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I. EXECUTIVE SUMMARY 

This report documents the study methodology, results, and conclusions of Arizona Public 
Service Company’s (APS) Reliability Must-Run (RMR) Analysis for 2003 through 2005. This 
analysis was conducted in response to the Arizona Corporation Commission’s (ACC) Second 
Biennial Transmission Assessment (Assessment) and Decision No. 65476 (December 19, 2002). 
As required by the Assessment, the 2003 RMR Analysis covers three years. The 2004 RMR 
Analysis will cover 10 years. 

If a city or load pocket must be served by local generating units at certain peak times, then those 
units are designated as “reliability must-run” or RMR units. In APS’ service territory there are 
two major areas where load cannot be served totally by power imported over transmission lines - 
the Phoenix metropolitan area and Yuma. The cost of using must-run units can be measured by 
the difference between generation costs with the transmission limit and costs without the limit. 
This report looks at and compares the cost of serving these two areas with and without the 
existing transmission constraints. 

This report concludes that for the Phoenix metropolitan area, the cost of RMR with the 
transmission limit does not at present outweigh the cost of transmission improvements to remove 
the limitation. For Yuma, the report shows that the addition of a 500/69 kV transformer at the 
North Gila substation could be a cost-effective measure to improve transmission import capacity. 
Environmental effects for both areas with and without transmission constraints are also 
documented in this report. 

0 

A. Study Overview 

The existence of transmission import limited areas is not uncommon in the United States, and 
particularly in the West where load centers are generally separated by long distances. APS has 
transmission import-limited areas in Phoenix and Yuma. An import area is transmission limited 
when all load cannot be served solely by importing resources over local transmission lines, thus 
requiring some use of local generating units to reliably meet peak load. 

The two transmission import-limited areas in APS’ system were studied to determine: 
0 The system simultaneous import limit (SIL), which is the maximum amount of capacity 

that can be reliably imported into an area with no local generation; 

The maximum load serving capability (MLSC), which is the total load that can be 
reliably served from imports and from local generation; 

Annual RMR conditions, including magnitude of load in excess of the SIL and number of 
hours the load exceeds the SIL; and 

Estimated economic impacts of the import limits. 

0 

0 
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Additionally, transmission alternatives were studied to compare the costs of mitigating the 
annual RMR conditions with the potential benefits of such mitigation. 

RMR 
Energy Peak Max RMR3 RMR 

(Mw) (Mw) (Mw) (GwH) total) 
(Yo of 

Year ‘IL’ Demand RMR’ Hours Energy‘ 

2003 3621 4456 835 518 170 0.9 

2004 3658 4614 956 590 21 1 1 .o 
2005 3709 4733 1024 656 243 1.1 

The Phoenix area is a tight network of APS and Salt River Project (SRP) load, resources, and 
transmission facilities. Because the Phoenix system is highly integrated, the import limits must 
be determined for the combined area. This analysis was coordinated with SRP personnel, who 
had significant involvement in the study and were helpful in the overall analysis. The Western 
Area Power Administration (WAPA) participated in the study because their transmission 
facilities interface with the Phoenix network and also provided helpful comments. 

After the combined import limit (SIL) for the Phoenix area was determined, RMR conditions 
were evaluated for APS based on APS’ share of the combined import limits, APS’ Phoenix-area 
load, and Phoenix area local generation, which includes generation owned by APS, SRP and 
Pinnacle West Energy Corporation (PWEC). 

The Yuma area, which has a summer peak demand of approximately 300 MW, is served by an 
internal APS 69-kV sub-transmission network containing all of the load in the import-limited 
area. There are external ties to WAPA and the Imperial Irrigation District (IID), as well as a bulk 
power interface with the Palo Verde-to-North Gila transmission system. This analysis was 
coordinated with the WAPA Phoenix office to ensure accurate modeling. 

RMR 
Cost5 
($M) 

0.03 

0.4 

0.7 

B. Summary of Results 

Results of the analysis for the three years of the study, which are summarized in the following ’ 
tables, assume that present plans for system improvements are completed on schedule. 

The following table summarizes the estimated RMR effects and costs for APS load in 
Phoenix area. 

Table ESl 
Phoenix-Area RMR Effects and Costs for APS Load 

the 
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0 The following table summarizes the estimated RMR effects and costs for load in the Yuma area. 

Peak 
Demand SIL' 

0 Year 
Max RMR3 

RMR2 Hours m 0  

2005 

Table Key: 

RMR 
Energy4 
(Gm 

Table ES2 
Yuma Area RMR Effects and Costs for APS Load 

RMR 
Energy 
(Yo of 
total) 

308 I 144 I 3184 

312 I 148 I 3512 
I I 

324 I 160 I 3834 

162 I 11.3 

186 I 12.4 

RMR 
Cost5 
($M) 

1.5 

1.3 

1.5 

'SIL - System Simultaneous Import Limit is the maximum amount of capacity that can be reliably imported into the 
area with no local generation operating. 

2Max RMR - The amount of local generation required to meet the area peak demand (Peak Demand minus SIL). 
3RMR Hours - The number of hours that the area's demand exceeds the SIL, thus requiring the use of local 
generation to meet load. 

4RMR Energy - The annual energy required to be met by local generation (in excess of the SIL). 
'RMR Cost - The difference in annual generation cost with and without the transmission limitation. 

In addition to APS local generation, there are SRP, PWEC or other resources that can be used to 
meet the RMR requirement. The RMR requirements for non-APS generation are determined by 
including the APS local generation minus local reserve requirements with the SJL and 
subtracting that number from the estimated peak demand. 

The table on the following page summarizes the estimated non-APS RMR requirements for APS 
load in the Phoenix area. 
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SIL plus 
Year APS Local 

Generation’ 

2003 409 1 

2004 4128 

2005 4179 

Table ES3 

Phoenix-Area Non-APS RMR Requirements for APS Load 

Non-APS 
RMR 

Energy 
(GWH) 

Non-APS 
RMR 

HOURS 

Max 
RMR 
(Mw) 

Peak 
Demand 
(MW) 

4456 365 152 23 

4614 486 200 42 

4733 554 230 55 

Non-APS 
RMR 

HOURS 

Max 
RMR 

SIL plus Peak 

Generation’ (MW) 
Year APS Local Demand 

(Mw) 

2003 233 308 75 836 

2004 233 312 79 962 

2005 233 324 91 1104 

The following table summarizes the estimated non-APS RMR requirements for load in the Yuma 
area. 

Non-APS 
RMR 

Energy 
(GWW 

21 

27 

34 

Table ES4 
Yuma Area Non-APS RMR Requirements for APS Load 

Local generating units are dispatched based on cost, along with the rest of APS’ resources. Thus, 
most of the RMR hours shown above are “in the money” when dispatched. However, the 
presence of a transmission constraint may require local generation to be dispatched “out of the 
money.” This report considered all Phoenix-area transmission limitations and generation 
resources in determining the overall RMR situation. The economic impact of RMR can be seen 
from the following tables. 

The following table summarizes the estimated total number of hours that APS local Phoenix 
generation must run out of economic dispatch, the amount of energy that is produced out of 
economic dispatch and the associated cost. 0 
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Year 

Table ES5 
APS Phoenix-Area RMR Outside Economic Dispatch 

Hours outside Energy outside RMR Cost 
economic dispatch 

(GWH) ($M) economic dispatch 

2005 

I 2003 I 32 I 7 I 0.03 I 

~ 

174 44 0.7 I 
I 0.4 I 43 I 1 2004 I 146 

Year 

L I I 8 1 

RMR cost 
($M) 

Energy outside 
economic dispatch 

(GWH) 

Hours outside 
economic dispatch 

2004 

2005 

The following table summarizes the estimated total number of hours that APS local Yuma 
generation must run out of economic dispatch, the amount of energy that is produced out of 
economic loading and the associated cost. 

974 49 1.3 

1196 56 1.5 

Table ES6 
APS Yuma Area RMR Outside Economic Dispatch 

I I 2003 I 1066 54 1.5 I I 

C. Report Conclusions 

Phoenix-Area Conclusions 

1. During the summer, APS Phoenix-area load is expected to exceed the available transmission 
import capability for approximately 500 hours in 2003 and 650 hours in 2005. However, 
these hours represent only one percent of the annual energy requirements for APS’ Phoenix 
area. 

2. From a total Phoenix load, transmission, and resources viewpoint (APS, SRP, and PWEC), 
import limits are expected to cause APS local generation to be dispatched out of economic 
dispatch order for 32 hours in 2003, 146 hours in 2004, and 174 hours in 2005. 
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0 3. The estimated annual economic cost of Phoenix-area generation required to run out of 
economic dispatch order is estimated to be $720,000 in 2005, compared to a cost of 
approximately $16 million to relieve 452 MW of the Phoenix area’s transmission constraint. 
Thus, the transmission alternative currently is not cost justified. 

Avg. Reduction 
(tondyear) 

1 .o 
29.5 

5.5 

4. All Phoenix-area transmission and local generation are necessary to reliably serve all 
Phoenix-area peak load. 

Reduction of Phoenix Area Emissions 
(% of total emissions from all sources) 

0.001 

0.049 

0.002 

5. In capacity terms, APS will require from 365 MW in 2003 to 554 MW in 2005 of non-APS 
resources within the Phoenix area to serve the APS Phoenix-area load. These resources could 
be supplied from non-APS local generation (including PWEC West Phoenix Units 4 and 5, 
SRP Phoenix-area generation, or newly constructed local generation) or from remote 
generation deliveregl to APS using SRP Phoenix-area import capability. 

6. Non-APS generation outside of the Phoenix load area (or inside the Phoenix load area when 
serving load outside) has the following impact on Phoenix-area import capability, measured 
as a percent of additional MW of import capability to MW of output: 

West Phoenix Units 4 and 5 . .  ....................... 134% 

Sundance ............................................... 35% 

Desert Basin.. ......................................... 24% 

Hassayampa Area .................................... 0% 

Panda Gila River.. ................................... 0% 

7. Removing the transmission constraint would reduce total Phoenix-area air emissions by the 
following average annual amounts over the 2003-2005 period. 

Table ES7 
Phoenix-Area Air Emissions Reduction 

Pollutant 

voc 

co 
0.002 I 1.8 

8. Removing the import restriction into the Phoenix area reduces the APS local generation 
capacity factor from 1.4% to 0.9%. 
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Pollutant 

voc 
NO, 

Yuma Area Conclusions 

Avg. Reduction 
(tondyear) 

Reduction of Yuma Area Emissions 
(% of total emissions from all sources) 

9.5 Unavailable 

154 Unavailable 

9. The Yuma-area load is expected to exceed the available transmission import capability for 
approximately 3,200 hours in 2003 and 3,800 hours in 2005, although the amount of total 
load in the Yuma area is only approximately 300 MW. 

co 
PMlO 

10. From a total Yuma load, transmission, and resources viewpoint (APS, ID, and YCA), the 
import constraint could cause APS Yuma generation to be dispatched out of economic 
dispatch order for approximately 1,070 hours in 2003, 975 hours in 2004, and 1,200 hours in 
2005. 

33 Unavailable 

6.5 0.003 

11. The addition of a second 500/69 kV transformer at the North Gila station in the Yuma area 
will be further studied. Preliminary analysis shows that installation of this transformer 
significantly reduces Yuma-area RMR. Preliminary study results show potential savings in 
energy costs from removing the constraint of approximately $1.4 million per year for the 
years 2003 through 2005. The cost to install a second 500/69kV transformer is estimated to 
be $3.5 million. 

12. All existing Yuma-area transmission and generation resources are necessary to reliably serve 
the Yuma-area load. 

13. In capacity terms, APS will require from 75 MW in 2003 to 91 MW in 2005 of non-APS 
resources in the Yuma area to serve the APS Yuma-area load. These resources may be 
supplied from the 75 MW IID steam generator at the Yucca substation, the 53 MW YCA co- 
generator near the Riverside substation, or future generatiordtransmission construction in the 
Yuma area. 

14. Removing the transmission constraint could reduce total Yuma-area air emissions by the 
following average annual amounts for the period 2003-2005. 

Table ESS 
Yuma Area Air Emissions Reduction 

I ~ ~~ 

I I 
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0 15. Removing the import restriction into the Yuma area could reduce the APS Yuma generation 
capacity factor from 4.4 percent to 0.1 percent. 

D. Report Organization 

This report is organized in eight sections. Section I provides an executive summary of the report. 
Section I1 provides general background information of the study requirements, an overview of 
RMR, and describes the study methodology. Section I11 describes the Phoenix area, the nature of 
the import limit, the resulting import limits for 2003 through 2005, and the impact of various 
generators in and around the Phoenix area on the import limit. Section N provides a similar 
discussion of the Yuma area. Section V describes the RMR conditions such as number of hours, 
maximum capacity, and annual energy for the Phoenix and Yuma areas. Section VI provides 
results of the economic analysis of the Phoenix and Yuma area RMR conditions performed 
utilizing a regional planning model (GE MAPS) and emissions impact. Section VI1 identifies and 
analyzes preliminary transmission alternatives to mitigate the import limits of the Phoenix and 
Yuma areas. Finally, Section VI11 lists the conclusions of the analysis. 
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0 11. 

A. 

INTRODUCTION 

Background of Study Requirement 

Like all large electric utilities, APS has historically relied on both transmission to deliver remote 
generation into its load centers as well as local generation to reliably serve its customers. 
Generation located close to load results in reduced losses, lower capital expenses for 
transmission infrastructure, and enhanced reliability and operating flexibility. However, due in 
part to environmental, economic, and fuel availability considerations, large base-load thermal 
generators have typically been located away from the load centers while smaller but less efficient 
intermediate and peaking units - with lower capacity factors - were located within the load 
centers. 

In the past, vertically integrated utilities such as APS managed the siting and construction of both 
generation and transmission resources needed to serve their customers. Electric systems were 
designed based on a detailed integrated resource planning process used to evaluate the 
appropriate balance of generation, transmission and demand-side resources. Interconnections 
with neighboring systems were primarily intended to improve system reliability and lower the 
costs of reserves, by allowing for sharing of capacity reserves by multiple systems. Each utility’s 
system was primarily designed to accommodate that utility’s resources and that utility’s load. 

The Commission’s Second Biennial Transmission Assessment requires “any [Utility Distribution 
Company] that currently relies on local generation, or foresees a future time period when 
utilization of local generation may be required to assure reliable service for a local area, [to] 
perform and report the findings of an RMR study as a feature of their ten year plan filing with 
the Commission in January 2003 and 2004.” The Assessment requires that the l2MR study filed 
in January 2003 evaluate RMR conditions through the 2005 summer peak. The January 2004 
RMR study will cover a 10-year period. 

0 

B. Overview of RMR 

Local “load pockets” are areas that do not have enough transmission import capability to serve 
all load in the area solely by importing remote generation over local transmission facilities. For 
these areas, during peak hours of the year, local generation is required to serve that portion of the 
load that cannot reliably be served by transmission imports. This local generation requirement is 
often referred to as Reliability Must-Run or RMR generation. In these areas, during peak 
conditions, load is served by a combination of importing remote generation over transmission 
lines and operating local generation. 

The maximum load that can be served in a load pockets with no local generation operating - in 
other words, the maximum load that can be served solely by importing remote generation - is 
referred to as the system Simultaneous Import Limit (SIL). The SIL is established through 
technical studies by ensuring that: 

0 
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With the local load at the SIL and no local generation operating there are no 
transmission system normal operating limit violations of thermal loading or voltages 
(N-O), and 
Under all single contingency outage events there are no emergency operating limit 
violations of thermal loading or voltages, and no system instability (N-1). 

C. Study Methodology 

Import limit analysis was performed for the Phoenix and Yuma areas. See Appendix A for power 
flow results. The import limit area or load pocket is defined as that load which, when increased, 
would increase the severity of the limiting contingency. For example, load in Flagstaff has no 
impact on the severity of the limiting contingency for the Phoenix import limited area, and 
therefore Flagstaff is not included in the Phoenix load pocket. In contrast, downtown Phoenix 
load does impact the severity of the limiting contingency and therefore is included in the load 
pocket. All area contingencies known to result in system stress were evaluated to determine the 
critical contingency for the area. Import limits were determined by contingency conditions of 
thermal loading at the emergency rating of a facility, steady state voltages at the emergency 
voltage limit, and system instability including voltage instability. 

Import limits were determined for the Phoenix and Yuma areas with no local generation 
operating, with maximum local generation operating, and sufficient points in between to 
determine curves which define import limits at all load levels. This methodology was applied to 
studies of the Phoenix area, which is constrained by voltage instability. For the Yuma studies, the 
limitations are primarily post-disturbance thermal constraints. Generator sensitivities were 
performed to determine the relative impact of various generators on the import limits. 

0 
From each year’s forecasted peak load and historical daily load cycles, the annual RMR 
conditions were determined including magnitude of local load, both demand and energy, 
expected to exceed the SIL and the annual hours for which local load is expected to exceed the 
SIL. 

An economic analysis was performed in each area for each year using the GE MAPS production- 
costing model to determine the cost of the import limits. Local generating units not owned by 
APS were modeled based on unit commitment and economic dispatch principles while observing 
any known operating and contractual constraints. GE MAPS is a regional generation and 
transmission simulation model and is discussed in more detail in Appendix B to this report. 

Several transmission alternatives to relying on local generation to meet all loads in excess of the 
area SIL were identified and then studied with the GE MAPS model to determine impact on SIL 
and other RMR conditions. The production cost analysis was then repeated to determine the 
value of these transmission alternatives in mitigating the RMR conditions. 

14 
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@ D. Determination of SIL and RMR Conditions 

In this analysis, assessments of the SIL and RMR conditions for the Phoenix area and the Yurna 
area were performed for the years 2003,2004 and 2005. Base case and contingency power flow, 
stability, and voltage stability analyses were performed to determine import limitations. The 
initial starting case was based on a 2002 WECC full loop base case in GE Power Flow format. 
This base case models the entire Western Interconnection’s transmission system and was 
reviewed and then updated to represent expected loads and system configuration for 2003,2004 
and 2005. All cases were coordinated between APS, SRP, Tucson Electric Power Company 
(TEP), and WAPA to capture the most accurate expected operating conditions for the Arizona 
transmission system. 
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111. PHOENIX LOAD POCKET 0 
A. Description of Phoenix Area 

By summer 2003, the Phoenix area - which consists of both APS’ and SRP’s integrated 
network - will be served primarily from four major Extra High Voltage ( E m )  substations: 
Westwing, Pinnacle Peak, Kyrene and the new Rudd substation. These four EHV stations form 
the “cornerstones” of an extensive internal network of 230 kV transmission lines that constitute 
the high voltage energy delivery system within the Phoenix load area. Figure 1 shows the major 
EHV delivery points and the 230 kV transmission lines and transformers that are used to 
determine the Phoenix-area load. Energy flows into the EHV delivery points from the EHV 
transmission lines and then is stepped down to 230 kV and transmitted into the load center via 
the 230 kV transmission lines. The Phoenix-area load is determined by the flows on these 230 
kV lines and 230/69 kV transformers out of the EHV delivery substations and into the Phoenix 
load area. This is the load that significantly impacts the severity of the limiting contingencies 
because, for outages of EHV sources to the EHV delivery points and for outages of the 230 kV 
lines into the load center, the energy flow is transferred to other EHV lines to the EHV delivery 
points, or to other 230 kV lines into the load center. 

