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Overview

e Detailed Overview of “Single Solution”
— Pre-Processing
— MW Control Loop
— Voltage Control Loop i
— Inner Power Flow Loop - Full Newton

 Power Flow Solution Advanced Options
— Minimum Per Unit Voltage for Constant Power and Current Loads
— Parallel Tap Balancing
— Regulation Range Correction
— Minimum Tap Sensitivity
— Generator Mvar Sharing
— Switched Shunt and Transformer Solution Options

e Area Control with Multiple Islands
e Solution Diagnosis Aids
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@ What Does It Mean to do a

Single Solution

Zici=  Single Solution in Simulator?

e Single solution should not be confused with a
single Newton-Raphson (or other technique)
power flow

e Simulator’s “Single Solution” encompasses
three nested loops that iterate between a
power flow routine, logic for control device
switching, and generation control until the
power flow is solved and no more device
switching is detected
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Overview of
Single Solution Routine

* Pre-processing
— Angle Smoothing
— Generator remote regulation viability
— Estimate MW change needed

* Three Nested Loops Solution Process
— MW Control Loop

e \oltage Controller Loop Traditionally
called the
— Inner Power Flow loop | 5, o/ Flow

Solution

Voltage Control
Loop covered
in this section

MW Control Loop covered later
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Pre-processing

 Angle Smoothing v
— Reduces large angle differences across YR ——

. o 44 Y «
transmission elements that have recently YA L e e
been closed to reduce initial power flow
mismatches ke

— If disabled, closing a line with a large angle
difference often causes the power flow to
diverge o

— Angle smoothing also works for a series of _
branches that are closed together
* Following a topology change, Simulator
also adjusts zero-magnitude voltages in —
groups of buses connected by low J——
impedance branches SaRe Sl G s 2N

A v
F il ? Y
CAPTJACK - MALIN &A
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T Woning

Fort Carson

4 Arkansas

Holstein
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Pre-processing

 When pre-processing the voltage profile of a
solution before solving, Simulator will now look
at groupings of buses connected by very low
impedances lines. If a bus in a grouping of
energized buses has a zero voltage while other
buses in the group do not, the zero voltage will
be changed to the first non-zero voltage found
in the grouping.
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Pre-processing

 Generator Remote Regulation Viability

— Checks for a viable transmission path between a
generator bus and its remotely regulated bus

— If a generator has no transmission path, or if all
possible transmission routes to the regulated bus
are intercepted by other voltage controlled buses,
the generator is internally turned off of voltage

regulation
|
If a generator on left is set to control E ] | ; E
voltage at the bus on the right, this
would cause convergence difficulty é% @%
NS B2
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Pre-processing

e Estimate MW Change

— Stores the initial output of the generators for
referencing during participation factor control

— Modifies generator outputs in each area, super
area, or island (depending on what control is being
used) to meet approximate ACE requirements

— Attempting to prevent slack bus from changing by
drastic amounts during the first Newton-Raphson
power flow calculation in the inner loop
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MW Control Loop

e MW Control (Outer Loop)

— Repeat
e Voltage Controller Loop
— Inner Power Flow Loop

e Change generation/load to meet ACE requirements

— Redispatches generation and/or load using the selected AGC
control method for each area (Super area or island)

— Until no more generation/load changes are
required
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Power Flow and Control Loop

e Voltage control switching and Inner Power Flow
Loop

— Repeat

e 1: Inner Power Flow loop
— 1a: Continuous SVC Switching

2: Generator MVAR Limit Checking

3: DC Line Solution

4: Switched Shunt Switching

5: Discrete SVC Switching

6: Transformer Switching R =
» 7: D-FACTS Switching -

— Until no more control switching is required or
maximum control loop iterations reached
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Step 1: Inner Power Flow Loop
Step 1a: Continuous SVC Control

e Step 1: Inner Power Flow loop, Repeat...
— Evaluate Mismatch
— Generator MVAR output automatically calculated for PV buses
— SVC MVAR output automatically calculated for continuous SVCs

— Optionally (enforce Generator Cererator VAR Lini
_ . enerator VAR Limits
MVAR limits at each Step) [ Disable Checking Gen VAR Limits

_ Perform power ﬂOW Step (This results in unlimited Myvar outputs)
» Newton’s Method (this is in rectangular for =& immedz"
» Decoupled Power Flow
» Polar Form Newton’s Method R
. . MWA Convergence Tolerance 0., 1000
* Untll no mlsmatCh Maximum Mumber of Iterations 100
e Step 1la: Continuous SVC Limit Check and IF1 0o Oriy One Tteration
Discrete Component Switching
— Check MVAR limits on continuous SVCs
» SVSMO1 and SVSMO3
— Switch any fixed shunts controlled by continuous SVCs
— Goto Step 1 if any SVCs or controlled fixed shunts move
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Step 2: Generator MVAR Limits
Step 3: Solve DC line equations

e Step 2: Generator MVAR Limit Check

— Backs off or enforces MVAR limits
— Checks for controller oscillation

» Generators that appear to be oscillating between control
settings are internally set off of control

— Updates mismatch and voltage vectors
» Incorporates voltage vector changes by processing each
generator
e Step 3: Solve DC line equations

— DC Lines will be discussed later, but to the power flow solution
they look like a fixed MW injection with a Mvar injection that is
a function of the AC line terminal voltages
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Step 4: Switched Shunt Control

e Step 4: Switched shunt control

— Checks regulated buses for voltage limit violations and adjusts
switched shunt control appropriately

» Also can control the total VAR output for generators
controlling the voltage at a particular bus (good for
modeling a shunt that maintains VAR reserves)

» Shunts are adjusted one at a time with each shunt only
considering its impact on the regulated bus’ voltage. The
interaction between different shunts is not modeled here.

— Checks for controller oscillations

» Switched shunts that appear to be oscillating between
control settings are internally set off of control

— Updates mismatch and voltage vectors
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Step 5: Discrete SVC Control

e Step 5: Discrete SVC Control
— Only SVCs that are discrete-type SVCs are switched in this step
» SVSMO2

— Checks regulated buses for voltage limit violations and adjusts
SVC control appropriately

» Any fixed shunts controlled by the SVC are adjusted in this
step

» SVCs are adjusted one at a time with each SVC only
considering its impact on the regulated bus’ voltage. The
interaction between different SVCs is not modeled here.

