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FINAL REPORT OF THE PRESIDING JUDGE ON INTERIM MEASURES

(Issued November 20, 2009)

TO THE COMMISSION:
I. PROCEDURAL HISTORY 

1. The Don Pedro Project (Don Pedro or Project) is located on the lower Tuolumne River (Tuolumne River or Tuolumne), in Tuolumne County, California, approximately 115 miles east of San Francisco. The Project consists of a 580-foot-tall dam, a powerhouse and a 1.72M acre-foot (AF) active storage capacity reservoir (Reservoir).
  The Federal Energy Regulatory Commission (Commission or FERC) issued an original license for the Project to Turlock Irrigation District (TID) and Modesto Irrigation District (MID) (collectively, Districts) in 1964, with commercial operations commencing in 1971.  Don Pedro provides irrigation storage, hydroelectric power, flood control storage, fish and wildlife conservation and municipal water supply.
 It is hydrologically linked to the City and County of San Francisco Public Utility Commission (CCSF) Hetch Hetchy System (Hetch Hetchy), a series of reservoirs, diversion conduits and powerhouses located on the Upper Tuolumne that help regulate inflows to Don Pedro.  CCSF provided Project construction financing in exchange for storage rights in the Reservoir.  CCSF utilizes these storage rights to provide irrigation water to the Districts, thus allowing CCSF to devote a greater portion of its upstream storage reservoirs to providing municipal water supply.
 

2. Pursuant to the Project license, the Districts are required to provide minimum flow releases from Don Pedro to the Tuolumne.  These flow releases are measured downstream of La Grange Dam (La Grange), a non-Project diversion dam owned by the Districts and located 2.3 miles downstream of Don Pedro.
  Article 37 of the Project license set minimum flow releases for the first 20 years of Don Pedro’s operation, reserving Commission authority to revise the minimum flow requirements thereafter. Project license Article 39 required the Districts, in cooperation with the California Department of Fish and Game (CDFG), to study feasible methods of sustaining the Tuolumne fisheries resources. 
 
3. The Districts applied for a Project license amendment in 1985 for the purpose of adding a fourth generating unit to the Project. Concurrent with the amendment proceeding, the Districts, CDFG and U.S. Fish and Wildlife Service (FWS) entered into an agreement that contemplated extending through 1998 both the existing fisheries study plan, and the minimum flow requirements specified in Project license Article 37.  The Commission approved the Districts’ Project license amendment in 1987.  As a result, Article 58 was added to the Project license, requiring the Districts to implement the amended fisheries study plan and file a report on the results, with recommendations for changes in existing flow releases and ramping rates for the Project.
  Despite the provisions of Article 58, the requirements set forth in Articles 37 and 39 –namely, that the Commission revisit the Project’s minimum flow requirements after 20 years, and that the Districts provide results of the ongoing fisheries study – remained intact.
 

4.  The Districts filed an application to amend the Project license to change Article 37 minimum flow requirements in 1992.  CCSF and the San Francisco Bay Area Water Users Association (BAWUA) opposed the application.  Mediated settlement negotiations resulted in amendments to Project license Articles 37 and 58, which were approved by Commission order dated July 31, 1996 (Implementing Order).
  The 1996 amendment to Article 37 required a revised minimum flow regime designed to benefit fisheries resources in the Tuolumne, and provided for modifications to these minimum flows by agreement among the Districts, CDFG and FWS.
 The 1996 amendment to Article 58 required the Districts to implement a monitoring plan to identify benefits to the Tuolumne’s Chinook salmon fishery that could be realized from improved environmental conditions on the Tuolumne, and to file annual interim reports and a final report of the study with the Commission by April 1, 2005 (Summary Report).
  The 1996 amendment to Article 58 states that the Commission will determine from the results of the Summary Report whether further monitoring studies and/or changes to Project structures or operation are necessary to protect Tuolumne fisheries resources. 

5. The National Marine Fisheries Services (NMFS) listed Central Valley evolutionarily significant unit steelhead (CV steelhead) as a threatened species under the Endangered Species Act (ESA) in 1998.
  Steelhead is the ocean-going or “anadromous” form of the Oncorhynchus mykiss (O. mykiss) species of trout, of which CV steelhead are one variant.  The freshwater or “resident” form of O. mykiss is commonly known as rainbow trout.
  NMFS subsequently requested that the Commission initiate formal consultation to consider the effects of Don Pedro on CV steelhead in letters filed in June 2002 and November 2002, respectively.  On May 2, 2003 NMFS filed a petition with the Commission to amend the Project license and initiate formal consultation (Petition).  By order issued December 22, 2003, the Commission deferred action on the Petition until completion of informal consultation and ongoing fisheries studies.
  FWS filed a letter in support of the Petition on February 27, 2004 which requested that Project license Article 37 be amended to list NMFS as a party to be consulted prior to making flow adjustments to ensure such adjustments adequately considered the needs of steelhead – particularly CV steelhead – and Chinook Salmon.
  In a response dated May 21, 2004, the Districts asserted that the CV steelhead’s ESA designation was legally flawed and sought to enjoin NMFS from seeking modification of the Project license.  The Districts asserted that no scientific evidence demonstrated that the fish residing in the Tuolumne were the threatened CV steelhead and not merely non-anadromous rainbow trout.
 

6. The Districts submitted the Summary Report on March 25, 2005, detailing the fishery studies, river-wide monitoring and non-flow mitigation measures they had conducted on the Tuolumne since 1996, as well as recommendations for continued fish management and monitoring measures.
  The Summary Report also recommended implementation of additional non-flow measures through relicensing. 

7. The Commission issued notice of the Summary Report on June 24, 2005 and set deadlines for motions to intervene and for comments.  The Commission particularly sought comments on issues pertaining to CV steelhead.  CDFG, NMFS, CCSF, BAWUA, U.S. Department of Interior/FWS, Stanislaus Fly Fisherman, Friends of the Tuolumne (FT), and Conservation Groups
 filed timely motions to intervene and became parties to the proceeding.  Several of these parties also provided recommended terms and conditions for the Project license.
 

8. Commission staff (Staff) held a public meeting in Sacramento, California on July 25, 2006 to discuss the Summary Report, at which Staff presented its preliminary analysis of the Summary Report and participants were allowed to provide new information, raise questions and make comments.  Following the meeting, Staff set a September 25, 2006 deadline for participants to provide additional information or comments about the Summary Report.
  

9. Staff issued a letter on the Summary Report on December 20, 2006 stating that data collected pursuant to the Article 58 monitoring plan was generally insufficient to reach valid conclusions regarding the effects of modified streamflow releases and restoration efforts on Tuolumne fisheries resources. Staff also concluded that the monitoring efforts were not correctly designed or executed, such that valid conclusions regarding fisheries resources could not be reached.  Accordingly, Staff determined further monitoring studies were required pursuant to Article 58, and directed the Districts to file a study plan and schedule for additional monitoring.  Staff directed the Districts to formulate the plan in consultation with interested participants in the proceeding.
 

10. The Districts submitted their fisheries study plan on March 20, 2007.  Following comments, Staff issued its preliminary analysis of the study plan on June 15, 2007 and concluded that revisions were necessary.  The Districts submitted a revised study plan on July 16, 2007; Conservation Groups, FWS and CDFG filed responsive comments.  A second Staff-convened meeting was held in Sacramento on August 8, 2007, at which participants discussed the revised fisheries study plan. 

11. Staff issued its order on the Summary Report on April 3, 2008 (April 3, 2008 Order), in which it concluded that the Summary Report, as supplemented with annual reports filed March 26, 2006 and March 26, 2007, respectively, complied with the requirements of Article 58.
  Staff concluded that the study results did not indicate that Article 37 minimum flow requirements were responsible for the decline of Chinook salmon in the Tuolumne and, as such, the flow increases NMFS and FWS recommended were not warranted and existing Article 37 flow requirements should be maintained.  Nevertheless, the April 8, 2008 Order required the Districts to report annually on the Chinook salmon escapement numbers to the Tuolumne, with the first such report due April 1, 2009.  Staff further concluded that the studies needed to support the Districts’ relicensing application for Don Pedro should be determined during the relicensing process that is scheduled to commence in 2011, and not merely be a continuation of the fisheries studies the Districts proposed in their March 20, 2007 plan.

12. Staff concluded that the Districts monitoring efforts were inconclusive as to whether steelhead populations of any kind were present in the Tuolumne, and required the Districts to initiate a monitoring program to that end.  Staff required the Districts to file a report with the Commission by January 15, 2010 that includes the results of the Districts’ O. mykiss monitoring, and recommendations for O. mykiss protection and/or additional monitoring (O. mykiss Report).  Staff, however, did not require additional instream flow studies, concluding that the O. mykiss Report should first be completed in order to determine whether steelhead were present in the Tuolumne. The April 3, 2008 Order requires the Districts to prepare the O. mykiss Report in consultation with NMFS, FWS, and CDFG. The April 3, 2008 Order states that the Commission reserves its authority to require changes in Project structures and operations to protect Tuolumne fisheries resources on the basis of the O. Mykiss Report.

13. FWS, NMFS, CDFG and Conservation Groups filed timely requests for rehearing of the April 3, 2008 Order.
  In its July 16, 2009 Order on Rehearing, Amending License, Denying Late Intervention, Denying Petition and Directing Appointment of a Presiding Judge for a Proceeding on Interim Conditions (July 16, 2009 Order), the Commission concluded – on the basis of both existing data and new information included with the above parties’ rehearing requests – that interim measures may be necessary to protect fishery resources on the Tuolumne pending Project relicensing.
  The Commission concluded that additional procedures would be necessary to determine what protective measures should be implemented.  To that end, the July 16, 2009 Order directed the Chief Judge to appoint a presiding judge:

[T]o conduct and facilitate an expedited, non-adversarial fact-finding proceeding on possible interim measures to benefit Central Valley steelhead and fall-run Chinook salmon pending relicensing, in order to develop a more factual record to assist the parties in evaluating possible interim solutions. . . . In particular, the [presiding] judge should assist the parties in developing a factual record that considers: (1) the effects of operation of the Don Pedro Project on fishery resources for the near term pending relicensing; views of the parties regarding proposals for interim protective measures. . . information on the cost of implementing those measures . . . the effects of implementing the measures on other, non-fishery resources, such as irrigation, municipal water supply, and flood control; and whether there is any basis for agreement among the parties on possible solutions to the issue of interim protective measures for fishery resources.

14. The July 16, 2009 Order directed the presiding judge to issue a preliminary report within 45 days indicating: (i) whether additional protective measures exist that the Districts would voluntarily undertake to benefit Tuolumne fisheries resources pending relicensing; (ii) whether such measures can be undertaken immediately without Project license amendment(s); and (iii) whether the measures are supported by other parties (Preliminary Report). The Commission directed the presiding judge to file a final report, detailing the results of the fact-finding proceeding, within 120 days (Final Report).
  The July 16, 2009 Order provides for party comments on the final report and specifies that the Commission will make the ultimate decision, on the basis of the Final Report and parties’ comments, whether interim protective measures are necessary and, if so, how such measures can be implemented.
 

15. I was designated presiding judge in the above-captioned proceedings by order of the Acting Chief Administrative Law Judge issued July 17, 2009.  By order issued July 21, 2009 an initial conference was convened on August 6, 2009, at which the participants presented their positions on the issues and developed a procedural framework for the proceedings.  By Order issued August 12, 2009, the Chief Judge authorized a site visit of the Project and moved the location of the hearing to Sacramento, California in order to accommodate the participants.  By order issued August 13, 2009 a procedural schedule was established for the duration of the proceedings and the scope of the proceedings was memorialized. 

16. I submitted the Preliminary Report to the Commission on August 27, 2009 outlining those voluntary interim protective measures the Districts were willing to undertake pending relicensing and the parties’ support, or lack thereof, for such measures.  

17. Participants submitted proposed questions for the presiding judge to ask of witnesses during the hearing held on October 6 and 7, 2009 following a site visit on October 5, 2009.  Participants submitted proposed findings of fact on October 21, 2009.  

The Conservation Groups filed a motion to adduce new evidence on November 18, 2009, seeking to have Tuolumne River Adult Chinook Weir data included in the record and considered by the presiding judge in the Final Report.  The motion was denied by presiding judge order issued November 19, 2009. 

II.
WITNESSES
18. Twenty-five witnesses presented testimony.  The witnesses for the Districts are:  Robert Nees; F. Wesley Monier; Noah Hume, Ph.D.; Scott Wilcox; Walter Ward; Nicholas Pinhey, Ph.D.; Greg Salyer; Carol Russell; and Jeffrey Barton.  
19. Mr. Nees is Director of Water Resources and Regulatory Affairs for TID.  TID is a water and power utility located in Turlock, California.  Mr. Nees was a TID representative in the mediated negotiations which lead to a multi-party settlement over flow and fish issues on the Tuolumne.  Some parts of the agreement were later incorporated into the Implementing Order.  Mr. Nees is the TID “point person” for the 2016 relicensing of the Don Pedro Project.  Mr. Nees has a B.A. and M.A. in Communications.
  
20. Mr. Monier is a TID employee.  His current responsibilities include managing special projects, supervising retail and wholesale rate preparation, and regional water policy.  He has developed models depicting TID’s water rights and potential impacts to those rights, and has interpreted prevailing river flow requirements and devised release schedules to comply with regulatory requirements.  Mr. Monier has a B.A. in Physics and some legal training.
  
21. Dr. Hume is Senior Aquatic Ecologist at Stillwater Sciences, a scientific consulting firm.  He identifies his areas of expertise as:  hydroelectric relicensing; fisheries biology; wetlands and aquatic ecology; environmental engineering; and, mechanical engineering.  His Ph.D. is in Civil and Environmental Engineering, as is his M.S.  His B.S. is in Mechanical and Ocean Engineering.
  

22. Mr. Wilcox is a Senior Fisheries Biologist at Stillwater Sciences.  Mr. Wilcox has over 25 years experience in the assessment of salmonid fish and habitat relationships and conditions in streams and rivers affected by changes in flow regime due to hydroelectric and water project operations, including several rivers in the San Joaquin River watershed.  Recently Mr. Wilcox has planned and provided senior review of fisheries studies on the Tuolumne related to the Districts’ ongoing monitoring of FERC license compliance studies, including temperature and O. mykiss population investigations.  He has a B.S. in Wildlife and Fisheries Biology and an M.Ed. in Natural Resource Management.
  
23. Mr. Ward has been Assistant General Manager, Water Operations for MID since 1996.  He has over 25 years of experience in water resources management related to surface water and groundwater supplies, and water quality for agricultural, industrial and urban water users.  He is a MID representative to other governmental bodies, regulatory agencies and the general public.  He has a B.S. in Geological Sciences and has conducted graduate studies work in Ground Water Hydrology, Surface Water Hydrology, Civil Engineering and Applied Mathematics.

24. Dr. Pinhey has over 32 years experience in municipal public works, which includes managing municipal water systems.  He is currently Director of Public Works for the City of Modesto (Modesto).  Among other duties, he is responsible for overseeing regional water production and delivery for five communities and for regulatory compliance for water and wastewater issues.  Dr. Pinhey has a B.A. in Anthropology and an M.S. and a Ph.D. in Public Administration.  His doctorate dissertation research consisted of analyses of groundwater banking programs in California’s Central Valley (Central Valley).
  
 
25. Mr. Salyer is the Resource Planning and Development Manager for MID.  He is an electrical engineer with 26 years experience in the electric utility industry.  He has been employed by MID for 19 years.  In his current position, Mr. Salyer directs the department that oversees all resource planning and development for a 700 Megawatt utility.  He is overseeing, among other things, the project to build a new 48 Megawatt reciprocating engine plant to meet MID’s future peaking power needs.

26. Ms. Russell is currently the Director of the Don Pedro Recreation Agency (DPRA).  In this position, Ms. Russell manages the operations and maintenance of the Don Pedro recreation area.  She has worked at DPRA for 26 years, beginning her tenure with DPRA as a park ranger.  Ms. Russell has a B.S. in Environmental Planning and Management with a minor in Parks Administration and Interpretation.

27. Mr. Barton has been Assistant General Manager of Civil Engineering and Water Operations for TID since 2008.  He has held a variety of engineering positions at TID since 1996.  In his current position, Mr. Barton manages the staff overseeing all water operation activities including irrigation water operations, customer service functions and water delivery system.  He and his staff provide direction on all TID water-related regulatory matters including water rights, supply, allocation, storage, delivery system resource development, aquatic studies, and FERC license compliance.  He is responsible the operations of the DPRA.  Mr. Barton has a B.S. in Civil Engineering and an MBA in Management and other experience in hydro engineering.

28. The Friends of the Tuolumne presented the testimony of Allison Boucher.  Ms.  Boucher is a Certified Public Accountant.  She has spent 40 years as a fisherman and advocate for the environment.  She has been a manager of FT since 1994.  In that position she has been involved in river restoration, monitoring bird boxes, working with consultants to design restoration projects and working with agencies to implement studies.
  
29. The California Department of Fish and Game presented the testimony of Timothy Heyne and Andrew Gordus, Ph.D.  
30. Mr. Heyne is currently a Senior Environmental Scientist for the CDFG.  He supervises staff assigned to CDFG’s anadromous fishes program in the San Joaquin River.  He has been a CDFG employee for 20 years.  He has participated in restoration projects in the Central Valley.  Mr. Heyne’s work with CDFG has all been in the southern portion of the Central Valley.  Mr. Heyne has a B.S. in Environmental Science and an M.S. in biology.

31. Dr. Gordus has over 30 years experience in scientific research in private, academic, and government settings.  He has been a Water Quality Biologist with CDFG for the last nine years.  Dr. Gordus’ specialties are waterfowl and wetland habitat management, wildlife diseases and toxicology, ecotoxicology, water quality, and wildlife bacterial contamination of food.  Dr. Gordus has a B.S. in Wildlife Management, an M.S. in Natural Resources with a Wildlife Management emphasis, and a Ph.D. in Comparative Pathology.

32. The Conservation Groups presented the testimony of Roger Mann Ph.D.  Dr. Mann has over 30 years experience as a resource economist with a specialty in water resources, environmental, agricultural and regional economics.  Dr. Mann has completed a number of projects for clients on the subject of economics and water supply.  He has a B.S. in Resource Economics, an M.S. in Agricultural and Resource Economics, and a Ph.D. in Agricultural Economics and Economics.
       

33. The United States Fish and Wildlife Service presented the testimony of Michelle Workman, Carl Mesick, Ph.D., and Mark Gard, Ph.D.

34. Ms. Workman is a Fisheries Biologist/Habitat Restoration Coordinator for the Anadromous Fish Restoration Program of FWS.  In her current position, she is responsible for the oversight of restoration actions for the Tuolumne River, the Merced River, and the San Joaquin River Restoration Program.  She has conducted salmon and steelhead migration monitoring.  Ms. Workman began her career as a Fisheries and Wildlife Biologist.  Ms. Workman has a B.S. and M.S. in Biology with a concentration in Biological Conservation.

35. Dr. Mesick is a FWS Fisheries Biologist.  He has 28 years of experience as a fisheries scientist evaluating the effects of stream restoration projects, water diversions hydroelectric operations, timber harvest, and mine operations on trout, salmon, non-game fish species and invertebrates in California, Oregon, Montana, Arizona, and New Zealand.  Dr. Mesick has implemented instream flow studies, salmonid population studies, and salmon habitat restoration in California since 1985, and was responsible for the oversight of habitat restoration projects on the Tuolumne for four years while working for FWS’ Anadromous Fish Restoration Program.  Dr. Mesick has a B.S. in Biology, and an M.S. and Ph.D. in Fisheries Sciences.

36. Dr. Gard has been employed by FWS as a Fish and Wildlife Biologist for 15 years.  He has specialized in the life history, ecology and physiology of fishes; conservation and management of native fishes and associated fisheries; habitat requirements of anadromous salmonids; hydraulic and habitat modeling; and spatial analyses of fisheries data.  He has a B.S. in Civil Engineering with a concentration in Environmental Engineering and Water Resources, a M.S. in Civil Engineering with a concentration in Environmental Engineering, and a Ph.D. in Ecology with concentrations in Aquatic Ecology, Fisheries and Physiological Ecology.

37. The National Marine Fisheries Service presented the testimony of Erin Strange, Craig Anderson, and Steven Lindley, Ph.D.  
38. Erin Strange has been a Fisheries Biologist with NMFS in the Protected Services Division since 1993.  She serves as Senior Fisheries Biologist representing NMFS in the San Joaquin River Basin, participates in hydroelectric relicensing projects in the San Joaquin River Basin, and administers the Endangered Species Act for listed anadromous fishes.  Ms. Strange has worked on salmon and steelhead issues in the Central Valley for 16 years.  Ms. Strange has a B.S. in Zoology and Environmental Biology and has conducted post-graduate studies in fish and wildlife ecology and management, applied aquaculture, and ichthyology.

39. Mr. Anderson is a hydrologist currently employed with NMFS in its Habitat Conservation Division.  He has been employed as a hydrologist since 2005.  His current duties include hydro-ecological data analysis, field data collection, and model evaluation and development in support of FERC hydropower relicensings, and Endangered Species Act consultations.  He has a B.A. and M.A. in Geography, with a specialty in Hydrology, Geographical Information Systems, and Hydrologic Modeling.

