Appendix A - WDT756

Queue Cluster 4 Phase | Report

December 31, 2011

This study has been completed in coordination with CAISO per CAISO Tariff Appendix Y Generator
Interconnection Procedures (GIP) for Interconnection Requests in a Quaue Cluster Window
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1. Executive Summary

¥ has submitted
1l dison Company
(SCE) for their proposed (Project) under the terms of SCE's
Wholesale Distribution Access Tarif] . The Project is energy only comprised of
photovoltaic modules with an output of 1 MW to the requested Point of Interconnection (POI
-

on iiii Thompsen 12KV distribution line. The proposed project is an expansion to

ompleted Inte

isting project (WDAT 376, _— 2.5 MW)) which is currently under
acility Study under SCE serial process. The Interconnection Customer's (IC) requested
Commercial Operation Date of the Project is

Pursuant to the Generator Interconnection Procedures (GIP) for Interconnection
Requests in a Queue Cluster Window (CAISO Appendix Y), including Appendix 8 of the
GIP (Transition of Existing SGIP Interconnection Requests to the GIP) under the terms
of SCE's WDAT, the Project was grouped with the Queue Cluster 4 (QC4) Phase | study
(Phase I) projects to determine the impacts of the group as well as impacts of the Project
on the CAISO Controlled Grid and SCE's distribution system.

The Group Report has been prepared separately identifying the combined impacis of all
Phase | projects on the CAISO Controlled Grid. This report focuses only on the impacts of
the Project.

The report provides the following:

1. Transmission and Distribution system impacts caused by the Project;

2. System reinforcements necessary to mitigate the adverse impacts caused by the
Project under various system conditions and;

3. Alist of required facilities and a non-binding, good faith estimate of the Project's
cost rasponsibility and time to construct these facilities.

The Phase | study was performed to determine problems for which mitigation plans may be
proposed for the Project. Mitigation plans for the Project are detailed in Section 10 of this
report.

The non-binding SCE cost estimates' to interconnect the Project are:

Interconnection Facilities® $0
Interconnection Facilities ITCC? $0
Distribution Upgrades $0

" Thesa upgrades are not reimbursable.

2 The electrical facilities installed and maintained by SCE necassary to physically and electrically interconnect the
Prgject to the SCE Distribution system from the point of change in ownership to the point of interconnection.

? Income Tax Component of Contribution. The ITCC included in this cost eslimate was computed using a 35% rate.
Due to the enactment of H.R, 4853, the Tax Relief, Unemployment insurance Reauthorization and Job Creation Act
of 2010, and upon formal acceptance by the CPUC of SCE's advice letter {filed on December 27, 2010}, this rate
may change for electric CIAC recorded or received after September 8, 2010 through Decermbar 31, 2011,



Distribution Upgrades ITCC? $0

The cost estimate for Delivery Network Upgrades based on the CAISO alternative
methodology used as part of the Queue Cluster 4 Phase 1 gtudies is $0, since the
Project is Energy Only. The cost estimate for Reliability Network Upgrades to interconnect
the Project is $0.

The estimated costs above have been provided in 2011 constant doltars. Table 10.1
provides the estimated costs escalated to the estimated Operating Date year of thg
upgrade, which would be the basis fgr the ICs financial responsibilities.

The non-binding schedule to license, engineer, and construct the Interconnection Facilities,
Distribution Upgrades, and Reliability Network Upgrades is approximately 0 months from the
signing of the Generator Interconnection Agreement and from SCE specified milestones
associated with applicant responsibilities.

2. Project and Interconnection Information

Table 2-1 provides general information about the Project as shown in the customer’s IR.

Table 2-1 :—Project General Information

Project Location Redlands, California
SCE Planning Area Eastern
nverter type
ggm;z;;rgd Type of generating units, using PV technolagy (each
- rated for 500 KW)
Interconnection Voltage 12 kV
Maximum Generator Output 1 MW
Generator Auxiliary Load 0 MW
Maximum Net Cutput to Grid 1MW
Power Factor Range .99 Lagging to .99 Leading
transformer rated for
Step-up Transformer 208 ) A with 3.9% impedance on
a 0.5 MVA base.
. . Tap on the Distribution Provider's Thompsen
Point of Interconnection 12KV distribution line.
Commercial Operation Date —

The actual CD will be a fundfion of the time to construct the required Transmission Network Upgrades, Distribution
Upgrades, Interconnection Facilitiss, any other raquired facilities to interconnect the Project, and the GIA execution
period.