— Checks for controller oscillations

» SVCs that appear to be oscillating between control settings
are internally set off of control

— Updates mismatch and voltage vectors
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Step 6: Transformer Switching

e Step 6: Transformer switching

— Checks regulated Voltages, MVAR flows, and MW flows for limit
violations and adjusts transformer controls in a manner dependent
on the Transformer Stepping Methodology

» Coordinated Sensitivities: tap change calculation requires the
construction and factorization of a full matrix dimensioned by
the number of transformers which need to be switched.

| Normally a small number are changed.
Transformer Stepping Methodolgdy

@ Coordnated sensitvites | » Self-Sensitivity Only: each transformer does not consider how
© self-sensitivity Only it affects other transformers. This calculation is much faster,
but may be less accurate and lead to more iterations

» Note: If more than 50 transformers are involved, Simulator
always uses Self-Sensitivity Only

— Checks for controller oscillations

» Transformers that appear to be oscillating between control
settings are internally set off of control

— Updates mismatch and voltage vectors
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Step 7: D-FACTS Control

e Step 7: D-FACTS Control

— D-FACTS devices attempt to keep the current on a branch
within a specified range

— Impedance of the D-FACTS is modified to adjust the current

— D-FACTS that appear to be oscillating between control settings
are internally set off of control

— Updates Ybus with new impedance values
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Complete Process

*  Pre-processing
— Angle Smoothing, Remote Viability Check, Area Generator Estimation

*  Repeat (MW Control Loop)

— Repeat (Contro”er Loop) PowerWorld Simulator Options T 52
e 1:Repeat (Inner Power Flow loop) esd B OEARTY Power Flow Solution
[ . h > - Power Flow Solution c opti N -
- Evaluate Mismatc £ Environment ommon Options |ndvan tions I Island-Based AGC I DC Options I General I Shorage|
— Generator MVAR o utput autom atical |y [> - Oneline Power Flow (Inner) Loop Options Controller (Middle) Loop Options
4 -File Management MVA Convergence Toleran 0.1000 = Generator VAR Limits
ca |CU lated for PV bUSQS . Case Information Displays - ] Dis;ble Checking (_Een AR Limits
— SVC MVAR output automatically calculated for - Message Log = (This results in unlimited Mvar outputs)
continuous SVCs  Distributed Computing [ check Immediately

—  Optionally (enforce Generator MVAR

limits at each step)
—  Perform power flow step
» Newton’s Method
»  Decoupled Power Flow
»  Polar Newton
e Until no more mismatch (or max iteration) /
— 1la: Continuous SVC Limit Check and Discrete
Component Switching [¥] Prevent Controller Oscillations
—  Goto Step 1 until no more SVC switching e e Controler
* 2:Generator MVAR Limit Checking /
e 3:DCLine Solution

e 4:Switched Shunt Control Switching ;
o J( et ]

[~ Disable Switched Shunt (55) Control
[ Disable sV Control

[~ Disable LTC Transformer Control
|| Disable Phase Shifter Cantrol
Disable D-FACTS Control

Transformer Stepping Methodology
(@ Coordinated Sensitivities

() Self-Sensitivity Only

e 5: Discrete SVC Switching

*  6: Transformer Switching =
e 7:D-FACTS Switching === /
— Until no more control switching is required (or at max iteration)

— Change generation/load to meet ACE requirements
e Redispatches generation/load using the AGC control method for area (island)

e Until no more generation changes are required
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Example Message Log 1/2

(Image Only)

Area Loop
Tteration #0

4 Inner
Iterations

Voltage Loop
Iteration #1

3 Inner
Iterations

Voltage Loop
Iteration #2

Firlshay ol ge oo

oo erafdion:

S2: Advanced Power Flow

Estimation of Generation

Inner Power Flow

Generator Var Limit Checking
DC Transmission Line Adjustments

Transformer Tap Ratio Changes
Transformer Phase Angle Changes

Inner Power Flow

© 2014 PowerWorld Corporation

Colors of Messages
determined by the Simulator,
Message Log colors

PowerWorld Simulator Options E’@
Select Option Category Message Log
Power Flow Solution
‘. Erwironment ElshowLog Suppress the following messages in the log
- Oneline (These settings are only saved to the Registry)
-- File Management [Zlshow Tme stamps
- Case Information Displays In Log Messages, Identify buses by [Tl Generator AGC MW changes [ ]
. [— @ Numbers [Tl Generator Var Limit changes [ ]
""" Limits © Names [FILTC Transformer moves ]
(© Both
. [CIPhase shifter moves [ ]
[ Include Nominal Voltages in Log [Z]Switched Shunt Mvar moves -
[V]LP variable enter/exit messages -
[wox | [ save to aux | [ X cancal | [ 7 e

18




Example Message Log 2/2
(Image Only)

3 Inner Inner Power Flow

Iterations

Check Immediately Mwvar Limit Checking|

oS 4T0ST Max D U000 2t bus 55420

Voltage Loop
Iteration #3

Colors of Messages
determined by the Simulator,
Inner Power Flow Message Log colors

Check Immediately Mwvar Limit Checkin

2 Inner
Iterations

Voltage Loop
Iteration #4

[

Voltage Loop
Iteration #5

Inner Power Flow

Area Automatic Generation

Area Loop
Iteration #1 :
Control Iteration
PowerWorld Simulater Options =R[EoE |
Select Option Category Message Log
- Power Flow Solution
Environment " Suppress the following messages in the log
2 - - Oneline Sz:“ _L:g St (These settings are only saved to the Registry)
Inner I P Fl il . o T Stamgs
21Inr NNer Fower riow et e | ot ety sty et accimiunses [N
Iterations ] T ® Numbers [C] Generator Var Limit changes
viessage Log H
imits © Names [ILTC Transformer maves -
©pem [ Phase Shifter moves B
[C]1nclude Mominal Voltages in Log 7] Switched Shunt Mvar maves -
LP Variable enter/exit messages [
[ o OK ] ISavamAux ] [ X Cancel ] [ ? Hep
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&[]
Bali

e Advanced Options for
Power Flow Solution

&

* To customize the power flow solution, go to the Options ribbon
tab and select Simulator Options > Power Flow Solution page

- Advanced Options Tab PowerWorIdSimulator[}ptions E@
Select Option Category m‘

- | Power Flow Solution i
Comman Options | Advanced Options | Island-Based AGC | DC Options | General | Storage |

i Environment

.--FiIeManagement [ e e ]
- Case Information Displays ENNE TSt Fower Flow solution ACHONS

Message Log Power Flow (Inner) Loop Options Control (Middle) Loop Cptions
Eim'.llatl:lr . Distributed Computing || Disable Power Flow Optimal Multiplier || Disable Treating Continuous 53s as PV Buses
':Il:ltil:lrIE L [ 1nitialize from Flat Start Values [ pisable Balancing of Parallel LTC Taps
[T Model Phase Shifters as Discrete Contrals
Disable Transformer Tap Control if Tap Sens.

