OFFICIAL COORDINATION REQUEST FOR 

NON-ROUTINE OPERATIONS AND MAINTENANCE

COORDINATION TITLE- 12BON26 BON summer and fall operations
COORDINATION DATE- 29 June 2012
PROJECT-  Bonneville Lock and Dam
RESPONSE DATE- 12 July 2012 (FPOM meeting)
Description of the problem- Several transmission, generation and fisheries projects have been scheduled for late July through November.  Most of this work has been previously coordinated in the following MOCs : 

110425 UPDATED 110413 BON Gantry 7 rehab.doc

12BON08 BON Gantry 7 rehab.doc

12BON15 Updated Unit 11 return to service testing.doc

100713 BON WS lamprey outage.doc

110505 UPDATED 110412 BON WS lamprey flume construction.doc

12BON12 BON stilling basin erosion hole repair.doc

At the May and June FPOM meetings, BPA and BON Operations requested coordination for T-11 and T-12 outages in August.  The need to incorporate these outages has initiated the new MOC, which summarizes the series of events scheduled for August through November and provide a recommendation, incorporating most of the feedback we have received from FPOM, regarding powerhouse operations to best protect migrating salmonids.
Type of outage, or change to FPP operations, required- 
Table 1.  Available turbine units, B2CC and spillway from 24 July 2012 through 31 March 2013.
	Date
	PH1 Units
	PH2 Units
	Fish Units
	B2CC
	Spillway
	Gantry 7

	
	
	Screened
	Unscreened
	
	
	
	

	7/24/12
	1,2,9,10
	11-18
	
	F1, F2
	Yes
	Yes
	Yes

	7/25-31
	1-10
	Will vary as screens are pulled from U11, 13-17
	F1, F2
	Yes
	Yes
	Yes

	7/30, 31
	1-10
	No PH2 units available
	Yes
	Yes
	Yes

	8/1-5
	1-10
	12, 18
	11, 13-16
	F1, F2
	Yes
	Yes
	No

	8/6-23
	1-10
	18
	15, 16
	F1, F2
	Yes
	Yes
	No

	8/24-26
	1-10
	12, 18
	11, 13-16
	F1, F2
	Yes
	Yes
	No

	8/27-31
	1-10
	12
	11, 13-14
	F1, F2
	Yes
	Yes
	No

	9/1-17
	1-10
	12
	11, 13-14
	F1, F2
	No
	Yes
	No

	9/18-10/31
	1-10
	12, 18
	11, 13-17
	F1, F2
	No
	Yes
	No

	11/1-10
	1-10
	12, 18
	11, 13-17
	F1, F2
	NO
	NO
	NO

	11/11-14
	1-10
	12,18
	11, 13-17
	None
	Yes
	No
	No

	11/15-2/14
	1-10
	None
	11, 13-17
	None
	Yes
	No
	No

	2/15-28
	1-10
	Varies as screens are installed in U11, 13-17 and WS returns.
	Yes
	No
	Yes

	3/1-31
	1-10
	11-18
	
	F1, F2
	Yes
	No
	Yes


PH2 STSs will be removed from six PH2 units prior to 15 December 2012 leaving some of the priority units unscreened and out of service (OOS) during the fish passage season.  Powerhouse priority will switch on 1 September.  PH1 units may operate at open geometry prior to 1 November.  The B2CC will be out of service for repairs.  The spillway will be out of service for repairs.  The Washington Shore fishway will be out of service prior to winter maintenance season to install lamprey passage structures.  DSM2 will be OOS prior to winter maintenance season.

Impact on facility operation-.  With Gantry 7 OOS, the Project will not have a way to pull STSs.  For this reason, only two units will remain screened after 1 August.  For most of August, only one screened unit will be available due to the T-11 and T-12 outages.  
The B2CC will not be available from 1 September until 11 November to complete deferred maintenance. 

The spillway will not be available from 1 November 2012 through 31 March 2013 to complete erosion repairs.

The Project requests concurrence in deviating from the 2012 Fish Passage Plan (FPP), operating unscreened units at PH2 through August, and allowing PH1 units to operate at open geometry beginning 1 September (this is two months earlier than the FPP allows). 
Dates of impacts/repairs- Please also see the attached outlook calendar.

24 July 2012 from 1000 – 2200.  PH1 units 3-8 OOS.

25, 26, 30, 31 July 2012.  PH2 STS removal from units 11, 13-17.  Units 12 and 18 will remain screened.

