabto A3.2-1: Local 786 kV Sum of Line Lengthe (Mites) 

345 

765 

2-345 

Qfsna 
Tolsl 

1001 

454 

1488 

1005 

432 

236 

1874 

110 

396 

688 

196 

319 

618 

230 

2701 

2831 

611 

811 

228 

268 

488 

880 

136 

1816 

4260 

1416 

3528 

8264 

Tartrte A3.2-2: Local 766 kV Sum of Totel Cort 

345 

765 

2-346 

Orsnd 
Total 

$1,501 

$953 

$2,464 

$2,009 

$1,816 

$618 

$4^443 

$198 

$1,741 

$1,838 

$353 

$1,146 

$1,802 

$460 

$6,753 

$7,212 

$611 

$811 

$455 

$1,074 

$1,638 

$2,201 

$406 

u«. 

$7,788 

$5,779 

$6,730 

$22,288 

KIWofCsiwdty Co6t(M$) 

48,780 $81,488.08 

TotsI Coste (2810 U6D to HRNtone) 

Trsnsmisston $22,296 

Gsnsration $91,400 

SulMtsttons 

Reedore 

Total $113,888 

s> 



CaaeNo. 10-2986-EL-SSO 
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Refbr to Figure A3.2-1. 

fWr.uriheVanlyx,NMo«Rvi 

Figure A3 .M : RGOS Local 786 kV 

a 
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A3.3 Combo (50/50) 345 kV 
Reter to Tabtes A3.3-1 and A3.3*2. 

Tabte A3.3-1: Combo (60/60) 346 kV Sum of Une Lengths (to Mites) 

345 

765 

2-345 

Grand Totel 

1162 

454 

1818 

997 

152 

1146 

241 

58 

254 

688 

196 

165 

381 

230 

2701 

2831 

486 

488 

155 

94 

248 

880 

135 

1816 

4192 

379 

3790 

8361 

Tabte A3.3-2: Combo (60/50) 346 kV Sum of Total Coat 

345 

765 

2-^46 

Orsnd 
Totel 

$1,743 

$953 

$2,868 

$1,993 

$394 

$2,387 

$434 

$261 

$586 

81,276 

$353 

$593 

$848 

$460 

$8,753 

$7,212 

$486 

$486 

$621 

$234 

$888 

$2,201 

$406 

82.868 
^ • 1 • • • 

$7,670 

$1,474 

$0,325 

$16^70 

MWofCiVWdly Cod(M$) 

32J88 

Total Ceete (2010IWD to MMttone) 

Transmisston $16,470 

GensrsHon $66,300 

SutMtations 

Reectora 

Ibtei $83,778 

s 
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Refbr to Figure A3.3-1. 
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Figure A3.3-1: RGOS Combo (60/60) 346 kV 

a 



Caae No. 10-2SS6-eL-SSO 

Pafemor i4S 

A3.4 Combo (50/50) 765 kV 
Reter to Tabtee A3.4-1 and A3.4-2. 

Tabte A3.4-1: Combo (60/60) 766 kV Sum of Une Lengthe (to Mitoa) 

345 

765 

2-345 

Totel 

443 

650 

197 

1280 

772 

505 

1278 

93 

260 

383 

196 

319 

618 

33 

1166 

1338 

2837 

277 

324 

601 

237 

58 

288 

828 

162 

21 

1011 

2642 

3623 

1615 

7868 

Tabte A3.4-2: Combo (fiOreO) 786 Sum oTTotal Coet 

345 

765 

2-345 

Grand 
Total 

$684 

$2,731 

$414 

$3310 

$1,543 

$2,121 

$3*664 

$168 

$1,144 

$1,312 

$353 

$1,148 

$1,802 

$66 

$6,507 

$3,348 

$8,888 

$2n 

$1,381 

$1,838 

$947 

$147 

$1,884 

$2,070 

$776 

$62 

$2,888 

$5,141 

$15,626 

$3,970 

$24,837 

t4WofCspectty 

32joe 

Cod(M8) 

Total Coeta (2010 USD to IMNtone) 

Trensmtodon $24,937 

$85,300 

Subdatione 

Total $88,237 

6 
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Refer to Figure A3.4-1 
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Figure A3.4.1: RGOS Combo (OOffiO) 766 kV 

e 



Caae No. 10-2586-EL-SSO 

Par 133 of 1« 

A3.5 Combo (75/25) 345 kV 
Refsr to Tabtes A3.5-1 and A3.5-2. 

