
















































































































































































































































































Vina Subbasin Photograph Log 19 8/20/2025 

GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Butte County Project Number: SFO154C 

Data: 8/20/2025 Latitude: 39.5463°  Longitude: -121.6906° 

Site Name: West Cherokee Strip Private Landowner Proposed Lift Station Location 1 

Photograph 15 

 

Description: 
Looking downstream at 
proposed location of Lift 
Station 1. 

Photograph 16 

 

Description: 
Looking upstream at 
proposed location of Lift 
Station 1. 

 







Vina Subbasin Photograph Log 22 8/20/2025 

GEOSYNTEC CONSULTANTS 
Photographic Record 

Client: Butte County Project Number: SFO154C 

Data: 8/20/2025 Latitude: 39.5667°  Longitude: -121.6980° 

Site Name: West Cherokee Strip Private Landowner Proposed Lift Station Location 4 

Photograph 20 

 

Description: 
Looking downstream at 
proposed location of Lift 
Station 4 (image from 
Google Maps) 

Photograph 21 

 

Description: 
Looking upstream at 
proposed location of Lift 
Station 4 (image from 
Google Maps) 
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ATTACHMENT C 

Supporting Calculations



Pump Location:

Notes

1.) Peak Design Flow (gpm): 8977 Manual Entry

1.1) Peak Design Flow (cfs): 20.001

2.) Peak Design Velocity (fps): 6.5 2-5 Recommended

2.) Force Main Length (ft): 45 Manual Entry - Length of pipe from pump inlet to discharge.

3.) Force Main diameter (in.): 24.00 Based on flow velocity

4.) Force Main Type: DI - unlined Select from dropdown menu.

5.) Water Type: Water Select from dropdown menu.

7.) Start Piping Elevation (ft): 0 Manual Entry

8.) Discharge Piping Elevation (ft): 10 Manual Entry

See tab 1

ΔH(ft): 10.00 static head between pump and point of discharge

See tab 2

hf (ft): 0.37 total friction loss

See tab 3

hm (ft): 1.10 total minor losses

TDH (ft): 11.47

 Hamlin Slough New Lift Station

4. Total Dynamic Head for given flowrate

Input Project Design Criteria

1. Static Losses

2. Friction Losses

3. Minor Losses



Pump Location:

Notes

1.) Peak Design Flow (gpm): 6731.25 Manual Entry

1.1) Peak Design Flow (cfs): 15.00

2.) Peak Design Velocity (fps): 6 2-5 Recommended

2.) Force Main Length (ft): 80 Manual Entry - Length of pipe from pump inlet to discharge.

3.) Force Main diameter (in.): 21.00 Based on flow velocity

4.) Force Main Type: Steel - unlined Select from dropdown menu.

5.) Water Type: Water Select from dropdown menu.

7.) Start Piping Elevation (ft): 0 Manual Entry

8.) Discharge Piping Elevation (ft): 10 Manual Entry

See tab 1

ΔH(ft): 10.00 static head between pump and point of discharge

See tab 2

hf (ft): 0.53 total friction loss

See tab 3

hm (ft): 1.17 total minor loss

TDH (ft): 11.69

East Cherokee Strip Lift Station - West

4. Total Dynamic Head for given flowrate

Input Project Design Criteria

1. Static Losses

2. Friction Losses

3. Minor Losses



Pump Location:

Notes

1.) Peak Design Flow (gpm): 4490 Manual Entry

1.1) Peak Design Flow (cfs): 10.00

2.) Peak Design Velocity (fps): 4.5 2-5 Recommended

2.) Force Main Length (ft): 30 Manual Entry - Length of pipe from pump inlet to discharge.

3.) Force Main diameter (in.): 20.00 Based on flow velocity

4.) Force Main Type: Steel - unlined Select from dropdown menu.

5.) Water Type: Water Select from dropdown menu.

7.) Start Piping Elevation (ft): 0 Manual Entry

8.) Discharge Piping Elevation (ft): 10 Manual Entry

See tab 1

ΔH(ft): 10.00 static head between pump and point of discharge

See tab 2

hf (ft): 0.12 total friction loss

See tab 3

hm (ft): 0.55 total minor loss

TDH (ft): 10.67

East Cherokee Strip Lift Station - Center

4. Total Dynamic Head for given flowrate

Input Project Design Criteria

1. Static Losses

2. Friction Losses

3. Minor Losses



Pump Location:

Notes

1.) Peak Design Flow (gpm): 3592 Manual Entry

1.1) Peak Design Flow (cfs): 8.00

2.) Peak Design Velocity (fps): 5.5 2-5 Recommended

2.) Force Main Length (ft): 20 Manual Entry - Length of pipe from pump inlet to discharge.

3.) Force Main diameter (in.): 16.00 Based on flow velocity

4.) Force Main Type: Steel - unlined Select from dropdown menu.

5.) Water Type: Water Select from dropdown menu.

7.) Start Piping Elevation (ft): 0 Manual Entry

8.) Discharge Piping Elevation (ft): 10 Manual Entry

See tab 1

ΔH(ft): 10.00 static head between pump and point of discharge

See tab 2

hf (ft): 0.15 total friction loss

See tab 3

hm (ft): 0.86 total minor loss

TDH (ft): 11.01

East Cherokee Strip Lift Station - East

4. Total Dynamic Head for given flowrate

Input Project Design Criteria

1. Static Losses

2. Friction Losses

3. Minor Losses



Pump Location:

Notes

1.) Peak Design Flow (gpm): 9878 Manual Entry

1.1) Peak Design Flow (cfs): 22.01

2.) Peak Design Velocity (fps): 7 2-5 Recommended

2.) Force Main Length (ft): 213 Manual Entry - Length of pipe from pump inlet to discharge.

3.) Force Main diameter (in.): 24.00 Based on flow velocity

4.) Force Main Type: Steel - unlined Select from dropdown menu.

5.) Water Type: Water Select from dropdown menu.