30 and 31 July 2012 from 1000 – 2200 each day.  PH2 units (including fish units) OOS.

1 August 2012 – 15 February 2013.  PH2 90’+ intake crane, Gantry 7, OOS.

6 – 23 August 2012.  PH2 T-11 OOS.  Takes out units 11-14.  Unit 17 will also be out of service for air gap monitoring.  Fish Units will be in service.  Unit 18 will be the only available screened unit.  Units 15 and 16 will be the available unscreened units.  Units at PH1 will be available.

27 August – 17 September 2012.  PH2 T-12 OOS.  Takes out units 15-18.  Fish Units will be in service.  Unit 12 will be the only available screened unit.  Units 11, 13, 14 will be the available unscreened units.  Units at PH1 will be available.

1 September 2012 – 28 February 2013.  PH1 will be the priority powerhouse.

1 September – 11 November 2012.  B2CC OOS.  Repairs are scheduled to begin on 4 September 2012 and be completed by 11 November 2012.

1 November 2012 – 31 March 2013.  BON spillway OOS.  Repairs are scheduled to being on 1 November 2012 and be completed by 31 March 2013.

8 November 2012.  Cascades Island exit opens.  Video monitoring in the count station to begin.  BON AFF dewatered in preparation of Washington Shore fishway going to orifice flow.

10 November 2012.  Washington Shore fishway goes to orifice flow.  Fish units are OOS.  

13 November 2012.  Washington Shore fishway dewatering.  DSM2 orifice lights turned off in preparation for DSM2 dewatering.  The fishway dewatering is to accommodate the lamprey passage system installation at the north monolith.

15 November 2012.  DSM2 dewatering.  Screened units (U12 and 18) are no longer available at PH2.  This dewatering is to accommodate the lamprey passage system installation at the north monolith.  Units 11, 13 and 14 will likely be the only units available during diving operations.
1 December 2012.  Start of winter maintenance season.  Cascades Island fishway goes to orifice flow.  Routine winter maintenance activities at PH2, Washington Shore and Cascades Island will continue through late February 2013.
Length of time for repairs- these outages/ changes to FPP criteria will occur from 25 July 2012 through 28 February 2013.  Normal winter maintenance season begins on 1 December 2012 however, so deviations from the FPP are from 25 July through 30 November 2012.
Expected impacts on fish passage- 
Downstream migrating juvenile salmonids- The proposed maintenance work will have minimal effect, if any, on downstream migrating juvenile salmonids.  The majority of juvenile migrants are subyearling Chinook salmon.  Run timing data reported by the Fish Passage Center indicates that 95% of subyearling Chinook will pass Bonneville Dam (21 July) before the start of this work (Table 2).  

Table 2.  Run timing of subyearling Chinook salmon at Bonneville Dam 2002-2011.

	Year
	First
	5%
	10%
	50%
	90%
	95%
	Last

	2002
	12-Mar
	14-Mar
	16-Mar
	29-Jun
	18-Jul
	23-Jul
	31-Oct

	2003
	11-Mar
	16-Apr
	16-Apr
	28-Jun
	16-Jul
	24-Jul
	31-Oct

	2004
	3-Mar
	12-Mar
	13-Mar
	18-Jun
	8-Jul
	15-Jul
	29-Oct

	2005
	2-Mar
	5-Mar
	5-Mar
	9-Jun
	10-Jul
	17-Jul
	31-Oct

	2006
	2-Mar
	5-Mar
	5-Mar
	15-Jun
	10-Jul
	15-Jul
	30-Oct

	2007
	3-Mar
	8-Mar
	8-Mar
	6-May
	15-Jul
	20-Jul
	31-Oct

	2008
	4-Mar
	8-Mar
	9-Mar
	6-May
	15-Jul
	22-Jul
	31-Oct

	2009
	3-Mar
	15-Apr
	15-Apr
	17-Jun
	12-Jul
	20-Jul
	30-Oct

	2010
	9-Mar
	15-Apr
	15-Apr
	25-Jun
	17-Jul
	22-Jul
	29-Oct

	2011
	2-Mar
	13-Apr
	13-Apr
	11-May
	25-Jul
	1-Aug
	31-Oct

	Median
	3-Mar
	13-Mar
	14-Mar
	16-Jun
	15-Jul
	21-Jul
	31-Oct


Adult salmon and steelhead passage- The proposed maintenance work (late July – November) coincides with peaks in adult steelhead, fall Chinook, and coho salmon passage at BON (Table 3).  With the exception of a 2-day disruption in attraction flow at the Washington Shore Fish Ladder on July 30-31, a minimum of two fish ladders will be in full service during the period in question.  Steelhead passage typically peaks between early and mid-August, and fall Chinook and coho salmon runs generally (5-year average) peak between late August and mid-September (Table 3). 