In the summer of 2003, APS will serve some northwest Phoenix-area load from the Raceway 
substation, which has been built as an interconnection to the WAPA Westwing-to-Waddell 230 
kV line. Because this line has no interconnections with other Phoenix area 230 kV lines, this 
load does not significantly impact the contingency response of the Phoenix area and is therefore 
not included in the Phoenix-area load determination. Likewise, in 2004 APS will interconnect 
the Gavilan Peak substation into WAPA’s Pinnacle Peak-to-Prescott 230 kV line and load served 
from this substation is not included in the Phoenix-area load determination. 

0 

SRP and the City of Mesa (which serves approximately 80 MW of load in downtown Mesa out 
of a total Phoenix-area load of approximately 10,000 MW) share the 230 kV and 69 kV buses at 
the Rogers substation. The Rogers substation is interconnected at 230 kV with two WAPA 
transmission lines. SRP subtracts the City of Mesa load fkom the Phoenix-area load calculation 
but does not attribute any RMR generation responsibility to the City of Mesa. APS and SRP will 
reassess the treatment of the City of Mesa load and other area loads in the Phoenix-area load 
calculation for future years as part of the next RMR analysis due January 2004. 

WAPA owns and operates several 230 kV transmission lines that encircle the Phoenix-area 
network. These lines add support and contribute to the total Phoenix-area import capability - as 
do all of the other lines in the Arizona transmission system. As shown in Figure 1, however, 
with the exception of Mesa there is no load directly served from these WAPA transmission lines. 
Thus, if the WAPA transmission lines were included in the Phoenix-area load calculation, the 
only additional load and import would be the losses on these lines. Because nothing would 
change in the model, the analysis and results would not change and the additional load from the 
losses would be exactly offset by an increase in import equal to the losses. Therefore, including 
or excluding the WAPA transmission lines in the Phoenix area does not affect either the SIL or 
MLSC. 
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In performing the Phoenix area studies several planned projects were added to reflect 0 
transmission system upgrades for the next three years: 

2003 Proiects 

Four Comers-Shiprock 230 kV line converted to 345 kV 
0 White Tanks 2"d 230/69 kV, 280 MVA transformer addition 
0 Rudd 500 kV substation and three 500/230 kV transformers 
0 Palo Verde-Rudd 500 kV line 

Rudd 230 kV substation 
West Phoenix-White Tanks 230 kV and Orme-White Tanks 230 kV lines looped-in to 
Rudd 230 kV substation 
West Phoenix CC#5 525 MW generation addition 

0 Re-conductor West Phoenix-Lincoln Street 230 kV line 

2004 Proiects 

Gavilan Peak substation connected to Pinnacle Peak-Prescott 230 kV line 
Reach 2nd 230/69 kV transformer addition 
Browning 230/69 kV, 280 MVA transformer addition 

2005 Proiects 

Cactus 3rd 230/69 kV transformer addition 
Surprise 2"d 230/69 kV transformer addition 

0 West Phoenix 3rd 230/69 kV transformer addition 
0 Thunderstone 2 new 230/69 kV, 280 MVA transformers addition 
0 Alexander 69 kV 46mvar capacitors addition 
0 Santan 825 MW generation addition 

B. Phoenix Area Critical Outages 

The analysis determined that the critical single contingency for the Phoenix load area is the loss 
of the Jojoba-to-Kyrene 500kV transmission line. The loss of this major 500 kV line to the 
Phoenix area results in significantly higher flows on the remaining transmission lines and causes 
a large increase in reactive power (Var) losses in the transmission network. The increase in Var 
consumption results in insufficient Vars for voltage support in the load area. Consequently, this 
condition creates low voltages in the system and makes the area deficient in reactive power. The 
system is constrained by voltage instability. 

The voltage stability analysis was performed using Q-V analysis on the most reactive deficient 
buses in the Phoenix area. These buses were the Kyrene 500 kV, Kyrene 230 kV, Westwing 230 
kV, and the Pinnacle Peak 230 kV buses. 0 
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Year 

C. Phoenix Area - SIL for 2003,2004 and 2005 

Combined SIL APS SIL 

Analysis of the Phoenix-area transmission network resulted in area import limits based on the 
voltage stability limits discussed above. Operation of the Phoenix system within these limits 
ensures that the area does not experience voltage instability after a critical contingency. Voltage 
instability is characterized by a progressive fall in voltage magnitude at a particular location of 
the power system that may spread throughout the network causing a complete area voltage 
collapse and blackout. 

2003 
2004 

To determine APS' SIL for the Phoenix area, the combined APS and SRP Phoenix-area import 
limits were first determined. The APS share of the import limit was then determined based on the 
allocation factor between APS and SRP. The combined and APS allocated SIL for the years 
2003 through 2005 are outlined in Table 1. 

8,557 3,621 
8.632 3.658 

Table 1 
2003 - 2005 Simultaneous Import Limit 

2005 8,733 3,709 

Phoenix-area import limits across various load levels are shown in Figures 2 ,3  and 4. 

Figure 2 
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Figure 3 
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Generation Source 
Increase by 100 MW 

Agua Fria Generation 

D. Generation Sensitivities 

Load Serving Capability Increase 
(MW) 

110 

APS also conducted sensitivity analyses of generation impact on load-serving capability. The 
following table provides the results of these analyses for units that are both within and outside 
the Phoenix area. 

Ocotillo Generation 

Santan Generation 

Generation sensitivities inside the Phoenix area are listed in Table 2. 

141 

123 

Table 2 
Generation Sensitivities Inside Phoenix 

West Phoenix Generation 134 

I 147 I I Kyrene Generation 

Generation Source 
Increase by 100 MW 

Sundance Generation 

Desert Basin Generation 

Hassayampa Area 
Generation 

Load Serving Capability Increase 
(MW) 

35 

24 

0 

Panda Gila River 
Generation 

Generation sensitivities outside of the Phoenix Metro area are listed in Table 3. 

0 

Table 3 
Generation Sensitivities Outside Phoenix 

The results indicate that generators within Phoenix are more effective in increasing load-serving 
capability. 
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N.YUMAAREA 

A. Description of Yuma Area 

Currently the Yuma area is served from three transmission sources: 

APS' North Gila 500/69 kV substation, which is located east of Yuma. Two 69 kV 
lines extend west and southwest from this substation into Yuma to serve Yuma area 
load. A third 69 kV interconnects into WAPA's Gila substation. 
WAPA's Gila 161169 kV station, which is also located east of Yuma. From this 
station, APS has one 69 kV line into the Yuma load area and one 69 kV tie to APS's 
North Gila substation. 
APS' Yucca 69 kV station, which is located on the west side of Yuma near the 
Colorado River. APS local generation is located at this station, along with three 69 
kV lines into the load area. The IID 75 MW steam-generating unit is also located at 
this substation. 

Figure 5 shows the transmission system and the metering points for the Yuma area load pocket. 

~~ 

Figure 5 
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B. Yuma Area Critical Outages 

The critical single contingency affecting the determination of the transmission import limit for 
the Yuma area is the loss of either the existing North Gila 500/69 kV transformer or the North 
Gila 69 kV bus. At North Gila, the 500/69 kV transformer consists of three single-phase units 
rated at 240 MVA and is connected through a 500kV ring bus to the Hassayampa-North Gila 500 
kV line and the North Gila-Imperial Valley 500 kV line. The loss of the 69 kV bus at North Gila 
is possible, because it is configured as a main-and-transfer bus with no sectionalizing breaker. 

The loss of either the North Gila 500/69 kV transformer or the 69 kV bus overloads the ID 161 
kV line between the Pilot Knob substation and the Yucca substation durin low generation 
conditions. In moderate generation conditions, the overload occurs on the 32" Street-Ivalon 69 
kV line. The emergency rating of the Pilot Knob-Yucca 161 kV line is 477 amps. 

f 

C. Yuma Area - SIL for 2003,2004 and 2005 

With planned system additions for the Yuma area, along with some accelerated projects (see 
Table 2), the SIL for the Yuma area will stay roughly constant at 164 M W  for 2003, 2004 and 
2005. Results of these studies are shown in Figures 6 through 8. 

Figure 6 
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Figure 7 
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Also, the load listed along the vertical axis is the sum of the six 69 kV lines measured at their 
metering points in Figure 5, in addition to the YCA generation. In performing this analysis all 
planned projects were included in the model and several planned shunt capacitor banks were 
accelerated to maximize the capability of the transmission system by ensuing that the area was 
not voltage limited. These projects are listed in Table 4. 

Table 4 
Yuma Projects 

Study Case 

2003 base case 

2004 base case 

2005 base case 

2005 sensitivity case 

D. Generation Sensitivities 

System 

Existing 

2003 base case 

2004 base case 

2005 base case 

Case Description 
Projects Added 

Yucca-Cocopah 69kV re-conductor (planned 2003) 
Foothills 69kV, 32Mvar cap bank 

(advanced from 2006) 

Riverside-lOth Street 69kV re-conductor (planned 2004) 

Yucca-Laguna 69kV re-conductor (planned 2005) 
Laguna 69kV, 28.8Mvar cap bank (planned 2005) 

32”” Street 69kV. 32Mvar cap bank 
(advanced from 2006) 

2”d North Gila 500/69kV, 240MVA transformer including 
addition of a 69kV bus section breaker (new) 

Foothills-Foothills tap 69kV re-conductor 
(advanced from 2007) 

32”d Street-halon 69kV re-conductor 
(advanced from 2006) 

All generators in the Yuma Area are either connected to the Yucca 69 kV bus or very close to the 
Yucca 69 kV bus (YCA cogeneration) on the west side of Yuma. Because the critical outage 
results in a thermal overload on the west side of Yuma, these generators have equal impact on 
the import limit in the Yuma Area. 
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0 V. ANALYSIS OF RMR CONDITIONS 

A. Phoenix Area 

1. Annual RMR Conditions 

An RMR condition exists when the local load is greater than the SIL. In such cases, the RMR 
condition is the amount of generation that must be located inside of the constrained load area to 
meet the utility’s peak load. RMR conditions for APS’ Phoenix area, as well as the combined 
APS and SRP Phoenix area, are shown in Table 5 and are represented in a load-duration curve in 
Figure 9. 

Table 5 

Phoenix RMR Conditions Without Valley Generation 
MW 

Peak Load 
Reduction for Raceway/Gavilan Peak 
Load 

Generation 
Reserves 

Net Valley Generation 

Import Capability 

Net Gen + Import 

Must-Run Generation 

Hours Load Exceeds Cen + Imp 

Energy - GWH 

Energy Percent of Valley Load 

APS . .. - 
2005 

4,519 4,777 4,957 
- 2004 - 2003 - 

(63) (463) (224) 
4,456 4,614 4,733 

3,621 3,658 3,709 

3,621 3,658 3,709 

835 956 1,024 

518 590 656 

170 21 1 243 

0.9% 1.0% 1.1% 

Phoenix Total 
2005 

(63) (163) (224) 

- 2004 - 2003 - 
9,843 10,339 10.71 I 

9,780 10,176 10,487 

8,557 8,632 8,733 

8,557 8,632 8,733 

1,223 1,544 1,754 

326 436 536 

170 246 334 

0.4% 0.5% 0.7% 
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Figure 9 

Table 5 shows that APS is expected to require from 835 M W  to 1,024 MW of local generation 
resources over and above its import capability to meet peak load. These resources can be APS- 
owned local generation or non-APS owned generation located inside the Phoenix-area constraint, 
or transmission available fiom another owner (SRP) that can deliver within the constraint. For 
Phoenix, APS’ generation is estimated to be in a must-run condition for between 518 to 656 
hours per year. However, because RMR occurs only at peak, the amount of associated energy is 
only approximately one percent of APS’ total Phoenix-area energy requirements, as shown in 
Figure 9 above. 

The combined APS and SRP Phoenix-area system requires from 1,223 to 1,754 MW of 
resources, over and above transmission import capability, to meet the combined peak load. 

2. Maximum Load Serving Capability (MLSC) 

MLSC is the maximum load that can be reliably served in the load pocket. It is the import 
capability plus the generation capability located inside the load pocket, minus a reserve margin 
allowance for generation reliability. Based on the load forecast and SlL presented in this 
analysis, and existing and planned local generation, the following MLSCs for APS and Phoenix 
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were developed. The approach used also shows how much generation or transmission may be 
needed to reliably meet load. 

These results along with the generation and transmission assumptions are depicted in Table 6A 
for APS. Note that the table does not include West Phoenix generation owned by PWEC or 
Phoenix-area generation owned by SRP. As shown on this table, non-APS generation ranges 
fiom 365 MW to 554 MW to serve APS’ Phoenix-area load reliably. The energy associated with 
this capacity need is very small - 23 to 55 GWH. 

Table 6A 

Non APSKJDC Must-Run Generation To Meet APS Phoenix-Area Load 
(Mw) 

APS 
- 2004 - 2005 

Peak Load 4,519 4,777 4,957 

Reduction for RacewaylGaviian Peak (63) (163) (224) 

Load 

APS Generation 

Reserves 

Net Phoenix-area APS Generation 

Import Capability 

Net Gen + Import 

Non APSlUDC Gen Required 

Hours Load Exceeds Gen + Import 

Energy - GWH 

Energy Percent of Phoenix-area 
Load 

4,456 4,614 4,733 

660 660 660 

(190) (190) (190) 

470 470 470 

3,621 3,658 3,709 

4,091 4,128 4,179 

365 486 554 

1 52 200 230 

23 42 55 

0.1 0.2 0.3 
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Similar data for the entire Phoenix area is shown in Table 6B. This table shows generation 
ownership in the Phoenix area by PWEC and SRP and transmission import capability of SRP. 
Table 6B shows that Phoenix-area loads can be served reliably with Phoenix-area generation 
owned by APS, S W  and PWEC. 

Table 6B 

Non APS/UDC Must-Run Generation To Meet Phoenix-Area Load 
(Mw) 

Phoenix Total 

2003 iW4 

Peak Load 9,843 10,339 10,711 

Reduction for RacewaylGavilan Peak (63) (163) (224) 

Load 

Generation 

9,780 10,176 10,487 

2.822 2,822 3,647 

Reserves (5031 (503) (866) 

Net Phoenix-area Generation 2,319 2,319 2,784 

Import Capability 8,557 8,632 8,733 

Net Gen + import 10,876 10,951 11,514 

Non APSlUDC Gen Required (1,096) (775) (1,027) 

Hours Load Exceeds Gen + Import - - 
Energy - GWH I - I 

0.0 0.0 0.0 Energy Percent of Phoenix-area 
Load 

3. Area Load Forecast 

APS’ actual peak load within the Phoenix-area constraint is shown in Table 7 for 1999-2002, 
along with projected peak load for 2003-2005. Projected peak load is based on the same 
assumptions embodied in APS’ total system load forecast used for budgeting and planning. This 
peak load is the load measured just inside the defined Phoenix-area constraint. The peak load is 
net of EHV transmission losses of about 3.8 percent, and before losses incurred on the 230 kV 
and distribution systems. 
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Table 7 

APS SYSTEM 
LOAD 
ENERGY 
LF 

APS VALLEY 
LOAD 
ENERGY 
LF 

APS YUMA 
LOAD 
ENERGY 
LF 

PHOENIX 
LOAD 
ENERGY 
LF 

Phoenix and Yuma Load and Energy 

(MW I GWH) 

1999 2QQQ 

4,919 5,479 5,687 5,502 5,723 6,023 6,269 
23,749 25,186 25,765 25,549 26,494 27,041 28,999 
55.1% 52.3% 51.7% 53.0% 52.8% 52.6% 52.8% 

3,384 3,886 4,219 4,206 4,519 4,777 4,957 
14,369 16,597 17,134 18,004 19,397 20,561 21,277 
48.5% 48.6% 46.4% 48.9% 49.0% 49.0% 49.0% 

270 273 296 292 308 31 2 324 
1,197 1,262 1,326 1,341 1,395 1,439 1,472 
50.6% 52.6% 51.1% 52.4% 51.8% 52.5% 51.8% 

9,843 10,339 10,711 

52.5% 52.1% 52.2% 
45,278 47,319 48,958 

APS Phoenix-area load represents about 80 percent of APS’ total system load. The Phoenix area 
has historically had about a 49 percent load factor. Hourly loads were shaped based upon APS’ 
2000 actual hourly loads for the Phoenix area. The load forecast for the combined APS/SRP 
Phoenix-area system was based on load forecast information provided to the WECC by other 
utilities, with adjustments made for load inside versus outside the Phoenix area, and again shaped 
according to year 2000 actual hourly loads. Year 2000 actual shapes were used in all regional 
load modeling to maintain the appropriate relationship of diversity between utilities and load 
areas. Even within the Phoenix area, the peak load of one utility has a small amount of diversity 
with others. 

In 2003, APS’ Raceway substation, which serves the far north side of Phoenix, will be connected 
to WAPA’s Westwing-Raceway 230kV line. In 2004, APS’ Gavilan Peak substation will also be 
tied into WAPA’s system via the Pinnacle Peak-Prescott 230kV line. After tying into these 
WAPA lines, service to these substations will not use APS import capability. Accordingly, these 
loads are subtracted from APS Phoenix-area loads. 

4. Generation 

There are currently three owners of generation electrically located inside the Phoenix area - 
APS with 660 MW, SRP with 1,520 MW, and PWEC with 642 MW. Load serving entities (i.e., 
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APS and SRP) own a combined total of 2,180 MW of local generation that is currently in 
service. Table 8 shows operational data associated with each unit. 

Table 8 

APS SUBTOTAL 

SRP 
8Rp 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 

SRP SUBTOTAL 

Agur Fda I 
AguaFda 2 
Agua Fda 3 
Agua Fda 4 
AguaFda 5 
Mus Fda 6 
Cmr8cuC HYI 
K y m e  1 
K y m e  2 

Kynna OTS 
Kynnw 016 
Kynne CC1 
Santan 1 
(isntan 2 
*tan 3 
-tan 4 
Smmn 5 
8.ntsn 6 
South Conwlldatd 
Tmsporl 011 

KymM 014 

PWEC WestPhanlx CC4 
PWEC W..1Phomix ccs 

PWEC SUBTOTAL 

VALLEY TOTAL 

ST 
sl 
GT 
OT 
OT 
OT 
cc 
cc 
cc 

sl 
ST 
sl 
OT 
OT 
OT 
HY 
ST 
8T 
OT 
GT 
GT 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
HY 
GT 

cc 
cc 

PHOENIX AREA GENERATION 

SUMMER 
CApdSlLlTy 

I10 
110 
50 
50 
50 

60 
60 
60 
660 

so 

113 
113 
181 
73 
73 

3 
34 
12 
5s 
53 
53 
250 
92 
92 
92 
92 
275 
uo 
1 
4 

2,345 

m 

112 
530 

642 

3.647 

MuubluM 
Leep 

30 
30 
4 
4 
4 
4 
30 
30 
30 

51 
51 
92 
3s 
32 
32 
NIA 
14 
29 
2s 
24 
24 
161 
35 
35 
36 
35 
16!i 
3 s  

84 
110 

MlUMllM - 
0 
0 
1 
1 
1 
1 
3 
3 
3 

0 
8 
8 
I 
I 
I 

WA 
8 
8 
I 
I 
1 
3 
3 
3 
3 
3 
3 
3 

MlNlYUM 
RQwuWE 

8 
8 
2 
2 
2 
2 
8 
8 
8 

8 
0 
8 
2 
2 
2 

NIA 
0 
8 
2 
2 
2 
4 
0 
8 
0 
0 
4 
4 

EQE 
4% 
4% 
10% 
10% 
10% 
10% 
3.5% 
3.5% 
3.5% 

4% 
4% 
4% 
10% 
10% 
10% 
0% 
4% 
4% 
10% 
10% 
10% 
0% 
3.5% 
3.5% 
3.5% 
3.5% 
8% 
8% 

3.5% 
8% 

EEQR 
6% 
6% 
11% 
11% 
11% 
11% 
6% 
8% 
6% 

6% 
6% 
8% 
11% 
11% 
11% 
0% 
6% 
0% 
11% 
11% 
11% 
9% 
0% 
0% 
6% 
0% 
9% 
9% 

6% 
9% 

NO 
NO 
NO 
NO 
NO 
NO 
NG 
NO 
NG 

NO 
NO 
NO 
NO 
NO 
NO 

WAT 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NG 
NO 
NO 
NO 
NG 
WAT 
NO 

NO 
NO 

APS owns West Phoenix CC 1-2-3, West Phoenix CT 1-2, Ocotillo ST 1-2, and Ocotillo CT 1-2. 
These units collectively have a 660 MW summer rating. These units have historically operated at 
capacity factors in the 3-30 percent range, and are expected to operate at lower capacity factors 
for the next few years as new high-efficiency plants come on line in Arizona and the Southwest. 
West Phoenix steam units 4,5 and 6 are on cold standby and were not included in the study. 

