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Assessment of the Potential Application of Fyke Net Monitoring At Project Diversions 
Background

Yuba County Water Authority (YCWA) operates two diversions on the Middle Yuba River and Oregon Creek represented by Our House Diversion Dam and Log Cabin Diversion.  The Our House and Log Cabin Diversion Dam intakes are similar in design and functionality.  Each intake is located just upstream of a diversion dam.  Increasing surface water elevation in the diversion dam impoundment results in water conveyance through the tunnel of the intake and creates the potential for fish entrainment.  

YCWA conducted a site visit with Relicensing Participants on October 27, 2010 at the two diversions as part of a collaborative process to develop an entrainment study plan.  The goal of the entrainment study plan is to understand whether operations are creating a high risk of entrainment that might result in significant effects to surrounding rainbow trout populations.  The purpose of the visit was to examine study design methods for a potential entrainment assessment.  Many sampling methods were discussed during the visit.  However, a notable interest to assess fyke net sampling at the diversion was voiced by Relicensing Participants.  YCWA committed to assessing the potential to conduct fyke netting at the diversions to address the following questions:

1. Where should the net be located, at the intake or outlet of the tunnel?

2. What are the flow conditions the net would be required to operate under?

3. Could a netting system be built to sample the diversion and what would it look like?

4. How often would the net be able to operate and at what efficiency based on historical hydrograph data?

5. What would be the requirements to maintain and service the fyke net?

6. What would be the cost to implement the study?

The information used to evaluate the feasibility of a direct capture method included: 
1) Examination of hydrology of the area using USGS gage information at Lohman Ridge Tunnel (USGS gage 11408870) and Camptonville Tunnel (USGS gage 11409350);  

2) As-built drawings for the inlet and outlet of Camptonville and Lohman Ridge Tunnels; and 
3) Site visit notes and photos from a relatively low flow period (October 27, 2010; tunnel flow 106 cfs) as well as a high flow event (June 22, 2011; ~800 cfs). 
YCWA also considered the need to sample one or both of the diversion intakes.
Based on an initial review of the data identified above and conversations with the dam operators, it was decided that this feasibility study would focus on the Lohman Ridge Tunnel.  This diversion has the greatest potential to impact the watershed and would represent the majority of potential fish that could be entrained (i.e., Middle Yuba River).  Additionally, a lack of access to the Camptonville Tunnel outlet made it unsuitable for a feasibility analysis.  The outlet of the Camptonville tunnel daylights at a rocky hillside into New Bullards Bar Reservoir, which would not permit for a logistically feasible or safe netting location.  The following assessment is specific for a netting study at the Lohman Ridge Tunnel.
Net Placement Alternatives Considered

The method of capturing entrained fish through the Lohman Ridge Tunnel was considered for either the intake or the outlet. A discussion of how a netting system would likely be constructed and implemented resulted in a list of advantages and disadvantages for each option, shown in Table 1. 

Table 1.  Summary of the advantages and disadvantages of netting fish at the intake versus outlet of the Lohman Ridge Tunnel to evaluate fish entrainment. 

	Capture Location
	Advantages
	Disadvantages

	Intake
	· Permits likely not required for streambed alterations

· The well-defined invert (relatively smooth surface) does not likely result in a need to constrain sampling operation conditions

· Easier access to system during operations

· Easier construction (minimal downstream construction
	· No contingency for something being swept into the tunnel (net, live box, technicians, etc.)

· Conveyance loss to New Bullards Bar Reservoir (primarily at high flows)

· Maintenance ability is limited due to no visibility of net operation during deployment

	Outlet
	· No water conveyance loss

· Good visual observation ability during operations to identify when net needs to be serviced

· Less likely for trap blow-out due to better ability to visually monitor and less implications if trap does blow-out as it is outside of the tunnel
	· Limited ability to fish at low flow conditions

· Crew access is challenging (catwalk or wireline)

· Streambed alterations likely necessary during construction

· Streambed and riparian vegetation entanglement concerns

· Need to clear some riparian vegetation


Despite the relative ease in operation for a capture system at the intake due to access, the advantages of an outlet netting system in safety and water conveyance make this the preferred alternative.  The remainder of this document evaluates an outlet netting system for feasibility. 

