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Attachments 
Debris Basin Drawings
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Santaquin Debris Basin SITES Results Summary NOTE: All Runs Below are singular basin systems unless otherwise stated. Results from multi-basin systems will be identified in the Site Title.
Prepared by: Mickey Navidomskis
Date Started: 5/23/2018 Most Recent Update: 7/26/2018
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5395 5395 5395 5395 5395 5395 5395 5395 5395 5395 5395 5395 5395 NA 5395 5395
Original Dam Crest (ft) 5410 5410 5410 5410 5410 5410 5410 5410 5410 5410 5410 5410 5410 NA 5410 5410
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 NA 5398.5 5398.5
Principal Spillway Elevation Weir (ft) 5406.64 5407.07 5407 5407 5407 5407 5407 5407 5407 5407 5407 5407 5407 NA 5407 5407
Auxillary Spillway Elevation (ft) 5406.65 5407.08 5408.5 5408.5 5408.5 5408.5 5408.5 5408.5 5408.5 5408.5 5408.5 5408.5 5408.5 NA 5408.5 5408.5
Volume at Principal Spillway (acre-ft) * * 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.2 NA 17.2 17.2
Volume at Auxilliary Spillway (acre-ft) * * 20.35 20.35 20.35 20.35 20.35 20.35 20.35 20.35 20.35 20.35 20.35 NA 20.35 20.35
Volume at Low Stage Orifice Crest (acre-ft) 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 3.43 NA 3.43 3.43
Principal Spillway Weir Length (ft) 14 14 14 14 14 14 14 14 14 14 14 14 14 NA 14 14
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 1.316 1.316 1.316 1.316 1.316 1.316 1.316 1.316 1.316 1.316 1.316 1.316 1.316 NA 1.316 1.316
PSH Peak Inflow (cfs) 61.44 67.51 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 13.71 15.88 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5406.64 5407.07 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 548 548 548 507 183.5 11.9 41.8 79.6 146.2 217.1 300.6 403.8 559.7 NA 418.5 174
FBH/Storm Peak Outflow (cfs) 465.2 445.9 515.1 502.6 183.4 3.4 6.6 9.1 12 18 60.5 146.4 334.8 NA 149 12.8
FBH/Storm Peak Principal Spillway Outflow (cfs) 109.2 87.9 135.1 203.6 145.4 3.4 6.6 9.1 12 18 60.5 121.4 196.8 NA 125 12.8
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 356 358 380 299 38 0 0 0 0 0 0 25 138 NA 24 0
FBH/Storm Initial Water Surface Elevation (ft) 5398.52 5398.52 5407 5407 5407 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 5398.5 NA 5398.5 5398.5
FBH/Storm Max Water Surface Elevation (ft) 5408.5 5409.04 5410.56 5410.29 5409.08 5399.80 5401.01 5402.51 5405.10 5407.16 5408.03 5408.82 5409.59 NA 5408.86 5405.95
Height of Water Above Auxillary Spillway (ft) 1.85 1.96 2.06 1.79 0.58 -8.7 -7.49 -5.99 -3.4 -1.34 -0.47 0.32 1.09 NA 0.36 -2.55
Final Dam Crest (ft) 5409.65 5410.08 5411.5 5411.5 5411.5 5411.5 5411.5 5411.5 5411.5 5411.5 5411.5 5411.5 5411.5 NA 5411.5 5411.5
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5363.1 5363.1 5363.1 5363.1 5363.1 5363.1 5363.1 5363.1 5363.1 5363.1 5363.1 5363.1 5363.1 NA 5363.1 5363.1
Original Dam Crest (ft) 5378 5378 5378 5378 5378 5378 5378 5378 5378 5378 5378 5378 5378 NA 5378 5378
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 NA 5366.5 5366.5
Principal Spillway Elevation Weir (ft) 5371.84 5375.12 5375 5375 5375 5375 5375 5375 5375 5375 5375 5375 5375 NA 5375 5375
Auxillary Spillway Elevation (ft) 5371.85 5375.13 5376.6 5376.6 5376.6 5376.6 5376.6 5376.6 5376.6 5376.6 5376.6 5376.6 5376.6 NA 5376.6 5376.6
Volume at Principal Spillway (acre-ft) * * 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.2 NA 17.2 17.2
Volume at Auxilliary Spillway (acre-ft) 20.47 20.47 20.47 20.47 20.47 20.47 20.47 20.47 20.47 20.47 20.47 20.47 20.47 NA 20.47 20.47
Volume at Low Stage Orifice Crest (acre-ft) 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 NA 3.71 3.71
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 42 30
Scaling Factor 1.226 1.226 1.226 1.226 1.226 1.226 1.226 1.226 1.226 1.226 1.226 1.226 1.226 NA 1.226 1.226
PSH Peak Inflow (cfs) 50.33 50.72 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 11 12 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5371.84 5372.86 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 221.1 221.1 221.1 110.5 42.7 11.9 41.8 79.6 144.7 217.1 300.6 403.8 559.7 NA 418.5 174
FBH/Storm Peak Outflow (cfs) 131.3 101.1 166.4 103 41.5 3.5 6.7 9.6 12.1 29.4 84.8 183.1 317.6 NA 149.6 12.9
FBH/Storm Peak Principal Spillway Outflow (cfs) 36.3 47.1 112.4 99 41.5 3.5 6.7 9.6 12.1 29.4 84.8 90.1 91.6 NA 122.6 12.9
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 95 54 54 4 0 0 0 0 0 0 0 93 226 NA 27 0
FBH/Storm Initial Water Surface Elevation (ft) 5366.52 5366.52 5375 5375 5375 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 5366.5 NA 5377.02 5366.5
FBH/Storm Max Water Surface Elevation (ft) 5372.81 5375.8 5377.32 5376.72 5375.79 5367.81 5369.04 5370.88 5373.21 5375.54 5376.52 5377.54 5378.11 NA 5372.69 5374.07
Height of Water Above Auxillary Spillway (ft) 0.96 0.67 0.72 0.12 -0.81 -8.79 -7.56 -5.72 -3.39 -1.06 -0.08 0.94 1.51 NA -3.91 -2.53
Final Dam Crest (ft) 5374.85 5378.13 5379.6 5379.6 5379.6 5379.6 5379.6 5379.6 5379.6 5379.6 5379.6 5379.6 5379.6 NA 5379.6 5379.6

1 Below Grade

1 Above Grade
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Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5305 5305 5305 5305 5305 5305 5305 5305 5305 5305 5305 5305 5305 NA 5305 5305
Original Dam Crest (ft) 5320 5320 5320 5320 5320 5320 5320 5320 5320 5320 5320 5320 5320 NA 5320 5320
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5309 5309 5309 5309 5309 5309 5309 5309 5309 5309 5309 5309 5309 NA 5309 5309
Principal Spillway Elevation Weir (ft) 5310.31 5310.95 5316 5316 5316 5316 5316 5316 5316 5316 5316 5316 5316 NA 5316 5316
Auxillary Spillway Elevation (ft) 5310.32 5310.96 5317 5317 5317 5317 5317 5317 5317 5317 5317 5317 5317 NA 5317 5317
Volume at Principal Spillway (acre-ft) * * 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 NA 1.5 1.5
Volume at Auxilliary Spillway (acre-ft) * * 1.774 1.774 1.774 1.774 1.774 1.774 1.774 1.774 1.774 1.774 1.774 NA 1.774 1.774
Volume at Low Stage Orifice Crest (acre-ft) 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 NA 0.26 0.26
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 1.0313 1.0313 1.0313 1.0313 1.0313 1.0313 1.0313 1.0313 1.0313 1.0313 1.0313 1.0313 1.0313 NA 1.0313 1.0313
PSH Peak Inflow (cfs) 5.65 7.58 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 5.12 6.5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5310.31 5310.95 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 76.5 76.5 76.5 55.1 19.8 0.6 3.8 8.6 18.2 27.9 40.3 55.2 80.4 NA 60.7 19
FBH/Storm Peak Outflow (cfs) 76.3 76 76.4 55.1 19.7 0.5 2.1 4.3 7.9 10 11.9 28.6 70.3 NA 20.1 7.5
FBH/Storm Peak Principal Spillway Outflow (cfs) 15.3 16 59.4 52.1 19.7 0.5 2.1 4.3 7.9 10 11.9 28.6 57.3 NA 20.1 7.5
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 61 60 17 3 0 0 0 0 0 0 0 0 13 NA 0 0
FBH/Storm Initial Water Surface Elevation (ft) 5309.02 5309.02 5316 5316 5316 5309 5309 5309 5309 5309 5309 5309 5309 NA 5309 5309
FBH/Storm Max Water Surface Elevation (ft) 5310.72 5311.34 5317.15 5317.03 5316.32 5309.19 5309.74 5310.57 5312.08 5313.63 5315.48 5316.55 5317.11 NA 5316.34 5311.75
Height of Water Above Auxillary Spillway (ft) 0.4 0.38 0.15 0.03 -0.68 -7.81 -7.26 -6.43 -4.92 -3.37 -1.52 -0.45 0.11 NA -0.66 -5.25
Final Dam Crest (ft) 5313.32 5313.96 5320 5320 5320 5320 5320 5320 5320 5320 5320 5320 5320 NA 5320 5320
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5269.32 5269.32 5269.32 5269.32 5269.32 5269.32 5269.32 5269.32 5269.32 5269.32 5269.32 5269.32 5269.32 NA 5269.32 5269.32
Original Dam Crest (ft) 5284 5284 5284 5284 5284 5284 5284 5284 5284 5284 5284 5284 5284 NA 5284 5284
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5273 5273 5273 5273 5273 5273 5273 5273 5273 5273 5273 5273 5273 NA 5273 5273
Principal Spillway Elevation Weir (ft) 5273.29 5274.99 5280 5280 5280 5280 5280 5280 5280 5280 5280 5280 5280 NA 5280 5280
Auxillary Spillway Elevation (ft) 5273.3 5275 5281 5281 5281 5281 5281 5281 5281 5281 5281 5281 5281 NA 5281 5281
Volume at Principal Spillway (acre-ft) * * 1.385 1.385 1.385 1.385 1.385 1.385 1.385 1.385 1.385 1.385 1.385 NA 1.385 1.385
Volume at Auxilliary Spillway (acre-ft) * * 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 NA 1.62 1.62
Volume at Low Stage Orifice Crest (acre-ft) 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 NA 0.28 0.28
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716 NA 0.716 0.716
PSH Peak Inflow (cfs) 2.93 5.7 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 2.87 5.18 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5273.29 5274.34 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 26.4 26.4 26.4 11 4.3 0.6 3.8 8.6 18.2 27.9 40.3 55.2 80.4 NA 60.7 19
FBH/Storm Peak Outflow (cfs) 26 26.2 18.8 12.5 12.5 0.5 2.1 4.5 8.3 10.3 12.4 32.2 70.2 NA 32.5 7.7
FBH/Storm Peak Principal Spillway Outflow (cfs) 8 10.2 18.8 12.5 12.5 0.5 2.1 4.5 8.3 10.3 12.4 32.2 62.2 NA 32.5 7.7
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 18 16 0 0 0 0 0 0 0 0 0 0 8 NA 0 0
FBH/Storm Initial Water Surface Elevation (ft) 5273.02 5273.02 5280 5280 5280 5273 5273 5273 5273 5273 5273 5273 5273 NA 5273 5273
FBH/Storm Max Water Surface Elevation (ft) 5273.84 5275.25 5280.28 5280 5280 5273.19 5273.75 5274.61 5276.35 5277.90 5279.90 5280.64 5281.20 NA 5280.64 5275.87
Height of Water Above Auxillary Spillway (ft) 0.54 0.25 -0.72 -1 -1 -7.81 -7.25 -6.39 -4.65 -3.1 -1.1 -0.36 0.2 NA -0.36 -5.13
Final Dam Crest (ft) 5276.3 5278 5284 5284 5284 5284 5284 5284 5284 5284 5284 5284 5284 NA 5284 5284

2 Above Grade

2 Below Grade
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Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5255 5255 5255 5255 5255 5255 5255 5255 5255 5255 5255 5255 5255 NA 5255 5255
Original Dam Crest (ft) 5270 5270 5270 5270 5270 5270 5270 5270 5270 5270 5270 5270 5270 NA 5270 5270
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5259 5259 5259 5259 5259 5259 5259 5259 5259 5259 5259 5259 5259 NA 5259 5259
Principal Spillway Elevation Weir (ft) 5260.23 5260.5 5266 5266 5266 5266 5266 5266 5266 5266 5266 5266 5266 NA 5266 5266
Auxillary Spillway Elevation (ft) 5260.24 5260.51 5267 5267 5267 5267 5267 5267 5267 5267 5267 5267 5267 NA 5267 5267
Volume at Principal Spillway (acre-ft) * * 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 NA 1.1 1.1
Volume at Auxilliary Spillway (acre-ft) * * 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 NA 1.31 1.31
Volume at Low Stage Orifice Crest (acre-ft) 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 NA 0.19 0.19
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 0.859 0.859 0.859 0.859 0.859 0.859 0.859 0.859 0.859 0.859 0.859 0.859 0.859 NA 0.859 0.859
PSH Peak Inflow (cfs) 5.07 5.85 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 4.79 5.39 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5260.23 5260.5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 65.5 65.5 65.5 44.6 15.7 0.8 4.2 8.7 17.1 25.7 36.4 49.4 71.1 NA 51.8 21
FBH/Storm Peak Outflow (cfs) 65.8 0 64.4 44.4 15.6 0.6 2.5 4.9 8.2 10.4 12.2 32.2 68.8 NA 24.7 8.9
FBH/Storm Peak Principal Spillway Outflow (cfs) 23.8 0 59.4 44.4 15.6 0.6 2.5 4.9 8.2 10.4 12.2 32.2 61.8 NA 24.7 8.9
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 42 0 5 0 0 0 0 0 0 0 0 0 7 NA 0 0
FBH/Storm Initial Water Surface Elevation (ft) 5259.02 5259.02 5266 5266 5266 5259 5259 5259 5259 5259 5259 5259 5259 NA 5259 5259
FBH/Storm Max Water Surface Elevation (ft) 5260.84 0 5267.15 5266.88 5266.14 5259.21 5259.92 5260.79 5262.34 5263.95 5265.74 5266.64 5267.19 NA 5266.45 5262.83
Height of Water Above Auxillary Spillway (ft) 0.6 -5260.51 0.15 -0.12 -0.86 -7.79 -7.08 -6.21 -4.66 -3.05 -1.26 -0.36 0.19 NA -0.55 -4.17
Final Dam Crest (ft) 5263.24 5263.51 5270 5270 5270 5270 5270 5270 5270 5270 5270 5270 5270 NA 5270 5270
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5225 5225 5225 5225 5225 5225 5225 5225 5225 5225 5225 5225 5225 NA 5225 5225
Original Dam Crest (ft) 5240 5240 5240 5240 5240 5240 5240 5240 5240 5240 5240 5240 5240 NA 5240 5240
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5229 5229 5229 5229 5229 5229 5229 5229 5229 5229 5229 5229 5229 NA 5229 5229
Principal Spillway Elevation Weir (ft) 5229.55 5230.52 5237 5237 5237 5237 5237 5237 5237 5237 5237 5237 5237 NA 5237 5237
Auxillary Spillway Elevation (ft) 5229.56 5230.53 5238 5238 5238 5238 5238 5238 5238 5238 5238 5238 5238 NA 5238 5238
Volume at Principal Spillway (acre-ft) * * 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 NA 1.1 1.1
Volume at Auxilliary Spillway (acre-ft) * * 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 NA 1.25 1.25
Volume at Low Stage Orifice Crest (acre-ft) 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 NA 0.23 0.23
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 0.2404 0.2404 0.2404 0.2404 0.2404 0.2404 0.2404 0.2404 0.2404 0.2404 0.2404 0.2404 0.2404 NA 0.2404 0.2404
PSH Peak Inflow (cfs) 2.7 4.38 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 2.7 4.34 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5229.55 5230.01 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 23.1 23.1 23.1 6.2 3.5 0.8 4.2 8.7 17.1 25.7 36.4 49.4 71.1 NA 51.8 21
FBH/Storm Peak Outflow (cfs) 23.1 0 13.3 13.3 13.3 0.5 2.4 2.4 9.1 11.6 21.8 46.5 80.8 NA 26.8 9.3
FBH/Storm Peak Principal Spillway Outflow (cfs) 7.1 0 13.3 13.3 13.3 0.5 2.4 2.4 9.1 11.6 21.8 46.5 69.8 NA 26.8 9.3
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 16 0 0 0 0 0 0 0 0 0 0 0 11 NA 0 0
FBH/Storm Initial Water Surface Elevation (ft) 5229.02 5229.02 5237 5237 5237 5229 5229 5229 5229 5229 5229 5229 5229 NA 5229 5229
FBH/Storm Max Water Surface Elevation (ft) 5229.77 5229.02 5237 5232.05 5237 5229.19 5229.89 5229.89 5232.98 5235.19 5237.36 5237.90 5238.30 NA 5237.48 5233.17
Height of Water Above Auxillary Spillway (ft) 0.21 -1.51 -1 -5.95 -1 -8.81 -8.11 -8.11 -5.02 -2.81 -0.64 -0.1 0.3 NA -0.52 -4.83
Final Dam Crest (ft) 5232.56 5233.53 5241 5241 5241 5241 5241 5241 5241 5241 5241 5241 5241 NA 5241 5241

3 Above Grade

3 Below Grade
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Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5220 5220 5220 5220 5220 5220 5220 5220 5220 5220 5220 5220 5220 NA 5220 5220
Original Dam Crest (ft) 5235 5235 5235 5235 5235 5235 5235 5235 5235 5235 5235 5235 5235 NA 5235 5235
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5225 5225 5225 5225 5225 5225 5225 5225 5225 5225 5225 5225 5225 NA 5225 5225
Principal Spillway Elevation Weir (ft) 5226.19 5226.69 5233 5233 5233 5233 5233 5233 5233 5233 5233 5233 5233 NA 5233 5233
Auxillary Spillway Elevation (ft) 5226.2 5226.7 5234 5234 5234 5234 5234 5234 5234 5234 5234 5234 5234 NA 5234 5234
Volume at Principal Spillway (acre-ft) * * 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 NA 2.6 2.6
Volume at Auxilliary Spillway (acre-ft) * * 2.98 2.98 2.98 2.98 2.98 2.98 2.98 2.98 2.98 2.98 2.98 NA 2.98 2.98
Volume at Low Stage Orifice Crest (acre-ft) 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 NA 0.55 0.55
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 0.8802 0.8802 0.8802 0.8802 0.8802 0.8802 0.8802 0.8802 0.8802 0.8802 0.8802 0.8802 0.8802 NA 0.8802 0.8802
PSH Peak Inflow (cfs) 5.64 7.57 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 4.86 5.92 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5226.19 5226.69 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 72.4 72.4 49.4 20.2 7.8 1.4 7.4 17.3 35.3 52.3 75.4 104.6 151.5 NA 112.4 39
FBH/Storm Peak Outflow (cfs) 72.2 72.6 16.3 13.4 13.4 1 3.2 6.5 9.9 12.2 27.7 67.4 144.5 NA 53.3 9.9
FBH/Storm Peak Principal Spillway Outflow (cfs) 25.2 25.6 16.3 13.4 13.4 1 3.2 6.5 9.9 12.2 27.7 61.4 94.5 NA 52.3 9.9
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 47 47 0 0 0 0 0 0 0 0 0 6 50 NA 1 0
FBH/Storm Initial Water Surface Elevation (ft) 5225.05 5225.02 5233 5233 5233 5225 5225 5225 5225 5225 5225 5225 5225 NA 5225 5225
FBH/Storm Max Water Surface Elevation (ft) 5226.83 5227.33 5233.13 5233 5233 5225.29 5226.24 5227.42 5229.68 5231.78 5233.51 5234.17 5234.69 NA 5234.02 5229.62
Height of Water Above Auxillary Spillway (ft) 0.63 0.63 -0.87 -1 -1 -8.71 -7.76 -6.58 -4.32 -2.22 -0.49 0.17 0.69 NA 0.02 -4.38
Final Dam Crest (ft) 5229.2 5229.7 5237 5237 5237 5237 5237 5237 5237 5237 5237 5237 5237 NA 5237 5237
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 NA 5040 5040
Original Dam Crest (ft) 5055 5055 5055 5055 5055 5055 5055 5055 5055 5055 5055 5055 5055 NA 5055 5055
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5043 5043 5043 5043 5043 5043 5043 5043 5043 5043 5043 5043 5043 NA 5043 5043
Principal Spillway Elevation Weir (ft) 5051.59 5052.25 5052 5052 5052 5052 5052 5052 5052 5052 5052 5052 5052 NA 5052 5052
Auxillary Spillway Elevation (ft) 5051.6 5052.26 5053 5053 5053 5053 5053 5053 5053 5053 5053 5053 5053 NA 5053 5053
Volume at Principal Spillway (acre-ft) * * 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 NA 17.09 17.09
Volume at Auxilliary Spillway (acre-ft) * * 18.99 18.99 18.99 18.99 18.99 18.99 18.99 18.99 18.99 18.99 18.99 NA 18.99 18.99
Volume at Low Stage Orifice Crest (acre-ft) 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 NA 3.34 3.34
Principal Spillway Weir Length (ft) 20 20 20 20 20 20 20 20 20 20 20 20 20 NA 20 20
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 1 1 1 1 1 1 1 1 1 1 1 1 1 NA 1 1
PSH Peak Inflow (cfs) 61.27 73.83 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 14.2 28.5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5051.59 5052.25 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 582.7 582.7 582.7 544.7 199.4 8.8 35.9 71.2 139.1 207.8 291.6 395.8 563.8 NA 442.5 157
FBH/Storm Peak Outflow (cfs) 523.7 507.3 558.3 541.1 199.3 3.3 6.7 9.5 12.3 30.7 71.8 236.7 452.7 NA 217.2 13
FBH/Storm Peak Principal Spillway Outflow (cfs) 179.7 200.3 230.3 230.1 148.3 3.3 6.7 9.5 12.3 30.7 71.8 166.7 228.7 NA 157.2 13
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 344 307 328 311 51 0 0 0 0 0 0 70 224 NA 60 0
FBH/Storm Initial Water Surface Elevation (ft) 5043.02 5043.02 5052 5052 5052 5043 5043 5043 5043 5043 5043 5043 5043 NA 5043 5043
FBH/Storm Max Water Surface Elevation (ft) 5053.51 5054.07 5054.9 5054.85 5053.66 5044.26 5045.59 5047.30 5049.86 5052.40 5052.94 5053.81 5054.54 NA 5053.73 5050.7
Height of Water Above Auxillary Spillway (ft) 1.91 1.81 1.9 1.85 0.66 -8.74 -7.41 -5.7 -3.14 -0.6 -0.06 0.81 1.54 NA 0.73 -2.3
Final Dam Crest (ft) 5054.6 5055.26 5056 5056 5056 5056 5056 5056 5056 5056 5056 5056 5056 NA 5056 5056

4E Above Grade (Watershed 4 only) NOTICE: different auxilliary crest elevation from 4E Multi-Basin

3A Below Grade (combined watersheds 2 &3)



Page 5 of  11

Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 NA 5040 5040
Original Dam Crest (ft) 5055 5055 5055 5055 5055 5055 5055 5055 5055 5055 5055 5055 5055 NA 5055 5055
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5043 5043 5043 5043 5043 5043 5043 5043 5043 5043 5043 5043 5043 NA 5043 5043
Principal Spillway Elevation Weir (ft) 5052.74 5053.12 5052 5052 5052 5052 5052 5052 5052 5052 5052 5052 5052 NA 5052 5052
Auxillary Spillway Elevation (ft) 5052.75 5053.13 5054 5054 5054 5054 5054 5054 5054 5054 5054 5054 5054 NA 5054 5054
Volume at Principal Spillway (acre-ft) * * 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 NA 17.09 17.09
Volume at Auxilliary Spillway (acre-ft) * * 20.97 20.97 20.97 20.97 20.97 20.97 20.97 20.97 20.97 20.97 20.97 NA 20.97 20.97
Volume at Low Stage Orifice Crest (acre-ft) 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 NA 3.34 3.34
Principal Spillway Weir Length (ft) 20 20 20 20 20 20 20 20 20 20 20 20 20 NA 20 20
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 1 1 1 1 1 1 1 1 1 1 1 1 1 NA 1 1
PSH Peak Inflow (cfs) 73.49 97.24 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 55.11 92.28 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5052.74 5053.12 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 609.4 609.6 754.2 654.3 247.8 11.9 41.8 82.6 162.7 217.3 326.4 493.5 889.1 NA 504.8 183
FBH/Storm Peak Outflow (cfs) 520.6 504.1 729.9 649 246 6 10 13 27.9 84.2 189.5 438.9 825 NA 338.2 34.2
FBH/Storm Peak Principal Spillway Outflow (cfs) 228.6 230.1 236.9 236 228 6 10 13 27.9 84.2 189.5 232.9 238 NA 230.9 34.2
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 292 274 493 413 18 0 0 0 0 0 0 206 587 NA 107.3 0
FBH/Storm Initial Water Surface Elevation (ft) 5043.02 5043.02 5052 5052 5052 5043 5043 5043 5043 5043 5043 5043 5043 NA 5043 5043
FBH/Storm Max Water Surface Elevation (ft) 5054.52 5054.85 5056.35 5056.14 5054.39 5045.34 5047.75 5050.67 5052.27 5053.05 5053.99 505.46 5056.59 NA 5055.03 5052.39
Height of Water Above Auxillary Spillway (ft) 1.77 1.72 2.35 2.14 0.39 -8.66 -6.25 -3.33 -1.73 -0.95 -0.01 -4548.54 2.59 NA 1.03 -1.61
Final Dam Crest (ft) 5055.75 5056.13 5057 5057 5057 5057 5057 5057 5057 5057 5057 5057 5057 NA 5057 5057
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 NA 5025 5025
Original Dam Crest (ft) 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 NA 5040 5040
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5029 5029 5029 5029 5029 5029 5029 5029 5029 5029 5029 5029 5029 NA 5029 5029
Principal Spillway Elevation Weir (ft) 5033.61 5037.39 5037 5037 5037 5037 5037 5037 5037 5037 5037 5037 5037 NA 5037 5037
Auxillary Spillway Elevation (ft) 5033.62 5037.4 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 NA 5038.5 5038.5
Volume at Principal Spillway (acre-ft) * * 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 NA 17.09 17.09
Volume at Auxilliary Spillway (acre-ft) * * 19.98 19.98 19.98 19.98 19.98 19.98 19.98 19.98 19.98 19.98 19.98 NA 19.98 19.98
Volume at Low Stage Orifice Crest (acre-ft) 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 NA 4.59 4.59
Principal Spillway Weir Length (ft) 20 20 20 20 20 20 20 20 20 20 20 20 20 NA 20 20
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 30 42 42 42 42 42 42 42 42 42 NA 30 42
Scaling Factor 1 1 1 1 1 1 1 1 1 1 1 1 1 NA 1 1
PSH Peak Inflow (cfs) 33.37 55.39 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 10.24 12.72 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5033.61 5036.09 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 215.6 215.6 215.6 111.6 44.5 8.8 35.9 71.2 139.1 207.8 291.6 395.8 563.8 NA 442.5 157
FBH/Storm Peak Outflow (cfs) 160.9 102.6 185.2 107.6 43.9 3.3 6.7 9.3 12 42.6 115.4 244 450.5 NA 202.5 12.8
FBH/Storm Peak Principal Spillway Outflow (cfs) 65.9 65.6 171.2 107.6 43.9 3.3 6.7 9.3 12 42.6 115.4 115 252.5 NA 115.5 12.8
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 95 37 14 0 0 0 0 0 0 0 0 129 198 NA 87 0
FBH/Storm Initial Water Surface Elevation (ft) 5029.02 5029.02 5037 5037 5029 5029 5029 5029 5029 5029 5029 5029 5029 NA 5029 5029
FBH/Storm Max Water Surface Elevation (ft) 6034.54 5037.88 5038.85 5038.31 5037.6 5030.20 5031.47 5033.14 5035.61 5037.59 5038.36 5039.14 5039.93 NA 5039.42 5036.43
Height of Water Above Auxillary Spillway (ft) 1000.92 0.48 0.35 -0.19 -0.9 -8.3 -7.03 -5.36 -2.89 -0.91 -0.14 0.64 1.43 NA 0.92 -2.07
Final Dam Crest (ft) 5036.62 5040.4 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 NA 5041.5 5041.5

Basin 4E Above Grade Multi-Basin (includes Watershed 4 and inputs from Basin 1below, 2below, and 3 below)

4D Below Grade (Watershed 4 inputs)
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Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 NA 5025 5025
Original Dam Crest (ft) 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 NA 5040 5040
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5029 5029 5029 5029 5029 5029 5029 5029 5029 5029 5029 5029 5029 NA 5029 5029
Principal Spillway Elevation Weir (ft) 5037.2 5038.13 5037 5037 5037 5037 5037 5037 5037 5037 5037 5037 5037 NA 5037 5037
Auxillary Spillway Elevation (ft) 5037.21 5038.14 5039 5039 5039 5039 5039 5039 5039 5039 5039 5039 5039 NA 5039 5039
Volume at Principal Spillway (acre-ft) * * 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 17.09 NA 17.09 17.09
Volume at Auxilliary Spillway (acre-ft) * * 20.96 20.96 20.96 20.96 20.96 20.96 20.96 20.96 20.96 20.96 20.96 NA 20.96 20.96
Volume at Low Stage Orifice Crest (acre-ft) 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 4.59 NA 4.59 4.59
Principal Spillway Weir Length (ft) 20 20 20 20 20 20 20 20 20 20 20 20 20 NA 20 20
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 30 42
Scaling Factor 1 1 1 1 1 1 1 1 1 1 1 1 1 NA 1 1
PSH Peak Inflow (cfs) 48.52 97.23 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 25.41 92.41 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5037.2 5038.13 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 244 244 379.5 226.9 93.1 9.8 42.8 149.1 162.8 238.6 335.1 486.3 875 NA 504.8 182.9
FBH/Storm Peak Outflow (cfs) 193.6 192.4 350.7 215.6 91.9 6.1 10.1 23 32.3 91.3 183.2 374.2 820.2 NA 349.7 38.4
FBH/Storm Peak Principal Spillway Outflow (cfs) 91.6 153.4 252.7 116.6 91.9 6.1 10.1 23 32.3 91.3 183.2 253.2 259.2 NA 232 38.4
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 102 39 98 99 0 0 0 0 0 0 0 121 561 NA 117.7 0
FBH/Storm Initial Water Surface Elevation (ft) 5029.02 5029.02 5037 5037 5029 5029 5029 5029 5029 5029 5029 5029 5029 NA 5029 5029
FBH/Storm Max Water Surface Elevation (ft) 5038.16 5038.71 5039.98 5039.98 5038.14 5031.24 5033.76 5037.19 5037.37 5038.14 5038.94 5040.10 5041.53 NA 5040.52 5037.49
Height of Water Above Auxillary Spillway (ft) 0.95 0.57 0.98 0.98 -0.86 -7.76 -5.24 -1.81 -1.63 -0.86 -0.06 1.1 2.53 NA 1.52 -1.51
Final Dam Crest (ft) 5040.21 5041.14 5042 5042 5042 5042 5042 5042 5042 5042 5042 5042 5042 NA 5042 5042
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5015.58 5015.58 5015.58 5015.58 5015.58 5015.58 5015.58 5015.58 5015.58 5015.58 5015.58 5015.58 5015.58 NA 5015.58 5015.58
Original Dam Crest (ft) 5030 5030 5030 5030 5030 5030 5030 5030 5030 5030 5030 5030 5030 NA 5030 5030
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5019 5019 5019 5019 5019 5019 5019 5019 5019 5019 5019 5019 5019 NA 5019 5019
Principal Spillway Elevation Weir (ft) * * 5027 5027 5027 5027 5027 5027 5027 5027 5027 5027 5027 NA 5027 5027
Auxillary Spillway Elevation (ft) * * 5029.6 5029.6 5029.6 5029.6 5029.6 5029.6 5029.6 5029.6 5029.6 5029.6 5029.6 NA 5029.6 5029.6
Volume at Principal Spillway (acre-ft) * * 15.353 15.353 15.353 15.353 15.353 15.353 15.353 15.353 15.353 15.353 15.353 NA 15.353 15.353
Volume at Auxilliary Spillway (acre-ft) * * 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 NA 20.2 20.2
Volume at Low Stage Orifice Crest (acre-ft) 3.55 3.55 3.55 3.55 3.55 3.55 3.55 3.55 3.55 3.55 3.55 3.55 3.55 NA 3.55 3.55
Principal Spillway Weir Length (ft) 16 16 16 16 16 16 16 16 16 16 16 16 16 NA 16 16
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 1.447 1.447 1.447 1.447 1.447 1.447 1.447 1.447 1.447 1.447 1.447 1.447 1.447 NA 1.447 1.447
PSH Peak Inflow (cfs) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) * * 719.6 * * * * * * * 335.35 * * NA 504.7 *
FBH/Storm Peak Outflow (cfs) * * 719.1 * * * * * * * 214.5 * * NA 345.6 *
FBH/Storm Peak Principal Spillway Outflow (cfs) * * 303.1 * * * * * * * 214.5 * * NA 292.9 *
FBH/Storm Peak Auxillary Spillway Outflow (cfs) * * 416 * * * * * * * 0 * * NA 52.7 *
FBH/Storm Initial Water Surface Elevation (ft) * * 5027 5027 5027 5019 5019 5019 5019 5019 5019 5019 5019 NA 5019 5019
FBH/Storm Max Water Surface Elevation (ft) * * 5031.57 * * * * * * * 5029.52 * * NA 5030.31 *
Height of Water Above Auxillary Spillway (ft) * * 1.97 * * * * * * * -0.08 * * NA 0.71 *
Final Dam Crest (ft) * * 5032.6 5032.6 5032.6 5032.6 5032.6 5032.6 5032.6 5032.6 5032.6 5032.6 5032.6 NA 5032.6 5032.6
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 NA 4991 4991
Original Dam Crest (ft) 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 NA 5000 5000
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 4993 4993 4993 4993 4993 4993 4993 4993 4993 4993 4993 4993 4993 NA 4993 4993
Principal Spillway Elevation Weir (ft) 4997.97 4998.21 4997 4997 4997 4997 4997 4997 4997 4997 4997 4997 4997 NA 4997 4997

