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Executive Summary 
 
An Interconnection Facilities Study (IFS) has been performed to determine the Manitoba 
Hydro Interconnection Facilities and Interconnection System and Network Upgrades 
necessary to connect an existing generating facility near Great Falls, Manitoba, that will 
undergo a Substantial Modification to convert its indoor switching gallery to a single bus 
arrangement. The existing facility has historic rights to 135 MW of Network Integration 
Transmission Service. The Substantial Modification will not change the output of the 
facility. 
 
The conversion of the high-voltage switching gallery from a double-bus to a single bus 
arrangement is required to improve electrical safety clearances. It will not introduce any 
thermal overloads to the transmission system. Thermal overloads that were identified in 
the study were either pre-existing conditions that need to be corrected through other 
independent studies, or fell under NERC Category D contingency classification which 
the system is not designed to meet. As such, no Network Upgrades are required here. 
 
The IFS did identify a thermal limitation imposed on 115 kV line GP1 by line risers that 
terminate at the Great Falls 115 kV switching station. It is recommended that these line 
risers be upgraded, to allow full utilization of line conductor capacity, while major 
construction is occurring to modify the bus arrangement. Similar constraints were also 
identified for 115 kV lines GS21 and GS22. 
 
The existing copper main bus will be replaced with larger capacity aluminum bus to 
provide a minimum main bus rating of 2000 Amps. The incremental cost for the larger 
capacity bus is less than $15,000. 
 
The existing 115 kV circuit breakers are old and need to be replaced. New 115 kV circuit 
breakers will be rated a minimum of 40 kA. Since the fault levels at Great Falls are not 
expected to exceed 13 kA, short circuit levels do not present any additional concerns. 
 
Dynamic stability studies have determined that breaker failure and bus protection are 
required to quickly clear 3-phase bus faults. Normal Zone 2 clearing times for 3-phase 
bus faults are not adequate to protect against local system instability. It is recommended 
that breaker failure and bus protection be provided at the modified station. 
 
A detailed cost estimate for all costs associated with the Substantial Modification was 
calculated. The total cost for this project before interest and escalation is $ 8,600,682.13. 
This amount increases to $9,627,694.40 after interest and escalation adjustments. 
 
The estimated date for completing all required work at the generating facility is 
December 31, 2008. Construction is expected to begin in May 2007. 
 
The generating facility will meet current Technical System Interconnection Requirements 
[1] after the aforementioned improvements are implemented. 
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1.0 Introduction 
 
1.1 Background Information 
 
This report documents the results of an Interconnection Facilities Study for a 135 MW 
generating station near the town of Great Falls, Manitoba. The 115 kV high-voltage 
switching station for this plant is located inside the powerhouse building. The Generator 
is proposing to convert the existing 115 kV double-bus switching station to a single bus 
arrangement that includes a bus tie circuit breaker. The output of the plant will not be 
affected by this change. The proposed in-service date is March 2007. 
 
The conversion of the 115 kV switching station to a single bus concept is proposed to 
improve electrical safety clearances inside the high-voltage gallery. The present double-
bus arrangement leaves little room for staff to work safely within the narrow gallery. 
Limits of approach can be violated if staff over-extend their arms or try to maneuver long 
work tools. The high-voltage gallery has been designated a high-risk area and visitors 
must be accompanied by a specially trained staff member. 
 
As part of the conversion work, existing 115 kV air-blast circuit breakers that are over 50 
years old are being replaced with SF6 breakers. The air-blast circuit breakers are costly to 
maintain and they pose a safety risk for staff who work in the gallery during a breaker 
operation. 
 
For the purpose of this report, bus section A will be defined as that portion of the new 
single bus which terminates generator units 4 – 6 and 115 kV lines GP1 and GS21. Bus 
section B will be defined as that portion of the single bus which terminates generator 
units 1 – 3 and 115 kV lines GS22, SG12 and 66 kV Mines Line 77. The bus tie circuit 
breaker separates/connects sections A and B. 
 
