Lower Granite Fish Ladder (Dewatered) 
08 February 2011 
Inspection Report

Prepared by Brett Morris, CENWW-EC-H.  

Purpose – A brief field inspection of the partially dewatered adult fish ladder was performed to ascertain additional physical obstacles to lamprey migration.
Background - As part of the ongoing NWW-NWP Lamprey program, NWW inspects all dewatered project fish ladders during the fish ladder outage season to identify lamprey passage issues and evaluate measures to improve lamprey passage.  
Departure and Attendance
Brett Morris, Derek Fryer, David Wills, USFWS (Vancouver) Fisheries Biologist and Dave Benner, Fish Passage Center left the District and arrived at the Lower Granite at approximately 09:30. The NWW team met Mike Halter, Project Biologist, and Darrel Nastasi, Power Plant Mechanic at the visitor’s center.  Chris Peery, USFWS, and Neal Paasch, NOAA fisheries biologist joined the team later at the adult fish trap.
Inspection Activities (See Figure 1 Adult Fishway Plan and Figure 2 for Fish Ladder Plan)
Counting Station (See Figure 3)
The counting station is located in Section 7 of the fish ladder and is located on a level section of the fish ladder at a bottom elevation of 657.0.  The count window slot has grated ramps and angle iron supports on the channel bottom on both the upstream and downstream sides.  In addition, the count slot has a 4 inch to 6 inch deep trapezoidal trough or side channel along the entire length of count slot floor adjacent to the window.  The trough has five (5) roughly equally spaced metal plates bolted to the bottom of the trough perpendicular to the count slot flow.  The plates are capped with 1 inch diameter plastic cylinders.  Project personnel didn’t know what function the plates served and a subsequent search of record drawing as-builts revealed no further information on plates.  Neal Paasch indicated that the function of the plates is to direct fish out of the trough and higher up against the counting board to increase their visibility for counting.  Chris Peery indicated that counting slots typically convey flows at velocities that lamprey can pass through.

Blocking 1.5 inches high was observed to be welded to the bottoms of the picketed lead framing.  The picketed lead clear spacing was measured to be ¾”. 

Adult Fish Trap (See Figures 4 and 5)
Neal Paasch provided the team a tour of the adult fish trap and explained the basic function.  When the adult trap is in operation, a pivoting picketed gate is rotated across the fish ladder at the turning pool to divert upstream-migrating fish.  Diverted fish then enter an attraction pool where a gated floor diffuser provides attractant water, and then pass through pipes built into a false weir and fitted with coded-wire-tag (CWT) and PIT-tag detectors.  Sampled fish are then diverted from the pool to a holding area with a false bottom (for PIT-tagged fish only, only those selected by tag code are diverted to holding), while non-sampled adults continue through the pipes to the exit ladder, where they re-enter the main fish ladder to continue their upstream migration.  Diversion gates are also set to sample the run-at-large at a predetermined rate.
The trap has a gravity-flow dewatering system that reduces stress on fish by allowing them to pass directly from the holding area to an anesthetic tank without being handled.  Fish are sedated and inspected, and sample data are collected and recorded.  Fish are then placed either in a freshwater recovery tank for release back to the fish ladder, or into holding tanks for eventual transfer to trucks to be hauled from the facility to various hatcheries.  All fish returned to the fish ladder make their way through four (4) weir walls with weir notches and orifices back to the upstream side of the picketed trap entrance gate and on up into the fish ladder to resume their migration.  In the holding pool, there is an unused motorized crowder that appeared to have screening that would let adult lamprey pass through.  Mr. Paasch indicated there have been only a few instances when lamprey have been found behind the crowder screen.
Fish Ladder Sections 1 to 3 (See Figures 6 and 7)
Sections 1 and 2 are located where the fish ladder changes horizontal direction between the transition pool (Section 3) and junction pool.  Modifications were made to Sections 1-3 which includes the transition pool, and the junction pool to improve fish passage.  Biological studies have indicated that fish delay at this location.  The improvements include modifications to improve hydraulic conditions such as the replacement of the junction pool diffuser grating, reconfiguring the fish ladder turn radius with false wall panels, and modifying the transition pool weirs 634 to 644.  The existing fish orifice configuration for weirs 634 to 644 was preserved.  
Fish Ladder Weirs 634 to 729 (See Figure 8)
The fish ladder from weir 634 to 728 is sloped at 10:1 and is 20 feet wide.  The fish orifices, from weir 634 to 727, are 18” x 18” chamfered square orifices except weir 662, which has orifices that are 18 ½” x 18 ½”.  The orifices in weirs 634 to 727 are located on the bottom of the fish ladder, centered at 3.5 feet from each end of the weir wall.  At weir 728, the fish ladder changes slope to 32:1 and begins the flow control section configuration of weirs.  Weirs 728 and 729 are configured with a combination of 1 foot wide chamfered vertical slots on the south side of the weir wall, and 18” x 24” chamfered rectangular orifices on the north side.  The orifices are located on the channel bottom at each weir.  The sill heights of the vertical slots are incrementally increased in the upstream direction by 6”, from a 0 inch sill height at weir 728 to 6 inch sill height at weir 729.   