SRP owns the Agua Fria, Kyrene and Santan generating stations inside the Phoenix area, totaling 
1,520 MW of generation. These units were mostly built in the late 1950s to the mid-1970s. The 
new Kyrene CC unit went into service in 2002. SRP has received a Certificate of Environmental 
Compatibility to construct another 825 MW of combined-cycle generation at the Santan plant. 
For this study, it is assumed the new Santan units will go into service in 2005. 
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0 PWEC has constructed West Phoenix CC 4 (112 MW), which went into service in June 2001, 
and is constructing West Phoenix CC 5 (530 MW), which expected to be on line by the summer 
of 2003. These units will improve reliability to the Phoenix area. 

5. Reserves 

Reliability within a load pocket such as Phoenix must be evaluated differently than for an 
unconstrained system. For example, although a 15 percent reserve margin or a largest hazard 
margin may be adequate for unconstrained total system loads, it does not provide adequate 
reliability to load pockets that cannot access all reserves present in the WECC interconnected 
system. APS performs an analysis that considers the size, forced outage rate, and effective forced 
outage rate of each unit in the load pocket to determine the probability that enough generation 
will be available when needed. 

This analysis results in a reserve requirement of 190 MW for APS’ Phoenix generating units. 
Specifically, the reserve analysis considers 470 MW of APS local generation as effectively firm 
(Le., 660 MW minus 190 MW). 

The reserve values are used in calculating the load serving capability for the APS-Phoenix and 
for the total-Phoenix load areas. In addition, the loads used in this analysis are based on Phoenix 
experiencing average weather. If the Phoenix area has a hot summer, APS load would be higher 
than projected, and the gas turbine and combined-cycle units’ output would be reduced due to the 
hotter weather. a 
B. YumaArea 

1. Annual RMR Conditions 

RMR conditions for the Yuma constrained area are shown in Table 9 and pictorially represented 
in a load-duration curve in Figure 10. Table 9 shows that APS requires from 144 MW to 160 
MW of resources over and above its transmission import capability to meet peak load in Yuma. 
These resources can be APS-owned generation or non-APS owned generation located inside the 
constrained area. APS is in a must-run condition for between 3,184 to 3,834 hours per year in 
Yuma and the amount of associated energy is approximately 11.5 percent of APS’ total Yuma 
energy requirement. 
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Table 9 

Y u m a  R M R  C o n d i t i o n s  W i t h o u t  G e n e r a t i o n  
M W  

L o a d  

G e n e r a t i o n  
R e s e r v e s  
N e t  G e n  era t ion  

I m p o r t  C a p a b i l i t y  

N e t  G e n  + I m p o r t  

M u s t - R u n  G e n e r a t i o n  

H o u r s  L o a d  E x c e e d s  G e n  + I m p  

E n e r g y  - G W H  

E n e r g y  P e r c e n t  o f  Y u m a  L o a d  

A P S  - 2 0 0 3  - 2 0 0 4  - 2 0 0 5  
308  3 1 2  3 2 4  

1 6 4  1 6 4  1 6 4  

1 6 4  1 6 4  1 6 4  

1 4 4  1 4 8  1 6 0  

3 ,184 3 ,512  3 ,834  

1 4 3  1 6 2  1 8 6  

10 .2  11 .3  12 .6  

Figure 10 
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2. Maximum Load Serving Capability (MLSC) 

Based on the load forecast and SIL presented in this report, and the 139 MW of APS local 
generation, the following MLSCs were developed. This approach also shows how much 
generation or transmission may be needed to reliably meet load. As shown in Table 10, from 
2003 to 2005 APS could serve 233 MW of load without additional resources. With a load 
forecast of between 308 MW and 324 MW, APS will require from 75 MW to 91 MW of 
additional generation inside the load pocket. This resource need could be met from non-APS 
owned generation within the load pocket. Also, when the Yucca steam and YCA units are 
running, APS ’ requirement for generation inside the load pocket is reduced on a one-for-one 
basis. Approximately 21 GWH to 35 GWH of associated energy would be required. 

Table 10 
I 

N o n  A P S  M u s t R u n  G e n e r a t i o n  T o  M e e t Y u m a  L o a d  
M W  

A P S  
L U A  aeee 2005 

L o a d  

G e n e r a t i o n  
R e s e  r v e s  
N e t  Y u m a  G e n e r a t i o n  

I m p o r t  C a p a b i l i t y  

N e t G e n  + I m p o r t  

N o n  A P S  M u s t  R u n  G e n e r a t i o n  

H o u r s  L o a d  E x c e e d s  G e n  + I m p  

G e n e r a t i o n  - G W H 

E n e r g y  P e r c e n t  o f  Y u m a  L o a d  

3 0 8  3 1 2  3 2 4  

1 3 9  1 3 9  1 3 9  
( 7 0 )  ( 7 o j  ( 7 0 )  
6 9  6 9  6 9  

1 6 4  1 6 4  1 6 4  

2 3 3  2 3 3  2 3 3  

7 5  7 9  9 1  

8 3 6  9 6 2  1 , 1 0 4  

2 1  2 7  3 4  

1 . 5  1 .8 2 . 3  

3. Area Load Forecast 

Table 7 shows APS’ Yuma peak load for 1999-2002, and projected peak for 2003-2005. 
Projected peak is based on the same assumptions used in APS’ total system load forecast used 
for budgeting and planning. This peak is the load measured just inside the Yuma area. It is net of 
EHV transmission losses of about 3.8 percent, and before losses incurred on the 69 kV and 
distribution systems. Yuma load represents approximately 5 percent of APS’ total system load. 
Yuma has historically had a slightly higher load factor than that of the Phoenix area - 52 
percent compared to 49 percent. Hourly loads were shaped using APS’ Yuma actual hourly loads 
for 2000. Year 2000 actual shapes were used in all regional load modeling to maintain the 
appropriate relationship of diversity between utilities and load areas. 
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4. Generation 

APS, IID and YCA own generation inside the Yuma load pocket. These plants have a summer 
capacity rating of 267 MW. Five of the six units run on natural gas while the other plant (Yucca 
CT 4) runs on oil. Additional power plant data for this generation is provided in Table 11. Of 
these plants, only the combustion turbines are owned by APS. 

Although operated by APS, IID dispatches its steam plant to meet its load and spinning reserve 
needs. YCA is a cogeneration plant that has a contract with San Diego Gas & Electric (SDG&E). 
During summer 2002, APS purchased the output of this plant from SDG&E to serve the Yuma 
load area. Although APS has no dispatch rights to these units, whenever the units are running 
they provide internal generation in the Yuma area for purposes of using the import nomogram. 

Table 11 

o e e R A T o R w  IEE 
AP8 YUSUGTI GT 
APS Y u w  GT2 GT 
APS Y U W G T 3  GT 
APS Yucca GT4 GT 

APS SUBTOTAL 

IID Y U M W .  1 ST 

YCA YumaCogen 1 CC 
YCA YumrCog.n 2 CC 

YCASUBTOTAL 

YUMA TOTAL 

YUMA-AREA GENERATION 

SUMMEB 
iw%uLnY 

18 
18 
51 
u 
139 75 

36 
17 

53 

267 

UllNlWlUYMltuMuMMfNlMUU 
LeeD UeUME-EQB 

2 1 2 10% 
2 1 2 10% 
5 1 2 10% 
5 1 2 10% 

0 8 4% 18 

14 WA NIA 3.5% 
7 WA NIA 3.5% 

EEPB 
10% 
10% 
10% 
10% 

6% 

6% 
6% 

E&LJEE 
No 
NO 
NO 
F02 

NO 

NO 
NO 

5. Reserves 

Using a probabilistic generation analysis, the reserve margin for Yuma was calculated to be 70 
MW. 
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e VI. ECONOMIC ANALYSIS OF RMR 

A. Introduction 

To consider potential economic effects resulting from using local generation or arising from 
RMR conditions, an economic analysis was performed using a regional dispatch model. For this 
economic analysis, the production cost of meeting APS and SRP system loads was determined 
with the existing transmission import limitations in place. Next, a second hypothetical case was 
built in which the transmission import limits were removed. Comparing the two cases shows the 
economic costs of the transmission constraint. 

These two cases were simulated with GE M A P S  and their outputs were compared to determine 
the cost of transmission constraints. GE MAPS is a detailed regional production-costing model 
that includes the generation and transmission system of the entire WECC. In its dispatch, the 
model meets a company’s load requirements by generating from the company’s own units or 
buying available more economic generation from the market. The GE MAPS model also shows 
sales of economic generation to other utilities in the region subject to regional transmission 
constraints. 

Much of the data used in modeling comes from public sources, however some of GE M A P S  
assumptions have been developed by APS. The GE MAPS database on existing generation was 
initially developed by several utilities in the West in the early 1990s to evaluate the economics of 
interregional transmission projects. It has been enhanced by the WECC in the mid-1990s and, 
like many other users of the model, APS continues to enhanced it to reflect system improvements 
and resources. This model includes all new generation expected to be built in the West, including 
the plants under construction or in operation near Hassayampa. 

0 

The transmission modeling in GE MAPS is based on the WECC’s current power flow case for 
2003, and includes the new Palo Verde-Rudd 500 kV transmission line. Transmission modeling 
of Yuma was enhanced by APS to accurately model the transmission constraints in that load 
pocket, based on APS’ operational experience. The transmission model is an electrical flow 
model as opposed to a transport model. That means that transmission flows are subject to 
physical electrical constraints as well as scheduling constraints. Electrical constraints of the 
system are based on the WECC’s path rating catalog, with additional local constraints such as the 
Phoenix import constraints. A description of GE MAPS (Appendix B) as well as some of its 
output is provided in Appendices C.and D to this report. 

The following items were quantified based on the GE MAPS simulations: 

* Number of hours per year the Phoenix and Yuma area transmission system is expected to 
be constrained by the import limits; 
Phoenix and Yuma generation capacity factors; 
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0 

0 

APS and SRP cost to serve their system, including fuel, variable O&M, purchase power 
cost and wholesale interchange sales margins; and 
Phoenix and Yuma generation emissions. 

West Phoenix CC 4 and 5 and Santan CC 5 and 6 were included in the simulation. West Phoenix 
units were not assumed to be under the dispatch control of APS, though they may be selling to 
APS as may any of the other new generators. When the new West Phoenix combined cycles are 
operating, whether or not they are selling to APS, they mitigate must-run conditions in the 
Phoenix area because the plants are electrically located inside the Phoenix-area constraint. Thus, 
if these units are scheduled outside the Phoenix area, a like-amount of power can be counter- 
scheduled back into the Phoenix area without affecting the transmission import limits. Due to the 
high efficiency of new combined cycle units, it is anticipated that older existing generation 
within the Phoenix area will operate less than it has historically. This older existing generation, 
however, remains particularly valuable as inexpensive capacity reserves. 

B. Phoenix 

1. Phoenix Imports 

Transmission imports to APS and to the Phoenix load pocket are provided in Appendix C for the 
summers of 2003-2005. During non-summer months, transmission imports do not approach their 
limits. Additionally, actual import flows for the summer of 2002 are also shown for reference. 
However, when considering these power flows, note that the Palo Verde-Rudd 500 kV 
transmission line was not in service in 2002 but is assumed to be in service by summer 2003. 
Due to additional transmission import capacity from this new line, projected flows in 2003 
through 2005 are higher than those shown in 2002. The chart does, however, confirm the pattern 
of flows produced by the GE MAPS model. 

0 

Table 12 shows that under economic dispatch conditions for APS Phoenix-area generation, APS 
could approach its transmission import limits for 32-174 hours per year, while total Phoenix 
imports would be limited between 0 and 30 hours per year. The addition of Santan 5 and 6 in 
2005 would hrther relieve the import constraints into the Phoenix area. While the APS import 
would be limited to 174 hours, APS would be able to meet its load requirements primarily by 
running its Phoenix-area generation. During these hours, it would be more economical to import 
less expensive power generated either by APS-owned units outside the Phoenix area or 
purchased from the wholesale market. However, the amount of energy associated with re- 
dispatching as a result of the transmission constraint amounts to only 44 GWH in 2005 compared 
to APS’ overall Phoenix-area energy requirements of approximately 2 1,000 GWH. This is 
approximately 0.2 percent of required energy. 
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Table 12 

IMPACT OF ELIMINATING PHOENIX IMPORT LIMITS 

Difference 
With Import Limits Without Import Limits 

Hours Limiting m m m  2Q!K2QM2QE 
APS 32 146 174 0 0 0 
Phoenix 4 30 0 0 0 0 

p- 
APS 64 98 88 57 55 44 
Phoenix 1,431 1,924 3,776 1,422 1,877 3,731 

Phx Plant CaDac itv Factor rod 
APS 1.1 1.7 1.5 1.0 1.0 0.8 
Phoenix 5.8 7.8 11.8 5.8 7.6 11.7 

Cost of Constraints (SMl 
Valley Utilities Total 

(Without minus Wlth) 
atwmm 
(32) (146) (174) 
(4) (30) 0 

-0.1 -0.7 -0.8 
0.0 -0.2 -0.1 

0.03 0.4 0.7 

2. Operation of Phoenix-Area Generating Units 

Historically the Phoenix area’s combined-cycle power plant capacity factors have ranged from 3 
to 48 percent, with an average of about 19 percent. Capacity factors for steam-fired plants ranged 
from 3 to 33 percent, averaging about 10 percent. Capacity factors for simple-cycle combustion 
turbines ranged 0 to 13 percent, averaging about 1-1/2 percent. Historical capacity factors are 
shown in the Table 13 for APS and SRP by plant type for the period 1991 to 2000. 

Operation of these units in 1999-2001 was higher than the historical average because the 
Western Interconnection and the Phoenix area both experienced high price volatility, high load 
growth, and few new generation resources had been added since the 1980s. With new higher- 
efficiency power plants coming on line by 2003, as well as the presence of the new Palo Verde- 
Rudd 500 kV transmission line, the older Phoenix-area units are expected to nm at lower 
capacity factors. As noted above, however, these units remain critical to maintaining Phoenix- 
area reliability. 

Even if the Phoenix-area transmission import limits were totally eliminated, these older units 
would still be needed to economically meet summer peak loads. Elimination of the constraints 
only reduces the capacity factors of all Phoenix-area plants - including West Phoenix 4 and 5 
and Santan 5 and 6 -by less than 1 percent. Removing the transmission constraint reduces local 
generation by less than 50 GWH per year. Table 12 summarizes the results of the simulation 
analysis. 
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Table 13 

PHOENIX-AREA POWER PLANT HISTORICAL CAPACITY FACTOR 

Bes 
STEAM 

COMBINED CYCLE 

COMBUSTION TURBINE 

STEAM 

COMBINED CYCLE 

COMBUSTION TURBINE 

TOTAL PHOENIX 
STEAM 

COMBINED CYCLE 

COMBUSTlON TURBINE 

1381 
6.6 

18.2 

0.9 

5.8 

15.7 

0.7 

6.1 

16.8 

0.7 

as 
9.6 

23.2 

1.3 

1.4 

3.0 

0.1 

8.0 

11.9 

0.5 

(”/I 
lgg3m 

9.8 12.9 

29.6 32.4 

1.1 2.0 

5.1 3.5 

8.2 9.0 

0.3 0.3 

6.6 6.3 

16.5 19.3 

0.6 0.9 

1995 

8.9 

28.5 

1.0 

- 

5.3 

8.3 

0.0 

6.4 

11.2 

0.4 

l m m  
8.1 10.6 

22.7 18.8 

1.3 2.4 

5.9 5.5 

5.1 4.6 

0.1 0.2 

6.1 7.1 

12.9 10.6 

0.5 1.0 

1998 

16.1 22.5 

27.0 33.9 

4.4 4.5 

_. 

1.3 20.1 

9.7 23.2 

0.4 1.6 

10.0 21.2 

17.0 21.1 

1.8 2.6 

33.1 

41.8 

13.3 

23.6 

27.9 

2.0 

26.5 

36.3 

5.8 

3. Cost Impacts P 

An estimate of the cost of the transmission import constraints can be determined by comparing 
the system cost for APS and SRP to serve their customers with and without constraints. Costs 
included in the analysis are fuel, variable O&M, purchased power and wholesale sale margin 
credits. The results of this analysis showed no measurable savings in 2003 for APS or for the 
total Phoenix area to completely relieve the constraints. Potential savings in 2004 and 2005 
averaged about $500,000 per year for the total Phoenix area or 0.1 percent of the combined 
production cost. See Table 12. 

4. Emissions Impact 

In addition to economic modeling, the GE M A P S  analysis evaluated the change in plant air 
emissions that would result from removing the transmission constraint. Specifically, the emission 
impact to the Phoenix area from removing transmission constraints and “moving” generation 
outside the Phoenix area was calculated. Four criteria pollutants are routinely tracked for power 
plants: NOx, CO, VOCs and PMlo. Maricopa County is a non-attainment area for CO, VOCs and 
PMlo. NOx is a precursor for ozone and therefore is included. 

The emissions impact from power plant emissions in the Phoenix area was estimated by using 
the average emission rates of APS Phoenix-area units along with the modeled change in energy 
production. Emissions were also estimated for the other non-APS Phoenix-area units. Changes in 
emissions resulting from entirely eliminating the transmission import constraint into Phoenix are 
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shown in Table 14. For comparison purposes, total emissions in Maricopa County were 
estimated by Maricopa County Environmental Services Department for 1999. Their emissions 
estimates include all stationary point sources, area sources, non-road mobile sources and on-road 
mobile and biogenic sources. To put the results into perspective, changes in Phoenix-area power 
plant emissions are shown as a percentage ofltotal Maricopa County emissions. 

Pollutant 

voc 
NO, 

co 
PMlO 

Table 14 
Phoenix Area Air Emissions Reduction 

Avg. Reduction 
(tonslyear) 

Reduction of Phoenix Area Emissions 
(YO of total emissions from all sources) 

1 .o 0.001 

29.5 0.049 

5.5 0.002 

1.8 0.002l 

Table 15 shows APS and Phoenix-area emissions by type. 

