Technical Memorandum on Upper Sacramento River Temperature Analysis
3/26/2004

At a meeting held in Red Bluff on March 17th, 2004 of the Winter Run Salmon OCAP working group concerning future upper Sacramento River water temperature management capabilities, Reclamation staff was asked to provide a general assessment of future condition water temperature capabilities.  The assessment is intended to indicate operational flexibility to manage upper Sacramento River water temperatures as directed by SWRCB WR90-5 order “to the extent controllable”.
Reclamation’s current project description for OCAP concerning upper Sacramento River water temperature is based on SWRCB WR90-5 language in which water temperature management to 56 F is targeted for the Balls Ferry to Bend Bridge reach based on the “extent controllable” and using the Sacramento River Temperature Task Group process.  This flexible “Balls Ferry to Bend Bridge” approach would occur for the vast majority of annual CVP operations conditions.  As CVP operations conditions degrade due to very dry hydrologic circumstances, Reclamation’s current project description for OCAP does not suggest a target water temperature when water temperature at Balls Ferry cannot be controlled.  In these dry circumstances, it is anticipated that the Sacramento River Temperature Task group would assess all information available early in the water temperature season pertaining to the unique annual conditions and make a recommendation on the seasonal use of the limited coldwater resources at an appropriate location to make the best beneficial use of the limited resources and capabilities.
For both the flexible “Balls Ferry to Bend Bridge to the extent controllable” strategy and the drier annual management to be implemental, the Sacramento River Temperature Task Group would need guidance on the key general relationship of seasonal coldwater availability and the likelihood of maintaining water temperatures to key locations in the upper Sacramento River environment.  This technical memorandum addresses this generalized relationship of coldwater availability to potential compliance location strategy, as well as the modeling uncertainties and real-time uncertainties contained in such an analysis.
The key question for determining a potential water temperature compliance location is “How much coldwater is available at Shasta Reservoir to manage through the May to October water temperature control season?”.   Generally, Shasta Reservoir fills to its maximal extent in early May, and also has its greatest coldwater volume available at this point in the season.  Generally, in order to control and manage water temperatures in the Sacramento River, Reclamation manages the Shasta Temperature Control Device (TCD) to select water temperatures in the 52 F to 47 F range.  Therefore, a good index of coldwater availability each year is the volume of water available below 52 F in late April/early May in Shasta Reservoir.

Figure 1 illustrates this relationship using the historical (1972 to 2002) water temperature profile records for the April and May timeframes.
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This illustration shows some key characteristics of the Shasta coldwater pool availability.  It generally shows a strong relationship between total Shasta storage and coldwater pool availability for total Shasta storage below 3.5 MAF.  It generally shows a weaker relationship for total Shasta storage above 3.5 MAF.  This weakness in the relationship for total Shasta storage above 3.5 MAF can be explained due to the interaction of natural phenomenon and Shasta Reservoir operations during the February to April period.  The factors include:
· Volume of annual snowpack vs. warmer rain contribution to Shasta inflow.

· Inflow water temperatures into Shasta Reservoir.

· Spring air temperatures (cooler than normal or warmer than normal conditions)

· Flood control releases from Shasta Reservoir.  Ie. Loss of coldwater resources due to significant outlet releases from Shasta Reservoir during the spring months.

· Conservation of coldwater resources due to TCD selective withdrawal management from the upper water column above the Shasta penstocks.

· Utilization of coldwater resources to thermally dilute significant volumes of warm creek flows into the upper Sacramento River below Keswick Dam.  Major creeks are Cow Creek, Cottonwood Creek and Battle Creek.
· Seasonal contribution and water temperature of Trinity River Division water at Spring Creek Powerplant to meet Keswick releases.

· Keswick releases required from Shasta Reservoir to meet Sacramento Valley irrigation demand, Delta requirements, and CVP exports.
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Figure 2 illustrates from the OCAP modeling analysis the expected relationship of total Shasta storage to coldwater availability.  Again, the relationship shows a strong relationship for total Shasta storage below 3.5 MAF and a weaker relationship for total Shasta storage above 3.5 MAF.  In the OCAP modeling analysis the relationship above 3.5 MAF appears to be a stronger relationship than occurred historically.  This stronger relationship in the modeling is likely due to the simplification assumptions made in the monthly OCAP modeling analysis.  The simplifying assumptions that affect coldwater availability include:
· The model uses the same monthly inflow temperatures for all years, therefore variations in coldwater availability due to snowpack or rain driven events is not represented.

· The model uses the same January Shasta profile to “seed” the year.  There is some variation in historical January profiles.

