
Vim Consulting 7/31/2007

RGA River 
Station (km)

8.29

8.19

7.69

7.18

7.17

6.84

6.51

6.03

5.55

5.08

4.15

3.95

2.80

1.97

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

Focused Treatment 
Bank Erosion of 

Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)
Cost of Maximum 
Treatment ($)

Cost of Focused 
Treatment ($)

Cost of H&M 
Treatment ($) Stream

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

Focused Treatment 
Bank Erosion of 

Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)

All reaches treated
Only "High" reaches 

treated
"High & Moderate" 
reaches treated All reaches treated

Only "High" 
reaches treated

"High & Moderate" 
reaches treated Blackwood All reaches treated

Only "High" 
reaches treated

"High & Moderate" 
reaches treated

2 4 2 748,700$               748,700$               

0 0 0 3,743,500$            

7 11 11 3,818,370$            

19 19 19 74,870$                74,870$                74,870$                

8 13 13 2,470,710$            

45 78 45 2,470,710$            2,470,710$            

73 126 73 3,593,760$            3,593,760$            

22 38 22 3,593,760$            3,593,760$            

84 145 84 3,518,890$            3,518,890$            

27 47 27 6,962,910$            6,962,910$            

324 324 324 1,497,400$            1,497,400$            1,497,400$            

156 269 156 8,610,050$            8,610,050$            

168 289 168 6,214,210$            6,214,210$            

Reduced Total Phosphorus Loads: Channel RestorationReduced Loads: Channel Restoration Costs: Channel Restoration

1.97

1.77

0.32

0.00

8.29

168 289 168 6,214,210$            6,214,210$            

230 230 230 1,497,400$            1,497,400$            1,497,400$            

241 416 241 10,856,150$          10,856,150$          

51 89 51 2,395,840$            2,395,840$            

1459 2098 1469 Reduced Sediment Load (MT) 2575 3702 2593

25243 36293 25421

2575 3702 2593 Existing Fine Sediment Load (MT) 4432 4432 4432

176 253 177 Reduced TP Load (MT) 0.39 0.56 0.39

311 447 313 Existing TP Load (MT) 0.67 0.67 0.67

8.3 0.4 7.0

41.9% 16.5% 41.5% Percent TP Load Reduction (%) 41.9% 16.5% 41.5%

62,067,230$          3,069,670$            52,034,650$          Cost of Treatment ($) 62,067,230$          3,069,670$            52,034,650$          

33,426$                4,207$                  28,301$                Cost per Ton Reduced TP (%/MT) 219,909,837$        27,674,737$          186,189,334$        

41.9 **Cost per m 7,487$                  Multiplier for Percent TP Content of Sediment 0.000152

"Slope Reduction" PCO…from BSTEM 0.581 95% C.I. for Percent TP Content of Sediment 0.096-0.197 %

Used "Reconstruction" cost, since mostly Public Lands (Source: Ferguson 2005; Ferguson and Qualls 2005)

Average Percent Reduction for 
Treatment
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VM Consulting 7/31/2007

RGA River 
Station (km) Bank Erosion (Left)

Bank Erosion 
(Right)

Bank 
Instability 

Percent (Left)

Bank 
Instability 
Percent 
(Right)

Combined Bank  
Percent Failing 

(%) Unit Length (km)

Distributed 
Average Percent 
Failing (%)

Length-Weighted 
Percent Failing 

(%)

Relative 
Contribution of 
Fines from 

Banks (H, M, L)

"High" Existing 
Bank Erosion of 
Fines (m3) *

"Moderate" Existing 
Bank Erosion of Fines 

(m3)

"Severity Rated" 
Existing Bank Erosion 

of Fines (m3)
Typical Bank Percent 

Fines (%)

"Reach Specific" Existing 
Bank Erosion of Fines 

(m3)

24.19 Fluvial Fluvial 0-10% 0-10% 5.0%

23.01 None Fluvial 0-10% 11-25% 11.5% 1.18 8.3% 9.7% L 185 68 6.8 6.1% 2.9

22.54 None Mass Wasting 0-10% 11-25% 11.5% 0.47 11.5% 5.4% L 103 38 3.8 6.3% 1.7

21.77 None None 0-10% 0-10% 5.0% 0.77 8.3% 6.4% L 121 44 4.4 6.3% 2.0

21.40 Fluvial Fluvial 0-10% 0-10% 5.0% 0.37 5.0% 1.9% L 35 13 1.3 6.3% 0.6

20.75 Mass Wasting Mass Wasting 0-10% 11-25% 11.5% 0.65 8.3% 5.4% L 102 38 3.8 6.5% 1.7

19.94 Mass Wasting Fluvial 51-75% 0-10% 34.0% 0.81 22.8% 18.4% M 351 129 129.0 12.3% 111.1

19.26 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.68 27.8% 18.9% M 359 132 132.1 14.8% 136.8

18.57 None Mass Wasting 0-10% 51-75% 34.0% 0.69 27.8% 19.1% M 365 134 134.0 14.8% 138.9

17.99 Fluvial Fluvial 0-10% 0-10% 5.0% 0.58 19.5% 11.3% L 215 79 7.9 14.8% 8.2

17.78 None Mass Wasting 0-10% 25-50% 21.5% 0.21 13.3% 2.8% M 53 19 19.5 17.3% 23.5

16.90 Fluvial Fluvial 11-25% 0-10% 11.5% 0.88 16.5% 14.5% L 277 102 10.2 13.4% 9.5

16.40 Fluvial Fluvial 11-25% 11-25% 18.0% 0.50 14.8% 7.4% L 140 52 5.2 13.4% 4.8

15.78 None None 0-10% 0-10% 5.0% 0.62 11.5% 7.1% L 136 50 5.0 13.4% 4.7

15.277 None Fluvial 0-10% 26-50% 21.5% 0.50 13.3% 6.7% M 127 47 46.7 13.4% 43.6

14.77 None Mass Wasting 0-10% 76-100% 46.5% 0.51 34.0% 17.2% H 328 121 328.4 9.4% 188.4

14.10 Fluvial None 0-10% 0-10% 5.0% 0.67 25.8% 17.3% L 329 121 12.1 21.0% 17.8

13.52 None Mass Wasting 0-10% 76-100% 46.5% 0.58 25.8% 14.9% H 285 105 284.5 18.2% 316.0

13.15 None Mass Wasting 0-10% 50-75% 34.0% 0.37 40.3% 14.9% M 284 104 104.2 18.2% 132.8

12.07 None Mass Wasting 0-10% 0-10% 5.0% 1.08 19.5% 21.1% L 401 147 14.7 18.4% 18.9

11.21 Fluvial Mass Wasting 0-10% 51-75% 34.0% 0.86 19.5% 16.8% M 319 117 117 18.4% 150.8

10.84 Mass Wasting Fluvial 51-75% 0-10% 34.0% 0.37 34.0% 12.6% M 240 88 88.1 18.5% 114.0

10.04 None Fluvial 0-10% 11-25% 11.5% 0.80 22.8% 18.2% L 347 127 12.7 16.3% 14.5

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Specific Percent FinesExisting Loads: Stream Average Percent Fines

10.04 None Fluvial 0-10% 11-25% 11.5% 0.80 22.8% 18.2% L 347 127 12.7 16.3% 14.5

8.46 None Mass Wasting 0-10% 76-100% 46.5% 1.58 29.0% 45.8% H 873 321 872.9 14.1% 751.0

7.14 None Mass Wasting 0-10% 0-10% 27.5% 1.32 37.0% 48.8% M 930 342 341.9 23.0% 549.2

5.84 None None 0-10% 0-10% 5.0% 1.30 16.3% 21.1% L 402 148 14.8 18.4% 19.1

5.06 Fluvial Mass Wasting 26-50% 26-50% 38.0% 0.78 21.5% 16.8% M 319 117 117.4 13.9% 114.2

4.10 Fluvial Fluvial 0-10% 0-10% 5.0% 0.96 21.5% 20.6% L 393 144 14.4 14.4% 14.6

2.94 Mass Wasting None 51-75% 0-10% 34.0% 1.16 19.5% 22.6% M 431 158 158 23.0% 254.9

1.96 20.0% 0.99 27.0% 26.6% M 507 186 186 11.6% 151.2

1.63 12.0% 0.33 16.0% 5.2% L 99 37 3.7 11.6% 3.0

0.00 5.0% 1.63 8.5% 13.8% L 264 97 9.7 3.5% 2.4

24.19 24.19 20.2% Volume (m3) 9322 3425 3191 3303

Weight (kN)** 161267 59258 55203 57136

Weight (MT) 16449 6044 5631 5828

Volume/Kilometer (m3/km) 385 142 132 137

 Metric Ton/Kilometer (MT/km) 680 250 233 241

Treated Length (km)

Percent Total Load Reduction (%)

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

* Uses 1905 m3/km [average eroded fines for 4.51 km, no veg (1470 m3/km) and 13.1 km (2340 m3/km)].

** Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3)

High 2.67 11.0%
Moderate 8.74 36.1%

11.41
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VM Consulting 7/31/2007

RGA River 
Station (km)

24.19

23.01

22.54

21.77

21.40

20.75

19.94

19.26

18.57

17.99

17.78

16.90

16.40

15.78

15.277

14.77

14.10

13.52

13.15

12.07

11.21

10.84

10.04

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

Focused Treatment 
Bank Erosion of 
Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)
Cost of Maximum 
Treatment ($)

Cost of Focused 
Treatment ($)

Cost of H&M 
Treatment ($) Stream

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

Focused Treatment 
Bank Erosion of 
Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)

All reaches treated
Only "High" 

reaches treated
"High & Moderate" 
reaches treated All reaches treated

Only "High" 
reaches treated

"High & Moderate" 
reaches treated Upper Truckee River All reaches treated

Only "High" 
reaches treated

"High & Moderate" 
reaches treated

1.4 2.9 2.9 14,020,760$          

0.8 1.7 1.7 5,584,540$            

0.9 2.0 2.0 9,149,140$            

0.3 0.6 0.6 4,396,340$            

0.8 1.7 1.7 7,723,300$            

51.3 111.1 51.3 9,624,420$            9,624,420$            

63.2 136.8 63.2 8,079,760$            8,079,760$            

64.2 138.9 64.2 8,198,580$            8,198,580$            

3.8 8.2 8.2 6,891,560$            

10.9 23.5 10.9 2,495,220$            2,495,220$            

4.4 9.5 9.5 10,456,160$          

2.2 4.8 4.8 5,941,000$            

2.2 4.7 4.7 7,366,840$            

20.1 43.6 20.1 5,976,646$            5,976,646$            

87.0 87.0 87.0 6,024,174$            6,024,174$            6,024,174$            

8.2 17.8 17.8 7,960,940$            

146.0 146.0 146.0 6,891,560$            6,891,560$            6,891,560$            

61.4 132.8 61.4 4,396,340$            4,396,340$            

8.7 18.9 18.9 12,832,560$          

69.7 150.8 69.7 10,218,520$          10,218,520$          

52.7 114.0 52.7 4,396,340$            4,396,340$            

6.7 14.5 14.5 9,505,600$            

Costs:  Channel RestorationReduced Loads:  Channel Restoration Reduced Total Phosphorus Loads:  Channel Restoration

10.04

8.46

7.14

5.84

5.06

4.10

2.94

1.96

1.63

0.00

24.19

6.7 14.5 14.5 9,505,600$            

347.0 347.0 347.0 18,773,560$          18,773,560$          18,773,560$          

253.7 549.2 253.7 15,684,240$          15,684,240$          

8.8 8.8 19.1 15,446,600$          

52.8 114.2 52.8 9,267,960$            9,267,960$            

6.7 14.6 14.6 11,406,720$          

117.8 254.9 117.8 13,783,120$          13,783,120$          

69.8 151.2 69.8 11,703,770$          11,703,770$          

1.4 3.0 3.0 3,873,532$            

1.1 2.4 2.4 19,355,778$          

1526 2617 1594 Reduced Sediment Load (MT) 2692 4618 2812

26397.0 45274 27572

2692.5 4618 2812 Existing Fine Sediment Load (MT) 5828 5828 5828

63.1 108 66 Reduced TP Load (MT) 0.41 0.70 0.43

111.3 191 116 Existing TP Load (MT) 0.89 0.89 0.89

24.2 2.7 11.4

53.8% 20.8% 51.7% Percent TP Load Reduction (%) 53.8% 20.8% 51.7%

287,425,580$        31,689,294$          135,514,210$        Cost of Treatment ($) 287,425,580$        31,689,294$          135,514,210$        

91,671$                26,191$                44,938$                Cost per Ton Reduced TP (%/MT) 603,096,094$        172,309,486$        295,643,686$        

53.8 **Cost per m 11,882$                Multiplier for Percent TP Content of Sediment 0.000152

Slope Reduction from BSTEM 0.462 0.096-0.197 %
Uses "Reconstruction" costs since dominantly public
land; could be more costly where private parcels must
be acquired.

