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TDG monitoring program history, please see “History of the Total Dissolved Gas Monitoring 

System” (#812) on the AMT website. 

 

In 2000, National Marine Fisheries Service (NMFS) asked the USACE to address concerns 

regarding forebay monitor representativeness by including language in its Biological Opinion 

Reasonable and Prudent Alternatives (RPA) 132 to complete a systematic review and evaluation 

of the TDG fixed monitoring stations in the forebays.  The study was conducted during the 2003 

and 2004 fish passage spill season at McNary Dam and the four Lower Snake River projects: Ice 

Harbor Dam, Lower Monumental Dam, Little Goose Dam, and Lower Granite Dam. 

 

Each of the study project forebay stations experienced “thermally-induced TDG pressure spikes 

during the test periods.”  The study resulted in two recommendations.  The first was to 

permanently relocate each forebay gauge to an area just upstream of the project in a location not 

affected by down-welling surface waters, such as the navigation lock guide wall.  Additionally, 

the study recommended each instrument be positioned at a depth of 12-15 meters to avoid 

thermal responses in the TDG pressure readings.  The findings and full report are available on-

line: 

BiOp Measure 132 Final Report, December, 2004: "Total Dissolved Gas Forebay Fixed 

Monitoring Station Review and Evaluation for Lower Snake River Projects and McNary 

Dam, 2003-2004," 

http://www.nwd-wc.usace.army.mil/tmt/wq/studies/rpa132_20041230.pdf 

 

In 2001, the USGS identified representativeness issues with the Camas-Washougal forebay 

gauge.  Specifically, the USGS found that daily variations of TDG were “probably due to the 

production of oxygen by aquatic plants and to water-temperature variations on warm, sunny 

days” (Water-Resources Investigations Report 01-4273, page 11 and Figure 13 on page 12, 

http://or.water.usgs.gov/pubs_dir/WRIR01-4273/index.html).  This USGS report led to a 2004 

follow-up isotope study of TDG at Camas-Washougal.  These data were never published, but the 

data indicated that the increased afternoon dissolved oxygen at Camas-Washougal forebay gauge 

was due to photosynthesis rather than Bonneville Dam spill (email communication with Dwight 

Tanner, USGS, June 24, 2008). 

 

On September 29, 2006, the Fish Passage Center (FPC) sent a memo to the Fish Passage 

Advisory Committee regarding Spring Spill 2006 (FPC document 136-06.pdf).  In that memo, 

FPC evaluated the “efficacy of forebay monitoring” and discussed the question of “did the 

USACE’s relocation in 2004 and 2005 lead to more accurate monitoring?” in the forebay.  The 

FPC memo concluded that the forebay monitors “do not represent the measurements of TDG in 

mixed waters as was originally intended.”  Although the forebay monitors were relocated and 

lowered deeper into the water column in 2004 and 2005, questions regarding their 

representativeness of fish passage spill still exist. 

 

 

Information the AMT Considered 
 

In evaluating the need for the 115% TDG forebay limit during fish passage spill season, the 

AMT considered how removal of the 115% TDG forebay limit would affect fish and other 
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aquatic life.  ODEQ and Ecology framed the 

technical evaluation by asking the AMT the 

following two questions: 

 

Question 1: What are the biological impacts (gas 

bubble trauma) of eliminating the 

115% TDG forebay limit on all 

aquatic life? 

 

Question 2: How many more fish will survive 

the system if we eliminated the 

115% limit? 

 

Removing the 115% forebay TDG limit has the potential to increase spill volumes at the 

Columbia and Snake River dams.  Increased spill volumes may result from managing fish 

passage spill only to the 120% tailrace TDG limit.  Additional spill has the potential to increase 

fish passage and survival past each dam.  However, increasing fish passage spill may also 

increase the TDG levels that may increase the incidence of gas bubble trauma and potentially 

affect aquatic species. 

 

The AMT presented the following data and analytical results to the states to evaluate the need for 

the 115% TDG forebay limit: 

 

 FPC analysis of spill volume.  

 USACE analysis (SYSTDG) of spill volumes. 

 BPA analysis (HYDSIM) of spill volumes.  

 FPC Analysis of Juvenile Hydro-system Survivals Smolt to Adult Returns (SARs). 

 Comparative Survival Study (CSS). 

 Comprehensive Passage Model (COMPASS). 

 Adult Passage and Survival. 

 Smolt Monitoring Program Results on Gas Bubble Trauma Incidence. 

 NOAA Fisheries Resident Fish Literature Review. 

 Ecology Literature Review. 

 Parametrix Literature Review. 

 

All presentations and reports were open for comment.  Comments were shared with presenters 

giving them a chance to respond.  All presentations, comments, and responses are available on 

the TDG AMT website: 

http://www.ecy.wa.gov/programs/wq/tmdl/ColumbiaRvr/ColumbiaTDG.html 

 

ODEQ and Ecology used all the information presented at the AMT to form the technical basis of 

their decision.   

  

Need for 115%Need for 115%
What are the What are the 
biological biological 
impacts impacts 
(GBT) of (GBT) of 
eliminating eliminating 
the 115% on the 115% on 
all aquatic all aquatic 
life?life?

Vs.Vs.

How many How many 
more fish will more fish will 
pass/survive pass/survive 
the system if the system if 
we eliminated we eliminated 
the 115%?the 115%?

http://www.ecy.wa.gov/programs/wq/tmdl/ColumbiaRvr/ColumbiaTDG.html
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Spill Volume Considerations 
 

Setting or limiting fish passage spill volumes are considered a management issue for discussion 

at the Federal Columbia River Power System (FCRPS) forum or other forums.  Spill 

management will not be set or negotiated at the AMT, but will be discussed in the context of 

TDG and impacts to aquatic species.   

 

Fish passage spill volumes are determined by several factors: 

 Spill operations (as defined by the BiOp.) 

 Spill caps (as defined by TDG water quality limits in the forebay and tailrace set by state 

water quality agencies.) 

 Involuntary spill (when the river flow exceeds the hydraulic capacity of the dam.) 

 Minimum generation (the amount of flow necessary to generate the minimum amount of 

electricity to keep the regional electrical grid stable, and the remainder is used for fish 

passage.) 

 Overgeneration spill (spill that must occur when the amount of flow in the river system 

would otherwise produce more energy, if passed through turbines, than there are 

accessible energy markets available.) 

 Other fish passage spill determinations may exist, such as physical limitations due to 

erosion in tailrace basins or navigational concerns. 



Evaluation of the 115 Percent Total Dissolved Gas Forebay Requirement 

Page 21 

 

Spill Volume Analysis: With and Without the 115 
Percent TDG Limit 

 

The Fish Passage Center (FPC), USACE, and Bonneville Power Administration (BPA) each 

conducted an analysis of how much more fish passage spill volume would be possible if the 

115% was eliminated.  The amount of spill varies greatly depending on the fish passage spill 

volume factors being implemented (described previously) and how much water is in the river.  

The amount of water in the river varies by year, season, and day.  The variations in volume are 

caused by amount of snow pack, rainfall, water withdrawal, and upstream dam operations. 

 

The three entities analyzed the potential changes in spill volume using different approaches and 

assumptions.  The differences observed among the analyses were due to the flow years used, the 

assumptions of spill operations, treatment of excess generation spill, and other limitations on 

spill.  The FPC analysis considered past years’ empirical data for flow, spill, and TDG and 

projected what spill would have occurred if the 115% forebay requirement was removed in four 

different spill scenarios.  The USACE and BPA analysis assumed that the 2008 Biological 

Opinion spill levels were implemented.  Their analyses used one spill scenario.  The BPA 

analysis included overgeneration spill and conducted simulations for the 70-year flow record. 

 

One must be careful when directly comparing the spill volumes from the different analyses, 

given the differences in assumptions for each analysis.  Table 2 summarizes the assumptions 

made for spill program amounts implemented in each of the analyses. 
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Table 2.  Spill Volume Analysis Summary 

Author Report Title 
Years 

Analyzed 
Simulation Data Set 

FPC 

Volume 

Changes with 

Use of Tailrace 

Monitors. 

(#303), see 

page 2 

Low - 

Moderate 

water 

years:  

2003, 

2005, 2007                                                       

High 

water 

year:  2006 

Base Scenario:  The year’s actual 

spill volume, which accounts for 

excess generation spill. 

Scenario B: The spill that would 

have occurred during that year if 

all projects spilled to the 120% 

cap on days when spill was 

restricted by the 115% 

downstream forebay, but not the 

120% tailrace.                    

Scenario C: The spill that would 

have occurred in that year if all 

projects spilled to the 120% cap.  

This scenario was limited by 

planned operations.                                         

Scenario D: The spill that would 

have occurred in that year if all 

projects spilled to the 120% cap, 

but this spill analysis was not 

limited by planned operations. 

FPC used a statistical 

analysis of the 

empirical data set for 

each year and modeled 

the estimated changes 

in spill volumes.  The 

analysis does not 

include overgeneration 

or other involuntary 

spill.  

USACE 

Report on the 

SYSTDG 

Modeling for 

AMT: With and 

without 115 

percent TDG 

standard. 

(#710), see 

page 10. 

Low water 

year:  2007         

Moderate 

water 

year:  2002          

High 

water 

year:  1999                                 

Hourly average of spill volume 

and spill cap with and without the 

115% TDG forebay limit for each 

project and each year. 

The ACOE SYSTDG 

hourly time-step model 

was used to model the 

flow assumptions from 

each year using the 

2008 FCRPS BiOp spill 

operations, including 

overgeneration and 

other involuntary spill.   

BPA 

HYDSIM Use 

in Analysis of 

Removing 115 

percent TDG 

Forebay Gauge 

Requirements 

BPA Report to 

the Adaptive 

Management 

Team.   (#710), 

see page 10, 

and (#605) 

70 years, 

averaged 

(1929 - 

1999) 

70-year average spill with and 

without the 115% TDG forebay 

limit for each project. 

The BPA HYDSIM 

monthly time-step 

model used the 

SYSTDG hourly 

calculated spill caps, 

which were averaged 

into monthly spill caps 

for input into HYDSIM 

using the 2008 FCRPS 

BiOp spill operations 

and involuntary spill.  

HYDSIM modeled 70 

years of historical 

runoff data, including 

overgeneration spill, to 

generate monthly 

average flows and spill 

volumes at each dam.   
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FPC Analysis 
 

The FPC’s analysis, Spill Volume Changes with Use of Tailrace Monitors (#303), is available on 

the AMT website.  BPA and USACE provided comments on the FPC analysis, and FPC 

responded to the comments.  These documents are available on the AMT website.  

 

The FPC analyzed the low to moderate water years of 2003, 2005, and 2007 and the high water 

year of 2006; see Figures 2 through 5.  The FPC ran scenarios with differences in planned 

operations ranging from the base case (what was actually implemented in that year) to what 

would occur if there was no spill management except for the 120% TDG requirement (meaning 

projects were not managed to a specific spill program but spilled the full volume of water to the 

120 % TDG).  They defined the scenarios as: 

 

Scenario B: Spill that would have occurred if all projects spilled to the 120% cap on days when 

spill was restricted by the 115% downstream forebay (but not the 120% tailrace). 

Scenario C: Spill that would have occurred in that year if all projects spilled to the 120% cap 

(limited by planned operations). 

Scenario D: Spill that would have occurred in that year if all projects spilled to the 120% cap 

(not limited by planned operations). 

The planned operations were different among years, dependent on the spill program 

implemented.  For example, the 2003 spill program followed the 2000 BiOp and the 2005 spring 

spill followed the 2000 BiOp, whereas the 2005 summer spill followed the court-ordered spill.  

