FPP Change Request Form

Change Form # & Title:
14LWG007
Adult Delay Alternative Operations
Date Submitted: 

4/11/14; Revised 4/16/14 (Pinney), 4/23/14 (Wright) 

Project: 


Lower Granite
Requester: 


Bill Hevlin, NOAA Fisheries

Record of Final Action:  
Not Approved – FPOM 6/12/14.  Hold for consideration during in-season adaptive management if adult delay issue arises.
FPP Section:  Create 2.3.2.2.n Emergency operations to promote adult passage during extreme warm water conditions.  
Specific alternative spill and turbine unit operations at Lower Granite Dam, different from the Fish Passage Plan, meant to reduce adult salmon tailrace delay and/or blockage by the improvement of tailrace hydraulic conditions conducive to fish locating fishway entrances and passage up the ladder.
Three Alternative Operations Are Proposed to become part of FPP, to reduce implementation time in the event that emergency environmental conditions similar to those that occurred in 2013 re-occur, where water temperature creates an adult passage barrier. 

Proposed Change:  Add new section.
2.3.2.2.n. Emergency Operations for Adult Fish Passage during Extreme Warm Water Conditions.  The following operations will be implemented at Lower Granite Dam during warm water conditions to avoid or minimize temperature differentials in the adult fish ladder that may create a “thermal barrier” to adult fish passage.  These operations will remain in effect until permanent solutions are implemented as part of the Juvenile Fish Facility upgrade, currently scheduled for completion in 2016.     
When water temperatures at the adult fish trap or ladder exit pool exceed 68°F for an 8-hour period for 2 consecutive days, auxiliary pumps 1&2 will be turned on to supply the upper adult ladder with cooler water from deeper in the forebay.  This operation may be adaptively managed if necessary; however, it should be noted that ladder temps in the summer routinely exceed 68°F for several hours during the day. 
 
An adult passage delay or blockage will be noted if adult passage at Lower Granite Dam is lower than anticipated when compared to ongoing conversion rates from passage counts at Little Goose Dam.  CENWW-OD-T will coordinate with the Project, RCC and FPOM to initiate alternative spill and turbine operations defined below (sections n.1–n.3), beginning with Alternative 1 for a minimum of two days, or as adaptively managed through in-season coordination with FPOM and/or TMT.  If adult passage counts do not improve within two days, the project will transition to Alternative 2 for a minimum of two days, then Alternative 3 if necessary.  These alternative operations will continue until water temperature differentials are reduced and adult fish passage counts improve, at which time the project will resume normal unit priority defined in Table LWG-5 and spill operations defined in the FOP (Appendix E).     
n.1. Alternative Operation 1: 

i. Modify Unit 1 priority to first in order (1, 2, 3, then 4–6 any order);

ii. Daily from 0500–1100 (6 hours), close RSW and implement spill patterns for no RSW in Table LWG-9.  Maintain spill level as defined in the FOP (Appendix E).   

n.2. Alternative Operation 2: 
i. Modify Unit 1 priority to first in order (1, 2, 3, then 4–6 any order);
ii. Daily from 0500–1100 (6 hours), close RSW and implement spill patterns for no RSW in Table LWG-9.  Shift RSW spill, approximately 6.8 kcfs, to first available priority unit(s) within the 1% efficiency range.
iii. Daily from 1800–2400 (6 hours), increase spill above FOP level by approximately 6.8 kcfs, not to exceed the TDG cap, to achieve average spill for the day (from 0000-2400 hours) at the FOP level.
n.3. Alternative Operation 3:  
i. Modify Unit 1 priority to first in order (1, 2, 3, then 4–6 any order);
ii. Daily from 0500–1100 (6 hours), close all spillbays 1–8.  Shift all flow from the spillway to the first available priority units within the 1% efficiency range.

iii. Daily from 1700–0500 the following day (12 hours), increase spill above FOP level to 25 kcfs, not to exceed the TDG cap.

Justification for Change:  The trigger/justification for the alternative spill operation will be when the number of adults passing Lower Granite Dam drops below anticipated fish counts based on ongoing adult conversion rate from passage counts at Little Goose Dam; which will be suggestive that delay or blockage is occurring.  