Fish Ladder Weirs 730 to 733 (See Figure 9 and reference drawings GDF-1-13-3/6, GDF-1-13-3/9 and IHF-1-5-1/4)
The fish ladder from weir 730 to 733 is sloped at 32:1 and is 20 feet wide. Weirs 730 to 733 maintain the similar orifice and vertical slot configuration of weirs 728 and 729, with the exception that they were retrofitted with adult pit tag antenna equipment.  The antenna coils and panels envelope the fish orifices and vertical slots in weirs 730 to 733.  The orifice crest inverts are approximately 13.5 inches above the channel bottom. The vertical slot sill heights vary by approximately 6 inch increments, from 2 inches at weir 729 to 30 inches at weir 733.
Fish Ladder Weirs 734 to 737 (See Figure 10 and reference drawings GDF-1-4-3/36)
The fish ladder from weir 734 to 737 is sloped at 32:1 and is 20 feet wide and maintains the orifice and vertical slot configuration of weirs 728 and 729 described earlier. The orifice crest inverts are located on the channel bottom and the vertical slot sill heights vary by 6 inch increments, from 36 inches at weir 734 to 48 inches at weir 736.  Weir 737 also has a vertical slot sill height of 48 inches (See Figure 8).
Diffuser 14 (See Figures 11 and 12)
Diffuser 14, a grated channel floor diffuser located between weirs 727 and 728 in Section 15 of the ladder, provides supplemental transport flow to the upper fish ladder to account for variation in the forebay pool elevation.  The grating for diffuser 14 was recently replaced with the standard 1 inch gap diffuser grating.  
recommendations and Discussion 

Counting Station (See Figure 3)
The counting station could be improved for lamprey passage by plating over the ramp grates and angle irons at the bottom of the ramps.  However, according to Chris Peery, lamprey have been observed to pass through the existing count slot, apparently with little difficulty as the velocities are not severe.  In addition, the floor of the count slot could be made smooth by removing the trapezoidal trough and metal plate partitions that apparently only serve a marginal purpose, however, additional discussion with the project is warranted before the trough and plate partitions are removed.  

Adult Fish Trap (See Figures 4 and 5)

As mentioned earlier, Neal Paasch indicated there have been only a few instances when lamprey have been found behind the crowder screen.  If the crowder is no longer used or doesn’t serve any purpose, it could be removed to eliminate the chances of lamprey separation and delay.    
Fish Ladder Sections 1 to 3 (See Figures 6 and 7)
Lamprey diffuser plating could be installed on the diffuser grating to facilitate lamprey passage.  Landing apron plates could be installed at the fish orifices instead of perimeter plating to reduce choking of the diffusers. 
Fish Ladder Weirs 634 to 729 (See Figure 8)
With the exception of weir 729, all weirs have vertical slots and/or orifices located along the concrete channel bottom, thus no additional lamprey passage measures are necessary.  Since the vertical slot at weir 729 is elevated 6 inches, a steel plate ramp could easily be installed from the channel bottom to the sill of the vertical slot.  Given that the vertical obstruction is only 6 inches high and that the orifice at the other end of the weir wall will provide an alternative passage route for lamprey, the ramp should is not a critical lamprey passage measure. 
Fish Ladder Weirs 730 to 733 (See Figure 9 and reference drawings GDF-1-13-3/6, GDF-1-13-3/9 and IHF-1-5-1/4)
Since the pit tag antenna slots and orifices are elevated above the channel bottom, lamprey orifices and inserts should be installed on the vertical slot end of the weir wall, 12 inches to 24 inches away from the side wall of the fish ladder, as proposed at the Ice Harbor pit tag retrofitted control weirs.  The location of the existing orifice pit tag antenna equipment conflicts with the required location of a lamprey orifice on the end of the weir wall opposite the vertical slot.  This measure will at least provide floor bottom passage along one sidewall of the fish ladder. 
Fish Ladder Weirs 734 to 737 (See Figure 10 and reference drawings GDF-1-4-3/36)
As described earlier, weirs 734 to 737 have fish orifices located on the channel bottom and a vertical slot sill height that ranges from 36 inches to 48 inches high.  As an additional enhancement for lamprey passage, another lamprey passage route could be added on the vertical slot end of the weir wall.  Because the vertical slot sills are high, a plate ramp from the channel floor to the sill would be a rather large structure that would significantly impact channel hydraulics.  A lamprey orifice is a less intrusive measure which could be installed on the vertical slot end of the weir wall, 12 inches to 24 inches away from the side wall of the fish ladder.  The lamprey orifice would then give lamprey alternative floor passage routes along both fish ladder sidewalls.  Since the existing fish orifice already provides a floor passage route, the addition of the lamprey orifice is less critical for lamprey passage. 
Diffuser 14 (See Figures 11 and 12)
Plating on the diffuser grating of diffuser 14 would provide an attachment surface for lamprey.  Diffuser 14 is the sole source of transport water in the upper fish ladder that supplements gravity flow into the exit channel from the forebay and its ability to supplement ladder flow for varying forebay elevations cannot be compromised.  Consequently, only minimal lamprey plating should be installed, such as lamprey landing aprons at the fish orifices at weir 727.  Additional hydraulic analysis and investigation should be performed to evaluate the hydraulic response of Diffuser 14 to additional plating. 
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Figure 1 –Adult Fishway Plan
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Figure 2 – Fish Ladder Plan 
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Figure 3 – Count window slot, looking upstream (top) and downstream (bottom).  Note grated ramp, angle iron at bottom of channel, and partitioned trough along count window. 