% - Oneline Dynamically addfremove slack buses as topology is changed
2]

Minimum Per Unit Yeltage for

Constant Power Loads 0.700 is the Wrong Sign (Normally Checdk This)
Constant Current Loads 0.500 = ' L =
= Min, Sensitivity for LTC Control 0.0100 =
Also on the
. Pre-Processing Post-Processing
QU | C k AC Ce S S TO O | b a r [ pisable Angle Smoothing [~ Disable Angle Rotation Processing

Sharing of generator vars across groups of buses during remote regulation

() Allocate across buses using the user-specified remote regulation percentages

!ﬁ AL e B4 }-{ _ @ Allocate so all generators are at same relative point in their [min .. max] var range
@ | =8 > kg St b () Allocate across buses using the SUM OF user-spedified remote requlation percentages
_‘:‘:) Note: Generators at the same bus always allocate vars so they are at the same
b Case Information Draw Onelines Tools relative point in their [min .. max] var range
" Options for Areas on Economic Dispatch
? | -

Edit Mode Metwar Indude Loss Penalty Factors in ED

Agoregation |:| Enforce Convex Cost Curves in ED

Restore Defaults

[ o OK ] [Savetonux ] [ X cancel l [ “? telp
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Simulator Options:
Power Flow Solution Page

e Advanced Options Tab

— Dynamically add/remove slack buses as topology is
changed (Allow Multiple Islands)

 |f a single island is split into two islands (by opening
lines), then a new slack bus is chosen (usually generator
with the largest MW limit that regulates its terminal bus)

— Post Power Flow Solution Actions

e Allow you to define a list of conditional actions (much
like a contingency definition) which occur at the end of
EVERY power flow solution

 An example would be loads that are automatically taken
out of service when the voltage drops too low
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Simulator Options:
Power Flow Solution Page

L Ad vance d O pti ons Ta b Power Flow (Inner) Loop Options
. . . . [ ] Disable Pawer Flow Optimal Multiplier
— Disable Power Flow Optimal Multiplier [linitalze from Flat Start Values

Minimum Per Unit Voltage for

* The optimal multiplier is a mathematically e

calculated step size for Newton’s Method
that prevents the mismatch equations from
increasing between iterations

— Initialize From Flat Start Values

* Always starts power flow solution with voltages and angles set to specific values

* Generator buses or buses regulated by a generator are set to the setpoint
voltage of the generator

e 1.0 per unit for all other buses
* Angles equal to the slack bus angle (not recommended)
— Minimum Per Unit Voltage for Constant Power Loads and Constant
Current Loads

* At voltages less than the defined values, the constant power and constant
current loads will be reduced

e To disable either of these features, set the values to 0

4 4

Constant Current Loads 0.500
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Minimum Per Unit Voltage for
Constant Power and Current Loads

 When a bus voltage is below these thresholds
the constant power or current load will
gradually decrease to zero MW at zero voltage
— Constant Power Loads

e Uses a cosine function

— Constant Current Loads

e Uses a sine function multiplied by voltage

e Functions are chosen so that the derivative of
the load with respect to voltage is continuous
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Minimum Per Unit Voltage for
Constant Power and Current Loads

e Minimum Per Unit Voltage  |"" .

for Constant Power SMW/
! Vpu
7ﬁ/ ]] ' >

S u
MW(\/pu): “SW [1003[\/ :

S min pu

Vminpu

Derivatives with

Minimum Per Unit Valtage for =\ res peCt to vO |ta ge
( Defa u It Va I ues Constant Power Loads 0.700 . .
remains continuous

are 0.7 and 05) Constant Currentloads | 0.500 3 i )
’ at min per unit value

e Minimum Per Unit Voltage

AMW
for Constant Current S S L
_ 7 Vo ) '
MW (Vpu )_ II\/IWVpu SIHL 2 V|min ) J - Vp;
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Simulator Options:
Power Flow Solution Page

e Advanced Options Tab

— Disable Treating Continuous SSs as PV Buses
e Continuous switched shunts are normally treated as buses with
fixed real power and voltage inside the inner power flow loop
— Disable Balancing of Parallel LTC taps
e Parallel LTC taps normally have their tap values
synchronized to prevent circulating var flow
— Model Phase Shifters as Discrete Controls

* Phase shifters will switch tap positions ool () Lop Optons
discretely based on the tap step size [IDisable Treating Continuous SSs as PV Buses

[[] Disable Balancing of Parallel LTC Taps

i NOrma”y users do nOt mOdE| the d|Screte [ Model Phase Shifters as Discrete Controls

properties of the phase-shifters. Including  vin. sensitity for L contral | 0.0100 |3
this can slow power flow solution.

— Min. Sensitivity for LTC Control
* Transformers with a sensitivity lower than this will be disabled
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.Advanced Options.raw

Example: Parallel Tap Balancing
and Minimum Tap Sensitivity

* Choose Open Case
— ...\S02_AdvancedPowerFlow\AdvancedOptions.raw

* Do NOT solve yet

| Area

History | enter w |Options > sy

e s Cearch Eor Bus
(| Define Custom View |

. O pe N th e BUS V|eW Click on the-Search For... ™"
ﬁ _ Choose Views > © Specify Bus View Customization Settings

Bus Define Custom View

o Click Load From File
(in Bottom Right)

— Open BusViewTaps.aux

— Choose Transformer Taps
From the Customizations

— Click Switch to
Custom Bus View

tate ]
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Parallel Tap Balancing

Advanced Options.raw

e On Bus View, go to Bus : RECTOR (24212)

Parallel Transformers
should have the same
tap ratios

S2: Advanced Power Flow

TS

©) Bus View RECTOR 24212 for

=S

Enck T b |Opﬁnns = Views >  SearchFor... Bus |RECTOR (24212) |,c
RECTO R 365.4 MWW
-23.6 Mvar
Bus: RECTOR (24212)
Nom kV: 66.00
Area: SOCALIF (24)
0.00 nww

Zone: ZONE12 (240)

D1 0.00 Mval
1.02 pu
= 0.97850 pu 0.97850 pu 0.97850 pu 0.97850 pu
519D L LA TNGT L LA TNGT 1 NANNN mn L LA TNGT I
eg 101250 101250 094787 0.93R17_
0.00 $/MWh A4