Tabte A3.5-1: Combo (76/26) 346 kV Sum of Une Longttw (to Mtos) 

345 

765 

2-^45 

Grand 
Total 

1182 

454 

1816 

997 

152 

1148 

241 

59 

254 

888 

198 

165 

381 

230 

2701 

2831 

486 

486 

155 

94 

248 

860 

135 

1018 

4192 

379 

3790 

8361 

Tabte A3.6-2: Combo (76/26) 345 kV Sum oTTotel Cost 

345 

765 

2-346 

Grand 
Told 

$1,743 

$963 

$2,888 

$1,993 

$304 

$2,387 

$434 

$261 

$586 

$1,278 

$353 

$593 

$848 

$460 

$6,753 

$7,212 

$486 

$488 

$821 

$234 

$888 

$2,201 

$406 

$2,886 

$7,670 

$1,474 

$9,326 

$18,478 

MWofCspedty Cod(M$) 

31.188 $82,388.80 

Totel Ceete (2018 USD to SMttonel 

Transmtoston $18,470 

Generation $62,300 

Transformws 

Totel $8b,778 

Refer to Figure A3.5-1 

t 



CaaeNo. 10-2586-EL-SSO 
IEU-SliPP-POD-03-OQS (a) 
P a r 134 of 148 
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Figure A 3 ^ 1 : RGOS Combo (76m) 346 kV 

a 
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Caae No. 10-2586-eL-SSO 

Par 135 of 148 

A3.6 Combo (75/25) 765 kV 
Refer to Tabtes A3.6-1 and A3.6-2. 

Tabte A3.e-1: Combo (78/26) 766 kV Sum of Une Ungtfw (to Mitoe) 

345 

765 

2-345 

GiWd 
Total 

443 

650 

197 

1288 

772 

505 

1277 

93 

280 

363 

196 

319 

818 

33 

1166 

1338 

2837 

277 

324 

801 

237 

58 

286 

628 

162 

21 

1011 

2642 

3623 

1615 

7880 

a 

Tatria A3.6-2: Combo (78/26) 766 kV Sum of Total Coat 

346 

765 

2-345 

Grand 
Tottrt 

$664 

$2,731 

$414 

$3J18 

$1,543 

$2,121 

$3,884 

$168 

$1,144 

$1,312 

$353 

$1,148 

$1,882 

$66 

$6,597 

$3,348 

$8,086 

$277 

$1,361 

$1,838 

$847 

$147 

$1,084 

$2,070 

$776 

$62 

$2,808 

$6,141 

$16,826 

$3,070 

$24,837 

MWofCapedty Cod(M$) 

31.188 

Told Coeta (2018 USD to MNItone) 

$24,937 

$62,300 

Told $87437 

6 
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Raibr to Figure A3.6-1 

S ajsitooja 01 
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FHiure A3.6-1: RQOS Combo (76/26) 766 kV 

a 



Case No. 10-2586-EL-SSO 
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A3.7 Regional 345 kV 
Refer to Tabtes A3.7-1 andA3.7-2. 

Tsbte A3 J - 1 : Regtonal 346 kV Sum of Une Lengtlw (to NNtea) 

345 

765 

2-345 

400 

800 

Grsnd 
Totd 

IA 

887 

150 

728 

335 

2181 

IL 

869 

152 

532 

1883 

IN 

39 

488 

628 

fVll 

196 

188 

rVJN D i i k 

214 

67 

3439 

280 

4088 

MO 

486 

229 

716 

OH F̂ A 

260 

363 

832 

WI 

797 

288 

60 

103 

1247 

Li'iiyui 

3488 

467 

4608 

60 

2332 

10873 

Tabte A3.7-2: Regtonal 346 kV Sum of Totel Cost 

345 

765 

2-345 

400 

800 

Oiand 
Total 

$1,330 

$631 

$1,532 

$3,159 

$8,882 

$1,739 

$304 

$7,225 

$8,388 

$71 

$7,131 

$7,202 

$353 

$383 

$427 

$324 

$8,596 

$3,039 

$12,388 

$486 

$1,716 

$2,281 

$1,076 

$8,864 

$7,838 

$1,993 

$859 

$867 

$1,437 

$8,178 

$6,399 

$2,031 

$11,362 

$867 

$30,561 

$81,280 

MWofCspedty Cod(M$} 

33,460 

e 

Total Coeta (2010 USD to tHBfione) 

Trsnsntedon $51,260 

Qsnsrstton $06,900 

Sdwtstions 

Reectora 

Totd $118,188 



CawNo.lO-25B6-EL-SSO 

Par 136 of 146 

A3.8 Regional 345 kV Optimized 
Refer to Tabtes A3.6-1 and A3.8-2. 