Table 15 

PHOENIX POWER PLANT EMISSIONS (TONS) 

Difference 
With Import Limits Without Import Limits (Without minus With) 

(52.2) 
Phoenix 141.6 201.5 260.6 134.7 151.8 209.1 (6.9) (49.7) (51.5) 

a 5  a 4  200$ rn 
APS 62.8 102.7 95.4 56.4 53.9 43.2 (6.5) (48.8) 

5.5 14.1 13.6 4.8 5.7 3.7 (0.7) (8.5) (9.9) 
SQ 

Phoenix 33.2 49.0 82.3 32.4 40.2 72.5 (0.8) (8.7) (9.8) 
APS 

APS 2.5 5.2 5.0 2.2 2.4 1.7 (0.3) (2.9) (3.2) 
Phoenix 37.5 51.6 97.5 37.1 48.6 94.3 (0.4) (3.0) (3.2) 

E 
Phoenix 

1.3 2.6 2.7 1.2 1 .I 0.9 
14.0 19.7 35.4 13.8 18.1 33.6 
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0 C. Yuma 

1. Yuma Imports 

Transmission imports to the Yuma load pocket are provided in Appendix D. Unlike the Phoenix 
area, these imports do approach their limits at various times throughout the year. These plots are 
included in Appendix D for the cases in which the limits were removed. 

Table 16 shows that APS could approach its import limits for 974 to 1,196 hours per year. The 
energy associated with these hours amounts to 50 to 57 GWH. During these hours, it would have 
been more economical to import cheaper power either generated on APS own units outside the 
Yuma area or purchased from the wholesale market if the import limits were increased. 

Table 16 

IMPACT OF ELIMINATING YUMA IMPORT LIMITS 

Difference 

APSlYuma 

Yuma Generation IGWY) 
APS 
Yuma 

Yuma Plant Canacitv Factor I%l 
APS 
Yuma 

Cost of Constraints tSM) 
APS 

With Import Limits Without import Limits (Without minus With) 
2QQ3?p942!2Q5 2QQ3?op42!2Q5 2QQ32pQ42M5 

1,066 974 1,196 0 0 0  (1,066) (974) (1,196) 

4.4 4.1 4.7 0.0 0.2 0.1 4.4 -3.9 4.6 
4.9 8.1 9.3 4.9 8.1 9.3 0.0 0.0 0.0 

(1.5) (1.3) (1.5) 

I 

2. Operation of Yuma Units 

Historically, the Yucca CTs have operated at capacity factors of between 0.5 up to 7.9 percent, as 
shown in Table 17. On average they are in the 1 to 2 percent range. 
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Table 17 

YUMA POWER PLANTS HISTORICAL CAPACITY FACTOR 
(% 1 

i a a L i B B ? ~ ~ i M 5 i a k p L B g L i a k p i p B B z p e p  

C T I  0.2 0.9 0.3 0.6 0.4 0.4 1 .I 1.5 1.4 5.0 
C T2 0.1 1.1 0.4 0.4 0.5 0.4 1 .2 1 .5 1.4 6.9 
CT3 1.7 4.9 1 .5 1.4 I .o 1.4 2.8 3.6 3.5 12.2 
CT4 0.0 0.2 0.0 0.2 0.0 0.2 0.2 0.7 0.3 4.8 

Total Yqcca 0.7 2.2 0.7 0.7 0.5 0.7 1.4 2.0 1.8 7.9 

YUCCA 

YUMA AXIS 13.5 9.4 18.4 15.9 15.3 33.3 45.2 45.4 53.7 41.3 

T O T A L  YUMA 5.0 4.6 6.7 5.9 5.5 11.7 16.2 16.7 19.3 19.2 

3. Cost Impacts 

The GE MAPS analysis indicates that the Yuma import limit will be constraining from 974 to 
1 196 hours per year. Totally relieving the constraints could save APS from $1.3 to $1.5 million 
per year. See Table 16. 

4. Emission Impacts 

The emission impact on the Yuma area due to a potential relieving of transmission constraints 
and “moving” generation outside of the Yuma area was determined by GE MAPS similarly to 
the Phoenix analysis. Unlike Phoenix, however, Yuma County is a non-attainment area for PMlo 
only. Impacts on power plant emissions in Yuma were estimated by using average emission rates 
of APS units along with the change in energy production. Emissions were also estimated for the 
other non-APS units. By entirely eliminating the import limits into Yurna, emissions produced 
by power plants located inside the Yuma load pocket would change as shown in Table 18. 
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Table 18 

YUMA POWER PLANT EMISSIONS (TONS) 
(Includes Yucca 1 4  and Yuma Axis) 

I Difference 
With Import Llmits Wlhout Import Limits (Without minus With) - 2003 2004 2005 g p ~ ~  - 2003 2004 2005 

NOx 189 186 203 24 43 48 (165) (143) (155) - 

co 39 43 50 7 13 14 

9 10 11 2 4 4 

10 9 11 0 1 I 
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@ VII. TRANSMISSION ALTERNATIVES TO MITIGATE RMR 

/ 

A. Phoenix Area 

Two transmission alternatives were evaluated as potential mitigation of RMR conditions for the 
Phoenix area. For comparison purposes, a cost-benefit analysis was performed on the 2005 case 
with no Phoenix area generation operating. 

The first alternative is the addition of 600 Mvar of shunt compensation (e.g. a static var 
compensator-SVC) at Kyrene with associated remedial action scheme logic and switching 
equipment to automatically insert the capacitor portion of the SVC at a very high speed upon 
detection of a loss of the Jojoba-Kyrene 500kV line. This alternative mitigates the voltage 
instability limitation by adding a strong reactive source of 600 Mvars of shunt compensation into 
the Phoenix area at the location that has lost the voltage support from the Palo 
Verde/Hassayampa area. This alternative would increase import capacity by 452 MW for a 
generation cost savings of $720,000 in 2005. However, the SVC alternative would cost $16 
million. The annualized cost associated with this investment is estimated to be $2.4 million. 

The second alternative considered was to modify the existing transmission system by looping the 
Jojoba-Kyrene 500kV line into the Rudd 500kV substation. This alternative is limited by the 
Rudd 500/230 kV transformers reaching thermal overload for a Rudd-Kyrene 500 kV line 
outage. This alternative provides no increase in SIL and, in fact, lowers the SIL due to increased 
loading on Rudd 5001230 kV transformers. 

0 
Neither of these alternatives is cost justified for the period covered by this study. 

B. YumaArea 

For the 2005 timeframe, a second 500/69 kV 240 MVA transformer was added along with a 69 
kV bus section breaker to the North Gila substation to evaluate the resultant increase in the SIL 
and MLSC for the Yuma area, and the resulting mitigation of RMR conditions. The cost of this 
project is estimated to be $3.5 million. With no local generation, completion of this project will 
increase the SIL by approximately 110 MW. Figure 11 shows the effect on the load serving 
capability (at or below the load forecast) of the Yuma area from adding the transformer. 

This sensitivity case contains the same planned additions as in the 2005 base case (see Table 4) 
plus the addition of the re-conductoring of the 32nd Street-Ivalon 69 kV line and the Foothills- 
Foothills tap 69 kV line. These two additional projects are presently planned for 2006 and 2007, 
respectively, however both were advanced to maximize the effect of adding the second 
transformer. 
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Figure 11 
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Generation 

With a cost of $3.5 million, the addition of the second N. Gila 500/69 kV transformer appears to 
be cost justified and will be further studied. 

45 



APS RA4R Analysis 
2003-2005 

VIII. CONCLUSIONS 0 
Phoenix Area Conclusions 

1. During the summer, APS Phoenix-area load is expected to exceed the available transmission 
import capability for approximately 500 hours in 2003 and 650 hours in 2005. However, 
these hours represent only one percent of the annual energy requirements for APS’ Phoenix 
area. 

2. From a total Phoenix load, transmission, and resources viewpoint (APS, SRP, and PWEC), 
import limits are expected to cause APS local generation to be dispatched out of economic 
dispatch order for 32 hours in 2003, 146 hours in 2004, and 174 hours in 2005. 

3. The estimated annual economic cost of Phoenix-area generation required to run out of 
economic dispatch order is estimated to be $720,000 in 2005, compared to a cost of 
approximately $16 million to relieve 452 MW of the Phoenix area’s transmission constraint. 
Thus, the transmission alternative currently is not cost justified. 

4. All Phoenix-area transmission and local generation are necessary to reliably serve all 
Phoenix-area peak load. 

5. In capacity terms, APS will require from 365 MW in 2003 to 554 MW in 2005 of non-APS 
resources within the Phoenix area to serve the APS Phoenix-area load. These resources could 
be supplied from non-APS local generation (including PWEC West Phoenix Units 4 and 5, 
SRP Phoenix-area generation, or newly constructed local generation) or from remote 
generation delivered to APS using SRP Phoenix-area import capability. 

6. Non-APS generation outside of the Phoenix load area (or inside the Phoenix load area when 
serving load outside) has the following impact on Phoenix-area import capability, measured 
as a percent of additional MW of import capability to MW of output: 

West Phoenix Units 4 and 5 . .  ...................... .134% 

Sundance ............................................... 35% 

Desert Basin.. ......................................... 24% 

Hassayampa Area .................................... 0% 

Panda Gila River.. ................................... 0% 

7. Removing the transmission constraint would reduce total Phoenix-area air emissions by the 
following average annual amounts over the 2003-2005 period. 
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Avg. Reduction 
(tons/year) Pollutant 

Table C1 
Phoenix Area Air Emissions Reduction 

Reduction of Phoenix Area Emissions 
(YO of total emissions from all sources) 

I I I I 

voc 
NO, 

co 

1 .o 0.001 

29.5 0.049 

5.5 0.002 

1.8 0.002 

8. Removing the import restriction into the Phoenix area reduces the APS local generation 
capacity factor from 1.4% to 0.9%. 

Yuma Area Conclusions 

9. The Yuma-area load is expected to exceed the available transmission import capability for 
approximately 3,200 hours in 2003 and 3,800 hours in 2005, although the amount of total 
load in the Yuma area is only approximately 300 MW. 

10. From a total Yuma load, transmission, and resources viewpoint (APS, IID, and YCA), the 
import constraint could cause APS Yuma generation to be dispatched out of economic 
dispatch order for approximately 1,070 hours in 2003, 975 hours in 2004, and 1,200 hours in 
2005. 

11. The addition of a second 500/69 kV transformer at the North Gila station in the Yuma area 
will be fbrther studied. Preliminary analysis shows that installation of this transformer 
significantly reduces Yuma-area RMR. Preliminary study results show potential savings in 
energy costs of approximately $1.4 million per year for the years 2003 through 2005. The 
cost to install a second 500/69kV transformer is estimated to be $3.5 million. 

12. All existing Yuma-area transmission and generation resources are necessary to reliably serve 
the Yuma-area load. 

13. In capacity terms, APS will require from 75 MW in 2003 to 91 MW in 2005 of non-APS 
resources in the Yuma area to serve the APS Yuma-area load. These resources may be 
supplied from the 75 MW IID steam generator at the Yucca substation, the 53 MW YCA co- 
generator near the Riverside substation, or fbture generatiodtransmission construction in the 
Yuma area. 

14. Removing the transmission constraint could reduce total Yuma-area air emissions by the 
following average annual amounts for the period 2003-2005. 
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Avg. Reduction 
(tonslyear) Pollutant 

voc 9.5 

NO, 154 

co 33 

PMlO 6.5 

Table C2 
Yuma Area Air Emissions Reduction 

Reduction of Yuma Area Emissions 
(% of total emissions from all sources) 

Unavailable 

Unavailable 

Unavailable 

0.003 

15. Removing the import restriction into the Yuma area could reduce the APS Yuma generation 
capacity factor from 4.4 percent to 0.1 percent. 

48 



A 



Appendix A 

Power Flow 
e Output Results 



TABLE OF CONTENT 

Page 
Phoenix Area 

SIL Nomogram-2003 ............................................................. A1-A17 
SIL Nomogram-2004 ........................................................... A18-A35 
SIL Nomogram-2005 ........................................................... A36-A53 

Generation Sensitivities-Inside Phoenix 
Agua Fria ......................................................................... A54-A59 

Ocotillo ......................................................................... ..A6 6-A7 1 
Santan ........................................................................... .A7 2-A77 
W .Phoeni x ...................................................................... .A7 &A83 

Kyrene ........................................................................... A60-A65 

Generation Sensitivities-Outside Phoenix 
Sundance ....................................................................... .A8 4-A89 
Desert Basin ..................................................................... A90-A95 
Hassayampa .................................................................... A96-A101 
PanddGila River ........................................................... .A10 2-A107 

Transmission Alternatives 
SVC in Phoenix .............................................................. AlO8-A113 
Jojoba-Kyrene 500 kV fold-in to Rudd ................................. A1 14-A120 

Yuma Area 
SIL Nomogram-2003 ....................................................... A121-A128 
SIL Nomogram-2004 ....................................................... Al29-A136 
SIL Nomogram-2005 ....................................................... Al37-A144 

Transmission Alternatives 
2nd N . Gila 500/69 kV transformer ........................................ A145-A162 



LL 

a c3 W Y  

am OJf tbPl 

J 
J W 

ou CII 
n 

0 0  

3 0  
. .  

A ,  



Y 

Y -  

1 m -  
'z 
_I 
0 m 

0 

m - 
To , .o 
\o -. 

[Lr .---o .ooo 
oa  oa7dyddd 
u1-I -Tin 0 

s2 a \  ?h\\O\\\ .oo.ooo 
w z  o . . o . . .  
[Lo 00 0 0 0  

I 

t-l 

L5 ;1 Z 

Y c- 
n ~ w m z  

wa w 
Llw IOZO 
Z- I  O Z - I i I  -uawamzn + xaAax>o 

z I - Z J I  Z U t  
3 u1zoLlzzzu1 
I W-xaa3-w 
Ul XLUulUIVI_IK 

~ 0 W 

I- 
u1 

u1 

ul 
a 

I 

A2 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.93 -55.03 

0.9275 -55.59 
0.925 -55.32 

joj-kyr 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

A 3  

file ://C :\ups1 f 1 3 1 \w-areahasy kyr\j oj -kyr\KyRENES 00 .O . htm 12/12/2002 



?NPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.93 -63.99 
0.9275 -64.00 
0.925 -62.87 

joj-kyr 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

I 

VOLTS 

file://C:\upslf 13 l\w-area\hasykyr\j oj-kyrWNPKAPS23O.O. htm 12/12/2002 

file://C:\upslf


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -90.58 

0.9675 -93.10 
0.965 -92.1 1 

joj-kyr 

WESTWING 230.0 
JOJ=KYR 500KV LINE OUTAGE 

VOLTS 

A 5  
0 

file://C:\upslf 13 1 \w-areaVlasykyr\j oj -kyr\WESlWING23 0.0. htm 12/12/2002 

file://C:\upslf


0 0  

I 
J/ 
I: 
,O 

t m ' n  
oao 

a 



- 1  
I 

nil m 

I 

Y 

FI .1 Z 

0 

m 
790 .- \o . 

VIA - f M  0 
w -  . - -0 .000 o(i m'-,---;;; 
a \  .oo.ooo 
w z  o . . o . . .  
K O  00 000  

L2 ? & \ \ O \ \ \  

;I 99 0:ooo 
0 

a o o o . ~ . .  . 
2 M I D O . . . . .  
0 mur.(PImmmm n o s - r m m  

u\ o.\N@N00 

X 

w a  w 
u w  3020 

a Y J W W Z  c- 

z_I -uaoracnzu O Z J J I  

c xa-iax>o 

I w-Iaaz-w 
z I -ZJ3 zuc 
3 lnzoL!lzzzvl 
In lau111111111JJs 

N 

0 

w 
111 

111 

111 

a 

1 

A 7  



KYRE-M 500.0 Page 1 of 1 

VOLTS MVAR 
0.9275 -83.29 
0.925 -83.42 
0.9225 -83.19 

JOJ-KYR 500KV LINE OUTAGE 
KYRENE 500.0 

VOLTS 

A 8  

fi 1 e://C :\ups1 f 1 3 1 \w-areabasy kyr\j oj - kyrKYRENES 00.0. htm 12/12/2002 



KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.9075 -83.92 
0.905 -84.12 
0.9025 -83.90 

joj-kyr 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-1 0 
-20 
-30 
-40 
-50 
-60 
-70 
-80 
-90 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyr\KYRENE230.0. htm 12/12/2002 

file://C:\upslf


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9225 -92.55 
0.92 -92.85 

0.91 75 -92.64 

joj-kyr 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-1 0 
-20 
-30 
-40 
-50 
-60 
-70 
-80 
-90 
,I 00 

VOLTS 

a A 10 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyrWNPKAPS23 0.0. htm 12/12/2002 

file://C:\upslfl3


WEST,WING 230.0 Page 1 of 1 

VOLTS MVAR 
0.965 -1 38.67 
0.9625 -1 39.70 
0.96 -1 37.01 

joj-kyr 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

file ://C :\u psl f 1 3 1 \w-areahasy lqr\j oj -kyr\WESlWING23 0.0. htm 12/12/2002 



I 

t 
W 
t- 

U 

U 

1 

n 
A> 0-- tLIIU 

W 
O> t W  

x U 

m 

aw 

I 
r >  JIY 

!-xu o w m  

Y - 
0.. J 0 
+J 

A / 2  

L 

w 
0 
I 
U 

N 
U 
- 



a 

0 *9+ 
I s  '09il-+ 

8 " 6 8 4  7 

I 
& 

n 
3 

P 

t 

VI 
I 
0 
_I 
!A 

t 

341 
I 
W 

W 
LII 

0 

0 
r 

-a -a 
a 

- E  

Y O  

I I ? '  
t- 
3 
0 
VI 

0 

@J 

7 0  , .n 
- 

.- 
\o . 

LnJ - j m  0 
K r  .,-o.ooo 
oa @ J ~ - . o . . .  
i-> rD\'0\000 u a  a \  .o\\o\\\ .oo.ooo 
w z  o . . o . . .  
K O  00 000 

J do  - 
I \ .  0 .ooo 

o o o . ~ . . .  

u\ o . \ N o N O O  z VI rDO. . . . .  
o mm.oLnmmm 

m o r - r m m  
X 

Y +- 
a J w m z  

L!lw w a  3020 w 
Z J  O Z l J I  -uanatnzn 

c x a J a x t o  
z i - Z l 3  zuc 
3 mzoL!lzzzLn 
I w-raa3-w m auumulm_13: 

a r m  o 

- m mu1 
Nj--rDDu1 
V, N m N P  

Nbl 
N f  

m 

a 
0 
J 

a 

m 
0 
N 

I- 
? 

m ? 

* 
cr 
- 

6 r. 
.r 
3 

a 
3 
5 
T 

I i 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.965 13.42 
0.9625 12.01 
0.96 12.52 

KV LINE OUTAGE 
KYRENE 500.0 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyrUSYRENESOO.O.htm 12/13/2002 

file://C:\upslfl3


KYREM 230.0 Page 1 of 1 

VOLTS MVAR 
0.94 13.60 

0.9375 12.07 
0.935 12.59 

KYRENE 230.0 

f 

0 
-0.1 
-0.2 
-0.3 
-0.4 
-0.5 
-0.6 
-0.7 
-0.8 
-0.9 

-1 
VOLTS 

file://C:\upsl f 13 1 \w-areahasy ky r\j oj -kyrKyRENE23 0.0. htm 12/13/2002 

file://C:\upsl


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.94 15.32 

0.9375 12.62 
0.935 12.76 

LINE OUTAGE 
PNPKAPS 230.0 

0 
-0. I 
-0.2 
-0.3 
-0.4 
-0.5 
-0.6 
-0.7 
-0.8 
-0.9 

-1 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyr\PNFKAPS23 0.0. htm 1211 3/2002 

file://C:\upslfl3


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.9825 25.40 
0.98 19.03 

0.9775 20.07 

JUJ-KYR 50 
WESTWING 230.0 

VOLTS 

file://C:\upslfl3 l\w-area\hasykyr\j oj-kyr\WESTWING230.0.htm 12/13/2002 

file://C:\upslfl3


0 0  

0 0  
. .  