95% C.I. for Percent TP Content of Sediment
(Source: Ferguson 2005; Ferguson and Qualls 2005)

Average Percent Reduction for 
Treatment
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VM Consulting 7/31/2007

RGA River 
Station (km)

Bank Erosion 
(Left)

Bank Erosion 
(Right)

Bank 
Instability 

Percent (Left)
Bank Instability 
Percent (Right)

Combined Bank  
Percent Failing 

(%)
Unit Length 

(km)

Distributed 
Average 

Percent Failing 
(%)

Length-
Weighted 

Percent Failing 
(%)

Relative 
Contribution of 
Fines from 

Banks (H, M, L)

"High" Existing 
Bank Erosion of 
Fines (m3)

"Moderate" 
Existing Bank 
Erosion of Fines 

(m3)

"Severity Rated" 
Existing Bank 
Erosion of Fines 

(m3)
Typical Bank 

Percent Fines (%)
"Reach Specific" Existing 
Bank Erosion of Fines (m3)

6.55 None Fluvial 0-10% 26-50% 24.0% L 24.4%

6.45 Fluvial Fluvial 0-10% 11-25% 11.5% 0.10 17.8% 1.8% L 58.9 6.1 0.6 27.7% 2.9

6.42 None None 0-10% 0-10% 5.0% 0.04 8.3% 0.3% L 10.7 1.1 0.1 17.5% 0.3

6.27 None Fluvial 0-10% 11-25% 11.5% 0.15 8.3% 1.2% L 40.4 4.2 0.4 27.1% 2.0

6.17 Fluvial None 11-25% 0-10% 11.5% 0.10 11.5% 1.2% L 39.9 4.2 0.4 13.1% 0.9

6.10 Fluvial None 11-25% 0-10% 11.5% 0.07 11.5% 0.7% L 25.2 2.6 0.3 16.2% 0.7

5.94 None Mass Wasting 0-10% 76-100% 49.0% 0.16 30.3% 4.9% H 166.2 17.3 17 19.2% 57

5.87 None Fluvial 0-10% 0-10% 5.0% 0.07 27.0% 1.9% L 63.9 6.7 0.7 9.7% 1.1

5.81 Fluvial Fluvial 0-10% 11-25% 11.5% 0.06 8.3% 0.5% L 17.4 1.8 0.2 0.2% 0.0

5.53 Fluvial Fluvial 11-25% 0-10% 11.5% 0.28 11.5% 3.2% L 107.7 11.2 1.1 21.0% 4.1

5.36 None Fluvial 0-10% 26-50% 21.5% 0.17 16.5% 2.8% M 92.5 9.6 9.6 33.0% 54.9

5.12 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.24 21.5% 5.1% M 170.3 17.7 17.7 18.5% 56.6

4.74 None Mass Wasting 0-10% 76-100% 49.0% 0.38 35.3% 13.5% H 454.5 47.3 47 22.9% 187

4.52 Fluvial Fluvial 11-25% 11-25% 18.0% 0.22 33.5% 7.3% L 245.6 25.6 2.6 16.6% 7.3

4.25 Mass Wasting None 26-50% 0-10% 21.5% 0.27 19.8% 5.4% M 180.5 18.8 18.8 16.6% 53.7

4.06 Fluvial Fluvial 11-25% 11-25% 18.0% 0.19 19.8% 3.8% L 127.0 13.2 1.3 10.2% 2.3

3.64 Mass Wasting Fluvial 51-75% 26-50% 50.5% 0.42 34.3% 14.3% H 480.2 50.0 480 5.8% 439

3.51 Fluvial Mass Wasting 11-25% 51-75% 40.5% 0.14 45.5% 6.2% H 207.2 21.6 207 6.1% 198

3.28 None Mass Wasting 0-10% 0-10% 5.0% 0.23 22.8% 5.1% L 173.0 18.0 1.8 6.1% 1.9

2.64 None Fluvial 0-10% 0-10% 5.0% 0.64 5.0% 3.2% L 107.6 11.2 1.1 6.1% 1.2

2.38 Fluvial Mass Wasting 11-25% 51-75% 40.5% 0.26 22.8% 5.9% H 196.8 20.5 197 6.4% 197

2.08 Fluvial Fluvial 0-10% 0-10% 5.0% 0.30 22.8% 6.8% L 227.4 23.7 2.4 19.7% 8.1

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Stream Average Percent Fines Existing Loads: Specific Percent Fines

1.97 Fluvial Fluvial 0-10% 0-10% 5.0% 0.11 5.0% 0.6% L 19.0 2.0 0.2 17.1% 0.6

1.55 Fluvial Fluvial 0-10% 0-10% 5.0% 0.43 5.0% 2.1% L 71.5 7.5 0.7 17.1% 2.2

1.42 Mass Wasting Fluvial 26-50% 0-10% 21.5% 0.13 13.3% 1.7% M 57.3 6.0 6.0 14.4% 14.8

1.29 None Mass Wasting 0-10% 51-75% 34.0% 0.12 27.8% 3.4% M 115.7 12.1 12.1 14.7% 30.6

1.14 None Fluvial 0-10% 11-25% 11.5% 0.15 22.8% 3.5% L 116.9 12.2 1.2 14.7% 3.1

1.12 Mass Wasting Fluvial 26-50% 0-10% 21.5% 0.01 16.5% 0.2% M 8.1 0.8 0.8 14.7% 2.2

1.11 Fluvial Fluvial 26-50% 0-10% 21.5% 0.02 21.5% 0.3% M 10.8 1.1 1.1 15.0% 2.9

0.78 Mass Wasting Fluvial 51-75% 11-25% 40.5% 0.33 31.0% 10.3% H 346.0 36.0 36 22.5% 140

0.63 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.15 31.0% 4.6% M 155.1 16.2 16.2 11.5% 32.1

0.51 None Fluvial 0-10% 11-25% 11.5% 0.12 16.5% 2.0% M 68.5 7.1 7.1 9.7% 11.9

0.44 Mass Wasting Mass Wasting 76-100% 11-25% 53.0% 0.07 32.3% 2.2% H 75.5 7.9 75.5 9.7% 115

0.25 Mass Wasting Fluvial 26-50% 26-50% 38.0% 0.18 45.5% 8.3% M 277.9 29.0 29.0 7.9% 39.5

0.09 None None 0-10% 0-10% 5.0% 0.25 21.5% 5.5% L 183.2 19.1 1.9 7.9% 2.6

6.55 6.55 3.8% Volume (m3) 4698 489 1196 1674

Weight (kN)** 81282 8467 20688 28952

Weight (MT) 8291 864 2110 2953

Volume/Kilometer (m3/km) 717 75 182 255

Metric Ton/Kilometer (MT/km) 1265 132 322 451

Treated Length (km)

Percent Total Load Reduction (%)

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

H 1.76 26.9% * Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3)

M 1.41 21.5%

H&M 3.17

Loads_Costs_Tier1_ChannelRestorationWard_Restoration 1 of 2



VM Consulting 7/31/2007

RGA River 
Station (km)

6.55

6.45

6.42

6.27

6.17

6.10

5.94

5.87

5.81

5.53

5.36

5.12

4.74

4.52

4.25

4.06

3.64

3.51

3.28

2.64

2.38

2.08

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

Focused Treatment 
Bank Erosion of 
Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)
Cost of Maximum 
Treatment ($)

Cost of Focused 
Treatment ($)

Cost of Combined 
H&M Treatment ($) Stream

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

Focused Treatment 
Bank Erosion of 
Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)

All reaches treated
Only "High" 

reaches treated
"High & Moderate" 
reaches treated All reaches treated

Only "High" 
reaches treated

"High & Moderate" 
reaches treated Ward Creek All reaches treated

Only "High" 
reaches treated

"High & Moderate" 
reaches treated

1.7 2.9 2.9 677,773$               

0.2 0.3 0.3 265,753$               

1.1 2.0 2.0 1,001,209$            

0.5 0.9 0.9 709,361$               

0.4 0.7 0.7 447,728$               

33.3 33.3 33.3 1,122,755$            1,122,755$            1,122,755$            

0.6 1.1 1.1 483,437$               

0.0 0.0 0.0 430,561$               

2.4 4.1 4.1 1,913,146$            

31.9 54.9 31.9 1,145,416$            1,145,416$            

32.9 56.6 32.9 1,619,239$            1,619,239$            

108.7 108.7 108.7 2,634,868$            2,634,868$            2,634,868$            

4.2 7.3 7.3 1,498,379$            

31.2 53.7 31.2 1,867,824$            1,867,824$            

1.4 2.3 2.3 1,314,344$            

254.9 254.9 254.9 2,865,599$            2,865,599$            2,865,599$            

115.2 115.2 115.2 930,479$               930,479$               930,479$               

1.1 1.9 1.9 1,554,002$            

0.7 1.2 1.2 4,396,940$            

114.5 114.5 114.5 1,767,566$            1,767,566$            1,767,566$            

4.7 8.1 8.1 2,042,933$            

Reduced Loads:  Channel Restoration Costs:  Channel Restoration Reduced Total Phosphorus Loads:  Channel Restoration

1.97

1.55

1.42

1.29

1.14

1.12

1.11

0.78

0.63

0.51

0.44

0.25

0.09

6.55

0.3 0.6 0.6 778,031$               

1.3 2.2 2.2 2,923,969$            

8.6 14.8 8.6 883,096$               883,096$               

17.8 30.6 17.8 852,195$               852,195$               

1.8 3.1 3.1 1,049,964$            

1.3 2.2 1.3 100,945$               100,945$               

1.7 2.9 1.7 103,005$               103,005$               

81.3 81.3 81.3 2,281,217$            2,281,217$            2,281,217$            

18.6 32.1 18.6 1,022,496$            1,022,496$            

6.9 11.9 6.9 848,761$               848,761$               

66.6 66.6 66.6 478,630$               478,630$               478,630$               

22.9 39.5 22.9 1,248,421$            1,248,421$            

1.5 2.6 2.6 1,741,471$            

972 1115 990 Reduced Sediment Load (MT) 1716 1968 1746

16821 19289 17121

1716 1968 1746 Existing Fine Sediment Load (MT) 2953 2953 2953

148 170 151 Reduced TP Load (MT) 0.26 0.30 0.27

262 300 266 Existing TP Load (MT) 0.45 0.45 0.45

6.6 1.8 3.2

41.9% 33.4% 40.9% Percent TP Load Reduction (%) 41.9% 33.4% 40.9%

45,001,511$          12,081,113$          21,772,510$          Cost of Treatment ($) 45,001,511$          12,081,113$          21,772,510$          

36,369$                12,258$                18,042$                Cost per Ton Reduced TP (%/MT) 239,271,696$        80,642,255$          118,695,428$        

41.9 **Cost per m 6,867$                  Multiplier for Percent TP Content of Sediment 0.000152

Slope Reduction BSTEM 0.581 0.096-0.197 %

(Source: Ferguson 2005; Ferguson and Qualls 2005)

Average Percent Reduction for 
Treatment

95% C.I. for Percent TP Content of Sediment

Loads_Costs_Tier1_ChannelRestorationWard_Restoration 2 of 2
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RGA ID

RGA River 

Station (km)

Bank Erosion 

(Left)

Bank Erosion 

(Right)

Bank 

Instability 

Percent (Left)

Bank 

Instability 

Percent 

(Right)

Combined Bank  

Percent Failing 

(%)

Unit Length 

(km)

Distributed 

Average Percent 

Failing (%)

Length-Weighted 

Percent Failing 

(%)

Relative Contribution 

of Fines from Banks 

(H, M, L)

Typical Bank 

Percent Fines (%)

"Reach Specific" Existing 

Bank Erosion of Fines (m3)

Typical Bank 

Percent Fines (%)

All reaches treated

GC45 8.08 None None 0-10% 0-10% 5.0% L

56-01 6.80 None Fluvial 0-10% 0-10% 5.0% 1.28 5.0% 6.4% L

56-02 6.66 None Fluvial 0-10% 0-10% 5.0% 0.14 5.0% 0.7% L

56-03 6.50 Mass Wasting Fluvial 76-100% 11-25% 53.0% 0.16 29.0% 4.6% H

56-05 6.06 None Fluvial 0-10% 11-25% 11.5% 0.44 32.3% 14.2% L

56-06 5.90 None Fluvial 0-10% 26-50% 21.5% 0.16 16.5% 2.6% M

56-08 5.33 Fluvial Fluvial 11-25% 11-25% 18.0% 0.57 19.8% 11.3% L

56-09 5.25 Fluvial Fluvial 11-25% 11-25% 18.0% 0.08 18.0% 1.4% L

56-11 5.05 Fluvial Fluvial 0-10% 11-25% 11.5% 0.20 14.8% 3.0% L

56-12 4.73 None Mass Wasting 0-10% 76-100% 46.5% 0.32 29.0% 9.3% H

56-14 4.21 None Fluvial 0-10% 0-10% 5.0% 0.52 25.8% 13.4% L

56-16 3.62 Fluvial None 0-10% 0-10% 5.0% 0.59 5.0% 3.0% L

56-17 3.60 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.02 13.3% 0.3% M

56-18 3.59 Fluvial Fluvial 0-10% 11-25% 11.5% 0.01 16.5% 0.2% L

56-19 3.25 Fluvial Mass Wasting 0-10% 76-100% 46.5% 0.34 29.0% 9.9% H

56-20 2.97 None None 0-10% 0-10% 5.0% 0.28 25.8% 7.2% L

56-21 2.58 Fluvial Mass Wasting 0-10% 51-75% 34.0% 0.39 19.5% 7.6% M

56-23 2.20 None Mass Wasting 0-10% 76-100% 46.5% 0.38 40.3% 15.3% H

56-24 1.94 None Fluvial 0-10% 26-50% 21.5% 0.26 34.0% 8.8% M

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Specific Percent Fines Reduced L

56-26 1.93 Fluvial Fluvial 0-10% 0-10% 5.0% 0.01 13.3% 0.1% L

56-27 1.54 None Mass Wasting 0-10% 51-75% 34.0% 0.39 19.5% 7.6% M

56-28 1.17 None Mass Wasting 0-10% 11-25% 11.5% 0.37 22.8% 8.4% L

56-29 0.95 Fluvial Mass Wasting 11-25% 76-100% 53.0% 0.22 32.3% 7.1% H

56-30 0.89 Fluvial Mass Wasting 0-10% 11-25% 11.5% 0.06 32.3% 1.9% L

56-32 0.71 None Fluvial 0-10% 11-25% 11.5% 0.18 11.5% 2.1% L

56-34 0.57 None None 0-10% 0-10% 5.0% 0.14 8.3% 1.2% L

56-36 0.30 None Fluvial 0-10% 0-10% 5.0% 0.27 5.0% 1.4% L

56-37 0.01 Mass Wasting None 26-50% 0-10% 21.5% 0.29 13.3% 3.8% M

TOTALS 8.08 8.07 5.0% Volume (m3)