Tabto A3.8-1: Regtonal 346 kV Optimized Sum of Une Longttw (to Mitos) 

345 

765 

2-345 

400 

600 

Grand Total 

887 

150 

729 

335 

2101 

866 

152 

532 

1883 

39 

489 

628 

196 

188 

214 

67 

3439 

280 

4808 

488 

229 

716 

260 

363 

832 

797 

288 

60 

103 

1247 

3468 

467 

4606 

60 

2332 

10873 

Tabte A3.8-2: Regtonal 346 kV Optlmtaed Sum of Totel Cost 

345 

765 

2-345 

400 

800 

Grand Told 

$1,330 

$631 

$1,532 

$3,159 

$8,882 

$1,739 

$394 

$7,228 

$8,368 

$71 

$7,131 

$7,282 

$353 

$383 

$427 

$324 

$8,506 

$3,030 

$12,386 

$486 

$1,716 

$2,281 

$1,076 

$6,854 

$7,838 

$1,993 

$869 

$887 

$1,437 

$8,178 

$6,399 

$2,031 

$11,362 

$887 

$30,561 

$81,268 

MWofCsfwdty 

30.400 

t 

Cod(M$) 

$80,800.00 

Tetd Coste (2810 USD te Mttltons) 

Transmtoston $61,260 

$60,800 

Siibststions 

Totd $112,880 



Caae No. IO-25S6-EÎ -SSO 
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Par 13* of 146 

Refbr to Figure A3.8-1. 

Figure A3.6-1: RGOS Regtonal 346 kV (wtth Optbnized) 

a 



Case No. 10-2586-EL.SSO 

Par 140 of 146 

A3.9 Regional 765 kV with DC 
Refer to Tabtos A3.9-1 and A3 .M. 

Tabte A3.8.1: Regtonal 786 kV wtth DC Sum of Une Lengthe (in Mitee) 

345 

765 

2-346 

400 

800 

Grand 
Totel 

350 

651 

337 

166 

1804 

781 

505 

297 

1883 

39 

354 

437 

836 

196 

319 

616 

32 

1656 

1232 

280 

3208 

277 

324 

222 

823 

317 

3 

388 

842 

148 

21 

60 

101 

1172 

2517 

4274 

1500 

60 

1508 

8647 

Tabte A3.6-2: Regtonel 786 kV wtth DC Sum of Totel Coet 

345 

765 

Z < M 

400 

800 

Grand 
Totd 

$524 

$2,735 

$707 

$1,577 

S6.844 

$1,563 

$2,121 

$4,288 

$7,870 

$71 

$1,550 

$4,594 

$8,224 

$353 

$1,146 

$1,882 

$63 

$7,948 

$3,080 

83.038 

$14,128 

$277 

$1,361 

$1,898 

$3,337 

$1,288 

$2,428 

$3,888 

$2,105 

$708 

$62 

$887 

$1,434 

$8,187 

H 9 5 7 

$18,850 

$3,648 

$887 

$19,057 

ur.«. 

MWofCspedty 

33.450 

Cod(M$) 

$66,900.00 

Totel Coste (3018 USD to Maaone) 

Trwismlssion 

ysmwrwaan 

Transtomwre 

Subdstions 

rtesclora 

$47,800 

$66,900 

6 
Total $114300 



CaaeNo. 10.25S6-EUSSO 

Par 141 of 146 

A3.10 Regional 765 kV with DC Optimized 
Refer to Tabtos A3.10-1 and A3.10-2. 

