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RE: SWAT Study to Support Ten Year Plan Submitta ls  for  2010 Biennial Electr ic
Transmiss ion Assessment 2010-2019
Docket No. E-00000D-09-0020

Dear  Sir /Madam:

The Southwest Area Transmiss ion (SWAT) Sub-Regional Transmiss ion Planning Group is
comprised of transmission regulators/governmental entit ies, transmission users, transmission
owners, transmission providers, transmission operators and environmental enti t ies. The
group was formed to promote regional planning across the entire Southwest area of the
Western Electr ic i ty  Coordinating Counci l . SWAT operates in a publ ic  forum and is  open to
any entity or persons interested in the development and future of the electr ic transmission
system. SWAT encourages col laborative effor ts  and jo int par t ic ipation to address issues. A
key goal of SWAT is to maximize use and benefits of the existing and future regional
transmission system.

As members of SWAT, the Ar izona Transmission Providers have partic ipated in var ious
SWAT Technical  Subcommittees, Task Forces, Work Groups and the Overs ight Committee.
The Subcommittees, Task Forces, and Work Groups have been involved in study effor ts
investigating renewable energy resources such as wind energy, new base load generation,
and transmission studies to meet load growth and enhance the uti l ization of the existing
transmission system. Due to the nature of performing joint s tudy work, Ar izona Transmission
Providers are dependent on the technical studies performed under the direction of SWAT for
development of their  Ten Year Plans. The projects shown by the Transmiss ion Providers in
their  Ten Year Plan submittals  reflect s tudy work covered by SWAT dur ing the past year. The
study work and reports have been approved by the sponsor ing Subcommittee or  Task Force
and Overs ight Committee.

The 2008 study work was prepared by the SWAT sub-committee, Central Ar izona
Transmiss ion System -  High Voltage (CATS-HV). The attached repor t has been prepared for
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use during the ACC's Sixth Biennial Transmission Assessment. The CATS-HV 2008
Transmission Study provides an analysis of ten-year (2018) transmission plan projects and
sensitivity to regional generation additions.

SWAT strongly supports the coordinated effort between the utilities and stakeholders and
supports the enclosed study report.

Sincerely,

Robert E. l<ov»0lzi,0LI2&1

Robert E. Kondziolka
Chairman of the SWAT Sub-Regional Transmission Planning Group

REKZJKB

Enclosure

cc: Prem Baht (ACC)
Joseph Herrera (CATS-HV Chairman/ED3)
John Lucas (APS)
Ron Belval (TEP)
Jana Brandt (SRP)
James Rein (SWTC)
Grant Ward (Santa Cruz Water and Power Districts Association)
Dennis Delaney (ED4/SPPR)
Gary Imams (Central Arizona Project)
Tom Martin (ED2)
Ron McEachern (ED4/ED5)
Michael Gazda (APA)
Ken Buchanan (Pinal County)
Ron Moulton (Western)

Original and 13 copies of the foregoing filed with Docket Control.
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Executive Summary
Previous CATS-HV subcommittee reports have included a "saturated load" study to identify
what the total electric load between Phoenix and Tucson could ultimately be if land development
occurs according to county and municipal General Plans in the region, as well as the expected
performance of the regional transmission system for the 2016 Ten-Year Plans. There have been
significant changes within the CATS-HV region and a significant swing in load growth in
multiple directions, however the continual review of the long term (ten years and beyond)
requirements to meet the expected loads and resources for the multiple load sewing entities
serving this area will continually give the visibility for all of the planning jurisdictions within the
CATS-HV area.

•

•

With the completion of the 2007 CATS-HV study efforts, two key issues had been identified for
additional review as a component of the 2008 CATS-HV Transmission Plan. Specifically, the
2007 Transmission Plan identified the need to include additional detailed 69kV subtransmission
facilities as a component of the coordinated CATS-HV 2008 Ten-Year Transmission Plan, as
well as the potential impacts of the CATS-HV transmission system with new generation
resources to serve local and regional loads. Therefore, the 2008 Study Plan included the
following tasks:

Task l - Coordinate a 2018 Ten-Year Plan detailed base case and perform a power flow
assessment in accordance with WECC/NERC performance criteria.
Task 2 - Perform a screening assessment (N-0 and N-l only) for 500MW generation
resource injections at multiple substations within the CATS-HV area.
Task 3 - Document the findings and coordinate with the annual 2008
SWAT/WestConnect Report.

•

In summary for Task 1, the 2008 CATS-HV Ten-Year Plan analysis found there were no voltage
or thermal issues within the CATS-HV area in the coordinated SWAT base case under pre and
post outage conditions (assumes power factor correction for the Valley Farms area). The
analysis identified a few new N-2 overloads that will need to be mitigated as part of the plans.

•

•

•

•

•

For Task 2, additional generation resource injections at Desert Basin, Saguaro, San Manuel and
Sundance substations may result in new overloads that will need to be mitigated if the resources
materialize. Generation additions at either Pinal Central or Pinal West did not result in any
incremental or new criteria violations.
Specifically:

Desert Basin 500MW - Overloads from Santa Rosa to Test Track and Test Track to
Lone Butte 230kV lines for an outage of the Santa Rosa to Knox 230kV line.
Pinal Central 1000MW - No new overloads identified.
Pinal West 500MW - No new overloads identified.
Saguaro 500MW - Marina l l 5kv area overloads under certain outage conditions.
San Manuel 500MW -- Significant overloads under nonna and contingency outages on
San Manuel to Hayden l l 5kv and overloads in the Oracle area 1 l5kv lines under
contingency outages (San Manuel-Hayden, San Manuel-Saguaro, etc.).

Minimal overloads (lOt%) on Coolidge-Rogers 230kV for an
outage of Sundance to Pinal Central 230kV.
Sundance 500MW .-

January 2009 Page ii
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Introduction

The Central Arizona Transmission Study - High Voltage (CATS-HV) technical work group is a
subregional planning organization of transmission owners and interested stakeholders tasked
with examining the near and long term high voltage transmission system (mostly ll5kv and
230kV) requirements for the area between Phoenix and Tucson. The area is currently served by
a number of Load Serving Entities (LSE's) and the work group is tasked with the coordination of
transmission plans that meet the requirements of the LSE's as well as the potential for new
transmission customers (generation resources, etc.) to deliver energy across the CATS-HV
footprint.

with the completion of the 2007 CATS-HV study efforts, two key issues had been identified for
additional review as a component of the 2008 CATS-HV Transmission Plan. Specifically, the
2007 Transmission Plan identified the need to include additional detailed 69kV subtransmission
facilities as a component of the coordinated CATS-HV 2008 Ten-Year Transmission Plan, as
well as the potential impacts from new generation resources on the CATS-HV transmission
system. The specific tasks identified in the 2008 Study Plan are included below.

Task 1
Prepare a coordinated Ten-Year Transmission Plan (specifically 2018) for the CATS-HV study
area to be included in the 2008 SWAT Transmission Plan. The coordination of the 2008 CATS-
HV Transmission Plan will require (but is not limited to) the following steps:

Coordinate 2018 base case development for the CATS-HV region, including individual
stakeholders ten-year transmission plans, subtransmission facilities and the associated
system representations. The 2008 WestConnect coordinated base case will be used as the
source for this case development.
In addition to incorporating the detailed system representation, each LSE will be
responsible for supplying their respective load and resource information for the 2018
heavy summer season.
Conduct an assessment of the coordinated 2018 CATS-HV Transmission Plan in
accordance with NERC/WECC planning criteria.

Task 2
Review the potential impacts to the CATS-HV transmission system with the interconnection of
new generation resources proposed to be located within the CATS-HV study area. This
generation resource assessment will require (but is not limited to) the following steps:

Coordinate potential generation resource "injection" locations for the CATS-HV 2018
base case, including stakeholders individual ten-year resource plans and probable
resource locations identified by the CATS-HV study participants.

Initially, a matrix of the following substation sites will be evaluated for 500MW
incremental generation inc sections :

Pinal West, Randolph, Desert Basin, Sundance, Saguaro, Penal Central,
Empire (or ED5), and San Manuel

O
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Conduct an assessment of the impacts of the new generation resources to the CATS-HV
Ten-Year Transmission Plan.

Compare the assessment from the Task 1 study analysis (which assumed generation
resources imported to the CATS-HV study area) to that of the addition of CATS-HV area
local generation resources, noting impacts in losses, incremental transmission overloads,
and other observations related to the resource injection.

Task 3
The final task for the 2008 SWAT CATS-HV Transmission Plan is to document the findings of
the analysis identified in this Study Plan as a component of the overall 2008 SWAT
Transmission Plan assessment, specifically:

Document the findings of the 2008 CATS-HV Transmission Plan and coordinate the final
report with the overall 2008 SWAT/WestConnect Transmission Plan report.

