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Topics

1. Overview
2. Large lock and filling culverts
3. Saltwater drain and diffuser well
4. Predation
5. LWSC water quality study
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Locks exit pathway - Chinook salmon

from Caledonia et al. 2011
0%: fish ladder & saltwater drain
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Large Lock
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Large lock issues
 Attracts juvenile salmon and other fish 

species into filling culverts
►High velocity, sharp turns, narrow openings, 

gates, and barnacles
►‘Mini-flushing’ procedure (ended 1990s)
►Strobe light failure

 Results in injured and dead smolts
►Predators (seagulls, others?) capture injured 

fish
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Filling culverts

7



BUILDING STRONG®

Smolt flumes
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- Installed in 2000
- Attracts smolts away 
from the large lock
- Provides a surface 
water outlet

- Conserves water relative to spillway use which 
allows for surface oriented fish passage during 
smolt emigration season

- Since 2013 began to maximize use of available 
water by using entire authorized lake elevation
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regressions

		



6 ft



% passage and volume plots

		



4 ft



volumes

		



2 ft



				Flume volume																Flume volume								Flume volume

		Date		Total				DATE		% flume passed								DATE		Total		% flume passed				DATE		Total		% flume passed																												yr 2000		flume vol				yr 2000

								with interp days										without interp days								without interp days and sorted by cfs																																		Total				prop passage						combined years and sorted										combined both years

																																																																																cfs range		mean %		stdev		N		95% confi

		17-Apr		241.5057512																																																																				Flume volume				volume

		18-Apr		293.2575565712				18-Apr																																																		23-May		338.44		99.4886954263		99.49%						DATE		Total		% flume passed		cms				< 131		49.4679138126		37.5443399667		38		11.9371531702

		19-Apr		332.3127083333				19-Apr																																																		24-May		338.44		99.4518929558		99.45%						without interp days and sorted by cfs										131-260		91.9639988603		18.04990528		25		7.0754328546

		20-Apr		357.1338275				20-Apr																																																		26-May		338.44		65.2513780621		65.25%																> 260		96.6854512734		7.6387985492		57		1.9830593863

		21-Apr		356.4459258333				21-Apr																												only 2001																						27-May		338.44		99.5440657706		99.54%						26-Jul		32.005749375		0		0.9057627073

		22-Apr		357.4286425				22-Apr																																																		30-May		236.78		99.1157558512		99.12%						06-Jul-00		42.66		53.6481971571		1.207278				1-100		43.0498175319

		23-Apr		357.4286425				23-Apr																												cfs range		mean %		stdev		95% confi																31-May		180.17		96.2040142682		96.20%						08-Jul-00		42.66		83.4830817828		1.207278				> 100 - 200		86.5181925115

		24-Apr		358.3130875				24-Apr		92.8696368658				92.8696368658		4/24		24-Apr		358.3130875		92.8696368658				26-Jul		32.005749375		0																												1-Jun		387.5		98.445826858		98.45%						09-Jul-00		42.66		68.4645599842		1.207278				> 200 - 300		96.0252036146

		25-Apr		357.0846916667				25-Apr		98.7367959126				98.7367959126		4/25		25-Apr		357.0846916667		98.7367959126				5-Aug		55.32675		0						< 130		47.5		39.5641982521		13.7080434162																4-Jun		338.44		99.0932609439		99.09%						07-Jul-00		43.16		56.3955205844		1.221428				> 300		96.3350192127

		26-Apr		358.4113591667				26-Apr		94.6414890261				94.6414890261		4/26		26-Apr		358.4113591667		94.6414890261				4-Aug		55.523295		0						131-260		94.5		11.8507785607		4.9520341814																6-Jun		338.44		99.1158867466		99.12%						5-Aug		55.32675		0		1.565747025

		27-Apr		303.6236953125				27-Apr		98.9788063214				98.9788063214		4/27		27-Apr		303.6236953125		98.9788063214				2-Aug		55.916385		27.1335104808						> 260		96.4		8.5703255808		3.0667952678																7-Jun		338.44		98.3981718011		98.40%						4-Aug		55.523295		0		1.5713092485				to 50		52.3982719017

		28-Apr		241.0917016667				28-Apr		0				96.9212295477		4/29		29-Apr		241.9761429167		96.9212295477				3-Aug		55.916385		1.0164057122																												8-Jun		338.44		97.3071246106		97.31%						2-Aug		55.916385		27.1335104808		1.5824336955				51-100		41.3186222782

		29-Apr		241.9761429167				29-Apr		96.9212295477				99.612163308		4/30		30-Apr		240.7570517708		99.612163308				1-Aug		56.309475		0																												9-Jun		289.09		98.6099698068		98.61%						3-Aug		55.916385		1.0164057122		1.5824336955				101-150		84.3588532749

		30-Apr		240.7570517708				30-Apr		99.612163308				99.2338724111		5/1		1-May		247.5804526087		99.2338724111				27-Jul		56.702565		1.8719739966																												10-Jun		338.44		99.4834414593		99.48%						1-Aug		56.309475		0		1.5935581425				151-200		92.9962102215

		1-May		247.5804526087				1-May		99.2338724111				99.1648978044		5/2		2-May		336.6065321267		99.1648978044				30-Jul		56.702565		5.8025676362																												12-Jun		345		99.552949164		99.55%						27-Jul		56.702565		1.8719739966		1.6046825895				201-250		97.8424490352

		2-May		336.6065321267				2-May		99.1648978044				99.7908536464		5/3		3-May		266.7338680599		99.7908536464				31-Jul		56.702565		3.8873378803																												13-Jun		331.87		98.8497845322		98.85%						30-Jul		56.702565		5.8025676362		1.6046825895				251-300		94.4675646827

		3-May		266.7338680599				3-May		99.7908536464				99.8750489792		5/4		4-May		260.6149233333		99.8750489792				28-Jul		56.89911		11.0994510817																												14-Jun		331.87		99.7980495032		99.80%						31-Jul		56.702565		3.8873378803		1.6046825895				301-350		97.1305655126

		4-May		260.6149233333				4-May		99.8750489792				90.3308081191		5/5		5-May		388.9738475		90.3308081191				29-Jul		56.89911		15.8816347412																												15-Jun		345		99.2576047523		99.26%						28-Jul		56.89911		11.0994510817		1.610244813				> 350		95.0975027462

		5-May		388.9738475				5-May		90.3308081191				99.006243558		5/6		6-May		387.4506366667		99.006243558				23-Jul		57.2922		37.5466852945																												16-Jun		345		99.3162483969		99.32%						29-Jul		56.89911		15.8816347412		1.610244813

		6-May		387.4506366667				6-May		99.006243558				99.2726261152		5/7		7-May		383.4431940625		99.2726261152				24-Jul		57.2922		24.7249446789																												17-Jun		345		99.5002699543		99.50%						23-Jul		57.2922		37.5466852945		1.62136926

