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Presentation Goals

• Provide background on Optimal Power 
Flow (OPF) Problem

• Show how OPF is implemented in 
PowerWorld Simulator OPF

• Demonstrate how Simulator OPF can be 
used to solve small and large problems
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“Ideal” Power Market

• Ideal power market is analogous to a lake.  
Generators supply energy to lake and loads 
remove energy.

• Ideal power market has no transmission 
constraints

• Single marginal cost associated with 
enforcing constraint that supply = demand  
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Real Power Market

• Different operating regions impose 
constraints that total demand in region = 
total supply

• Transmission system imposes constraints on 
the market

• Marginal costs become localized
• Requires solution by an optimal power flow
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Optimal Power Flow (OPF)

• Minimize cost function, such as operating 
cost, taking into account realistic equality 
and inequality constraints

• Equality constraints
–bus real and reactive power balance
–generator voltage setpoints
–area MW interchange 
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Optimal Power Flow (OPF)

• Inequality constraints
–transmission line/transformer/interface flow limits
–generator MW limits
–generator reactive power capability curves
–bus voltage magnitudes (not yet implemented in 

Simulator OPF)
• Available Controls

–generator MW outputs
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OPF Solution Methods

• Non-linear approach using Newton’s method
–handles marginal losses well, but is relatively 

slow and has problems determining binding 
constraints

• Linear Programming 
–fast and efficient in determining binding 

constraints, but has difficulty with marginal 
losses.
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LP OPF

• Two approaches are possible
–primal

• take a feasible solution and make it optimal

–dual
• take an optimal solution and make it feasible

• PowerWorld Simulator OPF only includes a 
primal approach (currently)
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Primal LP OPF Solution Algorithm

• Solution iterates between
–solving a full ac power flow solution

• enforces real/reactive power balance at each bus
• enforces generator reactive limits
• system controls are assumed fixed 
• takes into account non-linearities

–solving a primal LP
• changes system controls to enforce linearized 

constraints while minimizing cost
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LP Solution

• Problem is setup to be initially feasible 
through the use of slack variables
–slack variables have high marginal costs; LP 

algorithm will remove them if at all possible
• Slack variables are used to enforce

–area/super area MW constraints
–MVA line/transformer constraints
–MW interface constraints
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Three Bus (B3) Example

• Consider a three bus case (bus 1 as slack), 
with all buses interconnected through 0.1 pu 
reactance lines, each with a 100 MVA limit

• Let the generator marginal costs be 
–Bus 1: 10 $ / MWhr; Range = 0 to 400 MW
–Bus 2: 12 $ / MWhr; Range = 0 to 400 MW
–Bus 3: 20 $ / MWhr; Range = 0 to 400 MW

• Assume a single 180 MW load at bus 2
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Solving the LP OPF

• All LP OPF commands are accessed from the 
LP OPF menu item.

• Before solving, we first need to specify what 
constraints to enforce
–Select LP OPF, OPF Area Records to turn on area 

constraint; set AGC Status to “OPF”
–Initially we’ll disable line MVA enforcement; 

Select LP OPF, Options; check “Disable 
Line/Transformer MVA Line Limit Enforcement”
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B3 with Line Limits Not Enforced

Bus 2 Bus 1

Bus 3

Total Cost

  0 MW

  0 MW

180 MWMW

10.00 $/MWh

 60 MW  60 MW

 60 MW

 60 MW
120 MW

120 MW

10.00 $/MWh

10.00 $/MWh

180 MW
120%

120%

  0 MWMW

1800 $/hr 
Line from Bus 1
to Bus 3 is over-
loaded; all buses
have same 
marginal cost
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Line Limit Enforcement

• Previous LP tableau was
PG1   PG2   PG3   S1    b
1.00  1.00  1.00  1.00  0.00

• Line limit tableau is
PG1   PG2   PG3   S1    S2    b
1.00  1.0   1.00  1.00  0.00  0.00
0.00 -0.33 -0.66  0.00  1.00 -0.20

• Second row is from enforcing the line flow 
MVA constraint
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B3 with Line Limits Enforced

Bus 2 Bus 1

Bus 3

Total Cost

 60 MW

  0 MW

180 MWMW

12.00 $/MWh

 20 MW  20 MW

 80 MW

 80 MW
100 MW

100 MW

10.00 $/MWh

14.01 $/MWh

120 MW
 80% 100%

 80% 100%

  0 MWMW

1921 $/hr 
LP OPF redispatches
to remove violation.
Bus marginal
costs are now
different.  
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Verify Bus 3 Marginal Cost

Bus 2 Bus 1

Bus 3

Total Cost

 62 MW

  0 MW

181 MWMW

12.00 $/MWh

 19 MW  19 MW

 81 MW

 81 MW
100 MW

100 MW

10.00 $/MWh

14.01 $/MWh

119 MW
 81% 100%

 81% 100%

  0 MWMW

1935 $/hr 

One additional MW
of load at bus 3 
raised total cost by
14 $/hr, as G2 went
up by 2 MW and G1
went down by 1MW 



17

Both lines into Bus 3 Congested

Bus 2 Bus 1

Bus 3

Total Cost

100 MW

 50 MW

250 MWMW

12.00 $/MWh

  0 MW   0 MW

100 MW

100 MW
100 MW

100 MW

10.00 $/MWh

20.00 $/MWh

100 MW
100% 100%

100% 100%

  0 MWMW

3201 $/hr 

For bus 3 loads
above 200 MW,
the load must be
supplied locally.
Then what if the
bus 3 generator 
opens? 
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Case with G3 Opened
Unenforceable Constraints

Bus 2 Bus 1

Bus 3

Total Cost

 47 MW

  0 MW

250 MWMW

12.00 $/MWh

 53 MW  53 MW

 99 MW

 99 MW
151 MW

151 MW

10.00 $/MWh

1040.55 $/MWh

203 MW
100% 152%

 99% 151%

  0 MWMW

2594 $/hr 

Both constraints
can not be enforced.
One is unenforce-
able.  Bus 3 
marginal cost is
arbitrary
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Unenforceable Constraint Costs

• If a constraint can not be enforced due to 
insufficient controls, the slack variable 
associated with enforcing that constraint can 
not be removed from the LP basis
–marginal cost depends upon the assumed cost 

of the slack variable
–this value is specified in the Maximum 

Violation Cost field on the LP OPF, Options 
dialog.
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LP OPF, Options Dialog

Disables enforcement of line
constraints
Lines with a percentage loading
above this amount are enforced
Enforcement tolerance deadband;
needed because of system non-
linearities

Previously binding line constraints
with loadings above this value
remain in tableau

