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Executive Summary

An Interconnection Facilities Study (IFS) has been performed to determine the Manitoba Hydro
Interconnection Facilities and Interconnection System Upgrades necessary to connect 120 MW of new
wind generation near the town of Erikson, Manitoba from the point designated for the location of the
generation facility. The 120 MW wind farm was considered to be interconnected to the 110 kV Minnedosa
ring bus via a 40 km 110 kV transmission line.

The Generator has requested that the proposed generation facility be considered an Energy Resource
Interconnection Service (ERIS). As stated in the Manitoba Hydro Open Access Interconnection Tariff
(OAIT), “ERIS allows the Generator to connect the Facility to the System and be eligible to deliver the
Facility’s output using the existing firm or non-firm capacity of the Transmission System on an “as
available” basis. ERIS does not in and of itself convey any right to deliver electricity to any specific
customer or Point of Delivery.” Under Manitoba Hydro’s Open Access Transmission Tariff, the generator
is required to request point-to-point transmission service to deliver energy from this wind farm to a specific
Point of Delivery. ERIS requires Interconnection Facilities and Interconnection System Upgrades, but not
Network Upgrades. As an energy resource, the wind farm power was scheduled to the nearest
generation. The Dorsey HVDC generation was identified as the nearest sink. This IFS determined the
impact of interconnecting the wind generation to the existing MH transmission system by means of
steady-state ac power flow analysis and transient stability analysis.

AC contingency analysis was performed for N-1 and N-2 contingencies during system intact conditions,
and N-1 contingencies during critical 110 kV and 230 kV prior outages. Several thermal overloads were
identified on Minnedosa to Victoria 110 kV line MR11, Minnedosa to Neepawa 110 kV line NM10 and
Neepawa to Brandon 110 kV line BN5. These overloads were present in power flow cases with the
Erikson wind generation but were not present in the base power flow cases before Erikson wind
generation was connected. Solutions to these reliability limitations were determined, and a list of
Interconnection System Upgrades and associated costs has been produced.

Short circuit analysis determined that the single line-to-ground and three phase fault levels at the
Minnedosa 110 kV station increase by 37% and 14.7% respectively after the connection of Erikson wind
farm, from 4.1 kA to 5.6 kA (1ph) and from 4.3 kA to 4.9 kA (3ph). Fault levels at several nearby 110 kV
buses also increase by more than 5%. The short circuit ratings of equipment at these stations (those
impacted by more than 5%) have been reviewed and none are found to require breaker replacements
due to the increase in the short circuit level.

Energy Resource Interconnection Service Upgrades:
Transmission Owner Interconnection Facilities

e 40 km new 110 kV transmission line

e Minnedosa 110 kV Station (1200 Amps minimum)
o New Breaker
0 any other station upgrades

Interconnection System Upgrades:

o Breaker failure protection at the Minnedosa 110 kV station with a breaker fail fault clearing
time of 14 cycles.

Communications Upgrades to support Breaker Fail protection upgrades.

Re-sagging line BNS and replacing risers at each end

Re-conductoring line NM10 and replacing risers at each end

Re-conductoring line MR11 from Minnedosa to MR11 tap, Rapid City to MR11 tap and Rapid
City to Victoria.
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As listed above, this Facilities Study has identified that several lines will be impacted by the addition of
this wind farm. Regardless of the point of delivery of the wind farm power, these line upgrades will be
required. Lines MR11 and NM10 are the only two outlet lines at the Minnedosa 110 kV station. Loss of
either outlet line will overload the remaining intact outlet line, as these lines only have a thermal rating of
81 MVA and the entire wind farm output is forced to flow through the remaining intact outlet line. Line BN5
is not directly an outlet line, however if Minnedosa line MR11 trips, all of the wind farm power will be
forced to flow to Neepawa 110 kV station, at which point Neepawa line BN5 will also overload.

Network System Upgrades:
Network upgrades will be identified in the Transmission Service Request study.

During critical 110 kV and 230 kV outages, the generator has opted for curtailment rather than paying for
additional line upgrades. As a result of steady state contingency analysis, for prior outages of lines C28R,
NM10 and B69R, it would be necessary to curtail the Erikson wind farm in order to mitigate potential
overloads on 110 kV line MR11. For a prior outage of line Y51L, it may be necessary to curtail the Erikson
wind farm as well in order to minimize overloads on 230 kV line G37C.

It should be noted that any contingency resulting in the loss of both 110 kV lines MR11 and NM10 at
Minnedosa, the Erikson wind farm will become isolated onto local area load. In order to prevent this
situation from occurring, protection logic must be installed to trip the Erikson wind generation if the
Minnedosa ring becomes open in breaker positions 2 and 4, in order that a breaker fail event could not
isolate the wind farm onto local load.

The Manitoba Hydro Transmission System Interconnection Requirements (TSIR) [1] state that the
Generator must provide reactive supply that is able to control the voltage level at the Point of
Interconnection (POI) by adjusting the machine’s power factor between a minimum of 0.95 overexcited
and 0.95 underexcited at the generator intermediate bus with a minimum response time of 15 seconds.
The doubly fed induction generator models used in this study have a reactive power supply ranging from
0.9 lagging to 0.95 leading. A power factor of 0.95 at 0.90 pu voltage on a 120 MW wind farm
corresponds to 40 MVAR capacitive. A power factor of 0.95 at 1.10 pu voltage on a 120 MW wind farm
corresponds to 40 MVAR inductive. Any deficit can be made up by a fixed capacitor bank, the capacitor
size being dictated by the Power Quality requirements during switching. The Developer shall design the
wind farm to provide both the VAR requirements of the collector system and the +/- 40 MVAR
Transmission System requirements. The wind farm must be able to continuously supply 40 MVAR at the
POI when the voltage at the POl is 0.90 pu and continuously absorb 40 MVAR at the POl when the
voltage is 1.10 pu. The Developer shall verify to Manitoba Hydro that the wind farm VAR capability at the
POl is designed to meet both the collector system VAR requirements and the +/- 40 MVAR Transmission
System requirements.

In order for the wind turbines to remain connected during transient undervoltages:

e The wind turbines must be equipped with the Zero Voltage Ride through (ZVRT) option in order to

meet fault ride-through requirements.

The doubly fed induction generators (DFIG) were modeled with zero voltage ride-through, meaning they
can ride through voltage down to 0% for up to 200 ms. Stability investigations involving worst case
contingencies reveal that these DFIG turbines successfully rode through the worst case transient
undervoltages without any extra equipment, with the lowest voltage at the low voltage wind generator bus
being 0.18 pu during a three-phase fault at the 110 kV POI.

The wind turbines also were able to ride through the worst transient overvoltages of up to 1.15 pu as seen
as the wind generator bus. The study assumed that the 34.5-110 kV 140 MVA transformer was equipped
with an on-load tap changer (OLTC) controlling the 34.5 kV voltage to a maximum 1.025 pu voltage.
Sensitivity analysis revealed that without the OLTC the wind generator bus transient voltage could reach
up to 1.172 pu, which is getting nearer to the 1.20 pu ride-through capability of the turbine. Because the
collector system data was not available for use in the studies, and especially if the 34.5-110 kV
transformer data would differ from that which was used in the IFS, it is desired to have some margin for
error when performing the overvoltage ride-through tests as both of these factors would influence the
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voltage seen at the wind generator bus. Therefore it would be recommended to install an OLTC on the
34.5-110 kV transformer to control the steady state 34.5 kV bus voltage to a maximum of 1.025 pu.

Please note that if the final transformer impedance differs sufficiently from the impedance used in the IFS
study, sensitivity analysis to transformer impedance may require the study to be re-visited.

Dynamic investigation revealed that the overfrequency and underfrequency capabilities of these wind
turbines meet the Manitoba Hydro connection standards.

No stability concerns were noted for the prior outage or system intact transient stability disturbances that
were studied. The wind farm remained connected throughout the disturbances and did not adversely
impact the system. One exception to note however is that for higher north flows on line MR11 (which
were not studied in detail in this IFS) an operating guideline may be required to curtail the wind farm for
transient stability reasons. Determination of such an operating guideline was beyond the scope of the
IFS.

Voltage quality analysis was performed based on IEC 61400-21. The voltage flicker calculations (Pst and
PIt) at the Erikson wind farm are well below the standard PIt and Pst limits of 0.6 and 0.8 respectively.
Relative voltage changes are also well below the limits due to the low flicker coefficients of the wind
turbines. The maximum voltage fluctuation (drop) at the point of interconnection due to the loss of the
wind farm is approximately 2.5%. The Generator will be responsible to mitigate any potential flicker
criteria violation prior to being allowed to interconnect.

A detailed cost estimate of the Manitoba Hydro Interconnection Facilities and Interconnection System
Upgrades necessary to connect a 120 MW wind farm at Erikson to the 110 kV Minnedosa station was
calculated. These total costs, including Interconnection System Upgrades, were estimated to be
$23,875,100. A detailed project schedule was also created, with a time to in-service date of 21 months
after the IOA has been signed and the environmental licenses have been received.

A breakpoint for the Erikson wind farm size was calculated in order to eliminate the need to reconductor
115 kV lines MR11 and NM10 and the need to resag line BNS. It was found that the wind farm size is
dependent on an upgrade planned for an overcurrent relay at Raven Lake. The Erikson wind farm must
be limited to:
1) 10 MW pre Manitoba Hydro's Load Serving Upgrades (i.e. no upgrades to the Raven Lake
overcurrent relay). These upgrades are pending CPJ approval.

2) 35 MW post Manitoba Hydro's Load Serving Upgrades (i.e. upgrade of the Raven Lake
overcurrent relay).

The cost estimate for a 10 MW or 35 MW wind farm would be the same, however, the wind farm size
depends on approval of the Manitoba Hydro load serving project involving the Raven Lake overcurrent
relay.

The final cost estimate would be reduced by $13,665,000 without the line reconductoring and resagging.
This would result in a total Manitoba Hydro Interconnection Facilities Cost Estimate of $10,210,100 for a
10 MW or 35 MW wind farm.
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1. Introduction

1.1. Background

This report documents the results of an Interconnection Facility Study for a 120 MW wind farm near the
town of Erikson, Manitoba. The time to in-service date is expected to be 21 months after the IOA has
been signed and the environmental licenses have been received. A detailed project schedule is included
in Appendix D.

The Generator has indicated that the wind turbines could be installed in Section 6, Township 16 Range
18 West. For the purposes of this study, the Generator’s distribution station is assumed to be 40 km away
from the Minnedosa 110 kV station. Appendix B provides a single line diagram for the major Manitoba
Hydro Interconnection Facilities required to connect the wind farm into the 110 kV Minnedosa station bus.
The maijor Interconnection Facilities required to connect the wind farm into the 110 kV station bus include
one 110 kV circuit breaker within the Minnedosa station (and associated equipment) plus a 40 km 110 kV
line. The line is assumed to have a 795 MCM ACSR 26/7 conductor, 100 deg C design temperature
(188.2 MVA summer thermal rating). A minimum of one motor-operating disconnect is required at the
Point of Interconnection (i.e. high side of Generator’s 34.5-110 kV step-up transformer). MH requires
visual isolation as well as the ability to automatically isolate the Generation Facility. The Generator must
provide its own high side breaker; MH will not provide primary protection for Generator’'s equipment due
to liability concerns.

A Manitoba Hydro Interconnection Facilities cost estimate is summarized in Section 10. The details of the
cost estimate and the assumptions behind this cost estimate are included in Appendix A, along with a
description of the scope of work.

The collector system voltage level was assumed to be 34.5 kV. One 34.5 -110 kV transformer was
modeled between the collector system and the high voltage grid to step up the voltage to 110 kV. A 40
km 110 kV line from the Manitoba Hydro system at the Minnedosa 110 kV station is connected to the high
side of the step up transformer. This connection point is identified as the Point of Interconnection (POI).

A 110 kV switching station is located at Minnedosa. Two 110 kV lines terminate in this station. A 30.42
km line extends to Neepawa (NM10), and an 8.85 km line terminates at MR11-TAP (MR11). Figure 1-1 is
a single line diagram showing the existing facilities connected to the Minnedosa 110 kV station, along
with the connection of the potential Erikson wind farm.

1 2 L3 4
NM10
Cg ) MR11
MH Rural N
Load Erikson Wind
Farm
Via 40km line

Figure 1-1. Existing Minnedosa station single line diagram, with dashed lines showing wind farm
connection.

Please note in Figure 1-1 that any contingency resulting in the loss of both 110 kV lines MR11 and NM10
at Minnedosa, the Erikson wind farm will become isolated onto local area load. In order to prevent this

situation from occurring, there are two possible mitigation measures. The first is that protection logic could
be installed to trip the Erikson wind generation if the Minnedosa ring becomes open in breaker positions 2
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and 4. The second, as shown in Figure 1-2, is that line MR11 could be re-terminated between breaker
positions 3 and 4, with the Erikson wind farm then terminated between breaker positions 1 and 4, in order
that a breaker fail event could not isolate the wind farm onto local load.

1 2 L3 4
NM10 MR11 _L._ Erikson Wind
.’/ s Farm
MH Rural .~ ' Via 40km line
Load ==

Figure 1-2. Reconfigured Minnedosa station single line diagram to prevent isolation of wind farm
onto load.

Station Design has indicated that it will be easier to implement the special protect option.

1.2. Objectives
The Interconnection Facilities Study objectives are to:

address the system reliability limitations

determine short circuit impacts

determine special protection requirements (e.g. breaker fail, generator cross trip)
determine communication requirements including SCADA monitoring

satisfy any requirements of the Regional Reliability Orgranization

determine a good faith cost estimate of all the interconnection facilities
determine a good faith construction schedule estimate

1.3. MH Technical Requirements for Generator Interconnection

Please refer to Appendix C for additional technical requirements not discussed in the body of the report.
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2. Interconnection System and Network Upgrades

There are two types of Interconnection Services available:

1. Energy Resource Interconnection Service (ERIS)
As stated in the Manitoba Hydro Open Access Interconnection Tariff (OAIT), “ERIS allows the
Generator to connect the Facility to the System and be eligible to deliver the Facility’s output
using the existing firm or non-firm capacity of the Transmission System on an “as available”
basis. ERIS does not in and of itself convey any right to deliver electricity to any specific customer
or Point of Delivery.” ERIS requires Transmission Owner Interconnection Facilities and
Interconnection System Upgrades, but not Network Upgrades.