Years 2006 and 2007 followed the court order. 

 

Depending on the year and the scenario used, removing the 115% forebay requirement would 

allow an additional 0.5 to 58.1 million acre feet of spill on the lower Columbia and Snake 

Rivers; see Table 3. 

 
Table 3.  FPC Statistical Analysis Additional Spill Volumes (Million Acre Feet) Under the Three 

Scenarios, Compared to the Base Case Volume (involuntary spill removed). 

Water Year 
Scenario B: 

FB Restricted 

Scenario C: 

120% Limited 

Scenario D: 

120% 

2003 2.27 13.01 41.57 

2005 0.52 11.06 43.06 

2006 2.8 9.56 52.53 

2007 1.45 5.98 58.07 

 

According to the FPC analysis, if the 115% forebay requirement was removed then all the dams 

would experience an increase in fish passage spill.  However, Little Goose and Lower Monument 

dams on the Snake River would experience the greatest increase in fish passage spill. 
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Figure 2.  FPC Statistical Analysis of Increased Spill in 2003 (percent increase over  

base case).  Lower Granite (LGR), Little Goose (LGS), Lower Monumental  
(LMN), Ice Harbor (IHR), McNary (MCN), John Day (JDA), The Dalles (TDA),  
and Bonneville (BON).  The increase in spill (percent increase over base case) is 
calculated as: 
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Figure 3.  FPC Statistical Analysis of Increased Spill in 2005 

 

 
Figure 4.  FPC Statistical Analysis of Increased Spill in 2006 
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Figure 5.  FPC Statistical Analysis of Increased Spill in 2007 

 

USACE Analysis (SYSTDG) 
 

The USACE’s analysis, Report on the SYSTDG Modeling for AMT: With and without 115 

percent TDG standard (#710), is available on the AMT website.  Comments on this document 

are available on the AMT website. 

 

The USACE analyzed the high water year of 1999, the moderate water year of 2002, and the low 

water year of 2007.  The analysis used assumptions from 1999, 2002, and 2007 operations, and 

spill operations from the October 31, 2007 Columbia and Snake River FCRPS BiOp.  See the 

report for details. 

 

In the USACE analysis, multiple factors controlled spill on the Lower Columbia and Snake 

Rivers: 

 BiOp spill operations (76% of the time). 

 The 120/115% spill caps (12% of the time). 

 Involuntary spill (8% of the time). 

 Minimum generation (4% of the time). 

 

According to the analysis: 
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 For the 2002 medium water year, eliminating the 115% TDG requirement would result in 

an additional 2.3 MAF spill (a 1.8% increase). 

 For the 2007 low water year, eliminating the 115% TDG requirement would result in an 

additional 2.5 MAF spill (a 2.2% increase). 

 

Most of the additional spill would come from Lower Monumental and Bonneville dams.  In high 

water years, some would also come from John Day, The Dalles, and Little Goose dams.  See 

Figure 6 (and Tables 11-13 of the USACE analysis, document 710) for details. 

 

  
Figure 6.  USACE SYSTDG Model Results of Analysis of Spill Volumes.  SYSTDG  

analyzed how much spill would occur under the base case of the 115%/120% 
requirement and determined how much more spill would occur under a 120%- 
only scenario. The increase in spill (percent increase over base case) is 
calculated as:  
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BPA Analysis (HYDSIM) 
 

The BPA analysis, HYDSIM Use in Analysis of Removing 115 percent TDG Forebay Gauge 

Requirements BPA Report to the Adaptive Management Team – May 2008 (#605) is available on 

the AMT website.  No comments were received on this analysis.   

 

The BPA analysis used spill caps provided by the USACE analysis.  The spill caps were applied 

to 70 years of historical runoff data to generate monthly average flow and spill volumes at each 

dam.  Overgeneration spill that occurred in excess of the planned spill program (the 2008 

Biological Opinion) is included in the BPA base case. 

 

According to BPA’s analysis, eliminating the 115% requirement would result in more spill at 

Lower Monumental (13% increase), Bonneville (2.9% increase), and, to a much lesser extent, 

Little Goose (1.1%) and The Dalles (0.5% increase) dams.  The increase in spill at these dams, 

and the resulting loss of power generation, means the other dams could generate more power and 

would have less overgeneration spill.  Thus, eliminating the 115% requirement would result in 

slightly less spill at Lower Granite, Ice Harbor, McNary, and John Day by 0.1-0.2%.  See Figure 

7 for details. 

 

 
Figure 7.  BPA HYDSIM Model Calculations of Spill Changes The increase in spill (percent 

increase over base case) is calculated as:  
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Synthesis of FPC, USACE, and BPA Analyses of Spill Volumes 
 

The three analyses reached similar conclusions on where the elimination of the 115% 

requirement would have the most significant difference. 

 
Table 4. Dams Most Affected by Removal of the 115% Requirement 

Analysis Dams most affected by eliminating 115% requirement 

FPC Analysis  Little Goose and Lower Monumental 

BPA HYDSIM Lower Monumental and Bonneville 

USACE SYSTDG Lower Monumental and Bonneville 

 

The three analyses reached variable conclusions on the total amount of additional spill that 

would occur if the 115% requirement was eliminated.   

 

Table 5.  Increase in Spill. The increase in spill (percent increase over base case) is calculated 
as:  

 

 

 

Analysis 

Increase in spill  

(percent increase over base case; per year; an 

average for all eight Lower Columbia and 

Snake River dams combined) 

FPC Analysis 1% - 60% depending on the year and scenario 

BPA HYDSIM 1.8% - 4.0% depending on the year 

USACE SYSTDG 1.3% average over 70 water years 

 

One must be careful when directly comparing the spill volumes analyses.  While the three analyses 

presented are addressing the same topic, the assumptions made in each analysis vary.  The 

differences between the FPC, USACE, and BPA analyses were the assumptions each analysis 

made on inclusion of 2008 BiOp spill operations, the treatment and inclusion of overgeneration 

spill, the years analyzed, and other limitations on spill programs.  Since each analysis treated 

these important factors differently, the changes in spill volumes with and without the 115% TDG 

forebay limit range in value. 
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Fish Survival Impacts 
 

The FPC, U.S. Fish and Wildlife Service (USFWS), National Oceanic and Atmospheric 

Administration (NOAA), and the Columbia River Inter-Tribal Fish Commission (CRITFC) each 

conducted an analysis on how anadromous fish passage and survival would be impacted if the 

115% TDG limit was removed.  The FPC provided an analysis of the importance of spill in 

juvenile hydro-system survivals and Smolt to Adult Returns (SARs), using empirical data and a 

multiple regression analysis.  USFWS presented modeling results from the Comparative Survival 

Study (CSS) on juvenile salmonid survival.  NOAA presented results from its Comprehensive 

Passage (COMPASS) model.  Adult passage and survival impacts were summarized by CRITFC.  

These analyses addressed the eight Lower Columbia and Lower Snake River dams.  Table 6 

summarizes the assumptions made for each of the analyses. 

 
Table 6.  Fish Passage and Survival Impacts Analysis Summary 

Author Report Title 
Years 

Analyzed 
Simulation Data Set 

FPC Importance of 

spill in 

Juvenile 

Hydro-system 

survivals and 

SARs (#306) 

1998 - 

2005 

Statistical analysis for 

smolt reach survival 

analyses for yearling 

spring / summer Chinook, 

steelhead and fall 

Chinook;                                                 

Relation between juvenile 

survival and adult return 

rates with and without the 

115% TDG forebay limit. 

Empirical data set for each 

year and species used in the 

analysis. 

USFWS 

presen-

tation 

Comparative 

Survival Study 

(CSS) Chapter 

2 (#402a) 

1998 - 

2006 

Statistical analysis for 

yearling Chinook and 

steelhead migrants’ 

survival. 

Empirical and modeled data set 

for each species analyzed for 

two reaches: Lower Granite to 

McNary and McNary to 

Bonneville.  The analysis used 

weekly released cohort PIT-

tagged fish, with median 

estimated fish travel time and 

survival rates.  The analysis 

included temperature, 

turbidity, flow, water travel 

time, average percent spill, and 

seasonality for each year and 

reach modeled. 

NOAA Explanation of 

COMPASS 

Analysis of 

TDG 

Alternatives 

(#609) 

70 years, 

averaged 

(1929 - 

1999) 

Statistical analysis of 

survival and Lower 

Granite to Lower Granite 

smolt-to-adult-return for 

Snake River spring / 

summer Chinook and 

steelhead, Upper 

Columbia spring Chinook 

and steelhead, and Mid 

Empirical and modeled data set 

were used for this daily time 

step model.  The HYDSIM 

monthly modeled mean 70 

year average water record was 

translated into a daily time step 

for average flow and spill 

model input.  The model 

includes transport, FCRPS 
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Author Report Title 
Years 

Analyzed 
Simulation Data Set 

Columbia steelhead with 

and without the 115% 

TDG forebay limit. 

survival but not post 

Bonneville effects for the 

period starting April to end of 

June. 

CRITFC Review of 

Adult Passage 

through 

Different Dam 

Passage 

Routes (#709) 

2008 

ACOE 

Steelhead 

Kelt fish 

passage 

Statistical analysis of four 

downstream adult passage 

routes: screen bypass 

system, spill, turbines, and 

surface bypass. 

Empirical data set for the years 

analyzed and literature. 

 

FPC Analysis of Juvenile Hydro-system Survivals and SARs 
 

The FPC’s analysis, Importance of spill in Juvenile Hydro-system survivals and SARs (#306), is 

available on the AMT website.  BPA provided comments on the FPC analysis, and FPC 

responded to the comments.  These documents are available on the AMT website. 

 

The FPC presented statistical analysis for smolt reach survival analyses for yearling spring / 

summer Chinook, steelhead and fall Chinook, and a relation between juvenile survival and adult 

return rates for data collected between 1998 and 2005.  The study showed a relationship between 

increased spill and increased reach survival for juvenile migrants.  The analyses accounted for 

the effect of ocean conditions on adult survival and showed a relationship between juvenile reach 

survival and adult returns. 

 

According to the FPC analysis, the increased benefit of spill occurs when average spill 

proportions increase above 40% for spring / summer Chinook and steelhead; see Figures 8 and 9.  

This is likely due to increased numbers of fish passing via spill as spill proportions increase. 
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Figure 8.  FPC Statistical Analysis Predicted response to increasing spill volumes  

of Smolt to Adult Returns (SARs) for spring/summer Chinook salmon under 
good, moderate and poor ocean productivity levels. 

 

 
Figure 9.  FPC Statistical Analysis Predicted response to increasing spill volumes  

of Smolt to Adult Returns (SARs) for steelhead under good, moderate  
and poor ocean productivity levels. 

 

 

The FPC analysis identified a positive relationship between juvenile reach survival and average 

spill; see Figure 10. 
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Figure 10.  FPC Statistical Analysis x-y Plot of Sub-Yearling Chinook Survival from  

Lower Granite (LGR) to McNary (MCN) dams versus Average Spill  
Percent for Little Goose (LGS), Lower Monumental (LMN), Ice Harbor  
(IHR) and McNary (MCN) dams. 

 

A similar approach showed that an increase in water travel time had a negative relationship with 

reach survival demonstrating that as water travel time decreases (i.e., flows increase) survival 

increases; see Figure 11. 