•

Ianuary 2009 Page 2



Generation Location Existing or Planned
Base Case Dispatch Level

(MW)
Max Generation Available

(MW)
Desert Basin Existing 630 630

Sundance Existing 437 437

Saguaro Existing 398 398

Randolph (Coolidge) Planned 561.6 561.6

Penal Central Planned 1123 1394

SPPR Gen Planned 350 627

I
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Base Case Assumptions
The following sections identify the assumptions used in performing this study. The 2018 CATS-
HV base case development was initiated using with the July 2008 Western Electricity
Coordinating Council (WECC) approved 2018HSlA base case. A "round robin" approach was
used to develop the CATS-HV base case among the regional CATS-HV transmission owners
and load serving entities (WECC members only due to confidentiality of the power flow case
information). Each entity updated the case to reflect their expected 2018 heavy summer loads
and resources, as well as planned transmission additions (69kV and above). Entities included in
the detailed review were ED2, EDS, ED4, ED5, SPPR, APS, SRP, Western, TEP, and
SWTCo.

Transmission and Generation Configurations
The coordinated 2018 CATS-HV base case was reviewed by Arizona entities and included the
companies' ten year plan elements that would be in service by 2018. A few note-worthy
transmission and generation items include:

Significant Additions or Exclusions:
•

•

•

•

Southeast Valley (SEV) 500kV line (Pinal West-Santa Rosa-Pinal Central-Abel-
Browning) was included.
Pinal Central 230kV lines to Desert Basin, Sundance, and Randolph/Browning were
included.
The SPPR "Three-Terminal" transmission plan (Pinal Central to ED5 230kV, ED5 to
Test Track 230kV, ED5 to Marina 230kV) was included.
Planned generation at Coolidge Energy (Randolph), Pinal Central, SPPR and Bowie were
included in the base case and dispatched as needed to meet load and resource
requirements for the region. Specific CATS HV area generation included in the base
case is shown in Table l.
The Frontier Project, TransWest Express, Sur Zia Southwest and other EHV injections
(transmission) into the state of Arizona were not included in this transmission
configuration as none of these projects had been classified as "Planned" projects in the
WestConnect model (all were considered as "Conceptual") at the time of the base case
development.
Total Arizona Generation (dispatched): 34,932 MW
Total Arizona Load (w/o losses): 26,324 MW

Table 1: CATS-HV Area Base Case Generation Assumptions

laniary 2009 Page 3



Arizona Area Summary Table

Case Name/Generation Resource Injection and Offset
Injection

(MW)
Load (MW)

Losses

(MW)

Generation

(MW)

Interchange

(MW)

CATS-HV BASE CASE (catshv_2018_final_112408.sav) N/A 26323.7 690.9 34931.7 7917.3

DESERT BASIN (catshv_2018_db.sav) 500 26323.7 703.9 34944_9 7917.3

Red Hawk-cT1,cT2,cT3,cT4, San Tan Se

PINAL CENTRAL (catshv_2018_pc.sav) 1000 26323.7 688.2 349293 1917.3

Red Hawk CT1,CT2,CT3,CT4, Hoc CT1, Mes-cT1, CT2, Arl CT1, CT2, San Tan 5s

PINAL WEST (catshv_2018__pw.sav) 500 26323.7 691.5 34932.3 7917.3

Red Hawk CT1,cT2,cT3,cT4,Red ST, San Tan is

SAGUARO (catshv__2018_sa.sav) 500 26323.7 697.4 34938.7 7917.3

Red Hawk-cT1,cT2,cT3,cT4, San Tan 5s

SUNDANCE (catshv_2018__sd.sav) 500 26323.7 698.7 34939.9 7917.3

Red Hawk-cT1,cT2,cT3,cT4, San Tan Ss

SAN MANUEL (catshv_2018_sm.sav) 500 26323.7 118.8 a49s9.9 7917.3

Red Hawk-CI'1,CT2,CI'3,CT4, San Tan 5s

2008CA TS-HVReport

Task 2 Generation Resource Injections

The insertion of the Task 2 resource additions was limited to incremental sites agreed to by the
CATS-HV participants, specifically Desert Basin, Pinal Central, Pinal West, Saguaro, San
Manuel, and Sundance were agreed upon for further injection analysis. The following table
(Table 2) depicts the specific resource injection and associated generation "off-set" for this
analysis.

Table 2: CATS-HV Task 2 Generation Resource Injection Assumptions

January 2009 Page 4
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The transmission configuration for the 2018 CATS-HV base case was reviewed by Arizona
entities and included the companies' ten year plan elements that would be in service by 2018.
Figure l depicts the CATS-HV region and associated transmission configuration.

Figure 1: 2018 CATS-HV Regional Transmission Configuration

January 2009 Page 5

.8s
8 n

Q

| -

c

e>~
z
o

,Knox

T¢>
Hassayampa

1 Final W u!

o4-
2*o

'fr

°4o
'44

Lon; Butte |Ir

0
5
r :

.8
m
o

Q-

ABEL/SEV

1

to cl»f.-nn

4
n¢<lu°lpn,»C"x

I

Coolidge
B*
m

g
5'

SinN Rosa

Surdance

Slgnz
I

Valley Fames

MaranaTF

Pxcac ho
I I

8'
fn
§
9

Sagnam

4
s*

3
' v

Red Rod:

TouolM

I Dude

Legend

115kV

138kV

zaokv

345kV

500kV

-|
-

8-93

Brady

EDS

I



I a

2008CA TS-HVReport

Methodology

with the CATS-HV loads and resources incorporated into the 2018 heavy summer base case, an
initial base case screening was performed to document transmission facility overloads during
normal operating conditions. Following the initial screening, power flow contingency analyses
were performed to review for reliability criteria violations. Specific studies conducted and their
evaluation criteria are outlined below :

Contingency Analysis

The CATS-HV 2018 base case was used to perform a reliability assessment under normal
operating conditions (NERC Category A, N-0), as well as, single (NERC Category B, N-l)
contingencies, and double (NERC Category C/D, N-2) contingencies. These outages included:

All single (115-500kV) transmission circuit outages within Arizona (approximately 1065
contingencies, via PSLF generated outage list).
All single transformer outages within the Arizona area.
All single generation unit (G-1) outages within the Arizona area.
All double (1 l5-500kV) transmission circuit combination outages within CATS-HV as a
"brute force" run for testing the transmission system (roughly 15,620 contingencies).

The WECC/NERC planning standards were used to assess the adequacy of the study results.
The power flow analysis related evaluation criteria that were used are summarized below:

Pre-contingency bus voltage must be between 0.95 per unit and 1.05 per unit (although
note that several 500kV buses operate at approximately 1.06 per unit).
Maximum voltage deviation allowed at all buses under contingency conditions will be
5% for N-l contingencies.
Pre-disturbance loading to remain within continuous ratings of all equipment and line
conductors, specifically referencing Rating 1 as included in the CATS-HV base case.
Post-disturbance (N-l and N-2 contingencies) loading to remain within emergency
ratings of all equipment and line conductors, specifically referencing Rating 2 as included
in the CATS-HV base case.

Ianuary 2009 Page 6



Outage Overloaded Facility Recommended Mitigation

NERC Category A (N-0)

ALL LINES IN SERVICE None N/A

Outage Overloaded Facility Recommended Mitigation
NERC Category B (N-1 )

Milligan 230/69kV
transformer

Casa Grande 230/69kV
Transformer loaded to 113% of

100MVA Rating

Facility Owner has confirmed
that this loading is within the
30-minute emergency rating.

Milligan 230169kV
Transformer

Casa Grande to SEE 69kV line
loaded to 100% of 107.6MVA

Rating

Facility Owner has confirmed
that this loading is within the
30-minute emergency rating.

2008 CA TS-HVReport

Task 1 - Reliability Assessment of Ten-Year Plans

The CATS-HV 2018 heavy summer base case was initially screened for any NERC Category A
(N-0) thermal overloads based on the ratings contained in the base case to ensure it meets
reliability criteria during normal operating conditions. NERC Category B 0\I-1) and limited
NERC Category C/D multiple contingency outages (N-2) were also conducted, it should be
noted however that a full outage listing (i.e. contingency list) is not included with this report due
to the magnitude of outages taken but are available upon request. The detailed summary output
tables are included in Appendix A.

Key findings from the power flow studies using the CATS-HV 2018 heavy summer base case
are:

• As shown in Table 3, no CATS-HV area facilities were identified as overloaded under
nonna, all lines in service, conditions.