2. Network Resource Interconnection Service (NRIS)
As stated in the Manitoba Hydro Open Access Interconnection Tariff (OAIT), “NRIS requires
Manitoba Hydro to conduct the necessary studies and construct the Interconnection System
Upgrades needed to integrate the Facility in a manner comparable to that in which Manitoba
Hydro integrates its generating facilities to serve Native Load Customers. NRIS allows
Generator’s Facility to be designated as a Network Resource, up to the Facility’s full output, on
the same basis as existing Network Resources interconnected to Manitoba Hydro’s System, and
to be studied as a Network Resource on the assumption that such a designation will occur.”
NRIS in and of itself does not convey any right to deliver electricity to any specific customer or
Point of Delivery. NRIS requires Transmission Owner Interconnection Facilities, Interconnection
System Upgrades and Network Upgrades.

The Erikson Wind farm is not eligible for NRIS. The Generator has requested ERIS and at a later date will
submit a Transmission Service Request, therefore only Transmission Owner Interconnection System
Upgrades and Interconnection System Upgrades are identified. Transmission Owner Interconnection
System Upgrades and Interconnection System Upgrades are the minimum necessary upgrades required
to interconnect to the MH system and meet reliability criteria. A re-dispatch to the nearest existing
Manitoba Hydro network resource is used as a test for Interconnection System Upgrades. For Erikson
Wind farm, the nearest MH network resource is Dorsey. Where a facility is overloaded, dynamic line
rating equipment could be installed to allow the operators to send a timely MW curtailment level to the
plant.

To deliver any energy from the Erikson wind farm the generator must submit a separate Transmission
Service Request under Manitoba Hydro’s Open Access Transmission Tariff.
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3. Steady State Analysis

The Generator has requested the proposed generation facility be considered an Energy Resource
Interconnection Service (ERIS). As an energy resource, the impacts of scheduling to the Dorsey HVDC
generation were evaluated.

3.1. Study Power Flow Models

Steady state post-disturbance analysis was performed using the following 2005 series MAPP base case
powerflows:

A. 2009 summer peak — Existing firm generation plus queued generation at Pine Falls (5 MW),
Great Falls (4 MW), Kelsey (15 MW), and Point du Bois (120 MW).

B. 2009 summer off peak — Existing form generation plus queued generation noted above.

C. 2009 winter peak — Existing form generation plus queued generation noted above.

All powerflow models included the Arrowhead-Weston line and Langdon wind generation with Langdon-
Hensel 110 kV line. Dorsey was used as the sink for the proposed Erikson wind generation. St. Leon wind
was set to its maximum output of 99 MW. In order to accommodate the Erikson 120 MW wind
interconnection, the MR11 network at Raven Lake will be re-instated.

Sensitivity analysis to Manitoba Hydro Export (MHEX) and North Dakota Export (NDEX) was performed
for both 2009 summer and winter peak cases. The Manitoba Hydro generation was adjusted to typical
generation levels to achieve the transfer levels listed in Table 3-1.

Table 3-1. Tie line transfers.

Case | MHEX | NDEX | MH-OH | MH-SP Net | B10T(south) | F3M (south)
MwW) | (MW) | (MW) | (MW) (MW) (MW)

2009 Summer Peak

SP1 | 1700* | 300 200 -25 165 150

SP2 | 1700* | 1950 | 200 -25 165 150

2009 Summer Off Peak

S03 [-700 [1950 [0 | -25 | -165 | -150

2009 Winter Peak

WP4 | -700 0 0 -25 -165 -100

WP5 | -700 1950 | 0O -25 -165 -100

* MHEX target of 2175 MW for summer peak cases could not be reached because Dorsey HVDC output
reached its maximum at MHEX of 1700 MW. Brandon generators are out-of-service for all the above
powerflow cases.

Table 3-2 summarizes the output from each generator for the various power flow cases. The associated
transmission upgrades for the queued generation, identified earlier, are included in the analysis.
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Table 3-2. Generation dispatches.

Case
Plant

SP1 SP2 SO3 WP4 WP5
Limestone 1337.0 | 1337.0 | 353.0 | 945.0 | 998.0
Long Spruce 1025.0 | 1025.0 | 271.0 | 725.0 | 765.0
Kettle 1198.2 | 1198.2 | 310.8 | 8224 | 875.8
Jenpeg 139.8 | 139.8 | 139.8 | 139.8 | 139.8
Kelsey 2526 |252.6 | 150.0 | 180.0 | 180.0
Grand Rapids | 479.9 | 479.9 | 50.0 236.4 | 236.4
Pine Falls 94.6 94.6 15.0 28.0 28.0

McArthur Falls | 56.5 56.5 7.0 20.5 20.5

Great Falls 139.2 | 139.2 | 23.0 441 44 1

Seven Sisters | 165.4 165.4 | 28.0 57.5 57.5

Slave Falls 68.0 68.0 20.0 33.0 33.0

Pointe du Bois | 78.8 78.8 32.0 37.0 37.0

Brandon - - - - -
Selkirk 145.0 | 145.0 | 0.0 145.0 | 0.0
St. Leon Wind | 99.0 99.0 99.0 99.0 99.0
Kettle_AC 0.0 0.0 0.0 100.0 | 100.0
Total 5279.0 | 5279.0 | 1498.6 | 3612.7 | 3614.1

3.2. Contingencies
The following contingencies were studied using PSS/E activity ACCC (AC contingency analysis):

System intact:
e N-1 contingencies for all transmission lines and transformers 110 kV and above within Manitoba
including tie lines.
e N-2 contingencies for all 110 kV and above double-circuit outages in Manitoba and breaker fail
outages approximately two buses’ back from the Minnedosa station (i.e. at Neepawa, Cornwallis)

Prior Outages (D14S, S53G, S60L, Y51L, G37C, D12C, D54C, C28R, MR11, NM10, B69R, V38R):
¢ N-1 contingencies for all transmission lines and transformers 110 kV and above within Manitoba
including tie lines.

Steady state analysis was assessed with Erikson wind generation scheduled to Dorsey DC generation
(AGC plant).

Facilities identified in the post-disturbance analysis were flagged if loading exceeded 100% and if the
system intact power flow or contingency power flow resulted in a power transfer distribution factor (PTDF)
or an outage transfer distribution factor (OTDF) greater than 5% or 2%, respectively. Branch loadings
were monitored using PSSE Rate A for system intact conditions and PSSE Rate C following a
contingency. Bus voltages lower than 0.90 pu were flagged. Mitigation is required for overloads in which
the wind generation has a PTDF greater than or equal to 5% or an OTDF greater than or equal to 2%.

' The IFS study did not look at breaker fail scenarios at Brandon or Victoria 110 kV stations.
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3.3. Planning Criteria — Transmission Line Overloads

Manitoba Hydro thermal loading criteria does not allow short-term overload for single contingency
(category B) events. A short-term overload of up to 115% may be allowed for multiple contingency
events (Category C such as double circuit common tower outages) on a case-by-case basis. If a short-
term overload rating is applied, it is necessary to be able to reduce the loading to within the steady state
thermal rating within 30 minutes of the overload occurrence.

If the overloaded segment of a transmission line is station equipment rather than the line conductor, the
overload capability for that piece of equipment will be individually assessed. Transformers are considered
to have a 30-minute 119% Rate A summer overload rating.

3.4. Mitigation for Reliability Limitations

Several thermal overloads were identified through steady state contingency analysis in the
Interconnection Evaluation Study (IES) that required detailed investigation. N-1 and N-2 contingencies
were studied for system intact conditions. N-1 contingencies were also studied for critical 230 kV prior
outages.

The following sections provide details on the worst case overloads for which the wind generator ODTF is
2% or greater or PTDF is 5% or greater. For information purposes, please refer to Appendix E for a list of
the worst case thermal overloads with OTDFs greater than or equal to 2%.

Voltage violation impacts of 1% or greater are also listed.

All of the upcoming identified upgrades are considered to be Interconnection System Upgrades.

3.4.1. System Intact

All Summer Peak (SP) and Summer Off peak (SO) powerflow cases tabulated in Table 3-1 were used to
determine the impact of N-1 and N-2 contingencies. This system intact analysis was performed in addition
to the system intact analysis that was already performed during the Erikson IES [2] study. The analysis
was repeated in the IFS in order to evaluate the sensitivity of re-instating line MR11 at Raven Lake and to
evaluate sensitivity to MH-SP import of 25 MW under critical load conditions. Please note that the study
presented in the Erikson IES report had assumed that line MR11 was open at Raven Lake. Please also
note that the IES studied year 2014 cases whereas the sensitivity analysis in this IFS was only performed
on year 2009 cases.

In addition, sensitivity to MR11 and NM10 flow was tested for summer off-peak conditions to ensure the
proposed upgrades are sufficient over a range of local area power flows.

3.4.1.1. IES System Intact Analysis

Table 3-3 shows the worst overloads for 2009 summer peak (SP09), 2009 winter peak (WP09) and 2014
summer peak (SP14) cases for n-1 contingencies that were recorded during the IES. All of these
overloads require system upgrades and the overloads marked in bold text correspond to the worst
overload for each of the four overloaded lines. All of these overloads appeared only in powerflow cases
with wind generation and were not present in the base cases before wind generation is connected.

Table 3-3. Overloads requiring system upgrades

Overloaded | Connection Case | Rate C | Contingency | Highest Overload
Element (MVA) After wind (%)
BN5 BRANDON (67519 )to | SP14 | 81.2 MR11 111.6
NEEPWA (67521)
NM10 MINNEDOSA(67520) to | SP09 | 81.2 MR11 146.7
NEEPWA (67521 ) SP14 | 81.2 MR11 145.1
MR11 MINNEDOSA(67520) to | SP09 | 81.2 NM10 138.3
MR11-TAP(67717) SP14 | 81.2 NM10 137.8
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Overloaded | Connection Case | Rate C | Contingency | Highest Overload
Element (MVA) After wind (%)
MR11 MR11-TAP (67717) to SP09 | 81.2 NM10 138.2
RAPD CTY(67718) SP14 | 81.2 NM10 137.7
MR11 RAPDCTY(67718) to SP09 | 57.2 NM10 194.3
VICTORIA AVE(67720) | WPO | 70.3 NM10 143.6
9
SP14 | 57.2 NM10 193.6
3.4.1.2. IFS System Intact Sensitivity Analysis

Table 3-4 tabulates the worst overloads for N-1 and N-2 breaker fail contingencies under system intact
conditions that were recorded during the IFS sensitivity analysis. All of these overloads appeared only in
powerflow cases with wind generation and were not present in the base cases before wind generation is
connected. The overloads seen in the IFS analysis are very similar to the IES analysis, in fact they are a
few percent lower, therefore no change is required to what was presented in the IES report. Please note
that line BN5 overload does not show up in the IFS analysis because it occurs during the year 2014 case
which was not studied in the IFS system intact sensitivity analysis.

Table 3-4. Worst overloads under system intact conditions

Overloaded Rate C | Contingency Highest Overload
Element Connection Case | (MVA) After wind (%)
NM10 MINNEDOSA(67520) | SO3 | 81.2 MR11+RAVEN LAKE TF | 138.2

to NEEPWA (67521)
MR11 MINNEDOSA(67520) | SO3 | 81.2 NM10, NM10+BN5 138.8

to MR11-TAP(67717)
MR11 MR11-TAP (67717)to | SP1 | 81.2 NM10 135.8

RAPD CTY(67718)
MR11 RAPDCTY(67718)to | SP1 | 57.2 NM10 191.0

VICTORIA (67720)

Sensitivity to line MR11 and NM10 power flow was tested for summer off-peak conditions. The MR11 and
NM10 line upgrades proposed in this report are sufficient over the range of MR11 and NM10 power flows
that were tested. These system intact flows and corresponding contingency overloads are listed in Table

3-5.

Table 3-5. Sensitivity to MR11 and NM10 Power Flows (Summer Off-Peak).

Line | Section Rating | System intact Overloads (% of MVA)
(MVA) | (MVA)
Loss of MR11 Loss of NM10 Loss of C28R
1 2 3 1 2 3 1 2 3 1 2 3
NM10 [ MINNEDOSA | 81.2 63 | 46 | 35 | 138.2 | 1375 | 138.1 | - - - - - -
—-NEEPWA
MR11 | RAVENLAKE 81.2 13 | -23 | -45 | - - - - - - - - -
— MR11 TAP
MR11 | MINNEDOSA- | 81.2 51 | 68 | 78 - - - 138.8 | 139.3 | 138.8 | - - 105.8
MR11 TAP
MR11 | MR11-TAP - 81.2 63 | 45 | 33 - - - 135.8 | 131.0 | - - 1148 | -
RAPD CTY
MR11 | RAPDCTY- 57.2 63 | 45 | 33 - - - 191.0 | 1848 | - - 161.7 | -
VICTORIA
3.4.1.3. Summary of System Intact Analysis

Combining the worst case results of Tables 3-4 and 3-5, Table 3-6 below lists the minimum required
Interconnection System Upgrades required as a percentage of the existing thermal line rating as
determined by steady state analysis.
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Table 3-6. Required Interconnection System Upgrades
Overloaded Rate C Highest Overload after Wind (%)
Element Connection (MVA) (highest of IES and IFS analysis)
BN5 BRANDON (67519 )to | 81.2 111.6
NEEPWA (67521)
NM10 MINNEDOSA(67520) to | 81.2 146.7
NEEPWA (67521)
MR11 MINNEDOSA(67520) to | 81.2 138.8
MR11-TAP(67717)
MR11 MR11-TAP (67717) to 81.2 138.2
RAPD CTY(67718)
MR11 RAPDCTY(67718) to 57.2 194.3
VICTORIA (67720)

Please refer to Appendix E1 for a complete list of worst case overloads under system intact conditions.

The overloaded lines and corresponding mitigation are described as follows:

1) Brandon to Neepawa 110 kV line BN5

The thermal rating of line BN5 is 81.2 MVA in summer and 124.8 MVA in winter. The line rating is
limited by the line conductor and risers at both Brandon and Neepawa ends.