The primary concern with respect to upstream migrants during this period is fallback past the dam, which can cause direct injury, delay issues, and reduced escapement.  Fish may fallback via the spillway, turbines, the navigation lock, the PH2 juvenile bypass system, the B2CC, or the PH1 ice and trash sluiceway (ITS).  Fallback via the spillway during the juvenile salmon spill operations (through August 31) is particularly problematic for steelhead passing via the Bradford Island Fish Ladder (Bjornn et al. 2000, Boggs et al. 2005).  Steelhead fallback rates observed during radio-telemetry studies in 1996-1997 and 2000-2001 averaged 11.3% for Bradford Island-passed fish, reaching as high as 15% in 1997, a year characterized by high flows (Table 5).  Fallback concerns informed the decision to operate PH2 as the priority powerhouse after 2002, with the intention of attracting fewer salmon and steelhead to the Bradford Island Fish Ladder (PH1).  Spill volume is a factor in fallback of Bradford Island-passed fish, so the 2012 FOP specifically limits BON daytime spill from June 16 through August spill to 100 kcfs or less.  The FOP also indicates that the daytime spill amount shall be 75 kcfs from August 1-31 to accommodate juvenile salmon passage.  This is the greatest period of risk to adult migrants, as the juvenile salmon passage season ends August 31.  From September 1 – February 28, except in forced-spill conditions, spill will only occur at Spillbays 1 and 18 in the form of attraction flow for Cascades Island and Bradford Island (B-Branch) fish ladders.  

To minimize potential fallback impacts on steelhead, the Corps proposes to operate PH2 as priority powerhouse through the end of the spill season (through August 31).  This does not include July 30-31, when PH2 units, including fish units, will be unavailable.  High flows, spill, and a higher % of fish using Bradford Island Fish Ladder will likely result in higher fallback for steelhead (5-year average count for July 25-31 is 38,655), later-run sockeye salmon (5-year average count for July 25-31 is 326) and later-run summer Chinook (5-year average count for July 25-31 is 3,831) on July 30-31 (Table 3).

Bypass screens (STS) are typically left in place through 15 December to prevent adult fish from falling back via turbines.  Of concern during this period will be potential impacts of operating an unscreened units (if necessary) at PH2, especially during the PH2 priority operation (through August 31).  The unavailability of Gantry 7 after August 1 limits the Corps’ ability to clean screens at PH2.  The Corps proposes to keep units 12 and 18 (the ends of the powerhouse) screened during the period in question to minimize adult turbine fallback and downstream migrant risks.  The B2CC will also provide a surface route for adult and juvenile fish through the spill season (August 31).  All units will be available at PH1, and operation of the ice and trash sluiceway (ITS) will provide a surface route for steelhead and other fallbacks.


Pacific lamprey passage- The lamprey run at Bonneville Dam typically peaks in mid-July, tapering off through September.  Overall dam passage efficiency of Pacific lamprey is higher during PH1 priority operations, so the temporary loss of attraction flow on July 30-31 and PH1 priority operation after September 1 may result in a net benefit to lamprey passage in 2013.  The mean fallback rate for lamprey during PH2 priority operation years (since 2002) was 12.8%, which is higher than the mean of 8.9% observed prior to 2002, when PH1 was priority powerhouse (Table 6).  It is important to note that NOAA and University of Idaho are less confident about pre-2002 fallback data (M. Keefer, personal communication) and that the migration behavior and fate of fallback lamprey is poorly understood.  
Table 3.  Salmon & Steelhead Passage at Bradford Island and Washington Shore Fish Ladders of Bonneville Dam (July 25-November 15).  Peak passage periods are highlighted in yellow.
	Date
	Chinook
	Steelhead
	Coho
	Sockeye
	Chum
	Pink

