










April 21, 2008

Summary of Transmission Options Studied for Minnesota Steel
This report was posted on the Minnesota Power page of the MISO Oasis on 4-21-2008.

Background:

This report outlines the preliminary studies that have been completed to date for the Minnesota Steel project.    Preliminary studies have shown a minimum of three 230 kV transmission lines will be required in order to provide adequate short circuit capacity and to support the full projected Minnesota Steel load levels without significantly overloading any of the existing 230 kV transmission on the western portion of the MP 230 kV northern loop. This study only considered local load serving from the Minnesota Power system and did not evaluate issues associated with delivery of generation to the Minnesota Power system from outside sources.
The results of this assessment are detailed in the sections below.  

Modeling Information

The models used for this study were taken from the Arrowhead – Weston operating study package, which includes numerous updates of regional facilities including the Arrowhead – Stone Lake – Gardner Park line, and the transmission development associated with the southwest Minnesota wind projects.  The power flow studies that were undertaken for this assessment were all based upon a Summer Peak load and generation pattern.

The load level used for this analysis was the projected maximum facility load of 300 MW for phase 1 and 590 MW for phase 2.  Both the phase 1 and 2 load levels were studied to provide the most conservative results and ensure that any transmission alternative selected would adequately serve the entire projected plant load.
The generation to serve this load was not explicitly modeled, rather it was assumed to be coming from a point outside of the MP system.  

Alternatives Studied:
The four scenarios that were identified as possible alternatives are detailed below:
Scenario 1:  Split the Boswell to Shannon 230 kV line (94 line) north of the plant site.  At this location transition each segment of 94 line to a new circuit, and bring these new circuits to the MN Steel site via a double circuit 230 kV line.  In addition, replace one of the existing Blackberry – Nashwauk 115 kV lines (62 line), with a single circuit 230kV line from Blackberry - MN Steel. 
Scenario 2:  This option is very similar to Scenario #1, except that the Boswell to Shannon line will be split at the point where it is nearest to the existing MP Boswell – Nashwauk 115 kV line right of way.  At this location, the 230 kV line from Boswell will be re-routed along the existing 28 line right of way.  The MN Steel - Shannon and Blackberry - MN Steel lines remain unchanged from Scenario 1.  

Scenario 3:  Replace both of the existing Blackberry – Nashwauk 115 kV circuits (62L and 63L) with new 230kV lines that terminate at the MN Steel substation.  In order to replace the existing Blackberry – Nashwauk 115 kV connection, include a new 230/115kV transformation at MN Steel and add a 115 kV line to Nashwauk.   In addition, add a third 230kV line heading north from MN Steel and tapping into 94 line north of Nashwauk, in the same location as scenario 1. 

Scenario 4: This is the same as #3 except in place of the 230kV line north to 94 line, a new 230kV line will be constructed from MN Steel to Forbes along the existing 115 kV line rights of way.
Power Flow Results:

Each transmission alternative was evaluated for both N-1 and N-2 performance.  In general, the bulk of the analysis was limited to the contingencies involving the 230 kV lines on the western portion of MP’s 230 kV loop.  Additional wider-area contingency screening was also completed to ensure that all contingencies were accounted for and that no additional impacts on the network were overlooked.  A brief summary of the findings for each alternative are listed below.
Scenario 1

In general, this option slightly reduces the post contingency loading on all of the MP 230 kV circuits, due to the redistribution of flows at the Boswell 230 kV station.  No additional overloads or voltage concerns are seen at the 300 MW load level, however, as the plant load is increased to the 590 MW level, additional overloads are seen in the 115 kV network for loss of some of the 230 kV circuits.  In addition, all scenarios studied will require significant reactive power supply to be established at the MN Steel site in order to maintain adequate voltage under both system intact and contingency conditions.  The level of reactive support was not specifically evaluated in these studies, rather it was assumed that this would be further developed as a part of an overall reactive power supply strategy for the site, along with the requirements for SVCs or Statcoms to mitigate any voltage fluctuation (flicker) issues.  

Scenario 2 

This option performs very similarly to option 1, however, due to the lower impedance connection between Boswell and MN STEEL, some additional flow is biased towards the Boswell to MN Steel line.  In general, this is a desirable result, as this line is  under utilized both from a system intact and prior outage standpoint.  In addition, this lowers both the steady state and post contingent loading on the Boswell to Blackberry lines.  

