[image: image1.png]‘Watercourse
Englneerlng
nc.



Memorandum
Date: 
11/6/07

To:
Steve Cramer, Cramer Fish Sciences


Jon Hicks, U.S. Bureau of Reclamation

Copies:
Casey Justice, Cramer Fish Sciences


Ian Courter, Cramer Fish Sciences


Cindy Williams, U.S. Bureau of Reclamation

From:
Leon Basdekas, Watercourse Engineering, Inc.


Mike Deas, Watercourse Engineering, Inc.

RE:
Klamath River Flow and Water Temperature Applications – Addition of Calendar Year 2006 and Extension of Flow Ranges for Flow and Temperature Tables (Addendum to Memorandum dated 9/10/2007)

General

In support of the Bureau of Reclamation, Klamath Falls (Reclamation) biological assessment and the Cramer Fish Sciences (CFS) Coho Life Cycle model, Watercourse Engineering (Watercourse) has added calendar year 2006 simulations of flow and water temperature in a similar fashion as described in TM-7.  Calendar year 2006 is considered a wetter hydrologic year and was added after the original work described in TM 7.  The boundary condition data specific to the development of the 2006 model are described under the heading of “Simulations for 2006.”  
Based on discussions with Reclamation and CFS, Watercourse has extended the table flow ranges from 4000 cfs up to 7000 cfs in 500 cfs increments, for calendar years 2001, 2004 and 2006.  Maximum summer time (July, August and September) flows and minimum flows (for all times) suitable for use are documented in our original memorandum under limitations.  These limitations are still valid for 2001, 2004 and may now be applied to 2006.  A cursory examination of the water temperatures between the 4000 cfs and 7000 cfs flow rates showed only slight changes in water temperatures during the winter and spring months.  Therefore, the linear interpolation scheme used by CFS should be sufficient to estimate flow and water temperatures between the table values of higher flows.  
In addition to the limitations discussed previously there may be other times during the late spring and early summer and again in the fall where the 7000 cfs is unattainable, given the historic record of Iron Gate flows.  Tables 1a and 1b show the highest exceedances based on a simple ranking and indicate that only the wettest months of January through April should use 7000 cfs as an upper flow bound.  A flow bound of approximately 5000 cfs in May, November, and December could be used.  These flows are not firm recommendations but rather a starting point for discussions and exploration with the CFS model.
Table 1a.  Highest exceedance values for January through June
	Exceedance
	Jan
	Feb
	Mar
	Apr
	May
	June

	0.90
	5,327
	5,656
	6,923
	5,784
	4,030
	2,125

	0.92
	6,177
	6,332
	7,312
	5,971
	4,168
	2,408

	0.94
	6,505
	6,777
	7,497
	6,416
	4,230
	2,591

	0.96
	9,489
	9,031
	7,681
	6,874
	4,973
	3,114

	0.98
	9,553
	9,150
	10,780
	6,922
	5,559
	3,289


Table 1b.  Highest exceedence values for July through December
	Exceedance
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	0.90
	1,052
	1,073
	1,612
	2,511
	3,152
	4,062