The line conductor type is 336.4 MCM ACSR 26/7 and it is sagged to 75 deg C. Line BN5 will need to
be re-sagged to 100 deg C, which will increase the line conductor thermal rating by 35.7% to 108.6
MVA in summer and by 13.7% to 141.9 MVA in winter.

Risers at both ends of line BN5 will also require replacement to match the new line rating. After these
upgrades, the thermal rating of line BN5 will be 108.6 MVA and 141.9 MVA in summer and winter
respectively.

2) Minnedosato Neepawa 110 kV line NM10

The thermal rating of line NM10 is 81.2 MVA in summer and 124.8 MVA in winter. The line rating is
limited by the line conductor and risers at both Minnedosa and Neepawa ends.

The line conductor type is 336.4 MCM ACSR 26/7 and it is sagged to 75 deg C. Re-sagging line
NM10 to 100 deg C would increase the line conductor thermal rating by 35.7% to 108.6 MVA in
summer but this increased rating would not be sufficient to cater to the 2009 summer peak overload
of 146.7%. Therefore, line NM10 needs to be re-conductored with same size ACSS conductor
sagged to 150 deg C. This will increase the line conductor thermal rating by 79.6% to 145.8 MVA in

summer and by 31.0% to 163.5 MVA in winter.

Risers at both ends of line NM10 will also require replacement to match the new line rating. After
these upgrades the thermal rating of line BN5 will be 123.3 MVA (151.8%) in summer, limited by
disconnects at both ends.

3) Minnedosato MR11-Tap 110 kV line MR11

The thermal rating of line MR11 between Minnedosa and MR11 Tap is 81.2 MVA in summer and
124.8 MVA in winter. The line rating is limited by the line conductor.

The line conductor type is 336.4 MCM ACSR 26/7 and it is sagged to 75 deg C. Re-sagging this line
to 100 deg C would increase the line conductor thermal rating by 35.7% to 108.6 MVA in summer but
this increased rating would not be sufficient to cater to the 2009 summer peak overload of 138.3%.
Therefore, this line also needs to be re-conductored with same size ACSS conductor sagged to 150
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deg C. This will increase the line conductor thermal rating by 79.6% to 145.8 MVA in summer and by
31.0% to 163.5 MVA in winter.

After this upgrade the thermal rating of line MR11 between Minnedosa and MR11 Tap will be 135.1

MVA (166.4%) in summer, limited by a disconnect at the Minnedosa end.

4) MR11-Tap to Rapidcity 110 kV line MR11

The thermal rating of line MR11 between MR11 Tap and Rapid City is 81.2 MVA in summer and
124.8 MVA in winter. The line rating is limited by the line conductor.

Similar to the MR11 line section between Minnedosa and MR11-Tap, this line section also needs to
be re-conductored with same size ACSS conductor sagged to 150 deg C. This will increase the line
conductor thermal rating by 79.6% to 145.8 MVA in summer and by 31.0% to 163.5 MVA in winter,

hence catering to the 2009 summer peak overload of 138.2%.

After this upgrade the thermal rating of the MR11 line section will be 145.8 MVA and 163.5 MVA in
summer and winter respectively.

5) Rapid City to Victoria 110 kV line MR11

The thermal rating of line MR11 between Rapid City and Victoria is 57.2 MVA in summer and 70.3
MVA in winter. The line rating is limited by the line conductor, risers and a CT at the Victoria end.

The line conductor type is 226.8 MCM ACSR 26/7 and it is sagged to 75 deg C. Re-sagging this line
to 100 deg C would increase the line conductor thermal rating by 63.3% to 93.5 MVA in summer but
this increased rating would not be sufficient to cater to the 2009 summer peak overload of 194.3%.
Therefore, the line needs to be re-conductored with same size ACSS conductor sagged to 150 deg C.
This will increase the line conductor thermal rating by 154.8% to 145.8 MVA in summer and by
142.2% to 170.3 MVA in winter.Risers and a CT at the Victoria end also require replacement to match
the new line rating.

After these upgrades the thermal rating of line MR11 between Rapid City and Victoria will be 123.3
MVA (215.6%) in summer and 165.8 MVA (235.8%) in winter, limited by a disconnect at the Victoria

end.

Table 3-7 summarizes the required Interconnection System Upgrades along with the corresponding new
line ratings and the percentage increase above the existing thermal ratings. Regardless of the point of
delivery of the wind farm power, these line upgrades will be required. Lines MR11 and NM10 are the only
two outlet lines at the Minnedosa 110 kV station. Loss of either outlet line will overload the remaining
intact outlet line, as these lines only have a thermal rating of 81 MVA and the entire wind farm output is
forced to flow through the remaining intact outlet line. Line BN5 is not directly an outlet line, however if
Minnedosa line MR11 trips, all of the wind farm power will be forced to flow to Neepawa 110 kV station, at
which point Neepawa line BN5 will also overload.

Table 3-7. Mitigation for Reliability Limitations.

New Increase
Facility | Section Equipment Upgrade / Operating Guidelines ;:{?nn;er ];Er;ir;ting
(MVA) Rating (%)
BN5 Brandon to Re-sagging of line conductor to 100 deg C. 108.6 133.7
Neepawa Riser replacements at each end.
NM10 Minnedosa to | Re- conductoring of line with same size ACSS | 145.8 151.8
Neepawa sagged to 150 deg C.
Riser replacements at each end.
MR11 Minnedosa to | Re- conductoring of line with same size ACSS | 135.1 166.4
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New Increase
Facility | Section Equipment Upgrade / Operating Guidelines g:?nn;er ];Ergir:ting
(MVA) Rating (%)
MR11-Tap sagged to 150 deg C.
MR11-Tap to | Re- conductoring of line with same size ACSS | 145.8 179.6
Rapid City sagged to 150 deg C.
Rapid City to | Re- conductoring of line with same size ACSS | 123.3 215.6
Victoria sagged to 150 deg C.
Riser replacements at Victoria end.
CT replacements at Victoria end.

3.4.2. Critical Prior Outages

All Summer Peak (SP) and Winter Peak (WP) powerflow cases tabulated in Table 3-1 were used to
determine the impact of N-1 contingencies during critical 110 kV and 230 kV prior outage situations.

Critical outages studied included lines:
e D14S from Dorsey to St. Leon
S53G from St. Leon to Glenboro
S60L from St. Leon to Letellier
Y51L from Laverendrye to Letellier
G37C from Glenboro to Cornwallis
D12C from Dorsey to Cornwallis
D54C from Dorsey to Neepawa to Cornwallis
C28R from Cornwallis to Reston
MR11 from Raven Lake to Minnedosa and Victoria
NM10 from Minnedosa to Neepawa
B69R from Birtle to Raven Lake
V38R from Vermilion to Raven Lake.

For overloads that are impacted by the wind generation during prior outage conditions, the Generator has
requested to be curtailed as necessary to prevent the overload from occurring, rather than implementing
line/equipment upgrades. Please refer Appendix E2 for a complete list of worst case overloads under
prior outage conditions.

The prior outage N-1 contingency analysis found eight lines/transformers overloaded due to the Erikson
wind generation. Four of these include:
¢ McPhillips transformer banks 8 and 9 — These are known base case overloads that require an
operating guideline for mitigation by adjusting the phase shifters.
e 110 kV line BN5 from Brandon to Neepawa — no worse than system intact overloads
e 110 kV line NM10 from Minnedosa to Neepawa — no worse than system intact overloads
e 110 kV line MR11 Minnedosa to MR11-TAP — no worse than system intact overloads

Because these overloads are no worse than system intact overloads, they are automatically mitigated by
the required Interconnection System Upgrades listed in Table 3-7.

The remaining four overloaded lines that are impacted by the Erikson wind farm and whose overloads are
higher than those observed in system intact analysis are listed in Table 3-8. These lines include 230 kV
line G37C from Glenboro to Cornwallis and three sections of 110 kV line MR11. Text in red indicates
overloads that are not already mitigated by the Interconnection System Upgrades listed earlier in Table 3-
7 for system intact analysis. The overloads in red will result in the need to curtail the Erikson wind farm for
the corresponding prior outages highlighted in red.
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Table 3-8. Overloads during the 110 kV and 230 kV critical prior outages (that are worse than

system intact)

% Overload

% Increase

S| Prior Powerflow indljzttigg
Line iz ?SUnAQ)] Outage CamingEne; Before | After Qrble Case Upgrades
Wind Wind listed in
Table 3-6
G37C 279.7 Y51L D14S 1045 | 1106 | 14.2 SP1 n/a
D14S NM10 - | 1402 | NEW SP1
S53G NM10 -] 141 ] NEW SP1
Y51L NM10 - | 1424 | NEW SP1
MR11 (Rapid 612 D12C NM10 - | 1434 NEW SP1
City to MR11- D54C NM10 - | 1427 | NEW SP1 179.6
Tap) C28R NM10 -1 1686 | NEW sP1
NM10 7 C28R -| 1682 | NEW SP1
B69R NM10 -| 16655 | NEW SP1
C28R NM10 -| 1584 | NEW SP2
D14S NM10 -| 1972 NEW SP1
S53G NM10 -| 1984 | NEW SP1
Y51L NM10 -| 2004 | NEW SP1
_ D12C NM10 -] 2017 | NEW SP1
C'\ifyR:;\%fgr'i‘;) 57.2 D54C NM10 -| 2008 | NEW SP1 215.6
C28R NM10 1013 | 2376 | 65.0 SP1
NM10 7 C28R 100.9 | 2369 | 64.8 SP1
B69R NM10 -| 2345 NEW SP1
C28R NM10 -| 2231 ] NEW SP2
MR11 (Raven n/a
Lake to MR11- | 118.7 C28R 4 ABV -| 101.8| NEW WP5
Tap)

For prior outages of lines C28R, NM10 and B69R, it would be necessary to curtail the Erikson wind farm
in order to mitigate potential overloads on 110 kV line MR11.

For a prior outage of line Y51L, and subsequent loss of line D14S, line G37C becomes overloaded for the
base case before wind, and is made worse by the Erikson wind farm, therefore the wind farm may also
require curtailment for a prior outage of line Y51L.

3.4.3.

Steady State Voltage Violations

There were no steady state voltage violation impacts greater than 1% during system intact conditions.

However, there are voltage violations at 230 kV Raven Lake and Birtle buses for N-1 contingencies
during the prior outage conditions. These voltage violations are tabulated in Table 3-9.
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Table 3-9: Prior outage voltage violation with impact greater than 1%

Bus details Prior Contingency Voltage
Name | Number Outage Case SP1 Case SP2
Before After Before After
Wind Wind Wind Wind
Raven 67562 B69R V38R 0.89137 1.10445 0.89292 1.10594
Lake V38R B70H 111523 | 1.12645 | 111719 | 1.12777
gl(;"ﬂteh 67578 V38R B70H 1.11624 1.12747 1.1182 1.12879

Please note that both of these voltage violations were observed when the 110/230 kV Raven Lake
transformer is connected to the Manitoba Hydro network only from the 110 kV side. These contingencies
isolate the Raven Lake and/or Birtle 230 kV buses from the rest of the 230 kV network. The remaining
230 kV line and the Raven Lake transformer should be trip. Operating studies would be required to
determine appropriate mitigation.

3.5. Summary of Interconnection System Upgrades

The following upgrades as listed in Table 3-10 are the Interconnection System Upgrades. All of these
upgrades are required only after the wind generation is connected and are required regardless of the
point of delivery.

Table 3-10. Mitigation for Reliability Limitations.

New
Facility | Section Equipment Upgrade / Operating Guidelines g:{?nrger
(MVA)
BN5 Brandon to Re-sagging of line conductor to 100 deg C. 108.6
Neepawa Riser replacements at each end.
NM10 Minnedosa to | Re- conductoring of line with same size ACSS | 145.8
Neepawa sagged to 150 deg C.
Riser replacements at each end.
MR11 Minnedosa to | Re- conductoring of line with same size ACSS | 135.1
MR11-Tap sagged to 150 deg C.
MR11-Tap to | Re- conductoring of line with same size ACSS | 145.8
Rapid City sagged to 150 deg C.
Rapid City to | Re- conductoring of line with same size ACSS | 123.3
Victoria sagged to 150 deg C.
Riser replacements at Victoria end.
CT replacements at Victoria end.

For prior outages of lines C28R, NM10 and B69R, it would be necessary to curtail the Erikson wind farm
in order to mitigate potential overloads on 110 kV line MR11.

For a prior outage of line Y51L, and subsequent loss of line D14S, line G37C becomes overloaded for the
base case before wind, and is made worse by the Erikson wind farm, therefore the wind farm may also
require curtailment for a prior outage of line Y51L.

For situations requiring wind farm curtailment, at minimum the wind farm must be able to receive a
curtailment signal from Manitoba Hydro System Control Centre (MH SCC) at any time of the day (24

hours). If this capability is not provided, a more direct method of wind farm curtailment would be
necessary, such as direct MW control capability from MH SCC. This would have cost implications that are
not included in the IFS estimate.
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4. Wind Farm Special Protection Scheme

Figure 4-1 depicts the Minnedosa ring bus configuration chosen for this project. As is evident in Figure 4-
1, it would possible for the Erikson wind farm to become isolated onto local load if the Minnedosa ring bus
became open in breaker positions R2 and R4. Protection logic would have be installed to prevent this
situation from occurring by tripping the Erikson wind farm should breakers 2 and 4 be open at the same
time.

1 2 .3 L 4
NM10 MRA1
MH Rural + S !Erikson Wind
Load Se- Farm
Via 40km line

Figure 4-1. Minnedosa Ring Bus with Erikson Wind Farm Connection with existing MR11 Termination.
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5. DFIG Wind Turbine Model

The wind turbines used in this study are the variable-speed type consisting of a doubly-fed wound rotor
induction generator. They are capable of fast voltage control over a power factor operation range of 0.95
overexcited to 0.9 underexcited.