4B

Basin 4D Below Grade Multi-Basin (includes Watershed 4 and inputs from Basin 1below, 2below, and 3 below)

Basin 4A-4B Above Grade Multi-Basin (includes Watershed 4 and inputs from Basin 1below, 2below, and 3 below)
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Auxillary Spillway Elevation (ft) 4997.98 4998.22 4999.2 4999.2 4999.2 4999.2 4999.2 4999.2 4999.2 4999.2 4999.2 4999.2 4999.2 NA 4999.2 4999.2
Volume at Principal Spillway (acre-ft) * * 1.747 1.747 1.747 1.747 1.747 1.747 1.747 1.747 1.747 1.747 1.747 NA 1.747 1.747
Volume at Auxilliary Spillway (acre-ft) * * 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 NA 2.7 2.7
Volume at Low Stage Orifice Crest (acre-ft) 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 NA 0.44 0.44
Principal Spillway Weir Length (ft) 20 20 20 20 20 20 20 20 20 20 20 20 20 NA 20 20
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 48 48 48 48 48 48 48 48 48 48 48 48 48 NA 48 48
Scaling Factor 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 NA 1.2 1.2
PSH Peak Inflow (cfs) 66 88.77 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 65.66 88.39 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 4997.97 4998.21 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 486.8 520.4 719.2 647.6 246.9 6.1 9.9 25 47.9 97 214.5 440.2 810.7 NA 346.6 41.1
FBH/Storm Peak Outflow (cfs) 485.9 518.5 717.9 647.1 246.7 5.9 9.9 24.9 47.6 95.2 213.8 439.2 805.8 NA 345.4 40.9
FBH/Storm Peak Principal Spillway Outflow (cfs) 243.9 252.5 258.9 258.1 240.7 5.9 9.9 24.9 47.6 95.2 213.8 255.2 259.8 NA 253.4 40.9
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 242 266 459 389 6 0 0 0 0 0 0 184 546 NA 92 0
FBH/Storm Initial Water Surface Elevation (ft) 4993.02 4993.02 4997 4997 4997 4993 4993 4993 4993 4993 4993 4993 4993 NA 4993 4993
FBH/Storm Max Water Surface Elevation (ft) 4999.58 4999.93 5001.46 5001.27 4999.39 4994.82 4997.01 4997.29 4997.71 4998.22 4999.2 5000.57 5001.7 NA 5000.15 4997.58
Height of Water Above Auxillary Spillway (ft) 1.6 1.71 2.26 2.07 0.19 -4.38 -2.19 -1.91 -1.49 -0.98 0 1.37 2.5 NA 0.95 -1.62
Final Dam Crest (ft) 5000.98 5001.22 5002.2 5002.2 5002.2 5002.2 5002.2 5002.2 5002.2 5002.2 5002.2 5002.2 5002.2 NA 5002.2 5002.2
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 NA 5000 5000
Original Dam Crest (ft) 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 NA 5015 5015
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5003 5003 5003 5003 5003 5003 5003 5003 5003 5003 5003 5003 5003 NA 5003 5003
Principal Spillway Elevation Weir (ft) * * 5012 5012 5012 5012 5012 5012 5012 5012 5012 5012 5012 NA 5012 5012
Auxillary Spillway Elevation (ft) * * 5014.4 5014.4 5014.4 5014.4 5014.4 5014.4 5014.4 5014.4 5014.4 5014.4 5014.4 NA 5014.4 5014.4
Volume at Principal Spillway (acre-ft) * * 15.268 15.268 15.268 15.268 15.268 15.268 15.268 15.268 15.268 15.268 15.268 NA 15.268 15.268
Volume at Auxilliary Spillway (acre-ft) * * 19.58 19.58 19.58 19.58 19.58 19.58 19.58 19.58 19.58 19.58 19.58 NA 19.58 19.58
Volume at Low Stage Orifice Crest (acre-ft) 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 NA 2.89 2.89
Principal Spillway Weir Length (ft) 18 18 18 18 18 18 18 18 18 18 18 18 18 NA 18 18
Auxillary Spillway Width (ft) 60 60 60 60 60 60 60 60 60 60 60 60 60 NA 60 60
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 NA 1.273 1.273
PSH Peak Inflow (cfs) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) * * 379.5 * * * * * * 238.59 335.4 * * NA * *
FBH/Storm Peak Outflow (cfs) * * 348.7 * * * * * * 92.9 210.9 * * NA * *
FBH/Storm Peak Principal Spillway Outflow (cfs) * * 243.5 * * * * * * 92.9 210.9 * * NA * *
FBH/Storm Peak Auxillary Spillway Outflow (cfs) * * 105.2 * * * * * * 0 0 * * NA * *
FBH/Storm Initial Water Surface Elevation (ft) * * 5003 * * * * * * 5003 5003 * * NA * *
FBH/Storm Max Water Surface Elevation (ft) * * 5014.89 * * * * * * 5013.22 5014.30 * * NA * *
Height of Water Above Auxillary Spillway (ft) * * 0.49 * * * * * * -1.18 -0.1 * * NA * *
Final Dam Crest (ft) * * 5017.4 5017.4 5017.4 5017.4 5017.4 5017.4 5017.4 5017.4 5017.4 5017.4 5017.4 NA 5017.4 5017.4
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 4981 4981 4981 4981 4981 4981 4981 4981 4981 4981 4981 4981 4981 NA 4981 4981
Original Dam Crest (ft) 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 NA 4991 4991
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 4983 4983 4983 4983 4983 4983 4983 4983 4983 4983 4983 4983 4983 NA 4983 4983
Principal Spillway Elevation Weir (ft) 4988.91 4989.24 4988 4988 4988 4988 4988 4988 4988 4988 4988 4988 4988 NA 4988 4988
Auxillary Spillway Elevation (ft) 4988.92 4989.25 4990.4 4990.4 4990.4 4990.4 4990.4 4990.4 4990.4 4990.4 4990.4 4990.4 4990.4 NA 4990.4 4990.4
Volume at Principal Spillway (acre-ft) * * 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 NA 1.732 1.732
Volume at Auxilliary Spillway (acre-ft) * * 2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66 NA 2.66 2.66
Volume at Low Stage Orifice Crest (acre-ft) 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 NA 0.36 0.36
Principal Spillway Weir Length (ft) 18 18 18 18 18 18 18 18 18 18 18 18 18 NA 18 18
Auxillary Spillway Width (ft) 60 60 60 60 60 60 60 60 60 60 60 60 60 NA 60 60

4A

Basin 4A-4B Below Grade Multi-Basin (includes Watershed 4 and inputs from Basin 1below, 2below, and 3 below) NOTE: 60ft wide auxilliary spillway

4B
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Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 1 1 1 1 1 1 1 1 1 1 1 1 1 NA 1 1
PSH Peak Inflow (cfs) 62.1 92.55 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 61.8 92.25 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 4988.91 4989.24 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 527.3 192.8 348.7 162.8 92 6.25 10.5 13.4 32.8 92.9 211 407 790.7 NA 346 39.3
FBH/Storm Peak Outflow (cfs) 526.5 14978 348.3 161.8 91.9 6.2 10.3 13.4 32.7 92.5 208.2 404.8 790.7 NA 345.8 39.2
FBH/Storm Peak Principal Spillway Outflow (cfs) 209.5 14935 214.3 161.8 91.9 6.2 10.3 13.4 32.7 92.5 208.2 214.8 220 NA 213.8 39.2
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 317 43 134 0 0 0 0 0 0 0 0 190 570.7 NA 132 0
FBH/Storm Initial Water Surface Elevation (ft) 4983.02 4983.02 4988 4988 4988 4983 4983 4983 4983 4983 4983 4983 4983 NA 4983 4983
FBH/Storm Max Water Surface Elevation (ft) 4990.61 4989.82 4991.56 4989.92 4989.26 4984.9 4987.82 4988.07 4988.45 4989.26 4990.35 4991.66 4992.72 NA 4991.47 4988.57
Height of Water Above Auxillary Spillway (ft) 1.69 0.57 1.16 -0.48 -1.14 -5.5 -2.58 -2.33 -1.95 -1.14 -0.05 1.26 2.32 NA 1.07 -1.83
Final Dam Crest (ft) 4991.92 4992.25 4993.4 4993.4 4993.4 4993.4 4993.4 4993.4 4993.4 4993.4 4993.4 4993.4 4993.4 NA 4993.4 4993.4
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 NA 5000 5000
Original Dam Crest (ft) 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 NA 5015 5015
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5003 5003 5003 5003 5003 5003 5003 5003 5003 5003 5003 5003 5003 NA 5003 5003
Principal Spillway Elevation Weir (ft) * * 5012 5012 5012 5012 5012 5012 5012 5012 5012 5012 5012 NA 5012 5012
Auxillary Spillway Elevation (ft) * * 5013.5 5013.5 5013.5 5013.5 5013.5 5013.5 5013.5 5013.5 5013.5 5013.5 5013.5 NA 5013.5 5013.5
Volume at Principal Spillway (acre-ft) * * 15.268 15.268 15.268 15.268 15.268 15.268 15.268 15.268 15.268 15.268 15.268 NA 15.268 15.268
Volume at Auxilliary Spillway (acre-ft) * * 17.91 17.91 17.91 17.91 17.91 17.91 17.91 17.91 17.91 17.91 17.91 NA 17.91 17.91
Volume at Low Stage Orifice Crest (acre-ft) 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 NA 2.89 2.89
Principal Spillway Weir Length (ft) 18 18 18 18 18 18 18 18 18 18 18 18 18 NA 18 18
Auxillary Spillway Width (ft) 60 60 60 60 60 60 60 60 60 60 60 60 60 NA 60 60
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 1.273 NA 1.273 1.273
PSH Peak Inflow (cfs) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) * * NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) * * 215.6 * * 8.8 35.9 71.2 139.1 207.8 291.6 395.8 563.8 NA 442.5 183.3
FBH/Storm Peak Outflow (cfs) * * 190.7 * * * * * * * 115.7 * * NA 241.8 *
FBH/Storm Peak Principal Spillway Outflow (cfs) * * 165 * * * * * * * 115.7 * * NA 189.9 *
FBH/Storm Peak Auxillary Spillway Outflow (cfs) * * 25.7 * * * * * * * 0 * * NA 51.9 *
FBH/Storm Initial Water Surface Elevation (ft) * * 5012 5012 5012 5003 5003 5003 5003 5003 5003 5003 5003 NA 5003 5003
FBH/Storm Max Water Surface Elevation (ft) * * 5013.93 * * * * * * * 5013.48 * * NA 5014.13 *
Height of Water Above Auxillary Spillway (ft) * * 0.43 * * * * * * * -0.02 * * NA 0.63 *
Final Dam Crest (ft) * * 5016.5 5016.5 5016.5 5016.5 5016.5 5016.5 5016.5 5016.5 5016.5 5016.5 5016.5 NA 5016.5 5016.5
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 4981 4981 4981 4981 4981 4981 4981 4981 4981 4981 4981 4981 4981 NA 4981 4981
Original Dam Crest (ft) 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 4991 NA 4991 4991
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 4983 4983 4983 4983 4983 4983 4983 4983 4983 4983 4983 4983 4983 NA 4983 4983
Principal Spillway Elevation Weir (ft) 4987.64 4988.42 4988 4988 4988 4988 4988 4988 4988 4988 4988 4988 4988 NA 4988 4988
Auxillary Spillway Elevation (ft) 4987.65 4988.43 4989.5 4989.5 4989.5 4989.5 4989.5 4989.5 4989.5 4989.5 4989.5 4989.5 4989.5 NA 4989.5 4989.5
Volume at Principal Spillway (acre-ft) * * 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 NA 1.732 1.732
Volume at Auxilliary Spillway (acre-ft) * * 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 NA 2.29 2.29
Volume at Low Stage Orifice Crest (acre-ft) 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 NA 0.36 0.36
Principal Spillway Weir Length (ft) 18 18 18 18 18 18 18 18 18 18 18 18 18 NA 18 18
Auxillary Spillway Width (ft) 60 60 60 60 60 60 60 60 60 60 60 60 60 NA 60 60
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 1 1 1 1 1 1 1 1 1 1 1 1 1 NA 1 1
PSH Peak Inflow (cfs) 10.65 31.89 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 10.16 31.74 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 4987.64 4988.42 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 96.1 57.7 162.6 107.5 43.8 3.4 7.1 9.9 12.7 40 115.7 253.6 470.5 NA 241.8 13.7

4B

4A

4A

Basin 4A-4B Below Grade (watershed 4 inputs only) NOTE: 60ft wide auxilliary spillway
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FBH/Storm Peak Outflow (cfs) 96.2 95.7 189.6 107.5 43.8 6.4 6.8 9.3 12.7 42.3 115.2 253.6 470.5 NA 241.4 13.6
FBH/Storm Peak Principal Spillway Outflow (cfs) 36.2 57.7 162.6 107.5 43.8 6.4 6.8 9.3 12.7 42.3 115.2 192.6 211.5 NA 187.4 13.6
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 60 38 27 0 0 0 0 0 0 0 0 61 259 NA 54 0
FBH/Storm Initial Water Surface Elevation (ft) 4983.02 4983.02 4988 4988 4988 4983 4983 4983 4983 4983 4983 4983 4983 NA 4983 4983
FBH/Storm Max Water Surface Elevation (ft) 4988.24 4988.88 4989.94 4989.43 4988.68 4984.07 4985.34 4987.05 4988.05 4988.66 4989.51 4990.18 4991.01 NA 4990.14 4988.08
Height of Water Above Auxillary Spillway (ft) 0.59 0.45 0.44 -0.07 -0.82 -5.43 -4.16 -2.45 -1.45 -0.84 0.01 0.68 1.51 NA 0.64 -1.42
Final Dam Crest (ft) 4990.65 4991.43 4992.5 4992.5 4992.5 4992.5 4992.5 4992.5 4992.5 4992.5 4992.5 4992.5 4992.5 NA 4992.5 4992.5
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000
Original Dam Crest (ft) 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015 5015
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5
Principal Spillway Elevation Weir (ft) 5011.16 5011.98 5011 5011 5011 5011 5011 5011 5011 5011 5011 5011 5011 5011 5011 5011
Auxillary Spillway Elevation (ft) 5011.17 5011.99 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5 5012.5
Volume at Principal Spillway (acre-ft) * * 12.21 12.21 12.21 12.21 12.21 12.21 12.21 12.21 12.21 12.21 12.21 12.21 12.21 12.21
Volume at Auxilliary Spillway (acre-ft) * * 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64
Volume at Low Stage Orifice Crest (acre-ft) 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89 2.89
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42
Scaling Factor 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154 1.154
PSH Peak Inflow (cfs) 44 75.44 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 13.6 55.8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5011.16 5011.98 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 476.6 476.6 475.3 510.4 196 3.1 15.6 38.6 88.4 142.1 209.5 295.7 438.2 501.8 355.9 102.6
FBH/Storm Peak Outflow (cfs) 460.2 430.9 462.8 509.3 195.6 2.3 5 8.2 11.7 29.7 82.2 189.9 385.3 442.8 77.2 11.9
FBH/Storm Peak Principal Spillway Outflow (cfs) 111.2 170.9 218.8 231.3 135.6 2.3 5 8.2 11.7 29.7 82.2 132.9 196.3 213.8 11.2 11.9
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 349 260 244 278 60 0 0 0 0 0 0 57 189 229 66 0
FBH/Storm Initial Water Surface Elevation (ft) 5003.52 5003.52 5011 5011 5011 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5 5003.5
FBH/Storm Max Water Surface Elevation (ft) 5013.05 5013.6 5014.1 5014.23 5013.19 5004.32 5005.31 5006.74 5009.71 5011.57 5012.49 5013.16 5013.87 5014.05 5012.50 5010
Height of Water Above Auxillary Spillway (ft) 1.88 1.61 1.6 1.73 0.69 -8.18 -7.19 -5.76 -2.79 -0.93 -0.01 0.66 1.37 1.55 0 -2.5
Final Dam Crest (ft) 5014.17 5014.99 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5 5015.5
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 4974 4974 4974 4974 4974 4974 4974 4974 4974 4974 4974 4974 4974 NA 4974 4974
Original Dam Crest (ft) 4988 4988 4988 4988 4988 4988 4988 4988 4988 4988 4988 4988 4988 NA 4988 4988
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 4977.52 4977.52 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 NA 4977.5 4977.5
Principal Spillway Elevation Weir (ft) 4980.41 4986.81 4986 4986 4986 4986 4986 4986 4986 4986 4986 4986 4986 NA 4986 4986
Auxillary Spillway Elevation (ft) 4980.42 4986.82 4987.3 4987.3 4987.3 4987.3 4987.3 4987.3 4987.3 4987.3 4987.3 4987.3 4987.3 NA 4987.3 4987.3
Volume at Principal Spillway (acre-ft) * * 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 NA 13.8 13.8
Volume at Auxilliary Spillway (acre-ft) * * 15.88 15.88 15.88 15.88 15.88 15.88 15.88 15.88 15.88 15.88 15.88 NA 15.88 15.88
Volume at Low Stage Orifice Crest (acre-ft) 3.09 3.09 3.09 3.09 3.09 3.09 3.09 3.09 3.09 3.09 3.09 3.09 3.09 NA 3.09 3.09
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 42 42 42 42 42 42 42 42 42 42 42 42 42 NA 42 42
Scaling Factor 0.8655 0.8655 0.8655 0.8655 0.8655 0.8655 0.8655 0.8655 0.8655 0.8655 0.8655 0.8655 0.8655 NA 0.8655 0.8655
PSH Peak Inflow (cfs) 13.03 56.56 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 7.92 13.85 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 4980.41 4985.79 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 123.2 123.2 157.5 91.3 21.6 3.1 15.6 38.6 88.4 142.1 209.5 295.7 438.2 NA 355.9 102.6
FBH/Storm Peak Outflow (cfs) 141.9 81.6 135.8 88.1 38 0 4.9 8.2 11.7 19.9 68.3 171 374.2 NA 194.7 12
FBH/Storm Peak Principal Spillway Outflow (cfs) 43.9 58.6 105.8 79.1 38 2.3 4.9 8.2 11.7 19.9 68.3 119 180.2 NA 126.7 12
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 98 23 30 9 0 0 0 0 0 0 0 52 194 NA 68 0
FBH/Storm Initial Water Surface Elevation (ft) 4977.52 4977.52 4986 4986 4986 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 4977.5 NA 4977.5 4977.5
FBH/Storm Max Water Surface Elevation (ft) 4981.37 4987.12 4987.81 4987.44 4986.72 4978.35 4979.35 4980.73 4983.75 4986.24 4987.27 4987.98 4988.69 NA 4988.08 4984.04

5 Below Grade

5 Above Grade
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Height of Water Above Auxillary Spillway (ft) 0.95 0.3 0.51 0.14 -0.58 -8.95 -7.95 -6.57 -3.55 -1.06 -0.03 0.68 1.39 NA 0.78 -3.26
Final Dam Crest (ft) 4983.42 4989.82 4990.3 4990.3 4990.3 4990.3 4990.3 4990.3 4990.3 4990.3 4990.3 4990.3 4990.3 NA 4990.3 4990.3
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5010 5010 5010 5010 5010 5010 5010 5010 5010 5010 5010 5010 5010 NA 5010 5010
Original Dam Crest (ft) 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 NA 5025 5025
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5014 5014 5014 5014 5014 5014 5014 5014 5014 5014 5014 5014 5014 NA 5014 5014
Principal Spillway Elevation Weir (ft) 5020.18 5020.79 5021 5021 5021 5021 5021 5021 5021 5021 5021 5021 5021 NA 5021 5021
Auxillary Spillway Elevation (ft) 5020.19 5020.8 5022.5 5022.5 5022.5 5022.5 5022.5 5022.5 5022.5 5022.5 5022.5 5022.5 5022.5 NA 5022.5 5022.5
Volume at Principal Spillway (acre-ft) * * 11.04 11.04 11.04 11.04 11.04 11.04 11.04 11.04 11.04 11.04 11.04 NA 11.04 11.04
Volume at Auxilliary Spillway (acre-ft) * * 13.43 13.43 13.43 13.43 13.43 13.43 13.43 13.43 13.43 13.43 13.43 NA 13.43 13.43
Volume at Low Stage Orifice Crest (acre-ft) 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 NA 2.59 2.59
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 1.248 1.248 1.248 1.248 1.248 1.248 1.248 1.248 1.248 1.248 1.248 1.248 1.248 NA 1.248 1.248
PSH Peak Inflow (cfs) 44.74 49.52 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 11.8 12.57 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5020.18 5020.79 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 494.6 487.7 494.6 373.5 132.5 9.5 35.3 67.9 127.8 188.8 262.5 352.6 502.1 NA 367 154
FBH/Storm Peak Outflow (cfs) 464.8 438.6 467.8 370.4 131.6 2.7 5.7 8.7 11.6 19.4 57.4 127.8 288.9 NA 143.5 11.3
FBH/Storm Peak Principal Spillway Outflow (cfs) 114.8 101.6 170.8 170.4 112.6 2.7 5.7 8.7 11.6 19.4 57.4 110.8 169.9 NA 117.5 11.3
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 350 337 297 200 19 0 0 0 0 0 0 17 119 NA 26 0
FBH/Storm Initial Water Surface Elevation (ft) 5014.02 5014.02 5021 5021 5021 5014 5014 5014 5014 5014 5014 5014 5014 NA 5014 5014
FBH/Storm Max Water Surface Elevation (ft) 5022.74 5022.73 5024.29 5023.95 5022.91 5014.97 5016.03 5017.65 5020.19 5021.31 5022.11 5022.89 5023.60 NA 5022.98 5019.85
Height of Water Above Auxillary Spillway (ft) 2.55 1.93 1.79 1.45 0.41 -7.53 -6.47 -4.85 -2.31 -1.19 -0.39 0.39 1.1 NA 0.48 -2.65
Final Dam Crest (ft) 5023.19 5023.8 5025.5 5025.5 5025.5 5025.5 5025.5 5025.5 5025.5 5025.5 5025.5 5025.5 5025.5 NA 5025.5 5025.5
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 4955 4955 4955 4955 4955 4955 4955 4955 4955 4955 4955 4955 4955 NA 4955 4955
Original Dam Crest (ft) 4970 4970 4970 4970 4970 4970 4970 4970 4970 4970 4970 4970 4970 NA 4970 4970
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 4959 4959 4959 4959 4959 4959 4959 4959 4959 4959 4959 4959 4959 NA 4959 4959
Principal Spillway Elevation Weir (ft) 4968.19 4968.19 4967 4967 4967 4967 4967 4967 4967 4967 4967 4967 4967 NA 4967 4967
Auxillary Spillway Elevation (ft) 4968.2 4968.2 4968.2 4968.2 4968.2 4968.2 4968.2 4968.2 4968.2 4968.2 4968.2 4968.2 4968.2 NA 4968.2 4968.2
Volume at Principal Spillway (acre-ft) * * 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 NA 12.6 12.6
Volume at Auxilliary Spillway (acre-ft) * * 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 NA 14.6 14.6
Volume at Low Stage Orifice Crest (acre-ft) 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 NA 2.8 2.8
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 1.433 1.433 1.433 1.433 1.433 1.433 1.433 1.433 1.433 1.433 1.433 1.433 1.433 NA 1.433 1.433
PSH Peak Inflow (cfs) 24.55 37.16 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 8.8 10.64 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 4968.19 4963.99 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 80.4 80.4 251.7 80.4 30.5 9.5 35.3 67.9 127.8 188.8 262.5 352.6 502.1 NA 367 154
FBH/Storm Peak Outflow (cfs) 76.1 35.1 194.1 74.2 26.3 2.7 6.1 8.8 11.7 20.2 63.7 140.1 308.5 NA 107.1 11.4
FBH/Storm Peak Principal Spillway Outflow (cfs) 36.1 22.1 94.1 71.2 26.3 2.7 6.1 8.8 11.7 20.2 63.7 93.1 95.5 NA 92.1 11.4
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 40 13 100 3 0 0 0 0 0 0 0 47 213 NA 15 0
FBH/Storm Initial Water Surface Elevation (ft) 4959 4959 4967 4967 4967 4959 4959 4959 4959 4959 4959 4959 4959 NA 4959 4959
FBH/Storm Max Water Surface Elevation (ft) 4963.26 4966.28 4969.51 4968.32 4967.47 4960.01 4961.26 4962.74 4965.30 4967.28 4968.21 4969.10 4970.10 NA 4968.70 4964.96
Height of Water Above Auxillary Spillway (ft) -4.94 -1.92 1.31 0.12 -0.73 -8.19 -6.94 -5.46 -2.9 -0.92 0.01 0.9 1.9 NA 0.5 -3.24
Final Dam Crest (ft) 4971.2 4971.2 4971.2 4971.2 4971.2 4971.2 4971.2 4971.2 4971.2 4971.2 4971.2 4971.2 4971.2 NA 4971.2 4971.2

6A Above Grade

6A Below Grade
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Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 5025 NA 5025 5025
Original Dam Crest (ft) 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 5040 NA 5040 5040
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 NA 5028.5 5028.5
Principal Spillway Elevation Weir (ft) 5034.94 5035.59 5037 5037 5037 5037 5037 5037 5037 5037 5037 5037 5037 NA 5037 5037
Auxillary Spillway Elevation (ft) 5034.95 5035.6 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 5038.5 NA 5038.5 5038.5
Volume at Principal Spillway (acre-ft) * * 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 NA 12.6 12.6
Volume at Auxilliary Spillway (acre-ft) * * 14.99 14.99 14.99 14.99 14.99 14.99 14.99 14.99 14.99 14.99 14.99 NA 14.99 14.99
Volume at Low Stage Orifice Crest (acre-ft) 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 NA 2.59 2.59
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 1.215 1.215 1.215 1.215 1.215 1.215 1.215 1.215 1.215 1.215 1.215 1.215 1.215 NA 1.215 1.215
PSH Peak Inflow (cfs) 44.7 49.54 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 12 12.69 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 5034.94 5035.59 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 494.6 494.6 494.6 373.5 132.3 9.5 35.3 67.9 127.8 188.8 262.5 352.6 502.1 NA 367 154
FBH/Storm Peak Outflow (cfs) 463.8 454.2 470.5 371.9 132.4 2.7 6.1 8.9 12 18.6 63.2 143.6 325.5 NA 11.6 11.6
FBH/Storm Peak Principal Spillway Outflow (cfs) 99.8 101.2 107.5 106.9 104.4 2.7 6.1 8.9 12 18.6 63.2 104.6 106.5 NA 99.3 11.6
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 364 353 363 265 28 0 0 0 0 0 0 39 219 NA 7 0
FBH/Storm Initial Water Surface Elevation (ft) 5028.52 5028.52 5037 5037 5037 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 5028.5 NA 5028.5 5028.5
FBH/Storm Max Water Surface Elevation (ft) 5036.97 5097.58 5040.46 5040.16 5039.01 5029.52 5030.82 5032.35 5035.04 5037.21 5038.18 5039.10 5040.01 NA 5038.72 5034.66
Height of Water Above Auxillary Spillway (ft) 2.02 61.98 1.96 1.66 0.51 -8.98 -7.68 -6.15 -3.46 -1.29 -0.32 0.6 1.51 NA 0.22 -3.84
Final Dam Crest (ft) 5037.95 5038.6 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 5041.5 NA 5041.5 5041.5
Site
Storm Scenario 6hrBase Snowmelt 6hr SEF 24hr SEF 72hr SEF 2yr 5yr 10yr 25yr 50yr 100yr 200yr 500yr Type 2 ARCIII 24hr 100yr ARCIII 6hr 10yr Burn Condition
Reservoir Bottom Elevation (ft) 4985 4985 4985 4985 4985 4985 4985 4985 4985 4985 4985 4985 4985 NA 4985 4985
Original Dam Crest (ft) 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 NA 5000 5000
Low Stage Orifice Crest (ft) (2' x 0.5' Orifice) 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 NA 4988.5 4988.5
Principal Spillway Elevation Weir (ft) 4992.04 4995.57 4997 4997 4997 4997 4997 4997 4997 4997 4997 4997 4997 NA 4997 4997
Auxillary Spillway Elevation (ft) 4992.05 4995.58 4998.2 4998.2 4998.2 4998.2 4998.2 4998.2 4998.2 4998.2 4998.2 4998.2 4998.2 NA 4998.2 4998.2
Volume at Principal Spillway (acre-ft) * * 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 NA 12.6 12.6
Volume at Auxilliary Spillway (acre-ft) * * 14.52 14.52 14.52 14.52 14.52 14.52 14.52 14.52 14.52 14.52 14.52 NA 14.52 14.52
Volume at Low Stage Orifice Crest (acre-ft) 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 NA 2.54 2.54
Principal Spillway Weir Length (ft) 12 12 12 12 12 12 12 12 12 12 12 12 12 NA 12 12
Auxillary Spillway Width (ft) 50 50 50 50 50 50 50 50 50 50 50 50 50 NA 50 50
Principal Spillway Outlet Pipe Diameter (in) 30 30 30 30 30 30 30 30 30 30 30 30 30 NA 30 30
Scaling Factor 1.1667 1.1667 1.1667 1.1667 1.1667 1.1667 1.1667 1.1667 1.1667 1.1667 1.1667 1.1667 1.1667 NA 1.1667 1.1667
PSH Peak Inflow (cfs) 24.54 37.17 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Peak Outflow (cfs) 8.94 10.75 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
PSH Max Water Surface Elevation (ft) 4992.04 4993.62 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
FBH/Storm Peak Inflow (cfs) 182.9 182.9 182.9 80.4 30.5 3.2 19.1 50.6 119.4 193.6 286.7 404.9 601.8 NA 367 154
FBH/Storm Peak Outflow (cfs) 146 78.2 146 75.8 24.5 2.7 6.1 8.9 12 18.5 61.8 159.2 342 NA 113.7 11.6
FBH/Storm Peak Principal Spillway Outflow (cfs) 46 32.2 104 71.8 24.5 2.7 6.1 8.9 12 18.5 61.8 104.2 106 NA 92.7 11.6
FBH/Storm Peak Auxillary Spillway Outflow (cfs) 100 46 42 4 0 0 0 0 0 0 0 55 236 NA 21 0
FBH/Storm Initial Water Surface Elevation (ft) 4988.52 4988.52 4997 4997 4997 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 4988.5 NA 4988.5 4988.5
FBH/Storm Max Water Surface Elevation (ft) 4993.02 4996.22 4998.82 4998.33 4997.42 4989.53 4990.83 4992.36 4995.03 4997.19 4998.17 4998.92 4999.77 NA 4998.63 4994.66
Height of Water Above Auxillary Spillway (ft) 0.97 0.64 0.62 0.13 -0.78 -8.67 -7.37 -5.84 -3.17 -1.01 -0.03 0.72 1.57 NA 0.43 -3.54
Final Dam Crest (ft) 4995.05 4998.58 5001.2 5001.2 5001.2 5001.2 5001.2 5001.2 5001.2 5001.2 5001.2 5001.2 5001.2 NA 5001.2 5001.2