Figure 2-1 provides the map for the Project and the transmission faciiities in the vicinity.
Figure 2-2 shows the conceptual single line diagram of the Project as modeled in the study

Figure 2-1 : Map of the Project

Figure 2-2: Proposed Single Line Diagram
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3. Study Assumptions '

For detailed assumptions, please refer to the Group Report. The foIIowmg assumptions are only
specific to the Project.

A. The following SCE Distribution System Planning Criteria and Conditions were
included in the Phase | study:

o The thermal rating of any conductor, connector, or apparatus should not exceed

- 100% of its normal rated capacity with all facilities in service (base case).

o The thermal rating of any conductor, connector, or apparatus should not exceed
100% of its emergency rating under N-1 conditions.

o Operational flexibility and reliability of the distribution system shall be maintained at all
times.

o Circuit voltage profiles should be maintained to comply within CPUC's Rule 2
requirements.

o The power factor for the new generation facility was assumed to be within WDAT
requirements of 0.95 lagging or leading.

o Expected loading on the distribution system as projected by the SCE 2011 - 2020
distribution system plan was used.

o Distributed Generation resources connected to the distribution system are analyzed
offline and online during peak load conditions as well as during minimum daytime
load conditions as to determine worst case scenario.

o The Short circuit contribution from the inverter systems was determined using inverter
manufacturer datasheets.

o The Phase | study assumes the upgrades triggered by previously queued projects,
including Rule 21 projects under CPUC jurisdiction as in-service, are included in the
base case for the Phase | projects.

B. The following Facilities were estimated and included in the Phase | study:
o All Interconnection Facilities will be completed under WDAT 376

C. The following facilities are to be installed by the Interconnection Customer and are
not included in this Phase | study:

Ducts

Structures

Point of interconnection Breaker

CAISO metering as required

Protection Systems required to comply SCE Interconnection requirements
Transformation as required

Metering Equipment compliant with SCE Electrical Service Requirements

{http:/Avww sce.com/AboutSCE/Regulatory/distributionmanuals/esr.htm)

o o0 0 0 0 ¢

Deliverability Assessment

The deliverability assessment for this project was not performed as this project is an Energy
Only project.



5. Power Flow Analysis

51 Transmission System — 220 kV and 500 kV

The transmission system is not sufficient to accommodate all the generation in the
area. This conclusion was reached in the QC3 study. With the addition of more
generation projects in QC4, system loadings will only increase thereby requiring
system upgrades to address the incremental system overloads. However, the use of
the Alternative Methodology limits the total output from the generators in the area to
what has been studied in the QC3 Phase | study. Since the Project elected energy
only deliverability status, the Project is not subjected to the cost associated to the
CAISO aiternative methodology.

5.2 Subtransmission System — 66 kV

The Subtransmission system is sufficient to accommodate all the new QC4
generation projects in the area. The QC4 Phase | study has identified no
Subtransmission level overloads contributed by the Project.

53 Bistribution System - 34.5kV or Below

The Phase | distribution study indicated that the Project contributes to the following
distribution facility overloads:

531 Overloaded Distribution Facilities

» None

522 Recommended Distribution Mitigations

¢ None

6. Short Circuit Analysis

Short circuit studies were performed to determine the fault duty impact of adding the Phase |
projects to the transmission and distribution system and to ensure system coordination. The
fault duties were calculated with and without the projects to identify any equipment overstress
conditions. Each project in Phase | will be responsible for its share of the upgrade cost based
on the rules set forth in CAISO Tariff Appendix Y.

6.1 Short Circuit Study Input Data

The customer provided technical data for the identified inverter (specified in Section
2). If the technical data obtained from the inverter manufacturer by SCE illustrates
differences in the SCD parameters, then SCE utilized the manufacturer data of the
inverter model specified by the IC in the application in the SCD study. Otherwise,
SCE utilized the parameters provided by the IC. The [C should verify with the
manufacturer the appropriate SCD contributions of the inverter prior to



commencement of the Phase |l study and should update the application to reflect the
appropriate data. The data provided by the IC for this project did not match the
technical data obtained from the inverter manufacturer.

