Sultan River Instream Flow Study — RSP 3

HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate

Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)
10/12/2007 Reach 2 Chinook Spawning 1 1.60 1.80 RB CB
10/12/2007 Reach 2 Chinook Spawning | 1.40 3.35 RB CB
10/12/2007 Reach 2 Chinook Spawning | 1.75 231 RB CB
10/12/2007 Reach 2 Chinook Spawning 1 1.30 1.52 RB CB
10/12/2007 Reach 2 Chinook Spawning 1 0.70 3.27 RB CB
10/12/2007 Reach 2 Chinook Spawning 1 0.85 2.63 RB CB
10/12/2007 Reach 2 Chinook Spawning 1 2.60 1.13 CG CB
10/12/2007 Reach 2 Chinook Spawning 1 2.60 1.33 CG CB
10/15/2007 Reach 1A Chinook Spawning 1 1.10 1.50 RB CB
10/15/2007 Reach 1A Chinook Spawning 1 1.80 1.67 CB CG
10/15/2007 Reach 1A Chinook Spawning 1 0.70 1.99 RB CB
10/15/2007 Reach 1A Chinook Spawning 1 1.10 1.03 CB CG
10/15/2007 Reach 1A Chinook Spawning 1 0.90 1.26 RB CB
10/15/2007 Reach 1A Chinook Spawning 1 1.40 1.43 RB CB
10/15/2007 Reach 1A Chinook Spawning 1 2.15 3.16 CB CG
7/27/2007 Reach 1A Trout Fry 3 0.2 0.02 LC SC
7/27/2007 Reach 1A Trout Fry 2 0.25 0.02 LC SC
7/27/2007 Reach 1A Trout Fry 2 0.3 0.02 LC SC
7/27/2007 Reach 1A Trout Fry 2 0.55 0.02 SC SG
7/27/2007 Reach 1A Trout Fry 4 0.7 0.02 LC SC
7/277/2007 Reach 1A Trout Fry 1 0.8 0.02 SC LG
7/27/2007 Reach 1A Trout Fry 2 1.2 0.02 LC SC
7/27/2007 Reach 1A Trout Fry 1 1.25 0.02 LG LC
7/27/2007 Reach 1A Trout Fry 1 1.95 0.02 SC LG
7/27/2007 Reach 1A Trout Fry 3 0.3 0.03 SC LC
7/27/2007 Reach 1A Trout Fry 1 1 0.05 LC SC
7/277/2007 Reach 1A Trout Fry 1 0.55 0.06 SC LG
7/277/2007 Reach 1A Trout Fry 1 0.50 0.10 SC LC
7/27/2007 Reach 1A Trout Fry 5 0.6 0.10 SC LG
7/27/2007 Reach 1A Trout Fry 1 1.40 0.10 B LC
7/27/2007 Reach 1A Trout Fry 20 0.60 0.12 SC LC
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Sultan River Instream Flow Study — RSP 3 HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate
Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)
7/27/2007 Reach 1A Trout Fry 2 0.55 0.13 SC LC
7/27/2007 Reach 1A Trout Fry 2 0.6 0.13 SC LG
7/27/2007 Reach 1A Trout Fry 2 0.45 0.20 SC LC
7/27/2007 Reach 1A Trout Fry 1 0.7 0.21 SC LC
7/27/2007 Reach 1A Trout Fry 2 0.5 0.23 SC LC
7/27/2007 Reach 1A Trout Fry 4 0.4 0.24 LG LC
7/27/2007 Reach 1A Trout Fry 5 0.5 0.27 SC LG
7/27/2007 Reach 1A Trout Fry 6 0.65 0.28 SC LC
7/27/2007 Reach 1A Trout Fry 5 0.80 0.34 SC LC
7/27/2007 Reach 1A Trout Fry 1 0.50 0.35 SC LG
7/27/2007 Reach 1A Trout Fry 3 0.85 0.42 SC LG
7/27/2007 Reach 1A Trout Fry 1 0.9 0.43 SC LC
7/27/2007 Reach 1A Trout Fry 3 0.7 0.47 SC LG
7/27/2007 Reach 1A Trout Fry 1 0.60 0.50 SC LC
7/27/2007 Reach 1A Trout Fry | 0.95 0.51 SC LG
7/27/2007 Reach 1A Trout Fry 3 0.95 0.58 SC LG
7/27/2007 Reach 1A Trout Fry 1 1.8 0.81 SC LG
7/27/2007 Reach 1A Trout Fry 20 0.60 0.83 SC LC
7/27/2007 Reach 1A Trout Fry 1 0.70 0.83 SC LC
7/27/2007 Reach 2 Trout Fry 1 2.15 0.00 B LC
7/27/2007 Reach 2 Trout Fry | 0.45 0.01 LC LG
7/27/2007 Reach 2 Trout Fry 1 0.70 0.02 B LC
7/27/2007 Reach 2 Trout Fry 2 0.80 0.02 LC LG
7/27/2007 Reach 2 Trout Fry 1 1.40 0.02 B LC
7/27/2007 Reach 2 Trout Fry 3 0.60 0.03 B LG
7/27/2007 Reach 2 Trout Fry 30 0.75 0.03 LG B
7/27/2007 Reach 2 Trout Fry 10 0.45 0.05 SC LC
7/27/2007 Reach 2 Trout Fry 6 1.05 0.05 LC LG
7/27/2007 Reach 2 Trout Fry 6 0.55 0.06 LC LG
7/27/2007 Reach 2 Trout Fry 5 1.30 0.06 B SC
7/27/2007 Reach 2 Trout Fry 1 0.35 0.08 LC LG
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Sultan River Instream Flow Study — RSP 3 HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate
Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)

7/27/2007 Reach 2 Trout Fry 6 0.65 0.11 SC MG
7/27/2007 Reach 2 Trout Fry | 0.95 0.11 SND SG
7/27/2007 Reach 2 Trout Fry 2 2.30 0.11 B LC
7/27/2007 Reach 2 Trout Fry 4 0.25 0.12 MG LG
7/27/2007 Reach 2 Trout Fry 3 0.45 0.12 LC LG
7/27/2007 Reach 2 Trout Fry 1 1.25 0.12 B MG
7/27/2007 Reach 2 Trout Fry 4 0.40 0.14 LC MG
7/27/2007 Reach 2 Trout Fry 15 0.65 0.15 B LG
7/27/2007 Reach 2 Trout Fry 2 1.40 0.19 SC LG
7/27/2007 Reach 2 Trout Fry 1 0.75 0.20 B MG
7/27/2007 Reach 2 Trout Fry 4 0.70 0.21 SC LG
7/27/2007 Reach 2 Trout Fry 1 1.50 0.21 LC B

7/27/2007 Reach 2 Trout Fry 1 0.55 0.23 LG LC
7/27/2007 Reach 2 Trout Fry 2 0.85 0.23 LC LG
7/27/2007 Reach 2 Trout Fry | 1.60 0.27 B SG
7/27/2007 Reach 2 Trout Fry 3 0.95 0.29 LG SC
7/27/2007 Reach 2 Trout Fry 30 0.55 0.30 LG B

7/27/2007 Reach 2 Trout Fry 3 0.40 0.40 LC LG
7/27/2007 Reach 2 Trout Fry 1 1.30 0.41 SND SG
7/27/2007 Reach 2 Trout Fry 1 0.70 0.45 B MG
7/27/2007 Reach 2 Trout Fry 5 1.00 0.49 LC SG
7/27/2007 Reach 2 Trout Fry 6 0.65 0.50 LC LG
7/27/2007 Reach 2 Trout Fry 1 0.40 0.52 LG B

7/27/2007 Reach 2 Trout Fry 15 0.50 0.58 SC LC
7/27/2007 Reach 2 Trout Fry 3 0.55 0.58 SG LG
7/27/2007 Reach 2 Trout Fry 2 1.10 0.60 LG B

7/27/2007 Reach 2 Trout Fry 2 0.85 0.69 LG B

7/27/2007 Reach 2 Trout Fry 2 0.55 0.75 SC LC
7/27/2007 Reach 2 Trout Fry 1 1.05 1.09 LG LC
7/27/2007 Reach 2 Trout Fry 1 1.15 1.72 LC LG
7/27/2007 Reach 2 Trout Fry 1 1.45 2.01 MG LG
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Sultan River Instream Flow Study — RSP 3 HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate
Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)
7/27/2007 Reach 2 Trout Fry 1 1.50 2.03 LG LC
8/8/2007 Reach 1A Trout Fry | 0.4 0.02 LG SC
8/8/2007 Reach 1A Trout Fry 3 0.5 0.03 SC LG
8/8/2007 Reach 1A Trout Fry 1 0.5 0.06 SC LG
8/8/2007 Reach 1A Trout Fry 3 0.3 0.08 SC LG
8/8/2007 Reach 1A Trout Fry 1 0.4 0.08 LG SC
8/8/2007 Reach 1A Trout Fry 3 0.7 0.19 SC LC
8/8/2007 Reach 1A Trout Fry 1 0.55 0.22 LG SC
8/8/2007 Reach 1A Trout Fry 3 0.5 0.25 SC LG
8/8/2007 Reach 1A Trout Fry 1 1 0.25 SC LC
8/8/2007 Reach 1A Trout Fry 2 0.3 0.27 LG SND
8/8/2007 Reach 1A Trout Fry 1 0.5 0.30 SC LC
8/8/2007 Reach 1A Trout Fry 3 0.5 0.30 SC LG
8/8/2007 Reach 1A Trout Fry 1 0.95 0.33 SC LG
8/8/2007 Reach 1A Trout Fry | 0.75 0.72 LG SND
8/8/2007 Reach 1A Trout Fry 1 0.5 0.02 LG MG
8/8/2007 Reach 1A Trout Fry 3 0.5 0.07 LG SC
8/8/2007 Reach 1A Trout Fry 1 0.5 0.15 SC LC
8/8/2007 Reach 1A Trout Fry 1 0.45 0.20 LG SC
8/8/2007 Reach 1A Trout Fry 1 0.75 0.22 SC LG
8/8/2007 Reach 1A Trout Fry 2 0.45 0.27 LG SC
8/8/2007 Reach 1A Trout Fry 3 0.85 0.28 LC SC
8/8/2007 Reach 1A Trout Fry 1 0.6 0.30 LG SC
8/8/2007 Reach 1A Trout Fry 1 0.5 0.35 LG SC
8/8/2007 Reach 1A Trout Fry 4 0.5 0.40 LG MG
8/8/2007 Reach 1A Trout Fry 6 0.4 0.02 SC LG
8/8/2007 Reach 1A Trout Fry | 1.2 0.03 SC LG
8/8/2007 Reach 1A Trout Fry | 0.75 0.11 SC LG
8/8/2007 Reach 1A Trout Fry 1 0.3 0.15 SC LG
8/8/2007 Reach 1A Trout Fry 1 0.6 0.32 SC LG
8/8/2007 Reach 1A Trout Fry 1 0.9 0.74 SC LG
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Sultan River Instream Flow Study — RSP 3 HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate
Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)
8/8/2007 Reach 1A Trout Fry 1 0.5 0.85 SC LG
8/8/2007 Reach 1A Trout Fry 1 1.25 0.08 B SC
8/8/2007 Reach 1A Trout Fry 1 0.3 0.13 LG SC
8/8/2007 Reach 1A Trout Fry 1 0.7 0.15 B SC
8/8/2007 Reach 1A Trout Fry 1 0.45 0.17 SC LG
8/8/2007 Reach 1A Trout Fry 1 0.4 0.19 LG SC
8/8/2007 Reach 1A Trout Fry 1 0.35 0.23 LG MG
8/8/2007 Reach 1A Trout Fry 1 0.45 0.26 LG SC
8/8/2007 Reach 1A Trout Fry 2 1.3 0.36 SC MG
8/8/2007 Reach 1A Trout Fry 1 0.5 0.54 LG MG
8/8/2007 Reach 1A Trout Fry 1 2.5 0.59 SC LC
8/8/2007 Reach 1A Trout Fry 1 2.5 0.66 B SC
8/8/2007 Reach 1A Trout Fry 1 0.45 0.86 LG SC
8/8/2007 Reach 1A Trout Fry 1 0.5 0.89 LG LC
8/8/2007 Reach 1A Trout Fry 1 1.1 1.10 SC LC
8/8/2007 Reach 1A Trout Fry 1 1.4 1.18 SC LG
8/8/2007 Reach 1A Trout Fry 1 1.5 1.24 SC LG
8/8/2007 Reach 1A Trout Fry 1 1.45 1.49 SC LG
8/8/2007 Reach 1A Trout Fry 1 1.5 1.96 B LC
8/8/2007 Reach 1A Trout Fry 1 1.75 0.18 B LC
8/8/2007 Reach 1A Trout Fry 1 0.8 0.05 LC SC
8/8/2007 Reach 1A Trout Fry 1 1.4 0.08 LC SC
8/8/2007 Reach 1A Trout Fry 2 0.5 0.29 LC SC
8/8/2007 Reach 1A Trout Fry 2 0.6 0.40 SC LG
8/8/2007 Reach 1A Trout Fry 2 1.2 0.42 LC LG
8/8/2007 Reach 1A Trout Fry 1 0.6 0.05 LC SC
8/8/2007 Reach 1A Trout Fry 1 0.6 0.06 LC SC
8/8/2007 Reach 1A Trout Fry 1 0.5 0.24 LC SC
8/8/2007 Reach 1A Trout Fry 1 0.6 0.33 LC SC
8/8/2007 Reach 1A Trout Fry 1 0.5 0.70 LC SC
8/8/2007 Reach 1A Trout Fry 1 1.2 0.20 SC LC
R2 Resource Consultants, Inc. A-11 June 5, 2008