Weight (kN)**

Weight (MT) 117 68.0

Volume/Kilometer (m3/km) 0

Metric Ton/Kilometer (MT/km) 14 8

Treated Length (km) 8.1

Percent Total Load Reduction (%) 41.9%

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

Slope Reduction

High 1.42 17.6% Using average of Black

Moderate 1.51 18.7%

H&M 2.93

Average Percent Reduction for 

Treatment

Loads_Costs_Tier1_ChannelRestorationGeneral_Restoration 1 of 2
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RGA ID

GC45

56-01

56-02

56-03

56-05

56-06

56-08

56-09

56-11

56-12

56-14

56-16

56-17

56-18

56-19

56-20

56-21

56-23

56-24

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

Cost of Maximum 

Treatment ($)

Cost of Focused 

Treatment ($)

Cost of H&M 

Treatment ($) Stream

Maximum 

Treatment Bank 

Erosion of Fines 

(m3)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

Only "High" reaches 

treated

"High & Moderate" 

reaches treated All reaches treated

Only "High" reaches 

treated

"High & Moderate" 

reaches treated General Creek All reaches treated

Only "High" reaches 

treated

"High & Moderate" 

reaches treated

9,167,900$            

1,004,780$            

1,148,320$            1,148,320$            1,148,320$            

3,157,880$            

1,148,320$            1,148,320$            

4,090,890$            

574,160$               

1,435,400$            

2,296,640$            2,296,640$            2,296,640$            

3,732,040$            

4,234,430$            

143,540$               143,540$               

71,770$                 

2,440,180$            2,440,180$            2,440,180$            

2,009,560$            

2,799,030$            2,799,030$            

2,727,260$            2,727,260$            2,727,260$            

1,866,020$            1,866,020$            

Reduced Loads:  Channel Restoration Costs:  Channel Restoration Reduced Total Phosphorus Loads:  Channel Restoration

56-26

56-27

56-28

56-29

56-30

56-32

56-34

56-36

56-37

TOTALS

71,770$                 

2,799,030$            2,799,030$            

2,655,490$            

1,578,940$            1,578,940$            1,578,940$            

430,620$               

1,291,860$            

1,004,780$            

1,937,790$            

2,081,330$            2,081,330$            

Reduced Sediment Load (MT) 68 88 69

87.8 68.8 Existing Fine Sediment Load (MT) 117 117 117

Reduced TP Load (MT) 0.01 0.01 0.01

11 9 Existing TP Load (MT) 0.02 0.02 0.02

1.4 2.9

25.0% 41.2% Percent TP Load Reduction (%) 41.9% 25.0% 41.2%

57,899,730$          10,191,340$          21,028,610$          Cost of Treatment ($) 57,899,730$          10,191,340$          21,028,610$          

1,181,073$            348,422$               436,242$               Cost per Ton Reduced TP (%/MT) 7,770,215,511$     2,292,249,213$     2,870,013,244$     

41.9 **Cost per m 7,177$                   Multiplier for Percent TP Content of Sediment 0.000152

0.581 0.096-0.197 %

Using average of Blackwood and Ward model results. Use average BW and Ward costs.

95% C.I. for Percent TP Content of Sediment

(Source: Ferguson 2005; Ferguson and Qualls 2005)

Average Percent Reduction for 

Loads_Costs_Tier1_ChannelRestorationGeneral_Restoration 2 of 2
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RGA ID

RGA 

River 

Station 

(km)

Bank Erosion 

(Left)

Bank Erosion 

(Right)

Bank 

Instability 

Percent 

(Left)

Bank 

Instability 

Percent 

(Right)

Combined 

Bank  

Percent 

Failing (%)

Unit 

Length 

(km)

Distributed 

Average 

Percent 

Failing (%)

Length-

Weighted 

Percent 

Failing (%)

Relative 

Contribution of 

Fines from Banks 

(H, M, L)

Typical Bank 

Percent Fines 

(%)

"Reach Specific" Existing 

Bank Erosion of Fines (m3)

18-09 8.10 Fluvial Fluvial 11-25% 0-10% 12.5% 6.3% 0.0% L

18-08 7.61 Fluvial Fluvial 26-50% 0-10% 21.5% 0.49 17.0% 8.3% M

18-6 5.84 None None 0-10% 0-10% 5.0% 1.77 13.3% 23.4% L

18-7 5.39 None None 0-10% 0-10% 5.0% 0.45 5.0% 2.3% L

18-05 4.87 Fluvial None 11-25% 0-10% 12.5% 0.52 8.8% 4.6% L

18-4a 3.49 None None 0-10% 0-10% 5.0% 1.38 8.8% 12.1% L

18-4b 3.08 None None 0-10% 0-10% 5.0% 0.41 5.0% 2.1% L

18-04 2.97 Fluvial Fluvial 26-50% 0-10% 21.5% 0.11 13.3% 1.4% M

18-03 1.15 Fluvial None 11-25% 0-10% 12.5% 1.82 17.0% 31.0% L

18-02 0.59 Fluvial Fluvial 11-25% 0-10% 12.5% 0.57 12.5% 7.1% L

18-01 0.05 Mass Wasting Fluvial 11-25% 11-25% 18.0% 0.54 15.3% 8.3% L

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Specific Percent Fines

TOTALS 8.10 8.05 9.1% Volume (m3)

Weight (kN)**

Weight (MT) 133

Volume/Kilometer (m3/km)

Metric Ton/Kilometer (MT/km) 16

Treated Length (km)

Percent Total Load Reduction (%)

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

High 0

Mode 0.60 0.073962733

H&M 0.6

Loads_Costs_Tier1_ChannelRestorationThird_Restoration 1 of 2
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RGA ID

18-09

18-08

18-6

18-7

18-05

18-4a

18-4b

18-04

18-03

18-02

18-01

Typical Bank 

Percent Fines (%)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank Erosion 

of Fines (m3)

Cost of Maximum 

Treatment ($)

Cost of Focused 

Treatment ($)

Cost of Combined 

Treatment ($) Stream

Maximum 

Treatment Bank 

Erosion of Fines 

(m3)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

All reaches treated

Only "High" reaches 

treated

"High & Moderate" 

reaches treated All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated Third Creek All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated

1,331,005$            1,331,005$            

4,810,045$            

1,223,100$            

1,413,904$            

3,750,296$            

1,114,380$            

287,293$               287,293$               

4,952,468$            

1,537,573$            

1,471,253$            

Costs: Channel Restoration ($984/m)Reduced Loads: Channel Restoration (84.3% reduction) Reduced Total Phosphorus Loads: Channel Restoration

TOTALS Reduced Sediment Load (MT) 69 133 74

69.3 133.0 73.5 Existing Fine Sediment Load (MT) 133 133 133

Reduced TP Load (MT) 0.01 0.02 0.01

9 9 Existing TP Load (MT) 0.02 0.02 0.02

8.1 0.0 0.6

47.9% 0.0% 44.7% Percent TP Load Reduction (%) 47.9% 0.0% 44.7%

21,891,316$          -$                       1,618,297$            Cost of Treatment ($) 21,891,316$          -$                       1,618,297$            

343,625$               -$                       27,221$                 Cost per Ton Reduced TP (%/MT) 2,260,690,555$     N/A 179,083,482$        

47.9 **Cost per m 2,718$                   Multiplier for Percent TP Content of Sediment 0.000152

Slope Reduction 0.521 0.096-0.197 %

Using average of BW, UTR, and Ward model results. Using small stream costs.

95% C.I. for Percent TP Content of Sediment

(Source: Ferguson 2005; Ferguson and Qualls 2005)

Average Percent Reduction for Treatment

Loads_Costs_Tier1_ChannelRestorationThird_Restoration 2 of 2
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Existing

Fine-Sediment 

Load (MT)* Fine-Sediment Load (MT) Load Reduction (%)  Total Cost ($) 

 Cost per Metric Ton 

Reduced Load ($/MT) 

All Reaches

Blackwood Creek 4,432 1,275 71.2% 13,580,120$                  4,303$                             

Upper Truckee River 5,828 2,094 64.1% 29,618,842$                  7,933$                             

Ward Creek 2,953 919 68.9% 6,478,889$                    3,185$                             

Totals/Averages 13,213 4,288 68.1% 49,677,851$                  $5,140

* Modeled or measured for 1995 year, plus Jan 1997 event

Tier 2 Mixed Treatments: Fine Sediment Loads and Cost Summary

Stream

Existing

Total 

Phosphorus 

Load (MT)*

Total Phosphorus Load 

(MT) Load Reduction (%)  Total Cost ($) 

 Cost per Metric Ton 

Reduced TP ($/MT) 

All Reaches

Blackwood Creek 0.67 0.19 71.2% 13,580,120$                  28,306,130$                    

Upper Truckee River 0.89 0.32 64.1% 29,618,842$                  52,187,544$                    

Ward Creek 0.45 0.14 68.9% 6,478,889$                    20,954,357$                    

Totals/Averages 2.01 0.65 68.1% 49,677,851$                  $33,816,010

Stream

Tier 2 Mixed Treatments: Total Phophorus Loads and Cost Summary

Loads_Costs_Tier2_MixedTreatmentsTier2_Mixed Treatment 1 OF 1
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RGA River 

Station (km) Bank Erosion (Left)

Bank Erosion 

(Right)

Bank 

Instability 

Percent (Left)

Bank 

Instability 

Percent 

(Right)

Combined 

Bank  Percent 

Failing (%)

Unit Length 

(km)

Distributed 

Average 

Percent Failing 

(%)

Length-

Weighted 

Percent Failing 

(%)

Relative 

Contribution of 

Fines from Banks 

(H, M, L)

"High" Existing 

Bank Erosion of 

Fines (m3)

"Moderate" Existing 

Bank Erosion of 

Fines (m3)

"Severity Rated" 

Existing Bank 

Erosion of Fines 

(m3)

Typical Bank 

Percent Fines (%)

8.29 None None 0-10% 0-10% 5.0%

8.19 Fluvial None 0-10% 26-50% 21.5% 0.10 13.3% 1.3% M 119 11 11 5.8%

7.69 Fluvial Fluvial 11-25% 11-25% 18.0% 0.50 19.8% 9.9% L 886 79 8 0.0%

7.18 Fluvial Fluvial 11-25% 11-25% 18.0% 0.51 18.0% 9.2% L 823 73 7 26.0%

7.17 Fluvial Mass Wasting 11-25% 76-100% 53.0% 0.01 35.5% 0.4% H 32 3 32 26.0%

6.84 None Mass Wasting 0-10% 11-25% 11.5% 0.33 32.3% 10.6% L 955 85 8 26.6%

6.51 None Mass Wasting 0-10% 51-75% 34.0% 0.33 22.8% 7.5% M 673 60 60 22.1%

6.03 None Mass Wasting 0-10% 26-50% 21.5% 0.48 27.8% 13.3% M 1195 106 106 20.0%

5.55 None Fluvial 0-10% 26-50% 21.5% 0.48 21.5% 10.3% M 926 82 82 7.9%

5.08 None Mass Wasting 0-10% 51-75% 34.0% 0.47 27.8% 13.0% M 1170 104 104 23.5%

4.15 Fluvial Fluvial 26-50% 11-25% 25.5% 0.93 29.8% 27.7% M 2482 221 221 3.6%

3.95 None Mass Wasting 0-10% 76-100% 46.5% 0.20 36.0% 7.2% H 646 57 646 21.4%

2.80 Mass Wasting None 51-75% 0-10% 34.0% 1.15 40.3% 46.3% M 4152 369 369 12.3%

1.97 Fluvial Mass Wasting 26-50% 11-25% 25.5% 0.83 29.8% 24.7% M 2215 197 197 24.8%

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Stream Average Percent Fines Existing Loads: 

1.97 Fluvial Mass Wasting 26-50% 11-25% 25.5% 0.83 29.8% 24.7% M 2215 197 197 24.8%

1.77 Fluvial Mass Wasting 11-25% 51-75% 40.5% 0.20 33.0% 6.6% H 592 53 592 16.6%

0.32 Mass Wasting None 51-75% 0-10% 34.0% 1.45 37.3% 54.0% M 4845 430 430 16.3%

0.00 None None 26-50% 26-50% 38.0% 0.32 36.0% 11.5% M 1033 92 92 16.3%

8.29 8.29 15.8% Volume (m3) 22743 2021 2965

Weight (kN)* 393458 34959 51288

Weight (MT) 40133 3566 5231

Volume/Kilometer (m3/km) 2743 244 358

 Metric Ton/Kilometer (MT/km) 4841 430 631

Treated Length (km)

Percent Total Load Reduction (%)

Average Cost of Treatment ($/m)

Cost per Metric Ton Reduced Load (%/MT)

* Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3)

Loads_Costs_Tier2_MixedTreatmentsBW_Mixed Treatment 1 of 2
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RGA River 

Station (km)

8.29

8.19

7.69

7.18

7.17

6.84

6.51

6.03

5.55

5.08

4.15

3.95

2.80

1.97

"Reach Specific" Existing 

Bank Erosion of Fines (m3) Treatment Type

Mixed Treatments 

Bank Erosion of Fines 

(m3)

Unit Cost of 

Treatment ($/m)

Total Cost of Mixed 

Treatments ($) Stream

Mixed Treatments 

Bank Erosion of TP

Using BSTEM results 

for similar treatment 

and site Blackwood Creek

4 $0 $0

4 Stone Toe HS 1 $420 $42,000

0 11 $0 $0

11 33 $0 $0

33 Stone Toe 5 $700 $7,000

13 78 $0 $0

78 Stone Toe HS 31 $420 $138,600

126 Stone Toe HS 49 $420 $201,600

38 Stone Toe/Reduce Slope 14 $4,094 $1,964,880

145 Stone Toe/Reduce Slope 53 $4,094 $1,923,945

47 Stone Toe HS 18 $420 $390,600

557 Stone Toe 87 $700 $140,000

269 Stone Toe 42 $700 $805,000

289 Stone Toe 45 $700 $581,000

Reduced Total Phosphorus Loads: Mixed TreatmentsExisting Loads: Specific Percent Fines Reduced Loads: Mixed Treatments Costs: Mixed Treatments