 [image: image5.emf] [image: image6.png]ADEZETADI

4=
WIS

14292497 - 319¥L N3d

SSUHT WHINOG

NOTNY TNy
NOTNV 143578

ST AT

HOA b

NE'ZI9T SIA
WS- AN

SAVd ONIYIINIONT 3NTVA

2€€/1-0-1-909 °°

8Z-4-G6 "ONANI| NMOHS SV 37¥35

NYId TVYINTD
1| 3ISYHd

SNOILYDIJIQON dvdLl HSI4 L1Nav

OHYGl ONY NOLONIHSYA 'NDS30 "§3A TIVNS

AVJ ONV 307 3LINVYI d3mOT

NOLONIHSYM *vTIvM VT1IvM

LJIH1SIa MIINIONI AWYY " S° N

\Breaby

an_avag
= nmEaq
aTay

aainlmeny

NG vdl 1INaY INILSIXD

SYIHLO A9 INOQ SOR

10¥HINDD SHL ¥04 SHILI HHOM

[

XXX

[SERER]

31y IS =

WLIS3- =

430071 HSI3
SN

TS

[

13 %8 S13IHS I35
133y FIND FAONTY

HUL  oeg wwam

L[| - 9628733 sm

F00d ORIATOH

- WIS

13 BN SITIHS IS T04INOT

WOTS ALPWRING MIN

B S133HS T3S
GOLVLLTY
HYINT FAONTY

13 8¢ SIFIHG 35
YIOHOHT FAONTH

139 SIS TS
Q303 33
DI Sciid (@)

SUIHLO 43
Elrer]

eI

NVId

IS 133MS T3S
(55300 Ziv9 JvuL

20 LIS 33
N HSYHL MIN

TIIMIN
WLLSIHT

Is 133s: 335
|sszo0v ‘T vt

SHTHID 4T
3800 oM

MISUT

=T

T5 1335 335 5 OGNS
M7 ONLEVB: MW SIS 01

40D G INHTHYND
TNy M 15IXF AN

! 0619 73
A MLFINT

SHZ G4

S
orr a1
513345 335 00y 304T5
Sglse (S JWONGHOIN M 153033
H  3L34om00 owiLsix3 77003y

Y3UON £N 25 W S133HS 335
ks e bz T |

e 0499 73
- %070 YoM

ARYY *S N

SAVd ALZAVS

SY3IINIONT 40 Sd40D





Figure 4 – Adult fish trap plan showing latest modifications. 
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Figure 5 – Adult fish trap crowder grating (upper) and holding pool floor diffuser (lower).  
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Figure 6 – Modified weirs in transition pool.  Note that orifices were not modified and are still located on bottom of channel.  
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Figure 7 – Orifices of modified weirs in transition pool.  Note that orifices were not modified and are still located on bottom of channel and that diffuser grating is flush with orifice invert and concrete floor.  
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Figure 8 – Upstream face of Weir 728, downstream-most vertical slot and orifice control weir located just upstream of Diffuser 14. Note both the vertical slot and orifice are locate on the bottom of the channel.
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Figure 9 – Upstream face of vertical slot and orifice control weir retrofitted with pit tag antenna equipment (Weir 730 to 733).  Note elevated vertical slot sill and fish orifice invert.
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Figure 10 – Vertical slot and orifice control weir (upstream side of weir 737 at fishway exit).  Note elevated vertical slot sill and fish orifice at bottom of the channel.

[image: image14.emf]
Figure 11 – Diffuser 14 plan and section.
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Figure 12 – Diffuser 14 located between weirs 728 and 727.[image: image16.emf]
