Federal Columbia River Power System

Summer Spill 2005

After-Action Report – October 31, 2005
This report provides a summary of information and research results stemming from 2005 summer spill for fish passage at the Federal Columbia River Power System (FCRPS) dams in accordance with a court order in National Wildlife Federation (NWF) v. National Marine Fisheries Service (NMFS). This report was prepared by the Bureau of Reclamation, Corps of Engineers, Bonneville Power Administration, and NMFS (Agencies).
Introduction

In June 2005, Judge James Redden of the Oregon Federal District Court granted a preliminary injunction to plaintiffs in NWF v. NMFS and directed the U.S. Army Corps of Engineers (Corps) to provide additional summer spill
 for migrating juvenile salmon and steelhead at Federal Columbia River Power System dams on the Columbia and Snake rivers.  
The NMFS 2000 and 2004 Federal Columbia River Power System (FCRPS) biological opinions (BiOps) call for spring and summer spill for fish, but no summer spill at the Lower Granite, Little Goose, Lower Monumental, and McNary dams. Instead, the BiOps call for maximum collection and transport of juvenile fish at those dams in the summer. 

The June 20 court order directed the Corps to spill for fish as follows:

1. From June 20, 2005 through August 31, 2005, spill all water in excess of that required for station service, on a 24-hour basis, at the Lower Granite, Little Goose, Lower Monumental, and Ice Harbor dams on the lower Snake River; and

2. From July 1, 2005 through August 31, 2005, spill all flow above 50,000 cubic feet per second, on a 24-hour basis, at the McNary Dam on the Columbia River.

A result of the additional spill was relatively more fish left to migrate in-river and less fish transported. The judge encouraged regional parties to discuss issues and reach consensus on how to implement the court-ordered spill operation. The Corps, working with the plaintiffs and others through existing Regional Forum committees, addressed a number of implementation issues, including: 

· A decision to operate the powerhouse turbines at the low end of 1 percent peak efficiency.

· Operating consistent with the total dissolved gas (TDG) levels provided by Washington and Oregon. The daily 12-hour maximum allowable TDG level is 120 percent in the tailrace of each dam, and 115 percent in the forebay of the next dam downstream. 

· A decision to operate the project pools to manage gas levels rather than meet loads.

· Reducing spill and then adjusting the spill pattern at Little Goose Dam to compensate for disruption of adult passage that occurred from June 20 to July 1. 

Observations

Biology

· The court-ordered summer spill began on June 20 and ended August 31; nearly all of the Snake River fall chinook (both hatchery and wild
) fish passed Little Goose and Lower Monumental dams by July 31, with few passing during the August spill operation.
· A considerable portion of the 2005 run-at-large juvenile Snake River fall chinook had already passed the Snake River dams by June 20.  However, based on the Agencies’ analysis of the available data, while 68 percent of the wild Snake River fall chinook juveniles passed Lower Granite Dam before the court-ordered spill began, the majority (90 percent) migrated through Little Goose and Lower Monumental dams during the court-ordered spill.
· The remaining juvenile fish left in the river during the spill operation showed high rates of survival at the dams through the Snake River and McNary dams with survival ranging from 86 percent to 96 percent based on the results from the radio tracking studies.
· It remains to be seen whether the spill resulted in either an overall system survival improvement or detriment due to uncertainty whether transportation helps or harms summer migrating fish. NMFS estimates the relative difference in overall system survival could range from an adverse effect of about -6 percent up to a beneficial effect of +7 percent in system survival.
· The key question to resolve this uncertainty – whether the Snake River fall chinook are better off being transported or left in the river and which option provides better adult returns – was not addressed nor can it be adequately addressed until a comprehensive multi-year study of transported and in-river juvenile migrants is conducted.
· This comprehensive multi-year study will be a key part of the recovery program in the years ahead.  

· One key reason to transport fish in the summer is to protect them from the warm-water environment where predators are more active and where the fish may experience more stress than in other seasons.
· The Agencies continue to believe that, based on what is known through existing scientific studies, transport during low-water years likely poses less risk to the population than leaving the fish in the river to migrate.
Power Effects and Costs

· The costs identified in this report are directly borne by Northwest electric ratepayers in public utility service territories, and hence in other sectors of the regional economy.