1.97

1.77

0.32

0.00

8.29

289 Stone Toe 45 $700 $581,000

396 Stone Toe 62 $700 $140,000

416 Stone Toe/Reduce Slope 153 $4,094 $5,935,575

89 Stone Toe/Reduce Slope 33 $4,094 $1,309,920

2511 723 Reduced Sediment Load (MT) 1275

43447 12503

4432 1275 Existing Fine Sediment Load (MT) 4432

303 87 Reduced TP Load (MT) 0.19

535 154 Existing TP Load (MT) 0.67

H+M 7.0

71.2% Percent TP Load Reduction (%) 71.2%

13,580,120$              Cost of Treatment ($) 13,580,120$              

4,303$                      Cost per Metric Ton Reduced TP (%/MT) 28,306,130$              

* Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3) Treatment Reduced Load % Cost $/m Multiplier for Percent TP Content of Sediment 0.000152

Stone Toe 0.157 700 95% C.I. for Percent TP Content of Sediment 0.096-0.197 %

Stone Toe HS 0.393 420 (Source: Ferguson 2005; Ferguson and Qualls 2005)

Stone Toe/Reduce Slope 0.369 4094

Reduce Slope 0.581 7487

Loads_Costs_Tier2_MixedTreatmentsBW_Mixed Treatment 2 of 2
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RGA River 
Station (km) Bank Erosion (Left)

Bank Erosion 
(Right)

Bank 
Instability 

Percent (Left)

Bank 
Instability 
Percent 
(Right)

Combined Bank  
Percent Failing 

(%) Unit Length (km)
Distributed Average 
Percent Failing (%)

Length-Weighted 
Percent Failing (%)

Relative 
Contribution of 
Fines from Banks 

(H, M, L)

"High" Existing 
Bank Erosion of 
Fines (m3)

"Moderate" Existing 
Bank Erosion of Fines 

(m3)

"Severity Rated" 
Existing Bank Erosion 

of Fines (m3)
Typical Bank Percent 

Fines (%)

"Reach Specific" Existing 
Bank Erosion of Fines 

(m3)

24.19 Fluvial Fluvial 0-10% 0-10% 5.0%

23.01 None Fluvial 0-10% 11-25% 11.5% 1.18 8.3% 9.7% L 185 68 6.8 6.1% 2.9

22.54 None Mass Wasting 0-10% 11-25% 11.5% 0.47 11.5% 5.4% L 103 38 3.8 6.3% 1.7

21.77 None None 0-10% 0-10% 5.0% 0.77 8.3% 6.4% L 121 44 4.4 6.3% 2.0

21.40 Fluvial Fluvial 0-10% 0-10% 5.0% 0.37 5.0% 1.9% L 35 13 1.3 6.3% 0.6

20.75 Mass Wasting Mass Wasting 0-10% 11-25% 11.5% 0.65 8.3% 5.4% L 102 38 3.8 6.5% 1.7

19.94 Mass Wasting Fluvial 51-75% 0-10% 34.0% 0.81 22.8% 18.4% M 351 129 129.0 12.3% 111.1

19.26 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.68 27.8% 18.9% M 359 132 132.1 14.8% 136.8

18.57 None Mass Wasting 0-10% 51-75% 34.0% 0.69 27.8% 19.1% M 365 134 134.0 14.8% 138.9

17.99 Fluvial Fluvial 0-10% 0-10% 5.0% 0.58 19.5% 11.3% L 215 79 7.9 14.8% 8.2

17.78 None Mass Wasting 0-10% 25-50% 21.5% 0.21 13.3% 2.8% M 53 19 19.5 17.3% 23.5

16.90 Fluvial Fluvial 11-25% 0-10% 11.5% 0.88 16.5% 14.5% L 277 102 10.2 13.4% 9.5

16.40 Fluvial Fluvial 11-25% 11-25% 18.0% 0.50 14.8% 7.4% L 140 52 5.2 13.4% 4.8

15.78 None None 0-10% 0-10% 5.0% 0.62 11.5% 7.1% L 136 50 5.0 13.4% 4.7

15.277 None Fluvial 0-10% 26-50% 21.5% 0.50 13.3% 6.7% M 127 47 46.7 13.4% 43.6

14.77 None Mass Wasting 0-10% 76-100% 46.5% 0.51 34.0% 17.2% H 328 121 328.4 9.4% 188.4

14.10 Fluvial None 0-10% 0-10% 5.0% 0.67 25.8% 17.3% L 329 121 12.1 21.0% 17.8

13.52 None Mass Wasting 0-10% 76-100% 46.5% 0.58 25.8% 14.9% H 285 105 284.5 18.2% 316.0

13.15 None Mass Wasting 0-10% 50-75% 34.0% 0.37 40.3% 14.9% M 284 104 104.2 18.2% 132.8

12.07 None Mass Wasting 0-10% 0-10% 5.0% 1.08 19.5% 21.1% L 401 147 14.7 18.4% 18.9

11.21 Fluvial Mass Wasting 0-10% 51-75% 34.0% 0.86 19.5% 16.8% M 319 117 117 18.4% 150.8

10.84 Mass Wasting Fluvial 51-75% 0-10% 34.0% 0.37 34.0% 12.6% M 240 88 88.1 18.5% 114.0

10.04 None Fluvial 0-10% 11-25% 11.5% 0.80 22.8% 18.2% L 347 127 12.7 16.3% 14.5

Existing Loads: Specific Percent FinesStreambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Stream Average Percent Fines

8.46 None Mass Wasting 0-10% 76-100% 46.5% 1.58 29.0% 45.8% H 873 321 872.9 14.1% 751.0

7.14 None Mass Wasting 0-10% 0-10% 27.5% 1.32 37.0% 48.8% M 930 342 341.9 23.0% 549.2

5.84 None None 0-10% 0-10% 5.0% 1.30 16.3% 21.1% L 402 148 14.8 18.4% 19.1

5.06 Fluvial Mass Wasting 26-50% 26-50% 38.0% 0.78 21.5% 16.8% M 319 117 117.4 13.9% 114.2

4.10 Fluvial Fluvial 0-10% 0-10% 5.0% 0.96 21.5% 20.6% L 393 144 14.4 14.4% 14.6

2.94 Mass Wasting None 51-75% 0-10% 34.0% 1.16 19.5% 22.6% M 431 158 158 23.0% 254.9

1.96 20.0% 0.99 27.0% 26.6% M 507 186 186 11.6% 151.2

1.63 12.0% 0.33 16.0% 5.2% L 99 37 3.7 11.6% 3.0

0.00 5.0% 1.63 8.5% 13.8% L 264 97 9.7 3.5% 2.4

24.19 24.19 20.2% Volume (m3) 9322 3425 3191 3303

Weight (kN)* 161267 59258 55203 57136

Weight (MT) 16449 6044 5631 5828

Volume/Kilometer (m3/km) 385 142 132 137

 Metric Ton/Kilometer (MT/km) 680 250 233 241

Treated Length (km)

Percent Total Load Reduction (%)

Average Cost of Treatment ($/m)

Cost per Metric Ton Reduced Load (%/MT)

* Uses 1905 m3/km [average eroded fines for 4.51 km, no veg (1470 m3/km) and 13.1 km (2340 m3/km)].

** Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3)
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RGA River 
Station (km)

24.19

23.01

22.54

21.77

21.40

20.75

19.94

19.26

18.57

17.99

17.78

16.90

16.40

15.78

15.277

14.77

14.10

13.52

13.15

12.07

11.21

10.84

10.04

Treatment Type

Mixed Treatments 
Bank Erosion of Fines 

(m3)
Unit Cost of 

Treatment ($/m)
Total Cost of Mixed 
Treatments ($) Stream

Mixed Treatments 
Bank Erosion of TP

Using BSTEM results 
for similar treatment 

and site Upper Truckee River

2.9 -$                          $0

1.7 -$                          $0

2.0 -$                          $0

0.6 -$                          $0

1.7 -$                          $0

Stone Toe HS 43.6 420$                         $340,200

Stone Toe HS 53.7 420$                         $285,600

Stone Toe HS 54.5 420$                         $289,800

8.2 -$                          $0

Stone Toe 3.7 700$                         $147,000

9.5 -$                          $0

4.8 -$                          $0

4.7 -$                          $0

Stone Toe 6.8 700$                         $352,100

Stone Toe/Reduce Slope 69.5 6,291$                      $3,189,537

17.8 -$                          $0

Stone Toe 49.6 700$                         $406,000

Stone Toe/Reduce Slope 49.0 6,291$                      $2,327,670

18.9 -$                          $0

Stone Toe/Reduce Slope 55.6 6,291$                      $5,410,260

Wet/Woody Veg 53.9 336$                         $124,320

14.5 -$                          $0

Reduced Total Phosphorus Loads: Mixed TreatmentsReduced Loads: Mixed Treatments Costs: Mixed Treatments

8.46

7.14

5.84

5.06

4.10

2.94

1.96

1.63

0.00

24.19

Stone Toe/Reduce Slope 277.1 700$                         $1,106,000

Stone Toe/Reduce Slope 202.7 6,291$                      $8,304,120

19.1 -$                          $0

Stone Toe HS 44.8 420$                         $327,600

14.6 -$                          $0

Stone Toe 40.0 700$                         $812,000

Stone Toe/Reduce Slope 55.8 6,291$                      $6,196,635

3.0 -$                          $0

2.4 -$                          $0

1187 Reduced Sediment Load (MT) 2094

20530

2094 Existing Fine Sediment Load (MT) 5828

49 Reduced TP Load (MT) 0.32

87 Existing TP Load (MT) 0.89

H+M only 11.4

64.1% Percent TP Load Reduction (%) 64.1%

29,618,842$              Cost of Treatment ($) 29,618,842$              

7,933$                      Cost per Ton Reduced TP (%/MT) 52,187,544$              

Treatment Reduced Load % Cost $/m Multiplier for Percent TP Content of Sediment 0.000152

Stone Toe 0.157 700 95% C.I. for Percent TP Content of Sediment 0.096-0.197 %

Stone Toe HS 0.393 420 (Source: Ferguson 2005; Ferguson and Qualls 2005)

Stone Toe/Reduce Slope 0.369 6291

Reduce Slope 0.462 11882

Reduce Slope/Wet Meadow 0.473 6109

Wet and Woody Veg 0.473 336

Anchored Shrub/Woody Riparian 0.66 916
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RGA River 
Station (km)

Bank Erosion 
(Left)

Bank Erosion 
(Right)

Bank 
Instability 

Percent (Left)
Bank Instability 
Percent (Right)

Combined Bank  
Percent Failing 

(%)
Unit Length 

(km)

Distributed 
Average 

Percent Failing 
(%)

Length-
Weighted 

Percent Failing 
(%)

Relative 
Contribution of 
Fines from 

Banks (H, M, L)

"High" Existing 
Bank Erosion of 
Fines (m3)

"Moderate" 
Existing Bank 
Erosion of Fines 

(m3)

"Severity Rated" 
Existing Bank 
Erosion of Fines 

(m3)
Typical Bank Percent 

Fines (%)

"Reach Specific" Existing 
Bank Erosion of Fines 

(m3)

6.55 None Fluvial 0-10% 26-50% 24.0% L 24.4%

6.45 Fluvial Fluvial 0-10% 11-25% 11.5% 0.10 17.8% 1.8% L 58.9 6.1 0.6 27.7% 2.9

6.42 None None 0-10% 0-10% 5.0% 0.04 8.3% 0.3% L 10.7 1.1 0.1 17.5% 0.3

6.27 None Fluvial 0-10% 11-25% 11.5% 0.15 8.3% 1.2% L 40.4 4.2 0.4 27.1% 2.0

6.17 Fluvial None 11-25% 0-10% 11.5% 0.10 11.5% 1.2% L 39.9 4.2 0.4 13.1% 0.9

6.10 Fluvial None 11-25% 0-10% 11.5% 0.07 11.5% 0.7% L 25.2 2.6 0.3 16.2% 0.7

5.94 None Mass Wasting 0-10% 76-100% 49.0% 0.16 30.3% 4.9% H 166.2 17.3 17 19.2% 57

5.87 None Fluvial 0-10% 0-10% 5.0% 0.07 27.0% 1.9% L 63.9 6.7 0.7 9.7% 1.1

5.81 Fluvial Fluvial 0-10% 11-25% 11.5% 0.06 8.3% 0.5% L 17.4 1.8 0.2 0.2% 0.0

5.53 Fluvial Fluvial 11-25% 0-10% 11.5% 0.28 11.5% 3.2% L 107.7 11.2 1.1 21.0% 4.1

5.36 None Fluvial 0-10% 26-50% 21.5% 0.17 16.5% 2.8% M 92.5 9.6 9.6 33.0% 54.9

5.12 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.24 21.5% 5.1% M 170.3 17.7 17.7 18.5% 56.6

4.74 None Mass Wasting 0-10% 76-100% 49.0% 0.38 35.3% 13.5% H 454.5 47.3 47 22.9% 187

4.52 Fluvial Fluvial 11-25% 11-25% 18.0% 0.22 33.5% 7.3% L 245.6 25.6 2.6 16.6% 7.3

4.25 Mass Wasting None 26-50% 0-10% 21.5% 0.27 19.8% 5.4% M 180.5 18.8 18.8 16.6% 53.7

4.06 Fluvial Fluvial 11-25% 11-25% 18.0% 0.19 19.8% 3.8% L 127.0 13.2 1.3 10.2% 2.3

3.64 Mass Wasting Fluvial 51-75% 26-50% 50.5% 0.42 34.3% 14.3% H 480.2 50.0 480 5.8% 439

3.51 Fluvial Mass Wasting 11-25% 51-75% 40.5% 0.14 45.5% 6.2% H 207.2 21.6 207 6.1% 198

3.28 None Mass Wasting 0-10% 0-10% 5.0% 0.23 22.8% 5.1% L 173.0 18.0 1.8 6.1% 1.9

2.64 None Fluvial 0-10% 0-10% 5.0% 0.64 5.0% 3.2% L 107.6 11.2 1.1 6.1% 1.2

2.38 Fluvial Mass Wasting 11-25% 51-75% 40.5% 0.26 22.8% 5.9% H 196.8 20.5 197 6.4% 197

2.08 Fluvial Fluvial 0-10% 0-10% 5.0% 0.30 22.8% 6.8% L 227.4 23.7 2.4 19.7% 8.1

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Stream Average Percent Fines Existing Loads: Specific Percent Fines

