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4 METHODS 

The methodology presented in the following sections of this study plan discuss in more detail the 
steps needed to be performed in order to complete the proposed water temperature modeling 
study, to inform the complementary IFIM study (Stillwater Sciences 2009), and to report the 
results to FERC and interested parties. 

4.1 Validate Existing HEC-5Q Water Temperature Model 

Water temperatures have been recorded continuously by the Districts at various locations in the 
lower Tuolumne River since 1986 (TID/MID 2005). The HEC-5Q model will be validated 
against 1996–2009 thermograph data not used in the original model calibration. Data used in the 
original model calibration may be used if no data independent of the model are available. 
Because no documentation of the original model calibration was provided in the final CALFED 
summary report (RMA 2008), an initial step in this process will be to request documentation of 
thermograph locations, temperature data, and periods of record used in the model calibration so 
that unbiased goodness of fit statistics can be developed (i.e., observed vs. predicted 
temperatures) and model uncertainties can be identified. As noted in Section 5, delays in 
collection of the final HEC-5Q calibration data may result in changes to the proposed schedule. 
All data records and available metadata (i.e., thermograph model, measurement time-step, 
specified accuracy, etc) used in the validation exercise will be provided as an electronic data 
Appendix to the final report.  
 
As recommended by the Agencies, the following temperature modeling goodness of fit metrics 
are adapted from Theurer et al (1984) using both 6-hr averaged (minimum time-step of the HEC-
5Q model) as well as daily averaged thermograph data: 
 

 Maximize the correlation coefficient (R2 ≤ 1.0) between modeled and observed water 
temperatures at individual thermograph locations, as well as across all locations not used 
in the original calibration data set.  

 Determine the fraction of observed temperatures deviating from modeled temperatures by 
more than 0.5°C, 1°C, and 1.5°C 

 Determine any trends in the residual errors (observed minus modeled) either spatially 
(across several locations) or temporally (at individual locations). 

 
If the goodness of fit results indicate large errors between observed and predicted temperatures, 
updated model uncertainty estimates will be developed for particular locations or times of year.  

4.2 Scenario Development  

In addition to an evaluation of the current FERC (1996) flow schedules and the actual flow 
releases during the 1996–2009 periods as part of the model validation exercise (Section 4.1), the 
initial scenario will use the validated HEC-5Q model to determine the summer flows necessary 
to maintain 68°F downstream to Roberts Ferry Bridge (RM 39.5). While these flows are 
expected to range between 100–400 cfs, the initial model scenario flow range will be expanded if 
necessary.  
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In addition to the initial scenario included in the FERC Order (Study Question 1), four additional 
scenarios corresponding to Study Question 2 were recommended by the Agencies in their review 
of the Draft Study Plan that correspond to their recommended interim conditions for the 
protection of various life stages of California Central Valley steelhead (O. mykiss) and Fall–run 
Chinook salmon (O. tshawytscha).  
 

1. What flows are required to maintain a summer MWAT of 18ºC (64.4ºF) downstream of 
La Grange Dam to Roberts Ferry Bridge (RM 39.5)? 

2. What flows are required to maintain a MWAT of 18ºC (64.4ºF) downstream of La 
Grange Dam to the confluence with the San Joaquin River (RM 0) from October 15 to 
December 1? 

3. What flows are required to maintain a MWAT of 13ºC (55.4ºF) downstream of La 
Grange Dam to Roberts Ferry Bridge (RM 39.5) from October 15 to February 15? 

4. What flows are required to maintain a MWAT of 15ºC (59.0ºF) downstream of La 
Grange Dam to the confluence with the San Joaquin River (RM 0) from March 20 to May 
15. 

 
In addition, alternative scenarios (i.e., temperature, location, timing, etc.) may also be evaluated 
that draw upon findings from the literature or field observations, such as  information  provided 
to FERC by the Districts, CCSF, and the Agencies. 

4.3 Model Simulations and Analysis  

The HEC-5Q model will be used to determine the downstream extent of suitable water 
temperatures for key O. mykiss and O. tshawytscha life stages under normal and extreme 
meteorology. As with any temperature model, using the HEC-5Q model as a predictive tool is 
limited by the availability of meteorological data corresponding to the conditions of interest (e.g., 
hottest week of spring or summer), However, various reservoir operation and release scenarios 
may be simulated against the period-of-record meteorology to generate a range of predicted 
temperatures for various locations in the river under varying meteorologic conditions. It should 
be noted that since the reservoir operations modeling component of the existing HEC-5Q is not 
adequately reflective of actual basin hydrology and District operations of Don Pedro Reservoir, 
corresponding water storage estimates under various scenarios and water-year types will not be 
addressed as part of this Study Plan. 