· The cost of lost energy value to the region was $73.2 million to $74.5 million. For Fiscal Year 2005, this resulted in no additional 4(h)(10)(C)
 credits because the lost energy value was due to foregone sales not additional power purchases.

· In September 2005, BPA reduced its average wholesale power rate for most public utility customers by 1.6 percent below its average FY 2005 rate. Had there not been increased costs from the court-ordered spill operation, this power rate decrease would have been approximately 6 percent. (Impacts to retail rates will vary depending on the percentage of BPA power a utility purchases to meet it loads.)
· The spill operation affected hydro system operating reserves required for maintaining reliability and reduced system flexibility to respond to power needs.  These system impacts increased the risk that the region would not be able to respond to major Northwest or West Coast-wide power system incidents. The fact that no major reliability incident occurred does not lessen that risk.

· The spill also reduced the flexibility of the transmission system by constraining the ability of power dispatchers to respond to short-term transmission system problems such as an unplanned outage, and contributed to the transmission system being operated above its operating transfer capability (OTC) more often in the June-August 2005 spill period compared to the June-August 2004 period. Operation above OTC of a transmission path is a reliability risk should a critical transmission outage occur during those conditions.
Additional Considerations for the Region

· As the region looks at long-term operations for the hydro system, it needs to consider the associated environmental impacts of replacing hydroelectric generation with fossil-fuel generation and its associated air emissions and other environmental impacts.

Discussion and Analysis

The National Oceanic and Atmospheric Administration National Marine Fisheries Service’s 2004 Biological Opinion for operation of the FCRPS dams for salmon and steelhead addresses needed configuration and operational actions to protect 13 species of listed fish. Snake River fall chinook were the primary Endangered Species Act listed species in the Snake River during the court-ordered spill. 

Since the initial listings of the Columbia and Snake river salmon and steelhead, FCRPS biological opinions have called for spill and other operations for fish during spring and summer juvenile migration seasons at various dams. The BiOps have also called for “spreading the risk,” or using two migration options including juvenile fish transportation and in-river migration. One key reason to transport fish in the summer is to protect them from the warm-water environment where predators are more active and where the fish may experience more stress than in other seasons.  
This year the Corps funded biological research under its Anadromous Fish Evaluation Program and gathered information during the court-ordered summer spill operation to inform the region on the biological results of the operation on a dam-by-dam basis.  Prior to the court order, several studies were planned including an evaluation of transport versus in-river survival, project survival studies at McNary Dam, and an evaluation of Removable Spillway Weir (RSW) effectiveness at Ice Harbor and Lower Granite dams.  Following the court’s spill order, regional agencies and tribes agreed to conduct project survival studies at Little Goose and Lower Monumental dams.  
The project studies conducted this year are important in developing dam operations for in-river fall chinook in relation to the planned comprehensive fall chinook study.  In September, the Fish Passage Center reported on a preliminary analysis of juvenile survival rates through the reach of river from Lower Granite Dam to McNary Dam based on PIT-tag data.  Bonneville Power Administration (BPA) collected data on the cost of the additional court-ordered spill in terms of lost power generation revenues and other costs. Following is a summary of those studies and analyses.

Study Results

While the 2005 research and analysis provides important information on juvenile survival, these studies do not provide immediate data on whether the summer spill operation will increase adult returns.  A comprehensive research program to adequately answer this question of adult returns would require data from multiple out migrations and would likely take several years or more. 
The Corps contracted with U.S. Geological Survey (USGS) and NOAA- Northwest Fisheries Science Center to perform radio telemetry research of juvenile fish survival through the dam passage routes and for a short distance through the downstream reservoir during the 2005 summer spill period. Research was conducted at each of the five dams (Lower Granite, Little Goose, Lower Monumental and Ice Harbor on the Snake River and McNary Dam on the Columbia River). At Lower Granite and Ice Harbor dams, data were also collected to evaluate fish passage over both conventional spillway operations and RSW operations.