2.08 Fluvial Fluvial 0-10% 0-10% 5.0% 0.30 22.8% 6.8% L 227.4 23.7 2.4 19.7% 8.1

1.97 Fluvial Fluvial 0-10% 0-10% 5.0% 0.11 5.0% 0.6% L 19.0 2.0 0.2 17.1% 0.6

1.55 Fluvial Fluvial 0-10% 0-10% 5.0% 0.43 5.0% 2.1% L 71.5 7.5 0.7 17.1% 2.2

1.42 Mass Wasting Fluvial 26-50% 0-10% 21.5% 0.13 13.3% 1.7% M 57.3 6.0 6.0 14.4% 14.8

1.29 None Mass Wasting 0-10% 51-75% 34.0% 0.12 27.8% 3.4% M 115.7 12.1 12.1 14.7% 30.6

1.14 None Fluvial 0-10% 11-25% 11.5% 0.15 22.8% 3.5% L 116.9 12.2 1.2 14.7% 3.1

1.12 Mass Wasting Fluvial 26-50% 0-10% 21.5% 0.01 16.5% 0.2% M 8.1 0.8 0.8 14.7% 2.2

1.11 Fluvial Fluvial 26-50% 0-10% 21.5% 0.02 21.5% 0.3% M 10.8 1.1 1.1 15.0% 2.9

0.78 Mass Wasting Fluvial 51-75% 11-25% 40.5% 0.33 31.0% 10.3% H 346.0 36.0 36 22.5% 140

0.63 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.15 31.0% 4.6% M 155.1 16.2 16.2 11.5% 32.1

0.51 None Fluvial 0-10% 11-25% 11.5% 0.12 16.5% 2.0% M 68.5 7.1 7.1 9.7% 11.9

0.44 Mass Wasting Mass Wasting 76-100% 11-25% 53.0% 0.07 32.3% 2.2% H 75.5 7.9 75.5 9.7% 115

0.25 Mass Wasting Fluvial 26-50% 26-50% 38.0% 0.18 45.5% 8.3% M 277.9 29.0 29.0 7.9% 39.5

0.09 None None 0-10% 0-10% 5.0% 0.25 21.5% 5.5% L 183.2 19.1 1.9 7.9% 2.6

6.55 6.55 3.8% Volume (m3) 4698 489 1196 1674

Weight (kN)* 81282 8467 20688 28952

Weight (MT) 8291 864 2110 2953

Volume/Kilometer (m3/km) 717 75 182 255

Metric Ton/Kilometer (MT/km) 1265 132 322 451

Treated Length (km)

Percent Total Load Reduction (%)

Average Cost of Treatment ($/m)

Cost per Metric Ton Reduced Load (%/MT)

* Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3)
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RGA River 
Station (km)

6.55

6.45

6.42

6.27

6.17

6.10

5.94

5.87

5.81

5.53

5.36

5.12

4.74

4.52

4.25

4.06

3.64

3.51

3.28

2.64

2.38

2.08

Treatment Type

Mixed Treatments 
Bank Erosion of Fines 

(m3)
Unit Cost of 

Treatment ($/m)
Total Cost of Mixed 
Treatments ($)

Using BSTEM results 
for similar treatment 

and site

2.9 $0 $0

0.3 $0 $0

2.0 $0 $0

0.9 $0 $0

0.7 $0 $0

Stone Toe 9.0 $700 $114,450

1.1 $0 $0

0.0 $0 $0

4.1 $0 $0

Stone Toe/Reduce Slope 20.2 $3,784 $631,088

Stone Toe/Reduce Slope 20.9 $3,784 $892,149

Stone Toe/Reduce Slope 69.0 $3,784 $1,451,729

7.3 $0 $0

Stone Toe HS 21.1 $420 $114,240

2.3 $0 $0

Stone Toe/Reduce Slope 161.9 $3,784 $1,578,855

Stone Toe 31.1 $700 $94,850

1.9 $0 $0

1.2 $0 $0

Stone Toe 30.9 $700 $180,180

8.1 $0 $0

Reduced Loads: Mixed Treatments Costs: Mixed Treatments

2.08

1.97

1.55

1.42

1.29

1.14

1.12

1.11

0.78

0.63

0.51

0.44

0.25

0.09

6.55

8.1 $0 $0

0.6 $0 $0

2.2 $0 $0

Stone Toe HS 5.8 $420 $54,012

Stone Toe HS 12.0 $420 $52,122

3.1 $0 $0

Stone Toe HS 0.8 $420 $6,174

Stone Toe 0.5 $700 $10,500

Stone Toe 22.0 $700 $232,540

Stone Toe HS 12.6 $420 $62,538

Stone Toe HS 4.7 $420 $51,912

Stone Toe/Reduce Slope 42.3 $3,784 $263,710

Stone Toe/Reduce Slope 14.6 $3,784 $687,840

2.6 $0 $0

521

9009

919

79

140

H+M 3.2

68.9%

6,478,889$               

3,185$                      

Treatment Reduced Load % Cost $/m

Stone Toe 0.157 700

Stone Toe HS 0.393 420

Stone Toe/Reduce Slope 0.369 3784
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Existing

Fine-Sediment Load 

(MT)* Fine-Sediment Load (MT) Load Reduction (%) Total Cost ($)

 Cost per Metric Ton 

Reduced Fine Sediment  

($/MT) 

Stream

All Reaches

"High" & "Moderate" 

reaches treated

"High" & "Moderate" 

reaches treated

"High" & "Moderate" 

reaches treated

"High" & "Moderate" 

reaches treated

Blackwood Creek 4,432 732 83.5% 4,865,000$                    1,315$                                

Upper Truckee River 5,828 1,103 81.1% 7,983,500$                    1,690$                                

Ward Creek 2,953 525 82.2% 2,219,420$                    914$                                   

Subtotal (B,U,W) 13,213 2,360 82.3% 15,067,920 $1,306

General Creek 117 21 82.4% 2,051,000$                    21,274$                              

Third 133 23 82.4% 416,780$                       3,803$                                

Totals/Averages 26,675 4,765 82.3% 32,603,620$                  $5,050

* Modeled or measured for 1995 year, plus Jan 1997 event

Tier 3- Bank Protection: Fine Sediment Loads and Cost Summary

Existing

Total Phosphorus  

Load (MT)*

Total Phosphorus Load 

(MT) Load Reduction (%) Total Cost ($)

 Cost per Metric Ton 

Reduced TP ($/MT) 

Stream

All Reaches

"High" & "Moderate" 

reaches treated

"High" & "Moderate" 

reaches treated

"High" & "Moderate" 

reaches treated

"High" & "Moderate" 

reaches treated

Blackwood Creek 0.67 0.11 83.5% 4,865,000$                    8,652,298$                         

Upper Truckee River 0.89 0.17 81.1% 7,983,500$                    6,773,628$                         

Ward Creek 0.45 0.08 82.2% 2,219,420$                    13,182,409$                       

Subtotal (B,U,W) 2.01 0.36 82.3% 15,067,920 $9,536,111

General Creek 0.02 0.00 82.4% 2,883,120$                    331,990,903$                     

Third 0.02 0.00 82.4% 416,780$                       292,052,147$                     

Totals/Averages 4.05 0.72 82.3% 18,367,820$                  $110,364,583

Tier 3- Bank Protection: Total Phosphorus Loads and Cost Summary
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RGA River 

Station (km) Bank Erosion (Left)

Bank Erosion 

(Right)

Bank 

Instability 

Percent (Left)

Bank 

Instability 

Percent 

(Right)

Combined 

Bank  Percent 

Failing (%)

Unit Length 

(km)

Distributed 

Average 

Percent Failing 

(%)

Length-

Weighted 

Percent Failing 

(%)

Relative 

Contribution of 

Fines from Banks 

(H, M, L)

"High" Existing 

Bank Erosion of 

Fines (m3)

"Moderate" Existing 

Bank Erosion of 

Fines (m3)

"Severity Rated" 

Existing Bank 

Erosion of Fines 

(m3)

Typical Bank 

Percent Fines (%)

"Reach Specific" Existing 

Bank Erosion of Fines (m3)

8.29 None None 0-10% 0-10% 5.0%

8.19 Fluvial None 0-10% 26-50% 21.5% 0.10 13.3% 1.3% M 119 11 11 5.8% 4

7.69 Fluvial Fluvial 11-25% 11-25% 18.0% 0.50 19.8% 9.9% L 886 79 8 0.0% 0

7.18 Fluvial Fluvial 11-25% 11-25% 18.0% 0.51 18.0% 9.2% L 823 73 7 26.0% 11

7.17 Fluvial Mass Wasting 11-25% 76-100% 53.0% 0.01 35.5% 0.4% H 32 3 32 26.0% 33

6.84 None Mass Wasting 0-10% 11-25% 11.5% 0.33 32.3% 10.6% L 955 85 8 26.6% 13

6.51 None Mass Wasting 0-10% 51-75% 34.0% 0.33 22.8% 7.5% M 673 60 60 22.1% 78

6.03 None Mass Wasting 0-10% 26-50% 21.5% 0.48 27.8% 13.3% M 1195 106 106 20.0% 126

5.55 None Fluvial 0-10% 26-50% 21.5% 0.48 21.5% 10.3% M 926 82 82 7.9% 38

5.08 None Mass Wasting 0-10% 51-75% 34.0% 0.47 27.8% 13.0% M 1170 104 104 23.5% 145

4.15 Fluvial Fluvial 26-50% 11-25% 25.5% 0.93 29.8% 27.7% M 2482 221 221 3.6% 47

3.95 None Mass Wasting 0-10% 76-100% 46.5% 0.20 36.0% 7.2% H 646 57 646 21.4% 557

2.80 Mass Wasting None 51-75% 0-10% 34.0% 1.15 40.3% 46.3% M 4152 369 369 12.3% 269

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Stream Average Percent Fines Existing Loads: Specific Percent Fines

2.80 Mass Wasting None 51-75% 0-10% 34.0% 1.15 40.3% 46.3% M 4152 369 369 12.3% 269

1.97 Fluvial Mass Wasting 26-50% 11-25% 25.5% 0.83 29.8% 24.7% M 2215 197 197 24.8% 289

1.77 Fluvial Mass Wasting 11-25% 51-75% 40.5% 0.20 33.0% 6.6% H 592 53 592 16.6% 396

0.32 Mass Wasting None 51-75% 0-10% 34.0% 1.45 37.3% 54.0% M 4845 430 430 16.3% 416

0.00 None None 26-50% 26-50% 38.0% 0.32 36.0% 11.5% M 1033 92 92 16.3% 89

8.29 8.29 15.8% Volume (m3) 22743 2021 2965 2511

Weight (kN)* 393458 34959 51288 43447

Weight (MT) 40133 3566 5231 4432

Volume/Kilometer (m3/km) 2743 244 358 303

 Metric Ton/Kilometer (MT/km) 4841 430 631 535

Treated Length (km)

Percent Total Load Reduction (%)

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

* Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3)
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RGA River 

Station (km)

8.29

8.19

7.69

7.18

7.17

6.84

6.51

6.03

5.55

5.08

4.15

3.95

2.80

Maximum 

Treatment Bank 

Erosion of Fines 

(m3)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

Cost of Maximum 

Treatment ($)

Cost of Focused 

Treatment ($)

Cost of H&M 

Treatment ($) Stream

Maximum 

Treatment Bank 

Erosion of Fines 

(m3)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated Blackwood Creek All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated

1 4 1 70,000$                 70,000$                 

0 0 0 350,000$               

2 11 11 357,000$               

5 5 5 7,000$                   7,000$                   7,000$                   

2 13 13 231,000$               

12 78 12 231,000$               231,000$               

20 126 20 336,000$               336,000$               

6 38 6 336,000$               336,000$               

23 145 23 329,000$               329,000$               

7 47 7 651,000$               651,000$               

87 87 87 140,000$               140,000$               140,000$               

42 269 42 805,000$               805,000$               

Reduced Total Phosphorus Loads: Bank ProtectionReduced Fine Sediment  Loads: Bank Protection Costs: Bank Protection

2.80

1.97

1.77

0.32

0.00

8.29

42 269 42 805,000$               805,000$               

45 289 45 581,000$               581,000$               

62 62 62 140,000$               140,000$               140,000$               

65 416 65 1,015,000$            1,015,000$            

14 89 14 224,000$               224,000$               

394 1679 415 Reduced Sediment Load (MT) 696 2963 732

6821 29053 7180

696 2963 732 Existing Fine Sediment Load (MT) 4432 4432 4432

48 203 50 Reduced TP Load (MT) 0.11 0.45 0.11

84 357 88 Existing TP Load (MT) 0.67 0.67 0.67

8.3 0.4 7.0

84.3% 33.1% 83.5% Percent TP Load Reduction (%) 84.3% 33.1% 83.5%

5,803,000$            287,000$               4,865,000$            Cost of Treatment ($) 5,803,000$            287,000$               4,865,000$            

1,553$                   195$                      1,315$                   Cost per Ton Reduced TP (%/MT) 10,219,304$          1,286,057$            8,652,298$            

84.3 **Cost per m 700$                      Multiplier for Percent TP Content of Sediment 0.000152

0.157 0.096-0.197 %

(Source: Ferguson 2005; Ferguson and Qualls 2005)

Average Percent Reduction for 

Treatment

95% C.I. for Percent TP Content of Sediment
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RGA River 

Station (km) Bank Erosion (Left)

Bank Erosion 

(Right)

Bank 

Instability 

Percent (Left)

Bank 

Instability 

Percent 

(Right)

Combined Bank  

Percent Failing 

(%) Unit Length (km)

Distributed 

Average Percent 

Failing (%)

Length-Weighted 

Percent Failing 

(%)

Relative 

Contribution of 

Fines from 

Banks (H, M, L)