Table A3.10-1: Regtonal 766 kV with DC Optimized Sum of Une Lengths (to Miles) 

rype (kV 

345 

765 

2-345 

400 

800 

Grand Total 

\^ 

350 

651 

337 

166 

1884 

IL 

781 

505 

297 

1683 

\H 

39 

354 

437 

838 

m 

196 

319 

616 

MN D.ik 

32 

1856 

1232 

280 

3288 

MO 

277 

324 

222 

823 

OH PA 

317 

3 

328 

WI 

842 

148 

21 

60 

101 

1172 

_L'fU)in 

2517 

4274 

1580 

60 

1506 

8847 

Tabte A3.10-2: Regtonal 766 kV with DC Optimized Sum of Totd Coet 

345 

765 

2-345 

400 

600 

Grand Totel 

$524 

$2,735 

$707 

$i.5n 

$8,6W 

$1,563 

$2,121 

K 2 8 6 

$7,878 

$71 

$1,559 

$4,564 

$8,224 

$353 

$1,148 

$1,882 

$63 

$7,948 

$3,060 

$3,038 

$14,128 

$277 

$1,381 

$1,699 

$3,337 

$1,289 

$2,426 

83.888 

$2,105 

$708 

$62 

$867 

$1,434 

$6,187 

K 9 6 7 

$16,850 

$3,649 

$867 

$19,067 

$47,688 

MWofCarwdty 

30,488 

8 

Cod(M8) 

$80,888.08 

Totd Coete (2818 USD to MMone) 

Transmisston $47,800 

Generation $60,800 

Substetione 

Totd $108«40e 
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Refer to Figure A3.10-1. 
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Figure A3.10-1: RGOS Regtonal 766 kV with DC (with Optimizad) 

a 



CaaeNo. 10-2586-EL-SSO 
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A3.11 Regional 765 kV DC West 
Refer to Tabtos A3.11-1 andA3.11-2. 

Tabto A3.11-1: Regtonal 766 kV DC Weet Sum of Ltoe Longttw (to Mtoe) 

345 

765 

2-345 

400 

800 

G m d 
Totel 

350 

410 

337 

166 

1283 

755 

495 

166 

1418 

39 

393 

432 

196 

319 

818 

32 

1169 

1232 

280 

2712 

277 

222 

486 

317 

317 

842 

21 

60 

99 

1022 

2491 

3102 

1590 

60 

934 

8176 

Tabte A3.11-2: Regtonal 766 kV DC Wsat Sum of Total Coet 

345 

765 

2^45 

400 

800 

Grand 
Total 

$524 

$1,723 

$707 

$1,577 

$4,632 

$1,509 

$2.on 

$2,768 

$8,374 

$71 

$1,728 

$1,788 

$353 

$1,148 

$1362 

$63 

$5,610 

$3,080 

$3,039 

$11,781 

$277 

$1.^8 

$1,878 

$1,269 

$1388 

$2,105 

$62 

$887 

$1,429 

H « . 

$4,903 

$13,555 

$3,848 

$867 

$10,531 

$33,728 

htWofCspecity 

8 

Cod (MS) 

$86,808.88 

Total Coeta (2818 USD to 

$33,726 

$66,900 

Subststions 

Totd $108328 
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A3.12 Regional 765 kV DC West Optimized 
Refer to Tabtes A3.12-1 and A3.12-2. 

Tabte A3.12-1: Regtonal 786 kV DC Wbst Optimized Sum of Uno Lengths (to Mitos) 

Type [kV) 

345 

765 

2-345 

400 

800 

OrendTotal 

(A 

350 

410 

337 

166 

1283 

IL 

755 

495 

166 

1418 

IN 

39 

393 

432 

Ml 

198 

319 

818 

MN D,iK 

32 

1169 

1232 

280 

2712 

MO 

277 

222 

488 

OH PA 

317 

317 

WI 

842 

21 

60 

90 

1022 

L ine 
L(MujIh 

2491 

3102 

1590 

60 

934 

8178 

Tabte A3.12-2: Regtonal 766 kV DC Wbat Optlmtaed Sum of Ltoe Lengthe 
(In Mltea)Simi of Total Coat 

345 

765 

2r345 

400 

800 

Grand Totel 

$524 

$1,723 

$707 

$i .5n 

$4332 

$1,509 

$2.on 

$2,788 

$8374 

$71 

$1,728 

$1,788 

$353 

$1,146 

$1308 

$63 

$5,610 

$3,080 

$3,039 

$11,781 

$277 

$1,899 

$1378 

$1,268 

$1388 

$2,105 

$62 

$887 

$1. '« 

$4,903 

$13,555 

$3,648 

$867 

$10,531 

$33,728 

MWofCspedty 

a 

Cod(M$) 

$88380.88 

Told Coete (2610 USD to IMMone) 

Transmisston $33,726 

$60,800 

SutMtations 

Total $86326 



Caae No. 10-2586-EL-5SO 
IEU.StJPP.POIMt3-00S(a) 
Par l45of l46 

Refer to Figure A3.12-1. 