7.) Start Piping Elevation (ft): 0 Manual Entry

8.) Discharge Piping Elevation (ft): 10 Manual Entry

See tab 1

ΔH(ft): 10.00 static head between pump and point of discharge

See tab 2

hf (ft): 1.48 total friction loss

See tab 3

hm (ft): 1.47 total minor loss

TDH (ft): 12.96

West Cherokee Strip - Lift Station Upgrade

4. Total Dynamic Head for given flowrate

Input Project Design Criteria

1. Static Losses

2. Friction Losses

3. Minor Losses



Pump Location:

Notes

1.) Peak Design Flow (gpm): 7180 Manual Entry

1.1) Peak Design Flow (cfs): 16.00

2.) Peak Design Velocity (fps): 7 2-5 Recommended

2.) Force Main Length (ft): 45 Manual Entry - Length of pipe from pump inlet to discharge.

3.) Force Main diameter (in.): 20.00 Based on flow velocity.

4.) Force Main Type: DI - unlined Select from dropdown menu.

5.) Water Type: Water Select from dropdown menu.

7.) Start Piping Elevation (ft): 0 Manual Entry

8.) Discharge Piping Elevation (ft): 6 Manual Entry

See tab 1

ΔH(ft): 6.00 static head between pump and point of discharge

See tab 2

hf (ft): 0.59 total friction loss

See tab 3

hm (ft): 1.46 total minor loss

TDH (ft): 8.05

West Cherokee Strip New Lift Station 1

4. Total Dynamic Head for given flowrate

Input Project Design Criteria

1. Static Losses

2. Friction Losses

3. Minor Losses



Pump Location:

Notes

1.) Peak Design Flow (gpm): 5388 Manual Entry

1.1) Peak Design Flow (cfs): 12.00

2.) Peak Design Velocity (fps): 5.5 2-5 Recommended

2.) Force Main Length (ft): 45 Manual Entry - Length of pipe from pump inlet to discharge.

3.) Force Main diameter (in.): 20.00 Based on flow velocity.

4.) Force Main Type: DI - unlined Select from dropdown menu.

5.) Water Type: Water Select from dropdown menu.

7.) Start Piping Elevation (ft): 0 Manual Entry

8.) Discharge Piping Elevation (ft): 6 Manual Entry

See tab 1

ΔH(ft): 6.00 static head between pump and point of discharge

See tab 2

hf (ft): 0.35 total friction loss

See tab 3

hm (ft): 0.82 total minor loss

TDH (ft): 7.17

West Cherokee Strip New Lift Station 2-4

4. Total Dynamic Head for given flowrate

Input Project Design Criteria

1. Static Losses

2. Friction Losses

3. Minor Losses



Cottonwood Creek Diversion – Existing Conditions 

HY-8 Culvert Analysis Report 
Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 
Minimum Flow: 1 cfs 

Design Flow: 37 cfs 
Maximum Flow: 100 cfs 

Site Data - Existing 30 
Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 
Inlet Elevation:  117.00 ft 

Outlet Station:  24.00 ft 
Outlet Elevation:  117.00 ft 

Number of Barrels:  1 

Culvert Data Summary - Existing 30 
Barrel Shape:  Circular 
Barrel Diameter:  2.50 ft 

Barrel Material:  Concrete 
Embedment:  0.00 in 

Barrel Manning's n:  0.0120 
Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 
Inlet Depression:  None 

Site Data - Existing 24 
Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 
Inlet Elevation:  117.00 ft 

Outlet Station:  25.00 ft 
Outlet Elevation:  117.00 ft 

Number of Barrels:  1 

 

 



Cottonwood Creek Diversion – Existing Conditions 
Culvert Data Summary - Existing 24 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 
Barrel Material:  Concrete 

Embedment:  0.00 in 
Barrel Manning's n:  0.0120 

Culvert Type:  Straight 
Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Cottonwood Creek Diversion (Existing) 
Tailwater Channel Option:  Enter Constant Tailwater Elevation 
Constant Tailwater Elevation:  122.40 ft 

Roadway Data for Crossing: Cottonwood Creek Diversion (Existing) 
Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  25.00 ft 
Crest Elevation:  126.55 ft 

Roadway Surface:  Gravel 
Roadway Top Width:  10.00 ft 

 

Table 1 - Summary of Culvert Flows at Crossing: Cottonwood Creek Diversion 
Headwater 

Elevation (ft) 

Total 
Discharge 

(cfs) 

Existing 30 
Discharge 

(cfs) 

Existing 24 
Discharge 

(cfs) 

Roadway 
Discharge 

(cfs) 
Iterations 

 122.40 1.00 0.69 0.44 0.00 7 
 122.45 10.90 6.75 4.21 0.00 8 
 122.58 20.80 12.80 8.02 0.00 6 
 122.79 30.70 18.88 11.83 0.00 5 
 122.96 37.00 22.76 14.25 0.00 4 
 123.45 50.50 31.06 19.45 0.00 5 
 123.90 60.40 37.15 23.26 0.00 4 
 124.43 70.30 43.23 27.07 0.00 4 
 125.05 80.20 49.32 30.88 0.00 4 
 125.74 90.10 55.42 34.69 0.00 3 
 126.51 100.00 61.48 38.49 0.00 11 
 126.55 100.44 61.77 38.68 0.00 Overtopping 

 



Cottonwood Creek Diversion – Existing Conditions 
Table 2 - Culvert Summary Table: Existing 30 

Total 
Discharge 

(cfs) 

Culvert 
Discharge 

(cfs) 

Headwate
r 

Elevation 
(ft) 

Inlet 
Control 

Depth (ft) 

Outlet 
Control 

Depth (ft) 

Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 

Tailwater 
Velocity 

(ft/s) 

