
































































































































































































































































































































































































































































































































































































































































































26. ILLUSTRATIONS OF SELECTED FISH SPECIES 

The following figures are reproduced from The Fresh and Salt Water Fishes of the World, (Migdalski and 
Fichter, 1976). 

Alewife (Alosa pseudoharengus) American shad (Alosa sapidissima) 

Atlantic salmon (Salmo salar) Bluegill ( Lepomis macrochirus) 

Brook trout (Salvelinusfontinalis) Brown trout (Salmo tnttta) 

Carp (Cyprinus carpio) Channel Catfish (I ctalurus punctatus) 

Chinook salmon (Oncorhynchus tshawytscha) Chum salmon (Oncorhynchus keta) 
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Coho salmon (Oncorhynchus kisutch) Cutthroat trout (Oncorhynchus clarki) 

European eel (Anguilla anguilla) Gizzard Shad (Dorosoma cepedianum) 

Northern Squawfish ( Ptychocheilus oregonensis) Rainbow trout (Oncorhynchus mykiss) 

Shorthorn sculpin (Myoxocephalus scorpius) Sockeye salmon- female (Oncorhynchus nerka) 

Sockeye salmon-male (Oncorhynchus nerka) White sturgeon (Acipenser transmontanus) 

26-2 

Y94 0013 



27. BIBLIOGRAPHY 

Bangor Hydro-Electric Co. 1992. Penobscot River Basin Plan. Bangor, ME. 

Bangor Hydro-Electric Co. 1990. Report for 1989 E\•aluation Studies of Upstream and Downstream 
f Fishway} Facilities at the West Et~field Project. Bangor, ME. 

Bangor Hydro-Electric Cn. February 1991. Evaluation of Upstream and Downstream Fish Passage F acili­
ties at the West Enfield Hydroelectric Project. Bangor, ME. 

Bangor Hydro-Electric Co. December 1991. Evaluation of Upstream and Downstream Fish Passage Facili­
ties at the West Enfield Hydroelectric Project. Bangor. ME. 

Bangor Hydro-Electric Co. 1993a. Number of Hatchery-Reared Atlantic Salmon Released in the Penobscot 
River Drainage-1965-1992. Summary Table. 

Bangor Hydro-Electric Co. l993b. Summary of Penobscot River Total Spawning Run, Angler Catch, and 
Angler Harvest Data for the Period 1968 through 1992. Summary Table. 

Federal Energy Regulatory Commission. 1984. Order issuing license (minor). Project No. 7269-000. 

Baum. E. T. 198:l. The Penobscot River-An Atlantic Salmon River Management Report. Atlantic Sea Run 
Salmon Commission, Bangor, ME. 

Bjomn, T.C. and C.A. Peery. 1992. A Review of Literature Related to Movements of Adult Salmon and Steel­
head Past Dams and Through Reservoirs in the Lower Snake River. Technical Report 92-1, U.S. Army 
Corps of Engineers. Walla Walla District. Walla Walla, WA. 

Bjomn. T.C .• R.R. Ringe, K.R. Tolotti, P.J. Keniry, J.P. Hunt, C.J. Knutsen, and S.M. Knapp. 1992. Migra­
tion of Adult Chinook Salmon and Steelhead Past Dams and Through Reservoirs in the Lower Snake 
River and into Tributaries-1991. Draft Technical Report 92-2. U.S. Army Corps of Engineers, Walla 
Walla District, Walla Walla, WA. 

Cada, G. F.. and M. J. Sale. 1993. "Status of Fish Passage Facilities at Nonfederal Hydropower Projects." 
Fisheries 18, 7, pp. 4--12. 

Central Maine Power Company. 1988. "Fact Sheet, Brunswick Hydroelectric Station (on the Androscoggin 
River)-Brunswick-Topsham, Maine." Augusta, ME. May 24, 1988. 

Chas. T. Main, Inc. Engineers. 1977. "General Plan-Brunswick Project" (Central Maine PowL ·.Augusta, , 
Maine). FERC Exhibit L, Sheet 1, Drawing 2284-4. Boston, MA. September 30, 1977. 

Chas. T. Main, Inc. Engineers. 1977. HFishway Details-Brunswick Project (Central Maine Power, 
Augusta. Maine). FERC Exhibit S, Sheet 2, Drawing 2284-9. Boston, MA. September 30, 1977. 

