Transmission for Essar Steel Minnesota Phase I

Minnesota Power will be the transmission provider for the Essar Steel Minnesota LLC (ESM) mine to steel operation located in Nashwauk, MN area.  The ESM project will be constructed in three phases. Phase I will consist of conventional taconite plant, Phase II will add a DRI plant and Phase III will add an arc furnace and steel mill. 

This analysis evaluates the ability to serve ESM Phase I from MP’s 115 kV Line #28 which runs between the Boswell and Nashwauk Substations. Line #28 would be rerouted into the ESM Site 1 substation which will serve the Mine, Crusher, and Concentrator loads and into the ESM Site 2 substation which will serve the Pellet Plant load. (see figure of area transmission system on last page of this document) This configuration would provide two 115 kV sources to ESM, one from Boswell and one from Nashwauk. ESM Phase I peak demand will be 85 MW with 61 MW served from the Site 1 substation and 24 MW served from the Site 2 substation. ESM has indicated that their power factor will be 0.90 or greater. The ESM peak demand and site location is based on information provided by NPUC representative Steve Sherner at a meeting held at the MP offices on September 10, 2006. ESM transformer impedance is based on data supplied in an e-mail dated September 10, 2008 from NPUC representative Clarence Kadrmas.
Modeling
The NMORWG summer peak SP08AA model was used for the steady state analysis. The model was modified by adding the ESM Phase I facilities off a rerouted MP Line # 28. In addition, the planned GRE Shoal Lake Substation was added, 28L tap was removed and the line rerouted directly into the Boswell substation, and area loads were adjusted to 2010 peak. Two ESM 115/13.8 kV 50/66/83 MVA transformers with an impedance of 9% on the transformer base were modeled at the ESM Site 1 Substation and a single identical transformer was modeled at the ESM Site 2 Substation. ESM Site 1 load was modeled at 61 MW 29.5 MVAR and ESM Site 2 load was modeled at 24 MW 11.6 MVAR.  Lastly, 115 kV 27 MVAR switched capacitor banks additions were modeled at the ESM Site 1 and 2 Substations as well as a planned 27.5 MVAR switched capacitor at the Nashwauk Substation.
Steady State Results.

Steady State results indicated that ESM Phase I could be served at 115 kV off a rerouted MP Line #28 during system intact conditions.  However, during certain area contingencies, ESM would be required to reduce loading during peak load periods to eliminate overloading of area transmission lines. The contingencies resulting in line overloads are listed below. As an alternative to ESM load reduction during these contingencies, upgrades to the area’s electric system to eliminate line overloads could be completed. However, ESM must determine if the cost of these upgrades can be justified based on the benefit and cost to their overall Phase I operations. 

[image: image1.emf]Contingency Issue

28 Line Nashwauk-Essar Site 2 28L & 20L Overload

Boswell Unit 1 or Unit 2 Generation 28L Overload

Boswell Unit 1 and 2 Generation 28L & 20L Overload

20 Line Blandin-Blackberry-Grand Rapids Tap 28L Overload

20L Tap-Blackberry 28L Line Overload

20L Tap-Grand Rapids 28L Line Overload

28 Line Boswell-Essar Site 1 28L overload


The overload of MP Line #20 for all contingencies, except for outages of both Boswell Units 1 and 2, could likely be addressed by changing terminal equipment at the Blackberry Substation. However, with both Boswell Units 1 and 2 off-line, the power flow on MP Line #20 exceeds the existing conductor’s capacity.  Because of this, in order to eliminate 20 Line overloads for the loss of the Boswell Units 1 & 2, the line would need to be reconductored or rebuilt. 

Overload of 28 Line could be a costly fix depending on what is required to increase the lines capacity. It could be as simple as raising a few structures to increase clearance and the conductor’s thermal limit or a complete rebuild of large sections of the line.  The amount of work required and cost to address the 28 Line overload will not be known until a complete survey of the line is completed. 
The cost to do these upgrades is not known at this time. If ESM decides it wants to consider moving forward with these upgrades, MP will provide ESM a cost estimate by project. ESM will then need to determine if the cost to do upgrades is justified based on the risk to their operations of having to shed load.
Motor Starting