	0.92
	1,125
	1,098
	1,640
	2,746
	3,156
	4,076

	0.94
	1,336
	1,119
	1,645
	2,753
	4,167
	4,122

	0.96
	1,373
	1,149
	1,674
	2,798
	4,188
	6,653

	0.98
	1,429
	1,208
	2,052
	3,353
	5,254
	6,735


Given that the model is physically based and that the results are consistent with professional experience and expectations, the model seems sufficient for comparative analysis understanding the limitations which have been discussed in this and the previous memorandum.  While in certain months 7000 cfs can be modeled with a reasonable expectation of accuracy for water temperature, there seems to be little thermal benefit gained from flows over 4000 cfs, especially in the lower river where release schedules from Iron Gate reservoir do not notably affect lower river water temperatures, see TM-7.
Simulations for 2006
Boundary condition data for the 2006 calendar year simulations utilized meteorological, flow, and water temperature data.  The meteorological data were observed at three primary weather stations which are Brazie Ranch, Hoopa, and Somes Bar and are part of the remote automated weather stations (RAWS) program.  Missing Brazie Ranch solar radiation data were filled with Nelson Ranch data and other meteorological data were filled from the Siskiyou County airport station at Montague.  Somes Bar missing data were filled with data from Hoopa if available, and where Hoopa data were unavailable Brazie Ranch data were used.  The Hoopa station was the most complete, requiring a relatively small replacement from Brazie Ranch for solar radiation.  For all stations, small gaps on the order of a few hours were filled by linear interpolation.
Flow data came from the available gauge data for the Klamath River below Iron Gate Dam as well gaged tributary inflow data.  Ungauged tributary accretions and depletions were apportioned in a similar fashion to previously modeled years.  Water temperature data were obtained from several sources including U.S. Forest Service (USFS) (a compilation of sources), U.S. Fish and Wildlife Service (USFWS), and the Yurok Tribe.  Details on the development of the boundary conditions are detailed under the section heading “2006 Water Temperature Data”.

The RMA-2 and RMA-11 simulations for the Klamath River between Iron Gate Dam and Turwar have been completed for calendar year 2006.  On January 1, 2006 the Klamath River was experiencing a large runoff event in the middle and lower river.  Initial conditions used to start the flow simulations, particularly during these high flows, may take a few days to “wash” out of the model and thus model results for the first few days of January may not be fully representative of actual conditions.  Water temperatures are generally not an issue during this time of year.

Two important differences in the simulation methods of 2006 as compared to the other years presented in TM-7 need are:

1. Calendar year 2006 was not included as a year in the PacifiCorp models (2000- 2004) where simulated release temperatures from Iron Gate were used as the headwater boundary data for the work described in TM-7.   Therefore, 2006 differs in headwater boundary data by using observed water temperatures below Iron Gate Dam.  

2. Due to limited time and budget 2006 was not validated against mainstem observed temperatures as were done for the years described in TM-7.  Although not validated we feel the model parameters used for the years in TM-7 are valid.  

Although not validated, a cursory examination of field data suggests that the model performed well overall.  Some short periods of cooler than observed temperatures occurred in the upper basin during late July and August.  Examination of meteorological data show that the differences in Brazie Ranch and Siskiyou County airport wind data for June to August 9th show average wind speeds of 3.9 mph for Brazie Ranch compared to 6.1 mph for the Siskiyou County airport.  This may be sufficient to account for increased cooling observed in the simulation results.  Lower Klamath River simulations also produced cooler temperatures than what were observed in the Klamath River near Orleans, typically a degree or two Celsius.  Additional refinement of meterological data may lead to improved simulation results for certain time periods and /or locations for the 2006 calendar year.  
2006 Water Temperature Data

The following describes the water temperatures used for 2006 simulations from Iron Gate to Turwar.  

Iron Gate temperatures (model headwater) were provided by USFWS and consist of observations immediately below the hatchery bridge.  

Tributary data availability and use are summarized for all tributary boundary conditions below. 
· Data from 2003 were used for Bogus, Willow, and Cottonwood Creeks as a complete surrogate for 2006 due to the lack of any observed data:

· Shasta River - Data obtained from USFWS were used from 7/11/06-12/31/06.  Missing data from 1/1/06 – 7/11/06 were filled with 2003 data

· Humbug Creek - Data obtained from USFS were used from 5/28/06 – 10/30/06.  Missing data were filled with 2003 data

· Beaver Creek - Data obtained from USFS were used from 7/11/06 – 10/11/06.  Missing data were filled with 2003 data.

· Horse Creek - Data obtained from USFS were used from 3/22/06 to 8/26/06.  Grider Creek 2006 data were used to fill missing data from 1/1/2006 – 3/21/2006 and Thompson Creek data were used to fill from 8/26/06 – 10/31/06.  Remaining missing data were filled with 2003 data.  Thompson Creek, Grider Creek and Beaver Creek were examined as possible Creeks to substitute for missing Horse Creek.  While all were within the Siskiyou Mountain watershed Thompson Creek provided a better match for the summer temperature trends.