 1.00 0.69 122.40 0.366 5.401 4-FFf -1.000 0.265 2.500 5.400 0.141 0.000 
 10.90 6.75 122.45 1.191 5.450 4-FFf -1.000 0.856 2.500 5.400 1.376 0.000 
 20.80 12.80 122.58 1.762 5.578 4-FFf -1.000 1.202 2.500 5.400 2.607 0.000 
 30.70 18.88 122.79 2.241 5.788 4-FFf -1.000 1.469 2.500 5.400 3.847 0.000 
 37.00 22.76 122.96 2.541 5.963 4-FFf -1.000 1.620 2.500 5.400 4.637 0.000 
 50.50 31.06 123.45 3.270 6.449 4-FFf -1.000 1.897 2.500 5.400 6.327 0.000 
 60.40 37.15 123.90 3.936 6.901 4-FFf -1.000 2.062 2.500 5.400 7.568 0.000 
 70.30 43.23 124.43 4.734 7.433 4-FFf -1.000 2.194 2.500 5.400 8.807 0.000 
 80.20 49.32 125.05 5.669 8.045 4-FFf -1.000 2.291 2.500 5.400 10.047 0.000 
 90.10 55.42 125.74 6.734 8.740 4-FFf -1.000 2.360 2.500 5.400 11.289 0.000 

 100.00 61.48 126.51 7.935 9.510 4-FFf -1.000 2.295 2.500 5.400 12.524 0.000 

Table 3 - Culvert Summary Table: Existing 24 
Total 

Discharge 
(cfs) 

Culvert 
Discharge 

(cfs) 

Headwate
r 

Elevation 
(ft) 

Inlet 
Control 

Depth (ft) 

Outlet 
Control 

Depth (ft) 

Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 

Tailwater 
Velocity 

(ft/s) 

 1.00 0.44 122.40 0.308 5.401 4-FFf -1.000 0.223 2.000 5.400 0.139 0.000 
 10.90 4.21 122.45 0.998 5.449 4-FFf -1.000 0.717 2.000 5.400 1.340 0.000 
 20.80 8.02 122.58 1.490 5.579 4-FFf -1.000 1.008 2.000 5.400 2.554 0.000 
 30.70 11.83 122.79 1.902 5.788 4-FFf -1.000 1.230 2.000 5.400 3.766 0.000 
 37.00 14.25 122.96 2.171 5.963 4-FFf -1.000 1.356 2.000 5.400 4.536 0.000 
 50.50 19.45 123.45 2.858 6.449 4-FFf -1.000 1.584 2.000 5.400 6.190 0.000 
 60.40 23.26 123.90 3.500 6.900 4-FFf -1.000 1.713 2.000 5.400 7.403 0.000 
 70.30 27.07 124.43 4.274 7.433 4-FFf -1.000 1.810 2.000 5.400 8.617 0.000 
 80.20 30.88 125.05 5.173 8.045 4-FFf -1.000 1.878 2.000 5.400 9.830 0.000 
 90.10 34.69 125.74 6.198 8.739 4-FFf -1.000 1.860 2.000 5.400 11.044 0.000 

 100.00 38.49 126.51 7.398 9.510 4-FFf -1.000 1.942 2.000 5.400 12.252 0.000 

Table 4 - Downstream Channel Rating Curve (Crossing: Cottonwood Creek Diversion 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 1.00 122.40 5.40 
 10.90 122.40 5.40 
 20.80 122.40 5.40 
 30.70 122.40 5.40 
 37.00 122.40 5.40 
 50.50 122.40 5.40 
 60.40 122.40 5.40 
 70.30 122.40 5.40 
 80.20 122.40 5.40 
 90.10 122.40 5.40 

 100.00 122.40 5.40 
 

 



Cottonwood Creek Diversion – Existing Conditions 
Rating Curve Plot for Crossing: Cottonwood Creek Diversion (Existing) 

 

Culvert Performance Curve Plot: Existing 30 

 



Cottonwood Creek Diversion – Existing Conditions 
Water Surface Profile Plot for Culvert: Existing 30 

 

Culvert Performance Curve Plot: Existing 24 

 

 



Cottonwood Creek Diversion – Existing Conditions 
Water Surface Profile Plot for Culvert: Existing 24 

 



Cottonwood Creek Diversion – Proposed Conditions 

HY-8 Culvert Analysis Report 
Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 
Minimum Flow: 1 cfs 

Design Flow: 90 cfs 
Maximum Flow: 100 cfs 

Site Data - Proposed 36 
Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 
Inlet Elevation:  117.00 ft 

Outlet Station:  24.00 ft 
Outlet Elevation:  117.00 ft 

Number of Barrels:  3 

Culvert Data Summary - Proposed 36 
Barrel Shape:  Circular 
Barrel Diameter:  3.00 ft 

Barrel Material:  Concrete 
Embedment:  0.00 in 

Barrel Manning's n:  0.0120 
Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 
Inlet Depression:  None 

Tailwater Channel Data - Cottonwood Creek Diversion (Proposed) 
Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  122.49 ft 

Roadway Data for Crossing: Cottonwood Creek Diversion (Proposed) 
Roadway Profile Shape:  Constant Roadway Elevation 
Crest Length:  25.00 ft 

Crest Elevation:  126.55 ft 
Roadway Surface:  Gravel 

Roadway Top Width:  10.00 ft 



Cottonwood Creek Diversion – Proposed Conditions 
Table 1 - Summary of Culvert Flows at Crossing: Cottonwood Creek Diversion 

Headwater 
Elevation (ft) 

Total Discharge 
(cfs) 

Proposed 36 
Discharge (cfs) 

Roadway 
Discharge (cfs) Iterations 

 122.49 1.00 1.00 0.00 1 
 122.50 10.90 10.90 0.00 1 
 122.51 20.80 20.80 0.00 1 
 122.54 30.70 30.70 0.00 1 
 122.58 40.60 40.60 0.00 1 
 122.64 50.50 50.50 0.00 1 
 122.70 60.40 60.40 0.00 1 
 122.77 70.30 70.30 0.00 1 
 122.86 80.20 80.20 0.00 1 
 122.95 90.00 90.00 0.00 1 
 123.06 100.00 100.00 0.00 1 
 126.55 267.17 267.17 0.00 Overtopping 

Table 2 - Culvert Summary Table: Proposed 36 
Total 

Discharg
e (cfs) 

Culvert 
Discharg

e (cfs) 

Headwat
er 

Elevatio
n (ft) 

Inlet 
Control 
Depth 

(ft) 