1628.05/HSC Report_060508 DRAFT



Sultan River Instream Flow Study — RSP 3 HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate
Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)
8/8/2007 Reach 1A Trout Fry 1 1 0.23 SC LC
8/8/2007 Reach 1A Trout Fry 1 1 0.27 SC LC
8/8/2007 Reach 1A Trout Fry 1 1.1 0.48 SC LC
8/8/2007 Reach 1A Trout Fry 1 1.2 0.59 BR SC
8/8/2007 Reach 1A Trout Fry 5 0.7 0.02 SC LC
8/8/2007 Reach 1A Trout Fry 2 1.2 0.02 LC SC
8/8/2007 Reach 1A Trout Fry 4 0.7 0.04 SC LG
8/8/2007 Reach 1A Trout Fry 5 0.4 0.11 SC B
8/8/2007 Reach 1A Trout Fry 1 1.3 0.12 LC SC
8/8/2007 Reach 1A Trout Fry 3 0.5 0.13 LC SC
8/8/2007 Reach 1A Trout Fry 2 0.6 0.14 LC SC
8/8/2007 Reach 1A Trout Fry 1 1 0.14 SC LG
8/8/2007 Reach 1A Trout Fry 2 0.8 0.38 LC SC
8/8/2007 Reach 1A Trout Fry 12 0.6 0.50 SC B
7/27/2007 Reach 1A Coho Juvenile 1 0.80 0.02 LG SLT
7/27/2007 Reach 1A Coho Juvenile 1 1.25 0.02 LG LC
7/27/2007 Reach 1A Coho Juvenile 1 1.70 0.02 B LC
7/27/2007 Reach 1A Coho Juvenile 10 1.7 0.02 SC LG
7/277/2007 Reach 1A Coho Juvenile 10 1.9 0.02 SC LG
7/277/2007 Reach 1A Coho Juvenile 20 22 0.02 SC LG
7/27/2007 Reach 1A Coho Juvenile 20 1.5 0.06 LC LG
7/27/2007 Reach 1A Coho Juvenile 20 1.9 0.06 SC LG
7/27/2007 Reach 1A Coho Juvenile 12 1.55 0.07 SC LG
7/27/2007 Reach 1A Coho Juvenile 1 1.45 0.08 LC SND
7/27/2007 Reach 1A Coho Juvenile 12 1.1 0.09 SC LG
7/277/2007 Reach 1A Coho Juvenile 20 1.8 0.10 SC LG
7/27/2007 Reach 1A Coho Juvenile 10 0.60 0.12 SC LC
7/27/2007 Reach 1A Coho Juvenile 6 1.25 0.19 LG LC
7/27/2007 Reach 1A Coho Juvenile 20 1.95 0.20 LC LG
7/27/2007 Reach 1A Coho Juvenile 1 0.75 0.24 SC LG
7/277/2007 Reach 1A Coho Juvenile 1 0.90 0.30 SC LG
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Sultan River Instream Flow Study — RSP 3 HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate
Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)

7/277/2007 Reach 1A Coho Juvenile 4 1.3 0.63 LC LG
7/27/2007 Reach 1A Coho Juvenile 10 0.60 0.83 SC LC
7/27/2007 Reach 2 Coho Juvenile 3 0.80 0.02 B MG
7/27/2007 Reach 2 Coho Juvenile 1 1.25 0.02 B MG
7/27/2007 Reach 2 Coho Juvenile 2 1.95 0.04 B LC
7/277/2007 Reach 2 Coho Juvenile 3 1.05 0.05 LC LG
7/277/2007 Reach 2 Coho Juvenile 1 0.65 0.15 B LG
7/277/2007 Reach 2 Coho Juvenile 1 1.40 0.22 SC LG
7/27/2007 Reach 2 Coho Juvenile 8 1.35 0.40 B SG
7/27/2007 Reach 2 Coho Juvenile 8 1.55 0.41 B SG
7/27/2007 Reach 2 Coho Juvenile 3 0.40 0.49 LC MG
7/277/2007 Reach 2 Coho Juvenile 1 0.60 0.50 LG SC
7/277/2007 Reach 2 Coho Juvenile 3 1.10 0.60 LG B

7/277/2007 Reach 2 Coho Juvenile 8 1.35 0.76 B SG
8/8/2007 Reach 1A Coho Juvenile 1 0.55 0.26 SC SG
8/8/2007 Reach 1A Coho Juvenile 2 0.65 0.32 LG MG
8/8/2007 Reach 1A Coho Juvenile 3 0.7 0.34 LG MG
8/8/2007 Reach 1A Coho Juvenile 1 0.55 0.38 LG MG
8/8/2007 Reach 1A Coho Juvenile 3 0.65 0.40 LG MG
8/8/2007 Reach 1A Coho Juvenile 3 0.45 0.15 LG SC
8/8/2007 Reach 1A Coho Juvenile 3 0.75 0.23 LG LC
8/8/2007 Reach 1A Coho Juvenile 1 1.35 0.40 LG SC
8/8/2007 Reach 1A Coho Juvenile 2 1.3 0.66 LG SC
8/8/2007 Reach 1A Coho Juvenile 10 1.5 0.02 B LC
8/8/2007 Reach 1A Coho Juvenile 10 1.7 0.09 B LC
8/8/2007 Reach 1A Coho Juvenile 8 1.9 0.14 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 0.35 0.23 LG MG
8/8/2007 Reach 1A Coho Juvenile 5 1.7 0.23 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 2.1 0.25 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 2.8 0.28 B SC
8/8/2007 Reach 1A Coho Juvenile 1 33 0.32 B LC
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Sultan River Instream Flow Study — RSP 3 HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate
Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)
8/8/2007 Reach 1A Coho Juvenile 1 29 0.42 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 3 0.43 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 3 0.47 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 2.8 0.48 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 2.6 0.51 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 1.4 0.58 SC LG
8/8/2007 Reach 1A Coho Juvenile 1 1.45 0.60 SC LG
8/8/2007 Reach 1A Coho Juvenile 3 1.5 0.69 SC LG
8/8/2007 Reach 1A Coho Juvenile 1 1.1 0.75 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 2.6 0.83 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 2.8 0.84 B LC
8/8/2007 Reach 1A Coho Juvenile 1 2.4 1.52 SC LC
8/8/2007 Reach 1A Coho Juvenile 1 2.5 1.71 SC LC
8/8/2007 Reach 1A Coho Juvenile 2 0.8 0.06 LC SC
8/8/2007 Reach 1A Coho Juvenile 6 34 0.19 LC SC
8/8/2007 Reach 1A Coho Juvenile 8 3 0.20 LC SC
8/8/2007 Reach 1A Coho Juvenile 8 3.1 0.26 LC SC
8/8/2007 Reach 1A Coho Juvenile 4 3.95 0.28 LC SC
8/8/2007 Reach 1A Coho Juvenile 8 3.6 0.32 LC SC
8/8/2007 Reach 1A Coho Juvenile 8 3.6 0.38 LC SC
8/8/2007 Reach 1A Coho Juvenile 13 0.95 0.02 LC B
8/8/2007 Reach 1A Coho Juvenile 13 1.15 0.02 LC B
8/8/2007 Reach 1A Coho Juvenile 13 1.35 0.02 LC B
8/8/2007 Reach 1A Coho Juvenile 1 1.4 0.08 LC SC
8/8/2007 Reach 1A Coho Juvenile 1 1.6 0.30 LC SC
8/8/2007 Reach 1A Coho Juvenile 1 1.1 0.39 LC SC
8/8/2007 Reach 1A Coho Juvenile 2 0.6 0.04 LC SC
8/8/2007 Reach 1A Coho Juvenile 1 0.6 0.05 LC SC
8/8/2007 Reach 1A Coho Juvenile 10 2.7 0.05 BR SC
8/8/2007 Reach 1A Coho Juvenile 4 1 0.17 SC LC
8/8/2007 Reach 1A Coho Juvenile 10 3.25 0.21 BR SC
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Sultan River Instream Flow Study — RSP 3 HSC Development

Sultan River HSC Curve Observation Data: 2006 - 2008

# of Depth Velocity Substrate

Date Reach Species Life Stage Obs. (ft) (fps) (Dom.) (Sub.)
8/8/2007 Reach 1A Coho Juvenile 10 3.6 0.36 BR SC
8/8/2007 Reach 1A Coho Juvenile 10 3.6 0.40 BR SC
8/8/2007 Reach 1A Coho Juvenile 10 3.8 0.44 BR SC
8/8/2007 Reach 1A Coho Juvenile 3 2.1 0.78 BR SC
8/8/2007 Reach 1A Coho Juvenile 3 2.4 0.82 BR SC
8/8/2007 Reach 1A Coho Juvenile 6 32 0.86 BR SC
8/8/2007 Reach 1A Coho Juvenile 4 2.8 0.91 BR SC
8/8/2007 Reach 1A Coho Juvenile 2 24 0.94 BR SC
8/8/2007 Reach 1A Coho Juvenile 4 2.9 1.14 BR SC
8/8/2007 Reach 1A Coho Juvenile 1 2 0.05 BR SC
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APPENDIX B

Frequency Distribution of HSC Curve Data
Collected on the Sultan River, Washington
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Sultan River Instream Flow Study — RSP 3

HSC Development
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Sultan River Instream Flow Study — RSP 3 HSC Development
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Sultan River Instream Flow Study — RSP 3 HSC Development
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Sultan River Instream Flow Study — RSP 3 HSC Development
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APPENDIX C

Habitat Suitability Criteria
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Chinook Salmon Holding
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Figure C-1. Chinook holding microhabitat suitability criteria.
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Chinook Salmon Juvenile
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Figure C-2. Juvenile Chinook microhabitat suitability criteria.
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Coho Salmon Spawning
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Figure C-3. Coho salmon spawning microhabitat suitability criteria.
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Pink Salmon Spawning
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Figure C-4. Pink salmon spawning microhabitat suitability criteria.
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Chum Salmon Spawning
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Figure C-5. Chum salmon spawning microhabitat suitability criteria.
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Rainbow Trout Spawning
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Figure C-6. Rainbow trout spawning microhabitat suitability criteria.
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Rainbow Trout Juvenile
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Figure C-7. Juvenile rainbow trout microhabitat suitability criteria.
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Cutthroat Trout Spawning
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Figure C-8. Cutthroat trout spawning microhabitat suitability criteria.
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Technical Memorandum

Date: July 31, 2008 Project Number:  1628.05/MM102
To: Keith Binkley — Snohomish County PUD

cc:. Aquatic Resources Working Group

From: Dudley Reiser/Chiming Huang — R2 Resource Consultants

Subject:  Sultan River Instream Flow Study — HSC Preference Analysis and Revised
Steelhead and Chinook Curves

This technical memorandum (TM) presents and summarizes the results of additional analysis
completed subsequent to the July 22, 2008 Habitat Suitability Curve review meeting. During
that meeting, R2 (D. Reiser) presented the results of the HSC curve development process as
described in R2 (2008), and discussed specific HSC curves proposed for use in the PHABSIM
(Physical Habitat Simulation) modeling for the Sultan River instream flow study. There were
three action items defined for R2 as a result of the meeting. These included:

1. Review and update curves for steelhead and Chinook based on adjusting the utilization
data for availability following Washington Department of Fish and Wildlife and
Washington Department of Ecology guidelines (WDFW/WDOE 2004).

2. Review and present other published curve sets related to steelhead velocity.

3. Provide data/notes regarding substrate and cover collected during microhabitat surveys.

This TM addresses these three action items.

As noted in the Meeting Summary, R2 had collected HSC data of several life stages of target fish
species of interest in the Sultan River Instream Flow Study, including steelhead and Chinook
salmon spawning, coho juvenile, and steelhead/trout fry. These data were subsequently used for
developing habitat suitability curves which were based on habitat utilization. Because the
resulting coho juvenile curves closely resembled the Washington State Fallback Curves
(WDFW/WDOE 2004), and no data had been collected for a number of other species (i.e., chum
and pink spawning, Chinook juvenile, steelhead juvenile), R2 proposed to use the Fallback
curves of those species for the habitat-flow modeling.
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Although deriving HSC curves from utilization data as was done by R2 for developing the
proposed steelhead and Chinook spawning curves is a generally accepted approach (see Bovee
1986) and has been applied in other instream flow assessments (see attached list of HSC curves),
the State of Washington requires consideration be given to adjusting such data based on
availability. A preliminary evaluation of availability was presented by R2 during the July 22,
2008 meeting, for which utilization data collected from 33 redds from Reach 2 were displayed
along with a frequency distribution of depths and velocities as predicted at 170 cfs, as well as
measured during field surveys in which flows were 120 cfs and 240 cfs. The preliminary results
indicated that some, albeit relatively few, velocities and depths greater than or equal to those
measured over the redds would be available within the channel. This prompted both WDFW and
WDOE representatives at the meeting (Hal Beecher and Jim Pacheco) to request further analysis
of the utilization data to account for availability, thereby developing preference curves. This was
to be done following the WDFW/WDOE Instream Flow Study Guidelines (Guidelines) as
presented in the WDFW/WDOE (2004; revised 2008) report. This TM provides the results of
that analysis for both steelhead and Chinook.

Action Item 1 — Review and update curves for steelhead and Chinook based on adjusting
the utilization data for availability following Washington Department of
Fish and Wildlife and Washington Department of Ecology (WDFW/WDOE
2004) guidelines.
This write-up summarizes the steps used in development of velocity and depth preference curves
for 49 steelhead redds and 81 Chinook redds measured in Reach 2 of the Sultan River, WA,
following the procedures outlined in the Guidelines. An additional 16 steelhead redds (above the
33 analyzed for the June 22 meeting) were included in this analysis to capture redds from both
the upper and lower segments of Reach 2. The results are compared to the State Fallback curves,
which for steelhead were derived from 25 redds measured in the Cedar River, Washington, and
for Chinook were derived from 46 redds measured during two studies (rivers not named). The
procedures are first described in detail for steelhead; the same procedures were used for the
Chinook data, the results of which immediately follow the steelhead analysis.