Chas. T. Main, Inc. Engineers. 1981. Fishway: General Arrangement, Downstream Fish Passage­
Brunswick Project'' (Central Maine Power, Augusta, Maine). Drawing 607-49-550 (As-Built). Bos­
ton, MA. February 11, 1981. 

Clark, D.E. and D.P. Cramer. 1993. Evaluation of the Downstream Migrant Bypass System-T. W. Sullivan 
Plant, Willamette Falls. Progress Report for 1991-1992, Portland General Electric, Portland, OR. 

27-1 



Cramer, D.P. 1993. Portland General Electric, Portland. OR. Personal communication. 

Cunningham, C. 1985 ... The Lowell Hydroelectric Project: A Case Study," Waterpower '85. Anlnterna~ 
tiona/ Conferenn~ on Hydropo"·er. pp. 1648-1657. American Society of Civil Engineers, New York. 
NY. 

DeLisle, C. and P. Dunbar. 1992. "Progress is Made in Restoration of the Susquehanna River." Power Plant 
Update 4. I. Power Plant Research Program, Maryland Department of Natural Resources. 

Dexter, J. 1993. Michigan Department of Natural Resources, 621 North Tenth. St. Plainfield, MI. 49080. 
Personal communication. 

Douglas County Public Utility District. East Wenatchee. WA. 1991. /990 Annual Report. 

Dumont. M.F. and P.S. Foote. 1993 ... Development of a Mathematical Model for Prediction of Shad Pop­
ulation Growth on the Susquehanna River." Waterpower '93: Proceedings of the International 
Conference on Hydropower, pp. 186-196. W.O. Hall (ed. ), American Society of Civil Engineers, New 
York. NY. 

EA Engineering, Science, and Technology. 1990. A Study of the Aquatic Insects of the Lower McKen:ie 
River, Oregon. Prepared for the Eugene Water and Electric Board. Lafayette, CA. 

EA Engineering. Science, and Technology. 1991. Leaburg/Walterville Hydroelectric Project. Re/icense 
Application to the Federal Energy Regulatory Commission. Volume II. Exhibit E. Lafayette, CA. 

E. C. Jordan Co. Consulting Engineers. 1987. West Enfield Hydroelectric Project (Bangor-Pacific Hydro 
Association). Portland. ME. 

Electric Power Research Institute (EPRI). 1986. Assessment of Downstream Migrant Fish Protection 
Technologies for Hydroelectric Application. EPRI AP-4711. Electric Power Research Institute, Palo 
Alto, CA. 

Electric Power Research Institute (EPRI). In Press. Research Update on Fish Protection Technologies for 
Water Intakes. Electric Power Re~"'~"':h Institute. Palo Alto, CA. 

Federal Energy Regulatory Commission. 1990. Fish Bypass Screen Evaluation. Twin FaJls hydroelectric 
project, Federal Energy Regulatory Cornrnisstnn project No. 4885-WA. Twin Falls Hydro Association. 
Submitted August 1990, Hosey & Associates In:., Bellevue, WA. 

Feder? I Energy Regulatory Commission. 1990. Pre-projtN Aquatic Mitigation Results 1984-1989. Twin 
Falls hydroelectric project. Federal Energy Regulatory Commission project No. 4885-WA. Twin Falls 
Hydro Association. Submitted July 1990, Hosey & Associates Inc., Bellevue. WA. 

Federal Energy Regulatory Commission. 1990. Wells Darn settlement agreement. Project No. 2 149, Docket 
No. E-9569. 

Federal Energy Regulatory Commission. 1991. Annual Electric Control and Planning Area Report For Year 
Ending December 31, 1991. Public Utility District No. 1 of Chelan County, Washington State. Form 
Federal Energy Regulatory Comrnission-714( 1991 ). 

Federal Energy Regulatory Commission. 1991. 1990 Aquatic Mitigation Plan Results. Twin Falls hydro­
electric project, Federal Energy Regulatory Commission project No. 4885-WA. Twin Falls Hydro 
Association. Submitted April 1991, Hosey & Associates Inc .• Bellevue, WA. 

27-2 



Federal Energy Regulatory Commission. 1992. uorder approving as-built exhibits and revising annual 
charges." Federal Energy Regulatory Commission project No. 4885-029. Federal Energy Regulatory 
Commission. Issued October 26. 1992. 