Outlet 
Control 
Depth 

(ft) 

Flow 
Type 

Normal 
Depth 

(ft) 

Critical 
Depth 

(ft) 

Outlet 
Depth 

(ft) 

Tailwate
r Depth 

(ft) 

Outlet 
Velocity 

(ft/s) 

Tailwate
r 

Velocity 
(ft/s) 

 1.00 1.00 122.49 0.244 5.490 4-FFf -1.000 0.173 3.000 5.490 0.047 0.000 
 10.90 10.90 122.50 0.811 5.497 4-FFf -1.000 0.590 3.000 5.490 0.514 0.000 
 20.80 20.80 122.51 1.137 5.515 4-FFf -1.000 0.826 3.000 5.490 0.981 0.000 
 30.70 30.70 122.54 1.399 5.544 4-FFf -1.000 1.010 3.000 5.490 1.448 0.000 
 40.60 40.60 122.58 1.650 5.584 4-FFf -1.000 1.168 3.000 5.490 1.915 0.000 
 50.50 50.50 122.64 1.891 5.635 4-FFf -1.000 1.310 3.000 5.490 2.381 0.000 
 60.40 60.40 122.70 2.111 5.697 4-FFf -1.000 1.440 3.000 5.490 2.848 0.000 
 70.30 70.30 122.77 2.316 5.771 4-FFf -1.000 1.558 3.000 5.490 3.315 0.000 
 80.20 80.20 122.86 2.512 5.856 4-FFf -1.000 1.668 3.000 5.490 3.782 0.000 
 90.00 90.00 122.95 2.701 5.951 4-FFf -1.000 1.769 3.000 5.490 4.244 0.000 
 100.00 100.00 123.06 2.896 6.059 4-FFf -1.000 1.871 3.000 5.490 4.716 0.000 

Table 3 - Downstream Channel Rating Curve Crossing: Cottonwood Creek Diversion 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 1.00 122.49 5.49 
 10.90 122.49 5.49 
 20.80 122.49 5.49 
 30.70 122.49 5.49 
 40.60 122.49 5.49 
 50.50 122.49 5.49 
 60.40 122.49 5.49 
 70.30 122.49 5.49 
 80.20 122.49 5.49 
 90.00 122.49 5.49 

 100.00 122.49 5.49 



Cottonwood Creek Diversion – Proposed Conditions 
Rating Curve Plot for Crossing: Cottonwood Creek Diversion (Proposed) 

 

Culvert Performance Curve Plot: Proposed 36 

 

 



Cottonwood Creek Diversion – Proposed Conditions 
Water Surface Profile Plot for Culvert: Proposed 36 

 



Hamlin Slough Diversion 

HY-8 Culvert Analysis Report 
Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 
Minimum Flow: 1 cfs 

Design Flow: 20 cfs 
Maximum Flow: 40 cfs 

Site Data - Proposed 24 
Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 
Inlet Elevation:  125.80 ft 

Outlet Station:  40.00 ft 
Outlet Elevation:  125.80 ft 

Number of Barrels:  1 

Culvert Data Summary - Proposed 24 
Barrel Shape:  Circular 
Barrel Diameter:  2.00 ft 

Barrel Material:  Concrete 
Embedment:  0.00 in 

Barrel Manning's n:  0.0120 
Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 
Inlet Depression:  None 

Tailwater Channel Data - Hamlin Slough Diversion TWC 
Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  128.60 ft 

Roadway Data for Crossing: Hamlin Slough Diversion TWC 
Roadway Profile Shape:  Constant Roadway Elevation 
Crest Length:  25.00 ft 

Crest Elevation:  132.00 ft 
Roadway Surface:  Paved 

Roadway Top Width:  15.00 ft 



Hamlin Slough Diversion 
Table 1 - Summary of Culvert Flows at Crossing: Hamlin Slough Diversion TWC 

Headwater 
Elevation (ft) 

Total Discharge 
(cfs) 

Proposed 24 
Discharge (cfs) 

Roadway 
Discharge (cfs) Iterations 

 128.60 1.00 1.00 0.00 1 
 128.67 4.90 4.90 0.00 1 
 128.83 8.80 8.80 0.00 1 
 129.09 12.70 12.70 0.00 1 
 129.43 16.60 16.60 0.00 1 
 129.81 20.00 20.00 0.00 1 
 130.40 24.40 24.40 0.00 1 
 131.02 28.30 28.30 0.00 1 
 131.73 32.20 32.20 0.00 1 
 132.09 36.10 33.99 2.07 12 
 132.18 40.00 34.40 5.53 5 
 132.00 33.54 33.54 0.00 Overtopping 

Table 2 - Culvert Summary Table: Proposed 24 
Total 
Disch
arge 
(cfs) 

Culvert 
Discharge 

(cfs) 

Headwater 
Elevation 

(ft) 

Inlet 
Control 

Depth (ft) 

Outlet 
Control 

Depth (ft) 

Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 

Tailwater 
Velocity 

(ft/s) 

 1.00 1.00 128.60 0.471 2.803 4-FFf -1.000 0.340 2.000 2.800 0.318 0.000 

 4.90 4.90 128.67 1.098 2.873 4-FFf -1.000 0.774 2.000 2.800 1.560 0.000 

 8.80 8.80 128.83 1.577 3.034 4-FFf -1.000 1.057 2.000 2.800 2.801 0.000 

 12.70 12.70 129.09 1.996 3.287 4-FFf -1.000 1.279 2.000 2.800 4.043 0.000 

 16.60 16.60 129.43 2.458 3.633 4-FFf -1.000 1.467 2.000 2.800 5.284 0.000 

 20.00 20.00 129.81 2.944 4.009 4-FFf -1.000 1.604 2.000 2.800 6.366 0.000 

 24.40 24.40 130.40 3.718 4.599 4-FFf -1.000 1.746 2.000 2.800 7.767 0.000 

 28.30 28.30 131.02 4.550 5.220 4-FFf -1.000 1.834 2.000 2.800 9.008 0.000 

 32.20 32.20 131.73 5.511 5.934 4-FFf -1.000 1.896 2.000 2.800 10.250 0.000 

 36.10 33.99 132.09 5.993 6.293 4-FFf -1.000 1.906 2.000 2.800 10.821 0.000 

 40.00 34.40 132.18 6.111 6.377 4-FFf -1.000 1.880 2.000 2.800 10.951 0.000 

Table 3 - Downstream Channel Rating Curve (Crossing: Hamlin Slough Diversion TWC) 
Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 1.00 128.60 2.80 
 4.90 128.60 2.80 
 8.80 128.60 2.80 