For discussion purposes, it is noted that the Sultan River is divided into three operational
reaches: Reach 1 — from the Skykomish River confluence to the Powerhouse; Reach 2 — from the
Powerhouse to Diversion Dam; and Reach 3 — from the Diversion Dam to Culmback Dam. The
analysis of both the steelhead and Chinook redds focused on two segments of Reach 2, an upper
segment just below the Diversion Dam (RM 7.3-7.6), and a lower segment located about 0.5
miles above the powerhouse (RM 4.5-5.2). The lower segment of Reach 2 encompasses six of
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the PHABSIM transects measured as part of the instream flow study. The District and WDFW
have cooperatively conducted steelhead spawning surveys in this segment since 1993 in the
Sultan River, ranking this section as heavily utilized by spawning steelhead each year. An
average of about 25% of the steelhead spawning in the Sultan River reportedly occurs in this
reach. (Pers. comm. K. Binkley — District 7/23/08). The upper segment is located just below the
Diversion Dam and encompasses seven of the PHABSIM transects. The analysis of redd data
was limited to Reach 2 because the flows in this reach were relatively stable during redd
construction and measurement, whereas flows in Reach 1were more variable as influenced by
hydroelectric project operations. No anadromous fish are present in Reach 3.

Redd Surveys

Surveys to locate and measure steelhead and Chinook redds were conducted during the
respective 2006, 2007, and 2008 spawning seasons within the upper and lower segments of
Reach 2. The dates, numbers of redds measured, and locations of the surveys are summarized as
follows.

Steelhead spawning surveys — total of 49 redds measured:

(1) 6/7/2007: 1 redd in upper segment (RM 7.3-7.6)
(2) 6/7/2007: 15 redds in lower segment (RM 4.5-5.2)
(3) 4/23/2008: 18 redds in lower segment (RM 4.5-5.2)
(4) 5/6/2008: 15 redds in lower segment (RM 4.5-5.2)

Chinook spawning surveys — total of 81 redds measured:

(1) 10/2/2006: 15 redds in lower segment (RM 4.5-5.2)
(2) 10/10/06: 15 redds in upper segment (RM 7.3-7.6)
(3) 9/24/2007: 20 redds in lower segment (RM 4.5-5.2)
(4) 10/12/2007: 31 redds in lower segment (RM 4.5-5.2)

Flow Estimates at Redd Locations

In general, most redds can still be detected for about 14 days after fish spawn. However,
knowing the actual flow at the time the fish spawned is difficult unless the stream is gaged and
even then, it can be difficult if flows are variable during the spawning period. However, if flows
have remained relatively stable throughout the spawning period, than using the average flow of
the 14 days prior to the redd observation and measurement as the surrogate to the flow at the
time the redd was created, should be reasonable for evaluating habitat availability.
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Steelhead Spawning Flows
For steelhead spawning, the USGS records indicated flows released from the Diversion Dam

were held relatively constant at about 180 cfs for periods of time longer than 14 days prior to
each survey date. Therefore, Q=180 cfs would represent a reasonable estimate of flows at the
Diversion Dam for all three surveys.

Accretion flow and tributary inflow from Marsh and Chaplain creeks results in an increase in
flow in a downstream direction. Based on daily flows provided by the District, R2 estimated
average flows for the 14 days prior to the three steelhead spawning surveys in the lower segment
of Reach 2 as follows:

(1) Survey date: 6/7/2007 — estimated flow = 271cfs
(2) Survey date: 4/23/2008 — estimated flow = 321cfs
(3) Survey date: 5/6/2008 — estimated flow = 300cfs

Because the average of the three flows is 297 cfs (i.e., = 300 cfs), and the variations of the flows
are within +£10% of the average, R2 considered this as a representative flow for the lower site.
Since redds were found in both the upper and lower segment of Reach 2, for purposes of
computing the hydraulic characteristics (depths and velocities) available during steelhead
spawning, R2 averaged the upper (180 cfs) and lower (300 cfs) flows. Thus, 240 cfs was used
for defining the frequency of various depth and velocity intervals available across the 13
transects measured in the two segments. The distribution of depths and velocities from redd
measurements taken at this flow was presented in one of the frequency distributions during the
July 22,2008 HSC review meeting.

Chinook Spawning Flows
For Chinook spawning, USGS records indicated that flows below the Diversion Dam ranged

between 140 cfs and 180 cfs during the spawning seasons in 2006 and 2007. The average flows
for the 14 days prior to the spawning redd surveys were:

(1) Survey date: 10/2/2006 — estimated flow = 160cfs
(2) Survey date: 10/10/06 — estimated flow = 162cfs
(3) Survey date: 9/24/2007 — estimated flow = 143cfs
(4) Survey date: 10/12/2007 — estimated flow = 173cfs

As for steelhead, accretion and tributary inflow results in an increase in flow in the lower
portions of Reach 2. The District estimated daily flows at the lower segment by subtracting the
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flow released from the Powerhouse from the flows at the USGS gage just below the Powerhouse.
Accordingly, the average flows for the 14 days prior to the spawning redd surveys were
estimated as follows:

(1) Survey date: 10/2/2006 — estimated flow = 206 cfs
(2) Survey date: 10/10/06 — estimated flow = 194 cfs
(3) Survey date: 9/24/2007 — estimated flow =203 cfs
(4) Survey date: 10/12/2007 — estimated flow = 255 cfs

Since redds were measured in both the upper and lower segments of Reach 2, R2 applied the
same averaging approach as used for steelhead for identifying the flow to be used for defining
the availability of hydraulic characteristics during the period of spawning. Thus, the upper and
lower flows were averaged for each of the four survey periods resulting in the following four
flow estimates: 183 cfs (survey date 10/2/08, average of 160 cfs and 206 cfs); 178 cfs (survey
date 10/10/08, average of 162 cfs and 194 cfs); 173 cfs (survey date 9/24/08, average of 143 cfs
and 203 cfs); and 214 cfs (survey date 10/12/08, average of 173 cfs and 255 cfs). The average of
these four flows (Q=187 cfs) was then used to define the hydraulics related to the Chinook redd
surveys.

Data Analysis

Tables 1a and 1b and 2a and 2b summarize the hydraulics of all 13 transects in Reach 2 as
determined for flows of 240 cfs for steelhead and 187 cfs for Chinook. The hydraulics
(availability of depths and velocities) for 240 cfs were taken directly from the data surveyed
under a measured flow at 238 cfs, while the hydraulics for 187 cfs were derived from the
hydraulic modeling output. The hydraulic data were sorted and placed in bins with 0.1ft
increments for depth and 0.1ft/s increments for velocity. The range of the bin size is shown in
the first two columns (Column 1 and 2) of the tables.

Column 3 (Freq) is the number of verticals (i.e., velocity and depth measuring stations) of all 13
transects with hydraulics falling within the bin range. Column 4 shows the percentage of the
total wetted surface area in Reach 2 for the verticals in Column 3. Table 3 lists the weighting
factors for each of the 13 transects in Reach 2 that includes 6 in the lower Study site and 7 in the
upper Study site. A weighting factor is the ratio of stream length the transect represents (based
on habitat mapping completed by Stillwater Sciences [2008]) to the total stream length in Reach
2. The stream length a transect represents is the total stream length multiplied by the weighting
factor. For example, Transect 5 in the lower segment of Reach 2 has a weighting factor of
14.8%, which would translate to a stream length of 5 miles % 14.8% = 0.74 mile, where 5 miles



R2 Resource Consultants July 31, 2008
1628.05/MM102 Page 6

is the total stream length in Reach 2. The wetted surface area each vertical represents is the
width of the vertical multiplied by the weighted length of the transect.

Utilization (Col 5) shows the number of redd observations in each bin range, which total 49 for
steelhead and 81 for Chinook. The data indicate that steelhead spawn in water depths between
0.8 ft and 3.5 ft, and in velocities between 0.7 ft/s and 3.4 ft/s. For Chinook, the spawning depth
ranges between 0.7ft and 3.7 ft and velocity ranges from 0.5 ft/s to 3.4 ft/s. The last column,
Column 6 (E) is the Expected number of redd depth or velocity measurements that would be
found within each of the bins if the distribution of redds was proportional to the frequency with
which depths and velocities occur. The Expected number is the product of Area % and
Utilization.

Preference Curve Development

R2 followed the recommended Guidelines for calculating preference curves, which states that the
bins be combined using the criterion that the combined Expected values be at least 5. Tables 4
and 5 show the velocity and depth preference curve calculations for steelhead and Chinook,
respectively. The first two columns in each table are the ranges of each of the combined E
(Expected) values, and the third and fourth columns are, respectively, the combined E values and
the actual number of redd observations O. The last two columns show the ratio of O to E and the
normalized value of O/E by the maximum value of O/E.

Steelhead Analysis
For steelhead, the normalized values in Table 4 are plotted in Figures 1 and 2 as the calculated

(a) line for velocity and depth preferences, respectively; the proposed steelhead spawning
velocity and depth Preference curves are depicted as the (b) line. The plots show optimal
velocity ranges between 1.25 ft/s and 2 ft/s and optimal depths between 1.25ft and 2.5ft. Figures
3(a) and 3(b) compare the State Fallback curves and the proposed preference curves; Figures 4(a)
and 4(b) compare the proposed preference curve with the original modified curve based on
utilization data alone that was originally proposed and presented during the agency meeting on
7/22/08. The coordinates of the State Fallback curve, original modified curve, and proposed
Preference curve are listed in Table 6(a) for velocity and Table 6(b) for depth.

Overall, the ascending limb and plateau of the proposed velocity Preference curve are identical
to those of the original modified curve (Figure 4[a]). However, the descending limb of the
Preference curve now encompasses a slightly wider range of velocities, with the zero intersection
at 5 fps, rather than 4 fps as was indicated under the original modified curves. This change was
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warranted based on the calculated velocity preference curve as noted in Figure 1a. Analysis of
HSC depth data adjusted for availability resulted in a Preference curve that matched the original
proposed modified curve based on utilization data (Figure 4[b]), and it remains as the suggested
curve for use in the habitat-flow modeling.

Chinook Analysis
The normalized values for the Chinook data in Table 5 are plotted in Figure 5 and Figure 6 as the

calculated (a) line for velocity and depth preferences, respectively. Figures 5(b) and 6(b) are the
proposed preference curves for velocity and depth are depicted as the (b) line. The plots indicate
optimal velocity ranges between 1.2 ft/s and 2.5 ft/s and optimal depths between 1.2 ft and 2.4 ft.
Figures 7(a) and 7(b) compare the State Fallback curves with the proposed Preference curves for
Chinook. Figures 8(a) and 8(b) compare the proposed curve with the original modified curve
based on utilization data alone that was originally proposed and presented during the agency
meeting on 7/22/08. The coordinates of the State fallback curve, original modified curve, and
proposed Preference curves are listed in Table 7(a) for velocity and Table 7(b) for depth.

The resulting velocity Preference analysis resulted in a curve that encompassed a slightly wider
range of velocities on the ascending limb of the curve compared with the original proposed
modified, and a descending portion of the curve that was just slightly wider than the original
proposed modified curve (Figure 8a) and slightly narrower than the Fallback curve (Figure 7a).
The depth Preference curve closely matched the original proposed modified curve (Figure 8b)
but differs from the Fallback curve in having both a narrower optimal depth range as well as
depth non-limiting (suitability = 0.5) at depths > 2.7 ft (Figure 6b).

Proposed HSC Curves

Based on the above analysis of utilization and availability, R2 suggests adoption of the steelhead
and Chinook spawning Preference curves for both velocity and depth (Figures 1 and 2, and 5 and
6) for use in the habitat — flow modeling of the instream flow study for the Sultan River. These
curves would be used along with those depicted by the State Fallback curves for other species
and life stages of interest, as noted during the July 22, 2008 ARWG meeting.

Action Item 2 — Review and present other published curve sets related to steelhead velocity

For comparative purposes, R2 compiled HSC velocity curves for steelhead spawning that have
been used in a number of other instream flow studies (see Attachment A). These curve sets
included Category 1 (Literature), Category 2 (Utilization), and Category 3 (Preference) type
curve sets, as defined by Bovee (1986). For display purposes, the curve sets are divided into two
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classes — those for which the optimum velocity range extended up to 3 fps, and those for which
the range was greater than 3 fps. Coordinates for each of these curves and source references are
also included.

Action Item 3 — Provide data/notes regarding substrate and cover collected during
microhabitat surveys

Data and notes pertaining to depths, velocities, substrate composition and adjoining cover types
that were collected during the spawning and juvenile HSC surveys are provided in Attachment
B. Copies of field data are provided in Attachment C.
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Table 1(a). Summary of velocity availability and utilization for steelhead spawning at Q=240
cfs in the Sultan River. (N=49).