 

 
Figure 11.  FPC Statistical Analysis x-y Plot of Hatchery Sub-Yearling Chinook  

Survival versus Water Travel Time (WTT) from Lower Granite (LGR)  
to McNary (MCN) dams. 
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CSS Study Presented by USFWS 
 

The Comparative Survival Study (CSS) Chapter 2 (#402a), presented by USFWS, is available on 

the AMT website along with comments on the analysis.  BPA and Northwest River Partners 

provided comments on the CSS.  Most of the comments received at the AMT were developed 

during the 2007 regional CSS review.  USFWS and FPC responded to the comments received 

during the AMT process.  These comments are available on the AMT website.  The CSS is a 

joint project of FPC, USFWS, Idaho Department of Fish and Game, ODFW, WDFW, and 

CRITFC. 

 

The CSS used the 1998 to 2006 data set to show that juvenile travel times, instantaneous 

mortality rates, and survival rates through the hydro system are strongly influenced by managed 

river conditions including flow, water travel time, and spill levels. 

 

USFWS provided the expected juvenile survival under the different spill volume scenarios 

presented by the FPC analysis.  The spill amounts for each year were further divided by date to 

match the different steelhead and chinook cohorts.  The CSS determined that survival was based 

on when during the year the salmon migrated (Julian date is used in the formulas), the spill 

proportion, and either the flow (steelhead) or water transit time (Chinook).  FTT is fish transit 

time and Z is instantaneous mortality. 

 

For wild Chinook, survival from Lower Granite to McNary is: 

 
 

 

 
 

 
 

Hatchery Chinook survival uses the same basic formula but different numeric constants. 

 

For steelhead, survival from Lower Granit to McNary is: 

 
 

 

 

 

 

 

The CSS analysis predicted that the absolute increase in juvenile yearling Chinook survival from 

Lower Granite Dam to McNary Dam would range from 0% to 4%, and 1% to 9% for steelhead; 

see Table 7.  The McNary to Bonneville Dam absolute increase in juvenile yearling Chinook 

survival would range from 0% to 5%. 
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Table 7.  Absolute Increase in Survival.  No planned spill occurred at Lower Granite, Little 
Goose, and Lower Monument during the spring of 2005.The increase in survival uses 
the FPC spill volume analysis and is calculated as: 

 

Year Scenario B Scenario C Scenario D 

Lower Granite to McNary – Steelhead 

2003 0% 3% 8% 

2005 0% 2% 5% 

2006 1% 2% 6% 

2007 2% 4% 17% 

Average 1% 3% 9% 

Lower Granite to McNary – Wild Yearling Chinook 

2003 0% 1% 3% 

2005 0% 1% 3% 

2006 0% 1% 2% 

2007 1% 2% 7% 

Average 0% 1% 4% 

Lower Granite to McNary – Hatchery Yearling Chinook 

2003 0% 1% 3% 

2005 0% 1% 3% 

2006 0% 1% 3% 

2007 1% 2% 7% 

Average 0% 1% 4% 

McNary to Bonneville – Hatchery and Wild Yearling Chinook 

2003 0% 1% 5% 

2005 0% 2% 7% 

2006 0% 1% 2% 

2007 0% 1% 4% 

Average 0% 1% 5% 

 

NOAA COMPASS Study 
 

The NOAA analysis, Explanation of COMPASS Analysis of TDG Alternatives (#609), is 

available on the AMT website.  ODFW provided comments on COMPASS, and BPA and 

NOAA responded to those comments.  The Independent Scientific Advisory Board’s review of 

COMPASS was also received.  These documents are available on the AMT website. 

 

The NOAA analysis incorporated results from three modeling efforts.  USACE’s SYSTDG 

model provided spill cap volumes.  The SYSTDG model is run on an hourly time step and 

assumed 2008 FCRPS BiOp operations.  The hourly time step spill caps were converted to a 

monthly average in order to be incorporated into BPA’s HYDSIM model.  The HYDSIM model 

incorporated overgeneration conditions and the 2008 electrical load capacity to a model 

simulation of over 70 years of monthly historical runoff averages.  The HYDSIM model-derived 
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monthly average flow and spill volumes were then converted to daily input for NOAA’s 

COMPASS model.  COMPASS calculated daily flows for the period of April to end of June and 

incorporated fish transport.  The COMPASS model ran using the 2008 FCRPS BiOp operations.  

See the report for details. 

 

COMPASS estimated the downstream passage survival of juvenile salmonids.  Survival values 

were rounded up to one decimal space for relative difference, and to three decimal spaces for 

absolute difference, which resulted in several calculations of a zero survival difference between 

the current TDG management scenario and eliminating the 115% TDG forebay limit.  However, 

NOAA states that if model results were carried out to the maximum precision then there would 

be a small positive difference between alternatives.  Differences in survival presented at the 

AMT can be found in Tables 8 and 9. 

 
Table 8.  NOAA COMPASS Model Increase in Steelhead Reach Survivals.  The increase  

in survival uses the USACE’s SYSTDG spill volume analysis and is calculated  
as: 

 

Years Scenario Snake River Columbia River 

70-Year Average 120%-Only 66.0% 67.1% 

 115/120% 65.9% 67.0% 

 Survival Increase 0.1% 0.1% 

Low Flows 120%-Only 49.8% 56.2% 

 115/120% 49.7% 56.2% 

 Survival Increase 0.1% 0.0% 

Mid-Range Flows 120%-Only 70.3% 69.9% 

 115/120% 70.2% 69.9% 

 Survival Increase 0.1% 0.0% 

High Flows 120%-Only 81.0% 76.3% 

 115/120% 81.0% 76.2% 

 Survival Increase 0.0% 0.1% 

 
 

Table 9.  NOAA COMPASS Model Increase in Spring Chinook Reach Survivals.  The survival 
increase uses the USACE’s SYSTDG spill volume analysis and is calculated as: 

 

Years Scenario Snake River Columbia River 

70-Year Average 120%-Only 85.5% 71.3% 

 115/120% 85.3% 71.3% 

 Survival Increase 0.2% 0.0% 

Low Flows 120%-Only 81.8% 68.8% 

 115/120% 81.7% 68.8% 

 Survival Increase 0.1% 0.0% 

Mid-Range Flows 120%-Only 86.7% 71.7% 

 115/120% 86.5% 71.7% 

 Survival Increase 0.2% 0.0% 

High Flows 120%-Only 88.0% 73.4% 

 115/120% 87.9% 73.4% 

 Survival Increase 0.1% 0.0% 
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The COMPASS analysis concluded that “elimination of the forebay monitors, with resulting 

increasing spill rates, would provide a small, but positive effect on survival and adult returns of 

listed stocks”, except for Snake River Steelhead.  COMPASS model results showed a drop in 

estimated survival and SAR for Snake River Steelhead, Table 10.  The NOAA analysis states 

that negative effects estimated for Snake River Steelhead could be reduced through 

“management actions, such as limiting spill, to increase collection for transportation at Lower 

Granite Dam.”  Transport is considered a management option by the states and is not considered 

in this technical evaluation. 

 
Table 10.  Summary of NOAA COMPASS Model Results for Smolt to Adult Returns (SARs).   

Species Measurement 

115% 

and 

120% 

120% 

Only 

Survival 

Increase 

(Relative
1
) 

Survival 

Increase 

(Absolute
2
) 

Snake River Spring / 

Summer Chinook 

Whole population Lower 

Granite-Lower Granite SAR 

0.915% 0.922% 0.8% 0.007% 

Snake River Steelhead Whole population Lower 

Granite-Lower Granite SAR 

1.803% 1.783% -1.1% -0.02% 

Upper Columbia River 

Chinook 

Whole population Lower 

Granite-Lower Granite SAR 

(surrogate for Rocky Reach 

Dam to Rocky Reach Dam 

SAR) 

0.768% 0.768% 0.0% 0.0% 

Upper Columbia River 

Steelhead 

Whole population Lower 

Granite-Lower Granite SAR 

(surrogate for Rocky Reach 

Dam to Rocky Reach Dam 

SAR) 

0.716% 0.716% 0.0% 0.0% 

Mid-Columbia River 

Steelhead 

In-river survival 52.4-

90.3% 

52.5-

90.3% 

0.0% - 0.2% 0.0-0.1% 

 

CRITFC Adult Passage Analysis 
 

The CRITFC analysis, Review of Adult Passage through Different Dam Passage Routes (#709), 

is available on the AMT website.  USACE and BPA provided comments on the CRITFC 

analysis.  Their comments are available on the AMT website.  No response to comments was 

received from CRITFC. 

 

                                                 
1 Since SARs are such low numbers, the relative change in the survival appears much larger than the absolute 

change provided in the table.  Relative change is defined as:  

 

 

 
2 The absolute survival increase uses the USACE’s SYSTDG spill volume analysis and is calculated as: 
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Adult survival is important because of their imminent likelihood to spawn.  The CRITFC study 

states that “the downstream route of adult passage is an important factor that contributes to 

survival and ultimate escapement to spawning areas and spawning success, reproductive fitness 

and genetic integrity.”  The study evaluates four downstream passage routes available to adults.  

They include the screen bypass system, spill, turbines, and surface bypass. 

 

CRITFC evaluated each of the four adult downstream passage routes.  The CRITFC analysis 

states that the screen bypass system exposes juvenile and adult salmon to increased water 

temperatures.  These fish are held at temperatures that are significantly warmer than that found in 

the ambient river.  Spill has been associated with increased fish passage efficiency, Table 11, and 

has been demonstrated to reduce travel and passage times.  Turbine passage has an increased 

mortality because of the blade to fish size ratio.  The CRITFC study identified surface bypass 

structures as an “emerging, promising adult downstream passage route” that reduces adult 

passage delays.  The CRITFC review “indicates that spill and surface bypass and probably a 

combination of both provide the safest downstream passage route for adult migrants, whether 

they are fallbacks or steelhead kelts heading seaward.”  Fallbacks occur when adult salmon 

heading upriver go back downstream through or over a dam. 

 
Table 11.  Steelhead kelt fish passage efficiencies through Lower Columbia  

dams with and without spill (data from Corps 2008). 

Dam Percent Spill 
Percent Fish 

Passage Efficiency 

Bonneville 37% 84% 

Bonneville 0% 68% 

The Dalles 30% 99% 

 

Synthesis of FPC, USFWS, NOAA and CRITFC Analyses 
 

It is difficult to assess the precise impacts on fish passage and survival that would result from 

removing the 115% TDG limit forebay requirement.  The analyses and data presented were 

based on both empirical and simulated data.  The assumptions contained in the simulation 

analyses often ranged widely among studies. 

 

The FPC analysis noted that increased spill would result in increased juvenile reach and adult 

survival, and that smolt survival had a strong relation to reach survival and spill. 

 

The CSS report found that higher levels of spill during smolt migration years 1998 – 2006 were 

associated with: 

 Reductions in fish travel time (faster migration rates) for both yearling Chinook and 

steelhead. 

 Reductions in instantaneous mortality rates of steelhead. 

 Increased survival rates for both yearling Chinook and steelhead. 

 

The COMPASS model analysis found that most species experienced a small, positive effect on 

in-river survival (<1%) if the 115% TDG limit was removed due to increased spill.  However, 
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the COMPASS model estimated a decreased survival and SARs for Snake River steelhead.  

NOAA stated that this decreased estimate result was likely due to reduced collection for 

transport. 

 

The CSS analyses predicted that the absolute increase in juvenile yearling Chinook survival from 

Lower Granite Dam to McNary Dam would range from 0% to 4%, dependent on the spill 

scenario chosen, and would range from 1% to 9% for steelhead. This contrasts with the 0.2% for 

yearling Chinook, and 0.1% for Steelhead, estimated by COMPASS.  The CSS analyses also 

predicted an increase survival of 0% to 5% for yearling Chinook in the Lower Columbia in 

contrast to no increase simulated by COMPASS.  These results illustrate that the benefits to 

juvenile and adult salmonid survival are mostly a function of the analysis’ assumptions.  