· The results suggest subyearling fall chinook dam survival ranging from 86 percent to 96 percent, except at Lower Monumental Dam where dam survival was as low as 72 percent.  However, it appears this low survival may have been a result of the late timing of the study and many of the tagged fish were not actively migrating following release.
· Fish Passage Efficiency (FPE, the percent of fish passing via non-turbine routes) at all projects ranged from 81 percent to 100 percent. 

· Spill Effectiveness (percent of fish passing through the spillway divided by the percent of water passing through the spillway) was two to three times higher for RSWs than conventional spillbays.  In other words, for a given amount of spill discharge, the RSWs were two to three times more effective at passing fish than a conventional spillbay.

This is the first look at subyearling passage at most of the projects including those with RSWs. The data is preliminary and the final numbers may change slightly. 
Specific highlights of each of the project survival studies are provided in the PowerPoint slide presentation “2005 Preliminary Summer Spill Data,” at www.salmonrecovery.gov.  A synopsis of the information by project can be found at the end of this document.  
PIT-tag Reach Survival Data and Estimates
The NOAA Northwest Fisheries Science Center annually estimates reach survivals of Snake River fall chinook through the Snake and into the lower Columbia rivers.  That survival estimate will not be available until the spring of 2006, when researchers can obtain a better estimate of how many of the 2005 juveniles “hold over” in reservoirs this winter and migrate to the ocean as yearlings next spring.  The holdover group of Snake River fall chinook is important because, while it comprises only a small percentage of the total out migration, in recent years it has accounted for greater than 50 percent of the subsequent adult returns to the Snake River.

Analyses of 2005 in-river survival could be interpreted as evidence that 2005 overall/system survival improved compared to previous years.  However, a direct comparison to previous years cannot be made because fish transportation was maximized in previous years leaving very few fish to migrate in-river.  A better comparison would be to use overall system survival, which includes both the survivals of those fish migrating in-river and those transported (including delayed mortality effects, or D-value).

Using both the NOAA Northwest Fisheries Science Center’s and Fish Passage Center’s empirical in-river survival estimates for the Lower Granite to McNary reach of 2004 and 2005, respectively, the estimated relative
 difference in overall system survival of juvenile Snake River fall chinook between the 2005 summer spill operation compared to a no spill (i.e., maximum transport, 2004 BiOp) 2004 operation could range from an adverse effect of about -6 percent (assuming a D-value of 0.41) up to a beneficial effect of nearly +7 percent (assuming a D-value of 0.18).  (In absolute terms, the estimated system survival differences range from -1 percent to +1 percent.) These estimates assume the range of D-values identified in the 2004 BiOp for transportation and an equal in-river survival level in the McNary to Bonneville reach.  It should be noted that little or no empirical in-river survival information for Snake River fall chinook is available in the lower Columbia River reach from McNary Dam to Bonneville Dam.
These results highlight the uncertainty in the data and the need to conduct a comprehensive evaluation of the relative survival to adulthood of juveniles transported versus those that migrate in-river.
Migration and Spill Timing

There are two main sources of information on the timing of the fall chinook migration this year.  One source is fish passage or smolt indices.  These passage indices provide a general indication of the shape and timing of the migration but are general to fall chinook and not specific to wild fish.  Another source of information is PIT tag data from the U.S. Fish and Wildlife Service (USFWS)/NOAA study of wild, surrogate
, and hatchery fall chinook (Connor et al, preliminary information).

· Based on the Agencies’ interpretation of the USFWS/NOAA PIT tag data, the majority (68 percent) of the wild fall chinook fish migrated through Lower Granite Dam before the court-ordered spill. 
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· Based on the Agencies’ interpretation of the USFWS/NOAA PIT tag data, the majority (90%) of the wild Snake River fall chinook fish migrated through Little Goose and Lower Monumental during the court-ordered spill with nearly all of the subyearlings (hatchery and wild) fish passing Little Goose and Lower Monumental dams by July 15th and July 31st respectively.
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· Based on the smolt passage indices, the majority of the production or hatchery fall chinook migrated through the Lower Snake and McNary dams before the court-ordered spill at these collector projects.
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Fish Passage Center (FPC) Analysis

The Fish Passage Center released an analysis of Passive Integrated Transponder (PIT)-tag data in September 2005, drawing the following conclusions:

The point estimate for subyearling chinook survival was the highest recorded in recent years (2001-2005) in the reach from Lower Granite Dam to McNary Dam during the period when spill was occurring in the Snake River. 