		7-May		383.4431940625				7-May		99.2726261152				99.8428205386		5/8		8-May		386.3205125		99.8428205386				25-Jul		57.2922		18.2370290222																												19-Jun		345		97.0501413294		97.05%						24-Jul		57.2922		24.7249446789		1.62136926

		8-May		386.3205125				8-May		99.8428205386				99.7722787409		5/9		9-May		385.3377958333		99.7722787409				22-Jul		57.68529		16.3814393328																												20-Jun		345		98.090470204		98.09%						25-Jul		57.2922		18.2370290222		1.62136926

		9-May		385.3377958333				9-May		99.7722787409				99.8707230477		5/10		10-May		383.4706341667		99.8707230477				20-Jul		57.881835		30.3240538665																												21-Jun		345		98.7793346777		98.78%						22-Jul		57.68529		16.3814393328		1.632493707

		10-May		383.4706341667				10-May		99.8707230477				99.9077378504		5/11		11-May		300.8714248437		99.9077378504				18-Jul		58.47147		90.9398946681																												22-Jun		338.44		98.5093613967		98.51%						20-Jul		57.881835		30.3240538665		1.6380559305

		11-May		300.8714248437				11-May		99.9077378504				99.734094276		5/12		12-May		256.9788870833		99.734094276				19-Jul		58.47147		55.5340032842																												23-Jun		331.87		99.781312213		99.78%						18-Jul		58.47147		90.9398946681		1.654742601

		12-May		256.9788870833				12-May		99.734094276				98.1530109197		5/14		14-May		257.8769873177		98.1530109197				17-Jul		58.668015		59.7306689835																												25-Jun		331.87		97.5416032356		97.54%						19-Jul		58.47147		55.5340032842		1.654742601

		13-May		256.9133729167				13-May		0				94.2906892542		5/15		15-May		336.3883704687		94.2906892542				9-Jun		63.41472		62.3312154727																												26-Jun		325.31		97.4385285708		97.44%						17-Jul		58.668015		59.7306689835		1.6603048245

		14-May		257.8769873177				14-May		98.1530109197				99.6841648734		5/16		16-May		382.11939875		99.6841648734				16-Jul		77.17326		63.4010046044																												27-Jun		318.75		92.5266376638		92.53%						5-Jul		62.34		79.8727151559		1.764222

		15-May		336.3883704687				15-May		94.2906892542				53.9859636495		5/17		17-May		385.28866		53.9859636495				15-Jul		94.9866		35.7532376543																												28-Jun		318.75		94.1874897534		94.19%						9-Jun		63.41472		62.3312154727		1.794636576

		16-May		382.11939875				16-May		99.6841648734				99.3882042693		5/18		18-May		384.1094		99.3882042693				14-Jul		95.62737		97.2678752919																												29-Jun		261.88		94.3092223952		94.31%						16-Jul		77.17326		63.4010046044		2.184003258

		17-May		385.28866				17-May		53.9859636495				88.7160910738		5/19		19-May		390.0057		88.7160910738				13-Jul		96.588525		90.9172649431																												30-Jun		149.53		23.7437791829		23.74%						15-Jul		94.9866		35.7532376543		2.68812078

		18-May		384.1094				18-May		99.3882042693				98.8965653937		5/21		21-May		299.858		98.8965653937				12-Jul		97.229295		95.9873794617																												2-Jul		120		17.8822586802		17.88%						14-Jul		95.62737		97.2678752919		2.706254571

		19-May		390.0057				19-May		88.7160910738				99.7605016629		5/22		22-May		246.9934541667		99.7605016629				11-Jul		98.19045		96.3206920565																												5-Jul		62.34		79.8727151559		79.87%						13-Jul		96.588525		90.9172649431		2.7334552575

		20-May		386.46792				20-May		0				99.1816770567		5/23		23-May		102.5274213333		99.1816770567				10-Jul		98.510835		93.6398162115																												6-Jul		42.66		53.6481971571		53.65%						12-Jul		97.229295		95.9873794617		2.7515890485

		21-May		299.858				21-May		98.8965653937				98.7430767074		5/24		24-May		204.9606292969		98.7430767074				23-May		102.5274213333		99.1816770567																												7-Jul		43.16		56.3955205844		56.40%						11-Jul		98.19045		96.3206920565		2.778789735

		22-May		246.9934541667				22-May		99.7605016629				92.8507539579		5/30		30-May		260.87698		92.8507539579				20-Jun		113.3146625		97.9732014998																												8-Jul		42.66		83.4830817828		83.48%						10-Jul		98.510835		93.6398162115		2.7878566305

		23-May		102.5274213333				23-May		99.1816770567				98.6873409782		5/31		31-May		260.87698		98.6873409782				7-Jun		113.696066875		96.3607304531																												9-Jul		42.66		68.4645599842		68.46%						23-May		102.5274213333		99.1816770567		2.9015260237

		24-May		204.9606292969				24-May		98.7430767074				44.9989615624		6/1		1-Jun		250.76051875		44.9989615624				6-Jun		115.5979603125		93.289250909																																								20-Jun		113.3146625		97.9732014998		3.2068049487

		25-May		225.4034951823				25-May		0				97.5953067633		6/5		5-Jun		134.6775564583		97.5953067633				2-Jul		121.17027625		97.4994452586																																								7-Jun		113.696066875		96.3607304531		3.2175986926

		26-May		259.79599625				26-May		0				93.289250909		6/6		6-Jun		115.5979603125		93.289250909				5-Jun		134.6775564583		97.5953067633																																								6-Jun		115.5979603125		93.289250909		3.2714222768

		27-May		260.3201095833				27-May		0				96.3607304531		6/7		7-Jun		113.696066875		96.3607304531				5-Jul		137.3283		92.6936714349																																								2-Jul		120		17.8822586802		3.396

		28-May		259.79599625				28-May		0				62.3312154727		6/9		9-Jun		63.41472		62.3312154727				19-Jun		139.4642		99.5386314726																																								2-Jul		121.17027625		97.4994452586		3.4291188179

		29-May		227.860871875				29-May		0				99.476062745		6/12		12-Jun		382.1570933333		99.476062745				21-Jun		139.4642		99.3337789072																																								5-Jun		134.6775564583		97.5953067633		3.8113748478

		30-May		260.87698				30-May		92.8507539579				98.6110640544		6/13		13-Jun		390.0057		98.6110640544				9-Jul		148.7274075		97.21450768																																								5-Jul		137.3283		92.6936714349		3.88639089

		31-May		260.87698				31-May		98.6873409782				99.3127411681		6/14		14-Jun		390.0057		99.3127411681				6-Jul		160.540975		84.8794863868																																								19-Jun		139.4642		99.5386314726		3.94683686

		1-Jun		250.76051875				1-Jun		44.9989615624				99.7915088164		6/16		16-Jun		390.0057		99.7915088164				22-Jun		188.0524625		99.0649798508																																								21-Jun		139.4642		99.3337789072		3.94683686

		2-Jun		260.6368375				2-Jun		0				99.5386314726		6/19		19-Jun		139.4642		99.5386314726				8-Jul		200.22552		91.83636038																																								9-Jul		148.7274075		97.21450768		4.2089856323