 

The CRITFC study review of four adult passage routes indicated that spill and surface bypass, 

and probably a combination of both, provide the safest downstream passage route for adult 

migrants when also evaluating turbine and screen bypass systems.  CRITFC states that this route 

combination is an important factor in adult passage that contributes to survival and escapement 

to spawning areas and spawning success. 
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Gas Bubble Trauma Impacts 
 

The USACE analyzed how much TDG would increase if the 115% requirement was removed.  

Four AMT studies provide gas bubble trauma (GBT) summary information on the possible 

impacts of eliminating the 115% requirement.  The three TDG literature reviews presented to the 

AMT synthesized hundreds of previous field and laboratory studies.  Each review had a slightly 

different focus.  The FPC’s report on the Smolt Monitoring Program examined GBT in salmon in 

the Columbia and Snake Rivers.  This report is highlighted separately due to its high relevance to 

the 115% requirement. 

USACE SYSTDG TDG Simulations 
 

The USACE’s analysis, Report on the SYSTDG Modeling for AMT: With and without 115 

percent TDG standard (#710), analyzed the expected change in TDG in the forebays.  The 

USACE analyzed the high water year of 1999, the moderate water year of 2002, and the low 

water year of 2007.  In each case, the high 12-hour average TDG level is reported. 

 

The simulations summarized the TDG levels for each water year, for each project, with and 

without the 115% TDG standard over the entire spill season (water year), from April through 

August. 

 

Table 12 and Figure 12 summarize the TDG change in the forebays between the two scenarios, 

with and without the 115% forebay TDG limit.  The values highlighted in gray show an increase 

in the high 12 hour average TDG levels if the 115% limit was removed. 
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Table 12.  ACOE SYSTDG Modeled Seasonal Average Absolute TDG in the Forebays  
with and without the 115% Limit.  The difference in TDG is calculated as: 

 

 
 

Forebay High 12 Hour Average % TDG Levels
Water Years:  Low = 2007;  Medium = 2002;  High = 1999

Year Project
With 
115%

 Without 
115% Difference

2007 LWG forebay 101.9 101.9 0.0
2002 LWG forebay 101.7 101.7 0.0
1999 LWG forebay 106.1 106.1 0.0
2007 LGS forebay 106.8 106.8 0.0
2002 LGS forebay 106.1 106.1 0.0
1999 LGS forebay 109.2 109.2 0.0
2007 LMN forebay 109.8 109.8 0.0
2002 LMN forebay 110.7 110.7 0.0
1999 LMN forebay 113.3 113.7 0.5
2007 IHR forebay 110.8 111.7 0.9
2002 IHR forebay 110.8 111.3 0.5
1999 IHR forebay 112.2 115.2 3.0
2007 MCN forebay 109.5 109.5 0.0
2002 MCN forebay 109.0 109.0 0.0
1999 MCN forebay 109.4 109.4 0.0
2007 JDA forebay 107.6 107.6 0.0
2002 JDA forebay 106.9 106.9 0.0
1999 JDA forebay 108.1 108.1 0.0
2007 TDA forebay 109.8 109.8 0.0
2002 TDA forebay 108.8 108.8 0.0
1999 TDA forebay 110.4 110.6 0.2
2007 BON forebay 111.2 111.2 0.0
2002 BON forebay 110.1 110.1 0.0
1999 BON forebay 112.2 112.4 0.2
2007 Camas Forebay 113.3 113.8 0.5
2002 Camas Forebay 113.0 113.0 0.0
1999 Camas Forebay 113.9 115.2 1.3

Average % TDG Difference  : 0.3

Seasonal Average of the High 12 Hour 
Average TDG





1 exceed 120 percent in the downstream tailraces of each dam or 115 percent in the upstream 

2 forebay of the next dam downriver when water is being spilled to aid fish passage in the 'Snake 

3· and Columbia Rivers. WAC 173-210A-200(1)(f)(ii). The purpose of the current rule is to 

4 provide a special fish passage exemption for the Snake and Columbia Rivers when spilling 

5 water at dams is necessary to aid fish passage over the hydroelectric dams, when consistent 

6 with Ecology's approved gas abatement plan. The rule seeks to increase fish passage without 

7 causing more harm to the fish population. 

8 1.6 TDG is defined as the measure of the sum total of all gas partial pressures, 

9 including water vapor, in water. When water becomes supersaturated with gas, gas bubbles 

10 can form in the blood and tissues of aquatic organisms. The exposure of fish and other aquatic 

11 organisms to excess dissolved gas can produce physiological problems referred to as gas 

12 . bubble disease or gas bubble trauma. Gas bubble trauma, can, in turn, cause rapid acute 

13 mortality as well as increase long-term mortality in aquatic organisms. The spilling of water 

14 over the spillways and dams is a major source of elevated TDG in the Snake and Columbia 

15 River system. 

16 1.7 Petitioners assert five reasons why Ecology's denial of their third rulemaking 

17 petition was arbitrary and capricious. First, Petitioners asserted that spill is a vital salmon and 

18 steelhead protective measure. Ecology agreed that the use of spill was an imp01;tant measure to 

19 decrease mortality in migrating salmon and steelhead. To aid fish in the passage over dams of 

20 the Snake and Columbia Rivers, Washington adopted an exemption to 'the 110 percent TDG 

21 criterion, and that exemption allowed for increased fish passage and reduced fish passage 

22 mortality. Petitioners claimedthat Ecology is required under state and federal laws to set TDG 

23 limits that maximize salmon survival by balancing. the benefits of spill with the risk of gas 

24 bubble trauma. Ecology disagreed with Petitioners' claim regarding the requirements of state 

25 and federal law. The Court found that Ecology is required under state regulations to maintain 

26 and protect all designated and existing uses in waters of Washington State under WAC 173-
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1 201A-310, which is also required under federal law under 40 C.F.R. 131.12(a). "It is required 

2 that all indigenous fish and nonfish aquatic species be protected in waters of the state in , 

3 addition to key species described below." WAC 1 73-201A-200(l). lhe Court found that 

4 'Ecology did not act arbitrarily and capriciously or outside its statutory authority in making its 

5 decision to deny the Petitioners' third petition. The Court also found that Petitioners did not 

6 meet their burden of proof on this issue. 

7 l.8 Petitioners' issue number two asserted that the 115 percentforebay TDG 

8 criterion was not grounded in science. The Court reviewed the literature and the studies cited 

9 in the briefing and administrative record. Ecology's literature review identified an impact to 

10 aquatic species near the surface, less than one meter deep, that should not be considered 

11 negligible. Ecology found that there was a detrimental effect on aquatic life at less than one 

12 meter depth and that some aquatic life may be residing near the surface for long enough to 

13 suffer the detrimental effects of gas bubble trauma. Ecology concluded the small benefit to 

14 migrating salmon that would result from the proposed 120 percent TDG relaxation was 

15 Insufficient to weaken the existing rule when weighed in light of increased risk of injury to 

16 aquatic species. Ecology determined that the weight of all the evidence from available 

17 scientific studies clearly points to detrimental effects on aquatic life near the surface when 

18 TDG approaches 120 percent. Ecology has set most of the water quality standards to be more 

19 restrictive, that is more protective, and thus, Ecology concluded here that the current 

20 11511201125 percent criterion adjustments achieved "[tJhe best bahmce between increased spill 

21 for salmon migration and the protection of aquatic life that have shown lethal and sublethal 

22 affects due to prolonged exposure to TDG sUpersaturation." 

23 l.9 Ecology's letter denying the third petition specifically addressed Petitioners' 

24 concerns regarding the studies reviewed and relied upon. Ecology gave weight to studies' 

25 demonstrating' impacts to some aquatic organisms and studies that showed harmful effects to 

26 other indigenous species. Ecology concluded that neither state nor federal law allowed the 
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.. 

agency to disregard aquatic life use requirements of some species over others. Rather, Ecology 

2 concluded that it must consider all aquatic organisms other than and including salmonids and 

3 the effects on those organisms. Responding to Petitioners' criticism that it relied upon 

4 experimental studies, in its denial letter Ecology stated that EPA and other states routinely use 

5 experimental studies in developing water quality standards. 

6 1.10 Based on all of the information that the Court reviewed, the Court does not find 

7 that Ecology's reasoning and its conclusion as to this petition issue to be arbitrary and 

8 capricious, or in excess of its statutory authority, even though Petitioners would reach a 

9 different result or the Court may reach a different result. 

10 1.11 In petition issue number three, Petitioners asserted that the forebay monitors do 

11 not provide credible data necessary for monitoring compliance with water quality standards. 

12 Ecology concluded that there are difficulties with monitoring compliance, but that was not a 

13 valid reason for the agency to either adjust or eliminate a criterion in water quality standards 

14 and it declined do so. As to petition issue number three, the Court does not find that that 

15 Ecology acted arbitrarily and capriciously, or that the agency exceeded its statutory authority in . 

16 so reaching its conclusion. 

17 1.12 Ecology also found that any change in conditions of the downstream reach that 

18 influenced TDG, such as changes in barometric pressure, water temperature, degassing rates, 

19 incoming gas; total fiver flow, or tailwaterelevation, may cause an increase in TDG above 120 

20 percent, which Ecology did not find acceptable in light of the statutory duties under state and 

21 federal law. Again, the Court does not find Ecology's reasoning to be arbitrary and capricious 

22 or that the agency exceeded its statutory authority as to petition issue number three. 

23 1.13 Petition issue number four addressed the 115 percent forebay TDG limit. 

24 Petitioners asserted that the limit does not protect the most sensitive designated use of the 

25 Snake and Columbia Rivers, i.e., salmon habitat. Petitioners clarified that they acknowledge 

26 that other aquatic organisms need to be protected, but they asserted that salmon are the most 
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1 sensitive designated protection. Ecology responded that it has a statutory duty to protect all 

2 aquatic organisms. 

3 1.14 Ecology's letter denying th~ petition and its attachment cited the Adaptive 

4 Management Team (AMT) evaluation, Spill Volume Analysis, who conducted a review with 

5 and without the 115 percent TDG limit. In reviewing this information, Ecology agrees with 

6 the salmon distribution information provided by Petitioners in their third petition, and Ecology . 

7 also included 15 studies on aquatic life distribution in its literature review. Ecology did not 

8 agree that the fact that some organisms sense and avoid water quality limited areas should be 

9 used as the only basis to ensure protection which Ecology asserts is required under the federal 

10 Clean Water Act. Ecology concluded that the fact that some aquatic organisms cannot detect 

n or otherwise avoid this water quality limited area should not. be disregarded by the agency. 

12 Again, the Court does not find that Ecology in so concluding acted arbitrary and capriciously, 

13 or that they exceeded their statutory authority. 

14 1.15 Petition issue number five asserted that Ecology should amend WAC 173-

15 21 OA-200(1 )(f)(ii) in order to remedy the violations of federal and state laws alleged by 

16 petitioners. Petitioners asserted that there is no aquatic risk near the surface when TDG 

17 approaches the 120 percent. Ecology disagreed with this assertion, in large part basing its 

18 reliance on the evaluation by the AMT and the gas bubble trauma to aquatic life near the 

19 surface when TDG approaches the 120 percent levels. Ecology's literature review found 

20 sublethal and lethal effects to aquatic life, not just salmon, at the 120 percent levels. 