1.2 Objectives 
 
The Interconnection Facilities Study objectives are to: 

• address the system reliability limitations identified in the IES 
• determine a good faith cost estimate of all the interconnection facilities 
• determine a good faith construction schedule estimate 
• determine special protection requirements (e.g. breaker fail, generator cross trip) 
• determine communication requirements 
• satisfy any requirements of the Regional Transmission Authority 

 
An IES or Interconnection Evaluation Study was not completed for this interconnection 
request due to the limited scope of the request. Any studies that normally are examined in 
an IES will be included in the IFS. 
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2.0 Power Flow Analysis & Bus Capability 

 
2.1 Introduction 
 
Steady state power flow analysis was performed to examine the system impact of 
converting Great Falls 115 kV station into a single bus with a bus tie circuit breaker. 
Since there are no changes to the existing generation output and termination of 
transmission lines, there should not be any change on the loading of networked 
transmission lines under normal conditions (tie breaker closed). 
 
As such, the primary purpose of the power flow analysis will be to assess the system 
impact of operating the 115 kV bus with an open tie breaker. The open bus tie breaker 
will separate the transmission network in the Seven Sisters area from the network around 
Pine Falls. 
 
Three open tie breaker conditions are examined: 

i) All lines intact, full generation output 
ii) Bus section A out of service, units 4 – 6 offline 
iii) Bus section B out of service, units 1 – 3 offline 

 
Lines that are connected to either bus section A or B, when the respective bus section is 
out of service, are also removed from service for that particular operating condition. 
 
See Appendix A for a single line diagram of the proposed single bus conversion. 
 
The analysis was performed using the AC contingency calculation (ACCC) activity of 
PSS/E. 
 
A variety of disturbances were considered for the steady state analysis: 

• Single element outages in the MH system 
• Multi element outages (multi-terminal, common towers) from the MAPP 

contingency definition for MH 
 
All single contingencies on transmission elements rated from 110 kV to 500 kV were 
studied for the MH area. 
 
2.2 Study Criteria 
 
Steady state power flow analysis monitors element loading and bus voltage.  
Transmission line and transformer loadings were compared to 100% of the Rate C (30 
minute emergency rating) following a contingency.  Bus voltages were monitored for 
voltages above 110% or below 90% of the base voltage following a contingency.  The 
PSS/E ACCC screening parameters for reporting were set as follows: 
 

• Minimum contingency case flow change for overload report = 0.02 (2%) 
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• Minimum contingency case voltage change for range violation = 0.01 (per unit) 
 

In cases where split single bus operation results in a post contingency overload, when 
loading on the element has increased by greater than 2% of the element’s Rate C when 
compared to the base case contingency loading, then possible remedial action or system 
improvements are identified.  If the increase in element loading under the split single bus 
operation is less than 2% then the overload is identified but not discussed in any greater 
detail. 

 
Phase shift and voltage tap adjustments were enabled for the ACCC solution process.  
Post-contingency phase shift adjustments and voltage tap setting adjustments are 
considered on a case by case basis as required to address potential overloads. 
 
2.3 Power Flow Model 
 
The power flow analysis was conducted using cases from the 2005 MAPP Model Series. 
Summer off peak, summer peak and winter peak 2006 cases were used as base cases. 
 
Each base was used to create three derived cases, according to the three open tie breaker 
conditions identified in section 2.1. Limiting conditions are identified by comparing 
element loading from each derived case to the base case for changes greater than 2 % of 
the element’s Rate C. 
 
Outputs of MH non-dc collector system generators are adjusted to 2004 accredited levels 
approved by the MAPP Design Review Subcommittee, as noted in reference [2]. For all 
cases, Selkirk generation is set to 139 MW. In derived cases that consider low water 
conditions on the Winnipeg River, plants such as Great Falls generating station which 
draw power from the Winnipeg River, have their outputs reduced accordingly such that 
the aggregate Winnipeg River Generation (WRG) output is near 121 MW. 
 
Generation increases listed in the MH Transmission System Interconnections Generation 
Queue are not considered in this report since it has been determined that the present 
interconnection request can be performed out of queue order. The conversion to a single 
bus does not result in increased output from the facility. 
 
The dc generation (Limestone, Long Spruce and Kettle) is increased until either the dc 
system limit (3350 MW) or the US export limit (2175 MW) is reached. 
 