Cost of unenforceable line violationsSimilar fields for interfaces
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OPF Line/Transformer MVA 
Constraints Display

Set to specify 
enforcement of
individual lines

Line loadings

Marginal costs are
non-zero only for lines
that are active constraints

Indicates if
line is
unenforceable
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OPF Area Records Display

AGC (automatic
generation control)
status must be set
to “OPF” to include
this are in the OPF 
objective function

Phase shifter
control is
still under
development Set to indicate if

branch and/or interface
constraints in an area
should be enforced

Interpreting this value
is difficult in areas with
congestion
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OPF Generator Records Display

The OPF Generator 
Records display is similar 
to the Generator Records 
display, except it contains 
several LP OPF specific 
fields

OPF MW Control
specifies whether a
particular generator
is available for control

Current MW
marginal
cost

Amount of
change in 
MW during
last OPF 
solution
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Super Areas

• Super areas are a record structure used to 
hold a set of areas

• Using super areas a number of areas can be 
dispatched as though they were a single area

• For a super area to be used in the OPF, its 
AGC Status field must be “OPF”



25

Seven Bus Example - Dispatched 
as Three Separate Areas

Top Area Cost

Left Area Cost Right Area Cost

1

2

3 4

5

6 7

 25 MWMW

150 MWMW

250 MWMW 201 MWMW

150 MW
 40 MVR

 80 MW
 30 MVR

130 MW
 40 MVR

 40 MW
 20 MVR

1.00 pu

1.01 pu

1.04 pu1.04 pu

1.04 pu

0.99 pu1.05 pu

  0 MW

  0 MW

 24 MW  24 MW  95 MW  96 MW

 32 MW

 31 MW

 66 MW  65 MW

 15 MW

16 MW
 20 MW

 45 MW

 46 MW 23 MW 23 MW

  4 MW

  4 MW

181 MWMW

200 MW
  0 MVR

200 MW
  0 MVR

 23 MW  23 MW

AGC ON

AGC ON

OFF AGC

AGC ON

AGC ON

  4907 $/MWH

  4235 $/MWH  4225 $/MWH

Case Hourly Cost
 13367 $/MWH
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Seven Bus Case Dispatched as 
One Super Area

Top Area Cost

Left Area Cost Right Area Cost

1

2

3 4

5

6 7

 25 MWMW

235 MWMW

150 MWMW 127 MWMW

150 MW
 40 MVR

 80 MW
 30 MVR

130 MW
 40 MVR

 40 MW
 20 MVR

1.00 pu

1.00 pu

1.04 pu1.04 pu

1.04 pu

0.99 pu1.05 pu

 99%

 99%

 13 MW

 13 MW

 11 MW  11 MW 128 MW 130 MW

 11 MW

 11 MW

 99 MW  95 MW

 12 MW

11 MW
 53 MW

 19 MW

 18 MW 28 MW 28 MW

109 MW

107 MW

278 MWMW

200 MW
  0 MVR

200 MW
  0 MVR

 28 MW  28 MW

AGC ON

AGC ON

OFF AGC

AGC ON

AGC ON

  7438 $/MWH

  2622 $/MWH  2493 $/MWH

Case Hourly Cost
 12554 $/MWH
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New England FERC 1997 Case

• Next case is based upon the FERC Form 715 
1997 Summer Peak case filed by NEPOOL
–case has 9270 buses and 2506 generators, 

representing a significant portion of the Eastern 
Interconnect transmission and generation

–estimated cost data for most generators in 
NEPOOL, NYPP, PJM, ECAR supplied by EIA

–these regions were modeled as a super area
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B R U N N E R

S  M A N H I M

 83%
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NYPP/NEPOOL Lower Voltage 
Transmission - Optimal Solution