Federal Energy Regulatory Commission. 1993. Staff Analysis of Recommendations for Protection and 
Enhancement of Fishery Resources at the Cresct:·nt [#4678] and Vischer Ferry [#4679] Hydroelectric 
Projects. Federal Energy Regulatory Commission Division of Project Compliance and Administra­
tion, for the New York Power Authority. dated July 7, 1993. 

Ferguson, J. 1991. uRelative Survival of Juvenile Chinook Salmon through Bonneville Dam on the 
Columbia River." Waterpower '91, Proceedings of the International Conference on Hydropower, 
pp. 308-317. Denver, CO. 

Ferguson, J. W. 1992. uAnalyzing Turbine Bypass Systems at Hydro Facilities." Hydro Review. June 1992. 
pp. 46-56. 

Foote, P.S., M.F. Dumont, and R.B. Domermuth. 1993. "The Role of Hydroelectric Project Owners in the 
Restoration of American Shad to the Susquehanna River." Waterpo»'er '93, Proceedings of the 
International Conference on Hydropower, pp. 197-207. W.O. Hall (ed.). American Society of Civil 
Engineers, New York, NY. 

Giorgi, A.E. and C.W. Sims. 1987. "'Estimating the Daily Passage of Juvenile Salmonids at McNary Dam on 
the Columbia River." North American Journal of Fishery Management, 7. pp. 215-222. 

Heisey, P.G., D. Mathur, and T. Rineer. 1992. "'A Reliable Tag-Recapture Technique for Estimating Turbine 
Passage Survival: Application to Young-of-the-Year American Shad (Alosa sapidissima)." Canadian 
Journal of Fisheries and Aquatic Sciences. 49. pp. 1826-1834. 

Hunn. R.C. 1985. '"Case Study: Determining lnstream Flow Requirements for the Arbuckle Mountain 
Hydroelectric Project." Symposium on Small Hydropower and Fisheries, pp. 223-230. F.W. Olson, 
R.G. White, and R.H. Hamre (eds.). American Fisheries Society, Bethesda, MD. 

Hurson, D. 1993. U.S. Corps of Engineers. Walla Walla, WA. Personal communication. 

Klinge, R. 1993. "Public Utility District No.I of Douglas County." East Wenatchee. WA. Personal commu­
nication. 

Kolstad, C.D .• and J.B. Braden. 1991. '"Environmental Demand Theory:· Measuring the Demand for Envi­
ronmental Quality, J.B. Braden and C.D. Kolstad (eds.) (Amsterdam: North-Holland), pp. 17-39. 

Kudera, E.A. et al. 1992. Evaluation of the Smolt Bypass System at Wells Dam in 1991. Final Report. 
BioSonics Inc. April 8, 1992. 

Ledgerwood, R.D., G.A. Swan, and R.F. Krcma. 1987. Fish Guiding Efficiency of Submersible Tra\·eling 
Screens at Lower Monumental Dam-1986. Annual Report to U.S. Army Corps of Engineers and the 
National Marine Fisheries Service, Seattle, WA. 

Little Falls Hydroelectric Associates (LFHA). 1991a. 1990 Blueback Herring Downstream Migration 
Report. September 7-November 30, 1990. LFHA, Woodcliff Lake, NJ. 

Little Falls Hydroelectric Associates (LFHA). 1991 b. Final Mitigation Plan for Blueback Herring at the 
Little Falls Hydroelectric Project, Federal Energy Regulatory Commission No. 3509. LFHA. 
Woodcliff Lake, NJ. 

27-3 



Loder, R.T. and M.W. Erho. 1970 ... Fish Facilities." Cil'il Engineering-American Society of Ch•il Engi­
neers, pp. 65-66, October 1970. 

Loomis, J .B. 1989 ... Estimation of and Variation in Site Specific Marginal Values for Recreational 
Fisheries." Journal ofEnvironmental Management, 29, pp. 183-191. 

Maine Department of Inland Fisheries and Game. 1967. Fishery Management in the Amlroscoggin River. 
Fisheries Research Bulletin No. 7. Augusta, ME . 

.\1aine Department of Marine Resources. 1983. Fishery Management Plan for the Lower Androscoggin 
Ril·er. Augusta, ME. 

Maine Department of Marine Resources. 1984. AndroscORRin River Anadromous Fish Restoration. 1983 
Program Results, Report on the Operation of the Brunswick Fishway. Augusta, ME. 