Table 3: NERC Category A Overloads within CATS-HV Area

Following the base case screening, power flow contingency simulations were conducted on the
CATS-HV 2018 heavy summer base case. Power flow solutions were achieved for all N-l
outages simulated.

• As shown in Table 4, a few CATS-HV area facilities were identified as overloaded under
emergency conditions for a single contingency, however the loadings have been
confirmed by the facility owner to be within the acceptable 30 minute emergency rating.

Table 4: NERC Category B Overloads within CATS-HV Area

• Multiple transmission facility overloads were identified outside of the CATS-HV area
(south of Mara fa) under emergency operating conditions for a single contingency
outage. These overloads will be addressed as part of the SATS transmission plan.

l 1

Ianuary 2009 Page 7



Outage Substation Delta Voltage
Voltage

Magnitude
Recommended

Mitigation
NERC Category B (N-1 )

Coolidge to Valley
Farms 115kV line

Merrill 69kV
SE5 69kV

Valley Farms 69kV
Valley Farms 115kV

12.9 %
12.9 %
12.6 %
12.1 %

0.884 p.u.
0.884 p.u.
0.903 p.u.
0.890 p.u.

Facility Owner
has confirmed

that power factor
correction will be

required .

Outage Overloaded Facility Recommended Mitigation
NERC Category cm (N-1-1lN-2)

Casa Grande-SE8 69kV and
Milligan-Toltec 69kV
(multiple outages)

Santa Rosa-Vista 69kV line
(worst loading 147% of

107.6MVA)

Upgrade to achieve a minimum
of 160MVA by 2018.

Santa Rosa-AsarcoNista 69kV
and

Eastgate-SE8 69kV
(multiple outages)

Milligan-Toltec 69kV line
(worst loading 123% of

107.6MVA)

Upgrade to achieve a minimum
of 160MVA by 2018.

Santa Rosa-Knox 230kV and
Test Track-ED5 230kV

Santa Rosa- Test Track
230kV line

(loaded to 112% plus of
174.9MVA)

Facility owner has confirmed
that the loading is well within

new emergency rating.

Santa Rosa-Desert Basin
230kV and

Milligan 230/69 230kV

SE8 - Eastgate 69kV line
(loaded to 104.5% of

107.6MVA)

Facility Owner has confirmed
that this loading is within the
30-minute emergency rating.

Santa Rosa 230/69 #1 xfmr
Santa Rosa 230/69 #2 xfmr

Test Track 230/69kV xfmr
(loaded to 100% of 167MVA)

Facility owner has confirmed
that the loading is within

emergency rating.

0
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Table 5 summarizes the f indings related to violations of  "delta Voltages" greater than
5% voltage deviat ion and "Voltage Magnitude" for load buses less than 0.90 p.u.  The
load serving entity for these facilities has confirmed that power factor correction will be
required and examined as part of the routine planning cycle.

Table 5: NERC Category B Voltage Violations within CATS-HV Area

A few other voltage violations were identified outside of the CATS-HV area (south of
Mara fa) under emergency operating conditions for a single contingency outage. These
violations will be addressed as part of the SATS transmission plan.

An assessment was a lso conducted  for  a "brute  force" N-2 outage  of  approx imate ly  15,600
outage combinations of  the CATS HV area transmission facil it ies (excluding generators).  The
GE PSLF contingency processor was used to generate the list based on a limited outage list of
CATS  HV area  s ing le  cont ingenc ie s . In  add i t ion  to  the  over loads ident i f ied  in  Tab le  3 ,
addit ional overloads were identif ied . Table  6  summarizes the  over loads ident if ied  for  th is
analysis.

Table 6: NERC Category C/D Overloads within CATS-HV Area

Ianuary 2009 Page  8
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Multiple transmission facility overloads were identified outside of the CATS-HV area
(south of Marina) under emergency operating conditions for multiple contingency
outages. These overloads will be addressed as part of the SATS transmission plan.
Voltage Violations were not assessed as part of the N-2 analysis.
It should also be noted that a significant amount of transmission and generation additions
were included in the CATS-HV base case. The primary reason for these additions was
to meet the 2018 heavy summer load serving requirements within the CATS-HV area
from local generation resources versus importing from remote resources (as was done in
earlier CATS-HV studies).

January 2009 Page 9
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Task 2 -Regional Incremental Generation Resource Impacts

The addition of additional generation resources within the CATS-HV area during the Ten-Year
planning time frame is highly probable. The generation resource additions will likely be a mix
of renewable resources (primarily solar thermal and photovoltaic) and gas tired resources. As
such, the 2008 Study Plan was developed to determine transmission limitation that may develop
from the addition of additional generation resources. Specifically, the review the potential
impacts to the CATS-HV transmission system with the interconnection of new generation
resources proposed to be located within the CATS-HV study area. These generation resource
assessment tasks were to include the following:

Coordinate potential generation resource "injection" locations for the CATS HV 2018
base case, including individual stakeholder ten-year resource plans and the potential for
opportunistic locations based on reliability needs.

Initially, a matrix of the following substation sites will be evaluated for 500MW
incremental generation injections:

Pinal West, Randolph, Desert Basin, Sundance, Saguaro, Pinal Central,
Empire, and San Manuel

Conduct an assessment of the impacts of the new generation resources to the CATS HV
Ten-Year Transmission Plan.
Compare the assessment from the Task 1 study scope (which assumed generation
resources imported to the CATS HV study area) to that of this local generation resource
assessment, noting impacts in losses, transmission overloads, etc. as required.

O

However during the initial development for the 2018 CATS-HV base case, additional planned
resources at Randolph (by TransCanada and SRP) and the SPPR generation at ED5 substation
was announced and modeled along with the associated transmission systems additions to
accommodate the generation. Therefore the analysis was limited to incremental sites for only six
sites, specifically Desert Basin, Penal Central, Pinal West, Saguaro, San Manuel, and Sundance
were agreed upon for further injection analysis by the CATS-HV Participants. The detailed
results for each of the specific resource injections are included in Appendix B.

January 2009 Page 10



Outage Overloaded Facility Incremental Loading

NERC Category A (N-0)

ALL LINES IN SERVICE None N/A

Outage Overloaded Faeility Incremental Loading

NERC Category B (N-1)

Knox - Santa Rosa 230kV

Santa Rosa-Test Track 230kV
(loads to 101% of 175MVA)

Test Track-Lone Butte 230kV
(loads to 100% of 175MVA)

33%

26%

Desert Basin-Santa Rosa
230kV

Casa Grande 230169kV xfmr
(loads to109% of 100MVA)

Casa Grande-SE8 69kV line
(loads to 102% of 107.6MVA)

23%

22%

Milligan 230/69 xfmr
Various Casa Grande 69kV

lines
Approx. 10%

2008CA TS-HVReport

Desert Basin (500MW)

As shown in Table 7, the addition of an incremental 500MW at the existing Desert Basin 230kV
substation did not cause any overloads compared to the CATS-HV base case under continuous
(N-0) conditions.

Table 7: Desert Basin Incremental 500MW Overloads within CATS-HV Area

However under contingency conditions, additional overloads were identified with the addition of
the incremental 500MW at the Desert Basin 230kV substation, Table 8 summarizes the
overloads and incremental loading compared to the CATS-HV base case.

Table 8: Desert Basin Incremental 500MW Overloads within CATS-HV Area
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Outage Overloaded Facility Incremental Loading

NERC Category A (N-0)

ALL LINES IN SERVICE None N/A

Outage Overloaded Facility Incremental Loading

NERC Category B (N-1 )

NlA
No additional overloads

compared to CATS-HV base
case

Less than 2.5% for most

»
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Pinal Central (1000MW)

As shown in Table 9, the addition of an incremental l 000MW at the proposed Penal Central
500kV substation (note that this is in addition to the l 000MW proposed at the Pinal Central
230kV substation) did not cause any overloads compared to the CATS-HV base case under
continuous (N-0) conditions.

Table 9: Pinal Central 500kV Incremental 1000MW Overloads within CATS-HV

In addition, under contingency conditions, no additional overloads were identified, Table 10
summarizes the overloads and incremental loading compared to the CATS-HV base case.

Table 10: Pinal Central 500kV Incremental 1000MW Overloads within CATS-HV
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Outage Overloaded Facility Incremental Loading

NERC Category A (N-0)

ALL LINES IN SERVICE None N/A

Outage Overloaded Facility Incremental Loading

NERC Category B (N-1 )

N/A
No additional overloads

compared to CATS-HV base
case

Less than 0.5% for most

I
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Pinal West (500MW)

As shown in Tabl e  11 ,  the  add i t ion of  an incrementa l  500MW a t  the  P ina l  Wes t  500kV
substation did not cause any overloads compared to the CATS-HV base case under continuous
(N-0) conditions.