21 . 1.16 The Oregon Department of Environmental Quality was directed by the Oregon 

22 Environment Quality Commission to evaluate whether the 115 percent forebay TDG 

23 requirement for fish passage should be revised. Based on the literature and scientific studies 

24 considered in the AMT review process, Oregon concluded that removal of the 115 percent 

25 forebay standard "will not cause excessive harm to the beneficial use, aquatic species in the 

26 Columbia River, during fish passage spill season." ECY 1840.61. Petitioners argued that the 
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1 Court should consider, and Ecology should have considered as well, the fact that Oregon 

2 eliminated its 115 percent forebay monitoring requirement. Petitioners asserted that Ecology's 

3 refusal to do so here undermines Oregon's efforts. Ecology does not agree that Oregon's 

4 removal of the 115 percent waiver is more protective of all aquatic organisms that ought to or 

5 were considered by the agency. Ecology's petition denial also notes that both states have the 

6 same TDG criterion-120 percent of the saturation in the tailrace that limits spill at Bonneville 

7 Dam. Ecology's petition denial letter further noted that because Little Goose and Lower 

8 Monumental Dams are within Washington's jurisdiction exclusively, Oregon's waiver does not 

9 affect them. Finally, Oregon's 105 percent TDG criterion for shallow waters, which provides 

10 further protection for aquatic organisms above the TDG hydrostatic compensation depth, is not 

11 "directly comparable to Washington's water quality standard for TDG. Currently, Washington 

12 does not have a criterion specific to the protection of aquatic organisms in shallow water. 

13 1.17 While Oregon simply had to modify an existing order to establish a TDG 

14 waiver, Ecology determined that changing the water quality criterion would trigger additional 

15 administrative procedural requirements, including a cost-benefit analysis and a small business 

16 impact statement" in order to determine the effects of the rule change on both the public and 

17 businesses in the State of Washington. Ecology concluded that the benefits from that 

18 administrative process must outweigh the cost of any rule change to justify the rule's adoption. 

19 Ecology also determined that a State Environmental. Policy Act dete~ination would be 

20 needed, and an environmental impact statement may also be required. The parties disagreed 

21 over the cost-benefit analysis and whether or not that should be a determining factor in 

22 deciding whet~er to begin rulemaking. Ecology concluded that the cost-benefit analysis and 

23 the small business economic statement were not determinative factors in its decision. 

24 1.18 The Court did not find that Ecology's response to issue number five was 

25 arbitrary or capricious, or contrary to law. 

26 
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1 

2 2.1 

II. CONCLUSIONS OF LAW 

This Court has jurisdiction over this matter under the Administrative Procedure 

3 Act, Chapter 34.0S RCW. An agency's decision to deny a petition is "other agency action" 

4 reviewable under the standards in RCW 34.0S.S70(4)(c). Venue is proper in Thurston County 

S and the action before the Court was timely filed under RCW 34.0S.S42. 

6 2.2 Relief will only be granted if the Court determines the decision to forego 

7 rulemaking is unconstitutional, outside the agency's authority, arbitrary and capricious, or 

8 made by unauthorized persons. RCW 34.0S.S70(4)(c). In making that determination, the' 

9 Court will review the agency record. RCW 34.0S.SS8. The party challenging agency action 

10 bears the bUrden of demonstrating the invalidity of such action. RCW 34.0S.S70(1). 

11 2.3 Where there is room for two opinions, and the agency acted honestly upon due 

12 consideration, the Court will not find that an action was arbitrary and capricious, even though 

13 the Court may believe it to be erroneous. Hillis v. Dep 't of Ecology, 131 Wn.2d 373, 383, 932 

14 P.2d 139 (1997). On matters involving complex factual issues, which are technical and within 

IS the agency's expertise, such as the matters presently before the Court, the courts are highly 

16 deferential to the' administrative agency. Dep't of Ecology v. PPD No. 1 of JeffersonCy., 121 

17 Wn.2d 179,201,849 P.2d 646 (1993), ajf'd, Sl1 U.S. 700,114 S. Ct. 1900,128 L. Ed. 2d 716 

18 (1994). 

19 2.4 The Court reviewed all of the bases for Ecology's denial of the petition. Based 

20 upon the standard of review,the Court concludes that Ecology's denial was not arbitrary or 

21 capricious or contrary to law. 

22 2.S Petitioners' request to have this Court order Ecology to initiate rulemaking to 

23 alter or eliminate the current l1S percent forebay criterion and revise WAC 173-201A-

24 200(1 )(£)(ii) is hereby denied. The Court further concludes that Petitioners have .not met their 

25 burden of proof, and thus,the Court denies the relief requested by Petitioners. 
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1 III. ORDER 

2 Based on the foregoing Findings of Fact and Conclusions of Law, the Court orders that 

3 

4 

5 

6 

7 

the Petition for Review and Declaratory and Injunctive Relief is DENIED. 

DONE IN OPEN COURT this /3~y of_--I-~~~ __ -A--' 2011. 

8 Presented by: 

9 ROBERT M. MCKENNA 
Attorney General 

10 
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UNITED STATES OF AMERICA 
BEFORE THE 

FEDERAL ENERGY REGULATORY COMMISSION 
____________________________________ 
Iberdrola Renewables, Inc.;    ) 

) 
PacifiCorp;     ) 

) 
NextEra Energy Resources, LLC;   ) 

) 
Invenergy Wind North America LLC;  ) 
and       )  Docket No. EL11-44-000 
Horizon Wind Energy LLC,    ) 

) 
Petitioners,    ) 

) 
v.       ) 

) 
Bonneville Power Administration,  ) 

) 
Respondent.    ) 

____________________________________) 
 

AFFIDAVIT OF KIERAN P. CONNOLLY IN SUPPORT OF ANSWER OF THE 
BONNEVILLE POWER ADMINISTRATION 

 

1. My name is Kieran P. Connolly.  My business address is 905 N.E. 11th Avenue, 

Mail Stop: PF-6, Portland, OR 97208-3621.   

2 I have been employed with the Bonneville Power Administration (BPA) since 

1991.  I am currently the Acting Manager of Power Policy and Rates in BPA’s Power 

Services organization.  From April 2007 until July 2011 I was the manager of Generation 

Scheduling in Power Services.  Generation Scheduling responsibilities include short term 

planning and real time coordination of the operations of the Federal Columbia River 

Power System1 (FCRPS) with our partners to meet power and non-power objectives.  

These operations are coordinated with and ultimately implemented by the US Army 
                                                 
1 The FCRPS generates electric power at federally owned hydro electric dams and one nuclear plant in the 
Columbia Basin. 
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Corps of Engineers and the US Bureau of Reclamation for the respective hydro electric 

facilities they each own and operate.  Nuclear operations at Columbia Generating Station 

are coordinated with and ultimately implemented by Energy Northwest.  Generation 

Scheduling staff also coordinate the reliability services from the FCRPS with BPA’s 

Transmission Services organization to support the operation of BPA transmission and the 

BPA Balancing Authority Area.   

3. I hold a Masters in Business Administration from the University of Portland, 

undertook graduate work at the University of Notre Dame and have a Bachelor’s of 

Science in Business Economics from Willamette University. 

4. Having managed Generation Scheduling during the timeframe above, I have 

personal knowledge of the facts stated herein and I am providing this affidavit in support 

of BPA’s response. 

FCRPS Operations in Spring and early Summer 2011 
 
5. The Pacific Northwest garners a large fraction of its electricity from hydroelectric 

generation within the Columbia River Basin.  The fuel supply for this generation varies 

significantly with the January through July water supply ranging from just over fifty 

million acre feet (Maf) to more than one hundred and fifty Maf.  This large range makes 

water supply forecasts critical to determining the operation of the system to meet multiple 

purposes, particularly space requirement to manage the runoff for flood control with a 

high likelihood of refill and implementation of some obligations under the 2010 FCRPS 

Supplemental Biological Opinion for Federal ESA listed species.  The operation, in turn, 

determines the power generation that the system is capable of at any given time.  To 

ensure sufficient flows for fish while providing flood control protection throughout the 
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spring and summer, the Corps sets specific reservoir elevation levels or targeted volumes 

of water storage and release for the storage projects.  Managing the FCRPS through the 

spring and summer is a balancing act between ensuring there is enough flow to aid fish, 

but not so much that it harms fish and the other aquatic life in the river or conflicts with 

other non-power requirements such as flood control.  

Water supply forecasts 
 
6. The majority of the hydroelectric generating capacity is located on the main stem 

of the Snake and Columbia rivers, sharing an interconnected fuel supply.  Headwater 

storage project operations are bounded by flood control drafts and refill/flow 

requirements under the Biological Opinions.  The natural tension of these objectives 

leads to an operation that is sensitive to changes in volume runoff expectations and the 

timing of the runoff. 

7. Volume runoff forecasts from the NOAA/NWS Northwest River Forecast Center 

(NWRFC) for the January-July runoff period increased only slightly through early 

March, before the unusually cold and wet spring east of the Cascades prompted rapid 

water supply forecast increases in the second half of March, April, May and June.  One 

result of this changing forecast was that flood control objectives changed significantly 

during the season and required deeper drafts into the reservoirs.  Flood control reservoirs 

operated with very little flexibility and remained drafted until they were released for refill 

between mid-May and early-June, which is much later than normal. 

8. The timing of how the runoff occurs is as important as the volume of the runoff.  

The cold wet spring of 2011 led to a slow, drawn-out spring runoff.  The unregulated 

peak flow estimated at The Dalles occurred around June 10, was about two weeks later 
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than usual.  But the peak was embedded in a long period of high flows that rose above 

average in early May and have continued ever since.  Below is a chart of observed natural 

flows, along with historical mean, low and high flows shown for comparison.  

 

 

 

 

 

 

 

 

 

 

 

1. The NWRFC June mid-month forecast updated June 16 was for a total January-July 

9. The NWRFC June mid-month forecast updated June 16 was for a total January-

July volume of 142.0 Maf, or 132% of normal.  If this holds, it will be the 4th highest 

runoff since 1929.  The highest recorded was 158.6 Maf in 1997.  The average is 

107.3 Maf. 
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Ranked January - July Runoff at The Dalles
1929-2011*
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Federal Reservoir Operations 
10. In order to provide system flood control protection, the headwater projects 

(Hungry Horse, Libby and Dworshak) were operated through the winter and spring for 

flood control and refill requirements. Dworshak Dam was able to provide some daily and 

weekly shaping of their turbine discharge to reduce light load hour generation during this 

period.  Shaping generation away from evenings and weekends when demand for power 

tends to be low lessened the probability of high spill levels due to lack of demand and 

therefore lessened the risk of Environmental Redispatch. 

11. Grand Coulee provides for a significant portion of the total system flood control 

space. Grand Coulee, in conjunction with Dworshak, is the US Army Corps of Engineers’ 

(Corps) most direct tool for managing flow regulation on the lower Columbia River.  In 

2011, critical maintenance of Grand Coulee Dam’s spillway drum gates required the 

reservoir to be operated at or below elevation 1255 feet March 15 through May 15 which 

is approximately in the middle of its full 1208-1290 feet operating range.  Based on the 

NWRFC March Final Water supply forecast, the April 10 flood control elevation at 

Grand Coulee dam was above that required for drum gate maintenance. Since flood 
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control based on that forecast was met Grand Coulee operated to the elevation required 

for maintenance work. 