WAYNE

E R I E  W

E R I E  S O

0 4 A T

0 4 P E R R Y

04EASTLK

04INLAND

04HARDIN
04FOX

04JUNIPE

02CHAMBR

02HANNA

02STAR

02HGHLND

02MANSFD

02SHNAGO

02HOYTDL

15CRESCN

15BVRVAL

0 5 S C A N T O

0 5 C A N T N C

0 5 S E C A N T

02SAMMIS

01WYLIER 15COLLIE

05TIDD

05WBELLA

0 5 O H I O C T

0 5 C O N E S

15CLINTN

01YUKON

KEYSTONE

01CABOT

C O N E M - G H

JUNIATA

01WYLIER

HUNTERTN

CNASTONE

PEACHBTM
KEENEY

LIMERICK

RED LION

H O P E  C R K

SALEM

SUNBURY

SUSQHANA

ALBURTIS

WHITPAIN

ELROY

HOSENSAK

NEW FREE

WINDSOR

DEANS

WESCOVLE

3 MILE I

H E R 7 3 5 5 5

C H A 7 3 5 5 5

C H A 3 1 5 5 5

B E R K S H R E

N R T H F L D

LUDLOW

S T N Y  B R K

MILLSTNE

MANCHSTR

NOBLMFLD

C A R D

M I D D L T W N

MEEKVL J

LONG MTN

FRSTBDGE SOUTHGTN

E.SHORE

S C O V L  R K

M O N T V I L E

P L U M T R E E

H A D D M  N K

MANH381

VT YANK

C O O L I D G E

SCOB 345

AMHST345

W MEDWAY

BRAYTN P

D R F L D 3 4 5

BUXTON

S E B R K 3 4 5

TIMBR345

NWGTN345

SANDY PD

L A W R E N C E

S.GORHAM

W Y M A N

S U R O W I E C

ME YANK

MASON

MAXCYS

E S S A

C L A I R V I L

M I L T O N

B R U C E  A

M I D D 8 1 8 5

C H E R R Y W D

N A N T I C O K

L O N G W O O D

B R U C E  B

M I D D 8 0 8 6

B O W M A N V L

D A R L N G H 2

D A R L N G H 3
D A R L N G H 4D A R L N G H 1

L E N N O X

H A W T H O R N

H E R 3 1 5 5 5

L A P 3 1 5 1 7

C H E 7 3 5 5 4

B C V 7 3 5 5 5
D U V 7 3 5 5 6

B C V 3 1 5 5 5

D U V 3 1 5 5 6

C A N T O N 5 5

HOMER CY

WATRC345

OAKDL345

F R A S R 3 4 5

S T O L E 3 4 5

COOPC345

L A F A Y T T E

D E W I T T  3

E L B R I D G E

C L A Y

E D I C

GILB 345

M A R C Y  T 1

M A R C Y 7 6 5

P L T V L L E Y

LEEDS 3

N . S C O T 9 9

N . S C O T 7 7

R O C K  T A V

SHOEMTAP

R A M  P A R

R A M A P O

ROSETON

B U C H  N

W A L D W I C K

S M A H W A H 1 S M A H W A H 2

B U C H  S

B O W L I N E 2

W . H A V 3 4 5

L A D E N T W N

E  V I E W 1

E  V I E W 2

E  V I E W 3

E  V I E W 4

S P R B R O O K

W  4 9  S T

T R E M O N T

D U N W O D I E

I P 2  3 4 5

R A M A P O  5

W O O D  B

M I L L W O O D

E 1 5 S T  4 5

E 1 5 S T  4 6

R A I N E Y

F A R R G U T 1E 1 5 S T  4 8
E 1 5 S T  4 7

F A R R A G U T

G O W A N U S N

G O W A N U S S

G O T H L S  N

E G C  D U M

H M P  H R B R

D V N P T  N K

F R  K I L L S

E G C  P A R

E . G . C . - 1
E . G . C . - 2

V L Y  S T R M

E . G . C .

B A R R E T T

J A M A I C A

C O R O N A 1 R

C O R O N A 2 R

V  S T R M  P

L  S U C S P H

L  S U C S

S H O R E  R D

S H O R E  R D

N E W B R G E

B R R T  P H

R U L N D  R D

P I L G R I M

N R T H P R T 1

E L W O O D  1

N R T H P R T 2

S Y O S S E T

G R E N L A W N

L C S T  G R V

H O L T S  G T

B R K H A V E N

R V R H D

S H O R E H A M

H O L B R O O K

M A S S  7 6 5

C H A - N Y 8 2

P A N N E L L 3

9 M I  P T 1

VOLNEY

R O C H  3 4 5

N I A G .  9

K I N T I 3 4 5

N I A G  3 4 5

P O R T  J C T

OS POWER

C T R I 3 4 7

SHERMAN

K E N T  C O .

WFARNUM

MILLBURY

B R I D G W T R

W W A L P 3 4 5

N E A  3 3 6

NEA

PILGRIM

C A N A L

J O R D N  R D

CARP HL

B E L C H 3 0 1

A L P S 3 4 5

M A N Y 3 9 3

BRANCHBG

ORRINGTN
O R R I N G T N

B U C K S P O R

DETROIT

BELFAST

ENFIELD

GRAHAM

HARDNGTN

EPPINGDEBLOIS
REBEL HL

ELLSWRTH

MAXCYS

AUG E S

N O R T  A U G

BOWMAN

P U D D L D K

B R N S  C R G

GULF ISL

C R O W L E Y S

L E W  L W R
HOTEL RD

S 6 1 A  T A P

NORWAY

KIMBL RD

SUROWIEC

RAYMOND

WOODSTK

RUMF  PH

BOISE CA

S89A TAP LIVERMOR

STURTVNT

MADSN PH

S 63B TP

WILLIAMS

WYMAN
BIGELOW

CONUS

HARRIS

100%

GUILF PH

GORBELL HARTLAND

S83B TAP

LAKEWOOD

MADISON

S83C TAP

S D W  S O M S

WINSLOW

S67A TAP

RICERIPS

LOVELL

SACO VLY

SACO VLY

WHITE LK

INTERVAL
TAMW  PF

BEEBE

ASH TAP

PEMI

WEBSTER

ASHLAND

NORTH RD
ASCUTNEY

OAK HILL

MERRMACK

MERMK230D U N B A R T N

COMERFRD
INTNL PP

S 2 0 0 A  T P

A E I  H S B

W A R D H I L L

T E W K S

W O B U R N

G L D N  H I L

M Y S T I C

BOURNE

H O R S E  P D

M A N O M E T

W A R E H 1 0 8

T R E M O N T
S E M A S S T P

S E M A S S

R O C H  1 1 4

C R Y S T 1 1 4

W N G L N 1 1 4

ACUSHNET

D E X T E R  W

B E N T  L 1 4

S O M E R S E T

T I V T  L 1 4

T I V R T N  B

B E L L R O C K

S Y K E S  R D

H A T H W Y  B

H A T H W Y  A

B A T E S  B

H I G H  H I L

D P A  1 1 1
D P A

C R R D  1 1 1

D P A  1 0 9

C R R D  1 0 9

F I S H E R

I N D  P A R K

R O C H  1 1 2

I N D P K 1 1 2

W I N G  L N

A R S E N 1 1 2

C A N O N 1 1 4

C A N O N 1 1 2

P I N E  M A

BRNSTBL

WELLFLT

ORLEANS

D E N I S  T P

HARWC TP

HARWIC A

HYNGE3TP

HYN GE3
O A K  S T

S A N D W I C H

P A V E P A W S

V A L L Y  M A

W A R E H 1 1 3
MASHPEE

HATCH

FLMTH TP

FAL GE

FAL FPE

OTIS

HYN GE2

COOLIDGEW RUTLND

BLISSVIL

W RUT TP

FLORENCE

MIDDLBRY

RUTLAND COLD RIV

NEW HAVN

MDBY CAP

WILLISTN

ESSEX

S A N D  B A R

GRANITE

GRANITE

B A R R E

MIDDLSEX

IBM K24 MIDDL PH

BERLIN

BRLN CAP

B A R R  C A P

E S S X  C A P

E A S T  A V E

B U R L  I C U

IBM K21

GEORG TP
FAIRFAX

ST ALBAN

HIGHGATE

MOOREC03

COMRF 1T

COMRF 2T
COMRF 3T
COMRF 4T 98%

COMF DC

LOST NAT

WHITEFLD

POTOK PH

BERLIN

SMITH HY

MOORE

LITTLTN

WOODSTKH

U199 TAP

IRASBURG

ST.JOHNS

ST.J  PH

LITTLETN

LITT TP4
MOORED04

K E N T  C O

D A V I S T 8 5

W.KINGST

M O N T V L L E

W A W E C S  J

L I S B N  P F

T U N N E L

C A R D

D U D L E Y  T

B E A N  H L L

F R Y B R T 1 6

F R Y  B R 1 6

F R Y B R T 1 5

F R Y  B R 1 5

E X E T R  P F

T R A C Y

B R O O K L Y N

S T K H O U S E

MYSTICCTB U D D G T N

B U D D G T N 2

WHIP JCT

B U D D G T N B

M O N T  D S LC O H N Z  J B

F L A N D R S B

W I L I A M S B

U N C A S V L B
U N C A S V L A

C O H N Z  J A

F L N D R S A

W I L I A M S A

KENYON

WOOD RIV

O B A P T  8 5

D A V I S  8 5

PARK ST.