6B Below Grade

6B Above Grade



Time (hr) Q (cfs)
Incremental 
Volume (ft3)

Incremental 
Volume (ac‐ft)

Cumulative 
Volume (ft3)

Cumulative 
Volume (ac‐ft)

11.8 0 0 0 0.00
11.9 1.5 270 0.006 270 0.01
12 9.6 1,998 0.046 2,268 0.05

12.1 42.4 9,360 0.215 11,628 0.27
12.2 116.5 28,602 0.657 40,230 0.92
12.3 214.5 59,580 1.368 99,810 2.29
12.4 278.1 88,668 2.036 188,478 4.33

12.47 291.6 71,782 1.648 260,260 5.97
12.5 289.6 31,385 0.720 291,645 6.70
12.6 262.1 99,306 2.280 390,951 8.97
12.7 218.2 86,454 1.985 477,405 10.96
12.8 180.7 71,802 1.648 549,207 12.61
12.9 150.4 59,598 1.368 608,805 13.98
13 126.1 49,770 1.143 658,575 15.12

13.1 106.9 41,940 0.963 700,515 16.08
13.2 91.6 35,730 0.820 736,245 16.90
13.3 79.1 30,726 0.705 766,971 17.61
13.4 69 26,658 0.612 793,629 18.22
13.5 60.5 23,310 0.535 816,939 18.75
13.6 53.5 20,520 0.471 837,459 19.23
13.7 47.6 18,198 0.418 855,657 19.64
13.8 42.3 16,182 0.371 871,839 20.01
13.9 38 14,454 0.332 886,293 20.35
14 34.6 13,068 0.300 899,361 20.65

14.1 32.1 12,006 0.276 911,367 20.92
14.2 30.2 11,214 0.257 922,581 21.18
14.3 28.6 10,584 0.243 933,165 21.42
14.4 27.2 10,044 0.231 943,209 21.65
14.5 26 9,576 0.220 952,785 21.87
14.6 24.8 9,144 0.210 961,929 22.08
14.7 23.7 8,730 0.200 970,659 22.28
14.8 22.6 8,334 0.191 978,993 22.47
14.9 21.5 7,938 0.182 986,931 22.66
15 20.5 7,560 0.174 994,491 22.83

15.1 19.4 7,182 0.165 1,001,673 23.00
15.2 18.3 6,786 0.156 1,008,459 23.15
15.3 17.4 6,426 0.148 1,014,885 23.30
15.4 16.5 6,102 0.140 1,020,987 23.44
15.5 15.8 5,814 0.133 1,026,801 23.57
15.6 15.2 5,580 0.128 1,032,381 23.70
15.7 14.8 5,400 0.124 1,037,781 23.82
15.8 14.4 5,256 0.121 1,043,037 23.94
15.9 14.1 5,130 0.118 1,048,167 24.06
16 13.8 5,022 0.115 1,053,189 24.18

16.1 13.5 4,914 0.113 1,058,103 24.29
16.2 13.3 4,824 0.111 1,062,927 24.40
16.3 13 4,734 0.109 1,067,661 24.51
16.4 12.7 4,626 0.106 1,072,287 24.62
16.5 12.5 4,536 0.104 1,076,823 24.72
16.6 12.2 4,446 0.102 1,081,269 24.82
16.7 12 4,356 0.100 1,085,625 24.92
16.8 11.7 4,266 0.098 1,089,891 25.02
16.9 11.5 4,176 0.096 1,094,067 25.12
17 11.2 4,086 0.094 1,098,153 25.21

17.1 11 3,996 0.092 1,102,149 25.30
17.2 10.7 3,906 0.090 1,106,055 25.39
17.3 10.5 3,816 0.088 1,109,871 25.48
17.4 10.2 3,726 0.086 1,113,597 25.56
17.5 9.9 3,618 0.083 1,117,215 25.65
17.6 9.7 3,528 0.081 1,120,743 25.73
17.7 9.4 3,438 0.079 1,124,181 25.81
17.8 9.2 3,348 0.077 1,127,529 25.88
17.9 8.9 3,258 0.075 1,130,787 25.96
18 8.6 3,150 0.072 1,133,937 26.03

18.1 8.4 3,060 0.070 1,136,997 26.10
18.2 8.1 2,970 0.068 1,139,967 26.17
18.3 7.9 2,880 0.066 1,142,847 26.24
18.4 7.7 2,808 0.064 1,145,655 26.30
18.5 7.5 2,736 0.063 1,148,391 26.36
18.6 7.3 2,664 0.061 1,151,055 26.42
18.7 7.2 2,610 0.060 1,153,665 26.48

Basin 1



18.8 7.1 2,574 0.059 1,156,239 26.54
18.9 7.1 2,556 0.059 1,158,795 26.60
19 7 2,538 0.058 1,161,333 26.66

19.1 6.9 2,502 0.057 1,163,835 26.72
19.2 6.8 2,466 0.057 1,166,301 26.77
19.3 6.8 2,448 0.056 1,168,749 26.83
19.4 6.7 2,430 0.056 1,171,179 26.89
19.5 6.6 2,394 0.055 1,173,573 26.94
19.6 6.6 2,376 0.055 1,175,949 27.00
19.7 6.5 2,358 0.054 1,178,307 27.05
19.8 6.4 2,322 0.053 1,180,629 27.10
19.9 6.4 2,304 0.053 1,182,933 27.16
20 6.3 2,286 0.052 1,185,219 27.21

20.1 6.2 2,250 0.052 1,187,469 27.26
20.2 6.2 2,232 0.051 1,189,701 27.31
20.3 6.1 2,214 0.051 1,191,915 27.36
20.4 6.1 2,196 0.050 1,194,111 27.41
20.5 6 2,178 0.050 1,196,289 27.46
20.6 5.9 2,142 0.049 1,198,431 27.51
20.7 5.9 2,124 0.049 1,200,555 27.56
20.8 5.8 2,106 0.048 1,202,661 27.61
20.9 5.7 2,070 0.048 1,204,731 27.66
21 5.7 2,052 0.047 1,206,783 27.70

21.1 5.6 2,034 0.047 1,208,817 27.75
21.2 5.5 1,998 0.046 1,210,815 27.80
21.3 5.5 1,980 0.045 1,212,795 27.84
21.4 5.4 1,962 0.045 1,214,757 27.89
21.5 5.3 1,926 0.044 1,216,683 27.93
21.6 5.3 1,908 0.044 1,218,591 27.98
21.7 5.2 1,890 0.043 1,220,481 28.02
21.8 5.1 1,854 0.043 1,222,335 28.06
21.9 5.1 1,836 0.042 1,224,171 28.10
22 5 1,818 0.042 1,225,989 28.14

22.1 4.9 1,782 0.041 1,227,771 28.19
22.2 4.9 1,764 0.040 1,229,535 28.23
22.3 4.8 1,746 0.040 1,231,281 28.27
22.4 4.7 1,710 0.039 1,232,991 28.31
22.5 4.7 1,692 0.039 1,234,683 28.34
22.6 4.6 1,674 0.038 1,236,357 28.38
22.7 4.5 1,638 0.038 1,237,995 28.42
22.8 4.5 1,620 0.037 1,239,615 28.46
22.9 4.4 1,602 0.037 1,241,217 28.49
23 4.3 1,566 0.036 1,242,783 28.53

23.1 4.3 1,548 0.036 1,244,331 28.57
23.2 4.2 1,530 0.035 1,245,861 28.60
23.3 4.1 1,494 0.034 1,247,355 28.64
23.4 4 1,458 0.033 1,248,813 28.67
23.5 4 1,440 0.033 1,250,253 28.70
23.6 3.9 1,422 0.033 1,251,675 28.73
23.7 3.8 1,386 0.032 1,253,061 28.77
23.8 3.8 1,368 0.031 1,254,429 28.80
23.9 3.7 1,350 0.031 1,255,779 28.83
24 3.6 1,314 0.030 1,257,093 28.86

24.1 3.5 1,278 0.029 1,258,371 28.89
24.2 3.2 1,206 0.028 1,259,577 28.92
24.3 2.6 1,044 0.024 1,260,621 28.94
24.4 1.9 810 0.019 1,261,431 28.96
24.5 1.3 576 0.013 1,262,007 28.97
24.6 0.8 378 0.009 1,262,385 28.98
24.7 0.5 234 0.005 1,262,619 28.99



Time (hr) Q (cfs)
Incremental 
Volume (ft3)

Incremental 
Volume (ac‐ft)

Cumulative 
Volume (ft3)

Cumulative Volume 
(ac‐ft)

0 0 0 0 0.00
11.9 0.7 14,994 0.344 14,994 0.34
12 7.1 1,404 0.032 16,398 0.38

12.1 31.4 6,930 0.159 23,328 0.54
12.2 71.7 18,558 0.426 41,886 0.96

12.23 76.7 8,014 0.184 49,900 1.15
12.3 69.8 18,459 0.424 68,359 1.57
12.4 49.1 21,402 0.491 89,761 2.06
12.5 35 15,138 0.348 104,899 2.41
12.6 26.9 11,142 0.256 116,041 2.66
12.7 21 8,622 0.198 124,663 2.86
12.8 16.9 6,822 0.157 131,485 3.02
12.9 14.5 5,652 0.130 137,137 3.15
13 12.8 4,914 0.113 142,051 3.26

13.1 11.2 4,320 0.099 146,371 3.36
13.2 9.9 3,798 0.087 150,169 3.45
13.3 8.7 3,348 0.077 153,517 3.52
13.4 8 3,006 0.069 156,523 3.59
13.5 7.1 2,718 0.062 159,241 3.66
13.6 6.4 2,430 0.056 161,671 3.71
13.7 5.8 2,196 0.050 163,867 3.76
13.8 5.3 1,998 0.046 165,865 3.81
13.9 5 1,854 0.043 167,719 3.85
14 4.8 1,764 0.040 169,483 3.89

14.1 4.7 1,710 0.039 171,193 3.93
14.2 4.5 1,656 0.038 172,849 3.97
14.3 4.3 1,584 0.036 174,433 4.00
14.4 4.1 1,512 0.035 175,945 4.04
14.5 3.9 1,440 0.033 177,385 4.07
14.6 3.8 1,386 0.032 178,771 4.10
14.7 3.6 1,332 0.031 180,103 4.13
14.8 3.4 1,260 0.029 181,363 4.16
14.9 3.2 1,188 0.027 182,551 4.19
15 3 1,116 0.026 183,667 4.22

15.1 2.9 1,062 0.024 184,729 4.24
15.2 2.7 1,008 0.023 185,737 4.26
15.3 2.6 954 0.022 186,691 4.29
15.4 2.5 918 0.021 187,609 4.31
15.5 2.5 900 0.021 188,509 4.33
15.6 2.5 900 0.021 189,409 4.35
15.7 2.4 882 0.020 190,291 4.37
15.8 2.3 846 0.019 191,137 4.39
15.9 2.3 828 0.019 191,965 4.41
16 2.3 828 0.019 192,793 4.43

16.1 2.2 810 0.019 193,603 4.44
16.2 2.2 792 0.018 194,395 4.46
16.3 2.1 774 0.018 195,169 4.48
16.4 2.1 756 0.017 195,925 4.50
16.5 2.1 756 0.017 196,681 4.52
16.6 2 738 0.017 197,419 4.53
16.7 2 720 0.017 198,139 4.55
16.8 1.9 702 0.016 198,841 4.56
16.9 1.9 684 0.016 199,525 4.58
17 1.8 666 0.015 200,191 4.60

17.1 1.8 648 0.015 200,839 4.61
17.2 1.8 648 0.015 201,487 4.63
17.3 1.7 630 0.014 202,117 4.64
17.4 1.6 594 0.014 202,711 4.65
17.5 1.6 576 0.013 203,287 4.67
17.6 1.6 576 0.013 203,863 4.68
17.7 1.6 576 0.013 204,439 4.69
17.8 1.4 540 0.012 204,979 4.71
17.9 1.4 504 0.012 205,483 4.72
18 1.4 504 0.012 205,987 4.73

18.1 1.4 504 0.012 206,491 4.74
18.2 1.3 486 0.011 206,977 4.75
18.3 1.3 468 0.011 207,445 4.76
18.4 1.2 450 0.010 207,895 4.77
18.5 1.2 432 0.010 208,327 4.78
18.6 1.2 432 0.010 208,759 4.79
18.7 1.2 432 0.010 209,191 4.80
18.8 1.2 432 0.010 209,623 4.81

Basin 2,3



18.9 1.2 432 0.010 210,055 4.82
19 1.2 432 0.010 210,487 4.83

19.1 1.2 432 0.010 210,919 4.84
19.2 1.2 432 0.010 211,351 4.85
19.3 1.2 432 0.010 211,783 4.86
19.4 0.6 324 0.007 212,107 4.87
19.4 4.3 0 0.000 212,107 4.87
19.5 4.3 1,548 0.036 213,655 4.90
19.6 4.2 1,530 0.035 215,185 4.94
19.7 4.2 1,512 0.035 216,697 4.97
19.8 4.1 1,494 0.034 218,191 5.01
19.9 4.1 1,476 0.034 219,667 5.04
20 4 1,458 0.033 221,125 5.08

20.1 4 1,440 0.033 222,565 5.11
20.2 3.9 1,422 0.033 223,987 5.14
20.3 3.9 1,404 0.032 225,391 5.17
20.4 3.9 1,404 0.032 226,795 5.21
20.5 3.8 1,386 0.032 228,181 5.24
20.6 3.8 1,368 0.031 229,549 5.27
20.7 3.7 1,350 0.031 230,899 5.30
20.8 3.7 1,332 0.031 232,231 5.33
20.9 3.6 1,314 0.030 233,545 5.36
21 3.6 1,296 0.030 234,841 5.39

21.1 3.5 1,278 0.029 236,119 5.42
21.2 3.5 1,260 0.029 237,379 5.45
21.3 3.5 1,260 0.029 238,639 5.48
21.4 3.4 1,242 0.029 239,881 5.51
21.5 3.4 1,224 0.028 241,105 5.54
21.6 3.3 1,206 0.028 242,311 5.56
21.7 3.3 1,188 0.027 243,499 5.59
21.8 3.2 1,170 0.027 244,669 5.62
21.9 3.2 1,152 0.026 245,821 5.64
22 3.1 1,134 0.026 246,955 5.67

22.1 3.1 1,116 0.026 248,071 5.69
22.2 3.1 1,116 0.026 249,187 5.72
22.3 3 1,098 0.025 250,285 5.75
22.4 3 1,080 0.025 251,365 5.77
22.5 2.9 1,062 0.024 252,427 5.79
22.6 2.9 1,044 0.024 253,471 5.82
22.7 2.8 1,026 0.024 254,497 5.84
22.8 2.8 1,008 0.023 255,505 5.87
22.9 2.7 990 0.023 256,495 5.89
23 2.7 972 0.022 257,467 5.91

23.1 2.6 954 0.022 258,421 5.93
23.2 2.6 936 0.021 259,357 5.95
23.3 2.6 936 0.021 260,293 5.98
23.4 2.5 918 0.021 261,211 6.00
23.5 2.5 900 0.021 262,111 6.02
23.6 2.4 882 0.020 262,993 6.04
23.7 2.4 864 0.020 263,857 6.06
23.8 2.3 846 0.019 264,703 6.08
23.9 2.3 828 0.019 265,531 6.10
24 2.2 810 0.019 266,341 6.11

24.1 2.1 774 0.018 267,115 6.13
24.2 1.6 666 0.015 267,781 6.15
24.3 1 468 0.011 268,249 6.16
24.4 0.5 270 0.006 268,519 6.16
24.5 0 90 0.002 268,609 6.17



Time (hr) Q (cfs)
Incremental 
Volume (ft3)

Incremental 
Volume (ac‐ft)

Cumulative 
Volume (ft3)

Cumulative Volume 
(ac‐ft)

0 0 0 0 0.00
11.8 0 0 0.000 0 0.00
11.9 1.5 270 0.006 270 0.01
12 9.6 1,998 0.046 2,268 0.05
12.1 42.4 9,360 0.215 11,628 0.27
12.2 116.5 28,602 0.657 40,230 0.92
12.3 214.5 59,580 1.368 99,810 2.29
12.4 278.1 88,668 2.036 188,478 4.33
12.47 291.6 71,782 1.648 260,260 5.97
12.5 289.6 31,385 0.720 291,645 6.70
12.6 262.1 99,306 2.280 390,951 8.97
12.7 218.2 86,454 1.985 477,405 10.96
12.8 180.7 71,802 1.648 549,207 12.61
12.9 150.4 59,598 1.368 608,805 13.98
13 126.1 49,770 1.143 658,575 15.12
13.1 106.9 41,940 0.963 700,515 16.08
13.2 91.6 35,730 0.820 736,245 16.90
13.3 79.1 30,726 0.705 766,971 17.61
13.4 69 26,658 0.612 793,629 18.22
13.5 60.5 23,310 0.535 816,939 18.75
13.6 53.5 20,520 0.471 837,459 19.23
13.7 47.6 18,198 0.418 855,657 19.64
13.8 42.3 16,182 0.371 871,839 20.01
13.9 38 14,454 0.332 886,293 20.35
14 34.6 13,068 0.300 899,361 20.65
14.1 32.1 12,006 0.276 911,367 20.92
14.2 30.2 11,214 0.257 922,581 21.18
14.3 28.6 10,584 0.243 933,165 21.42
14.4 27.2 10,044 0.231 943,209 21.65
14.5 26 9,576 0.220 952,785 21.87
14.6 24.8 9,144 0.210 961,929 22.08
14.7 23.7 8,730 0.200 970,659 22.28
14.8 22.6 8,334 0.191 978,993 22.47
14.9 21.5 7,938 0.182 986,931 22.66
15 20.5 7,560 0.174 994,491 22.83
15.1 19.4 7,182 0.165 1,001,673 23.00
15.2 18.3 6,786 0.156 1,008,459 23.15
15.3 17.4 6,426 0.148 1,014,885 23.30
15.4 16.5 6,102 0.140 1,020,987 23.44
15.5 15.8 5,814 0.133 1,026,801 23.57
15.6 15.2 5,580 0.128 1,032,381 23.70
15.7 14.8 5,400 0.124 1,037,781 23.82
15.8 14.4 5,256 0.121 1,043,037 23.94
15.9 14.1 5,130 0.118 1,048,167 24.06
16 13.8 5,022 0.115 1,053,189 24.18
16.1 13.5 4,914 0.113 1,058,103 24.29
16.2 13.3 4,824 0.111 1,062,927 24.40
16.3 13 4,734 0.109 1,067,661 24.51
16.4 12.7 4,626 0.106 1,072,287 24.62
16.5 12.5 4,536 0.104 1,076,823 24.72
16.6 12.2 4,446 0.102 1,081,269 24.82
16.7 12 4,356 0.100 1,085,625 24.92
16.8 11.7 4,266 0.098 1,089,891 25.02
16.9 11.5 4,176 0.096 1,094,067 25.12
17 11.2 4,086 0.094 1,098,153 25.21
17.1 11 3,996 0.092 1,102,149 25.30
17.2 10.7 3,906 0.090 1,106,055 25.39
17.3 10.5 3,816 0.088 1,109,871 25.48
17.4 10.2 3,726 0.086 1,113,597 25.56
17.5 9.9 3,618 0.083 1,117,215 25.65
17.6 9.7 3,528 0.081 1,120,743 25.73
17.7 9.4 3,438 0.079 1,124,181 25.81
17.8 9.2 3,348 0.077 1,127,529 25.88
17.9 8.9 3,258 0.075 1,130,787 25.96
18 8.6 3,150 0.072 1,133,937 26.03
18.1 8.4 3,060 0.070 1,136,997 26.10
18.2 8.1 2,970 0.068 1,139,967 26.17
18.3 7.9 2,880 0.066 1,142,847 26.24
18.4 7.7 2,808 0.064 1,145,655 26.30
18.5 7.5 2,736 0.063 1,148,391 26.36
18.6 7.3 2,664 0.061 1,151,055 26.42
18.7 7.2 2,610 0.060 1,153,665 26.48

Basin 4



18.8 7.1 2,574 0.059 1,156,239 26.54
18.9 7.1 2,556 0.059 1,158,795 26.60
19 7 2,538 0.058 1,161,333 26.66
19.1 6.9 2,502 0.057 1,163,835 26.72
19.2 6.8 2,466 0.057 1,166,301 26.77
19.3 6.8 2,448 0.056 1,168,749 26.83
19.4 6.7 2,430 0.056 1,171,179 26.89
19.5 6.6 2,394 0.055 1,173,573 26.94
19.6 6.6 2,376 0.055 1,175,949 27.00
19.7 6.5 2,358 0.054 1,178,307 27.05
19.8 6.4 2,322 0.053 1,180,629 27.10
19.9 6.4 2,304 0.053 1,182,933 27.16
20 6.3 2,286 0.052 1,185,219 27.21
20.1 6.2 2,250 0.052 1,187,469 27.26
20.2 6.2 2,232 0.051 1,189,701 27.31
20.3 6.1 2,214 0.051 1,191,915 27.36
20.4 6.1 2,196 0.050 1,194,111 27.41
20.5 6 2,178 0.050 1,196,289 27.46
20.6 5.9 2,142 0.049 1,198,431 27.51
20.7 5.9 2,124 0.049 1,200,555 27.56
20.8 5.8 2,106 0.048 1,202,661 27.61
20.9 5.7 2,070 0.048 1,204,731 27.66
21 5.7 2,052 0.047 1,206,783 27.70
21.1 5.6 2,034 0.047 1,208,817 27.75
21.2 5.5 1,998 0.046 1,210,815 27.80
21.3 5.5 1,980 0.045 1,212,795 27.84
21.4 5.4 1,962 0.045 1,214,757 27.89
21.5 5.3 1,926 0.044 1,216,683 27.93
21.6 5.3 1,908 0.044 1,218,591 27.98
21.7 5.2 1,890 0.043 1,220,481 28.02
21.8 5.1 1,854 0.043 1,222,335 28.06
21.9 5.1 1,836 0.042 1,224,171 28.10
22 5 1,818 0.042 1,225,989 28.14
22.1 4.9 1,782 0.041 1,227,771 28.19
22.2 4.9 1,764 0.040 1,229,535 28.23
22.3 4.8 1,746 0.040 1,231,281 28.27
22.4 4.7 1,710 0.039 1,232,991 28.31
22.5 4.7 1,692 0.039 1,234,683 28.34
22.6 4.6 1,674 0.038 1,236,357 28.38
22.7 4.5 1,638 0.038 1,237,995 28.42
22.8 4.5 1,620 0.037 1,239,615 28.46
22.9 4.4 1,602 0.037 1,241,217 28.49
23 4.3 1,566 0.036 1,242,783 28.53
23.1 4.3 1,548 0.036 1,244,331 28.57
23.2 4.2 1,530 0.035 1,245,861 28.60
23.3 4.1 1,494 0.034 1,247,355 28.64
23.4 4 1,458 0.033 1,248,813 28.67
23.5 4 1,440 0.033 1,250,253 28.70
23.6 3.9 1,422 0.033 1,251,675 28.73
23.7 3.8 1,386 0.032 1,253,061 28.77
23.8 3.8 1,368 0.031 1,254,429 28.80
23.9 3.7 1,350 0.031 1,255,779 28.83
24 3.6 1,314 0.030 1,257,093 28.86
24.1 3.5 1,278 0.029 1,258,371 28.89
24.2 3.2 1,206 0.028 1,259,577 28.92
24.3 2.6 1,044 0.024 1,260,621 28.94
24.4 1.9 810 0.019 1,261,431 28.96
24.5 1.3 576 0.013 1,262,007 28.97
24.6 0.8 378 0.009 1,262,385 28.98
24.7 0.5 234 0.005 1,262,619 28.99



Time (hr) Q (cfs)
Incremental 
Volume (ft3)

Incremental 
Volume (ac‐ft)

Cumulative 
Volume (ft3)

Cumulative 
Volume (ac‐ft)

0 0 0 0 0.00
11.9 0 0 0.000 0 0.00
12 2.2 396 0.009 396 0.01

12.1 17.4 3,528 0.081 3,924 0.09
12.2 58.6 13,680 0.314 17,604 0.40
12.3 123.3 32,742 0.752 50,346 1.16
12.4 179.5 54,504 1.251 104,850 2.41
12.5 206.8 69,534 1.596 174,384 4.00

12.55 209.5 37,467 0.860 211,851 4.86
12.6 205.6 37,359 0.858 249,210 5.72
12.7 184.2 70,164 1.611 319,374 7.33
12.8 157.1 61,434 1.410 380,808 8.74
12.9 134 52,398 1.203 433,206 9.95
13 114.7 44,766 1.028 477,972 10.97

13.1 98.6 38,394 0.881 516,366 11.85
13.2 85.3 33,102 0.760 549,468 12.61
13.3 74.3 28,728 0.660 578,196 13.27
13.4 65 25,074 0.576 603,270 13.85
13.5 57.3 22,014 0.505 625,284 14.35
13.6 50.7 19,440 0.446 644,724 14.80
13.7 45.1 17,244 0.396 661,968 15.20
13.8 40.3 15,372 0.353 677,340 15.55
13.9 36.3 13,788 0.317 691,128 15.87
14 32.9 12,456 0.286 703,584 16.15

14.1 30.2 11,358 0.261 714,942 16.41
14.2 28.1 10,494 0.241 725,436 16.65
14.3 26.4 9,810 0.225 735,246 16.88
14.4 25.1 9,270 0.213 744,516 17.09
14.5 23.9 8,820 0.202 753,336 17.29
14.6 22.8 8,406 0.193 761,742 17.49
14.7 21.7 8,010 0.184 769,752 17.67
14.8 20.7 7,632 0.175 777,384 17.85
14.9 19.8 7,290 0.167 784,674 18.01
15 18.8 6,948 0.160 791,622 18.17

15.1 17.8 6,588 0.151 798,210 18.32
15.2 16.9 6,246 0.143 804,456 18.47
15.3 16 5,922 0.136 810,378 18.60
15.4 15.2 5,616 0.129 815,994 18.73
15.5 14.5 5,346 0.123 821,340 18.86
15.6 14 5,130 0.118 826,470 18.97
15.7 13.5 4,950 0.114 831,420 19.09
15.8 13.2 4,806 0.110 836,226 19.20
15.9 12.8 4,680 0.107 840,906 19.30
16 12.6 4,572 0.105 845,478 19.41

16.1 12.3 4,482 0.103 849,960 19.51
16.2 12 4,374 0.100 854,334 19.61
16.3 11.8 4,284 0.098 858,618 19.71
16.4 11.6 4,212 0.097 862,830 19.81
16.5 11.3 4,122 0.095 866,952 19.90
16.6 11.1 4,032 0.093 870,984 20.00
16.7 10.9 3,960 0.091 874,944 20.09
16.8 10.7 3,888 0.089 878,832 20.18
16.9 10.4 3,798 0.087 882,630 20.26
17 10.2 3,708 0.085 886,338 20.35

17.1 10 3,636 0.083 889,974 20.43
17.2 9.8 3,564 0.082 893,538 20.51
17.3 9.5 3,474 0.080 897,012 20.59
17.4 9.3 3,384 0.078 900,396 20.67
17.5 9.1 3,312 0.076 903,708 20.75
17.6 8.8 3,222 0.074 906,930 20.82
17.7 8.6 3,132 0.072 910,062 20.89
17.8 8.4 3,060 0.070 913,122 20.96
17.9 8.1 2,970 0.068 916,092 21.03
18 7.9 2,880 0.066 918,972 21.10

18.1 7.7 2,808 0.064 921,780 21.16
18.2 7.4 2,718 0.062 924,498 21.22
18.3 7.2 2,628 0.060 927,126 21.28
18.4 7 2,556 0.059 929,682 21.34
18.5 6.8 2,484 0.057 932,166 21.40
18.6 6.7 2,430 0.056 934,596 21.46
18.7 6.6 2,394 0.055 936,990 21.51
18.8 6.5 2,358 0.054 939,348 21.56
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18.9 6.4 2,322 0.053 941,670 21.62
19 6.3 2,286 0.052 943,956 21.67

19.1 6.3 2,268 0.052 946,224 21.72
19.2 6.2 2,250 0.052 948,474 21.77
19.3 6.2 2,232 0.051 950,706 21.83
19.4 6.1 2,214 0.051 952,920 21.88
19.5 6 2,178 0.050 955,098 21.93
19.6 6 2,160 0.050 957,258 21.98
19.7 5.9 2,142 0.049 959,400 22.02
19.8 5.8 2,106 0.048 961,506 22.07
19.9 5.8 2,088 0.048 963,594 22.12
20 5.7 2,070 0.048 965,664 22.17

20.1 5.7 2,052 0.047 967,716 22.22
20.2 5.6 2,034 0.047 969,750 22.26
20.3 5.6 2,016 0.046 971,766 22.31
20.4 5.5 1,998 0.046 973,764 22.35
20.5 5.4 1,962 0.045 975,726 22.40
20.6 5.4 1,944 0.045 977,670 22.44
20.7 5.3 1,926 0.044 979,596 22.49
20.8 5.3 1,908 0.044 981,504 22.53
20.9 5.2 1,890 0.043 983,394 22.58
21 5.2 1,872 0.043 985,266 22.62

21.1 5.1 1,854 0.043 987,120 22.66
21.2 5 1,818 0.042 988,938 22.70
21.3 5 1,800 0.041 990,738 22.74
21.4 4.9 1,782 0.041 992,520 22.79
21.5 4.9 1,764 0.040 994,284 22.83
21.6 4.8 1,746 0.040 996,030 22.87
21.7 4.7 1,710 0.039 997,740 22.90
21.8 4.7 1,692 0.039 999,432 22.94
21.9 4.6 1,674 0.038 1,001,106 22.98
22 4.6 1,656 0.038 1,002,762 23.02

22.1 4.5 1,638 0.038 1,004,400 23.06
22.2 4.4 1,602 0.037 1,006,002 23.09
22.3 4.4 1,584 0.036 1,007,586 23.13
22.4 4.3 1,566 0.036 1,009,152 23.17
22.5 4.3 1,548 0.036 1,010,700 23.20
22.6 4.2 1,530 0.035 1,012,230 23.24
22.7 4.1 1,494 0.034 1,013,724 23.27
22.8 4.1 1,476 0.034 1,015,200 23.31
22.9 4 1,458 0.033 1,016,658 23.34
23 4 1,440 0.033 1,018,098 23.37

23.1 3.9 1,422 0.033 1,019,520 23.40
23.2 3.8 1,386 0.032 1,020,906 23.44
23.3 3.8 1,368 0.031 1,022,274 23.47
23.4 3.7 1,350 0.031 1,023,624 23.50
23.5 3.6 1,314 0.030 1,024,938 23.53
23.6 3.6 1,296 0.030 1,026,234 23.56
23.7 3.5 1,278 0.029 1,027,512 23.59
23.8 3.5 1,260 0.029 1,028,772 23.62
23.9 3.4 1,242 0.029 1,030,014 23.65
24 3.3 1,206 0.028 1,031,220 23.67

24.1 3.2 1,170 0.027 1,032,390 23.70
24.2 3 1,116 0.026 1,033,506 23.73
24.3 2.6 1,008 0.023 1,034,514 23.75
24.4 2 828 0.019 1,035,342 23.77
24.5 1.5 630 0.014 1,035,972 23.78