40. Dr. Lindley is currently employed as a Supervisory Research Ecologist at NMFS.  He conducts and supervises research on the ecology of anadromous fish in support of NMFS responsibilities under the ESA.  As part of his duties he chaired the Technical Recovery Team for threatened and endangered salmonids in the Central Valley region, participated on Biological Review teams that prepared status assessments underlying the listing of CV steelhead, and is leading the preparation of a review of the factors behind the collapse of Sacramento River fall-run Chinook salmon.  Dr. Lindley has a B.A. in Aquatic Biology, a Ph.D. in Biological Oceanography, and has completed a Postdoctoral Fellowship.

41. The San Francisco Bay Area Water Users Association presented the testimony of Arthur R. Jensen Ph.D.  Dr. Jensen has been President and General Manager of the Bay Area Water Supply and Conservation Agency for 15 years.  He has over 30 years of experience in the water industry.  He has served as manager of the San Francisco Water Department, and performed engineering and planning studies of the regional water system in a consultant capacity.  He has a Ph.D. in Environmental Engineering Science and has conducted research in water management.

42. The City and County of San Francisco Public Utilities Commission presented the testimony of Peter Moyle, Ph. D., Ellen Levin, Daniel Steiner, Timothy Ramirez and David Sunding, Ph.D.  
43. Dr. Moyle is a professor at the University of California, Davis, where he teaches courses in fish biology, wildlife conservation, and watershed ecology.  Dr. Moyle has spent over 40 years studying ecology and conservation of freshwater and estuarine fishes, including salmon and trout in California.  He has a B.S. in Zoology, an M.S. in Conservation, and a Ph.D. in Zoology.

44. Ms. Levin is Deputy Manager of the CCSF Water Enterprise.  In this position, Ms. Levin is responsible for providing water resources expertise and direction to the operating resource divisions of the CCSF Water Enterprise.  The Enterprise is concerned with, among other things, water resource planning and water supply development, water systems planning, and capital planning.  Ms. Levin has a B.S. in Conservation and Resource Studies and a M.S. in Land Resources.

45. Mr. Steiner is a self-employed consulting civil engineer with expertise in water supply and water system operation analysis.  He has over 30 years experience in water resources planning, development and management, including operations planning for multipurpose water systems which have water and power supply, flood control, recreation, fishery and wildlife enhancement and water quality objective.  Mr. Steiner now provides technical analyses and interpretation of water and power system operation studies for the CCSF, including continuing support of investigations for the Water System Improvement Program.  He is experienced in hydrologic and water system operational analysis of the San Joaquin River Basin and its Tuolumne River tributary river systems.  Mr. Steiner has a B.S. in Civil Engineering.
  

46. Mr. Ramirez is Manager, Natural Resources and Lands Management Division, Water Enterprise, CCSF.  He joined the Division in 2005.  The Water Enterprise exists to protect and restore natural resources that affect or are affected by current and future operations of the CCSF water system, which includes the Upper Tuolumne River.  Mr. Ramirez has worked on Tuolumne River issues in various capacities since 1995, including tracking.  His staff represents the CCSF on the Tuolumne River Technical Advisory Committee (TRTAC).  Mr. Ramirez has a B.S. and an M.S. in Civil and Environmental Engineering, and an M.A. in Urban Planning, Environmental Analysis and Policy.

47. Dr. Sunding is a director of Berkeley Economic Consulting, Inc., an independent economic research firm.  He is an economist specializing in natural resource and environmental economics, including water resource economics.  Dr. Sunding has over 20 years experience as a water resource economist and has held several academic appointments.  He currently holds the Thomas J. Graff Chair in Natural Resource Economics and Policy at the University of California at Berkeley and is co-director of the Berkeley Water Center.  Dr. Sunding has a B.A. in Economics, an M.A. in African Area Studies, and a Ph.D. in Agricultural and Resource Economics.  He has won a number of professional awards and is widely published.

III.
PARTICIPANT TESTIMONY 
A. The Districts
48. Mr. Nees submitted pre-filed direct testimony.  He testified that the Districts have met their responsibilities under the 1995 Agreement
 and the Implementing Order.  The 1995 Agreement provided that if the goals set forth in the 1995 Agreement were not met because of factors within the control of the Districts, or if the Districts had not made a good faith effort to fulfill the terms of the 1995 Agreement, any party could withdraw from the agreement in 2005.  No party has withdrawn.

49.   The 1995 Agreement and the Implementing Order substantially increased Critical Water Year minimum instream flow requirements, as well as normal and wetter water year flow requirements.  The water year classifications were to be based on the San Joaquin Basin 60-20-20 Index and the California Department of Water Resources (CDWR) San Joaquin Valley unimpaired runoff forecasts, which are available on the internet and published in CDWR Bulletin 120-3-[year] reports, Water Conditions in California.  Additional water, called “Interpolation Water,” would be added to applicable flow schedules should the San Joaquin Basin Index fall between the designated water year classifications.  The new fish flow year starts on April 15 of each year, about the time that spring outmigration pulse flows start.  Additional blocks of water would be provided for fall attraction flows in Below Normal, Above Normal, and Wet water years and spring outmigration pulse flows would be provided in all water years.  An absolute fish flow floor of 94,000 AF was established in the 1995 Agreement.

50. Mr. Nees testified that, in addition to implementing the fish flow requirements set forth in the Implementing Order and conducting, to the extent allowed by FWS and NMFS,
 the fish monitoring and studies required by the 2008 Order on the Districts’10-year Summary Report,
 the Districts have supplemented the 1996 Order’s spring outflow water requirement with its participation in the Vernalis Adaptive Management Program (VAMP) and have supplemented the 1996 Order’s dry-year summer flows in conjunction with CCFS during summers 2008 and 2009.  The Districts also release a buffer flow in addition to the minimum amount of water required to be released by Article 37 of its license.
  The buffer flow is released to avoid most minimum flow compliance problems that are created from time-to-time by the United States Geological Service (USGS) retroactively recalibrating the Project stream flow gage and therefore officially published stream flow readings below the La Grange on which Article 37 compliance is based.
 
51. Mr. Nees testified that parties to the 1995 Agreement recognized that salmon production within the lower Tuolumne was directly tied to mortality factors both within and outside of the Tuolumne and that the Districts only had control over some limited factors.  Mr. Nees stated that Commission also recognized that outside factors could affect the ability of the Districts to assist fishery resources in the July 16, 2009 Order.
 

52. Mr. Nees testified about how providing flows for fishery resources affects water availability for the Districts and CCSF.  He testified that excluding flood control-related releases, the four major uses of Tuolumne River water are:  1) water diversion and storage for irrigation and municipal and industrial (M&I) uses by the Districts and their customers; 2) hydroelectric power generation; 3) water diversion and storage for M&I uses by CCSF and its San Francisco Bay Area wholesale customers; and 4) water releases for fish.  Since 1996, in addition to the increased releases for instream flows, overall consumptive water supply demands have increased within the Districts’ and CCSF’s wholesale service area.  Additional increases in instream flow requirements for fish could significantly reduce the amount of water available to meet the Districts and CCSF’s water demands, especially in the 50% drier water years.  The Implementing Order and the July 16, 2009 Order
 recognized CCSF’s obligation to provide from its storage credits in the Project, about half of any increase in required minimum flows based on the 1966 Fourth Agreement between the Districts and CCSF.

53. Mr. Nees testified that concern over quality and quantity of groundwater drinking supplies resulted in MID entering into an agreement with Modesto in 1992 to provide treated surface water to met the needs of that growing community.  TID is in the process of developing a regional water supply project to furnish Tuolumne River-treated drinking water to the cities of Turlock, Ceres, Hughson, and a portion of Modesto south of the Tuolumne River.  Both of these M&I projects and the customers served by them would be adversely affected by any increased fish flow requirements in all but the wettest water years.
 
54. Mr. Monier submitted pre-hearing direct and rebuttal testimony and testified at the hearing.  On direct, Mr. Monier testified that he had analyzed the impact the 2008 FWS/NMFS flow proposal (2008 Proposal) would have on the water supply of the Districts.
   He testified that since droughts are common in California and in the Tuolumne River watershed, all water agencies use dry-year water supply planning criteria.  The Districts’ primary dry-planning criterion is the 1987-1992 drought.  The 1987-1992 drought period was the longest consecutive number of dry water years experienced on the Tuolumne since record keeping began over 100 years ago.  Other possible drought periods that could be used are the 1976-1977 drought, the most severe two-year drought of record over that 100 year+ time period, and the 1929-1934 drought.  For comparison purposes, using the official California Department of Water Resources’ published numbers for the San Joaquin River Basin Hydrologic Index, the average index number for each year of the 1929-1934 drought was 2.09, for the 1976-1977 drought was 1.21, and for the 1987-92 drought was 1.72.  Mr. Monier made the point that the 1987-1992 drought is not the most severe drought of record.

55.  Mr. Monier testified that his calculations showed that if 2008 Proposal flows were in place during the next six water years, 2010 (beginning October 1, 2009 through 2015) and there is a drought over those years, the Reservoir would be out of water in the second year.  During water years 2011 through 2015, the Districts would have an average shortage of 35% from the water they would normally divert to meet the needs of their customers.  By the end of September 2011, the Reservoir would empty to dead storage-level.  For the remaining years of the drought, the Districts would receive substantially less water each year and the Reservoir would be down to dead storage by September 30 of each year, except for September 30, 2012, when there would be 45 AF in active storage.  The Districts did not receive their full allotments of water during the 1987-1992 drought of record and with the proposed FWS flows, the Districts would receive even less water.

56.  In his direct testimony, Mr. Monier calculated the water that would be required under the 2008 Proposal would be 292,959 AF annually without a buffer added, and 301,607 AF with a 5% buffer flow added.  He testified that if a repeat of the 1987-1992 drought occurred during the next six water years, 2010 through 2015, the 2008 Proposal would increase the instream flow requirement by about 176,000 to 190,000 AF each year.  The 2008 Proposal would, in other words, result in up to a tripling of the existing Article 37 fish flow requirement for the 50% drier water years when the other water demands of the Tuolumne system were already significantly stressed.

57.  In rebuttal testimony, Mr. Monier updated his testimony to reflect the even greater adverse impact the FWS/NMS September 14, 2009 Interim Flow Proposal (Interim Flow Proposal) would have on the Districts water supply and the CCSF water supply.  The Interim Flow Proposal did not, and could not identify actual additional amounts of water the Districts would have to release for instream flow purposes to meet their water temperature criteria.  The additional flows, above specified new base flows, would depend on factors such as ambient air temperatures and other local weather conditions, and the temperature of Reservoir release water.  The additional flows would entail flow releases that would attempt to meet forecasted temperature conditions up to over 50 miles below La Grange where water releases from the dam would take more than 24 hours in travel time to reach the lower Tuolumne.  The Interim Flow Proposal also did not specifically identify the extensive equipment and operational coordination needs that would be required to begin to implement such a flow management program.

58. Mr. Monier testified that temperature management flows could vary widely above base flows and the ability to successfully operate in a precise and timely manner is not currently known.  There is no real time water temperature and transmitting equipment at any location except the USGS gage at Modesto, which is near RM16.2.  Additional monitoring sites would need to be analyzed for feasibility and costs.  He testified that since 1971, flows have been measured by the USGS at the stream flow gage located at about RM 51.7 or at their cableway near RM 51.1 and not at former gage at Old La Grange Bridge (RM 50.5) as requested in the Interim Flow Proposal.  Moreover, the Districts have only recently submitted a temperature modeling study plan pursuant to the July 16, 2009 Order
 to FWS/NMFS for their review and comment by October 5, 2009.  Consequently, only general comments can be made about flows to meet any downstream temperature targets until the study is completed.

59.  At the hearing, Mr. Monier admitted that he could not predict that there would actually be a drought for six more consecutive critical water years.  However, considering the magnitude of the proposed water releases, only two years need be considered because the Reservoir would run out of water during the second year.

60.  Mr. Monier also tried to clear up seemingly contradictory rebuttal testimony.  He had testified that only general comments could be made about flows to meet downstream temperature targets until the Districts’ study was complete, while at the same time stating    specific ranges of flow volumes necessary to meet the Interim Flow Proposal temperature targets based on a separate, less precise temperature model developed by the Districts in the late 1980s.  However, Mr. Monier testified at the hearing that the two statements were not contradictory because two different subjects were involved:  1) a time resource issue; and 2) what the effect of dropping the Reservoir down to very low levels, thereby increasing the temperature of the flows coming out of the Reservoir would be.
    

61. Regarding the time resource issue, Mr. Monier testified that the proposed flows have a temperature component which requires some kind of modeling.  The only resource available at the time to do the modeling is a model called “SN temperature.”  The Districts consulting firm ran the model which gave an estimate of the flows that would be required to meet the temperature components of the proposed flows.  The model had eleven days of data in it.  The output of the model is a five-day average of flows based on a five-day average of temperatures.  It is his understanding that the flow proposal was a request for a seven-day running average of maximum temperatures.  The SN temperature model, even with a limited number of years, would under-forecast what the required flows would be.  Regarding the issue of the effect of dropping the Reservoir down to very low level thereby increasing the temperature of the flows coming out of the Reservoir, he testified that that relationship in not yet understood.

62. Mr. Salyer submitted pre-filed direct testimony.  He described how TID and MID use the Don Pedro Power plant to support their power supply needs.  He testified that the Don Pedro power plant is used to serve native load for both Districts.  The plant also is vital to meeting the National Electric Reliability Council (NERC) and Western Electric Reliability Council (WECC) electric reliability standards for the Districts.  Both TID and MID use their proportionate shares of the Don Pedro Dam generating capacity to follow electric load, provide flexible peaking capacity, and spinning and non-spinning reserves.

63. TID serves as its own electric control area.  Consequently, the generation capacity and spinning reserve capability are very important to TID’s mix of electrical generation resources.  Having Don Pedro generation capacity and spinning reserve available to TID allows for operation of its most efficient gas-fired thermal unit at full capacity.  Otherwise, TID would be without back-up capacity and spinning reserve available to meet its operating criteria requirements under the WECC as an electric control area.

64.  Mr. Salyer testified that the FWS/NMFS proposed fish flow schedule, especially during the dry years, would severely curtail the Districts’ ability to maximize the value of their respective share of the generating resource.  There could be a substantial loss of energy and capacity associated with operating the units at such a low head.  Unit efficiencies drop dramatically as the lake elevation lowers.  It also becomes very difficult to operate the units at lower lake elevations due to mechanical vibration problems.  The Districts would need to get outside replacement generation and ancillary service to compensate for this loss.  The estimate is that the impact of the energy loss would be about 360 gigawatt-hours (GWh) for TID and 180 GWh for MID over the stated study period of six years, along with corresponding capacity.  TID would also have to make additional outside replacement power purchases as a result of having to reduce the operating capacity at TID’s most efficient combined-cycle gas turbine power plant due to a lack of contingency reserve capacity from its hydro resources.

65.  Mr. Salyer testified that he had directed a study to calculate the impact to the overall power supply costs if the FWS/NMFS proposed flows had been in place during a recurrence of the 1987-1992 drought.  He found that Don Pedro would have been out of water in the second year.  The Districts’ generation capacity would have been severely curtailed.  The cost impact to MID during that period, if MID had been able to replace the capacity with contract purchases, would have been about $12 million.  If MID had to build replacement capacity to cover the loss, it would have cost about $38 million during this time period.  TID performed similar studies and found that it would cost about $50 million over a re-occurrence of the 1987-1992 drought to purchase spinning reserves, energy and transmission capacity to transport the replacement power.

66.  Mr. Salyer testified that in the best case scenario, the capacity that the Districts would be able to purchase comes with blocks of energy behind it and is not as flexible as that from Don Pedro.  In the worse case scenario, based on load and market conditions, there may not be capacity products available to purchase.  During drought periods in the West, energy resource availability is limited.  The least risky, but most expensive approach to replacing capacity is to build new fossil peaking capacity such as reciprocating engines or gas turbines.  Greenhouse gases in the air would increase because the replacement generation would likely be fossil fuel.  If a cap and trade program for emissions from fossil fuel plants were to be implemented there would likely be additional costs associated with obtaining replacement capacity.  Furthermore, California has statutory requirements aimed at lowering the amount of greenhouse gases in the air that would make use of fossil fuels even more expensive.
  

67.  Mr. Hume submitted pre-filed direct and rebuttal testimony.  In his direct, Mr. Hume addressed the influence of instream flows and other factors on the fall-run Chinook salmon population levels in the Tuolumne and in the larger San Joaquin River basin.  He testified that juvenile fall-run Chinook salmon (fry) in the Tuolumne River usually emerge from spawning nests (redds) between late December and April, with most emerging in February.  The fry may primarily remain and rear in the Tuolumne if low steady winter flows occur or if most of the fry can migrate further down and out of the Tuolumne (this depends on the timing and extent of runoff events or elevated flow releases, such as flood flow situations).  The relative contribution of migrating fry that rear in downstream waters, like the San Joaquin River and Delta (Delta), to river-wide Chinook salmon production is not known.
 
68. Fall-run Chinook salmon fry grow from winter to spring into larger salmon juveniles that become smolts ready to migrate to the ocean.  This occurs mainly in the April-May period.  The smolts are susceptible to predation throughout their migration route.  They emigrate from the lower Tuolumne, enter a 30-mile reach of the lower San Joaquin River before the point where they can travel through the Delta by two primary channels to the Sacramento-San Joaquin River confluence and beyond to the San Francisco Bay.  The channels can experience net reverse flows towards the state and federal pumping facilities as well as large directional shifts due to tidal movement that becomes more extensive in the western Delta toward the San Francisco Bay.  In addition to direct entrainment
 in the state and federal export facilities where large numbers of predatory fish congregate, the reverse flows also increase exposure time to predators in the Delta distributary channels.

69. Mr. Hume testified that salmon returning from the Pacific Ocean to spawn enter the San Francisco Bay between September and November in most years.  The route of their upstream migration is affected by olfactory homing to their natal streams and by water temperature and water quality.  Depending on reverse flows within south Delta channels, it is likely that only the mainstem of the San Joaquin River contains water of Tuolumne origin which may affect the choice of alternative routes.  The CDFG conducted a study in 1970 that showed that although the primary migration pathway of the San Joaquin River basin salmon was the mainstem channel that passes Stockton, low dissolved oxygen (DO) conditions there were shown to block up-migration in some years by several weeks, until water quality conditions improved later in the fall.  He testified that aeration devices operate at the Port of Stockton to maintain minimum DO conditions during the up-migration period.  The fall temporary barrier installed at the head of Old River to force San Joaquin River flows to Stockton help alleviate low DO levels also.  Studies further show that higher temperature waters in the lower San Joaquin River may cause some pre-spawn mortality of eggs.

70.  He testified that factors affecting  the fall-run Chinook salmon population levels in the lower Tuolumne related to instream Article 37 flow releases from the Project affect:  1) several freshwater life stages of salmon at various times of year, including spawning site selection, egg-survival to emergence, fry rearing areas and habitat suitability, and, 2) smolt outmigration timing and in-river survival.  He testified that those factors were considered in the development of current Article 37 flow schedules, which primarily considered benefits to salmon, but also recognized benefits to rainbow trout/steelhead (O. mykiss) populations.

71. Mr. Hume testified that non-flow factors may also affect year-to-year variations in smolt survival.  They include:  1) inland factors -- inland harvest, unscreened riparian water diversions as well as large scale water diversions from the south Delta associated with reverse flows in San Joaquin River, and entrainment and predation of outmigrant smolts at state and federal pumping facilities; and, 2) ocean factors – commercial and sport harvest, climatic factors affecting ocean food production, such as the variable (three-to-eight year period) El Nino Southern Oscillation (ENSO) and more regular (20-30 years) Pacific Decadal Oscillation (PDO) that causes large changes in ocean circulation patterns.  These factors were recognized in the July 2009 Order as the proximate cause of the recent salmon population declines.
 
72. Fall–run Chinook salmon escapement numbers to the Tuolumne vary substantially over time.  Between 1952 and 2009 the Tuolumne and other San Joaquin River tributaries had cyclical patterns to spawner returns and wide inter-annual variations in the returns.  Other studies show a general pattern of increased escapement levels often following wet years when river flows are high across the San Joaquin River basin tributaries.  Mr. Hume testified that escapement patterns are not consistently related to year-to-year variations in tributary flow levels.  Mr. Hume’s opinion is that the apparent recent decline in Salmon escapement in the Tuolumne since the recent peak in 2000 suggests a common factor outside of the tributaries – such as Delta or ocean conditions – is affecting the San Joaquin River basin salmon population since all three San Joaquin River tributaries have exhibited a similar rate of decline in recent annual escapements.  NMFS attributed poor showing in salmon runs in 2005 and 2006 to poor ocean conditions.  Delta conditions also contributed to population decline.  The Summary Report showed increase in annual water diversions from the Delta by a factor of two since early 1990s.  The Project water use from Tuolumne has remained about the same since 1950s.
 
73. In addition, Mr. Hume testified, state and federal pumping plants, which withdraw large amounts of water from the Old River channel of the San Joaquin River in the south Delta, also affect salmon.  The percentage of juvenile salmon reaching the export facilities is a function of the percentage of the water in the San Joaquin passing through Old River, which in turn, is affected by the volume of export water pumped relative to the volume of flow in the San Joaquin River.
  