"High" Existing 

Bank Erosion of 

Fines (m3) *

"Moderate" Existing 

Bank Erosion of Fines 

(m3)

"Severity Rated" 

Existing Bank Erosion of 

Fines (m3)

Typical Bank Percent 

Fines (%)

24.19 Fluvial Fluvial 0-10% 0-10% 5.0%

23.01 None Fluvial 0-10% 11-25% 11.5% 1.18 8.3% 9.7% L 185 68 6.8 6.1%

22.54 None Mass Wasting 0-10% 11-25% 11.5% 0.47 11.5% 5.4% L 103 38 3.8 6.3%

21.77 None None 0-10% 0-10% 5.0% 0.77 8.3% 6.4% L 121 44 4.4 6.3%

21.40 Fluvial Fluvial 0-10% 0-10% 5.0% 0.37 5.0% 1.9% L 35 13 1.3 6.3%

20.75 Mass Wasting Mass Wasting 0-10% 11-25% 11.5% 0.65 8.3% 5.4% L 102 38 3.8 6.5%

19.94 Mass Wasting Fluvial 51-75% 0-10% 34.0% 0.81 22.8% 18.4% M 351 129 129.0 12.3%

19.26 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.68 27.8% 18.9% M 359 132 132.1 14.8%

18.57 None Mass Wasting 0-10% 51-75% 34.0% 0.69 27.8% 19.1% M 365 134 134.0 14.8%

17.99 Fluvial Fluvial 0-10% 0-10% 5.0% 0.58 19.5% 11.3% L 215 79 7.9 14.8%

17.78 None Mass Wasting 0-10% 25-50% 21.5% 0.21 13.3% 2.8% M 53 19 19.5 17.3%

16.90 Fluvial Fluvial 11-25% 0-10% 11.5% 0.88 16.5% 14.5% L 277 102 10.2 13.4%

16.40 Fluvial Fluvial 11-25% 11-25% 18.0% 0.50 14.8% 7.4% L 140 52 5.2 13.4%

15.78 None None 0-10% 0-10% 5.0% 0.62 11.5% 7.1% L 136 50 5.0 13.4%

15.277 None Fluvial 0-10% 26-50% 21.5% 0.50 13.3% 6.7% M 127 47 46.7 13.4%

14.77 None Mass Wasting 0-10% 76-100% 46.5% 0.51 34.0% 17.2% H 328 121 328.4 9.4%

14.10 Fluvial None 0-10% 0-10% 5.0% 0.67 25.8% 17.3% L 329 121 12.1 21.0%

13.52 None Mass Wasting 0-10% 76-100% 46.5% 0.58 25.8% 14.9% H 285 105 284.5 18.2%

13.15 None Mass Wasting 0-10% 50-75% 34.0% 0.37 40.3% 14.9% M 284 104 104.2 18.2%

12.07 None Mass Wasting 0-10% 0-10% 5.0% 1.08 19.5% 21.1% L 401 147 14.7 18.4%

11.21 Fluvial Mass Wasting 0-10% 51-75% 34.0% 0.86 19.5% 16.8% M 319 117 117 18.4%

Existing Loads: Specific Percent FinesStreambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Stream Average Percent Fines

10.84 Mass Wasting Fluvial 51-75% 0-10% 34.0% 0.37 34.0% 12.6% M 240 88 88.1 18.5%

10.04 None Fluvial 0-10% 11-25% 11.5% 0.80 22.8% 18.2% L 347 127 12.7 16.3%

8.46 None Mass Wasting 0-10% 76-100% 46.5% 1.58 29.0% 45.8% H 873 321 872.9 14.1%

7.14 None Mass Wasting 0-10% 0-10% 27.5% 1.32 37.0% 48.8% M 930 342 341.9 23.0%

5.84 None None 0-10% 0-10% 5.0% 1.30 16.3% 21.1% L 402 148 14.8 18.4%

5.06 Fluvial Mass Wasting 26-50% 26-50% 38.0% 0.78 21.5% 16.8% M 319 117 117.4 13.9%

4.10 Fluvial Fluvial 0-10% 0-10% 5.0% 0.96 21.5% 20.6% L 393 144 14.4 14.4%

2.94 Mass Wasting None 51-75% 0-10% 34.0% 1.16 19.5% 22.6% M 431 158 158 23.0%

1.96 20.0% 0.99 27.0% 26.6% M 507 186 186 11.6%

1.63 12.0% 0.33 16.0% 5.2% L 99 37 3.7 11.6%

0.00 5.0% 1.63 8.5% 13.8% L 264 97 9.7 3.5%

24.19 24.19 20.2% Volume (m3) 9322 3425 3191

Weight (kN)* 161267 59258 55203

Weight (MT) 16449 6044 5631

Volume/Kilometer (m3/km) 385 142 132

 Metric Ton/Kilometer (MT/km) 680 250 233

Treated Length (km)

Percent Total Load Reduction (%)

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

* Uses 1905 m3/km [average eroded fines for 4.51 km, no veg (1470 m3/km) and 13.1 km (2340 m3/km)].

** Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3)
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RGA River 

Station (km)

24.19

23.01

22.54

21.77

21.40

20.75

19.94

19.26

18.57

17.99

17.78

16.90

16.40

15.78

15.277

14.77

14.10

13.52

13.15

12.07

11.21

"Reach Specific" Existing 

Bank Erosion of Fines 

(m3)

Maximum 

Treatment Bank 

Erosion of Fines 

(m3)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

Cost of Maximum 

Treatment ($)

Cost of Focused 

Treatment ($)

Cost of H&M 

Treatment ($) Stream

Maximum 

Treatment Bank 

Erosion of Fines 

(m3)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated Upper Truckee River All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated

2.9 0.5 2.9 2.9 826,000$               

1.7 0.3 1.7 1.7 329,000$               

2.0 0.3 2.0 2.0 539,000$               

0.6 0.1 0.6 0.6 259,000$               

1.7 0.3 1.7 1.7 455,000$               

111.1 17.4 111.1 17.4 567,000$               567,000$               

136.8 21.5 136.8 21.5 476,000$               476,000$               

138.9 21.8 138.9 21.8 483,000$               483,000$               

8.2 1.3 8.2 8.2 406,000$               

23.5 3.7 23.5 3.7 147,000$               147,000$               

9.5 1.5 9.5 9.5 616,000$               

4.8 0.8 4.8 4.8 350,000$               

4.7 0.7 4.7 4.7 434,000$               

43.6 6.8 43.6 6.8 352,100$               352,100$               

188.4 29.6 29.6 29.6 354,900$               354,900$               354,900$               

17.8 2.8 17.8 17.8 469,000$               

316.0 49.6 49.6 49.6 406,000$               406,000$               406,000$               

132.8 20.9 132.8 20.9 259,000$               259,000$               

18.9 3.0 18.9 18.9 756,000$               

150.8 23.7 150.8 23.7 602,000$               602,000$               

Existing Loads: Specific Percent Fines Reduced Total Phosphorus Loads: Bank ProtectionCosts: Bank ProtectionReduced Loads: Bank Protection

10.84

10.04

8.46

7.14

5.84

5.06

4.10

2.94

1.96

1.63

0.00

24.19

114.0 17.9 114.0 17.9 259,000$               259,000$               

14.5 2.3 14.5 14.5 560,000$               

751.0 117.9 117.9 117.9 1,106,000$            1,106,000$            1,106,000$            

549.2 86.2 549.2 86.2 924,000$               924,000$               

19.1 3.0 3.0 19.1 910,000$               

114.2 17.9 114.2 17.9 546,000$               546,000$               

14.6 2.3 14.6 14.6 672,000$               

254.9 40.0 254.9 40.0 812,000$               812,000$               

151.2 23.7 151.2 23.7 689,500$               689,500$               

3.0 0.5 3.0 3.0 228,200$               

2.4 0.4 2.4 2.4 1,140,300$            

3303 519 2228 625 Reduced Sediment Load (MT) 915 3932 1103

57136 8970.4 38550 10811

5828 915.0 3932 1103 Existing Fine Sediment Load (MT) 5828 5828 5828

137 21.4 92 26 Reduced TP Load (MT) 0.14 0.60 0.17

241 37.8 163 46 Existing TP Load (MT) 0.89 0.89 0.89

24.2 2.7 11.4

84.3% 32.5% 81.1% Percent TP Load Reduction (%) 84.3% 32.5% 81.1%

16,933,000$          1,866,900$            7,983,500$            Cost of Treatment ($) 5,803,000$            287,000$               4,865,000$            

3,447$                   985$                      1,690$                   Cost per Ton Reduced TP (%/MT) 7,770,847$            995,940$               6,773,628$            

* Uses 1905 m3/km [average eroded fines for 4.51 km, no veg (1470 m3/km) and 13.1 km (2340 m3/km)]. 84.3 **Cost per m 700$                      Multiplier for Percent TP Content of Sediment 0.000152

** Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3) 0.157 0.096-0.197 %

Average Percent Reduction for 

Treatment

(Source: Ferguson 2005; Ferguson and Qualls 2005)

95% C.I. for Percent TP Content of Sediment
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RGA River 
Station (km)

Bank Erosion 
(Left)

Bank Erosion 
(Right)

Bank 
Instability 

Percent (Left)
Bank Instability 
Percent (Right)

Combined Bank  
Percent Failing 

(%)
Unit Length 

(km)

Distributed 
Average 

Percent Failing 
(%)

Length-
Weighted 

Percent Failing 
(%)

Relative 
Contribution of 
Fines from 

Banks (H, M, L)

"High" Existing 
Bank Erosion of 
Fines (m3)

"Moderate" 
Existing Bank 
Erosion of Fines 

(m3)

"Severity Rated" 
Existing Bank 
Erosion of Fines 

(m3)
Typical Bank 

Percent Fines (%)

"Reach Specific" Existing 
Bank Erosion of Fines 

(m3)

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

All reaches treated

6.55 None Fluvial 0-10% 26-50% 24.0% L 24.4%

6.45 Fluvial Fluvial 0-10% 11-25% 11.5% 0.10 17.8% 1.8% L 58.9 6.1 0.6 27.7% 2.9 0.5

6.42 None None 0-10% 0-10% 5.0% 0.04 8.3% 0.3% L 10.7 1.1 0.1 17.5% 0.3 0.1

6.27 None Fluvial 0-10% 11-25% 11.5% 0.15 8.3% 1.2% L 40.4 4.2 0.4 27.1% 2.0 0.3

6.17 Fluvial None 11-25% 0-10% 11.5% 0.10 11.5% 1.2% L 39.9 4.2 0.4 13.1% 0.9 0.1

6.10 Fluvial None 11-25% 0-10% 11.5% 0.07 11.5% 0.7% L 25.2 2.6 0.3 16.2% 0.7 0.1

5.94 None Mass Wasting 0-10% 76-100% 49.0% 0.16 30.3% 4.9% H 166.2 17.3 17 19.2% 57 9.0

5.87 None Fluvial 0-10% 0-10% 5.0% 0.07 27.0% 1.9% L 63.9 6.7 0.7 9.7% 1.1 0.2

5.81 Fluvial Fluvial 0-10% 11-25% 11.5% 0.06 8.3% 0.5% L 17.4 1.8 0.2 0.2% 0.0 0.0

5.53 Fluvial Fluvial 11-25% 0-10% 11.5% 0.28 11.5% 3.2% L 107.7 11.2 1.1 21.0% 4.1 0.6

5.36 None Fluvial 0-10% 26-50% 21.5% 0.17 16.5% 2.8% M 92.5 9.6 9.6 33.0% 54.9 8.6

5.12 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.24 21.5% 5.1% M 170.3 17.7 17.7 18.5% 56.6 8.9

4.74 None Mass Wasting 0-10% 76-100% 49.0% 0.38 35.3% 13.5% H 454.5 47.3 47 22.9% 187 29.4

4.52 Fluvial Fluvial 11-25% 11-25% 18.0% 0.22 33.5% 7.3% L 245.6 25.6 2.6 16.6% 7.3 1.1

4.25 Mass Wasting None 26-50% 0-10% 21.5% 0.27 19.8% 5.4% M 180.5 18.8 18.8 16.6% 53.7 8.4

4.06 Fluvial Fluvial 11-25% 11-25% 18.0% 0.19 19.8% 3.8% L 127.0 13.2 1.3 10.2% 2.3 0.4

3.64 Mass Wasting Fluvial 51-75% 26-50% 50.5% 0.42 34.3% 14.3% H 480.2 50.0 480 5.8% 439 68.9

3.51 Fluvial Mass Wasting 11-25% 51-75% 40.5% 0.14 45.5% 6.2% H 207.2 21.6 207 6.1% 198 31.1

3.28 None Mass Wasting 0-10% 0-10% 5.0% 0.23 22.8% 5.1% L 173.0 18.0 1.8 6.1% 1.9 0.3

2.64 None Fluvial 0-10% 0-10% 5.0% 0.64 5.0% 3.2% L 107.6 11.2 1.1 6.1% 1.2 0.2

2.38 Fluvial Mass Wasting 11-25% 51-75% 40.5% 0.26 22.8% 5.9% H 196.8 20.5 197 6.4% 197 30.9

2.08 Fluvial Fluvial 0-10% 0-10% 5.0% 0.30 22.8% 6.8% L 227.4 23.7 2.4 19.7% 8.1 1.3

Existing Loads: Stream Average Percent Fines ReducedExisting Loads: Specific Percent FinesStreambank Fine Sediment Source Information (Simon and others 2003; Simon 2006)