S206A TP

HIGHLAND

S86B TAP

DRAG CEM

M E A D O W R D

S.GORHAM

L O U D E N

S250A TP

M A G U I R E

3 RIV 2

Q HILL

W.BUXTON

C A P E

H I N K L  P D
S E W A L L

P  H I L L

S P R N G  P F

3 RIVERS

DOVER
MADBURY

D E E R F E L D

PRATT

140-250

W A T R B O R O

SANFORD

BRNCHBRK

163-250

M O S H E R S

MASON

TOPS81TP

TOPS69TP

BATH

S69A TAP

E L M  S T

Y A R M O U T H

S167A TP

PRIDESCR

BOLT HL

K E E N E

V T  Y A N K
V . R D . T A P

C H S N T  H L
W E S T P O R T

S W A N Z E Y

JACKMAN

G R E G G S

B E L L O W S

M O N A D N C K

M O N A D T A P

A S C  T A P

SLAYTON

MTSUP149

MT.SUPPT

WILDER

HARTFORD

CHELSEA

PINE HIL

SCHILLER

SCOBIE2

O C E A N  E RK I N G S T O N

KNGSTNTP

SCOBE2A

M A M T H  R D

H U S E  R D

RESISTCE
NEWTN SS

H U D S O N

RIMMON

EDDY

R D S  F E R Y

M I L F D  T P

S MILFRD

A N H U S  B H

B R I D G T A P

G 1 9 2  T A P

BRIDG ST

P E L H A M 5 1

D R A C U T  J

W A R D  H I L

E  M T H N 3 3

W  M E T H U N

T E W K S B R Y

E  D R C T 5 1

T W K S J  5 1
W  A N D V 5 1

S  B R D W 5 1
L O N G  H L

S C O B I E 1

S C O B E 1 A

CHESTER
O C E A N  U H

K I N G S T O N

N O .  C A M B

L E X I N G T N

L E X I N G T N

WALTHAM

T R A P L O  A

G L D N  H L S

M I D D - 1 5 5

S D N V R S 5 5

E  T W K S 4 5
W K F L D J 4 5B A R T  S 4 5

W  S A L M 4 5
W  S A L M 4 6

B A R T  T 4 6

W K F L D J 4 6

G H  T P  4 6

W K F L D  4 5

G H  T P  4 5
M E L R O S T 1

K I N G T P 5 5
K I N G S T 5 5

K I N G S T 5 4
K I N G T P 5 4

M I D D - 1 5 4
I P S W H R 5 4

S D N V R S 5 4
W A T E R 1 5 4

W A T R S  R V

W A T E R 1 5 5

W R V 5 5 / P E

N  R I V R 5 5

R A I L Y D 4 5

S A L E M  H R

N  R I V R 5 4

E B E V 1 9 2

E B E V 1 9 1

L Y N N

A U B U R N

H O L B R O O K

R E S C O

G H  T P  6 9
M E L R O S T 3

M A P L E W D
E V E R E T T

M Y S T C  M A

C H S E A  M A

R E V E R E

R I V R W K 6 9

G E  1 6 9G E  1 7 9
R I V R W K 7 9

P A L M E R

C A R P  H I L

S N O W  2 3S N O W  7 3

W C H A R L T N

L I L R S T R D

T H R N D I K E

B L C H X 1 7 6

L U D L O W

B A R B R  H L

M A N C H S T R

E N F I E L D

W N D S R L K

S O . W N D S R

R O C K V I L L

BRANFORD

GREEN HL

BOKUM

H A D D A M

D E V O N

F R O S T  B R

S T N Y  B R K

B E R K S H I R

D O R E E N

B R S W A M P

BRSWAMP

P R A T T S  J

R O T R D M . 2

E . S P G F L D

N O E R A  J B
T O D D

S G T N  B

N O E R A

L U C H J A

H A N O V E R A

B R I S T O L

U . A . C . T P

U . A . C .
F O R E S T V L

CHIPP TP

CHIP HIL

T H O M A S T N

CAMPV PH

B L A C K  R K

N O E R A  J A

C A N A L

N O E R A

N . B L M F L D

TORR TER

FRKLN DR

WEINGART

CANTON

P L U M T R E E

T R I A N G L E

E.SHORE

GRAND AV

S O U T H G T N

W A L L F R D J

W L N G F  P F

N O . H A V E N

Q U I N N I P

M I L L  R V R

B R O A D W A Y

W A T E R  S T

W E S T  R I V

G L E N  J C T

J U N E  S T

M I X  A V E

S A C K P H S
S A C K E T T

B E R L I N

R E S  R D  J

B L R K H I B

FARMNGTN

NEWINGTN

E . N B R I T N

N.BLMFLD
B L M  J C T

S . M E A D O W

1 7 7 5  T A P

R I V D R H I A

R O C K Y  H L

B L O O M F L D

M I D D L T W N

H O P E W E L L

P O R T L A N D

W E S T S I D E

D O O L E Y

E . H T F D

1 7 8 6  T A P

R I V D R H I B

N W . H T F D

C D E C C A

S W . H T F D

C O N N  Y A N

P + W  M I D D

L U C H J B

C O L O N Y

N O . W A L L F

E . M E R I D N

H A N O V E R B

N W L K  H A R

W E S T O N

N O R W A L K
R Y T N  J  A

T R M B  J  A

P E Q U O N I C

T R M B  J  B
O L D  T O W N

H A W T H O R N

E . M A I N  B

C O N G R E S S

B A I R D  B

B A R N U M  B

D E V O N 1 7 9
M I L V O N  B

W D M O N T  B

A L L I N G S B

E L M W S T  B

E L M W S T  A
A L L I N G S A

W D M O N T  A

M I L V O N  A

D E V O N 1 7 8

B A R N U M  A
B A I R D  A

C O N G R E S S E . M A I N  A

S H A W S H I L

B U N K E R  H

F R E I G H T

S O . N A U G

C A R M H I L L

R O C K  R I V

S T O N Y  H L

W . B R K F L D

M I D D L R I V

B A T E S  R K

S H E P A U G

P E A C E A B L

R D G F L D  J

R D G E F L D B

R D G E F L D A

B A L D W N J B

B C N F L  P F
D R B Y  J  B

B A L D W I N B

S T E V E N S N

B A L D W N J A

B A L D W I N A

I N D . W E L L

A N S O N I A

D R B Y  J  A

T R A P  F L S

S N D Y H K

N E W T O W N

B U L L S  B R

R K R I V  P F

G L N B R O O K

F L A X  H I L

R Y T N  J  B

C O M P O

D A R I E NS O . E N DC D R  H G T S
W A T E R S D E

C O S  C O B

T O M A C

E L Y A V E
S A S C O  C R

C R R A  J C T

A S H C R E E K

C R R A  X F O

LACONIA

GARVINS

ROCHESTR

ROCH TAP

ASCUT PF

WINDSOR

ASCT CAP

B L R K H I A

S T O L E 1 1 5

D A V I S 1 1 5

B I G T R 1 1 5

L A N G N 1 1 5

G A R D V 1 1 5

GRDNVL2

D U N K I R K

S  R I P L E Y

G L B R T  M L

CLAY

M I L L E R  T

N E S T L E

B R S T L  H L

HALEY115

GRNDG115

FLATS115

EELPO115

M E Y E R 1 1 5

MORAI115

BENET115

BATH 115

S . P E R 1 1 5

STA 162

ALLEGENY

HOUGHTON

INDEC115

KAMIN115

WATRC230

O A K 3 M 1 1 5

O A K D L 1 1 5OAKDL230
G O U D Y 1 1 5

ROBBL115

N . E N D 1 1 5

OAK2M115

RANGH115
MORGN115

LANGD115

N S I D E 1 1 5

S.OWE115

PALMT115

ANDOVER1

NILE115

DUGN-157

HOMERHIL

S A L M A N C A

F A L C O N E R

W S T F I E L D

B E R R Y  R D