And, unlike other recent years where survival either remained low throughout the summer period as in 2001 and 2002 or declined as in 2003 and 2004, the 2005 survival increased significantly later in the season.

There are several considerations or concerns to note about these conclusions:

· The FPC analysis does not consider the main issue, which is whether to transport or leave juvenile fall chinook summer migrants in-river.  A comprehensive evaluation of adult returns is required to enable a comparison of in-river versus transport survival. 

· The FPC document may be misinterpreted as evidence that overall survival in 2005 was better than the past few years.  It is difficult to draw this conclusion because:

· Most Snake River fall chinook subyearlings have been transported in the past few years and thus not subjected to the lower in-river survival rates.

· A considerable portion of Snake River fall chinook subyearlings in 2005 passed through the Snake River before the court-ordered spill operation.

· The FPC analysis was limited to a comparison of the years going back only to 2001, when a more extensive data set is available, i.e., empirical reach survival data from Lower Granite Dam to McNary Dam exists from 1998.  Lower Granite Dam to McNary Dam reach survivals of Snake River fall chinook in the 1998-2000 period were generally higher than the FPC-reported survivals during 2001 to 2005 period.  

· The separation of juvenile Snake River fall chinook into the pre- and post-spill groups, based on the particular dates selected by the FPC, and comparing survivals and travel times between the years of 2001-2005 does not take into account the different historical run timing that has occurred in each of those years, or any differences in actual spill levels in those years.  

· The FPC analysis also does not indicate whether or how the summer spill program may have influenced the behavior or affected the survival of those fish that holdover, which have a high value in terms of adult returns.

Power Effects and Costs
BPA analyzed the financial impacts of the additional summer spill during 2005 in terms of lost energy generation, flexibility impacts, market price effects and transmission effects. To do the analysis, BPA created a theoretical operation of the Lower Snake projects and McNary based on how those projects would have been operated if not for the court order.  This theoretical operation was patterned after actual historic operations over the past several years. The theoretical operation was compared to the actual 2005 summer spill operation. The spill operation affected system reserves and reduced system flexibility to respond to power needs. The risk that BPA would not be able to respond to major Northwest or West Coast wide power system incidents was increased. 
· BPA attempted to capture the cost difference between the actual operation and historic operation at these projects. Analysis was not designed to capture the full range of financial or operational impacts and risks associated with the operation under various water conditions

· Initially, BPA projected the cost of the foregone generation from the spill operation would be between $57 million and $81 million. Post-summer analysis found that the costs were somewhere between $73.2 million to $74.5 million.  These costs include:
· $70.9 million in lost energy revenue

· $2.3 million to $3.6 million in lost flexibility value (shaping capability and reserves) 

· A ($6.5) million reduction in valuation from actual prices to account for the market price effect of changes in hydro generation

· In September 2005 BPA announced it was reducing its average wholesale power rate for FY 2006 by 1.6 percent below its average FY 2005 rate paid by most public utilities. This rate reduction is primarily the result of improved water conditions in late spring and summer and higher-than-expected market prices. 

· BPA analyzed the affect of the court-ordered spill operation on this rate decision and determined that without the court-ordered spill operation, the FY 2006 average rates would have been reduced approximately 6 percent below the average FY 2005 rate for public utilities.  
· Impact on Environmental Emissions

· To help inform regional discussion of environmental, economic and other tradeoffs, BPA looked at possible implications of the lost power generation from this summer’s operation.

· Using emissions estimates from the Northwest Power and Conservation Council’s 5th Power Plan suggests emissions in the ranges below may have occurred from reduced hydro generation. 