In PSS/E, the wind farm was represented as one aggregate generator operating at 575 V. The aggregate
generator was stepped up to 34.5 kV via a 140 MVA transformer of 5.0% impedance. The 34.5 kV
collector system was stepped up to the 110 kV connection voltage level via a 140 MVA transformer of
8.5% impedance. A 40 km 110 kV transmission line connected the Erikson wind farm to the 110 kV
Minnedosa station.

An IPLAN was used to add the wind farm to the PSS/E large system model. Detailed PSS/E user models
representing the DFIG turbine were used to perform the stability analysis.

5.1. Important Note Regarding Transformer and Collector System Data

The study originally assumed the 34.5-110 kV 140 MVA transformer was equipped with an on-load tap
changer (OLTC) controlling the 34.5 kV voltage to near 1.0 pu voltage. The transformer data was based
on data from an existing transformer with tap steps of 0.6%.

Sensitivity analysis was performed with the transformer OLTC disabled and the tap set to unity. The
undervoltage and overvoltage ride-through tests were re-run. The undervoltage ride-through tests were
still within criteria. The overvoltage ride-through tests were slightly more affected. In order to find the
worst-case overvoltage at the wind generator bus, the wind farm was set to 50% power output while
controlling the point of interconnection to 1.05 pu. Instead of the 1.15 pu transient overvoltage seen in the
original studies using at OLTC, the wind generator bus voltage transiently reached 1.172 pu for
approximately 20-30 ms. This is still within the turbine ride-through capability of 1.20 pu for 100 ms,
however because the collector system data was not available for use in the studies, and especially if the
34.5-110 kV transformer data would differ from that which was used in this studies, it is desired to have
some margin for error when performing the overvoltage ride-through tests as both of these factors would
influence the voltage seen at the wind generator bus. Therefore it would be recommended to install an
OLTC on the 34.5-110 kV transformer to control the steady state 34.5 kV bus voltage.

Please note that if the final transformer impedance differs sufficiently from the impedance used in the IFS
study, sensitivity analysis to transformer impedance may be required to be performed.
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6. Frequency, Voltage and Reactive Power Requirements

This section describes the turbine capabilities in comparison with the MH interconnection requirements.
The next section will demonstrate these capabilities through transient stability simulations.

6.1. Turbine Overfreguency/Underfrequency Ride-Through Capability

A typical generator connected to the MH network should stay connected if the frequency remains within
the limits given in Table 6-1.

Table 6-1. MH Frequency Ride-Through Requirements.
Time Underfrequency (Hz) | Overfregency (Hz)
Continuous | 60.0-59.0 60.0-61.5
10 minutes | 59.0-58.7 61.5-62.0
30 seconds | 58.7-57.5 62.0-63.5

The DFIG turbine frequency ride-through capability is summarized in Table 6-2.

Table 6-2. DFIG Turbine Frequency Ride-Through Capability (as per standard PSS/E GE model).

Time Underfrequency Hz) | Overfreqgency (Hz)
Continuous | 60.0-57.5 60.0-61.5

30 seconds 61.5-62.5

10 seconds | 56.5-57.5

The wind turbine does not have adequate over-frequency ride through capability. In Manitoba, frequency
may rise up to 63 Hz for 10 seconds immediately following a major disturbance that results in the MH
Transmission System from separation from the North American Grid. Manitoba Hydro will permit the
generator interconnection as this IFS study has determined that for existing disturbances the over-
frequency capability of 61.5 to 62.5 Hz for 30 seconds of the turbine is adequate at the Minnedosa point-
of-interconnection. The wind farm will demonstrate that it can meet Manitoba Hydro frequency ride
through requirement. The wind turbine has adequate under-frequency ride-through capability.

6.2. Turbine Overvoltage/Undervoltage Ride-Through Capability

Table 6-3 summarizes the overvoltage and undervoltage requirements at the Minnedosa 110 kV bus
during local and remote disturbances. The worst undervoltage cases occur during 110 kV faults near the
Minnedosa station. The worst system overvoltage cases typically occur when large amounts of power
from the HVdc system are lost (e.g. trip of Manitoba-USA 500 kV line followed by an HVdc reduction, or a
permanent or temporary block of a bipole).

Table 6-3: MH Over- and Under-voltage Requirements at the Point of Interconnection.

Over-Voltage Under-Voltage
Duration Voltage (pu) Duration Voltage (pu)
Continuous 1.00t0 1.10 Continuous 0.90 to 1.00
2 sec. 1.10t0 1.30 2 sec. 0.70 t0 0.90
200 ms. 1.30 500 ms. 0.70
33 ms. >1.30 250 ms. 0.00 to 0.50
100 ms. 0.00

Figure 6-1 graphically represents the MH voltage criteria.
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Figure 6-1. Voltage Requirements for Interconnection to the Minnedosa 110 kV bus.

The DFIG wind turbine used in this study can operate continuously between 90% and 110% voltage. It
has the capability to operate up to 115% for 1.0 second, and between 115% and 120% for 0.1 seconds.
With the Zero Voltage Ride Through (ZVRT) option, the wind turbine will remain connected as long as the
voltage does not drop to 0% for more than 200 ms, at which time the voltage ride-through capability
ramps up to 75% by approximately 2.7 seconds.

The overvoltage ride-through capability of the wind turbine does not appear to meet Manitoba Hydro’s
overvoltage criteria. However, due to the fast voltage control capability of the doubly-fed induction
generator, the wind turbine controls actually aid in reducing the worst-case overvoltage at Minnedosa 110
kV bus and at the turbine 600 V generator bus, thus the wind turbine is able to ride through the worst-
case overvoltage. This is demonstrated in Section 7.3.2 of the report.

The undervoltage ride-through capability of the turbine (ZVRT option) meets Manitoba Hydro’s
undervoltage criteria. This is demonstrated in Section 7.3.3 of the report.

Stability investigation reveals that the DFIG wind turbine can successfully ride through a delayed slow-
clearing stuck breaker (NERC Category C) faults if breaker fail protection is installed at the Minnedosa

station with a breaker fail clearing time of 14 cycles. Please refer to Section 7.3.4 of the report for further
discussion.

Please refer to Appendix F for stability plots.

6.3. Reactive Power Requirements

The Manitoba Hydro Transmission System Interconnection Requirements document [1] states that any
Generation Facility greater than 10 MW comprised of induction type generators (such as may be
connected to wind turbines) must provide reactive supply that is able to control the voltage level by
adjusting the machine’s power factor between a minimum of 0.95 overexcited and 0.95 underexcited as
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measured at the Generator intermediate bus. The power factor requirements could be larger depending
on transient stability analysis.

A power factor of 0.95 at 0.90 pu voltage on a 120 MW wind farm corresponds to 40 MVAR capacitive. A
power factor of 0.95 at 1.10 pu voltage on a 120 MW wind farm corresponds to 40 MVAR inductive. Any

deficit can be made up by a fixed capacitor bank, the capacitor size being dictated by the Power Quality

requirements during switching.

The Developer shall design the wind farm to provide both the VAR requirements of the collector system
and the +/- 40 MVAR Transmission System requirements. The wind farm must be able to continuously
supply 40 MVAR at the POI when the voltage at the POl is 0.90 pu and continuously absorb 40 MVAR at
the POI when the voltage is 1.10 pu. The Developer shall verify to Manitoba Hydro that the wind farm
VAR capability at the POl is designed to meet both the collector system VAR requirements and the +/- 40
MVAR Transmission System requirements.

According to the turbine manufacture the DFIG wind turbines used in this study have inherent fast
reactive power control capability ranging from 0.95 overexicted to 0.9 underexcited in the full voltage
range of 0.90 to 1.10 pu. Therefore, the turbines meet the Manitoba Hydro reactive power requirements.
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7. Stability Investigation

Relevant stability plots are included in Appendix F.

7.1. Study Stability Models

The following four base case system models used in the transient stability analysis were based on
updated 2005 series MAPP stability models:

2009 summer off-peak system intact with maximum MH-US transfer: MHEX=2175, NDEX=1950
2009 summer off-peak system intact with maximum MH-US transfer: MHEX=2175, NDEX=300

A
B
C. 2009 winter peak system intact with minimum MH-US transfer: MHEX=-700, NDEX=1950
D. 2009 winter peak system intact with minimum MH-US transfer: MHEX=-700,

NDEX=0

Dorsey DC was the sink for the 120 MW Erikson wind farm.

7.2. Disturbances

The following NERC category B (single component) and C (multiple components) disturbances were
tested to determine the impact of the Erikson wind farm on the Manitoba-US transfer capability, using the
2009 summer off-peak stability model (Powerflow cases A & B):
I. ag1 fault — 4-cycle SLF 345 kV fault at Leland Olds on Ft. Thompson line. Stuck breaker. Clear
faulted line at 11 cycles.
Il. ei2 fault — permanent bipole fault on the CU DC line. Both Coal Creek units tripped at 0.28 seconds.
[ll. mqgs fault — SLG fault at Sherco unit #3 with breaker fail 8N28. Trip Sherco unit #3.
IV. nbz fault — 4-cycle 3-phase 500 kV fault on at Chisago on Forbes line 601. Cross-trip D602F. **This
is the Overvoltage Ride-Through test discussed in section 7.3.2**.
V. mat fault — Loss of D602F with DC reduction. **This is the Overvoltage Ride-Through test
discussed in section 7.3.2**.

The following NERC category B (single component) and C (multiple components) disturbances were
tested to determine the impact of the Erikson wind farm on the transfer capability within Manitoba, using
the 2009 summer peak stability model (Powerflow cases C & D):
I. System intact, 3-phase normal clearing faults at St. Leon 230 kV on lines D14S, S53G, S60L,
Y51L, G37C, D12C, D54C, C28R, MR11, NM10,B69R and V38R.
II. System intact, single line-to-ground stuck breaker (slow clearing) faults (determined from ACCC
analysis as candidate for stability analysis-BKF3).
lll. Prior outage, 3-phase normal clearing faults (determined from ACCC analysis as candidate for
stability analysis).
IV. mbs fault — Loss of Manitoba HVDC bipole 2 loaded at 1280 MW at Dorsey. No cross-trip of
Manitoba-Ontario tie lines. **This is the underfrequency ride-through test discussed in section
7.3.1.%

7.3. Stability Results

7.3.1. Underfrequency Ride-Through Test

The ‘mbs’ fault (loss of Manitoba HVDC bipole, no cross-trip of Manitoba-Ontario tie lines) is the
disturbance used to test the underfrequency ride-through capability of the wind turbines, as well as to
observe the impact of the wind farm on system frequency. The transient frequency is to remain above
59.6 Hz. The wind farm remained connected throughout the disturbance. There were no significant
impacts of the wind farm on the system transient frequency, and no reduction in wind output was
observed. Wind farm meets MH underfrequency criteria. Please refer to figures in Appendix F-1.
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7.3.2. Overvoltage Ride-Through Test

The ‘nbz’ fault (4-cycle 3-phase 500 kV fault at Chisago on Forbes line 601, cross-trip D602F) and ‘mat’
fault (loss of D602F with DC reduction) are the disturbance used to test the overvoltage ride-through
capability of the wind turbines. Please refer to figures in Appendix F-2.

Worst overvoltages are expected for lightly loaded summer off-peak cases and it was found that wind
turbines remained connected throughout the disturbance. The fast voltage controls of the doubly-fed
induction generator aided in reducing the overvoltage seen at the Minnedosa 110 kV bus when compared
to the case without the wind farm. The worst case overvoltage at the wind turbine reached 1.15 pu? for
approximately 30 ms. Therefore, the DFIG turbine meets MH transient overvoltage criteria.

7.3.3. Undervoltage Ride-Through Test

All of the close-in three-phase and single line-to-ground faults can be regarded as undervoltage ride-
through tests. The Erikson wind farm was observed to ride through all normal clearing close-in three-
phase and single line-to-ground faults, thereby satisfying MH transient under voltage criteria. Wind
generator bus voltage reached as low as 0.18 pu2 during the fault for a three-phase fault at the
Minnedosa 110 kV bus. The zero voltage ride-through option shows that the wind farm rides through the
fault period without tripping, as the capability of the turbines is 0 pu for up to 200 ms. Please refer to
figures in Appendix F-3.

7.3.4. System Intact with Local N-2 SLGF with Stuck Breaker

The following two breaker fail scenarios identified in steady state analysis were studied to observe the
impact of slow clearing single line to ground faults (SLGF) on the Erikson wind farm:

a. Single line to ground fault at Minnedosa on Neepawa to Minnedosa 110 kV line NM10. After 5
cycles, Neepawa end of line NM10 is tripped but breaker 2 at Minnedosa fails to operate. After 16
cycles, the fault is cleared by opening breaker 3 at Minnedosa.

b. Single line to ground fault at Cornwallis on Cornwallis to Glenboro 230 kV line G37C. After 5
cycles, Glenboro end of line G37C is tripped but breaker R4 at Cornwallis fails to operate. After
16 cycles, fault is cleared by opening 230 kV line D54C from Cornwallis and Dorsey ends.

Please note for reliability reasons that fault (a) above requires breaker failure protection to be installed at
the Minnedosa 110 kV station, with a breaker failure fault clearing time of 14 cycles.

It was found that the DFIG wind farm successfully rode through these faults without tripping. Please refer
to figures in Appendix F-4.

7.3.5. Wind Farm Power Oscillations

The Erikson Wind farm is connected to the 110 kV Minnedosa bus which is connected to the rest of the
Manitoba Hydro network through two 110 kV lines ending at MR11 tap (MR11) and Neepawa (NM10).
When either of these two lines is tripped following a fault at 110 kV Minnedosa bus, the power oscillations
at the wind generator exist for up to 3 seconds. This was observed for system intact conditions as well as
prior outage conditions for both winter peak powerflow cases. These oscillations have frequency around
2 Hz and worst damping was found to be above 3%. Please refer to figures in Appendix F-5.

Please note that sensitivity to line MR11 and line NM10 pre-contingency power flows was tested and
found to have no impact on the oscillations.

7.3.6. Critical 230 kV Prior OQutages with Local N-1 Contingencies

Three-phase line faults with normal 5-cycle clearing times were tested for critical 110 kV and 230 kV prior
outages involving branches close to Erikson Wind farm. The 110 kV and 230 kV prior outages studied in
stability analysis are: G37C, D54C, MR11, NM10, B69R and V38R. The three-phase faults tested for

2 Please note that this value is dependent on transformer impedance and collector system impedance.
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these prior outage scenarios consist of faults at lines: D14S, S53G, S60L, Y51L, G37C, D12C, D54C,
C28R, MR11, NM10, B69R, and V38R.