12. Throughout March weather conditions across the basin contributed to an 

increased water supply forecast and subsequently deeper forecasted flood control 

elevations.  The forecasted April 30 flood control elevation for Grand Coulee dam based 

on the March Mid-Month Water supply forecast dropped over 10 feet.  The project was 

operated close to elevation 1250 feet at the end of March to minimize the rate of draft to 

meet April requirements.   

13. The elevation of Grand Coulee on March 31st was 1250.5 feet.  The April Early 

Bird water supply forecast received on March 31st increased further still and the 

subsequent forecasted flood control for the end of April was computed to be elevation 

1221 feet.  This left 30 days to draft the reservoir 30 feet which is difficult to accomplish 

and remain within the Bureau of Reclamation’s (Reclamation) daily draft rate limits for 

Grand Coulee, which are set to minimize the potential for damage to the banks of Lake 

Roosevelt.  Subsequent water supply forecasts in April lowered the April 30 flood control 

elevation to elevation 1220.2 feet.   

14. As is typical after reaching the April 30 flood control elevation, Grand Coulee and 

other reservoirs held these elevations until released for refill by the Corps unless further 

draft was required to support flow objectives for salmon.  With high flows through the 

period further draft was not required to meet flow objectives.  In previous years, there 

was only a foot or two of operating flexibility allowed at Grand Coulee while waiting to 

be released for refill.  But coordination with Reclamation and the Corps resulted in a 

small amount of additional operating flexibility compared to previous years which was 
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intended to be used to assist the FCRPS to meet non-power objectives in extreme 

situations.  In this case, the use of the operating flexibility to manage non-power 

objectives also reduced the potential for overgeneration conditions.  From April 30th to 

May 16th Grand Coulee operated within a 3 foot operating range which provided some 

room to shape flows over short periods.  

15. From May 16th through June 20th the system flood control objective was to 

regulate releases from Bonneville Dam to no more than two feet above flood stage at 

Vancouver Washington.  This allowed Grand Coulee to begin refill, but in a very 

controlled manner in order to move as much water as possible through the system while 

minimizing downstream flooding at that time and providing adequate space in Grand 

Coulee and other storage projects to manage the expected runoff in June and July. After 

June 20 Grand Coulee was operated to fill no higher than elevation 1285 feet by July 5th 

and not exceed 500 kcfs at Bonneville Dam.  Managing to these targets required 

controlled fill throughout this period as well to avoid exhausting the space prior to July 

5th.  

Canadian Reservoirs 
 
16. Canadian projects were operated through the winter and spring in accordance with 

flood control requirements established under the Columbia River Treaty (Treaty) Flood 

Control Operating Plan and the Treaty Detailed Operating Plans agreed to by the United 

States and Canadian Entities.   

17. In addition to the magnitude and uncertainty of the spring runoff volume and 

shape, factors that affect outflows from Canadian Treaty projects into the U.S. system 

include Treaty supplemental operating agreements, agreements to coordinate use of 
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additional reservoir storage in Canada (non-Treaty storage) and BC Hydro’s use of 

operating flexibility in Canada.   

18. During the winter, BPA stored 1.0 Maf of flow augmentation (FA) water in 

Treaty space in accordance with the Non-Power Uses Supplemental Operating 

Agreement to meet NOAA Fisheries 2010 FCRPS Supplemental Biological Opinion 

objectives for Federal ESA listed fish.  In January, when this water was stored, the water 

supply forecast was slightly less than average.  BPA and BC Hydro also negotiated a 

short-term agreement to coordinate use of non-Treaty storage space (NTS) to provide 

additional flexibility in the fall and winter to store or release additional water and to 

shape flows in the spring/summer period for U.S. fisheries. This agreement was 

envisioned to be a tool to reduce flows from Canada when river flows became very high 

as long as flood control space was maintained.  Under the NTS agreement, slightly more 

than 0.5 MAF of water was released during the winter which resulted in some Canadian 

projects being below flood control requirements at the end of March.   

19. Throughout the spring and early summer, the Canadian projects were operated to 

meet flood control requirements as set out by the Corps.  The additional space created by 

the 0.5 MAF of water released in the winter under the NTS agreement allowed flows to 

be slightly lower than otherwise (about 4 kcfs lower for May/June period), would have 

been without the release.   Due to flood control requirements and increasing water supply 

forecasts there was no ability to reduce Arrow outflows further by storing additional 

water.   
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Spill due to lack-of-demand  
 
20. The reservoirs have only so much storage capacity.  When they are full, or 

projected to be too full to manage flood control risk, BPA must dispose of the excess 

water.  If all hydro projects are generating at full capacity, or if there is insufficient load, 

BPA must spill water.  Spill at any FCRPS project can occur for a variety of reasons, 

including: 

 Fish Passage – spill at Lower Snake and Lower Columbia projects from April 
through August as a measure to increase survival of endangered salmon and 
steelhead as they pass the dams to assist their migration to the ocean.2  

 Lack of turbine – spill at projects where all available turbines are fully loaded or 
are carrying required reserves. 

 Lack of demand – spill at projects where there are available units that are not fully 
loaded due to insufficient demand for power. 

 
21. The FCRPS actions consulted on in the 2010 FCRPS Supplemental Biological 

Opinion addressed conditions that resulted in all of these types of spill. 

22. While spill for fish passage is beneficial to migrating fish, high spill levels can be 

dangerous, with symptoms ranging from minor injuries to death.3 See, Sweet Affidavit, at   

3-5, 7-13.  Mr. Sweet also describes the 110% TDG state water quality standards, 

adjustments to the state standards, and the interaction of Oregon and Washington TDG 

standards for projects that border both states in his Affidavit, at 5-8.   

23. A TDG Management Plan is developed annually by the Corps and is included as 

Appendix 4 in the annual Water Management Plan. This TDG Management Plan 

provides detailed information addressing TDG management measures, the process for 

setting spill levels, TDG management policies, and the TDG monitoring program and 

modeling. This plan is consistent with the 2000 U.S. Fish and Wildlife Service (USFWS) 

                                                 
2 See RPA-29 of the 2010 FCRPS Supplemental Bi-op. 
3 http://www.salmonrecovery.gov/Libraries/hemlock_doc_lib/High_flows_TDG_Effects05-27-
11_2.sflb.ashx 
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Biological Opinion, and the NMFS 2008 Biological Opinion and NMFS 2010 FCRPS 

Supplemental Biological Opinion (2010 FCRPS Supplemental BiOp).4  

24. In implementation the amount of spill necessary for TDG to reach a particular 

level is referred to as a “spill cap” and the TDG levels associated with state standards and 

adjustments are referred to as “gas caps”.  These terms will be used throughout the 

remainder of this section. 

25. In preparing for operations this spring, BPA coordinated with the Corps on how 

Environmental Redispatch fit into the Corps’ TDG Management Plan.5  From these 

discussions BPA concluded that spill due to lack of demand up to the “gas cap” at all 

FCRPS projects referenced in the spill priority list is consistent with applicable state 

water quality standards and criteria.   Spill at levels above the calculated gas caps for a 

brief time were consistent with the prevailing state water quality standards when 120 

percent was not exceeded on the specified 12 hour average and TDG saturation did not 

exceed the specified 125 one hour Washington criteria adjustment.6  

26. In February 2011, Steve Oliver, Vice President of Generation Asset Management 

gave a presentation on overgeneration conditions to the Technical Management Team 

(TMT) (a regional sovereign technical group responsible for making recommendations on 

dam and reservoir operations that affect fish).   This briefing described how spill due to 

lack of demand could increase in high flow and high wind conditions and reinforced 

                                                 
4 http://www.nwd-wc.usace.army.mil/tmt/wqnew/tdg_mgmt_plan/2011.pdf 
5 Letter from Witt Anderson, Director of Programs, Dept. of Army, Corps of Engineers, NW Division to 
Steve Oliver, V.P. of Generation Asset Management, BPA, dated February 11, 2011.  
6 Sweet Affidavit at 6-7 
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BPA’s position to take all reasonable steps to ensure that TDG levels resulting from spill 

due to lack of demand would be kept with the prevailing state water quality standards. 

27. This past spring, the Corps revised the spill priority list for involuntary spill to 

better manage system TDG.  This new procedure, which was coordinated at TMT, added 

a spill level that equates to 122% TDG.  In previous years, the spill management 

procedure moved from spill flows which equated to 120% TDG to spill flows which 

equated to 125% TDG.  Including this additional “spill level” at 122% TDG allowed for a 

more refined management of system-wide TDG levels and provided an additional tool 

that could be used in circumstances to minimize the amount of overgeneration by spilling 

at this level for short periods of time if actual 12-hour TDG levels were running lower 

than 120%.  An example of “spill levels” from Friday, June 17 is shown below. 

Level 1  
(120% in tailrace except 

where noted) 

Level 2  
(122% in tailrace except 

where noted) 

Level 3  
(125% in tailrace except 

where noted) 
LMN at 49 kcfs LMN at 55 kcfs LMN at 75 kcfs 
LGS at 52 kcfs LGS at 56 kcfs LGS at 75 kcfs 
MCN at 190 kcfs MCN at 235 kcfs MCN at 280 kcfs 
IHR at 79 kcfs IHR at 90 kcfs IHR at 105 kcfs 
LWG at 50 kcfs LWG at 61 kcfs LWG at 76 kcfs 
TDA at 146 kcfs TDA at 220 kcfs TDA at 269 kcfs 
JDA at 144 kcfs JDA at 177 kcfs JDA at 190 kcfs 
BON at 107 kcfs BON at 120 kcfs BON at 215 kcfs 
DWR at 35% of flow (110%) DWR at 35% of flow (110%) DWR at 35% of flow (110%) 

CHJ at 190 kcfs CHJ at 210 kcfs CHJ at 230 kcfs 
GCL at 0 kcfs (110%) GCL at 5 kcfs (115%) GCL at 19 kcfs (120%) 
 
28. BPA and the Corps routinely discussed the implementation of the spill priority 

list, which continued to evolve throughout the spring. The Corps provides BPA with the 

spill caps for each project and changes them as conditions warrant. From March through 

mid-May BPA was able to avoid use of Environmental Redispatch.  Beginning on May 
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18, 2011, these actions no longer sufficed.  Through the rest of May and the first half of 

June flows were so high that all the Columbia and Snake River projects except Chief 

Joseph were already spilling above the second spill cap, leaving Chief Joseph as the 

primary tool to mitigate Environmental Redispatch when BPA had insufficient load for 

maximum generation.  On occasion during this period, spill at the first spill cap at Chief 

Joseph was producing TDG measurements below the waiver limits.  In order to minimize 

Environmental Redispatch on those occasions Bonneville spilled up to the second spill 

cap for brief periods while monitoring TDG levels to ensure we did not exceed the 

waiver limits.  This action further reduced the need for Environmental Redispatch in 

some hours and eliminated the need in others. 

29. By June 18 river flows had receded to the point that some lower Columbia and 

Snake river projects were no longer spilling through the first spill cap and actual TDG 

measurements at those projects were at or in excess of the waiver levels.  Because the 

spill priority list requires increases in spill in a specific project-by-project order, 

increasing spill at Chief Joseph to level 2 was no longer an option and BPA returned to 

spilling through the first spill cap with hydro generation at less than maximum capacity.  

Throughout the period of high flow Bonneville managed spill so that Environmental 

Redispatch was called upon only when absolutely necessary to reduce the level of TDG 

in the rivers.  In late June the spill priority list was temporarily modified during the high 

flow period to address then current system spill issues and adult passage on the Snake 

river, this spill priority, illustrated below (from June 29) was also coordinated at TMT.  