Maine Department of Marine Resources. 1991. Androscoggin River Anadromous Fish Restoration, Pro­
gram Results, 1983-1990. Augusta, ME. 

Maine Department of Marine Resources. 1992. Androscoggin River Fish Enhancement, Project Summary, 
July I, 1991-.lune 30, 1992. Augusta, ME. 

Maine Department of Marine Resources, Anadromous Fish Division. 1990. Brunswick Fishl-·vay 
Report-1989. Augusta, ME. 

M~ine Department of Marine Resources, Anadromous Fish Division. 1992a. Brunswick Fishway 
Report-1990. Augusta, ME. 

Maine Department of Marine Resources, Anadromous Fish Division. 1992b. Brunswick Fishway 
Report-1991. Augusta. ME. 

McCoy, G.A. 1992. A Regulatory Guide to Permitting and Licensing in Idaho, Montana, Oregon, and 
Washington. Bonneville Power Administration, Portland, Oregon. DOE/BP-2016. 

McElroy, W.F. 1990. Susquehanna Power Company, personal communication with M.J. Sale, Oak Ridge 
National Laboratory, Oak Ridge, TN, December 12, 1990. 

Michener Associates Inc. 1985. "Development site plans and miscellaneous details," Jim Boyd Hydroelec­
tric Project. 

Migdalski, E.C., and G.S. Fichter. 1976. The Fresh and Salt Water Fishes of the World. New York: Vineyard 
Books. 

Moyle, P.B. 1976./nlar.J Fishes of California. Berkeley: University of California Press. 

Nettles, D.C. and S.P. Gloss. 1987. "Migration of Landlocked Atlantic Salmon Smolts and Effectiveness of 
a Fish Bypass Structure at a Small-Scale Hydroelectric Facility." North American Journal of Fisheries 
Management, 7. pp. 562-568. 

Oregon Department of Fish and Wildlife. 1988. McKenzie Subbasin Fish Management Plan. Published 
Management Document. Portland, OR. 

27-4 



Ott, R.F. 1986. Letter to R.T. Hunt, Office of Hydropower Licensing, Federal Energy Regulatory Commis­
sion, Washington, D.C., December 29, 1986. 

Ott, R.F. 1990. "'Fisheries Monitoring-Arbuckle Mountain Project-Federal Energy Regulatory Com­
mission No. 7178." Letter to D. Hoopaugh, California Department of Fish and Game, Redding, CA, 
January 4, 1990. 

Ott, R.F. and D.P. Jarrett. 1992. "Airburst Fish Screen Cleaning System for Twin Falls Hydroelectric Proj­
ect." Presentation at Northwest Hydro Association Annual Meeting, January 27-30, 1992. 

Ott Water Engineers, Inc. 1988. Inexpensive Cross-Flow Hydropower Turbine At Arbuckle Mountain 
Hydroelectric Project. Redding, CA. 

Patrick, J.G. 1970. "Dam Combines Spillway and Powerhouse.'' Civil Engineering-American Society of 
Civil Engineers, pp. 61-63, October 1970. 

Payne, T.R. 1984. Memorandum to Richard Hunn, Ott Water Engineers, Inc., Redding, CA, May 12, 1984. 

Power Plant Research Program (PPRP). 1991. Power Plant Research Program. PPER-CEIR-7, Maryland 
Department of Natural Resources, Annapolis, MD. 

Rabone, G. 1993. Southern California Edison. Personal communication. 

Raymond, H.L. 1979. "Effects of Dams and Impoundments on Migrations of Juvenile Chinook Salmon and 
Steelhead from the Snake River, 1966 to 1975." Transactions of the American Fisheries Society, 180, 
6, pp. 505-529. 

RMC Environmental Sciences, Inc. 1992. Effect of Little Fails Hydro Operations on Emigration of Radio 
Tagged Adult Blueback Herring. Prepared for Little Falls Hydroelectric Associates, Woodcliff Lake, 
NJ. 

Sale, M.J., G.F. Cada, L.H. Chang, S.W. Christensen, S.F. Railsback, J.E. Francfort, B.N. Rinehart, and 
G.L. Sommers. 1991. Environmental Mitigation at Hydroelectric Projects. Volume 1. Current Prac­
tices for lnstream Flow Needs, Dissolved Oxygen, and Fish Passage. DOE/ID-10360. U.S. Depart­
ment of Energy, Idaho Field Office, Idaho Falls, ID. 