74. Mr. Hume testified that native and non-native fishes affect survival of rearing and outmigrant life stages in the lower Tuolumne and downstream locations in the San Joaquin River and Delta.  He testified that the pelagic organism decline (POD) refers to rapid declines in several pelagic species (delta smelt, longfin smelt, threadfin shad, and juvenile [age-0] striped bass) and their food resources within the Delta.  Less POD means less food for salmonids.  The POD decline may be due to invasive fish.
  
75. Mr. Hume’s opinion was that it is not likely that changes to the current Article 37 flow volumes, absent wet-year conditions associated with season-long flood control releases, will result in measurable increases in salmon production and subsequent escapement over the period between now and expiration of the FERC license in 2016.  Basin-wide population model simulations summarized in the Summary Report suggested that long-term implementation of existing Article 37 flow schedules would result in a 37% increase in escapement levels when compared to the flow schedule in effect before 1996.  However, escapements decreased.  The observed year-to-year and decadal variations in the historical Tuolumne River Chinook salmon escapement levels and the influence of factors other than instream flow are significantly larger than the influence of controllable flow changes, thus making it difficult to evaluate the actual effect of the current Article 37 flows.  Mr. Hume testified that more monitoring is needed to better evaluate the factors besides instream flow that are adversely affecting population levels of Chinook salmon in the lower Tuolumne; monitoring to better evaluate factors affecting populations levels.  Until that happens, there is no way to obtain a credible assessment of the effectiveness of any interim flow measures before the relicensing intended to benefit Chinook salmon.
 
76. Mr. Hume testified that if the Reservoir fell to dead pool level, the loss of a cold water pool would affect the ability to provide cool water during May smolt outmigration for any over-summering juveniles, and may also adversely impact the spawning and incubation success of salmon spawners arriving in October and early November of most years.  The lack of cool water would also affect outmigration and up-migration timing and likely prevent the normal cyclical recovery of the Tuolumne River salmon.  Ex. DIS-15 at 12.  However, Mr. Hume testified, Tuolumne and other San Joaquin River basin tributaries have experienced a number of population scares in the past when spawner levels dropped below 1,000.  Using the “extinction risk” model, population sizes in all three tributaries have dropped below the minimums necessary to maintain genetic viability in several past periods, but have rebounded within a few years.  He states that “extinctions” and later re-establishment of new populations by straying among the tributaries have regularly occurred in the San Joaquin River basin since the beginning of modern record keeping of spawner returns.  Admitting that current populations are low despite implementation of increased instream flows under the current Article 37 flow schedule. Mr. Hume noted that recent NMFS Northwest Science Center reports about ocean conditions indicate improved food resources for Chinook salmon off the northern California Coast for the past two years (2007 and 2008) and a cooling trend.  He noted that recent restrictions on Delta exports may also improve salmon survival, and predicts that small increases in the Tuolumne Chinook salmon spawner returns between 2007 and 2008 will increase in 2009 due to these factors, potentially leading to a gradual recovery of population levels within the next few years.

77. Mr. Hume did offer some hope that there were interim flow measures that could possibly help salmon in the lower Tuolumne.  One suggestion would include use of adaptive management of existing Article 37 flow volumes to experimentally shift the timing and magnitude of instream flows for the benefit of rearing or outmigrating salmon ( and O. mykiss).  The Districts have offered to explore use of “true-up” water to benefit Chinook salmon.  “True-up” or “interpolated” water is normally allocated for uses such as increasing summer or spawning flows over the remaining period under the then-current fish flow year, which ends April 14 of each year, but the water may also be carried over to the following fish flow year at the discretion of the fishery resource agencies.  For the current 2009 fish flow year, which ends April 14, 2010, this volume corresponds to 25,000 TAF that could be released between October 1, 2009 and April 14, 2010.  He testified that the Districts also offered to extend the date beyond April 14, 2010 as an interim measure.

78. He testified that the Districts will continue discussions with agencies regarding an extension of the VAMP studies and the continued contribution of supplemental Tuolumne River spring pulse flows of up to an additional 22,000 AF of water each spring to assist the outmigration of salmon smolts from the San Joaquin River basin through the Delta.  In addition, the Districts propose to conduct studies of the water temperature effect of voluntarily supplementing minimum stream flows during drier year summers through 2016, with the participation of the CCSF, as has been done in 2008 and 2009.  That would correspond to minimum flow levels between about 95-130 cubic feet per second (cfs) instead of the currently required 50-75 cfs in the driest water years in the current flow schedule.  Mr. Hume complained that CDFG unilaterally withdrew $15 million grant funding for gravel augmentation and mining reach projects.  Implementation of those gravel augmentation projects could have increased the area of suitable spawning and rearing habitat and that could have had direct influence on subsequent escapement levels.  However, such improvements to lower Tuolumne habitat will not necessarily result in improvements in population levels unless conditions in the Delta and ocean improve.
      
79. In his rebuttal testimony, Mr. Hume responded to the direct testimony of CDFG witness Dr. Gordus, (Ex. DFG-4), FWS witness Dr. Mesick (Ex. FWS-4), FWS witness Mr. Gard (FWS-6), FWS witness Ms. Workman (Ex. FWS-2), NMFS witness Dr. Lindley (NMF-6), and CDFG witness Mr. Heyne (Ex. DFG-2).

80. Mr. Hume testified that Dr. Gordus’ testimony regarding the application of salmonid temperature criteria at locations within the lower Tuolumne should be discounted because Dr. Gordus ignored the challenge of the San Joaquin River Group Authority to the listing of the Tuolumne and other San Joaquin River tributaries as impaired for temperature on procedural inconsistencies and factual inaccuracies regarding applicable temperature criteria at locations within the lower Tuolumne to protect various life stages of fall-run Chinook salmon.  Also, according to Mr. Hume, it is not apparent that Dr. Gordus or CDFG took other relevant considerations into account.

81. Mr. Hume testified that preliminary analyses suggest that the NMFS proposed temperature criteria would not be attainable even if the Don Pedro Reservoir were re-operated at the expense of other beneficial water uses.  Water temperature model simulations show that the proposed maintenance of the springtime Chinook salmon outmigration criteria to the river mouth (59ºF /15ºC) would require such large water releases as to eliminate the cold water pool in the Reservoir and prevent the attainment of the proposed summer water temperature criteria for steelhead down to the Roberts Ferry Bridge at RM 40, as well as their fall up-migration temperature objectives for Chinook salmon spawning, due to elevated temperatures at the Reservoir outlet.

82. Mr. Hume testified that that even before construction of dams on the Stanislaus, Tuolumne, and Merced Rivers water temperatures were a primary factor determining the life-history strategies of Chinook salmon and steelhead populations.  High water temperatures at various points in the tributaries negatively affected life stages of Chinook salmon and steelhead.  Although the dams may be operated for cold water releases, these pre-existing constraints effectively “squeeze” the current spawning runs and juvenile outmigration periods into a small period of time, outside of which Delta exports and water quality conditions have severe effects on survival and homing.  Trying to overcome downstream limitations in habitat conditions by use of upstream releases is not feasible and endangers water supply for other uses.

83. Mr. Hume testified that although he had not had enough time to thoroughly review Dr. Mesick’s testimony regarding “The High Risk of Extinction for the Natural Fall-Run Chinook Salmon Population in the Lower Tuolumne River due to Insufficient Instream Flow Releases,” he wanted to make some points about the focus of the document.  He testified that the Tuolumne is not recognized as an evolutionary significant unit (ESU) or distinct population segment (DPS) separate from the Central Valley fall- and later fall-run Chinook ESU.  Those fish are not listed as endangered.  Therefore, analyzing the population demographics and trends in isolation of the other rivers of the San Joaquin basin and wider Central Valley is suspect.  As he previously testified, the extinction of fall-run Chinook salmon and later repopulation by strays from other river systems appears to be a regular occurrence within the San Joaquin River basin tributaries since their escapements have fallen below 250-2,000 thresholds before.  Similar population declines were observed over this period throughout the San Joaquin River basin, suggesting that common environmental factors (Delta and ocean conditions) across the ESU have to be included in the analysis.

84. Mr. Hume testified that the High Risk of Extinction document does not address the effects of hatchery introductions on Tuolumne Chinook salmon and the influence of in-breeding.  The loss of fitness and fecundity of Tuolumne River spawners due to the poorer growth in the ocean of hatchery fish is plausible, according to Mr. Hume; however, use of instream flows to compensate for the Merced River and other hatchery influences is a factor that is not within the control of the Districts.

85. Finally, Mr. Hume notes that Dr. Mesick did not provide a basis for his discounting of the influence of Delta and ocean conditions suggesting that if factors other than instream flows do not vary greatly over the period of analysis, they will not be shown to statistically explain observed variations in escapement.  Mr. Hume points out the July 2009 Order acknowledged that factors affecting population levels other than flows needed to be considered.
 

86. Mr. Hume disputed the direct testimony of Dr. Gard about floodplain habitat on the Tuolumne.  Mr. Hume testified that the Yolo Bypass and lower Cosumnes River floodplain locations Dr. Gard’s cites as demonstrating the benefits of floodplain inundation of juvenile salmon are lowland valley locations near the Delta in low gradient area of silt/sand substrates, and would not be applicable to the reach near La Grange because of major differences in habitat type and temperature conditions.  The floodplain locations downstream of the La Grange Dam that Dr. Gard identifies have been greatly altered by gold dredging.  Mr. Hume testified that measures to restore the Tuolumne floodplain areas substantially modified by gold dredging operations have been identified and prioritized, but topography, hydroperiod and habitat quality in these and other areas further downstream are not like the low-gradient floodplain areas Dr. Gard testifies about.  In addition, according to Mr. Hume, the proposed re-operation of the Project for floodplain inundation is at odds with the Commission’s long-standing position to reduce stranding of juvenile salmon, including fry, in floodplain and overbank areas resulting from rapid flow fluctuations.

87. Mr. Hume addressed the testimony of Dr. Lindley regarding the status of Tuolumne salmonids and factors affecting anadromous and resident life histories of O. mykiss.  He testified that Dr. Lindley did not recognize the influences of fresh water conditions in the Delta, such as increased exports and the associated changes in Delta food webs and predator abundance in addition to degradation in freshwater habitats.  Although Dr. Lindley corroborates Dr. Mesick’s extinction risk analysis, Mr. Hume notes that the Tuolumne is not recognized as an ESU or DPS separate from the Central Valley fall- and late fall-run Chinook ESU.  Therefore, the extinction risk should be assessed on a Central Valley-wide or ESU-wide basis with full consideration of other factors that affect this population in common such as Delta and ocean conditions.

88. With regard to Dr. Lindley’s testimony regarding conditions favoring anadromy, Mr. Hume testified that whether O. mykiss becomes anadromous depends on a number of factors beyond instream flows.  However, the Districts have repeatedly offered to work with the agencies to explore the use of alternative pulse flow timing within the existing Article 37 flow schedules for the benefit of Tuolumne salmonids.  This could include pulse flows related to the outmigration of steelhead smolts as an interim measure.
  
89. Mr. Hume addressed the testimony of Ms. Workman regarding the status of Tuolumne salmonids and the role of flows in conjunction with habitat restoration projects.  He testified that in her presumed ineffectiveness of habitat restoration projects in increasing escapement, Ms. Workman compares escapement over the1967-1991 baseline period to more recent levels.  However, according to Mr. Hume, selection of averaging periods within a system with the cyclical escapement patterns of the Tuolumne is statistically inappropriate due to the over-weighting of one or more of these cycles.  Also, the independent review the FWS contracted for suggested that the magnitude of errors of existing point estimates of natural production in the Central Valley during the period of 1967-1991 and since 1992 may be very large and may not have been estimated.  Mr. Hume listed several factors that compromise the ability to detect differences in population levels due to management actions.

90. Mr. Hume addressed the testimony of Mr. Heyne regarding the status of Tuolumne River Chinook Salmon and interim flow measures to benefit that population.  Mr. Hume testified that while escapements did decrease during the 2000-2006 period as Mr. Heyne testified, again, prior periods of population decline have been accompanied by increasing population trends of comparable or longer duration (1991-2000, 1977-1985, and 1963-1969).  Regarding the correlation of spring out flows with subsequent escapement, Mr. Hume testified that only 41% of the variation in escapement is explained by spring outflow.  He testified that the majority of flows associated with increased escapement are associated with flood control releases across the San Joaquin River basin in wet water year types rather than due to operational variations of Reservoir releases.

91. Mr. Wilcox submitted pre-filed direct and rebuttal testimony and testified at the hearing.  In direct, he testified about the differences between resident and anadromous O. mykiss.  O. mykiss is a species of trout that is native to tributaries of the Pacific Ocean in Asia and North American and is found in freshwater rivers within the United States.  The ocean going or anadromous form, known as “steelhead,” spends the majority of its adult life at sea and returns to spawn in its natal stream.  The freshwater, or resident form is known as “rainbow trout” and spends its whole life in freshwater. The steelhead may remain in freshwater for one to three years before emigrating to the ocean.  They stay in the ocean one to four years before returning to spawn.  Steelhead usually grow to a larger size than resident rainbow trout, and steelhead spawners produce larger numbers of eggs and fry than do resident rainbow trout when both are in the same river system.  Unlike Chinook salmon (O. tshawytscha), both forms of O. mykiss may spawn more than once in their lifetimes.  Juvenile O. mykiss forms (anadromous and resident) are identical in appearance and require sampling of their otoliths (bony structures in the ear that grow in layers similar to tree rings and contain trace minerals from the ambient water where a fish lives) to be distinguished.

92. Mr. Wilcox testified as to how resident and anadromous population levels differ in their responses to the impact of instream flow releases from the Project.  Morphology and behavior of the resident O. mykiss is similar to the freshwater life stages of anadromous O. mykiss.  He testified that conclusively identifying one from the other is not possible without destructive sampling to analyze for trace levels of seawater ions found in their otoliths.  However, assuming all O. mykiss found in the lower Tuolumne River are anadromous from a regulatory perspective, their life history requirements are similar to those of Chinook salmon.  As a result, both benefit from the flow provisions of the 1995 Agreement.

93. In addition to study updates on instream flow and water temperature ordered by the Commission in the July 16, 2009 Order, the Districts examined the relationship between instream flow, habitat suitability for resident juvenile and adult O. mykiss life stages, and water temperature using the SNTEMP model and results of the 1992 IFIM Study and submitted to the Commission in 2003.  The influence of flows on water temperature has since been modeled using the updated HEC-5Q water temperature model, and has also been monitored directly over a range of flow and meteorological conditions.
  
94. Mr. Wilcox testified that numbers of over-summering O. mykiss juveniles and adults found during snorkel surveys conducted by the Districts in the lower Tuolumne, as well as the downstream extent of their habitat use, have increased “dramatically” since the adoption of current Article 37.  Because O. mykiss may prey on juvenile Chinook salmon, the original Article 37 flow schedule recommended by the CDFG and later adopted by the Commission in the 1964 license intended to limit over-summering of O. mykiss juveniles.  Before Article 37 was implemented in 1996, few O. mykiss were identified in historical fisheries surveys of the lower Tuolumne during summer and none below RM 48.

95. Mr. Wilcox testified that suitable temperature ranges for O. mykiss during the summer is subject to debate, but that it does seem that local populations of some strains have adapted and persisted in streams and rivers with daytime maximum temperatures of near 80ºF (27ºC).  In the Tuolumne, O. mykiss have routinely been found at locations exceeding 68ºF (20ºC) with a maximum observed of 77.9º F (25.5ºC) for O. mykiss found at RM 43 in 2001 surveys.  The Commission noted in footnote 61 of the  July 16, 2009 Order that many larger river systems that support steelhead experience summertime water temperatures exceeding 70ºF (21ºC).

96. Mr. Wilcox testified that there was no indication that increases in summer flows beyond those now required will increase the population of anadromous O. mykiss on the Tuolumne.  Low rates of O. mykiss anadromy found between 2001 and 2007 in the Tuolumne River (1 adult anadromous O. mykiss out of 148 juveniles) and other San Joaquin basin tributaries suggest that anadromy is not currently competitive with freshwater residency as a life history strategy.  O. mykiss can choose between emigrating to the ocean or remaining in fresh water.  Most lower Tuolumne River O. mykiss choose to stay in fresh water because the probability of survival is higher.  Mr. Wilcox testified that predation, high water temperatures in the lower San Joaquin River, entrainment at state and federal pumps, and inland and ocean harvest, or other hazards associated with the long outmigration and subsequent up-migration from the ocean are factors lying outside of the Tuolumne River basin.  He testified that improvement in freshwater conditions (lower temperatures) would not increase population.  Attempting to increase the resident population levels by extending the length of the river with suitable water temperatures is also limited by habitat suitability for over-summering juvenile O. mykiss.  He testified that it reaches the point of diminishing returns because higher flows eventually decrease juvenile habitat through unsuitably high velocities and may displace juvenile O. mykiss into locations farther downstream with unsuitable water temperatures or higher predation rates.

97. Mr. Wilcox testified further that it is not clear that spring pulse flows during April and May would benefit outmigration of steelhead smolts.  It is not known whether steelhead progeny found on the Tuolumne River would emigrate on the same “fall run” outmigration timing as Chinook salmon for which the pulse flows were primarily designed.

98. Mr. Wilcox testified that NMFS and CDFG has not issued the required scientific permits necessary for the Districts to conduct the studies ordered in the Commission’s April 3, 2008 Order,
 despite the Districts’ request for same.  That study was focused on identifying the O. mykiss population numbers, testing for anadromy, and tracking adult O. mykiss to identify movement patterns and habitat preferences.  According to Mr. Wilcox, these studies are needed because so little is known about steelhead trout in the San Joaquin River basin.  These studies should be completed before decisions are made about what actions to take regarding the steelhead in the lower Tuolumne.  The 2008 Order also directed the Districts to work with funding and permitting agencies to complete some of the approved proposed gravel augmentation and gravel mining reach projects.  However, CDFG has withheld the funding.  In any event, according to Mr. Wilcox, habitat conditions within the Tuolumne River corridor would be beneficial to resident, but not necessarily to anadromous O. mykiss.

99. Mr. Wilcox testified that modeling conducted by the Districts show that under conservative hydrologic and operations modeling assumptions, Reservoir storage and dependable supply would be eliminated within a few years of drought conditions should the flow recommendations proposed by fishery agencies be adopted on an interim basis.  The loss of a dependable water supply due to over-subscription of instream uses will reduce the ability of the Districts to meet water supply obligations for both instream and other uses.  The loss of the coldwater pool may affect the ability to provide cool water during hot summer periods when juvenile O. mykiss are found downstream of La Grange and may also adversely impact spawning and incubation success of salmon spawning occurring in October to November.

100. In rebuttal testimony, Mr. Wilcox responded to the direct testimony of FWS witness Mr. Gard, NMFS witness Ms. Strange (NMFS), FT witness Mrs. Boucher , and CDFG witness Mr. Heyne.

101. Mr. Wilcox disputed the testimony of Mr. Gard that the scientific literature supported using logistic regression to develop habitat suitability criteria.  According to Mr. Wilcox, Mr. Gard cannot use that reference to support his claim that there had been bias in the 1995 FWS Tuolumne instream flow study due to the methods used to develop the habitat suitability criteria.  Mr. Wilcox testified that, to the contrary, the literature does not conclude that using logistic regression is preferable to developing suitability criteria using only use data.  He concluded that Mr. Gard’s testimony on the topic of logistic regression is advocacy for a method intended to produce flow-habitat relationships with maximum habitat values at higher flows, instead of an accepted scientific approach to habitat suitability criteria.

102. Mr. Wilcox testified that Mr. Gard’s testimony about modification of depth suitability criteria for spawning salmonids using a depth correction methodology is just advocacy for higher flows and is not an accepted scientific approach to development of habitat suitability criteria.  Mr. Wilcox was also critical of Mr. Gard’s comparison of habitat flow relationships for fry, to adult salmon recruitment/springtime flow relationships.  Mr. Gard claims the relationships should be similar and the fact that they are not, is evidence that logistic regression or other suitability criteria methods should be used.  Mr. Wilcox responded that Gard’s relationship testimony ignores every other factor influencing salmon survival.

103. Mr. Wilcox takes issue with the statement of Ms. Strange that NMFS often has incomplete information about a species and its habitats and, consequently cannot know status, population levels, or trends of a species.  The April 3, 2008 Order specifically ordered studies on the subject, but NMFS and CDFG have not issued required scientific collection permits so that studies could occur.  Mr. Wilcox was also critical of the statement of Ms. Strange that steelhead take is probably occurring on the lower Tuolumne River due to Project operations requiring increased flows to reduce or prevent the take.  Mr. Wilcox maintained that flows were increased pursuant to Article 37, with resulting dramatic increase in O. mykiss numbers since that time.  In addition, the Districts in cooperation with CCSF voluntarily increased the flow to an average of 100 cfs during recent summers to evaluate the dynamics of air temperatures and flow changes in relation to downstream water temperature conditions and model projections of O. mykiss habitat.

104. Mr. Wilcox challenged the direct testimony of Ms. Boucher that empirical data from lower Tuolumne fishermen that high September through May flows attract anadromous O. mykiss on the grounds that selected photos and anecdotal statements of fishermen is not empirical, credible scientific evidence.  He challenged Ms. Boucher’s claim that high flows in 1997 through 2000 restored a steelhead fishery that had disappeared during the intense drought several years earlier.  Mr. Wilcox testified there was no evidence that the O. mykiss were steelhead.  He further testified that no data supports Ms. Boucher’s suggested flows of 500-700 cfs and that they conflict with earlier FT requests for flows of 300-400 cfs, and thus, are arbitrary and without scientific merit.  Nor is there any data supporting Ms. Boucher’s assertion that there have been years of robust adult anadromous steelhead returns in the Project-affected areas of the lower Tuolumne.