		3-Jun		317.3987171875				3-Jun		0				97.9732014998		6/20		20-Jun		113.3146625		97.9732014998				7-Jul		203.42937		86.1339396434																																								30-Jun		149.53		23.7437791829		4.231699

		4-Jun		239.90316875				4-Jun		0				99.3337789072		6/21		21-Jun		139.4642		99.3337789072				25-Jun		204.83804375		99.0149073494																																								6-Jul		160.540975		84.8794863868		4.5433095925

		5-Jun		134.6775564583				5-Jun		97.5953067633				99.0649798508		6/22		22-Jun		188.0524625		99.0649798508				24-May		204.9606292969		98.7430767074																																								31-May		180.17		96.2040142682		5.098811

		6-Jun		115.5979603125				6-Jun		93.289250909				98.0336594775		6/24		24-Jun		209.83707		98.0336594775				3-Jul		206.63322		99.1049090354																																								22-Jun		188.0524625		99.0649798508		5.3218846887

		7-Jun		113.696066875				7-Jun		96.3607304531				99.0149073494		6/25		25-Jun		204.83804375		99.0149073494				26-Jun		208.55553		99.4400018217																																								8-Jul		200.22552		91.83636038		5.666382216

		8-Jun		56.0384				8-Jun		0				99.4400018217		6/26		26-Jun		208.55553		99.4400018217				24-Jun		209.83707		98.0336594775																																								7-Jul		203.42937		86.1339396434		5.757051171

		9-Jun		63.41472				9-Jun		62.3312154727				98.9953716068		6/27		27-Jun		235.5248625		98.9953716068				27-Jun		235.5248625		98.9953716068																																								25-Jun		204.83804375		99.0149073494		5.7969166381

		10-Jun		335.2085765625				10-Jun		0				99.7938961037		6/28		28-Jun		274.05948		99.7938961037				30-Apr		240.7570517708		99.612163308																																								24-May		204.9606292969		98.7430767074		5.8003858091

		11-Jun		249.8231072917				11-Jun		0				98.6797796435		6/29		29-Jun		278.8829315625		98.6797796435				29-Apr		241.9761429167		96.9212295477																																								3-Jul		206.63322		99.1049090354		5.847720126

		12-Jun		382.1570933333				12-Jun		99.476062745				98.9139891346		6/30		30-Jun		273.222165		98.9139891346				22-May		246.9934541667		99.7605016629																																								26-Jun		208.55553		99.4400018217		5.902121499

		13-Jun		390.0057				13-Jun		98.6110640544				99.2524187603		7/1		1-Jul		264.984765625		99.2524187603				1-May		247.5804526087		99.2338724111																																								24-Jun		209.83707		98.0336594775		5.938389081

		14-Jun		390.0057				14-Jun		99.3127411681				97.4994452586		7/2		2-Jul		121.17027625		97.4994452586				1-Jun		250.76051875		44.9989615624																																								27-Jun		235.5248625		98.9953716068		6.6653536087

		15-Jun		388.1556421875				15-Jun		0				99.1049090354		7/3		3-Jul		206.63322		99.1049090354				12-May		256.9788870833		99.734094276																																								30-May-00		236.78		99.1157558512		6.700874

		16-Jun		390.0057				16-Jun		99.7915088164				92.6936714349		7/5		5-Jul		137.3283		92.6936714349				14-May		257.8769873177		98.1530109197																																								30-Apr		240.7570517708		99.612163308		6.8134245651

		17-Jun		370.36509				17-Jun		0				84.8794863868		7/6		6-Jul		160.540975		84.8794863868				4-May		260.6149233333		99.8750489792																																								29-Apr		241.9761429167		96.9212295477		6.8479248445

		18-Jun		41.403434375				18-Jun		0				86.1339396434		7/7		7-Jul		203.42937		86.1339396434				30-May		260.87698		92.8507539579																																								22-May		246.9934541667		99.7605016629		6.9899147529

		19-Jun		139.4642				19-Jun		99.5386314726				91.83636038		7/8		8-Jul		200.22552		91.83636038				31-May		260.87698		98.6873409782																																								1-May		247.5804526087		99.2338724111		7.0065268088

		20-Jun		113.3146625				20-Jun		97.9732014998				97.21450768		7/9		9-Jul		148.7274075		97.21450768				1-Jul		264.984765625		99.2524187603																																								1-Jun		250.76051875		44.9989615624		7.0965226806

		21-Jun		139.4642				21-Jun		99.3337789072				93.6398162115		7/10		10-Jul		98.510835		93.6398162115				3-May		266.7338680599		99.7908536464																																								12-May		256.9788870833		99.734094276		7.2725025045

		22-Jun		188.0524625				22-Jun		99.0649798508				96.3206920565		7/11		11-Jul		98.19045		96.3206920565				30-Jun		273.222165		98.9139891346																																								14-May		257.8769873177		98.1530109197		7.2979187411

		23-Jun		209.83707				23-Jun		0				95.9873794617		7/12		12-Jul		97.229295		95.9873794617				28-Jun		274.05948		99.7938961037																																								4-May		260.6149233333		99.8750489792		7.3754023303

		24-Jun		209.83707				24-Jun		98.0336594775				90.9172649431		7/13		13-Jul		96.588525		90.9172649431				29-Jun		278.8829315625		98.6797796435																																								30-May		260.87698		92.8507539579		7.382818534

		25-Jun		204.83804375				25-Jun		99.0149073494				97.2678752919		7/14		14-Jul		95.62737		97.2678752919				21-May		299.858		98.8965653937																																								31-May		260.87698		98.6873409782		7.382818534

		26-Jun		208.55553				26-Jun		99.4400018217				35.7532376543		7/15		15-Jul		94.9866		35.7532376543				11-May		300.8714248437		99.9077378504																																								29-Jun		261.88		94.3092223952		7.411204

		27-Jun		235.5248625				27-Jun		98.9953716068				63.4010046044		7/16		16-Jul		77.17326		63.4010046044				27-Apr		303.6236953125		98.9788063214																																								1-Jul		264.984765625		99.2524187603		7.4990688672

		28-Jun		274.05948				28-Jun		99.7938961037				59.7306689835		7/17		17-Jul		58.668015		59.7306689835				15-May		336.3883704687		94.2906892542																																								3-May		266.7338680599		99.7908536464		7.5485684661

		29-Jun		278.8829315625				29-Jun		98.6797796435				90.9398946681		7/18		18-Jul		58.47147		90.9398946681				2-May		336.6065321267		99.1648978044																																								30-Jun		273.222165		98.9139891346		7.7321872695

		30-Jun		273.222165				30-Jun		98.9139891346				55.5340032842		7/19		19-Jul		58.47147		55.5340032842				25-Apr		357.0846916667		98.7367959126																																								28-Jun		274.05948		99.7938961037		7.755883284

