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Summary

During the FERC Project 1962 ERC meetings of May 2004, and September 16, 2004 the difficulty of controlling the ramp rates was discussed at some length.  This paper approaches that problem with a suggested solution having three elements: a hydraulic cylinder in the lifting chain, a computer that controls the cylinder and the gate hoist, a mass flow feedback sensor summarizing instantaneous flow, and a splash pool level sensor measuring elevation of the splash pool.  These elements, combined with occasional information from the USGS gauge, should allow for flow control within 10 cfs at all times.

Introduction

The problem being addressed is the difficulty of controlling the ramping of flow rates up and down through the sluice gate through gates such as those at Rock Creek.  Elements of the problem include:

· The roughness of the motion lifting winch for the gate.  It was not designed for close control of flow.

· Logs and other debris irregularly plugging the gap below the gate during releases. 

· Poor instantaneous feedback of releases.

· Downstream distance to, and the 15 minute period of the USGS gauge. 

· The length of time that operators must “standby” and make adjustments during the releases, watching for logs or flow interruptions.


· Variations in reservoir elevation due to river operations.

Current practice to control the sluice gate is complicated by the winch control and the sunken debris clogging the releases.  The control on the lifting mechanism for the gate is not designed for fine adjustments, and there is no easy way to tell quickly whether changes to the gate elevation will affect flow release other than to consult a chart based on a visual estimation of gate height.  The feedback from the flow gauge a half mile downstream is delayed due to the effects of the splash pool below the dam; these delays, and possible integration within the gauge, cause fluctuations in ramp rates from what is desired.

A proposed solution:

Described here and shown in drawing RC-T-1 is an experimental setup, with the elements included diagrammatically for discussion.  If this approach is successful, most of the dam hardware could be incorporated into the dam’s internal operations.  

There are two fundamental components to the proposal:

1. Install a hydraulic cylinder in the lifting chain for the sluice gate.  This will permit very fine control over position.

2. Control the hydraulic cylinder with flow information feedback from two sources.  The first is a measure of flow through the gate, with a delay of about 20 seconds, and the second, a measure of flow through the splash pool below the dam with a delay of about 5 minutes.

These components would be monitored by a PLC controller which would be directed manually, or by PG&E’s dam control SCADA system.  Eventually, it could have indirect input from the USGS gauge downstream without human intermediate monitoring.  An alternative solution is to use the existing PLC controller within the dam for this purpose, if it is capable.

Mass flow: 

The mass flow gauge (MG) would be a cable spanning the sluiceway and residing about one third of the way down.  The tension on the cable would be proportion to approximately the 1.6 power of the flow through the gate.  The tension in the cable would be measured with the pressure in a hydraulic cylinder on one end of the loop.  The MG would be very precise and repeatable but have no inherent accuracy; it would require ongoing calibration from downstream gauges.  The MG would be used for maintain the short-term flow accurately at all times.  The down stream gauges would be used to calibrate it.  For short-term changes this detector is ideal.  It will instantaneously detect any blockage and will be useful in clearing the blockage, and verifying changes in the gate position.  Should some heavy piece of jetsam hang up in the cable, it would have weak links.  When it needed cleaning, it could be reeled in from one end by a winch.

The Splash Pool Gauge

The first down stream gauge is a precision weir depth gauge (WG) measuring the height of the splash pond.  The amount of water that leaves the slash pond is directly related to this elevation.  The rocks and ledges at the end of the pond act as a leaky, broad-crested weir.  The leakage through the rocks act like low level orifices.  This splash pool “weir” is dimensionally stable during low and moderate flows and can be calibrated as needed.  Annually, during high flows, the rocks are rearranged and the WG will have to be recalibrated.  Over a weekend in the summer it is unlikely to vary at all, and so can be calibrated to the USGS gauge downstream.  This weir gauge is more reliable and repeatable than the MD flow gauge, and can be used in a control loop with derived time constants.  It averages the longer flow periods than does the MD measure.

Operation:

The existing lifting mechanism would be used as it is now, but it would also be possible to control the gate hydraulically.  This would allow for very fine control.  It would also allow for brief flushing openings to clear logs or other debris without materially changing the total river release from the splash pool.  The new information sources used here are the mass flow detector on the dam and the splash pool elevation gauge just downstream to give rapid indications in change in flow.

Since the gate is imprecise, and the height of water in the Rock Creek reservoir varies over time, the only solution is to directly control the gate from the MD with secondary feedback from the WG to watch for any errors of the MG due to fouling.  The system would target 5 cfs rms short-term precision at the dam, with a 10 cfs accuracy downstream at the gauge.  To obtain these objectives the inclusion the control of the central release conduit may be needed to compensate for transients, however, this is simply software changes.

In summary,

Presented here, as a discussion paper, is a method that might control flow in the river to within a few CFS at low cost.  The whole system is a closed loop that could control flow very accurately under the varying conditions, using two new indicators of flow.  Each measure is inaccurate, but precise in the short(MG) and medium(WG) term.  Their readings can be calibrated against the USGS gauge downstream.  These in turn can be used to accurately control the sluice gate.

Caveats





Davis Hydro is a latecomer to the problems of the North Fork of the Feather River, and is unfamiliar with most of the biology, engineering, and operating practices.  The ideas presented below are intended for discussion only and to help us understand the difficult conditions that exist in this area.  There are undoubtedly engineering and operating mistakes in the assumptions.  These mistakes are entirely the responsibility of the author, and corrections would be appreciated.
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