Comments from others:
Sent: Wednesday, April 16, 2014 3:05 PM 

From: Pinney, Chris A NWW 
Subject: RE: revised 14 LGR 007 for review and response as to concurrence/no-concurrence 

Ann + FPOM, In track changes of the attached file I have the following comments for consideration in the change form that can prime discussion on spill pattern limitations at the next FPOM. Primarily, alternative 2 should also go to some modified-uniform or complete uniform spill pattern when TSW is closed even though only about 10 kcfs would be left to spill.  Thanks, Chris 
Sent: Friday, April 18, 2014 4:00 PM

From: Kiefer,Russell.  To: Setter, Ann L NWW

Subject: RE: revised 14 LGR 007 for review and response as to concurrence/no-concurrence 

Ann,  We appreciate the effort to develop options to address adult passage delays at Lower Granite Dam, and would likely support their implementation if ladder entrance is determined to be a significant issue.

However, our experience during the summer 2013 adult passage issue and review of the technical information indicates that adult attraction to the ladder entrance was not a significant factory causing the adult passage delays.  The memo to Chris Pinney from Matt Keefer and Chris Caudill on March 24th makes it very clear that the primary problem causing the adult delays last summer was the high water temperatures in the fish ladder.  The radio-tagged adult Chinook from their study that approached Lower Granite Dam during the period of adult delay entered the fish ladder an average of 7.8 times each.  The four radio-tagged adult Chinook from their study that did not successfully pass the project entered the fish ladder an average of 35.5 times each.

The adult passage problem at Lower Granite Dam in summer 2013 appears to primarily be one of fish turning around and exiting the ladder because of warm water in the fish ladder.  As Keefer and Caudill state in their memo:  “Fishway exits to the tailrace were increasingly likely as water temperatures in the ladder warmed (Figure 2).  More than 80% of passage attempts resulted in fishway exit to the tailrace during the first period when the upper ladder temperatures rose able 22C and more than 90% of attempts resulted in exits during the warmest period.”  This clearly indicates that the solution to this problem is reducing water temperatures in the ladder system.

Therefore, IDFG does not support this change form, because it primarily does not address elevated water temperatures in the fish ladder.

IDFG does support the plan to utilize auxiliary pumps 1 & 2 to reduce water temperatures in the fish ladder, and recommend the Corps identify emergency pumps that could be quickly rented if a ladder temperature passage issue occurs this summer.
We look forward to working with the Region on a long term solution, Russ Kiefer

Sent: Thursday, April 24, 2014 2:58 PM 

From: Pinney, Chris A NWW 
Subject: RE: draft May FPOM agenda - DO NOT PRINT 

FPOM,  For your review for discussion at next FPOM in regards to LLA Change Form for low flow/high water temperature operational alternatives is Matt Keefer's memo on prelim/draft radio-tag Chinook response to 2013 July-September operations and ladder temperature differential in-season management at Lower Granite Dam. Full Draft report for Chinook and prelim steelhead analysis is due in June. Matt's annual AFEP Review ppt can be consulted for some prelim results on Bonneville-tagged steelhead passing Lower Granite during the July-September timeframe.  Thanks, Chris 
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Lower Granite Dam: Preliminary July-September Chinook passage, 24 March 2014

To: Chris Pinney, Walla Walla District USACE
From:  Matthew Keefer and Christopher Caudill 

Study objectives.  
This is a preliminary summary of the University of Idaho water temperature monitoring at Lower Granite Dam in 2013.  Our objectives were to: 1) monitor water temperatures in the fish ladder of Lower Granite Dam; 2) associate water temperature with the behavior and passage of radio-tagged adult and jack Chinook salmon; and 3) assess the effects of turbine 1 and 2 discharge on the distribution of Chinook salmon approach and entry behaviors at the dam.  The data presented here are for salmon detected at Lower Granite Dam in July-August, 2013. 
Methods: Radiotelemetry.  
Adult and/or jack salmon were radio-tagged at Bonneville and Ice Harbor dams.  Six hundred adult spring–summer Chinook and 300 jack spring–​summer Chinook salmon were collected and tagged at Bonneville Dam and released downstream.  Another 300 adult spring Chinook salmon were collected and tagged at Ice Harbor Dam and released ~4 km upstream from Ice Harbor Dam at Levey Park.  
Of the combined 1,200 Chinook salmon radio-tagged in 2013, 47 (4%) were detected at Lower Granite Dam in July and/or August.  This sub-sample included 29 jack and 11 adult ‘summer’ Chinook salmon tagged at Bonneville, 1 spring adult tagged at Bonneville Dam, and 6 adults tagged at Ice Harbor.   Telemetry data for the migrants detected in July-September were used in this preliminary evaluation of salmon behavior at Lower Granite Dam during the high temperature period.  The north Powerhouse and south-shore fishway entrances, transition area, and top-of-ladder had underwater radiotelemetry antennas in 2013 and the tailrace was monitored with two aerial antennas (Figure 1).  