 12.70 128.60 2.80 
 16.60 128.60 2.80 
 20.00 128.60 2.80 
 24.40 128.60 2.80 
 28.30 128.60 2.80 
 32.20 128.60 2.80 
 36.10 128.60 2.80 
 40.00 128.60 2.80 



Hamlin Slough Diversion 
Rating Curve Plot for Crossing: Hamlin Slough Diversion TWC 

 

Culvert Performance Curve Plot: Proposed 24 

 



Hamlin Slough Diversion 
Water Surface Profile Plot for Culvert: Proposed 24 

 



 

 

ATTACHMENT D 

Preliminary Pump Selection, Curves, and 
Quotes























































  Environmental Science Associates 

2 Scope of Work and Cost Estimate  

 United States Army Corps of Engineers (USACE) Section 408 Permit.  

 USACE Section 404 Permit - Either no Waters of the US are determined in the project area and/or a 404 

exemption applies. However, the scope includes preparation of a Section Nationwide (NWP) 404 permit, if 

it is determined a NWP permit is needed.  

 California Department of Fish and Wildlife (CDFW) Streambed Alteration Agreement. 

 CDFW Section 2081 Incidental Take Permit. 

 Biological Opinion from USFWS for FESA Section 7 Biological Assessment (BA)  

 Regional Water Quality Control Board (Regional Board) Waste Discharge Requirement.  

 

However, which permits will be required will be confirmed through development of Task 2 Permitting Strategy, 

Task 4 Biological Surveys and Wetland Delineation, and Task 5 Cultural Surveys.  Note: Given that the Giant Garter 

Snake (Thamnophis gigas) is know to be present in this area, we assume that this project will include the need for 

a California Endangered Species Act (CESA) "incidental take permit” from the California Department of Fish and 

Wildlife under the California Endangered Species Act and a federal Endangered Species Act (FESA) Incidental Take 

Permits from the U.S. Fish and Wildlife Service under the federal Endangered Species Act. 

Task 1 Project Management Coordination and Meetings 

Overall coordination and administration of project tasks. Assume duration is 18 months. 

Task 2 Permitting Strategy  

Prepare a permitting strategy for the proposed project.  The permitting strategy will provide a description of the 

possible federal and state permits for the proposed project upon completion of initial reconnaissance of the site 

and relevant surveys.   

Task 3 CEQA IS/MND 

Prepare an IS/MND for the proposed project based on information provided by project engineer.  The IS/MND will 

provide a description of impacts and appropriate mitigation measures, if necessary, to be incorporated. Resource 

topics will be analyzed based on construction and operation of the proposed project. Information from Tasks 4 

and 5 will be relied upon for their related CEQA sections and analysis. Mitigation measures would be developed, 

as necessary. It is anticipated that the proposed project would have no resulting significant adverse impacts after 

mitigation. At the close of the 30-day public review period for the Public Draft IS/MND, prepare responses to 

comments received and an errata outlining any recommended changes to the text of the Public Draft IS/MND. It is 

assumed that up to 5 substantive comments will be received on the Public Draft IS/MND.  

Assumptions:  

 Deliverables in electronic format  

 Formal government-to-government contact will remain the purview of the CLIENT (AB52)  

 It is assumed modeling (e.g., hydrologic, hydraulic, air quality, etc.) is not needed for the project.  

 Additional project specific analysis and/or mitigation measures may be required if projects vary significantly 

from what is analyzed as part of the Project.  

 Minor clarifying revisions may be made to the project description during development of the Public Draft 

IS/MND.  

 Edits on the Public Draft IS/MND and Final IS/MND will be limited to confirming prior edits.  

 CLIENT will post notices to adjoining land owners.  

 CLIENT shall upload an electronic copy of the CEQA documents to the State Clearinghouse’s CEQAnet website.  

 The IS/MND does not need to be ADA-compliant.  

 Responses to public comments shall involve explanation, clarification, or amplification of the contents of the 

Draft IS/MND; no new technical analyses shall be required; and completed technical studies shall not need to 



  Environmental Science Associates 

3 Scope of Work and Cost Estimate  

be substantially revised based on changes to the project or pre- approved assumptions as part of the 

response to comments.   

 The CEQA fees (approx. $4k) are included in the costs for this task. 

Task 4 Biological Surveys and Preliminary Aquatic Resources Delineation 

Biologists will conduct reconnaissance-level surveys for the proposed project to document and characterize land 

cover, biological communities, and suitable habitat for special-status species. Carry out database searches 

including: the U.S. Fish and Wildlife Service’s Information for Planning and Consultation (IPaC) data base, the 

California Natural Diversity Data Base (CNDDB), and the California Native Plant Society’s Inventory of Rare and 

Endangered Plants of California to generate a list of special-status species with potential to occur in the region 

and will do preliminary mapping of habitats within the restoration areas based on aerial imagery (e.g., Google 

Earth or NAIP imagery). Under this scope of work, the mapping will be field verified through field surveys and the 

list of special-status species will be used during the reconnaissance site visits to assess habitat suitability. 

Wetland specialists will conduct a preliminary aquatic resources delineation to determine the location and extent 

of potential jurisdictional waters of the U.S and State. Once the delineation survey is complete, prepare a 

delineation report, which will include a map identifying potentially jurisdictional waters within the delineation 

study area and will describe the environmental setting with respect to soils, hydrology, and biological 

communities.  
 

Assumptions: 

1. Biological Resources surveys do not include protocol-level surveys for special-status species, nor do they 
include a formal aquatic resources delineation or arborist survey. Additional costs may be incurred if 
evidence for presence of special-status species is found and additional surveys are required. 