0 00 P 
m w  - _ 1  

c -  

m 
N 
0 

- \ 0 '8h+ 
2 '092- 

0 ' 6 5 -  
t 

9 ' E I E -  & L 
W 

L d  

U 0 
rY 
> 

1 z Y 

I 'hZ+ 
2 ' I S I - r  

c . c  

B ' h 9 E -  
6 'EZ*- 

O'C91-+  
0 -9s- 

L ' h6Z+ 
E 'OS- 2 '6h- 

Z ' Z E l -  

N 

t 
w 
t- 
rn 
> 
ul 
3 
41 
0 
M 
c\J 

ci 
W 
CL 
a 
X 

Z 
W 
0 
I 

H 

n 

u 

u w 
L 

A 18 



Y 

I 

Y 
U W m  

- 0  
I '  
V I -  

f 0 
0 N 

" L  n o  

E U  

4 4  -3 > -  
n 

4'- 
n. 

2% 
VI r a  

P E  
10 

4c. 4 -  

3 w  3 W  u r n  r c  
Id o s  

4 u  
P) N -  

3 s  3 .- x'- 

~a 

r m  

t- 
7 
0 
VI 

0 
LnLn -I, W 

?EO 
\o 

inJ - f i n  0 
E.. ..--o.ooo oa o ] o - . o . . .  
I-> * \ ' O \ O O O  ua a\ ,o\\o\\\ .oo.ooo 
W Z  o . . o . * .  
K O  00 000 

1 n 

W 

ulofmoooommo 
o o r m c m o r r r o  * O u l W U l N O u l Q ~ U l ~ O  

- N  - N f  -- 

i I 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.935 -22.97 
0.9325 -23.16 
0.93 -23.03 

jojlkyr 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

A20 

fi 1 e: //C : \up sl f 1 3 1 \w -area\hasy ky r\j oj -kyrU(YRENES 0 0.0. htm 12/17/2002 



KYRENE 230.0 Page 1 of I 

VOLTS MVAR 
0.91 25 -23.14 
0.91 -23.23 

0.9075 -22.98 

joj-kyr 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

A21 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyrKYRENE230.0. htm 12/17/2002 

file://C:\upslf


PNPKAPS 230.0 

VOLTS MVAR 
0.9325 -25.13 
0.93 -26.00 
0.9275 -26.00 

Page 1 of 1 

joj-kyr 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

f 

VOLTS 

A22 

file://C:\upslfl3 l\w-area\hasykyr\joj-kyrU”PKAl?S230.0.htm 12/17/2002 

file://C:\upslfl3


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.9675 -36.87 
0.965 -37.12 
0.9625 -35.92 

0 
joj-kyr 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-5 
-10 
-15 
-20 
-25 

-30 
-35 
-40 

A23 

file://C:\upslfl3 l\w-area\hasykyr\joj-kyr\WESTWING23O.O.htm 12/17/2002 

file://C:\upslfl3


x 
W 
t- 
m 
> 
Ir'l 

3 
Y 
0 
M 
0. 

a 

a 
w 
E 

X 

Z 
LLJ 

0 
I 
ti 

H 

I 



+a 
UIUl 

o w w  +x.L 
0 

I 
I '  

r------ 
I 
I 
A 
D 

Yl  
D 
t 

w ^ ^ ^  

t- Y Y Y  
> > >  

01110 
o r m  
K ? E !  

J 
m -  
o a  o >  - 

m 
0 
0 

- - 
0 

H e  

I a -  c 
3 
0 
v1 

0 

0 
r 
-a -a 

n s  
" a  r 

m - 
7 0  I .o 
\o - 

$i : ~ j r o ~ o o o  
O Q  m a - .  o . . .  
L2 a \  ?X?X?? .oo.ooo 
w z  o . . o . . .  [Lo 00 000 

J do - 
M \ .  0.000 
a 000 .N.. . 

u\ z O.\NIDNOO m I D 0 . .  . . .  
0 mtn.mmmmm 

m o r - f m m  
X +- I ay J W U Z  

0 
J 

w 

111 a 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.9375 -20.07 
0.935 -20.20 
0.9325 -1 9.92 

joj-kyr 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

file://C:\upslfl3 l\w-areaVlasykyr\joj -kyr\KyRENESOO.O. htm 12/18/2002 

file://C:\upslfl3


K W N E  230.0 Page 1 of 1 

VOLTS MVAR 
0.91 5 -1 9.80 
0.91 25 -20.23 
0.91 -20.21 

joj-kyr 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

A27 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyrKYRENE230.0. htm 12/18/2002 

file://C:\upslfl3


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9275 -21.92 
0.925 -21.99 
0.9225 -21.51 

joj-kyr 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

A2B 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyrWNPKAPS230.0. htm 12/18/2002 

file://C:\upslf


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -32.59 
0.9675 -32.83 
0.965 -31.23 

joj=kyr 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 

-1 5 

-20 

-25 

-30 

-35 

A29 

fi 1 e://C :\ups1 f 1 3 1 \w-areaVlasykyr\j oj -kyr\WESTWING23 0.0. htm 12/18/2002 



r 
!L 

c3 m x  m 

O J Y  e c m  

a 

am 

2 
w 
n 

ca +x 

c 

N 

111 

t 
W 
t- 
Lri 
> 
1(1 

3 
Y 
0 
M 
N 

a 
W 
E 
0 

X 

z 
LLJ 
0 
I a 

H 

I 
A30 

I I 



- I  

a 
ca c 0 

w ^ ^ . .  t.- Y Y Y  
> > >  

O W 0  

O >  b-6 

O Z U  C-T a m  

r------ 

m -  

a a .  

uuoooo 
L L W K U I  

N 
0 
0 

- - 3 
0 
ul 

0 

m 

fs0 

L2 a \  *%?;?E .oo.ooo 

\o . 
WlJ -3-0 0 .,-o.ooo 
oa o ) t - . o . . .  

wz 0 .  .o.. . 
rro 0 00 000  

n Y J W W Z  c- 
w a  w 

U W  X O Z O  
Z J  O Z J J I  

z kZJ3 zut- 
7 blzoL!lzzzln 

-uaxamzo + x a A a x t o  

I w-Iaax-w m xauvIIpImJx 

c 
VI 
> 
VI 

VI 

A31 

8 
! 7  

E8 

0 %  
- 1 0  
? E  3 f  

U N  ., e 1 0  u w  .c. 

.3 ,, - - N  ".TI 

- c I, 
l .=c , 3-- 
/c. . .. 6 J u n  

m a  

- -  
..- 
n m m  



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.97 2.07 
0.96 -1 0.35 

0.9575 -10.10 

jojlkyr 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

-2 

-4 

-6 

-8 

-1 0 

-12 
VOLTS 

A 32  
file://C :\ups1 f 1 3 1 \w-area\hasy kyr\j oj - kyrKYRENE5 00.0. htm 1 2/ 1 7/2 002 

file://C


K W N E  230.0 Page 1 of 1 

VOLTS MVAR 
0.9375 -1 0.24 
0.935 -1 0.40 
0.9325 -9.97 

joj-kyr 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

A33 

file: / /C :\ups1 f 1 3 1 \w-area\hasy ky r\j oj - kyrKYRENE23 0 .O . htm 12/17/2002 



PNPKAPS 230.0 Page 1 of I 

VOLTS MVAR 
0.94 -0,19 
0.93 -10.34 
0.9275 -9.02 

joj-kyr 

PN PKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-2 

-4 

-6 

-8 

-1 0 

-12 
VOLTS 

A39 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyr\PNpKAPS230.0. htm 12/17/2002 

file://C:\upslfl3


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.98 1.05 
0.97 -1 0.94 

joj-kyr 

WESTWINC 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-2 

-4 

-6 

-8 

-10 

-12 
VOLTS 

A35- 

file: //C : \ups1 f 1 3 1 \w-areahasy kyr\j oj -kyr\WESTWING23 0.0. htm 12/17/2002 



0 0  

0 0  
. .  

t 
W 
t- 
m 
>- 
1(1 

3 
Y 
0 
M 
c\l 

c 
W 
CY a 
X 

Z 
W 
0 
I 
U 

H 

, 
A3Q 



I 

0 

0 
r- 

-a -a 
a 

I u l  a 

- E  

> 
' u l  

I 

0 

m - 
E O  
\o . 

u1-l - r m  . - -o.ooo 0 

oa  m'-dyd;d 

w z  o . . o . . .  n o  00 000 

L2 a \  ?h\\O\\\ .oo.ooo 

A 60 - - \ .  0.000 
a 000 .N . .  . 

O.\NU)NOO 
z m * o . . . . .  
o mu- . ~ V I ~ V I U I  

m o T - r m m  

u\ 

X 

N 

W 

VI 

VI 
n 
a 

A 3 7  



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.9375 -14.05 
0.935 -1 5.02 
0.9325 -1 5.00 

-2 - 
- 4 -  

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

UOLTS 

fi 1 e: //C :\up sl f 1 3 1 \w -area\hasy ky r\j oj -kyrKYRENES 00.0. h tm 12/19/2002 



KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.91 5 -14.42 
0.91 25 -15.13 
0.91 -1 5.01 

joj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-2 

-4 

-6 2 
3 -8 = -10 

-1 2 

-14 

-1 6 

file ://C :\ups1 f 1 3 1 \w -area\hasy lqr\j oj -kyr\KYRENE23 0.0. htm 12/19/2002 



PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9325 -16.96 
0.93 -16.99 

0.9275 -16.52 

joj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-2 
-4 
-6 

4 -8 g -10 
-1 2 
-14 
-16 
-1 8 

VOLTS 

file: //C :\ups1 f 1 3 1 \w-areahasy kyr\j oj -kyrWNPKAP S23 0.0. htm 12/19/2002 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -23.01 

0.9675 -24.27 
0.965 -23.46 

joj-ky r 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 

2 -15 h 
-20 

-25 

-30 

VOLTS 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyr\WESTWING230.0. htm 12/19/2002 

file://C:\upslf


E 
W 
t 
1(1 
>- 
rn 
I> 
1L 
0 
M 
c\l 

a 
W 
CL a 
X 

z 
LJ 
0 
I 
U 

H 



h- 

0 
L7 " 
z N  

7 
0 
ul 

0 

m 

n 
a 
0 
J 

x 
W 
I- 
v) 
> 
In 
In a 
a 

A43 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.9475 -9.80 
0.945 -10.18 
0.9425 -9.59 

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

0 -  

-2 - 

-4 - 

5 - 6 -  
r 

-8 - 

-1 0 

UOLTS 

A44 
file://C:\upsl f 13 1 \w-areahasy kyr\j oj -kyrKYRENES 00.0. htm 12/ 1 9/2002 

file://C:\upsl


KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.93 -4.60 
0.92 -1 0.29 

0.91 75 -9.10 

joj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-2 

-4 

-6 

-8 

-10 

-1 2 
VOLTS 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyrKyRENE230.0. htm 12/19/2002 

file://C:\upslfl3


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9275 -1 0.32 
0.925 -10.71 
0.9225 -9.69 

joj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-2 

-4 

Q 
3 -6 
E 

-8 

-10 

-1 2 
VOLTS 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyrWNPKAPS230.0. htm 12/19/2002 

file://C:\upslfl3


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -13.98 

0.9675 -1 5.72 
0.965 -1 4.23 

joj-ky r 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-2 
-4 
-6 

3 -8 
ZJ -10 

-12 
-14 
-1 6 
-1 8 

VOLTS 

A47 

f i  1 e://C :\ups1 f 1 3 1 \w-areahasy kyr\j oj -kyr\WESTWING23 0.0. htm 12/19/2002 



t 

m r 
v 

uo 
W E  

W 

0 

> 
W 

X J  W J  

wa n> 
n : 

L '6hE-• 

m 
0 0 

0 

x 
W 
t- 
ul 
t 
ul 

I> 
Y 
0 
M 
c\i 

a 

a 
W 
E 

X 

Z 
LLJ 
0 
I 
U 

H 

A4 



. 
Jl 
d l  

t 

;;? 4.10 9co f -  

7 
0 
0 

r co 
0 
.a 

a 
-a 

E 

>- 
VI 
VI 
(I 
I 

+ + -  
I L ? -  t 
J 
0 
111 

0 .o 
(0 .o 
- 0 .  

:2 oa ?~~o:ooo \ I - . o . . .  
i-> -\~o\ooo ua .o\\o\\\ a\ m.oo.ooo 
w z  w o  ..o.*. no ' 00 000 

m wLn - 
- - f -LnlJ l  
VI -mNP - m mtn 
NlJl 
N 1  
a m  - 

m 

~ w lJl 

VI 

VI a 

A49 - 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.98 -2.56 
0.9775 -3.70 
0.975 0.30 

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-0.5 

-1 

' -2.5 
-3 

-3.5 

VOLTS 

file://C:\upslf 13 1 \w-area\hasykyr\j oj -kyrV(Y"ES 00.0. htm 12/19/2002 

file://C:\upslf


KYRENT 230.0 Page 1 of 1 

VOLTS MVAR 
0.95 -2.98 

0.9475 -3.07 
0.945 1.09 

joj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

-0.5 

-1 

-1.5 

fg -2 

-2.5 

-3 

-3.5 
VOLTS 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyr\xyRENE23 0.0. htm 12/19/2002 

file://C:\upslf


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9225 -1.53 
0.92 -2.79 

0.91 75 -1.85 

joj-ky r 

PNPKAPS 230.0 
JOcl-KYR 500KV LINE OUTAGE 

0 

-0.5 

-1 

-1.5 

-2 

-2.5 

-3 
VOLTS 

A 52 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyr\PNPKAPS230.0. htm 12/19/2002 

file://C:\upslfl3


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.965 1.41 
0.9625 -3.26 
0.96 -2.76 

joj-ky r 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-0.5 

-1 

-1.5 

-2 

-2.5 

-3 

-3.5 
VOLTS 

A53 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyr\WESTWING23 0.0. htm 12/19/2002 

file://C:\upslf


0 0  

c ,  c .. 
3 
C >  VIX 

t h D  
o w m  

x 
w 
t- m 
>- 
I(\ 

2 

0 
M 
m 

1L 

a 

a 
W 
iY 

X 

Z 
W 
0 
I 
U 

H 



- , t i t .  a , 

t i“: 

b-111 

m 
0 
0 

- 
I 
t- 
3 
0 
111 

0 .o 
m .O 

VIA ;% 0 n+, i--o.ooo o([ \,-.o... +> -\~o\ooo 
ua .o\\o\\\ 
a \  m.oo.ooo 
W Z  IDo..o... no ’ 00 000 

j 

A 55 

m l  
. 7  I 
a:: 
: G  
.a, TIN 

-0 
Y N  
6, 
- J l o  ”a, 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.935 -1 4.34 

0.9325 -15.15 
0.93 -1 5.04 

joj-ky r 
JOJ-KYR 500KV LINE OUTAGE 

KYRENE 500.0 

0 
-2 
-4 
-6 

% -8 iz -10 
-1 2 
-14 
-1 6 

VOLTS 

fi 1 e :/IC : \ups1 f 1 3 1 \w -area\has y ky r\j oj -kyrKYRENES 00.0. htm 1/16/2003 



KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.91 25 -1 4.74 
0.91 -15.44 

0.9075 -1 4.89 

joj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

A 5 7  

fi 1 e: //C :\up sl f 13 1 \w -areabasy kyr\j oj -kyrv(yRENE23 0.0. htm 1/16/2003 



PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9325 -1 6.95 
0.93 -1 7.34 

0.9275 -1 6.47 

joj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

A 5 8  

fi le://C :\ups1 f 13 l\w-area\hasykyr\j oj -kyrWNPKAPS23 0 .O. htm 1/16/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.98 -5.04 
0.97 -24.93 

0.9675 -24.37 

joj-kyr 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 9 -15 
-20 

-25 

-30 
VOLTS 

P 59 

file://C:\upslfl3 l\w-area\hasykyr\j oj-kyr\WESTWING230.0.htm 1/16/2003 

file://C:\upslfl3


U J  la5 N 

> 
ul 

3 

0 
M 
c\l 

0 
W 
CY 
CI 

X 

Z 
LJ 
0 
I 
EL 

Y 

H 



6 * E +  
18 1654  

100 -I.- 

- 

A c/ 

Y O  

I m -  

0 
r 
0 

-CL 
- E  

2- 
111 
VI 

I 

.a 

a 

a 

0 .o 
m -0 

ulJ ;?ti , ,-o.ooo 0 

oa \ I - . o . . .  
I-> -\~o\ooo 
ua .o\\o\\\ 
a \  m.oo.ooo 
w z  00 .  .o.. . no # 00 000 

0 -  2 0 .  0 .000 .oo .N . . . 
\oo\\\\\ 

z .roo..... 
0 0m.mmmmul  

m o r - r m m  

aa 0 . \ W I D N O 0  

X +- I L J W W Z  

0 

+ 

ul 

I 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.9425 -12.48 
0.94 -1 3.03 

0.9375 -12.84 

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

VULTS 

A 62 
file://C:\upslfl3 l\w-area\hasykyr\j oj -kyr\KyRENESOO.O. htm 1/16/2003 

file://C:\upslfl3


KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.92 -12.99 

0.91 75 -1 3.09 
0.91 5 -12.74 

joj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

A 63 

file ://C :\ups1 f 13 l\w-area\hasykyr\j oj -kyrKYRENE23 0.0. htm 1/16/2003 



PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.935 -13.63 
0.9325 -1 4.53 
0.93 -1 4.30 

joj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-2 
-4 
-6 

3 -8 
-10 
-12 
-14 
-16 

file: //C : \ups1 f 1 3 1 \w-area\hasyky r\j oj - kyrWNPKAP S23 0.0. htm 1/16/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -1 9.23 

0.9675 -20.56 
0.965 -1 9.70 

joj-ky r 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 

-1 5 

-20 

-25 
VOLTS 

A 6 5  

fi 1 e ://C :\ups1 f 13 1 \w-area\hasykyr\j oj -kyr\WESTWING23 0.0. htm 1/16/2003 



0 0  

0 0  
. .  

t 
W 
t- 
u 
>- 
111 

3 

0 
M 
N 

Y 

a 

a 
w 
E 

X 

Z 
Id 
0 
I 
U 

H 

7 I 

j! z 

I- a w 

0- + A  



0 

0 
r 

I all 0 

t 
17 
0 
111 

0 .o 
m .O 
- 0 .  

m_l f f l n  0 n- , - - o . o o o  

ua .o\\o\\\ a\ m . 0 0  .OOO w z  OO..O... no I 00 000 

p: \ C d ? d d d  

- 
f 
0 o 
m 
" 
Ul 

n 
W 
0 
3 

n a 
-I 

W c 
m 
>. 
Ul 

m 
U 

- 

67 



K Y R E M  500.0 Page 1 of 1 

VOLTS MVAR 
0.935 -1 5.99 
0.9325 -16.19 
0.93 -15.79 

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 

-1 5 

-20 
VOLTS 

file://C :\ups1 f 13 l\w-area\hasykyr\j oj -kyrKYRENES 00.0. htm 1/22/2003 

file://C


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.935 -1 7.75 
0.9325 -1 8.54 

0.93 -18.12 

juj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

-5 

-1 0 

-1 5 

-20 
VOLTS 

A 70 

file : //C :\ups1 f 1 3 1 \w-area\hasy kyr\j oj - ky rWNPK AP S23 0.0. htm 1/22/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -25.47 

0.9675 -26.28 
0.965 -24.89 

joj-ky r 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 9 -15 

-20 

-25 

-30 
VULTS 

A7/ 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyr\WESTWING23 0.0. htm 1/22/2003 

file://C:\upslf


MA 

a 

am 

L' 

c> blr 

O J T  CLCl 

J 
J w 

n oa +I 

J 
J 

C Y  

r u i  
L a  

< a  

2I 
W 
t- 
1/1 
> 
in 

3 

0 
M 
c\l 

Y 

a 

a 
W w 

X 

z 
LLJ 
0 
I 
0 

H 

L 

A 72 

c 

f io 
E N  

r-. 
L O  

> 

m m  
m o  

m.lc 

o n. e a  

a 'i 

$L,i 

3 .k 

u n  W v )  

fin 
L .- E 3 0  

u a  

IJ w c w  

W F  
I d  0.z. C I U  

N-. Lnd 

N L  

m m  

8.5 



N 

@ 
t' 
Z' 

u 
z 
W 
J 
ti 

a 

0 " S +  
I€ "S85+ 

3 
0 
Ln 

0 

^ ^ ^  

> > >  
Y Y Y  

o m 0  
o ~ m  
K ? ? ?  