2.08 Fluvial Fluvial 0-10% 0-10% 5.0% 0.30 22.8% 6.8% L 227.4 23.7 2.4 19.7% 8.1 1.3

1.97 Fluvial Fluvial 0-10% 0-10% 5.0% 0.11 5.0% 0.6% L 19.0 2.0 0.2 17.1% 0.6 0.1

1.55 Fluvial Fluvial 0-10% 0-10% 5.0% 0.43 5.0% 2.1% L 71.5 7.5 0.7 17.1% 2.2 0.3

1.42 Mass Wasting Fluvial 26-50% 0-10% 21.5% 0.13 13.3% 1.7% M 57.3 6.0 6.0 14.4% 14.8 2.3

1.29 None Mass Wasting 0-10% 51-75% 34.0% 0.12 27.8% 3.4% M 115.7 12.1 12.1 14.7% 30.6 4.8

1.14 None Fluvial 0-10% 11-25% 11.5% 0.15 22.8% 3.5% L 116.9 12.2 1.2 14.7% 3.1 0.5

1.12 Mass Wasting Fluvial 26-50% 0-10% 21.5% 0.01 16.5% 0.2% M 8.1 0.8 0.8 14.7% 2.2 0.3

1.11 Fluvial Fluvial 26-50% 0-10% 21.5% 0.02 21.5% 0.3% M 10.8 1.1 1.1 15.0% 2.9 0.5

0.78 Mass Wasting Fluvial 51-75% 11-25% 40.5% 0.33 31.0% 10.3% H 346.0 36.0 36 22.5% 140 22.0

0.63 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.15 31.0% 4.6% M 155.1 16.2 16.2 11.5% 32.1 5.0

0.51 None Fluvial 0-10% 11-25% 11.5% 0.12 16.5% 2.0% M 68.5 7.1 7.1 9.7% 11.9 1.9

0.44 Mass Wasting Mass Wasting 76-100% 11-25% 53.0% 0.07 32.3% 2.2% H 75.5 7.9 75.5 9.7% 115 18.0

0.25 Mass Wasting Fluvial 26-50% 26-50% 38.0% 0.18 45.5% 8.3% M 277.9 29.0 29.0 7.9% 39.5 6.2

0.09 None None 0-10% 0-10% 5.0% 0.25 21.5% 5.5% L 183.2 19.1 1.9 7.9% 2.6 0.4

6.55 6.55 3.8% Volume (m3) 4698 489 1196 1674 263

Weight (kN)* 81282 8467 20688 28952 4545

Weight (MT) 8291 864 2110 2953 464

Volume/Kilometer (m3/km) 717 75 182 255 40

Metric Ton/Kilometer (MT/km) 1265 132 322 451 71

Treated Length (km) 6.6

Percent Total Load Reduction (%) 84.3%

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

* Uses average bulk unit weight of bank sediment from Simon and others 2003 (17.3 kN/m3)
Average Percent Reduction for 
Treatment
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RGA River 
Station (km)

6.55

6.45

6.42

6.27

6.17

6.10

5.94

5.87

5.81

5.53

5.36

5.12

4.74

4.52

4.25

4.06

3.64

3.51

3.28

2.64

2.38

2.08

Focused Treatment 
Bank Erosion of 
Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)
Cost of Maximum 
Treatment ($)

Cost of Focused 
Treatment ($)

Cost of H&M 
Treatment ($) Stream

Maximum Treatment 
Bank Erosion of 
Fines (m3)

Focused Treatment 
Bank Erosion of Fines 

(m3)

Combined H&M 
Treatment Bank 

Erosion of Fines (m3)

Only "High" 
reaches treated

"High & Moderate" 
reaches treated All reaches treated

Only "High" 
reaches treated

"High & Moderate" 
reaches treated Ward Creek All reaches treated

Only "High" reaches 
treated

"High & Moderate" 
reaches treated

2.9 2.9 69,090$                

0.3 0.3 27,090$                

2.0 2.0 102,060$              

0.9 0.9 72,310$                

0.7 0.7 45,640$                

9.0 9.0 114,450$              114,450$             114,450$             

1.1 1.1 49,280$                

0.0 0.0 43,890$                

4.1 4.1 195,020$              

54.9 8.6 116,760$              116,760$             

56.6 8.9 165,060$              165,060$             

29.4 29.4 268,590$              268,590$             268,590$             

7.3 7.3 152,740$              

53.7 8.4 190,400$              190,400$             

2.3 2.3 133,980$              

68.9 68.9 292,110$              292,110$             292,110$             

31.1 31.1 94,850$                94,850$               94,850$               

1.9 1.9 158,410$              

1.2 1.2 448,210$              

30.9 30.9 180,180$              180,180$             180,180$             

8.1 8.1 208,250$              

Reduced Loads: Bank Protection Costs: Bank Protection Reduced Total Phosphorus Loads: Bank Protection

2.08

1.97

1.55

1.42

1.29

1.14

1.12

1.11

0.78

0.63

0.51

0.44

0.25

0.09

6.55

8.1 8.1 208,250$              

0.6 0.6 79,310$                

2.2 2.2 298,060$              

14.8 2.3 90,020$                90,020$               

30.6 4.8 86,870$                86,870$               

3.1 3.1 107,030$              

2.2 0.3 10,290$                10,290$               

2.9 0.5 10,500$                10,500$               

22.0 22.0 232,540$              232,540$             232,540$             

32.1 5.0 104,230$              104,230$             

11.9 1.9 86,520$                86,520$               

18.0 18.0 48,790$                48,790$               48,790$               

39.5 6.2 127,260$              127,260$             

2.6 2.6 177,520$              

550 298 Reduced Sediment Load (MT) 464 970 525

9511 5148

970 525 Existing Fine Sediment Load (MT) 2953 2953 2953

84 45 Reduced TP Load (MT) 0.07 0.15 0.08

148 80 Existing TP Load (MT) 0.45 0.45 0.45

1.8 3.2

67.1% 82.2% Percent TP Load Reduction (%) 84.3% 67.1% 82.2%

4,587,310$           1,231,510$          2,219,420$          Cost of Treatment ($) 5,803,000$               287,000$                  4,865,000$               

1,843$                  621$                   914$                   Cost per Ton Reduced TP (%/MT) 15,335,688$             952,191$                  13,182,409$              

84.3 **Cost per m 700$                   Multiplier for Percent TP Content of Sediment 0.000152

0.157 0.096-0.197 %95% C.I. for Percent TP Content of Sediment

(Source: Ferguson 2005; Ferguson and Qualls 2005)

Average Percent Reduction for 
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RGA River 
Station (km)

Bank Erosion 
(Left)

Bank Erosion 
(Right)

Bank 
Instability 

Percent (Left)

Bank 
Instability 
Percent 
(Right)

Combined 
Bank  

Percent 
Failing (%)

Unit Length 
(km)

Distributed 
Average Percent 

Failing (%)

Length-
Weighted 

Percent Failing 
(%)

Relative 
Contribution of 
Fines from 

Banks (H, M, L)
Typical Bank Percent 

Fines (%)

"Reach Specific" Existing 
Bank Erosion of Fines 

(m3)

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

Focused Treatment 
Bank Erosion of 

Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)

All reaches treated
Only "High" 

reaches treated
"High & Moderate" 
reaches treated

8.08 None None 0-10% 0-10% 5.0% L

6.80 None Fluvial 0-10% 0-10% 5.0% 1.28 5.0% 6.4% L

6.66 None Fluvial 0-10% 0-10% 5.0% 0.14 5.0% 0.7% L

6.50 Mass Wasting Fluvial 76-100% 11-25% 53.0% 0.16 29.0% 4.6% H

6.06 None Fluvial 0-10% 11-25% 11.5% 0.44 32.3% 14.2% L

5.90 None Fluvial 0-10% 26-50% 21.5% 0.16 16.5% 2.6% M

5.33 Fluvial Fluvial 11-25% 11-25% 18.0% 0.57 19.8% 11.3% L

5.25 Fluvial Fluvial 11-25% 11-25% 18.0% 0.08 18.0% 1.4% L

5.05 Fluvial Fluvial 0-10% 11-25% 11.5% 0.20 14.8% 3.0% L

4.73 None Mass Wasting 0-10% 76-100% 46.5% 0.32 29.0% 9.3% H

4.21 None Fluvial 0-10% 0-10% 5.0% 0.52 25.8% 13.4% L

3.62 Fluvial None 0-10% 0-10% 5.0% 0.59 5.0% 3.0% L

3.60 Fluvial Mass Wasting 0-10% 26-50% 21.5% 0.02 13.3% 0.3% M

3.59 Fluvial Fluvial 0-10% 11-25% 11.5% 0.01 16.5% 0.2% L

3.25 Fluvial Mass Wasting 0-10% 76-100% 46.5% 0.34 29.0% 9.9% H

2.97 None None 0-10% 0-10% 5.0% 0.28 25.8% 7.2% L

2.58 Fluvial Mass Wasting 0-10% 51-75% 34.0% 0.39 19.5% 7.6% M

2.20 None Mass Wasting 0-10% 76-100% 46.5% 0.38 40.3% 15.3% H

1.94 None Fluvial 0-10% 26-50% 21.5% 0.26 34.0% 8.8% M

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Specific Percent Fines Reduced Loads: Bank Protection 

1.94 None Fluvial 0-10% 26-50% 21.5% 0.26 34.0% 8.8% M

1.93 Fluvial Fluvial 0-10% 0-10% 5.0% 0.01 13.3% 0.1% L

1.54 None Mass Wasting 0-10% 51-75% 34.0% 0.39 19.5% 7.6% M

1.17 None Mass Wasting 0-10% 11-25% 11.5% 0.37 22.8% 8.4% L

0.95 Fluvial Mass Wasting 11-25% 76-100% 53.0% 0.22 32.3% 7.1% H

0.89 Fluvial Mass Wasting 0-10% 11-25% 11.5% 0.06 32.3% 1.9% L

0.71 None Fluvial 0-10% 11-25% 11.5% 0.18 11.5% 2.1% L

0.57 None None 0-10% 0-10% 5.0% 0.14 8.3% 1.2% L

0.30 None Fluvial 0-10% 0-10% 5.0% 0.27 5.0% 1.4% L

0.01 Mass Wasting None 26-50% 0-10% 21.5% 0.29 13.3% 3.8% M

8.08 8.07 5.0% Volume (m3)

Weight (kN)*

Weight (MT) 117 18.4 77.7 20.6

Volume/Kilometer (m3/km) 0

 Metric Ton/Kilometer (MT/km) 14 2 10 3

Treated Length (km) 8.1 1.4 2.9

Percent Total Load Reduction (%) 84.3% 33.6% 82.4%

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

84.3

0.157

Average Percent Reduction for 
Treatment

Loads_Costs_Tier3_BankProtectionGeneral_Bank Protection 1 of 2
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Cost of Maximum 
Treatment ($)

Cost of Focused 
Treatment ($)

Cost of H&M 
Treatment ($) Stream

Maximum 
Treatment Bank 
Erosion of Fines 

(m3)

Focused Treatment 
Bank Erosion of 

Fines (m3)

Combined H&M 
Treatment Bank 
Erosion of Fines 

(m3)

All reaches treated
Only "High" 

reaches treated
"High & Moderate" 
reaches treated General Creek All reaches treated

Only "High" 
reaches treated

"High & Moderate" 
reaches treated

894,180$               

98,000$                 

112,000$               112,000$               112,000$               

308,000$               

112,000$               112,000$               

399,000$               

56,000$                 

140,000$               

224,000$               224,000$               224,000$               

364,000$               

413,000$               

14,000$                 14,000$                 

7,000$                  

238,000$               238,000$               238,000$               

196,000$               

273,000$               273,000$               

266,000$               266,000$               266,000$               

182,000$               182,000$               

Costs: Bank Protection Reduced Total Phosphorus Loads: Bank Protection

182,000$               182,000$               

7,000$                  

273,000$               273,000$               

259,000$               

154,000$               154,000$               154,000$               

42,000$                 

126,000$               

98,000$                 

189,000$               

203,000$               203,000$               

Reduced Sediment Load (MT) 18 78 21

Existing Fine Sediment Load (MT) 117 117 117

Reduced TP Load (MT) 0.00 0.01 0.00

Existing TP Load (MT) 0.02 0.02 0.02

Percent TP Load Reduction (%) 84.3% 33.6% 82.4%

5,647,180$             $              994,000  $           2,051,000 Cost of Treatment ($) 5,803,000$            287,000$               4,865,000$            

57,256$                 25,285$                 21,274$                 Cost per Ton Reduced TP (%/MT) 387,075,378$        48,030,064$          331,990,903$        

**Cost per m 700$                     Multiplier for Percent TP Content of Sediment 0.000152

0.096-0.197 %95% C.I. for Percent TP Content of Sediment

(Source: Ferguson 2005; Ferguson and Qualls 2005)

Loads_Costs_Tier3_BankProtectionGeneral_Bank Protection 2 of 2
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RGA 

River 

Station 

(km)

Bank Erosion 

(Left)

Bank Erosion 

(Right)

Bank 

Instability 

Percent 

(Left)

Bank 

Instability 

Percent 

(Right)

Combined 

Bank  

Percent 

Failing (%)

Unit 

Length 

(km)

Distributed 

Average 

Percent 

Failing (%)

Length-

Weighted 

Percent 

Failing (%)

Relative 

Contribution of 

Fines from Banks 

(H, M, L)

Typical Bank 

Percent Fines 

(%)

"Reach Specific" Existing Bank 

Erosion of Fines (m3)

8.10 Fluvial Fluvial 11-25% 0-10% 12.5% 6.3% 0.0% L

7.61 Fluvial Fluvial 26-50% 0-10% 21.5% 0.49 17.0% 8.3% M

5.84 None None 0-10% 0-10% 5.0% 1.77 13.3% 23.4% L

5.39 None None 0-10% 0-10% 5.0% 0.45 5.0% 2.3% L

4.87 Fluvial None 11-25% 0-10% 12.5% 0.52 8.8% 4.6% L

3.49 None None 0-10% 0-10% 5.0% 1.38 8.8% 12.1% L

3.08 None None 0-10% 0-10% 5.0% 0.41 5.0% 2.1% L

2.97 Fluvial Fluvial 26-50% 0-10% 21.5% 0.11 13.3% 1.4% M

1.15 Fluvial None 11-25% 0-10% 12.5% 1.82 17.0% 31.0% L

0.59 Fluvial Fluvial 11-25% 0-10% 12.5% 0.57 12.5% 7.1% L

0.05 Mass Wasting Fluvial 11-25% 11-25% 18.0% 0.54 15.3% 8.3% L

Streambank Fine Sediment Source Information (Simon and others 2003; Simon 2006) Existing Loads: Specific Percent Fines