Objective 1: Temperature monitoring.  
Water temperatures in the Lower Granite fish ladder were collected from 4 June through 30 September.  Five loggers (Onset Hobo ProV2) recorded hourly temperatures and were deployed approximately 0.3 meters from the bottom of the fish ladder at five locations: 1) near the south entrance, 2) lower transition pool area, 3) upper transition pool area, 4) upstream of fish trap, and 5) at exit fish ladder exit (Figure 1).  

Preliminary results from the water ladder temperature loggers indicate a temperature difference between the south ladder entrance and the rest of the fish ladder during the warm summer months.  On average, July-August mean daily temperatures near the south ladder entrance were 2.58 °C cooler than the top of the fish ladder (Figure 2).  The maximum daily average temperature we recorded (23.8 °C) was near the fish ladder exit on 24 July.  
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Figure 1.  Location of water temperature loggers and radiotelemetry antennas deployed inside the Lower Granite Dam fishway in 2013.  (Not to scale.)
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Figure 2.  Numbers of unique radio-tagged Chinook salmon approaches and entrances at Lower Granite Dam fishway (top), total approach and entry (middle), and mean daily water temperatures (bottom).   Blue circles in bottom panel show % of radio-tagged salmon that exited to tailrace after entering fishway (5-d moving average).
Objective 2: Chinook salmon behavior in relation to fishway temperature

In total, 47 radio-tagged salmon approached Lower Granite fishways 738 times, entered 366 times, and exited to the tailrace 315 times between 1 July-10 September.  Forty-three of the 47 (91%) fish eventually passed the dam.  The majority of fishway use behaviors occurred in July, with relatively little activity during or after the high temperature event from 19-26 July (daily means at the top of the fishway > 22° C; Figure 2).   The latest dam passage event was 31 July.    

Fishway exits to the tailrace were increasingly likely as water temperatures in the ladder warmed (Figure 2).  More than 80% of passage attempts resulted in fishway exit to the tailrace during the first period when the upper ladder temperature rose above 22° C and more than 90% of attempts resulted in exits during the warmest period.  Temperatures in the lower ladder were ≤ 20° C during the study period.

Thirty-two salmon had telemetry records suitable for calculating passage time from first fishway approach to pass the dam.  The median passage time for the group was 0.49 d (mean = 0.95 d).  Median times by passage date suggested that warmer temperatures were associated with slower passage (Figure 3).  Fish that passed before the first 22° C date (9 July) had a median time of 0.33 d, those that passed after the 9th had a median of 1.23 d.  

The four salmon that did not pass Lower Granite Dam entered the fishway 142 times.  Their final detections were at Lower Granite Dam or in the Lower Granite tailrace on 10 July, 20 July, 9 September, and 10 September.  

Objective 3: Chinook salmon behavior in relation to Turbine 1 & 2 discharge

Of 737 inferred fishway approaches, 20% were at the north spillway opening, 24% were at the north powerhouse opening, and 56% were at the south powerhouse opening (Table 1).  Note that some of the fish assigned to the south powerhouse may have entered at unmonitored locations along the face of the powerhouse collection channel.  The percentages of approach events did not dramatically vary across Turbine discharge categories.  However, relative use of the south powerhouse opening was lower when there was zero discharge from Turbine 1 (~50%) than when there was discharge from Turbine 1 (~67%).

There were 360 fishway entrance events, including 26% at the north spillway, 26% at the north powerhouse, and 48% at the south powerhouse (Table 2).  There was more variability in which openings were used in relation to Turbine discharge.  For example, ~35% of entry events were at the south powerhouse opening when there was zero discharge from Turbine 1, versus 67% when there was discharge.  More salmon entered at the north spillway opening when there was higher discharge from Turbine 2 (Table 2).
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Figure 3.  Unique radio-tagged Chinook salmon detected approaching and entering Lower Granite Dam fishway (top), total approach and entry events (middle), and mean daily water temperatures inside the fishway (bottom).   Blue circles in bottom panel show Chinook salmon passage time (d) from first fishway approach to pass the dam.
Table 1.  Distribution of radio-tagged Chinook salmon approach (top) and entrance (bottom) at fishway openings at Lower Granite Dam in July-September, 2013 in relation to mean daily discharge (kcfs) from Turbines 1 and 2.  See Figure 1 for monitored locations.