Following the development of the phase 2 loads at MN Steel, the post contingency loading on the Boswell to MN Steel line will exceed the rating of the existing Boswell – Shannon line (94L).  Therefore, should the phase 2 loads be developed at the MN Steel site with this transmission configuration, it will be necessary to upgrade the remaining portion of the original line from Boswell to MN STEEL (old 94L) to a higher capacity.  
Scenario 3

This option while performing adequately to serve the load at MN Steel has minimal other impacts on the local 230 kV system.  Unlike the other options, in this scenario, the bulk of the power that flows to serve the MN Steel load flows on the two Blackberry – MN Steel lines.  This could be a concern if it were to result in significantly higher post contingent loadings on the Boswell Blackberry circuits.  However, there is still a significant contribution from the 94 line tap, such that better utilization is made of the existing Boswell to Shannon line (94L).  Due to this fact, the flows leaving the Boswell station are more balanced, and as a result the post contingency loadings on these circuits are slightly reduced.  The existing post contingency loadings within the MP system remain at levels very similar to those found in the base case prior to addition of MN Steel.
A concern with this plan is that two of the three 230 kV circuits would essentially follow the same route from Blackberry to MN Steel.  Should an event occur that results in the loss of both circuits, the entire remaining load would be left radially served from the 94 line tap.  While the line would be capable of serving the entire load, the short circuit level would be substantially reduced.  Another concern for this scenario would be the fact that an additional switching station would need to be developed at the point where 94 line would be tapped in order to maintain the reliability of the existing generation outlets at a level consistent to that experienced today.

Scenario 4

The fourth option included development of a 230 kV line from the Forbes station to MN Steel.  While this provides good support from a voltage and short circuit standpoint, the new circuit to Forbes actually aggravates a number of existing post contingency loading issues because it biases more of the normal power flow to the southern half of the MP Northern 230 kV loop.  The other scenarios all included a source into MN Steel from the northern portion of this loop which helps to maintain the balance around the loop and ensure that pre and post contingent loadings on critical circuits are not exceeded.
Transmission Losses

Due to the nature of this evaluation, losses will only be discussed from the standpoint of losses existing within the MP system following the addition of the phase 1 MN Steel load and the various transmission developments.  The table below shows the relative change in MP system losses for all of the transmission alternatives.  Since scenario 2 was the lowest loss option, the losses for each option are measured as an increment above the losses found in scenario 2.  Losses were not measured against a “base case” in order to avoid confusion regarding a change in losses resulting from the addition of the MN Steel loads.  This methodology was used to identify the fact that Scenario 2 is the lowest loss option when considering only the impact of the transmission development.
	Scenario 1
	1.3 MW

	Scenario 2
	0 MW

	Scenario 3
	0.5 MW

	Scenario 4
	1.2 MW


Impact on the surrounding 115 kV System

Since most of the transmission development for this project is confined to the 230 kV system, there is little impact on the 115 kV system in the area.  The two most notable potential impacts are the use of the Blackberry – Nashwauk corridor (62L & 63L) for development of the new Blackberry – MN Steel line(s) and the need to remove a portion of the existing Boswell to Nashwauk 115 kV line (28L) for development of the new MN Steel mining site.  

In general, the western portion of MP’s 115 kV system in this area is interconnected to the central and east Iron Range 115 kV system via the three lines mentioned above (62L, 63L, and 28L).  In order to determine the future disposition of these lines if the MN Steel site is developed, a brief study was undertaken to examine the impacts of permanently removing one, two, or all three of these circuits.  
In general, removing more than one of these circuits was found to be undesirable due to that fact that it leaves the western portion of the 115 kV system vulnerable to being separated from the rest of the 115 kV system.  This results in significant under utilization of the transformer capacity at Blackberry, reduces the reliability of the outlet transmission from the Boswell generating station, and eliminates some post contingent support following loss of certain 115 kV lines.
Therefore, it is preferred to maintain a minimum of two circuits connecting the west range 115 kV system to the east and central Iron Range 115 kV system.  This study also examined the impact of permanently converting one of the two Blackberry – Nashwauk 115 kV circuits to 230 kV in order to maximize use of existing transmission line right of way.  For this scenario, no adverse conditions were found when one of the two Nashwauk – Blackberry 115 kV circuits was removed.  This is primarily due to the fact that much of the load formerly served in the Nashwauk area has diminished, whereas the loads in the area near Grand Rapids have steadily continued to grow.  Over time, this has resulted in less utilization of the Blackberry – Nashwauk  115kV lines. 