4.4 Develop Report  

A documentation report will be prepared summarizing the results of the temperature model 
study, describing the HEC-5Q modeling background, validation, scenario development, model 
simulations and analysis. The report will include graphics depicting the longitudinal flow versus 
water temperature relationship under varying meteorologic conditions in order to allow a thermal 
analysis of various flow regimes. The report will be provided to the Agencies for review and 
comment prior to submittal to FERC.  Periodic progress reports will be prepared as milestone 
steps under Section 5. 
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5 SCHEDULE 

A proposed schedule is provided in Table 1 and Figure 2. The schedule is predicated on an 
anticipated study plan acceptance by FERC on or about January 12, 2010, and assumes timely 
response by the model developer and CDFG in providing requested calibration data and 
documentation (Section 4.1). In the event that the these responses are not received on a timely 
basis, or in the event that the validation of the existing model reveals major inconsistencies with 
observed temperatures in the lower Tuolumne River, the schedule below may be adjusted in 
consultation with FERC and the stakeholders. 
 

Table 1.  Proposed schedule for implementation of FERC-ordered Temperature Modeling 
Study Plan. 

Item Dates (duration) 
Days from FERC 
Approval of Study 

Plan 
Develop Study Plan and Submit to 
FERC for Approval 

October 14, 2009 -- 

FERC Response to Study Plan  January 12, 2010 (90d)  

Validate Existing Water 
Temperature Model 

January 13 to April 12, 2010 (90d) 90 

Scenario Development  January 13 to May 31, 2010 (139d) 139 

Model Simulations and Analysis June 1 to July 30, 2010 (60d) 199 

Progress Report July 30, 2010 (NA) 199 

Prepare Report October 28, 2010 (90d) 289 

Instream Flow and Effective Habitat 
Evaluations  

September 27, 2011 (180d) 623 
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Figure 2.  Proposed timeline for implementation of FERC-ordered Temperature Modeling Study Plan. 

 
October 2009  Stillwater Sciences 
   

9 



  Final Study Plan 
Tuolumne River Water Temperature Modeling 

 

 
October 2009  Stillwater Sciences 
   

10 

 

6 REFERENCES 

FERC (Federal Energy Regulatory Commission). 1996. Reservoir release requirements for fish 
at the New Don Pedro Project, California.  FERC Project No. 2299-024, FERC, Office of 
Hydropower Licensing, Washington, D.C. 
 
FERC. 2009. Order on Rehearing, Amending License, Denying Late Intervention, Denying 
Petition, and Directing Appointment of a Presiding Judge for a Proceeding on Interim 
Conditions. Issued July 16, 2009. 128 FERC ¶ 61,035.  New Don Pedro Project, California.  
FERC Project No. 2299.  
 
McBain and Trush. 2000. Habitat Restoration Plan for the Lower Tuolumne River Corridor. 
Arcata, CA. Prepared for the Tuolumne River Technical Advisory Committee. 216 pp. 
 
RMA (Resource Management Associates, Inc.) 2008. SJR Basin-Wide Water Temperature 
Model. Downloaded August 21, 2009 from: http://www.rmanet.com/CalFed_Nov2008/ 
 
Stillwater Sciences. 2009. Draft Study Plan for Instream Flow Incremental Method (IFIM) Study 
of the Lower Tuolumne River. Prepared for Turlock District and Modesto Irrigation District in 
response to FERC Order of July 16, 2009. September. 
 
Theurer, F.D., K.A. Voos, and W.J. Miller. 1984. Instream water temperature model.  Instream 
flow information paper 16. FWS/OBS-84/15. v.p. U.S. Fish and Wildlife Service.   
 
TID/MID (Turlock Irrigation District and Modesto Irrigation District). 1992. Lower Tuolumne 
River Instream Temperature Model Documentation: Description and Calibration. Appendix 18 to 
Don Pedro Project Fisheries Studies Report (FERC Article 39, Project No. 2299). In Report of 
Turlock Irrigation District and Modesto Irrigation District Pursuant to Article 39 of the License 
for the Don Pedro Project, No. 2299. Vol. VI. Prepared by EA Engineering, Science, and 
Technology, Lafayette, California. 
 
TID/MID. 2005. 2005 Ten Year Summary Report. Pursuant to Paragraph (G) of the 1996 FERC 
Order issued July 31, 1996. Don Pedro Project, No. 2299. April. 
 
TID/MID. 2009. 2008 Snorkel Report and Summary Update. Report 2008-5 In Report of 
Turlock Irrigation District and Modesto Irrigation District Pursuant to Article 39 of the License 
for the Don Pedro Project, No. 2299. Volume 1. March. 
 