D U N K I R K 1

I N D E K - O L

W . O L - 1 5 6

W . O L - 1 5 5

100%
M C H S - 1 6 5

ARCADES L V R C 1 1 5

S P V L - 1 5 1

SPVL-152

C O B H L 1 1 5

N A N G - 1 4 1

N A N G - 1 4 2
D E L M T R - 1

D L T R - 1 4 2

S H A L T N T P

C L V B - 1 4 2

C L V B - 1 4 1

S 1 3 9 - 1 4 1

S 1 3 9 - 1 4 2

MORTIMER

H U N T L E Y 1

C O O P C 1 1 5

KATEL115

J E N N  1 1 5

A F T O N 1 1 5

S T I L V 1 1 5

H A N C O 1 1 5

HAZEL115

F E R N D 1 1 5

W . W D B 1 1 5

MTNDL115

ROCKH115

F R A S R 1 1 5

F R A  T 1 1 5

D E L H I 1 1 5

S I D N T 1 1 5

VIN T115

VINEGAR

COLER115

I N G H A M - E

RICHF115
E.SPR115

E.NOR115

C.LIN115

BROTH115

WILET115
ETNA 115

LAUREL L

GRDNVL1
B E T H - 1 5 0

H A R B F R T 0

B E T H - 1 4 9

H A R B F R T 9 G A R D  F / C

N.WAV115
LOUNS115

MONTR115

CODNT115

CORN TP1

E.ITH115

E U C L I D

B E L M N T  4

E L B R I D G E

G E R E S  L K

H A R R I S

T I L D E N

P E B B L  H L

D E W I T T  1O C W E  # 1 5
R O C K  C U T

D U G U I D

B O R D R 1 1 5 HYATT115

P A N N E L L I

FRMGTN-4
S T A T E 1 1 5

W R I G H 1 1 5

MILKN115

A U B S T 1 1 5

TULLY CT

CORTLAND

LABRADOR

TULLER H

L A P E R 1 1 5

O S W E G O
S C R I B A

J A  F I T Z P

I N D E P N D C

MALLORY

LTHSE HL

O S W  3 & 4

S  O S W E G O

P A L O M A T P

HAM-CKTP

9 MI PT
L E E  S C H L

H M M R M I L L

W I N E  C R K

P A L O M A

A L C A N

C L T N C O R N

C L Y D E 1 9 9
SLEIG115

C L N T N 1 1 5

P T S F D - 2 4

P T S F D - 2 5

S T A  8 9

G I N N A 1 1 5

S 2 0 4  9 0 8

S216
S 2 0 4 - 9 0 9

STA 424

S 2 0 4  9 1 1

S 4 2  1 1 5

S T A  2 3  1

Q U A K E R

PTSFD-23

S82-2115

STA 158S

STA 158N

S82-1115

M A C D N 1 1 5

S 8 0  1 T R

S 8 0  2 T R

J C T   9 2 1

S 6 7 - 2 1 1 5

R U S  1 1 5

S 3 7  1 1 5

S 4 8 - 2 1 1 5

S 4 8 - 1 1 1 5

S 6 9  9 1 7

S 7 1  1 1 5

S 7 0  1 1 5

S113 115

S418 115

S 6 7 - 1 1 1 5 S33 902

A N H B S H - 9

A / B _ L Y S 9

A / B _ L Y 1 3

A N H B S - 1 3

C R S  H N D S
T E A L L

C U R T I S

S O L V A Y

E L E C T  P K

L A W L E R - 2

F R P R T - L 2

W H I T A K E R

H P K N S - 1 1

P I N  G - 1 0

N  P  G E A R
B U T T E R N T

O N E I D A

B R D G P O R T
P E T R B O R O

L O C K P O R T

G E T Z T P 3 6

G E T Z T P 3 7

S 1 3 8 - 3 7

O A K F L D T P

BATAVIA1

G O L A H 1 1 5
EBAT-119

SENECAP

EBAT-107

T E L R D T P 1

NAKR-108

N A K R - 1 0 7

S O U R - 1 1 4

T E L R D T P 1

L O N G T A P

N I A G 1 1 5 E

N I A G A R 2 W
N I A G A R 2 E

M T N S - 1 2 0

S W A N - 1 0 3

S H A W - 1 0 3

S A N B O R N T

S N B R N 1 0 2
P A C K ( N ) E

C A S C A D 8 5

H O O K N R T H

H O O K R N 8 5

P R A X A I R 5

C A S C A D 8 6

H O O K N R T H

H O O K R N 8 6

P R A X A I R 6

P A C K ( S ) W

N I A G 1 1 5 W

P A C K A R D 2

Z R M N - 1 3 3

Z R M N - 1 3 0M L P N - 1 2 9

M L P N - 1 3 0

O X B O W N U G

D U R Z - 1 2 9

B E L L - 1 2 9

D U R Z - 1 3 0

A M  B R A S S

S 1 2 9 - 3 9

S 1 2 9 - 3 8

W A L D E N T P

S 1 5 4 - 3 8

P Y R O N 1 8 8

G R T L K 1 8 8

H O O K S 1 8 8

N F W W P 1 8 8

D U P N T 1 8 8

H O O K S 1 8 7
C A R B W 1 8 7

N F W W P 1 8 7

A D A M S 1 8 7

S 2 1 5 - 1 8 7

D U P N T 1 8 7

D U P N T 1 8 4

N I A C L 1 8 4

H A R P R 1 8 4

U D G - 1 8 4

C A R G R 1 8 4

M C H S - 1 5 2

B N N T - 1 4 2

L U D L U M 6 2

S P E C M E T L
L U D L U M 6 1

E D N K - 1 6 1
M O O N - 1 6 2

B N N T - 1 6 2

E D N K - 1 6 2

CARR CRN

COLDS115

W.ERI115

HICK 115

CATON115

HILSD115

RIDGT115

C H E M U 1 1 5

RIDGR115

C A R G R 1 8 3

H A R P R 1 8 3

N I A C L 1 8 3

O L I N - 1 8 3

D U P N T 1 8 3

ERIE 115
DEPEW115

D E P E W - 5 4

W A L D E N T P

N.BRW115

ECWA-181E C W A - 1 8 2
A M . S - 1 8 2

G R . I - 1 8 2
N I . B - 1 8 1

S W D N - 1 1 1

S O U R - 1 1 1

S H E L - 1 1 3

S W D N - 1 1 3

S W A N - 1 0 4

H I N M N 1 1 5

H A R I S 1 1 5

A . L U D  T P

R O B I N 1 1 5

DELPHI

W H I T M A N

R O M E

B O O N V L

P O R T E R  1

B O O N V L E

S T I T T V L

MADISON

AVA-USAF

R E V E R E

G R I F F I S S

LOWVILLE

T A Y L O R V L

B R E M E N

BU+LY+MO

BRNS FLS

FLAT RCK

H I G L E Y

C O L T O N

S  C O L T O N

FIVE FLS

R A I N B O W

BLAKE

STARK

FRFX CAP

H U N T L E Y 2

S U N Y - 8 0
S U N Y - 7 9

PARISHVL

NICHOLVL

MALONE

LK COLBY

WILL 115

CHATP115

BRAIN115

KENTS115 S A R A N A C

FLATR115

P L A T  1 1 5

P L A T  T # 3

G R A N D  I S

S  H E R O

REACTOR

 99%
ASHLY115

NOEND115

T  M I L  R D

PMLD 2

PMLD 3

PMLD 1

S A N D  C A P

W I L L I S  E
WILLIS W

P L A T  T # 1
P L A T  T # 4

N O R F O L K

A N D R W S - 4

L W R N C E - B

L W R N C E - A

S A N D S T - 5

S A N D S T - 4

MCINTYRE

M C  A D O O

L T L  R V - F

P Y R I T E - 6

B A T T L  H L

N  G O U V N R

D E  K A L B

E  W T R T W N

COFFEEN

BLACK RV

NY AIR B
GLEN PRK

D E N N I S O N

A L C O A - N M

BRADY

N.O-BRG

L T L  R V - G

P Y R I T E - 7

MRA-CANT

FT. DRUM

DEFERIET

M O S H - S U N

N CARTHG

CLIMAX

R T R D M 1

C H U R C H - W

W .  U T I C A

E.SAYRE

T O W A N D A

N O  M E S H O

L E N O X

TIFFANY

T H O M P S O N

N . M E S H P N
E T P  L I N E

E . T W A N D A

L A C K A W N A

O X B O W

M O U N T A I N

S U S Q  T 1 0

M O N T O U R

E L I M S P O R

L Y C O M I N G

E R I E  S O .

