Total Gas Saturation Report

Summary

During the initial consultation meeting with agencies of the Rock Creek Retrofit Project, there was discussion on whether the current fish release mechanisms of gated spillway release and a jetted plume from a 30” fish release orifice on the Rock Creek diversion dam face and the spillway were a cause of Total Dissolved Gas (TDG) super saturation in the river.  The question was raised during a discussion of the differential effects on down stream passage of juvenile fish, particularly trout.  To take a reconnaissance look at the problem, Mr. Ely volunteered to make some exploratory measurements.  The river was sampled, both below and above the dam using a Weiss saturometer.  The samples were taken primarily in cross section across the downstream end of the splash pool and on the West side above the dam.

Results:  In all readings upstream and downstream of the dam, the TDG pressure was greater than atmospheric indicating slight supersaturation conditions exist throughout the area.  Below the dam the readings were measurable and uniformly lower than above the dam, contrary to expectations.  Passage through the dam lowered the supersaturation.  A possible explanation is that the spillway and or jetting turbulence promoted degasification of the river water that had been supersaturated as bottom water in upstream impoundments.

Total Gas Saturation Report

In support of the application for a License for a small hydropower project for additional capacity the Rock Creek Dam.  The following report is made in compliance with a study request at the Stage 1 consultation meeting for the Rock Creek Dam Retrofit Project.

Introduction:

Total Dissolved Gas (TDG) supersaturation is a condition of water wherein there is more gas dissolved in the water than is appropriate for the altitude.  In a normal river course, the gases come out of solution slowly as the water warms whether there are fish present or not.  Turbulence and pressure reduction at the higher pressures and warmer temperatures of the lower altitudes causes this gas to equilibrate during passage.  In rapidly moving passages of penstocks, the gas may not have time to equilibrate and it can cause injury to fish (Tanner et al).  This is a growing area of concern and is a growing area of concern in fisheries management
.  The North Fork of the Pit is characterized by a significant part of the river passing downstream in pressurized penstocks.  In situations like at the Rock Creek dam, the gas gets into the water from being at, or close to equilibrium, in cold reservoirs upstream from the Rock Creek Diversion Dam.  When this cold water flows down hill to lower elevations, from cold high ponds, it warms up and supersaturation is observed.  This occurs commonly if the warming has a greater effect than the increase in atmospheric pressure of the lower elevations.  This is thus a concern at sites in the Pacific Northwest.

Concern was raised in the first stage consultation meeting whether turbulent aeration at the dam was contributing to known supersaturation of the river.  Mr. Ely of Davis Hydro volunteered to make an initial survey to gather preliminary to see if this was a problem.  This is a report of that project.

Methods:

A Weiss Total dissolved Gas Saturometer was borrowed from UC Davis and tests were conducted by boat on August 10, 2004.  Cross section readings were taken across the width of the splash pool below the Rock Creek Dam and upstream of the dam and above the dam along the western side and some spot readings from the middle of the reservoir approximately 300’ upstream from the dam.  The instrument was zeroed at the beginning of the measurements and the zero was checked during the day’s readings as follows:

· Once during a break in the downstream measurements, and

· Once between the downstream and upstream measurements, and

· A final check at the end of all readings.

There was only a small drift during the initial readings detectable drift, possibly due to start-up instrument drift – perhaps from being at lower elevations prior to these trials.

Measurements Downstream of the Dam:

Measurements were made from the western shore of the splash pond at a minimum depth of about 9 inches with about 10 minutes settling time.  Background Barometric Pressure was 30.51 in. (altitude corrected from Redding) of Hg. or 775 mm Hg.  Sampling was done in a cross section of the river below the dam from a boat.  The first reading was made at the southwestern corner of the splash pool below the dam.  After zeroing the instrument, the instrument was immersed about two feet out in the mildly quiet water of the pool.  It was an over pressure of 9.0 mm of Hg Mercury.  Re-zeroing was started, and after 15 minutes, the instrument had dropped to 2.0 mm. overpressure after 15 minutes settling.

These edge-of-river readings gave an average over-pressure of + 8.0 mm. Hg.  The instrument’s field accuracy is approximately 1 mm Hg., but this will decrease with short rezeroing times.  Next, a boat was launched, and from the boat three readings were made over an hour across the in the direct flow of the stream at the downstream edge of the pool.  The readings were consistently about 12.7 mm Hg overpressure.

Upstream of the Dam Measurements:

Upstream measures were taken over an hour period on the roadside of the reservoir at about 1 foot depth and about 2 feet from shore in areas where there was significant current.  Initial zeroing was at +3 mm.  The readings were consistently 17 mm. overpressure along the shoreline, and later at two points near the center of the flow the same reading were obtained by boat.  Investigation of the South-western side of the reservoir was not made. The final zeroing, made 20 minutes after the last stream measure was 0.0
.

Results Summary:

Correcting for zeroing is a very long process as the instrument uses membrane diffusion for sensing and zeroing.  The first reading from shore is partly discounted, as there may be shoreline effects of stagnant water near the shore in this area.  The remaining readings taken from the midstream and the more active South side of the splash pond (left side looking downstream) average about are 12.7 mm. of Hg +/- 0.5 .  Upstream of the dam, we obtained consistent readings of 17 mm. anywhere in the active water of the reservoir near the dam.  This overpressure readings are significant, but small enough to an unlikly cause off distress.

Interpretation:

Passage of the water through the dam by a mixture of gated spillway and orifice jet causes a reduction on gas overpressure in this river.  The cause of the gas overpressure in the gas coming into the reservoir above the Rock Creek dam was not investigated in this study.  The TDG overpressure is speculated to be the result of the pond/dam/pond/dam structure of most of the flow of the river bringing down cold saturated water from upstream, but this or alternate upstream cause was not verified.  Wide variation in TDG at what appears to be similar very aerating spillways is not uncommon (Sullivan et al).

Conclusions:

TDG appears to be slightly high in this river at the Rock Creek Dam, and the current practice of the dam by aerating the water ameliorates this condition.  The current releases from the Rock Creek dam lower the TDG towards normal.  Speculatively, the upstream problem may be the result of the combination of still deep ponds, and bottom withdrawal into closed penstocks rather than an open river water course.  When an enclosed water passage occurs, the natural diffusion equilibrium with the atmosphere that would occur in open rapid or riffle environment is inhibited.  The spillway and jet releases at the Rock Creek dam help the situation, but the water is still left in a high TDG condition.

References:
Sullivan, Robert D., D. E. Weitkamp, T. J. Swant, and J. M. DosSantos,  Changing Spill Patterns To Control Dissolved Gas Supersaturation, Hydro Review, August 2004, P. 106-112.

Tanner, Dwight, Q., H. M. Bragg, and M. W. Johnston, Total Dissolved Gas and Water Temperature in the Lower Columbia River, Oregon and Washington, 2003: Quality-Assurance Data and Comparison to Water-Quality Standards  USGS  Water-Resources Investigations Report 03–4306, Portland Oregon: 2003

� See for example, http://www.nwd-wc.usace.army.mil/tmt/documents/wmp/2005/draft/app4.pdf


� Some of the readings were witnessed, by chance, by Dr. Mike Kossow, consulting fisheries biologist.