:1 W :E : -  
m -  

.o 
m -0 
- 0 .  

$2 T E L " O ~ O O 0  "a \,-.o... 
t-> -\~o\oco ua .o\\o\\\ 
a \  m . 0 0  .ooo 
w z  00. .o... 
E O  ' 00 000  

J o -  
,4 0 .  0 .ooo 

-00 .N . . 
m: o\ . o m 0 0 0  
La \oo\\\\\ 

.@O . . . . . 
0 o in .mmmmm 

m o l t - l t m m  
:> O . \ N I D N 0 0  

Y 

c 

Oul 
L O  
6 0  E N  

L O  6- 

0 0. 
a 

~a 
5 

5,- 
U w n  v l v l  

L U  

I" E 3 0  

u a  

22 
C l v l  
c w  
V I C  

o s  
L U  

N -  n m  

U L  

m m  
i m  

3' 



KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.92 -17.39 

0.91 75 -1 8.37 
0.91 5 -1 8.26 

joj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

A 75 

fi 1 e : //C : \ups1 f 1 3 1 \w -area\hasyky r\j oj - kyrKYRENE23 0.0. htm 1 /22/2003 



PNPKAPS 230.0 

VOLTS MVAR 
0.935 -1 9.65 
0.9325 -20.51 
0.93 -20.24 

Page 1 of 1 

joj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

2 -10 

5 -15 

-20 

-25 

I VOLTS 

A 76 

fil e://C :\ups1 f 13 l\w-area\hasykyr\j oj -kyrWNFKAPS23 0.0. htm 1/22/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -27.75 

0.9675 -29.08 
0.965 -28.23 

joj-ky r 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-5 

-1 0 
2 -15 

5 -20 
-25 
-30 
-35 

VULTS 

A77 

file://C:\upslf 13 l\w-area\hasykyr\j oj-kyr\WESTWING23 0.O.htm 1 /22/2003 

file://C:\upslf


IY  
W x 

a 
0 

"I 0 

8 
m 

m m 

c 

0 
0 

0 

3 
L k- 

a 
3 

f 

in 
t 
m 
I> 
Y 
0 
M 
c\1 

a 
W 
cf 
G: 

X 

Z 
W 
0 
I a 

H 

.r , 
il 

5' 
"I 

Yl 

I 

A 78 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 

0.9325 -6.07 
0.935 -5.63 

0.93 -5.32 

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-1 

-2 

2 -3 
1 -4 

-5 

-6 
-7 

VOLTS 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyrKYRENESOO.O. htm 1/17/2003 

file://C:\upslfl3


Page 1 of 1 KYRENE 230.0 

VOLTS MVAR 

0.91 -6.04 
0.92 -2.72 

0.9075 -5.09 

joj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-1 

-2 

% -3 s -4 
-5 

-6 

-7 

I VOLTS 

A 81 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyr\KYRENE23 0.0. htm 1/17/2003 

file://C:\upslf


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.94 -1.95 
0.93 -6.86 

0.9275 -5.63 

joj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 

I VULTS 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyrWNPKAPS23 0.0. htm 1 / 1 7/2003 

file://C:\upslf


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.98 8.68 
0.97 -9.30 

0.9675 -9.28 

joj-kyr 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-2 

-4 

-6 

-8 

-1 0 

A 83 

file://C:\upslf 13 1 \w-area\hasykyr\j oj -kyr\WESTWING23 0.O.htm 1 / 1 7/2003 

file://C:\upslf


E? 
a 

3 
Y 
0 
M 
c\J 

a 

a 
W 
!x 

X 

Z 
H 

W 
0 
I 
U 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.935 -16.45 
0.9325 -16.46 
0.93 -16.14 

jo j-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-2 
-4 
-6 

4 g -10 
-12 
-14 
-1 6 
-1 8 

VOLTS 

P 8Q 

fi le://C : \ups1 f 1 3 1 \w -area\hasy kyr\j oj - kyrKYRENE5 00.0. htm 1/11/2003 



KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.91 5 -16.27 
0.9125 -16.55 
0.91 -16.48 

jo j-kyr 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-2 
-4 
-6 

% -8 2 -10 
-1 2 
-14 
-16 

-1 8 

VOLTS 

A 8 7  

file ://C :\ups1 f 13 l\w-area\hasy kyr\j oj -kyr\KYRENE23 0 .O. htm 1/11/2003 



PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9325 -1 8.52 
0.93 -1 8.64 

0.9275 -1 8.25 

joj-kyr 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-10 
I 

-1 5 

-20 

fi 1 e: / /C :\ups1 f 13 1 \w-area\hasykyr\j oj -kyrPNPKAP S23 0.0. htm 1/11/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -24.79 

0.9675 -26.42 
0.965 -26.12 

joj-kyr 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 

5 -15 
E 

-20 

-25 

e 
fi 1 e://C :\ups1 f 1 3 1 \w-area\hasykyr\j oj -kyr\WESTWING23 0.0. htm 1/11/2003 



0 0  
d d  

0 00 

u7 
>- 
Iri 

3 

0 
M 
c\l 

Y 

a 
W 
E c 
X 

Z 
W 
0 
I 
U 

H 



- 
- ' 6 ' 6 8 4  

0 

0 
r 

I 

a 
-I 

L!i 

z 

CI 

ccn 

rl (n 

VI 
3 
0 
_J 

LL 

Y e  

I m -  
k- 
II] 
0 
VI 

0 .o 
m -0 --0 . 

VIJ f f i n  0 
[r" ~ - - o . o o o  oa \,-.o... 
c >  -\lo\ooo ua a\ m.oo.ooo .o\\o\\\ 
w z  oo..o.. . 
E O  ' 00 0 0 0  

85- 
a m  - 
\ c  

L O  - 0 
i n0  z k 
xm - - nn-w uuoooo 
LLLWXUZ 

r 
moimoooomrno 
olommcummocnm o o r m r f o r  P ID@? 

m -(N - N f  -- 

N 

~ W + 

in 

m 
in 
U 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.9375 -1 8.53 
0.935 -1 8.88 
0.9325 -1 8.82 

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

A 92 

file: //C : \ups1 f 13 1 \w-area\hasykyr\j oj -kyrv(YRENE5 00.0. htm 1/11/2003 



KYRENE 230.0 Page 1 of I 

VOLTS MVAR 
0.91 5 -1 8.81 
0.9125 -18.99 
0.91 -1 8.82 

jo j-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

> % -10 
E 

-1 5 

-20 
VOLTS 

A 93 

file ://C :\ups1 f 1 3 1 \w-area\hasykyr\j oj -kyrKYRENE23 0.0. htm 1/11/2003 



PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9325 -21.16 
0.93 -21.30 

0.9275 -20.91 

joj-kyr 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-20 

-25 

A 94 

file: //C :\ups1 f 13 1 \w-areahasy kyr\j oj -kyrWNPKAP S 23 0.0. htm 1/11/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -28.32 

0.9675 -30.13 
0.965 -29.98 

jo j-ky r 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-10 

-15 

-20 

-25 

-30 

-35 
VOLTS 

file ://C :\ups1 f 1 3 l\w-area\hasykyr\j oj -kyr\WESTWING23 0.0. htm 1/11/2003 



N 
a 

1 
W 
t- m 
> m 
r> 

0 
M 
c\l 

a 
W 
E a 
X 

Z 
LLI 
0 
I 
U 

Y 

H 

n 46 



9 OS+ 
I I "S09+ 

U 

W 
U 

J 
R 
k 

a 

LJ 7 
$0 
a -  x- 

U 
E 

a 

i 
C 
7 

~ 0 _J 

I 
W 
c 
ul 
> 
ul 

ul 
U 

0 .o 
a -0 
- 0 .  

ulJ ffUl 0 
[ L r  1--0.000 
oa \ I - . o . . .  

a \  w.oo.ooo 
w z  roo. .o.. . 
E O  I 00 000 

c >  ua -\~o\ooo .o\\o\\\ 

A 97 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.935 -16.90 
0.9325 -1 7.76 
0.93 -1 7.46 

joj-kyr 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

5 -10 
I 

-15 

-20 
VOLTS 

A 98 
file ://C :\ups1 f 13 1 \w-area\hasy kyr\j oj -kyrKYRENE500 . 0 . htm 1/11/2003 



KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.91 25 -17.38 
0.91 -1 7.80 

0.9075 -17.34 

e 
joj-kyr 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

!j -10 
E 

-1 5 

-20 
VOLTS 

A 49 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyrKYRENE230.0. htm 1/11/2003 

file://C:\upslfl3


PNPKAPS 230.0 Page 1 of I 

VOLTS MVAR 
0.9325 -1 9.07 
0.93 -20.10 

0.9275 -1 9.67 

jo j-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 

-15 

-20 

-25 
VOLTS 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyrWNPKAPS23 0.0. htm 1/11/2003 

file://C:\upslf


WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -26.06 

0.9675 -28.70 
0.965 -27.92 

jo j-ky r 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-10 

-15 

fg -20 

-25 

-30 

-35 
VOLTS 

fi 1 e: //C : \up sl f 1 3 1 \w-area\hasy kyr\j oj -kyr\WESTWING23 0.0. htm 1/11/2003 



0 0  

0 0  
. .  

E 
W 
t 
ul 
> 
Lri 

3 
Y 
0 
M 
m 
a 

a 
W 
E 

X 

Z 
W 
0 
I 
a 

H 

. .- 
m m  m ,  

O a J  r n N  cvm 
4 - 0  w n  
E N  
/ /  
6 6  u w  
L. L 6 6  

3 2  
/ /  --nJ 
rnm 
% c I ,  

u m m  
e a c  

.. .. m u u c  

? e  

, ,  

- -  
3- 

3 3:  



C 

U 
c[ 
n 

Y 
u ,  

- 0  
I' 
LA- 

9 O € €  

0 ' 06+ "'""t. 
.&. 
U 

> 
3 , 

U 

W '  3 I I- [II 

O f  -lP I 

0 
r 
0 
-(c -a - x  

' t  
a 

I 

H *  

I r r r -  
t- 
3 
0 
Ul 

I 
- l o -  - o. 0 . 0 0 0  

moo .N. . 
,a \oo\\\\\ 
7 .a o..... 
o o ~ n . ~ m r n m m  

m o f - j m m  

u\  O . \ N I D N 0 0  

X a Y J W W Z  I-- 

wa w 
U W  X O Z O  
Z J  O Z J i X  

z c z J 3  zLJ+ 
II VIzol!lzzzvI 
VI IaummvI_Is  

ruaxamzn 
I- xaJa.x>o 

I w-IaaI-w 

r. 

N 
P 
Ln 

~ W c m 

m 
VI 
U 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.9375 -1 0.24 
0.935 -1 0.44 
0.9325 -1 0.33 

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-2 

-4 

-6 

-8 

-10 

-1 2 
VOLTS 

f i  k://C:\upslf 13 l\w-area\hasykyr\j oj -kyrv(YRENESOO.O. htm 1/16/2003 



KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.91 5 -1 0.34 
0.91 25 -1 0.50 
0.91 -1 0.33 

joj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-2 

-4 

-6 

-8 

-1 0 

-1 2 
VOLTS 

n f 05- 

file://C:\upslf13 l\w-area\hasykyr\j oj -kyrKYRENE230.0. htm 1 / 1 6/2003 

file://C:\upslf13


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.935 -1 1.36 
0.9325 -1 1.79 
0.93 -1 1.73 

joj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

-2 
-4 

% -6 
1 -8 

-1 0 
-1 2 
-14 

VOLTS 

fi 1 e: //C : \ups1 f 1 3 1 \w-areahasy kyr\j oj -kyrPNPK AP S23 0.0. htm 1/16/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.97 -16.30 

0.9675 -1 6.80 
0.965 -1 5.93 

joj-kyr 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

g -10 

-15 

-20 
VOLTS 

fi 1 e : / /C  :\ups1 f 1 3 1 \w-areahasy kyr\j oj - kyr\WESTWING23 0.0. htm 1 / 1 6/2003 



c1 
a 



r r  -I* 
- a , TlJ, . 

m 

i 
0 
Ln 

0 
.O 

- 0 .  
m .O 

$2 r3mo9000 

7 0 d d O d d d  

oa \ t - . o . . .  +> -\~o\ooo ua .o\\o\\\ 
a\  m . 0 o . 0 0 0  

2 09  0';ooo .oo .N . . . 
\oo\\\\\ 

z . @ D o . . . . .  
0 o m  -vmmu?m 

m o j - j m m  

u\ O . \ N I D N 0 0  



KYRENE! 500.0 Page 1 of 1 

VOLTS MVAR 
0.965 -26.51 
0.9625 -27.53 
0.96 -27.51 

jo j-ky r 

KYRENE 500.0 
JOJ-K,YR 500KV LINE OUTAGE 

0 

-5 

-1 0 

-1 5 

-2 0 

-2 5 

-30 

A I10 

file://C:\upslfl3 l\w-area\hasykyr\joj -kyrKYRENESOO.O.htm 1/6/2003 

file://C:\upslfl3


KYRENE 230.0 

jo j-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

Page 1 of 1 

VOLTS MVAR 
0.94 -27.42 

0.9375 -27.84 
0.935 -26.99 

0 

-5 

- 4  0 

-1 5 

-20 

-25 

-30 

VOLTS 

R 111 

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyrKYRENE23 0.0. htm 1/6/2003 

file://C:\upslf


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.9375 -28.20 
0.935 -28.34 
0.9325 -27.06 

joj-kyr 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-5 

-1 0 

-1 5 

-20 

-25 

-30 

VOLTS 

fi 1 e ://C : \ups1 f 13 1 \w -area\hasy kyr\j oj -kyr\PNPKAPS23 0.0. htm 1/6/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.98 -29.16 
0.975 -42.02 
0.9725 -39.84 

joj-kyr 

WESTWING 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 
-5 

-1 0 
-1 5 

g -20 5 -25 
-30 
-35 
-40 
-45 

VOLTS 

Al l3  

fi 1 e : //C : \up SI f 1 3 1 \w -area\has y ky r\j oj - ky r\WE S TWING23 0.0. htm 1 /6/2003 



0 0  

0 0  
. .  

n 

J ? 



f 

5: 
t' 
Z' 

u 
Z 
w 
_J 

L1 

a 

I 

K 
U 

W 
U 

J a 
a 

Lo $ 
a -  x- 

n 
II 

3 

E 

a 

4 

^ ^ ^  

> > >  
Y Y Y  

o m 0  
o ~ m  
5 : :  

:I 

~ a 

0 

r 
c 
lJl 

lJl 

lJl 
CL 



KYRENE 500.0 Page 1 of 1 

VOLTS MVAR 
0.9025 -237.67 

0.9 -238.25 
0.8975 -237.85 

joj-ky r 

KYRENE 500.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

All45 

fi 1 e: / /C  :\ups1 f 1 3 1 \w-area\hasykyr\j oj -kyrV(YRENES 00.0. htm 1/23/2003 



KYRENE 230.0 Page 1 of 1 

VOLTS MVAR 
0.89 -242.38 

0.8875 -242.55 
0.885 -241.91 

juj-ky r 

KYRENE 230.0 
JOJ-KYR 500KV LINE OUTAGE 

0 

-50 

-1 00 # -150 

-200 

-250 

-300 
VOLTS 

file://C:\upslfl3 l\w-area\hasykyr\j oj -kyrKYRENE23 0.0. htm 1/23/2003 

file://C:\upslfl3


PNPKAPS 230.0 Page 1 of 1 

VOLTS MVAR 
0.91 75 -278.14 
0.91 5 -278.7 1 
0.9125 -278.39 

juj-ky r 

PNPKAPS 230.0 
JOJ-KYR 500KV LINE OUTAGE 

VOLTS 

fi 1 e ://C :\up sl f 1 3 1 \w-area\hasy ky r\j oj -kyr\PNPKAP S23 0.0. htm 1/23/2003 



WESTWING 230.0 Page 1 of 1 

VOLTS MVAR 
0.955 -403.51 
0.9525 -404.50 
0.95 -404.12 

joj-kyr 
JOJ-KYR 500KV LINE OUTAGE 

WESTWING 230.0 

0 

-100 

-200 

-300 

-400 

-500 

I VOLTS 

A / / q  

file://C:\upslf 13 l\w-area\hasykyr\j oj -kyr\WESTWING23 0.0. htm 1/23/2003 

file://C:\upslf


" E l i + -  
' Y L I  le 

m I u r  

m m  m m  m m  
w -  w -  a m  
xu1 xLn ILn 

n n  
t t  
a a  
> a  
m n . V I n .  

m m  v i m  
am am 
ILll ILn 

-I- 

n I 

I 

U 
I 
a 
> @  
1 1 1 .  
m m  
am 
Ibl 

I t - a m  
I Y M I b l  

N 
0 .  
00) 
J N  
K N  

J U  
K O  

0 

/4 128 



U 

I- 
U 

cfl 
I- 
m 
7 

H 

H 

a x 
I 
>- 

E'91- 

0 -0- - 8's- 

* z  I V I  

I * 
s -9- I $ 

h -9- 9 '8- 

8 'L- 



I 1.9- 
s * IC-- 

I g.9z-j 0 ' C - r  I 
8'0E I . 8 1 -  

?? 6 'EE- 

I 

N 
0. 

0 



I 
t- 

i !  