AT AFY QAT A
Yrua, 1.0125 tap " 1.0125 tap “orvs 0.9479 tap s 0.9362 tap
TWN TWN TN TWN)

YCKT 4
|

YCKT 2 TCKT 3

24235
0.98 pu
225.48 KV

© 2014 PowerWorld Corporation

Transformer Taps

27



Advanced Options.raw

Parallel Tap Balancing
and Regulation Range Correction

e On Bus View, go to Bus : SHELL J9 (54199)

@ Bus View SHELL J9_54199 for

TWO TranSfOI"merS RGgUlate the % Y.ﬁgn vHistary|5HELL 19 (54199) v|D|:|tions> Views =  Search For ... Bus | |F
same bus (54199), but have \ SHELL J9 12 0w
H H 2.5 Mvar
different regulation ranges . SHELL J9 (54199)
N ;416
A'r]ea:ﬂ RTA (54)
| fone: AIES- (540) D1 0.00 MW
: Simulator 0.00 Hival
Left Right " th 1'22 . 0.99600 pu 0.98800 pu
Range | Range | | WITUSE ENE {00 pe o Kreon
intersection Lokl 1 1
1.021 £th ] Y, A
O € range" r.r-;.‘\v 0.9882 tap 1.0236 tap
1.013 1.013 AN M
0.996 0.996 TCKT T TCKT T2
[ SHELL J7 |
54182
0.988 1.01 pu \
139.99 KV
If no intersection, then control turned off Again Parallel Taps
00— should balance
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Parallel Taps Regulated Bus Error
Checking

Note: Sample case does not have this problem. Slide is just example

e Parallel transformer taps
which do not have the

Bus: (55649)

1.06 pu 1.01500 1.05000 pu
same regulated bus 254.45 KV 1.05100 pu - 1.10000 pu
) 85.35 Deg 0.99660 1.00000
— Transformer will be turned | 55649
off control if this occurs
— Log message will be shown
Error: The following parallel transformers do not share the same regulated bus 1 0000 t3
Transformer 555649 TO 56649 CKT T2 has been turned off contral. ' P
Transformer 56649 TO 55649 CKT T1 has been turned off control.
— Also allow control if the
regulated buses are within
CKTT CKT T2
the a group of buses HANSMSV | i
connected by very low ﬁﬁﬁ;f
. . u
impedance branches 143,57 KV
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Minimum Tap Sensitivity

Advanced Options.raw

 On Bus View, go to Bus : ICGLDC (51050)

Because the Generator at bus
51039 controls the voltage at bus
51040,

The two transformer taps will not
be able to influence their voltages

Taps will only be useful when
generator hits its Mvar limits

S2: Advanced Power Flow

{2 Bus View ICGLDC _51050 for

+ History ICGLDC (51050)

-5
EACK  AHEAD

ICGLDC

Bus: ICGLDC {51050}
HNom kV: 21.00

Area: B.C.HYDR (50)
Zone: BC HYDRO (500)

Gl 1.02000 pu

21.08 KV 1.05000 pu
67.93 Deg 0.97500
0.00 $/IMVWh 1040
Tap
Control
Transformer Taps

V|Opﬁuns:=- Views >  Search For ..., Bus |ICGLDC ({51050)

B

0.00 MY
0.00 Mva

1.02000 pu

Tap 1.05000 pu
0.90000
Control 51050

0.9000 tap

© 2014 PowerWorld Corporation
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Advanced Options.raw

What Simulator does with these

e Click Single Solution

- Full Mewton

* Openthe Message Log [ —

Case Information Draw Onelines Te

- — [ '

Message Log: Transformer Options.raw

Starting Solution using Rectangular Mewton-Raphson
Transformer 52220 TO 52161 CKT 1 has a TapMin to TapMax range which is greater than 0.9. Transformer has been turned off contral,
Transformer 52220 TO 52162 CKT 2 has a TapMin to TapMax range which is greater than 0.9. Transformer has been turned off contral. T
Transformer 52221 TO 52163 CKT 3 has a TapMin to TapMax range which is greater than 0.9. Transformer has been turned off contral.
Transformer 52221 TO 52164 CKT 4 has a TapMin to TapMax range which is greater than 0.9. Transformer has been turned off contral.
Mumber: 0 Max P: 1106, 130 at bus 45040 Max Q: 386,771 at bus 26043
Mumber: 1MaxP: 2,433 at bus 26048 Max Q:  6.231 at bus 26043
Mumber: 2 Max P:  0.000 atbus 14012 Max Q:  0.001 at bus 62057
Transformer 24008 TO 24007 CKT 1 tap ratio maved from 0.96579 to 0.95054 to balance with parallel LTCs
Transformer 24016 TO 24201 CKT 1 tap ratio maved from 0.96300 to 0.95535 to balance with parallel LTCs

efc...

Transformer 24235 TO 24212 CKT 3 tap ratio maved from 0.94787 to 0.97123 to balance with parallel LTCs
Transformer 24235 TO 24212 CKT 2 tap ratio moved from 1.01250 to 0,96250 to balance with parallel LTCs R ECTO R
Transformer 24235 TO 24212 CKT 1 tap ratio maved from 1.01250 to 0.96250 to balance with parallel LTCs

etc...

The following parallel fransformers have contral ranges (Reqg Min - Reg Max) that are not the same.
Reg range of 0,99600-1.01300 is being used for all (intersection of the contral ranges). S H E LL J9
Transformer 54132 TO 54199 CKT T2 Reg Range spedfied: 0.98800-1.01300
Transformer 54132 TO 54199 CKT T1Reg Range spedfied: 0.99600-1,02100

etc...

Calculating Transformer Tan Seqsitivities for 24 Transformers
ransformer 51032 TO 51050 CKT 1 can not effectively control voltage at bus 51050; control will be ignored until the tap sensitivity magnitude increases
ransformer 51050 TO 51040 CKT 1 can not effectively control voltage at bus 51040; control will be ignored until the tap sensitivity magnitude increases ICG LDC

ransformer 54617 TO 54853 CKT 1T can not effectively contral voltage at bus 54617 control will be ignored until the tap sensitivity magnitude increases
Finished voltage control loop iteration: 1

Mumber: 0 Max P: 1,899 atbus 24201 Max Q: 42,946 at bus 54118
Mumber: 1Max P: 0,008 atbus 24201 Max Q: 0,060 at bus 24201

etc...