Time (hr) Q (cfs)
Incremental 
Volume (ft3)

Incremental 
Volume (ac‐ft)

Cumulative 
Volume (ft3)

Cumulative 
Volume (ac‐ft)

0 0 0 0 0.00
11.8 0.074 1,572 0.036 1,572 0.04
11.9 3.8 697 0.016 2,269 0.05
12 18.7 4,050 0.093 6,319 0.15

12.1 73.2 16,542 0.380 22,861 0.52
12.2 184.8 46,440 1.066 69,301 1.59
12.3 258.8 79,848 1.833 149,149 3.42

12.34 262.5 37,534 0.862 186,683 4.29
12.4 244.1 54,713 1.256 241,395 5.54
12.5 189 77,958 1.790 319,353 7.33
12.6 146 60,300 1.384 379,653 8.72
12.7 114.2 46,836 1.075 426,489 9.79
12.8 90.6 36,864 0.846 463,353 10.64
12.9 73.8 29,592 0.679 492,945 11.32
13 62.4 24,516 0.563 517,461 11.88

13.1 53.7 20,898 0.480 538,359 12.36
13.2 46.4 18,018 0.414 556,377 12.77
13.3 40.2 15,588 0.358 571,965 13.13
13.4 35.6 13,644 0.313 585,609 13.44
13.5 31.8 12,132 0.279 597,741 13.72
13.6 28.5 10,854 0.249 608,595 13.97
13.7 25.5 9,720 0.223 618,315 14.19
13.8 23.1 8,748 0.201 627,063 14.40
13.9 21.3 7,992 0.183 635,055 14.58
14 20.1 7,452 0.171 642,507 14.75

14.1 19.1 7,056 0.162 649,563 14.91
14.2 18.3 6,732 0.155 656,295 15.07
14.3 17.5 6,444 0.148 662,739 15.21
14.4 16.8 6,174 0.142 668,913 15.36
14.5 16.1 5,922 0.136 674,835 15.49
14.6 15.4 5,670 0.130 680,505 15.62
14.7 14.6 5,400 0.124 685,905 15.75
14.8 13.9 5,130 0.118 691,035 15.86
14.9 13.2 4,878 0.112 695,913 15.98
15 12.5 4,626 0.106 700,539 16.08

15.1 11.8 4,374 0.100 704,913 16.18
15.2 11.1 4,122 0.095 709,035 16.28
15.3 10.5 3,888 0.089 712,923 16.37
15.4 10.1 3,708 0.085 716,631 16.45
15.5 9.8 3,582 0.082 720,213 16.53
15.6 9.5 3,474 0.080 723,687 16.61
15.7 9.3 3,384 0.078 727,071 16.69
15.8 9.2 3,330 0.076 730,401 16.77
15.9 9 3,276 0.075 733,677 16.84
16 8.8 3,204 0.074 736,881 16.92

16.1 8.6 3,132 0.072 740,013 16.99
16.2 8.5 3,078 0.071 743,091 17.06
16.3 8.3 3,024 0.069 746,115 17.13
16.4 8.1 2,952 0.068 749,067 17.20
16.5 8 2,898 0.067 751,965 17.26
16.6 7.8 2,844 0.065 754,809 17.33
16.7 7.6 2,772 0.064 757,581 17.39
16.8 7.5 2,718 0.062 760,299 17.45
16.9 7.3 2,664 0.061 762,963 17.52
17 7.1 2,592 0.060 765,555 17.57

17.1 6.9 2,520 0.058 768,075 17.63
17.2 6.8 2,466 0.057 770,541 17.69
17.3 6.6 2,412 0.055 772,953 17.74
17.4 6.4 2,340 0.054 775,293 17.80
17.5 6.3 2,286 0.052 777,579 17.85
17.6 6.1 2,232 0.051 779,811 17.90
17.7 5.9 2,160 0.050 781,971 17.95
17.8 5.7 2,088 0.048 784,059 18.00
17.9 5.6 2,034 0.047 786,093 18.05
18 5.4 1,980 0.045 788,073 18.09

18.1 5.2 1,908 0.044 789,981 18.14
18.2 5 1,836 0.042 791,817 18.18
18.3 4.9 1,782 0.041 793,599 18.22
18.4 4.8 1,746 0.040 795,345 18.26
18.5 4.7 1,710 0.039 797,055 18.30
18.6 4.7 1,692 0.039 798,747 18.34
18.7 4.6 1,674 0.038 800,421 18.38
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18.8 4.5 1,638 0.038 802,059 18.41
18.9 4.5 1,620 0.037 803,679 18.45
19 4.5 1,620 0.037 805,299 18.49

19.1 4.4 1,602 0.037 806,901 18.52
19.2 4.4 1,584 0.036 808,485 18.56
19.3 4.3 1,566 0.036 810,051 18.60
19.4 4.3 1,548 0.036 811,599 18.63
19.5 4.3 1,548 0.036 813,147 18.67
19.6 4.2 1,530 0.035 814,677 18.70
19.7 4.2 1,512 0.035 816,189 18.74
19.8 4.1 1,494 0.034 817,683 18.77
19.9 4.1 1,476 0.034 819,159 18.81
20 4 1,458 0.033 820,617 18.84

20.1 4 1,440 0.033 822,057 18.87
20.2 3.9 1,422 0.033 823,479 18.90
20.3 3.9 1,404 0.032 824,883 18.94
20.4 3.9 1,404 0.032 826,287 18.97
20.5 3.8 1,386 0.032 827,673 19.00
20.6 3.8 1,368 0.031 829,041 19.03
20.7 3.7 1,350 0.031 830,391 19.06
20.8 3.7 1,332 0.031 831,723 19.09
20.9 3.6 1,314 0.030 833,037 19.12
21 3.6 1,296 0.030 834,333 19.15

21.1 3.5 1,278 0.029 835,611 19.18
21.2 3.5 1,260 0.029 836,871 19.21
21.3 3.5 1,260 0.029 838,131 19.24
21.4 3.4 1,242 0.029 839,373 19.27
21.5 3.4 1,224 0.028 840,597 19.30
21.6 3.3 1,206 0.028 841,803 19.33
21.7 3.3 1,188 0.027 842,991 19.35
21.8 3.2 1,170 0.027 844,161 19.38
21.9 3.2 1,152 0.026 845,313 19.41
22 3.1 1,134 0.026 846,447 19.43

22.1 3.1 1,116 0.026 847,563 19.46
22.2 3.1 1,116 0.026 848,679 19.48
22.3 3 1,098 0.025 849,777 19.51
22.4 3 1,080 0.025 850,857 19.53
22.5 2.9 1,062 0.024 851,919 19.56
22.6 2.9 1,044 0.024 852,963 19.58
22.7 2.8 1,026 0.024 853,989 19.60
22.8 2.8 1,008 0.023 854,997 19.63
22.9 2.7 990 0.023 855,987 19.65
23 2.7 972 0.022 856,959 19.67

23.1 2.6 954 0.022 857,913 19.69
23.2 2.6 936 0.021 858,849 19.72
23.3 2.6 936 0.021 859,785 19.74
23.4 2.5 918 0.021 860,703 19.76
23.5 2.5 900 0.021 861,603 19.78
23.6 2.4 882 0.020 862,485 19.80
23.7 2.4 864 0.020 863,349 19.82
23.8 2.3 846 0.019 864,195 19.84
23.9 2.3 828 0.019 865,023 19.86
24 2.2 810 0.019 865,833 19.88

24.1 2.1 774 0.018 866,607 19.89
24.2 1.6 666 0.015 867,273 19.91
24.3 1 468 0.011 867,741 19.92
24.4 0.5 270 0.006 868,011 19.93
24.5 0 90 0.002 868,101 19.93
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Appendix B: Approach B Drawdown Calculations 
  



Drawdown Reports (Approach B) 

 

 

 



 

 

   



 

 



 

 

   



 

 

 



Elevation‐Volume Input Tables

Basin 1 Basin 2‐3 Basin 4 Basin 5 Basin 6
Elevation Area (ft) Elevation Area (ft) Elevation Area (ft) Elevation Area (ft) Elevation Area (ft)

5354 61390 5264 4541 5040 61959 4944 45668 4984 37800
5356 69503 5266 7163 5042 68576 4946 52177 4986 44674
5358 77805 5268 9980 5044 75383 4948 58884 4988 51743
5360 86297 5270 12995 5046 82381 4950 65788 4990 59007
5362 94978 5272 16206 5048 89570 4952 72888 4992 66465
5364 103848 5274 19613 5050 96949 4954 80185 4994 74118
5366 112909 5276 23218 5052 104519 4956 87679 4996 81967
5367 117452 FB 5277 25093 FB 5053 108456 FB 4957 91749 FB 4997 85296 FB
5368 134446 5278 35896 5054 4958 100949 4998 99762
5370 151750 5280 40168 5056 5000 107289

Elevation Area (ac) Vol. (ac‐ft) Elevation Area (ac) Vol. (ac‐ft) Elevation Area (ac) Vol. (ac‐ft) Elevation Area (ac) Vol. (ac‐ft) Elevation Area (ac) Vol. (ac‐ft)
5354 1.40932 0 5264 0.104247 0 5040 1.422383 0 4944 1.048393 0 4984 1 0
5356 1.595569 3.0048898 5266 0.16444 0.2686869 5042 1.574288 2.9966713 4946 1.197819 2.24621212 4986 1.025574 2.0255739
5358 1.786157 6.3866162 5268 0.229109 0.662236 5044 1.730556 6.3015152 4948 1.351791 4.79582185 4988 1.187856 4.2390037
5360 1.981107 10.15388 5270 0.298324 1.1896694 5046 1.891208 9.9232782 4950 1.510285 7.65789715 4990 1.354614 6.7814738
5362 2.180395 14.315381 5272 0.372039 1.8600321 5048 2.056244 13.87073 4952 1.673278 10.8414601 4992 1.525826 9.6619146
5364 2.384022 18.879798 5274 0.450253 2.6823232 5050 2.225643 18.152617 4954 1.840794 14.3555326 4994 1.701515 12.889256
5366 2.592034 23.855854 5276 0.533012 3.6655877 5052 2.399426 22.777686 4956 2.012833 18.2091598 4996 1.881703 16.472475
5367 2.696327 26.500034 5277 0.576056 4.2201217 5053 2.489807 25.222303 4957 2.106267 20.2687098 4997 1.958127 18.39239
5368 3.086455 29.391426 5278 0.824059 4.9201791
5370 3.483701 35.961582 5280 0.92213 6.6663682
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Appendix C: Spillway 
  



Auxiliary Spillway Design Precipitation Calculations TR‐60 Requirements
PMP depths modified per Jensen (USUL, USUS)

Pond 1 Class: High Option: Full Embankment (Above Grade)
6‐Hour 24‐hour 72‐hour

P100 3.1 inches
PMP 5.04 inches PMP 9.14 inches PMP 10.87 inches

SDH 3.6044 inches SDH 4.6704 inches SDH 5.1202 inches
FBH 5.04 inches FBH 9.14 inches FBH 10.87 inches

Pond 2 Class: High Option: Full Embankment (Above Grade)
6‐Hour 24‐hour 72‐hour

P100 3.09 inches
PMP 5.37 inches PMP 9.22 inches PMP 10.96 inches

SDH 3.6828 inches SDH 4.6838 inches SDH 5.1362 inches
FBH 5.37 inches FBH 9.22 inches FBH 10.96 inches

Pond 3 Class: High Option: Full Embankment (Above Grade)
6‐Hour 24‐hour 72‐hour

P100 3.03 inches
PMP 5.39 inches PMP 9.25 inches PMP 10.99 inches

SDH 3.6436 inches SDH 4.6472 inches SDH 5.0996 inches
FBH 5.39 inches FBH 9.25 inches FBH 10.99 inches

Pond 4 Class: High Option: Full Embankment (Above Grade)
6‐Hour 24‐hour 72‐hour

P100 3.06 inches
PMP 5.1 inches PMP 9.15 inches PMP 10.88 inches

SDH 3.5904 inches SDH 4.6434 inches SDH 5.0932 inches
FBH 5.1 inches FBH 9.15 inches FBH 10.88 inches

Pond 5 Class: High Option: Full Embankment (Above Grade)
6‐Hour 24‐hour 72‐hour

P100 3.06 inches
PMP 5.1 inches PMP 9.14 inches PMP 10.87 inches

SDH 3.5904 inches SDH 4.6408 inches SDH 5.0906 inches
FBH 5.1 inches FBH 9.14 inches FBH 10.87 inches

Pond 6 Class: High Option: Full Embankment (Above Grade)
6‐Hour 24‐hour 72‐hour

P100 3.03 inches
PMP 5.23 inches PMP 9.11 inches PMP 10.83 inches

SDH 3.602 inches SDH 4.6108 inches SDH 5.058 inches
FBH 5.23 inches FBH 9.11 inches FBH 10.83 inches



Auxiliary Spillway Design Precipitation Calculations TR‐60 Requirements
PMP depths modified per Jensen (USUL, USUS)

Pond 1 Class: Low Less than 30,000 Option: Below Grade
6‐Hour 24‐hour 72‐hour Pond 1 Principal 100yr 10day

P100 3.1 inches 5.96
PMP 5.04 inches PMP 9.14 inches PMP 10.87 inches Earth Vegitated

P50 P25 100yr 1 day
SDH 3.1 inches SDH 3.1 inches SDH 3.1 inches 2.83 2.55 24hr 3.1
FBH 3.3328 inches FBH 3.8248 inches FBH 4.0324 inches 5.41 4.16 10 day

Pond 2 Class: Low Less than 30,000 Option: Below Grade
6‐Hour 24‐hour 72‐hour Pond 2 Principal 100yr 10day

P100 3.09 inches 5.82
PMP 5.37 inches PMP 9.22 inches PMP 10.96 inches Earth Vegitated

P50 P25 100yr 1 day
SDH 3.09 inches SDH 3.09 inches SDH 3.09 inches 2.81 2.54 24hr 3.09
FBH 3.3636 inches FBH 3.8256 inches FBH 4.0344 inches 5.28 4.75 10 day

Pond 3 Class: Low Less than 30,000 Option: Below Grade
6‐Hour 24‐hour 72‐hour Pond 3 Principal 100yr 10day

P100 3.03 inches 5.57
PMP 5.39 inches PMP 9.25 inches PMP 10.99 inches Earth Vegitated

P50 P25 100yr 1 day
SDH 3.03 inches SDH 3.03 inches SDH 3.03 inches 2.76 2.49 24hr 3.03
FBH 3.3132 inches FBH 3.7764 inches FBH 3.9852 inches 5.06 4.56 10 day

Pond 4 Class: Low Less than 30,000 Option: Below Grade
6‐Hour 24‐hour 72‐hour Pond 4 Principal 100yr 10day

P100 3.06 inches 5.81
PMP 5.1 inches PMP 9.15 inches PMP 10.88 inches Earth Vegitated

P50 P25 100yr 1 day
SDH 3.06 inches SDH 3.06 inches SDH 3.06 inches 2.79 2.52 24hr 3.06
FBH 3.3048 inches FBH 3.7908 inches FBH 3.9984 inches 5.27 4.74 10 day

Pond 5 Class: Low Less than 30,000 Option: Below Grade
6‐Hour 24‐hour 72‐hour Pond 5 Principal 100yr 10day

P100 3.06 inches 5.81
PMP 5.1 inches PMP 9.14 inches PMP 10.87 inches Earth Vegitated

P50 P25 100yr 1 day
SDH 3.06 inches SDH 3.06 inches SDH 3.06 inches 2.79 2.52 24hr 3.06
FBH 3.3048 inches FBH 3.7896 inches FBH 3.9972 inches 5.27 4.74 10 day

Pond 6 Class: Low Less than 30,000 Option: Below Grade
6‐Hour 24‐hour 72‐hour Pond 6 Principal 100yr 10day

P100 3.03 inches 5.78
PMP 5.23 inches PMP 9.11 inches PMP 10.83 inches Earth Vegitated

P50 P25 100yr 1 day
SDH 3.03 inches SDH 3.03 inches SDH 3.03 inches 2.76 2.49 24hr 3.03
FBH 3.294 inches FBH 3.7596 inches FBH 3.966 inches 5.24 4.72 10 day
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Appendix D: Pre and Post Velocity and Flood Depth Maps 
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Appendix E: Induced Flooding Maps   
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Appendix F: Flow Comparison Maps 
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Appendix G: Dam Breach Hydrographs, Dam Breach Maps 
  



Dambreach Hydrographs via TRs 60 & 66 NRCS guidance
version 3, July 2018
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Appendix H: Wave Runup Calculations 
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 To:  Nathaniel Todea 
  Natural Resources Conservation Service (NRCS), USDA 
 From: Aaron Spencer, P.E. 

 Date:   July 30, 2018 Technical Memo 

Subject: Santaquin City Flood Control Plan-EA – Sedimentation Analysis 
 Project: UT-1024-1801 

 
INTRODUCTION   
Sediment transport into reservoirs and debris basins is a major design consideration, since the 
volume taken up by the sediment reduces the capacity of the basin, and its ability to control flood 
flows. Additional volume must be provided for sediment so that throughout its design life the basin 
will function as intended. In order to determine the required volume the sediment yield must be 
calculated. The NRCS normally requires that a no-maintenance design life of 50 or 100 years be 
considered. Other solutions may be considered if meeting the sediment demands is not reasonable 
or feasible, such as regular cleaning and maintenance, but such solutions must be compared to the 
standard requirements and be approved. 
 
 
BACKGROUND AND BASIS OF DESIGN 
The NRCS has performed a similar study (Todea, 2015, unpublished) on the nearby Santaquin 
Canyon watershed as part of its work to address any deficiencies in the existing debris basin there. 
It and other resources provided by the NRCS have been used as general references to guide this 
study, including: Technical Release No. 12, Procedure – Sediment Storage Requirements (TR-12), 
and Chapter 8 of the National Engineering Handbook – Sedimentation. 
Due to an accelerated schedule, initial sizing of the basins for use in hydraulic analysis required 
some assumptions be made on the sediment volume in the proposed basins. Based on past 
experience it was assumed approximately 20% of the total volume was reserved for sediment. 
This study refines the volumes that are recommended for planning and design. 
 
APPROACH 
In order to arrive at a reasonable sediment yield and sediment pool volume for the watersheds 
and basins in question, multiple methodologies for calculating sediment yield were used and 
compared. With no stream gages or existing basins collecting sediment to compare to, this 
limited the ability to calibrate the estimates. The NRCS study for the nearby Santaquin Canyon 
was used as a general reference (Todea, 2015), and empirical hydrologic calculations using the 
curve number method were used to give a rough order of magnitude check on the values 
determined. This memo gives a brief introduction to the types of analysis performed, and 
summarizes the final results. Further detail on each method is provided in the method-specific 
attached technical memos. 
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ANALYSIS 
The analysis included determining sediment yield using several methods, performing rough 
checks on the order of magnitude of the results, and selection of the most appropriate yield 
values based on review of the sites and the applicability of each model. The trap efficiency of the 
basins, which determines how much of the sediment is actually trapped in the reservoir, is then 
applied to the recommended yield values to determine sediment pool volume requirements based 
on various design life intervals. 

 
SEDIMENT YIELD 
To evaluate sediment yield several methods were employed. These included the 
Rangeland Hydrology and Erosion Model (RHEM), the Pacific Southwest Inter-Agency 
Committee (PSIAC) method, and consulting the Bridges (1973) map. Further detail on 
each method is provided below. There is no ready means of evaluating historical yield or 
to calibrate the methods used at the sites other than general observations from geological 
investigation. The geological and geotechnical investigation is in process, and any 
significant findings will be taken into consideration upon completion.  
 

RHEM  
Rangeland Hydrology and Erosion Model (RHEM) is a formula designed to estimate 
runoff and sediment yield. United States Department of Agriculture (USDA) provides 
a user friendly web tool through the Southwest Watershed Research Center, 
http://dss.tucson.ars.ag.gov/rhem/, which runs the RHEM using input parameters. The 
RHEM method is an adaptation of the Water Erosion Prediction Model (WEPP), and 
accommodates rangeland instead of croplands by modifying slope and infiltration 
based on land cover. The RHEM Web Tool uses storm data, soil types, land cover 
information, and slope as input parameters. Detailed information on the collection of 
input parameters for Santaquin debris basins is found in the “RHEM Technical 
Memo” appendix. The table below shows results produced by the RHEM Web Tool. 
As described in the “RHEM Technical Memo,” each basin has a lower and higher 
yield limit based on a range of criteria used as parameters. The RHEM tool is 
designed as an event based model, but annualizes the results of a range of events from 
2 years to 100 years to produce a final annual average. 
 

Table 1. RHEM Sediment Yield Results 

 Basin 1 Basin 2 Basin 3 Basin 4 Basin 5 Basin 6 
Lower / Higher Yield Low High Low High Low High Low High Low High Low High 
Sediment Yield (Ac-
Ft/Sq-Mi/Yr) 0.07 0.27 0.03 0.13 0.02 0.08 0.04 0.14 0.03 0.12 0.06 0.21 

Total Annual Yield 
(Ac-Ft) 0.05 0.17 0.002 0.01 0.001 0.01 0.024 0.08 0.024 0.08 0.026 0.10 
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PSIAC 
In 1974 the Pacific Southwest Inter-Agency Committee (PSIAC) evaluated methods 
for estimating erosion and sediment yield. Ten contributing factors were identified: 
surface geology, soils, climate, runoff, topography, effective ground cover, land 
type/management quality, upland erosion, and channel erosion/sediment transport. 
The PSIAC Method for estimating sediment yield requires field observations and data 
collection for each contributing factor. Norm Evenstad with the Natural Resources 
Conservation Service (NRCS) provided a 1991 revision of the PSIAC procedures. 
Details about the use of this scale are in the “PSIAC Technical Memo” appendix. 
Below is a table showing the results of the PSIAC Method. 
 
Table 2. PSIAC Sediment Yield Results 

 Basin 1 Basin 2 Basin 3 Basin 4 Basin 5 Basin 6 
Sediment Yield (Ac-
Ft/Sq-Mi/Yr) 0.24 0.24 0.25 0.28 0.26 0.27 

Total Annual Yield 
(Ac-Ft) 0.15 0.017 0.013 0.19 0.18 0.13 

 
Bridges 
Nathaniel Todea with NRCS provided a copy of the “Estimated Sediment Yield Rates 
for the State of Utah” map, also known as the 1973 Bridges map. The Bridges map 
was developed by the NRCS. It gives estimated yearly sediment yields per square 
mile of area across Utah. It is typically used for estimating sediment yield over very 
large areas and is not recommended for specific sites. Refer to the “Bridges Sediment 
Yield Map” appendix for information regarding results in the table below. The 
Bridges map gave a range of 0.2 to 0.5 acre-feet per square mile per year. From 
observation it was assumed that these watersheds would generally be on the lower 
end of the spectrum, so a value of 0.3 was used to prepare Table 3 below showing 
expected yields. 
 
Table 3. Bridge Sediment Yield Results 

 Basin 1 Basin 2 Basin 3 Basin 4 Basin 5 Basin 6 
Sediment Yield 
(Ac-Ft/Sq-Mi-Yr) 0.3 0.3 0.3 0.3 0.3 0.3 

Total Annual 
Yield (Ac-Ft) .19 .02 .02 .21 .21 .14 

 
CHECK ON RESULTS 
HYDROLOGIC ORDER OF MAGNITUDE  
As an order of magnitude check on the yield quantities determined above, a backcheck 
was performed using design storm volumes and peak flows for 24-hour storms with 1-
year and 2-year recurrence intervals that were evaluated as part of the hydrology study. 
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Sediment concentrations of 10% were used to estimate yearly runoff values. The 1-year 
recurrence interval storms had such low peak flows that they were not considered 
representative, as they would have mobilized minimal sediment. Therefore the 2-year 
event was used, and then annualized. The results are shown below: 
 

Table 4. Hydrologic Check on Magnitude 

Basin Area 
(sq. 
mi.) 

Area 
(acres) 

2-yr 
Runoff 
Volume 
(inches) 

2-yr 
Runoff 
Volume 
(acre-ft) 

2-yr Peak 
Flow (cfs) 

2-yr 
Sediment 
Volume 
@ 10% 

Yearly 
deposition at 
10% (acre-ft) 

1 0.627 401.28 0.14 4.682 12 0.47 0.234 
2 0.069 44.16 0.015 0.055 0.6 0.01 0.003 
3 0.053 33.92 0.021 0.059 0.9 0.01 0.003 
4 0.688 440.32 0.118 4.330 8.8 0.43 0.216 
5 0.711 455.04 0.067 2.540 3.1 0.25 0.127 
6 0.451 288.64 0.134 3.223 9.5 0.32 0.161 

 
This rough method of checking sediment loads is oversimplified, and therefore must be 
used only as a general order of magnitude check. The 2-year event peak flows are 
minimal, meaning that assuming the storm transports sediment equal to 10% of the 
event’s runoff volume may be conservative, since during most of the storm the flows 
would be insufficient to mobilize significant sediment. This supports observations that 
there are not regular flows out of these watersheds that have a significant impact, and that 
the majority of sediment yield occurs during more extreme, less frequent events. A 
“yearly” sediment load would therefore need to be an average of the yield of larger 
infrequent events. The values do appear to confirm the general order of magnitude of the 
results of the other methods. 
 
COMPARISON STUDIES   
An intensive sediment yield study was performed by the NRCS on Santaquin Canyon, the 
mouth of which is located one to two miles southwest of the basins under consideration. 
The canyon is similar in most characteristics to the basins being studied in this analysis, 
except that it is larger, has a continuously flowing creek, and likely has a lower average 
slope. The Santaquin Canyon study examined the Bridges map, RHEM tool, and PSIAC 
just as this study has, but also included other methods such as AGWA modeling, 
RiverMorph, and others. There is an existing flood control and debris basin at the mouth 
of the canyon, and through examination of original design documentation they concluded 
the planned sedimentation rate for that basin was 0.12 acre-feet per square mile per year. 
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The unit sediment yield per square mile that they found for the Bridges map and the 
RHEM methods resulted in similar sediment yields as found in this study. The PSIAC 
results they cited were notably higher. 
The study in the end recommended using the results of a RiverMorph FlowSed model, 
which requires input of specific flow gage data and dimensionless sediment yield 
parameters selected based on site specific characteristics. They concluded that a yield 
equivalent to 0.07 acre-feet per square mile was appropriate. This is more in line with the 
RHEM results than those of PSIAC or the Bridges map. 
 
SEDIMENT YIELD CONCLUSIONS 
The RHEM method was adapted from a cropland erosion prediction method for 
individual events, and is designed around looking at a single hillslope, not necessarily an 
entire watershed. But considering that these watersheds do not have continuous flows, 
and sediment yield is the result of the accumulation of less frequent isolated rainfall 
events, the comparison may be appropriate. The values generally appear to reasonably 
match findings in other studies in the area. Therefore the results of the RHEM models are 
recommended for use in this study. 
 
Visual observations of the test pits performed in the alluvial fans below the watersheds 
suggest that the material being mobilized in Watersheds 1, 4, 5, and 6 is a loam with 
limited clay content, and significant sand, gravel, cobbles and boulders that are mobilized 
in isolated larger events. Watersheds 2 and 3 showed significantly less gravel and 
cobbles, appearing to consist of a sandy loam. The prevalence of sand, gravels, and larger 
materials suggest that the highest yield values from RHEM may be conservative, and that 
the lower values may be acceptable. To be conservative the upper values are 
recommended, with one exception. Basin 1 has a range of 0.07 to 0.27 ac-ft/sq.mi./yr. 
This is a wide range with an upper value notably higher than the other basins. The test pit 
below this watershed showed significant sand, gravel and cobble, suggesting that the 
loamy sand associated with the lower limit is likely more appropriate. PSIAC predicts a 
yield of 0.24 ac-ft/sq.mi./yr, or 0.15 acre-feet per year, which is recommended for use. 
The recommended design values are shown in Table 5 below. 
 

Table 5. Recommended Sediment Yield Values 

 Basin 1 Basin 2 Basin 3 Basin 4 Basin 5 Basin 6 
Sediment Yield (Ac-
Ft/Sq-Mi/Yr) 0.24 0.13 0.08 0.14 0.12 0.21 

Total Annual Yield 
(Ac-Ft) 0.15 0.01 0.01 0.10 0.08 0.10 

 
These values are not considered to include atypical events, such as those caused by runoff 
during burned conditions or debris flows, which would have to be cleaned out as they 
occurred. 
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TRAP EFFICIENCY 
Debris basins are designed to remove sediment suspended in runoff flows. This “trapped” 
sediment is deposited in the basin. Not all of the sediment can be removed before the 
flows continue downstream. The quantity of sediment retained in the basin is expressed 
as a ratio. This ratio is known as trap efficiency. The USDA-NRCS Technical Release 
No. 12 “Procedure – Sediment Storage Requirements for Reservoirs” provides an outline 
for estimating trap efficiency. The results of the analysis are shown in the tables below. 
Sediment yield conclusions found using RHEM, PSIAC, and Bridges methods were used 
to estimate the sediment yield. Average annual precipitation was found through the 
USDA online application, StreamStats. Annual runoff was determined for each basin by 
using the Curve Number determined in the Hydrology Technical Memo. Assuming the 
curve number method runoff would average out and therefore apply to the average annual 
precipitation, inflow was found in each basin. We consider this to be a conservative 
assumption, since snowmelt and smaller events tend to have a greater opportunity to 
percolate than larger events. 
 
With estimated debris basin capacities from the preliminary hydrology and hydraulics 
analysis, capacity/inflow (C/I) ratios were determined. That number is converted directly 
into trap efficiency using the graph provided in Technical Release No. 12 (1975, see Trap 
Efficiency Calculations appendix for further detail). Basins 2 and 3 used the median 
curve because visual site observations and gradation test results from test pit samples 
showed that the sediment emanating from these watersheds was finer than the others. The 
sediment deposits below the watersheds for Basins 1, 4, 5, and 6 were coarser, with 
significant gravel, cobbles and boulders. Therefore the upper curve of the trap efficiency 
curve in TR-12 was used, which is identified as being for highly flocculated and course-
grained sediment. 
 
In the table below, basin volumes required given varying design lives of 25, 50, and 100 
years are shown. 
 

Table 6. Sediment Storage and Basin Volumes 

 Required 
Flood Capacity 

(ac-ft) 

25 Year Design Life 
Sediment 

Yield (ac-ft) 
Trap 

Efficiency 
Deposition 

(ac-ft) 
Required 

Basin (ac-ft) 
Basin 1 16.76 3.75 72% 2.70 19.46 
Basin 2 1.34 0.25 64% 0.16 1.50 
Basin 3 1.02 0.3 64% 0.16 1.18 
Basin 4 15.39 2.5 79% 1.98 17.37 
Basin 5 12.79 2.0 75% 1.50 14.29 
Basin 6 11.98 2.5 82% 2.05 14.03 
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 Required 
Flood Capacity 

(ac-ft) 

50 Year Design Life 
Sediment 

Yield (ac-ft) 
Trap 

Efficiency 
Deposition 

(ac-ft) 
Required 

Basin (ac-ft) 
Basin 1 16.76 7.5 75% 5.63 22.39 
Basin 2 1.34 0.5 69% 0.35 1.69 
Basin 3 1.02 0.5 69% 0.35 1.37 
Basin 4 15.39 5.0 80% 4.00 19.39 
Basin 5 12.79 4.0 79% 3.16 15.95 
Basin 6 11.98 5.0 85% 4.25 16.23 

 
 Required 

Flood Capacity 
(ac-ft) 

100 Year Design Life 
Sediment 

Yield (ac-ft) 
Trap 

Efficiency 
Deposition 

(ac-ft) 
Required 

Basin (ac-ft) 
Basin 1 16.76 15.0 80% 12.00 28.76 
Basin 2 1.34 1.0 74% 0.74 2.08 
Basin 3 1.02 1.0 76% 0.76 1.78 
Basin 4 15.39 10.0 85% 8.50 23.89 
Basin 5 12.79 8.0 81% 6.48 19.27 
Basin 6 11.98 10.0 88% 8.80 20.78 

 
CONCLUSIONS 
A 100-year design life requires significant additional capacity in the reservoirs, nearly doubling 
the volume in some cases. These calculations include some significant uncertainty when the 
yield estimates are extended over 100 years.  
 