		1-Jul		264.984765625				1-Jul		99.2524187603				30.3240538665		7/20		20-Jul		57.881835		30.3240538665				24-Apr		358.3130875		92.8696368658																																								29-Jun		278.8829315625		98.6797796435		7.8923869632

		2-Jul		121.17027625				2-Jul		97.4994452586				16.3814393328		7/22		22-Jul		57.68529		16.3814393328				26-Apr		358.4113591667		94.6414890261																																								9-Jun		289.09		98.6099698068		8.181247

		3-Jul		206.63322				3-Jul		99.1049090354				37.5466852945		7/23		23-Jul		57.2922		37.5466852945				16-May		382.11939875		99.6841648734																																								21-May		299.858		98.8965653937		8.4859814

		4-Jul		137.3283				4-Jul		0				24.7249446789		7/24		24-Jul		57.2922		24.7249446789				12-Jun		382.1570933333		99.476062745																																								11-May		300.8714248437		99.9077378504		8.5146613231

		5-Jul		137.3283				5-Jul		92.6936714349				18.2370290222		7/25		25-Jul		57.2922		18.2370290222				7-May		383.4431940625		99.2726261152																																								27-Apr		303.6236953125		98.9788063214		8.5925505773

		6-Jul		160.540975				6-Jul		84.8794863868				0		7/26		26-Jul		32.005749375		0				10-May		383.4706341667		99.8707230477																																								27-Jun		318.75		92.5266376638		9.020625

		7-Jul		203.42937				7-Jul		86.1339396434				1.8719739966		7/27		27-Jul		56.702565		1.8719739966				18-May		384.1094		99.3882042693																																								28-Jun-00		318.75		94.1874897534		9.020625

		8-Jul		200.22552				8-Jul		91.83636038				11.0994510817		7/28		28-Jul		56.89911		11.0994510817				17-May		385.28866		53.9859636495																																								26-Jun-00		325.31		97.4385285708		9.206273

		9-Jul		148.7274075				9-Jul		97.21450768				15.8816347412		7/29		29-Jul		56.89911		15.8816347412				9-May		385.3377958333		99.7722787409																																								13-Jun-00		331.87		98.8497845322		9.391921

		10-Jul		98.510835				10-Jul		93.6398162115				5.8025676362		7/30		30-Jul		56.702565		5.8025676362				8-May		386.3205125		99.8428205386																																								14-Jun		331.87		99.7980495032		9.391921

		11-Jul		98.19045				11-Jul		96.3206920565				3.8873378803		7/31		31-Jul		56.702565		3.8873378803				6-May		387.4506366667		99.006243558																																								23-Jun		331.87		99.781312213		9.391921

		12-Jul		97.229295				12-Jul		95.9873794617				0		8/1		1-Aug		56.309475		0				5-May		388.9738475		90.3308081191																																								25-Jun-00		331.87		97.5416032356		9.391921

		13-Jul		96.588525				13-Jul		90.9172649431				27.1335104808		8/2		2-Aug		55.916385		27.1335104808				19-May		390.0057		88.7160910738																																								15-May		336.3883704687		94.2906892542		9.5197908843

		14-Jul		95.62737				14-Jul		97.2678752919				1.0164057122		8/3		3-Aug		55.916385		1.0164057122				13-Jun		390.0057		98.6110640544																																								2-May		336.6065321267		99.1648978044		9.5259648592

		15-Jul		94.9866				15-Jul		35.7532376543				0		8/4		4-Aug		55.523295		0				14-Jun		390.0057		99.3127411681																																								23-May-00		338.44		99.4886954263		9.577852

		16-Jul		77.17326				16-Jul		63.4010046044				0		8/5		5-Aug		55.32675		0				16-Jun		390.0057		99.7915088164																																								24-May		338.44		99.4518929558		9.577852

		17-Jul		58.668015				17-Jul		59.7306689835				0																																																								26-May-00		338.44		65.2513780621		9.577852

		18-Jul		58.47147				18-Jul		90.9398946681																																																												27-May		338.44		99.5440657706		9.577852

		19-Jul		58.47147				19-Jul		55.5340032842																																																												4-Jun		338.44		99.0932609439		9.577852

		20-Jul		57.881835				20-Jul		30.3240538665																																																												06-Jun-00		338.44		99.1158867466		9.577852

		21-Jul		0				21-Jul		0																																																												7-Jun		338.44		98.3981718011		9.577852

		22-Jul		57.68529				22-Jul		16.3814393328												95.9796185108								95.9796185108																																								08-Jun-00		338.44		97.3071246106		9.577852

		23-Jul		57.2922				23-Jul		37.5466852945																																																												10-Jun-00		338.44		99.4834414593		9.577852

		24-Jul		57.2922				24-Jul		24.7249446789												52.5341340033								52.5341340033																																								22-Jun-00		338.44		98.5093613967		9.577852

		25-Jul		57.2922				25-Jul		18.2370290222																																																												12-Jun		345		99.552949164		9.7635

		26-Jul		32.005749375				26-Jul		0																																																												15-Jun-00		345		99.2576047523		9.7635

		27-Jul		56.702565				27-Jul		1.8719739966																																																												16-Jun		345		99.3162483969		9.7635

		28-Jul		56.89911				28-Jul		11.0994510817																																																												17-Jun-00		345		99.5002699543		9.7635

		29-Jul		56.89911				29-Jul		15.8816347412																																																												19-Jun		345		97.0501413294		9.7635

		30-Jul		56.702565				30-Jul		5.8025676362																																																												20-Jun-00		345		98.090470204		9.7635

		31-Jul		56.702565				31-Jul		3.8873378803																																																												21-Jun		345		98.7793346777		9.7635

		1-Aug		56.309475				1-Aug		0																																																												25-Apr-01		357.0846916667		98.7367959126		10.1054967742

		2-Aug		55.916385				2-Aug		27.1335104808																																																												24-Apr-01		358.3130875		92.8696368658		10.1402603762

		3-Aug		55.916385				3-Aug		1.0164057122																																																												26-Apr-01		358.4113591667		94.6414890261		10.1430414644

		4-Aug		55.523295				4-Aug		0																																																												16-May-01		382.11939875		99.6841648734		10.8139789846

		5-Aug		55.32675				5-Aug		0																																																												12-Jun-01		382.1570933333		99.476062745		10.8150457413

		6-Aug		54.93366						0																																																												07-May-01		383.4431940625		99.2726261152		10.851442392

		7-Aug		81.810855																																																																		10-May-01		383.4706341667		99.8707230477		10.8522189469

																																																																						18-May-01		384.1094		99.3882042693		10.87029602

																																																																						17-May-01		385.28866		53.9859636495		10.903669078

																																																																						09-May-01		385.3377958333		99.7722787409		10.9050596221

										95.9796185108																																																												08-May-01		386.3205125		99.8428205386		10.9328705037

																																																																						06-May-01		387.4506366667		99.006243558		10.9648530177

										52.5341340033																																																												01-Jun-00		387.5		98.445826858		10.96625