105. Mr. Wilcox rebutted the direct testimony of Mr. Heyne that lower Tuolumne River steelhead are in serious decline, because studies have not provided more precise estimates of O. mykiss.  Mr. Wilcox testified that O. mykiss populations have increased since flows mandated by the Implementing Order were put into effect.  The question is, according to Mr. Wilcox, how many O. Mykiss are anadromous.

106. Mr. Wilcox testified at the hearing that fish in a river or any other natural environment are potentially subject to more stressors than they would be in a controlled environment. However, fish in a natural environment have the opportunity to move around and seek to avoid the various stressors, whether those stressors are water temperature, predators, or other factors.

107. He affirmed his statement in pre-filed testimony that O. mykiss have been found in locations which exceed Environmental Protection Agency (EPA) temperature criteria.  He admitted that he had not scientifically determined that the biological functions of those fish were not adversely affected by the higher-than-recommended temperatures, but maintained that their presence in that water suggests they are able to live in those types of environments. He also noted that the EPA criteria were developed for Pacific Northwest fish, which reside in a markedly different environment from the lower Tuolumne.  Mr. Wilcox concluded that his studies have shown that O. mykiss distribution in the lower Tuolumne has increased, as have their numbers since the 1995 Settlement flows began.
   

108. Mr. Ward submitted pre-filed direct testimony and testified at the hearing.  His       testimony focused how the Districts’ water supply would be reduced if the next several years are dry and the Districts were required to release the FWS/NMFS proposed increased instream flows and the impacts of such a reduced water supply on the water customers in the Districts’ service areas.
  

109. Mr. Ward testified that under normal circumstances, or when there is no water shortage, TID annually diverts about 600,000 AF of Tuolumne water to provide irrigation water to over 4,400 individual water users that represent a total of about 146,000 irrigated acres.  MID annually diverts about 3,000,000 AF of water from the river to provide irrigation water to more than 3,000 water users that irrigate about 60,000 acres.  In addition, MID, annually provides about 34,000 AF of treated drinking water to Modesto for residential and commercial consumption.  When Phase Two Expansion of Modesto Regional Water Treatment Plant comes on line, in January 2010 as expected, MID will annually provide up to 67,200 AF of treated water to Modesto.

110. Mr. Ward testified that “wetter” water years occur about 50% of the time and are classified as “above normal” and “wet.”  At those times the Article 37 fish flow schedule of 300,923 AF provides all of the water requested by FWS and NMFS in their May 5, 2008 rehearing requests.  The problem occurs in the drier years when the Districts are called on to provide a full water supply to agricultural water users and to Modesto while also providing water for instream flow purposes.  The water supplied to agricultural customers of the Districts is used to irrigate permanent or perennial crops (almonds, walnuts, peaches and apricots, vineyards for grapes for wine and fresh produce) and annual crops (alfalfa, corn, grains and other row crops).  Orchards and vineyards constitute about 40% of the irrigated area.

111. It is important to distinguish between perennial and annual crops, according to Mr. Ward, because farmers make greater investments in perennial crops.  According to the  California Chapter of the American Society of Farm Managers and Rural Appraisers, the value of, and cost to purchase one acre of almonds within the MID and TID service areas ranges from $20,000 to $33,000.  An acre of walnuts is valued between $10,000 and $20,000 per acre.  Stanislaus County Agricultural Commissioner’s Office reports that the harvest value for vegetable crops (i.e. annual crops) in 2008 averaged little more than $500 an acre where permanent orchard harvest values exceeded $4,000 for the same time period.  Permanent crop lands have to receive enough water to keep the permanent crops alive during long dry periods.  Letting those irrigated areas go fallow and abandoning the harvest or letting orchards die is not an option.  Data from the 2008 Stanislaus County Agricultural Crop Report shows aggregated total harvested acreage for the “Fruit and Nut Crops” category within the county produced an estimated harvest value of $756,392,000 or about $4,070 per acre.  Mr. Ward testified that multiplying this same dollar per acre harvest value by the amount of nut and fruit orchards planted within the service areas (94,173 acres) of the Districts results in an estimated harvest value for those crops for the acreage of nuts and fruit for 2008 alone is $383,284,110, not including the value of the other services related to production, harvest and process on the crops.

112. Mr. Ward testified that the California Water Code does allow the board of directors of an irrigation district to allocate water based on the type of crop grown during years of inadequate water supply, but that the practice has not been adopted by Districts’ Board of Directors.  If adopted, the policy of the Board could have unintended negative consequences, Mr. Ward testified.  For example, corn silage, hay, alfalfa are normally classified as annual crops, but they are vital feed crops for the local dairy industry.  Dairy is the number one agricultural commodity in Stanislaus County and importing the feed could have adverse transportation impacts, including cost, increased fuel consumption, and higher greenhouse gas emissions.

113. Mr. Ward testified that the Districts undertook an analysis of a sequence of dry years which illustrated the problem of meeting the needs of both the water users and the fish agencies instream flow demands.  The analysis showed that if the Districts delivered a full water supply to their customers and provided the additional instream flows requested by the fish agencies, there would be no usable water remaining in the Reservoir during the second and later years of a series of dry years.  Reservoir recovery takes two consecutive wet years.

114. Mr. Ward testified about the experience of the Districts during the 1987-1992 drought.  He testified that instream flows required during the 1987-1992 drought were significantly lower than the instream flows currently required by Article 37.  Additional instream flows would be the ‘straw that broke the camel’s back’ during a long drought, according to Mr. Ward.
   

115. He testified that during past droughts, the Districts severely curtailed the normal supply of surface water made available to their agricultural customers, shortened the length of the irrigation season, and relied on more groundwater extraction as an alternative or supplemental supply source of water.  Mr. Ward testified that it must also be remembered that the drinking water supply for Modesto provided by MID did not even exist at during the 1987-1992 drought because Modesto’s water treatment plant was not in service until late 1994.  In California’s San Joaquin Valley, the average use of water on an acre of urban land is about the same as the average use of water on an acre of agricultural land.  Mr. Ward gave his estimates of the impacts on the Districts if the next several years continue to be dry.  First, water rationing for the Districts’ water users, including Modesto, would be required when the water level in the Reservoir drops as predicted. The area is now experiencing its third dry year in a row (2007 Critical Dry, 2008 Critical Dry, 2009 Below Normal).
  Id. at 7-8.   
116. If the next several years are dry, analysis shows that there will not be enough surface water to allocate a full supply for irrigation of the crops grown in the Districts and provide a full allocation of treated surface water for Modesto, even without additional instream flows.  The Districts would have to try to get additional water from a supplemental source.  The only other source in that area is groundwater.  Taking significant volumes of groundwater from the aquifer system will cause other impacts associated with a drawdown of the aquifer, including possible interference with other legal users of the groundwater, introduction of poorer water quality into the delivery system, increased energy (and carbon footprint) costs, potential overdrafting of the groundwater aquifer.  A series of consecutive wet years would be required for the groundwater levels to recover.  If there are no wet years, there would be no recovery from the groundwater overdraft.
  
117. Mr. Ward testified that the average amount of water used for crop irrigation is between 36-42 inches, the amount necessary to meet crop water requirements.  The availability of less water would impose significant adverse impacts on both the farmers and other water users, and on the Districts.  Historically, the Districts have been able to allocate an adequate supply to the agricultural water users and keep some water in storage for carryover in the Reservoir for the following year if it continues to be dry into the next winter.  If the Districts were required to release the additional water for instream flow as requested by the fish agencies during dry years, flexibility in planning for continued dry periods would be eliminated.

118. Adverse impacts during continued drought would be exacerbated if the Districts were unable to provide the usual amount of water to their customers due to the need to provide the additional instream flows requested by the fish agencies.  There would not be enough water for agricultural irrigation and there would be a shortage of MID-provided surface water for Modesto.  Some cities and small communities in the MID and TID service areas already rely 100% on groundwater for their municipal water supply (Turlock, Ceres, Hughson, Waterford, Empire, Riverbank).  Mr. Ward testified that a groundwater study model that covers MID and TID service areas indicates that there may not be enough groundwater well capacity to pump the required amount of water to meet the deficit, even if the groundwater supply is available to be pumped.  MID does not even have the installed well capacity adequate to pump 100 cfs. and some water users do not have a groundwater well available to them to pump groundwater.  In addition, most private groundwater wells are not interconnected with either one of the District’s surface water supplies.  The economic and water quality impacts would be severe.

119. At the hearing, Mr. Ward testified that the Implementing Order reduced the water available for the Districts’ use.  Before the 1996 Order, the in-stream flow requirement for Don Pedro ranged from a dry year requirement of 40,000 AF down the river to a wet year requirement of 123,000 AF.  After the 1996 Order, the minimum flow requirement increased to 94,000 AF, an increase of about 55,000 AF.  The wet year requirement went up from 123,000 AF to a little over 300,000 AF, an increase of about 175,000 AF annually.

120. Mr. Ward testified that half of the years since 1996 have been wet.  To survive during the drier years with the resulting decrease in water supplies, the Districts improved their system infrastructure.  They have made improvements to canal lining, including mechanisms to better measure stream flows and allow for more efficient deliveries and automation to better measure deliveries to farmers and reduce their operational outflows.  Notwithstanding those infrastructure and conservation efforts, during the last three years which have been dry (2007 and 2008 have be critical dry years and 2009 to date has been a dry year),
 the Districts have had to cap surface water supplies and deliveries to farmers.
  Tr. 104-06. 
121. Mr. Ward testified that the Districts had never entered into agreements with individual agricultural users to pay them to take less water even though he believes there is legal authority for it.  The financial impact, Mr. Ward testified, would be substantial.  The landowner would have the payment, but those who harvest the crops, haul them to the mills, factories, warehouses, canneries, distribute, and otherwise process the crops would lose their jobs.  He called those “third-party” impacts.  The economic impacts would not be as large if the area came into an above-normal or wet-year sequence.

122. Mr. Ward stated that he did not provide an analysis of economic impacts based on conditions any wetter than the hydrology of the 1987-1992 drought in his testimony.  Although the 2008 Stanislaus County Agricultural Crop Report table subtitled “50 Years of Production Summary Totals” shows a steady increasing total value of Stanislaus County crop over time and that some crop values rose substantially during the 1987-1992 drought, that increase reflects commodity pricing and other market influences and not yield.

123. Regarding his testimony that it takes at least two wet years in a row for the Reservoir to recover, he means by “recover” that it gets back to a storage level of 750,000 feet, which is a minimum.  Mr. Ward testified that an increase in groundwater use could not only deplete the aquifer but eventually draw water from the Tuolumne through the ground due to a phenomenon in groundwater hydrogeology called “induced infiltration.”  When wells are placed too close to a river body, the well is not only pulling water in 360 degrees from the groundwater basin, but could also deplete the flow of the river.  Increased flows going down the river, if groundwater were pumped too hard, would not reach their intended beneficial use because they would be intercepted by the groundwater pumping.

124. Mr. Pinhey submitted pre-filed direct testimony and testified at the hearing.  He testified about the impact on Modesto and its customers if MID were required to reduce deliveries of water to Modesto as the result of less water being available for such purpose because of the Districts being required to provide higher minimum flows from Don Pedro for fishery purposes over the next few years.  He explains that although the population of the city of Modesto is only 210,589, Modesto provides water service to an area that is larger than the city limits and it currently provides water service to a population of over 265,000.  It is anticipated that the population of Modesto will grow to 227,500 within its corporate limits by 2016.

125. Mr. Pinhey testified that over the last few years about 43% of Modesto’s water needs have been met on an annual basis by water diverted from the Tuolumne by MID.  MID treats the water and then delivers it to Modesto.  The remaining water needed is pumped from groundwater from the city’s system of wells.  Modesto has been providing an average of 79,750 AF of water a year to its customers within its entire service area and projects that the demand within Modesto’s service area will increase to 120,950 AF by 2030.

126. To meet the demands of its water customers if MID deliveries were reduced, Modesto would have to get water from other sources and/or pumping more groundwater.  Mr. Pinhey testified that the use of private potable wells (as opposed to landscape irrigation wells) by customers to offset the reduction in deliveries is not desirable.  There would be health and safety concerns with the potential for cross-contamination and hydraulic mutual interference between wells.  He testified that there was no other potential surface of financially feasible surface water that would not be impacted by higher minimum flow releases for fishery purposes.  Increased pumping would adversely affect Modesto’s water system and hinder Modesto’s ability to meet salinity requirements for its wastewater treatment plant effluent.

127. Mr. Pinhey further described how a reduction in water delivery from the Tuolumne would adversely affect Modesto’s water system.  He testified that Modesto attempts to maximize use of Tuolumne water to meet demands by blending the water with groundwater.  Any reduction in Tuolumne water delivered to Modesto would interfere with the city’s ability to use MID-delivered surface water to meet the bulk of the “average day” demands.  A significant reduction in MID deliveries of Tuolumne water would adversely impact the city’s ability to meet demands during drought periods.             Increased groundwater pumping over multiple years would cause an overdraft of the groundwater supply, as happened before the water treatment plant went into operation in 1994.  Groundwater supplies would diminish and not be available to meet demand.  Additionally, Tuolumne water delivered by MID is needed to blend with groundwater supplied from wells with contaminate levels at or near the maximum contaminate level due to nitrates and naturally occurring arsenic and uranium.  If Tuolumne water is not available for blending, Modesto would have to take those wells out of production, compounding the effects of reduced deliveries of Tuolumne water.

128. Mr. Pinhey testified that there are other problems resulting from increased groundwater pumping.  For example, Modesto is a major wastewater discharger to the San Joaquin River.  The city currently discharges some of its secondary treated effluent into the San Joaquin River via an effluent outfall line.  Under state-imposed requirements in its discharge permit, Modesto has to manage salinity in effluent from its wastewater treatment plant.  Tuolumne water helps resolve the salinity issue in an efficient, cost effective manner.

129. Mr. Pinhey testified that Modesto has made specific design decisions based on the assumption that MID would continue to deliver its projected amount of Tuolumne water from the treatment plant as part of its program to improve its water delivery system.  Modesto is in the process of designing and constructing three new water tanks and associated pipelines and appurtenances.  The tank design and their site locations were based on a detailed hydraulic evaluation and the ability to fill them as needed with Tuolumne water supplied by MID from its treatment plant.  It may become technically impossible to fill the tanks and maintain appropriate system pressures, triggering potential health and safety problems related to infiltration contamination, if there is less Tuolumne water available.

130. At the hearing, Mr. Pinhey stated that his testimony did not discuss Modesto’s ability to conjunctively manage its groundwater and surface water supplies to meet projected demand under any alternatives than a recurrence of the 1987-1992 drought over the next six years.  The Districts do conjunctively manage their supplies under various scenarios and conditions from year to year, depending on water conditions and demands.  He testified that the Districts would have difficulty entering into a water transfer agreement with Modesto whereby the latter pays for water above base flows at a higher price.  First, there would need to be available water (and, he is not aware of any water now available above that Modesto already has), and Modesto would need to have the money to pay for water above the base price.  Assuming these issues were resolved, there  would still be significant environmental and infrastructure issues to address.

131. Mr. Pinhey testified that currently Modesto has just over 76,000 service connections.  About 50% of those are metered and they will be billed and read as of January 2010.  The remaining 50% should be installed around 2017, depending on funding.  The Districts anticipate there will be a reduction of about 10-12 percent of water supply after completion.

132. Ms. Russell submitted pre-filed testimony and testified at the hearing.  Ms.   Russell’s described the current usage of the Reservoir and explained how recreational usage would be adversely affected if the level of the Reservoir were significantly reduced as a result of the Districts being required to release additional instream flows.  Ms. Russell testified that the Reservoir has 159 miles of shoreline and 12,960 surface acres at maximum lake elevation.  The water surface and shoreline annually hosts between 350,000 and 450,000 visitors.  Eighty percent of the recreation occurs during the months of May through September.  The Reservoir’s three recreation areas have:  boat launching ramps; campgrounds for RVs and tents; and, swimming and picnic areas.  There are also two full service marinas, one at each end of Reservoir.
  
133. Ms. Russell testified that if the Reservoir were to drop to the 600 feet mean sea level (msl) elevation, all three recreational boat launching ramps on the Reservoir would no longer be useable.  People would not be able to reach water to launch boats on the diminished Reservoir because former roadways that provided access to the Reservoir before the new dam was built but that have been submerged since 1971 are in poor condition, or non-existent in some places.  The loss of the launching ramps would result in less use of the lake and would result in reduced recreational spending in the community and a reduction in the revenue the DPRA receives from visitors to cover the cost of operating and maintaining the Don Pedro recreation areas.  The loss of the ramps could also encourage unsafe use of substandard launch areas off old roadways and hillsides, potentially causing damage to the environment.  Reduced surface area for recreation would also cause increase surface congestion on the Reservoir.

134. Ms. Russell testified that dropping the Reservoir elevation significantly would affect marinas and houseboats; the Reservoir has 250 houseboats on it with a value of over $24 million and which provide over $240,000 in annual tax revenue for Tuolumne County, based on information available from the Tuolumne County Tax Assessor’s office.   Furthermore, when the Reservoir is at elevation 760 feet msl, the public begins to cancel camping reservations and do not come for day visits.  Ms. Russell also testified that a decrease in the Reservoir level has environmental impacts as well; the reduced level results in the concentration of fishery resources which may lead to a reduction in fish numbers because of competition for habitat and food sources.  There are adverse impacts even if the Reservoir level is not down to “dead storage” level, but is just below normal levels, according to Ms. Russell.
 

135. At the hearing, Ms. Russell testified that there is the potential to have an impact on the Reservoir at elevations anywhere below the 760-foot elevation.

136. Mr. Barton submitted rebuttal testimony.  He responded to Ms. Boucher’s testimony that the Infiltration Gallery Project, a key component of the Regional Surface Water Supply Project (Infiltration Gallery), could be constructed and operated as an interim measure.  Mr. Barton testified that the cities and communities within TID are solely dependent on groundwater to supply their M&I water demands.  The quality and quantity of their groundwater has deteriorated over the years.  With TID’s support, the cities and communities have investigated the possibility of purchasing surface water, treated and untreated, from TID.  He testified that the result was the 1995 Agreement in which the signatories agreed to cooperate to obtain additional flows and that TID has complied with its agreement to work to get additional flows.

137. Mr. Barton testified that there is about 54 cfs of additional diversion capacity that could be used from irrigation water withdrawals to supplement fish flows.  FWS has never responded to the January 5, 2004 letter from TID regarding funding to design, purchase and install an Infiltration Gallery; CDFG has responded that it can not identify any funding sources. TID has spent over $1 million of its money on the project. The Infiltration Gallery would divert raw surface water for the Regional Project.  The Infiltration Gallery would serve the purpose of being the river intake for the TID Regional Surface Water Supply Project and as an alternative diversion facility for irrigation use within TID.  A project of this size, however, could not be considered an interim measure.
     
B. Friends of the Tuolumne, Inc.
138. Ms. Boucher submitted pre-filed direct and rebuttal testimony and testified at the hearing.  She testified that years with high flows from September through May correlate with significant returns of steelhead.  As background, Ms. Boucher explained that major dams on Central Valley rivers block steelhead from their ancestral streams.  After construction of the dams, 83% of the steelhead’s former fresh water habitats are no longer available to them.  The steelhead, instead, survive below the most downstream blockage to their migration.  These locations are neither the historic range, nor a similar habitat to the historic range of the steelhead.  Downstream habitats are challenging to their survival.  Chief challenges are regulated water flows, high water temperatures, and degraded stream conditions, according to Ms. Boucher.
 

139. Ms. Boucher testified that based on an analysis of USGS water data reports and empirical data from fishermen on the lower Tuolumne River, September through May high flows attract anadromous O. mykiss.  High flows that exceeded Article 37 flows in the years 1997-2000 restored a steelhead fishery that had disappeared during the intense drought occurring several years before.  She testified that adequate flows maintain the required cool water temperatures and volumes suitable for fish passage, holding, spawning and rearing habitats.

140. Ms. Boucher testified that O. mykiss have two life histories – resident and anadromous.  They are genetically identical but their migratory behavior is different.  Without high seasonal flows, anadromous behavior is compromised.  The two forms, anadromous and resident, often combine to assure species survival when healthy populations are able to interact and spawn.  According to Ms. Boucher, the loss of either life history could endanger this DPS of the species.  Loss of anadromous behavior in this population would leave only the resident population which could itself become less resilient in the absence of anadromous O. mykiss.  The declining anadromous fish population currently documented in the Tuolumne may put this particular stock in danger of extinction.

141. Ms. Boucher testified that she recognizes that other factors, such as ocean conditions and pumping from the Delta, also have impacts on the anadromous fishery.  Still, high river flows during the months of September through May have correlated with significant recovery of the population.  Ms. Boucher proposes that a suite of studies of flows of a significant magnitude be implemented during the September through May period to evaluate the steelhead response to the increased flow.  She suggests that during water type years classified as “above average,” flows of 500-700 cfs be evaluated to determine how the steelhead fishery responds.

