Appendix D-1:  Start-up Sequence for Two-on-One Configuration

Hines Energy Complex


Start-up of a two-on-one (2 x 1) configuration (i.e., 2 CTs and 1 ST) combined cycle unit requires the integration of 3 independent processes.  A simple cycle CT mode, a steam turbine cycle, and the combined cycle mode (which includes either 1 x 1 operation or 2 x 1 operation), are the three processes to be started and synchronized.  The 2 x 1 combined cycle mode is the most complex, and therefore, the most conservative to consider in this discussion.

Step 1 - Cold Start * of each CT/HRSG requires approximately 1 hour of firing to stabilize process temperatures at about 20 to 30 percent CT megawatt load.  (In the 2 x 1 configuration, there would be a slight lag time between start-up of the first CT and the second CT.)  This represents the approximate CT load for heating the HRSG steam in order to attain the necessary HRSG steam energy for the process to become stable and controllable.  (Warm start * time requirement is the same for this step.)

Step 2 - Approximately 1 hour is required to match steam turbine metal temperatures to the CT/HRSG steam process, and to achieve steam purity.  The steam piping to and from the steam turbine as well as the massive steam turbine shell metals must all be warmed up and be within allowable temperature differentials before proceeding to roll the steam turbine, or significant damage will occur.

Step 3 - Approximately 2 hours to roll and hold the steam turbine in accordance with manufacturer's instructions to raise steam and metal temperatures and raise MW output of both each CT and ST.  The CT load must be held to maintain the steam energy to the steam turbine.  The steam turbine must be ramped up slowly to avoid thermal stresses per the OEM instructions.  Turbine life could be significantly reduced if these instructions were not followed.  Several hold points must be observed while ramping up in order to "soak" the turbine.  More steam can be routed to the turbine, once its synchronized to the grid.

Step 4 - Raise loading of CT to compliance per manufacturer's recommendations.

A 3-hour start (termed a warm start) is a Step 3, shortened from 2 hours to 1 hour.

*
Note  -- 
Cold start = steam turbine 1st stage throttle temp <400ºF


(corresponds to a start following a shutdown > 48 hours).

Warm start = steam turbine 1st stage throttle temp of 400-800ºF


(corresponds to a start following a shutdown > 8 hours and less than 48 hours).



Hot start = steam turbine 1st stage throttle temp >800ºF


(corresponds to  a start following a shutdown < 8 hours).