[
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Advanced Options.raw

Simulator Options:
Power Flow Solution Page

e Advanced Options Tab

— Disable Angle Rotation Processing AL e

* Voltage angles are rotated so that the angle range in an island is equally
spaced around zero degrees if any angles fall outside +/- 160 degrees

— Sharing of generator vars across groups of buses
PY Allocate across buses using the use r_speCIfled Sharing of generator vars across groups of buses during r

R () Allocate across buses using the user-specified remote |
re m Ote reg U I a t I 0 n p e rce n ta ge S (") Allocate so all generators are at same relative point in
() Allocate across buses using the SUM OF user-specified

* Allocate so all generators are at same relative e cerersors st e e s sy slocate vars
point in their [min..max] var range

* Allocate across buses using the SUM OF user-specified remote

regu I atl on pe rcenta ges Options for Areas on Econemic Dispatch
. . . Include Loss Penalty Factors in ED
— Options for Areas on Economic Dispatch [Jenforce Convex Cost Curves n€D

* Include Loss Penalty Factors in ED will consider losses in determining
the dispatch

e Enforce Convex Cost Curves in ED will turn units that are operating
outside the convex portion of their cost curve off automatic control
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Advanced Options.raw

Sharing of Generator
Vars across a group of buses

 On Bus View, go to Bus : COLSTRP (62057)

— Generators at corsTrp
62047, 62048, [enisrm

Zone: COLSTRIP (628) 0.00 MW

6 2 049, 6 2 O 5 O 1.08 pu % py ¥ 0.90000 pu ™ 0.90000 p 0.90000 p 0.90000 ‘03;00 "
A A

540.00 KV

| |
118.74 Deg W pu A1.10000pu  1.10000 1.10000 1.10000 pu
) 1.00000 1.04760 1.04760, 1.05000 1.05000
all regulate R % to o Ao Ao
‘ A A A
Sl P W A

the voltage focr2

62053

at this bus e

A
. . A
o/ 1.0476 tajpus , | 1 W
Y

476 tap
A
98%
e 110500 t7 s
(]
CKT1 CK A X A

1.0500 tap

[COLSTRP ) :
62060 ,
62046 1.03 pu TCKT1
237.47 KV COLSTF{&] \
62047 CKT1
62051 1.04 pu
COLSTR
Transformer Taps \ 26.92 KV 550044!.3
[CoLSIg) pu
52049 26.94 KV

62050

S2: Advanced Power Flow © 2014 PowerWorld Corporation 33



Advanced Options.raw

Var “Responsibility” Sharin
P Y g

® G O t O IVl O d e I E X p I O re r Sharing of generator vars across groups of buses during remote requlation

(#) Allocate across buses using the user-specified remote regulation percentages
() Allocate =o all generators are at same relative point in their [min .. max] var range

—_— N a V I ga t e t 0 N et WO r k 9 () Allocate across buses using the SUM OF user-specified remote regulation percentages
MNote: Generators at the same bus always allocate vars so they are at the same
Generators

relative point in their [min .. max] var range
— Present setting is to “Allocate across buses using the
user-specified remote regulation percentages”

& Model Explorer: Generators
o X Gen Records (Filter:Coal 5trip) | X Buses | X Advanced Fiters | X Remotely Regulated Buses

|Ex|:u|u:ure
Fields Expl-:ure|Dpﬁuns| g % A *s0 00 | 3k ?&D | ;:.1.:. Fecords ~ Geo = Set = Calumns - " |'%H.E* ? | Cptions =
[ Recent A Number of Bus|Name of Bus|ID|Status |Gen MWI|Gen Mvar|Remote Reg %|Min Myvar|Max Mvar| Set volt |avr|
= 3 Network 1 £2047 COLSTF 4 1 Closed 815.00f 121.69 35.00 -270.70 270.70 1.08000 YES
EH Branches Input z §2048 COLSTP3 1 Closed 742.88 121.69 3500 -270,70 270,70 1.08000 YES
ﬁ Branches State 3 62045 COLSTP2 1 Closed 330.00)  52.15 15.00 -115.00 115.00 1.08000 YES
Buses 4 62050 COLSTP 1 1 Closed 330.00)  52.15 15.00 -115.00 115.00 1.08000 [fE5]
.:Eﬁ DC Transmission Lines

P} ceneotors | Sum = 347.68

.:Eﬁ Impedance Correction ”
HH Line Shunts

g2 Loads
H Mismatches

B Multi-Terminal DC

ﬂ _?_:"it':hﬁ':li_ Sh""-'*_sr v ! Search Search Mow  Options =
resinding Transtos
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Var “Responsibility”
Sharing using Remote Reg %

e If you modify the values for Min Mvar and Max Muvar,
the Gen Mvar values will not change

— Change the Max Mvar value for generator at
bus 62047 to 150 Mvar

Number of Bus|Name of Bus|ID|Status |Gen MW |Gen Myar|Remate Reg Yo[FirrMasr et Mvar Set volt |AvR]|

1 62047 COLSTP4 1 Closed 815.00 121.69 35.00 -270.%0 | 15EI.IIIIH 13000 YES
g 62048 COLSTP 3 1 Closed 742,33 121.69 35,00 -270,70 =877 1.08000 YES
3 62049 COLSTP 2 1 Closed 330.00 52.15 15.00 -115.00 11500 103000 YES
e 62050 COLSTP 1 1 Closed 330.00 52.15 15.00 -115.00 11500 1.03000 YES

_#  — Click Single Solution
" — No change in Gen Mvar outputs are seen

— Change the Max Mvar value for generator at
bus 62047 back to 270.7 Mvar

Mumber of Eus|NamE of EuslIDlStab_ls |Gen MW |Gen Mvar|Remu:ute Reg %l% Mva.'ilﬂax M : Set Volt |.ﬁ.h’R|
1 62047 COLSTP 4 1 Closed &15.00 121.69 35,00 -270N0 | 270, _'H P.03000 YES
2 52043 COLSTP 3 1 Closed 74233 121.69 35.00 -270.70 TUEFETTU 1.08000 YES
3 62049 COLSTP 2 1 Closed 330,00 52,15 15,00 -115.00 11500 1,08000 YES
4 62050 COLSTP 1 1 Closed 330.00 52.15 15,00 -115.00 11500 1.08000 YES
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Advanced Options.raw

Var “Responsibility” Sharing
using relative [min..max] var range

 Open the Simulator Options Dialog again
— Go to Power Flow Options, Advanced Options