	Resource Assumed
	Combined Cycle
	Simple Cycle

	NOx (tons)
	54.91
	12.67

	SO2 (tons)
	2.82
	126.72

	CO2 (tons)
	578,698
	819,470


· Impacts to the transmission system were more difficult to quantify, but are addressed qualitatively.

· Spill contributed to higher north to south loading on the BPA transmission system within the Northwest than last year.  The north to south loading increased significantly when spill began and reduced significantly on when spill was stopped.

· Specifically, increased north to south loading contributed to 48 instances of redispatch (requests to move generation to help mitigate conditions when operating transfer capability was exceeded) of the system totaling more than 10,000 megawatt hours. 

· This increased loading meant the transmission system was operating closer to, or exceeding, operating transfer capability (reliability limits) more often.
Summary 

While in-river and per dam survival estimates appeared to be relatively high, the survival to adult return is more pertinent and will be required for the full understanding of the issue of whether transportation or in-river migration is better for juvenile Snake River fall chinook migrants. This is a key question that has not yet been answered by current data. As adults return from this year's juvenile migration, the region will have better information, but even then there likely will not be conclusive results. The Agencies are planning to design and conduct comprehensive studies to address the transport versus in-river migration issue for listed Snake River fall chinook.

The Agencies continue to believe that, based on knowledge gained from scientific studies, transport during low-water years likely poses less risk to the population than leaving the fish in the river to migrate. The Agencies will continue to work with the region to try to gain more certainty about the best operations for salmon and steelhead, especially those out migrating during the summer.

Background Information

Most salmon and steelhead in the Columbia River Basin encounter one or more hydroelectric dams as they migrate to and from the ocean. Fish passage systems provide various routes to help salmon and steelhead get past the dams. 

Adult fish swim up fish ladders that are built into the dams. These systems have been demonstrated to work well, and overall adult survival through the system of dams is high. 

Juvenile fish migrate past the dams by several routes: through the turbines, through juvenile bypass systems, through spillways, or by collection and transported in barges or trucks. 
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Turbine passage is often considered to be the least desirable juvenile bypass route, with a survival rate of 85 to 95 percent. Bypass systems and spill are meant to divert fish away from the turbines.

Juvenile fish bypass systems at the dams guide fish away from turbines by means of submerged screens installed in front of the turbine intakes. As fish follow currents down toward the turbines, the screens guide the fish back up to bypass channels in the dam. The fish are then either bypassed back out to the river below the dam, or they may be loaded into barges or trucks for transport. Survival rate through bypass systems is typically 98 percent or higher.  

The Corps has operated a juvenile fish transportation program since the 1970s. Juvenile salmon and steelhead collected in the bypass systems at four lower Snake and Columbia river dams (Lower Granite, Little Goose, Lower Monumental and McNary) can be collected and placed in specially designed barges and trucks for transport past the remaining dams to a release point below Bonneville Dam. The survival rate for transported fish is about 98 percent to point of release, although research continues to better determine any delayed effects once the fish are released back into the river and if these effects can be minimized.

Spill passage is widely recognized as one of the safest means of juvenile fish passage. Water is routed through spillway openings rather than going through turbines to generate power or being used for other purposes. Water and fish rush through the spillway and into the river below the dam, with spill survival ranging from 93 percent to 100 percent. The biological opinion calls for spring and summer spill for juvenile salmon and steelhead passage at the lower Columbia and Snake river dams. 

Other operations also aid in fish survival. When providing spill for fish passage, spilled water plunges to the river below the dam with enough force to supersaturate atmospheric gases in the water.  These gases can build up to levels that are dangerous to salmon and other aquatic life. To avoid this, the Agencies actively monitor levels of total dissolved gas in the river and adjust patterns and quantities of spill to stay within allowable levels. Also, the Agencies monitor summer water temperatures in the lower Snake River and to help cool Snake River temperatures, cold water is released from Dworshak Dam on the North Fork of the Clearwater River during the summer months. 

2005 Summer Survival Studies’ Summary 
(Note:  The following data is preliminary and the final numbers may change slightly.)