W A R R E N

W A R R E N

G L A D E

G L A D E  T P

S E N E C A

F O R E S T

F O R E S T

L E W I S  R N

L E W I S  R N

F A R M . V L Y

0 1 P O T T E R
S O U T H  T R

M A N S F I E L
N I L E S  V A

S A B I N S V IG O L D

O S C E O L A

R I D G W A Y

G A R D V 2 3 0

STOLE230

MEYER230

HILSD230

R O B I N 2 3 0

C L E A R W T R

A S H
T E M P L E

H D S N - 1 0
F L Y

P I N  G - 3

C A R R  S T
B R S T  L A B

G E N  M T R S

HAMLT115

F A R M G T N 1

L A W L E R - 1

FRPRT-LI

P O R T E R  2

A D R O N  B 1 ADRON B2

M O S E S  W

COLTON G

MOS 115

A L C O A  N

A L C O A  S

G R - T A P 2
G R - T A P 1

M A S S - 1 1 5R E Y N  T # 3

HURLEY 3

H U R L E Y  1

C T N Y 3 9 8

P T  J E F F 1
P T  J E F F 2

B E T H P A G E

W A D N G R V 1
W A D N G R V 2

W I L D W O O D

N Y P A H O L T
R O N K O N K

C . I S L I P

H A U P A G U E

P I L G R M  P

S T E R L I N G

R O S L Y N

G L N W D  G T

G L N W D  N O

G L N W D  S O

C A R L E  P L

F A R R G U T 2 F / S 3 8 M 1 1
S E P R T - T 3T D C T R - A

F / S 3 8 M 1 2
S E P R T - T 1S E P R T D M 1

T R C T R - B
F G T / B R T 1

B R N V L 1 & 9

F G T / B R T 4
B R N V L 4 & 8

F G T - H U D 9

H U D A V E  E

H A E  T R 2

F A R - H U D 1

F G T / B R T 3
F / S 3 8 M 1 5

S E P R T - T 4S E A P T  4
T D C T R  S PF G T / B R T 2

B R N V L 2 & 6

F G T / H A T 1

F A R - P L Y 3

H U D S O N 1

F G T / H A T 2
F A R - P L Y 2

F G T / H A T 3H U D     4

F G T / H A T 4W A T S T  4
F G T / H A T 5

WHITEHAL

COMSTOCK

MOHICAN

N .  T R O Y

BATKILL

BUTLER

SPIER

QBURY

SHERMAN
OGN BRK5

GRT MDWS
BURGOYNE

CEDAR

TICN+OTN

HAGUE4

NLEAD115

PORT HEN

REPUBLIC

BARTN115

D E E R F L D 4

B R O O K  E

B R O O K 2

S M I T H B R 2

W E I B E L 2

BROOK W

BAL TP W

BROOK1

SMITHBR1

WEIBEL1

SWAGRT E

F R O N T  S T

R O C K  T V 1

U N I O N  A V

B E T H  R D

SHOEMTAP

M O N R O E 1
S U G A R L F

SUGARLF

SHOEM

MODENA 1

E.WALD 1

OHIOVLE1

R A M A P O  1

S . M A H W A H

W . H A V E R S

L O V E T T  1

C O N G E R S

W . N Y A C K

B U R N S   1

H . C O R N E R

N . H E M P S T

H I L L B U R N

L I N C O L N

E . K I N G S T

R H I N E B K 1
U L S T . R E S

N.CAT. 1

MILAN

PL.VAL 1

N . S C O T 1

A L B A N Y

B E T H L E H E

A D M

HUDSON

G B S H + L G E

C E T I

C A S L T N

V A L K I N

B L  S T R  E

C H U R C 1 1 5

S C H O D - E

W O O D B 3 4 5

W O O D S 1 1 5

P L  V I L L W

W O O D  A

W O O D A 3 4 5

P L  V I L L E

F I S H K I L L

HIGHLAND

R E Y N O L D S

I N W O O D

D A N S K A M A

C H A D . L A K

MARLBORO

W . B A L M V L

N . C H E L S E
D C  C B L T P

M A N C H E S T

K N A P P S  1

D U T .  R E S

E  F I S H  I

F I S H K I L L

A C  C B L T P

F O R G E B R K

W I C C O P E E

S H E N A N D O

T O D D  H I L

S Y L V N 1 1 5
P A W L N 1 1 5

C R O T N 1 1 5
U N I O N 1 1 5

C A R M L 1 1 5

A M W L K 1 1 5

M O H  A 1 1 5

M O H  B 1 1 5

BNNINGTN

B O Y N T O N V

HOOSICK

A D A M S 1 1 7

A D A M S 1 3 1

E 1 3 1  T A P

P R A T T S  J

O S W A L D  J

WOODLAND

O S W A L D

GRANVL J

SOUTHWCK

PLEASANT

BLANDFRD

ELM

A G A W M  P F

S O . A G A W M

P O C H A S S C

B U C K  P N D

S O U T H M P T

G U N N

M I D W A Y

M T  T O M

F R M N T  S O
H O L Y O K E

I N G L E S D E

P I N E S H E D

F R M N T  N O

S H A W I N G N

E S P J 1 7 2 3

P I P E R  R D

S I L V E R 8 2

O R C H A R D

E S P J 1 2 5 4

C H I C O P E E 98%
B R E C K W D

W . S P R I N G

C L I N T O N

F L O R E N C E

5 C R N R 3 4

A M H R S T  S

5 C R N R 1 3

A D A M S 1 3 2

L A N E B O R O

P A R T R D G E
P A R T R D G E

G . E . C O .