4 0 'OS 

I 
d 

d (72 



I- 
I 

[7i 
I- 
rn 
r'l 

H 

H 

p , $1 8.9h 2-51- 

- 8'hE 
0 ' 0  L ' O C  - L'SZ k ' S h c  

0 'OS 

1 

I =  

A 17U 

. 
i 

P 

?,- 

;$ 

? a  - .. -a 
n m a  

; Ad - 



Y 

a I W 

I =  

5 'h- :o - 6  
E'E+ 9'81- $ &  

8'EE-  0 '0-  
1.51- 



I- 
U 

K 
t- 
VI 

R 

H 

H 

a 
I 
>- 

' €24  
9 '62- 

f m  

W 

I =  

- - m  



5 
I 

a 

P 

0'hI-r ,l$l 
8'81 

- * ' I €  
0 '0  9 . L i c  

L ' I E  2.8s- 

w 

€ '€2- 4 €'IS.- 

I =  

I 
s *h- 

Z ' E c  6.81- 
I I 'hE-. 0.0- 

1 .SI+ I 
, 

! 
I 
I 
I 
I I 



d 
E t  
Ht 

F 
U 

E 
l- 
Ul 

r'l 

H 

H 

a 
I 
>- 

I 

W 

I =  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. 
; 

e 
? > -  
? E  

? gI: 
; Ad 

i a a  
4 0  F 

- 



!+b 8'hI-r 

0 '0- - 9.5- 

d 

o--\ I 

E 
0 



I 



I 
t- 

- 
cain 0 0  

- 0'05 7- 



I- 
U 

UL 
t- 
VI 

Q 

H 

H 

L 

(9L.l 

8 2  

f N  
5 -2- T i  

s.1- O 'S I -  

2.21- 

0 



4 

a 

I 

4 0 'OS 

I =  

'Dm 
. 6'1- 

5 -0- 0 '02- 

2.51- 

V 



0'hI-r c-- 6 '2E-r 

6 '6C- 

% 
I r 

I 
; 
d 
< 

li 

U 

I I 

: 
I 
I 

I 

I 

I 
1 

li 

I 

, 
# L 



I 

L 'Et-. t-- S ' 1 E - r  

Y t 
I If I I 
I 

'Zf 1 I I 

I 
I 
I 
I 
I 
I 

I I 

d 



I- 
U 

[II 
t- 
m 
(7 

H 

H 

a 
I 
>- 

- 
-.VI 

% W  
9.01- c--- 0 '92- 

' I  

L 
X 

L'6L 

I 



I 



t- 
U 
H 

a 
I 
>- 

1 

m 
01 

d 

I 



VI 

I. .L- 
E '6- 

4 0 'OS 

d 

P 

g 
d 



2 
FA 
& f  

g.61j 9.0- I 
Z*Sh 9'h1- 

0 'OS 

I =  



0 

a x 
I 
> 

L 'LC 5.0- 
S '9 I- 9 ' E -  

s 'O+ 
9 'Eh- 
0 -0- 

0 -0- h ' I t -  
9 ' l E d  h '6E- 

-- 
F S  
65 

t t  



I 

I 1  
I L - - -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _ _ _ _ _  

I- 
U 

c7L 
t- 
cfl 

r'l 

H 

H 

I s s  
26 I - 

4 0 'OS 

1- 
z -zz- 

1 '0E-r 



I 

H 

H 

r'l 

a 
I 
>- 

I '9- f 2.61- 
0 -0- 

0-0- E'91- 

z 

-- 
-49.IEc zws- 

u 

E . €E- .  
S'OOI-  

(D 

C L  
3 
!! 
&IY 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

- -IT 

F u v l  
F U-d 



I 

t- 
U 
H 

117L 
I- 

H 

R 

S 'hz- 0.0- 

O'ht- T- 

$ja 
- 1 ' 6 1  

I =  

os! 
d E  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- - m  



6.2- - 
5-11-  Ti=- 

, < 

! 
j 
< 

, 
1 

I 

I 

I , 

i 

I 





I 

Y 

i 
: 
1 

1 
, , 
F 

i 

I 

i 
3 

I 

I 
8 
I 

I 

I 



I 

I ir 

s o  
? d  

I =  

J 

N 
i t  

Z 'LZ- E '6- i T  
E 'El-. L'o-r,- 

E *E- 

h 'Ei -  

E 
E 
u 
c 
C 

C 

! 
I. 

I) s 

i 

I 
I 
d 
1 

Ir 

8 
I 

; 

I 
i 
I 

I 

I 
I 

Ir 

, 
4 L! 

yl ru-5 



L 
t-- 
U 

K 
t- 
rn 
(7 

H 

H 

a 

sii 
8! 

0- 

% E  S D  



\ I E 'EL-. I 

t- 
U 

E 
I- 
rn 
r'l 

H 

H 

a 
I 
> 

?? 0 %E- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I =  
m G  H P  1 .z- 

9 -9- 



7. -E- 
L '69- - 
L 'E- 

2 *05- k 

I - 

02) 0 'OS 

"1. 
'-1 0 -5- 

5 '22- 5 'El- 

5.91- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _ _ _ _ _ _  

I- 
U 

E 
t- 
ul 
cl 

H 

H 

6 '92- 

I W 

- 
, 1.5- j; 

L 'ZZ- E S E I -  

5.91- 

V 



t- 
U 

CIL 
I-- 
rn 
(7 

H 

H 

a x 
I 
>- 

io I a 

I 
0 'E€- 

0 -  - 
9 %  

d 

6 'E- 
S'h2.- i *si- 

s.91- 
V 

i 
a 

: 
L 

d 
! 

I. 

s 
I 

I 1 
d 
Li 

U 

: 

I 

I 
< 
I 

I 

I 

I 

Li 

I 

2 
# 



z 'Sz- 
8 'OE- 

- O ' E l  

I 

q$ , . w  a 
L 

9'h- 
O ' M +  9'hl-r  

S'91-r  

c 



P 

*- L 'E- 

I- 
U 

c-4i 
t- 
u7 

r'l 

H 

H 

8'0- I 
E'L l -  

D 

.UI j - m  

I 
;il ' 
I 

ro 

a x- 
I 
>- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 
E 's- 

6.12- 0'91- 
L .EE- 6- 5.91- 

(6 I ( 6  
W U l F  E 
o n  o 5 ~ - a z > -  





4 

4 

I 

t- 
U 

K 
t- 
cfl 

(7 

H 

H 

a 
E 
I 
>- 

+y 9 'Ls- 

4% , U 

I =  

9-11 -  
L -2s- 

L ' 9  I- 
I - LL- 

8.9-  E's- 
43'92- I 'EL- 

h'9O-r E'Ll-  - 
~ 0 ' S L C  

I *s- 
Z'EZ- S'SL- 

9.L1- 



Is.'- 
h'E1- 

I =  



I 

t- 
U 

[7F 
t- 
m 
r'l 

H 

H 

a 
E 
I 
>- 

.- 
(.In 

!! 

s.2- - y 
L *h-, 

e- 

k.L- 0-1- - 2.h- 2.91- tl.91- 

I 'OE- 
e '8s- 
0 *o- 

0.0- O'LC 
-%ZG 
-40 'LE- h '9s- 

F 
2 

m m  I - m  t 4  B f  
i% 

. .  

B 
6 'f- 

0 - IC- 0 WL- 

9'LL-r 



I 

I 

I- 
U 

[7i 
I- 
Ul 

7 

H 

H 

- 
m u  

--il 
0 'EZ.- Y 

I =  

I 

h 'hz- S 5 *Ll -  .h-r I $ t 'SE- 0.1-r,- 
9'Li-. 



I 

t- 
U 

[71 
t- 
UI 

r'l 

H 

H 

a x 
3 
t- 

o,& B E  1 .L-. 
0 ' 8 -  

qq - 0 .0s  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
f 
I 
I 



t 



B 



Appendix B 

Multi-Area Production 

Description 
a Simulation Program 



Multi-Area hoduction Simulation 

MAPS) 

Program Description 

Copyright Q 1997-2002 General Electric Company 

January 2002 



' 

Tdble of Contents 

Section 

II 

I l l  

IV 

v 

VI 

VI I 

Vlll 

IX 

x 

MAPS Unique Capabilities ........ 1 .... , .... 
Modeling Capabilities 

MAPS Applications 

Production Costing 

Transmission Network ........ . 
Data InputlOutput .......... . ..... . 
Hardware Specifications for Runjing MAPS and MRA ...... . ...... . 
MAPS Licensees 

MAPS Pricing 

MAPS Publications 

Page 

1 

3 

4 

6 

............. 14 

............................. 16 

I.... - ...... 22 

22 

22 

23 



@ e .- 

Multi-Area Prod#ction Simulation (MAPS) 

1. MAPS Unique Capabilities 

MAPS is a highly detailed model t b t  calculates hour-by-hour production costs while 
recognizing the constraints on the dispftch of generation imposed by the transmission system. 
When the program was initially develdped over twenty years ago, its primary use was as a 
generation and transmission planning 1001 to evaluate the impacts of transmission system 
constraints on the system production cost. In the current deregulated utility environment, the 
acronym MAPS may more also stand for Market Assessment & Portfolio Strategies because of 
the model’s usehlness in studying issue+ such as market power and the valuation of generating 
assets operating in a competitive enviroqment. 

The Unique modeling capabilities of $MI’S use a detailed electrical model of the entire 
transmission network, along with genetation shift fhctors determined firom a solved ac load 
flow, to calculate the real power flows lor each generation dispatch. This enables the user to 
capture the economic penalties of reds atching the generation to satisfy transmission line flow 4 
limits and security constraints. I 
Separate dispatches of the interconnectdd system and the individual companies’ own load and 
generation are performed to d e t e d e  the economic interchange of energy between 
companies. Several methods of cost rkconstruction are available to compute the individual 
company costs in the total system envir&nent. The chronological nature of the hourly loads is 
modeled for all hours in the year. In electrical representation, the loads are modeled by 

I individual bus. Ju .f 

In addition to the traditional production /costing results, MAPS can provide information on the 
hourly spot prices at individual buses +d on the flows on selected transmission lines for all 
hours in the year, as well as identwg t$e companies responsible for the flows on a given line. 

Because of its detailed representation o$the transmission system, MAPS can be used to study 
issues that often cannot be adequately mbdeled with conventional production costing software. 
These issues include: I 

- 1 -  



Market Structures - MAPS is being used extensively to model emerging market 
structures in different regions of the United States. It has been used to model the 
New York, New England, JM and California ISOs for market power studies, 
stranded cost estimates, and p oject evaluations. 

mission access by non-utility generators and 

S calculates the hour spot price ($/Mwh) at each bus 
modeled, thereby defining a y component of the total avoided cost that is used in 
formulating contracts for 
independent power producers. i 
Loop Flow or Uncompensatqd Wheeling - The detailed transmission modeling and 
cost reconstruction algorit in MAPS combine to identifjl the companies 
contriiuting to the flow on a iven transmission line and to define the production cost 
impact ofthat loading. c s ~ , ,  T ,15 

0 Transmission Bottlenecks MAPS can determine which transmission lines and 
intertaces in the system are ttlenecks and how many hours during the year these 
lines are limiting. Next, the ii ogram can be used to assess, fiom an economic point 
of view, the feasbity of vari us methods, such as transmission line upgrades or the 
installation of phase-angle re 4 lators for alleviating bottlenecks. 

0 Evaluation of New Gener tion, Transmission, or Demand-Side Facilities - 
MAPS can evaluate which o the available alternatives under consideration has the 
most fhvorable impact on ystem operation in terms of production costs and 

Power Pooling - The cost reconstruction algorithms in MAPS allow individual 
company performance to be k valuated With and without pooling arrangements, so 
that the benefits associated with pool operations can be defined. 

T 
0 Transmission Access - 

transmission system loading. I 
0 

Table 1 shows how MAPS models the ulk power system and yields an accurate through-time 
simulation of system operation. .4 P 

I Table 1 

MAPS Models the Bulk Power System 

Generation Transmission Loads Transactions 

ividual - Chronological by - Automatic 
Representation Flows Bus Evaluation 
Detailed 

Secure Dispatch Obeys Real Limits Varying Losses - Location Specific 
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II .  Modeling Capabilities 

MAPS has evolved to study the management of a power system's generation and transmission 
resources to minimize generation production costs whiie considering transmission security. 
The modeling capabilities of MAPS are; summarized below: 

Time Frame - One year to several years with ability to skip years. 
Company Models - Up to 175 companies. 

Load Models - Up to 175 lokd forecasts. The load shapes can include all 365 days 
or automatically compress to a typical week (seven different day shapes) per month. 
The day shapes can be further compressed &om 24 to 12 hours, with bi-hourly loads. 

Generation - Up to 7,500 \thermal units, 500 pondage plants, 300 run-of-river 
plants, 50 energy-storage pdts ,  IS external contracts, 300 units jointly owned, and 
2,000 fuel types. Thermal) units have full and partial outages, daiiy planned 
maintenance, tixed and variadle operating and maintenance costs, minimum down- 
time, must-run capability, and up to four fbeh at a unit. 

Network Model - 30,000 buses, 60,000 lines, 100 phase-angle regulators and 10 
multi-terminal High-Voltage Direct Curtent lines. Line or intefice transmission 
limits may be set using operating nomograms as well as thermal, voltage and stabfity 
limits. Line or interface limits may be varied by generation availability. Transmission 
losses may vary as generation and loads vary, approximating the ac power Bow 
behavior, or held constant, which is the usual production simulation assumption. 

Marginal Costs - Marginal d s t s  for an increment such as 100 MW can be identified 
by running two cases, one 100 MW higher, with or without the same commitment 
and pumped-storage hydro schedule. A separate routine prepares the cost difference 
summaries. Hourly bus spot pqices are also computed. 

0 

' 0 Operating Reserves - Model& on an area, company, pool and system basis. 

0 Secure Dispatch - Up to 5,000 lines and interf'aces and nomograms may be 
monitored. The effect of hundreds of different network outages are considered each 
study hour. 
Report Analyzer - MAPS adows the simulation results to be analyzed through a 
p o w d  report analyzer program, which incorporates fbll screen displays, 
customizable output reports, graphical displays and databases. The built-in 
programming language allows the user to rapidly create custom reports. 

I 
I 

M' 
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Accounting - Separate codtment  and dispatches are done for the system and for a 
the company own-load assum tions, allowing cost reconstruction and cost splitting 
on a licensee-agreed basis. E ternal economy contracts are studied separately after 
the base dispatch each hour. f li ~~~ ~ 

Bottom Line - Annual fuel O&M costs for each company, fuel consumption, 
and generator capacity 

111. MAPS Applications 

The program’s unique combination of eneration, transmission, loads and transaction details 
has broadened the potential applicati ns of a production simulation model. Since both 
generation and transmission are availa le simultaneously with MAPS, the user can easily 
evaluate the system and company imp cts of non-utility generation siting and transmission 
considerations. i 
In addition to calculating the usual cost quantities, MAPS is able to calculate the 
market clearing prices (marginal spot prices) at each load and generation bus 
throughout the system. For the price reflects the cost of generating the next 
increment of energy somewhere the cost of delivering it &om its source of 
generation to the specific bus. simulation in MAPS recognizes the 
constraints imposed by the clearing prices include the costs 

redispatching the overloads. Figure 1 shows the 

0 
mission losses as well as the costs incurred in associated with the incremental 

. .  

. .  

Figure 1. Market clearing prices vary with time and location. 
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variation in market clearing prices of two separate companies. The company wide clearing 
price is the weighted average of the cleakiig prices at the load buses. 

MAPS is also able to calculate and constrain both the actual electrical flows on the 
transmission system and the scheduled bows assigned to individual contract paths. The actual 
real power flows on the network are based on the bus-specific location of the load and on the 
generation being dispatched to serve thk load The scheduled flows include firm company-to- 
company transactions that are delivereh fiom the seller to the buyer over a negotiated path. 
The scheduled flows also include the gefieration fiom remotely owned units, which is delivered 
to the owning company over an ass* path, and generation that is delivered to remotely 
ownedload. . I 

The simultaneous modeling of actual add scheduled flows is especially important m modeling 
the Western region of the US where the scheduled flows often have a major impact on the 
operation of the system. Figure 2 shows the hourly flows on one of the WSCC interchange 
paths where the scheduled flows on the path are limiting while the actual flows are not, 

200 
100 

0 

-1 00 
-200 

300 

MW 

Figure 2. Example of hourly actual and scheduled flows. 
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resulting in the generation dispatch beipg constrained by scheduled rather than actual physical 
limits. This is important in identifjhg the contract paths that have available transfer capability 
and could be used to deliver power fiom potential new development sites. 

IV. Production Costing 

MAPS models the system chronologically on an hourly basis, dispatching the generation to 
serve the load for all hours in a year. As a result, MAPS captures the diversity that may exist 
throughout the system, and accurately models resources such as energy storage and demand- 
side management. 

Load Data 

The hourly load data is input to the program m EEI (Edison Electric Institute) format for each 
load forecast area. These hourly load profiles are then adjusted to meet the peak and energy 
forecasts input to the model on a monthly or annual basis. To accurately calculate the 
electrical flows on the transmission system, MAPS requires information on the hourly loads at 
each bus in the system. This is specific$ by assigning one, or a combination of several hourly 

J .I 
load profiles to each load bus. 

In addition to studying all the hours in the year, MAPS can study all the days in the year on a 
bi-hourly basis, or a typical week per month on an hourly or bi-hourly basis. With these 
modeling options, MAPS simulates the loads in chronological order and does not sort them 
into load duration curves. 

Thermal Unit Characteristics 

Essentially all the thermal unit characteristics input to MAPS can be changed on a weekly, 
monthly or annual basis. The following are the characteristics that can be modeled 

0 Each unit can have up to seven loadiig segments (power points). 

Generating units can burn a blepd of up to three fuel types in addition to the start-up 
fuel. The percentage of each %el burned can vary by unit power point. Minimum 
fuel usage and maximum fuel rimits are modeled and enforced on a monthly basis. If 
the maximum fuel limit is reactbed, the affected units will be switched to an alternate 
firel. I 

0 MAPS models fixed O&M in $/kW/year and variable O&M in $/MWh and $/fired 
hour. The user controls whether the variable O&M is included in determining the 
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order for unit commitment and dispatch. A separate bidding adder in $/MWh can 
also be input for each unit. This cost is added to the costs used to determine the 
commitment and dispatch ordjer of the units, but is ignored when computing actual 

MAPS calculates start-up costs as a hction of the number of hours that the unit has 
been off-line. The user can specify whether the start-up should be included in the 
full-load costs used to determine the order in which the units are committed. 

In the unit commitment process, MAPS models the minimum downtime and uptime 
on thermal units. Units can also be identified as must-run with the user spec- 
that the entire unit is must-run, or only the minimum portion, with the remainder of 
the unit committed on an economic basis as needed. 

MAPS allows the user to spec@ the portion of each thermal unit that can be counted 
toward meeting the load plus spinning reserve requirements, and the portion that can 
be considered as quick-start capacity. A spinning reserve credit can also be taken for 
unused pondage hydro and energy-storage generating capacity. 

Full and partial forced outage information is specified to MAPS in terms of forced 
outage rates. 

Maintenance can be specified on a daily basis for any number of maintenance periods 
during the year. The user can also identirjr units as unavailable for specific hours 

unit costs. ‘ t  1, 

I 

during the day. W.U 

The thermal generating units bid into the system at their costs, based on fie1 prices, 
O&M and emission costs, bid adders, and heat rates. Alternatively, the user can input 
the bid price in $/MWh by unit power point. This price will then be used in the 
commitment and dispatch to determine the way m which the units operate. 

MAPS allows aU types of generating units (thermal, pondage, and energy storage) to 
be owned by more than one company in a multi-utility simulation. The output and 
cost of these units are allocated to the owning companies based on the user-specified 
percentages. 

Nearly all unit characteristics including rating, heat rates, and costs, can change on a 
weekly basis. I 

7 



Models for Production Costing 

The following sections descrik various portions of the production simulation process in 
MAPS. I 

Hydro and energy-storage scheduling - MAPS offers three distinct representations for 
modeling hydro plants: hourly modifiers, pondage modifiers or energy-storage devices. This 
flexibility allows the program to accurately model each8hydro plant based on its operating 
characteristics. 