Table 11: Pinal West 500kV Incremental 500MW Overloads within CATS-HV

In addition, under contingency conditions, no additional overloads were identified, Table 12
summarizes the overloads and incremental loading compared to the CATS-HV base case.

Table 12: Pinal West 500kV Incremental 500MW Overloads within CATS-HV

January 2009 Page 13



Outage Overloaded Facility Incremental Loading

NERC Category A (N-0)

ALL LINES IN SERVICE None N/A

Outage Overloaded Facility Incremental Loading

NERC Category B (N-1)

Marmara-Marana Tap
115kv line

Rattlesnake-Twin Peak
115kV line

(loads to 100% of 132MVA)

15%

MAvra-Marana 115kV

Rattlesnake-Twin Peak
115kV line

(loads to 124% of 132MVA)
Various SATS area lines

Approx. 8%

Milligan 230/69 xfmr
Various Casa Grande 69kV

lines
Approx. 3%

2008CATS-HVReport

Saguaro (500MW)

As shown in Table 13, the addition of an incremental 500MW at the existing Saguaro 230kV
substation did not cause any overloads compared to the CATS-HV base case under continuous
(N-0) conditions.

Table 13: Saguaro Incremental 500MW Overloads within CATS-HV Area

However under contingency conditions, additional overloads were identified with the addition of
the incremental 500MW at the Saguaro 230kV substation, Table 14 summarizes the overloads
and incremental loading compared to the CATS-HV base case.

Table 14: Saguaro Incremental 500MW Overloads within CATS-HV Area

. 1

Ianuary 2009 Page 14



Outage Overloaded Facility Incremental Loading

NERC Category A (N-0)

ALL LINES IN SERVICE San Manuel-Saddlebrook 115kV
(loaded to 120% of 146MVA)

114%

ALL LINES IN SERVICE San Manuel-Hayden 115kV
(loaded to 113% of 167MVA)

92%

Outage Overloaded Facility Incremental Loading

NERC Category B (N-1 )
Multiple Outages

Worst outage:

San Manuel- Hayden
115kv line

Oracle-Saddlebrook 115kV
(loads to 141% of 146MVA)

Worst approx. 120%

San Manuel-Saddlebrook
115kV line

San Manuel-Saguaro 115kV
(loads to 111% of 159MVA)

90%

Various SATS outages Various SATS lines Approx. 5%

2008 CA TS-HV Report

San Manuel (500MW)

The addition of an incremental 500MW at the existing San Manuel 115kV substation was found
to cause two overloads compared to the CATS-HV base case under continuous (N-0) conditions.
Table 15 summarizes the overloads and incremental loading compared to the CATS-HV base
case.

Table 15: San Manuel Incremental 500MW Overloads within CATS-HV Area

U nd e r  c on t i ng e nc y  c ond i t i on s ,  mu l t i p l e  ov e r l o a d s  w e r e  i d e n t i f i e d  w i t h  t he  a d d i t i on  o f  t he
i nc r e me nta l  5 0 0 M W a t  the  S an  M anu e l  l l 5 k v  su bs t a t i on ,  T ab l e  1 6  su mmar i z e s  the  ov e r l oad s
and incrementa l  loading  compared to the  CATS-HV base  case .

Table 16: San Manuel Incremental 500MW Overloads within CATS-HV Area

Ianuary 2009 P a g e  1 5



Outage Overloaded Facility Incremental Loading
NERC Category A (N-0)

ALL LINES IN SERVICE None N/A

Outage Overloaded Facility Incremental Loading

NERC Category B (N-1 )

Sundance - Penal Central
230kV line

Coolidge-Spookhill-Rogers
230kV line

(loads to 101% of 391 MVA)
40%

Sundance-Coolidge 230kV
#1 or #2 line

Sundance-Coolidge 230kV
remaining line

23%

Milligan 230/69 xfmr
Various Casa Grande 69kV

lines
Approx. 2%

2008 CA TS-HV Report

Sundance (500MW)

As shown in Table 17, the addition of an incremental 500MW at the existing Sundance 230kV
substation did not cause any overloads compared to the CATS-HV base case under continuous
0\I-0) conditions.

Table 17: Sundance Incremental 500MW Overloads within CATS-HV Area

However under contingency conditions, additional overloads were identified with the addition of
the incremental 500MW at the Sundance 230kV substation, Table 18 summarizes the overloads
and incremental loading compared to theCATS-HV base case.

Table 18: Sundance Incremental 500MW Overloads within CATS-HV Area

I

Ianuary 2009 Page 16



2008 CATS-HV Report

Conclusions

In summary for Task 1, the 2008 CATS-HV Ten-Year Plan analysis found there were no voltage
or thermal issues within the CATS-HV area in the coordinated SWAT base case under pre and
post outage conditions (assumes power factor correction for the Valley Farms area). The
analysis identified a few new N-2 overloads that will need to be mitigated as part of the ongoing
transmission owner plans.

Additional generation resource injections at Desert Basin, Saguaro, San Manuel and Sundance
substations may result in new system overloads that will need to be mitigated (or the generation
resource scaled back to prevent system overloads) if the resources materialize. Generation
additions at either Pinal Central or Penal West did not result in any incremental or new criteria
violations.

January 2009 Page 17



APPENDIX A
TASK 1

CATS-HV N-0 Violations
CATS-HV N-1 Flow Violations

CATS-HV N-1 Delta Voltage Flow Violations
CATS-HV N-1 Voltage Magnitude Violations

CATS-HV N-2 Flow Violations
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APPENDIX B
TASK 2
BUS SCANS

OUTAGE SUMMARY

INCREMENTAL RESOURCE INJECTIONS:
Desert Basin 230kV: 500MW

Pinal Central 500kV: 1000MW
Pinal West 500kV: 500MW
Saguaro 500kV: 500MW

San Manuel 230kV: 500MW
Sundance 230kV: 500MW

m54

B



o o

o
o
r t

m
N
Fl

8
8 8

8

o
m
N

3
»-`l
,- 'I

E

oID
m
ea
10
m

Q
o
m
Q
Fl

14
l `
N
4
r°1

o

o
o
H

o
o
m
N

_|J

o

o
m
N

as
>
E
oNo
Q
9
II
m
E
G

o
m
so
m
Q

3
gU)

o

o
o

N
8
so
Em

o
o
o
Fl
Fl
8
5
*Em

o
(q
N

FL
E-1
m
N
H

88
E
8 8w

m
q
Fl
N

vm
l~
m >

fl!
If)

vo
o
o
pp

r'l
m
o
4m

on
so
o
m
r-1

o
o
o
m
on

N
o
o
m
Q

m
F l
N
m
r-I

m
N
N
Q
1-1

N
in
m
Q
Fl .-Q

' U

o
o
(q
N

Q
o
m
N

neo-l-I
we
m
N H

]EJ ] l] o f
1-1
o
N3

|-4 m o

v8 W'
'"'QwNH 841 mo

* no
M4" 6`ZI

-6°LLZ 'I

u3'

H
DO8

o o
o o
o o
H H o
FL N m
u u 1-4

1 1 r1

z zH H
94 94

N
I

Q
Ra

o
o

o
m m
w N

o
m
N
I

m
D
m

E
m
»-'I

3
%\

g
E
r~ooQ
d
ll
m
E

vo
mm
o n.

o
o
Q
rt
A

>
_c
U)
u
FT
U

o
o
o
FL
A

vo
N
o
Fl >

.G

w e
-n

v o
m
Nl-I

Nan
o
m
Fl

o
F l
<1
m
FL

o
m
4
m
Fl

<1
Q
o
m
rt

m
o
o
m
m

If)w
o
m
r4

o
N
o
m
Fl

tr

Wm
o82

8-4

5 jJ JJJ
4- `['§§
->9.oLs mm wmwom

U o
o

m
-IJ
fu
U

m
4-*
GS
' U

o
o

I
I
I
I
I

\nm

~2: _WN

H *HES or
Q

t i we rm

. F H

1.¢
O

vo
o
o
FL

Vo
o
o
FC

GN
~v-I

NO
m
N H of

O
O
N

I

4

88
§

x 1
we' NN
8;8 N N

M *4 '88 ask
1-1

M<- 0's
-> s'svz M

on

,nmvm
on-I In4_4l-can

Fl
M

M ,
H

t r go
1.1 m

1-10'09
G 0'00s I ID

r t
o f

- o
o f
v-lr4

U
al
Q

"Q
98
3-~
Do

:
O
2<-z.9

-9'ZL`[
8 2
° s

E
m
$-I
g r
O
$-I
QS

o f
- o

L14
14
<n
94-> 9's

<- 9'zLI 3?
F l

' * o5.-
-:48..

a

O
C
H

of
-o

mph-0

->  § 'ET
- €`€§Z

o
o?
5
F l

r-4
as
c:
O

KJ
its
G
1-4
G)
KJ
C

H

NHs
In8~

Q

o
o
m
N
U
m
D b

m
N
Q
v-I

O

).4
J J
O
G)
-4
L11

\-1
539
~::

ace

Ru
5-1
G)
C
w

(D

-1

H

U*
c

1
IJ
FU
DG

DG

g
2
.