The set of base power flow cases that were used in this study are summarized in Table 1. 
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Table 1: Power Flow Base Case Descriptions 
Year/Season MH > US MH > IMO MH > SP Great Falls WRG Total 
06suop 2175 0 0 135 594 
06suop 2175 200 0 135 594 
06suop 2175 300 0 135 594 
06suop 2175 0 0 25 121 
06suop 2175 200 0 25 121 
06suop 2175 300 0 25 121 
06supk 2175 0 0 135 594 
06supk 1895 0 0 25 121 
06supk 2162 -300 0 25 121 
06wipk 1313 0 0 135 594 
06wipk 965 0 0 25 121 
 
 
2.4 Power Flow Results – Limiting Elements 
 
The ACCC results for the 2006 summer off peak, summer peak and winter peak cases are 
summarized in Appendix B. Appendix B lists limiting elements that are present only in 
derived cases (see section 2.1. for description) where the bus tie breaker is open.  
 
Except for lines that terminate at Great Falls 115 kV bus, line overloads that exist in the 
base case (single bus is intact and thus equivalent to the present network configuration 
from a power flow perspective) that are common to both the base and derived cases are 
not listed. These overloads are not attributable to the single bus conversion and therefore 
not discussed. 
 
It should be noted that an open bus tie breaker (or bus section outage) at Great Falls 
combined with a double circuit tower outage is considered a NERC Category D 
contingency [3]. They are listed for information purposes in Appendix B. 
 
Limiting Element – SR3 
 
Line SR3 interconnects McArthur Falls station and Seven Sisters station. This 115 kV 
line may overload when line PA1 or PA2 is out of service and the Great Falls bus tie 
breaker is open with 300 MW export to Ontario. The overload is about 3-4 %. One option 
to mitigate this overload is to back off the export to Ontario; export to Ontario is not firm. 
 
If Great Falls section B bus (terminates units 1-3, lines GS22, SG12, 77) is out of service 
with 300 MW export to Ontario, line SR3 may overload for single contingency and 
system intact conditions. The overloads are worse with double circuit tower 
contingencies. The overload varies from 0.7 % for system intact to 33.8 % for double 
circuit contingencies. The system intact and single contingency overloads can be 
removed by reducing Ontario exports to 200 MW while section B bus is out of service. 
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The double circuit contingencies in conjunction with section B bus out of service 
constitutes a NERC Category D contingency. See Appendix B for details. 
 
With import of 300 MW from Ontario during summer peak and low WRG, line SR3 may 
overload (11-25 %) if line WT34 is out of service and the Great Falls tie breaker is open, 
or when section A or section B bus is out of service. See Appendix B for details. 
 
The aforementioned overloads on line SR3 will be removed if the line is upgraded as per 
[5] to accommodate the 400 MW firm power export to Ontario. 
 
Limiting Element – WT34 
 
Line WT34 interconnects Transcona station and Whiteshell station. This 115 kV line may 
overload following loss of line GS22 when Great Falls bus section A is out of service 
with 300 MW export to Ontario. The overload is about 1 %. One option to mitigate this 
overload is to back off the export to Ontario; export to Ontario is not firm. 
 
If Great Falls section B bus (terminates units 1-3, lines GS22, SG12, 77) is out of service 
with 300 MW export to Ontario, line WT34 may overload for single contingency and 
system intact conditions. The overloads are worse with double circuit tower 
contingencies. The overload varies from 7 % for system intact to 22.4 % for double 
circuit contingencies. The system intact and single contingency overloads can be 
removed by reducing Ontario exports to 200 MW while section B bus is out of service. 
The double circuit contingencies in conjunction with section B bus out of service 
constitutes a NERC Category D contingency. See Appendix B for details. 
 
With import of 300 MW from Ontario during summer peak and low WRG, line WT34 
may overload (6 – 14 %) if line SR3 is out of service and the Great Falls tie breaker is 
open, or when section A or section B bus is out of service. See Appendix B for details. 
 
The aforementioned overloads on line WT34 will be removed if the line is upgraded as 
per [5] to accommodate the 400 MW firm power export to Ontario. 
 