Hydrology

Flow information was obtained at USGS Gage ID 11408870, which is located near the inlet in Lohman Ridge Tunnel.  For this evaluation mean daily flow data was examined from 1998 to 2007.  Relative high (1998), normal (2005), and low flow (2001) years were displayed from the available data in Figure 1 as representative years for evaluation of entrainment sampling availability.  An overall average of all water years was also presented.  In each year the hydrograph data for the typical November through June fish migration season was presented. 
Figure 1.  Hydrograph for November – June fish migration season for three representative water-year types and an overall average from (1998 – 2007).
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The data show that flow is highly variable at the gage and strongly influenced by water year.   In high and normal water years, there were numerous events that led to events over 700 cfs (Figure 1).  In low water years, these events still occurred, but less frequently.  The average hydrograph showed an increasing trend from November to March with a peak of discharge occurring in late March to early April and a second lesser peak in May.  The average hydrograph starts descending in mid-May and continues falling through June.  

Conceptual Design

The conceptual design of the fyke net system is comprised of a tapering net which is designed to funnel healthy fish to a live box at its cod end. The netting system would be bordered by an access walkway around four sides. The downstream walkway would be adjustable in the upstream direction to accommodate potentially differing live box positions. The netting would be attached to a framework at the upstream end of the net. The frames would include a vertical lift to raise the net out of the water during non-sampling periods. The downstream walkway would include a davit system to raise and lower the live box during sampling (Figure 2). 

[image: image2.wmf]
Figure 2. Plan (top) and section (bottom) view of conceptual sketch for fish capture system at outlet of Lohman Ridge Tunnel incorporating a 50-foot conical net.

The size and configuration of the netting system is driven by comparable sampling devices used to sample fish passing through the draft tubes of hydropower facilities. The single, large net concept is designed to capture fish with as minimal an impact to fish health as possible. The large opening at the outfall would help to accommodate higher flow conditions in which the energy exiting the outfall is high and flow patterns are chaotic at this location. The concept of a large tapered net is to allow energy to dissipate prior to funneling fish down to a more constricted capture area, thus providing a fish-friendly netting system.

The conceptual netting system is also driven by a netting ratio of 5:1 (width to length ratio).  As the diameter of the outlet is almost 10 feet, this results in a net that would be approximately 50 feet long.  The hydrograph showed that flow conditions can vary significantly.  Sampling for higher flows would require the 50 foot net, but would negate sampling at lower flow conditions.  Therefore, at least one additional net would be needed to sample at the range of flows.  The netting ratio for lower flow conditions would be 3:1, resulting in a 30 foot long net. This varied approach would maintain a higher capture efficiency of entrained fish, but also increase risk if flows or debris load increased while sampling a smaller net. 

Fyke Net Operational Ability and Efficiency

An analysis to determine how often the system could be operable and at what efficiency was conducted based on the schematics, net mesh sampling design, and hydrology data.  By looking at the height of the stream stage at varying discharge levels, an estimate was made of when the net would be operable.  The estimate considered the use of an interchangeable net system (i.e. 30 and 50 foot lengths).  From this assessment, it was determine that the system would be operable at flows less than 750 cfs or greater than 100 cfs.  Flows exceeding 750 cfs posed significantly higher velocity, expanded wetted area, and safety risks to field technicians.  The large size of the netting structure and lower water velocity at lower flows would require for funneling structures to be installed to sample at flows lower than 100 cfs.  Installing and removing funneling structures would be labor intensive, inefficient, potentially degrading to the surrounding stream environment and were therefore not considered further.  