The following input data was used in this study:

Short Circuit Data @ 1.0 MVA Base @ 12KV:

» Positive Sequence subtransient reactance (X"1) =0.794 p.u.
¢ Negative Sequence subtransient reactance (X"2) =0.794 p.u.
* Zero Sequence subtransient reactance (X'0) [nfinity

Generation Step-up Transformer(s)

Main Transformer Data (total of one):

+ None

Individual Padmount Transformer Data (total of 2):

Each transformer is three-phase 12/0.208 kV (D-Y) rated for 0.5 MVA with the
following impedance information:

» H-ximpedance Value: 3.90% @ 0.5 MVA

6.2 Results

All'bus locations where the Phase | projects increase the short-circuit duty by 0.1 kA
or more and where duty is in excess of 60% of the minimum breaker nameplate
rating are listed in the Group Report Appendix H. These values have been used to
determine if any equipment is overstressed as a result of the Phase |
interconnections and corresponding distribution and network upgrades, if any.

The responsibility to finance short-circuit duty related Distribution Upgrades and
Reliabitity Network Upgrades identified through a group study shall be assigned to all
Interconnection Requests in that group study pro rata on the basis of short-circuit duty
contribution of each Generating Facility. In addition, the SCD impact of the
associated proposed Distribution and Network Upgrades was allocated to each
Generating Facility using the same percentage assigned for the triggered Distribution
and Network Upgrade.

As discussed in the Group Report, the Phase | breaker evaluation identified
oversfressed circuit breakers at the following buses. The cost allocation for this
project, based on SCD contribution at each location, is also provided:



SCD Mitigation — Table of Network Breaker Upgrades

Antelope Colorado Kramer Redondo .
Valley 500k 220KV River 220kV 220kV 220kV Vista 220kV
Project
Cost Cost Cost Cost Cost Cost
% | xt000) | * | x1000) | % | x1000) | ® | etoooy | P | xioooy | P | (x1000)
WIS 1 201 g0 0 so | %91 s 0 $0 0 $0 0 50
SCD Mitigation — Table of Distribution Breaker Upgrades
Garnet 115 kV | Inyokern 115 kV | Lancaster 12 kV Piute 12 kV Victorville 4 kV Vista 66 kV
Project .
Cost Cost Cost Cost Cost Cost
o, 0, 0, a, [+ 0,
%1 xioo) | B | 1000y | | x1000y | % | otoooy | % | gctoooy | * | xd000)
WDT756 | © $0 0 $0 0 $0 0 $0 0 $0 0.02 30

6.3 Preliminary Protection Requirements

Protection requirements are designed and intended to protect SCE's system only.
The preliminary protection requirements were based upon the interconnection plan as
shown in Figure 2-2.

The applicant is responsible for the protection of its own system and equipment and
must meet the requirements in the SCE Interconnection Handbook provided as an
attachment to the group report.

Reactive Power Deficiency Analysis

71 Group Study Reactive Power Deficiency Results

The reactive power deficiency conclusions were based on the analysis performed for
the QC3 Phase | Projects.

The QC3 Phase | study demonstrated that the QC3 Phase | Projects collectively
contribute to reactive power deficiencies in the transmission system under base case
and contingency conditions, and voltage criteria violations under contingency
conditions. The study concluded that construction of a combination of additional
transmission facilities and reactive support devices will be required.

It is expected that the addition of the QC4 projects will further exacerbate the
problematic system conditions identified in the QC3 Phase | study. These issues will
be fully evaluated in a more detailed reactive power deficiency analysis to be
performed as part of the Phase il study.

72 Individual Project Power Factor Requirements

The project is required to provide 0.95 leading/lagging power factor regulation at the
POI. Applicant should design intercannection facility to accept an SCE's VAR



Schedule in accordance with the VAR requirements of the SCE’s electrical
distribution system configuration. The VAR schedule may change in the future as a
function of distribution system reconfigurations.

7.3 Distribution

The Thompsen 12 kV is not expected to experience a voltage rise, which would
exceed allowable Rule 2 requirements from the controlled voltage at Highland 12 kv
bus.

Transient Stability and Post-Transient Evaluations

Please see Section 9 and 10 of Group Report.