3
2

w-
I

m

qs
cu
.-|
.-|

t n
D
DO
" .
c a
»4
E

:>
FG
i n

UP
Q.
m

I
--|
m
G
»-4
4-t

I
CD
m
of
, - |
Q

cw I
>
m
cm
E l
-=r:
O

E

o

1-4

4 4

>
no i n
U) :|::

of of
O .-1
=.r' cm
N c I
- I
- I

t
H
o

*Hv" I
Ru
C
.-I

*I-I

£13
cm
»==:
UI

U )
m
o f
1-1
Q
N

I

F 1 3

( D

4

m

:>
m:>

no
EI
FC
U

U)
EI
»=n
U

of
D
D
(\I
\-'I
m

G
(0
IT)

in
m
.:|
H
LL.

U)
Z
FIG
+4
DO

DS
#II
Lil
>-I
I

Z
LTD
EI

8r1



9

8
E3

3
8
3

8co
°?N
et

i
8
co
'w
l ~
co

8LO
n.co(\|

u
Qo

8

8
(*>

8
LT
N.
co
N

i
B B
n o
9
O F
o f

8N1-
NN

Q
9

8
co
9
o>
r\

ET
Q
92
of
v'

82
LD
5?
Q
Q

39I-
ca
Nof

gm
etm

n
.n
n

8
O
Q
GOca

8
Lf)
'w
m

.s

¢

Qoo1-

8LO
~.c>

Q

QQ

QNo1-

83

<6

<
s

4
Q

QoNv-

8w
Qm

qNm1-

8
3
of:

c

Q

q
N
¢")
<-

8
'<l'
Q
:*>

I
Q
N
<41-

3m

u

QN¢"J
1 -

8
<r
q
<*>

I
qNm<-

8
cf:
q
<*>

<
<

<

qNof1-

8
N
Q
<*>

1

n
u

¢

Q
Nm<-

gv
Qm

u
•Q

na
Q

QN(")1-

81-
qm

.4

0

aQ

Q
o
N1-

o
oc>
<'?
o

uQ

•
n
Q

3

8o
QO

qN1-1-

8o
QO

Q
N
1 -
1 -

8m
<=.o

o
3̀~
I\-
m

C\1
CD
1

.59
LD
: q
C\.l
cm

*Q
of
r -

5?
'QT
|--T'

5 2
-Cr
| '*-
1 -

Q
c:>
Q
1-

=Q
|-
D

9?
q-
I--1°-

cg
ca
Q1"

8
8
g

1 "

8
8
o
Q
oof
N
<r
(D
O
DC
<
|-
z
cm
.Q
Q
oC")N

><
o
z
ac
m

. E

Q
o f
1 -

ea
. E
; *

W

*8'
E
O
Q
oof
N
<
U)
O
no
<
|-
z
(D
2
Q
Qof
N

X
O
z
ea
UP
c
r '
b
no1'-
G)

. E

1-
3

8
O
QoMN

(D
m
D
2
Q
o
c">N
<
w
o
Cr
<
|-
z
fn
w

.E
r 'N
ID
o

5

W
9 :
3
E
o
C?
o
co
N

(D
m
a
2
Q
o
m
N
<(
w
O
DS
4
|-
z
U)
G)
c
r'
R.
LD
GJ
c

:=:
3
8
o
<=-2
o
o
l.r>

Q
D
D
D
3
QoQLo
UJ
D
Cr
>
o.1
<D.
o

.E. 1
coo

q)
.E

!°.:'
3
.8
O
Q
O)
LD
z
<1
Q
_|
='
2
2
Q
o>
(D

o
LU
1-
.J
O
|....
GJ
c
r '
9%
w
no
GP

. 5

v-

8
<.>
o
QG)w
z
<
Q_|
:I
2
2
o
Qov'>N
z
<
SO_J
:J
2
c
Q
L'4-
m

8. -

W

'8'
8
o
o
Qo>co
z
<c
9_I
='
2
2
o
QoDON
z
<:
Q..J
=
E
c
8
|-
q
Wo>

m
| . .

.1 - 1

1 '
=

.go
q
10'4-
F

§
é
g
1 -1-

E
<
v
.E
:Jof07
1 -

kg
.E

1-

L_

o
Q
LT
1 -
1 -

<z
é
4
2
.9
Q
2

8<
an
.E
rt
3

GJ
.E

1-
g

. g
O
Q
101-
1 '

E
é
<2
2
Q
If)v
1-

>
<
m
g
4
50
m
v
Q)

. E

1-
8
3
o.4
O
Q
LO

Q
re
<
a
z
(D
3
Q
LD

8<
anC
r '
8

mC

I°.L'

3
L_

o

Q
L T
r -

Q
M
<
D
z
(D
3
Q
Lm

8<
m
.E
r'
mm

Qc

8
8
o
Q
LO

<z
8<
2
3
Q
L T

8
>
<::
mc
r '
ofQ)

GJ
c

1 -
85
. 8
O
Q
LO1 -1-

E
8
<
2
2
QLm

8<
G)c
9
3
4:

1 -

3
O|....
o
Q
LT

Q
M
<
Q
z
(D
2
Q
LT

8
GJ
C

: J
BJ
U I
W
q)
c

r " *
12.*
:
<.1L..

o

Q
LO
1"

Q
or
<
Q
z
cm
3
Q
10
Q -

8
<
GJc
_|
8
4:
c

F
8
2
O
Q
LO
1*

§
Q
3
z
3
QLT

| -
cm
<
Lu.
<9
<
(D
cu
c
: J
9.
m
um

. E

1-

2
5
q
8
8
§
zD.
o...
QocoN

3
<Lu
m
u
.E_I
mv
4:
.E

1 -

:»:
3
o
I._

o

o

Q
Q
C"J
Cal

8'
2
oz
3
Q
QOJgo
<
r e
8
2
M
C
9

Lr
N
of
c
'E.'°"

N
r :

2
o
o
QomN

4
2
m
8
o
QOFgo

E
2
m
c
S
|-
<*a1-Q
c

Q+4

1-
F:
3
O

o
Q
m
(O

3
(D
3
Q
CJ
<0

8
<2
z
GJ
E
_|
Q
o
W
an
.E

1-
of1*

1-
of com

wm
r~ov-

Lr>
w
w

mPav
ID1-
m

mmv-
mmP

mmP
o
C
N

oQN
m
cm1-

mC)F
o
o
N

o
o
N

Lf)
c m

oso
mPof

<-v-
ea

1-
o
9 '

o<*>N
or"'N mw mro

omN c m
LD

ca
co

c>
co

LTv'1*
LOt-v

LT1-
1-

LD1 -
1*

LD
1 '
v"-

u'J
1 -

L()
1 -
1 -

LD
1 -
1 -

LD
1 "
1 -

LDv1'-
ogr)N

o<*uN
ocoN mw

8

¥
8
| -
| -
(D
IJJ
| -

¥
8
| -|-(DUJ
I'-

(D
D.
8
8
<
O

ea
UJ
m

x
EE
| -|-<0up+-

w
D.

E
<9
w
<
O

wD.
8
0m
<
O

m
UJ
(D

g
Eé

x
<LUa
3
3t-

¥
o
O
no
P
QD.

¥
<LUcL
3
3|-

x
o
O
nr|-
Qr.L

Q
of
<a
z
<(D

Qac<o
z<<0

Q
Hz
<
O
z
<
U)

Q
cc
<a
z
<cm

¥
z
(I).J
I
8

w
D.

1
D.
z
D.

8
up
§
fr

8
LLI

§nr

:L
|-

LL
ms
<

qoz
of
noomv-

ea
coo
COv-

of
8
<of

r~
v| \
<1-oo

of
coomv

of
8
<r
of

of
W'
ea
<r
of

v\
<rv~
<rno

o\-NOF1-

up
1-'
N
GJ

o
|\
<9
|\
P

cov-
N
m
1-

o
r\
©
|\
1-

Cal

N
m
1-

N
\ -
N
m
r e

N
N
m
W

Nv-Nm\-

o1-NC)

1-
N
NQ'1-

|\co
ol~1-

l~too|\v-

LO
mco
W'of

E omN
o("JN

o
c*'>N m

ro
oc*>N

O
Ra
N

ocf:N ®w
LO
v-
v

LmF\-
LOWv-

LD
1-
1-

LD

-

LT

v*
LD
Ir""
'4-

LO
1""

LOF*p
LTv"
\-

o(kgN m
co

cmw
m
co

3
<cm
o
as|-z
U)

|-3
m
LU
z
O
_|

U)
D.