																																																																						05-May-01		388.9738475		90.3308081191		11.0079598843

																																																																						19-May-01		390.0057		88.7160910738		11.03716131

																																																																						13-Jun-01		390.0057		98.6110640544		11.03716131

																																																																						14-Jun-01		390.0057		99.3127411681		11.03716131

																																																																						16-Jun-01		390.0057		99.7915088164		11.03716131





		



Flume Volume (cfs)

Percent

without interpolated flume passage 2001



				13.7080434162		13.7080434162

				4.9520341814		4.9520341814

				3.0667952678		3.0667952678
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Flume Volume (cfs)

Percent Flume Passage

2001



		



yr 2000



				11.9371531702		11.9371531702

				7.0754328546		7.0754328546

				1.9830593863		1.9830593863
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Flume Volume (cfs)

Percent Flume Passage



										Hours of operation/day										cfs per hour (cfs at lake el / 24)										flume volume (hours operated per day x cfs per hour)														From Fred				regression equations

				Lake El		Date				4A		4B		5C		5B				4A		4B		5C		5B				4A		4B		5C		5B		Total				Date		2001 Flume				4A		14.54x		-		269.89

																																																4B		39.309x		-		734.49

																																																5C		24.768x		-		459.6

				21.6936		17-Apr				24		24		24		0				1.8972893333		4.9276551		3.2377952		4.9276551				45.534944		118.2637224		77.7070848		0		241.5057512				17-Apr		313.81				5B		39.309x		-		734.49

				21.6858333333		18-Apr				23.75		23.75		24		11				1.8925840278		4.9149342708		3.22978		4.9149342708				44.9488706597		116.7296889323		77.51472		54.0642769792		293.2575565712				18-Apr		371

				21.6666666667		19-Apr				24		24		21		21				1.8809722222		4.8835416667		3.21		4.8835416667				45.1433333333		117.205		67.41		102.554375		332.3127083333				19-Apr		327.67

				21.67125		20-Apr				24		24		24		24				1.8837489583		4.8910485937		3.21473		4.8910485937				45.209975		117.38516625		77.15352		117.38516625		357.1338275				20-Apr		368

				21.6654166667		21-Apr				24		24		24		24				1.8802149306		4.8814943229		3.20871		4.8814943229				45.1251583333		117.15586375		77.00904		117.15586375		356.4459258333				21-Apr		371

				21.67375		22-Apr				24		24		24		24				1.8852635417		4.8951432813		3.21731		4.8951432813				45.246325		117.48343875		77.21544		117.48343875		357.4286425				22-Apr		371

				21.67375		23-Apr				24		24		24		24				1.8852635417		4.8951432813		3.21731		4.8951432813				45.246325		117.48343875		77.21544		117.48343875		357.4286425				23-Apr		377

				21.68125		24-Apr				24		24		24		24				1.8898072917		4.9074273438		3.22505		4.9074273438				45.355375		117.77825625		77.4012		117.77825625		358.3130875				24-Apr		371

				21.6708333333		25-Apr				24		24		24		24				1.8834965278		4.8903661458		3.2143		4.8903661458				45.2039166667		117.3687875		77.1432		117.3687875		357.0846916667				25-Apr		371

				21.6820833333		26-Apr				24		24		24		24				1.8903121528		4.9087922396		3.22591		4.9087922396				45.3674916667		117.81101375		77.42184		117.81101375		358.4113591667				26-Apr		371

				21.6741666667		27-Apr				24		13		24		24				1.8855159722		4.8958257292		3.21774		4.8958257292				45.2523833333		63.6457344792		77.22576		117.4998175		303.6236953125				27-Apr		320.17

				21.6883333333		28-Apr				24		0		24		24				1.8940986111		4.9190289583		3.23236		4.9190289583				45.4583666667		0		77.57664		118.056695		241.0917016667				28-Apr		252

				21.6995833333		29-Apr				24		0		24		24				1.9009142361		4.9374550521		3.24397		4.9374550521				45.6219416667		0		77.85528		118.49892125		241.9761429167				29-Apr		253

				21.7391666667		30-Apr				21.75		0		24		24				1.9248951389		5.0022876042		3.28482		5.0022876042				41.8664692708		0		78.83568		120.0549025		240.7570517708				30-Apr		258

				21.7708695652		1-May				24		0		24		24				1.9441018116		5.0542129891		3.3175373913		5.0542129891				46.6584434783		0		79.6208973913		121.3011117391		247.5804526087				1-May		263

				21.7908333333		2-May				21.25		18.25		24		24				1.9561965278		5.0869111458		3.33814		5.0869111458				41.5691762153		92.8361284115		80.11536		122.0858675		336.6065321267				2-May		293.75

				21.8654166667		3-May				24		13		24		13.25				2.0013815972		5.2090693229		3.41511		5.2090693229				48.0331583333		67.7179011979		81.96264		69.0201685286		266.7338680599				3-May		277.19

				21.9366666667		4-May				24		24		24		0				2.0445472222		5.3257679167		3.48864		5.3257679167				49.0691333333		127.81843		83.72736		0		260.6149233333				4-May		265

				21.94125		5-May				24		24		24		24				2.0473239583		5.3332748437		3.49337		5.3332748437				49.135775		127.99859625		83.84088		127.99859625		388.9738475				5-May		398.25

				21.9283333333		6-May				24		24		24		24				2.0394986111		5.3121189583		3.48004		5.3121189583				48.9479666667		127.490855		83.52096		127.490855		387.4506366667				6-May		402.5

				21.9316666667		7-May				24		24		23.5		23.5				2.0415180556		5.3175785417		3.48348		5.3175785417				48.9964333333		127.621885		81.86178		124.9630957292		383.4431940625				7-May		402.5

				21.91875		8-May				24		24		24		24				2.0336927083		5.2964226562		3.47015		5.2964226562				48.808625		127.11414375		83.2836		127.11414375		386.3205125				8-May		402.5

				21.9104166667		9-May				24		24		24		24				2.0286440972		5.2827736979		3.46155		5.2827736979				48.6874583333		126.78656875		83.0772		126.78656875		385.3377958333				9-May		395

				21.8945833333		10-May				24		24		24		24				2.0190517361		5.2568406771		3.44521		5.2568406771				48.4572416667		126.16417625		82.68504		126.16417625		383.4706341667				10-May		395

				21.8825		11-May				24		9.25		24		23.25				2.01173125		5.2370496875		3.43274		5.2370496875				48.28155		48.4427096094		82.38576		121.7614052344		300.8714248437				11-May		307.17

				21.8904166667		12-May				24		0		24		24				2.0165274306		5.2500161979		3.44091		5.2500161979				48.3966583333		0		82.58184		126.00038875		256.9788870833				12-May		393.5

				21.8895833333		13-May				24		0		24		24				2.0160225694		5.2486513021		3.44005		5.2486513021				48.3845416667		0		82.5612		125.96763125		256.9133729167				13-May		393.5

				21.9025		14-May				23.75		0.5		23.75		23.75				2.0238479167		5.2698071875		3.45338		5.2698071875				48.0663880208		2.6349035937		82.017775		125.1579207031		257.8769873177				14-May		395