It was observed that Glenboro to Rugby 230 kV line (G82R) was tripped by out-of-step relay following a
three phase fault at the Dorsey end of 230 kV Dorsey to St. Leon line when Glenboro to Cornwallis 230
kV line (G37C) is out of service. However, the system recovers well without violating any performance
criteria, other than the fact that line G82R has tripped. This happens for both winter power flow cases
before and after connecting Erikson wind farm. Therefore, tripping of G82R is not a result of the Erikson
wind farm, but an issue existing prior to the connection of the wind farm.

No voltage collapse was observed for any of the above normal clearing faults. Therefore, the Erikson
wind farm does not require any prior outage curtailment for transient stability reasons.

7.4. Summary of Stability Results

Addition of wind generation in southwest Manitoba at the proposed wind site affects the power flow in line
NM10 from Minnedosa to Neepawa and in line MR11 from Minnedosa to Rapid City and Raven Lake.
Stability investigations involving numerous worst case system faults revealed that the DFIG wind turbines
proposed to be used in the Erikson wind farm meet criteria with the following stipulations:

e The wind turbines must be equipped with the Zero Voltage Ride through (ZVRT) option in order to
meet fault ride-through requirements.

o Breaker failure protection is installed at the Minnedosa 110 kV station with a minimum breaker fail
fault clearing time of 14 cycles.

Please note that the Erikson wind farm would become disconnected if line NM10 or MR11 trip during a
prior outage of line MR11 or NM10 respectively as there are only two outlet lines leaving the Minnedosa
station.

Also please note that it was found that for higher north flows on line MR11 (from the MR11 tap to Raven
Lake), an operating guideline may be required to curtail the wind farm. Determination of an operating
guideline was beyond the scope of the IFS study.
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8. Voltage Quality Analysis

8.1. Introduction

There are several types of fluctuations that can affect the voltage quality due to wind power.

1) Tower shadow effect (periodic, f = 1-2 Hz)
2) Wind turbulence (stochastic, average frequency f < 0.1 Hz)
3) Switching of windmills (single events per hour)

These phenomena, as well as others such as wind vertical gradients, contribute to voltage fluctuations or
flicker.

The tower shadow effect is caused by the wind turbine blades periodically passing the wind mill tower
three times a cycle for three-blade turbines. This results in a dip in the mechanical torque at each
passing, which is transferred to the generator shaft and subsequently seen as a dip in the output voltage.

Voltage fluctuations caused by wind turbulence are due to the stochastic as well as the gusty impact of
the wind on the turbine.

Windmill switching gives rise to voltage dips in the grid each time it happens and can occur several times
per hour.

Flicker is defined as an impression of unsteadiness of visual sensation induced by light stimulus whose
luminance or spectral distribution fluctuates with time. This may be caused by voltage variations. Applying
a flicker meter, a ten-minute time-series of measured or simulated voltage variations can be transformed
into a short-term flicker value, Pg. A Pg of 1.0 corresponds to the ‘threshold of flicker irritation’ for
rectangular voltage changes. The long-term value, Py corresponds to a period of 2 hours, calculated from

a sequence of Pg values:
1/3
12 p3 (1)
P — st,i
(3

i=1

Flicker may be caused both by the continuous and switching operations, such as start-ups, of a wind
turbine.

The emission of flicker from a wind turbine during continuous operation is adequately described by its
flicker coefficient. The flicker coefficient is a normalized measure of the flicker emission from a wind
turbine.

Measurements show that the flicker coefficient for a given turbine is a function of the wind speed at hub-
height of the wind turbine and the network impedance phase angle of the electric network.

It has been shown that the long-term flicker emission (Py) from a wind turbine during continuous operation
is equal to the short-term flicker emission (Ps).

The procedure for assessing flicker emission due to switching operations assumes that each wind turbine
is characterized by a flicker step factor k¢(yys), being a normalized measure of the flicker emission due to a
single worst-case switching operation.

The start-up of a wind turbine may cause a sudden reduction of the voltage followed by a voltage
recovery after a few seconds. Wind turbines are characterized by a voltage change factor k,(ys), and this
may be used to calculate the expected voltage dip.
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8.2. Criteria

Flicker planning levels are used by Manitoba Hydro for planning purposes and are useful for evaluating
the cumulative impact of all fluctuating loads connected to the system. The levels are specified by the
utility based on field measurement, historical experience and industry practice.

Table 8-1 lists the flicker limits used for planning new or evaluating existing installations:
Table 8-1: Flicker Limits

System Voltage (Uy) P Pt
Ug > 35 kV 0.8 0.6

Industry standards state that the flicker levels shall be at or below the planning levels, 99% of the time,
with a minimum assessment period of 1 week.

Also, starting multiple motors may appear to generate periodic fluctuations on the electrical system when
each individual motor is started several times within a given time period. To limit the potential of a flicker
problem, Manitoba Hydro requires that individual loads or sources do not introduce fluctuations, at their
Point of Interconnection, above the limits given in Table 8-1. The purpose of these limits is to ensure that
cumulative system flicker levels never exceed the threshold of irritation (i.e. Ps=1.0).

Dynamic voltage fluctuations are usually caused by motor starting, however, loss of a wind turbine due to
excessive wind can cause a brief voltage fluctuation. Dynamic voltage restrictions that are being used by
MH are based on IEC Standard 1000-3-5. The restrictions are repeated in Table .

Table 8-2: Dynamic voltage fluctuation limits (System Voltage 35 kV and greater)

Voltage Change Permissible Number of Dynamic Events
<2.0% No restriction

20-24% Twice per hour

25-29% Once per hour

3.0-34% Once every two hours

35-39% Once every four hours

40-49% Once per day

> 5% Not allowed

Current harmonics from wind turbines have drawn more attentions with the wide use of modern power
electronics. Current harmonics needs to be limited to avoid potential adversary harmonic voltages at the
PCC. The current distortion limits (95% of the time) specified by Manitoba Hydro are repeated in Table 8-
3. Even harmonics are limited to 25% of the odd harmonics listed below.

Table 8-3: MH Current Distortion Limits

Maximum Harmonic Current Distortion In Percent of ILoad and Individual Harmonic Order (odd
Harmonics )

69kV<Vbus<138kV
Isc/IL <11 11<h<17 17<h<23 23<h<25 35<h TDD
<20 2.0 1.0 0.75 0.3 0.15 2.5
8.3. Procedure for Assessment of Voltage Quality

The procedure is based on IEC 61400-21, “Measurement and Assessment of Power Quality
Characteristics of grid Connected Wind Turbines”.

8.3.1. Voltage Flicker During Continuous Operation

The 99" percentile flicker emission from a single wind turbine during continuous operation is estimated by
applying equation 2 below:
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S
Pst = Plt =C(Wk,va)-—" (2)
Sk

where

C(t//k , Va) is the flicker coefficient of the wind turbine for the given network impedance phase angle, i, at
the PCC, and for the given annual average wind speed, v, at hub-height of the wind turbine at the site;

Sh is the rated apparent power of the wind turbine;

Sk is the short-circuit apparent power at the PCC.

In the case where more than one wind turbine is connected to the PCC, the flicker emission can be
estimated from equation 3 below:

1|y 5
Pstz:Pltzzs_'\/Z(Ci(l//k’va)'Sn,i) 3)
k i=1
where
C; (‘//k , Va) is the flicker coefficient of the individual wind turbine;
Shi is the rated apparent power of the individual wind turbine;
Nt is the number of wind turbines connected to the PCC.

Equation 3 assumes that the maximum power levels between wind turbines are uncorrelated. Under
special conditions, however, wind turbines in a farm may ‘synchronize’, causing power fluctuations to
coincide. Equation 3 would then underestimate the flicker emission.

8.3.2. Voltage Flicker During Switching Operations

The flicker emission due to switching operations of a single wind turbine shall be estimated by applying
equations 4 and 5 below.

S
Py =18-Nig k¢ () - (4)
Sy
31 Sn
Re =8N ke (wi) -+ (5)
Sy
where
K, (w,) is the flicker step factor of the wind turbine for the giveny, at the PCC.

In the case where more than one wind turbine is connected to the PCC, the flicker emission from the sum
of them can be estimated from equation 6 and 7 below.

18
PstZ:S_'(z Nio, '(kf,i(‘//k)'Sn,i)s'z)'31 (6)
P
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where

N1, and Nyg; are the number of switching operations of the individual wind turbines within a 10
min and 2 h period;

Kei (W) is the flicker step factor of the individual wind turbine;

Shi is the rated power of the individual wind turbine.

8.3.3. Voltage Fluctuations

The relative voltage change due to a switching operation of a single wind turbine is estimated by applying
equation 8 below.

S
d =100k, () <" (8)
Sy
where
d is the relative voltage change in %;
k(W) is the voltage change factor of the wind turbine for the i, given at the
PCC.

In cases where more than one wind turbine is connected to the PCC, it is not likely that even two of them
will perform switching operations at the same time. Therefore, no summation effects need to be taken into
account to assess the relative voltage change of a wind turbine installation according to the IEC standard.

8.3.4. Current Harmonics

The current harmonics caused by single wind turbine is measured by the manufacture following the IEC
61400-21. The summation effect of current distortions at the PCC can be estimated with Equation 9.

9)

Where
N is the number of wind turbines connected to the PCC;

Ihis the hth order harmonic current (A) at the PCC;
n; is the raito of the transformer at th ith wind turbine;
I i is the hth order harmonic current distortion (A) of the ith wind turbine;

B is an exponent. The recommended values are 1 for h<5, 1.4 for 5<h<10, and 2 for h>10.
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8.4. Wind Turbine Voltage Quality Data

Table 8-4 lists the data that was used for the DFIG wind turbines to calculate the voltage quality analysis.
Two MVA levels were used based on the system strength. A strong system refers to normal operation
conditions and weak means that there is a prior outage of a single transmission line or transformer. The
lowest MVA level of 261 MVA was reported at 110 kV Erikson bus when the line MR11 was out of
service.

Table 8-4: Voltage quality data used for Erikson wind turbines

Rated apparent power of a wind turbine 1.65 MVA
Total number of Wind turbines 80

Short circuit level at POI (110kV Erikson Bus) - strong 555.97 MVA
Short circuit level at POI (110kV Erikson Bus) - weak 261.06 MVA
Worst flicker coefficient 6

Flicker step factor of a wind turbine 0.3

Number of Switching operations in 10 min 1°

Number of Switching operations in 120 min 8’

Voltage step factor of a wind turbine 0.5
8.5. Calculations of Voltage Quality Impact
8.5.1. Voltage Flicker

The Pst and PIt for continuous and switching operations for an individual wind turbine and for the
proposed wind farm were calculated and the results are summarized in Table 8-5 for strong and weak
system conditions.

Table 8-5: Calculations of Voltage Quality Impact for Erikson wind turbines

Strong
Calculation system Weak system
Voltage flicker during continuous operation (Pst = PIt) 0.159 0.339
Voltage flicker during switching operation, Pst 0.063 0.134
Voltage flicker during switching operation, PIt 0.053 0.113
Relative voltage change, d 0.15% 0.32%

8.5.2. Current Harmonics Distortion

Current harmonics data was not provided by the turbine manufacturer. As this is a doubly fed induction
generator, current harmonics are not expected to violate Manitoba Hydro power quality criteria. The
Generator will be responsible to mitigate any potential harmonics violations prior to being allowed to
interconnect.

8.6. Voltage Fluctuations Due to Capacitor Switching

The windfarm does not require additional switching capacitors for the reactor power compensation
purposes. There are no concerns with capacitor switching.

8.7. Voltage Fluctuations Due to Loss of Plant

The maximum step change in voltage at the 110kV Erikson bus was estimated from the power flows by
disconnecting the wind farm. When solving the power flow case to determine this maximum step change

3 Please note these numbers were not available for the specific GE turbines being studied. Typical values were assumed.
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in voltage, it was assumed that the switched shunts, transformer tap changers and the phase shifters are
locked.

A maximum voltage drop of approximately 2.5% was seen at POI for the winter peak power flow cases.
This level is acceptable only if it occurs no more than once per hour.

8.8. Summary of Voltage Quality Analysis

The voltage flicker calculations (Pst and PIt) at the Erikson wind farm are well below the standard limits
given in Table 8-1. Relative voltage changes are also well below the limits. Major impacts on the voltage
quality, based on IEC 61400-21 are not a problem due to the low flicker coefficients of the wind turbines.
Therefore, flicker is not expected to be a problem at the proposed wind farm site. The Generator will be
responsible to mitigate any potential flicker criteria violation prior to being allowed to interconnect.

The maximum voltage change (drop) at the Point of Interconnection due to the loss of the wind farm is
approximately 2.5%. This level is acceptable only if it occurs no more than once per hour.

Please note that if capacitors would be required to fulfill the reactive power requirements an appropriate
step size would need to be determined so as not to violate voltage quality criteria.
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9. Short Circuit Impacts

Short circuit analysis was performed to determine the impact of the Erikson wind farm and associated
equipment on the existing network in the immediate vicinity of the interconnection. The fault levels at 110
kV Minnedosa bus before and after the wind farm are tabulated in Table 9-1. The Manitoba Hydro 2003
Short Circuit model was used for these calculations.

According to the wind turbine manufacturer, these particular wind generators will contribute 1.0 pu rated
current (0.69 kA at 110 kV) during three phase faults and 3.0 pu rated current (1.89 kA at 110 kV) during
single line to ground faults [4]. The wind generator impedances were modified in the short circuit model
so as to produce such currents for the two types of faults.

Table 9-1: Fault level at Minnedosa 110 kV station

Fault Type Without Wind With Wind
Single line-to-ground fault 781.0 MVA /4.1 kKA 1067 MVA /5.6 kA
3-phase fault 819.0 MVA /4.3 kKA 934 MVA /4.9 kKA

The single line-to-ground fault level and three phase fault level at the Minnedosa 110 kV station were
increased by 37% and 14.7% respectively after the connection of wind farm. Table 9-2 lists the nearby
buses whose fault levels have increased with the addition of the Erikson wind farm. Fault levels before
and after the connection of the Erikson Wind farm at buses close to Minnedosa 110 kV bus are tabulated
in Appendix G.