Lower Granite:  Tested RSW vs. spillway and route specific survival
· Fish Passage Efficiency (FPE, the percent of fish passing via non-turbine routes) was very high under either test condition (RSW 97.5 percent on or without RSW 98 percent) with less spill in the RSW condition (18.5 kcfs versus 30 kcfs).

· Dam survival was higher with the RSW condition 93.9 percent RSW versus 89.5 percent without RSW.

· RSW spill condition had 67.7 percent of fish passing through the RSW with high relative survival (94.5 percent).

· Very few fish were bypassed under spill condition 4 percent with slightly higher numbers bypassed in RSW spill condition 11 percent.

Little Goose:  Evaluated route specific survival
· Very high overall FPE (97 percent) even with lower spill rates due to adult passage issues. 

· Spill effectiveness (percent of fish passing through the spillway divided by the percent of water passing through the spillway) high compared to other projects 1.9:1. 

· With lower spill percentage at Lower Granite, the decrease in spill compared favorably to other projects, turbine passage remained low, bypass rates increased offsetting any decrease in FPE.

Lower Monumental:  Evaluated route specific survival
· FPE very high at 96 percent.

· Lower survival in comparison to other projects, especially the forebay survival (72.2 percent).  Important to note these may not be reservoir losses as many of the fish were noted to be holding in the forebay and they represent fish near the end of the migration.

Ice Harbor:  Tested RSW vs. spillway and route specific survival
· Spill levels with RSW (23 kcfs) versus non-RSW condition (41 kcfs), FPE reduced slightly (95.2 percent versus 99 percent)

· Dam survival slightly reduced but very high (98 percent RSW versus 99.6 percent non- RSW).
· Survival through the RSW was 99.4 percent. 

· Juvenile Bypass System survival high at 98.8 percent which is consistent with previous years information.

McNary:  Evaluated route specific survival
· FPE lower than Snake River Project (81.2 percent) but still high compared to other Lower Columbia River Projects.

· Relative dam survival high (96.3 percent).

· Spillway survival high (100 percent).

· Bypass and turbine survival similar rates (86 percent).
· Need to look at bypass survival in relation to tailrace egress conditions 

� Spill is a specific operation of routing water through spillway openings rather than through power-generating turbines.


� Along with wild Snake River fall chinook, the following hatchery stocks are included in the ESA-listed fall run ESU:  Lyons Ferry Hatchery, Oxbow Hatchery, and Nez Perce Tribal Hatchery fall chinook programs, and the Fall Chinook Acclimation Ponds Program.





� Congress authorized each of the FCRPS dams to serve multiple purposes.  Each dam’s costs (for both construction and operations and maintenance) has been allocated between the various purposes the dam serves; e.g., irrigation, flood control, navigation, and power.  BPA pays the costs allocated to the dams’ power purpose.  But some mitigation actions benefit other dam or project purposes in addition to the power purpose.  Spill, for instance, benefits all project purposes because it moves juvenile fish past the structure of the dam.  The structure exists for all the dam’s purposes, so they all benefit from spill mitigation actions.  Sometimes BPA bears the full initial cost of a fish or wildlife mitigation action, like spill, that benefits other project purposes. Other times, BPA exercises its (section 4(h)(10)(A)) discretion to fund a mitigation action, like building a hatchery, that mitigates on behalf of all a projects or the FCRPS’s authorized purposes.  In those cases, section 4(h)(10)(C) of the Northwest Power Act requires the Administrator to recoup the non-power share of that cost.  BPA recoups the non-power share of mitigation by taking a credit against its payments to the Treasury.  For costs of operations such as spill, BPA may only take credit for the additional power purchases resulting from the lost generation, and not for the lost energy value due to foregone sales. The sum of the credit taken equals the non-power share of the mitigation.


� The relative difference in estimated system survival is the absolute difference in system survival between the 2005 (spill) and 2004 (no spill) operations divided by the estimated system survival of the 2004 operation.  It is noteworthy that similar runoff and summer flows were observed in the Snake River in 2004 and 2005.


� These were hatchery fish raised to mimic the behavior and migration patterns of wild fish.
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