1) (2) 3) 4) (5) (6)
Velocity Bin Range Area % E
Lower Upper Freq (A) Utilization (=N A)
0 0.09 21 5.5% 0 2.70
0.1 0.19 15 3.9% 0 1.91
0.2 0.29 18 4.7% 0 2.30
0.3 0.39 16 4.2% 0 2.06
0.4 0.49 22 5.7% 0 2.79
0.5 0.59 11 2.9% 0 1.42
0.6 0.69 13 3.4% 0 1.67
0.7 0.79 16 4.2% 2 2.06
0.8 0.89 12 3.2% 0 1.57
0.9 0.99 13 3.4% 0 1.67
1 1.09 13 3.4% 0 1.67
11 1.19 11 2.8% 1 1.37
1.2 1.29 22 5.7% 2 2.79
1.3 1.39 6 1.6% 3 0.78
1.4 1.49 4 1.0% 4 0.49
15 1.59 8 2.1% 6 1.03
1.6 1.69 8 2.1% 4 1.03
1.7 1.79 12 3.1% 2 1.52
1.8 1.89 11 2.8% 1 1.37
1.9 1.99 6 1.6% 7 0.78
2 2.09 9 2.3% 1 1.13
2.1 2.19 10 2.6% 2 1.27
2.2 2.29 7 1.8% 0 0.88
2.3 2.39 9 2.3% 3 1.13
2.4 2.49 8 2.1% 2 1.03
25 2.59 6 1.6% 2 0.78
2.6 2.69 10 2.6% 2 1.27
2.7 2.79 6 1.6% 0 0.78
2.8 2.89 4 1.0% 0 0.49
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Table 1(a). Summary of velocity availability and utilization for steelhead spawning at Q=240
cfs in the Sultan River. (N=49).

(1) (2) (3) (4) (5) (6)

Velocity Bin Range Area % E
Lower Upper Freq (A) Utilization (=N A)
2.9 2.99 2 0.5% 1 0.25
3 3.09 5 1.3% 1 0.64
31 3.19 6 1.5% 0 0.74
3.2 3.29 4 1.0% 2 0.49
3.3 3.39 7 1.8% 1 0.88
3.4 3.49 5 1.3% 0 0.64
3.5 3.59 3 0.8% 0 0.39
3.6 3.69 3 0.8% 0 0.39
3.7 3.79 8 2.0% 0 0.98
3.8 3.89 3 0.8% 0 0.39
3.9 3.99 2 0.5% 0 0.25
4 4.09 2 0.5% 0 0.25
4.1 4.19 1 0.3% 0 0.15
4.2 4.29 2 0.5% 0 0.25
4.3 4.39 1 0.3% 0.15
4.4 4.49 1 0.3% 0.15
4.5 4.59 0 0.0% 0.00
4.6 4.69 1 0.3% 0.15
4.7 4.79 1 0.3% 0.15
4.8 4.89 0 0.0% 0.00
4.9 4.99 0 0.0% 0.00
5 5.09 0 0.0% 0.00
51 5.19 1 0.3% 0.15
5.2 5.29 0 0.0% 0.00
5.3 5.39 0 0.0% 0.00
5.4 5.49 0 0.0% 0.00
55 5.59 0 0.0% 0.00
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Table 1(b). Summary of depth availability and utilization for steelhead spawning at Q=240
cfs in the Sultan River. (N=49)

1) (2) 3) 4) (5) (6)
Depth Bin Range Area % E
Lower Upper Freq (A) Utilization (=N A)
0 0.09 3 0.8% 0.39
0.1 0.19 7 1.9% 0.93
0.2 0.29 5 1.3% 0.64
0.3 0.39 8 2.1% 1.03
0.4 0.49 11 2.9% 1.42
0.5 0.59 15 3.9% 1.91
0.6 0.69 9 2.4% 0 1.18
0.7 0.79 16 4.2% 0 2.06
0.8 0.89 11 2.9% 1 1.42
0.9 0.99 20 5.3% 2 2.60
1 1.09 11 2.9% 0 1.42
11 1.19 18 4.7% 3 2.30
1.2 1.29 14 3.6% 2 1.76
1.3 1.39 14 3.7% 5 1.81
1.4 1.49 13 3.4% 2 1.67
1.5 1.59 15 3.9% 1 191
1.6 1.69 11 2.8% 2 1.37
1.7 1.79 15 3.9% 3 1.91
1.8 1.89 10 2.6% 4 1.27
1.9 1.99 8 2.1% 2 1.03
2 2.09 11 2.8% 2 1.37
2.1 2.19 12 3.1% 3 1.52
2.2 2.29 9 2.3% 3 1.13
2.3 2.39 7 1.8% 3 0.88
2.4 2.49 14 3.6% 3 1.76
25 2.59 15 3.9% 4 191
2.6 2.69 16 4.1% 2 2.01
2.7 2.79 15 3.8% 0 1.86
2.8 2.89 1 0.3% 0 0.15
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Table 1(b). Summary of depth availability and utilization for steelhead spawning at Q=240
cfs in the Sultan River. (N=49)

(1) (2) (3) (4) (5) (6)

Depth Bin Range Area % E
Lower Upper Freq (A) Utilization (=N A)
2.9 2.99 5 1.3% 0 0.64
3 3.09 13 3.3% 0 1.62
3.1 3.19 3 0.8% 1 0.39
3.2 3.29 5 1.3% 0 0.64
3.3 3.39 3 0.8% 0 0.39
3.4 3.49 6 1.5% 0 0.74
3.5 3.59 2 0.5% 1 0.25
3.6 3.69 0 0.0% 0 0.00
3.7 3.79 3 0.8% 0 0.39
3.8 3.89 1 0.3% 0 0.15
3.9 3.99 0 0.0% 0 0.00
4 4.09 1 0.3% 0 0.15
4.1 4.19 1 0.3% 0 0.15
4.2 4.29 0 0.0% 0 0.00
4.3 4.39 0 0.0% 0 0.00
4.4 4.49 3 0.8% 0 0.39
4.5 4.59 0 0.0% 0 0.00
4.6 4.69 0 0.0% 0 0.00
4.7 4.79 1 0.3% 0 0.15
4.8 4.89 1 0.3% 0 0.15
4.9 4.99 0 0.0% 0 0.00
5 5.09 0 0.0% 0 0.00
51 5.19 0 0.0% 0 0.00
5.2 5.29 2 0.5% 0.25
5.3 5.39 0 0.0% 0.00
5.4 5.49 0 0.0% 0.00
55 5.59 1 0.3% 0.15
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Table 2(a). Summary of velocity availability and utilization for Chinook spawning at Q=187
cfs in the Sultan River. (N=81)

1) (2) 3) (4) (5) (6)
Velocity Bin Range Area % E
Lower Upper Freq (A) Utilization (=N A)
0 0.09 17 4.5% 0 3.65
0.1 0.19 19 5.1% 0 4.13
0.2 0.29 17 4.5% 0 3.65
0.3 0.39 22 5.8% 0 4.70
0.4 0.49 14 3.7% 0 3.00
0.5 0.59 20 5.2% 1 4.21
0.6 0.69 15 4.0% 2 3.24
0.7 0.79 14 3.7% 2 3.00
0.8 0.89 18 4.7% 1 3.81
0.9 0.99 16 4.2% 5 3.40
1 1.09 19 5.0% 1 4.05
11 1.19 14 3.7% 3 3.00
1.2 1.29 7 1.8% 2 1.46
1.3 1.39 10 2.6% 7 211
1.4 1.49 6 1.6% 4 1.30
1.5 1.59 11 2.9% 6 2.35
1.6 1.69 14 3.6% 2 2.92
1.7 1.79 12 3.2% 6 2.59
1.8 1.89 11 2.9% 3 2.35
1.9 1.99 10 2.6% 8 211
2 2.09 15 3.9% 1 3.16
2.1 2.19 7 1.8% 1 1.46
2.2 2.29 6 1.6% 4 1.30
2.3 2.39 4 1.1% 5 0.89
2.4 2.49 9 2.4% 1 1.94
25 2.59 11 2.9% 4 2.35
2.6 2.69 7 1.8% 3 1.46
2.7 2.79 5 1.3% 2 1.05
2.8 2.89 7 1.8% 0 1.46
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Table 2(a). Summary of velocity availability and utilization for Chinook spawning at Q=187
cfs in the Sultan River. (N=81)

(1) (2) (3) (4) (5) (6)

Velocity Bin Range Area % E
Lower Upper Freq (A) Utilization (=N A)
2.9 2.99 6 1.6% 1 1.30
3 3.09 1 0.3% 0 0.24
31 3.19 4 1.0% 3 0.81
3.2 3.29 0 0.0% 1 0.00
3.3 3.39 1 0.3% 2 0.24
3.4 3.49 1 0.3% 0 0.24
3.5 3.59 2 0.5% 0 0.41
3.6 3.69 2 0.5% 0 0.41
3.7 3.79 1 0.3% 0 0.24
3.8 3.89 1 0.3% 0 0.24
3.9 3.99 0 0.0% 0 0.00
4 4.09 1 0.3% 0 0.24
4.1 4.19 1 0.3% 0 0.24
4.2 4.29 0 0.0% 0 0.00
4.3 4.39 0 0.0% 0 0.00
4.4 4.49 1 0.3% 0 0.24
4.5 4.59 0 0.0% 0 0.00
4.6 4.69 0 0.0% 0 0.00
4.7 4.79 0 0.0% 0 0.00
4.8 4.89 0 0.0% 0 0.00
4.9 4.99 1 0.3% 0 0.24
5 5.09 0 0.0% 0 0.00
5.1 5.19 0 0.0% 0 0.00
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Table 2(b). Summary of depth availability and utilization for Chinook spawning at Q=187
cfs in the Sultan River. (N=81)

1) (2) 3) (4) (5) (6)
Depth Bin Range Area % E
Lower Upper Freq (A) Utilization (=N A)
0 0.09 3 0.8% 0 0.65
0.1 0.19 12 3.2% 0 2.59
0.2 0.29 11 2.9% 0 2.35
0.3 0.39 10 2.7% 0 2.19
0.4 0.49 15 4.0% 0 3.24
0.5 0.59 12 3.2% 0 2.59
0.6 0.69 17 4.5% 0 3.65
0.7 0.79 9 2.4% 3 1.94
0.8 0.89 10 2.7% 1 2.19
0.9 0.99 26 6.9% 5 5.59
1 1.09 15 4.0% 2 3.24
11 1.19 12 3.2% 2 2.59
1.2 1.29 18 4.7% 3 3.81
1.3 1.39 16 4.3% 2 3.48
14 1.49 11 2.9% 6 2.35
15 1.59 17 4.5% 1 3.65
1.6 1.69 10 2.6% 4 211
1.7 1.79 12 3.1% 10 251
1.8 1.89 14 3.7% 2 3.00
1.9 1.99 12 3.2% 7 2.59
2 2.09 11 2.9% 6 2.35
2.1 2.19 10 2.6% 8 211
2.2 2.29 7 1.8% 1 1.46
2.3 2.39 19 5.0% 4 4.05
2.4 2.49 9 2.3% 5 1.86
25 2.59 7 1.8% 1 1.46
2.6 2.69 8 2.1% 2 1.70
2.7 2.79 6 1.5% 0 1.22
2.8 2.89 9 2.3% 1 1.86
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Table 2(b). Summary of depth availability and utilization for Chinook spawning at Q=187
cfs in the Sultan River. (N=81)

(1) (2) (3) (4) (5) (6)

Depth Bin Range Area % E
Lower Upper Freq (A) Utilization (=N A)
2.9 2.99 7 1.8% 1 1.46
3 3.09 6 1.6% 0 1.30
3.1 3.19 3 0.8% 0 0.65
3.2 3.29 2 0.5% 0 0.41
3.3 3.39 2 0.5% 0 0.41
3.4 3.49 0 0.0% 2 0.00
3.5 3.59 2 0.5% 1 0.41
3.6 3.69 1 0.3% 1 0.24
3.7 3.79 1 0.3% 0 0.24
3.8 3.89 0 0.0% 0 0.00
3.9 3.99 0 0.0% 0 0.00
4 4.09 1 0.3% 0 0.24
4.1 4.19 0 0.0% 0 0.00
4.2 4.29 1 0.3% 0 0.24
4.3 4.39 2 0.5% 0 0.41
4.4 4.49 0 0.0% 0 0.00
4.5 4.59 0 0.0% 0 0.00
4.6 4.69 0 0.0% 0 0.00
4.7 4.79 1 0.3% 0 0.24
4.8 4.89 1 0.3% 0 0.24
4.9 4.99 0 0.0% 0 0.00
5 5.09 0 0.0% 0 0.00
51 5.19 2 0.5% 0 0.41
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Table 3. Transect weighting factors are determined from habitat mapping (Stillwater
Sciences 2008).
Transect Number Weighting Factor

Lower TR-1 1.3%

Lower TR-2 5.9%

Lower TR-3 1.3%

Lower TR-4 15.3%

Lower TR-5 14.8%

Lower TR-6 15.3%

Upper TR-1 19.2%

Upper TR-2 10.3%

Upper TR-3 2.4%

Upper TR-4 2.4%

Upper TR-5 7.0%

Upper TR-6 2.4%

Upper TR-7 2.4%
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Table 4(a). Velocity preference calculation for steelhead spawning.
Velocity Range Combined  Observations Normalized
Lower Upper E o) O/E O/E
0 0.29 6.91 0 0.00 0.00
0.3 0.59 6.27 0 0.00 0.00
0.6 0.89 5.29 2 0.38 0.12
0.9 1.29 7.5 3 0.40 0.12
1.3 1.89 6.22 20 3.22 1.00
1.9 2.39 5.19 13 2.50 0.78
2.4 3.09 5.24 1.53 0.47
3.1 3.99 5.15 0.58 0.18
>4 1.39 0.00 0.00
Table 4(b). Depth preference calculation for steelhead spawning.
Depth Range Combined Observations Normalized
Lower Upper E @) O/E O/E
0 0.59 6.32 0 0.00 0.00
0.6 0.99 7.25 3 0.41 0.20
1 1.29 5.49 5 0.91 0.43
1.3 1.59 5.39 8 1.48 0.71
1.6 1.99 5.59 11 1.97 0.94
2 2.49 6.66 14 2.10 1.00
25 2.79 5.78 6 1.04 0.49
2.8 3.79 5.19 0.39 0.18
>3.8 1.52 0 0.00 0.00
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Table 5(a). Velocity preference calculation for Chinook spawning.
Velocity Range Combined  Observations Normalized
Lower Upper E @] O/E O/E
0 0.19 7.78 0 0.00 0.00
0.2 0.39 8.34 0 0.00 0.00
0.4 0.59 7.21 1 0.14 0.05
0.6 0.79 6.24 4 0.64 0.24
0.8 0.99 7.21 6 0.83 0.32
1 1.19 7.05 4 0.57 0.22
1.2 1.59 7.21 19 2.64 1.00
1.6 1.79 5.51 8 1.45 0.55
1.8 2.09 7.61 12 1.58 0.60
21 2.49 5.59 11 1.97 0.75
25 2.79 6.32 9 1.42 0.54
2.8 4.99 51 1.37 0.52
>5 0 0 0.00 0.00
Table 5(b). Depth preference calculation for Chinook spawning.
Depth Range Combined  Observations Normalized
Lower Upper E o O/E O/E
0 0.29 5.59 0 0.00 0.00
0.3 0.49 5.43 0 0.00 0.00
0.5 0.69 6.24 0 0.00 0.00
0.7 0.99 9.72 9 0.93 0.31
1 1.19 5.83 4 0.69 0.23
1.2 1.39 7.29 5 0.69 0.23
14 1.59 5.99 7 1.17 0.39
1.6 1.89 7.61 16 2.10 0.71
1.9 2.19 7.05 21 2.98 1.00
2.2 2.39 5.51 5 0.91 0.30
24 2.69 5.02 8 1.59 0.54
2.7 3.09 5.83 2 0.34 0.12
>3.1 4.13 4 0.97 0.33
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Table 6(a). Coordinates of State Fallback curve, original modified curve, and proposed
curve for steelhead spawning velocity preference.