Limiting Elements – SM26, SC25, PR2 
 
With import of 300 MW from Ontario during summer peak and low WRG, lines SM26 
and SC25 may overload (4.5 %) if either line is out of service and Great Falls section A 
bus is also out of service. If instead, section B bus is out of service, then an outage to line 
WT34 will cause an overload (4.8 %) on line PR2. 
 
For all three overload instances, reducing import from Ontario or restoring service to the 
station bus at Great Falls should remove the overload. 
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Limiting Element – GP1 
 
There presently are four 115 kV transmission lines terminated at Great Falls; they are 
lines GP1, GS21, GS22 and SG12. All four lines consist of 266.8 MCM ACSR conductor 
sagged to a 100 degrees Celsius. Although each line is rated 489 Amps for a summer 
ambient temperature of 40 C, current flow along GP1, GS21 and GS22 is limited to 390 
Amps by outdoor line risers.  
 
The outdoor line risers for 115 kV line GP1 overload when lines GS21 and GS22 are 
simultaneously taken out of service. GS12 and GS22 are strung on the same double 
circuit tower. This condition exists with the present system configuration where Great 
Falls 115 kV bus is in a double-bus arrangement. It is identical from a power flow 
perspective to the condition where the Great Falls bus is in a single bus arrangement with 
its bus tie breaker closed. The line risers for GP1 limit power transfer along this line to 
74.3 MVA. The line conductor itself is capable of carrying 93.2 MVA, which is not 
exceeded during the ACCC analysis. It is advisable to upgrade the line risers for GP1 to 
be rated at least equal to the line conductor rating.  This recommendation is illustrated in 
the single line diagram in Appendix A. 
 
GS21 / GS22 
 
Single and double contingency simulations did not reveal any overloads on lines GS21, 
GS22 and SG12. For lines GS21 and GS22, current flows remained below the 390 Amp 
limit imposed by their outdoor line risers. Although it is not possible to justify replacing 
line risers for GS21 and GS22 on overload concerns, it is advisable to upgrade them at 
the same time as the single bus conversion is implemented. This recommendation is 
illustrated in the single line diagram in Appendix A. 
 
2.5 Bus Capability 
 
The existing main 115 kV bus bars in the switching gallery, designated as West and East 
buses, have a summer rating near 1300 Amps. Each of these main bus bars can 
accommodate a maximum power transfer of 263 MVA at 115 kV. The existing 
generation capability is about 150 MVA. Future increases in power output are not 
expected to exceed the 263 MVA transfer limit of the main bus bars. Hence, there are no 
overload concerns for the main bus bars. 
 
However, it has been determined that the additional cost of providing for a larger 
capacity single bus is less than $15,000 [4]. This relatively small expense will upgrade 
the capacity of the single bus to around 2150 Amps, which is higher that the proposed 
minimum rating of 2000 Amps noted in the single line diagram in Appendix A. It is 
recommended that this improvement be implemented. 
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2.6 Conclusions 
 
The power flow analysis determined that the single bus conversion at Great Falls 115 kV 
station would not introduce significant negative impacts to the transmission system. No 
transmission upgrades are required.  
 
The ACCC analysis found several overloaded facilities under severe system conditions 
that are classified as NERC Category D contingencies. The system is not designed to 
meet NERC Category D contingencies and thus no remedial improvements are required 
to address them. In the rare event that they do occur, the system operator is allowed to 
curtail load, generation and/or export to help alleviate the overloads.  
 
Overload facilities were also identified for less severe contingencies (NERC Category C). 
The two most overloaded facilities were lines SR3 and WT34 with Ontario export or 
import of 300 MW combined with a loss of the tie breaker or a section of bus at Great 
Falls. These overloads can generally be mitigated by reducing the power transfers (non-
firm) between Manitoba and Ontario. This reduction will also address other minor 
overloads identified in Appendix B. 
 
Outdoor line risers for lines GP1, GS21 and GS22 should be upgraded to match the rating 
of the line conductors. The main bus bar that will form the new 115 kV single bus at 
Great Falls should be upgraded to handle a minimum of 2000 Amps.