Figure A3.12-1: RQOS Regtonal 786 kV DC Wbat (wHh Optimizad) 

a 



Caae No. 10-25S6-EL-SSO 

iFiwifPPiPomtmnMrt 
Par 146 of 148 

A3.13 Regional 765 kV 
RatertoTabtosA3.13-1 andA3.13-2. 

Tabte A3.13-1: Ragtonai 766 kV Sum of Une Lengthe (to Mitee) 

345 

765 

2-346 

400 

Grsnd 
Totd 

350 

651 

337 

1338 

781 

834 

1818 

39 

411 

488 

198 

319 

616 

32 

1656 

1232 

2816 

277 

324 

SOI 

317 

317 

842 

148 

21 

60 

1071 

2517 

4660 

1569 

60 

8827 

Tabte A3.13-2: Ragtonai 766 kV Sum of Total Cost 

345 

765 

2-345 

400 

Grand 
Totd 

$524 

$2,735 

$707 

$3,887 

$1,563 

$3,503 

$6,086 

$71 

$1,807 

81377 

$353 

$1,148 

$1,602 

$63 

$7,948 

$3,079 

$11,880 

$2n 

$1,381 

$1338 

$1,289 

$1388 

$2,106 

$708 

$62 

$887 

$3,763 

K 9 5 7 

$20,480 

$3,849 

$867 

$38,173 

MWofCspedty Cod (MS) 

$88,80838 

Totd Ceete (2810 USD to I6«tone) 

$30,173 

$66,900 

Reectora 

Tbtai $•7373 

6 



CaaeNo. 10-2586-EL-SSO 

PHel47ori48 

A3.14 Regional 765 kV Optimized 
Refer to Tabtoa A3.14-1 and A3.14-2. 

Tabte A3.14-1: Regtonal 766 kV Optimized Sum of Ltoe Longttis (In 

345 

765 

2-345 

400 

Grand Totel 

350 

651 

337 

1338 

781 

834 

1816 

39 

411 

488 

196 

319 

818 

32 

1656 

1232 

2818 

277 

324 

801 

317 

317 

842 

148 

21 

60 

1871 

2517 

4660 

1580 

60 

8827 

Tabte A3.14-2: Regional 786 kV Opttodzad Bum of Totd Coet 

345 

766 

2-345 

400 

Grand Totd 

$524 

$2,735 

$707 

$3,887 

$1,563 

$3,503 

$6,086 

$71 

$1,807 

$i3n 

$353 

$1,148 

$1302 

$63 

$7,948 

$3,078 

$11,088 

8277 

$1,361 

$1,838 

$1,268 

$1388 

$2,106 

$706 

$82 

$687 

$3,788 

K 9 5 7 

$20,460 

$3,848 

$687 

$30,173 

MWofCspedty Cod(M$) 

Totd Cesto (2810 USD to MMtene) 

Transmisston $30,173 

Gsnsrdton $60,800 

TrensfDrmera 

Subitrtlone 

Totd $88378 

„ 



Caac No. 10-2586-EL-SSO 
lEt;-$UPP-POI>-034l66 <» 
Part43ori4S 

Refer to Figure A3.14-1 

• ft* iaBj«3a m 

Wax toojnn 
• a.sMtoaj* m 
• MnttOJ GO 
81 9M leOJn (I) 

iHM«oolA&-uMnaVfniyx,Voiocl̂ : 

Figure A3.14-1; RGOS Regtonal 786 kV Optimized 

a 



Duke biersy OUa 
Case Na. 10-2586-EL-SSO 

lEU Supi^eneiitBl Fbat Sat Pradnctioa of Docunrate 
Date Received: Novenbar 17,2010 

IEU-5UPP-POIV03-005 CONnDENTUL 

REQUEST: 

Please pixnide any documente identified in re^xmse to Intenogato^ 10. 