Table 9-2. Fault Levels increased at nearby stations by more than 5%.

Bus kV | Before Wind (kA) After Wind (kA) Increase (%)

1ph 3ph 1ph 3ph 1ph 3ph
Minnedosa 110 | 4.1 4.3 5.6 4.9 37.0 14.7
Neepawa 110 | 5.0 4.1 5.5 4.3 10.2 54

The short circuit ratings of equipment at these stations have been reviewed and none are found to be
impacted by the increase in the short circuit level.

Minimum fault clearing times are 5 cycles for a 3-phase fault and 14 cycles for a breaker failure scenario.
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10. Manitoba Hydro Interconnection Facilities Cost Estimate

A detailed cost estimate of the Manitoba Hydro Interconnection Facilities and Interconnection System
Upgrades necessary to connect a 120 MW wind farm at Erikson to the 110 kV Minnedosa station was
calculated. These total costs, including Interconnection System Upgrades, were estimated to be
$23,875,100.

Transmission Owner Interconnection Facilities:

e 40 km new 110 kV transmission line

e Minnedosa 110 kV Station (1200 Amps minimum)
o New Breaker
0 any other station upgrades

Interconnection System Upgrades:

o Breaker failure protection at the Minnedosa 110 kV station with a breaker fail fault clearing
time of 14 cycles.

Communications Upgrades to support Breaker Fail protection upgrades.

Re-sagging line BN5S and replacing risers at each end

Re-conductoring line NM10 and replacing risers at each end

Re-conductoring line MR11 from Minnedosa to MR11 tap, Rapid City to MR11 tap and Rapid
City to Victoria.

Please note as stated in Section 8.8, the Generator will be responsible to mitigate any potential flicker
criteria violation prior to being allowed to interconnect. The costs associated with this mitigation are not
included in the cost estimate provided in this IFS.

The scope of work documents corresponding to the cost estimates and assumptions behind the cost
estimates for the Minnedosa, Neepawa and Brandon 115 kV stations are included in Appendix A.

Table 10-1 provides a high level summary of the cost estimate for facilities and work required at the
Minnedosa, Neepawa and Brandon 115 KV stations, as well as for the new transmission line to connect
the wind farm to the Minnedosa station and the various 115 kV lines that require reconductoring.

Table 10-1. High Level Summary of Manitoba Hydro Interconnection Facilities Cost Estimate.

Facility Cost Estimate

Minnedosa 115 KV station $2,827,625
Neepawa 115 kV station $285,455
Brandon 115 kV station $481,598
115 kV transmission line from Minnedosa station to wind farm $6,615,422
Reconductoring 115 kV line NM10 $2,220,000
Reconductoring 115 kV line MR11 $10,535,000
Reconductoring 115 kV line BN5 $910,000

Total $23,875,100

These upgrades are not identified in the current Capital budget as being needed for other purposes.
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11. Wind Farm Breakpoint

Steady state contingency analysis (as discussed in Sections 3.4 and 3.5) determined the need to upgrade
three 115 kV transmission lines in the vicinity of the Erikson wind farm in order to avoid violating the
thermal rating of these transmission lines. Lines MR11 and NM10 required reconductoring and line BN5
required resagging.

A breakpoint for the Erikson wind farm size was calculated in order to avoid the need to reconductor or
resag these three lines.

In order to calculate the breakpoint, a sensitivity analysis to northern ac system generation was
performed and was found to produce higher loading on line MR11. Therefore, the breakpoint was
determined using this more stressed system condition with maximum northern ac system generation
during low Inco loading (summer off-peak conditions) in order to ensure the reconductoring would be
avoidable.

Loss of 230 kV line C28R is known to produce high overloads on line MR11 under these system
conditions. Therefore this contingency, as well as the loss of NM10, were used to determine the
breakpoint wind farm size to avoid reconductoring line MR11. Please note that a full contingency analysis
was not performed to determine the breakpoint. Only the worst case contingencies were manually
checked.

Loss of line C28R resulted in overloads in the base case as well as in the cases with the wind farm. Table
11-1 summarizes the overloads for the base case as well as 50 MW, 30 MW and 10 MW Erikson wind
farm sizes.

Table 11-1. Loss of C28R (WITHOUT existing overcurrent relay on Raven Lake transformer).

Section of MR11 Base Case 50 MW Erikson 30 MW Erikson |10 MW Erikson

Raven Lake-Minnedosa tap 130% 117% 122% 127%
Minnedosa Tap-Minnedosa 46% 22% 29% 40%
Minnedosa Tap-Rapid City 84% 107% 98% 89%
Rapid City-Brandon 116% 149% 136% 122%*

*limiting element is a CT at Brandon, the conductor is loaded to 100% in this case.

Although the Erikson wind farm off-loads the existing base case overload on the Raven Lake-Minnedosa
tap section of line MR11, it increases loading and causes new overloads on the MR11 line sections from
the Minnedosa Tap to Rapid City to Brandon. In order that the wind farm does not create new overloads
on line MR11 that would require reconductoring, the wind farm output would need to be limited to 10 MW.
The most limiting conductor exists in the line section between Rapid City and Brandon, in which case the
line is thermally limited to 70.3 MVA. The other sections of line MR11 are thermally limited to 81.2 MVA.

However, there are plans in place to upgrade an existing overcurrent relay on the Raven Lake 230-110
kV transformer. This overcurrent relay is utilized to trip the Raven Lake transformer in order to avoid
overloading line MR11. Tripping the Raven Lake transformer following the loss of line C28R was found to
mitigate all of the overloads on line MR11 for the base case and for the wind cases for this particular
contingency. This overcurrent relay upgrade is currently pending CPJ approval.

Assuming the Raven Lake overcurrent relay is upgraded as planned, then the next worst contingency that
overloads line MR11 is loss of line NM10. For the same maximum northern ac system generation
scenario, the overloads on line MR11 due to loss of line NM10 are shown in Table 11-2.
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Table 11-2. Loss of NM10.

Section of MR11 Base Case 70 MW Erikson 50 MW Erikson 35 MW Erikson

Raven Lake-Minnedosa tap 70% 42% 50% 56%
Minnedosa Tap-Minnedosa 9% 74% 51% 33%
Minnedosa Tap-Rapid City 62% 114% 99% 88%
Rapid City-Brandon 89% 165% 144% 122%*

*limiting element is a CT at Brandon, the conductor is loaded to 99.2% in this case.

In this case, the overcurrent relay on the Raven Lake transformer would not help because the MR11 line
section from Raven Lake to the Minnedosa tap is not overloaded and therefore the relay would not pick
up. In order that the wind farm does not create new overloads on line MR11 that would require
reconductoring, the wind farm output would need to be limited to 35 MW. A 35 MW wind farm results in
99.2% loading on line MR11 between Rapid City and Brandon following the loss of line NM10.

A 35 MW wind farm does not result in overloading of lines NM10 or BN5 due to loss of line MR11 as was
determined to be the worst case contingency in Section 3.

Therefore, if the Raven Lake overcurrent relay is upgraded as planned, a maximum 35 MW Erikson wind
farm could be added before line MR11 would need to be reconductored. If the Raven Lake overcurrent
relay is not upgraded, a maximum 10 MW Erikson wind farm could be added without requiring the line
MR11 to be reconductored. In both cases the most limiting conductor exists in the line section between
Rapid City and Brandon.

In all cases the CT at the Brandon end of line MR11 would still require replacement.

11.1. Breakpoint Summary

In order for the Erikson wind farm to avoid the need to reconductor or resag lines MR11, NM10 and BN5,
the wind farm size must be limited to:

3) 10 MW pre Manitoba Hydro's Load Serving Upgrades (i.e. no upgrades to the Raven Lake
overcurrent relay). These upgrades are pending CPJ approval.

4) 35 MW post Manitoba Hydro's Load Serving Upgrades (i.e. upgrade of the Raven Lake
overcurrent relay). (Please note that detailed contingency analysis was not done for this scenario,
only the worst case and contingency were tested with the MR11 overcurrent relay).

11.2. Impact to Manitoba Hydro Interconnection Facilities Cost Estimate

The cost estimate for both a 10 MW and 35 MW wind farm would be the same, however, the wind farm
size depends on approval of the Manitoba Hydro load serving project involving the Raven Lake
overcurrent relay as mentioned in Section 11.1.

Based on Section 10, the final cost estimate would be reduced by $13,665,000 without the line
reconductoring. This would result in a total Manitoba Hydro Interconnection Facilities Cost Estimate of
$10,210,100 for a 10 MW or 35 MW wind farm.
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Appendix A —Scope of Work Documents
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SCOPE OF WORK
FOR
MINNEDOSA
ERICKSON WIND FARM ADDITION

FACILITY NO. 02060

.M. NO.

W.B.S. NO.

NETWORK NO.

ISD: 2010

PREPARED BY : Ray Jakilazek
DATE: June 30/2009

OVERVIEW

Replace line switch and add PT’s on Line MR11 . Upgrade risers to 650A on line switch
,CT’s breaker MR11 and bus. Add Breaker R3,upgrade risers to 600A on Breaker
R2.Add line switch for new line to Erickson Wind Farm ,replace line switch on Line
NM10.

MAJOR 115 kV EQUIPMENT INSTALLED

e 1-145PM40-20 ABB Breaker
e 3 -1 phase 115kV Potential Transfomers
e 3 - Center Side Break Switches c/w Ground Switch and motor operator

115kV FOUNDATIONS

e 1-145PM Breaker Foundation
e 3 -1 phase Potential Transformer Support Foundation

STEEL STRUCTURES

e 3- 1 phase 115kV Potential Transformer Supports




PROTECTION DESIGN

Minnedosa Station

- increase ring bus CT ratios (to 800/5??) to provide 650 A continuous rating requested.
- provide protection for new line from Wind Farm. Assume dual digital distance packages
(eg. SEL-421, Areva P442).

- replace protection on line MR11 with dual distance relays.

- add auxiliary CT's in Bank 2 bus protection (87C) and in Bank 3 CT connection to
NM10 protection, to match new ring bus CT ratios.

- provide single breaker fail relay (eg Sel-551) for R2 breaker.

- accomplish BF for R1, R3, R4 in new line protection relays.

- connect BF tripping to Bank LV sides, adjacent breakers.

- add transfer tripping for BF on NM10 to Neepawa, and MR11 to Brandon Victoria and
Raven Lake? (see unknowns/risks). This is more of a communication scope issue; minor
work in stations.

Major unknowns/risks:

- raising ring bus CT ratio's to say 800/5 may present other issues with line protections.
Very cursory review done at this time. Assuming NM10 protection can be made to work.
If it required replacement, then would accomplish R2 BF in those relays.

- protection scheme desired by Wind Farm unknown. May have some preference for
current differential scheme (impacts communication more than relay costs).

- Communication requirements are uncertain. Redundant communication paths may be
required on new line to wind farm. We assume that single route transfer tripping will be
required on NM10 to Neepawa for R1, R2 BF, and on MR11 to Raven Lake and Brandon
Victoria for R1, R4 BF. These issues, or the associated criteria to be followed, will have
to be confirmed by System Planning eventually.

- MR11 protection is very marginal. Have assumed that protection will need to be
upgraded here, but uncertain what the impact will be on the existing communication, and
whether redundant routes may be required. Requires detailed study of three terminal line
protection once loadings, CT ratio's, and criteria are better defined.

GROUND GRID

e Additions required for Breaker and Potential Transformer risers and Switch Ground
Mat for new switch.




PCM

1) Add one MOD control card and one breaker control card into the existing card bin on
the control console and add associated wiring and cabling.

2) Add two MOD control cards into a new card bin on the control console and add
associated wiring and cabling.

3) Add two 115kV line protection panels R7& R8 and associated protection relays, test
switches, wiring and cabling.

4) Salvage existing 115kV line MR11 panel R8 and associated protection relays, test
switches, wiring and cabling.

5) Add one new 115kV line MOD and associated cabling.

6) Replace existing 115kV line MR11 and 115kV line NM10 manual line switches with
MOD switches and add associated cabling.

7) Add three single phase 115kV current transformers for breaker R3 and associated
cabling.

8) Add one 115kV breaker R3 and associated cabling.

9) Add three single phase 115kV potential transformers and associated fuse box &
cabling.

10) Increase CT ratios on breakers R1, R2 & R4 CT’s from 300/5 amps to 800/5 amps
and adjust associated cabling.

11) Add breaker fail relay for 115kV breaker R2 and associated test switches, wiring and
cabling into panel R5.

12) Add six auxiliary CT’s in panels R4 & R5 and wire into existing Bank 2 & Bank 3
circuits.

SCADA/RTU

| e New points required for breaker status,alarms and analog metering

ASSUMPTIONS

e Electrical Construction to install, test and wire all major equipment, relay and
control panels.

e Electrical Maintenance will assist with operational and energization
commissioning procedures

e Commissioning will be responsible for all acceptance test write ups, operational

and energization procedures

Existing miniaturized control can be utilized

Summer Construction

All drawings and material on time

No interest or escalation has been added to the estimate at this time

No value for salvage equipment

Estimate is + or - 30%







SCOPE OF WORK
FOR
NEEPAWA
ERICKSON WIND FARM ADDITION

FACILITY NO. 02165

.M. NO.

W.B.S. NO.

NETWORK NO.

ISD: 2010

PREPARED BY : Ray Jakilazek
DATE: June 30/2009

OVERVIEW

Replace line switch on Line NM10 and upgrade risers to switch to 700A.Upgrade risers
to line switch on Line BN5 to 500A

MAJOR 115 kV EQUIPMENT INSTALLED

| e 1 - Center Side Break Switches c/w Ground Switch and motor operator

PROTECTION DESIGN

- Connect TT receive from Minnedosa BF to trip R18, R19, and Bank 4 LV side? (see
Minnedosa)

Major unknowns/risks:

- It is assumed that the existing ring bus CT's will remain, in spite of 350 A continuous
rating requested. Most are 300/5 maximum, we believe with 2 x continuous rating (needs
to be confirmed). R15/R16 (newer breakers) CT's are on 600/5 taps. The relay settings
might therefore not be impacted directly on any equipment.