142. Ms. Boucher testified that spring pulse out-migration flows, which occur mid-April through May, have been determined for out-migrating Chinook salmon but not steelhead because the 1995 Agreement did not consider steelhead.  The spring pulse flows have been inappropriately used as a surrogate for flows needed by steelhead.  Future flow schedules should incorporate high flows for steelhead in the better-than-average water type years September through May.  Ms. Boucher testified that if increased flows prove beneficial, the current dam license flow schedule should be amended.

143. Ms. Boucher rebutted the testimony of CCFS witness Dr. Moyle on his assertion that Article 37 flows have allowed for the colonization of a rainbow trout/steelhead population.  Ms. Boucher testified that the actual flows in the Tuolumne during years 1997-2000 greatly exceeded the Article 37 flows.  In the current license for a wet year, maximum flows are scheduled at 300 cfs October 1 through May 31.  This level of flow is not adequate to attract steelhead.  The actual flows that did attract steelhead were significantly higher than the Article 37 flows during the attraction periods of the years that produced a successful return of steelhead.  Flows in excess of the Article 37 requirements were only released due to dam storage limitations.  It is necessary to test what ranges of flows are required to attract steelhead during the next several years before the license renewal in 2016.  A conclusion that low levels of the flows will be adequate attraction flows is not credible.

144. At the hearing, Ms. Boucher she was familiar with the TRTAC.  It was established by Section 14 of the 1995 Agreement, to which FT was a signatory.  Section 14 prescribed that TRTAC members would decide by consensus flow and non-flow measures and monitoring activities, develop adaptive management strategies, and oversee implementation. Tr. 122-25.  FT has been a member of TRTAC since its inception and supported implementation of its various river improvement initiatives.  Ms. Boucher testified that FT supported the $2.3 million September 2005 CALFED grant by the TID on behalf of TRTAC for three years of restoration project-specific and river-wide monitoring activities.  CDFG has not implemented the grant and Ms. Boucher believes it was because the Districts were not investing any funds in the project.

145. Ms. Boucher admitted that she had shown pictures of O. mykiss in her pre-filed direct that were in listed monthly mean discharges in cfs as measured on the USGS Gage below the La Grange Dam that were below 185 cfs on average, but explained that steelhead came in on those flows only because there was a healthy fishery in 1997-2000.  She believes that the fish in the pictures were from the 1997-2000 period when there was a large population.  She pointed out that steelhead leave the river and come back from the ocean on their own schedule.  The point of the pictures was partly to show the time period of a year that the FT wants the anadromous attraction flows to be used.  Ms. Boucher maintains that 300 cfs will not “necessarily” build a healthy fishery that will support anadromous O. mykiss.

146. Ms. Boucher testified that she had considered how the protective measures FT would like to see implemented on the Tuolumne would impact CCSF and the Districts.  She testified that FT considers its proposals conservative in that it only seeks flood releases in wet years to be managed for the benefit of anadromous O. mykiss.  TRTAC should manage this, according to Ms. Boucher.

C. Conservation Groups 
147. Dr. Mann submitted pre-filed rebuttal testimony and testified at the hearing.  Dr. Mann’s testimony focuses on the selection and use of analytical methods for demonstrating potential water supply shortages to the selection and use of analytical methods for demonstrating potential water supply shortages to the CCSF and other urban customers through the CCSF and the Districts as a result of any increase in the Article 37 flow schedule under the Districts’ existing hydropower license for the Project.  Dr. Mann finds much of the analysis in the direct testimony incomplete because it does not present a reasonable range of scenarios and hydrologic analysis to understand how an increase in the Article 37 flow schedule might impact the Districts, CCSF, and other urban water customers.
  
148. The first issue Dr. Mann addressed was the issue of the probability distribution, or expected amount of shortage under a revised Article 37 flow schedule.  Dr. Mann testified that the direct testimonies appear to assume that the years at issue would be dry years, but there is little rationale supporting the assumption.  He cited testimony of Mr. Steiner, Mr. Monier, Mr. Pinhey, Mr. Salyer and Ms. Russell.  Dr. Mann stated that not one of these witnesses provided testimony addressing the probability of, or what might occur during, non-dry years; all assume a 1987- 1992 type drought.  Not one admitted to the probability of wetter years.

149. Dr. Mann observed that Mr. Ward had provided information about shortage in wetter years.  Mr. Ward acknowledged that during the wetter water years, which occur about 50% of the time, the existing Article 37 fish flow schedule provides all of the water requested by FWS/NMFS.  Dr. Mann responded that Mr. Ward’s statement does not “imply” that there is a 50% chance that the 1987-1992 hydrology will occur again between 2010 and 2016.

150. Dr. Mann testified that the extended drought scenario is not likely to occur.  A repeat of the 1987-1992 drought following the three dry water years of 2007-2009 would be unprecedented in the modern hydrologic record.  That would mean there would be eight critical years and one below normal year.  While Dr. Mann acknowledged that a repeat of the drought of record beginning in water year 2010 could occur, the analyses do not provided information on the likelihood of this event, other drought events, or wet periods that could eliminate any shortage or costs associated with the Interim Flow Proposal.  He testified that for planning purposes it is helpful to show what might happen under the drought of record, but a more complete analysis is warranted.

151. Dr. Mann testified that one approach would be to conduct a large number of simulations for the 2010 through 2016 planning period.  Each simulation should start with actual storage conditions as of the end of 2009.  In each simulation, the six-year hydrologic sequence would be a sample from the hydrologic record.  If all the simulations were judged to be equally probable, then the probability distribution would be based on an equal weighting of each simulation.  They would not be judged to be equally probable if the preceding years (2007, 2008 and 2009) are deemed to have an influence on the next five years, or if climate change is expected to change 2010-2016 hydrology relative to the hydrologic record.  The more complete analysis might even show that the Interim Flow Proposal would reduce Reservoir storage making more space available for flood control.  That could result in reduced flood damage downstream after winter storm events.
  
152. Dr. Mann observed that some of the direct testimony of witnesses did not identify the amount of shortage to be expected in the baseline scenario, and testified that without this information, the net effect of the Interim Flow Proposal cannot be determined.  Dr. Mann singled out the CCSF and District testimony as not discussing the amount of shortage without the Interim Flow Proposal.  Therefore, it is not possible to determine how much of the shortage to attribute to the Interim Flow Proposal.  Dr. Mann’s opinion is that the baseline scenario for the analysis should include the Article 37 flows required by the 1996 license amendment.  He found that the testimony of Mr. Steiner (CCSF) correctly identifies the baseline.  Mr. Steiner’s Table 1, shows the incremental effect of the Interim Flow Proposal (under 1987-1992 hydrology only) is an additional 33% shortage relative to the Implementing Order flows.  Mr. Monier’s testimony, on the other hand, shows percent reduction from average deliveries, not percent reduction from deliveries with the Implementing Order flow regime.

153. Dr. Mann testified that he conducted a preliminary analysis to determine how much water supply might be lost due to the Interim Flow Proposal.  For the period October 1995 to August 2009, he calculated that the additional average annual amount of water needed to meet the Interim Flow Proposal would have been about 45,200 AF.  This estimate does not consider the timing of immigration or winter flows, the amount of flow that may be needed for temperature control, or potential ramping rates.  The 45,200 AF is about 3.8% of the total water supplies normally delivered to CCSF and the Districts.  Most of this water would have been required in the drier water years:  2002, 2003, 2008 and 2009.
  
154. Mr. Monier had testified that the Interim Flow Proposal would increase the instream flow requirement by about 176,000 to 190,000 AF a year.  However, testimony of the Conservation Groups and the Districts show that for every year in which Implementing Order flows were in place, the incremental effect of the Interim Flow Proposal relative to measured flow is estimated to be less than 140,000 AF.  Some of the differences between Mr. Monier’s testimony and the Conservation Groups’ data
 could be due to differences between Interim Flow Proposal and the 2008 FWS/NMFS recommendations Mr. Monier analyzed.  However, some releases above the Implementing Order flow levels may have been provided to meet downstream water rights or other obligations.  If those obligations continue into the future, the net supply effect is less than the difference between the Interim Flow Proposal and the Implementing Order flows.  More detailed hydrologic analysis is needed.  Similarly, the testimony of Mr. Pinhey and Ms. Russell do not discuss how much of the impacts would occur even with the Interim Flow.  They do not show what the Reservoir levels were under the 1996 FERC flows.
  
155. Dr. Mann testified that the Ward testimony had not considered a number of water management strategies to address water shortage and costs.  There are other strategies beyond groundwater pumping.  Dr. Mann testified that other strategies to reduce the magnitude of shortage and its costs include water use efficiency, water marketing, delayed re-establishment of certain crops, and water recapture.  They were used during the 1987-1992 drought.  The cost of these strategies could be less than that of pumping groundwater.

156. Dr. Mann testified that to increase efficiency, the Districts and growers could increase their conveyances and on-farm efficiency to reduce the amount and cost of shortage.  A 1992 study estimates water losses in the Districts to be about 220,000 AF annually in 1990 and forecasts losses of about 225,000 AF in 2000.  Conveyance efficiency concerns the amount of diverted water that reaches farms.  Dr. Mann noted that the Districts had not discussed this.  Also, increased municipal water use efficiency in both the Bay Area and the Districts could help with the shortage.  In the Districts’ municipal water use accounts for only a small share of total water use, but there are opportunities to use conservation to add to usable water supply.

157. Dr. Mann testified that water marketing is a common strategy for reducing shortage costs and that the Districts could allow more water marketing within their service areas.  Other transfers could also be feasible.  Within the Districts, transfers would allow shortages to be moved from high-cost acreage such as trees and vines to lower-cost acreage such as annual crops.  Dr. Mann does admit that transfers within districts can have problems with conveyance, hydrologic and legal constraints, but still posits that water transfers are a strategy that should be considered.

158. Dr. Mann testified that growers could delay re-establishment.  They could conserve water by removing their least productive acreage from production first.  As an example, they could decide to abandon old, unproductive acreage and delay re-establishment of vineyards or alfalfa.  That might reduce the total cost of a shortage.  In addition, some of the Interim Flow Proposal water could be captured downstream for use by CCSF or the Districts.
  

159. At the hearing, Dr. Mann affirmed his written testimony that the analyses of the Districts and CCSF are unreasonable because they use the drought of 1987-1997 to show what would happen in a very dry period.  Instead, they should have looked at the cost and benefits of various strategies and shortage of water supply alternatives.  They should have used the whole hydrologic record.  He did admit that all water supply agencies use some form of multi-dry forecast analysis every year to determine whether they can meet forecasts of customer demands over the next two to five water years.  Water years 2010-2015 are a reasonable water supply planning time horizon for the Districts and CCSF to use in 2009.
  

160. Dr. Mann testified that California water agencies should make their supply decisions on the basis of the probability that the next year could be wet, normal, below normal, critically dry.  They should also consider the first year of a multiple-year drought.  Without any information as to what the runoff of 2010 onwards might be, assuming the 1987-1992 drought could occur again is a very risk adverse position that could also result in a substantial overinvestment in the cost of water supply.  Although Dr. Mann admits that some of the strategies he mentioned would be difficult to implement by 2010 (those requiring infrastructure, new facilities, certain types of permitting and environmental documentation), but still maintains that all of them should be fully considered and could possibly be implemented before 2016.

161. He admitted that the ability to export water from the Delta is very limited in the period from January through July.  So flows that are provided in the spring would not likely to be able to be recaptured.  Some part of the water could be recaptured August through December.

D. San Francisco Bay Area Water Users Association
162. Dr. Jensen submitted pre-filed rebuttal testimony.  His testimony answered the direct testimony of Ms. Levin and Mr. Steiner.  Responding to Ms. Levin’s testimony, Dr. Jensen testified that the water use of the wholesale customers has remained relatively constant for the last 25 years even though the population has increased over that time.  Since 1986, the population increased by 22% in the wholesale customer service area, but total water use remained almost unchanged.  Residential per capita use decreased 12%.  Also, to extend existing supplies, the wholesale customers implement conservation based on a list of 28 measures that include practices that go above and beyond the 14 Best Management Practices identified by the California Urban Water Conservation Council.  Dr. Jensen could not predict how the wholesale customers projected water needs in 2018 and 2030 could reliably be met.
  

163. Dr. Jensen would add to Ms. Levin’s description of the economic impact of water rationing and shortages in the wholesale customer service area two findings from the study economist William Wade, Ph.D., conducted.  In 2005, Dr. Wade analyzed the economic impacts of San Francisco’s proposed 20% drought rationing goal.  The study is entitled An Economic Evaluation of the Water Supply Reliability Goal in the CCSF Water System Improvement Plan.  The relevant findings were:  1) a small number of industrial sectors, for which water is a critical component of the production process, constitutes over 80% of the total manufacturing output in the region.  The computer/electronic products industry, food and beverage products industry, and emerging biotech industry are water dependent; and 2) the impact of a 20% water supply deficiency on shipments from these water-sensitive industries is estimated to be a loss of about $7.7 billion annually.  Dr. Wade’s results are limited to a 20% shortage and do not include an analysis of the more dramatic water supply shortages indicated in Mr. Steiner’s testimony.
  
164. Regarding Mr. Steiner’s testimony, Dr. Jensen testified that a shortage in the San Francisco Regional Water System would result in significant impacts to public health and safety.  For example, the City of Burlingame’s 2005 Urban Water Management Plan provides that, in response to a 50% reduction in supply from San Francisco, that water could only be used as required for public health and safety.  The City of Redwood City’s plan would only allow water for basic drinking, cooking and necessary human hygiene or, if the system is not operational, Redwood would establish basic water distribution stations/nodes for essential living conditions.  Some communities in the wholesale service area would not even be able to deliver a minimum of 50 gallons a day to residents even if water were shut off to commercial and industrial customers, and institutional users like schools, hospitals and parks  Dr. Jensen testified that a community without any functioning industry, hospitals or public institutions, would not be sustainable.
  
E. California Department of Fish and Game 
165. Dr. Gordus testified that Central Valley fall-run Chinook salmon and Central Valley steelhead in the lower Tuolumne River are in decline, and that adopting the Interim Flow Proposal would benefit both species by reducing water temperatures to levels suitable to these fish species at all life stages.
  Dr. Gordus emphasized that the proposed flow levels are the minimum levels necessary to maintain the species’ populations, and that additional measures would be necessary to increase population levels.

166. Dr. Gordus explained that, in response to a solicitation by the Central Valley Regional Water Quality Control Board for a Clean Water Act-mandated study, the CDFG had provided data supporting the conclusion that elevated water temperatures in the Tuolumne River is contributing to the decline of salmon and steelhead, a conclusion which the Board also reached in its own analysis.
  

167. Dr. Gordus presented a summary of water temperature measurements in the Tuolumne River from 1998-2006, noting the high percentage of weeks during which the temperature reached “impairment”
 levels for salmon and steelhead species.
  Dr. Gordus explained that “impairment” occurs when the river temperature exceeds the temperature criteria recommended by the U.S. Environmental Protection Agency’s Region 10 to protect salmon and trout.
  Dr. Gordus noted that CDFG relied on these criteria because the EPA completed a very thorough literature review for water temperatures to protect cold water fish species (trout and salmon), referencing 41 sources that included five issue papers.  The issue papers, in turn, referenced approximately 700 citations.

168. Based on these criteria, Dr. Gordus evaluated seven-day average temperatures of the Tuolumne River collected in the field from 1998 to 2006, looking at each phase of the lifecycle of the fall-run Chinook salmon.  He found that during the adult Salmon upstream migration season (September 1-October 31), the area of the river in which the temperature exceeded 18 degrees Celsius (the EPA Region 10 impairment temperature) ranged from two to 49 miles (4% to 94%) of the river’s length, and that the last one to two weeks of each year’s season registered non-impaired temperatures for the entire river.
  During spawning/egg incubation season (October 1 through December 15), Dr. Gordus found that the area of impaired river miles ranged from one to 24 (4% to 100%) miles of available spawning habitat on the Tuolumne River, and that the recorded temperature exceeded the impairment threshold of 13 degrees Celsius during approximately two-thirds of the spawning season, that the overall mean maximum weekly temperatures for the first seven weeks of the season across all years exceeded the impairment level, and that 100% of the river was impaired during many weeks in the first two-thirds of the season.
  During the smoltification period (March 15-June 15), Dr. Gordus found that, at least during dry years, overall impaired habitat was approximately 7 to 52 miles (13% to 100%) of the river’s length, and that overall mean maximum water temperature across all years was above the maximum threshold (15(C) for 11 of the 14 weeks of the season.
  The same statistics apply to smolt outmigration season, which occurs during the same period as smoltification and has the same impairment threshold.

169. Dr. Gordus performed a similar analysis for the steelhead summer rearing season (June 15- September 15), showing that maximum mean temperatures were above the impairment threshold (18°C) the entire season for three of the nine years analyzed and  that the area of impaired river ranged from one to eight miles (10% to 80%) during dry years.
 Dr. Gordus noted that the CDFG evaluated the rearing period because this is considered the most critical life stage/period for steelhead survival, and that other time periods overlap with Chinook salmon, which if salmon water temperatures are met, by default, steelhead water temperatures criteria will also be met.

170. Dr. Gordus further testified that, from May 15 to June 15 during the years 1998-2006 (May 15 is the approximate date the water districts begin to decrease flows, when smolts are still present in the river), there is an inverse correlation between water flows and water temperature.

171. Dr. Gordus concluded that elevated water temperatures contribute to the ongoing decline of fall-run Chinook salmon in the Tuolumne River by (1) inducing adult mortality as adults migrate into the San Joaquin River and adjacent tributaries to spawn, (2) by reducing egg viability for eggs deposited in stream gravels, by increasing stress levels (thereby reducing survival of juveniles within the tributary nursery habitats), (3) by reducing salmon smolt out-migration survival as smolts leave the nursery habitats within tributaries to migrate down the San Joaquin River to Vernalis and through the south San Joaquin-Sacramento Delta, and (5) by increasing the likelihood of salmon and steelhead predation.
  He testified that unless changes are made to the flow regime and water temperatures, anadromous fish populations will continue to decline and remain potentially at risk of extinction.

172. Dr. Gordus filed answering testimony addressing several aspects of the direct testimony filed by CCSF Witness Dr. Moyle.  He disagreed with Dr. Moyle’s conclusion that temperatures in the Tuolumne are adequate for salmon and trout
 on the basis that Dr. Moyle’s definition of “cool enough” includes suboptimal temperatures, which Dr. Gordus claimed do not permit improved reproductive and recruitment success.
  Dr. Gordus criticized Dr. Moyle’s emphasis on “tolerance” for which a small group of salmon or trout may be able to survive at impaired temperatures over an acute to sub-acute time period, without providing any chronic water temperature evidence that salmon or trout can reproduce and recruit successfully across multiple generations for the entire population.
  Dr. Gordus cited two studies showing that, although salmon and trout populations can survive above impairment temperatures, smoltification and growth rates were reduced at those temperatures.
 
173. Dr. Gordus took issue with Dr. Moyle’s conclusion that salmon and trout can adapt to impaired temperatures, on the basis that the studies Dr. Moyle relies on involved fish in controlled lab experiments that could not migrate to cooler temperatures and were not subject to predation.
  Dr. Gordus disagreed with Dr. Moyle’s conclusion that Tuolumne River fish can seek out cooler temperatures as necessary to avoid impaired portions of the river, on the basis that CDFG’s monitoring efforts did not detect cooler portions of the river relative to monitoring points, and that access to (and cooler water flows from) traditionally cooler upstream portions of the river are now blocked by dams (including Don Pedro).
  Finally, Dr. Gordus disagreed with Dr. Moyle’s conclusion that improving conditions on the Tuolumne River will not itself increase anadromous fish numbers.
  Dr. Gordus cited statements previously made by Dr. Moyle wherein Dr. Moyle identified the reasons for the Chinook salmon population crash as both ocean and river conditions, which Dr. Gordus asserts conflicts with his current testimony.

174. Mr. Heyne’s testified that that Central Valley fall-run Chinook salmon and Central Valley steelhead occur in the Tuolumne River, the fall-run Chinook salmon and steelhead in the lower Tuolumne River are in serious decline, and that current flow releases to the lower Tuolumne River required under Article 37 are insufficient to conserve fall-run Chinook salmon and steelhead.  Mr. Heyne supported the flow levels advocated by the NMFS and FWS,
 but emphasizes that such flow levels are the minimum levels necessary to maintain the species’ populations, and that additional measures would be necessary to increase population levels.

175. Mr. Heyne stated that Fall-run Chinook salmon and steelhead occur in the Tuolumne River, a part of the Central Valley, and that over several decades, the numbers of both fall-run Chinook salmon and steelhead found in the Tuolumne River have dramatically declined.
  Mr. Heyne based this assumption on the fact that steelhead is listed as an ESA threatened species and fall-run Chinook salmon in the Central Valley is categorized as a species of concern.

176. Escapement refers to the number of adult anadromous fish escaping ocean harvest and returning to fresh water to spawn.
  Mr. Heyne stated that, over the last decade, fall-run Chinook salmon escapement numbers in the Tuolumne River have dramatically declined to the point where current fall-run Chinook salmon adult escapement numbers for the Tuolumne River are only one quarter to one third of targeted population goals.
   Similarly, although steelhead still exist in the lower Tuolumne River,
 they have reached such low numbers as to barely be detected by monitoring.
  Mr. Heyne also stated that escapement of fall-run Chinook salmon in the Tuolumne River has dropped from 17,000 spawning fish in 2000 to less than 500 spawning fish in both the 2005 and 2006.
  Mr. Heyne noted that this decline occurred before the period of declining ocean conditions suggested as a limiting factor by the Districts, but concurrently with the decline in spring time flow releases from 1999 to 2004.