	July 25-31

	2007
	2759
	19950
	4
	114
	2
	0

	2008
	2721
	37171
	1
	89
	1
	4

	2009
	2877
	48808
	6
	228
	0
	0

	2010
	3504
	39776
	1
	412
	0
	0

	2011
	7293
	47620
	5
	791
	2
	0

	Average
	3831
	38665
	3
	327
	1
	1

	August 1-6

	2007
	4276
	55031
	31
	155
	2
	1

	2008
	3788
	45970
	2
	96
	0
	22

	2009
	3019
	59101
	21
	239
	0
	0

	2010
	5069
	62551
	22
	406
	0
	0

	2011
	7797
	66913
	21
	619
	2
	0

	Average
	4790
	57913
	19
	303
	1
	5

	August 7-23

	2007
	16302
	110835
	777
	31
	0
	4

	2008
	27072
	50421
	734
	21
	0
	2

	2009
	48038
	270030
	9356
	57
	2
	4

	2010
	23367
	74693
	679
	49
	0
	1

	2011
	27660
	105221
	5784
	54
	0
	106

	Average
	28488
	122240
	3466
	42
	0
	23

	August 24-26

	2007
	3754
	10364
	603
	0
	0
	2

	2008
	13160
	7897
	1238
	1
	0
	4

	2009
	33732
	24375
	11962
	1
	0
	1

	2010
	17992
	10260
	1552
	4
	0
	1

	2011
	9234
	11304
	1482
	5
	0
	67

	Average
	15574
	12840
	3367
	2
	0
	15

	August 27- September 17

	2007
	116197
	52396
	46684
	8
	0
	16

	2008
	239224
	105091
	67177
	17
	0
	0

	2009
	246388
	109648
	92691
	4
	0
	63

	2010
	331896
	73724
	38685
	8
	0
	1

	2011
	297472
	71619
	82195
	3
	1
	2052

	Average
	246235
	82496
	65486
	8
	0
	426

	September 18-30

	2007
	48672
	19476
	16437
	0
	0
	0

	2008
	35203
	17129
	22963
	1
	0
	0

	2009
	50931
	24684
	27706
	0
	0
	16

	2010
	122178
	20579
	20375
	0
	0
	2

	2011
	102424
	20958
	31547
	0
	0
	1396

	Average
	71882
	20565
	23806
	0
	0
	283

	October 1 - 7

	2007
	8108
	4754
	4587
	0
	0
	0

	2008
	7537
	2871
	19195
	0
	0
	0

	2009
	8716
	7437
	29435
	0
	0
	9

	2010
	19275
	4219
	18003
	0
	0
	0

	2011
	21525
	3667
	11161
	0
	0
	112

	Average
	13032
	4590
	16476
	0
	0
	24

	October 8-14

	2007
	7844
	3854
	7137
	0
	2
	0

	2008
	4399
	1391
	19977
	0
	1
	0

	2009
	4359
	4489
	21959
	0
	0
	0

	2010
	8065
	2550
	25526
	1
	2
	1

	2011
	12483
	2154
	11221
	0
	0
	81

	Average
	7430
	2888
	17164
	0
	1
	16

	October 15-21

	2007
	3526
	1674
	9729
	0
	10
	0

	2008
	2058
	973
	8699
	0
	1
	0

	2009
	3079
	3611
	24551
	0
	0
	1

	2010
	3262
	1280
	10916
	0
	4
	0

	2011
	5893
	998
	4402
	0
	0
	12

	Average
	3564
	1707
	11659
	0
	3
	3

	October 22-28

	2007
	1557
	1049
	5815
	0
	8
	0

	2008
	1223
	671
	3554
	0
	5
	0

	2009
	1183
	1482
	10746
	0
	10
	1

	2010
	1805
	614
	6306
	0
	22
	0

	2011
	2726
	645
	1127
	0
	1
	1

	Average
	1699
	892
	5510
	0
	9
	0

	October 29-30

	2007
	480
	228
	1363
	0
	4
	0

	2008
	262
	147
	346
	0
	6
	0

	2009
	486
	516
	3288
	0
	15
	0

	2010
	438
	235
	2421
	0
	11
	0

	2011
	542
	187
	291
	0
	4
	0

	Average
	442
	263
	1542
	0
	8
	0

	November 1-10

	2007
	537
	471
	1956
	0
	30
	0

	2008
	546
	493
	881
	0
	40
	0

	2009
	505
	875
	2378
	0
	46
	0

	2010
	739
	468
	2416
	0
	46
	0

	2011
	932
	569
	392
	0
	10
	0

	Average
	652
	575
	1605
	0
	34
	0

	November 11-15

	2007
	182
	240
	528
	0
	37
	0

	2008
	75
	158
	285
	0
	8
	0

	2009
	97
	204
	251
	0
	10
	0

	2010
	208
	176
	452
	0
	20
	0

	2011
	300
	197
	84
	0
	7
	0

	Average
	172
	195
	320
	0
	16
	0


Table 4.  Fallback rates (total fallback events / unique fish that passed a fishway) and re-ascension percentage (unique fish that reascended / unique fish that fell back after passing a fishway) of BON Bradford Island Fish Ladder-passed fish during Powerhouse 1 priority operations (1996-2001 study years) and Powerhouse 2 priority operations (2002-2010).  References: Bjornn et al. (2000), Boggs et al. (2005), Jepson et al. (2010).