As this change moved Chief Joseph to the top of the 120% level it was more likely that 
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the project would be accessible for spill consistent with the Washington rule adjustment 

with a commensurate reduction in the exposure to Environmental Redispatch.  

Level 1  
(120% in tailrace/115% in 

downstream forebay except 
where noted) 

Level 2  
(120% in tailrace except 

where noted) 

Level 3  
(122% in tailrace except 

where noted) 

LMN at 28 kcfs CHJ at 189 kcfs LMN at 55 kcfs 
LGS at 40 kcfs LMN at 40 kcfs LGS at 59 kcfs 
MCN at 190 kcfs LGS at 52 kcfs MCN at 235 kcfs 
IHR at 79 kcfs MCN at 190 kcfs IHR at 85 kcfs 
LWG at 41 kcfs IHR at 75 kcfs LWG at 52 kcfs 
TDA at 135 kcfs LWG at 45 kcfs TDA at 140 kcfs 
JDA at 135 kcfs TDA at 135 kcfs JDA at 177 kcfs 
BON at 121 kcfs JDA at 144 kcfs BON at 120 kcfs 
CHJ at 150 kcfs BON at 107 kcfs CHJ at 200 kcfs 

 DWR at 37% of flow (110%) DWR at 37% of flow (110%) 
 GCL at 15 kcfs (115%) GCL at 18 kcfs (120%) 
 
30. During the Spring, BPA adhered to the principle of not implementing 

Environmental Redispatch (ER) until spill due to lack of demand resulted in TDG 

reaching levels specified in the Washington rule adjustment while following the 

procedures determined by the Corps after coordination with TMT. 

31. Environmental Redispatch was an effective tool in managing overall system 

TDG.  By displacing thermal and variable generation and using hydro power to serve the 

load, lack of demand spill and TDG were reduced.   

32. This year’s high flows resulted in extensive periods when spill levels were in 

excess of 120% due to lack of turbines or due to lack of demand.  High flows between 

May 18th and June 30th resulted in TDG levels that exceeded 120% TDG in project 

tailraces or 115% in the downstream forebay at all projects on the FCRPS almost every 

day.  Without ER, spill levels would have been higher as can be seen in the chart that 

follows.  On May 21st the spill at Little Goose dam was approximately 80 kcfs which 
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results in TDG of around 125% in the tailwater.  If Environmental Redispatch had not 

been available on that day as a means of acquiring load, additional lack of demand spill 

would have been required and spill would have increased to just under 140 kcfs which 

would have likely resulted in higher TDG levels. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

33. Environmental Redispatch not only reduced the level of spill, it also reduced the 

frequency of spill.  Looking at the FCRPS as a whole from May 18th through July 6th 

and focusing only on the hours in which ER occurred, the system as a whole was spilling 

due to lack of load and lack of turbine above 120% TDG approximately 75% of the time.  

During that same period it is estimated that without ER the system would have been 

spilling due to lack of load and lack of turbine above 120% TDG approximately 90% of 

the time. 

Saturday, May 21:  Little Goose Spill With and Without ER
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Spill Exchanges 
 

Historical Immediate Spill  
 

34. As discussed previously, flow in excess of power demand has to be spilled in 

addition to fish passage spill.  In the past delivery of Immediate Spill Energy to non-

Federal hydro operators was a means of reducing spill due to lack of demand at Federal 

dams.  When BPA experienced spill due to lack of demand and a non-Federal entity had 

the ability to spill, BPA would deliver free energy to the non-Federal project owner 

equivalent to the amount of lost generation due to spill at the non-Federal project.  The 

additional load reduced spill on Federal projects and increased spill at, ideally, lower 

head dams or dams further downstream, which distributed TDG more evenly across the 

system.  Although spilling projects off of the Columbia River system was a high priority 

to mitigate TDG levels on the mainstem, spill on non-mainstem projects was limited due 

to operating requirements at those projects.  Mid-Columbia projects and British Columbia 

projects were the most common immediate spill counterparties.  In addition, Columbia 

River tributary hydro projects owned by Washington Water Power and Montana Power 

Company also participated.   Seattle City Light also participated in the spill exchange 

with their hydro resources, adding the Skagit River dams which are outside of the 

Columbia River system. 

35. By the mid-1990’s most northwest hydro facilities had required spill, minimum 

generation, and minimum flows for downstream juvenile fish migration and closely 

monitored TDG levels. This reduced the maximum immediate spill delivered per hour 

and the total immediate spill that could be delivered dramatically.  As a result of lack of 
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effectiveness, immediate spill deliveries fell out of use.  Prior to 2011, the last year of 

immediate spill energy deliveries was 1999.  

36. While immediate spill energy had fallen out of use due to the above mentioned 

constraints BPA prepared and offered new spill exchange agreements in 2011 in an effort 

to fully explore the potential to minimize the frequency and amount of Environmental 

Redispatch.  BPA held conference calls with regional entities to explore the design of the 

agreements and to present the resulting drafts.  Ultimately, parties preferred to retain any 

spill flexibility for their own system and risk management needs.  BPA also explored the 

immediate spill concept with extra-regional hydro facilities in California and Montana, 

but was unable to enter into any agreements. 

2011 Hourly Coordination Spill Exchange 
 

37. Although no Immediate Spill counterparties were found, the Public Utility 

Districts operating the five non-Federal Mid-Columbia reservoirs were interested in an 

arrangement that would trade Mid-Columbia participant load for Chief Joseph spill under 

an existing coordination process known as Hourly Coordination.  BPA and the Mid-

Columbia projects worked together to identify periods where reducing spill at Chief 

Joseph would reduce the total dissolved gas entering the Mid-Columbia reservoirs and, 

with the low gas production characteristics of Mid Columbia spill, reduce system-wide 

total dissolved gas. 

38. From late May to mid-June BPA had delivered the equivalent of 13,200 megawatt 

hours of Hourly Coordination Spill Exchange.  This offset an equivalent amount of 

potential Environmental Redispatch during the period. 
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Reduction of DSO216 reserves 
 

39. When loading turbines to minimize excess spill, there are electric reliability 

considerations that must be taken into account.  All the available turbines across the 

FCRPS cannot be fully loaded because that would leave the system with insufficient 

reserves to respond to system needs.  These reserves come in two basic forms, 

Contingency Reserves and Balancing Reserves.  Contingency Reserves are the ability to 

increase power production (or reduce load) in response to specific qualifying events – 

most typically the unexpected loss of a generating unit.  Balancing Reserves constitute 

matching capacity necessary to meet the regulation, load following and schedule 

imbalances that occur each hour.   

40. Up until the mid 2000s BPA held on average 200-300 megawatts of capacity for 

balancing reserves to accommodate the loads at that time.  With the increase in variable 

generation on the BPA system the need for balancing reserves increased to address the 

variability and scheduling error associated with those resources.  BPA capped this 

capacity with a set of operational tools implemented under Dispatcher Standing Order 

216 (DSO 216).  DSO 216 ensures that the actual demands placed on the FCRPS are 

aligned with the planning expectations of variable generation scheduling accuracy.  

Outside that expectation, or if scheduling accuracy is less than expected, variable 

generation resources are instructed to reduce generation to be closer to schedule or 

schedules are reduced to be closer to actual output. 

41. BPA strives to provide these reserves when possible, but there are operational 

conditions that make the provision of balancing reserves incompatible with other system 

operational obligations, such as those that result from legal and reliability requirements.  
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Under these conditions balancing reserves are reduced to resolve the conflict.  If 

necessary, balancing reserve levels are reduced to be equivalent to those necessary for 

load service.  BPA made it clear in the BPA rate case that it would potentially make these 

reductions (WP10 ROD, issue 10, page 262-3).  Such reductions ensure that the growth 

in balancing reserves that has occurred due to BPA integration of new resources does not 

interfere with operations under the FCRPS Biological Opinion or conflict with operations 

consistent with Clean Water Act TDG standards and associated waivers.    

42. In June 2010 during a high flow event, to help ensure BPA could meet its 

environmental obligations, BPA reduced balancing reserve capacity.  Water storage 

capacity was at its maximum, and spilling additional water due to lack of demand would 

have exacerbated TDG levels. These reductions, which were predominantly in the 

decremental (DEC) reserve levels, occurred on June 5 and June 9-13 2010. 

43. A lower DEC reserve level meant there was less chance that significant changes 

in generation level of the wind fleet would cause reductions in hydro generation that 

would result in additional spill.  In short, to help meet fish protection requirements at the 

height of the high water event, BPA reduced balancing reserves that serve load and wind 

power projects to levels necessary to maintain reliability.   

44. In 2011, an above average water year with a delayed runoff, resulted in high 

levels of flow which continued into July.   Under these conditions DSO 216 balancing 

reserves for managing variable generation error were reduced from the planned amounts 

(798 MW INC and 976 MW DEC) in order to manage the hydraulic operation of the river 

system consistent with non-power requirements.  For DEC reserves, BPA targeted to hold 

reserves of 300 MW as this amount of regulating margin that is needed for overall system 
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operations. As stated above, reducing the DEC reserves means there is less chance that 

wind generation above hourly schedules would cause reductions in hydro generation and 

potentially result in additional spill.     

45. BPA reduced DSO 216 incremental (INC) reserves down to 400 MW. In order to 

provide INC balancing reserves, BPA must operate the FCRPS to ensure that enough 

turbines are available to run FCRPS generation to meet drops in the output of the wind 

generation below the hourly schedule.  Reducing the INC reserves means that there is 

increased turbine capacity available to run water through the turbines rather than through 

the spillway (while always maintaining spill for fish passage) as a means of moving water 

through the system.  By generating with the water rather than spilling, BPA is able to 

manage the TDG levels in the FCRPS to the water quality standards more effectively.   

46. Under certain flow conditions, reducing INC reserves also allows BPA to shape 

flow into higher load periods where it can be used to generate power and out of low load 

periods where the water is typically spilled.  During low load periods (typically at night) 

demand for power is low and as a result high levels of spill can occur in order to pass 

water through the system.  To the extent that water can be moved into a high demand 

period and out of a low demand period, lack of demand spill and TDG levels can be 

reduced.  Since Environmental Redispatch is implemented once spill levels on the system 

reach the prevailing state standards for TDG, by reducing the level of spill on the system, 

the probability of having to implement ER is reduced. 

47. Further reductions in DSO 216 reserves are implemented when BPA projects that 

other management tools alone will be insufficient to avoid ER and to aid in the 

operational transition into ER for thermal and variable generation.  DEC reserves are 
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eliminated for the purpose of wind balancing prior to implementing ER.  This reduction 

ensures that all unscheduled generation is removed prior to implementation of ER, 

therefore minimizing the quantity of the ER instruction.  Once an ER event has ended, 

the level of DSO 216 DEC reserve was restored to 300 MW.  

48. INC reserve reductions to 400 MW have been implemented when the carrying of 

reserves would have otherwise resulted in spill above prevailing state standards for TDG.  

In time periods when ER is not necessary and generating capacity is not needed for TDG 

management INC reserves are restored as much as possible up to the full DSO 216 levels. 

Minimizing LLH generation  
 
49. Markets for power are limited during light load hours (LLH).  When in 

overgeneration conditions, BPA made efforts to minimize hydro generation in the LLHs 

as much as possible.  In effect, BPA pre-planned an Environmental Redispatch action on 

all FCRPS hydro generation with the flexibility to reduce in order to maximize the 

available load for the FCRPS generation being operated to manage system TDG.   

50. These efforts included the following actions: 

51. Shaping of headwater project generation.  Limited flexibility exists at the 

headwater projects (Libby, Dworshak, Hungry Horse) to shape generation within the day.  