	Discharge (kcfs)
	
	Distribution (% of approaches)

	Turbine 1
	Turbine 2
	n
	N spill
	N PH
	S PH

	0
	0
	6
	0
	33
	67

	0
	0-10
	101
	19
	26
	55

	0
	>10
	355
	26
	26
	48

	0-10
	0
	69
	4
	29
	67

	0-10
	0-10
	93
	15
	13
	72

	0-10
	>10
	9
	33
	11
	56

	>10
	0
	71
	9
	24
	68

	>10
	0-10
	33
	27
	18
	55

	Discharge (kcfs)
	
	Distribution (% of entries)

	Turbine 1
	Turbine 2
	n
	N spill
	N PH
	S PH

	0
	0
	1
	0
	0
	100

	0
	0-10
	33
	21
	27
	52

	0
	>10
	184
	36
	32
	32

	0-10
	0
	31
	26
	16
	58

	0-10
	0-10
	58
	5
	19
	76

	0-10
	>10
	6
	50
	17
	33

	>10
	0
	29
	7
	21
	72

	>10
	0-10
	18
	28
	17
	56


Preliminary conclusions: This dataset is relatively small, with fish concentrated in early July before the onset of the warmest water temperatures in 2013.  Therefore, it is difficult to draw strong conclusions from the data regarding either temperature or turbine effects.  The relative abundance of jacks versus adults also makes it difficult to compare the 2013 results to results from previous years.

With those caveats, the passage time and exit-to-the-tailrace (fishway fallout) data do suggest that warm temperatures and the large temperature differential (ΔT) between the lower and upper fishway resulted in slower Chinook salmon passage.  This is very consistent what we have found in much broader analyses of the ΔT ladder effect at Snake River dams (Caudill et al. 2013).   Some salmon did make multiple passage attempts during the warm period and this contributed to slower passage times at the project.  The four non-passing fish all encountered fishway temperatures > 21° C.

The brief analysis of turbine effects indicated that salmon are attracted to enter the south end of the Lower Granite fishway when Turbine 1 is operated.  Fish used other openings more frequently when Turbine 1 had zero discharge.  Please note that the preliminary analyses presented here did not consider multivariate or interactive effects of discharge and water temperature on salmon behavior.

References: Caudill, C. C., M. L. Keefer, T. S. Clabough, G. P. Naughton, B. J. Burke, and C. A. Peery. 2013. Indirect effects of impoundment on migrating fish: temperature gradients in fish ladders slow dam passage by adult Chinook salmon and steelhead. PLOS ONE:e85586.

Sent: Wednesday, May 14, 2014 1:40 PM
From: Setter, Ann L NWW    
Subject: Information Requested at May FPOM - LGR 2013 Passage 
Folks: At the May FPOM, it was agreed additional information would be distributed for folks to review related to summer 2013 operations at Lower Granite to enhance adult passage.  This brief lays out event sequence, provides tailrace photos under different operations, and a data summary.  It also references the data available from the TMT website.  We plan to continue further discussion at the June FPOM on the FPP Change Form 14LWG007, and would like people to also consider whether shut down of the adult trap due to elevated temperature would be an appropriate trigger for initiation of auxiliary pump operation to provide cooler water for the ladder.  Ann Setter

Summary of 2013 Adaptive Management Operations at Lower Granite Dam for Adult Passage
· On July 15, 2013, operation of the Lower Granite Dam adult trap was suspended due to warm water temperatures above FPP criteria.  

· On July 22, 2013, TMT convened at the request of Russ Kiefer, Idaho, to discuss recent observations of poor sockeye conversion between Little Goose and Lower Granite and to evaluate possible operational solutions.  Water temperature data indicated adult sockeye may be delayed by a “thermal block” at the project due to significant warming in the top 10 feet of the forebay which supplies water to the upper fish ladder.  The tailrace was maintained relatively cool (≤ 68°F) by Dworshak flow augmentation water which settles to the bottom of the reservoir and passes through the deeper turbine intakes.  The TMT consensus was to modify unit priority to operate Unit 1 through the following morning for increased attraction flow to the ladder and then re-evaluate passage and temperature data.    