				21.9225		15-May				24		14.5		24		24				2.0359645833		5.3025646875		3.47402		5.3025646875				48.86315		76.8871879687		83.37648		127.2615525		336.3883704687				15-May		351.67

				21.883125		16-May				24		24		24		24				2.0121098958		5.2380733594		3.433385		5.2380733594				48.2906375		125.713760625		82.40124		125.713760625		382.11939875				16-May		395

				21.91		17-May				24		24		24		24				2.0283916667		5.28209125		3.46112		5.28209125				48.6814		126.77019		83.06688		126.77019		385.28866				17-May		395

				21.9		18-May				24		24		24		24				2.0223333333		5.2657125		3.4508		5.2657125				48.536		126.3771		82.8192		126.3771		384.1094				18-May		395

				21.95		19-May				24		24		24		24				2.052625		5.34760625		3.5024		5.34760625				49.263		128.34255		84.0576		128.34255		390.0057				19-May		395

				21.92		20-May				24		24		24		24				2.03445		5.29847		3.47144		5.29847				48.8268		127.16328		83.31456		127.16328		386.46792				20-May		395

				21.9		21-May				24		8		24		24				2.0223333333		5.2657125		3.4508		5.2657125				48.536		42.1257		82.8192		126.3771		299.858				21-May		308.33

				21.9		22-May				23		0		23		23				2.0223333333		5.2657125		3.4508		5.2657125				46.5136666667		0		79.3684		121.1113875		246.9934541667				22-May		253.96

				21.933		23-May				7		0		7		12				2.0423258333		5.319762375		3.484856		5.319762375				14.2962808333		0		24.393992		63.8371485		102.5274213333				23-May		109.13

				21.9420833333		24-May				17.25		0		17.25		20.5				2.0478288194		5.3346397396		3.49423		5.3346397396				35.3250471354		0		60.2754675		109.3601146615		204.9606292969				24-May		190.54

				21.9370833333		25-May				21		0		21		20.5				2.0447996528		5.3264503646		3.48907		5.3264503646				42.9407927083		0		73.27047		109.192232474		225.4034951823				25-May		241.88

				21.92625		26-May				24		0		24		24				2.0382364583		5.3087067187		3.47789		5.3087067187				48.917675		0		83.46936		127.40896125		259.79599625				26-May		270

				21.9329166667		27-May				24		0		24		24				2.0422753472		5.3196258854		3.48477		5.3196258854				49.0146083333		0		83.63448		127.67102125		260.3201095833				27-May		270

				21.92625		28-May				24		0		24		24				2.0382364583		5.3087067187		3.47789		5.3087067187				48.917675		0		83.46936		127.40896125		259.79599625				28-May		402.5

				21.9340909091		29-May				21		0		21		21				2.0429867424		5.3215491477		3.4859818182		5.3215491477				42.9027215909		0		73.2056181818		111.7525321023		227.860871875				29-May		260.05

				21.94		30-May				24		0		24		24				2.0465666667		5.3312275		3.49208		5.3312275				49.1176		0		83.80992		127.94946		260.87698				30-May		269

				21.94		31-May				24		0		24		24				2.0465666667		5.3312275		3.49208		5.3312275				49.1176		0		83.80992		127.94946		260.87698				31-May		269

				21.95		1-Jun				23		0		23		23				2.052625		5.34760625		3.5024		5.34760625				47.210375		0		80.5552		122.99494375		250.76051875				1-Jun		258.75

				21.95		2-Jun				23.5		0		24		24				2.052625		5.34760625		3.5024		5.34760625				48.2366875		0		84.0576		128.34255		260.6368375				2-Jun		50.94

				21.95		3-Jun				24		11		23.5		23.75				2.052625		5.34760625		3.5024		5.34760625				49.263		58.82366875		82.3064		127.0056484375		317.3987171875				3-Jun		330.73

				21.95		4-Jun				12.5		1		23		24				2.052625		5.34760625		3.5024		5.34760625				25.6578125		5.34760625		80.5552		128.34255		239.90316875				4-Jun		239.29

				21.94		5-Jun				2.75		0		3.75		21.75				2.0465666667		5.3312275		3.49208		5.3312275				5.6280583333		0		13.0953		115.954198125		134.6775564583				5-Jun		102.57

				21.93		6-Jun				0		0		0		21.75				2.0405083333		5.31484875		3.48176		5.31484875				0		0		0		115.5979603125		115.5979603125				6-Jun		116.91

				21.94		7-Jun				0		0		7.75		16.25				2.0465666667		5.3312275		3.49208		5.3312275				0		0		27.06362		86.632446875		113.696066875				7-Jun		109.56

				21.95		8-Jun				0		0		16		0				2.052625		5.34760625		3.5024		5.34760625				0		0		56.0384		0		56.0384				8-Jun		57.71

				21.97		9-Jun				0		0		18		0				2.0647416667		5.38036375		3.52304		5.38036375				0		0		63.41472		0		63.41472				9-Jun		65.62

				21.99		10-Jun				17.25		17.25		23		23				2.0768583333		5.41312125		3.54368		5.41312125				35.82580625		93.3763415625		81.50464		124.50178875		335.2085765625				10-Jun		343.67

				21.99		11-Jun				17		11.5		17		17				2.0768583333		5.41312125		3.54368		5.41312125				35.3065916667		62.250894375		60.24256		92.02306125		249.8231072917				11-Jun		254.74

				21.96		12-Jun				23.5		23.75		23.25		23.25				2.0586833333		5.363985		3.51272		5.363985				48.3790583333		127.39464375		81.67074		124.71265125		382.1570933333				12-Jun		402.5

				21.95		13-Jun				24		24		24		24				2.052625		5.34760625		3.5024		5.34760625				49.263		128.34255		84.0576		128.34255		390.0057				13-Jun		402.5

				21.95		14-Jun				24		24		24		24				2.052625		5.34760625		3.5024		5.34760625				49.263		128.34255		84.0576		128.34255		390.0057				14-Jun		402.5

				21.95		15-Jun				23.75		23.75		24		24				2.052625		5.34760625		3.5024		5.34760625				48.74984375		127.0056484375		84.0576		128.34255		388.1556421875				15-Jun		402.5

				21.95		16-Jun				24		24		24		24				2.052625		5.34760625		3.5024		5.34760625				49.263		128.34255		84.0576		128.34255		390.0057				16-Jun		395

				21.92		17-Jun				23		23		23		23				2.03445		5.29847		3.47144		5.29847				46.79235		121.86481		79.84312		121.86481		370.36509				17-Jun		378.54

				21.9		18-Jun				0		0		4.75		4.75				2.0223333333		5.2657125		3.4508		5.2657125				0		0		16.3913		25.012134375		41.403434375				18-Jun		40.31

				21.9		19-Jun				0		0		16		16				2.0223333333		5.2657125		3.4508		5.2657125				0		0		55.2128		84.2514		139.4642				19-Jun		134.38