é
(D
U)
<
O

U)
a
8
(D
w
<
O

|-
3
m
UJ
z
o
_ |

w
D.

8
<9
(D
<
O

wD.
8
(Dcm
<
o

(I)
D.
8
CD
cm
<
O

re<z
8<
E

x
z
(D_I
II
<no

:¢
<
LlJ
D.
Z
3
|-

¥
z
w_I
II
<M

x
<UJD.
Z

E

x
O
o
no
t -
Q
a

Q
no
<
a
z
(I)

¥
O
O
no
|-
QD.

Qno
<D
z(D

D.
|-
<
z
RE
<
2

x
<UJ
D.LU
z
O.1

8
LIJ

Eno

8
Lu
§
ac

(I)
>-
m
8
<

3
roNN
WP

LDLD
omx-

mo(\|Qv

co
<1-
ao
<r
of

LD
LD
Q
av
1 -

moN<r\ -

<*>
o
N
9'v-

c o
<1-
o o

8

co
1-
<3
r-
1'-

o1-Nm1-

coW
NcmT'

o
W
01
G)

co1-
Nm1-

oI\co
r \-

c>of
O|\v

or~col \\-

cmof
or\1-

m
\-

I*-

f-T'
N
1.1-T'

C)1-
or-1-

cm
W
O
I*v"

(DNm
<rno

83
ca
*Q
Q

BE
ca
°4
m
m

Q
b-J
ID
10

8

8

I
A
o
C̀,
E
2in>fn
Ww
Ev
mz
eamm.Qx

1 -

ocoN

I -
no
|-
w
O
z
..|

3cov-
N
Qv

E ocoN

3
m
D
_|
o
>-
nr
| -
O

3
too
(\l
<r1-

;8>EI
3
>
E:

Cal
Mm
<:
H

-o
3
cm N

IOO
o
o
('\l
>
4
UP
H
<c
U

z
Q
H
L)
3
E
3
2
3
vs

8EE
: s

u:

9z

8
E
Esw

z'
m

Ecm
<c
on
H
QS
LUin
LU
D



o

oo o o
mw o oc oz H AH8 H N

W W
l i Ra
m m

»-i n v
In 1~ l~

\n l n \n
woCo

m o

n o
H F !

N
l-l1 3 D

>
m
V)

U D
3 ' 3 '

H H
N B:

H
w

E
U 1-1

$4

r t
»-4
H

w
FI

vc
r
a

o
CL

vc
m
c

w
®\D H
q

-u mmm
F l l-I-mI`ON .

109.q 3 ]
o f

1-1

o

N

$444w iv# a
Hunm
U-* s'ss

-> 9'LOTT

m o

N o
F I m

N

N ou

3' 3'H H
A. A.

0'09
' o°oos I *T

ca
co
C

ooo
14A

m mm m
m mH H

c
o
o

H
w A
o P

n
v4c>
ca ,
pp re

o

o
oH

£3
29

(3
"1
F

J J
H

.Q
E
CL

>
JI
m
4
m
U

4
M
O
SL
a
L

>
J I34- rev

- o'L
¢>
¢>)
Cr,

vs

: 8' 3
I o o

3 3E m 10

'??32

II e
o
c
F
A

m a n
m o o

m u m
H m m

v
KJ
m
(J

m
KJ
dl
T J

o o Q
. o

o o m
o o v o
nm m m o

<>
<>
<>

w A
w h
~n
H a
e
v4 r4

¢> (D
J J 3

m
k :
mO

H
Du

*- v'zv
4- 0'L

4 m H

8 3 3 3'
3389

o
o >
v >

1-4

WB
IT w

O
O
N

v
ca v
¢> < :
ca < :

< :
14 .

I-I l
N

F O
m m

mmI-IF4 m
m
o

N09
m
k>vi3 j0'099 o'0os I H

Do
m

1-1

1- s'sB
_* a'aze o f

1-4

v w
v-4 m
as o o-I 8

N

uo
3 '

H
Do

n m

¢{:;¢> :>

'¥.'FI».-4vs ..
H3'"3°g°2

Her.
1

v
o
c
c

L
q
CJ

X
o
o
-4 v-4

I-I
m
F l
i n
I-I

5
JI
ET

3 33
55 55 <> <9 <> <>

. III m m m m m
o o v v m f"\ n m
o o m m 1-4 I.I v~4 F l
m m

o o 3 F F 3 E 'J~' A § §D PI PU 5 ' H
w as M on as M as

8 4 o o o o
m m P ' P ' F* ET 8 8

E
m
»
Cr

I
I

C
>
DJ4

<
FI

¢ m m > > b r
H H H H H H
H H N N N N

4 w so w w l o w
I-I H H H H H H

<1 Eu
_\g <5 \0

v4<> .

g_8gqo
-&4 v., w

M3366
* * ; H O W

I a"
Tty
. <:

CO
<7

Ru q
-HI

l~ c:
&4
» J
(O
DO

a8

j U 0 J J J ]go

Tl4- 9'€T
l v'ssor

L
C
PP

v :

° :
o X I

<:
<>

f* <>
A

r~
¢i
Eh

ca
A

r- r~
3 m h

¢n no
¢h

vs ca
»\ pa

A
"2|n 1
§::""

cu r~ vsIa'
M

4- 8'Z€
-9 I'IL9

pp
m
C
C
-A
KJ
q
C
L
a
*J
::
H

58 '*o ¢n¢v Eu

He"°°~~
TW"

"so
L E

r t

Hm
1.la"ms.;

NI L
-
L
KJ
L
a
re
La

m

U
g

i sam HOH o
A o
88
gEl

,-|
m
L
a
C
a
LD

,-I

II
DG
4
>
2
.

3
2

m
C
»-I
IJ
Ru
ac

of
I

m

=r
cy
--4
r"i

c m

D

D O

" . .

L 1 3

A

E I

>
rd
m
U ]

D»
1

- 4
FU
c
. - I

*4-I
I

U)

of
-I
c:>

N I
>
Rx:
U )
E-I
»=1:
U

E
O
H

of
c :
a
(\J

* H
r - 1
m: >

Ru
m

in
ct: C I

FT
' 1

D
[1]
,q
I-I
1L4I

of an
Q -I
q' O
Cal cw
\-|
1-4 H

O
Ll-I, - 4

F G

C

»- I

' 4 4

U)
Z
Fl
.4
£14

L 1 1

U )

4

U

m
Fl
LTD
D-I
I

LT D

U )

4

m

1

U )

of
-1
0
N

I >
m

z

E13

E T

>
:1:
i n
E-I
4
U

U)
El
4
U

U
U
4



8
8
8

8o
qo

QN1-v-

8
o
Q
o

cg
Nvv-

89
(D.
'=':
N

8
O
co.
CD
m

O
n
1

1

Q
Nof
T '

8LO
qO

I
Qoom

8no
Qo

I
qoo
m

8
I-D
<4
N

I
Q
N<*>\ -

8

8.
N

u

qNmP

69
co
"Z
N

o
.n

l l

Q
•

Q
Nof

oo
<4
<4
v-

a
<

<

¢s

q
oQ

oa-
q-
et
N

8 9
1\ -
G?
m*-»
V"

8
m
LQ
c:>
W
1-

Q
QN
T '

8 9
-=r
<4

00

S

O
¢
1

-

q
N
m
1'-

Q

8
<r
<t
N

<
u

s

no

o

QN(9v

8co
m.
N

u

oo

Q
QN

g<*>
<rv

1
u

Q

:Q
NQ1-

3 9
c o
Ag
1 -

D
Q
OG
**Z
CD
O
v

8
3
m
o>

Q

§

3gg

v
r ::
8
o
o
QoacN

Lu_

2
Cr

9
o
q
cu
co

8
lJ.l
§
or
c
8

L:
N
3

83

(\|

8
8
o
Q
Q
o
on
N

4
2
M
o
o
Q
UI
co

8
IJJ
§
Cr
C
E
l ;
C"JF
of
C
(U4
8"

P
8

8
o
Q
LT

<
z
8
<1:
E
2
Q
m

8<
8_|
3
ea
.E

N
3
8
O
o
Q
m<9
(D
z_
z
3
O
M
m
2
o
Q
O<">N
w
Z
z
3
O
cc
m

E
5'
<rm
N
c
m
.*=

4.
o
o
Q
m
(Q

(D
3
z
3
o
nr
m
2
Q
Q
o

._
L"

mN
(D
E

§
O
no
m
c
Eu

on
o>
N
c
g

W
:':5
8
O
Q
LO

<
z
8
<r
2
3
q
ID

8
<

.8
rt
of
3
GJ
C

F

.8
Q
QLT\ -1-
<
z
8<
E
2
Q1-0

>
<
m

r '
ofcav-
a>c

:~:
3
4
O
Q
LT1 -
1 -

Q
no
<r
D
z
cm
.9
Q
LTT"
1-

<c
39
<:
GJ

. E
: J
a>
8
GJ
c

51.*
:'.1
8
O
Q
Q
m
co
z
<
Q
_ |
= '
2
.Q
o
Q
Q
m
N
z
<
Q
...J
=-1
E
oz
9

9

C )