	Study Year
	Spring-Summer Chinook
	Fall Chinook
	Steelhead
	Sockeye
	Pacific Lamprey

	
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension

	Powerhouse 1 Priority (1996-2001)

	1996*
	25.4
	89.4
	-
	-
	8.7
	93.1
	-
	-
	-
	-

	1997
	27.8
	92.7
	-
	-
	15.0
	86.8
	22.7
	96.8
	0.0
	0.0

	1998
	19.7
	89.9
	4.4
	55.6
	-
	-
	-
	-
	2.4
	0.0

	1999
	-
	-
	-
	-
	-
	-
	-
	-
	29.3
	0.0

	2000
	22.9
	94.6
	5.7
	63.2
	13.6
	96.1
	-
	-
	4.2
	0.0

	2001*
	5.0
	81.3
	6.3
	75.0
	7.8
	83.3
	-
	-
	11.3
	0.0

	Mean
	20.2
	89.6
	5.5
	64.6
	11.3
	89.8
	22.7
	96.8
	9.4
	0.0

	Powerhouse 2 Priority (2002-2010)

	2002
	9.3
	93.8
	4.6
	37.5
	4.2
	94.4
	-
	-
	0.0
	0.0

	2003
	9.8
	79.4
	7.6
	14.3
	7.7
	73.7
	-
	-
	-
	-

	2004
	3.4
	50.0
	5.4
	37.5
	5.5
	100.0
	-
	-
	-
	-

	2005
	5.7
	100.0
	-
	-
	-
	-
	-
	-
	-
	-

	2006
	23.0
	74.3
	-
	-
	-
	-
	-
	-
	-
	-

	2007
	8.2
	70.0
	-
	-
	-
	-
	-
	-
	28.9
	0.0

	2008
	-
	-
	-
	-
	-
	-
	-
	-
	21.5
	0.0

	2009
	11.7
	82.8
	-
	-
	-
	-
	-
	-
	10.8
	12.5

	2010
	11.4
	87.0
	-
	-
	-
	-
	-
	-
	3.4
	0.0

	Mean
	10.3
	79.7
	5.9
	29.8
	5.8
	89.4
	-
	-
	12.9
	2.5


*Notes:  1996 and 1997 were very high flow and spill years.  Data from 2001 study, when river flows were only 55% of ten-year average.  There was no spill in 2001.

Table 5.  Fallback rates (total fallback events / unique fish that passed a fishway) and re-ascension percentage of BON Washington Shore Fish Ladder-passed fish during Powerhouse 1 priority operations (1996-2001 study years) and Powerhouse 2 priority operations (2002-2010).  References: Bjornn et al. (2000), Boggs et al. (2005), Jepson et al. (2010).

	Study Year
	Spring-Summer Chinook
	Fall Chinook
	Steelhead
	Sockeye
	Pacific Lamprey

	
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension

	Powerhouse 1 Priority (1996-2001)

	1996*
	5.5
	61.9
	-
	-
	1.8
	66.7
	-
	-
	-
	-

	1997
	10.2
	100.0
	-
	-
	3.4
	38.5
	0.5
	0.0
	15.4
	0.0

	1998
	9.1
	72.7
	2.7
	16.7
	-
	-
	-
	-
	0.0
	0.0

	1999
	-
	-
	-
	-
	-
	-
	-
	-
	7.3
	0.0

	2000
	7.7
	85.7
	1.6
	75.0
	1.5
	66.7
	-
	-
	0.0
	0.0

	2001*
	7.7
	87.5
	4.6
	66.7
	2.4
	70.0
	-
	-
	16.9
	0.0

	Mean
	8.0
	81.6
	3.0
	52.8
	2.3
	60.5
	0.5
	0.0
	7.9
	0.0

	Powerhouse 2 Priority (2002-2010)

