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6.0 PROPOSED APPROACH FOR LEVEL 3 ANALYSIS OF WATER 
TEMPERATURE REDUCTION ALTERNATIVES 

 
This chapter describes the proposed approach for Level 3 analysis and further screening of water 
temperature reduction alternatives that pass Level 2 (as summarized in Table 5-4 of Chapter 5).  
The 16 resulting water temperature reduction alternatives that pass Level 2 represent the set of 
potentially effective and feasible alternatives to achieving the temperature target. These water 
temperature reduction alternatives were formulated using the results of existing modeling studies 
conducted primarily by PG&E with some enhancements by Stetson.  The purpose of Level 3 
analysis will be to verify the effectiveness, sustainability, and long-term reliability of those water 
temperature reduction alternatives that pass Level 2. The water temperature reduction 
alternatives that pass Level 2 will be analyzed through detailed modeling using newly developed 
and improved water quality models, to modify or refine the alternatives where necessary, and to 
screen the alternatives to arrive at a set of effective and feasible water temperature reduction 
alternatives that are suitable for broader environmental analysis in the EIR. 
 
Following are the major steps in the proposed approach for the Level 3 analysis: 

• Identify the feasible “UNFFR Project-only” water temperature reduction alternative and 
develop the associated water temperature profile along the NFFR; 

• Verify the effectiveness, sustainability, and long-term reliability of the water temperature 
reduction alternatives that pass Level 2 through detailed modeling using newly developed 
and improved water quality models, and modify or refine the water temperature reduction 
alternatives as necessary to meet the temperature target;   

• Prepare feasibility-level engineering designs and associated costs, including capital, 
O&M, and foregone energy replacement, for the water temperature reduction alternatives 
verified to be effective, sustainable, and reliable; 

• Screen the water temperature reduction alternatives determined to be effective, 
sustainable, reliable, and feasible, and select those that are most suitable for CEQA 
analysis; and 

• Prepare the Level 3 Report. 
 
6.1 IDENTIFY THE FEASIBLE “UNFFR PROJECT-ONLY” WATER TEMPERATURE REDUCTION 

ALTERNATIVE AND DEVELOP THE ASSOCIATED WATER TEMPERATURE PROFILE ALONG 
THE NFFR 

 
In deciding whether to issue 401 certification for the UNFFR Project, the State Water Board will 
consider feasible modifications to the UNFFR Project (i.e., the UNFFR Project-only alternative) 
to address controllable factors within project boundaries that are contributing to seasonal 
warming of the NFFR.  Alternatives 2c and 3 in Table 5-4 of Chapter 5, excluding the measures 
outside the FERC Project 2105 boundary, are two examples of UNFFR Project-only water 
temperature reduction alternatives.  The water temperature profile along the NFFR that is 
associated with such feasible modifications will define the temperature target for all the water 
temperature reduction alternatives.  In Level 1 and 2, the temperature target used was 20°C 
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maximum mean daily water temperature along the NFFR.  This target may be modified based on 
the results of Level 3 analysis of the UNFFR Project-only alternative. 
 
Detailed modeling using the newly developed and improved water quality models will be carried 
out to determine the water temperature profile along the NFFR that is associated with the 
UNFFR Project-only alternative.  The modeling work will consider the following flow releases 
as baseline conditions: 

• Canyon Dam releases to the Seneca Reach are those agreed to in the Partial Settlement 
for the UNFFR Project except flows used for the measures of “increased Canyon Dam 
releases”; 

• Belden Dam releases to the Belden Reach are those given in the Partial Settlement for the 
UNFFR Project; 

• Rock Creek Dam releases to the Rock Creek Reach are those given in the 2000 
Relicensing Settlement Agreement for the Rock Creek-Cresta Project;  

• Cresta Dam releases to the Cresta Reach are those given in the 2000 Relicensing 
Settlement Agreement for the Rock Creek-Cresta Project; and, 

• Poe Dam releases to the Poe Reach are those given in the USFS’s final 4(e) conditions 
for the Poe Project. 