Simulataor

=e=. — Change to “Allocate so all generators are at same
relative point in their [min..max] var range”

— Click Single Solution

the same as the Remote Reg % values
270.70  0.35

115.00 0.15

— To see the different behavior, change Min Mvar and
Max Mvar values
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Advanced Options.raw

Var “Responsibility” Sharing
using relative [min..max] var range

e |f you modify the values for Min Mvar and Max
Mvar, the Gen Mvar values will change

— Change the Max Mvar value for generator at
bus 62047 to 150 Mvar

Number of Bus|Mame of Bus|ID|Status |Gen MW |Gen Myar|Remote Reg Fojiin Mw{ar!:‘-'uax MvarkSet Volt |AvR|
1 62047 COLSTP 4 1 Closed 815.00 61.26 -270°%0 |_150.09] 1)08000 YES
2 62045 COLSTP 3 1 Closed 742,83 155.50 -270, 70 =288 1.08000 YES
3 62043 COLSTP2 1 Closed 330,00 66,48 -115.00  115.00 1.08000 YES
G 62050 COLSTP1 1 Closed 330.00 65.43 -115.00 115,00 1.03000 YES
| 61.26—(-270.7)
= — Click Single Solution 150.0-(270.7) '
- — Gen Mvar outputs change 156.5—(-270.7) _ 209
* We enforce constant ratio of 270.7-(=270.7)
GenMvar — MinMvar 66.48 - (-115.0) _ 0.789

= Constant = V.
MaxMvar — MinMvar 115.0-(-115.0)
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Var “Responsibility” Sharing

 The Var Sharing option only applies to generators that have
different terminal buses

 For a group of generators that have the same terminal bus,
PowerWorld will always allocate the Mvar values using the
“relative [min..max] var range” method

e See bus GHOST A9 (54171) for an example

— Go back to the Model Explorer, Network Generators
— Remove the Advanced Filter “Coal Strip”

) Model Explorer: Generators

[Explare n| | X GenRecords (Filter:Coal 5trip) | X Buses | X Advanced Filters | 3 Remotely Regulated Buses
Fields |Explore | Options | i By el %2 50 | dd ?&D | Records * Geo ~ Set+ Columns ~ [Eg- | 0~ AU < B~ i%ﬂ B | options ~
# |4 Recent W Mumber of Bus|Name of BuslID|Status |Gen M'J-s'lGen Mvar|Remote Reg %lMin MvarlMax Mvar| Se % Advanced Filter...
= 3 Metwork Za047 - oo o p——
E@ Branches Inout 1 62047 COLSTP 4 1 Closed 815.00 121.89 270,70 270,70 1. Lse Area Zone Filters
P 2 62043 COLSTP 3 1 Closed 74238 121.8%9 -270.70 270,70 1. _ )
ﬁ :fa“‘hes State 3 62049 COLSTP2 1 Closed 330.00 5178 415,00 11500 1| 7| AreafZone/Onner Fiters...
sssss —
4 62050 COLSTP 1 1 Closed 330.00 51.78 -115.00 115.00 1. e Ei
HH DC Transmission Lines " = | Remave Filter
+ [, Genera tors -
v | Coal Stri
HH Tmnedance Correc tinn 7 P

— Navigate to find GHOST A9 (54171)
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Advanced Options.raw

Var “Responsibility” Sharing

 Generator at same bus GHOST A9 (54171) are

obeying the ratio GenMvar — MinMvar _ Constant

MaxMvar — MinMvar

0 Model Explorer: Generators

|Ex|:u|u::re J;l| X Gen Records |x Buses | * Advanced Filters | 2 Remotely Regulated Buses

Fields | Explore | Options | ] B ok el 5% | @4 @8 | 53 Records - Geo - Set~ Columns - [Be- |- - P BH-

3 Recent A Mumber of Bus|Mame of Bus|ID|Status |Gen M |Gen Myar|Remate Reg Ye|Min Myar |Max Myar| Set volt |avR] ~
= (3 Network 2069 54167 CASCADES 2 Closed 12,10 4,77 0,80 17.60 1.04775 YES

HH Branches Input D

2070 54171 GHOSTAS 2 Closed 10.40sy 2.85 10,00 10,00 1.02408 YES
g Branches State 2071 54171 GHOSTAS 3 Closed _adff 4,64 10,00 12.80 1.02408 YES
Buses 2072 54171 GHOST A9 4 17.00 5.84 10,60 15.00 1.02408 YES

ﬂﬁ DC Transmission Lines
ﬁ Generators
HH Impedance Correction ™

2073 54172 BEARSPW

Closed &, 20 6,21

/

285-(-10.0) _..,,  464-(-100) ..,  584-(-106) ..,
10.0— (-10.0) 12.8—(-10.0) 15.0— (—10.6)

-5.50 14,00 1.01500 YES

[£

i Search Cptions *
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Power Flow Solution:

Advanced Options.raw

Switched Shunt-Specific Features

e Each Switched Shunt has
an option to allow it to
switch during the inner
power flow loop

— This allows discrete
switched shunts to be
treated as PV buses initially
and then revert back to
discrete shunts after an
initial solution

— Reverting back to discrete
shunts is done in Step 1a of
the overall power flow
solution process. This will
cause additional inner
power flow loop iterations.

S2: Advanced Power Flow

Switched Shunt Infermation for Current Case @
Bus Mumber | EEEDE] - % [ Find By Mumber ]
Bus Mame EL CAJON - [ Find By Mame ] Status
ShntiD 1 D Open
no labels @ Closed

Farameters | Control Options |Fault Information | Oweners, Area, Zone | Custom | 5tabilitg.=|
Advanced Options | Time Step Options |

Discrete Control Options
[ single Largest Step

F Allow switching in the inner
power flow loop =

Continuous Element Parameters

|:| IJse Continuous Element

[] Use High Target Voltage

[ \/DK ] [ XCanceI ] [ Save ] [ ?ﬂelp ] [ Print ]
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Power Flow Solution:
Transformer-Specific Features

Transformer Control Info =

e With each transformer, a Comon ot [T st ot

Control Options for a transformer on

f i e I d ca I | e d “" R e g u I ati on Voltage Regulation (AVR)

) - Regulated Bus Mumber 10013
R a n ge Ta rg et Ty p e I S Present Reg. Bus Voltage 0.99325
. Voltage Error 0.00000
ava I | a b I e Regulation Minimum Yoltage 0.9730
=1l = tinm Mawinnum 'u'nlf.:ug:h 1,020