Samples, K.C., and R.C. Bishop. 1985. "Estimating the Value of Variations in Anglers' Success Rates: An 
Application of the Multiple-Site Travel Cost Method." Marine Resource Economics, 2, pp. 55-74. 

Seelbach, P.W. 1992. Survival and Contribution of Hatchery Steelhead Stocked in Large Warmwater Rivers 
in Southern Michigan. Study Performance Report for Project No. F-35-R-17, Study No. 622. 
Michigan Department of Natural Resources, Ann Arbor, MI. 

Simms, F. 1993. American Electric Power, 1 Riverside Plaza, Columbus, OH. Personal communication. 

Smith, E.M., R.H. Williams and J.C. Zakel. 1982. Willamette River Salmon Studies, Progress Report for 
1982. Oregon Department of Fish and Wildlife, Research and Development Section, Corvallis, OR. 

St. Pierre, R. 1993. U.S. Fish and Wildlife Service. Personal communication. 

Steiner Environmental Consulting (SEC). 1990. Effects of Operations on Upper Eel River Anadromous 
Salmonids, 1988-89 Progress Report. Potter Valley Project Monitoring Program (Federal Energy 

27-5 



Regulatory Commission No. 77, Article 39). Prepared for Pacific Gas and Electric Company, San 
Ramon, CA. 

Steiner Environmental Consulting (SEC). 1992. Effects of Operations on Upper Eel River Anadromous 
Salmonids, 1990-91 Progress Report. Potter Valley Project Monitoring Program (Federal Energy 
Regulatory Commission No. 77, Article 39). Prepared for Pacific Gas and Electric Company, San 
Ramon, CA. 

Stolte, L. 1993. U.S. Fish and Wildlife Service. Personal communication. 

Stone & Webster Engineering Corporation. 1991. Evaluation of the Eicher Screen at Elwha Dam: Sprint( 
1990 Test Results. GS/EN-7036, Research Project 2694-78. Electric Power Research Institute, Palo 
Alto, CA. 

Sumerix, L. 1992. "Fish Ladder's Upstream Fight to Completion." South Bend Tribune, October 4, p. A 17. 

Susquehanna River Anadromous Fish Restoration Committee (SRAFRC). 1992. Restoration of American 
Shad to the Susquehanna River-Annual Progress Report. U.S. Fish and Wildlife Service, Harrisburg, 
PA. 

Swan, G.A., R.F. Kroma, and F. Ossiander. 1983. Studies to Improve Fish Guiding Efficiency of Traveling 
Screens at Lower Granite Dam. National Marine Fisheries Service. Seattle, WA. 

Turner, A.R. Jr., J.R. Kuskie, Jr., and K.E. Kostow. 1984. Evaluations of Adult Fish Passage at Ice Harbor 
and Lower Monumental Dams, /982. U.S. Army Corps of Engineers, Portland District, Portland, OR. 

University of Maine. 1992. Benefit-Cost Analysis of Atlantic Salmon Restoration on the Penobscot River. 
Department of Agricultural and Resource Economics. Orono, ME. 

U.S. Army Corps of Engineers (COE). 1988a. Hydraulic Evaluation of Adult Fish Passage Facilities at 
Little Goose, Lower Monumental, and McNary (South Shore) Dams. Walla Walla District, Walla 
Walla, WA. 

U.S. Anny Corps of Engineers (COE). 1988b. Lower Monumental Lock and Dam, Washington--Juvenile 
Fish Guiding Efficiency Study Feasibility Report. Walla Walla District, Walla Walla, WA. 

U.S. Army Corps of Engineers (COE). 1989. "Lower Monumental Lock and Dam, Lake Herbert G. West, 
Washington-Permanent Juvenile Fish Facilities." Feature Design Memorandum No. 37. Walla Walla 
District, Walla Walla, WA. 

U.S. Department of Energy (DOE). 1988./nexpensive Cross-Flow Hydropower Turbine at Arbuckle Moun­
tain Hydroelectric Project. DOE/ID-12481-l. Idaho Operations Office, Idaho Falls, ID. 

U.S. Fish and Wildlife Service (USFWS). 1991. American Shad Restoration in the Northeast- 1991 Annual 
Report. Newton Corner, MA. 