  
6.2 VERIFY THE EFFECTIVENESS, SUSTAINABILITY, AND LONG-TERM RELIABILITY OF 

WATER TEMPERATURE REDUCTION ALTERNATIVES THAT PASS LEVEL 2 THROUGH 
DETAILED MODELING USING NEWLY DEVELOPED AND IMPROVED WATER QUALITY 
MODELS, AND MODIFY OR REFINE THE WATER TEMPERATURE REDUCTION 
ALTERNATIVES AS NECESSARY TO MEET THE TEMPERATURE TARGET  

 
Level 3 analysis is needed to verify the effectiveness, sustainability, and reliability for the water 
temperature reduction alternatives that pass Level 2 in meeting the NFFR temperature target. The 
water temperature reduction alternatives that pass Level 2 were formulated using the results of 
existing modeling studies conducted primarily by PG&E with some enhancements by Stetson. 
The effectiveness, sustainability, and long-term reliability of these alternatives have not been 
verified. For example, Alternative 3 in Table 5-4 shows that three measures are needed to reduce 
Belden Reservoir water temperature to 16.0°C plus one additional measure is needed for each of 
the Belden and Cresta Reaches, and two additional measures are needed for the Poe Reach to 
meet the temperature target for the river. More detailed modeling studies using long-term 
hydrology and meteorology data are needed to verify whether the three measures can indeed 
effectively, sustainably, and reliably reduce the Belden Reservoir water temperature to 16.0°C.  
If not, the measure of increasing Canyon Dam low-level outlet release to 250 cfs could be 
modified to allow a higher release rate and/or the measures for the Cresta Dam and Poe Dam/Poe 
Adit releases could be refined.  Conversely, if modeling studies show that the three measures can 
reduce Belden Reservoir water temperature to less than 16.0°C, the measures for the Cresta Dam 
and Poe Dam/Poe Adit releases could also be refined. 
 
Table 6-1 summarizes all models that will be used in Level 3 to analyze water temperature 
profiles along the NFFR, and Figure 6-1 shows how these models are related.  For example, 
outflow and temperature at Canyon Dam derived from output of the Lake Almanor model will be 
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input to the Seneca Reach SNTEMP model. Outflow and temperature at the Butt Valley PH 
derived from output of the Lake Almanor model will be input to the Butt Valley Reservoir CE-
QUAL-W2 model. The outflows and temperatures at the Caribou #1 and #2 PHs derived from 
output of the Butt Valley Reservoir CE-QUAL-W2 model, and outflow and temperature derived 
from output of the Seneca Reach SNTEMP model will be either fully mixed at Belden Reservoir 
or input to the Belden Reservoir CE-QUAL-W2 model, depending on the water temperature 
reduction alternatives for evaluation29. Outflow and temperature at the Belden PH derived from 
output of the Belden Reservoir model will define the discharge water temperature at the Belden 
PH and will be input to the Rock Creek Reservoir SNTEMP model.  Outflow and temperature at 
the Belden Dam derived from output of the Belden Reservoir model will be input to the Belden 
Reach SNTEMP model. Water temperature profiles along the Rock Creek, Cresta, and Poe 
Reaches will be computed using SNTEMP models for these reaches. Water temperature 
calculations for Cresta and Poe Reservoirs will be conducted using the complete mixing method 
of analysis30 which will be performed outside of the modeling work. 
 
In PG&E’s modeling studies for the historical 33 years (1970 – 2002), Rock Creek Reservoir 
was assumed to be completely mixed and warming in the reservoir was not accounted for.  
However, about 0.5°C – 1.0°C warming from the upstream to downstream of Rock Creek 
Reservoir was observed during the July 2003 Caribou special test and again during the 2006 
special test.  Not accounting for the warming would underestimate water temperatures in the 
Rock Creek Reach and downstream reaches.  A new Rock Creek Reservoir SNTEMP model 
currently being constructed by Stetson from a previous model developed by PG&E31 will be used 
to account for warming through the reservoir.  Rock Creek Reservoir is relatively long, shallow, 
narrow, and similar, in terms of thermal behavior, to a river.  The previous Rock Creek Reservoir 
SNTEMP model has been well calibrated by PG&E using the July 2003 Caribou special test 
data. 
 
It is worth noting that two models for Lake Almanor are included in Table 6-1 and Figure 6-1.  
The existing Lake Almanor MITEMP model was developed by Bechtel for simulating Lake 
Almanor water temperature profiles and discharge water temperatures at Butt Valley PH and 
Canyon Dam. The Lake Almanor CE-QUAL-W2 model was initially developed by Jones & 
Stokes, and recently improved by Stetson, for simulating the impacts of cold water withdrawal 
on the distribution of appropriate temperature and dissolved oxygen concentrations, providing 
suitable cold freshwater habitat in the lake.  The two models may need to be used conjunctively 
for Lake Almanor water temperature simulations since both models have unique limitations in 