The ability of the 115 kV MP Line #28 to support motor starts at the ESM Phase 1 Site 1 and Site 2 was evaluated.  Based on the results of this analysis, the motors should be able to be started with the area’s transmission system intact. However, since low voltage circuit impedance was not provided, the results should be considered preliminary and ESM should verify that the motors will start or purchase motors with soft-start capability.  The analysis also indicated that the motors should be able to be started with a contingency of the Nashwauk or Boswell source to ESM. However depending on conditions, ESM may be required to curtail motor starts or as explained above to shed load during these contingencies. 
This analysis was completed using PSS-E with the ESM load modeled at expected Phase 1 peak demand and other area loads at expected summer peak conditions. The analysis only considered starting of the 9,000 HP concentrator motor, as this is by far the largest motor, and therefore if it can start, other smaller motors located at the Crusher and Pellet Plant will be able to start. The details of the modeling and results are described below. 

Based on the information supplied, the load at the ESM Phase 1 Sites 1 and 2 were modeled as shown in the table below. The peak demand load levels and steady state and power factor was based on information provided by NPUC representative Steve Sherner at a meeting held at the MP offices on September 10, 2008. 


[image: image2.emf]Site  Load Type Load  (MW) Power Factor

1 Crusher/Concentrator 61.0 0.90

2 Pellet Plant 24.0 0.90

Essar Steel  Site 1 and 2 Load


The summer peak NMORWG load flow model was used and ESM Site 1 and Site 2 were added off a rerouted 115 kV MP Line #28, as was done for the steady state analysis. The ESM Crusher/Concentrator load was modeled off the low side of two ESM 115/13.8 kV 50/66/83 MVA transformers, and the Pellet Plant load was modeled off the low side of a single 115/13.8 kV 50/66/83 MVA transformer. The ESM transformer impedance was modeled as Z=9% on the transformer base of 50 MVA, and is based off an e-mail dated September 10, 2008 from NPUC representative Clarence Kadrmas (R=0.0067 X= 0.1798 Z= 0.18 on a 100 MVA base). 

In addition to the above modifications to the model, a 115 kV 27 MVAR switched capacitor bank was added at each of the two ESM sites, and a planned 27 MVAR bank was modeled at Nashwauk, as was done for the steady state analysis. For the motor start analysis the ESM Crusher/Concentrator load was reduced by 6,714 kW, to account for the largest motor load (9,000 HP) being off line at time T-. Since lower voltage impedance data was not provided, all ESM load including the 9,000 HP motor to be started was modeled off the 13.8 kV ESM transformer buses.

During start-up, a large motor behaves like a fixed impedance that draws several times its full load running current at a very low power factor. If the motor terminal voltage drops to less that 0.8PU during start-up, the motor may not start.  The 9,000 HP Concentrator motor at ESM was modeled as shown in the table below and the starting admittance was calculated based on the motor data provided in an e-mail dated 9/12/08 from NPUC representative Steve Sherner.  It was assumed that all Phase I ESM load, except for the motor being started, would be on-line when the motor was started (ESM Site 1 load = 54.3 MW 26.3 MVAR, ESM Site 2 load 24 MW 11.6 MVAR). 


[image: image3.emf]Running full load 6,714 kW

Running Power factor 0.9

Starting Power factor 0.1

Starting Current (percent of full load) 450%

Starting Admitance (100 MVA base) 3.357 -J33.4022

Concentrator 9,000 HP


The table below shows the ESM Bus voltages just prior to the motor being switched in (T-) and just after it is switched in (T+) with system intact conditions. As the table indicates, the motor bus voltage (Site 1 Voltage) remains above 0.8 PU, which indicates that the transmission system will have no problem supplying the energy necessary to start ESM largest motor. The table also indicates that the ESM 115 kV voltage dip is less than 3% so the MP standard is expected to be met. 
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Site 1 54.3 MW 26.3 MVAR 1.022 0.974 1.022 1.003

Site 2 24 MW 11.6 MVAR 1.027 1.010 1.023 1.007

MSI Load at time T-

Calculated Essar Steel  Phase I Bus Voltage with 9,000 HP Concentrator Motor Starting

System Intact


However, the additional impedance of the lower voltage cables and transformers between the ESM Site 1 low voltage bus and motors will cause the voltages to be lower than the voltages determined from this analysis.  Because of this, the results of this analysis should be used with this in mind and not as a verification that the motors will start. ESM should verify that their motors will start with the added impedance beyond the Site 1 and Site 2 low side transformer bus or purchase motors with soft start capability. To assist ESM with this, the available short circuit at the ESM Site 1 and ESM Site 2 115 kV buses was calculated.  The table below shows the results of this analysis.