8.10 8.05 9.1% Volume (m3)

Weight (kN)*

Weight (MT) 133

Volume/Kilometer (m3/km)

Metric Ton/Kilometer (MT/km) 16

Treated Length (km)

Percent Total Load Reduction (%)

Cost of Treatment ($)

Cost per Metric Ton Reduced Load (%/MT)

Loads_Costs_Tier3_BankProtectionThird_Bank Protection 1 of 2
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RGA 

River 

Station 

(km)

8.10

7.61

5.84

5.39

4.87

3.49

3.08

2.97

1.15

0.59

0.05

Maximum 

Treatment Bank 

Erosion of Fines 

(m3)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

Cost of Maximum 

Treatment ($)

Cost of Focused 

Treatment ($)

Cost of H&M 

Treatment ($) Stream

Maximum 

Treatment Bank 

Erosion of Fines 

(m3)

Focused Treatment 

Bank Erosion of 

Fines (m3)

Combined H&M 

Treatment Bank 

Erosion of Fines 

(m3)

Third Creek All reaches treated

Only "High" 

reaches treated

"High & Moderate" 

reaches treated

342,790$               342,790$               

1,238,790$            

315,000$               

364,140$               

965,860$               

287,000$               

73,990$                 73,990$                 

1,275,470$            

395,990$               

378,910$               

Reduced Total Phosphorus Loads: Bank ProtectionCosts: Bank ProtectionReduced Loads: Bank Protection

8.10 Reduced Sediment Load (MT) 18 133 23

17.6 133.0 23.4 Existing Fine Sediment Load (MT) 133 133 133

Reduced TP Load (MT) 0.00 0.02 0.00

2 3 Existing TP Load (MT) 0.02 0.02 0.02

8.1 0.0 0.6

84.3% 0.0% 82.4% Percent TP Load Reduction (%) 86.8% 0.0% 82.4%

5,637,940$            -$                       416,780$               Cost of Treatment ($) 5,803,000$            287,000$               4,865,000$            

48,837$                 -$                       3,803$                   Cost per Ton Reduced TP (%/MT) 330,702,605$        N/A 292,052,147$        

84.3 **Cost per m 700$                      Multiplier for Percent TP Content of Sediment 0.000152

0.157 0.096-0.197 %95% C.I. for Percent TP Content of Sediment

(Source: Ferguson 2005; Ferguson and Qualls 2005)

Average Percent Reduction for 

Treatment

Loads_Costs_Tier3_BankProtectionThird_Bank Protection 2 of 2
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1.0 Introduction 

As part of the overall Total Maximum Daily Load (TMDL) efforts currently 
ongoing within the Lake Tahoe Basin, Stream Channel Erosion reduction is 
being investigated to determine its overall contribution, and potential benefit 
to Lake Tahoe.  The Stream Channel group identified Pollutant Control 
Options (PCOs) to reduce stream bank fine sediment sources of sediment in 
these streams and Lake Tahoe.  To properly assess each of the PCOs as 
components of alternatives for the TMDL, general cost estimates of each PCO 
are required for a cost/benefit analysis.  This memorandum develops general 
cost estimates of the treatment per uniform implementation reach (1,000 
lineal feet) of each identified PCO.   

2.0 Description/Purpose 

This memorandum provides a general cost overview of different stream 
erosion treatment types within the Lake Tahoe Basin that are part of the 
PCOs considered for the water quality TMDL.  Additionally, the memorandum 
addresses estimated Operations and Maintenance (O & M) costs over an 
assumed 20-year life span of each improvement.  The cost estimates can be 
used to compare construction costs for implementing a project along and/or 
within a stream channel, along with the anticipated O & M costs over a 20-
year period.  The cost estimates developed in association with this document 
are general in nature, and are intended to provide a general cost estimate 
rather than an “exact” determination of costs. Each project has many 
variables, some of which cannot be accounted for in the general nature of 
this document.  However, the estimates allow for the comparison between 
different treatment types, and consistent general cost estimating for 
evaluation of various potential treatments basin-wide.    

3.0 Methods 

The cost estimating for this effort are general in nature and use existing 
available construction costs for similar type work in the Lake Tahoe Basin 
geographic region, and constructed within the past ten years.  This similar 
type work however is not for stream channels of the size and flow of the 
three study streams (Upper Truckee, Ward and Blackwood), as a stream of 
these sizes have not had significant restoration/repair/enhancement 
performed within the Lake Tahoe Basin.  In order to estimate costs on an 
accurate basis, within this local (Tahoe Basin), previously constructed 
projects, and unit costs were used to determine an estimate of cost for the 
various improvements.  Since the three study streams are of different size 
and flow than the previously constructed projects, this memorandum will 
provide a means to estimate cost increases based on these size/flow 
differences.  In general, the cost estimates provided within the tables of this 
document are for channels consisting of a 100 year design flow of between 
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150 and 200 cubic feet per second (cfs), or were for Erosion Control and 
other types of projects ongoing in the Tahoe Basin.   
 
The cost estimates are all expressed in year 2008 construction costs, to most 
accurately compare costs. Inflationary costs have been applied to the Tahoe 
Basin existing data, using the inflationary rate of construction costs in the 
region (over the past 4 years the inflation rate has been approximately 15% 
per year).  Furthermore, these cost estimates are expressed on a consistent 
spatial implementation scale, using typical 1,000 linear feet of channel as the 
‘implementation area’. While the key fine sediment pollutant source streams 
are the Upper Truckee River, Blackwood Creek or Ward Creek, cost estimates 
are also needed that can be applied to other streams in the basin.  Since the 
size, location, flow, etc. of channels is drastically different; the cost estimates 
are a “blended” rate for the channel types, and not specific to any one 
channel in particular.  Based on available data, ratios/equations are provided 
to adjust the general cost estimates for given treatments, on given flow 
channels.  Additionally, the values of cost within the tables are for 
construction activities requiring minimal construction access requirements 
(ease of access to construct the given improvement).  The cost estimates 
provided (from existing projects completed) typically were constructed within 
500 feet of a public right-of-way (paved roadway) which required minor tree 
removal, grading and stabilized access construction. Given the general 
difficulty in constructing any stream/river restoration aspect within the Tahoe 
Basin, this minimal assumption is based on the general types of access 
required on previous example projects (Lower West Side, Angora SEZ, 
Erosion Control Projects).  A correlation/equation is provided to adjust the 
general costs to better represent more difficult access or other construction 
“obstacles”.    
 
A brief description of how to correlate costs to a particular stream is provided 
as a conceptual rough estimate of cost (to be used only for project funding 
estimates, not for actual construction costs).  The estimates will allow for 
ease of comparison between the treatment options, but will not provide detail 
cost estimating for implementing any one of these PCOs, on any particular 
channel within the Lake Tahoe Basin.  The estimates do allow for a 
comparison between the alternative PCOs, including general percentage 
difference in cost between the options.   
 
In order perform a cursory review of the estimates provided within this 
document and quality assurance/quality review process was provided.  This 
process included a peer review of all data and assumptions of the costs 
estimated in the attached table, along with a comparison between the 
planning level estimates available for Ward Creek.  The comparison between 
this document and the Ward Creek planning estimates showed that when the 
estimation procedures used in this document are followed, the estimates fall 
within the estimate ranges of the planning efforts. 
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The general cost estimates developed are summarized in a table attached to 
this memorandum.   

4.0 Estimation of costs for differing channel sizes 

In general, and as discussed above, the cost estimates provided within the 
tables of this document are for channels consisting of a 100 year design flow 
of between 150 and 200 cubic feet per second (cfs).  Generally the streams 
within the Tahoe Basin consist of flows within close proximity to this general 
range; however, the key fine sediment load source streams are significantly 
larger than this assumed flow, which effects the overall cost of each PCO.  To 
more closely represent the likely cost of alternative treatments on streams of 
different scale, the general cost estimates based on the channel sizes and 
flows for previously constructed projects herein must be adjusted.  In order 
to perform this 100 year design flow for the channel in questions will be 
required to be estimated in a general nature (i.e. no detailed HEC modeling 
required, a good estimate will suffice for the nature of this preliminary 
estimating activity).  Once this value is known the cost difference between 
the estimate in this document, and for the proposed channel, is a simple 
correlation based on a 10 percentage difference in 100 year design flows.  
For an example, please see below (Ward Creek Watershed Assessment, for 
California Tahoe Conservancy, February 2007, by Hydroscience and River 
Run Consulting – 100 year flow 2,670 cfs)): 
 

• Assumed 100 year flow for this document = 175 cfs 
• Estimate 100 year flow for channel in question = 2,670 cfs 

 
Therefore the channel in question is approximately 15.26 times larger (in 
100-year flow value) than the channel values for this document.  Based on a 
10 percent increase correlation (10% of 15.26 is 1.526, or 152.6%) the 
estimated values to be multiplied by 252.6% (100% + 152.6%) or 2.526 to 
attain a more accurate estimate of costs, see below: 
 

• Keyed Boulder LDW Jams (document cost) = $219,463 
• Estimate for 2,670 cfs channel = 2.526 * $219,463 = $554,363.50 

 
Furthermore, since the main objective of this report/memorandum is for use 
on the three major channels in Tahoe (Ward, Blackwood and Upper Truckee) 
we have investigated the “best known” values of these channels 100-year 
flows.  Ward is stated above, and Blackwood is estimated at 4,820 cfs 
(Swanson Hydrology and Geomorphology, Blackwood Creek Stream 
Restoration Project – Final Design Report, April 2003 for the USFS-LTBMU), 
which will provide a multiplier of 2.754.  Upper Truckee is estimated at 7,650 
cfs (Entrix, Inc., Upper Truckee River Process and Functions Report, February 
2003, for the State of California), which will provide a multiplier of 4.371.   
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5.0 Estimation of cost for differing access conditions 

Given the general difficulty in constructing any stream/river restoration 
aspect within the Tahoe Basin, the standard access assumption is based on 
the type of access required and access issues on previous example projects 
(Lower West Side, Angora SEZ, and Erosion Control Projects-see appendix 
A).  To properly determine the estimated construction cost for a given 
project, its proposed construction activity is compared to these previous 
projects.  There is no “exact science” or equation that can provide this 
information; therefore sound judgment and estimation from an experienced 
engineer or knowledgeable individual familiar with Tahoe Basin construction 
requirements is needed. Ideally this would be a collaborative effort of several 
experienced members of the team to collectively agree on a general degree 
of difficulty, higher or lower than these previous projects  
 
These experienced team members will then estimate a degree of difficulty, 
for construction access, greater or lower than the example projects and 
provide a general percentage number (i.e. 50% harder, or 30% easier).  
Once this percentage is determined it will then be applied to the cost 
determined in section 4 (estimate determined based on channel size) to 
determine the estimated cost, based on construction access requirements, 
please see below for example: 
 
First Example (greater difficulty): 

• Degree of difficulty difference for example channel = 30% greater 
• Estimate for 2,670 cfs channel = $554,363.50 
• Therefore: $373,087 * 1.3 = $720,672.60 

 
Second Example (lower difficulty): 

• Degree of difficulty difference for example channel = 30% greater 
• Estimate for 300 cfs channel = $554,363.50 
• Therefore: $373,087 * 0.7 = $388,054.50 

6.0 Estimation of cost for efforts in future 

To accurately compare and estimate these costs at the time of TMDL 
preparation, the cost estimates are all based on year 2008 construction 
costs.    However, the implementation schedule may span many years, and 
more accurate estimates of future efforts can be made using a similar 
extrapolation, based on the anticipated year for construction of the given 
project.  The value determined from the general table by type of treatment, 
as adjusted for stream size and degree of difficulty, would need to be further 
modified for future projects, see below for an example: 
 

• Estimated Value Year in document = 2008 
• Estimated Year of construction to occur = 2012 
 
• Estimated inflation rate (construction costs) = i = 15% 
• Future Value = F 
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• Present Value = P = $720,672.60 (from example 1 above) 
• Number of years in the future = n (this case is 4 years) 

 
F = P * (1+ i)^n 
 
F = ($720,672.60) * (1 + 0.15)^4 = $1,260,461.00 

7.0 Results/Discussion 

Table 1 illustrates the cost estimate values for the identified PCOs.  As stated 
earlier in this document, the estimates are based on varying engineering 
judgment and existing construction costs within the Tahoe Basin over the 
past 10 years.  The table is broken down into several columns, as follows: 
 

• Identified PCO: 
o General PCO category  

 
• Specific PCO’s/Stratagies: 

o Example of typical or representative PCO under that General 
category  

 
• Detailed Description of Improvement: 

o More refined description of PCO features, focused on elements 
that affect costs (see also, the attached exhibits for example 
details). 

 
• Description of Application in 1,000 LF of Channel: 

o Assumptions used to clarify how the specific PCO would be 
applied per 1,000 LF of stream channel. 

 
• Construction Cost per 1,000 LF of Channel (in 2008 dollar value): 

o Estimated cost, in2008 dollars 
 

• References for Development of Cost Estimate: 
o Cited cost information used to determine/estimate costs for the 

given PCO. 
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8.0 Conclusion 

The information provided herein will provide the Stream Channel Erosion 
Source Control Group of the Lake Tahoe TMDL general costs for various 
stream channel erosion PCOs, and Operations and Maintenance costs over a 
20-year period, on the range of streams within the Basin.  Means to adjust 
general costs (and O & M costs) to represent streams of varied size, projects 
with varied access conditions, and projects that may be implemented over 
time are provided. While the document covers a wide range of options, with 
multiple correlations to better estimate the costs of improvements, the 
estimates developed through this document are general in nature.  The 
intent is to provide a comparative analysis between differing treatment 
types, along with a general idea of what the overall cost of construction will 
be.  Throughout the course of planning, and design, of a given project, more 
detailed estimates shall be developed at each stage to better refine the 
overall costs of a given project. 

 
