	2002
	5.0
	77.3
	2.6
	55.6
	4.1
	53.3
	-
	-
	1.8
	0.0

	2003
	4.1
	80.0
	2.7
	50.0
	8.5
	47.1
	-
	-
	-
	-

	2004
	3.7
	55.6
	4.4
	30.0
	2.5
	50.0
	-
	-
	-
	-

	2005*
	4.4
	33.3
	-
	-
	-
	-
	-
	-
	-
	-

	2006
	3.9
	28.6
	-
	-
	-
	-
	-
	-
	-
	-

	2007
	5.4
	62.5
	-
	-
	-
	-
	-
	-
	25.0
	0.0

	2008
	-
	-
	-
	-
	-
	-
	-
	-
	11.3
	0.0

	2009
	1.1
	33.3
	-
	-
	-
	-
	-
	-
	18.6
	0.0

	2010
	1.7
	66.7
	-
	-
	-
	-
	-
	-
	3.0
	50.0

	Mean
	3.7
	54.7
	3.2
	45.2
	5.0
	50.1
	-
	-
	11.9
	10.0


*Notes:  1997 was a very high flow and spill year.  Data from 2001 study, when river flows were only 55% of ten-year average.  Spill was limited in 2001.  In 2005, an additional sample of fall Chinook salmon was released directly from the BON trap; the Washington shore fallback rate for this group was 5.3%.  In 2007, an additional sample of spring–summer Chinook was released directly from the BON trap; the Washington shore fallback rate for this group was 5.8%.
Table 6.  Fallback rates (total fallback events / unique fish that passed a fishway) and re-ascension percentage of Bonneville Dam-passed fish during Powerhouse 1 priority operations (1996-2001 study years) and Powerhouse 2 priority operations (2002-2010).  References: Bjornn et al. (2000), Boggs et al. (2004), Jepson et al. (2010).

	Study Year
	Spring-Summer Chinook
	Fall Chinook
	Steelhead
	Sockeye
	Pacific Lamprey

	
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension
	Fallback
	Re-ascension

	Powerhouse 1 Priority (1996-2001)

	1996*
	16.4
	89.3
	-
	-
	5.3
	85.7
	-
	-
	-
	-

	1997
	19.9
	92.1
	-
	-
	9.9
	77.7
	13.7
	95.0
	8.2
	0.0

	1998
	15.8
	82.7
	4.2
	37.5
	-
	-
	-
	-
	1.4
	0.0

	1999
	-
	-
	-
	-
	-
	-
	-
	-
	18.3
	0.0

	2000
	16.8
	92.7
	5.2
	50.0
	7.4
	91.1
	-
	-
	2.4
	0.0

	2001*
	7.0
	75.8
	6.9
	60.0
	4.5
	78.8
	-
	-
	14.0
	0.0

	Mean
	15.2
	86.5
	5.4
	49.2
	6.8
	83.3
	13.7
	95.0
	8.9
	0.0

	Powerhouse 2 Priority (2002-2010)

	2002
	6.9
	83.3
	4.6
	43.2
	4.4
	72.7
	-
	-
	1.1
	0.0

	2003
	6.2
	80.4
	4.8
	21.7
	8.3
	54.5
	-
	-
	-
	-

	2004
	3.5
	52.9
	4.7
	11.1
	3.8
	81.8
	-
	-
	-
	-

	2005
	4.9
	66.7
	-
	-
	-
	-
	-
	-
	-
	-

	2006
	13.7
	68.3
	-
	-
	-
	-
	-
	-
	-
	-

	2007
	6.7
	66.7
	-
	-
	-
	-
	-
	-
	27.7
	0.0

	2008
	-
	-
	-
	-
	-
	-
	-
	-
	16.9
	0.0

	2009
	6.4
	78.1
	-
	-
	-
	-
	-
	-
	15.3
	3.7

	2010
	5.2
	77.8
	-
	-
	-
	-
	-
	-
	3.2
	25.0

	Mean
	6.7
	71.8
	4.7
	25.3
	5.5
	69.7
	-
	-
	12.8
	5.7


*Notes:  1996 and 1997 were very high flow and spill years.  Data from 2001 study, when river flows were only 55% of ten-year average.  Spill was limited in 2001 due to low flows.

Comments from agencies

Final results
Please email or call with questions or concerns.

Thank you, 

Tammy

Tammy Mackey

NWP Operations Division Fishery Section

Columbia River Coordination Biologist

503-961-5733 

Tammy.m.mackey@usace.army.mil 
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