Environmental Evaluation/Permitting

Please see Section 12 of Group Report,

Upgrades, Cost Estimates and Construction schedule estimates |

To determine the cost responsibility of each generation project in Phase |, the CAISO
developed cost allocation factors based on the individual contribution of each project. The
cost allocation for the Interconnection Facilities, Network Upgrades, and Distribution
Upgrades for which the Project is solely responsible is as follows:

PTO’S INTERCONNECTION FACILITIES

All Interconnection Facilities required to interconnect the generating facility will be
installed under

PLAN OF SERVICE RELIABILITY NETWORK UPGRADES

There were no Plan of Service Reliability NetWork Upgrade costs allocated to the
Project.

RELIABILITY NETWORK UPGRADES
Transmission Network Circuit Breaker Upgrades (SCD)

Upgréde transmission network circuit breakers (pro-rata share of upgrade based on
project contribution to SCD at each location).

Install sets of 500 kV TRV capacitors at Valley Substation

Instal ets of 220 kV TRV capacitors at Antelope Substation

Install sets of 220 kV TRV capacitors at Colorado River Substation
Replace 220 kV CB's at Kramer Substation

10



»

Replac 220 kV CB's at Redondo Substation
Instal ets of 220 kV TRV capacitors at Vista Substation

See the Group Report for additional defails

DELIVERY NETWORK UPGRADES

As an Energy Only Delivery Status project, there were no Delivery Network Upgrade
costs allocated to the Project.

DISTRIBUTION UPGRADES

1.

Distribution Mitigations:
None

Distribution Circuit Breaker Upgrades (SCD):
Upgrade distribution circuit breakers (pro-rata share of upgrade based on project
contribution to SCD at each location).

Replace 115 kV CB's at Garnet Substation

Replac 115 kV CB's at Inyokern Substation

Replac 66 kV circuit breakers at Vista Substation
Replac 12 kV circuit breakers at Lancaster Substation
Replace 2 kV circuit breakers at Piute Substation
Replac 4 kV circuit breakers at Victorville Substation

See the Group Report for additional details
OTHER REQUIREMENTS

Harmonic Study Requirements

The harmonic impact of the subject inverter based generation was not part of
this Phase | Study. Despite the relatively low THD (<3%) of the equipment,
impacts on voltage distortion levels may be significant due to the high
penetration level of the generation facility with respect to the local distribution
grid strength. As with all equipment connected to the SCE distribution
system, the generation project will be subject to the provisions of Rule 2.E,
allowing SCE to require customer mitigation of interference with SCE service,
including harmonic impacts, if harmonic interference is caused by the
customer.

Since the THD values which were provided are for individual inverters and
not for the fotal generation requested, it will be required to determine the total
harmonic contribution for the entire generation facility prior to approving the
generation to interconnect to the SCE distribution system. Given the amount
of generation and the strength of the distribution system, SCE will not require
a harmonic study but strongly encourages that the applicant completes a
harmonic study during the Phase Ii Study. :

During the commissioning test of the generation system, SCE will install
power quality equipment to verify that the total harmenic contribution from the

11



generation system to the SCE meets the required standards. If during the
commissioning test, it is found that the project does not meet the harmonic
standards, the project will not be allowed to interconnect to the SCE system
until the harmonic deviations are rectified. Therefore, it is encouraged that the
applicant completes a harmonic study during the Phase Il Study to insure that
the harmonic requirements are met. If the applicant chooses to completea
harmonic study, SCE will then provide the required SCE distribution system
data that are to be used as part of the harmonic study.

12



Table 10.1: Upgrades, Estimated Costs, and Estimated Time to Construct Summary
Each Upgrade category may contain multiple scope durations. The langest duration is shown under the
Estimated Time to Construct,