The 50-year design life results in sediment storage that can be accommodated with a 25% to 
35% increase in volume over the required flood capacity. This would still be a relatively 
maintenance free option, perhaps except in extreme events that would likely initiate emergency 
cleanup operations anyway. 
 
A 25-year design life requires only a 12% to 17% increase in volume over the required flood 
capacity, but would necessitate that the city plan on cleaning it out on a recurring basis. If the 
cleaning occurred only every 25 years, the likelihood of proper maintenance occurring when 
needed is highly questionable. Frequent cleaning would be recommended. 
 
Final design recommendations will be provided in the final planning documents where 
economic, project sponsor, and stakeholder considerations will be evaluated. 
 
APENDICES  

• RHEM Technical Memo 
• PSIAC Technical Memo 
• Bridges Sediment Yield Map 
• Trap Efficiency Calculations 
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RHEM TECHNICAL MEMO 

APPROACH 
The Rangeland Hydrology and Erosion Model (RHEM) Web Tool is a software model able to 
produce estimates on watershed sediment yield based on varying types of data. 

This memo summarizes the analysis process for one of the watersheds, “Basin 4”, to illustrate 
the process used for the remainder of the basins.  Critical data used for analyzing the other 
basins is also tabulated in the conclusion section of this memo, or in other relevant sections. 
The range of data was collected for the RHEM model for “Basin 4” using 4 factors: Climate 
Station, Soil Texture Class, Slope, and Cover Characteristics. Climate data is determined by 
selecting a location in the RHEM interface, and the Santaquin, Utah region was selected. No 
specific data sets are available for the cover inputs required by the RHEM program, but it 
proved to be the biggest contributor to sediment yield variation. Information was interpolated 
from the land cover data sources that were available and field visits.  

The RHEM model was run twice as shown in table 5 and table 6. The tables give upper and 
lower limits to the annual sediment yield based on the given ranges of input parameters. 
Climate and slope are assumed to be constants. Soil Texture Class assumes Loam as the 
higher sediment yield condition and Loamy Sand as the lower sediment yield condition. Cover 
Characteristics assumes 15% more foliar and 15% more ground cover for the lower sediment 
yield condition.  

Additional information on each category of inputs is provided below, with Basin 4 used as the 
example to illustrate the analysis process. 

CLIMATE 
The RHEM Model has climate settings based on location. Basin 4 is in the Santaquin PH area. 

 

SLOPE 
GIS data processing calculated steep slopes averaging 58% across Basin 4. 

United States Department of Agriculture (USDA) maps show Basin 4 to have a three slope 
conditions. Some of the lower parts of the basin range from 25% to 40% slopes (soil type YaE), 
as you move up the canyon slopes range from 30% to 70% (soil type ShF), and the west facing 
slopes at the mouth of the canyon range from 35% to 70% (soil type HKG). 

GIS digital elevation data is assumed to be the most accurate data available and is consistent 
with most USDA slope ranges. The region average slope of 58% was used as constant in both 
high and low sediment yield conditions. 

 

SOIL TEXTURE CLASS 
USDA Soil maps showed Basin 4 as having four soil descriptions as shown in Figure 1. 
Henefer-Rake Association (HKG) described as a mountain shallow loam with a hydrologic group 
D; Yeats hollow Very Stony Loam (YaE) with a hydrologic group C; Pachic Cryoborolls (PD) soil 
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derived from limestone, sandstone, shale and volcanic rocks; and Sheep Creek Very Cobbly 
Loam (ShF) with a hydrologic group C. 

Figure 1 - USDA Soil Map, Basin 4 

 
 

United States Geological Survey (USGS) soil type maps are shown in Figure 2. The entire 
Basin 4 region is classified as, or is assumed to be, Type C soil. See the Hydrology Technical 
Memo for further details on hydrologic soil group data and assumptions.  

Figure 2 - USGS Soil Type Map, Basin 4 
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Comparing data from these sources it is concluded that most soils in this basin are classified 
primarily as group C and less than 5% group D. Soil types were assumed by comparing USDA 
soil types and hydraulic soil groups, and the soil profile chart in Figure 3. Soil classifications are 
described below from “Part 630 Hydrology, National Engineering Handbook” Chapter 7 – 
Hydrologic Soil Groups: 

“Group C—Soils in this group have moderately high runoff potential when thoroughly 
wet. Water transmission through the soil is somewhat restricted. Group C soils typically 
have between 20 percent and 40 percent clay and less than 50 percent sand and have 
loam, silt loam, sandy clay loam, clay loam, and silty clay loam textures. Some soils 
having clay, silty clay, or sandy clay textures may be placed in this group if they are well 
aggregated, of low bulk density, or contain greater than 35 percent rock fragments. The 
limits on the diagnostic physical characteristics of group C are as follows. The saturated 
hydraulic conductivity in the least transmissive layer between the surface and 50 
centimeters [20 inches] is between 1.0 micrometers per second (0.14 inches per hour) 
and 10.0 micrometers per second (1.42 inches per hour). The depth to any water 
impermeable layer is greater than 50 centimeters [20 inches]. The depth to the water 
table is greater than 60 centimeters [24 inches]. Soils that are deeper than 100 
centimeters [40 inches] to a restriction and a water table are in group C if the saturated 
hydraulic conductivity of all soil layers within 100 centimeters [40 inches] of the surface 
exceeds 0.40 micrometers per second (0.06 inches per hour) but is less than 4.0 
micrometers per second (0.57 inches per hour)” 

 

“Group D—Soils in this group have high runoff potential when thoroughly wet. Water 
movement through the soil is restricted or very restricted. Group D soils typically have 
greater than 40 percent clay, less than 50 percent sand, and have clayey textures. In 
some areas, they also have high shrink-swell potential. All soils with a depth to a water 
impermeable layer less than 50 centimeters [20 inches] and all soils with a water table 
(210–VI–NEH, May 2007) 7–3 Part 630 National Engineering Handbook Chapter 7 
Hydrologic Soil Groups within 60 centimeters [24 inches] of the surface are in this group, 
although some may have a dual classification, as described in the next section, if they 
can be adequately drained. The limits on the physical diagnostic characteristics of group 
D are as follows. For soils with a water impermeable layer at a depth between 50 
centimeters and 100 centimeters [20 and 40 inches], the saturated hydraulic conductivity 
in the least transmissive soil layer is less than or equal to 1.0 micrometers per second 
(0.14 inches per hour). For soils that are deeper than 100 centimeters [40 inches] to a 
restriction or water table, the saturated hydraulic conductivity of all soil layers within 100 
centimeters [40 inches] of the surface is less than or equal to 0.40 micrometers per 
second (0.06 inches per hour).” 

 

Loam and Loamy Sand were assumed to be the primary soil types in Basin 4. Loamy Sand was 
used as the soil type with lower sediment yield limit and Loam was used in the higher sediment 
yield limit. 
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Figure 3 - Soil Profile Chart 

 

LAND COVER  
National Land Cover Database (NLCD) maps evaluated on GIS show three land cover types as 
shown in Figure 4.  GIS mapping was able to evaluate each land cover type percentage based 
on area in Basin 4:  51% Evergreen Forest, 24% Deciduous Forest and 25% shrub/scrub. 

• Evergreen Forest - Areas dominated by trees generally greater than 5 meters tall, and 
greater than 20% of total vegetation cover. More than 75 percent of the tree species 
maintain their leaves all year. Canopy is never without green foliage. 

• Deciduous Forest - Areas dominated by trees generally greater than 5 meters tall, and 
greater than 20% of total vegetation cover. More than 75 percent of the tree species 
shed foliage simultaneously in response to seasonal change. 

• Shrub/Scrub - Areas dominated by shrubs; less than 5 meters tall with shrub canopy 
typically greater than 20% of total vegetation. This class includes true shrubs, young 
trees in an early successional stage or trees stunted from environmental conditions.  
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Figure 4 - NLCD Land Cover Map, Basin 4 

 
Using the land cover information given in the NLCD, combined with knowledge of the area 
gained from on-site observation, the total foliar and ground cover estimations were made as 
shown in Table 3. Table 1 shows land cover type percentages derived from GIS data 
processing for all six basins. 

 

Table 1 - Ground Cover Percentages 

 Evergreen Forest Deciduous Forest Shrub/Scrub 

Basin 1 65 29 6 

Basin 2 48 23 29 

Basin 3 41 29 30 

Basin 4 51 24 25 

Basin 5 28 44 18 

Basin 6 60 26 11 
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CONVERSION AND CONCLUSION 
RHEM model results for sediment yield are given as “Avg. Sediment Yield (ton/ac/year).” In 
order to convert that into “Avg. Sediment Yield (ac-ft/sq-mi/year),” weight (tons) must be turned 
into volume (ac-ft) by dividing out density. Table 2 shows density for different sediments. All six 
basins are assumed to be 100% aerated and either sand-silt mixtures (equal parts) or poorly 
sorted sand and gravel based on observations during field visits and from test pits. Basins 1, 4, 
5, and 6 were assumed to be 100 lb/cubic foot. Basins 2 and 3 were assumed to be 95 lb/cubic 
foot. Here is the resulting conversion factor:  

(640 acre / square mile), (2000 pounds / Ton), (cubic feet / 95-100 pounds), (acre feet / 
43560 cubic feet).  

Climate, Slope, Soil Type, and Land Cover are all input parameters needed to run the RHEM 
model for sediment yield. Basin 4 is located in the middle of all the basins and was chosen to be 
used as an example of the evaluation process and is the only basin with a thorough description 
of the development of input parameters. The same process for collecting input parameters was 
used for every basin. Screenshots from the RHEM model runs showing the high and low limits 
for sediment yield in Basin 4 are shown in figures 5 and 6. Tables 3 and 4 show the RHEM input 
parameters and results for all six basins. In table 3 the range of soil types and land covers used 
to evaluate the upper and lower limits on sediment yield are shown. 

Table 2 – Soil Density - National Engineering Handbook Chapter 8 
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Table 3 - RHEM Input Parameters 

 Climate Slope Soil Type Land Cover 

Basin 1 Santaquin, 
Utah 

66° Loam and Loamy 
Sand 

Bunch grass 20% to 25% 
Forbs/annuals 25% to 30% 
Shrubs 10% to 15% 
Basal 10% to 15% 
Rock 20% to 25% 
Litter 50% to 55% 

Basin 2 Santaquin, 
Utah 

58° Loam and Loamy 
Sand 

Bunch grass 15% to 20% 
Forbs/annuals 15% to 20% 
Shrubs 40% to 45% 
Basal 10% to 15% 
Rock 20% to 25% 
Litter 55% to 60% 

Basin 3 Santaquin, 
Utah 

47° Loam and Loamy 
Sand 

Bunch grass 15% to 20% 
Forbs/annuals 20% to 25% 
Shrubs 40% to 45% 
Basal 10% to 15% 
Rock 20% to 25% 
Litter 45% to 50% 

Basin 4 Santaquin, 
Utah 

58° Loam and Loamy 
Sand 

Bunch grass 15% to 20% 
Forbs/annuals 20% to 25% 
Shrubs 40% to 45% 
Basal 10% to 15% 
Rock 20% to 25% 
Litter 45% to 50% 

Basin 5 Santaquin, 
Utah 

50° Loam and Loamy 
Sand 

Bunch grass 15% to 20% 
Forbs/annuals 10% to 15% 
Shrubs 20% to 25% 
Basal 10% to 15% 
Rock 20% to 25% 
Litter 55% to 60% 

Basin 6 Santaquin, 
Utah 

59° Loam and Loamy 
Sand 

Bunch grass 20% to 25% 
Forbs/annuals 20% to 25% 
Shrubs 15% to 20% 
Basal 10% to 15% 
Rock 20% to 25% 
Litter 45% to 50% 
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Table 4 – RHEM Sediment Yield  

Watershed 
Area 

Sediment Yield 
(TN/Ac/Yr) 

Sediment Yield 
(Ac-Ft/Sq-Mi/Yr) 

Annual Yield 
(Ac-Ft) 

50 Year Yield 
(Ac-Ft) 

Basin 1 0.25-0.915 0.07-0.27 0.05-0.17 2.31-8.44 

Basin 2* 0.102-0.416 0.03-0.13 0.002-0.01 0.11-0.45 

Basin 3* 0.062-0.252 0.02-0.08 0.001-0.01 0.05-0.21 

Basin 4 0.121-0.479 0.04-0.14 0.024-0.097 1.22-4.85 

Basin 5 0.114-0.400 0.03-0.12 0.024-0.08 1.19-4.18 

Basin 6 0.198-0.724 0.06-0.21 0.026-0.10 1.31-4.80 

*Denotes Basins with soil density 95 lbs/cubic foot (all other basins are 100) 
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Figure 5 - RHEM Model, Higher Yielding Limit of Basin 4 
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Figure 6 - RHEM Model, Lower Yielding Limit of Basin 4 
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PSIAC TECHNICAL MEMO 

INTRODUCTION 
The Pacific Southwest Interagency Committee Sediment Yield Procedure (PSIAC) – 1991 
revision is a method of estimating watershed sediment yield over time. The PSIAC method 
evaluates on a numerical scale nine contributing factors to sediment yield.  

• Surface geology 
• Soils 
• Climate 
• Runoff 
• Topography 
• Effective Ground Cover 
• Land Type / Management Quality 
• Upland Erosion 
• Channel Erosion / Sediment Transport 

These nine contributing factors identified by the PSIAC method are each given a qualitative 
numerical score based on observed site conditions. The total score is then used to calculate 
sediment yield in a watershed area.  

This memo summarizes the analysis process for one of the watersheds, “Basin 4”, to illustrate 
the process used for the remainder of the basins.  

A copy of the spreadsheet used to score each category is shown in Table 4 at the end of this 
memo. This spreadsheet was supplied by the Utah office of the United States Department of 
Agriculture – Natural Resources Conservation Service. A few categories are derived by 
evaluating available GIS numerical data, such as soil type and vegetation, while many 
categories required qualitative observation and assumptions. In addition to the PSIAC 
documentation, the ranges of scores and the associated descriptions provided in the PSIAC 
spreadsheet are the basis of the score and justification used in determining the sediment yield.  

 

SURFACE GEOLOGY 
The Utah Geological Survey has geological maps identifying rock types as shown in Figure 1. 
The most common rock types identified in Basin 4 are Middle Camrien Rock made up of 
quartzite, dolomite, limestone, and some sandstone; Gardison, Desert, and Great Blue 
Limestones; and Big Cottonwood Formation made up of quartzite and sandstone.  

These rock types are above average on the hardness scale; there is no shale, mudstone, or 
siltstone in this area. The bedrock at or near the surface includes lightly weathered rock, 
minimal amounts of highly fractured rock, and a few large rock formations. The Geology factor is 
given a PSIAC scale factor of 1. 
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Figure 1 - UGS Geological Map, Basin 4 

 
 
SOILS 
USDA Soil maps showed Basin 4 as having three soil descriptions as shown in Figure 2: Yeats 
Hollow Very Stony Loam (YaE) with a hydrologic soil group (HSG) of C; Pachic Cryoborolls 
(PD) soil derived from limestone, sandstone, shale and volcanic rocks (no hydrologic soil group 
provided, C assumed); and Sheep Creek Very Cobbly Loam (ShF) with a HSG of C. 

Figure 2 - USDA Soil Map, Basin 4 
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United Stated Geological Survey soil type maps shown in Figure 3 show the majority of Basin 4 
classified as HSG Type C soil. Areas with no specified hydrologic soil group were assumed to 
have a HSG of C (See Hydrology Technical Memo for further detail). 

Figure 3 - USGS Soil Type Map, Basin 4 

 
 

Comparing data from the USGS map and soil descriptions provided above it is concluded that 
most soils in this basin are classified primarily as group C and less than 5% group D. Soil types 
were assumed by comparing USDA soil types, soil classification group C, soil classification 
group D, and soil the classification in figure 4. Soil classifications are described below from “Part 
630 Hydrology, National Engineering Handbook” Chapter 7 – Hydrologic Soil Groups: 

“Group C—Soils in this group have moderately high runoff potential when thoroughly 
wet. Water transmission through the soil is somewhat restricted. Group C soils typically 
have between 20 percent and 40 percent clay and less than 50 percent sand and have 
loam, silt loam, sandy clay loam, clay loam, and silty clay loam textures. Some soils 
having clay, silty clay, or sandy clay textures may be placed in this group if they are well 
aggregated, of low bulk density, or contain greater than 35 percent rock fragments. The 
limits on the diagnostic physical characteristics of group C are as follows. The saturated 
hydraulic conductivity in the least transmissive layer between the surface and 50 
centimeters [20 inches] is between 1.0 micrometers per second (0.14 inches per hour) 
and 10.0 micrometers per second (1.42 inches per hour). The depth to any water 
impermeable layer is greater than 50 centimeters [20 inches]. The depth to the water 
table is greater than 60 centimeters [24 inches]. Soils that are deeper than 100 
centimeters [40 inches] to a restriction and a water table are in group C if the saturated 
hydraulic conductivity of all soil layers within 100 centimeters [40 inches] of the surface 
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exceeds 0.40 micrometers per second (0.06 inches per hour) but is less than 4.0 
micrometers per second (0.57 inches per hour)” 

 

“Group D—Soils in this group have high runoff potential when thoroughly wet. Water 
movement through the soil is restricted or very restricted. Group D soils typically have 
greater than 40 percent clay, less than 50 percent sand, and have clayey textures. In 
some areas, they also have high shrink-swell potential. All soils with a depth to a water 
impermeable layer less than 50 centimeters [20 inches] and all soils with a water table 
(210–VI–NEH, May 2007) 7–3 Part 630 National Engineering Handbook Chapter 7 
Hydrologic Soil Groups within 60 centimeters [24 inches] of the surface are in this group, 
although some may have a dual classification, as described in the next section, if they 
can be adequately drained. The limits on the physical diagnostic characteristics of group 
D are as follows. For soils with a water impermeable layer at a depth between 50 
centimeters and 100 centimeters [20 and 40 inches], the saturated hydraulic conductivity 
in the least transmissive soil layer is less than or equal to 1.0 micrometers per second 
(0.14 inches per hour). For soils that are deeper than 100 centimeters [40 inches] to a 
restriction or water table, the saturated hydraulic conductivity of all soil layers within 100 
centimeters [40 inches] of the surface is less than or equal to 0.40 micrometers per 
second (0.06 inches per hour).” 

 

Loam and Loamy Sand were assumed to be the primary soil types in Basin 4. Loamy Sand was 
used as the soil type in the analysis of lower sediment yield limit, and Loam was used in the 
upper sediment yield limit analysis. 

Figure 4 - Soil Profile Chart 
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Soils in this watershed have a high percentage of rock fragments, aggregated clays, some 
organic matter, no caliche layers, no saline alkaline, no high shrink-swell characteristics, and 
medium textured soil. Based on these factors a scale factor of 3 was used. 

CLIMATE 
The National Climatic Data Center (NCDC) located in Asheville, North Carolina published a 
report titled “Climate of Utah” which presents a climatological summary of climate conditions in 
Utah. The report contains many relevant condition descriptions: 

• “During the past 100 years approximately 300 flash floods, resulting from high 
intensity rainfall and 135 snowmelt floods, have been recorded.” 

• “Utah experiences relatively strong insolation during the day and rapid nocturnal 
cooling, resulting in wide daily ranges in temperature.” 

• “There are however, from 4.5 to five months of freeze-free growing weather” 
• “The bulk of moisture falling over that area can be attributed to movement of 

Pacific storms through the region during the winter and spring months.” 
• “The eastern portion receives rain from summer thunderstorms.” 
• “Snowfall is moderately heavy in the mountains, especially over the northern 

part” 
• “Flash floods from summer thunderstorms are more frequent, but they affect only 

small, local areas.” 

Using information collected from NCDC and general knowledge of the climate in the Santaquin 
area, a PSIAC scale factor of 5 was used.  It is not humid, precipitation does come in the form of 
snow, it is an arid climate with low intensity storms, convective storms come in the form of high 
winds moderately frequent, freeze-thaw occurrences are high, and storm duration of several 
days are very rare. 

 

RUNOFF 
Hydrology models that were run with standard curve number loss methodologies and time of 
concentration calculations resulted in high runoff values per square mile (CSM) as compared to 
those reported in the NRCS and McMillen study for nearby stream gages.  

GIS mapping resulted in steep slopes averaging 58% across Basin 4. 

The basins consist predominately of soils in the Group C Hydrologic Soil Group.  As described 
in the “Soils,” section of this report, these soils have a moderately high runoff potential. 

In addition to our deterministic model approach, the United States Geological Survey (USGS) 
StreamStats modeling software was utilized as a more statistical approach in preparing a 
representative range of flows.  Figure 5 and Figure 6 are model runs for Basin 4. The inputs are 
outside the recommended range for the Streamstats model, so errors are unknown. The 100-
year event is estimated at approximately 56 cfs. Give the basin area of 0.6266 square miles, 
which is 89 CSM, which is far higher than the highest CSM from the stream gages analysis of 
about 40 CSM. Our uncalibrated deterministic models produced much higher flows. 

High peak flows per unit area result in a recommended PSIAC scale rating of 7.  
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Figure 5 - StreamStats Model Profile, Basin 4 

 
Figure 6 - StreamStats Model Results, Basin 4 
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TOPOGRAPHY 
GIS mapping resulted in steep slopes averaging 58% across Basin 4. 

United States Department of Agriculture (USDA) maps show Basin 4 as having three slope 
conditions. Some of the lower parts of the basin range from 25% to 40% slopes (soil type YaE). 
As you move up the canyon slopes range from 30% to 70% (soil type ShF), and the west facing 
slopes at the mouth of the canyon range from 35% to 70% (soil type HKG). 

Extremely steep upland slopes and little or no floodplain development results in our 
recommending the maximum sediment contribution PSIAC scale factor of 20. 

 

EFFECTIVE GROUND COVER 
National Land Cover Database (NLCD) maps evaluated in GIS show three land cover types as 
shown in Figure 4.  GIS data processing was able to evaluate each land cover type percentage 
based on area in Basin 4:  51% Evergreen Forest, 24% Deciduous Forest and 25% 
shrub/scrub. 

• Evergreen Forest - Areas dominated by trees generally greater than 5 meters tall, and 
greater than 20% of total vegetation cover. More than 75 percent of the tree species 
maintain their leaves all year. Canopy is never without green foliage. 

• Deciduous Forest - Areas dominated by trees generally greater than 5 meters tall, and 
greater than 20% of total vegetation cover. More than 75 percent of the tree species 
shed foliage simultaneously in response to seasonal change. 

• Shrub/Scrub - Areas dominated by shrubs; less than 5 meters tall with shrub canopy 
typically greater than 20% of total vegetation. This class includes true shrubs, young 
trees in an early successional stage or trees stunted from environmental conditions.  

Figure 7 - NLCD Land Cover Map, Basin 4 

 



    2162 West Grove Parkway, Ste 400 

  Pleasant Grove, Utah 84062 

  801-763-5100 

www.horrocks.com 

8 | P a g e  
PSIAC Technical Memo 

Using the information given combined with knowledge of the area gained from on-site 
observation, the total foliar cover estimation is 50% to 60% and total ground cover is 60% to 
75%. Table 1 shows land cover type percentages derived from GIS mapping for all six basins. 

Table 1 - Ground Cover Percentages 

 Evergreen Forest Deciduous Forest Shrub/Scrub 

Basin 1 65 29 6 

Basin 2 48 23 29 

Basin 3 41 29 30 

Basin 4 51 24 25 

Basin 5 28 44 18 

Basin 6 60 26 11 

 

Ground cover does exceed 20%; vegetation is not sparse; there is rock in surface soil cover; 
cover does exceed 40%; there is noticeable litter; trees are present but understory is not well 
developed; area is not completely protected by vegetation, rock fragments, litter; and there is 
moderate opportunity for rainfall to reach erodible material. Based on this description effective 
ground cover is given a PSIAC scale factor of -6. 

 

LAND TYPE AND MANAGEMENT QUALITY 
Observations obtained from field visits show Basin 4 to have no overgrazed area, no recent 
logging, no areas recently burned (this assumption is made due to the scope and time scale of 
this study), no badlands, and no roads cutting through this area. The recommended PSIAC 
sediment yield contribution scale factor is -8. 

 

UPLAND EROSION  
Observations obtained from field visits show Basin 4 to have much less than 25% of the area 
characterized by concentrated flow erosion with increasing gully development, but exhibiting 
some apparent signs of erosion. The recommended PSIAC sediment yield contribution scale 
factor is 4. 

 

CHANNEL ERSOSION AND SEDIMENT TRANSPORT 
Observations obtained from field visits show Basin 1 has some eroding banks at infrequent 
intervals, relatively shallow flow depths, minimal active headcuts, some degradation in tributary 
channels, no artificially controlled channels, rare channels in massive rock, occasional large 
boulders in the channel, channel banks with fair vegetation cover, and no wide channels with 
flat and short flow durations. This information collected results in PSIAC scale factor of 8. 
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CONCLUSION 
Surface geology, soils, climate, runoff, topography, effective ground cover, land type and 
management quality, upland erosion, and channel erosion / sediment transport are the nine 
contributing factors and are all input parameters needed in the evaluation process of the PSIAC 
method for sediment yield. Basin 4 is located in the middle of all the basins and was chosen to 
be used as an example of the evaluation process and is the only basin with information provided 
on the collection of input parameters. The same process for collecting input parameters was 
used for every basin. The resulting recommended parameters for each basin are shown in 
Table 2. Climate is applied over a large area covering all six basins and was assumed to be 
constant for every basin. Surface Geology, Soils, Topography, Land Type / Management 
Quality, Upland Erosion, and Channel Erosion / Sediment Transport were not considered 
constants but yielded similar data resulting in identical PSIAC scale factors for all six basins. All 
six basins are centrally located in consistent terrain, similar results were anticipated for these 
categories. Table 3 shows results for sediment yield derived from the PSIAC model in all six 
basins. 

 

Table 2 - PSIAC Scale Factor Parameters 

 Basin 1 Basin 2 Basin 3 Basin 4 Basin 5 Basin 6 

Surface Geology 1 1 1 1 1 1 

Soils 3 3 3 3 3 3 

Climate 5 5 5 5 5 5 

Runoff  5 3 3 7 6 5 

Topography 20 20 20 20 20 20 

Effective Ground Cover -8 -6 -5 -6 -7 -6 

Land Type / Management 
Quality 

-8 -8 -8 -8 -8 -8 

Upland Erosion 4 4 4 4 4 4 

Channel Erosion / 
Sediment Transport 

8 8 8 8 8 8 
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Table 3 - PSIAC Sediment Yield 

Watershed Area Sediment Yield (Ac-
Ft/Sq-Mi/Yr) 

Annual Yield (Ac-
Ft) 

50 Year Yield (Ac-
Ft) 

Basin 1 0.24 0.15 7.54 

Basin 2 0.24 0.017 0.83 

Basin 3 0.25 0.013 0.67 

Basin 4 0.28 0.19 9.64 

Basin 5 0.26 0.18 9.25 

Basin  0.27 0.126 6.09 
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Table 4 - PSIAC Model Evaluation Table 

 

Pacific Southwest Interagency Committee Sediment Yield Procedure (PSIAC) - 1991 rev.
Watershed: SantaquinDB Square Miles: 0.69 Acres (sq mi * 640): 442
Factor Discipline Points

Rocks of Medium Hardness
Moderately weathered
Moderately fractured

5 3 0 1
Fine textured; easily dispersed; 
saline alkaline; high shrink swell 

characteristcis; single grain silt and 
fine sands Medium textured soil High percentage of rock fragments

Occasional rock fragements Aggregated clays
Cliché layers High in organic matter

10 5 0 3
Storms of several day's duration 

with short periods of intense rainfall
Storms of moderate duration and 

intensity
Humid climate with rainfall of low 

intensity

Frequent intense convective storms Infrequent convective storms Precipitation in form of snow
Arid climate, low intensity storm

Arid climate; rare convective storms
10 5 0 5

High peak flows per unit area Moderate peak flows per unit area Low peak flow per unit area

Large volume of flow per unit area
Moderate volume of flow per unit 

area Low volume of runoff per unit area
Rare runoff events

10 5 0 7
Steep upland slopes (in excess of 

30%)
Moderate upland slopes (less than 

20%) Gentle upland slopes (less than 5%)
High relief; little or no floodplain 

development
Moderate fan or floodplain 

development Extensive alluvial plains
20 10 0 20

Ground cover does not exceed 20% Cover not exceeding 40%
Area completely protected by 

vegetation, rock fragments, litter

Vegetation sparse; little or no litter Noticeable litter

No rock in surface soil cover
If trees present, understory not well 

developed
10 0 -10 -6

Vegetation (%) 40
Litter (%) 20
Rock (%) 15

Calculated Points -6
Almost all of area overgrazed or 
historic overgrazing impacts still 

active

<50% of area overgrazed or with 
historic overgrazing impacts still 

active No recent logging

All of area recently burned <50% of area recently logged

Good grazing management or 
historic overgrazing impact under 

control
Roads in need of O&M or improved 

design
Ordinary road and other 

construction
Almost all of area is badlands with 

minimal armor
Almost all of area is badlands with 

50% of area covered with armor
10 0 -10 -8

More than 50% of the area 
characterized by concentrated flow 

erosion with increasing gully 
development

About 25% of the area 
characterized by concentrated flow 

erosion with increasing gully 
development No apparent signs of erosion

25 10 0 4

Calculated Points 4

Eroding banks, continously or at 
frequent intervals, with deep flow of 

long duration
Wide shallow channels with flat 
gradients and shor flow duration
Channels in massive rock, large 

boulders, or well vegetated
Articially controlled channels

25 10 0 8

Subtotal (a) thru (g) 22
Subtotal (h) thru (i) 12

Grand total 34
Soil Bulk Density (gram/cm3) 1.3

Watershed: SantaquinDB Sediment Yield (Ac ft/sq mi/year) 0.28
Acres: 442 Sediment Yield (Tons/acre/year) 0.86

Total Sediment (Tons/year) 379

PSIAC Rating 

(a) Surface 
Geology

(b) Soils

(c) Climate

Geologist

Soil Scientist

Marine shales and related 
mudstones and siltstones Massive, hard formations

Single grain silt and fine sands

(f) Effective 
Ground Cover

Local

Hydrologist

GIS Specialist

GIS Specialist

Alternative 
Calculation

(d) Runoff

(e) Topography

Percent of area with apparent erosion
Alternative 
Calculation

Freeze-thaw occurrences

Little opportunity for rainfall to reach 
erodible material

Alternative Calculation:  Enter percent of surface covered by vegetation, 
litter and rock

10

(g) Land Type and 
Management 
Quality

(i) Channel 
Erosion and 
Sediment 
Transport

(h) Upland 
Erosion

Badlands are totally armored

Moderate flow depths, medium flow 
duration with occasionally eroding 

banks or bed
Active headcuts and degradation in 

tributary channels

Geologist

Geologist

GIS Specialist
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BRIDGES SEDIMENT YIELD MAP 

INTRODUCTION 
NRCS provided sediment yield maps of the Santaquin, Utah region shown in Figure 1 and 
Figure 2 (Bridges, 1973). This map is intended for analysis over very large areas and provided 
an approximation which supports data collected from other sources. The foothills above 
Santaquin are shown with a yield class of 4. Figure 2 shows the yield rate associated with this 
yield class as 0.2 to 0.5 acre-feet per square mile per year. The 80-20 marking indicating sheet 
versus rill erosion is consistent with our assumption of minimal rill erosion in the PSIAC method. 

Figure 1 – NRSC Bridges Sediment Yield Map 4 
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Figure 2 – Trap Efficiency Calculations, Basin 4 
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TRAP EFFICIENCY CALCULATIONS 

INTRODUCTION 
NRCS Technical Memo No. 12 (1975) provides Figure 1 below to determine trap efficiency 
given a capacity/inflow (C/I) ratio. Tables 2 and 3 show the calculations used to determine the 
C/I ratio. The floodwater storage input was calculated from the volumes necessary to hold and 
pass the 100-year 24-hour storm as determined in our hydrology and hydraulic analysis, as 
discussed in the Hydraulics Technical Memo. The sediment yield used is the rate determined for 
each watershed in the Sediment Technical Memo. The curve number method was used to find 
the inflow volume from the precipitation depth (NEH-630, Ch. 10), utilizing an assumption that 
the event based runoff formula could be assumed to average out for all events throughout the 
year. This is likely a conservative assumption because on average precipitation in the form of 
snowmelt and in very small rainfall events has a greater chance to percolate. Separate volume 
and trap efficiencies are shown for different design life periods (25, 50, 75, and 100 years). 