 8

 
3.0 Short Circuit Analysis 
 
3.1 Fault Study Model 
 
The 2005 System Planning Short Circuit Model was used to identify any short circuit 
impacts of the proposed conversion to a single 115 kV bus at Great Falls. The short 
circuit levels at this bus or nearby stations are not expected to change from their present 
values since the existing generator units and any transmission lines connected to the 115 
kV bus will not be modified. The bus tie circuit breaker that divides the single bus is 
assumed to be closed for the purpose of this evaluation. This breaker will operate 
normally closed. 

 
3.2 Criteria Used in the Fault Calculations 
 
Three phase and single-line-ground fault levels were calculated at the Great 
Falls 115 kV bus.  The results were developed and evaluated under the 
following criteria: 
 
1. “Flat Classical” analysis was used in all fault calculations.  The base kV 

was then adjusted to produce fault levels that reflect nominal system 
voltages. 

2. Station symmetrical fault levels were directly compared to the lowest 
rated breaker(s) at a particular location, i.e. an individual breaker is 
required to interrupt the entire fault kA or MVA produced by a “close 
in” fault.  No consideration was given for location, circuit breaker duty 
or individual equipment contribution. 

3. All busses in the major transmission system were analyzed in their 
normal1 operating condition. 

4. All busses in the sub-transmission system were analyzed in a minimal 
networked2 operating condition. 
 

3.3 Short Circuit Results 
 
The present and horizon fault currents for the 115 kV station are not expected to exceed 
13 kA. Any new 115 kV circuit breakers that would be installed in the switching gallery 
would have a minimum interrupting capability of 40 kA. As such, short circuit levels do 
not present any additional concerns. The short circuit levels at nearby stations are not 
impacted by the conversion to the single bus concept. 

                                                           
1 This is the “normal operating” model of the 2005 Manitoba Hydro system; all N/O points in use during 
non-emergency operation are represented. 
2 “Minimal Networked” fault levels allow for a maximum of two switch closures thus linking as many as 
three supply stations.  All other N/O points are consistent with normal operation 
 



 9

 
4.0 Stability Analysis 
 
4.1 Introduction 
 
Transient stability involves major disturbances such as a sudden loss of generation, line-
switching operations, faults or sudden load changes. Following a disturbance, 
synchronous machine frequencies undergo transient deviations from synchronous 
frequency and machine power angles change. The objective of a transient stability study 
is to determine whether or not the machines will return to the synchronous frequency at a 
new steady-state power angle. Changes in power flows and bus voltages are also a 
concern. Stability analysis is performed using a Northern MAPP Operating Review 
Working Group (NMORWG) study package to monitor bus voltages, rotor angles, relay 
margins, power flows and other system variables during disturbances. 
 
4.2 Study Criteria 
 
MAPP has specific voltage criteria for buses during the system disturbances. This criteria 
ensures that power system performance is within NERC guidelines. The default transient 
voltage criteria within MAPP require that voltages do not swing below 0.70 per unit or 
above 1.20 per unit voltage after a disturbance clears. Specific buses defined in the 
MAPP Operating Studies Manual have voltage limits outside of those defined by the 
MAPP default criteria and were applied in this study. 
 
4.3 Study Models 
 
Operating studies User Interface packages (UIP) are developed by NMORWG for power 
flow and stability studies. The new "pkg2005" was developed from the NMORWG 2003 
UIP package and the MAPP 2004 model series for 2005 operating studies. System 
Planning subsequently modified several planning horizon cases (2009 and 2014 study 
years) from the same MAPP 2004 model series so they were compatible with this new 
UIP package. 
 
One 2009 summer off-peak and one 2009 winter peak case provided the base cases: 
 
Load   Prior Outage  power flow case 
Summer off-peak none   f00-so09aa.uzpV0V0.sav 
Winter peak  none   f00-wp09aa.9lf0410.sav 
 
Both base cases were modified to model the proposed single bus conversion at Great 
Falls. The Great Falls 115 kV bus is split into two sections, designated as Section A and 
Section B, connected by a zero impedance jumper to represent the tie breaker. See Table 
2. 
 
Section A terminates lines GP1, GS21 and generator units 4, 5, and 6. An equivalent 
lumped machine models units 5 and 6. Unit 4 is modeled separately in anticipation of its 
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refurbishment in 2008, which should increase its rating from 21 to 28.5 MVA. This work 
was previously completed for unit 3 in 2003. 
 