177. Mr. Heyne testified that Project operations are partly responsible for the Tuolumne River fall-run Chinook salmon and steelhead population declines.
  Mr. Heyne asserted that the single most significant impact of Project operations affecting the anadromous fish populations is the manipulation of flows in the Tuolumne River.
  Mr. Heyne based this conclusion on several factors.   He noted that steelhead and Chinook salmon are blocked from accessing over 50 percent of their historic range on the Tuolumne River by Don Pedro and other dams.
  He also noted that, in addition to reducing instream flows overall, Don Pedro has changed the times of year when flows peak from the spring (during juvenile out-migration) to the winter (during egg incubation and fry emergence).

178. Mr. Heyne asserted that “neither past nor present instream flow schedules implemented by the Project have resulted in the restoration of fall-run Chinook salmon or steelhead in the Tuolumne River or kept these fish populations from experiencing an ever-worsening decline.”
  The CDFG has tracked fall-run Chinook salmon population in the river since the early 1970’s, and has observed a direct correlation between spring instream flow levels and salmon populations.
  This finding was confirmed during a study conducted by CDFG jointly with the Districts beginning in the 1980s and filed with the Commission in 2004.
  Mr. Heyne explained that low spring instream flow levels cause juvenile salmon to stop migrating, cause excessive warming of water as flow level recedes, and contribute to smolt mortality in the Delta through predation and poor water quality.
  This correlation between instream flow levels and salmon populations was further confirmed by analyses of smolts collected in rotary screw traps, seines, and trawls in the lower Tuolumne and Delta performed over the last 30 years, including a rotary screw trap study performed in conjunction with the Districts.
  Furthermore, the Commission’s own study of the river identified increased spring flows as the number one priority to improve fall-run Chinook salmon populations.

179. Based on these same studies, Mr. Heyne testified that, while current flow levels are insufficient to produce an adequate supply of fall-run Chinook salmon smolts, increased spring flows would lead to improved water quality in the lower Tuolumne and Delta (which reduces mortality causal factors), reduced out-migration transit time, reduced predation by native introduced black bass and striped bass predatory fish species, and reduced entrainment and impingement in the lower river.
  Mr. Heyne also explained that, to maximize smolt production, spring flows must be elevated during the smolt out-migration season, which occurs from about mid-March to mid-June.

180. Mr. Heyne testified that flows during periods other than the spring also impact salmon and steelhead populations.
  He explained that current winter instream flow levels are insufficient to inundate floodplain habitat that provided important food and space for salmon during the fry stage of the salmon lifecycle.
  Mr. Heyne asserted that, if the Project were to provide higher flows beginning in February and extending into late-May, a higher percentage of juveniles would survive as a result of increased rearing habitat quantity and quality as floodplain habitat increases, increased food availability from inundated floodplains, improved water quality and reduced predation by other fish.

181. Mr. Heyne also addressed fall pulse flows, which are intended to attract adults into the river and keep water temperatures cool to promote successful spawning by the returning adults.
  While current pulse flows are rare, analysis of coded wire tags recovered in the Sacramento and San Joaquin watersheds as well as water temperature monitoring in the mainstem San Joaquin and Tuolumne has demonstrated the release of fall pulse flows can significantly lower water temperatures.

F. United Stated Fish & Wildlife Service

182. Dr. Gard testified that generating and maintaining seasonal floodplain habitat should be considered as part of restoration plans for both fall-run Chinook salmon and steelhead, and supported the Interim Flow Proposal.
  Dr. Gard supported his position with testimony and studies on the importance of floodplain habitat for juvenile anadromous salmonids, the results of the 2008 FWS report of floodplain inundation in the Tuolumne River, the results of the 1995 FWS Tuolumne River Instream Flow Incremental Methodology report, and the effectiveness of stream channel restoration projects in creating habitat for juvenile anadromous salmonids.

183. A floodplain is a level area near the stream channel of a river that is covered with water during moderate flow; flows at certain levels can lead to inundation of these areas (floodplain inundation).
  Citing several studies conducted on California rivers, Dr. Gard testified that floodplain inundation benefits fish populations through reduced predation rates, increased habitat availability, and increased food supply for fish and aquatic insects.
  He also asserted that floodplain inundation has numerous indirect benefits on juvenile salmon and steelhead growth through such factors as reduced water temperatures and the timing of smoltification.
  Dr. Gard claimed that the risk of stranding (when fish end up on dry land that was previously submerged) is “insignificant” compared to the benefits to juvenile salmonids for feeding and growth due to floodplain inundation.

184. In 2008, the FWS issued a report quantifying the relationship between flow and inundated overbank area for the reach of the Tuolumne River between La Grange Dam at river mile 52 and just upstream of the Santa Fe Bridge, at river mile 21.5.
  Dr. Gard asserted that this area, in addition to containing the gravel beds in which Chinook salmon lay eggs and hatch, also serves as a habitat for juvenile salmon rearing.
  Analysis of a variety of flow levels suggested 1,100 cubic feet per second (cfs) as the minimum point where flows may begin to inundate the floodplain in this area of the river, with the actual initiation of overbank flow somewhere between 1,100 and 3,100 cfs .
   Inundation continued to increase with discharge from around 1,100 cfs up to the maximum studied flow of 8,400 cfs, with the greatest rate of increase in overbank area occurring between 1,100 to 3,100 cfs.
  Based on this and on a comparison of acre-days of overbank area and recruitment of adult fall-run Chinook salmon from juveniles present during the overbank inundation period, Dr. Gard concluded that flows in excess of 1,100 to 3,100 cfs will begin to inundate overbank habitat for salmon and steelhead hatched and reared in this portion of the river, with resulting benefits for increased survival and growth.

185. The FWS conducted an instream flow study on the Tuolumne River in 1992 to quantify flow-habitat relationships for fall-run Chinook salmon spawning, fry and juvenile rearing and for rainbow trout juvenile and adult rearing.
  Based on computations using different flow levels from this study, Dr. Gard determined that base flow from La Grange Dam should be at least 275 cfs in order to generate optimal habitat for Chinook salmon and steelhead.
  Dr. Gard asserted that the flow-habitat relationships in the FWS report are likely biased towards low flows based on the methods used to develop the Habitat Suitability Criteria, and as such, the 275 cfs recommendation should be considered low.

186. Dr. Gard testified that habitat restoration efforts that are not accompanied by increased flows, such as those conducted on the Tuolumne River over the last 17 years, can have limited success in creating rearing habitat for fry and juvenile fall-run Chinook salmon life stages.
  However, Dr. Gard noted that Tuolumne River restoration projects have not been successful in increasing floodplain inundation, and that, absent increased flows, such projects will continue to be unsuccessful in increasing overall anadromous salmonid populations in the Tuolumne River.

187. Dr. Gard responded to the direct testimony of CCSF witness Dr. Peter Moyle, who stated that floodplains are probably not important to steelhead and that there is little evidence of their extensive use of floodplain habitat in California.
  Dr. Gard asserted that floodplains probably are important to steelhead, based on the similarity of their habitat requirements to those of Chinook salmon, and that there is little steelhead-specific evidence because there are very few steelhead in the river.
  Dr. Gard also disputed Dr. Moyle’s testimony regarding restoration of floodplain habitat, which Dr. Gard argued overstated the importance of restoration and does not consider that restoration would need to be accompanied by higher flows to generate benefits to juvenile anadromous salmonids by providing inundation of existing floodplain habitat in the upper river, the most important rearing section of the Tuolumne River for juvenile anadromous salmonids.

188. Dr. Gard also responded to the testimony of Districts witness Scott Wilcox, specifically wherein Mr. Wilcox stated that the 1992 U.S. Fish and Wildlife Service instream flow evaluation included habitat modeling for O. mykiss (steelhead).
  Dr. Gard argued that the habitat criteria used were in fact for adult and juvenile rainbow trout, whereas flow-habitat relationships for the life stages of the anadromous form of O. mykiss  are needed to be able to determine what flows are needed for steelhead.
  Dr. Gard also took issue with Mr. Wilcox’s statement that improving flows to benefit adult steelhead will decrease the habitat quality for juvenile steelhead due to unsuitably high water velocities.
  Dr. Gard argued that the Habitat Suitability Criteria curves cited by Mr. Wilcox to quantify habitat for juvenile steelhead were based on habitat use observations at relatively low velocities and depths without the use of logistic regression, which Dr. Gard claimed is necessary to develop accurate Criteria.
  Dr. Gard also stated that the use of adjacent velocity and cover criteria would likely produce more accurate flow-habitat relationships with maximum habitat values occurring with higher flows.

189. Finally, Dr. Gard disputed CCSF witness Timothy Ramirez’s testimony regarding flood control releases from Don Pedro Reservoir,
 which Dr. Gard argued overstated the benefits to juvenile anadromous salmonids, since such benefits only occur in wet and above normal water years.

190. Dr. Mesick testified that the Tuolumne River fall-run Chinook salmon population is at a high risk of extinction, due to inadequate instream flow releases from La Grange Dam during the approximately 50% of years when the San Joaquin water year index is less than 3.13 million acre-feet.
  Based on estimates of the number of naturally produced and hatchery produced adult fall-run Chinook salmon that have returned to the Tuolumne River between 1981 and 2007,
 Dr. Mesick concluded that Chinook salmon meet all four criteria for high risk of extinction established by NMFS staff and others.
  After performing a limiting factors analysis,
 Dr. Mesick determined that the low salmon escapements during dry years was primarily caused by (1) insufficient flow releases from March 20th through mid-June that cause water temperatures in the lower Tuolumne river to exceed 59 oF and thereby stress salmon smolts migrating through the lower Tuolumne River and stress may result in delayed mortality due to disease(s); (2) inadequate pulse flows in late October to provide the scent needed by upstream migrating adult salmon to navigate their way back to the Tuolumne River; and (3) an absence of flows of at least 3,000 cfs during late February or early March that provide terrestrial food resources for juvenile salmonids when high flows spill over the river banks and inundate the river’s floodplain.
  Dr. Mesick ruled out other factors as the cause of the population decline, including the quantity and quality of spawning habitat, redd superimposition, ocean harvest rates, and ocean condition effects (except ocean condition effects in 2005 and 2006).

191. Dr. Mesick testified that, immediately following low flow releases from La Grange Dam during the 1987 to 1992 drought, the productivity of the salmon population declined by about 50%.
  To keep the salmon population at a low risk of extinction, Dr. Mesick supported the NMFS proposed base flows,
 and an additional three different pulse flows throughout the year: (a) winter pulse flows of at least 3,000 cfs during late February and/or early March to improve juvenile salmonid survival to a smolt size; (b) higher spring flows of at least 1,000 cfa (depending on air temperature) beginning on March 20th to maintain water temperatures below 59 oF throughout the river for 21 to 90 days to improve the survival of smolt-sized salmon juveniles; and (c) a 10-day pulse flow of 1,200 cfs during late October to attract Tuolumne River adult salmon back to the Tuolumne River.
   Dr. Mesick supported these flow recommendations in order to meet EPA Region 10 optimum temperature thresholds for salmon and steelhead and to achieve floodplain inundation to provide greater habitat.
  Dr. Mesick asserted that inadequate flows during two or more successive dry years impact multiple generations of salmon.
  He also stated that, even where a low population of fish eventually makes a recovery, the subsequent loss of genetic diversity leads to decreased reproductive productivity.
  He conceded that juvenile salmon mortality can be caused by insufficient food conditions in the ocean to support out-migrating juveniles.

192. Dr. Mesick advocated interim short-term studies to refine a new flow release schedule, particularly in terms of the magnitude of the late winter and spring pulse flows and the base flows needed for Central Valley steelhead.
  He also advocated long-term monitoring to evaluate the most effective durations of the later winter and spring pulse flows and to study changes in the population’s genetic diversity, escapement, and juvenile salmon production to assess extinction risk relative to instream flow releases.
 Finally, Dr. Mesick called for monitoring of adult Central Valley steelhead in the Tuolumne River using a counting weir that operated from January 1st to June 15th of each year.

193. Dr. Mesick also offered answering testimony to Noah Hume, who testified on behalf of the Districts.  Dr. Mesick answered the significance of the fact that all three San Joaquin River tributaries (Tuolumne, Stanislaus, and Merced) have exhibited a similar rate of decline in recent annual Chinook salmon escapements (which might imply that low escapement rates were caused by non-flow limiting factors), explaining that the magnitude of the flow releases in all three tributaries is based on the San Joaquin water year index, which has declined steadily from 1997 to 2004, resulting in correspondingly lower escapement rates on all three rivers. 
  Dr. Mesick noted that escapement on the Tuolumne River has declined at a greater rate than on the Merced or Stanislaus.
  Dr. Mesick also disputed Mr. Hume’s conclusion that any improvement made to the Tuolumne itself to improve fisheries resources would be counteracted by external limiting factors,
 asserting that the limiting factors cited by Hume would be ameliorated by increased flows, and that the Tuolumne River fall-run Chinook salmon escapement has been highly correlated with flow since the 1940s.

194. Mr. Hume testified that increases in Article 37 flows are unlikely to result in measurable increases in Chinook salmon production from now until 2016, and stated that there would be no way to confidently assess the effectiveness of any interim flow measures intended to benefit Chinook salmon prior to relicensing.
  Dr. Mesick responded that the Interim Flow Proposal measures should be implemented to maximize juvenile survival and thereby protect the remaining genetic diversity of the fish populations.
  Dr. Mesick also argued that, although the number of juvenile salmon produced in the Tuolumne River over the next few years may be constrained by the lack of adult spawners, it is possible to evaluate the effectiveness of the interim flow measures by studying the juvenile survival rates relative to flow and water temperature with paired rotary screw trap studies and to conduct fish health assessments of the adult and juvenile salmon in the river during periods when water temperatures approach the critical limits.
   

195. Mr. Hume contended that adding gravel to the river, particularly to improve spawning habitat, would benefit the salmon and steelhead populations.
  However Dr. Mesick disagreed that it would benefit the salmon and steelhead, on the rationale that the existing spawning habitat is more than adequate to produce enough salmon fry to support the salmon population.
  Furthermore, the addition of gravel to improve spawning habitat provided only short-term benefits.

196. Mr. Hume testified that Dr. Mesick’s risk of extinction analysis was improperly applied, and that the San Joaquin salmon populations have dropped well below the minimums necessary to maintain genetic viability in several periods in the past, but have rebounded within a few years.
  Dr. Mesick asserted that the escapement record shows that the productivity of the population (number of adult salmon produced per volume of water released) declined after each time escapement dropped to a low level.
  He argued that the loss of genetic diversity and the infusion of out-of-basin hatchery fish that follow severe declines in escapement are at least partially responsible for the decline in salmon population’s productivity and place the Tuolumne River salmon population at a high risk of extinction.
  Dr. Mesick concluded that it will be necessary to implement the Interim Flow Proposal measures to help recover the salmon population.

197. Dr. Mesick answered the testimony of District witness Scott Wilcox, wherein Wilcox testified that implementing the recommended flow schedules proposed by the Service and NMFS in May 2008 would drain the reservoir if the extreme drought conditions that occurred in the Central Valley from 1987 to 1992 continued for the next two years.
  Dr. Mesick responded that, in order for the Districts to comply with the interim protective measures, the Districts must use their reservoir operations model in conjunction with the reservoir and in-river water temperature model to predict how best to meet instream flow and temperature requirements.
  Assuming the worst case scenario were to occur over the next few years, the Districts should be responsible for developing an appropriate plan for water allocations and rationing during unusually severe drought conditions.

198. Ms. Workman provided background information on the basic life history characteristics and requirements of fall-run Chinook salmon (Oncorhynchus  tshawytscha) and steelhead in the Central Valley, with special attention to temperature requirements, and documented critical temperature ranges for life stages of both species.  Ms. Workman supported the interim measure elements that are proposed by the National Marine Fisheries Service and the FWS.
  She concluded that salmon and steelhead, while both anadromous, have unique life history traits and requirements that require each species to be considered independently, and that while they have some different needs, both species require flowing water that is well oxygenated, in a specific temperature range, and that distributes gravel of suitable size for spawning needs.
  She also provided information on the role the FWS plays in fishery resources management, and argued that, while restoration is important in the Tuolumne River, non-flow restoration actions alone have not improved populations of salmon and steelhead appreciably, and will not be successful without the flows to provide the appropriate basic life history needs of these species.

199. Ms. Workman explained that, while fall run Chinook salmon and steelhead have a general life history in common, spending part of their life cycle in freshwater and part in saltwater, they also display critical differences relevant to managing fishery resources.
  Chinook salmon display two behavioral forms:  “stream-type” or “ocean-type,” depending on which habitat they spend more of their time in prior to spawning.
  Ms. Workman described the life cycle of these two varieties of Chinook salmon, beginning with egg laying, incubation, and hatching, through the Alevin phase, the Fry phase, the Parr/Silvery Parr phase, the Smolt phase, the Adult phase, the Spawning Adult phase, and Death after spawning.
  

200. Ms. Workman noted that salmon eggs incubate in the gravel from October through February, during which time they need suitable water temperatures, dissolved oxygen, and water flow through their surrounding suitably-sized gravel.
  Ms. Workman also stated that numerous studies indicate that the optimum range for incubating Chinook salmon eggs lies between 42 oF and 55 oF,
 which matches EPA Region 10 guidelines for the temperature threshold for incubation for salmonids of less than 55°F.
  During the transition from fry to parr, juvenile salmon grow in size and spend more time utilizing deeper and higher velocity habitats for feeding and rearing.
  Seasonally inundated floodplains also provide juvenile habitat, and provide increased growth and survival rates of migrants.
 Workman cites studies that suggest the upper limit of the optimal water temperature for adult Chinook salmon migrating from the ocean back to the rivers to spawn is 60oF, and that the upper limit of the optimal water temperature range for salmon and trout spawning, egg incubation, and fry emergence is 56oF.
  Stress from higher water temperatures can lead to pre-spawn mortality, reduced embryo survival and increased incidence of disease.

201. Ms. Workman provided a similar overview of the lifecycle of steelhead trout.  She explained that the species O. mykiss can live their entire life in freshwater (resident) or can spend part of their life in fresh and salt water (anadromous).
  Much like Chinook salmon, the steelhead lifecycle begins at hatching, and proceeds from Alevin to Fry to Juvenile/Smolt to Adult to Spawning Adult.
  However, steelhead do not die after spawning, and may spawn more than once; steelhead can spawn rainbow trout, and vice-versa.
  Conceding that “there are relatively little data specific to California” steelhead, Ms. Workman testified that steelhead egg mortality begins to occur at 56°F, thermal stress has been reported at temperatures beginning at 66°F, and temperatures demonstrated to be lethal to adults have been reported at 70°F.

202. Ms. Workman answered the testimony of Dr. Peter Moyle, witness for the CCSF, wherein Dr. Moyle asserted that temperatures of 68-72o F are “adequate” for salmon and steelhead survival in summer down to about river mile 45 in most years.
  Ms. Workman responded that the EPA has developed accepted summer temperature guidelines of 64.4 oF for salmon and steelhead; well below the range Dr. Moyle stated to be adequate.
  Ms. Workman also disputed Dr. Moyle’s assertion that “a large rainbow trout population in the Tuolumne River could reduce survival of juvenile Chinook salmon through predation and competition,”
 asserting that, while natural predation and competition exists between fall run Chinook salmon and steelhead and may be enhanced in degraded streams, instream habitat conditions for both juvenile Chinook salmon and steelhead can be improved by implementing the Service’s proposed interim measures.

203. Ms. Workman answered the testimony of Districts witness Scott Wilcox, wherein Wilcox stated that since steelhead life history requirements are similar to fall-run Chinook salmon, the flow provisions of Article 37 which were developed based on the needs of fall-run Chinook salmon, will also provide for steelhead.
  Ms. Workman argued that the fall run Chinook salmon population has continued to decline since implementation of the flow provisions of Article 37, and therefore that the flows have not been sufficient to benefit the Chinook salmon fishery.
 Additionally, while both Chinook salmon and steelhead share certain features of their life history requirements, there are very specific differences that translate into different needs in the freshwater environment.

204. Finally, Ms. Workman responded to an assertion by CCSF witness Timothy Ramirez that “[n]one of the monitoring-related measures included in the Districts’ interim protective measures were supported by the agencies in their responses,”
 by noting that the agencies’ responses, not all of which were negative, are available at Ex. FWS-106.

G. National Marine Fisheries Service

205. Ms. Strange filed testimony in this proceeding to 1) discuss the status of the Tuolumne River Chinook salmon populations and the condition of their freshwater habitats in the Tuolumne River; 2) explain the concepts of “take,” “extinction,” and “recovery” as they relate to anadromous fishes listed under the ESA; and 3) discuss the interim protective measures that are immediately necessary to protect anadromous fishes in the Tuolumne River.

206. According to Ms. Strange, the ESA defines “species” as including any “subspecies of fish or wildlife or plants, and any [DPS] of any species of vertebrate fish or wildlife which interbreeds when mature.”  A population is an ESU if it is substantially reproductively isolated from other populations living in the same area.