Figure 1 – USDA Trap Efficiency Graph, Basin 4 
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Table 1 – Curve Numbers, Basins 1-6 

 Curve Number (CN) 
Basin 1 71.8 
Basin 2 69.2 
Basin 3 70.9 
Basin 4 70.9 
Basin 5 67.3 
Basin 6 72.1 

 

Table 2 – Trap Efficiency Calculations, Basin 1-3 

 

 

 

 

Drainage 
Area

3 -- Sum of 1 
and 2, Total 
Capacity

C. Divide B 
from A-3

sq. mi acre-feet inches Acre feet/ 
year years

acre feet 
total 
years

inches acre-feet inches inches Precip inches
Capacity - 

Inflow (C/I) 
Ratio

0.63 20.51 0.61 0.15 25 3.75 0.112 16.76 0.500 0.61 20.3 16.24 0.038
0.63 24.26 0.72 0.15 50 7.5 0.224 16.76 0.500 0.724 20.3 16.24 0.045
0.63 28.01 0.84 0.15 75 11.25 0.34 16.76 0.500 0.836 20.3 16.24 0.051
0.63 31.76 0.95 0.15 100 15 0.448 16.76 0.500 0.948 20.3 16.24 0.058

Drainage 
Area

3 -- Sum of 1 
and 2, Total 
Capacity

C. Divide B 
from A-3

sq. mi acre-feet inches Acre feet/ 
year years

acre feet 
total 
years

inches acre-feet inches inches Precip inches
Capacity - 

Inflow (C/I) 
Ratio

0.07 1.59 0.43 0.01 25 0.25 0.068 1.34 0.365 0.43 20.3 15.79 0.027
0.07 1.84 0.50 0.01 50 0.5 0.136 1.34 0.365 0.501 20.3 15.79 0.032
0.07 2.09 0.57 0.01 75 0.75 0.20 1.34 0.365 0.570 20.3 15.79 0.036
0.07 2.34 0.64 0.01 100 1 0.273 1.34 0.365 0.638 20.3 15.79 0.040

Drainage 
Area

3 -- Sum of 1 
and 2, Total 
Capacity

C. Divide B 
from A-3

sq. mi acre-feet inches Acre feet/ 
year years

acre feet 
total 
years

inches acre-feet inches inches Precip inches
Capacity - 

Inflow (C/I) 
Ratio

0.05 1.27 0.45 0.01 25 0.25 0.088 1.02 0.360 0.45 20.3 16.09 0.028
0.05 1.52 0.54 0.01 50 0.5 0.177 1.02 0.360 0.537 20.3 16.09 0.033
0.05 1.77 0.63 0.01 75 0.75 0.26 1.02 0.360 0.625 20.3 16.09 0.039
0.05 2.02 0.71 0.01 100 1 0.353 1.02 0.360 0.713 20.3 16.09 0.044

A. Capacity of 
Reservoir

1 --Sediment Storage 2 -- Flood Water B. Average Annual 
Runoff

Santequin Debri Basin 1
A. Capacity of 
Reservoir

1 --Sediment Storage 2 -- Flood Water B. Average Annual 
Runoff

Santequin Debri Basin 2
A. Capacity of 
Reservoir

1 --Sediment Storage 2 -- Flood Water B. Average Annual 
Runoff

Santequin Debri Basin 3
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Table 3 – Trap Efficiency Calculations, Basin 4-6 

 

Drainage 
Area

3 -- Sum of 1 
and 2, Total 
Capacity

C. Divide B 
from A-3

sq. mi acre-feet inches Acre feet/ 
year years

acre feet 
total 
years

inches acre-feet inches inches Precip inches
Capacity - 

Inflow (C/I) 
Ratio

0.69 17.89 0.49 0.10 25 2.5 0.068 15.39 0.420 0.49 20.3 16.09 0.030
0.69 20.39 0.56 0.10 50 5 0.136 15.39 0.420 0.556 20.3 16.09 0.035
0.69 22.89 0.62 0.10 75 7.5 0.20 15.39 0.420 0.624 20.3 16.09 0.039
0.69 25.39 0.69 0.10 100 10 0.273 15.39 0.420 0.692 20.3 16.09 0.043

6.8

Drainage 
Area

3 -- Sum of 1 
and 2, Total 
Capacity

C. Divide B 
from A-3

sq. mi acre-feet inches Acre feet/ 
year years

acre feet 
total 
years

inches acre-feet inches inches Precip inches
Capacity - 

Inflow (C/I) 
Ratio

0.71 14.79 0.39 0.08 25 2 0.053 12.79 0.337 0.39 20.3 15.45 0.025
0.71 16.79 0.44 0.08 50 4 0.106 12.79 0.337 0.443 20.3 15.45 0.029
0.71 18.79 0.50 0.08 75 6 0.16 12.79 0.337 0.496 20.3 15.45 0.032
0.71 20.79 0.55 0.08 100 8 0.211 12.79 0.337 0.548 20.3 15.45 0.036

Drainage 
Area

3 -- Sum of 1 
and 2, Total 
Capacity

C. Divide B 
from A-3

sq. mi acre-feet inches Acre feet/ 
year years

acre feet 
total 
years

inches acre-feet inches inches Precip inches
Capacity - 

Inflow (C/I) 
Ratio

0.45 14.48 0.60 0.10 25 2.5 0.104 11.98 0.498 0.60 20.3 16.30 0.037
0.45 16.98 0.71 0.10 50 5 0.208 11.98 0.498 0.706 20.3 16.30 0.043
0.45 19.48 0.81 0.10 75 7.5 0.31 11.98 0.498 0.810 20.3 16.30 0.050
0.45 21.98 0.91 0.10 100 10 0.416 11.98 0.498 0.914 20.3 16.30 0.056

Santequin Debri Basin 6
A. Capacity of 
Reservoir

1 --Sediment Storage 2 -- Flood Water B. Average Annual 
Runoff

A. Capacity of 
Reservoir

1 --Sediment Storage 2 -- Flood Water B. Average Annual 
Runoff

Santequin Debri Basin 5

Santequin Debri Basin 4
A. Capacity of 
Reservoir

1 --Sediment Storage 2 -- Flood Water B. Average Annual 
Runoff
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1.0 EXECUTIVE SUMMARY 

The purpose of this investigation and report is to provide a preliminary assessment of the debris 
flow volume of six drainage basins located along the Wasatch Front in Santaquin, Utah in order 
to provide preliminary recommendations for the size, type and number of check dams that could 
be constructed within each drainage channel. The work performed for this report was performed 
in accordance with our proposal, dated April 19, 2018. 
 
GeoStrata completed a site reconnaissance and test pit observations of the alluvial fan deposits 
on June 26, 2018. GeoStrata completed an additional site reconnaissance of Drainage 2 and 
Drainage 4 on July 18, 2018. Along with GeoStrata’s field observations, geologic mapping of the 
study area (Solomon, 2010; Witkind and Weiss, 1991) was reviewed by GeoStrata as part of this 
investigation. Wasatch Front 2013-2014 0.5-meter LiDAR elevation data and 2006 5-meter 
DEM provided by the State of Utah AGRC were also assessed as part of this investigation to 
create cross sections along the drainage channels to assess the availability of soil that could 
ultimately trigger or contribute to a debris-flow event. 
 
Preliminary analysis of the potential debris flow volumes was conducted using a bulking factor 
applied to the hydrology of each of the canyons and evaluating the available sediment within the 
channels. A description of the methodology and results of our preliminary analysis are presented 
is Section 6.0. 
 
Prior to final design of the proposed hazard mitigation structures, a design level evaluation of 
each of the drainages addressed by this report should be conducted. Debris flow volumes 
presented in this report should be considered preliminary and should be refined with additional 
data from the channels in the canyons and from the alluvial fans. 
 
Based on our preliminary engineering analysis of the proposed debris basin sites, the proposed 
locations are suitable for the proposed construction provided that design level geotechnical 
evaluations of each of the locations are performed and that recommendations from these studies 
are incorporated into the final design of the structures. 
 
NOTICE: The scope of services provided within this report are limited to the assessment of the subsurface 
conditions for the proposed development. This executive summary is not intended to replace the report of which it is 
part and should not be used separately from the report. The executive summary is provided solely for purposes of 
overview. The executive summary omits a number of details, any one of which could be crucial to the proper 
application of this report. 
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2.0 INTRODUCTION 

2.1 PURPOSE AND SCOPE OF WORK 

The purpose of this investigation and report is to provide a preliminary assessment of the debris 
flow volume of six drainage basins located along the Wasatch Front in Santaquin, Utah in order 
to provide preliminary recommendations for the size, type and number of check dams that could 
be constructed within each drainage channel. The work performed for this report was performed 
in accordance with our proposal, dated April 19, 2018.  

The recommendations presented by GeoStrata in this preliminary alluvial fan flood hazard report 
will be specific to the basins located in Santaquin, Utah that were evaluated for this report and 
are intended to provide geologic data necessary to design mitigation structures to increase the 
safety of the current and future residences on the alluvial fan associated with these basins. 

Our scope of services for the debris-flow/alluvial fan flood hazard assessment for various 
drainage basins located in Santaquin, Utah included the following: 

• Review of available references and maps of the area. 
• Stereographic aerial photograph interpretation of aerial photographs covering the site 

area. 
• Review of 2013-2014 0.5-meter LiDAR and 2006 5-meter DEM obtained from the 

State of Utah AGRC. 
• Geologic reconnaissance of the site by an engineering geologist to observe and 

document pertinent surface features indicative of possible surface rupture fault 
hazards, alluvial fan flooding hazards or other geologic hazards. 

• Subsurface investigation consisting of excavation of test pits on alluvial fans 
• Sample collection of subsurface soils 
• Laboratory testing: 

o Grain Size Distribution Analysis (ASTM D422) 
o Atterberg Limits Test (ASTM 4318) 

• Preliminary assessment of geologic and geotechnical engineering conditions 

 
The preliminary recommendations contained in this report are subject to the limitations presented 
in the Limitations section of this report.  
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2.2 PROJECT DESCRIPTION 

The project site is located along the Wasatch Front Range in Santaquin, Utah (Plate A-1 Site Vicinity 
Map). The study area includes six drainage basins, Drainage 1 through Drainage 6, as identified on Plate 
A-2, Exploration Location Map. Construction of five detention basins are planned to mitigate the alluvial 
fan flooding hazard of the six drainage basins. Established residential developments are located on 
alluvial fan deposits and in the alluvial fan flooding paths of Drainage 1 through Drainage 5. An orchard 
field is located on the alluvial fan deposit and alluvial fan flooding path of Drainage 6. 
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3.0 GEOLOGIC CONDITIONS 

3.1 GEOLOGIC SETTING 

The study area and the location of the proposed mitigation structures are located at the base of 
the Wasatch Front Range in Santaquin, Utah. The geology of the mountains east of Santaquin 
range from Tertiary to Precambrian age. The bedrock in the Santaquin area has been uplifted and 
faulted during the Sevier Orogeny and later extensional faulting during late Eocene to middle 
Miocene. Santaquin is located in Utah Valley, a deep, sediment-filled structural basin of 
Cenozoic age flanked by uplifted blocks, the Wasatch Range on the east and the Spring 
Mountains and Western Mountains to the west (Hintze, 1980; Hintze, 1993). The Wasatch Range 
is the easternmost expression of pronounced Basin and Range extension in north-central Utah. 
 
The near-surface geology of Santaquin is dominated by sediments which were deposited within 
the last 30,000 years by Lake Bonneville (Scott and others, 1983; Hintze, 1993; Crittenden and 
Sorensen, 1985). The lacustrine sediments near the mountain front consist mostly of gravel and 
sand. As the lake receded, streams began to incise large deltas formed at the mouths of major 
canyons along the Wasatch Range, and the eroded material was deposited in shallow lakes and 
marshes in the basin and in a series of recessional deltas and alluvial fans. Sediments toward the 
center of the valley are predominately deep-water deposits of clay, silt and fine sand. However, 
these deep-water deposits are in places covered by a thin post-Bonneville alluvial cover. 
Geologic maps of the study area are included with this report (Plate A-3a Site Vicinity Geologic 
Map; Plate A-4a Site Vicinity 30x60 Geologic Map).  
 
The near-surface geology at the mouth of the drainage basins evaluated as part of this study are 
mapped by Solomon (2010) as Holocene to Pleistocene age alluvial fan deposits (Qafy, Qaf1-5) 
overlying Pleistocene age deltaic deposits related to the transgressive phase of the Lake 
Bonneville cycle. Landslide and colluvial, undivided, deposits (Qmc) are mapped within the 
drainage basins and along the canyon walls. A Holocene to middle Pleistocene age alluvial and 
colluvial, undivided, deposit (Qac) is mapped at the base of Drainage 1. Bedrock outcroppings 
are mapped throughout each drainage basin. 

3.2 TECTONIC SETTING 

The study area is located on the generally west dipping bench along the western foothills of the 
Wasatch Mountain Range. The Nephi segment is the southernmost segment of the Wasatch fault 
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zone and is mapped trending north and northwest through the study area. A steeply west dipping 
scarp or drastic drop in topography trends along the Nephi segment. The Nephi segment extends 
approximately 20 miles from its southern terminus in Nephi to its northern terminus at the 
Payson salient. Dry Mountain, Tithing Mountain, and Little Mountain are located south of 
Payson, Utah and mark the northern extent of the Nephi segment. The Nephi segment includes 
surface faulting along two strands, the northern strand bounded by Dry Mountain and a southern 
strand bounded by the Wasatch Range east of Juab Valley (DuRoss and McDonald, 2007). At a 
paleo-seismic trench excavated in 2005 along the northern strand of the Nephi segment, fault 
scarps between 10 and 13 feet high were exposed in late Holocene, less than 5,000 years old, 
alluvial fan deposits. Trench studies indicate that a surface fault rupture event along the northern 
strand of the Nephi segment has displacement of 10 feet within the last 500 years.  
 
Analysis of the ground shaking hazard along the Wasatch Front suggests that the Wasatch Fault 
Zone is the single greatest contributor to the seismic hazard in the Salt Lake City region. Each of 
the faults listed above show evidence of Holocene-age movement and are therefore considered 
active.   
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4.0 METHOD OF STUDY 

4.1 FIELD INVESTIGATION 

Field investigations and observations used to assess the debris flow potential, probability and 
magnitude can be categorized into three areas of study (Giraud, 2005): 
 

1. Channel Investigation – Studies of debris flows indicate that the majority of 
material/debris transported onto the alluvial fan comes from existing deposits within the 
defined drainage channel. The unit volume technique is commonly used to assign 
applicable debris yield rates (unit volume along distinct reaches of the channel) in order 
to approximate the potential debris volume.  

 
2. Alluvial Fan Investigation – the thickness of debris deposits measured on the alluvial fan 

contribute to an understanding of past debris flow magnitude and potential run-out 
distance. 

 
GeoStrata completed a site reconnaissance and test pit observations of the alluvial fan deposits 
on June 26, 2018. GeoStrata completed an additional site reconnaissance of Drainage 2 and 
Drainage 4 on July 18, 2018. Along with GeoStrata’s field observations, geologic mapping of the 
study area (Solomon, 2010; Witkind and Weiss, 1991) was reviewed by GeoStrata as part of this 
investigation. Wasatch Front 2013-2014 0.5-meter LiDAR elevation data and 2006 5-meter 
DEM provided by the State of Utah AGRC were also assessed as part of this investigation to 
create cross sections along the drainage channels to assess the availability of soil that could 
ultimately trigger or contribute to a debris-flow event.  
 
Six drainage channels were assessed as part of this investigation and aptly named Drainage 1 
through Drainage 6. The location of the six drainage basins, test pit locations and profile cross 
section locations are shown on the Exploration Location Map Plate A-2.  
 
The cross-sectional geometry of the channels within the drainages is variable. It was our 
objective to produce cross-sections that would be representative of the various geometries that 
exist in the main channels of the drainages. The following are the drainage basins in order from 
smallest to largest per area: Drainage 3, Drainage 2, Drainage 6, Drainage 1, Drainage 4 and 
Drainage 5. Tributary channels within all drainage basins exist but were not evaluated as part of 
this study. Each drainage is moderately to heavily vegetated within the channel and along the 
southern slopes of the drainage basins. Vegetation consists mainly of scrub oak and large brush.  
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A second site reconnaissance was conducted to further evaluate Drainage 2 and Drainage 4. A 
cross-section was collected in the field within Drainage 2 and Drainage 4 as shown on Plate A-2, 
Exploration Location Map. The GPS locations of these cross-sections were collected using a 
Trimble Handheld GeoXT. The cross-sections collected in the field were later compared to 
cross-sections derived from 2006 5-meter DEM and 2013-2014 0.5-meter LiDAR. Based on our 
comparison, the area calculated for each cross-section could have an error of ±30-ft2 for cross-
sections derived from 2006 5-meter DEM and ±0.5-ft2 for cross-sections derived from 2013-2014 
0.5-meter LiDAR.  
 
In addition, volumes were calculated based on the assumption that the geometry of the channel 
remained unchanged along the designated lengths for each cross-section. Lastly, cross-sections 
were not calculated up the entire drainage due to lack of high resolution elevation data in these 
areas. The geometry of the final drawn cross-sections was assumed along the remaining length of 
the drainage. The estimations provided below are part of a preliminary assessment. A more in-
depth study including cross-sectional data collected in the field is necessary prior to final design 
of mitigation structures. The following sections present results of our field and office 
investigations of the drainage basins assessed as part of this study. Cross section drawings of the 
channels are included in Appendix B (Plates B-1 to B-12). 

4.3 DRAINAGE 1  

Drainage 1 is approximately 408.4 acres (0.64 square miles) in size with a total defined channel 
length of approximately 7,068 feet. The properties of the main drainage channel are variable with 
some areas containing low to moderate amounts of stored debris and other areas with debris 
yield rates calculated to be approximately 385 f3/ft. To estimate potential debris discharge 
volumes from Drainage 1, GeoStrata produced cross sections in 17 different locations within the 
drainage channel to estimate the amount of debris currently available for transport. Cross-
sections for Drainage 1 were derived from the 2006 5-meter DEM. The approximate locations of 
profile cross-sections are shown on the Exploration Location Map (Plate A-2).  

4.3 DRAINAGE 2  

Drainage 2 is approximately 45.1 acres (0.07 square miles) in size with a total defined channel 
length of approximately 2,397 feet. The properties of the main drainage channel are variable with 
some areas containing very little debris (exposed bedrock) and other areas where debris yield 
rates have been estimated to be approximately 250 f3/ft. To estimate potential debris discharge 
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volumes from Drainage 2, GeoStrata produced cross section in 8 different locations within the 
drainage channel to estimate the amount of debris currently available for transport. Cross-
sections for Drainage 2 were derived from of 2006 5-meter DEM. The approximate locations of 
profile cross-sections are shown on the Exploration Location Map (Plate A-2). Descriptions of 
the drainage basin and channel are summarized below.  
 
The channel within Drainage 2 was observed to have shallow banks and to consist of rocks and 
cobbles approximately 250 feet from the mouth of the drainage. Bedrock exposure along the 
channel was observed approximately 1,700 feet up the drainage basin. Vegetation was observed 
to be moderately dense in the channel.  

4.4 DRAINAGE 3 

Drainage 3 is approximately 34.6 acres (0.05 square miles) in size with a total defined channel 
length of approximately 1,295 feet. The properties of the main drainage channel are variable with 
some areas containing low to moderate amounts of stored debris and other areas with debris 
yield rates calculated to be approximately 7.7 f3/ft. To estimate potential debris discharge 
volumes from Drainage 3, GeoStrata produced cross sections in 7 different locations within the 
drainage channel to estimate the amount of debris currently available for transport. Cross-
sections for Drainage 3 were derived from 2013-2014 0.5-meter LiDAR. The approximate 
locations of profile cross-sections are shown on the Exploration Location Map (Plate A-2).  

4.5 DRAINAGE 4  

Drainage 4 is approximately 445.8 acres (0.70 square miles) in size with a total defined channel 
length of approximately 3,828 feet. The properties of the main drainage channel are variable with 
some areas containing low to moderate amounts of stored debris and other areas with debris 
yield rates calculated to be approximately 10 f3/ft. To estimate potential debris discharge 
volumes from Drainage 4, GeoStrata produced cross sections in 7 different locations within the 
drainage channel estimate the amount of debris currently available for transport. Cross-sections 
for Drainage 4 were derived from 2013-2014 0.5-meter LiDAR. The approximate locations of 
profile cross-sections are shown on the Exploration Location Map (Plate A-2). Descriptions of 
the drainage basin and channel are summarized below.  
 
The channel within Drainage 4 was observed to have steep banks and a broad, flat channel 
bottom. Bank cuts were observed to range from approximately 6 to 12 feet high and the channel 
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itself was observed to be broad and U-shaped. Bedrock exposure along the channel was observed 
at approximately 1,800 feet from the mouth of the drainage. A ramp lined with rip rap on the 
bottom of the channel to divert the direction of alluvial fan flooding was observed at the mouth 
of Drainage 4. Vegetation was observed to be moderately dense within the channel.  

4.6 DRAINAGE 5  

Drainage 5 is approximately 460.6 acres (0.72 square miles) in size with a total defined channel 
length of approximately 10,670 feet. The properties of the main drainage channel are variable 
with some areas containing low to moderate amounts of stored debris and other areas with debris 
yield rates calculated to be approximately 85 f3/ft. To estimate potential debris discharge 
volumes from Drainage 6, GeoStrata produced cross sections in 14 different locations within the 
drainage channel to estimate the amount of debris currently available for transport. Cross-
sections for Drainage 5 were derived from 2013-2014 0.5-meter LiDAR. The approximate 
locations of profile cross-sections are shown on the Exploration Location Map (Plate A-2).  

4.7 DRAINAGE 6  

Drainage 6 is approximately 292.6 acres (0.46 square miles) in size with a total defined channel 
length of approximately 5,699 feet. The properties of the main drainage channel are variable with 
some areas containing low to moderate amounts of stored debris and other areas with debris 
yield rates calculated to be approximately 112 f3/ft. To estimate potential debris discharge 
volumes from Drainage 1, GeoStrata produced cross sections in 8 different locations within the 
drainage channel to more accurately estimate the amount of debris currently available for 
transport. Cross-sections for Drainage 3 were derived from 2013-2014 0.5-meter LiDAR. The 
approximate locations of profile cross-sections are shown on the Exploration Location Map 
(Plate A-2).  
  



Copyright © 2018 GeoStrata 10 R320-013 

5.0 PRELIMINARY ALLUVIAL FAN INVESTIGATION 

The preliminary alluvial fan investigation included the excavation, photographing and logging of 
six test pits on the alluvial fan deposits of each of the six canyons to observe the near-surface 
geology and assess the nature and extent of past alluvial fan flooding events across the alluvial 
fan surface. The logs of these Test Pits are presented on Plates C-1 through C-6. In general, the 
soils exposed in the test pit excavations consisted of alluvial fan flooding sediments ranging from 
fluvial to debris flow type deposits that extended the full depth. The approximate locations of the 
test pits are shown on the Exploration Location Map (Plate A-2). The alluvial fan 
geomorphology was also assessed using 2013-2014 0.5-meter LiDAR and 2006 5-meter DEM 
data provided by the State of Utah AGRC (Plate A-5). The following paragraphs provide 
detailed descriptions of conditions encountered in each test pit. 

5.1 TEST PIT 1 

Test Pit 1 was excavated approximately 10 feet deep. The log of the test pit that shows soil 
stratigraphy is included in Appendix C as Plate C-1. Test Pit 1 was excavated to a depth to 
expose alluvial fan sediments that would allow GeoStrata to assess the site for alluvial fan 
flooding hazard and to evaluate the soil suitability for the construction of a mitigation structure. 
 
The uppermost soils exposed in Test Pit 1 were observed to be approximately 6 inches of A soil 
Horizon comprised of gravel, silt and sand. Underlying the A soil Horizon and in the upper 1½ to 
2 feet were lenses of hyper-concentrated deposit, clast supported subangular pea gravel and 
gravels up to 2 inches with little to no fines, that were approximately 6 inches to 1 foot thick as 
shown on Plate E-1. Underlying the hyper-concentrated flows was a matrix supported, brown 
Silty, Clayey GRAVEL with sand and occasional subangular cobbles. Clasts within this unit 
were observed to be 2 inches and subangular. Fine roots were observed at a depth of 
approximately 2 feet into this unit.  

5.2 TEST PIT 2 

Test Pit 2 was excavated approximately 9 feet deep. The log of the test pit that shows soil 
stratigraphy is included in Appendix C as Plate C-2. Test Pit 2 was excavated to a depth to 
expose alluvial fan sediments that would allow GeoStrata to assess the site for alluvial fan 
flooding hazard and to evaluate the soil suitability for the construction of a mitigation structure. 
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The uppermost soils exposed in Test Pit 2 was observed to be approximately 6 inches of A soil 
Horizon. Underlying the A soil Horizon was a matrix supported, brown Silty SAND with gravel. 
Clasts in this unit were observed to be approximately 2 inches and subangular. A fluvial deposit 
consisting of Poorly Graded SAND approximately 6 inches thick was observed in the upper 2 ½ 
feet of this unit as shown on Plate E-2. The unit is comprised of dark-brown Silty SAND with 
gravel. Roots were observed to extend into the upper 2 feet of this unit.  

5.3 TEST PIT 3 

Test Pit 3 was excavated approximately 9 feet deep. The log of the test pit that shows soil 
stratigraphy is included in Appendix C as Plate C-3. Test Pit 3 was excavated to a depth to 
expose alluvial fan sediments that would allow GeoStrata to assess the site for alluvial fan 
flooding hazard and to evaluate the soil suitability for the construction of a mitigation structure. 
 
The uppermost soils exposed in Test Pit 3 was observed to be approximately 6 inches of A soil 
Horizon comprised of gravel, silt and sand. A Silty, Clayey SAND with gravel was observed to 
underly the A soil Horizon and to extend the depth of the test pit. The upper 3 feet of this unit 
was observed to be heavily rooted and clast supported, hyper-concentrated to debris flow 
deposit, with few cobbles; clasts were observed to be subangular as shown on Plate E-3. The 
lower 6 feet of the test pit was observed to be matrix supported with subangular clasts 
approximately 2 inches in size.  

5.4 TEST PIT 4 

Test Pit 4 was excavated approximately 6 feet deep. The log of the test pit that shows soil 
stratigraphy is included in Appendix C as Plate C-4. Test Pit 4 was excavated to a depth to 
expose soils to evaluate the soil suitability for the construction of a mitigation structure and to 
observe potential alluvial fan sediments that would allow GeoStrata to assess the site for alluvial 
fan flooding hazard. The location of Test Pit 4 is located on the distil margins of the main 
alluvial fan deposit sourced by Drainage 4. 
 
The uppermost unit in Test Pit 4 was observed to be approximately 6 inches of A soil Horizon. A 
Clayey GRAVEL with sand was observed to underlie the A soil Horizon and to extend the full 
depth of the test pit. This unit was observed to be matrix supported and to contain subangular 
clasts. Large subangular boulders approximately 2 to 3 feet in diameter were observed at the 
bottom of Test Pit 4.  
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5.5 TEST PIT 5 

Test Pit 5 was excavated approximately 6 feet deep. The log of the test pit that shows soil 
stratigraphy is included in Appendix C as Plate C-5. Test Pit 5 was excavated to a depth to 
expose alluvial fan sediments that would allow GeoStrata to assess the site for alluvial fan 
flooding hazard and to evaluate the soil suitability for the construction of a mitigation structure. 
 
The uppermost unit in Test Pit 5 was observed to be approximately 6 inches of A soil Horizon. 
The soils observed to underlie the A soil Horizon was observed to consist of a brown Well 
Graded GRAVEL with silt and sand and occasional cobbles up to approximately 8 inches in size. 
Clasts predominantly ranged from subangular pea gravel to 2 inches in size. Boulders 
approximately 1 foot in diameter and subangular were observed at the bottom of Test Pit 5.  

5.6 TEST PIT 6 

Test Pit 6 was excavated approximately 8 feet deep. The log of the test pit that shows soil 
stratigraphy is included in Appendix C as Plate C-6. Test Pit 6 was part of a sewer trench that 
was logged to allow GeoStrata to assess the site for alluvial fan flooding hazard. 
 
The uppermost soils exposed in Test Pit 6 was observed to be approximately 6 inches of A soil 
Horizon. A matrix supported, brown Silty Gravel with sand and numerous large subangular 
cobbles up to approximately 2 feet was observed to underlie the A soil Horizon and to extend the 
full depth of the test pit. Roots were observed to extend approximately 3 feet into this unit.  

5.7 LABORATORY TESTING 

Geotechnical laboratory tests were conducted on selected soil samples obtained during our field 
investigation. The laboratory testing program was designed to evaluate the engineering 
characteristics of onsite earth materials. Laboratory tests conducted during this investigation 
include: 
 
- Grain Size Distribution Analysis (ASTM D422) 
- Atterberg Limits Test (ASTM D4318) 
- Moisture Content of Soil Test (ASTM D2216) 
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The results of laboratory tests are presented on the test pit logs in Appendix C (Plates C-1 to C-
6), the Lab Summary Report (Plate D-1), on the test result plates presented in Appendix D 
(Plates D-2 to D-4). 
 

  



Copyright © 2018 GeoStrata 14 R320-013 

6.0 PRELIMINARY ESTIMATES OF DEBRIS VOLUME 

The prediction of total debris and peak debris-flow volumes is complex and dependent on several 
factors. Precipitation (rainfall and snowmelt) data is readily available and the addition of 
moisture is generally viewed as a debris-flow trigger, but this represents only one of the many 
factors that contribute to debris-flow hazard. Vegetation, root depth, soil gradation, antecedent 
moisture conditions, and long-term climatic cycles all contribute to the generation of debris and 
initiation of debris-flows. Events of relatively short duration, such as a fire, can significantly 
alter a basin’s natural resistance to debris-flow mobilization for approximately 5 years (Giraud 
and Castleton, 2009). These factors are difficult to quantify or predict and vary not only between 
different watersheds, but also within each sub-area of a drainage basin.  
 
In general, there are two methods by which a debris-flow can be mobilized: 1) when shallow 
landslides from channel side-slopes are conveyed in existing channels when mixed with water 
and 2) channel scour where debris is initially mobilized by moving water in a channel and then 
the mobilized debris continues to assemble and transport downstream sediments. While methods 
of initiation differ, our observations of the drainage basins and channels lead us to assume that 
under existing conditions the majority of debris currently available for transport in the subject 
drainage basins would be mobilized from existing deposits within their developed channel beds 
and likely only in a post fire condition.  
 
There are several methods available for predicting peak discharge rates and total debris flow 
volumes associated with debris-flows. The methods used in our preliminary analysis for this 
investigation are discussed below. Results of each of the methods of analysis are presented in the 
table below. 

Method 1 
Analysis of the hydrology of the canyons was performed by the project Civil Engineer 
(Horrocks) to provide peak flow and total flow data in order to calculate potential debris flow 
volumes. Stream flow is considered to be debris flow when the concentration by volume of 
sediment is between 40% and 85% (Keaton, et al., 1991). In order to calculate debris flow 
volumes, we assumed a 75% bulking rate, meaning that of the total rainstorm runoff, a volume of 
sediment equal to 3 times the volume of water may be mobilized. 
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Method 2 
The unit-volume analysis method involves measuring and estimating the stored erodible 
sediment in the channel. Cross-sections are taken at various points along a channel and the 
geometry of the channel is used to estimate the sediment stored in the channel (Giraud, 2005). 
Estimating channel sediment volume available for bulking is critical because study of historical 
debris flows indicates that 80% to 90 % of the debris flow volume comes from the channel 
(Bowman and Lund, 2016). 
 