WA Fallback Original Modified Proposed
V(ft/s) Preference V(ft/s) Preference V(ft/s) Preference
0.00 0.00 0.00 0.00 0.00 0.00
0.55 0.00 0.55 0.00 0.55 0.00
2.50 1.00 1.25 1.00 1.25 1.00
3.25 1.00 1.50 1.00 1.50 1.00
3.45 0.62 1.75 1.00 1.75 1.00
5.00 0.00 2.00 1.00 2.00 1.00
2.50 0.50 2.70 0.50
4.00 0.00 5.00 0.00

Table 6(b). Coordinates of State Fallback curve, original modified curve, and proposed
curve for steelhead spawning depth preference.

WA Fallback Original Modified Proposed
Depth (ft) Preference Depth (ft) Preference Depth (ft) Preference

0.00 0.00 0.00 0.00 0.00 0.00
0.65 0.00 0.65 0.00 0.65 0.00
1.25 1.00 1.25 1.00 1.25 1.00
1.55 1.00 1.55 1.00 1.55 1.00
2.40 0.50 1.90 1.00 1.90 1.00
8.00 0.50 2.50 1.00 2.50 1.00

3.00 0.50 3.00 0.50

4.00 0.50 4.00 0.50

8.00 0.50 8.00 0.50
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Table 7(a). Coordinates of State Fallback curve, original modified curve, and proposed
curve for Chinook spawning velocity preference.

WA Fallback Original Modified Proposed

V(ft/s) Preference V(ft/s) Preference V(ft/s) Preference
0.00 0.00 0.00 0.00 0.00 0.00
0.50 0.00 0.50 0.00 0.55 0.00
1.00 0.50 1.80 1.00 1.20 1.00
1.75 1.00 2.10 1.00 1.50 1.00
3.00 1.00 2.40 1.00 1.75 1.00
4.00 0.00 3.40 0.30 2.50 1.00

10.00 0.00 4.00 0.00 4.00 0.00

10.00 0.00

Table 7(b). Coordinates of State Fallback curve, original modified curve, and proposed
curve for Chinook spawning depth preference.

WA Fallback Original Modified Proposed

Depth (ft) Preference Depth (ft) Preference Depth (ft) Preference
0.00 0.00 0.00 0.00 0.00 0.00
0.30 0.00 0.50 0.00 0.50 0.00
0.50 0.50 1.20 1.00 1.20 1.00
0.85 1.00 2.10 1.00 1.55 1.00
3.40 1.00 2.40 1.00 1.90 1.00
5.00 0.00 3.00 0.50 2.40 1.00
10.00 0.00 5.00 0.50 2.70 0.50
8.00 0.50 4.00 0.50

8.00 0.50 8.00 0.50
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Velocity Preference for Steelhead Spawning
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Figure 1.

Calculated (a) and proposed (b) steelhead spawning velocity

preference curves (N=49).
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Figure 2.

Calculated (a) proposed (b) steelhead spawning depth preference

curves (N=49).
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Velocity Preference for Steelhead Spawning
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Figure 3(a). Comparison of proposed and State Fallback Preference curves
for steelhead spawning velocity criteria.
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Figure 3(b). Comparison of proposed and State Fallback Preference curves

for steelhead spawning depth criteria.
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Figure 4(a). Comparison of proposed preference and original modified

utilization steelhead spawning velocity curves.
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Figure 4(b). Comparison of proposed preference and original modified

utilization steelhead spawning depth curves.
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Velocity Preference for Chinook Spawning
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Figure 5. Chinook spawning velocity preference (a) calculated (b)
proposed.
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Figure 6. Chinook spawning depth preference (a) calculated (b) proposed.
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Velocity Preference for Chinook Spawning
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Figure 7(a). Comparison of proposed and State Fallback Preference curves
for Chinook spawning velocity criteria.
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Figure 7(b). Comparison of proposed and State Fallback Preference curves
for Chinook spawning depth criteria.
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Velocity Preference for Chinook Spawning
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Figure 8(a). Comparison of proposed preference and original modified
utilization Chinook spawning velocity curves.
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Figure 8(b). Comparison of proposed preference and original modified
utilization Chinook spawning depth curves.
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Steelhead Spawning Velocity Curves



Steelhead Spawning Velocity Curves
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Source: Y1 - Sams and Pearson 1963 Location: Y1 - Oregon

Y2 - DES 1999 Y2 - Skagit River, WA

Y3 - Hosey 1986 Y3 - White River, WA

Y4 - R2 Resource Consultants 1998 Y4 - Lostine River, Oregon; Ward Creek, AK
Y5 - WDFW 1996 Y5 - Fallback curves, Cedar R., WA

Y6 - Hampton 1988 Y6 - California, Utilization Cat. Il

Y7 - 52?:5\?8()?;;';3”6 1985; Bovee 1978, Y7 - Sandy River, Oregon

Y8 - Idaho USGS Y8 - Upper Salmon Basin, ID

Y9 - USFS 1989 Y9 - Western U.S., GAWS, Cat. Il

Y10- R2 Resource Consultants Y10- Newhalem Creek, WA

Y11- Sitka Electric Dept 2005 Y11- proposed curve, Sawmill Creek, AK
Y12 Reiser 1986; Reiser et al 1988 Y12 Idaho

Y13 Hosey & Associates 1986 Y13 Washington, Suitability, Cat. |

Y14 Hampton 1988 Y14 California, Pref. Cat. lll

Y15 WDFW 1987 Y15 Washington, Preference, Cat. lll
Y16 Hampton 1997 Y16 Lower Trinity River

Y17 WDFW, WDOE 2004, 2008 Y17 Washington State

Y18 R2 Resource Consultants 2008 Y18 Sultan River, WA



Steelhead Spawning Suitability Scores for Velocity
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ATTACHMENT 2

HSC Raw Data



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.
Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
6/7/2007 Reach 1A Steelhead 1 2.5 7 1.80 2.76 MG
6/7/2007 Reach 1A Steelhead 1 2.5 6 1.85 2.78 LG
6/7/2007 Reach 1A Steelhead 1 2.6 6 1.70 2.66 MG
6/7/2007 Reach 1A  Steelhead 1 24 6.5 1.45 2.46 MG
6/7/2007 Reach 1A  Steelhead 1 2.6 6.5 1.40 3.13 MG
6/7/2007 Reach 1A  Steelhead 1 2.5 55 1.75 3.41 MG
6/13/2007 Reach 1A Steelhead 1 5 10 1.40 2.73 LG
6/13/2007 Reach 1A  Steelhead 1 6 8 1.50 2.77 LG
6/13/2007 Reach 1A Steelhead 1 10 14 1.10 2.34 LG
6/13/2007 Reach 1A Steelhead 1 8 12 1.10 1.95 LG
6/13/2007 Reach 1A Steelhead 1 6 8 1.50 3.59 LG
6/13/2007 Reach 1A  Steelhead 1 3 6 1.60 1.54 LG
6/13/2007 Reach 1A  Steelhead 1 3 8 2.00 1.37 LG
6/13/2007 Reach 1A  Steelhead 1 3 8 1.50 1.61 SC
6/13/2007 Reach 1A Steelhead 1 4 10 1.00 1.20 LG
6/13/2007 Reach 1A  Steelhead 1 8 12 1.70 2.40 LG
6/13/2007 Reach 1A  Steelhead 1 6 8 1.60 212 LG
6/13/2007 Reach 1A  Steelhead 1 4 7 1.50 2.14 SC
6/7/2007 Reach2  Steelhead 1 3.7 8.5 0.88 1.46 MG
6/7/2007 Reach2  Steelhead 1 3 6 1.19 1.44 MG
6/7/2007 Reach2  Steelhead 1 35 7 1.20 1.64 MG
6/7/2007 Reach2  Steelhead 1 25 55 0.95 0.78 MG



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.

Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
6/7/2007 Reach 2 Steelhead 1 3 6.5 1.70 3.08 MG
6/7/2007 Reach 2 Steelhead 1 3 7.5 1.40 2.69 MG
6/7/2007 Reach 2 Steelhead 1 3.5 7 1.68 2.59 MG
6/7/2007 Reach 2 Steelhead 1 3 6.5 1.32 1.90 MG
6/7/2007 Reach2  Steelhead 1 3 6 2.40 1.70 MG
6/7/2007 Reach2  Steelhead 1 3 6 1.80 2.19 MG
6/7/2007 Reach2  Steelhead 1 3 6.5 1.14 2.49 MG
6/7/2007 Reach2  Steelhead 1 2.75 55 2.00 1.55 MG
6/7/2007 Reach2  Steelhead 1 2.5 35 2.40 1.52 MG
6/7/2007 Reach2  Steelhead 1 3 3 221 1.54 MG
6/7/2007 Reach 2 Steelhead 1 2.5 3 2.10 1.49 MG
6/7/2007 Reach 2 Steelhead 1 2.75 6.5 0.95 0.79 SG
4/23/2008 Reach 2 Steelhead 1 2.35 291 SC LG
4/23/2008 Reach 2 Steelhead 1 19 3.34 SC LG
4/23/2008 Reach2  Steelhead 1 2.25 1.9 LG SC
4/23/2008 Reach 2 Steelhead 1 1.4 3.2 LG SC
4/23/2008 Reach 2 Steelhead 1 1.9 1.77 LG SC
4/23/2008 Reach2  Steelhead 1 1.75 1.94 LG SC
4/23/2008 Reach2  Steelhead 1 2.55 2.09 LG SG
4/23/2008 Reach2  Steelhead 1 1.8 1.96 LG SG
4/23/2008 Reach2  Steelhead 1 1.8 2.34 LG SG
4/23/2008 Reach2  Steelhead 1 1.3 1.59 LG SG



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.

Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
4/23/2008 Reach 2 Steelhead 1 1.6 1.92 LG SG
4/23/2008 Reach 2 Steelhead 1 2.3 1.9 LG SG
4/23/2008 Reach 2 Steelhead 1 2 1.63 LG SG
4/23/2008 Reach 2 Steelhead 1 2.55 1.255 LG SG
4/23/2008 Reach2  Steelhead 1 3.15 1.22 LG SG
4/23/2008 Reach2  Steelhead 1 1.3 1.14 SG LG
4/23/2008 Reach2  Steelhead 1 2.5 1.375 SG LG
4/23/2008 Reach2  Steelhead 1 2.15 1.62 SG LG
5/6/2008 Reach2  Steelhead 1 1.3 3.24 SC LG
5/6/2008 Reach2  Steelhead 1 1.8 2.51 SC LG
5/6/2008 Reach 2 Steelhead 1 1.15 1.96 SC LG
5/6/2008 Reach 2 Steelhead 1 2.65 1.89 SC LG
5/6/2008 Reach 2 Steelhead 1 2.35 2.68 LG SC
5/6/2008 Reach 2 Steelhead 1 3.5 2.38 LG SC
5/6/2008 Reach2  Steelhead 1 15 1.54 LG SC
5/6/2008 Reach 2 Steelhead 1 2.65 2.47 LG SG
5/6/2008 Reach 2 Steelhead 1 25 1.36 LG SG
5/6/2008 Reach2  Steelhead 1 2.4 231 LG SG
5/6/2008 Reach2  Steelhead 1 1.35 1.42 LG SG
5/6/2008 Reach2  Steelhead 1 2.15 1.33 LG SG
5/6/2008 Reach2  Steelhead 1 2.2 1.62 LG SG
5/6/2008 Reach2  Steelhead 1 1.25 2.1 LG SG



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.

Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
5/6/2008 Reach 2 Steelhead 1 1.7 1.58 LG SG
10/4/2006 Reach 1A Chinook 1 1.55 2.07 RB CB
10/4/2006 Reach 1A Chinook 1 1.10 1.86 RB CB
10/4/2006 Reach 1A Chinook 1 2.10 0.87 RB CB
10/4/2006 Reach 1A Chinook 1 2.10 2.55 RB CB
10/4/2006 Reach 1A Chinook 1 2.10 1.83 RB CB
10/4/2006 Reach 1A Chinook 1 2.30 1.74 RB CB
10/4/2006 Reach 1A Chinook 1 2.20 1.73 RB CB
10/4/2006 Reach 1A Chinook 1 1.40 2.14 RB CB
10/4/2006 Reach 1A Chinook 1 2.20 243 RB CB
10/4/2006 Reach 1A Chinook 1 1.90 2.24 CB RB
10/4/2006 Reach 1A Chinook 1 1.85 2.34 RB CB
10/4/2006 Reach 1A Chinook 1 1.20 1.20 RB BO
10/4/2006 Reach 1A Chinook 1 1.20 1.20 RB BO
10/4/2006 Reach 1A Chinook 1 1.75 1.75 RB CB
10/4/2006 Reach 1A Chinook 1 2.20 2.20 RB CB
10/4/2006 Reach 1A Chinook 1 1.75 1.75 RB CB
10/4/2006 Reach 1A Chinook 1 1.35 1.35 RB BO
10/4/2006 Reach 1A Chinook 1 1.20 1.20 CG CB
10/4/2006 Reach 1A Chinook 1 1.10 1.10 RB BO
10/4/2006 Reach 1A Chinook 1 0.80 0.80 CB RB
10/4/2006 Reach 1A Chinook 1 1.10 1.10 CB RB



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.

Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
10/9/2006 Reach 1A Chinook 1 0.70 1.35 CB RB
10/9/2006 Reach 1A Chinook 1 1.10 1.65 RB CB
10/9/2006 Reach 1A Chinook 1 0.95 1.02 RB CB
10/9/2006 Reach 1A Chinook 1 1.35 2.10 RB BO
10/9/2006 Reach 1A Chinook 1 1.70 217 CG RB
10/9/2006 Reach 1A Chinook 1 2.05 0.84 CG CB
10/9/2006 Reach 1A Chinook 1 1.85 2.59 CB RB
10/9/2006 Reach 1A Chinook 1 1.70 2.43 CB RB
10/9/2006 Reach 1A Chinook 1 2.35 1.90 CB RB
10/9/2006 Reach 1A Chinook 1 2.70 1.48 CB CG
10/9/2006 Reach 1A Chinook 1 2.65 1.57 CB RB
10/9/2006 Reach 1A Chinook 1 2.45 2.54 CB RB
10/9/2006 Reach 1A Chinook 1 0.75 131 CG CB
10/9/2006 Reach 1A Chinook 1 1.20 2.97 CB RB
10/9/2006 Reach 1A Chinook 1 1.35 2.43 CG CB
10/9/2006 Reach 1A Chinook 1 2.15 2.84 CB CG
10/9/2006 Reach 1A Chinook 1 1.25 1.17 CB RB
10/9/2006 Reach 1A Chinook 1 2.15 221 CG CB
10/9/2006 Reach 1A Chinook 1 2.15 1.86 CG CB
10/9/2006 Reach 1A Chinook 1 0.70 1.71 CB CG
10/9/2006 Reach 1A Chinook 1 1.35 1.39 CB CG
10/9/2006 Reach 1A Chinook 1 1.40 3.16 CG CcB



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.

Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
10/9/2006 Reach 1A Chinook 1 1.20 2.84 CB CG
10/9/2006 Reach 1A Chinook 1 1.30 1.65 FG CG
10/15/2007 Reach 1A Chinook 1 1.10 1.50 RB CB
10/15/2007 Reach 1A Chinook 1 1.80 1.67 CB CG
10/15/2007 Reach 1A Chinook 1 0.70 1.99 RB CB
10/15/2007 Reach 1A Chinook 1 1.10 1.03 CcB CG
10/15/2007 Reach 1A Chinook 1 0.90 1.26 RB CB
10/15/2007 Reach 1A Chinook 1 1.40 1.43 RB CB
10/15/2007 Reach 1A Chinook 1 2.15 3.16 CB CG
10/2/2006 Reach2  Chinook 1 0.95 0.58 RB CcB
10/2/2006 Reach 2 Chinook 1 2.20 1.26 CB CG
10/2/2006 Reach 2 Chinook 1 1.60 1.67 CG CB
10/2/2006 Reach 2 Chinook 1 1.45 1.97 FG RB
10/2/2006 Reach 2 Chinook 1 1.65 1.46 CG CB
10/2/2006 Reach2  Chinook 1 1.85 1.97 RB CB
10/2/2006 Reach 2 Chinook 1 0.90 1.52 CB CG
10/2/2006 Reach 2 Chinook 1 2.10 1.54 RB CB
10/2/2006 Reach2  Chinook 1 2.45 1.80 RB CB
10/2/2006 Reach2  Chinook 1 2.45 1.39 CG CB
10/2/2006 Reach2  Chinook 1 1.50 2.52 CG CB
10/2/2006 Reach2  Chinook 1 1.70 1.93 CB CG
10/2/2006 Reach2  Chinook 1 2.50 0.61 RB CB



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.

Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
10/2/2006 Reach 2 Chinook 1 1.90 1.40 CB RB
10/2/2006 Reach 2 Chinook 1 2.00 0.98 RB CB
10/10/2006 Reach 2 Chinook 1 3.60 0.76 CB CG
10/10/2006 Reach 2 Chinook 1 3.40 0.86 CG FG
10/10/2006 Reach2  Chinook 1 1.90 1.30 FG CG
10/10/2006 Reach2  Chinook 1 1.25 1.73 RB CB
10/10/2006 Reach2  Chinook 1 1.80 2.15 CB RB
10/10/2006 Reach2  Chinook 1 3.40 1.36 CG RB
10/10/2006 Reach2  Chinook 1 1.70 3.19 RB CB
10/10/2006 Reach2  Chinook 1 1.70 3.19 RB CB
10/10/2006 Reach 2 Chinook 1 1.70 3.19 RB CB
10/10/2006 Reach 2 Chinook 1 1.90 1.95 CB CG
10/10/2006 Reach 2 Chinook 1 2.10 1.95 CG CB
10/10/2006 Reach 2 Chinook 1 2.00 2.64 CG CB
10/10/2006 Reach2  Chinook 1 2.45 1.78 CcB CG
10/10/2006 Reach 2 Chinook 1 3.50 1.52 CG CB
10/10/2006 Reach 2 Chinook 1 2.30 2.28 CB RB
9/24/2007 Reach2  Chinook 1 1.95 5.09 CG RB
9/24/2007 Reach 2 Chinook 1 2.80 2.52 FG CG
9/24/2007 Reach2  Chinook 1 1.90 1.90 RB FG
9/24/2007 Reach 2 Chinook 1 1.90 1.90 RB FG
9/24/2007 Reach2  Chinook 1 1.45 1.45 RB FG



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.

Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
9/24/2007 Reach 2 Chinook 1 1.75 1.75 CG RB
9/24/2007 Reach 2 Chinook 1 0.95 0.95 FG CG
9/24/2007 Reach 2 Chinook 1 0.70 0.70 FG CG
9/24/2007 Reach 2 Chinook 1 2.10 2.30 CG FG
9/24/2007 Reach2  Chinook 1 2.10 1.36 CG FG
9/24/2007 Reach2  Chinook 1 2.10 1.71 CG CcB
9/24/2007 Reach2  Chinook 1 2.30 0.96 CB CG
9/24/2007 Reach 2 Chinook 1 1.20 1.15 CG CB
9/24/2007 Reach2  Chinook 1 2.10 1.72 RB CB
9/24/2007 Reach2  Chinook 1 1.45 2.93 RB CB
9/24/2007 Reach 2 Chinook 1 1.75 2.61 RB CB
9/24/2007 Reach 2 Chinook 1 2.30 1.40 RB CB
9/24/2007 Reach 2 Chinook 1 2.90 1.58 RB CB
9/24/2007 Reach 2 Chinook 1 1.90 1.32 RB CB
9/24/2007 Reach2  Chinook 1 2.10 0.96 CcB CG
9/24/2007 Reach 2 Chinook 1 1.35 1.37 CG CB
10/12/2007 Reach 2 Chinook 1 1.15 1.27 CG FG
10/12/2007 Reach 2 Chinook 1 2.00 2.27 CB CG
10/12/2007 Reach2  Chinook 1 2.05 2.79 CB RB
10/12/2007 Reach2  Chinook 1 0.95 3.32 CB CG
10/12/2007 Reach 2 Chinook 1 1.00 0.67 RB FG
10/12/2007 Reach2  Chinook 1 0.70 0.91 CG CcB



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.

Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
10/12/2007 Reach 2 Chinook 1 1.00 1.55 CG CB
10/12/2007 Reach 2 Chinook 1 2.00 1.93 CG CB
10/12/2007 Reach 2 Chinook 1 2.40 1.73 CG CB
10/12/2007 Reach 2 Chinook 1 1.95 231 CG CB
10/12/2007 Reach2  Chinook 1 1.25 2.36 CcB CG
10/12/2007 Reach2  Chinook 1 2.00 2.38 CB CG
10/12/2007 Reach 2 Chinook 1 0.90 221 CG FG
10/12/2007 Reach 2 Chinook 1 2.45 1.80 CB CG
10/12/2007 Reach 2 Chinook 1 1.75 1.62 CB CG
10/12/2007 Reach 2 Chinook 1 1.35 240 RB CB
10/12/2007 Reach 2 Chinook 1 1.65 2.25 RB CB
10/12/2007 Reach 2 Chinook 1 1.70 2.54 RB CB
10/12/2007 Reach 2 Chinook 1 1.45 2.50 RB CB
10/12/2007 Reach 2 Chinook 1 2.10 2.03 RB CB
10/12/2007 Reach2  Chinook 1 1.10 1.09 RB CB
10/12/2007 Reach 2 Chinook 1 1.40 1.12 CB FG
10/12/2007 Reach 2 Chinook 1 1.75 2.77 RB CB
10/12/2007 Reach 2 Chinook 1 1.60 1.80 RB CB
10/12/2007 Reach 2 Chinook 1 1.40 3.35 RB CB
10/12/2007 Reach 2 Chinook 1 1.75 231 RB CB
10/12/2007 Reach 2 Chinook 1 1.30 1.52 RB CB
10/12/2007 Reach 2 Chinook 1 0.70 3.27 RB CB



Sultan River HSC Curve Observation Data: Spawning Observations

Redd Redd Water Mean Column
Width Length Depth Velocity Dom Subdom.
Date Reach Species # of Obs. (ft) (ft) (ft) (ft/s) Sub. Sub.
10/12/2007 Reach2  Chinook 1 0.85 2.63 RB CB
10/12/2007 Reach2  Chinook 1 2.60 1.13 CG CB
10/12/2007 Reach2  Chinook 1 2.60 1.33 CG CB




Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %

Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover
7/27/2007 Reach 1A 1 Chinook 70 1.9 0.06 0.6-1.1 same SC LG 80 veg/undercut bank/ roots
8/8/2007 Reach 1A 1 Chinook 70 14 0.12 0.4 same LC SC 60 overhanging veg/swd
7/27/2007 Reach 1A 1 Coho 70 1.70 0.02 0.1 0.02 B LC 60 wood
7/27/2007 Reach 1A 1 Coho 70 0.75 0.24 0.3 same SC LG 60 veg
7/27/2007 Reach 1A 1 Coho 70 0.90 0.30 0.2 0.26 SC LG 60 veg
7/27/2007 Reach 1A 1 Coho 70 1.25 0.02 0.6 same LG LC 60 veg
7/27/2007 Reach 1A 1 Coho 75 0.80 0.02 0.2 0.02 LG SLT 80 undercut bank
7/27/2007 Reach 1A 1 Coho 70 1.45 0.08 0.3 0.02 LC SND 60  veg/wood
7/27/2007 Reach 1A 4 Coho 65-85 1.3 0.63 0.3-04 same LC LG 60 roots/undercut bank
7/27/2007 Reach 1A 6 Coho 70-90 1.25 0.19 0.25 0.18 LG LC 60  wood
7/27/2007 Reach 1A 10 Coho 60-80 0.60 0.83 0.1-0.15 0.36 SC LC 70
7/27/2007 Reach 1A 10 Coho 60-80 0.60 0.12 0.1-0.15 0.06 SC LC 70
7/27/2007 Reach 1A 10 Coho 65-85 1.7 0.02 0.6-0.8 0.02 SC LG 60 roots/undercut bank
7/27/2007 Reach 1A 10 Coho 65-85 1.9 0.02 0.6-1.0 0.02 SC LG 60
7/27/2007 Reach 1A 12 Coho 65-80 1.55 0.07 0.6-1.1 0.02 SC LG 80 veg/undercut bank/ roots
7/27/2007 Reach 1A 12 Coho 65-80 1.1 0.09 0.3 same SC LG 80 veg/undercut bank/ roots
7/27/2007 Reach 1A 20 Coho 65-100 1.8 0.10 0.8 same SC LG 80 veg/undercut bank/ roots
7/27/2007 Reach 1A 20 Coho 65-100 2.2 0.02 0.6-1.1 0.02 SC LG 80 veg/undercut bank/ roots
7/27/2007 Reach 1A 20 Coho 65-100 1.9 0.06 0.6-1.1 same SC LG 80 veg/undercut bank/ roots
7/27/2007 Reach 1A 20 Coho 65-85 1.95 0.20 0.5-1.0 same LC LG 60 veg/wood/roots
7/27/2007 Reach 1A 20 Coho 65-85 15 0.06 0.4-0.8 same LC LG 60 veg
8/8/2007 Reach 1A 1 Coho 70 0.55 0.26 0.15 same SC SG 60 bank