· On July 23, 2013, the Salmon Managers submitted SOR-2013-4 (signatories: NOAA Fisheries, Nez Perce Tribe, Umatilla Tribe, Colville Tribe, Oregon, Idaho, Washington) that proposed alternating between daytime (0600-1800) Unit 1 priority during peak adult passage hours, and nighttime (1800-0600) spill to the TDG cap (~26 kcfs) with one unit operating at speed-no-load (5 kcfs).  The two operations were intended to balance spill over the 24-hr period, in consideration that operating Unit 1 during minimum generation (river flow <~35 kcfs) results in approximately 6 kcfs less spill than other units
 at a time when juveniles are still migrating downstream.  The Action Agencies implemented the operations and instituted procedures to provide daily updates of hourly adult passage and temperature data.  

· On July 25, 2013, auxiliary water supply pumps #1 and #2 began operating to supply the upper ladder with cooler, deeper water from forebay elevation 705 ft, as opposed to the existing intakes located at the forebay surface and elevation 727 ft.   The water supply from diffuser 14 was reduced in order to maintain a higher proportion of cooler water in the ladder from the deeper auxiliary pumps, which reduced flow to the adult trap below operational levels.  However, fully opening the diffuser-14 intake to supply the trap would have increased temperatures above FPP criteria.  Therefore the adult trap remained out of service during the operation of the auxiliary pumps to cool the ladder. The pumps ran continuously through September 18 and the trap was returned to service on September 23.   

· On July 29-31, four additional temperature data-loggers (Hobos) were installed at the ladder exit, diffuser-14, count station and junction pool to provide increased resolution of the temperature differential.  The data indicated the auxiliary pumps #1 and #2 reduced temperatures throughout the ladder.  The cooling benefit of the pumps was reduced at times when high winds mixed warm forebay surface water to the depth of the pump intakes.  

· Throughout the remainder of 2013 summer spill and continuing to October 9, adaptive management operations were regionally coordinated and modified as necessary based on temperature data and counts of adult sockeye (mid-July through early August) and fall Chinook (mid-August through early October) during low river flows and multiple concurrent special operations that limited project capacity (e.g., roof repair, Doble tests, unit maintenance).  

· Hourly data of ladder temperatures and adult passage were provided to TMT at meetings in July, August and September 2013 (see TMT meeting agenda attachments).  Counts of adult fish passage in relation to project operations are summarized below in Table 1.   Preliminary analysis indicates the highest adult passage occurred in response to the operation of auxiliary pumps #1 and #2 in combination with Unit 1.  The operation of Unit 1 also resulted in improved tailrace hydraulics by pushing out the eddy that forms during RSW spill (Figure 1) and provided cooler water near the south ladder entrance by mixing Dworshak flow augmentation water.

Table 1. Adult Chinook counts at LWG July 25-August 10, 2013, in relation to project operations: Unit 1 Priority, Unit 2 Priority (FPP), TDG cap spill.  Auxiliary pumps #1, #2 operated throughout this period.
	 
	Unit 1
	Unit 2 (FPP)
	Spill TDG Cap

	Counted Up 
	2,021
	260
	30

	Counted Down
	1,337
	232
	42

	Total Net Count
	684
	28
	-12

	Hours Operated
	239
	88
	60

	Total Fish per Hour
	2.862
	0.318
	-0.2


Figure 1. Lower Granite Dam July 2013 tailrace conditions during Unit 2 priority (FPP) with upstream flow (left) and Unit 1 priority with downstream flow (right).  Photos courtesy of Darren Ogden.
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Record of Final Action:  Not Approved – FPOM 6/12/14









Unit 2 Priority (FPP)








� Unit 1 has fixed blades and operates at the upper end of the 1% range (~ 17-19 kcfs), as opposed to Unit 2 (or next available unit) that can be adjusted to operate at the lower 1% (~11-12 kcfs).  





�


Ann Setter, 5/14/14 via email to FPOM: 


“Consider whether shut down of the adult trap due to elevated temperature would be an appropriate trigger for initiation of auxiliary pump operation to provide cooler water for the ladder.”  


�


Intent is to avoid impacts to adults from higher rates of spill during daytime hours and to stay within TDG cap (typically around 25-26k in mid-July-Aug).
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