Estimated Estimated Cost
Cost x 1,000 x 1,000 Estimated
Type of Upgrade Upgrade (May include the following) Description Constant Constant Dollar Time to
¥ g
Dollar {2011) {OD Year) Construct
(Note 4) {Note 4)
PTO's
Interconnection ) - ] Nen-network facilities
All Int tion Facilit d fl by
Facilities inslguggcﬂﬂng\,ﬂ[)m 3|7[§S vporades witbe needed to enable {Note 7) {Note 7} (Note 7)
(Note 1, 3, 5) interconnection
Plan of Service
Reliability Direct Assigned
Network See Saction 10— Plan of Service Reliability Network Upgrades $0 $0 n/a
Upgrades Network Upgrades naaded to enable
(Note 6) interconnection.
iabilit
r‘:::ﬁ?;:ky Allocatad Network
Upgrades See Section 11.2 - Reliabilty Network Uﬁ;?g;fﬂ”:yi‘::; fo 50 $0 nia
(Note 6) Upgrades In the Group Report Reliability
Reliability
Network SCD Mitigation
Upgrades See Section 11.2 - Reliability Network Allocated to maintain $0 %0 nfa
Upgrades for SCD in the Group Report system Reliability
_ (Note 6)
Delivery
Network Sea Section 11.3 - Delivery Network Network Upgrades 0 0 /
Upgrades Upgrades in the Group Report needed to support Ful $ ¥ va
{Note 6) Delivery, if requested
Distribution
Uparad All Interconnection Facilities upgrades will be Non-CAISO SCE {(Note 7) (Note 7) {Note 7)
pgrades installed under WDAT 376 Disiribution Facilities
(Note 2, 5, 6)
Distribution , L SCD Mitigation
Upgrades gg%shi;tg;?i;,? — Distribution Upgrade for Allocated to maintain $0 $0 n/a
(Nole 2, 5, 6) system Reliability
Total Cost {Note 7) {Note 7) {Note 7)

Note 1: The Inferconnection Customer is obligaled to fund these upgrades and will not be reimbursed.

Note 2: These upgrades are not identified in the ISO tariff, and are not reimbursable. Altocated costs may change if all projects responsibie

for these upgrades do nof execute GiAs.

Nole 3: The estimaled time to construct (ETC} Is for a typical project; scheduiles duration may change due to number of projects approved and
release dates. )

Note 4: SCE's Phase | cost eslimaling is done In ‘constant’ dollars 2011 and then escalated to the estimated 0.D. year. Forthe QC4 Phase |
study, the estimated O.D. Is derived by assuming the duration of the work element wilf begin in January 2013, which is the CAISO tariff
scheduled completion date of the QG4 Phase if study plus 90 days for the GIA signing period. For instance, if a work elerment is estimated fo
take a total of 24 months (permitting, design, procurement, and construction), then the estimated O.D. would be Janvary 2015, Fan fC's
requested Q.D. (in- service) is beyond the estimated O.0. of a work element, the IC's requested O.D. is used.
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Note 5: Includes 35% fTCC.

Nole 6: The estimated time to consiruct (ETC} is for a lypical project; schedules duration may change due to number of projects approved and
refease dates. Stacked projects impact resources, system outage avallabiiity, and environmental windows of construction. Asstmption Is SCE
will need to obtain CPUC llcensing and reguiatory approvals prior fo design, procursment and construction of the proposed facllities required to
serve the interconnection customer and prerequisite facilities are in service.

Nole 7: Construcfion cost and time requirements to be irovided under WDAT 376 Facllity Study
ost Estimate Summary {2011 Dollars)

copar -W sxpansion project under WDAT 389, This project will uerconnect onfo the Fhompsen 12KV oot of Highland Substatien.

i |
| ; TOTAL
INYTERCONNECTION ! CONSTANT $
H FACILETIES : {ESTIMATED
- L _lsubfﬂfv_‘_luﬂ_'}'l?gi“ i |T QJS%} TOTAL B YEAR O.D )~
N T - £ o 5
: L iE o
g
awer Systam Cantral B :
LY flintsioonenclion Tacilily wil bo instaRed wder WOAT 389 & -8
- § :
I Tofals I [ 50

* Purssan 1 FERG Order 20034, NGE s sol ¢ollgctad oo Reliabidty Upgtades and Oue Tine Costs,