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %
Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover
8/8/2007 Reach 1A 1 Coho 70 0.55 0.38 0.2 same LG MG 60 bank
8/8/2007 Reach 1A 1 Coho 100 1.35 0.40 0.3 0.64 LG SC 60 roots
8/8/2007 Reach 1A 1 Coho 65 2.1 0.25 0.5 same SC LC 60 Iwd
8/8/2007 Reach 1A 1 Coho 65 2.8 0.48 19 same SC LC 60 Iwd
8/8/2007  Reach 1A 1 Coho 65 2.6 0.51 0.4 same SC LC 60 Iwd
8/8/2007 Reach 1A 1 Coho 70 2.6 0.83 1.8 same SC LC 60 Iwd
8/8/2007 Reach 1A 1 Coho 65 0.35 0.23 0.2 same LG MG 60 overhanging veg/swd
8/8/2007 Reach 1A 1 Coho 70 3 0.47 0.6 0.39 SC LC 60 Iwd
8/8/2007 Reach 1A 1 Coho 70 3 0.43 1.2 0.39 SC LC 60 Iwd
8/8/2007 Reach 1A 1 Coho 75 2.9 0.42 13 0.24 SC LC 60 Iwd
8/8/2007 Reach 1A 1 Coho 75 3.3 0.32 2 0.14 LC 60 Iwd
8/8/2007 Reach 1A 1 Coho 85 2.8 0.84 1.8 0.26 LC 60 lwd
8/8/2007 Reach 1A 1 Coho 85 2.8 0.28 1.6 0.03 SC 60 lwd
8/8/2007 Reach 1A 1 Coho 80 25 1.71 0.5 0.85 SC LC 60 overhanging veg
8/8/2007 Reach 1A 1 Coho 100 2.4 1.52 0.4 0.46 SC LC 60 overhanging veg
8/8/2007  Reach 1A 1 Coho 70 14 0.58 0.2 0.27 SC LG 80 Iwd
8/8/2007 Reach 1A 1 Coho 75 1.45 0.60 0.2 0.26 SC LG 80 Iwd
8/8/2007 Reach 1A 1 Coho 75 1.1 0.75 0.3 0.72 SC LC 60 Iwd
8/8/2007 Reach 1A 1 Coho 75 14 0.08 0.5 same LC SC 60 overhanging veg/swd
8/8/2007  Reach 1A 1 Coho 70 11 0.39 0.3 same LC SC 60 overhanging veg/swd
8/8/2007 Reach 1A 1 Coho 70 1.6 0.30 0.4 same LC SC 60 overhanging veg/swd
8/8/2007 Reach 1A 1 Coho 70 0.6 0.05 0.1 same LC SC 60 overhanging lwd



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %

Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover
8/8/2007 Reach 1A 1 Coho 70 2 0.05 15 same BR SC 60 overhanging veg/bank
8/8/2007 Reach 1A 2 Coho 65-80 0.65 0.32 0.2 same LG MG 60 swd
8/8/2007 Reach 1A 2 Coho 65-80 1.3 0.66 0.3 0.57 LG SC 60 roots
8/8/2007  Reach 1A 2 Coho 80 0.8 0.06 0.3 same LC SC 70 bank
8/8/2007 Reach 1A 2 Coho 75-85 0.6 0.04 0.1 same LC SC 60 overhanging lwd
8/8/2007 Reach 1A 2 Coho 65-85 24 0.94 0.8 same BR SC 60 overhanging veg
8/8/2007  Reach 1A 3 Coho 65-80 0.7 0.34 0.1 same LG MG 60 swd
8/8/2007 Reach 1A 3 Coho 65-80  0.65 0.40 0.2 same LG MG 60  swd
8/8/2007 Reach 1A 3 Coho 65-80 0.75 0.23 0.25 same LG LC 60 bank
8/8/2007 Reach 1A 3 Coho 65-80  0.45 0.15 0.25 same LG SC 60 bank
8/8/2007 Reach 1A 3 Coho 65-80 15 0.69 0.2 0.24 SC LG 80
8/8/2007 Reach 1A 3 Coho 65-85 24 0.82 0.6 0.76 BR SC 60
8/8/2007 Reach 1A 3 Coho 65-85 21 0.78 0.6 same BR SC 60
8/8/2007 Reach 1A 4 Coho 80-85 3.95 0.28 14 same LC SC 70 overhanging veg
8/8/2007  Reach 1A 4 Coho 70-80 1 0.17 0.3 same SC LC 80 Iwd
8/8/2007 Reach 1A 4 Coho 65-85 2.8 0.91 0.8 same BR SC 60 overhanging veg
8/8/2007 Reach 1A 4 Coho 65-85 2.9 1.14 1 same BR SC 60 overhanging veg
8/8/2007  Reach 1A 5 Coho 65-85 1.7 0.23 0.4 same SC LC 60 bank
8/8/2007 Reach 1A 6 Coho 80-85 34 0.19 0.8 same LC SC 70 overhanging veg
8/8/2007 Reach 1A 6 Coho 65-85 3.2 0.86 1.2 same BR SC 60 overhanging veg
8/8/2007 Reach 1A 8 Coho 65-85 1.9 0.14 0.4 same SC LC 60 bank
8/8/2007 Reach 1A 8 Coho 65-85 3.1 0.26 1.2 0.15 LC SC 70 overhanging veg



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %

Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover
8/8/2007 Reach 1A 8 Coho 65-85 3.6 0.38 1 0.27 LC SC 70 overhanging veg
8/8/2007 Reach 1A 8 Coho 65-85 3 0.20 0.8 same LC SC 70 overhanging veg
8/8/2007 Reach 1A 8 Coho 70-85 3.6 0.32 1.2 same LC sC 70 overhanging veg
8/8/2007 Reach 1A 10 Coho 65-85 15 0.02 0.2 same LC 60 Iwd
8/8/2007 Reach 1A 10 Coho 65-85 1.7 0.09 0.4 same LC 60 Iwd
8/8/2007 Reach 1A 10 Coho  65-100 2.7 0.05 0.6 same BR SC 60 undercut bank
8/8/2007 Reach 1A 10 Coho  65-100 3.6 0.40 0.8 0.5 BR SC 60 undercut bank
8/8/2007  Reach 1A 10 Coho  65-100 3.25 0.21 0.8 0.28 BR SC 60 undercut bank and Iwd
8/8/2007 Reach 1A 10 Coho  65-100 3.6 0.36 14 0.52 BR SC 60 Iwd
8/8/2007 Reach 1A 10 Coho  65-100 3.8 0.44 1.8 0.59 BR SC 60 Iwd
8/8/2007 Reach 1A 13 Coho  65-100 0.95 0.02 0.2 same LC 60 overhanging veg
8/8/2007 Reach 1A 13 Coho  65-100 1.15 0.02 0.3 same LC B 60 overhanging veg
8/8/2007 Reach 1A 13 Coho 65-100 1.35 0.02 0.4 same LC 60 overhanging veg
7/27/2007 Reach 2 1 Coho 70 1.40 0.22 0.15 0.09 SC LG 60
7/27/2007 Reach 2 1 Coho 65 0.65 0.15 0.2 0.11 B LG 60
7/27/2007 Reach 2 1 Coho 60 0.60 0.50 0.1 0.39 LG SC 60
7/27/2007 Reach 2 1 Coho 65 1.25 0.02 0.2 0.02 MG 80
7/27/2007 Reach 2 2 Coho 60-70 1.95 0.04 0.3 0.03 LC 80 boulder
7/27/2007 Reach 2 3 Coho 60-65  0.40 0.49 0.1 same LC MG 60
7/27/2007 Reach 2 3 Coho 60-80  1.05 0.05 0.15 0.14 LC LG 60
7/27/2007 Reach 2 3 Coho 60-80 1.10 0.60 0.15 0.43 LG B 70
7/27/2007 Reach 2 3 Coho 70 0.80 0.02 0.1 0.02 B MG 80



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %
Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover

7/27/2007 Reach 2 8 Coho 60-70 1.35 0.40 0.2 0.3 B SG 60
7/27/2007 Reach 2 8 Coho 60-70 1.55 0.41 0.3 0.14 B SG 60
7/27/2007 Reach 2 8 Coho 60-70 1.35 0.76 0.4 0.4 B SG 60
7/27/2007 Reach 1A 1 Trout 40 1.40 0.10 0.3 0.12 B LC 60 undercut bank
7/27/2007 Reach 1A 1 Trout 40 0.70 0.83 0.2 same SC LC 70
7/27/2007 Reach 1A 1 Trout 40 0.50 0.10 0.25 same SC LC 70
7/27/2007 Reach 1A 1 Trout 40 0.60 0.50 0.3 same SC LC 70
7/27/2007 Reach 1A 1 Trout 35 0.50 0.35 0.2 same SC LG 60
7/27/2007 Reach 1A 1 Trout 40 1.25 0.02 0.9 0.13 LG LC 60  veg
7/27/2007 Reach 1A 1 Trout 35 0.95 0.51 0.4 same SC LG 70
7/27/2007 Reach 1A 1 Trout 45 0.55 0.06 0.2 same SC LG 70
7/27/2007 Reach 1A 1 Trout 40 18 0.81 0.8 same SC LG 70 veg
7/27/2007 Reach 1A 1 Trout 40 1.95 0.02 1.7 0.02 SC LG 70 veg/wood/roots
7/27/2007 Reach 1A 1 Trout 40 0.8 0.02 0.3 0.02 SC LG 60
7/27/2007 Reach 1A 1 Trout 40 1 0.05 0.05 0.02 LC SC 70
7/27/2007 Reach 1A 1 Trout 35-40 0.9 0.43 0.4 same SC LC 60 veg
7/27/2007 Reach 1A 1 Trout 35-40 0.7 0.21 0.3 same SC LC 60 veg
7/27/2007 Reach 1A 2 Trout 35-40 0.45 0.20 0.3 same SC LC 70
7/27/2007 Reach 1A 2 Trout 40 0.55 0.02 0.45 same SC SG 60 veg/wood
7/27/2007 Reach 1A 2 Trout 40 1.2 0.02 1 0.02 LC SC 60  wood
7/27/2007 Reach 1A 2 Trout 40 0.6 0.13 0.3 same SC LG 60
7/27/2007 Reach 1A 2 Trout 35-40 0.25 0.02 0.05 0.02 LC SC 70



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %

Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover
7/27/2007 Reach 1A 2 Trout 35-40 0.3 0.02 0.05 0.02 LC SC 70
7/27/2007 Reach 1A 2 Trout 35-40 0.55 0.13 0.2 same SC LC 60 veg
7/27/2007 Reach 1A 2 Trout 35-40 0.5 0.23 0.25 same SC LC 60 veg
7/27/2007 Reach 1A 3 Trout 35-45 0.95 0.58 0.5 same SC LG 60 veg
7/27/2007 Reach 1A 3 Trout 35-45 0.85 0.42 0.5 same SC LG 60 veg
7/27/2007 Reach 1A 3 Trout 35-45 0.7 0.47 0.3 same SC LG 70
7/27/2007 Reach 1A 3 Trout 3540 0.2 0.02 0.05 0.02 LC SC 70
7/27/2007 Reach 1A 3 Trout 35-40 0.3 0.03 0.15 same SC LC 60 veg
7/27/2007 Reach 1A 4 Trout 40 04 0.24 0.2 same LG LC 60
7/27/2007 Reach 1A 4 Trout 40 0.7 0.02 0.3 0.02 LC SC 70
7/27/2007 Reach 1A 5 Trout 35-45 0.80 0.34 0.2 same SC LC 70
7/27/2007 Reach 1A 5 Trout 40 0.6 0.10 0.3 same SC LG 60 veg
7/27/2007 Reach 1A 5 Trout 40 0.5 0.27 0.3 same SC LG 60 veg
7/27/2007 Reach 1A 6 Trout 35-45 0.65 0.28 0.2 same SC LC 60
7/27/2007 Reach 1A 20 Trout 35-50 0.60 0.83 0.1-0.15 0.36 SC LC 70
7/27/2007 Reach 1A 20 Trout 35-50 0.60 0.12 0.1-015 0.06 SC LC 70
8/8/2007 Reach 1A 1 Trout 45 0.5 0.30 0.4 same SC LC 60 grass
8/8/2007 Reach 1A 1 Trout 40 1 0.25 0.3 same SC LC 60
8/8/2007 Reach 1A 1 Trout 45 0.95 0.33 0.2 same SC LG 60
8/8/2007 Reach 1A 1 Trout 45 05 0.06 0.4 same SC LG 60
8/8/2007  Reach 1A 1 Trout 50 0.4 0.02 0.2 same LG SC 60 swd
8/8/2007  Reach 1A 1 Trout 45 0.55 0.22 0.2 same LG SC 60 swd



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %
Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover

8/8/2007 Reach 1A 1 Trout 55 0.4 0.08 0.2 same LG SC 60
8/8/2007 Reach 1A 1 Trout 45 0.75 0.72 0.5 0.82 LG SND 60 bank
8/8/2007 Reach 1A 1 Trout 55 0.6 0.30 0.2 same LG SC 60
8/8/2007 Reach 1A 1 Trout 45 0.5 0.35 0.2 same LG SC 60
8/8/2007 Reach 1A 1 Trout 50 0.45 0.20 0.2 same LG SC 60
8/8/2007 Reach 1A 1 Trout 40 0.5 0.02 0.2 same LG MG 60
8/8/2007 Reach 1A 1 Trout 45 0.5 0.15 0.2 same SC LC 60
8/8/2007 Reach 1A 1 Trout 50 0.75 0.22 0.2 same SC LG 60
8/8/2007 Reach 1A 1 Trout 45 0.5 0.85 0.2 same SC LG 60
8/8/2007 Reach 1A 1 Trout 45 0.6 0.32 0.2 same SC LG 60
8/8/2007 Reach 1A 1 Trout 45 0.9 0.74 0.2 same SC LG 60
8/8/2007 Reach 1A 1 Trout 45 0.75 0.11 0.3 same SC LG 60 overhanging veg
8/8/2007 Reach 1A 1 Trout 50 12 0.03 0.2 same SC LG 60
8/8/2007 Reach 1A 1 Trout 45 0.3 0.15 0.2 same SC LG 60
8/8/2007 Reach 1A 1 Trout 50 0.45 0.26 0.25 same LG SC 60 overhanging veg
8/8/2007 Reach 1A 1 Trout 45 0.3 0.13 0.15 same LG SC 60 overhanging veg
8/8/2007  Reach 1A 1 Trout 50 0.4 0.19 0.15 same LG SC 60 bank
8/8/2007 Reach 1A 1 Trout 50 0.5 0.89 0.15 same LG LC 60
8/8/2007  Reach 1A 1 Trout 40 0.35 0.23 0.2 same LG MG 60 overhanging veg/swd
8/8/2007  Reach 1A 1 Trout 45 0.5 0.54 0.2 same LG MG 60 overhanging veg/swd
8/8/2007 Reach 1A 1 Trout 250 25 0.66 0.3 0.08 B SC 60 wd
8/8/2007 Reach 1A 1 Trout 50 0.45 0.86 0.2 same LG SC 60