- C h O i Ce S a re Regulation Target Type @ Middle ) MaxMin
b Mlddle Of Reg Ra nge Present Tap Ratio 1,04380

Minimum Tap Ratio 0.2000

i MaX/Min Of Reg Ra nge Maximum Tap Ratio 1.1000
. Tap Step Size 0.00625
— Determines what the P
" ) . Voltage to Tap Sensitivity .
ta rgEt I S fo r t h e |:| Ise Line Drop/Reactive Current Compensation
Line Drop/Reactive Current
transformer control when Corpmtniisone ) 0
it iS n Ot m eeti n g its Cnmpdensaﬁnn Reau_jtancelf} :
reg U I at i O n ra n ge I View Transformer Correction Table I

0.00010

| \/DK | I x Cancel] I ? Help I
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Area Control with Multiple Islands

e When an area spans multiple electric islands,
the MW Interchange Control for that area may
not be possible

e An error check is done to allow for more
complex situations

— An area that belongs to multiple islands can be
placed on control only if at most one of these
islands contains multiple areas
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Areas Spanning Multiple Islands:
Example for Area #1 Control

Control Allowed

Only Island C has multiple areas

Island B
Area #1

Island A Island C

Control NOT Allowed

Island A and Island C have multiple areas

Island B

Area #1

Island A < Island C

S2: Advanced Power Flow

7
Island C has multiple areas

This situation occurs for WAPA and
ERCOT in Eastern Interconnect cases

’ Island C has multiple areas
Island A has multiple areas

© 2014 PowerWorld Corporation




Areas Spanning Multiple Islands :
Why control is NOT Allowed

 Not allowed because Simulator doesn’t have
enough information to know which generators
should respond when transactions are specified
— For example: Area 1 — Area 2 transfer

— Should transfer occur in Island A or Island C?
e Because Simulator doesn’t know, control is NOT allowed

Island B

Area #1

Island A Island C
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Power Flow Solution:
Solution Diagnosis Aids

Bus Information for Current Case ==

* Displays for showing which devices [z = ¢ =

-

Nom. Voltage  500.00

remotely regulate a particular bus

Mumber Name
@ Connected
L Area 62 MONTANA
are available (generators, LTCs, and e
’ ’ Substation
S ul Its Voltage {p.u.)  1.0800 Voltsge (k) 540.00 5 z
Angle (deg) 118.702 Angle (rad) 2.07174

Device Info | opF [ Geography [ custom |

— A ppears on Run Mo d e Bus d ia | og Geneatr nfermaton | swichedshuntiorman | ou vorape egdeton

Total MW P Acnal Nomina Desired PU Voltage 10800
W)
Total Mvar N Regulated by :

—_— 1 B () Generators:
On Model Explorer under Solution
62045 (COLSTP 3_ 26.
° Load Infor‘rlr:ahon Bus Shunt Admittance ggg?ﬁ ;ggt‘;’g f— 33
Details\Remotely Regulated Buses o ||
Current Mvar G (MW)
display
l view All Flows at Bus J
{ o oK J l x Cance\J I ? Help J l Print J
Muodel Explorer: Remotely Regulated Buses (o |[= [
|Exp|ore J;l| X Remotely Regulated Buses | x Buses|
Explore FiE|d5| g % AR a8 ;08 | &h ?&n | % Records = Geo * Set -~ Columns - ' |"ﬁ"§* "%’E'E' ? %' 1%“;; f(x) | QOptions -
R t e
: jr\lzﬁ!rk i : Filter Advanced » Bus - ~ Find... Remove
+ [ Aggregations Mumber|  MName Area Mame | PU Volt |Set Volt| Volt Diff |AVR.[Total Mvar|Myvar Min |Mvar Max| Rem Regs | RemRegs | Rem [Rem Fem Rem Rem =
= [ Solution Details {gen) (MFMR) Regs |Reg Ger|Reg Gen|Reg Gen|Req (
:@ Bus Zero-Impedance = (55) |Bus1 |Bus2 |Bus3 |(Bus4
HH Fast Decoupled BP M: 3043| 62041 MORCNY  MON 0.0 ) Generator: 6 62041
i Fast Decoupled BRP 1 3044 0.0 | Generator: 6 52042
HH Mismatches 3045 0.0 | Generator: & £2043
HH outages 3046 0.0 0.0 0.0 Switchec
B Post Power Flow Solu 3047 fes 3480 7714 F7L4 Generstorsi[___ ] 62047 62048 62043 620
HH Power Flow Jacobian 3043 0.0 0.0 0.0
HH 3042 ) fes 321 -34.0 84.0 Generators: | 62001 62002 5
HH subnets N« T o T o o o ’
l Open Mew Explorer ‘ Search Search Now Options =
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Power Flow Solution:
Solution Diagnosis Aids

 There is a field for buses called Solution\Type (PV, PQ, Slack, etc.)
— Descriptive strings to better help understand the power flow solution
— Column is shown by default on Network\Mismatches table
Slack, PQ, and PV
PV (Remote Reg Master) PQ (Remote Reg Slave)

PQ (Continuous Shunts at Var Limit) PQ (Gens at Var Limit)
PQ (Remotely Regulated at Var Limit) PQ (Remotely Regulated)

Model Explorer: Mismatches = B EE
Explore n || X Bus Real and Reactive Power Mismatches | ¥ Bus Zero-Impedance Branch Group | X Islands | 2 MS Lines I X Switched Shunt * | *
Explore | Fields D % [ ?&n ** Pecords~ Geo=~ Set+ Columns = ' .E' H%EE' T QE'EI' SEOE'EEL i~ BB | Options +

» [ Recent - _ ] _ )

- [ Netwark Filter |Advanced| = |Bus = = | Find... Remowve Quick Filter...