- However, since NM10 and BN5 line ends are to be rated 700A and 500 A respectively,
continuous secondary current to the relays would potentially be close to 12 A, and likely
exceeding relay/meter continuous ratings.

- if CT's had to be replaced with higher ratio units, other ring bus connected protections
may require modification as well.

- Hence, the biggest risk is that NM10 protection may need to be replaced with redundant
distance packages, either rated for higher secondary overloads, or connected via auxiliary
CT's to step the secondary current down. Note that these are HZ relays: very obsolete,
very limited functionality (2 zones only), and known to be troublesome in general.




PCM

1) Add three auxiliary CT’s in line NM10 protection panel and wire into existing line
NM10 AC protection circuit.

2) Add three auxiliary CT’s in line BN5 protection panel and wire into existing line BN5
AC protection circuit.

3) Cable two transfer trip receive signals (from Minnedosa Station) from the
communication panel to line NM10 protection panel

4) Add one target relay in line NM10 protection panel and wire it to the existing line
NMZ10 tripping circuit and cable its output contact to the RTU interface panel to
annunciate a transfer trip receive from Minnedosa Station.

5) Replace line NM10 tripping relay RT89 in line NM10 protection panel and rewire to
the existing tripping of 115kV breakers R18 & R19 and add a new cable to add tripping
to 12kV breaker 52-1L.

ASSUMPTIONS

e Electrical Construction to install, test and wire all major equipment, relay and
control panels.

e Electrical Maintenance will assist with operational and energization
commissioning procedures

e Commissioning will be responsible for all acceptance test write ups, operational
and energization procedures

e Summer Construction

e No interest or escalation has been added to the estimate at this time

e Estimate is + or - 30%




SCOPE OF WORK
FOR
BRANDON VICTORIA
ERICKSON WIND FARM ADDITION

FACILITY NO. 02060

.M. NO.

W.B.S. NO.

NETWORK NO.

ISD: 2010

PREPARED BY : Ray Jakilazek
DATE: June 30/2009

OVERVIEW

Replace line switch and CT’s on Line MR1 . Upgrade risers to 650A on line switch ,CT’s
breaker MR11 and bus.

MAJOR 66 kV EQUIPMENT INSTALLED

e 3-1phase 66kV Current Transformers
e 1-3phase 115kV 1200A V.B. Motor Operated Line Disconnect

66kV FOUNDATIONS

e Foundation for 3 phase CT stand is existing

STEEL STRUCTURES

e 1- 3 phase 66kV CT stand




PROTECTION DESIGN

- replace MR11 protection with redundant distance packages. Required due to significant
ratio increase (new CT)
- add transfer trip receive from Minnedosa BF? (see Minnedosa)

Major unknows/risks

e - whether MR11 protection requires replacement, or less involved modification.
Detailed study is required at all three line ends to confirm what the minimum
protection changes required are. The system is already marginal, with some
sequential clearing involved, and is not fully redundant

GROUND GRID

e Minor additions required for CT ground risers

PCM

1) Add one 115kV line MR11 protection panel 4 and associated protection relays, test
switches, wiring and cabling.

2) Salvage existing 115kV line MR11 protection panel 4 and associated protection relays,
test switches, wiring and cabling.

3) Add three single phase 115kV current transformers for breaker MR11 and associated
cabling.

4) Salvage three existing single phase 115kV current transformers for breaker MR11 and
associated cabling.

SCADA/RTU

| e New alarms required for breaker

ASSUMPTIONS

e Electrical Construction to install, test and wire all major equipment, relay and
control panels.

e Electrical Maintenance will assist with operational and energization
commissioning procedures

e Commissioning will be responsible for all acceptance test write ups, operational
and energization procedures

e Summer Construction

e All drawings and material on time

e No interest or escalation has been added to the estimate at this time




No value for salvage equipment
Estimate is + or - 30%
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Appendix B — Manitoba Hydro Interconnection Facilities Single Line Diagram
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Appendix C — Reference to Manitoba Hydro Interconnection Facilities Requirements as
determined by Interconnection Studies
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Manitoba Hydro
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Section 3 of the TSIR document [1], “Generator Interconnection Requirements”, defines the requirements
applicable for generators applying to connect to the 66 kV, 115 kV, 138 kV, 230 kV and 500 kV nominal
voltage levels on the MH Interconnected Transmission System. Section 3 states that some of the
requirements are to be defined/determined by the Interconnection Studies. Table C.1 below makes
reference to these requirements, and provides information for those requirements that were to be
determined by Interconnection Studies. All remaining requirements not to be determined by the
Interconnection Studies are defined in the MH document.

Section 4, “Wind Generator Interconnection Requirements”, defines supplemental requirements for wind
generator interconnections. Section 4 states that some of the requirements are to be defined/determined
by the Interconnection Studies. Table C.2 below makes reference to these requirements, and provides
information for those requirements that were to be determined by Interconnection Studies.

Table C.1. Section 3 Interconnection Requirements to be determined by Interconnection Studies.

No. Item Requirement
3.1 Interconnection Location and Voltage Refer to IFS Section 1.
Level
3.2 Sealing of Technical Reports, Drawings,
Memos, etc.

3.3 Operating Procedures

3.4 Reactive Power Requirements Refer to IFS Section 6.3.

3.5 Dynamic Power Requirements Refer to IFS Section 6.3.

3.6 Voltage Variations Refer to IFS Section 6.2.

3.7 Frequency Variations IFS Section 6.1.
Based on the TSIR requirements the turbine
does not have adequate over-frequency ride-
through capability. Manitoba Hydro will permit
the generator interconnection as the IFS has
determined that the over-frequency capability
of 61.5 to 62.5 Hz for 30 seconds of the
turbine will be adequate for the Minnedosa
point-of-interconnection. The wind turbine
has adequate under-frequency ride-through
capability.

3.8 Inertia Constant (H) IFS Section 7.
Stability studies demonstrated the ability of
the generator unit to remain connected for
typical fault-clearing times assuming the zero
voltage fault ride-through (ZVRT) is provided.

3.9 Synchronous Generator Controls Not applicable for this interconnection.

3.10 Synchronizing Facilities

3.1 Special Protection Systems (SPS) or IFS Section 4.

Remedial Action Schemes (RAS) Protection logic is required be installed to
prevent the wind from becoming isolated onto
local load by tripping the Erikson wind farm
should breakers 2 and 4 be open at the same
time.

3.12 Black Start Capability Not applicable for this interconnection.
3.13 Power Quality
3.13.1 | Power Quality
3.13.2 | Resonance and Self-Excitation Design Requirement.
3.14 Protection Requirements
3.15 Communications
3.16 Revenue Metering Design Requirement.
3.17 Telemetering, Metering, and Supervisory | Design Requirement.
Control and Data Acquisition (SCADA)
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No. Iltem Requirement

3.18 Disturbance Monitoring A TFR with DSR functionalities is required at
Minnedosa Station (Transient Fault recorder
—TFR, Dynamic Swing Recorder — DSR)

3.19 Insulation Levels Design Requirement.

3.20 Short Circuit Levels Refer to IFS Section 9

3.21 Grounding Ground grid studies to be completed as per
construction schedule.

3.22 Lightning (Surge) Protection Design Requirement.

3.23 Safety Design and Operating Requirement.

3.24 Design Standards Design Requirement.

3.25 Environmental Conditions Design Requirement.

3.26 Clearances and Access Design Requirement.

3.27 Isolation Safety ground switches have been identified

on the Capital Budget SLDs.

3.28 Transformer Connection.
3.29 Modelling Data and Special Tests

3.30 Testing and Maintenance Coordination Design and Operating Requirement.
3.31 Inspection Requirements Design and Operating Requirement.
3.32 Coordinated Joint Studies IFS and Operating Requirement.
3.33 Notification of New or Modified Facilities Operating Requirement.

3.34 Special Interconnection Requirements IFS and Operating Requirement.
3.35 Generation Forecasting Operating Requirement.

Table C.2. Section 4 Interconnection Requirements to be determined by Interconnection Studies.

No. | ltem Requirement
4.1 Voltage Tolerance
4.2 Frequency Tolerance IFS Section 6.1.1

Based on the TSIR requirements the turbine
does not have adequate over-frequency ride-
through capability. Manitoba Hydro will permit
the generator interconnection as the IFS has
determined that the over-frequency capability
of 61.5 to 62.5 Hz for 30 seconds of the
turbine will be adequate for the Minnedosa
point-of-interconnection. The wind turbine has
adequate under-frequency ride-through

capability.

4.3 Power Control Design requirement.

4.4 Reactive Power Capability/Control IFS Section 6.3.

4.5 Induction Generator Controls

4.5.1 | Voltage Regulation Voltage Control at P.O.l. Required.
IFS Section 6.3.

4.5.2 | Frequency Response
4.5.3 | Power Ramp Rates
4.5.4 | Other Controls

4.6 Low Voltage Ride Through IFS Section 7.

The wind farm must be equipped with zero
voltage ride-through (ZVRT).

4.7 Post Disturbance Recovery IFS Section 7.

4.8 Synchronizing Facilities Design requirement.

4.9 Modelling Data Turbine vendor provided detailed Model.
4.10 | Modelling Data Verification Turbine vendor provided detailed Model.
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No. | ltem Requirement
4.11 | Special Commissioning Tests Commissioning Requirement
4.12 | Power Quality IFS Section 8.

The Generator will be responsible to mitigate
any potential flicker criteria violation prior to
being allowed to interconnect.

4.13 | Operational Monitoring and Wind Data Design requirement.
4.14 | Protective Equipment and Relaying IFS Section 4.
System Requirements Protection logic is required be installed to

prevent the wind from becoming isolated onto
local load by tripping the Erikson wind farm
should breakers 2 and 4 be open at the same

time.
4.15 | Clearances and Access Design requirement.
4.16 | Underground Cables Design requirement.
4.17 | Generator Tapping Not applicable for this interconnection.
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Appendix D — Project Schedule
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Activity ID Activity Name Duration Resp Month

Area 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
0005  IOA SIGNED od SPL | @ IOA SIGNED S
0030  LIDAR SURVEY 50d TL = ' LIDAR SURVEY ‘
0010  T/L DESIGN 120d TL - T T/L DESIGN
0040  SURVEYS/ MAPPING 59d sM | e ] ’s’UR\’/E’Y’s’/’MARRiNé ””””””””””””””””””””””””””””””””””””””””””””””””””””””
0100 | GEOTECH FIELD EXPLORATION & SOILS TEST 40d GD |:| GEOTECH FIELD EXPLORATION & SOILS TEST A
0110 | PROCUREMENT OF BREAKER 240d AE o | PROCUREMENT OF BREAKER
0120  SEG DESIGN & DWG 60d SEG | | oo éE’é’b’Eé]éN’é{b\}\ié ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’
0130  PROTECTION DESIGN 60d PD o oo PROTECTIONIDESIGN
0140 | PCM DESIGN & DWG 110d PCM | 3_ PCM DESIGN & DWG
0150  COMMUNICATIONS DESIGN 140d CSEF _COMMUNICATIONS 7[5E’s*|7éi\iﬁfmf 7777777777777777777777777777777777777777777777
0260 | LICENSING & ENVIRONMENTAL STUDY 140d LEA o T LICENSING & ENVIRONMENTAL STUDY
0240  CIVIL DESIGN 120d cD s CIVIL DESIGN | |
0020 | PROCUREMENT OF TOWER STRUCTURE 180d co | oo f""‘r""T"""""’r""T""T’i’R‘RbéUREMEN?6#71’*‘6\’/\’/E’R’§TTRU€T’URE ””””””””””””””””
0090 | PROCURE ACCESS TO LAND 100d PY S S B | _ PROCURE ACCESS TO LAND
0180  DELIVERY OF TOWER STRUCTURES 0d CcD o o | 10 DELIVERY OF TOWER STRUCTURES
0050  FOUNDATION & ANCHORS INSTALLATION 45d < | 77777 o ii77l:7(7)7L7JI7\I7I73A7'i'|7(7)7I\717&7A7N6I-7|707I§757ili\lié:l'iﬁll;li_;&'li'lidl\il”i
0190  DELIVERY OF 230KV BREAKER od AE o DELIVERY OF 230KV BREAKER
0070  ASSEMBLE & ERECT STRUCTURES 40d TC o A [0 ASSEMBLE & ERECT STRUCTURES
0250 | EC CONSTRUCTION 10d ec | o o n e ﬁ”EéééNngU’c’ﬁb’N”m"""""‘ ””””””””
0080  STRING CONDUCTORS 50d TC I STRING CONDUCTORS
0270  COMMISSIONING 10d CM o T T T 1 [ COMMISSIONING
0220  IN-SERVICE od cM | L O INSSERVICE L

BN Faiybar [ ECBar Date Revision Checked Approved

1 AEBar [N OBy (NN Erickson WF - Erickson Wind Farm High Level Schedule
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AmanltODa — cMear [ LEABw [ s. 31-Aug-09
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.