S L V R L K E

F R A N C O N A

S C I T I C O

H A R R I M A N

M I L L B U R Y

N . O X F O R D

C A B T  J C T

S H E R M A N

A S H F I E L D

M O N T A G U E

Y A N K E E

I N D E C K

F R E N C K 2 8

B A R R E 1 2 8

P L N F L D T P
C U M B R L N D

P O D I C K  A

A M H R S T  N

A I R C O  2 T

J M C 2 + 9 T P

O W  C R N  W

O W  C R N  E

U N V L  7 T P

BLUES-8

INDEP C

A I R C O  7 T

J M C 1 + 7 T P

M C K O W N V L

P A T R N  1 1

M E N A N D S

R E Y .  R D .T R I N I T Y

R I V E R S D E
R I V S D E  T

W Y A N T 1 1 5

S Y C A - 1 4

N.SAL115

MULBR115

R E N  W A S T

A R S E N A L

M A P L W O O D

J O H N S O N

S I L .  T A P
P R O S P C T

R O S A  R D
P B U S H  W

W O O D L A W N

E V E R E T T

C U R R Y  R D R U T H T P 1 2
S A N D T P 1 2

S A N D  C R K

U N V L  9 T P

F R E N C H  K

W E N D E L 2 7
B A R R E 1 2 7

P A X T O N

W E B S T R  S

W E N D E L L

I P  C O R I N

INDECK-C

E J  W E S T

BURDECK

ALTAMONT

B L O M T P 4 1

N A S H U A S T

G R E E N D A L

S T R L N G 4 1

M I L L T 1 T 2
M I L L T 3 T 4

M I L L T 6

WLTHM PS

WALTHAM

M D W L T 2 3 0

N E E D H A M

M D F R M 2 3 0

F R M N G H A M

F R M N G H A M

N E E D  T A P

S U D B U R Y

S P E E N  S T

M A Y N R D  BM A Y N R D  A

S H E R B O R N

M E D W A Y

E 1 5 7 M 1 6 5

W G  T P 4 2

W Y M N  G O R
W G  T P 5 7

E  M A I N 5 7

N B O R O  R D W  F R M N G H

W  W A L P O L

B P T 3  M I D

B R A Y T N  P

D E P T 3 0 T P

E N R O N 1 3 0

E N R O N

E N R O N 1 2 9

D E P T 2 9 T P

M I L L 3

B V E R  P N D

S  W R E N 2 9

S  W R E N 8 1

N  A T T L 8 1

M N S F L D 8 1

C H A R T L E Y

M A N S F L D 1

N A T T L B O R

S  W R E N 8 2

N  A T T L 8 2

D E P O T 1 3 0

D E P O T  T 1

M E D J 3 T A P

D E P O T 1 2 9

M N S F L D 8 2

M A N S F L D 2

D O V E R  M A

H O L B R O O K

B L O M T P 4 2

R O L F E  A V

B O Y L S T O N

W A C H U S E T

S T R L N G 4 2

B R I D G W T R

A U B U R N  B

D R U M R O C K

K E N T   T 1

W O O N S C K T

W A R R N  8 3

M I N K  1 8 3

W A M P A N O G

W C R A N  7 1

J O H N S 1 7 1

H A R T A V E

A D M I R A L 4

F R S Q

P H I L P 1 8 3

A D M I R A L 3

100%100%
W F A R T A P 1

F A R P I K E 1

W O L F  1 7 1

W F A R N U M

W O L F  1 7 2

W O L F H I L L

W F A R T A P 2

F A R P I K E 2

J O H N S T N 1W C R A N  7 2

J O H N S 1 7 2

J O H N S T N 2

F A R N U M  T

W I T N P D 4 3

U X B R I D G E

W H I T N  P D

H - L 1 9 0

D A V I S T 9 0

O B A P T  9 0

DAVIS 90

P O N T 1 8 8

L I N C 1 8 8

S O C K 1 8 8

P O N T I A C 2

P O N T 1 8 7

L I N C 1 8 7

S O C K 1 8 7

P O N T I A C 1

N A S O N V I L

P A S C O A G

W A R R E N T 6

W A S H  1 4 8 R O B  A V E

W A R R N  8 4

M I N K  1 8 4

R E A D  S T

S W A N S E A

R O B N S N  A

P 1 1  T A P

P A W T U C K T

S T A P L E S

V A L L E Y

R I V E R S I D

F A R N U M

P H I L P X 3

P H I L P  T 1

T I V T  M 1 3

T I V R T N  A

B E N T  M 1 3

B A T E S  S T

D E X T E R  E

WASHNGTN

W A R R E N T 5

B R I S T  R I

D I G T N  U 6

S 8    T A P

D I G H T O N

V 5    T A P

T A U N T  P F

E B W T R E 2 0

A U B U R N  A

B E L M T F 1 9

D U P O N T

H O L A U B T P

S  R N D 5 0 8

C A N T  5 0 8

N O R W O O D 8

W A L P - 5 0 8

S  R N D 5 0 9

S  R N D L P H

C A N T  5 0 9

N O R W O O D 9

W A L P - 5 0 9

G R O V E  S T

P L A I N  S T
M I D W E Y M T

S T R  4 1 / 1

W E B B / S W I
E W Y M 5 0 2 Y

C H U R C H I L

M I D D L E  S
M I D D L E  S

P O T T E R

E D G A R

T O W E R  1

E W Y M - 5 0 8

100%
E  W E Y  T 1

H I N G H A M

E  W E Y  T 2

F I E L D  1

N  Q N C Y  1
F I E L D  2

N  Q N C Y  2

E H O L B R K 1

E H O L B R K 2

P L Y M  S 9

W A T E R  S 9

N O R W L  S 9

S C I T U A T E