* {TOC costmay b satisfied with a Jeiter of credil I accordance with the tax provisions of L GhA.
= Tne WOCTnckedad i this eoal astimats was compuled using & 35% 1ate. Bedause of moont enaciment of HR, 4553, te Tac Refief, R and
Jotr Creation et of 2010, and upon Dot sccaptanes by the CPUC of BCE'K atdvice teitar {leg on December 27, 2040, this ra m_,rd:ange l’melectrk: CHAG tacurdiad of receivad
after Sephemdiar 0. 2010 through Decembar 31, 2014,
Cost astiuata is only an estimate based on 2011 constant dollacs and scial cost is suldest 16 change depending on profest canstation date, and inflaten

v SEE' Fiasa Feost esimating Is donr in ‘consiant’ dollars 2011 and thea estalated 1o the O.0. year. For thg 04 Phase Faiudy, e sstimated O.D. [y darived by ng the
shcation of tharwork elrment will begin in January 2013, whish is w0 GAISO tanidf schiaduled complelion dale-of tha Q04 Phate It stady phus 90 days Yor the GIA slguing period. For
Trstanoe, i awotk etament is estimaled (o take a loka) of 24 monihs (patllling, daskn, proctitement, and jen}, Pen the ezl (03] fe b Japunag 2016 Han ICs

feuxasted O B, is bayond the oslimaled O.C. of a woik elemant, the 157 seouastad Q.0 s used

irgholed soilide if Bul 4 kD Fan tha IRl g s ez 4 B,
o e B e e s e g ot

11. Items Not Covered In This Study

111 Conceptual Method of Service

The resulis provided in this study are based on conceptual engineering and a
preliminary plan of service and are not sufficient for permitting of facilities. The Plan of
Service is subject to change as part of the Phase | Interconnection Study.

1.2 Customer’s Technical Data

Additional technical data related to the Project may be required as part of the Phase |
Study. The study accuracy and results for the Phase | Study are contingent upon the
accuracy of the technical data provided by the Interconnection Customer. Any changes
from the data provided could void the study results.

1.3 Study Impacts on Neighhoring Utilities

This generation project interconnection may require additional studies, facility additions,
and/or operating procedures to address impacts to neighboring utilities.. For example,
impacts may include but are not limited to WECC Path Ratings, short circuit duties
outside of the CAISO Controlled Grid, and sub-synchronous resonance {(SSR).

114 Relocations and Other Use of SCE Facilities

The Interconnection Customer is responsible for all costs associated with necessary
relocation of any SCE facilities as a result of this project and acquiring all property rights
necessary for the Interconnection Customer’s Interconnection Facilities, including those

14



required to cross SCE facilities and property. The relocation of SCE facilities or use of SCE
property rights shall only be permitted upon written agreement between SCE and the
Interconnection Customer. Any proposed relocation of SCE facilities or use of SCE property
rights may require a separate study and/or evaluation to determine whether such use may be
accommodated, and any associated cost would be non-refundable.

115 SCE Interconnection Handbook

- The Interconnection Customer shall be required to adhere to all applicable requirements
in the SCE Interconnection Handbook. These include, but are not limited to, all
applicable protection, harmonics, switching and tagging, and metering requirements.

11.6  Western Electricity Coordinating Council (WECC) Policies
The Interconnection Customer shall be required to adhere to all applicable WECC
policies including, but not limited to, the WECC Generating Unit Model Validation Policy.

11.7  System Protection Coordination ,

Adequate Protection coordination will be required between SCE-owned protection and
Interconnection Customer-owned protection. If adequate protection coordination cannot
be achieved, then modifications to the Interconnection Customer-owned facilities {i.e.,
Generation-tie or Substation modifications) may be required to allow for ample protection
coordination.

118 Standby Power and Temporary Construction Power

The Phase | study does not address any requirements for standby power or temporary
construction power that the Project may require prior to the in-service date of the
interconnection facilities. Should the Project require standby power or temporary construction
power from SCE prior to the in-service date of the interconnection facilities, the IC is
responsible to make appropriate arrangements with SCE to receive and pay for such retail
service.

119 Construction Schedule

The estimated time to construct (ETC) is for a typical project; schedules duration may change
due to number of projects approved and release dates. Stacked projects impact resources,
system outage availability, and environmental windows of construction.
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Attachment 1
(Not Used)
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Attachment 2
Dynamic Stability Plots

For Subtransmission level and above, please refer to Appendix F of the Group
Report.
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Attachment 3
(Not Used)
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Attachment 4
Short Circuit Calculation Study Results

Please refer to Abpendix H of the Group Report.
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Attachment 5
Not Used
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