E
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Appendix E — Thermal Overloads
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Appendix E1:

Worst case thermal overloads with
OTDF > 2.0 % under system intact
conditions
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bjayasekara
Note
Completed set by bjayasekara

bjayasekara
Note
Accepted set by bjayasekara


SP1 Case

% Overload

Upgrade required

LINE NAME Season [ RATING (MW)| CONTINGENCY | Before Wind | After Wind| OTDF| as of IES report
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 sp 81.2 109 MR11 - 137.7 NEW 146.7
67520*MINDOS 7 110.00 67717 MR11T7 110.001 sp 81.2 110 NM10 - 137 NEW 138.3
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 sp 81.2 110 NM10 - 135.8 NEW 138.2
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 sp 57.2 110 NM10 - 191 NEW 194.3
SP2 Case
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 sp 81.2 109 MR11 - 136.9 NEW 146.7
67520*MINDOS 7 110.00 67717 MR11T7 110.001 sp 81.2 110 NM10 - 137 NEW 138.3
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 sp 81.2 110 NM10 - 131 NEW 138.2
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 sp 57.2 110 NM10 - 184.1 NEW 194.3
S03 Case
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 e} 81.2 BKF2 - 138.2 NEW 146.7
67520*MINDOS 7 110.00 67717 MR11T7 110.001 e} 81.2 110 NM10/BKF14 - 138.8 NEW 138.3
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 o) 57.2 110 NM10 - 131 NEW 194.3




Appendix E2:

Worst case thermal overloads with
OTDF > 2.0 % under prior outage
conditions
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sp09aa.7u5v4w4

SP1 Case
% Overload

LINE NAME Prior Outage |RATING (MW) CONTINGENCY Before Wind | After Wind| OTDF
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 D14S 81.2 109 MR11 - 104 NEW
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 S53G 81.2 109 MR11 - 104.6 NEW
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 Y51L 81.2 109 MR11 - 106.6 NEW
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 D12C 81.2 109 MR11 - 107.2 NEW
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 D54C 81.2 109 MR11 - 106.3 NEW
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 C28R 81.2 109 MR11 - 103.1 NEW
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 MR11 81.2 9 D12C - 107 NEW
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 B69R 81.2 109 MR11 - 101.5 NEW
67519 BRANDON7 110.00 67521*NEPWA 7 110.001 V38R 81.2 109 MR11 - 101.8 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 D14S 81.2 109 MR11 - 138.3 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 S53G 81.2 109 MR11 - 138.7 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 S60L 81.2 109 MR11 - 137.4 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 Y51L 81.2 109 MR11 - 138.7 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 G37C 81.2 109 MR11 - 137.6 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 D12C 81.2 109 MR11 - 138.6 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 D54C 81.2 109 MR11 - 138.6 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 C28R 81.2 109 MR11 - 138.6 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 MR11 81.2 BASE CASE - 137.7 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 B69R 81.2 109 MR11 - 138.1 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 V38R 81.2 109 MR11 - 138.2 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 D14S 81.2 110 NM10 - 136.9 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 S53G 81.2 110 NM10 - 137.2 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 S60L 81.2 110 NM10 - 137 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 Y51L 81.2 110 NM10 - 137.3 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 G37C 81.2 110 NM10 - 136.9 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 D12C 81.2 110 NM10 - 137.3 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 D54C 81.2 110 NM10 - 137.1 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 C28R 81.2 110 NM10 - 138 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 NM10 81.2 BASE CASE - 137 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 B69R 81.2 110 NM10 - 137.8 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 V38R 81.2 110 NM10 - 136.4 NEW
67523 GLENBOR4 230.00 67524*CORNWLS4 230.00 1 Y51L 279.7 11 D14S 104.5 110.6 14.2
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 D14S 81.2 110 NM10 - 140.2 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 S53G 81.2 110 NM10 - 141 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 S60L 81.2 110 NM10 - 133.7 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.00 1 Y51L 81.2 110 NM10 - 142.4 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 G37C 81.2 110 NM10 - 135.5 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.00 1 D12C 81.2 110 NM10 - 143.4 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 D54C 81.2 110 NM10 - 142.7 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 C28R 81.2 110 NM10 - 168.6 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 NM10 81.2 7 C28R - 168.2 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.00 1 B69R 81.2 110 NM10 - 166.5 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 V38R 81.2 110 NM10 - 105.2 NEW




67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 D14S 57.2 110 NM10 197.2 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 S53G 57.2 110 NM10 198.4 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 S60L 57.2 110 NM10 188 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 Y51L 57.2 110 NM10 200.4 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 G37C 57.2 110 NM10 190.6 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 D12C 57.2 110 NM10 201.7 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 D54C 57.2 110 NM10 200.8 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 C28R 57.2 110 NM10 101.3 237.6 65.0
67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 NM10 57.2 7 C28R 100.9 236.9 64.8
67718*RAPDCTY7 110.00 67720 BRANE 7 110.00 1 B69R 57.2 110 NM10 234.5 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 V38R 57.2 110 NM10 147.5 NEW
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SP2 Case
% Overload

LINE NAME Prior Outage |RATING (MW) CONTINGENCY Before Wind | After Wind| OTDF
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 S53G 81.2 109 MR11 - 137.4 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 S60L 81.2 109 MR11 - 136.8 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 Y51L 81.2 109 MR11 - 137.5 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 D12C 81.2 109 MR11 - 137.8 NEW
67520*MINDOS 7 110.00 67521 NEPWA 7 110.001 D54C 81.2 109 MR11 - 137.9 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 D14S 81.2 110 NM10 - 136.8 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 S53G 81.2 110 NM10 - 136.9 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 S60L 81.2 110 NM10 - 136.9 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 G37C 81.2 110 NM10 - 137.1 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 D12C 81.2 110 NM10 - 137.0 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 D54C 81.2 110 NM10 - 137.1 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 NM10 81.2 - - 136.8 NEW
67520*MINDOS 7 110.00 67717 MR11T7 110.001 B69R 81.2 110 NM10 - 137.8 NEW
67532*MC PHIL7 110.00 67757 MCPHL-P7 110.00 1 MR11 80 173 MCP BK8 121.2 124.4 2.1
67532*MC PHIL7 110.00 67773 MCPHL-97 110.00 2 MR11 80 174 MCP BK9 121.2 124.4 2.1
67532*MC PHIL7 110.00 67757 MCPHL-P7 110.00 2 B69R 80 173 MCP BK8 121.2 124.5 2.2
67532*MC PHIL7 110.00 67773 MCPHL-97 110.00 2 B69R 80 174 MCP BK9 121.2 124.5 2.2
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 D14S 81.2 110 NM10 - 1335 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 S53G 81.2 110 NM10 - 133.6 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 S60L 81.2 110 NM10 - 129.2 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 Y51L 81.2 110 NM10 - 134.3 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 G37C 81.2 110 NM10 - 135.6 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 D12C 81.2 110 NM10 - 136.5 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 D54C 81.2 110 NM10 - 135.7 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 C28R 81.2 110 NM10 - 158.4 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 B69R 81.2 7 C28R - 102.5 NEW
67717*MR11T7 110.00 67718 RAPDCTY7 110.001 V38R 81.2 110 NM10 - 103.9 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 D14S 57.2 110 NM10 - 187.7 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 S53G 57.2 110 NM10 - 187.8 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 S60L 57.2 110 NM10 - 181.5 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 Y51L 57.2 110 NM10 - 188.9 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 G37C 57.2 110 NM10 - 190.7 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 D12C 57.2 110 NM10 - 191.9 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 D54C 57.2 110 NM10 - 190.8 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 C28R 57.2 110 NM10 - 223.1 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 NM10 57.2 53 V38R - 145.7 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 B69R 57.2 75 BK41 - 117.9 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 V38R 57.2 110 NM10 - 145.7 NEW




wp09aa.7N80YYW

WP4 Case
% Overload
LINE NAME Prior Outage |RATING (MW) CONTINGENCY Before Wind | After Wind| OTDF
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 NM10 70.3 5 B69R - 101.5 NEW
67718*RAPDCTY7 110.00 67720 BRANE 7 110.001 B69R 70.3 110 NM10 - 101.7 NEW
wp09aa.uNbOYYW
WPS5 Case
% Overload
LINE NAME Prior Outage |RATING (MW) CONTINGENCY Before Wind | After Wind| OTDF
67516 RAVLAKE7 110.00 67717*MR11T7 110.001 C28R 118.7 4 A6V - 101.8 NEW
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Appendix F — Transient Stability Plots
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Appendix F1:

Underfrequency Ride-Through Test

‘mbs’ - loss of Manitoba HVDC bipole, no cross-trip of Manitoba-Ontario tie lines
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Appendix F2:

Overvoltage Ride-Through Test

‘nbz’ - 4-cycle 3-phase 500 kV fault at Chisago on Forbes line 601, cross-trip D602F

‘mat’ - loss of D602F with DC reduction
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Appendix F3:

Undervoltage Ride-Through Test

‘m9z” — 3 phase fault at Minnedosa end of MR11

‘nlz’ — 3 phase fault at Minnedosa end of NM10
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Appendix F4:

Local N-2 single-line-to-ground stuck
breaker faults

‘b1s’ — Single line to ground fault at Neepawa on Neepawa to Minnedosa 110 kV line NM10.
After 5 cycles, Minnedosa end of line NM10 is tripped but breaker R18 at Neepawa fails to
operate. After 16 cycles, fault is cleared by opening 110 kV line BN5 from Neepawa and

Brandon ends.

‘b2s’ - Single line to ground fault at Cornwallis on Cornwallis to Glenboro 230 kV line G37C.
After 5 cycles, Glenboro end of line G37C is tripped but breaker R4 at Cornwallis fails to
operate. After 16 cycles, fault is cleared by opening 230 kV line D54C from Cornwallis and

Dorsey ends.
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Appendix FS:

Worst Power Oscillations

‘m9z” — 3 phase fault at Minnedosa end of MR11
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Appendix G1:

Results of Short Circuit Analysis
At nearby buses
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Bus Number* | Bus Name | Rated kV Without Wind fault level (kA) With Wind fault level (kA) Increment
1ph 3ph 1ph 3ph 1ph 3ph

87 CORN230 230.0 10.6 9.2 10.7 9.3 1.6%| 0.9%
90 RVLK230 230.0 35 3.3 35 3.3 1.5%| 0.9%
283 BRTL230 230.0 35 3.0 35 3.1 1.2%| 0.7%
50 BR110 110.0 25.8 19.8 26.7 20.1 32% 1.7%
53 TWR9A110 110.0 14.8 14.4 15.1 14.6 1.8%| 1.2%
54 MPLEF110 110.0 12.1 12.7 12.3 12.8 1.5%| 1.1%
59 RAVLAKE 110.0 5.3 4.3 5.5 4.3 3.8% 2.0%
60 MINDOS 110.0 4.1 4.3 5.6 49| 37.0%| 14.7%
62 MPLEFTP 110.0 12.1 12.7 12.3 12.8 1.5%| 1.1%
64 TWR9ATP1 110.0 14.8 14.4 15.1 14.6 1.8%| 1.2%
65 TWR9ATP2 110.0 15.1 14.6 15.4 14.8 1.9%| 1.2%
66 BD52TP 110.0 15.1 14.6 15.4 14.8 1.9%| 1.2%
137 VICTORIA 110.0 21.9 18.3 22.5 18.6 3.0%[ 1.7%
140 NEPWA110 110.0 5.0 4.1 5.5 43| 10.2%| 5.4%
151 RPCTY110 110.0 3.9 5.1 4.3 5.4 9.9%| 6.1%
544 CDN.OYX 110.0 11.1 11.8 11.2 11.9 1.3%| 1.0%
545 SIMPLTB1 110.0 15.1 14.8 15.4 15.0 1.8%| 1.2%
625 EH13.TP 110.0 8.4 9.3 8.5 9.4 1.1%| 0.8%
722 BCROCUS 110.0 9.7 10.2 9.8 10.3 1.2%| 0.9%
750 HIGHLAND 110.0 10.1 10.7 10.3 10.9 1.3%| 1.0%
751 FORTB1B2 110.0 8.4 9.0 8.5 9.1 1.1%| 0.8%
753 BE1.TP 110.0 25.8 19.8 26.7 20.1 3.2% 1.7%
754 SIMPLTB2 110.0 15.1 14.8 15.4 15.0 1.8%| 1.2%
759 MR11BDN 110.0 4.2 4.9 5.1 5.4 20.7%| 10.4%
5151 RPDCTYDM 110.0 1.0 1.0 1.0 1.0 0.0%| 1.1%
9999 BRNDNCAP 110.0 25.8 19.8 26.7 20.1 3.2% 1.7%
67840 ERWINDH1 110.0 23 2.9 4.5 3.6| 92.1%| 23.5%
55 NEPWAG5 65.1 1.4 3.1 1.4 3.1 1.4%| 2.2%
810 NEPW.NTP 65.1 1.1 2.3 1.1 2.4 1.2%| 1.7%
811 NEPWA-N 65.1 1.1 2.2 1.1 2.2 1.1%| 1.6%
855 NEEPWADM 65.1 31 3.1 0.0%| 2.2%
1000 PLUL85TP 65.1 0.7 1.5 0.8 1.5 0.8%| 1.1%
6202 RLK:BK3T 13.2 0.0 17.0 0.0 17.2 0.0%| 1.1%
4151 RPDCTY12 12.5 5.6 4.8 5.6 4.8 1.1%| 0.6%
4270 MINEDOSA 125 13.0 9.8 13.9 10.2 6.9%| 3.2%

*- Bus numbers used in 2003 Manitoba Hydro short circuit model

Increment greater than 5 % are marked in bold text.
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Appendix H1:

Power Flow cases used in Erikson IFS
Study
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Power Flows (MW)

Case PSS/E PF name MHEX | NDEX | MH-OH MH-SP B10T F3M
Net (South) (South)
Steady state post-disturbance analysis power flow cases
SP1 i00-sp09aa.7u5vV4awW4 | 2175* | 300 200 -25 165 150
SP2 i00-sp09aa.uveV4W4 | 2175* | 1950 200 -25 165 150
WP4 | i00-wp09aa.7N80OYYW | -700 0 0 -25 -165 -100
WP5 | i00-wp09aa.uNboYYW | -700 1950 0 -25 -165 -100
Transient stability analysis power flow cases
A i00-s009aa.uzvv4W4 2175 1950 200 0 165 150
B i00-so09aa.7yjV4W4 2175 300 200 0 165 150
C i00-wp09aa.uNalOYYW | -700 1950 0 0 -165 -100
D i00-wp09aa.7N8OYYN -700 0 0 0 -165 -100
Steady state post-disturbance analysis power flow cases
(In order to evaluate the sensitivity of overloads in the vicinity of MR11 network for reinstalled MR11 network)
SP1 i00-sp09aa.7u5vV4awW4 | 2175* | 300 200 -25 165 150
SP2 i00-sp09aa.uveV4W4 | 2175* | 1950 200 -25 165 150
SO3 | i00-so09aa.uNiOYWW | -700 1950 0 -25 -165 -150

* - Actual MHEX = 1700MW

Three Brandon generators are out of service for all the above cases.
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Appendix I1:

PSSE line diagram for Erikson Wind
farm
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