For planning purposes we would like to request a preliminary assessment of the ability of the electric power system at the Oak Ridge Reservation to supply the FIRE electric power load.

The FIRE load consists of two components, namely a steady continuous load associated with the plant auxiliary systems, and a pulsed load associated with the experimental operations. We foresee that the steady auxiliary system load could be supplied via connection to the existing 161kV infrastructure, whereas the pulsed experimental load will most likely require a direct connection to the 500kV line which crosses the reservation, via a new substation at the selected FIRE site.

Since FIRE is in the conceptual planning stage at the present time, the loads are not known with a high degree of precision, but estimates have been developed. Furthermore, concerning the pulsed experimental power load in particular, the reactive power (MVAR) component depends very much on the detailed design of the AC/DC converter system and the implementation of reactive power control and compensation schemes, which have not yet been developed. Therefore our focus and interest at this time is primarily on the active power (MW) component which is a fundamental requirement, not amenable to adjustment unless supplemental pulsed energy storage and/or energy dissipation systems are installed. We would like to avoid such large and costly systems if at all possible, and take maximum advantage of the power available directly from the grid.

The auxiliary system load is estimated to be 15MVA, 0.8 p.f., continuous duty. 

The experimental power load consists of a pulse, during which the demand varies according to the experimental requirement, followed by a cooling interval during which the load is zero. For the design basis scenario the pulse is on for approximately 60 seconds, then off for the remainder of the 2 hour repetition period. During any 24 hour period it should be possible to perform up to 12 full power pulses, at a rate not faster than once every 2 hours. Over the lifetime of the project, a total of 3000 full power pulses, and 30000 pulses at 2/3 power (with an accelerated repetition rate within the heat load limits of the facility) are planned. 

Concerning the active power (MW) waveform during a pulse, the following figure depicts the design basis scenario which has been established and reflects the nominal requirement of the experimental device. Salient features of the waveform are listed in the following table.
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Parameter
Value

Peak (+) Power from grid to FIRE
≈ 800MW

Peak  (-) Power from FIRE to grid
≈ 100MW

Peak Energy from grid to FIRE
≈15 GJoule

Maximum Power Step (∆t < 0.1 second) 
< 500MW

Maximum Power Derivative (∆t > 0.1 second)
< 100MW/sec

Concerning the power steps, these can be mitigated by the application of rate limiting in the AC/DC converter control loops, and/or by switched insertion of resistors (note that all of the major power steps are negative). However, it is desirable to avoid such actions to the extent that power steps can be tolerated by the grid. Therefore, it is highly desirable to quantify grid limits on power steps in normal operation, and also under control fault conditions (say 10 fault events or less over a 1 year period).

 As mentioned earlier the reactive power (MVAR) waveform is highly dependent on details of the AC/DC converter system design, along with the implementation of reactive power control and compensation schemes. In any case the following figure depicts the composite active (MW), reactive (MVAR) and net apparent power (MVA) load in case no special reactive compensation measures are taken (i.e. the worst case). Comments on the grid limits in terms of reactive power are sought. 
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In summary, for planning purposes, an assessment of the ability of the electric power system at the Oak Ridge Reservation to supply the FIRE load is sought. Of primary importance is a confirmation that the active power waveform can be supplied by the grid, along with information concerning any limits related thereto on parameters such as power flow reversal, power derivative, power step (normal and fault mode). Other information concerning short circuit VA rating of 500kV line, limits on reactive power consumption, voltage flicker, and allowable harmonic content, etc., would also be very useful. At some point in the future when plans begin to solidify a face-to-face meeting with ORNL and TVA representatives would be most appropriate.