U.S. General Accounting Office (GAO). 1990. Hydroelectric Dams-Issues SurroundinJ? Columbia River 
Basin Juvenile Fish Bypasses. GAO/RDED-90-180. Washington, D.C. 

Williams, J.G. 1989. usnake River Spring and Summer Chinook Salmon: Can They Be Saved?" Regulated 
Rivers, 4, pp. 17-26. 



Appendix A 

Federal Energy Regulatory Commission 
Mitigation Frequencies 

A-1 



Table A-1. National mitigation frequencies. The "Plants with mitigation" columns may be lower than the sum of the columns to the left because 
several mitigation methods may be present at a single hydropower plant. 

Upstream fish passage Downstream fish passage 

Plants licensed Trap& Plants with Angled Light/ Plants with 
per period hauling Ladders Elevator Others mitigation Bypass barrack Screens sound Others mitigation 

AU years 

1 ,825 plants 20 108 8 61 174 64 40 138 3 40 238 

% 1.1 5.9 0.4 3.3 9.5 3.5 2.2 7.6 0.2 2.2 13.0 

Pre-1970 

441 plants 9 25 2 12 38 14 1 21 1 8 35 

> 24.2% 2.0 5.7 0.5 2.7 8.6 3.2 0.2 4.8 0.2 1.8 7.9 
I 

w 
1970-1977 

79 plants 8 0 0 9 2 0. 0 4 

4.3% 1.3 10.1 0 0 11.4 2.5 1.3 1.3 0 0 5.1 

1978-1985 

986 plants 9 54 6 40 100 28 27 91 0 22 143 

54.0% 0.9 5.5 0.6 4.1 10.1 2.8 2.7 9.2 0 2.2 14.5 

1986-1993 

319 plants 1 21 0 9 27 20 11 25 2 10 56 

17.5% 0.3 6.6 0 2.8 8.5 6.3 3.4 7.8 0.6 3.1 17.6 



Table A-2. Atlanta region mitigation frequencies. The "Plants with mitigation" columns may be lower than the sum of the columns to the left 
because several mitigation methods may be present at a single hydropower plant. 

Upstream fish passage Downstream fish passage 

Plants licensed Trap& Plants with Angled Light/ Plants with 
per period hauling Ladders Elevator Others mitigation Bypass barrack Screens sound Others mitigation 

All years 

204 plants 0 0 1 18 19 3 15 2 0 6 24 

% 0 0 0.5 8.8 9.3 1.5 7.4 l.O 0 2.9 11.8 

Pre-1970 

68 plants 0 0 0 1 0 0 0 0 0 0 

;:p. 33.3% 0 0 0 1.5 1.5 0 0 0 0 0 0 
I 

,::,.. 
1970-1977 

12 plants 0 0 0 0 0 0 0 0 0 0 0 

5.9% 0 0 0 0 0 0 0 0 0 0 0 

1978-1985 

104 plants 0 0 14 15 2 15 2 0 5 22 

51.0% 0 0 1.0 13.5 14.4 1.9 14.4 1.9 0 4.8 21.2 

1986-1993 

20 plants 0 0 0 3 3 0 0 0 2 

9.8% 0 0 0 15.0 15.0 5.0 0 0 0 5.0 10.0 



Table A-3. Chicago region mitigation frequencies. The "Plants with mitigation" columns may be lower than the sum of the columns to the left 
because several mitigation methods may be present at a single hydropower plant. 

Upstream fish passage Downstream fish passage 

Plants licensed Trap& Plants with Angled Light/ Plants with 
per period hauling Ladders Elevator Others mitigation Bypass barrack Screens sound Others mitigation 

All years 

232 plants 0 5 0 0 5 0 0 0 0 0 0 

% 0 2.2 0 0 2.2 0 0 0 0 0 0 

Pre-1970 

78 plants 0 0 0 0 0 0 0 0 0 0 0 

> 33.6% 0 0 0 0 0 0 0 0 0 0 0 
I 

Vt 1970-1977 

24 plants 0 0 0 1 0 0 0 0 0 0 

10.3% 0 4.2 0 0 4.2 0 0 0 0 0 0 

1978-1985 

77 plants 0 2 0 0 2 0 0 0 0 0 0 

33.2% 0 2.6 0 0 2.6 0 0 0 0 0 0 

1986-1993 

53 plants 0 2 0 0 2 0 0 0 0 0 0 

22.8% 0 3.8 0 0 3.8 0 0 0 0 0 0 



Table A-4. New York region mitigation frequencies. The "Plants with mitigation" columns may be lower than the sum of the colunms to the left 
because several mitigation methods may be present at a single hydropower plant. 