RESPONSE: 

CONFIDENTTAL PROPRIETARY TRADE SECRET 

See Confidential AttacbmcDtIEU-SecoDd-Stq^POD-03-OOS (I): Transaction Review 
Committee Wlute Paper- February (Draft) 

See Confidential Attai^una]tIEU-Second-Si;99-POD-03-00S(m): Maiket Cq>acity 

See Attachment lEU-Second- Supp-POD-03-OOS (n): MISO Report Describing Future 
Transmission Expansion Projecte and Costs; 

See Confidential Attachment TEU-Second- Siq)pHPOI>03-00S (o): Analysis of RTO 
RealigDment 

1. Ori^nsI Base Case 
2. Base Case FESTIP 
3. Base Case FE 2012 
4. Base Case FESTIP 2012$ 
5. Base Case FE SUP S2012 

See Confidoitial Attachment lEU-Second- Siq»p-PO!>03-005 (p): Draft of May Whitep^er 
dated AprO 30,201(^, 

See Confidential Attachmotf lEU-Second- Sî 3p-PCn>-03-OOS (q): Draft of May Whitept̂ va* 
dated MiOr 7,2010; 

See Conlkfeatial Attadunent IEU-Second-Stii^PO[>-03-005(r): Draft of Wfaitquper 
Apgoiiax dated January 8,2010. 

PERSON RESPONSIBLE: LeeBanett 
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VIA OVERNIGHT MAIL 

lEU-Ohio Ex. 

439 Basi Four9i Sbset, R.Main1212 
P.O.Box9eO 
CincttnaS. Qtm 45201-0980 
Tel: 513^87-4327 
Fax: 5f3-287-4385 
(Sanne.kulmSSKMB-enem.com 

Dianne B. KuhneR. 
Senior Paralegal 

' ^ ^ 

C i f ^ a ^ ^ 

December 31,2010 

All Counsel of Record 

Re: Duke Energy Ohio 10-25 86-EL-SSO 

Dear Counsel: 

Enclosed is a CD that contains the CONFIDENTIAL documents as an attachment 
response to IEU-SUPP-POD-03-005(s). Please note these documents are being produced 
pursuant to an executed confidentiality agreement. Because of the volume of information being 
provided, we have downloaded these documents onto an enclosed CD for ease of review. 

We believe these to be the remainder of the documents pertaining to this lEU Production 
of Documents request Included as requested in these documents are drafts of all analyses 
performed. 

Should you have any questions, please call me at 513-287-4337. 

Very truly yours. 

Dianne Kuhnell 
Senior Paralegal 

Enclosures 

cc: All counsel of record having executed a Confidentiality Agreement (w/encl.) 

WK^. ctuke-enersy' com 

http://Sanne.kulmSSKMB-enem.com


^ ^ ^ 

Duke Energy Ohio 
Case No. 10-2586-EL-SSO 

lEU Supplemental First Set Production of Documents 
Date Received: November 17,2010 

IEU-SUPP-POD-03-005 (s) CONFIDENTIAL 

REQUEST: 

Please pFO\ide any documents identified in response to Interrogatory No. 10. 

RESPONSE: 

CONFIDENTIAL PROPRIETARY TRADE SECRET 

.-., See Confidential Attachment lEU-Second- Supp-POD-03-005 (s) being sent on CD: Drafts of 
v_/ Analyses. 

PERSON RESPONSIBLE: Lee Barrett 
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jmOuke Energy, 

n 

lEU-Ohio Ex. 

139 East Four&i Steet, RMmi2\2 
P.O.Boxm 
CJncinnaS, OhK> 45201-0960 
re£-5l3-287-«37 
Fax:S13^fi7-43fl5 
(S^tt]e.k^fneS^duke^ter(iv.com 

Dianne &. Kuhnell. 
Senior P a r ^ a l 

lA^̂  

1 

VIA OVERNIGHT MAIL 

December 31,2010 

All Counsel of Record 

Re: Duke Energy Ohio 10-2586-EL-SSO 

Dear Counsel: 

Enclosed is a CD that contains Ae CONFIDENTIAL documents as an attachment 
response to IEU-SUPP-POD-03-005(s). Please note these documents are being produced 
pursuant to an executed confidentiality agreement. Because of the volume of infonnation being 
provided, we have downloaded these documents onto an enclosed CD for ease of review. 

We believe these to be the remainder of the documents pertaining to this lEU Production 
of Documents request. Included as requested in these documents are drafts of all analyses 
performed. 

Should you have any questions, please call me at 513-287-4337. 

Very truly yours, 

Dianne Kuhnell 
Senior Paralegal 

Enclosures 

cc: All counsel of record having executed a Confidentiality Agreement (w/encL) 

'i 

www. duke-energy, com 