                                                 
29 For the Alternatives 2c, 3, 4a, 4b, and 4c in Table 5-4 of Chapter 5, stratification in Belden Reservoir, if any, is 
expected to be weak because all inflow sources to Belden Reservoir are cool and water temperature differences 
between the sources are small. So, Belden Dam release and Belden PH discharge water temperatures can be 
determined using the complete mixing method by mixing all inflows and inflow temperatures to Belden Reservoir.  
For the Alternatives 5a and 5b in Table 5-4, stratification in Belden Reservoir is expected. The Belden Reservoir 
CE-QUAL-W2 model will be used to evaluate the sustainability of routing cold water through the stratified reservoir 
by balancing inflows relative to outflows.   
30 Historical observations show that water temperatures in the Cresta and Poe Reservoirs are generally well mixed. 
31 The new Rock Creek Reservoir SNTEMP model was originally developed by PG&E as an extension to the 
existing Belden Reach SNTEMP model which used meteorological data at the Prattville Intake station. Stetson will 
separate the Rock Creek Reservoir SNTEMP model from the Belden Reach SNTEMP model because Rock Creek 
Reservoir and Belden Reach are two different water bodies and it makes more sense for the Rock Creek Reservoir 
SNTEMP model to use meteorological data at the Rock Creek Dam station, rather than the Prattville Intake station. 
Stetson will also test the new Rock Creek Reservoir SNTEMP model using the 2006 special testing data. 
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simulating the withdrawal water temperatures at the Prattville Intake32.  The most significant 
limitation of the Lake Almanor MITEMP model is that a minimum outflow of 700 cfs was 
prescribed in the model code for discharges at the Butt Valley PH and Canyon Dam.  
Specifically, the model automatically uses 700 cfs to compute withdrawal water temperatures, 
even if discharges are less than 700 cfs.  The model code was modified and recompiled by 
Bechtel to remove this minimum flow setting at the request of Stetson in April 2006.  However, 
the reliability of the so-modified Lake Almanor MITEMP model has not been verified, 
particularly at low discharges that are less than 700 cfs.  The modified MITEMP model will be 
verified by running the model for the calibration year 2000 and for the special testing year 2006, 
then comparing the model output with observed data. This testing will verify the reliability of the 
modified MITEMP model at low discharge conditions because both years had a period with flow 
discharges at the Prattville Intake less than 700 cfs.  The Lake Almanor MITEMP and CE-
QUAL-W2 models will be used conjunctively based on the outcome of the testing. 
 
A comprehensive work plan for Level 3 water temperature reduction alternative analysis will be 
prepared prior to conducting detailed water temperature modeling.  The Level 3 process will be 
consistent with that described for screening of Level 1 and 2, but will include more rigorous 
modeling, design work, and analysis.  The modeling approach, model simulation scenarios, 
approach in determining an appropriate long-term modeling analysis period, approach in 
synthesizing long-term hydrological and meteorological data for model inputs, and approach in 
determining typical “normal”, “warm’, and “cool” weather conditions will be described in the 
comprehensive work plan. 
 
6.3 PREPARE FEASIBILITY-LEVEL ENGINEERING DESIGNS AND ASSOCIATED COSTS, 

INCLUDING CAPITAL, O&M, AND FOREGONE ENERGY REPLACEMENT, FOR THE WATER 
TEMPERATURE REDUCTION ALTERNATIVES VERIFIED TO BE EFFECTIVE, SUSTAINABLE, 
AND RELIABLE. 

 
Feasibility-level engineering designs and cost estimates, including capital, O&M, and foregone 
energy replacement, for the water temperature reduction alternatives verified to be effective, 
sustainable, and reliable will be prepared.  The design layouts and cost estimate results of Level 
3 will be presented in a format similar to Level 2. 
 
6.4 SCREEN WATER TEMPERATURE REDUCTION ALTERNATIVES DETERMINED TO BE 

EFFECTIVE, SUSTAINABLE, RELIABLE, AND SELECT ALTERNATIVES TO BE CARRIED 
FORWARD FOR CEQA ANALYSIS. 

 
The water temperatures reduction alternatives that are verified to be effective, sustainable, and 
reliable will become initial Level 3 water temperature reduction alternatives. These initial Level 
3 water temperature reduction alternatives will be screened based on the similar screening 
criteria used in Level 2, although the economic criterion may be refined by the State Water 
Board.  The resulting set of water temperature reduction alternatives passing the Level 3 
screening will represent the set of effective and feasible alternatives.  These water temperature 
reduction alternatives will be carried forward into the EIR where they will be augmented and/or 

                                                 
32 The Lake Almanor CE-QUAL-W2 model is not reliable for simulating the hydraulic effects of removing the 
submerged levees near the intake, while the Lake Almanor MITEMP model is not reliable for simulating discharge 
water temperatures at the Butt Valley PH at low discharges.  Both conditions were included in the water temperature 
reduction alternatives that pass Level 2 and will need to be evaluated in Level 3. 
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modified to address potentially significant environmental impacts identified through the CEQA 
process. 
 