				21.9		20-Jun				0		0		13		13				2.0223333333		5.2657125		3.4508		5.2657125				0		0		44.8604		68.4542625		113.3146625				20-Jun		125.42

				21.9		21-Jun				0		0		16		16				2.0223333333		5.2657125		3.4508		5.2657125				0		0		55.2128		84.2514		139.4642				21-Jun		143.33

				21.91		22-Jun				3		3		19		19				2.0283916667		5.28209125		3.46112		5.28209125				6.085175		15.84627375		65.76128		100.35973375		188.0524625				22-Jun		216.02

				21.91		23-Jun				0		0		24		24				2.0283916667		5.28209125		3.46112		5.28209125				0		0		83.06688		126.77019		209.83707				23-Jun		215

				21.91		24-Jun				0		0		24		24				2.0283916667		5.28209125		3.46112		5.28209125				0		0		83.06688		126.77019		209.83707				24-Jun		214.19

				21.9		25-Jun				0		0		23.5		23.5				2.0223333333		5.2657125		3.4508		5.2657125				0		0		81.0938		123.74424375		204.83804375				25-Jun		209.73

				21.89		26-Jun				0		0		24		24				2.016275		5.24933375		3.44048		5.24933375				0		0		82.57152		125.98401		208.55553				26-Jun		214.19

				21.9		27-Jun				0		5		24		24				2.0223333333		5.2657125		3.4508		5.2657125				0		26.3285625		82.8192		126.3771		235.5248625				27-Jun		236.67

				21.92		28-Jun				0		12		24		24				2.03445		5.29847		3.47144		5.29847				0		63.58164		83.31456		127.16328		274.05948				28-Jun		282.13

				21.93		29-Jun				0		12.75		24		24				2.0405083333		5.31484875		3.48176		5.31484875				0		67.7643215625		83.56224		127.55637		278.8829315625				29-Jun		306.16

				21.91		30-Jun				0		12		24		24				2.0283916667		5.28209125		3.46112		5.28209125				0		63.385095		83.06688		126.77019		273.222165				30-Jun		278.94

				21.9		1-Jul				0		12.25		23		23				2.0223333333		5.2657125		3.4508		5.2657125				0		64.504978125		79.3684		121.1113875		264.984765625				1-Jul		267.96

				21.87		2-Jul				0		0		9.5		17				2.0041583333		5.21657625		3.41984		5.21657625				0		0		32.48848		88.68179625		121.17027625				2-Jul		124.3

				21.86		3-Jul				0		0		24		24				1.9981		5.2001975		3.40952		5.2001975				0		0		81.82848		124.80474		206.63322				3-Jul		184.57

				21.85		4-Jul				0		0		16		16				1.9920416667		5.18381875		3.3992		5.18381875				0		0		54.3872		82.9411		137.3283				4-Jul		140.63

				21.85		5-Jul				0		0		16		16				1.9920416667		5.18381875		3.3992		5.18381875				0		0		54.3872		82.9411		137.3283				5-Jul		163.78

				21.8		6-Jul				0		0		19		19				1.96175		5.101925		3.3476		5.101925				0		0		63.6044		96.936575		160.540975				6-Jul		163.78

				21.81		7-Jul				0		0		24		24				1.9678083333		5.11830375		3.35792		5.11830375				0		0		80.59008		122.83929		203.42937				7-Jul		203.63

				21.76		8-Jul				0		0		24		24				1.9375166667		5.03641		3.30632		5.03641				0		0		79.35168		120.87384		200.22552				8-Jul		200.37

				21.73		9-Jul				0		0		18		18				1.9193416667		4.98727375		3.27536		4.98727375				0		0		58.95648		89.7709275		148.7274075				9-Jul		149.67

				21.71		10-Jul				0		0		12		12				1.907225		4.95451625		3.25472		4.95451625				0		0		39.05664		59.454195		98.510835				10-Jul		99.38

				21.7		11-Jul				0		0		12		12				1.9011666667		4.9381375		3.2444		4.9381375				0		0		38.9328		59.25765		98.19045				11-Jul		97.34

				21.67		12-Jul				0		0		12		12				1.8829916667		4.88900125		3.21344		4.88900125				0		0		38.56128		58.668015		97.229295				12-Jul		97.34

				21.65		13-Jul				0		0		12		12				1.870875		4.85624375		3.1928		4.85624375				0		0		38.3136		58.274925		96.588525				13-Jul		95.72

				21.62		14-Jul				0		0		12		12				1.8527		4.8071075		3.16184		4.8071075				0		0		37.94208		57.68529		95.62737				14-Jul		95.31

				21.6		15-Jul				0		0		12		12				1.8405833333		4.77435		3.1412		4.77435				0		0		37.6944		57.2922		94.9866				15-Jul		95.31

				21.64		16-Jul				0		0		6		12				1.8648166667		4.839865		3.18248		4.839865				0		0		19.09488		58.07838		77.17326				16-Jul		63.36

				21.67		17-Jul				0		0		0		12				1.8829916667		4.88900125		3.21344		4.88900125				0		0		0		58.668015		58.668015				17-Jul		58.75

				21.66		18-Jul				0		0		0		12				1.8769333333		4.8726225		3.20312		4.8726225				0		0		0		58.47147		58.47147				18-Jul		58.75

				21.66		19-Jul				0		0		0		12				1.8769333333		4.8726225		3.20312		4.8726225				0		0		0		58.47147		58.47147				19-Jul		58

				21.63		20-Jul				0		0		0		12				1.8587583333		4.82348625		3.17216		4.82348625				0		0		0		57.881835		57.881835				20-Jul		57.5

				21.62		21-Jul				0		0		0		0				1.8527		4.8071075		3.16184		4.8071075				0		0		0		0		0				21-Jul		0

				21.62		22-Jul				0		0		0		12				1.8527		4.8071075		3.16184		4.8071075				0		0		0		57.68529		57.68529				22-Jul		57.5

				21.6		23-Jul				0		0		0		12				1.8405833333		4.77435		3.1412		4.77435				0		0		0		57.2922		57.2922				23-Jul		57.5

				21.6		24-Jul				0		0		0		12				1.8405833333		4.77435		3.1412		4.77435				0		0		0		57.2922		57.2922				24-Jul		57.5

				21.6		25-Jul				0		0		0		12				1.8405833333		4.77435		3.1412		4.77435				0		0		0		57.2922		57.2922				25-Jul		57

				21.58		26-Jul				0		0		0		6.75				1.8284666667		4.7415925		3.12056		4.7415925				0		0		0		32.005749375		32.005749375				26-Jul		41.38

				21.57		27-Jul				0		0		0		12				1.8224083333		4.72521375		3.11024		4.72521375				0		0		0		56.702565		56.702565				27-Jul		56.75

				21.58		28-Jul				0		0		0		12				1.8284666667		4.7415925		3.12056		4.7415925				0		0		0		56.89911		56.89911				28-Jul		56.75

				21.58		29-Jul				0		0		0		12				1.8284666667		4.7415925		3.12056		4.7415925				0		0		0		56.89911		56.89911				29-Jul		56.75