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %
Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover

8/8/2007 Reach 1A 1 Trout 35 0.45 0.17 0.3 same SC LG 60 swd
8/8/2007 Reach 1A 1 Trout 120 2.5 0.59 0.3 0.67 SC LC 60 overhanging veg
8/8/2007 Reach 1A 1 Trout 150 15 1.24 0.2 0.82 SC LG 80 Iwd
8/8/2007 Reach 1A 1 Trout 150 1.45 1.49 0.2 0.73 SC LG 80 Iwd
8/8/2007 Reach 1A 1 Trout 135 14 1.18 0.3 0.26 SC LG 80 Iwd
8/8/2007 Reach 1A 1 Trout 130 1.1 1.10 0.3 0.6 SC LC 60 lwd
8/8/2007 Reach 1A 1 Trout 55 1.25 0.08 0.4 same B SC 60
8/8/2007 Reach 1A 1 Trout 55 0.7 0.15 0.3 same B SC 60 bank
8/8/2007 Reach 1A 1 Trout 150 15 1.96 0.2 0.71 B LC 60
8/8/2007 Reach 1A 1 Trout 60 1.75 0.18 0.2 0.02 B LC 90 bank
8/8/2007 Reach 1A 1 Trout 50 1.4 0.08 0.3 same LC SC 60 overhanging veg/swd
8/8/2007 Reach 1A 1 Trout 150 0.8 0.05 04 same LC SC 60 overhanging veg/swd
8/8/2007 Reach 1A 1 Trout 50 0.5 0.24 0.1 same LC SC 60 overhanging lwd
8/8/2007 Reach 1A 1 Trout 55 0.6 0.05 0.1 same LC SC 60 overhanging lwd
8/8/2007 Reach 1A 1 Trout 45 0.6 0.06 0.2 same LC SC 60 overhanging lwd
8/8/2007 Reach 1A 1 Trout 40 0.6 0.33 0.2 same LC SC 60
8/8/2007  Reach 1A 1 Trout 45 0.5 0.70 0.1 same LC SC 60
8/8/2007  Reach 1A 1 Trout 45 1 0.23 0.4 same SC LC 80
8/8/2007 Reach 1A 1 Trout 50 1.2 0.20 0.5 same SC LC 80
8/8/2007  Reach 1A 1 Trout 45 1 0.27 0.5 same SC LC 80
8/8/2007  Reach 1A 1 Trout 50 11 0.48 0.3 same SC LC 80 Iwd
8/8/2007 Reach 1A 1 Trout 50 1.2 0.59 0.1 0.35 BR SC 60



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %
Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover

8/8/2007 Reach 1A 1 Trout 45-50 1.3 0.12 04 same LC SC 60
8/8/2007 Reach 1A 1 Trout 45 1 0.14 0.6 same SC LG 70
8/8/2007 Reach 1A 2 Trout 45-50 0.3 0.27 0.2 same LG SND 60 bank
8/8/2007 Reach 1A 2 Trout 45 0.45 0.27 0.2 same LG sC 60 overhanging branch
8/8/2007  Reach 1A 2 Trout 45 1.3 0.36 0.15 same SC MG 60
8/8/2007 Reach 1A 2 Trout 40 0.5 0.29 0.1 same LC SC 60
8/8/2007 Reach 1A 2 Trout 40-50 0.6 0.40 0.1 same SC LG 60 bank
8/8/2007 Reach 1A 2 Trout 3540 12 0.42 0.3 same LC LG 70
8/8/2007 Reach 1A 2 Trout 45-50 1.2 0.02 0.4 same LC SC 60
8/8/2007 Reach 1A 2 Trout 40-45 0.8 0.38 0.2 same LC SC 80
8/8/2007 Reach 1A 2 Trout 40-45 0.6 0.14 0.3 same LC SC 60
8/8/2007 Reach 1A 3 Trout 40-55 0.7 0.19 0.3 same SC LC 60
8/8/2007 Reach 1A 3 Trout 45-50 0.3 0.08 0.2 same SC LG 60 swd
8/8/2007 Reach 1A 3 Trout 40-50 0.5 0.03 0.2 same SC LG 60 swd
8/8/2007  Reach 1A 3 Trout 45-55 05 0.25 0.2 same SC LG 60
8/8/2007 Reach 1A 3 Trout 45-55 05 0.30 0.2 same SC LG 60
8/8/2007 Reach 1A 3 Trout 40-45 05 0.07 0.2 same LG SC 60 overhanging branch
8/8/2007 Reach 1A 3 Trout 40-50 0.85 0.28 0.3 same LC SC 60
8/8/2007 Reach 1A 3 Trout 40-45 05 0.13 0.2 same LC SC 80
8/8/2007 Reach 1A 4 Trout 40 0.5 0.40 0.2 same LG MG 60 bank
8/8/2007 Reach 1A 4 Trout 40-45 0.7 0.04 04 same SC LG 70
8/8/2007 Reach 1A 5 Trout 35-45 0.7 0.02 0.2 same SC LC 60



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %
Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover

8/8/2007 Reach 1A 5 Trout 40-45 04 0.11 0.2 same SC B 60
8/8/2007 Reach 1A 6 Trout 35-45 0.4 0.02 0.2 same SC LG 60 overhanging veg
8/8/2007 Reach 1A 12 Trout 40-45 0.6 0.50 0.2 same SC B 60
7/27/2007 Reach 2 1 Trout 50 2.15 0.00 0.05 0 B LC 80 boulder
7/27/2007 Reach 2 1 Trout 40 0.40 0.52 0.1 same LG B 90
7/27/2007 Reach 2 1 Trout 40 0.55 0.23 0.2 0.21 LG LC 70
7/27/2007 Reach 2 1 Trout 50 1.60 0.27 0.2 0.49 SG 70
7/27/2007 Reach 2 1 Trout 45 0.70 0.45 0.2 0.17 MG 80 boulder
7/27/2007 Reach 2 1 Trout 45 1.25 0.12 0.1 0.01 MG 80
7/27/2007 Reach 2 1 Trout 50 1.05 1.09 0.1 0.61 LG LC 60
7/27/2007 Reach 2 1 Trout 50 1.15 1.72 0.15 1.18 LC LG 60
7/27/2007 Reach 2 1 Trout 50 1.50 2.03 0.15 0.8 LG LC 60
7/27/2007 Reach 2 1 Trout 45 0.75 0.20 0.2 0.39 B MG 70
7/27/2007 Reach 2 1 Trout 40 0.45 0.01 0.1 same LC LG 60
7/27/2007 Reach 2 1 Trout 35 0.35 0.08 0.05 same LC LG 60
7/27/2007 Reach 2 1 Trout 45 1.45 2.01 0.1 0.15 MG LG 60
7/27/2007 Reach 2 1 Trout 40 1.30 0.41 0.2 0.27 SND SG 70
7/27/2007 Reach 2 1 Trout 40 0.95 0.11 0.5 same SND SG 70
7/27/2007 Reach 2 1 Trout 45 1.40 0.02 0.5 0.02 B LC 70
7/27/2007 Reach 2 1 Trout 35 0.70 0.02 0.2 0.02 B LC 70
7/27/2007 Reach 2 1 Trout 40 1.50 0.21 0.15 0.03 LC B 60
7/27/2007 Reach 2 2 Trout 45 0.80 0.02 0.2 0.02 LC LG 70



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %
Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover

7/27/2007 Reach 2 2 Trout 45 0.85 0.23 0.2 0.19 LC LG 70
7/27/2007 Reach 2 2 Trout 50 1.40 0.19 0.2 0.12 SC LG 60
7/27/2007 Reach 2 2 Trout 40 0.85 0.69 0.1 0.41 LG B 70
7/27/2007 Reach 2 2 Trout 35-45 0.55 0.75 0.2 0.54 SC LC 70
7/27/2007 Reach 2 2 Trout 45-50 2.30 0.11 0.3 0.02 B LC 70
7/27/2007 Reach 2 2 Trout 40 1.10 0.60 0.15 0.43 LG B 70
7/27/2007 Reach 2 3 Trout 40 0.60 0.03 0.1 0.02 B LG 70
7/27/2007 Reach 2 3 Trout 35-45 040 0.40 0.1 same LC LG 60
7/27/2007 Reach 2 3 Trout 35-45  0.55 0.58 0.1 0.4 SG LG 60
7/27/2007 Reach 2 3 Trout 35-45 045 0.12 0.1 same LC LG 60
7/27/2007 Reach 2 3 Trout 50 0.95 0.29 0.15 0.08 LG SC 60
7/27/2007 Reach 2 4 Trout 40 0.70 0.21 0.05-0.1 0.08 SC LG 60 sparse small wood
7/27/2007 Reach 2 4 Trout 40-50 0.40 0.14 0.15 same LC MG 70
7/27/2007 Reach 2 4 Trout 35-40 0.25 0.12 0.05 same MG LG 70
7/27/2007 Reach 2 5 Trout 30-40 1.30 0.06 0.2 0.06 B SC 60
7/27/2007 Reach 2 5 Trout 3545 1.00 0.49 0.1-0.2 0.23 LC SG 60
7/27/2007 Reach 2 6 Trout 45 0.65 0.50 0.15 04 LC LG 80
7/27/2007 Reach 2 6 Trout 45 0.55 0.06 0.15 0.09 LC LG 80
7/27/2007 Reach 2 6 Trout 40-45  0.65 0.11 0.1 0.12 SC MG 60
7/27/2007 Reach 2 6 Trout 45 1.05 0.05 0.15 0.14 LC LG 60
7/27/2007 Reach 2 10 Trout 35-45 0.45 0.05 0.15 same SC LC 70
7/27/2007 Reach 2 15 Trout 40 0.65 0.15 0.2 0.11 B LG 60



Sultan River HSC Curve Observation Data: Juvenile Observations

Mean
Fish  Water Column Fish Nose
# of Length Depth Velocity Position Velocity Dom Subdom. %
Date Reach Obs. Species  (mm) (ft) (ft/s) (ft) (ft/s) Sub. Sub. Dom Cover
7/27/2007 Reach 2 15 Trout 35-45  0.50 0.58 0.15 same SC LC 70
7/27/2007 Reach 2 30 Trout 35-45 0.55 0.30 0.1 same LG B 80

7/27/2007 Reach 2 30 Trout 35-45 0.75 0.03 0.1 0.03 LG B 80




ATTACHMENT 3

HSC Field Notes
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APPENDIX C3

HSC Curves Used in Habitat-flow Modeling

R2 Resource Consultants, Inc. March 19, 2009
1628.07/Instream Flow Report_031909



From: Presler, Dawn [mailto:DJPresler@SNOPUD.com]

Sent: Friday, August 08, 2008 4:14 PM

To: Binkley, Keith; dreiser@r2usa.com; Keith Binkley

Subject: FW: Jackson Project (FERC No. 2157) - HSC Curves Memo forreview and comment

Here is an email from WDFW re: HSC proposal.

Dawn Presler

Relicensing Information Coordinator
Snohomish County PUD
425-783-1709 (phone)
425-267-6369 (fax)

From: Rich Johnson [mailto:JOHNSRJ@DFW.WA.GOV]

Sent: Thursday, August 07, 2008 9:19 AM

To: Hal Beecher; Presler, Dawn; Binkley, Keith

Subject: Re: Jackson Project (FERC No. 2157) - HSC Curves Memo forreview and comment

Hi Dawn,

The Washington Department of Fish and Wildlife does have some concerns about how
the HSCs have been calculated, but we have concluded that any re-calculated changes
would be small. Therefore, we accept the proposed HSCs, except with the following
request: for steelhead spawning depth, dropping to 0.2 at 3.4 feet and then continuing
out.

Rich Johnson / Habitat Biologist

WDFW

>>> "Presler, Dawn" <DJPresler@SNOPUD.com> 08/04/2008 10:26 AM >>>
Dear ARWG Members:

The attached technical memorandum presents details of the analysis surrounding the development of site
specific Habitat Suitability Curves and provides additional information to support the proposed application
of revised curves for steelhead trout and Chinook salmon in the Sultan River. Please review. If you
choose to comment, please do so by Monday August 11. This will provide us with sufficient time to
complete the modeling and prepare the technical report in advance of our September 19 ARWG

meeting. Comments, if any, can be emailed to me at DJPresler@snopud.com. If you have any further
guestions on the study, please contact Keith Binkley at KMBinkley@snopud.com . Thank you.

Sincerely,

Dawn Presler

Relicensing Specialist

Jackson Hydroelectric Project (P-2157)
Snohomish County PUD

Phone: 425-783-1709

Fax: 425-267-6369