207. Ms. Strange testified that anadromous O. mykiss in the Tuolumne River are classified as an ESA-protected ESU, but the resident rainbow trout is not.  The classification is based on consideration of a number of factors, including:  loss of historic spawning and rearing habitats, loss of habitat complexity, disease, poor existing habitat conditions due mostly to effects of water development on instream flow amounts and fluctuations, high summer water temperatures below reservoirs and major diversions, blocked upstream passage at diversion dams, entrainment of juveniles into unscreened or poorly screened water diversions, poor water quality, and reduced genetic diversity due to past and present hatchery operations.
 

208. Ms. Strange explained the critical habitat for the Central Valley steelhead includes the lower Tuolumne River.  “Critical habitat” includes the following primary constituent elements:  1) freshwater spawning sites, 2) freshwater rearing sites, 3) freshwater migration corridors, 4) estuarine areas, 5) nearshore marine areas, and 6) offshore marine areas.  The first three elements, freshwater habitat conditions, are important because adult steelhead may exhibit the ability to migrate from the ocean to spawn in freshwater more than once in their lifetime.  All juvenile steelhead rear for at least a few months in freshwater, and many remain and develop for more than a year in freshwaters before exhibiting anadromy, if at all.  Juvenile steelhead may “residualize” and never migrate to the ocean.

209.  According to Ms. Strange, the proposed interim protective measures from this proceeding will likely improve habitat conditions in the lower San Joaquin and Delta to some degree.

210. Ms. Strange pointed out that freshwater spawning and rearing sites must provide water quantity and quality conditions, as well as substrate quantity and quality to support spawning, egg incubation, and larval development, and floodplain connectivity to form and maintain physical habitat conditions to support juvenile growth and mobility.  The sites must also provide natural cover including large wood, riparian vegetation, aquatic vegetation, boulders, rocks, side channels, and undercut banks.

211. According to Ms. Strange, in the uppermost thirty miles of the lower Tuolumne River, a flow of 1100 to 3100 cfs is needed to provide floodplain habitat for juvenile fish and to support the development of fry and fry-to-smolt production.

212. It is likely, Ms. Strange stated, that the current Article 37 flow regime does not inundate the floodplain frequently enough or long enough to promote juvenile steelhead growth.

213. With regard to Chinook salmon, Ms. Strange testified that the current flow regime provides inadequate flows to encourage adult migration into, or juvenile migration out of, the Tuolumne River.

214. In her direct testimony, Ms. Strange described the ESA’s prohibition of “take” of the Central Valley steelhead without authorization from NMFS.  “Take” means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, collect, or to attempt to engage in such conduct.  “Harm” is defined in the ESA as any act which kills or injures fish and may include significant habitat modification or degradation.  NMFS’ Office of Law Enforcement sent a letter to the Districts warning them that Project operations were resulting in unauthorized steelhead take, and recommending implementation of interim protective measures designed to reduce or prevent take.

215. Ms. Strange cautioned that the proposed interim measures are intended to stabilize conditions for Tuolumne River anadromous fishes, but to don’t represent the full extent of changes needed to achieve recovery.

216. Ms. Strange concluded her direct testimony by reiterating that the current Article 37 flow regime is insufficient to provide adequate habitat conditions in the lower Tuolumne River for fall-run Chinook salmon and steelhead.  She stated that the current flows are deficient in: 1) Spawning Flows from October 1 to March 31 in all water year types less than “intermediate below normal-above normal”; 2) Attraction Pulse Flows in all water years; 3) Rearing and Floodplain Inundation from February 1 to March 31 in all water year types; 4) Outmigration Flow in all water year types; 5) Over-summering Flows from June1 to September 30 in all water year types less than “intermediate below normal-above normal;” and 6) Water Temperature requirements.
  

217. In answering testimony, Ms. Strange responded to the direct testimony of Noah Hume, Scott D. Wilcox, Robert M. Nees, Dr. Peter Moyle, and Timothy M. Ramirez.

218. Ms. Strange addressed the testimony of Districts witness Noah Hume.  Responding to Mr. Hume’s contention regarding stressors of anadromous Tuolumne populations other than river conditions, Ms. Strange listed several programs conducted by NMFS to ameliorate stressors in those populations.

219. Ms. Strange also responded to Mr. Hume’s contention that additional flow requirements under subsequent dry years would drop the reservoir to dead pool level, which would cause a loss of cold-water pool and reduce the Districts ability to provide cold water releases for over-summer and spawning flows.  Ms. Strange countered that the analysis performed by Districts witness Wesley Monier, which lead to the finding regarding dead storage level to which Mr. Hume refers, was inaccurately applied.  Ms. Strange also argued that Mr. Hume was incorrect in assuming that no pre-planning of reservoir management would occur.

220. Ms. Strange filed answering testimony rebutting the testimony of Districts witness Scott Wilcox.  Ms. Strange disagreed with Mr. Wilcox’s contention that steelhead life history requirements are similar to fall-run Chinook and as such, the flow provisions of Article 37 which were developed based on the needs of fall-run Chinook salmon, will also provide for steelhead.  Ms. Strange stated that the Article 37 fish flows are not sufficient for spawning and oversummering in the intermediate, below normal to above normal, water year types, nor are they sufficient for attraction, rearing (and floodplain inundation), and outmigration in all water year types, nor do the two species require the same habitat at the same time.

221. Ms. Strange also took issue with Mr. Wilcox’ assertion that there is no evidence that increasing summer flows will increase anadromous O. mykiss, that anadromy is not currently competitive with freshwater residency, and that factors beyond the lower Tuolumne must be improved before benefits can be achieved.
  Ms. Strange argues that, although increasing summer flows by themselves might not be sufficient to improve populations, such a view does not take into account the fact that freshwater habitat conditions must be improved for all phases of the O. mykiss lifecycle (and not just the summer period) to improve the population.

222. Ms. Strange disagreed with Mr. Wilcox’s assertion that it is unknown whether an April and May spring pulse flow would benefit steelhead smolts, arguing that recent analysis conducted by NMFS indicates that these pulse flows are critical cues for the listed steelhead in these tributaries to initiate their downstream emigration to the ocean.

223. Ms. Strange disputed Mr. Wilcox’s contention that the Districts were unable to carry out the studies that FERC ordered related to identifying the O. mykiss population numbers, testing for anadromy, and tracking adult O. mykiss to identify movement patterns and habitat preferences because NMFS and CDFG have declined to issue the required scientific collection permits.  Ms. Strange argued that the Districts’ proposed studies were either insufficiently detailed or would incur unacceptable mortality in the fish to be studied in order to be approved.

224. Ms. Strange disagreed with Mr. Wilcox’ contention that that low Reservoir levels under the multiple dry year scenario would limit the cold water pool and the Districts ability to release cold flows in summer and fall which would have “direct impacts upon the persistence of the self-sustaining O. mykiss population that has developed since the adoption of the current Article 37 flow schedule.” Ms. Strange argued that the water forecast relied upon in making this prediction is extremely severe and unlikely, and should have taken into account other, more likely hydrological scenarios.  Ms. Strange also argued that Mr. Wilcox’ prediction does not take into account pre-planning that the Districts could undertake to account for poor water years.

225. In response to Districts witness Robert Nees, Ms. Strange disagreed with his assertion that NMFS’ lack of permit authorization is impeding the collection of information regarding anadromous fishery in the lower Tuolumne River.  Ms. Strange explained that ESA “take” permits for two of the Districts’ proposed studies were denied.  The first involved otolith-based studies, which require lethal analyses, and the second involved electrofishing studies which could result in unacceptable sampling mortality.

226. Ms. Strange did describe several monitoring-related measures supported by NMFS, including:  1) installation and operation of an Alaskan-type counting weir with a VAKI camera to monitor the movements of adult Chinook salmon and steelhead;  2) monitoring to determine if various discharges are sufficient to meet water temperature standards for Chinook salmon or steelhead, including year-round thermograph monitoring at specific river locations with attention to how the raw thermograph data, duration information, maximum values and averaged data are to be collected, disseminated, and analyzed;  3) seining to gather information about juvenile salmonids and other fish species in the Tuolumne, if the monitoring is extended to cover the summer season and includes fish health studies;  4) rotary screw trap monitoring, if the data meet acceptable statistical measures of precision and accuracy, if the trapping is extended through June to fully assess smolt outmigration, and if fish health monitoring is included; 5) snorkel surveys to document size, abundance and distribution of juvenile salmonids; and 6) aquatic invertebrate monitoring to complement water quality (e.g. temperature) and other biological monitoring, and to assess the biomass of invertebrate forage downstream to Roberts Ferry Bridge.  In addition, NMFS would also likely support genetic studies using non-lethal tissue sampling, tracking studies, and other methods, depending on study details.

227. Ms. Strange provided answering testimony to the direct testimony of Dr. Peter Moyle, witness for the CCSF.  Ms. Strange addresses what she perceives to be Dr. Moyle’s implication that that improving conditions in the Tuolumne River, while important, will not by itself increase anadromous fish numbers, and as such additional Article 37 flows would be unnecessary.  Ms. Strange replied that, while these actions by themselves cannot guarantee full recovery of the steelhead and Chinook salmon in the Tuolumne River, they should stabilize and improve production of the freshwater stages of their life cycle, and thus reverse the trend toward extinction.

228. Ms. Strange also addressed Dr. Moyle’s assertion that the present flow regime provides adequate temperatures (68ºF-72ºF) for salmon and steelhead survival in summer down to about RM 45 in most years, and that when air temperatures are cool, water temperatures are usually adequate in the entire river. Ms. Strange countered that Dr. Moyle does not state whether these temperature ranges are instantaneous, average, daily maximum, or averages of daily maximum values, and that Dr. Moyle himself describes these as “average” or “adequate” temperatures, which are insufficient to lead to improvements in fish populations.  Ms. Strange also states that Dr. Moyle’s claim of adequate temperatures is contradicted by the testimony and supporting data of CDFG witness Andrew Gordus, which thoroughly demonstrates that such temperatures are impaired.
 

229. Ms. Strange disputed Dr. Moyle’s assertion that floodplain habitat is not important to steelhead, noting that Dr. Moyle provides no evidence for such assertion, while Dr. Mark Gard, witness for the FWS, testified that floodplains provide terrestrial food inputs to the river.  Ms. Strange also answered Dr. Moyle’s claim that predation by resident rainbow trout reduce the survival rate of juvenile Chinook salmon in the Tuolumne, noting that, given a proper spawning habitat, salmon are able to compensate for predation by laying larger numbers of eggs, thus promoting population growth.  Ms. Strange also rebuts Dr. Moyle’s assertion that resident rainbow trout were a result of the 1995 Agreement flows, citing numerous studies of the Tuolumne showing resident rainbow trout prior to 1996.

230. Ms. Strange also responded to CCSF witness Timothy Ramirez.  Ms. Strange disagreed with Mr. Ramirez’s statement that current flow releases adequately benefit O. mykiss, or have resulted in a greatly improved fishery.  She stated that while there may be a slight improvement in habitat conditions resulting from the flow regime of the 1995 Agreement, cool water is only found in a short stretch of river downstream from La Grange Dam and does not provide adequate benefits to the O. mykiss populations.  She also stated that the increase in the O. mykiss population size reported by Mr. Ramirez is misleading because the estimate does not separate out adult fish, nor does it include an estimate of population density.  She argued that after accounting for these factors, there has been no considerable improvement to the O. mykiss fishery under the current flow regime.
 

231. Ms. Strange argued that Mr. Ramirez’s recommendation to gather additional fisheries data prior to implementing interim flow releases should not be considered a prerequisite for implementing interim flow releases at the project.

232. Ms. Strange corrected Mr. Ramirez’s statement that NMFS disagreed with all of the Districts’ voluntary measures.  Rather, she stated,  NMFS considers that the Districts’ proposed measures do not in themselves constitute additional protective measures to benefit the fishery, but rather, are measures that would evaluate the effects of interim protective measures to benefit the fishery.  According to Ms. Strange, NMFS does in fact support several of these proposed monitoring measures, provided they are developed more fully and reviewed by NMFS.

233. Ms. Strange disagreed with Mr. Ramirez’s statement that NMFS’ failure to issue a fish collection permit is impeding the Districts’ ability to manage the O. mykiss population, and explained that monitoring is not a prerequisite for the action of implementing interim flow measures at the Project.  She also explained that permits were withheld due to the potential O. mykiss mortality that could occur as a result of sampling.

234. Ms. Strange disagreed with Mr. Ramirez’s statement that high flows are released into the Tuolumne River in the winter and early spring for flood control.  She explained that this does not occur in dry or critical water year types, and pointed out that Mr. Ramirez provided no data to support his statement.

235. Mr. Anderson testified that the hydrologic regime of the Tuolumne River basin has been substantially regulated by impoundments and diversions since the 1800’s, and goes on to provide a detailed history of flow levels on the Tuolumne from the completion of the La Grange Dam in 1893 through the construction of Don Pedro and its operation through the present day.

236. Mr. Anderson summarized the components of the annual “hydrograph” conducted on the Tuolumne River.  The hydrograph measured: fall baseflows, fall storm pulses, winter baseflows, winter flood flows, spring snowmelt floods, snowmelt recession, summer baseflows, and transition periods between components.  Comparing the unimpaired, regulated, and Article 37 hydrographs, Mr. Anderson concluded that current flows on the Tuolumne river are insufficient, with Article 37 hydrographs showing a reduction in baseflows, a reduction in flood flows, a shift in the timing of annual peak flows, complete loss of hydrograph components such as snowmelt peaks, and a loss of overall temporal variability.

237. Mr. Anderson responded to the testimony of Wesley Monier, witness for the Districts.  Mr. Anderson testified that Mr. Monier’s calculations are based on a highly unusual occurrence – the 1987-1992 Drought.  Mr. Anderson asserted that, from 1901-2008, there have not been any other instances of six consecutive critical water years; rather, there have been only three other periods with consecutive critical water year types: (1) water years 1960-1961, (2) water years 1976-1977, and (3) water years 2007-2008.  Based on that same 1901-2008 period, Mr. Anderson found that the probability that any one water year will be classified as critical is 17.6% as compared to: dry (13.9%), below normal (15.7%), above normal (19.4%), and wet (33.3%).  Furthermore, he noted that the probability of experiencing critical water years in 2010 and 2011 (the end of 2011 being the point at which Mr. Monier testified that the Reservoir will be empty) is only 8.4%, and that the probability of a six-year drought like that of 1987-1992 is less than 1%.

238. Mr. Anderson next addressed the projected inflow into Reservoir utilized by Mr. Monier in his calculations in Ex. DIS-13.  Mr. Anderson asserted that this value is critical to determining interim protective measures, as inflow combined with carryover storage represents the volume of water that is available for instream flows and consumptive uses by the Districts.  Mr. Anderson found that, although Mr. Monier asserts that his calculation inflow was based, in part, upon historical hydrologic records, Mr. Monier failed to provide the source of those records, and as such, the reasoning underlying his conclusions is unclear.

239. Dr. Lindley first discussed the historic population structure of Central Valley steelhead as it relates to the Tuolumne River.  He provided a detailed overview of the historic habitat of the O. mykiss, the difference between resident O. mykiss (rainbow trout) and anadromous O. mykiss (steelhead), the benefits to the genetic diversity of steelhead that would inure from helping maintain rainbow trout populations in the Tuolumne, and the need for additional monitoring measures of the Tuolumne to determine proper protective measures to support those populations.

240. Dr. Lindley next provided support for NMFS witness Dr. Carl Mesick’s analysis of the risk of extinction to the Tuolumne River fall-run Chinook salmon population.  Based on the risk criteria of population size, population decline, catastrophic disturbance; and hatchery influence, Dr. Lindley determined that the current population of fall-run Chinook salmon is at the moderate extinction risk level, and that the population decline criteria indicate a high risk of extinction (declining faster than 10% per year and current run size < 500 fish per year), and a catastrophic decline, apparently due to the ongoing drought, that is just shy of the high risk threshold (a 90% decline in abundance within one generation).

241. Dr. Lindley also explained the difference between Tuolumne River freshwater habitat degradation and other factors of decline (e.g., ocean conditions) in deterring the cause of the collapse of fall-run Chinook salmon populations in the Tuolumne River.  He stated that declines in anadromous fish populations are not caused exclusively by either factors in freshwater habitat or by changes in marine environment, but rather can be caused by both.  Dr. Lindley noted that one must distinguish between proximate causes and ultimate causes for the decline of anadromous fish populations.  As an example, Dr. Lindley examined the collapse of fall-run Chinook salmon populations in the Sacramento River, the proximate cause of which was unfavorable conditions when juvenile salmon entered the coastal ocean in the spring of 2005 and 2006, but the ultimate cause of which was the decline in the genetic diversity of the population due to degradation of freshwater habitat, which made the salmon more susceptible to short-term unfavorable conditions.  Dr. Lindley went on to explain that, although Tuolumne River salmon have not exhibited the same level of decline as their Sacramento River counterparts, it is clear that degradation of Tuolumne freshwater habitat will engender the same loss of genetic diversity and corresponding loss of ability to withstand short-term unfavorable conditions.

242. Dr. Lindley responded to the testimony of Districts witness Noah Hume, specifically wherein Mr. Hume testified that it is unlikely that the Tuolumne River fall-run population will go extinct pending relicensing.  Dr. Lindley asserted that, contrary to Dr. Hume’s claim, Dr. Mesick correctly applied the extinction criteria established by Dr. Lindley himself to the Tuolumne River fall-run Chinook salmon population.  Dr. Lindley also noted that the fact that these salmon are not yet extinct does not mean that they will not become extinct in the near future.  Finally, Dr. Lindley stated that, although currently-improving ocean conditions may benefit salmon populations in the near term, such benefit may be offset by concurrent degradation of the freshwater salmon habitat in the Tuolumne River.

243. Dr. Lindley also responded to the testimony of CCSF Witness Moyle.  Dr. Lindley took issue with Dr. Moyle’s assertion that the numbers of adult spawners of anadromous fish are the outcome of four interacting factors that affect survival: (a) habitat in the Tuolumne River, (b) combined spring outflows of the Merced, Tuolumne, Stanislaus, and San Joaquin rivers, (c) conditions in the San Francisco Estuary, especially the Delta, and (d) conditions in the ocean, and therefore that improving conditions in the Tuolumne River, while important, will not by itself increase anadromous fish numbers.  Dr. Lindley disagreed, noting that while salmon populations are affected by many sources of environmental variation, the slow, steady declines caused by degradation of freshwater habitat are masked by relatively rapid fluctuations associated with climatic variation, and moreover that volatility in salmon populations is enhanced by simplification of habitats and hatchery practices and effects that constrain life history diversity that would buffer against environmental variation.  Dr. Lindley also disagrees based on his position that production of juvenile fish in the Tuolumne River result in roughly proportional increases in adult returns, which would place improvement of salmon Tuolumne River spawning habitat above other factors in terms of importance.

244. Dr. Lindley also disputed Dr. Moyle’s finding that, because Tuolumne River salmon populations declined even after flows were increased pursuant to the 1996 Settlement, other factors besides instream flows were the most important determinants of salmon escapement to the river.  Dr. Lindley reiterated his earlier point that, climatic factors can create large, normal fluctuations in the abundance of salmon that mask slow declines caused by habitat degradation, but that increased habitat leads to increased genetic diversity and a corresponding increased ability to withstand climactic variation.  Dr. Lindley also noted that the 1995 Agreement flows were predicted to have a relatively modest effect on the abundance of fall-run Chinook salmon, that such a small effect would be difficult to detect in a relatively short time series of highly variable data, and other factors.

H. City and County of San Francisco Public Utilities Commission  

245. Dr. Moyle testified in pre-filed written testimony and at the hearing on fish conservation issues in the lower Tuolumne River with regard to steelhead and Chinook salmon.
   In his pre-filed direct testimony, Dr. Moyle described some of the effects of the flow schedules that were implemented pursuant to the 1995 FERC Settlement Agreement and detailed some of the issues specifically affecting the life-cycles of steelhead, Chinook salmon, and other native fishes.

246. According to Dr. Moyle, the 1995 Agreement flow schedules had a generally positive impact on Chinook salmon, native fishes, and rainbow trout/steelhead.
  In his testimony, Dr. Moyle stated that the flows under the Settlement Agreement provided additional habitat for Chinook salmon, significantly improved conditions for native fishes not at issue in this proceeding, and allowed the colonization of a population of rainbow trout/steelhead.

247. Throughout his testimony, Dr. Moyle referred to steelhead and rainbow trout interchangeably because, in his view, they are “most likely just one population of rainbow trout, with considerable flexibility in expression of life histories.”
  In general, Dr. Moyle testified, steelhead and resident rainbow trout interbreed and are genetically similar and can sometimes shift from one form to another during their lifetime or across generations.
  

248. However, Dr. Moyle pointed out in his pre-filed direct testimony that the Chinook salmon population has experienced an overall drop in numbers, most likely attributable to other factors besides instream flows.
  Both the Chinook salmon and the steelhead are affected by factors other than habitat in the Tuolumne River, including 1) the combined spring outflows of three other rivers, 2) conditions in the San Francisco Estuary, especially the Delta, and 3) conditions in the ocean.
  While conditions in the Tuolumne River have improved, especially since the 1995 Agreement, conditions in the other three factors, especially the Delta, have not.
  Dr. Moyle further reiterated this point in responding to US FWS witness Mesick and during the Sacramento hearing. 
 