Considering the fact that all scenarios include a Blackberry to MN Steel 230 kV circuit, it has been determined that this line could be built as a 230 kV single circuit line, replacing one of the two existing Blackberry – Nashwauk 115 kV lines.  In order to maintain dual 115 kV interconnections between the West and central Iron Range 115 kV systems, the existing MP circuit 28L will need to be re-routed around the proposed mine site.  This can be accomplished via a number of different routing alternatives.  This study did not identify any preferred alternative, but it is recommended that the line should remain contiguous between Boswell and Nashwauk.
Conclusions
After reviewing the proposed alternatives and the various impacts of each on the MP 230 kV transmission system, it is recommended that Scenario 2 be selected as the primary alternative.  This option results in the lowest transmission losses and best performance of all options that were considered.  In addition, it is recommended that 28 line be re-routed around the proposed mining area so as to keep the existing line intact.   If necessary to construct the new Blackberry – MN Steel 230 kV line, one of the two existing 115 kV lines between Blackberry and Nashwauk can be removed and converted to 230 kV operation.  There may be a need to upgrade certain 115 kV lines to accommodate 230 kV outages at a 590 MW load level.
 Follow Up Requirements
The following items also must be addressed with regard to development of the MN Steel plant and transmission alternatives:

1. Stability analysis to determine impact on the local & regional  transmission system performance

2. Reactive Power requirements for the proposed plant must be determined in order to meet the required transmission voltage criteria and provide any necessary dynamic reactive power support.

3. Transient torque analysis to determine if the proposed arc furnace loads could impact existing generators in the area

4. Flicker studies and measurements must be undertaken to ensure that the addition of this load does not negatively affect power quality in the local area.

5. Harmonic injection studies and development of filter banks if required to meet the appropriate standards.

Arc Furnace Installation Requirements

12-4-2007 

· Minnesota Power has adopted IEC Standard 61,000-3-7 for flicker with 

Pst = 0.8, using 60 Hz, 120 volt lamp curves.  This standard should be met 99% of the time including operation with a Boswell unit off line.  Special operating procedures may be required during abnormal system conditions such as one of the 230 kV lines supplying MSI out of service to return the flicker level to below Pst=0.8.
· The Point of Common Coupling should be at the primary side of the MSI 230 kV transformers.

· Flicker should be measured with a flicker meter compliant with current industry standards which is IEC 61,000 – 4 – 15. 

· Minnesota Power has adopted the most resent version of IEEE standard 519 for harmonics.

· The short circuit calculations being provided are based on planning studies in progress and could be subject to change. Also, State agencies have authority over transmission line construction, permits and routing which could also change the plan.

· The short circuit levels provided are the maximum levels and will be reduced with changing system conditions.  Special operating procedures may be required during abnormal operating conditions such as line outages, or abnormal furnace conditions. 

· Operating agreements need to be developed to cover such items as coordinated maintenance, SVS maintenance and operation during problems, such as six pulse operation.

· The plant should be designed for unity power factor.  The actual operating power factor should not be more than 0.98 leading or lagging. 

· Allowable steady state voltage change at the point of interconnection should be limited to 2% or less and less than 4 times a day.  Steady-state voltage changes more than 4 times per day should be limited to 1%.

· The SVS (SVCs or STATCOMS) should be sized to match the ultimate arc furnace load which will meet the power factor requirements and flicker limits.

· Minnesota Power requires the ability to review the manufacture’s design studies that are preformed to achieve compliance with these standards. MP also requires review of study assumptions.

Other Requirements

Load following must be provided to enable Minnesota Power to meet its balancing area obligations under the Mandatory NERC standards with Minnesota Steel in operation.

Under-frequency load shedding must be applied at Minnesota Steel to enable Minnesota Power to meet its obligations under the mandatory NERC standards for under-frequency load shedding.

Other Concerns
· Other potential concerns that may be identified that don’t have standards but may require further study during the design phase of the project will be reviewed and evaluated. They include but are not limited to:

· Inter-Harmonics

· Interaction between the arc furnaces and the Boswell generating units and other planned generating units.

· Interaction between the caster rolling mills and the Boswell generating units and other planned generating units.

· Voltage resonance.
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