Hourly modifiers allow the user to specifL the actual hour-by-hour operation of the plant in 
MW.  This data can be specified for the 168 hours of a typical week of operation, with the 
option to change this data on a monthly basis. Alternatively, the hourly operation for the entire 
year (8,760 or 8,784 hours) can be input. This feature can also be used to model 6rm company 
transactions that can be specified on an hourly basis. 

Hydro plants can also be modeled as pondage mod$em. Each pondage modifier is defined by 
a monthly minimum and maximum capacity (MW) and a monthly available energy (MWh). 
The minimum capacity is base-loaded for all hours in the month, representing the run-of-river 
portion of the plant. The remaining capacity and energy are scheduled in a peak-shaving or 
valley-filling mode over the month. The user identifies the specific load shape to use for 
scheduling the plant; options include the system load, combinations of selected company loads, 
or combinations of selected area loads. If several pondage units are located at sequential dams 
on the same river, they can be scheduled as a group to coordinate the operation of the units. 

MAFS allows the user to develop scenarios for different water condaions (e.g., low, average, 
or high stream flows) through simple nmodiiications to the available energy specified for the 
pondage modifiers. 

For energy-storage devices, which include pumped-storage hydro and batteries, MAPS 
automatically schedules the operation based on economics and the characteristics of the 
storage device. The characteristics specified include the charging (or pumping) and generating 
ratings, the maximum storage capacity in MWh, the full-cycle e5ciency (which recognizes 
losses in the pump/generate cycle), and the scheduling period (daiiy or weekly). The program 
examines the initial thermal unit commitment to develop a cost curve for the week. This cost 
curve is then combined with the appropriate chronological load profile to develop an hourly 
schedule, which minimizes costs without violating the storage constraints. This schedule is 
locked-in and the thermal unit commitment process is repeated to develop the final 
commitment schedule. e I 
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For all three hydro representations, the user also specifies the ownership of the plant, energy 
costs in $/MWh, and the transmission system bus or buses at which the plant is located. For 
each hourly modifier and pondage plant, you can also specify an economic dispatch price in 
$/MWh. I t  during the dispatch of the thermal generation, the spot price at the unit’s bus drops 
below the specified value, the unit’s output will be backed down to its minimum rating (or 0 in 
the case of hourly modifiers) and the energy will be shifted to hours later in the week when the 
spot price is higher. I 

Dispatchable load management and non-dispatchable renewable - MAPS can model some 
types of dispatchable DSM and load control as thermal generating units with the appropriate 
characteristics and costs. Load management strategies such as batteries or thermal energy 
storage can be modeled as energy-storage devices. 

MAPS models non-dispatchable DSM and load control and renewables such as photovoltaic or 
wuiu Gliclgy a IIUUIIY IIIUUUIC;ILIUILS LO LIIC IOU I& modification can be specified for the 168 
hours of a typical week, with the option to change this data on a monthly basis, or by 
specifying the data for the entire year (8,760 or 8784 hours). 

-I---. 1- I -..- 1.. - -A:c - -A: - - -  A- A t -  #- ->  --- 

The generating units used to represent DSM, load control, and renewables can be assigned to 
h e  appropriate areas and buses throqhout the system to accurately capture the dispersed 
nature of such resources. 

Maintenance scheduling - The unit planned outages can be specified by the user, in terms of 
the starting and stopping dates of the maintenance period, or automatically scheduled by the 
program. If being scheduled by the program, the maintenance requirements can be specified as 
weeks of maintenance or a planned outage rate. The program schedules the maintenance on a 
weekly basis so as to levelize reserves (the difference between installed capacity and the sum of 
load plus MW on maintenance) on an area, company, pool, or system basis. 

Forced outages - MAPS models the fbFed outages through either a Monte Carlo or recursive 
convolution approach. In the Monte -10 approach, the forced outages on generating units 
are modeled through the use of random outages. This method is stochastic over the course of 
the entire year and results in the units being on forced outage for randomly selected periods 
during the year. The total outage time for each unit is determined by the forced outage rate, 
and the duration of each outage period, also known as the “mean-time-to-repair,” can be 
specified by unit m days. Partial outages on the generating units can also be modeled, on a 
weekly basis. The random outage method permits accurate treatment of fbrced outages over 
the course of the year while allowing each hour to be deterministically dispatched, thus 
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providing for the most accurate treatqnent of transmission limits when operating with the 
detailed electrical representation. I 

MAPS also has the capability of using the more traditional recursive convolution technique 
when run in the transportation mode. T L S  technique convolves the forced outages of the units 
with the loads to develop an equivalebt load curve each hour, allowing the calculation of 
expected output for each of the generafing Units. In this manner, a unit with a 10% forced 
outage rate will have a 10% probabilitd of being unavailable for each hour -cTfttre year. This 
methodology is not compatible with the more detailed transmission constrained logic, but can 
be used .with the transportation model q d  the transfer limits between areas. 

Hourly commitment and dispatch '0 The objective of the commitment and dispatch 
algorithms in MAPS is to determine thd most economic operation of the generating units on 
the system, subject to the operating cplaracteristics of the individual generating units, the 
constraints imposed by the transmission/ system, and other operational considerations such as 
operating and spinning reserve requirqments. The economics used for commitment and 
dispatch can be adjusted through the up of penalty f'hctors that can move a unit within the 
commitment and dispatch ordering. 

MAPS models. the system chronologically on an hourly basis, committing and dispatching the 
generation to serve the load for all hour$ of the year. The unit commitment process in MAPS 
begins by developing a priority list of the available thermal Units based on their full-load 
operating costs. The full-load cost is cakubted &om the he1 price and full-load heat rate, and 
can optionally include the variable O&M costs, start-up costs, and a bid adder. Alternatively, 
the full-load cost can be based on the bid prices that were input by unit section. This priority 
ordering of the thermal units is used for tbe entire week. 

The units are then committed m orded of increasing full-load costs to meet the load plus 
spinning reserve requirements on an hourly basis, recognizing transmission constraints. This 
preliminary commitment for the entire week is then checked to see ifany units need to be kept 
on-line because of minimum downtime ol; minimum run-time constraints. 

One potential shortcoming of this process is that baseload units, which tend to be committed 
first because of their lower full-load costs, may be committed for just a few hours during the 
week to meet load plus spinning reserle, but are then kept on-line, usually at part-load, 
because of the minimum downtime constraints. Consequently, the average cost of these Units 
over the course of the week is much higher than the full-load costs that were used in 
determining their commitment ranking. A more economic commitment might be obtained by 
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skipping over these units and committirig intermediate or peaking units, that while they have a 
higher full-load cost, they can be more &ily cycled fiom hour to hour. 

The multi-pass unit commitment option is designed to commit the units based on their expected 
operating costs rather than their full-load costs. This is accomplished by doing the 
commitment in up to four passes and gdjusting the daily priority costs of those units that are 
not committed for a specified number of hours during the day. The cost adjustment is based 
on the unit type @e., baseload, intermediate, or peaking) and an input number of hours at 111, 
part, and minimum load operation. The type for each unit is determined fiom the unit’s 
minimum downtime and input cutoff values for the minimum downtimes of baseload and 
peaking units. Any unit whose minimw downtime falls between these cutoff values will be 
modeled as an intermediate unit. 

Upon completion of the commitment process for the week, the program begins the dispatch 
process. AN of the committed units are loaded to their minimum power point, and then the 
program dispatches the remaining unit sections, in order of increasing incremental cost, to meet 
the hourly bus loads, once again recognizing the constraints imposed by the transmission 
system and other user-specified operating considerations. 

Operational constraints - In MAPS,;the production simulation is formulated as a linear 
programming (LP) problem where the objective fiction is to minimize the production costs 
subject to electrical and business constraints. MAPS models each security constraint as a 
single constraint in the LP formulation. MAPS derives these constraints fiom the production 
costing input data (for example, identified must-run units and minimum down-time for 
generation units) and fiom user-specified operating nomograms, such as those often used by 
system operators to represent voltage and transient stability limits. MAPS monitors the flows 
on individual transmission lines and interfhces on an hourly basis to eflsure that the line or 
interface limits, or other security constraints such as import limits, are not violated while 
dispatching the generation system. 

MAPS can also consider other user-specified contingencies such as the tripping of lines or 
groups of lines, or the tripping of load or generation at specitied buses. The final generation 
dispatch developed by MAPS will be secure in the sense that the system will be operating 
within all its limits even under the contingency conditions. 

Operating and spinning reserves - During both the unit commitment and dispatch, M A P S  
models operating reserve requirements fw areas, companies, pools, and the entire system. The 
operating reserves are calculated based on a percentage of the load, a fixed MW reserve, and a 
percentage of continuous rating of the largest committed unit. 
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The total operating reserves can be met by a combination of quick-start reserves (units not 
actually running but which can be brought on line very quickly) and spinning reserves. The 
portion of operating reserves that can be met by quick-start reserves can be specified by area, 
company, pool, or system. The user identifies which units have quick-start capability. 

A spinning reserve credit can be taken for unused generation fiom energy-storage units. The 
user can also speciQ the portion of eacq committed thermal unit that can be applied toward the 
spinning reserve requirements. 

Emissions - MAPS models two general types of emissions. The first type of emission is a 
function of the amount of fuel being used. This type would typically be used to model s u m  
and particulate emission. The second type of emission is a function of the unit operation, but is 
not directly related to the amount of fuel. This type could be used to model NOx emissions, 
which can decrease with increased power output. 

In addition to the emission rates modeled by fuel type or by unit, the user can input, by thermal 
unit and emission type, the removal efficiency (in per unit) of the emission control equipment, 
and the removal and trading costs in dollars per ton of emission. The removal cost represents 
the operating costs associated with emission control equipment. The trading cost can be used 
to model the costs associated with the emissions that are not removed by the control 
equipment. These costs could include the costs related to the purchase of emission allowances. ' 
Penalty factors on the removal and trading costs can also be input to control the extent to 
which these costs are included in the Ill-load and incremental costs used to determine the 
order in which the units are committed and dispatched 

Representation of various power market participants - Through the appropriate assignment 
of loads and generation, the various participants in the power market can be represented in 
MAPS. Integrated utilities would have generation, transmission, and be responsible for serving 
load. Separate distniution entities would not own any generation but would purchase all of 
the energy they need to meet their load obligations. Independent power producers would be 
modeled as companies with generation but no transmission or load. The commitment, 
dispatch, and cost allocation functions in MAPS itself would represent the independent system 
operator. The wholesale power broker would be modeled as a company with 6rm contracts to 
buy energy fkom other companies, which would then be resold on a firm or economy basis. 

MAPS models bilateral contracts between market participants as firm transactions between the 
selling and buying companies. These contracts can be specified in terms of hourly MW values, 
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or as minimum and maximum MW pings and available monthly energy that would be 
scheduled by the program. ?@I 

Purchase and sale contracts - MAPS can model internal transactions (purchases and sales 
contracts) between companies with tqe system, and external transactions with companies 
outside the study system. I 

The internal transactions can be either “firm” or “economy.” Firm transactions between 
companies can be specified in Mw on an hourly basis, or as a minimum and maximum rating 
(MW) and a monthly energy (MWh), which can be scheduled by MAPS. The firm transactions 
occur regardless of economics. The economy transactions occur between companies in the 
system dispatch when it is cheaper for q company to purchase energy to serve its load than to 
generate load with its own units. 

The external cdntracts can also be categorized as “firm” and ”economy.” The primary 
difference is that firm external contracts are evaluated as part of the base dispatch each hour, 
while economy external contracts involve multiple dispatches each hour to evaluate the price 
paid for the energy. 

Fkm external cdntracts are modeled as unit modifiers located outside the study system, but in 
all other respects they are treated the same as any other system generation. Company 
ownerships are assigned to the units, and they are modeled in the commitment and dispatch 
along with the local generation. 

The special feature of the economy external contract logic in MAPS is that multiple dispatches 
are performed each hour (both with and without each economy external contract) and the price 
paid for the enengy is a hction of the change in system operating costs. This total savings is 
also referred to lin MAPS as the delta costs. These total savings from the transactions are 
divided between1 the system and the outside world according to a specified percentage. The 
system savings t.esulting from an external economy purchase are allocated to those companies 
that are net buters of energy. Similarly, any savings from an external economy sale are 
allocated to those companies that are net sellers of energy. 

Cost reconstruction - Within a single run of the program, MAPS can perform two separate 
dispatches of thei system generation. In the system dispatch, the entire system is dispatched to 
serve the load ;JIS economically as possible, subject to the constraints imposed by the 
transmission syst !p  In the company own-load dispatch, each company’s resources (including 
its firm transacti+ns with other companies) are economically dispatched to serve its own load. 
The results of tQe two dispatches are then used to calculate the savings that result &om the 
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coordinated system dispatch versus the (isolated company dispatches. Several methods of cost 
reconstruction are available to allocata these savings between the buyers and sellers and to 
compute the individual company costs in the system environment. 

Furthermore, multiple pools within a lsystem can be modeled in MAPS. MAPS has the 
capability to model economic energy t rhc t ion  within a company’s power pool, if desired in 
the simulation. 

Hourly bus spot prices - MAPS computes hourly spot prices at individual buses. The bus 
spot price is the cost of supplying an additional MW of load at the bus and includes the cost of 
generating the energy, the cost of the incremental transmission losses, and any costs associated 
with re-dispatching the generation if this additional increment of load caused overloads on the 
transmission system. The difference in spot prices at two buses is the short-run marginal 
wheeling cost between these buses. 

MAPS can also develop marginal costs on a company and pool basis. There are two types of 
marginal cost calculations in W S :  incremental and delta. Incremental marginal costs are 
calculated fiom a single dispatch and are equal to the cost of the last increment of power 
generated. Delta costs are calculated &om two dispatches and equal the average cost of the 
change in energy dispatched. The hourly marginal costs can be summarized for on-, mid-, and 
off-peak periods by month, s e w n  and year. 

V. Transmission Network 

MAPS contains two distinct models fix representing the transmission system. The original 
approach uses a transportation model to ,limit the transfer between interconnected areas during 
the dispatch of the system generation., The second approach performs a transmission- 
constrained production simulation, using a detailed electrical model of the entire transmission 
network, along with generation shift fktors determined fiom a solved ac load flow, to 
calculate the real power flows fbr each generation dispatch. This makes it possible to capture 
the economic penalties of redispatching the generation to satisfy transmission line flow limits 
and security constraints. In the electrical representation, all physical components of the 
transmission system are modeled, includiig transmission lines, phase-angle regulators, and 
HVDC lines. I 

M A P S  can also operate in the mode in which both methodologies are used simultaneously. 
For example, MAPS can operate the system so that both the scheduled contract flows 
(transportation model) and actual electrical flows are calculated, with the more restrictive Limits 
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applying. Similarly, MAPS can constr<i the system based only on the transfer limits between 
areas while calculating the actual electrical flows throughout the system. 

Most discussions about the future of power systems agree that networks will be stressed more 
than ever before, and the utilities will not have the luxury of observing artificial constraints. 
For this reason, it is important to model the actual electrical flows on the lines in addition to 
the transportation flows between the control areas. MAPS, with both models available, is 
perfectly suited to model both the current operation of a system and to examine the various 
ways in which the system might be operated in the future. 

In both the transportation and electrical representations, MAPS calculates and limits the 
transmission flows on an hourly basis. In the transportation mode, the utility system is 
modeled as discrete operating areas containing generation and load The transmission system 
is represented in terms of transfer limiis on the interfaces between the interconnected areas. 
These limits can be digerent for the two’ directions of interhce flow, and can be specified on an 
hourly basis. These limits can also vky on an hourly basis in response to user-specified 
conditions as to whether or not specified units are available (for commitment) or have been 

I 
committed (for dispatch). I 

In the electrical representation, the load and generation are assigned to individual buses and the 
transmission system is modeled in terms of the individual transmission lines, interhces (which 
are groupings of lines), phase-angle regulators (PARS), and HVDC lines. Limits can be 
specified for the flow on the lines and the operation of the PARS. These limits can change on 
an hourly basis as a bction of loads, generation, and flows elsewhere on the system. 
Examples of the types of operating nomograms that can be modeled in MAPS include: 

0 transmission line or i n t d c e  limit as a function of area or company load 

0 net imports to an area as a bction of load 

0 simultaneous imports into an area 

0 minimum generation by area. 

The user can control the extent to which MAPS will enforce the limits assigned to an 
interchange path, transmission line, or, other system element. Each monitored element is 
assigned an overload cost in $/Mwh. If violating the limit will result in production cost 
savings greater than or equal to the overload cost, the limit will be ignored. If the monitored 
element has a small overload cost, it has “soft” limits that will be monitored but will most likely 
not result m a significant redispatch of the generation. An element with a large overload cost 
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will be modeled with “hard” limits thlat are strictly enforced and rarely, if ever, violated, 
necessitating a redispatch of the generatbn to correct the violations. 

VI. Data InputlOutput 

The MAPS data is input through data tables that are stored as text files, which can be easily 
accessed and edited through standard text editors. The table structure is essentially fiee-format 
with no stringent requirements that data can be input in specific positions within a line. The 
table structure in MAPS is self-documenting and allows the user to fieely insert comments in 
the data to aid in documentation. I 

All MAPS output is stored in binary files to aUow for report generation and customization at a 
later date. Among the results stored in binary files are the individual unit quantities on an 
hourly, monthly, annual, and study period basis for the system and own-load dispatches, and 
the hourly interface flows. The stored results of the transmission analysis, when MAPS is run 
in with the detailed electrical representation, include the hourly flows and plant outputs, the 
limiting elements for each hour and the marginal benefit of relaxing each limiting constraint, 
and the hourly spot prices at specified buses. 

The MAPS Report Analyzer (MRA) is an extremely powefil tool for analyzing the vast 
quantities of generation- and transmission-related data produced by MAPS. The MRA loads 
the data fiom the binary files into a very efficient database and allows the user to easily create 
customized reports and graphs through the use of built-in commands and a simple 
pro€?- language. i 

The MRA is completely menu driven and includes several on-line help function to guide the 
user. The MRA has several options for plotting study results. The first option is intended to 
give the user a quick look at the data but does not offer all of the flexibility, such as changing 
scale divisions or adding text to the graphs, that is sometimes needed. The MRA also contains 
a separate plotting package that can be used to fine tune the appearance of plots. The third 
option allows the user to export the data for use with other plotting software. 

The following pages show some of the reports and graphs that are readily available fiom the 
MRA or can be easily generated fiom data accessible through the MRA. 
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Example 3 - .Typical Plots Available from MRA 
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Example 6 - Hourly Market Energy Prices 
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VII. Hardware Specifications for Running MAPS and MRA 

System ~ 

I Monitor i"" 
Aux Software 

PENTIUM PC 
Pentium IV 
900 MHz 
512 MB RAM 
40 GB Disk 
2 Button Mouse 
101 Keys(US) 
Floppy Disk Drive 

56 kB Modem 
20" Color Display 
CD-Writer 
Windows NT, 95,98, or 
2000 

CD-ROM 

Exceed 7.0 from 
Hummingbird 

VIII. MAPS Licensees a 
A list of current M A P S  licensees is available on request. 

IX. MAPS Pricing Information 

Pricing information for licensing M A P S ,  MAPS training, and M A P S  studies conducted 
by PSEC personnel is available on request. 
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Appendix C 

Phoenix-Area 
Power Flows 
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Yuma-Area 
a Power Flows 
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