2. CLIENT will arrange for access to survey areas. 
3. CLIENT will provide files with footprint of project areas in Autocad or ArcGIS formats, if available. 

Task 5 Cultural Surveys  

Establish a proposed project Area of Potential Effects (APE); conduct background research on the history of the 

APE and vicinity; conduct a records search of the California Historical Resources Information System (CHRIS) for 

the APE and areas within 0.25 mile; conduct an intensive-level cultural resources pedestrian survey of all 

accessible portions of the APE; and develop a CEQA- and Section 106-compliant Archaeological and Architectural 

Resources Inventory Report (AARIR) documenting the results of the aforementioned tasks. The AARIR will include: 

methods and findings of the background research, CHRIS records search results, communication with Tribes, 

maps, results of the field surveys, evaluations of eligibility for listing in the California Register of Historical 

Resources (California Register) and National Register of Historic Places (National Register) for no more than one 

architectural resource  and one archaeological resource, if no additional fieldwork is required, proposed project 

impacts/effects assessment, and recommendations.   
 

Assumptions: 

1. The APE will comprise the Project Area of Direct Impact only, including all areas of proposed ground 
disturbance as well as staging and construction access areas. 

2. Up to one architectural resources and one archaeological resource will be identified in the APE. 
3. Any cultural resources identified in the APE can be evaluated for California Register- and National 

Register-eligibility without additional fieldwork or archival research. 
4. No archaeological excavation (subsurface survey, evaluative testing) will be required. 
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4 Scope of Work and Cost Estimate  

Task 6 Permitting Support  

Prepare applications and analyses required to support regulatory permitting and approvals. This scope of work 

assumes that at least 30 % project designs will be available. The scope of work may increase or decrease 

depending upon resource agency comments, and additional budget may be necessary to accomplish permit 

issuance or project approval by individual agencies.  

6.1 United States Army Corps of Engineers (USACE) Section 404 & FESA BA 

A formal wetland delineation survey will be required, and the wetland delineation will be based on identification 

of Waters of the United States and the ordinary high-water mark (OHWM). The aquatic resources delineation will 

determine the extent of waters subject to Sections 404 and 401 of the Clean Water Act and Section 10 of the Rivers 

and Harbors Act including documentation of the information necessary to determine the extent of aquatic 

resources as regulated under State law (such as the Porter-Cologne Water Quality Control Act and State Wetland 

Dredge and Fill Procedures). Perform an aquatic resources delineation field survey of the project area and develop 

and deliver data electronically. Prepare a biological resources technical memorandum which will summarize 

habitat conditions within the project site and preliminary best management practices and/or mitigation 

measures for those species with a potential to occur. Prepare a memorandum to document Section 404 of the 

Federal Clean Water Act exemptions or waivers to certain aquatic permitting requirements available to proposed 

project. If it is found that a Section 404 permit is needed, prepare a Section 404 NWP application. This task 

includes preparation of all supporting documents required in requests for authorization under an NWP, including 

a cover letter, 404 permit application Engineering Form, and attachments for submittal to the USACE, tracking the 

USACE action, and responding to their questions.  

 

Assumptions:  

1. CLIENT will provide the necessary design footprint in an appropriate format for analysis of potential 
impacts to waters of the U.S.  

2. A federal Endangered Species Act (FESA) Biological Assessment (BA) will be completed. 
3. The USACE Nationwide Permit application will include:  

o Cover letter, ENG Form 
o 404 NWP Application attachment 
o Section 106 of the National Historic Preservation Act (Section 106) Report, and  
o FESA Section 7 Biological Assessment (BA)  

6.2 Section 1602 Streambed Alteration Notification 

Develop and submit a Notification of Lake or Streambed Alteration via CDFW’s Environmental Permit Information 

Management System (EPIMS) Permitting Portal.  

 

Assumptions:  

4. CLIENT will provide detailed design drawings to support this application package. 
5. Only a single set of consolidated comments on the draft Notification of Lake or Streambed Alteration will 

be provided.  
6. CLIENT will be responsible for the application fees (amount to be determined), which will be submitted to 

CDFW concurrently with the Notification on EPIMS. 
 
6.3 Section 2081 Incidental Take Permit 
Prepare and submit an application for an Incidental Take Permit for California Endangered Species pursuant to 

Section 2081 of the California Fish and Game Code through CDFW’s EPIMS Permitting Portal. 



  Environmental Science Associates 

5 Scope of Work and Cost Estimate  

Assumptions: 
1. Only a single set of consolidated comments on the draft Section 2081 application will be provided. 
2. CLIENT will be responsible for the application fees (amount to be determined), which will be submitted to 

CDFW concurrently with the application on EPIMS. 

6.4 USACE Section 401 /  Regional Board Waste Discharge Requirement  

If required, prepare Section 401 Water Quality Certification / Waste Discharge Requirements (WDR) for the 

proposed project.  A meeting request (sent via email) will be sent to the Central Valley Regional Water Quality 

Control Board at least 30 days prior to submitting the Section 401/WDR application. 

6.5 Central Valley Flood Protection Board Encroachment Permit Support 

Prepare the application (including the environmental portion) of the Central Valley Flood Protection Board 

Encroachment Permit. 

Assumptions:  

1. CLIENT will be responsible for the application (estimated at approx. $4k). 

6.6 United States Army Corps of Engineers (USACE) Section 408 

Prepare the application (including the environmental portion) of the Central Valley Flood Protection Board 

Encroachment Permit. This includes providing environmental documentation for a Categorical Permission, if 

applicable, or for USACE to prepare a NEPA Environmental Assessment.  Information provided to USACE will meet 

the requirements of 33 CFR 333 and largely use information developed for the CEQA IS/MND (Task 3). This task 

does not include development of engineering drawings or hydraulic analysis.    