All of the cross sections were developed utilizing 0.5-meter Wasatch Front LIDAR Elevation 
Data 2013 to 2014 and 2006 5-meter DEM data from the National Elevation Data Set. Available 
debris was estimated from field observations and measurements collected in the vicinity of those 
cross sections. General descriptions of these cross sections are contained in Section 4 of this 
report. Debris yield at these cross-sections was then extrapolated beyond investigation locations 
in order to approximate the potential debris yield for each of the drainages.  
 
Considering alluvial fan flooding event that mobilizes 75% of the sediment stored in the 
channels and a 25-year burned condition storm event with water runoff volumes as provided by 
the Civil Engineer for each of the canyons, the table below presents estimated debris flow 
volumes for each of the subject canyons. 
 

Drainage 
Basin 

Method 1 Method 2 Estimated 
Total 

Debris 
Flow 

Volume 
(ac-ft) 

25-yr Burned 
Condition 

Runoff 
Volume 
(ac-ft) 

Estimated 
Debris 
Flow 

Volume 
(ac-ft) 

Estimated 
Available 

Streambed 
Sediment 

(ac-ft) 

Estimated 
Debris 
Flow 

Volume 
(ac-ft) 

1 10.7 42.8 17.2 23.6 23.6 
2 0.9 3.6 6.0 5.4 3.6 
3 0.8 3.2 0.3 1.0 1.0 
4 10.8 43.2 2.4 12.6 12.6 
5 7.8 31.2 9.1 14.6 14.6 
6 7.9 31.6 12.7 17.4 17.4 
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7.0 PRELIMINARY HAZARD MITIGATION RECOMMENDATIONS 

7.1 PREFERRED MITIGATION 

Methods for reducing debris-flow hazards in order of diminishing effectiveness are: 1) 
avoidance, 2) source area stabilization, 3) transportation-zone modification and 4) defense 
measures in the depositional zone (Hungr and others, 1987). Owing to the difficulties associated 
with equipment and personnel access which would accompany mitigation within the steep 
mountain drainages (methods 2 and 3) GeoStrata is providing only recommendations for 
defenses within the depositional zone (the alluvial fan). Other methods, if employed in the source 
areas and transportation zones within the canyon could further reduce the debris-flow hazard and 
may be explored if desired. However, this report assumes that mitigation measures will not be 
constructed within the canyon prior to completion of defense measures within the depositional 
zone.  
 
Prior to final design of the proposed hazard mitigation structures, a design level evaluation of 
each of the drainages addressed by this report should be conducted. Debris flow volumes 
presented in this report should be considered preliminary and should be refined with additional 
data from the channels in the canyons and from the alluvial fans. 

7.2 DEBRIS BASINS 

Alluvial fan flooding defenses for the depositional zone recommended in this report may be 
generally categorized as retention within the depositional zone. Because of the unpredictability 
of alluvial fan flooding movements within the depositional zone it is generally preferable to 
locate retention structures as near to the fan apex as possible. Deflection berms or retention 
structures located to protect individual structures/facilities are useful but will leave other areas of 
the deposition zone unprotected if and when the alluvial fan flooding creates its own run-out 
path. In order to provide protection from the potential alluvial fan flooding hazard associated 
with the various canyons, we recommend that a debris retention basin be constructed as near as 
possible to the mouth of each canyon and that a spillway and channel be designed and 
constructed for diversion/direction of flood water flows.  
 
In order to protect existing and proposed development below the canyons, debris 
detention/retention basins should be designed and constructed to capture and retain the debris 
flow volumes anticipated to flood flows from each of the canyons.  
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Based on these results, we recommend that preliminary design of debris detention/retention 
basins at the mouths of each canyon consider a storage volume of at least the volumes listed in 
the above table. Some risk associated with this size debris detention/retention basin does exist if 
a storm event larger than the 25-year burned condition storm event considered in this report were 
to occur while the canyons were in a post fire condition. Debris detention/retention basins with 
smaller storage volumes could also be designed with a higher level of risk associated with the 
smaller storage capacity of the debris detention/retention basins. The final constructed basins 
should incorporate appropriate outlet works and undergo regular maintenance to preserve design 
storage capacity. If constructed above grade it becomes a regulated dam and must be designed 
according to the requirements of the Utah Division of Water Rights, Dam Safety Division. If the 
basin can be constructed without an embankment (entirely below grade) it will not be regulated 
by Dam Safety. It is our opinion that debris basin dams can likely be located at or near the 
mouths of each of the canyons. No geologic or geotechnical features were identified at these 
locations that would preclude construction of the proposed dams.  
 
Final design of detention/retention structures should consider design guidelines by Prochska, 
Santi, and Higgins (2008). 

7.2 DIVERSION STRUCTURES 

As the proposed location of the debris basin for Drainage 4 is located on the distal margins of the 
main alluvial fan for the canyon, diversion structures will be required to direct debris and flood 
runoff to the proposed debris basin. Following the debris flows that occurred as a result of the 
2002 fire, a diversion berm was constructed to direct flows away from a residential subdivision. 
 
As part of a design level study, an evaluation of the diversion berm should be performed to 
verify compliance with design guidelines by Prochska, Santi, and Higgins (2008). 
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8.0 PRELIMINARY ENGINEERING RECOMMENDATIONS 

In order to evaluate the engineering properties of the existing soils in the vicinity of the proposed 
debris basins, a test pit was excavated in the approximate location of proposed debris 
retention/detention structures. A description of each of the test pits excavated and subsurface 
conditions encountered in each test pit is presented in Section 5.0 of this report and the test pit 
locations are shown on Plate A-2, Exploration Location Map. 
 
Deeper subsurface investigations will be required in order to assess excavatability of subsurface 
soils if basins are to be constructed below the existing site grade or to assess bearing capacity of 
the subsurface strata if embankments are to be constructed above the existing site grade. Test pits 
TP-1, TP-2, TP-3, TP-5, and TP-6 were able to be excavated to depths requested for this 
preliminary investigation with a rubber-tired backhoe while digging was difficult and refusal was 
encountered in test pit TP-4 on either bedrock or large boulders. 
 
We consider the likelihood of a seismic event occurring while one of the debris basins is loaded 
to be very low; therefore, seismic design of a fully loaded basin will not be required; however, 
the Nephi section of the Wasatch Fault Zone lies in close proximity to the proposed debris basin 
locations. We recommend that an evaluation of the proximity of the fault to each of the proposed 
debris basin locations be performed as fault rupture could impact the stability and performance 
of the debris basin embankments/slopes. A preliminary fault study should include examining the 
footprint of the proposed debris basins compared to the mapped location of the Nephi section of 
the Wasatch Fault Zone to determine whether further studies will be required, including 
trenching within the footprint of the proposed debris basins, to clear the sites of faults and/or 
identify the locations of faults. All fault studies should be completed by a licensed Professional 
Geologist. 
 
A design level geotechnical investigation should be performed for each of the proposed debris 
basins including boreholes to sufficient depth to evaluate excavatability and bearing capacity of 
the subsurface soils, soil strength testing, soil permeability testing, slope stability analysis of 
proposed cuts and fills, foundation soil bearing capacity, and identification of borrow areas for 
proposed embankments (as needed). 
 
Based on our preliminary engineering analysis of the proposed debris basin sites, the proposed 
locations are suitable for the proposed construction provided that design level geotechnical 



Copyright © 2018 GeoStrata 19 R320-013 

evaluations of each of the locations are performed and that recommendations from these studies 
are incorporated into the final design of the structures. 
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9.0 CLOSURE 

9.1 LIMITATIONS 

Despite the best efforts to quantitatively assess debris-flow hazards, estimating design 
parameters including peak flows and the subsequent design of mitigation measures has practical 
limits. As stated by Giraud (2005) “historical records of debris-flows have shown the flows to be 
highly variable in terms of size, material properties, and travel and depositional behavior.” 
Predicting the depth of flow, super-elevation, impact forces and location of critical sections 
should be considered best estimates of intricate natural processes.  
 
The conclusions and recommendations contained in this report which include professional 
opinions and judgments, are based on the information available to us at the time of our 
exploration, the results of our field observations, our limited subsurface exploration and our 
understanding of the proposed site development. The subsurface data used in the preparation of 
this report were obtained from the explorations made for this investigation. If any conditions are 
encountered at this site that are different from those described in this report, our firm should be 
immediately notified so that we may make any necessary revisions to recommendations 
contained in this report. In addition, if the scope of the proposed mitigation project changes from 
that described in this report, our firm should also be notified. 
 
This report was prepared in accordance with the generally accepted standard of practice at the 
time the report was written. No other warranty expressed or implied is made. Development of 
property on or in the vicinity of alluvial fans involves a certain level of inherent risk.  
 
This report was written for the exclusive use of the above Client and only for the proposed 
project described herein. It is the Client's responsibility to see that all parties to the project 
including the Designer, Contractor, Subcontractors, etc. are made aware of this report in its 
entirety. GeoStrata is not responsible for the technical interpretations by others of the 
information described or documented in this report. 
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13.02.2

GC-
GM

TOPSOIL - silt, sand, gravel, brown, slightly moist, fine roots.

Silty Clayey GRAVEL with sand - dense, slightly moist, brown,
clasts subangular, matrix supported, clast supported pea gravel in
the upper 1½ to 2 feet

- boulders up to 2 feet, subangular

- lenses of pea gravel, 2 feet thick

Bottom of Test Pit @ 10 Feet

2.2 624

L
iq

u
id

 L
im

it

P
la

st
ic

it
y

 I
n

d
ex

TEST PIT NO:

102030405060708090

Plate

F
E

E
T

Liquid
Limit

NOTES:

ELEVATION

0

1

2

3

M
o

is
tu

re
 C

o
n

te
n

t 
%

Moisture
Content

Project Number     320-013

EASTING

D
ry

 D
en

si
ty

(p
cf

)

Plastic
Limit

Moisture Content

and

Atterberg Limits

M
E

T
E

R
S

NORTHING

LOCATION

TP-1
GeoStrata Rep:

Rig Type:

MATERIAL DESCRIPTION

SAMPLE TYPE

U
N

IF
IE

D
 S

O
IL

C
L

A
S

S
IF

IC
A

T
IO

N

- MEASURED

- ESTIMATED

WATER LEVEL

D
A

T
E

W
A

T
E

R
 L

E
V

E
L

Sheet 1 of 1

G
R

A
P

H
IC

A
L

 L
O

G

- GRAB SAMPLE

- 3" O.D. THIN-WALLED HAND SAMPLER

STARTED:

COMPLETED:

BACKFILLED:

P
er

ce
n

t 
m

in
u

s 
2

0
0

6/26/18

6/26/18

6/26/18

S
A

M
P

L
E

S

0

5

SA

Backhoe

Copyright (c) 2018, GeoStrata.

DEPTH

Horrocks Engineers
Santaquin Debris Basin
Santaquin, Utah

L
O

G
 O

F
 T

E
S

T
 P

IT
S

 (
B

) 
 E

X
P

L
O

R
A

T
IO

N
 L

O
G

S
.G

P
J 

 G
E

O
S

T
R

A
T

A
.G

D
T

  
8
/3

/1
8

C-1



12.22.6

SM

TOPSOIL - silt, sand, gravel, brown, slightly moist, fine roots.

Silty SAND with gravel - medium dense, moist, brown, matrix
supported, subangular gravel 2 to 3 inches

- lenses of Poorly Graded SAND (SP)

- increase in fines, less gravel, cobbles and boulders, subangular clasts

Bottom of Test Pit @ 9 Feet
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16.13.2

SC-
SM

TOPSOIL - silt, sand, gravel, brown, slightly moist, fine roots.

Silty Clayey SAND with gravel - medium dense, moist, brown,
matrix supported, lenses of Poorly GRADED SAND (SP),
occassional large subangular boulders in upper 3 feet

Bottom of Test Pit @ 9 Feet
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15.43.4

GC

TOPSOIL - silt, sand, gravel, brown, slightly moist, fine roots.

Clayey GRAVEL with sand - dense, slightly moist, brown, matrix
supported, subangular clasts.

- subangular boulders 2 to 3 feet in diameter, refusal.

Bottom of Test Pit @ 8 Feet
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11.02.4

GW

TOPSOIL - silt, sand, gravel, brown, slightly moist, fine roots.

Well-Graded GRAVEL with silt and sand - dense, slightly moist,
brown, matrix supported, clasts range from pea gravel to 2 inches
in diameter and subangular.

- subangular boulders 1 foot in diameter.

Bottom of Test Pit @ 6 Feet

2.4 NPNP
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15.92.1

GM

TOPSOIL - silt, sand, gravel, brown, slightly moist, fine roots.

Silty GRAVEL with sand - dense, slightly moist, brown, matrix
supported, subangular cobbles up to 1 foot in diameter.

Bottom of Test Pit @ 8 Feet

2.1 NPNP
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Horrocks Engineers
Santaquin Debris Basin
Santaquin, Utah 
Project Number: 320-013Copyright GeoStrata, 2018

Lab Summary Report

Plate 
D - 1

Test Pit No. Sample Depth 
(feet)

USCS Soil 
Classification

Natural 
Moisture 

Content (%)

Gradation Atterberg

Gravel (%) Sand (%) Fines (%) LL PI

TP-1 5 GC 2.2 63.7 23.3 13 24 6

TP-2 5 SM 2.6 30.8 54.1 12.2 NP NP

TP-3 5 SC-SM 3.2 27.3 56.6 16.1 22 4

TP-4 5 GC 3.4 49.3 24.6 15.4 26 10

TP-5 5 GW 2.4 46.7 37.9 11 NP NP

TP-6 5 GM 2.1 54.3 23.8 15.9 NP NP
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Plate
E-1

Geologic Hazards Investigation
Horrocks Engineers
Santaquin Debris Basin
Santaquin, Utah
Project Number: 320-013

Copyright GeoStrata , 2018

SouthNorth
TEST PIT 1 EAST WALL

Hyper-concentrated Flow



Plate
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Geologic Hazards Investigation
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To: Horrocks Engineers 
 Attn: Mr. Jacob O’Bryant 

2162 West Grove Parkway, Suite 400 
Pleasant Grove, Utah 84062  

 
From: Daniel J. Brown, P.E. 
 Senior Geotechnical Engineer 
 
Date: June 10, 2019 
 
Subject: Preliminary Embankment Slope Stability 
 Santaquin Debris Basins 
 Santaquin, Utah 

GeoStrata Job No. 320-013 
 
Mr. O’Bryant; 
 
At your request, GeoStrata has completed a preliminary slope stability assessment of the five proposed 
embankments to be constructed at the mouths of six drainages in Santaquin, Utah. The proposed 
embankments are intended to mitigate debris flow hazard for the properties downstream and on the alluvial 
fan deposits of these drainages. Based on our understanding, the embankments are to consist of reworked 
native soils and have a maximum steepness of 3H:1V, a maximum height of 16 feet, and a top width of 12 
feet. 
 
Soils at the locations of each of the proposed debris basins were observed in test pits excavated for the 
Preliminary Feasibility Study of 5 Debris Basins, Santaquin, Utah report prepared by GeoStrata dated August 
3, 2018. Based on laboratory testing completed on soil samples collected from these test pits, the soils consist 
of Silty, Clayey GRAVEL with sand, Silty SAND with gravel, Silty, Clayey SAND with gravel, Clayey 
GRAVEL with sand, Well-Graded GRAVEL with silt and sand, and Silty GRAVEL with sand. No soil 
strength testing was completed as part of the August 2018 preliminary feasibility study; however, for the 
purpose of this preliminary slope stability assessment, we have assumed soil strength parameters based on 
Table 2-6 of Bowles’ Foundation Analysis and Design (1996) of a friction angle of 32 degrees and cohesion of 
50 psf for the undisturbed native soil and a friction angle of 33 degrees and cohesion of 50 psf for the 
compacted embankment material. 
 
Seismic design parameters were assessed for each of the proposed debris basin locations using the IBC 2015 
Seismic Ground Motion Values maps. The table below summarizes seismic design parameters for these 
locations. 
 

6/10/2019 
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Drainage 1 2+3 4 5 6 
Lat 39.9662 39.9705 39.9757 39.9817 39.9912 
Long -111.7585 -111.7603 -111.7646 -111.7613 -111.7443 
SS 1.303 1.32 1.341 1.355 1.362 
S1 0.48 0.484 0.489 0.494 0.503 
SMS 1.303 1.32 1.341 1.355 1.362 
SM1 0.730 0.734 0.739 0.744 0.755 
SDS 0.869 0.880 0.894 0.903 0.908 
SD1 0.486 0.489 0.493 0.496 0.503 
Fa 1 1 1 1 1 
Fv 1.52 1.516 1.511 1.506 1.5 
PGA 0.591 0.598 0.607 0.613 0.615 
FPGA 1 1 1 1 1 
PGAM 0.591 0.598 0.607 0.613 0.615 

 
Based on the seismic design data obtained from the IBC 2015 as summarized in the above table, a design PGA 
of 0.615g was utilized in our seismic slope stability analysis. 
 
Slope stability modeling was completed using Slide, a computer program which incorporates Bishop’s method 
of slope analysis. Analyses were completed using both full and empty basins, conservatively assuming the full 
basin contains only water. The full condition was assumed to have at least 2 feet of freeboard to the crest of 
the embankment. 
 
Our rapid drawdown analysis used effective stresses but accounted for the pore pressure conditions created 
during such an event by using the B-bar method of analysis. The B-bar method calculates the change in pore 
pressure due to loading or unloading by multiplying the change in vertical pressure by B-bar.  B-bar is usually 
a value from 0 to 1, with free draining soils having a value of 0. In our analysis we assumed a B-bar value of 
1.0. 
 
A deformation analysis for pseudo static conditions was completed on the embankment using the Bray and 
Travasarou method (2007). Our results indicate that during a seismic event, the embankment may experience 
total deformation of only approximately 1.9 inches if a seismic event were to occur during a time period when 
the embankment holds water with 2 feet of freeboard. 
 
Results for our slope stability modeling are attached to this letter (Plate 1 to Plate 7). The results of the 
seepage analysis are presented on Plate 1. Based on our analysis, the proposed 3H:1V slopes constructed with 
the proposed native borrow material meets the minimum design standards. Our calculated safety factors are 
listed on the following table; 
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Analysis Type Minimum Factor 
of Safety 

Full – Static 2.307 
Full – Pseudo Static 1.048 
Rapid Drawdown 2.477 

Dry – Static 2.477 
Dry – Pseudo Static 1.181 

 
 
Closure 
 
The conclusions and recommendations contained in this memorandum which include professional opinions 
and judgments, are based on the information available to us at the time of our evaluation, the results of our 
field observations, our limited subsurface exploration and our understanding of the proposed site 
development. This memorandum was prepared in accordance with the generally accepted standard of practice 
at the time the report was written. No other warranty, expressed or implied, is made.  
 
This memorandum was written for the exclusive use of Horrocks Engineers and only for the proposed project 
described herein. It is the Client's responsibility to see that all parties to the project including the Designer, 
Contractor, Subcontractors, etc. are made aware of this memorandum in its entirety. We are not responsible 
for the technical interpretations by others of the information described or documented in this memorandum. 
The use of information contained in this memorandum for bidding purposes should be done at the Contractor's 
option and risk. 
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Material Name Color Model KS (�/s) K2/K1
K1 Angle
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Soil Type

Na�ve Simple 3.28e-05 1 0 General
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Material Name Color
Unit Weight
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Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Na�ve 120 Mohr-Coulomb 50 32

Embankment 120 Mohr-Coulomb 50 33
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COST ESTIMATES 

  



Basin 1 ‐ Below Grade
Hillside Debris Basins

Item Description Quantity Units Unit Cost Cost

1 Mobilization 1 LS ‐‐‐‐ $200,190.00

2 15 Inch Storm Drain 0 LF $55.00 $0.00

3 18 Inch Storm Drain 0 LF $60.00 $0.00

4 21 Inch Storm Drain 0 LF $65.00 $0.00

5 24 Inch Storm Drain 0 LF $70.00 $0.00

6 30 Inch Storm Drain 300 LF $75.00 $22,500.00

7 36 Inch Storm Drain LF $95.00 $0.00

8 42 Inch Storm Drain 0 LF $125.00 $0.00

9 48 Inch Storm Drain 0 LF $155.00 $0.00

10 Spillway Cut 9,087 CY $8.00 $72,696.00

11 Spillway Structure and Riprap 1 EA $45,000.00 $45,000.00

11 Outlet works 1 EA $35,000.00 $35,000.00

12 Excavation (cut) 217,813 CY $8.00 $1,742,504.00

13 Embankment (fill) 55 CY $0.00 $0.00

14 Sediment Basin Additional Cut 0 CY $0.00 $0.00

15 Liner/internal Cutoff Earthwork 0 CY $8.00 $0.00

16 Manholes/Inlets/Structures 1 EA $8,000.00 $8,000.00

17 Toe Drain 1 LS $55,000.00 $55,000.00

18 Class "A" Road Repair 0 SF $6.00 $0.00

19 Class "D" Field Repair ‐             SF $0.25 $0.00

20 Revegetation 21.2           Acres $1,000.00 $21,200.00

21 Imported Fill 0 CY $10.00 $0.00

22 Railroad and Canal Crossing  0 LS $108,000.00 $0.00

23 State Road Crossing 0 LS $220,000.00 $0.00

24 Traffic Control 0 LS $675.00 $0.00

25 Utility Relocation (20% of pipe cost) 0 LS $4,500.00 $0.00

Sub Total (Construction) $2,202,090.00 

Contingencies 20% $440,418.00 

Land     462,000  SF $2.00  $924,000.00 

Right of Way                ‐    SF $1.00  $0.00 

Total (Construction) $3,566,508.00 
Environmental 0% $0.00 

Design and Construction Engineering 20% $440,418.00 

Administration, Legal, and Bond Counsel 1% $22,020.90 
Total (Professional Services) $462,438.90 

Grand Total $4,028,946.90 



Basin 3A ‐ Below Grade
Hillside Debris Basins

Item Description Quantity Units Unit Cost Cost

1 Mobilization 1 LS ‐‐‐‐ $43,191.90

2 15 Inch Storm Drain 0 LF $55.00 $0.00

3 18 Inch Storm Drain 0 LF $60.00 $0.00

4 21 Inch Storm Drain 0 LF $65.00 $0.00

5 24 Inch Storm Drain 0 LF $70.00 $0.00

6 30 Inch Storm Drain 300 LF $75.00 $22,500.00

7 36 Inch Storm Drain 0 LF $95.00 $0.00

8 42 Inch Storm Drain 0 LF $125.00 $0.00

9 48 Inch Storm Drain 0 LF $155.00 $0.00

10 Trench Earthwork 0 LF $0.00 $0.00

11 Spillway 1 EA $35,000.00 $35,000.00

12 Outlet works 1 EA $20,000.00 $20,000.00

13 Excavation (cut) 39836 CY 8.00$                 $318,688.00

14 Embankment (fill) 0 CY $0.00 $0.00

15 Imported Fill 0 CY $9.00 $0.00

16 Cutoff Excavation and Backfill 0 CY $10.00 $0.00

17 Sediment Basin Additional Cut 0 CY $5.00 $0.00

18 Toe Drain 1 LS $25,000.00 $25,000.00

19 Manholes/Inlets/Structures 1 EA $6,500.00 $6,500.00

20 Class "A" Road Repair 0 SF $6.00 $0.00

21 Class "D" Field Repair 3,150         SF $0.25 $787.50

22 Revegetation 3.44           Acre $1,000.00 $3,443.53

23 Railroad and Canal Crossing  0 LS $108,000.00 $0.00

24 State Road Crossing 0 LS $220,000.00 $0.00

25 Traffic Control 0 LS $675.00 $0.00
Utility Relocation (20% of pipe cost) 0 LS $4,500.00 $0.00

Sub Total (Construction) $475,110.93 

Contingencies 20% $95,022.19 

Land     150,000  SF $2.00  $300,000.00 

Right of Way                ‐    SF $1.00  $0.00 

Total (Construction) $870,133.11 
Environmental 0% $0.00 

Design and Construction Engineering 20% $95,022.19 

Administration, Legal, and Bond Counsel 1% $4,751.11 
Total (Professional Services) $99,773.30 

Grand Total $969,906.41 



Basin 4 ‐ Above Grade, Single Watershed (4E)
Hillside Debris Basins

Item Description Quantity Units Unit Cost Cost

1 Mobilization 1 LS ‐‐‐‐ $80,308.99

2 15 Inch Storm Drain 0 LF $55.00 $0.00

3 18 Inch Storm Drain 0 LF $60.00 $0.00

4 21 Inch Storm Drain 0 LF $65.00 $0.00

5 24 Inch Storm Drain 0 LF $70.00 $0.00

6 30 Inch Storm Drain 200 LF $75.00 $15,000.00

7 36 Inch Storm Drain 0 LF $95.00 $0.00

8 42 Inch Storm Drain 0 LF $125.00 $0.00

9 48 Inch Storm Drain LF $155.00 $0.00

10 60 Inch Pipe or Box Culvert (from 

upstream channel) 550 LF $250.00 $137,500.00

11 Spillway Cut 8500 CY $6.00 $51,000.00

12 Spillway Structure and Riprap 1 EA $50,000.00 $50,000.00

13 Outlet works 1 EA $30,000.00 $30,000.00

14 Excavation (cut) 67050 CY $6.00 $402,300.00

15 Embankment (fill) 26600 CY $0.00 $0.00

16 Imported Fill 0 CY $9.00 $0.00

17 Cutoff Excavation and Fill 6028 CY $10.00 $60,280.00

18 Sediment Basin Additional Cut 0 CY $5.00 $0.00

19 Manholes/Inlets/Structures 1 EA $8,000.00 $8,000.00

20 Toe Drain 1 EA $40,000.00 $40,000.00

21 Class "A" Road Repair 0 SF $6.00 $0.00

22 Class "D" Field Repair ‐             SF $0.25 $0.00

23 Revegetation 8                Acre $1,000.00 $8,034.89

24 Imported Backfill 0 TON $12.00 $0.00

25 Railroad and Canal Crossing  0 LS $108,000.00 $0.00

26 State Road Crossing 0 LS $220,000.00 $0.00

27 Traffic Control 1 LS $225.00 $225.00

28 Utility Relocation (5% of pipe cost) 1 LS $750.00 $750.00

Sub Total (Construction) $883,398.88 

Contingencies 20% $176,679.78 

Land     350,000  SF $2.00  $700,000.00 

Right of Way                ‐    SF $1.00  $0.00 

Total (Construction) $1,760,078.66 
Environmental 0% $0.00 

Design and Construction Engineering 20% $176,679.78 

Administration, Legal, and Bond Counsel 1% $8,833.99 
Total (Professional Services) $185,513.77 

Grand Total $1,945,592.43 



Basin 5 (Below/hybrid)
Hillside Debris Basins

Item Description Quantity Units Unit Cost Cost

1 Mobilization 1 LS ‐‐‐‐ $193,505.00

2 15 Inch Storm Drain 0 LF $55.00 $0.00

3 18 Inch Storm Drain 0 LF $60.00 $0.00

4 21 Inch Storm Drain 0 LF $65.00 $0.00

5 24 Inch Storm Drain 0 LF $70.00 $0.00

6 30 Inch Storm Drain 200 LF $75.00 $15,000.00

7 36 Inch Storm Drain 0 LF $95.00 $0.00

8 42 Inch Storm Drain 0 LF $125.00 $0.00

9 48 Inch Storm Drain 0 LF $155.00 $0.00

10 Spillway and Channel Cut 23000 CY $8.00 $184,000.00

11 Spillway Structure and Riprap 1 EA $50,000.00 $50,000.00

12 Outlet works 1 EA $35,000.00 $35,000.00

13 Excavation (cut) 197100 CY $8.00 $1,576,800.00

14 Embankment (fill) 150 CY $0.00 $0.00

15 Imported Fill CY $9.00 $0.00

16 Cutoff Excavation and Fill 1100 CY $20.00 $22,000.00

17 Sediment Basin Additional Cut 0 CY $5.00 $0.00

18 Manholes/Inlets/Structures 1 EA $6,500.00 $6,500.00

19 Toe Drain 1 EA $45,000.00 $45,000.00

20 Class "A" Road Repair 0 SF $6.00 $0.00

21 Class "D" Field Repair ‐             SF $0.25 $0.00

22 Revegetation ‐             Acre $1,000.00 $0.00

22 Imported Backfill 0 TON $12.00 $0.00

23 Railroad and Canal Crossing  0 LS $108,000.00 $0.00

24 State Road Crossing 0 LS $220,000.00 $0.00

25 Traffic Control 0 LS $450.00 $0.00

26 Utility Relocation (5% of pipe cost) 1 LS $750.00 $750.00

Sub Total (Construction) $2,128,555.00 

Contingencies 20% $425,711.00 

Land SF $2.00  $0.00 

Right of Way*     581,000  SF $0.10  $58,100.00 

Total (Construction) $2,612,366.00 
Environmental 0% $0.00 

Design and Construction Engineering 20% $425,711.00 

Administration, Legal, and Bond Counsel 1% $21,285.55 
Total (Professional Services) $446,996.55 

Grand Total $3,059,362.55 

*Administrative costs, based on land swap with the Forest Service



Basin 6
Hillside Debris Basins

Item Description Quantity Units Unit Cost Cost

1 Mobilization 1 LS ‐‐‐‐ $95,868.72

2 15 Inch Storm Drain 0 LF $55.00 $0.00

3 18 Inch Storm Drain 0 LF $60.00 $0.00

4 21 Inch Storm Drain 0 LF $65.00 $0.00

5 24 Inch Storm Drain 0 LF $70.00 $0.00

6 30 Inch Storm Drain 350 LF $75.00 $26,250.00

7 36 Inch Storm Drain 0 LF $95.00 $0.00

8 42 Inch Storm Drain 0 LF $125.00 $0.00

9 48 Inch Storm Drain 0 LF $155.00 $0.00

10 Spillway Cut 12560 EA $6.00 $75,360.00

11 Spillway Structure and Riprap 1 EA $50,000.00 $50,000.00

12 Outlet works 1 EA $35,000.00 $35,000.00

13 Excavation (cut) 89100 CY $6.00 $534,600.00

14 Embankment (fill) 29091 CY $0.00 $0.00

15 Imported Fill 6209 CY $10.00 $62,088.40

16 Cutoff Excavation and Fill 6193 CY $10.00 $61,930.00

17 Sediment Basin Additional Cut 0 CY $5.00 $0.00

18 Toe Drain 1 EA $45,000.00 $45,000.00

19 Manholes/Inlets/Structures 2 EA $8,000.00 $16,000.00

20 Class "A" Road Repair 0 SF $6.00 $0.00

21 Class "D" Field Repair 3,675         SF $0.25 $918.75

22 Revegetation 9.04           Acre $1,000.00 $9,045.00

22 Imported Backfill 3476 TON $12.00 $41,707.56

23 Railroad and Canal Crossing  0 LS $108,000.00 $0.00

24 State Road Crossing 0 LS $220,000.00 $0.00

25 Traffic Control 1 LS $787.50 $787.50

26 Utility Relocation (20% of pipe cost) 0 LS $5,250.00 $0.00

Sub Total (Construction) $1,054,555.93 

Contingencies 20% $210,911.19 

Land     394,000  SF $2.00  $788,000.00 

Right of Way                ‐    SF $1.00  $0.00 

Total (Construction) $2,053,467.12 
Environmental 0% $0.00 

Design and Construction Engineering 20% $210,911.19 

Administration, Legal, and Bond Counsel 1% $10,545.56 
Total (Professional Services) $221,456.75 

Grand Total $2,274,923.86 
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CPA-52 ENVIRONMENTAL EVALUATION  

  



National Environmental Compliance Handbook

√ if RMS √ if RMS √ if RMS

Erosion (Streambank)

Erosion is not a concern for the 
project.

Erosion and debris flows are major 
concerns.

Heavy storm events may cause 
additional debris flows near and 
through residential neighborhoods 
in eastern Santaquin.

Erosion (Sheet and Rill)

NOT 
meet

  
QC

Quantity (Excessive Runoff, 
Flooding, or Ponding)

Quality (Surface Water: Excessive 
Susp. Sedmt & Turbidity)

WATER

Excessive runoff and flooding is 
currently an issue in the project area.

There are no impaired waters in the 
study area.