> L4 Aggre.gations. Mumber MName | Area Mame Type | Mismatch MW | Mismatch Mvar |Mismatd1 My 2 "| -

4 L3 Solution Details 1 26 113] INTERMTX LADW/P PQ 0.00 0.00 0.00
HH Bus ZeroImpedance ey EEr 7 40131 BONN PH2 NORTHWES PV (Remote Reg Master) 0.00 0.00 0.00
tHl Fast Decoupled BP Matrix 3 26040 INTERM2G LADWP PQ (Remate Reg Slave) 0.00 -0.00 0.00
c@ Fast Decoupled BPP Matrix 4 26003 ADELANTO LADWP PQ 0.00 0.00 0.00
P Mismatches E 5 45815 ROCK IS2 MNORTHWES PV 0.00 0.00 0.00
{ Outages 3 & 62048 COLSTP 3 MONTANA PQ (Remote Req Slave) 0.00 0.00 0.00
@ Post Power Flow Salution Actions 7 62057 COLSTRP MONTAMNA PQ (Remately Regulsted) -0.00 -0.00 0.00
:@ Po‘;\rer F|.0_WJECCIIb_iEI"I ) . <] 40561 ICE H3-4 MORTHWES PV (Remote Reg Master) 0.00 0.00 0.00

9 45111 WAMAPUMZ MNORTHWES PV -0.00 0.00 0.00

i Remotely Regulated Buses 10 46109 WANAPUM NORTHWES PV 0.00 0.00 0.00
(H Subnets 11 46813 ROCK 5 NORTHWES PQ (Gens at Var Limit) 0.00 0.00 0.00
c@ Superbuses 12 40681 LOWY MON MORTHWES PQ (Remote Reg Slave) 0.00 0.00 0.00
EH Time step Actions 13 41773 COUL1418 MORTHWES PQ (Gens at Var Limit) 0.00 0.00 0.00
dﬂ YBuUs 14 41313 CELILO3 MNORTHWES PQ 0.00 0.00 0.00

. [ Case Information and Auiliary 15 41314 CELLO4 NORTHWES  PQ 0.00 0.00 0.00

. Optimal Power Flow il 16 14932 PALOVRDZ ARIZOMA PQ (Remote Reg Slave) 0.00 0.00 0.00

0o 17 35036 MT POS0 PG AMD E PO (Gens at Var Limit) -0.00 -0.00 0.00 i
’ Open Mew Explorer ] Search Search Now Options =
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Power Flow Solution:
Solution Diagnosis Aids

 Bus Zero Impedance branch groupings display

— Model Explorer under Solution Details\Bus Zero-
Impedance Branch Group

Muodel Explorer: Bus Zero-Impedance Branch Group o B OER
B g || X BusZero-Impedance Branch Groupings | 3 Islands | 3 MS Lines | X Switched Shunts | 3 Generators | X Buses|
Explore | Fields D % Al 50 500 | iy ?&D # Records~ Geo~ Set~ Columns - ' “.E' "%’EE' T @3' f'u%ﬂ g~ EH -
» [ Recent . . .
» T Network Filter | Advanced| = Bus “r = | Find... Remove Quick Filter...
» [ Agagregations MNumber | Name | Area Name Mam kY |ZBF‘. Bus Primary | ZBR. Bus Neighbor List ¥ >
44 °'“t'°” Details i 74001 WY REFIN WAPA RLM 59.00 74001 [7400 L, 74003
R LA L e S AT M RS z 73273 STURG_CI WAPA R.M 69.00 73273 73273, 74000
fH Fast Decoupled BP Matrix 3 73521 BFRMNCH25 WAPA R.M 59,00 73521 73241,73521-73522
{H Fast Decoupled BPP Matrix 4 73287 4TH ST VWAPA R.M £9.00 73287 73238,73286-73287
HH Mismatches 5 66375 SMITHFLD PACE 138.00 66375 66370,66375
A Outages & 65457 DG UPLCO PACE 138.00 65457 65457,66590
& Post Power Flow Solution Adions 7 66378 SMITHS PACE 138.00 66378 65040,66378
e —— 3 52305 TFALLCIT MONTAMA 115.00 52305 £2305,52309
3 62284 CLANCYTB MONTANA 100.00 62284 62284,62287
i Remotely Reguiated Buses 10 62279 MTTUNTPA MONTAMNA 100.00 62279 §2279-652280
£ Subnets 11 627266 TOSTOM MONTANA 100.00 62766 62266,62272
{H superbuses = 52265 TOWNSEND  MONTANA 100.00 52265 62265,62273
Bl Time Step Actions 13 62249 EGALTN A MONTANA 161.00 62249 62249,52258
i Bus 14 62237 UTICAR MONTAMNA 100.00 62237 6223762238
. 3 Case Information and Auxiliary 15 62200 ABSRKER MONTANA 100.00 62200 §2200-62201
. B Ootimol Power Flow 16 52190 CENEX A MONTANA 100.00 52190 £2190-62191
dop 17 52099 BASELINE MONTANA 100.00 62099 §2099,52225
» 3 Tools and Add Ons 18 60279 OXBOW &1  IDAHO 230.00 60279 60279-60280
» [ Transient Stability 19 55285 NIPISI 7 ALBERTA 138.00 55285 55214,55285
3 User-Defined 20 55043 RIVERVIS ALBERTA £9.00 55043 55042-55043
71 54978 EAST IN4 ALBERTA 240.00 54978 54978,55891 .
[ Open New Explorer ] Search Search Now Options +
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Power Flow Solution:
Solution Diagnosis Aids

e |sland Information dialog lists the buses,
generators, loads, and switched shunts that are
part of an island

Island Information o B2
| Information | Island Buses | Island Gens | Island Loads I Island Switched Shuntsl

Bh Ak %0 %0 dh 88 Records * Geo = Set+ Columns~ [Fg- | fE- . & B 30~
Number of Bus | NameofBus | I | Staws | Genmw | Genmwar | setvoit | acc | a4

1 Open YES YES

Open YES YES

Qpen YES YES

Open YES YES

Open YES YES

[ 10318 SJUAM_G1 1 Closed 345.11 24,19 1.02500 YES YES

7 10319 SIUAN_G2 1 Closed 335.53 23.14 1.02500 YES YES

3 10320 SIUAN_G3 1 Closed 521.5 3540 1.02500 YES YES

9 10321 SIUAN_G4 1 Closed 521.50 36.20 1.02500 YES YES

Open YES YES

Qpen YES YES

12 11010 AMRAD 1 Closed 0.00 -0.78 1.03500 YES YES

Open YES YES

14 11112 MEWMANG1 1 Closed 77.00 6.93 1.00700 YES YES

15 11113 NEWMANG2 1 Closed 80.00 7.03 1.00700 YES YES

16 11114 NEWMANG3 1 Closed 73.07 9.07 1.00700 YES YES

17 11115 NEWMN4G1 1 Closed 58.00 5.21 1.00700 YES YES

18 11116 NEWMN4G2 1 Closed 58.00 5.21 1.00700 YES YES
19 11117 MEWMN451 1 Closed 54.00 3.02 1.00700 YES YES T

F 3

(=) [2=) Lo
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