6.5 PREPARE LEVEL 3 REPORT 
 
A report documenting Level 3 analysis of water temperature reduction alternatives will be 
prepared upon completion of the above analyses and feasibility-level designs and costs.  It is 
anticipated the Level 3 Report will include the following sections and appendices: 

• Introduction 

• Summary of Level 1 and 2 Analysis of Water Temperature Reduction Alternatives 

• Analysis of Effectiveness, Sustainability, and Reliability of the Water Temperature 
Reduction Alternatives That Pass Level 2 

• Initial Level 3 Water Temperature Reduction Alternatives Verified to Be Effective, 
Sustainable, and Reliable – Design Layouts, Operational Requirements, Cost Estimates, 
and Effectiveness 

• Screening of Initial Level 3 Water Temperature Reduction Alternatives and Resulting 
Final Level 3 Water Temperature Reduction Alternatives 

• Recommendation of Water Temperature Reduction Alternatives for CEQA Analysis 

• Appendix A: Water Temperature Profiles along the NFFR for Water Temperature 
Reduction Alternatives Over a Range of Meteorological Conditions 

• Appendix B: Feasibility-Level Engineering Designs and Cost Estimates for the Water 
Temperature Reduction Alternatives Verified to Be Effective, Sustainable, and Reliable 

• Appendix C: Documentation of the Development of New and Improved Water Quality 
Models: Lake Almanor, Butt Valley Reservoir, and Belden Reservoir CE-QUAL-W2 
Models 
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Table 6-1  Proposed NFFR Water Temperature Models for Level 3 Analysis 
 

Models  Notes 

Existing Lake Almanor MITEMP model 

The Lake Almanor MITEMP model was developed by 
Bechtel in 2002. The model code was originally set at a 
minimum outflow of 700 cfs for discharges at Canyon Dam 
and the Butt Valley PH.  The model code was modified and 
recompiled by Bechtel to remove this minimum flow setting 
at the request of Stetson in April 2006. The Lake Almanor 
MITEMP model simulates water temperature only. 

Improved Lake Almanor CE-QUAL-W2 model 

The Lake Almanor CE-QUAL-W2 model was developed by 
Jones & Stokes in 2004. The original model did not 
accurately capture the relationship between discharge rate 
(particularly at low discharge rates) and discharge water 
temperatures at the Butt Valley PH.  The model was 
improved by Stetson to capture this relationship.  The Lake 
Almanor CE-QUAL-W2 will be used to simulate water 
temperature and dissolved oxygen. 

New Butt Valley Reservoir CE-QUAL-W2 model 
The new CE-QUAL-W2 model was developed by Stetson. It 
will be used to simulate both water temperature and 
dissolved oxygen. 

New Belden Reservoir CE-QUAL-W2 model The new CE-QUAL-W2 model was developed by Stetson. It 
will be used to simulate water temperature. 

Existing Seneca Reach SNTEMP model 

The existing Seneca Reach SNTEMP model was developed 
by Thomas R. Payne and Associates (received from PG&E in 
July 2005).  It will be used to simulate the water temperature 
profile along the Seneca Reach. 

Existing Belden Reach SNTEMP model 

The existing Belden Reach SNTEMP model was developed 
by Thomas R. Payne and Associates (received from PG&E in 
July 2005). It will be used to simulate the water temperature 
profile along the Belden Reach. 

New Rock Creek Reservoir SNTEMP model 

The new Rock Creek Reservoir SNTEMP model is being 
derived by Stetson from a previous model developed by 
PG&E.  This model will be used to simulate warming from 
the upstream to downstream ends of Rock Creek Reservoir. 

Existing Rock Creek Reach SNTEMP model 

The existing Rock Creek Reach SNTEMP model was 
developed by Thomas R. Payne and Associates (received 
from PG&E in July 2005).  It will be used to simulate the 
water temperature profile along the Rock Creek Reach. 

Existing Cresta Reach SNTEMP model 

The existing Cresta Reach SNTEMP model was developed 
by Thomas R. Payne and Associates (received from PG&E in 
July 2005).  It will be used to simulate the water temperature 
profile along the Cresta Reach. 

Existing Poe Reach SNTEMP model 

The existing Poe Reach SNTEMP model was developed by 
PG&E.  It will be used to simulate the water temperature 
profile along the Poe Reach (received from PG&E in July 
2005).  
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Figure 6-1  Proposed Water Temperature Models and Model Relationships 
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