Cost Estimate  
 

 

Task  Cost Estimate  

Task 1 Project Management Coordination and Meetings $18,000  

Task 2 Permitting Strategy   $6,000  

Task 3 CEQA IS/MND $45,000  

Task 4 Biological Surveys and Preliminary Aquatic Resources 

Delineation 

$30,000  

Task 5 Cultural Surveys   $20,000  

Task 6 Permitting Support $80,000  

Total  $199,000  



Appendix E: Lands that could be served by Miocene water 
right 
Using Pacific Gas and Electric’s (PG&E) Miocene water right to irrigate rice in the Vina 
Subbasin is another potential way to bring more surface water into the Subbasin. This 
alternative was proposed late into the feasibility analysis phase of this Project and was not 
fully analyzed, but is included here as a potential alternative for further study. 

PG&E holds a water right to 53,000 AF17 of water from the West Branch Feather River 
primarily for hydro water use in the Miocene Canal system. The Miocene Canal system is a 
PG&E hydroelectric conveyance facility that includes PG&E’s Upper Miocene and Middle 
Miocene Canals and California Water Service’s Lower Miocene. The 2018 Camp Fire 
destroyed the Upper Miocene, thus, preventing water from entering the Miocene Canal 
system. As the cost of repairs and operation have become a prohibitive factor, PG&E is 
actively pursuing an entity to acquire the Upper and Middle Miocene Canal. The cost to 
restore the Miocene Canal after the Camp Fire was estimated at $40-$60 million in 2021. 
Annual maintenance costs for the Miocene Canal were estimated at $1-$2 million. 

Prior to 2018, PG&E provided water from the Miocene Canal to agricultural operations, 
wetland habitat, and a portion of the water supply for California Water Service, the water 
purveyor in the City of Oroville and had a contractual agreement with 13 agricultural 
landowners to provide water “when available.” Separate actions may need to be taken in 
order to change the specific type of use and place of use for the Miocene water right. It is 
unclear the extent that these changes are feasible. 

The West Cherokee Strip property maintains a water right for a portion of water from the 
Middle Miocene. Prior to the Camp Fire, that water right was used to irrigate a portion of the 
rice acreage included in this analysis via the existing Gold Run canal. If access to that 
water was restored, surface water deliveries could resume. If a portion of the Miocene  
water rights was acquired, both the West Cherokee Strip and East Cherokee Strip 
properties and other adjacent lands could receive surface water from the Miocene. The 
landowner at the West Cherokee Strip property indicated interest in working with Butte 
County to acquire a portion of the Miocene water right for irrigation use. That landowner 
has 1,000 acres that could be gravity irrigated with water from the Miocene using existing 
infrastructure and another 600 acres that could be irrigated with Miocene water if a new 
ditch was developed, represented in yellow in Figure C.1. 

17 https://buttecounty.granicus.com/MetaViewer.php?view_id=2&clip_id=984&meta_id=152447 
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https://www.chicoer.com/2021/10/27/supervisors-discuss-miocene-canal-repairs-feasability/#:%7E:text=In%20September%2C%20PG&E%20held%20a%20stakeholders%20meeting,repairs%20be%20made%2C%20would%20come%20out%20to
https://www.chicoer.com/2021/10/27/supervisors-discuss-miocene-canal-repairs-feasability/#:%7E:text=In%20September%2C%20PG&E%20held%20a%20stakeholders%20meeting,repairs%20be%20made%2C%20would%20come%20out%20to
https://buttecounty.granicus.com/MetaViewer.php?view_id=2&clip_id=984&meta_id=152447


Appendix F: Ridge to Valley Option A Walnut Orchard Dual 
Irrigation System Design  
In order to provide a general picture of the on-farm improvements that would be needed to 
set up a dual source irrigation system for the Walnut Orchards in the Ridge to Valley Project 
Option A, the Project team utilized the design assumptions contained in the 2018 study 
Evaluation of Restoration and Recharge within the Butte County Groundwater Basins (ERR). 
The ERR was prepared by GEI Consulting Engineers and Scientists, David’s Engineering, 
and ERA Economics and includes a tool for determining what equipment might be needed 
for conjunctive use projects, and estimated costs.  

To account for the separate delivery areas, it is assumed that one of the systems described 
above from the ERR will be utilized for orchard A-1, the approximately 245-acre orchard on 
the north side of the canal. Two similar but smaller systems will be utilized for orchard A-2, 
the approximately 130-acre orchard on the south side of the canal, and orchard A-3, the 
95-acre orchard. The smaller systems for orchards A-2 and A-3 would each consist of only 
one pump station, a turnout, a sump, a groundwater well with low head vertical turbine 
pump, and a second vertical turbine pump installed in the sump to pressurize the water for 
sprinkler irrigation (pressure pump). All equipment needed for the three systems is 
summarized in Table F-1 below.  

Table F-1. Irrigation equipment needed for Project Option A. 

Component 1 – Station 1 1 – Station 2 1 – Station 3 2 3 
Well Pump 150 hp, vfd* 100 hp flood 100 hp flood 150 hp, vfd* 150 hp, vfd* 
Can n/a 48” CMP** 48” CMP** n/a n/a 
Pressure 
Pump 

Yardney 
R100LA 

n/a n/a Yardney 
R100LA 

Yardney 
R100LA 

Sand 
Separator 
Filter(s) 

2 Filtaworx 
FW08 self-
cleaning 
screens, 120 
micron 

2 Filtaworx 
FW08 self-
cleaning 
screens, 120 
micron 

2 Filtaworx 
FW08 self-
cleaning 
screens, 120 
micron 

2 Filtaworx 
FW08 self-
cleaning 
screens, 120 
micron 

2 Filtaworx 
FW08 self-
cleaning 
screens, 120 
micron 

Flow meter 10” 
SeaMetrics 
Magmeter 

10” 
SeaMetrics 
Magmeter 

10” 
SeaMetrics 
Magmeter 

10” 
SeaMetrics 
Magmeter 

10” 
SeaMetrics 
Magmeter 

Manifold 10” steel 
pipe 

10” steel 
pipe 

10” steel 
pipe 

10” steel 
pipe 

10” steel 
pipe 
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https://www.buttecounty.net/DocumentCenter/View/5467/Full-Report---Evaluation-of-Restoration-and-Recharge-Within-the-Butte-County-Groundwater-Basins-Report-PDF
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Project Options

• South Vina Extension

• Ridge to Valley 



Ridge to Valley

Convey underutilized Paradise 

Irrigation District water through 

Butte Creek to farmland in Vina 

Subbasin.