				21.57		30-Jul				0		0		0		12				1.8224083333		4.72521375		3.11024		4.72521375				0		0		0		56.702565		56.702565				30-Jul		56.5

				21.57		31-Jul				0		0		0		12				1.8224083333		4.72521375		3.11024		4.72521375				0		0		0		56.702565		56.702565				31-Jul		56.25

				21.55		1-Aug				0		0		0		12				1.8102916667		4.69245625		3.0896		4.69245625				0		0		0		56.309475		56.309475				1-Aug		55.75

				21.53		2-Aug				0		0		0		12				1.798175		4.65969875		3.06896		4.65969875				0		0		0		55.916385		55.916385				2-Aug		55.75

				21.53		3-Aug				0		0		0		12				1.798175		4.65969875		3.06896		4.65969875				0		0		0		55.916385		55.916385				3-Aug		55.5

				21.51		4-Aug				0		0		0		12				1.7860583333		4.62694125		3.04832		4.62694125				0		0		0		55.523295		55.523295				4-Aug		55

				21.5		5-Aug				0		0		0		12				1.78		4.6105625		3.038		4.6105625				0		0		0		55.32675		55.32675				5-Aug		54.5

				21.48		6-Aug				0		0		0		12				1.7678833333		4.577805		3.01736		4.577805				0		0		0		54.93366		54.93366				6-Aug		54
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Annual barnacle removal 
from filling culverts

10

- Conducted annually since 2000 in November during large lock 
maintenance dewatering
- Investigating use of antifouling paint
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DESCRIPTION AND CONDITION
 “Stoney Gate Valves” are original (1916)
 Total of six valves (two at each miter gate)
 Valves raise or lower lock chamber water elevation
 Valve speed cannot be adjusted.
 Fast velocities, 90 degree bends, and narrow openings 

result in fish injury and mortality 
STATUS
 Anticipate completed design by fall of 2016
 Construction anticipated 2018 or 2019 (funding 

dependent)
 Cedar River Instream Flow Commission contributed 

$100k in design costs (Thank You!)
 Cost $3M-$11M depending on # of valves replaced. 

Plan on replacing #3 valves and control system first

FUTURE IMPACTS or BENEFITS
 New valves w/ hydraulic controls will reduce water 

velocity entraining less juvenile salmon

Filling Culvert Valve Replacement

12
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Maintenance dewatering activities
 Large lock

► Late November timing minimizes catching salmon 
species

► Crowd fish out before begin dewatering
► Conduct fish rescue

 Small lock
► February-March timing - very few fish captured
► Conduct fish rescue

 Fish ladder 
► May timing; fish generally not captured

13
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CONDITION
 Temporary structure to prevent adult salmon from 

entering the saltwater drain and becoming trapped 
in the diffuser well was installed in 2008

 Still functional and routinely inspected
IMPACTS
 Failure of the temporary structure would allow fish 

in the diffuser well

Diffuser Well & ASES

STATUS
 Budget requested for design and/or 

replacement temporary structure
 Temporary structure cost estimate 

is $500K- $1M; 
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Adult Salmon Exclusion Structure
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Fish kill without ASES
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Mammal Predation
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Mammal deterrence

18

- Noise deterrence 
installed in mid-90s. 
- 150 -180 dB in stilling
basin, along pier nose
& waiting pier

- Uncertain effectiveness
- Naïve animals likely 
dissuaded from 
approaching ladder.
- Some animals not 
discouraged – may be 
deaf
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Bird predation

19
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Fish predation???

 No data at the Locks
 Upstream in ship canal: number of studies, 

ongoing work
 No data for stilling basin downstream of 

the locks
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Unknowns

 Fish injury related to small lock operation 
 Large lock filling culvert use/injury over 

time and by species (juveniles and adults)
 Predation effect – quantitative (u/s & d/s)

21
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False Locking Study
Current conditions 
► occasional high temp, low dO near Locks where adult Chinook 

salmon hold
► thermal migration barrier in ship canal; low dO/anoxic conditions at 

bottom

Study purpose  
► decrease water temperature 

by adjusting operations to 
allow more salt water u/s of 
the Locks 

► comply with BiOps

Actions
► adjust lockage frequency; lockage volume; saltwater barrier; 

saltwater drain; 
► gradually increase saltwater u/s with each study phase

22
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Longer term monitoring stations
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False Locking Study Summary
Results 
► limited salt input→ minor temp decrease near Locks, steady dO
► aggressive salt input→ 

• significant temp 
decrease near Locks

• increased temp in 
Lake Union

• persistent more
widespread salt, anoxic conditions in ship canal

Conclusions 
► WQ near Locks can be substantially improved but may result in 

negative WQ effects elsewhere in ship canal
► migration conditions cannot be improved with operational changes
► WQ can be slightly improved near Locks w/o negative effects 

elsewhere
31
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END
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FWS BiOp RPMs
 2(b): Efforts are to be made to partner with one or more local entities (Tribal, State, 

County, City, and Federal) to seek a change from the Washington State Department 
of Ecology water quality standard to allow higher salinity in the LWSC at the 
University Bridge. 

 3(a): expert panel will be constituted to address DO, salinity and temperature issues.
 3(d) The expert panel recommendation with the greatest likelihood of improving water 

quality conditions shall be implemented if need be via a temporary trial before 
permanent implementation.  The recommendation may be tested prior to permanent 
implementation.

 3(f) In conjunction with Ecology, the maximum amount of cold, high DO, saltwater will 
be allowed into the LWSC, east of the lock complex in late summer and early fall, 
while simultaneously meeting the saltwater standard at the University Bridge.

 3(g) The COE shall attempt to partner with one or more local agencies (Tribal, State, 
County, City, and Federal) to seek a change from the Washington State Department 
of Ecology water quality standard to allow higher salinity at the University Bridge.   

33
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NMFS BiOp RPM
 1a.  The COE currently allows the maximum amount of salt water into the LWSC that 

does not exceed the limit imposed by Ecology at the University Bridge.  If the Ecology 
standard is modified, the COE shall increase the amount of salt water in the LWSC to 
the maximum allowed, east of the lock complex, and simultaneously meet the 
modified saltwater standard at the University Bridge in late summer and early fall.

34


	Hiram M Chittenden Locks��   Fish injury and predation��   LWSC water quality study
	Topics
	Slide Number 3
	Slide Number 4
	Large Lock
	Large lock issues
	Filling culverts
	Smolt flumes
	Fish passage�smolt flumes vs large lock
	Annual barnacle removal �from filling culverts
	Barnacle removal effectiveness
	Slide Number 12
	Maintenance dewatering activities
	Slide Number 14
	Adult Salmon Exclusion Structure
	Fish kill without ASES
	Mammal Predation
	Mammal deterrence
	Bird predation
	Fish predation???
	Unknowns
	False Locking Study
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	False Locking Study Summary
	END
	FWS BiOp RPMs
	NMFS BiOp RPM