· Scott River – Data obtained from USFS (Karuk) at mouth below steelbridge were used from 3/22/06 – 6/29/06.  Data obtained from USFS (just upstream of Roxbury Bridge on RR) were used for 6/30/06 – 10/2/06.  Data from USFWS were used for 10/11/05 -12/31/06.  Remaining missing data were filled with 2003 data.  A one week gap from 10/3/06 10/11/06 was filled by averaging the prior week and the following weeks observation for each individual hour.
· Grider Creek - Data obtained from USFS were used from 1/1/06 to 3/22/06 and from 5/31/06 – 10/31/06 from at station name “50 feet upstream of 46N66 Bridge”.  Missing data were filled with 2003 data.  Another data set with the same station name contains data overlapping the dates used.  However, the time stamp of 44 minutes past the hour agrees with another observation station description (Grider Creek/Karuk) and disagrees with the on the hour time step used.
· Thompson Creek - Data obtained from USFS were used from 1/1/06 to 10/30/06.  Missing data were filled with 2003 data.

· Indian Creek - Data obtained from USFS at station name “under second bridge in downtown HC” were used from 1/1/06 - 6/6/06  and from 10/24/06 – 11/2/06.  At station name “at USGS Gaging station” were used from 6/6/06 - 10/24/06.  Missing data were filled with 2003 data.  Note:  Data from 5/31 – 6/4 has duplicate data entries but different temperatures (first set of data were used and maximum difference 0.7 degrees C average was < 0.25 degrees C)

· Elk Creek – Used inputs for Indian Creek

· Clear Creek-   Data obtained from USFS were used from 1/1/06 - 10/24/06.  Missing data were filled with 2003 data.  5/27/06-6/21/06 has duplicate data entries.  Note: temperatures are the same.

· Ukonom Creek – No 2006 data exists therefore four cooler Creeks, Beaver, Horse, Grider and Thompson were examined as possible substitutes.  While 2006 Horse Creek was a composite time series it best approximated the general trends of the 2003 Ukonom Creek.  Data from Horse Creek was used from 1/1/06 to 10/30/06 while the remainder was filled from Ukonom 2003.

· Dillon Creek – Data obtained from USFS were used from 6/12/06-11/1/06.  Missing data were filled with 2003 data.

· Karuk data site overlapped with the one used except for the period after 10/8/06 where the Karuk data stopped.  Generally the data sets were in agreement to less than a degree except for a period from approximately 6/20/06 – 7/9/06 where the Karuk data were several degrees higher suggestive of possible probe placement problems e.g. too close to air water interface, out of main circulation etc. therefore the data were not used.

· Salmon – Data obtained from USFS at station name “0.75 miles above mouth” were used from 1/1/06 to 11/12/06.  Missing data were filled with 2003 data.  An extra hour was added to account for an apparent shift in returning from DST to STD time.  The shift in spring (4/1/06) was observed so the lack of corresponding shift in the fall seemed inappropriate;  filled linear interpolation.  Other data sets were considered such as those also provided by USFS included the site labeled “at USGS Station Karuk” and “RM 1.0 located on River left”.  The USGS described measurements did not seem to agree well with the “0.75 miles above mouth” and the “RM 1.0 located on River left” as the USGS showed  much greater variation in the form of higher maximums from late August to early October.  The differences in temperatures ranged from less than a degree for most of the period to a maximum of nearly 5 degrees during the August to October time period.  From a USFWS site described as Salmon River near mouth, data from the dates 11/12/06 to 12/31/06 were used.  Overlapping with data used (7/11/06 – 11/12/06) generally showed good agreement (less than 0.5 degrees C) then with rising differences of typically around 1 degree C occurring from around the end of August to the end of October.  The remaining overlap period returned to less than 0.5 degrees C.

· Camp Creek Data obtained from USFS were used from 7/6/06 – 10/15/06.  Missing data were filled with 2003 data.

· Red Cap Creek Data obtained from USFS were used from 7/6/06 – 10/15/06.  Missing data were filled with 2003 data

· Bluff Creek Data obtained from USFS were from 7/19/06 – 10/16/06.  Missing data were filled with 2003 data.
· Trinity River Data obtained from USFWS were used from 1/1/06 – 9/23/06. Missing data were filled with 2003 data.
· Pine, Techtah, and Blue Creeks data were based on Tully Creek data obtained from the Yurok Tribe.  The period from 5/10/06 – 10/30/06 was based on Tully Creek. Missing data were filled with 2003 data for the respective creeks.