[image: image5.emf]Condition Site 3-Phase Short Curcuit

Positive Sequence Zero Sequence MVA

System Intact Essar Site 1 1.30946 +j7.80057 5.76194 +j19.0682 1,672.0

System Intact Essar Site 2 1.14608 +j6.92048 5.06056 +j172842 1,885.3

Boswell Open Essar Site 1 1.87841 +j10.4235 8.84758 +j29.1152 1,248.7

Boswell Open Essar Site 2 1.5081 +j8.5984 6.9959 +j24.2085 1,515.0

Nashwauk Open Essar Site 1 4.06266 +j23.8722 16.8961+j54.4839 546.1

Nashwauk Open Essar Site 2 4.43299 +j25.6973 18.748 +j59.79684 507.2

Thevenin Impedance (ohms)


Motor start calculations were also completed with contingencies of the Nashwauk and Boswell 115 kV sources to ESM. The tables below shows the ESM Bus voltages just prior to the motor being switched in (T-) and just after it is switched in (T+) with a contingency of either the Nashwauk or Boswell .115 kV source to ESM. 
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Site 1 54.3 MW 26.3 MVAR 1.009 0.923 1.009 0.951

Site 2 24 MW 11.6 MVAR 1.013 0.955 1.010 0.952
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Site 1 54.3 MW 26.3 MVAR 1.018 0.964 1.018 0.993

Site 2 24 MW 11.6 MVAR 1.023 1.002 1.020 0.999

Calculated Essar Phase I Bus Voltage with 9,000 HP Concentrator Motor Starting



Boswell 115 kV Source Outage

ESM Load at time T-

ESM Load at time T-

Calculated Essar Phase I Bus Voltage with 9,000 HP Concentrator Motor Starting

Nashwauk 115 kV Source Outage


Based on the result of this analysis the motors should start. However, loss of the Nashwauk 115 kV source will result in overloads of the 115 kV MP Lines #20L and #28L and loss of the Boswell source results in overloading of 115 kV MP Line #28L  during peak load periods.  Because of this ESM may be required to shed load in order to reduce loading on Lines #20L and 28L, unless they are upgraded.

Impact to other area customers

The starting of the large motors at ESM has the potential to impact other area customers. Based on IEEE Flicker charts voltage drops of 3% or less at substations serving other customer load would not be expected to create any concern, and MP has adopted this limit.  The results of this analysis indicated that starting of the largest motor at ESM will not impact other area customers during system intact conditions or for loss of the Boswell 115 kV source. 
The impact to other customers during the starting of ESM motors during a contingency of the Nashwauk 115 kV source indicated that the voltage dip at the GRE Shoal Lake bus does exceed 3% as shown in the table below. Although ESM could continue operations with the Nashwauk source out of service, provided it proceeds with the upgrades identified in the steady state analysis, it would need to curtail starts of their large motors.  This is necessary to  prevent adverse power quality problems for nearby electric users fed from the Shoal Lake Substation if the Nashwauk source is out of service. Lastly, as explained in the steady state results section, additional restrictions on ESM operations may also be required due to the overloading of MP Line #20 and Line #28 during a contingency of the Nashwauk 115 kV source, unless upgrades are completed.
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Shoal Lake 1.008 0.950 1.018 0.997

Nashwauk 1.023 1.020 1.022 1.010

Boswell 115 kV 1.020 1.001 1.026 1.023

Nashwauk 115 kV Source 

Outage Boswell 115 kV Source Outage

Calculated Essar Phase I Bus Voltage with 9,000 HP Concentrator Motor Starting


Conclusions
This analysis indicates that ESM Phase I load of 85 MW can be supplied by a rerouted 115kV MP line #28 during system intact conditions.  The analysis also indicates that, without additional area upgrades, ESM would need to shed load if various contingencies occur when area loads are at or near peak levels.  Lastly, although the analysis indicates that ESM should be able to start their motors and meet the MP 3% voltage drop during system intact conditions, starting of motors may need to be restricted if one of the two 115 kV sources to ESM is out of service. Lastly, since MP did not have impedance of the ESM low voltage circuits, ESM must verify that their motors can be started and meet the MP 3% voltage dip criteria at the point of common coupling or purchase motors with soft start packages.
Essar Steel Area Transmission System
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