W A T E R

P A R K V I E W

P L Y M  C 3

N O  A B I N G

E A S T N  E 1
E A S T O N

M D L B R  E 1

A M E S  S T

E  B R G W T R

M I L L  M 1

M D L B R  M 1

S A N D Y  P D

T E W K S B R Y

E  T W K S 4 6
W K F L D  4 6

R A I L Y D 4 6

W O B U R N

L E X H R T W L

B R L N G T N

T R A P L O  B

M E L R O S T 2

W A T E R 5 2 1

B R G H T N  A

S M V L  5 1 0 B R G H T N  B

W A T E R 5 2 0

S M V L  5 1 1

K I N G A  B E

H A W K - 5 1 6
H A W K - 5 1 7

K - S T - 1

K - S T - 2

C H A T - 5 1 6
C H A T - 5 1 7

A N D R W - 2 4

D E W A R  A

D E E R  I S LM B T A

H I G H S T  B

K I N G B N T A

H I G H S T  A

K I N G B N T B

K I N G B  B E
C V R 1 2  B E

S C O T - 5 1 2

C V R 1 3  B E

S C O T - 5 1 3

N . C A M B

P U T N A M

N M A R L B R O

H U D S O N

W H L B R T 6 5

V E R N H I L L
W H L B R A T R

S H R W S B R Y
S H R W S B R 2

B L O O M D 4 2

B A K E R  S T

C O L B N 5 1 0

W A S H  5 1 0

B A K E R P H 1

W A S H  5 1 1
C O L B N 5 1 1

B A K E R P H 2

N W T  1 1 0 C

H Y D E  P K B

H Y D E  P K A
N W T 1 1 0 A B

A N D R W - 2 5

D E W A R  B

S A N D Y P D 8

L I T T L T P 8

AYER

L I T T L T P 7

B I L R C A 3 7

B I L  T R 3 7

L I T T L T N 7

N W O B R N 4 0R E A D G 1 4 0
R E A D I N G

R E A D G 1 3 9

N W O B R N 3 9

P I N E H R S T

N . W O B N  A
N . W O B N  B

B I L R C A 3 9B I L  T R 3 9M D O W T P  W

M D O W T P  E

M D W B R K T 2

N  C H L M 6 1

P E R R Y  T P

M D W B R K T 1
N  C H L M 6 2

L E N E R G T P

P E R R Y  S T
L E N E R G I A

T W K S J  6 4
N  D R C T 6 4

W  A N D V 6 4

S  B R D W 6 4

L I T T L T N 8

L I T C H T P

L I T C H F L D

FLAGG PD

ASHBR136

E . W I N C T P

E . W I N C H

E WINCHS

S I L V E R 8 1

D E V O N 1 0

W I L L M N T C

R E Y N L D 3

NEWCASTL

ME YANK

C A R V R  C E

C A R V E R

KINGS CE

BROOK ST

D U X 1 9 1

M A R S H F L D

D U X 1 1 7

W P O N D 1 1 7

W P O N D 1 1 6

B E L M O N T

HRTFD PH

I N G M S - C DV A L L E Y

S A L I S B R Y

I L I O N

S H R L  T A P

K E L S E Y  H
S P E C M E T L

S H E R R I L L

C H U R C H - E

MECO 115

V A I L  1 1 5

S T O N E R
C E N T E R - S

T A P  T 7 9

S T  J O H N S

M A R S H 1 1 5

C L I N T O N

D E E R F D - H

D E E R F D - I

R E Y N  T # 1

G M  T # 1

G M  T # 2

R E Y N  T # 2

P E R C  T A P

L C P

O R R  C A P 1

O R R  C A P 2

O R R  C A P 3

SEA

BIDD I P

S 8 0  3 T R

S 3 3  9 0 1

S 2 3 - 9 0 1

F R A  S 3 4 5

M I L T N - 1 8

WLST CAP

Q CITY

P E C K V L L E

B L M N G  G R

B U S H K I L L

K I T A T I N Y

S T A N T O N

S U S Q H N A

J E N K I N S

HARWOOD

SIEGFRED

FRCKVLLE

MTN CRK

C O L U M B I A

ELDRED

SUNBURY

M I L T O N

JUNIATA

LEWISTWN

YEAGRTWN

DAUPHIN
HUMELSTN

N.HERSHY

LYONS
ALBURTIS

W SHORE

STEELTON

BRUNNER

S MANHIM

The constrained
lines are shown
with the large
red pie charts
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Bus Marginal Prices - Large Range

Total operating cost = $ 4,445,990 / hr
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Bus Marginal Prices -
Narrow Range
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Bus Marginal Costs -- Individual 
Areas with Basecase Interchange

Total operating cost = $4,494,170 / hr, an increase of $48,170 / hr
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Superarea Case Again
85 MW Gen at 6642 is off
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Superarea Case
85 MW Gen at 6642 is On 
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Contingency - Loss of 345 kV line 
from 5407 to 20379 with 500 MW

Total operating cost = $4,448,750 / hr
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With 85 MW of Generation at 6642
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