Section B terminates lines GS22, SG12, Mines Line 77 (66 kV) and generator units 1, 2, 
and 3. An equivalent lumped machine models units 1 and 2. Unit 3 is modeled separately 
as it was refurbished in 2003. See Appendix C for a detailed listing of machine models 
for Great Falls. 
 
Table 2: Stability Analysis – Power flow cases 
Power flow MHEX (MW) NDEX (MW) >IMO (MW) WRG (MW) 
gfs-so09aa.uzpV0V0 2176 1963 200 484 
gfs-wp09aa.9lf0410 1513 381 0 484 
 
 
4.4 Disturbance List 
 
Three disturbances were simulated to assess the impact of the single bus scheme with tie 
breaker. The tripping of facilities following each disturbance was timed according to 
relay operating times provided in Appendix D. Breaker trip time was assumed to be 2.2 
cycles (115 kV SF6 breakers) and this was added to relay operating times to calculate the 
“time to clear” following the application of each disturbance. 
 
g6s 3-phase 115 kV fault at Great Falls bus section A. Stuck tie breaker and 

subsequent tripping of all facilities as per prescribed sequence and station 
outage. 

 
g7s S-L-G 115 kV fault at Great Falls bus section A. Stuck tie breaker and 

subsequent tripping of all facilities as per prescribed sequence and station 
outage. 

 
g8s 3-phase 115 kV fault at Great Falls bus section A, bus number 67536. Tie 

breaker opens in 8 cycles and facilities connected to section A bus trip out 
as per prescribed sequence. Half station outage. 

 
The first disturbance, g6s, applies a solid 3-phase bus fault at Great Falls 67536. It is 
assumed that the bus tie breaker is stuck and fails to open. All lines and generator units 
subsequently trip out according to the timing sequence of relay operating times. The 
objective is to determine whether losing the entire station at Great Falls presents a 
stability concern. This stuck breaker scenario describes the present bus arrangement. 
 
The second disturbance, g7s, is virtually identical to disturbance g6s except that instead 
of applying a solid 3-phase fault, we apply a single-line-to-ground (S-L-G) fault. 
Generally, the impact of the latter disturbance on the system would be less severe. 
The third disturbance, g8s, applies a solid 3-phase bus fault at Great Falls bus 67536. It is 
assumed that the bus tie breaker would open to isolate the fault on bus section A after 8 
cycles. Normally, lines GP1 and GS21 would trip on remote line end Zone 2 protections. 
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Typically, the relay operating time of Zone 2 protection is 0.4 seconds. The objective 
here is to determine whether losing half the station at Great Falls presents a stability 
concern. 
 
 
4.5 Discussion - Stability Results 
 
The stability simulations indicate that losing the entire 115 kV station due to a 3-phase 
bus fault will cause the local system to be unstable. This is illustrated in rotor angle and 
voltage plots for disturbance g6s provided in Appendix D. As the bus tie breaker is 
assumed to be stuck, we essentially have a single bus station that is identical to the 
present Great Falls station arrangement. A bus fault to the present 115 kV station would 
cause a similar complete station outage. Bus protection does not exist at the present 
station. Since local line relays cannot look “backwards” towards the bus to see the fault, 
we rely on remote end relays to trip the remote end line breaker. 
 
Disturbance g6s falls under NERC Category D contingencies (3-phase bus fault with 
stuck tie breaker) and the system does not necessarily have to remain stable after such an 
extreme event. 
 
The stability simulations indicate that losing the entire 115 kV station due to a S-L-G bus 
fault will not induce system instability. This is illustrated in rotor angle and voltage plots 
for disturbance g7s provided in Appendix D. The S-L-G fault is less severe than the 3-
phase fault and system stability is restored after tripping facilities as per the prescribed 
sequence of relay operating times. 
 
Disturbance g7s is a NERC Category C contingency, since it combines a S-L-G bus fault 
with a stuck bus tie breaker. The system is required to remain stable after such a 
disturbance and simulations show that this requirement is met. 
 