· The model makes gross “monthly” releases from Shasta Reservoir rather than daily variations in which releases could have been made through Shasta powerplant or through Shasta outlets.

· The coldwater availability portrayed is only as good as the modeling calibration of Shasta TCD performance can represent.   

· The model uses historic monthly air temperatures, which can dampen daily air temperature variations in the spring months and be significant to coldwater resource availability estimates.

· The model uses monthly flow estimates for thermal dilution of creek flows, which can dampen daily temperature variations in the spring months and be significant to estimated coldwater resource expenditure.

· The model uses Spring Creek Powerplant contributions and water temperatures as derived by analysis with the new Trinity River regime.  The water temperatures at Spring Creek Powerplant are only as good as the modeling calibration of the Trinity/Whiskeytown system, which appears to be biased to colder water temperatures than historical records at Spring Creek Powerplant suggest.
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Figure 3 illustrates from the OCAP modeling analysis a generalized methodology for segregating Shasta coldwater availability to potential water temperature target compliance locations.  The red diamonds are years in the modeling analysis which performed well in meeting Bend Bridge water temperatures below 56 F.  The yellow squares are years which performed well in meeting Jellys Ferry water temperatures below 56 F.  The blue triangles are years in the modeling analysis which performed well in meeting Balls Ferry water temperatures below 56 F.  The green circles are years in the modeling analysis which performed well in meeting Highway 44 water temperatures below 56 F for the full May to October period.  The black squares are years in the modeling analysis which performed well toward meeting Highway 44 water temperatures below 56 F for a limited season (July) in order to concentrate the coldwater use for the protection of  Winter Run Chinook Salmon.
This analysis suggests that to target Bend Bridge for the whole water temperature season (April-October), Shasta coldwater availability below 52 F likely needs to be greater than 3.6 MAF near May 1.  The analysis suggests that to target Jellys Ferry for the whole water temperature season Shasta coldwater availability below 52 F likely needs to be greater than 3.3 MAF.  The analysis suggests that to target Balls Ferry for the whole water temperature season Shasta coldwater availability below 52 F likely needs to be greater than 2.7 to 2.8 MAF.

This analysis also suggests that with Shasta coldwater availability below 52 F below 2.7 to 2.8 MAF near May 1, compromises between coldwater availability, compliance location, and full seasonal water temperature protection may need to occur because it is likely that Balls Ferry cannot be maintained for the full water temperature season.
Similarly, this analysis also suggest that with Shasta coldwater availability below 52 F below 2.2 MAF, more severe compromises between coldwater availability, compliance location, full seasonal water temperature protection and beneficial protection of species will need to occur, because it is very likely that the coldwater availability cannot be maintained at any compliance location for the full water temperature season.

Anticipated Annual Timeline Management Decision Process 

SRTTG = Sacramento River Temperature Task Group

WOMT = Water Operations Management Team

	Time of Year
	Management

Decision
	Tools and Information
	Projected water temp. compliance @Balls Ferry?

	
	
	
	Yes
	No

	Jan/Feb
	-CVP Allocation Announcement 

-Coldwater Pool Management Projection
	-90% Hydrology Forecast
-CVP Ops. Forecast

-Water Temp. Forecast
	Proceed with CVP Allocation Announcement.
	Convene SRTTG to make annual strategy recommendation to WOMT.

	March
	-CVP Allocation Update
-Coldwater Pool Management Projection
	-90% Hydrology Update

-CVP Ops. Forecast

-Water Temp. Forecast
	Proceed with CVP Allocation Announcement.
	Convene SRTTG to make annual strategy recommendation to WOMT

	April
	-CVP Allocation Update 

-Coldwater Pool Management Projection
	-90% Hydrology Update

-CVP Ops. Forecast

-Water Temp. Forecast
-Initial Shasta Profile information
-Initial Winter R. distribution information 
	Proceed with CVP Allocation Announcement.
Convene SRTTG to assess potential to move compliance downstream of Balls Ferry. Report to WOMT.
	Convene SRTTG to make annual strategy recommendation to WOMT.

	May
	-CVP Allocation Update 

-Coldwater Pool Management Projection
	-90% Hydrology Update

-CVP Ops. Forecast

-Water Temp. Forecast

-Better Shasta Profile information

-Better Winter R. distribution information
	Proceed with CVP Allocation Announcement.

Convene SRTTG to assess potential to move compliance downstream of Balls Ferry. Report to WOMT.
	Convene SRTTG to make annual strategy recommendation to WOMT.