Upstream fish passage Downstream fish passage 

Plants licensed Trap& Plants with Angled Light/ Plants with 
per period hauling Ladders Elevator Others mitigation Bypass bar rack Screens sound Others mitigation 

All years 

633 plants 9 35 4 5 51 38 16 43 3 18 103 

% 1.4 5.5 0.6 0.8 8.1 6.0 2.5 6.8 0.5 2.8 16.3 

Pre-1970 

112 plants 3 5 10 6 0 2 10 

~ 
17.7% 2.7 4.5 0.9 0.9 8.9 5.4 0 0.9 0.9 1.8 8.9 

I 

0\ 1970-1977 

!8 plants 1 0 0 2 2 0 1 0 0 3 

2.8% 5.6 5.6 0 0 11.1 ILl 0 5.6 0 0 16.7 

1978-1985 

368 plants 5 22 3 3 3t 18 7 33 0 9 58 

58.1% 1.4 6.0 0.8 0.8 8.4 4.9 1.9 9.0 0 2.4 15.8 

1986-1993 

135 plants 0 7 0 8 12 9 8 2 7 32 

21.3% 0 5.2 0 0.7 5.9 8.9 6.7 5.9 1.5 5.2 23.7 



TableA-5. Portland region mitigation frequencies. The "Plants with mitigation" columns may be lower than the sum of the columns to the left 
because several mitigation methods may be present at a single hydropower plant. 

Upstream fish passage Downstream fish passage 

Plants licensed Trap& Plants with Angled Light/ Plants with 
per period hauling Ladders Elevator Others mitigation Bypass barrack Screens sound Others mitigation 

All years 

306 plants l1 44 2 32 69 21 5 57 0 14 69 

% 3.6 14.4 0.7 10.5 22.5 6.9 1.6 18.6 0 4.6 22.5 

Pre-1970 

73 plants 6 18 1 8 23 8 1 10 0 6 15 

)> 23.9% 8.2 24.7 1.4 11.0 31.5 11.0 1.4 13.7 0 8.2 20.5 
I 
-J 

1970-1977 

8 plants 0 1 0 0 1 0 0 0 0 0 0 

2.6% 0 12.5 0 0 12.5 0 0 0 0 0 0 

1978-1985 

185 plants 4 16 1 19 34 7 4 37 0 6 42 

60.5% 2.2 8.6 0.5 10.3 18.4 3.8 2.2 20.0 0 3.2 22.7 

1986-1993 

40 plants 9 0 5 11 6 0 10 0 2 12 

13.1% 2.5 22.5 0 12.5 27.5 15 0 25.0 0 5.0 30.0 



Table A-6. San Francisco region mitigation frequencies. The "Plants with mitigation'' columns may be lower than the sum of the colwnns to the 
left because several mitigation methods may be present at a single hydropower plant. 

Upstream fish passage Downstream fish passage 

Plants licensed Trap& Plants with Angled Light/ Plants with 
per period hauling Ladders Elevator Others mitigation Bypass barrack Screens sound Others mitigation 

All years 

450 plants 0 24 6 30 2 4 36 0 2 42 

fk 0 5.3 0.2 1.3 6.7 0.2 0.9 8.0 0 0.4 9.3 

Pre-1970 

110 plants 0 2 0 2 4 0 0 JO 0 0 10 

> 24.4% 0 1.8 0 1.8 3.6 0 0 9.1 0 0 9.1 
I 
oc 1970-1977 

17 plants 0 5 0 0 5 0 0 0 0 

3.8% 0 29.4 0 0 29.4 0 5.9 0 0 0 5.9 

1978-1985 

252 plants 0 14 4 18 19 0 2 21 

56.0% 0 5.6 0.4 1.6 7.1 0.4 0.4 7.5 0 0.8 8.3 

1986--1993 

71 plants 0 3 0 0 3 2 7 0 0 lO 

15.8% 0 4.2 0 0 4.2 1.4 2.8 9.9 0 0 14.1 