The stability simulations indicate that losing half of the 115 kV single bus station due to a 
3-phase bus fault may introduce instability to the local system. Normal opening of the 
bus tie breaker helps to isolate the healthy half of the station. If 115 kV lines GP1 and 
GS21 are tripped off fast enough following the bus fault (these lines are located on bus 
section with fault), then stability is restored. However, simulations show that if we rely 
on Zone 2 protection (0.4 second relay operating time) to clear these lines, then the 
system can become unstable. It can be seen in output plots for disturbance g8s in 
Appendix D that synchronous machines at Great Falls and nearby plants lose 
synchronism after the loss of half the station.  
 
Machines at Pine Falls become unstable and do not regain stability at a new steady-state 
power angle. The bus voltage at Pine Falls fluctuates rapidly (excursions below 0.7 per 
unit violate criteria) without reaching a steady level. 
 
Machines at McArthur Falls and Seven Sisters do appear to regain stability at a new 
steady-state power angle. However, a low frequency (< 1 Hz) oscillation is present in 
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their rotor angles. The bus voltages at McArthur and Seven Sisters fluctuate rapidly 
without reaching a steady level. 
 
If the relay operating time can be reduced to 0.3 second for Zone 2 line protection, then 
the system is stable. Thus, we see that the time margin between stability and instability is 
around 0.1 seconds. Although it is technically possible to reduce Zone 2 relay operating 
time to 0.3 seconds, we should not rely on this small time margin to protect the system. 
Actually relay operating times may deviate from 0.3 seconds despite best efforts to 
provide this time setting. For adequate safety, we should consider adding bus protection 
to ensure that lines are cleared quickly following a 3-phase bus fault. If full bus 
protection is too costly or complex add, perhaps a simplified protection scheme can be 
devised which allows the bus tie breaker to trip local end line breakers when the tie 
breaker is opened. Of course, the bus tie breaker itself must be able to ascertain which 
half of the bus is faulted to trip off lines terminated to that half of the station. 
 
In response to questions from Protection Design, additional simulations were run to 
determine whether the 0.3 second clearing time requirement is required if the bus tie 
breaker is open and the single bus is separated into two halves prior to a 3 phase bus 
fault. Results show instability in the local system and confirm that this clearing time is 
needed whether the bus tie breaker is open or closed. 
 
 
4.6 Conclusions 
 
A 3-phase bus fault that shuts down half the 115 kV station may induce system instability 
if it is not cleared fast enough. A bus protection scheme should be provided to ensure that 
115 kV lines on the faulted bus section are cleared well before 0.4 seconds following the 
fault. Ideally, these lines should be cleared before 0.3 seconds. 
 
This system inadequacy is not directly caused by converting the Great Falls station from 
a double-bus to a single bus arrangement with bus tie breaker. It exists with the present 
station arrangement. If a 3-phase bus fault was to persist on the existing double-bus 
station, the local system will become unstable. This is demonstrated with disturbance 
g6s. 
 
The impact of a S-L-G bus fault is less severe than that of a 3-phase bus fault at the 
station. As such, the system remains stable after disturbance g7s is applied. 
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5.0 Single Bus Conversion Costs 
 
5.1 Introduction 
 
The Generator and Manitoba Hydro Station Design Department has authorized Teshmont 
Consultants LP (hereafter referred to as Teshmont) to design the structural and equipment 
improvements at Great Falls to convert the existing double-bus switching station to a 
single bus.  
  
5.2 Scope of Work 
 
The scope of work for this project has undergone several major revisions. As the project 
moves forward, it is expected that certain detailed construction activities may be 
modified. Therefore, a high level scope of work has been included in this report to avoid 
encumbering the reader with unnecessary details pertaining to actual construction 
methods to be used on site. 
 
At the time of writing this report, the most recent scope of work memorandum from 
Teshmont is dated October 27, 2005 and is provided as an attachment in Appendix E.  
 
5.3 Protection Modification 
 
The existing 115 kV double-bus station at Great Falls does not have breaker failure or 
bus protection. Both breaker failure and bus protection should be provided with the new 
115 kV single bus with bus tie breaker. Redundant bus protection is not required. Failure 
of any protection system component such as a relay, circuit breaker, or current 
transformer that delays clearing of a 3-phase bus fault is considered a NERC Category D 
contingency. The transmission system does not need to be designed to withstand a 
Category D contingency. 
 