.c:

g

3

.g
O
Q
LD

1-*

<
z
<:
Cr
<:
2
8
Q
LD

8
<:
mc
:J
8

Q)
C

1°-
5
2
o
Q
LDW1-

Q
Cr
4
cm
z
(D
.9
Q
u>
?-

8
8
q)
8
8
1-
ea
C
Q*

:~:
D
D4
o
Q
LO

Q
n:
<D
z(D
2
QIn

>

<11

U)
C

61m
GJ
C

'3
3
o
Q.
ID

1'-

Q
>
4
z
B
Q
u'>
Q '
1 -

3
<
'JO
(D
<
in
w

.E

.I
54-m
GJ
.E

1 -

'8'
2
5
ca
Q
m
(D
z
<
Q
_I
=
2
.Q
o
Q
oof
N
z
<
Q
_|
3
E
C
cuL
I:
q-
m
c
9;°-'

6
3
Q

Q
o >
co

3
Q
...J
3
2
2
Q
U>
no

o
g.J
o
|-
GJ
.E
r '

no

Q)
.E

mr -
of

W1-
of

cm
m
F

ID
m
l~

9*m| \
GO
GJ
\ -

mmv-
o
o
N

l.r>v-
m

U )
G )
1."

oON
o
o
N

Lf)
c>

LO
1 . -
CO

8w

Qm
N

o(9N
Lo
1'-
1"-

mco mco
LO
1 "-
1 '

II)
v '
1 '

u'>
t - mw

LT
1-
1-

ID
1 -
1"-

ID
1-

Lo
1.-
1"

au
LO

au
co

8
E
2
n :

RE
UJ
E
an

24
<UJ
D.
z
g|-

cm
Z
z
3
O
m
m

<9
z_
z
3
OCr
m

Q
M
<
a
z
<
cm

Q
an
<
a
z
<u>

x
<
IJJ
D.
Z
3
|-

m
D.
RE
£9
U)
<
O

:¢
z
w.J
KI
8

Q
3%D
paU)

Q
re
<
a
z
<cm

¥
z
w_I
32
§

o f
LU
co

8
(D
8
O

3
r\
co
o
r~1-

r~wor~v

(D
1 -
N
cm1-

DmoID1-

oIOQ».r>1-

N

NG)

Nt-
Nm1"

(DT'
N
O>1-
33

o1-
NG)1"

Nv'
NCDF'

NW
Nmv'

o\-
NCIv-

N
<I'l~
<1-oo

of
q-
of
W
of

E o'>
co

m
m

LT
r
1"

omN
omN

LD
1-

LD
4-
1-

LO
1.-
1.-

o
<~'>N

Lm
1 -
1"*

Lm
v'
1-

u'>
1-
1'-

1-0
1.-'
F

m
co

om
('\|

8
8
UJ
E
n :

8
Lu
E
nr

x
z
co
_|

"
3_

(D
3
z
E
O
M
m

(D
Z
z

O
Lr
m

¥
O
O
no
|-
Q
D.

Q
re
<a
zw

><
z
w
_||-|-
8

cm
D.
<
I I
(D
cm
<
o

8<z<an<2

x
O
O
no
|-
Q
D.

Q
re
<
a
zcm

Fl
<
z
<
cc
<
E

w
D..
8
(D
w
<
O

w
D.
8
(D
cm
<
o

6z
m1-
ONt-

U)

r -
v '

o\-
Nc>v-

NN
NLDv

NN
NIf)1-

o|\
cov~\-

OF
w
o
|\
1-

1-
N
m

m
QN
q-\ -

mW
I*-

o|\
CDr~1-

mof
oI \v-

<4FOlP̀

ofvof<rof

9
o
N
<r
\-

it

3

39
(D
N .
c:>

8
8
3
5

Q

9

eo
o'>
9?
ca
o>

2
3

Q
v~mIO

3
Q§

n-u
Q

C
4- »

g
'23
> -
w
GJ
Ia
m

QD
G)
cm
m
9

81 -

EQIa
N

3
|-Mr
|-w
O
3
. J

3
(D1-
N
-4-1*

z
o:QN

8
m
:J
_J
o
>-
DI
|-
o

g
LOoN¢F

4

2.8>
E

2>
E

(\l

m Z
32 Z*

as
E
E
:=
CD

Z"
cc
E
E
:s
m

q-
I

m

ooo

»-I 9
z Z

z
O
r-4

P*
o
Lu

M
<
H

8*
3
m

o f

N

>

m zH LU
< u
u 4

8D-4

I
cm

8



o o o o o
o oo om m
4

I
B
A
o
H

3D u

o o o
o o o

o H H m
o H N w
o u o m U H

m 4' 8 5A
m z 3 z MH H H o

m m B9

o N q > Q o
F m w m m o
Q Q O D FI O
m m m m m w
H H H H H H

J E l J] ]

1
<
>
E
woo
Qo
H
w
E
OzH

m

o o

m
H N

u m m
I O o

9 E 9
9 Em m

vooo

m
w
w

w
F l

>
m
m

v
o
co

H H
3
mof-wofmMH
of
r~l
O
N] ]

o o NQ o oo o om m m Q o o o oH m m o o
o oo
o m
o zm

o

I
>
L
m
u
m
U

o o o o o o o
o o o o
m m m o m o o

u W N S 8 8
E3 8 3 H3 8 8 Q 8 8 88 m m m 8 3 8 4 4

Q;
5 8
a Q
8 E

|-

m m
- m aman
dxmmr

tt3S°"~H
¢¢S84¢'"

. m H M HIII 0 n m
ala NP
. ala"

¢: a +-
Yom-+ >

C

3
E
wooQ
d
H
m
E
4

v
o vo oo oo

M F

m m N H H H m N q w m
o o H N N N m m m m M
o o o o o o o o o m m
q q 4 m m m m m m N N

~m
N
W H

3J JJ ] J ] J J

"8
98EH
N

m
4
m
U
m
M
m
U

o»Liv
_+619 I

I

38°¢
Wlmsm
lt d
¢¢

(̀ \
: z
worm~+

o

m
o v

m
m
4
m

of
O
O
N
<r*
OE

om

8
84

WH-hno
mWH

4

88
£2
Em

m

M

Lr>+ ~rlu
+-van

TTQHQAQW
(*I ] ]

O
w
D

swf +-
W0M*

s
O
2

m h
o o
H H
W w
H 4 o

m
m
w 1

m
m Sw
5

z 3H H
m m

m m

H F M W
RMmFWw

m1 hnn
. m.mo

. f 3 vnn
. tow mv¢H

o H -om

Tlg"sa.m
. l a 8g'"

1 t83+4 E
m
M
w
O
M
W

m F
m m

q 1
m m

nm~mmomMH
<r ewe

WON-+C
M9mm

3°moWm
§

+-vst
-+swu

O?o

°>
H

U
c
H

m m
do
F M
m

WN

oT?. g g
H o
A H

A

v o

heno-mWmo
Lr:

W E

93
2:zHm

emf
won-»

H
m
C
O
u
m
C
M
w
u
c
H-> 91

-> L'0TT
o

vs
H

T H N

w?
o

o
o
m

O
M
u
O
w
H
m3

8

3.
m

*Q
38
H H
m

H
m
M
w
G
w
w

no

g
2
*
3
E

r-I

II

cm
c
-|
IJ
Ru
DG

L o
I

c o

q '
N
r - l
r-I

ED
C I
DO
*-..
m
..rt
z :

:>
rd
m

U)
Q.

'Ur
,-|
Ru
G
fu

*'|m

.-|
of
a
(\J

I
. >
m
i n
E-1
ac
U

o n
c:>
c:>
N

E
O
H

*I-I
r-I
m>

ro
m

U)
m CZ

no
' Uof

-1
O
N

o f
c a
q1
K\ l
1-1

D
m
»-q
I - I
Lu

H
O
4-1, - |

U]
Z
4:
9
DO

m
U)
#G
O

: |: : m
4 :
La
>-I

D J

U )

< 12

m

1-i
t

fu
f :
r-I

44
r

n m

o f
- 1
O

Nr : >

D I E !