1,500 - 3,500 acre-feet (AF)



Legal Considerations 

• SWRCB – temporary v long-term transfer

• Court Approval for amendments for Butte Creek adjudication

• CEQA Review



Environmental Considerations 

• No known significant negative impacts

• Utilization of an existing water right means water available to watershed will not be 

reduced

• Potential fishery benefits July – September, when Butte Creek temperature has been 

identified as a concern for adult spring-run Chinook Salmon.



Groundwater 
Sustainability

• 21N01E21C001M
GW Levels declined 17.2 feet 
from 2002-2023, 
Average rate: 0.82 ft/yr 
decline
Currently above MO, MT, and 
interim milestones



Groundwater 
Sustainability

• 20N02E09L001M

GW levels declined 15.35 feet from 2003-2023 

Average rate: 0.77 ft/yr decline

Above interim milestone, MO, and MT

Seasonal lows groundwater levels can drop below the MO.



Infrastructure Needs

• Conveyance – existing natural infrastructure 

• Diversions – no additional

• Delivery to farm – no additional

• On-farm improvements

•  For option A, up to 3 pump stations with filters, etc needed to create a dual source system 
for walnuts

• For option B, no additional improvements needed to flood irrigate rice



Costs & Funding Options

• Cost of water – TBD by PID Board

• Median price here is $297.50/AF,

rounded to $300/AF

• Additional cost for legal expenses & CEQA

• Option A wheeling cost: $25/AF

Seller Buyer/Leasee $/AF Amount 
(AF) 

Year Location

Glenn Colusa 
Irrigation 
District

Sutter Mutual Water 
Company

$55.07 20,000 2024 North-of-
Delta

Butte County Del Oro Water 
Company/Cal Water- 
Oroville

$106.70 668 2025 North-of-
Delta

Butte County Palmdale Water 
District/Westside 
Districts

$176.40 24,000 2025 South-of-
Delta

Yuba County 
Water Agency

Healthy River and 
Landscape Program

$290 41,000 2025 - 
2033

In-Delta

South Sutter 
Water District

Woodland-Davis 
Clean Water 
Authority

$550 2,000 2024-25 North-of-
Delta

Butte Water 
District

Santa Clara Valley 
Water District

$650+ 21,000 2025 South-of-
Delta

Western Canal 
Water District

Metropolitan Water 
District of Southern 
California

$600 Up to 
26,400

2025 South-of-
Delta



Costs & Funding Options (cont’d)

• On-Farm Improvements – Option A

• On-Farm Improvements – Option B

N/A 

Total AF Annual Capital  & 
Maintenance ($/AF)

A-1 700 $45
A-2 400 $50
A-3 300 $55



Costs & Funding Options (cont’d)

• Cost-Benefit

• Funding options:

• On-farm improvements: State, Federal, local, private

• Cost of Water: private and local

Total Benefit (AF) Total Annual Cost per AF Recharge     
($/AF)

A 1,400 $430/AF

B 3,500 $300/AF



Conclusions & Recommendations

1. Adopt a Phased approach:

Phase 1: 1,500 AF to Option B for three years, with temporary annual transfers

Phase 2: Up to 3,500 AF with a long-term multi-year transfer

2. GSA cost share

3. Focus on Option B



South Vina Extension

• Western Canal Water District deliver water outside their district into Vina Subbasin

• 2,476 acres of rice across three landowners

• Estimated 7,752 acre-feet annually





Groundwater Sustainability

• RMS well near Hamlin Slough 

property 



Water Availability

• Discussions have been based on a 10-year memorandum of agreement with an annual 

decision by the Western Canal Water District board on water availability

• Estimate water will be available in 8 in 10 years

• Limited conveyance capacity in July and early August incorporated into 7,752 AF annual 

estimate



Infrastructure

• 9 new or upgraded lift pumps

• 12 new meters 

• Pipe through Cottonwood Creek levee



Legal Considerations 

• Permitting required for pipe through Cottonwood Creek levee

• Central Valley Flood Protection Board

• U.S. Army Corps of Engineers

• CEQA

• Additional permitting may be needed for other aspects of Hamlin Slough or 

Cottonwood Creek projects



Cost Estimates – Upfront Costs

• Draft capital costs for infrastructure, including permitting, design, and construction

Project/Site Total Estimated 
Construction Cost High (+50%) Low (–25%) Acre-feet $/AF 

Cottonwood Creek 
Culvert $917,200 $1,054,800 $527,400 55,110 $  17 

East Cherokee Strip $676,800 $1,015,200 $507,600 30,260 $  22 

West Cherokee 
Strip $2,790,500 $4,185,750 $2,092,875 24,850 $112 

Hamlin Slough $682,700 $1,024,050 $512,025 22,410 $  30 
TOTAL $5,067,200 $7,279,800 $3,639,900 77,520 



Cost Estimates – Water Cost

• To be determined by Western Canal Water District with project proponents

• Likely higher than current out of district fee of $14/AF

• Additional wheeling charge for Hamlin Slough project



Thank you

Jenny Scheer
Maddie Munson 
mmunson@waterandlandsolutions.com



Groundwater Sustainability Implications

• GSP showed downward trend in groundwater levels

• Groundwater levels are a GSP proxy for storage, subsidence, and interconnected surface 
waters

• No known in-elastic subsidence

• GSP tracks high calcium, high nitrates and total dissolved solids in the Chico area . 

• Seawater intrusion not relevant to Vina



Appendix H: Hydrographs of Additional Monitoring Wells in Ridge to Valley 
Project Area 
 

Hydrograph of groundwater well near Project Option A. 

 

 

 

 

 

 

 



Hydrograph of groundwater well near Project Option A. 

 

 

Hydrograph of groundwater well near Project Option B. 
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