5.4 Cost Breakdown 
 
Cost estimates for the project were developed by Manitoba Hydro Station Design 
Department with input from Teshmont. See Table 3 below. 
 
Table 3: Great Falls 115 kV Single Bus Conversion Planned Costs 

Department / Description Labour Cost Material Cost Internal SAP Activity No. 
        
Structures Equipment & Grounding (SEG) $185,776.56   1070 
SEG Manuf. Delvr.   $121,069.50 2070 
SEG Manuf. Delvr. Misc. Ground Grid   $35,000.00 2060 
SEG Office Admin. $21,155.98   2590 
Preliminary Engineering & Design $11,825.60   10 
Protection Design (PD) $78,844.80   1020 
PD Manuf. Delvr.   $41,000.00 1090 
PD Office Admin. Support $12,384.11   2560 
Apparatus & Engineering (AE) $49,020.01   2580 



 14

AE Manuf. Delvr.   $1,995,882.73 1040 
Shop Test Misc. Apparatus $3,250.80   2040 
Protection Control & Metering (PCM)        
PCM Drawings Design & Issue (Contractor) $197,000.00   2050 
PCM Office Admin. $21,157.27   2550 
PCM Manuf. Delvr.   $260,000.00 2160 
SCADA       
SC Office Admin. $4,489.24   2600 
SC Site Support $42,616.51   2610 
Design Draft & Issue RTU SCA Package $27,935.22   2080 
Civil Design       
Design Draft & Issue CE Steel Drawings $44,504.99   2220 
Manuf. Delvr. Steel Material   $68,000.00 2210 
Design Draft & Issue CS Steel Drawings $45,513.77   2200 
Schedules & Estimates       
Project Management       
Project Management $203,175.06   2530 
Create Class 2 Schedule $33,755.28   960 
Enter Class 2 Estimate $12,538.80   970 
Construction       
Electrical Construction (EC) mobilization $13,003.20   2230 

EC Line Maint. East, Civil Construction, 
Wpg. River GS Staff $2,723,383.73   

2240+2250+2260+2290+ 
2370+2400+2430+2460 

EC Field & Office Admin. $594,561.04   1700 
EC Manlifts   $70,889.61 240 
EC Safety Watcher $469,624.57   190 
Civil Construction Office Admin. $8,173.50   2630 
Commissioning       

Commissioning Operational Testing & Eng. Stage 1-7 $170,589.61   
2270+2300+2380+2410+ 

2440+2470 
Commissioning Office Admin. $34,346.29   2650 
Commissioning Issue Acceptance Procedures $34,830.00   2010 
Commissioning Issue Operational & Energize Procedures $10,255.50   2100 
Acceptance Test Protection Package Material $39,216.00   2090 
Issue Relay Settings $30,960.02   2000 
Issue HMI & Operational & Energize Procedures $51,277.50   2310+2320+2330+2340+2350 
Design Draft & Issue SC HMI Package $27,935.22   2020 
Design Draft & Issue ED HMI Package $40,960.00   2030 
Miscellaneous       
Labour Contingency $348,696.95   2660+2670 
Design Draft & Issue Mechanical Design Package $6,483.04   2685 
Station Switching & Clearances $8,643.02   2570 
Materials for Breakers   $6,200.00 3080 
Tools   $4,000.00 3090 
Finance Adjustments 2004/05 $24,332.00   B001 
Finance Adjustments 2005/06 $266,923.50   B002 
Finance Adjustments 2005/06 $93,000.00   B005 
Send in EC As-built drawings $6,501.60   2500 
Subtotal $5,998,640.29 $2,602,041.84   
Project Total (excluding interest and escalation) $8,600,682.13   
Project Total (including interest and escalation) $9,627,694.40   
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5.5 Project Schedule 
 
The project schedule was developed by Manitoba Hydro Transmission Project 
Department in consultation with other groups. It is provided in Appendix F. Note that 
construction is slated to begin in May 2007. The final in-service date is December 31, 
2008. 
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