249. With regard to hatcheries, Dr. Moyle explained that, while it is likely that hatcheries have a role in maintaining the populations of steelhead and Chinook salmon (especially given the genetic uniformity of Central Valley fall Chinook salmon), the full effect cannot be known until all hatchery fish are marked.
  In responding to FWS witness Mesick, Dr. Moyle testified that it is unlikely that the Chinook salmon would become extinct in the Tuolumne River, because he does not believe the Tuolumne River Chinook salmon are a genetically distinct population of Chinook salmon.  Therefore, Dr. Moyle testified, even if Chinook salmon failed to return to the Tuolumne, it is likely that they would “re-colonize the river from other rivers (including the Merced and Stanislaus rivers) and hatcheries.”
  During the hearing, Dr. Moyle elaborated on how Chinook salmon from hatcheries and other rivers could help to re-populate the Tuolumne River.

250. Dr. Moyle testified that both Chinook salmon and steelhead show “considerable ability to withstand periods of unfavorable temperatures, but have a fairly narrow preferred range for most activities.”
  

251. Dr. Moyle also testified that projects to restore floodplains along the lower Tuolumne River would likely help Chinook salmon and native fishes by creating more favorable habitat, but would probably not affect the steelhead, which does not make extensive use of floodplain habitat.

252. In his pre-filed testimony, Dr. Moyle observed that steelhead can constrain the productivity and population of Chinook salmon in the lower Tuolumne River, because steelhead are a natural predator of smaller fish, including salmon.

253. Dr. Moyle stated in pre-filed direct testimony that spawning habitat for Chinook salmon and probably steelhead in the lower Tuolumne is limited, but does not appear to be a factor limiting juvenile salmon abundance.

254. Dr. Moyle testified that Chinook salmon and rainbow trout are highly adaptable to changing conditions, with the caveat that there are limits based on physiology and speed of change.
  This ability to adapt is demonstrated by how Chinook salmon have been able to adapt when introduced to new environments in the Calaveras River, New Zealand, and South America.
  

255. Dr. Moyle found that, while habitat conditions for native fish, Chinook salmon, and steelhead have improved substantially since the 1995 Agreement, “significant increases in the abundance of anadromous fishes are more likely to result from improvements of conditions outside the system, especially in the lower San Joaquin River and Delta, than from further changes to the Tuolumne River itself.

256. In her pre-filed testimony, Ms. Levin provided background on the characteristics and operation of the Bay Area Regional Water System, which supplies nearly 2.5 million people, extends about 167 miles from Yosemite National Park to San Francisco, and delivers an annual average of about 265 million gallons of water per day.

257. Ms. Levin described water use efficiency measures undertaken by San Francisco’s retail and wholesale customers, including the use of demand-side management programs and water conservations programs.
  The result, Ms. Levin testified, is that San Francisco retail and wholesale customers use almost half as much water as other Californians.

258. In answering testimony, Ms. Levin responded to the Interim Flow Proposal.  Specifically, the Interim Flow Proposal measures would increase the rationing levels currently anticipated by the CCSF during drought, as much as 31% more than anticipated.
  In periods where CCSF expected water supply to be 10% below demand, the Interim Flow Proposal measures would result in a 41% shortfall.
 

259. During the hearing, Ms. Levin explained that alternative water supplies to reduce shortage attributable to interim flows were not feasible because they could not be implemented for several years.
  Further, a water transfer agreement with the Districts in which the CCSF paid the Districts to forego their diversion to a specified amount of water would likely not be possible because no alternative available water supply has been identified.

260. Mr. Steiner testified that if the CCSF is required to provide additional water to the Districts for the interim flows, it would reduce the amount of water available for delivery to the CCSF’s wholesale and retail customers.
   According to Mr. Steiner’s forecasts, assuming that the CCSF is required to provide 52% of an incremental required release, water available for delivery to CCSF customers could be reduced by approximately 43% in 2010.

261. In answering testimony, Mr. Steiner addressed directly the Interim Flow Proposal.  To accommodate the proposed interim flows, CCSF supplies would be reduced by an additional 31% below CCSF demand.  In 2010, this would result in a 41% shortage of water supply available for delivery.

262. Mr. Ramirez testified that conditions for steelhead improved in the lower Tuolumne River under the 1995 Agreement increased flows, as evidenced by an observed increase in reproductive rates of the steelhead.
  

263. However, the ratio of anadromous steelhead versus resident fish is not currently known, according to Mr. Ramirez.
  It is unknown how the current flow and temperature proposals may contribute to the establishment of a viable anadromous steelhead, because there is little data available to assess population viability.
  Without adequate interim and/or long-term monitoring, the effectiveness of any existing or new measures, in terms of creating a self-sustaining, viable steelhead population, will be difficult to assess.

264. Mr. Ramirez pointed out that, during the pre-hearing conference in this proceeding, the FWS recommended monitoring as a critical component of any interim measures.
  In fact, the Districts have applied for permits for studies to characterize resident and anadromous steelhead in the lower Tuolumne River, but the studies have not yet been implemented because NMFS and CDFG have not yet approved the permit applications.

265. Similarly, Mr. Ramirez testified, a monitoring program to identify the effectiveness of physical habitat restoration has been submitted for funding approval to the CDFG.
  Funding for this project, as well as an additional gravel transfusion project that would have benefitted Chinook salmon, has been withheld without explanation by the CDFG.
  Neither project has been implemented. 

266. Mr. Ramirez summed up his testimony by pointing out that, because of the lack of monitoring, it is unknown whether the 1995 Agreement flows were effective and beneficial to salmonids.
  Such monitoring, Mr. Ramirez asserted, could be useful during the relicensing process.

267. Dr. Sunding responded to the Interim Flow Proposal with an analysis of the economic impacts of the resulting water rationing.  Specifically, Dr. Sunding testified that a recent study had demonstrated that a 10% shortage would reduce industrial output by over $0.5 billion and create job losses of over 1,300.
  Economic losses increase relative to increased water shortages, according to Dr. Sunding.

268. Dr. Sunding also testified that the United Nations recommends that the minimum level of water to maintain human survival with basic levels of sanitation is 13.7 gallons of water per person per day, which translates to roughly 34 mgd or 13% of the total water delivered by the CCSF.

269. Finally, Dr. Sunding testified that the impact of potential water rationing on employment and sales in the San Francisco Bay area could range from 3,922 jobs lost (at 10% rationing) to 188,000 jobs lost (at 51% rationing).  Lost sales could range from $1.8 billion (at 10% rationing) to $49 billion (at 51% rationing), or roughly 20% of all economic activity in the region.

IV.
FINDINGS

270. The Project impedes Tuolumne River flows released from upstream reservoirs, and upstream tributary flows.  The operation of the Project not only reduces instream flows, but also changes the times of year when flows peak.  Article 37 minimum flows are below actual Tuolumne flows at La Grange, thereby generally limiting flow availability.  The change in the times of the year that flow levels peak – a result of the Article 37 minimum flow regime – are also a concern because the fish have different flow needs depending on the times of their various life stages.  The life stages of the salmon and steelhead do not always coincide.
     
271. Primary consideration was given to the needs of fall-run Chinook salmon in development of Article 37 flow schedules.  Needs of O. mykiss populations were given some consideration, however.  Anadromous and resident O. mykiss share a co-dependant life history.  Presently, the anadromous form is rare in the Tuolumne River.
   
272. The various life stages of O. mykiss and Chinook salmon require cooler water temperatures.  Increased flows from La Grange decrease water temperature in the Tuolumne River, but it is not known what amount of flow will sufficiently reduce water temperatures. 
 
273. Article 37 flows have provided some benefit to O. mykiss and Chinook salmon by providing increased habitat, increased depth and decreased temperatures, but their numbers have not increased to pre-Project levels.  Anadromous O. mykiss are rare in, and the Chinook salmon population has declined in, the lower Tuolumne.
 
274. O. mykiss can choose between outmigrating to the ocean and remaining in fresh water.  The probability of survival is higher if they do not attempt to outmigrate. Although the increased summer flows required under Article 37 have resulted in higher numbers of O. mykiss overall, it is not clear that additional increases would lead to increased populations of anadromous O. mykiss in the Tuolumne.  O. mykiss may be choosing to stay in the Tuolumne.

275. The Tuolumne Chinook salmon population may be subject to extirpation, but is not at risk of extinction pending relicensing.  Recent declines in Chinook salmon escapement levels are comparable to those occurring in other San Joaquin River tributaries and based on past patterns of high and low spawning returns, escapement levels in the Tuolumne River and other tributaries, are likely to rebound.  More monitoring is needed to determine what factors, in addition to instream flows, are adversely impacting the salmon.
  
276. Salmon and steelhead (the latter to a lesser degree) benefit from seasonal floodplain habitat, but Article 37 minimum flows may not provide adequate inundation of floodplain habitats, especially in drier water years to produce sufficient forage, support growth, or enhance the predator avoidance environment necessary to promote juvenile steelhead survival.


277. Factors outside of the Tuolumne River affect the survival of anadromous O. mykiss and Chinook salmon.  Those factors, among other things, include:  inland, commercial, ocean, and sport harvest; unscreened riparian water diversion; entrainment and predation of outmigrant smolts at state and federal pumping facilities; low dissolved oxygen; lack of suitable habitat in the ship channel; water pollution; hatcheries; and climatic factors affecting ocean food production.  It would not be possible for flow levels to overcome all of these and other out-of-river factors before relicensing. 

278. In determining financial, human, and other costs of implementing the Interim Flow Proposal measures, CCFS and the Districts limited their  analyses to working from the 1987-1992 drought scenario.  Use of this “worst case” scenario is reasonable and is commonly used by drought forecasters.  Other available methodologies could provide some information and may be worth considering, but it is prudent to plan for the worst since it is not possible to predict future droughts with absolute accuracy.
   
279. About 85 percent of the water that CCSF, through SFPUC, provides to about 2.5 million people primarily in the San Francisco Bay Area counties of San Francisco San Mateo, Santa Clara, and Alameda comes from the Tuolumne River. 
  
280. If SFPUC were required to provide additional water to the Districts above the current Article 37 flow schedules as proposed by NMFS/FWS, it would have to reduce the amount of water it could deliver to its wholesale and retail water customers. At current delivery levels and with current water supplies and reservoir storages, the regional water system SFPUC operates on behalf of CCSF can be expected to experience up to a 25 percent shortage, 15 to 20 percent of the time, over multiple-year drought sequences.  Under a 20 percent system-wide reduction, individual wholesale customers could experience up to a 40 percent reduction in deliveries. 
  
281. Under a 41 % rationing scenario, SFPUC would cut back discretionary use first.  Discretionary water use tends to be relatively low in San Francisco so that a greater proportion of reduction would be required in the residential and non-residential sectors to meet rationing levels.  The estimate is that residential per capita consumption would need to be at no greater than 46 gallons per capita per day to minimize total economic loss.  That would allow for no outdoor use and would require reductions in water for bathing, and washing clothes and dishes.  Under a 51 percent rationing scenario, residential use in San Francisco would be restricted to 38 gallons per capita per day, requiring even greater limitations on water use in the home for bathing and washing clothes and dishes.  There would be public health and safety implications.
  
282. If water supplies were unavailable or severely rationed for 10 to 30 days (and possibly as long as 60 days), losses have been estimated as likely being in excess of $28.7 billion in the San Francisco Bay Area, including commercial and industrial losses of at least $14.2 billion.  Lost consumer and producer surplus resulting from water rationing would be significant and have been estimated at:  $471 million annually in the 51% rationing scenario; $314 million at 41 % rationing; $119 million at 20 % rationing; and $53 million at 10 % rationing). 
 
283. If the Districts experience a 35 to 37 percent (or greater) shortage in the amount of water they would normally divert to meet the supply needs of irrigation customers, those irrigation customers would be significantly adversely affected, with significant related adverse impacts on groundwater levels, water quality, cost, and instream flows.  There would be devastating crop and employment losses.

284. Complying with Interim Flow Proposals would reduce the Districts’ ability to maximize the value of their respective shares of the Don Pedro power plant with a resulting loss of energy and capacity at the power plant requiring costly acquisition of replacement capacity and increase in greenhouse gas emission.
  
285. A reduction in MID deliveries of Tuolumne River water to CCSF would result in increased costs to CCSF.  Any alternative sources of surface water acquired by CCSF to offset reductions in deliveries from MID would be far more expensive than the water it currently receives form MID.  Increased groundwater pumping to offset reductions in deliveries from MID would require use of more energy-intensive and costly treatment technologies to reduce salinity in the effluent, with associated brine disposal costs.
 
286. Implementation of the Interim Flow Proposal would result in a significant increase in the cost of energy if the hydrology of water years 1987 and 1988 is repeated over the next two water years (October 1, 2009 though September 30, 2011), and the Districts are required to release additional instream flows to meet the terms of the Interim Flow Proposal.  Energy reliability would also be impacted.
  
287. Reduction in water levels in the Reservoir would reduce community recreation opportunities and DPRA revenues.  If the Reservoir empties down to “dead storage,” recreational usage of the Don Pedro Reservoir would be severely adversely impacted.  Boating, recreational fishing, houseboating, and other recreational uses would be negatively impacted.  Marinas would have to close.
  
288.  SFPUC and the Districts have considered and employed management strategies to address water shortage on an interim and long-term basis.  For example, SFPUC has thoroughly considered groundwater.  It is planning a groundwater conjunctive use project with three of its wholesale customers to provide groundwater during dry years to augment water supply, but construction of the extraction wells is not anticipated before 2014 and wholesale customers who currently pump from this groundwater basin do not have wells with capacity to pump additional water.
    
289. SFPUC has considered desalination, but does not currently own or operate any desalination plants and does not believe it likely it could bring any desalination plant online before 2016.  Neither are water transfers through the Delta a viable option for obtaining more water because of deterioration of the Delta ecosystem with resulting regulatory restrictions.  SFPUC has undertaken a multi-billion dollar improvement program to upgrade its water system

290. The Districts have made improvements to canal lining, including mechanisms to better measure stream flows and allow for more efficient deliveries, and automation to better measure deliveries to farmers and reduce their operation outflows.  Modesto is in the process of designing and constructing three new water tanks and associated pipelines and appurtenances to improve its delivery system.  Modesto has metered half of just over 76,000 service connections that will be billed and read as of January 2010.  The remaining service connections are expected to be installed about 2017.

291. Although this could appear to be a zero-sum game, there are measures aimed at protecting both fish and people that could be tried on an interim basis.  The timing and magnitude of Article 37 flows could be shifted.   More studies could be conducted to determine the effects of increased instream flow releases and other modifications to Project operations on the viability of the fall-run Chinook salmon and steelhead populations in the lower Tuolumne River.  
292. However, implementation of the Interim Flow Proposal measures aimed at promoting effective monitoring of the biological response of the salmon and steelhead populations to the proposed interim flow measures would need to be weighed against possible harm to other water users.

Charlotte J. Hardnett

Presiding Administrative Law Judge
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� 	Id. at 8-9.


� 	Id.


� 	Ex. DIS-28 at 12.  


� 	Ex. FWS-97 at 5.  District witness Noah Hume took the same position (Ex. DIS-15 at 12) and Dr. Mesick offered the same response (Ex. FWS-96 at 6).


� 	Ex. FWS-97 at 5.


� 	Ex. FWS-1 at 1-2.


� 	Id.


� 	Id. at 2.


� 	Id. at 5.


� 	Id. at 6.


� 	Id. at 6-13.


� 	Id. at 6, 8, 13.


� 	Id. at 8.


� 	Id.


� 	Id. at 9.


� 	Id.


� 	Id. at 12-13.


� 	Id. at 13.


� 	Id. at 14.


� 	Id. at 14-17.


� 	Id.


� 	Id. at 16-17.


� 	Ex. CSF-1 at 3, 14-15.


� 	Ex. FWS-95 at 1-3.


� 	Ex. CSF-1 at 16.


� 	Ex. FWS-95 at 5.





� 	Ex. DIS-28 at 3 


� 	Ex. FWS-97 at 1-2.


� 	Id. at 2.


� 	Ex. CSF-13 at 7.


� 	Ex. FWS-106 at 1-2.


� 	Id.


� 	Id. at 4 (citing 16 U.S.C. § 1532(16)).  


�	Id. at 4-5.


� 	Id. at 7-8.


� 	Id. at 8.


� 	Id. at 8-9.


� 	Id. at 9.


� 	Id. at 9-10.


� 	Id. at 10.


� 	Id. at 14.


� 	Id.  at 16.


� 	Id. at 18-19; see also Tr. 165-166.


� 	Ex. NMF-50 at 5-8.


� 	Ex. DIS-15 at 12; Ex. NMF-50 at 8-9.


� 	Ex. DIS-28 at 3; Ex. NMF-49 at 1-2.





� 	Ex. DIS-28 at 6.   





� 	Ex. NMF-49 at 2-3.


� 	Ex. DIS-28 at 8; Ex. NMF-56.


� 	Ex. DIS-28 at 10; Ex. NMF-49 at 5-6.


� 	Ex. DIS-28 at 12; Ex. NMF-49 at 6-7.


� 	Ex. NMF-53 at 1-2.


� 	Ex. NMF-53 at 2-3.


� 	Ex. NMF-48 at 2.  Noah Hume, witness for the Districts, raised a similar argument (Ex. DIS-15) to which Ms. Strange responded in the same way as here (Ex. NMF-50 at 5-6; Ex. NMF-48 at 2-3).


� 	Ex. CSF-1 at 3; Ex. NMF-48 at 3-4.


� 	Ex. NMF-48 at 4-6;  See also Tr. 163-165.


� 	Ex. NMF-51 at 1-3.


� 	Id. at 4; see also Tr. 161-162.


� 	Ex. NMF-51 at 5-6.


� 	Id. at 6-7.


� 	Id. at 7.


� 	Ex. NMF-4 at 4-10.


� 	Ex. NMF-4 at 10-15.  “Unimpaired” refers to the flows that would occur on the Tuolumne absent all man-made adjustments to the river, “Regulated” refers to flow levels at La Grange dam as measured by the USGS gauging station (#11-289650), and Article 37 refers to those flows mandated by the eponymous article of the 1995 Agreement (Ex. NMF-4 at 16).


�	Ex. NMF-52 at 2; Ex. NMF-2 at 2.


� 	Ex. NMF-52 at 4.


� 	Ex. NMF-6 at 2-6.


� 	Id. at 6-8.


� 	Ex. NMF-6 at 8.  Dr. Lindley noted that, unlike Sacramento River Chinook, Tuolumne River Chinook were subject to additional mortality factors due to their need to migrate through the Sacramento River delta in order to reach the Tuolumne (Tr. 321-322, 328-329; Ex. NMF-6 at 10).


� 	Ex. NMF-50 at 2-3.


� 	Ex. CSF-1 at 3, 10; Ex. NMF-48 at 7-8.


� 	Ex. CSF-1 at 5; Ex. NMF-48 at 10.


� 	Ex. CSF-1 at 2.


� 	Id.


� 	Id. at 4-6.


� 	Id. 


� 	Id. at 6.


� 	Id. at 9.


� 	Id. at 5.


� 	Id. at 10.


� 	Id.


� 	Ex. CSF-16 at 4-10; Tr. 336-341, 353-355.


� 	Ex. CSF-1 at 13-14.


� 	Ex. CSF-16 at 1-4.


� 	Tr. 346-349.


� 	Ex. CSF-1 at 14


� 	Id. at 15-16


� 	Id. at 16-17.


� 	Id. at 17.


� 	Id. at 19.


� 	Id. at 19-20


� 	Id. at 21-22.


� 	Ex. CSF-6 at 2-16.


� 	Id. at 16-17.


� 	Id. at 18.


� 	Ex. CSF-25 at 1


� 	Id. at 2.


� 	Tr. 97.  See also Ex. CSF-25 at 4-5.


� 	Id. at 97-98.  See also Ex. CSF-25 at 5-8.


� 	Ex. CSF-10 at 7.


� 	Id. at 8-10.


� 	Id. at 2-5


� 	Ex. CSF-13 at 5.


� 	Id.


� 	Id. at 6-7 


� 	Id. at 7.


� 	Id.


� 	Id. at 7-8.


� 	Id. at 9.


� 	Id. at 9.


� 	Id. at 11.


� 	Id.


� 	Ex. CSF-20 at 4.


� 	Id. at 8-9.


� 	Id. at 9-10.


�  	PP 138, 178 and 200-04. (paragraph numbers reference paragraphs supra in this Final Report). 


� 	PP 2 and 142. 


�	 PP 58, 61, 82, 93-95, 139, 167-74,192,  195 and 203.


� 	PP 49, 177, 179, 198 and 211.


� 	PP 88, 94, 96-97, 105.


� 	PP 75-76, 82-83, 87, 179, 191-192 and 214.


� 	PP 86, 183-85, 188 and 216.


� 	PP 51, 68-69, 71-74, 85, 87, 141, 213, and 220.


� 	PP 114-16, 122, 148-51 and 160-62.


� 	P 221.


� 	PP 52-57, 118, 165, 223, 225 and 226.


� 	PP 55-57, 129, 163-65, 163, 223-224, 226 and 233.


�	P 164.


� 	PP 111, 115-18, and 122.


� 	PP 62-66.


� 	PP 128 and 136-37.


� 	PP 62-66


� 	PP 132-35.


� 	PP 123 and 125-28.


� 	PP  128 and 224; Ex. CSF-6 at 6-8, 9-110.


� 	PP 120, 125-26, 129-31.


� 	PP 50, 55, 57-58, 61, 77-79, 99, 113, 141, 154, 193, 195, 229-31.
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