I
z
F l !
E l

U
U
#C

i n
EL
Si
U

>
:cf
U)
H
4
L)



8N
n.o

i
<*>
qmm

<=;
r-
ID
Lm

E

5

g4-1
gID
GO
w
m

QD
GJIa
cu
9

o<~>
N

1-
Lr
I -
v>
o
Z
_ |

E
L D
1 -
N
< r
1 -

E o
<*>
N

3
m
:>
_I
o
>-
T

|-
O

3
coo
N
<r\-

3
1-1
m

8

E

g
3
8E

8
co
n.
o

»»
Q¢

»9

Q
Q
Nr-

8co
n.D

nn
¢

9

QQN1-

c

v -

Q

I
QNm|-

8o1-
o

.a
u

»
n
Q

<4
LO
Q
10

8o
o

n

1

q
N
09v-

39o
o

8
G)
©.
0.1
C\J

aG\.
m
LO

C\I
C\I
v."

Q
NmY'

8Q
o

8
of
LQ
<\

a0.
m
<15
K-
Nr '

Q
04
o f

got-
o

QNgr)1-

8
Q
v '

o

8
of
O.
-=:r
G

O8~
of
5?
m
cm

Q
N
(v)
1 -

8
Q
Q
o

I
qoom

8
Q
fro
Q

3 9
r -
c\g
o f
m

39
I*
N.
<*)
CO

Q

3
c -0

8o
Qo

8
I\-

<6
LT

a
6*
r-.
T"
'=r
LO
v.-

Q
Cal
1 -
1 -

go
Qo

QN1-1-

oam
Q
Q

o

1
1

¢

<4
ofr \

8
U)1-
Q

a

0

1¢
¢

Q
o
1-
v-

69
ID
°'?
Q

§
G)
et
m
cm

O
o
q
N
<3
ca
1"

cor-
o1-

8of
<4o

I
qoo<-

3
3
g

1--
:se
3
o

o
9
ID
1'-

5
Q

3
z
.Q
Q
IDvu
*uv
|-

3
LE
<
( D
QS
c

...J:
q
m

GJ
c

W
4-»8
E
o
Q
LE
Q-

<c
z
8
<
E
2
Q
LDQ-
*-_

8
<
Q;
C
:J
oo
O)

wc

1-
:°:
3
E
o

Q
LT
1"
1-

<
z

E<
2
2
QIn

3
<
q;

. E
r '

ah
1-

GJ
C

W
:':

8
o
Q
8N
U)D.
§
D.
zD.
o
QQmN

85<
LU
Cr
m
C
r '
U)
<1-

GJ
C

1 -

3
o|...

<.>

Q
Lo

Q
n:
<
D
z
U)

.Q
Q
ID*_
up

8
2
m
.E
r'
61av

q )
.=8

1°-
:°:
3

.8
O
Q
LO1 -
1-

<
z

8<
2
8
QLD

8
<
GJ
C
r*
of
3
as
c

F

3
. 8
o
Q
If)
1*
1-

<z
é
<
2
8
QLD

g
<
cu
.E
:J
of
93
eac

8
<
Q)

3
(J

o

Q
1.0
1 "
1 -

C
r '
OF
m
1'-

GJ
c

Q
1
<
a
z
(D
8
Q
LT
1 *

1 -
: ° :
3
2
O

Q
I-D
1 -
1 -

Q
QC
< :
a
2
(0

3
Q
I-D

1'

8
>
<
GJ

. E
: J
61
GJ
1 '

GJ
c

N
8
2
5
o
qG)<o
(D
Z
z
3
O
M
m
9
o
Qo07N
<9
z
z
3
O
mm
Cm.
r;vm

cy
9-1

Q-
-8
2
o
o
q
Q)<o
(D
z
z
g
O
M
m
2
o
Q
o<*>
N
<9
Z
2
3
o
M
m
c

8mmR
c
8

N

.5
Q
L_

o
Q
q
o
of
N

4
2
Mr
O
Q
Q
m
go

8
LU
§
Cr
c
E
r
C"J
of
C
9
8"

1 -

'8'
2
5
ca
Q
oofN

4
2
ac
.9

3
au
go

é
4
2
Cr
c
8
L-N
1 "
of
c
S

r:3
.8
o
ca
GJ
co

Y"
3
(D
.so
Q
mw

<
=
Q
z
G)c
r'
bo

q;C

1-
' 8
8
o
q
o(v)N
o.J
LL
nr
LU
| -
3
m
8
Q
o69
N

LU

3
<
0.
<
0
.E_I
IOoz
1 -

4:
.E

8
8
LJ
O
Q
G)(D
z
<
Q
_|
d
2
.9
o
Q
oc~'>
N
z
<
Q_I
='
E
C
'8
'J'
q
1 -
m
C
94-1

1-

2
O
o
Qmco

Q.J
=*
E
2
oo
dmN

Q
. . |
= '
E

S
| -
vvan

S*-

ID
07

m
U)
1-

o>
ea
1-

o
10

o
o
N

m
mv-

eaeav
o
o
N

o
o
N

no
m|\

we
o>
|\

<rvso
co
1-
of

Q
11 8LD\-m

\01-
m

5 i n
1 -
1 -

u >
1 -
1 -

LDv 'v '
ocoN

in1-1-
LD
W
W

Lm
v-
\ -

LD LD
1-
v"

m
<o

cm
<9

ocoN
o<qN m

(D
LD
1 "
1'-

m
up

m
no

8
E8

x
Z
in
_J

I
8

ac
<
u.l
D.
3

E

U)
D.
§
D.
z
D.

x

9
g

QCr<a
z<
(D

QCr<a
2<
u>

Q
cc
<
a
z
<cm

Q
re
<
a
z
<
(0

o
Z
z
3
Orem

<9
Z
z
3
O
a:
m

RE
Lu§
cc

E
Lu

§
no

D.
I -

LL
Cr
<

LlJ

o
<
a
<

of
LU
(D

cm
D.

RE
CD

2
O

N
oz

o\-NcaF

o

N
cm*"'

w1-"
N
O)1"

1"
N
N
q-
1-

co
1-
N
O)
1-

N1'
or
U)
W

Cal
1'-
N
m
W

N

N
m

N1'-
N
G)1 -

O
Ia
o
mw-

o
ID
o
\Ow-

|\
ofQl~P

I*-
o f
<:>

.

LD
mtoWno

1."
Q
D
N
Q-

r~vr~q-of

of'co<'of

E u'>
\ -
1-

ID

\ -

l.r>
W
W

omN
I-D
1-
-

LD
v-

LO
1-
1°-

LO
W
F

Lm
1'-
1-

omN
Q
m
N

m
es

G)
(D

m
to

LT
T"
1.-

m
m

omN

8
8<z
8<E

Fl<z
4Y
<E

x

8IIE

x
<
UJ
D.
UJ
z
O
_J

¥

6r
E

¥
o
O
cc
1-
Q
D.

'r
d

z
cm

¥
O
O
cc
t-
Q
D.

Q
no
<r

z
cm

(D
Z
z
3
CK
m

CD
Zz
2
I I
m

8
LU
§
lx

8UJ
§
I I

(D
>-m
d
EE
<

D.
| -
U)
S
:I
u
<

v>
D.

8
(D
m
<
o

(0
D.

8
(D
u>
<
O

6z
m1-
c:>
l~.,
\ -

co
W

|* -

D
\-
N
U)1*

I*-

Cal
<1-
v "

Qv'
N
O)v'

o
|\
co
|\
v

as
nooNv

Q| \rolv̀

a>ofo|\1-

NNNm1-

N
N
N
ID-

cm
T"
Q
r -
1 -

G)
v '
c a
I*-
T"

©
N
no
<r
of

o
co
o
anv-

no
9'ofq'of

¢"'>
oN9'v

3
>
E: 2

>
EI

€\l
Mcm
<1
H

co
|

_G
8'
i n
o f

(\I

>
9
m
H<c
U

Z
9
P*
D
E
E
3
2
3Vu

E"as
E
E
:s
U)

9
z

m

5-4m
Lu
3
>-J
<
aD-4

l

E"
as
E

9
V)

z'



<>

I I

no

2
too
8
o

.Q
E
o

wNNQFl

J o
omN o

o
o
H >

15
(f)N

F L
m
E-1

3
=.'
g m

in
olq̀
csFl o f

1-1

O

N

mNsoqrt

H/Ǹ
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