Given the range of flows identified for operable net sampling, a filter was applied to hydrology data (Table 2 and Figure 3).  The filter assessed how often the fyke net would be operable based upon historical hydrology.  The periods that the net would not be considered operable ranged from 44 to 67 percent of the time throughout the year and 24 to 50 percent of the time from November to June (Table 2).  

Table 2. Hydrograph flow summary for days in which sampling may not be feasible due to low or high flow conditions. 

	 
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007

	Average Daily CFS
	322.5
	218.3
	188.4
	90.9
	173.8
	242.3
	144.9
	244.0
	167.5
	111.5

	Max CFS
	814.0
	809.0
	765.0
	778.0
	807.0
	806.0
	802.0
	850.0
	733.0
	776.0

	Median CFS
	331.0
	67.5
	35.0
	23.0
	85.0
	148.5
	49.5
	162.5
	73.5
	22.0

	Days < 100 cfs
	130
	199
	212
	240
	182
	164
	202
	159
	201
	243

	Days > 750 cfs
	31
	12
	2
	1
	9
	17
	4
	27
	0
	1

	% of 365 days not sampled
	44%
	58%
	59%
	66%
	52%
	50%
	56%
	51%
	55%
	67%

	Days < 100 cfs Nov-Jun
	28
	77
	90
	117
	59
	41
	81
	41
	78
	121

	Days >750 cfs Nov-Jun
	31
	12
	2
	1
	9
	17
	4
	27
	0
	1

	% of 243 days not sampled
	24%
	37%
	38%
	49%
	28%
	24%
	35%
	28%
	32%
	50%


Figure 3.  Percent exceedance of diversion flows at Lohman Ridge Tunnel from 1998 to 2007 and the potential for the fyke net to sample during those flows over a calendar year.
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The efficiency of the trap sampling within the operable range of flows would be expected to be approximately 90 percent efficient or better.  The nets would sample 100 percent of the water column within these flows using a relatively larger size mesh.  It would be expected that up to 10 percent of smaller fishes may be able avoid the trap through the larger mesh.  In summary, we anticipate it would be unlikely the system would effectively capture fish smaller than 150 mm.  
Cost to Construct

A conceptual drawing and cost to construct the entrainment system described above has been developed to an AACE Class 4 level.  This estimate has been prepared based on limited information and should only be considered for use as a screening tool, determination of feasibility, concept evaluation, and preliminary budget scoping.  Not included in the cost to construct are: engineering, permitting and fish rescues during construction.  The cost is based on a 1.5 year escalated cost from July 2011.  Without a contingency, the estimated cost to construct is approximately $437,000.  Using an average weighted contingency of 24 percent, the cost to construct is approximately $542,000. 
Cost to Operate

YCWA assumed a similar sampling approach as was recently performed at the Dutch Flat No. 2 canal (continuous netting for 96 hours each week during the study), with one modification.  The modification was that sampling would occur from November through July, the period diversions might occur, rather than from mid April through mid August.  This would result in 39 weeks in the study period.  YCWA also assumed a two-man crew on site when the nets were fishing, as well as time for net set-up and take-down.

Based on the proposed sampling protocol, it is assumed that the cost of trap upkeep, fish processing, data collection, and reporting would be approximately $975,000.  We added to this a 15 percent contingency, primarily due to safety concerns (working for long periods including night in hazardous areas might warrant having a third person on site at times) and other unknowns, bringing the labor total to $1,121,500.  We considered whether the labor cost estimate should be reduced since the nets would not be able to fish at all flows, but it would be difficult to know when the flows would change and it might be in the middle of a weekly sampling event when staff was already deployed.  So, we did not reduce cost for this reason. 
Therefore, the total cost for the study would include $1,121,500 for labor and $542,000 for material, bringing the total cost to $1,663,250.   Efficiency testing of the net is not included in this cost estimate.
Page Left Blank
Assessment of Fyke Net Sampling
Study Method Review
August 2011
Page 6 of 8
©2010, Yuba County Water Agency
August 2011
Study Method Review
Assessment of Fyke Net Sampling

©2011, Yuba County Water Agency
Page 7 of 8