BPA coordinated with the Corps and Reclamation to shape as much generation as 

possible out of the LLH and into the heavy load hour (HLH) period. 

52. Shaping of generation and spilling at the Willamette and other hydro independent 

projects (hydro independents are projects that operate independent of the coordinated 

Columbia River projects).  BPA coordinated with the Corps and Reclamation to shape the 

generation at the Willamette Valley and other hydro independent projects out of the LLH 
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and into the HLH to the extent possible.  In addition, where shaping of the flows out of 

the LLH period was not possible BPA requested the projects spill up to the prevailing 

state standards for TDG rather than pass the water through the turbines in an attempt to 

lower generation levels during the LLH period. 

53. BPA limited generation at the Columbia Generating Station (CGS), the region’s 

one nuclear plant.  Like most nuclear facilities, CGS generally runs near maximum 

output.  BPA has worked with Energy Northwest, the operator of CGS, to add equipment 

to the plant that allows for output reductions and cycling (raising and lowering output 

levels as needed).  In 2010 BPA employed both of these practices and CGS was reduced 

to as little as 20 percent of normal output.  In 2011 CGS was scheduled to be off-line for 

refueling and maintenance beginning in early April.  In late March 2011 it was decided to 

take CGS off-line a week earlier than scheduled and instead generate additional hydro 

power to address the increasingly higher river flows and minimize the potential of high 

spill and Environmental Redispatch.   

54. Unit Outage coordination.  Under normal conditions BPA attempts to minimize 

outages in an effort to maximize HLH generation and reduce LLH generation.  This 

process is emphasized in periods of potential high spill where reduced outages minimize 

the risk of lack of turbine spill.  In addition, the more units that are available at the hydro 

projects, the more generation that can be shaped into the HLH period and out of the LLH 

period, reducing the likelihood of lack of demand spill.       

55. As part of the annual outage planning process, BPA works with the Corps and 

Reclamation to minimize outages during the high runoff period.  Ultimately, the Corps 

and Reclamation determine the outages based on a number of factors, including plant 
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safety, condition of the equipment, operations for the Biological Opinion, power 

generation needs, transmission impacts, and the availability of the required staff.   

56. Despite efforts to maximize HLH turbine availability, the FCRPS experienced a 

high number of unavoidable outages this year.  These outages were due to a combination 

of factors, including forced outages and preparation for the overhaul of the 3rd 

powerhouse units at Grand Coulee (GCL) for critical rehabilitation work.  As high flows 

approached a delay of an outage on a large unit (690 MW) scheduled for mid-May was 

explored but Reclamation determined that a delay would pose a significant risk to the 3rd 

powerhouse overhauls due to the recent performance of the unit and the critical path of 

the overhaul schedule.   

57. The large number of outages this year, paired with the high flow conditions has 

lead to lack of turbine spill in some situations where lack of demand spill (and therefore 

Environmental Redispatch) would have otherwise occurred.  This is because there is a 

point where flows are so high relative to turbine capacity that shaping from LLH to HLH 

is not possible.  The FCRPS has to run relatively flat in order to pass the high flow and 

minimize TDG levels.  In these situations having more units available would mean higher 

minimum LLH generation to achieve fully loaded turbines and a greater likelihood of 

lack of demand spill.   

58. The below chart, which compares FCRPS generation during two high flow 

periods (May 18th - June 22nd 2011 and June 7th - 30th 2010), illustrates the impact of 

unit outages on the ability to shape flows.  The blue line, which represents 2011 

generation, is relatively flat compared to the pink line which represents last year’s 

generation levels.  During the June 2010 high flow event, the system was able to shape 
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much more generation into the HLH period and out of the LLH period as can be seen by 

how the pink line dips down near and below the 10,000 MW level and reaches between 

the 14,000 MW and 16,000 MW level.  The dips in generation occurred during the LLH 

hours and the peaks occurred during the HLH.  The hydro system had the ability to shape 

generation in this manner partly due to the lower flows that occurred in 2010 (325 kcfs at 

The Dalles on average for the June 2010 period vs. 475 kcfs at The Dalles on average for 

the May/June 2011 period) and partly due to the reduced number of unit outages. 
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59. The John W. Keys III pumping plant pumps water from Lake Roosevelt to Banks 

Lake for Reclamation’s Columbia Basin Project. The John W. Keys III pumping facility 

is operated to meet a combination of non-power constraints and objectives including 

irrigation, recreation, some non-listed fisheries operations, as well as draft for flow 

augmentation on the lower Columbia River. Within the requirements imposed by the 

non-power objectives BPA has the flexibility to shape pumping and generation to meet 

power objectives. 
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60. The availability of the six pumps and the six pump-generators at Banks Lake is 

impacted by routine maintenance, unexpected outages, as well as Lake Roosevelt water 

levels.  The pump load takes 600 MW when operating at full capacity.  Throughout the 

spring and especially during high flow and over generation conditions BPA coordinated 

with Reclamation’s Grand Coulee Power Office as well as  Reclamation’s Ephrata Field 

Office an operational strategy for Banks Lake that maximized pump load during light 

load hours to minimize spill and therefore the risk of Environmental Redispatch. 

Conclusions 

61. Throughout the 2011 high-water event BPA was able to find loads and keep all of 

its generators fully loaded through almost all heavy load hours.  BPA used Environmental 

Redispatch primarily during light load hours on nights and weekends when it could not 

find enough load.  BPA began using Environmental Redispatch on May 18, 2011, during 

LLH.  The amount of Environmental Redispatch in any hour has depended on BPA’s 

capacity to generate additional power, the generation levels necessary to avoid spill 

above the gas cap, the amount of thermal generation operating above its minimum 

generation levels, and the amount of actual wind generation.  During LLH throughout the 

high water event only about 100 to 250 MWs of thermal generators were operating, that 

is 1.5 to 3.5 percent of the 7000 MWs of thermal generation located in the BPA balancing 

authority area.  During Environmental Redispatch event the thermal generators that were 

operating were ordered to reduce their generation to their predetermined minimum 

generation levels.  To date, approximately 97,000 MWh of wind generation (5.4% of the 

1,760,905 MWh of wind generation that has been produced between May 18 and July 18, 

2011) have been redispatched during the 2011 high-water event.  During this period we 
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estimate that the FCRPS spilled 12,400,000 MWhrs worth of water in addition to the 

normal spill for fish.  This includes spill due to lack of turbine and lack of demand. 

62.  This year’s high flows resulted in extensive periods when spill levels were in 

excess of 120% due to lack of turbines or due to lack of demand.  High flows between 

May 18th and June 30th resulted in TDG levels that exceeded 120% TDG in project 

tailraces or 115% in the downstream forebay at all projects on the FCRPS almost every 

day.  Without ER, spill levels would have been higher.  As discussed previously this was 

a very high water year with associated high flows and high levels of spill.  Under these 

conditions elevated TDG levels expose listed species of salmon, steelhead, and other 

aquatic life to sub lethal and lethal effects.7  Environmental Redispatch was effective in 

reducing spill levels.  The projects and the level of relief varied with the conditions on the 

system and the amount of Environmental Redispatch available.  There were over 200 

hours during the high flow period where Environmental Redispatch was used to reduce 

TDG significantly.   

63. This concludes my Affidavit.  

                                                 
7 See Sweet Affidavit at P. 8; 17; 19; 23; 28-29; 33-34. 
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REPLY TO 
ATIENTIONOF 

Programs Directorate 

Mr. Steve Oliver 

DEPARTMENT OF THE ARMY 
CORPS OF ENGINEERS, NORTHWESTERN DIVISION 

PO BOX 2870 
PORTLAND OR 97208-2870 

Vice President of Generation Asset Management 
Bonneville Power Administration, PG-5 
905 NE 11 th Street 
Portland, OR 97232 

Dear Mr. Oliver: 

This letter responds to your email requesting the Corps of Engineers (Corps) clarify its 
position on operations when the Federal Columbia River Power System (FCRPS) is in an 
over-generation condition due to lack of market or lack of load. The following discussion 
addresses the Corps' responsibilities under the Clean Water Act (CWA) as it applies to total 
dissolved gas (TDG) saturation levels under a lack of market condition. 

The Corps understand when there is insufficient load or market to manage water through 
turbine discharge, Bonneville Power Administration (BP A) would take several steps to minimize 
excessive TDG levels by increasing load, decreasing inflow, deferring (unit or transmission) 
maintenance, aggressively marketing power, and taking other actions announced at BPA's 
"Public Workshop on Planning and Responding to Overgeneration Events" on December 3, 
2010. To the extent an over-generation condition remains after taking these actions, current 
practice is for federal projects to incrementally spill according to the Corps' spill priority list. 
The spill priority list is designed to alleviate the over-generation condition by incrementally 
spilling projects in a manner that distributes TDG production evenly throughout the FCRPS to 
minimize impacts to aquatic species. 

BP A stated in the December presentation, and as a part of this request, the intent to set a 
policy of Environmental Redispatch in order to displace wind and other generating resources 
within BPA's Balancing Authority Area (BAA), and maximize opportunities to operate the 
FCRPS within applicable water quality standards. BP A has indicated that this policy would be 
implemented after all other actions identified above were undertaken. 

The Corps' policy is to consider respective ecological objectives of the Endangered Species 
Act (ESA) and the CW A in making operational decisions. This includes harmonizing operations 
to comply with both the ESA Biological Opinions and the applicable state and tribal water 
quality standards to the extent practicable. For a number of years, the FCRPS Biological 
Opinions have included flow augmentation and spill operations for fish passage at the Corps' 
mainstem Columbia and Snake River projects. The resulting spill operations generate TDG 
levels in excess of the current Oregon and Washington water quality standard for TDG, which is 
110 percent. Consequently, Oregon and Washington provide "waivers," which generally provide 
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criteria for generation of TDG up to 115 percent at the project forebay and 120 percent at the 
project tailrace when conducting operations to benefit ESA listed fish.l 

Accordingly, the Corps makes good faith efforts to operate its projects consistent with these 
standards, criteria and waivers. This includes taking appropriate actions, to the extent practicable, 
to best manage TDG levels when conditions dictate spill that exceeds the applicable standards. 

In over-generation conditions as described herein, the Corps endeavors to implement best 
management practices with respect to TDG management. Consequently, the Corps supports 
BP A's efforts to seek arrangements and develop policies to displace wind and other generation 
with federal hydropower to better manage system TDG levels consistent with applicable state 
and tribal water quality standards, criteria and waivers. 

Sincerely, 

It/! !?4~~~Sf-V' 
Witt Anderson 
Director, Programs 

I The Corps' decision document adopting the most recent ESA Biological Opinion issued in 
June 2010, states: "Ultimately, in the proper exercise of its discretion, if there is a truly 
irresolvable conflict between an action the Corps believes that it must take to comply with the 
ESA on the one hand, and a state or tribal water quality standard on the other, and the Corps does 
not receive a variance from the appropriate state or tribal water quality agency, the Corps 
believes that the requirements imposed by the ESA override the water quality goals of the CW A. 
Should such a conflict exist, the Corps may decide to operate its reservoir projects in a manner 
inconsistent with state and tribal water quality standards and administrative process. We believe 
this is consistent with congressional intent as interpreted by the Supreme Court in the TVA v. 
Hill (437 U.S. 153; 98 S. Ct. 2279; 57 L. Ed. 2d 117; 1978). There, the Supreme Court indicated 
that Congress intended that preservation of endangered species be given the highest priority. In 
effect, Federal agencies must do all they can within their authorities, to conserve endangered 
species when undertaking authorized programs and activities." 
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