A.  Client Name:  

B. Conservation Plan ID # (as applicable):  

C. Identification #  (farm, tract, field #, etc as required):

Santaquin Storm Drain

Santaquin City, Utah

    Program Authority (optional):

H.   Effects of Alternatives

NOT 
meet

  
QC

Streambank erosion is not 
expected.

No erosional impacts are 
expected.

No erosional impacts are 
expected.

Heavy storm events may cause 
additional flooding and/or debris 
flows near and through residential 
neighborhoods in eastern 
Santaquin.

The project will allow the capture 
of water and its diversion to a safe 
outfall.

The project will allow the capture 
of water and its diversion to a safe 
outfall.

Alternative 2Alternative 1

Amount, Status, Description
(short and long term)

NOT 
meet

  
QC

NOT 
meet

  
QC

NOT 
meet

  
QC

No Action Alternative 1 Alternative 2

NOT 
meet

  
QC

No changes in water quality are 
expected.

The threat of debris flows will be 
greatly lessened through control of 
storm water. Two areas where 
debris flows have not yet, but 
could in the future, occur would 
not be protected.

The threat of debris flows will be 
greatly lessened through control of 
storm water.

 U.S. Department of Agriculture

6/2010

NRCS-CPA-52 

F.  Resource Concerns 
and Existing / Benchmark 
Conditions
(Analyze and record the 
existing/benchmark 
conditions for each identified 
concern)

E.  Need for Action: 
Wildfires in 2001 led to debris 
flows in 2002 and later in the hills 
above Santaquin. These debris 
flows have impacted residences 
and other public infrastructure. 
The need of the project is to 
prevent further debris flows.

D.  Client's Objective(s) (purpose): 

ENVIRONMENTAL EVALUATION WORKSHEET 

√ if 
does 
NOT 
meet 
QC

No Action
G.  Alternatives

Typical maintenance of existing storm 
drainage facilities will be continued

The project will construct five debris/water 
retention basins as well as installing 
pipelines and/or ditches to carry 
stormwater away from the hillsides to a 
safe outfall.

The project will construct three 
debris/water retention basins as well as 
installing pipelines and/or ditches to carry 
stormwater away from the hillsides to a 
safe outfall.

√ if 
does 
NOT 
meet 
QC

Amount, Status, Description
(short and long term)

Amount, Status, Description
(short and long term)

√ if 
does 
NOT 
meet 
QC

Resource Concerns

 Natural Resources Conservation Service

WFPO Program 2017 Funding

The purpose of the project is to prevent flooding and debris flow from storm 
events in the hills above Santaquin.

In Section "F" below, analyze, record, and address concerns identified through the Resources Inventory process.  
(See FOTG Section III - Resource Quality Criteria for guidance).  

SOIL

NOT 
meet

  
QC

NOT 
meet

  
QC

NOT 
meet

  
QC

NOT 
meet

  
QC

NOT 
meet

  
QC

NOT 
meet

  
QC

No changes in water quality are 
expected.

No changes in water quality are 
expected.
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State listed threatened or endangered 
species: Canada lynx, yellow-billed 
cuckoo, June sucker. (Ref. IPaC, 
accessed 17Aug17) 

Debris flows and flooding 
threaten health and safety of 
area residents.

Other

 ANIMALS
Fish and wildlife (Impacts to 
Endangered or Threatened Animals)

No change to existing 
management policies.

Residential neighborhoods will continue 
to be threatened by flooding and debris 
flows.

F.  Resource Concerns 
and Existing / Benchmark 
Conditions
(Analyze and record the 
existing/benchmark 
conditions for each identified 
concern)

No Effect

Quality [Particulate Matter < 10µm 
diameter ("PM 10")]

 AIR

Amount, Status, Description
(short and long term)

Amount, Status, Description
(short and long term)

Amount, Status, Description
(short and long term)

Alternative 2No Action Alternative 1
H.   (continued)

√ if 
does 
NOT 
meet 
QC

√ if 
does 
NOT 
meet 
QC

Vegetation consists primarily of low 
sage, bunch grasses, and Gambel 
oak.

NOT 
meet

  
QC

Public Health and Safety

There is no critical habitat for any 
state sensitive species in the 
project area or proximity.

There is no critical habitat for any 
state sensitive species in the 
project area or proximity.

NOT 
meet

  
QC

NOT 
meet

  
QC

√ if 
does 
NOT 
meet 
QC

NOT 
meet

  
QC

No effect.      

NOT 
meet

  
QC

NOT 
meet

  
QC

NOT 
meet

  
QC

Short term:  fugitive dust expected 
during construction activities;   
Long term:  no effect

Short term:  fugitive dust expected 
during construction activities;   
Long term:  no effect

Condition (Noxious and Invasive 
Plants)

NOT 
meet

  
QC

NOT 
meet

  
QC

No Effect

 PLANTS
Short term: Removal of some 
vegetation during construction 
activities.

Long term: some areas would be 
converted to debris/retention 
basins.

Short term: Removal of some 
vegetation during construction 
activities.

Long term: some areas would be 
converted to debris/retention 
basins.

NOT 
meet

  
QC

HUMAN - Economic and Social Considerations

Utah County uses the Utah State 
Noxious Weed list.

NOT 
meet

  
QC

No effect.      

NOT 
meet

  
QC

The threat of flooding and debris flows will 
be greatly reduced.

The threat of flooding and debris flows will 
be greatly reduced.

Short term:  Disturbed areas would 
be temporarily exposed to some 
invasive weed growth.  Long term:  
No effect.

Short term:  Disturbed areas would 
be temporarily exposed to some 
invasive weed growth.  Long term:  
No effect.
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Upon Review, No Action Needed

K.  Other Agencies and 
Broad Public Concerns

Floodplain Management

Coral Reefs

Environmental Justice

Riparian Area

●Wetlands

Upon Review, Not Applicable

Upon Review, Not Applicable

●Essential Fish Habitat

Invasive Species

Prime and Unique Farmlands

●Wild and Scenic Rivers

Upon Review, No Effect
There would be no change to 
invasive species.

Upon Review, No Action Needed

I.  Special Environmental 
Concerns
(Document compliance with 
Environmental Laws, 
Executive Orders, policies, 
etc. )

Status and progress of 
compliance.

(Complete and attach Guide 
Sheets as applicable)

●Coastal Zone Management 

√ if 
needs 
further 
action

Upon Review, No Action Needed

Status and progress of 
compliance.

(Complete and attach Guide 
Sheets as applicable)

Special Environmental Concerns: Environmental Laws, Executive Orders, policies, etc.

J.   Impacts to Special Environmental Concerns

√ if 
needs 
further 
action

Status and progress of 
compliance.

(Complete and attach Guide 
Sheets as applicable)

√ if 
needs 
further 
action

Alternative 1No Action

Upon Review, No Effect

Upon Review, No Effect

Upon Review, Not Applicable

Upon Review, Not Applicable

Other
Two non-eligible historic trash 
scatters have been previously 
recorded near one of the 
pipelines. A pipeline would also 
cross 42UT473, the Strawberry 
Highline Canal.
Upon Review, No Effect
There is no critical habitat for any 
state sensitive species in the 
project area or proximity.

Upon Review, Not Present

Upon Review, Not Applicable

Upon Review, Not Applicable

Upon Review, Not Present

The IpAC database has shown the 
potential for migratory birds to be 
present; however, any removal of 
mature trees or shrubs during the 
bird nesting season (Feb 1-
Aug31) would be surveyed prior 
by a qualified biologist. If any 
nesting birds are in the area or its 
proximity, USFWS guidance on 
temporal and spatial buffers will be 
followed.

No Action

Upon Review, Not Applicable

Upon Review, Not Present

Upon Review, Not PresentUpon Review, Not Present

Upon Review, Not Applicable Upon Review, Not Applicable

Alternative 1 Alternative 2

There is no flood map printed for 
the project area.

Other
Disturbed areas will be replanted-
reseeded per agency consult.

Upon Review, No Action Needed
The IpAC database has shown the 
potential for migratory birds to be 
present; however, any removal of 
mature trees or shrubs during the 
bird nesting season (Feb 1-
Aug31) would be surveyed prior 
by a qualified biologist. If any 
nesting birds are in the area or its 
proximity, USFWS guidance on 
temporal and spatial buffers will be 
followed.

Other
Disturbed areas will be replanted-
reseeded per agency consult.

Upon Review, No Action Needed

Upon Review, Not Present

There is no flood map printed for 
the project area.

Upon Review, Not Applicable

Alternative 2

Upon Review, No Effect

Upon Review, No Effect

Upon Review, No Effect

Upon Review, Not Applicable

In Section "I" complete and attach applicable Environmental Procedures Guide Sheets for documentation.  Items with a "●" may require a 
federal permit or consultation/coordination between the lead agency and another government agency.  In these cases, effects may need to 
be determined in consultation with another agency.  Planning and practice implementation may proceed for practices not involved in 
consultation.

●Migratory Birds/Bald and 
Golden Eagle Protection Act 

No effect

No effect

Virgin River is the only 
designated Wild & Scenic River 
in Utah.

Upon Review, No Action Needed

See Attached Documentation

Easements, Permissions, 
Public Review, or Permits 
Required and Agencies 
Consulted.

●Clean Water Act / Waters of the 
U.S.

●Clean Air Act
No effect.

●Cultural Resources / Historic 
Properties

●Endangered and Threatened 
Species

Upon Review, Not Present

Upon Review, Not Applicable

Upon Review, No Effect

Upon Review, Not Applicable

Upon Review, Not Applicable

Upon Review, Not Applicable

Other
Two non-eligible historic trash 
scatters have been previously 
recorded near one of the 
pipelines. A pipeline would also 
cross 42UT473, the Strawberry 
Highline Canal.
Upon Review, No Effect
There is no critical habitat for any 
state sensitive species in the 
project area or proximity.

Upon Review, Not Present

Upon Review, Not Applicable

Upon Review, No Effect

None needed USFWS: T&E species; UDWaterRts: 
Stream Alt Permit; SHPO: Cultural 
Resources. Native American 
consultation.  ACOE 401 WQ/NPDES 
Cert:  To be completed before 
construction.  
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No
●
●

●

●

●

●

●

●

√ preferred 
alternative

Does not fit the purpose and need 
for EWP.

Cumulative Effects Narrative 
(Describe the cumulative 
impacts considered, including 
past, present and known future 
actions regardless of who 
performed the actions)

Yes

L.  Mitigation

Supporting 
reason

M. Preferred 
Alternative

N.  Context (Record context of alternatives analysis)

Consistent with WFPO program as 
it provides for flood protection.

Consistent with WFPO program as 
it provides for flood protection.

None  

Title

Are the effects of the preferred alternative on the quality of the human environment likely to be highly controversial?

Signature (TSP if applicable) Date

In the case where a non-NRCS person (i.e. a TSP) assists with planning they are to sign the first signature block and then NRCS is to sign 
the second block as the responsible federal agency for the planning action.

The significance of an action must be analyzed in several contexts such as society as a whole (human, national), the affected region, the 
affected interests, and the locality. 
O.  Determination of Significance or Extraordinary Circumstances

Intensity:  Refers to the severity of impact. Impacts may be both beneficial and adverse. A significant effect may exist even if the Federal 
agency believes that on balance the effect will be beneficial.  Significance cannot be avoided by terming an action temporary or by breaking 
it down into small component parts.
If you answer ANY of the below questions "yes" then contact the State Environmental Liaison as there may be extraordinary 
circumstances and significance issues to consider and a site specific NEPA analysis may be required.

K.  (continued)
Other Agencies and Broad 
Public Concerns

No Action Alternative 1 Alternative 2

local local local

Residential areas will continue to be 
threatened by debris flow and flooding, 
potentially leading to lower property 
values and increased danger.

Residential areas will be safer from debris 
flows and flooding.

Signature (NRCS) Title Date

Is the preferred alternative expected to cause significant effects on public health or safety?
Is the preferred alternative expected to significantly effect unique characteristics of the geographic area such as 
proximity to historic or cultural resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas?

Does the preferred alternative have highly uncertain effects or involve unique or unknown risks on the human 
environment?

Is the preferred alternative known or reasonably expected to have potentially significant environment impacts to the 
quality of the human environment either individually or cumulatively over time?

Does the preferred alternative establish a precedent for future actions with significant impacts or represent a decision 
in principle about a future consideration?

Will the preferred alternative likely have a significant adverse effect on ANY of the special environmental concerns?  
Use the Evaluation Procedure Guide Sheets to assist in this determination.  This includes, but is not limited to, 
concerns such as cultural or historical resources, endangered and threatened species, environmental justice, 
wetlands, floodplains, coastal zones, coral reefs, essential fish habitat, wild and scenic rivers, clean air, riparian areas, 
natural areas, and invasive species.
Will the preferred alternative threaten a violation of Federal, State, or local law or requirements for the protection of the 
environment?

P.  The information recorded above is based on the best available information:
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R.1

Additional notes

2)  is a federal action that is categorically excluded from further environmental 
analysis and there are no extraordinary circumstances. 

Document in "R.2" below.
No additional analysis is required

Signature Title Date

3)  is a federal action that has been sufficiently analyzed in an existing Agency state, 
regional, or national NEPA document and there are no predicted significant adverse 
environmental effects or extraordinary circumstances.

Document in "R.1" below.
No additional analysis is required.  

4) is a federal action that has been sufficiently analyzed in another Federal agency's 
NEPA document (EA or EIS) that addresses the proposed NRCS action and its' 
effects and has been formally adopted by NRCS.  NRCS is required to prepare and 
publish the agency's own Finding of No Significant Impact for an EA or Record of 
Decision for an EIS when adopting another agency's EA or EIS document.  Note: This 
box is not applicable to FSA.

Contact the State Environmental 
Liaison for list of NEPA documents 
formally adopted and available for 
tiering.  Document in "R.1" below.
No additional analysis is required

5)  is a federal action that has NOT been sufficiently analyzed or may involve predicted 
significant adverse environmental effects or extraordinary circumstances and may 
require an EA or EIS.

Contact the State Environmental 
Liaison.  Further NEPA analysis 
required.

R.  Rationale Supporting the Finding

Findings 
Documentation

S.  Signature of Responsible Federal Official:

I have considered the effects of the alternatives on the Resource Concerns, Economic and Social Considerations, Special 
Environmental Concerns, and Extraordinary Circumstances as defined by Agency regulation and policy. 

Q.   NEPA Compliance Finding (check one)
The preferred alternative: Action required

1)  is not a federal action where the agency has control or responsibility. Document in "R.1" below.
No additional analysis is required

The following sections are to be completed by the Responsible Federal Official (RFO)

R.2

Applicable 
Categorical 
Exclusion(s)
(more than one may 
apply)
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A.

B.

C.

D.  

E.  

 Instructions for Completing the 
Environmental Evaluation Worksheet (Form NRCS-CPA-52), 

Attach additional sheets or assistance notes if more documentation space is needed beyond the form 
NRCS-CPA-52, including any state-specific worksheets.

A copy of the NRCS-CPA-52 must be included in the administrative file. Supporting documentation, including the 
applicable Special Environmental Concerns Evaluation Procedure Guide Sheets, must be retained and should be 
included with the NRCS-CPA-52 to relay specific compliance information.

INTRODUCTION
The Environmental Evaluation (EE) is “a concurrent part of the planning process in which the potential long-term 
and short-term impacts of an action on people, their physical surroundings, and nature are evaluated and 
alternative actions explored” (NPPH-Amendment 4, March 2003).  This form provides for the documentation of that 
part of the planning process, and was designed to assist the conservation planner with compliance requirements 
for applicable Federal laws, regulations, Executive Orders, and policy.  The form also provides a framework for 
documenting compliance with applicable State and local requirements.  

NRCS is required to conduct an EE on all actions to determine if there is a need for an Environmental Assessment 
(EA) or an Environmental Impact Statement (EIS).  The EE process results in a "Finding" or conclusion (see 
guidance for "Q" below) that, either further NEPA analysis is required (EA or EIS) or that no EA or EIS is required 
because: 1) There is no federal action; 2) The action is categorically excluded; or 3) There is an existing NRCS or 
NRCS-adopted NEPA document that has sufficiently analyzed the effects of this action.  The EE applies to all 
assistance provided by NRCS (GM190, Part 410.5). The CPA-52 form is used by NRCS to document the results of 
the evaluation and show compliance with NRCS regulations implementing NEPA at 7 CFR Part 650.

COMPLETING THE NRCS-CPA-52 

Client Name

Need for Action:  Describe the underlying need being met. Why is the action being proposed?  The 
underlying need will define and shape the alternatives; therefore it is important to accurately articulate the 
need(s) based on the identified resource concerns and the landowner objectives.  The chosen alternative 
should clearly address the underying need(s).  A " need"  is usually the improvement of the condition of a 
natural resource(s), for example the quality of runoff water from a farm does not meet State standards, or 
inadequate forage supply and/or grazing strategies are resulting in poor livestock performance. Use 
information from Step 3 of the Conservation Planning Process (Resource Inventory) to help define the need.  
Identify here which Resource Concerns need to be addressed in the plan.  

Conservation Plan ID # (as applicable)

Client's Objective(s) (purpose):  Briefly summarize the client's stated objective(s) [synonymous to 
"Purpose" under NEPA]. Refer to Step 2 of the NRCS planning process found in the NPPH, Part 600.22 for 
help, if needed.  "Purpose" refers to a goal being pursued in the process of meeting the "Need", such as 
keeping the operation economically viable or meeting TMDL requirements.  Clearly articulated purposes 
become the decision factors used to decide between the action alternatives.

Program Authority (optional):  Identifying the program authority (EQIP, WRP, etc.) can help lead the 
planner to the appropriate NRCS NEPA document the planner may tier to as addressed later in section "R. 
Rational Supporting the Finding".

Identification #:  Record any other relevant client identification # (farm, tract, field #, etc.).
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F.

Land use:
● Is the present land use suitable for the proposed alternative? 
● Will land use change after practice(s) installation? 
● How will a change affect the operation?  (e.g., Feed and Forage Balance Sheet)
● Will the action affect resources on which people depend for subsistence, employment or recreation?
● Will land be taken in or out of production?

Capital:
●

● What are the impacts of the cost of the initial investment for this alternative?
●
●

Labor:
●

●

Management level:
●

● Does the client understand their responsibility to maintain practice(s) as planned and implemented?
●

Profitability:
●

● Is the proposed alternative needed and feasible? 
●

●
●

Resource Concerns  Analyze and record resource concerns from the current list in your state's eFOTG 
Section III that have been identified through the Resources Inventory process as a concern that needs to be 
addressed.  The Resource Quality Criteria will also be helpful in considering potential environmental effects 
and comparing alternatives.  Include all resource concerns that apply, adding additional sheets as 
necessary.  

Resource Concerns and Existing / Benchmark Conditions: 

Human - Economic and Social Considerations   Below are some examples for what to consider when 
addressing the Human - Economic and Social Considerations.   

Is it necessary for the client to obtain additional education, or hire a technical consultant, to operate 
and/or maintain the practice(s)?

Will crop, livestock, or wildlife yield increase/decrease?

Profitability describes the relative benefits and costs of the farm or ranch operation, and is often 
measured in dollars.  An activity is profitable if the benefits are greater than the costs.

Documenting Existing/Benchmark Conditions   Analyze and record the existing (benchmark) conditions 
for each relevant concern using state-specific tools and protocols available.  For example, "the current soil 
erosion rate = 6T" (or note where this information can be found in the conservation plan).  This information 
will inform the final decision by allowing a comparative effects analysis of all alternatives (including the "no 
action" alternative).  (Note: States often choose to include protocols here to assist the field planner with 
identification and descriptions of Resource Concerns, as well as other state-specific worksheets.)  Optional: 
If desired, planners can include specific land use designations here.

What are the impacts of any additional annual costs for Operation and Maintenance?
What possible impact does implementing this alternative have on the client’s future eligibility for farm 
programs?

Does the producer have the funds or ability to obtain the funds needed to implement the proposed 
alternative?

Do the benefits of improving the current operation outweigh the installation and maintenance costs 
(positive benefit/cost ratio)? 
Is there a reasonable expectation of long-term profitability/benefits for the operation if implemented?

Does the client understand the amount and kind of labor needed to implement, operate and maintain 
the proposed practice(s)?
Does the client have the skills and time to carry out the conservation practice(s) or will they have to hire 
someone?

Does the client understand the inputs needed to manage the practice(s) and the client's responsibility in 
obtaining these inputs?  
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Risk:
●

●  Will the proposed alternative aid/risk client participation in USDA programs?
● What are the possible impacts due to a change in yield?
● Is there flexibility in modifying the conservation plan at a future date?
● What issues are involved with the timing of installation and maintenance?
● What are the cash flow requirements of this alternative?
● What, if any, are the hazards involved?

Public Health and Safety:
●

●

G.

H.

It is important to define the differences between each alternative, including the "No Action" alternative.  See 
"Helpful Tips" in the NECH, Part 610.67 for guidance on narrowing the scope of your analysis when 
considering alternatives.

"Alternatives 1,2,etc.":  List here the practices or system of practices being proposed for each alternative.  At 
least one of the alternatives should contain the practices that NRCS has determined best address all of the 
identified resource concerns (i.e., RMS alternative).  Indicate if the alternative meets RMS criteria based on 
your State's requirements. One or more other alternatives may be evaluated to aid in the decision-making 
process or at the request of the client.  Use additional sheets if necessary.  
Under guidance in the NPPH Part 600.11(f) and the GM 180 Part 409.1(a)(2), at least one alternative that 
meets RMS criteria should be developed, evaluated, and discussed with the client.

"No Action":  Include a brief summary of the activities that would be implemented in the absence of USDA 
asistance (financial or technical).  Unless a change in management direction or intensity will be undertaken, 
record effects of existing activities.  The "No Action" alternative requires the same level of analysis as other 
alternatives.  It should answer the question of what impacts are likely to occur (or what the predicted future 
condition of the identified resource concerns might be) under the landowner's current and planned 
management strategies without implementation of a federally assisted action.

Alternatives:  Describe Alternatives   Briefly summarize the practice/system of practices being proposed.  
The no action and RMS alternatives are required.  (NPPH Part 600.41) Alternatives should be formulated to 
meet the underlying need.   Note that the no action alternative may not meet the underlying need and is still 
required to be evaluated and compared to other alternatives (see below).  To the extent possible, the 
alternatives should also prevent additional problems from occurring and take advantage of available 
opportunities. If there are unresolved conflicts concerning alternative uses of resources, appropriate 
alternatives that meet the underlying need must be developed.

What are the off-site effects?

What effect (both positive or negative) will the action have on the client and community with regard to 
public health and safety?

Adverse risk is the potential for monetary loss, physical injury, or damage to resources or the 
environment. 

Effects of Alternatives:  

Analyze effects based on the combined effect of all practices on the resource concern.  For example, if one 
proposed practice may impact the water quality of an adjacent stream, but another proposed practice such 
as a buffer may reduce or eliminate the impact, the overall effect is the one that should be recorded here.  
As mentioned above, one or more "Other Alternative(s)" may be evaluated to aid in the decision-making 
process or at the request of the client. Use additional sheets if necessary.  

Under "Amount, Status, Description", record the effect of each alternative on the concerns listed, quantifying 
where possible.  It is important to consider and document both short-term and long-term consequences, as 
appropriate, for direct, indirect, and cumulative effects (described below).  If a change to the concern is 
predicted, then estimate the amount.  Professional judgement should be used where Quality Criteria or other 
tools are not avialable.
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I.

J.

"Alternatives 1,2, etc.":  Record the impacts that are likely to occur under each alternative scenario.  
Document impacts to each identified resource concern, quantifying where possible.  If this information is 
found elsewhere in the conservation plan, simply provide a summary here.  Include both short and long-term 
consequences in the analysis.

Direct effects are caused by the alternative and occur at the same time and place.
Indirect effects are caused by the alternative and are later in time or farther removed in distance, but are 
still reasonably foreseeable (e.g., "downstream" effects).

Place a check in the "needs action " box when effects have not been fully determined or when additional 
procedural action is needed, such as the need for a permit or completing required consultation with 
regulatory agencies.  Practice implementation should not occur until all required consultations and 
coordination with the appropriate agency have been completed and all necessary permits provided.  
Planning and practice implementation may continue for practices not involved in required 
consultation/coordination efforts.

For guidance in addressing special environmental concerns, see NECH Subpart B and the Special 
Environmental Concern Evaluation Procedure Guide Sheets for specific information applicable to each 
concern. Where consultation with another federal agency is required (e.g., USFWS or NMFS) to determine 
potential environmental effects, follow established State protocols or contact the appropriate NRCS State 
Specialist for guidance.  Document any additional State and/or local special environmental concerns in  "K. 
Other Agencies and Broad Public Concerns".  Attach additional documentation if needed.  

Impacts to Special Environmental Concerns:  Briefly describe the status and/or description of effects on 
any of the Special Environmental Concerns, and include other notes as needed.  Complete applicable 
Evaluation Procedure Guide Sheets or other state specific documentation as needed and include them in 
the client's administrative file.  If the Special Environmental Concern is not present in the project area then 
there is no need to attach the Guide Sheet.  Completion of Guide Sheets is not mandatory, but appropriate 
documentation should be provided.  Check your own States' guidance for compliance and planning 
requirements.

"No Action":  Record the impacts that are likely to occur (or what the predicted future condition of the 
identified resource concerns might be) under the landowner's planned management strategies without 
implementation of a federally assisted action.  Address impacts to each identified resource concern, 
quantifying where possible.  If this information is found elsewhere in the conservation plan, simply provide a 
summary here.

Categories of Effects to Consider-  There are three categories of effects that must be considered when 
predicting short- and long-term effects of an alternative on concerns:

Special Environmental Concerns

Cumulative effects are those that result from all past, present, and reasonably foreseeable future 
actions. They can result from individually minor but collectively significant actions taking place over a 
period of time. Cumulative effects are most appropriately analyzed on a watershed or area-wide level.  
Cumulative Impacts ideally consider "...all actions in the area of potential effect, REGARDLESS of what 
agency (Federal or non-Federal) or person undertakes such other actions." (CEQ 1508.7)

Resource Concerns   Use your state's eFOTG Section III Quality Criteria or other tools where possible 
which are the established threshold levels for identified resource concerns.  Professional judgement should 
be used where Quality Criteria or other tools are not available.  Place a check in the "NOT meet QC" box for 
each resource concern to indicate when FOTG Section III Quality Criteria will not be met (i.e., where 
additional measures are needed to meet QC).

The NECH, Part 610.70, "Effects Analysis," provides important information on describing effects so that an 
adequate analysis can be made when the proposed alternative has adverse effects.
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K.

L.

● Avoiding the impacts altogether by not taking a certain action or parts of an action.
● Minimizing impacts by limiting the degree of magnitude of the action and its implementation.
● Rectifying the impact by repairing, rehabilitating, or restoring the affected environment.
●
● Compensating for the impact by replacing or providing substitute resources or environments.

M.

N.

O.

Document contact and communications with USFWS, NOAA-NMFS, COE, EPA,  SWCD's, NRCS State 
Office, state/local environmental agencies, etc., and others consulted, including public participation activities. 
The NECH, Part 610.68 provides important information on public participation requirements.

Preferred Alternative:  Record which alternative was agreed upon by the client and agency and why.  The 
decision should clearly address the underlying need(s) as identified in "E".  The Objective(s) (Purpose) 
stated in "D" serves as the decision factors between alternatives.  

As referenced in CEQ regulations Section 1508.20 and NECH Part 610.71, Mitigation includes:

Reducing or eliminating impact over time by preservation/maintenance operations during action life.

Mitigation:  Include here any mitigation measures that are NOT already incorporated in the alternatives that 
will offset any adverse impacts.  Briefly describe or reference all mitigation efforts that may be applied at the 
time of the decision.  Mitigation actions to be applied must be included in the conservation plan.

Context:  Record the context used in the alternatives analysis.  Significance varies with the setting of the 
proposed action.  For instance, in the case of a site-specific action, significance would usually depend upon 
the effects in the locale rather than in the world as a whole. Both short- and long-term effects are relevant.

Cumulative Effects   Refer to NECH Part 610.70.  A cumulative impact is defined as "the impact on the 
environment which results from the incremental impact of the action when added to other past, present and 
reasonably foreseeable future actions regardless of what agency (federal or non-federal) or person 
undertakes such other actions. Cumulative impacts can result from individually minor but collectively 
significant actions taking place over a period of time" (40 CFR 1508.70). Cumulative effects include the 
direct and indirect effects of a project together with the effects from reasonably foreseeable future actions of 
others. For a project to be reasonably foreseeable, it must have advanced far enough in the planning 
process that its implementation is likely.  Reasonably foreseeable future actions are not speculative, are 
likely to occur based on reliable resources and are typically characterized in planning documents.  Add 
additional pages as needed.

Determination of Significance or Extraordinary Circumstances:  This section is a very important part of 
the evaluation process.  Many of our actions have been analyzed in one of the National/Regional 
Programmatic NEPA documents and will only require documentation as detailed in Q-3 below.  However, 
site-specific circumstances (existence of federally listed species, important cultural resources, high degree 
of controversy, etc.) may be such that a more detailed analysis may be needed to determine, through an EA, 
that impacts would be non-significant, or through a more detailed EIS if we feel that impacts are likely to 
significantly or adversely affect the quality of the human environment.  The questions in this section list 
those considerations that, if associated with implementation of the proposed action, may result in a 
determination of “significance.”

Other Agencies and Broad Public Concerns:  List any necessary easements, permissions, or permits 
(e.g., Clean Water Act Section 404, Rivers and Harbors Act Section 10, Endangered Species Act Section 
10, wetland mitigation easements, state or county permits) required to implement the alternatives.  
Remember that identifying needed permits for ALL alternatives may be an important decision criteria 
between alternatives and should be considered during the planning process.

Relay public concerns related to land-use, demographics, landscape characteristics, or other Federal, 
Tribal, State, and local laws/regulations.  Document the impacts of each alternative on these issues.  
Responses will impact the selection of an alternative as well as issues surrounding "significance."
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P.

Q.

1)

●
●
●

2)

Federal actions do NOT include situations in which NRCS (or any other federal agency) provides 
technical assistance (CTA) only.  The agency cannot control what the client ultimately does with that 
assistance.  Non-Federal actions include, but are not limited to:

NRCS provides technical designs where there is no federal financial assistance. 
NRCS provides planning assistance or other technical assistance and information to individuals, 
organizations, States, or local governments where there is no federal financial assistance or other 
control of the decision or action.

Categorically excluded (CE) actions are a category of actions which do not individually or cumulatively 
have a significant effect on the human environment, therefore, neither an environmental assessment 
nor an environmental impact statement is required. First determine whether the proposed action is a 
categorically excluded action as identified in NRCS or USDA regulations implementing NEPA.  Note that 
there may be overarching or CE-specific side boards that must be met in order to apply a CE.  If the 
proposed action is listed as a CE action, then assess whether there are any applicable extraordinary 
circumstances which would prevent the action from being eligible as a CE. Check this box only if the 
action is categorically excluded AND there are no EXTRAORDINARY CIRCUMSTANCES involved or 
affected by the proposed action.  USDA and NRCS categorical exclusions are listed in the NECH, Part 
610.46.

Parts "Q" thru "S" must be completed by the Responsible Federal Official (RFO).  
For NRCS applications this is the NRCS employee responsible for NEPA compliance at the state or field office 
level. For NRCS the State Conservationist is the RFO and may delegate that authority to a designated agency 
representative.

NRCS makes HEL or wetland conservation determinations.

NEPA Compliance Finding (check one):  This finding will determine the appropriate NEPA action 
required. Instructions below correspond to the option numbers in Section "Q" of the Form.  In Section "R"  
document the rationale for your Finding. 

Signature (planner):  The individual completing Parts A thru P of the CPA-52 must sign and date to 
indicate they have used the best available information. This may or may not be the same person as the 
agency RFO.  In cases wher the planner is not a NRCS employee they will sign the first signature area and 
then the NRCS will also need to sign to confirm and validate the information as the responsible agency.

To complete the determination on the NRCS-CPA-52, check "yes" or "no" for each of the questions.  If 
you are not sure about the answer, contact your State Environmental Liaison for assistance.  The NRCS-
CPA-52 must provide evidence to conclude that the activity will not result in significant adverse 
environmental effects or extraordinary circumstances on the quality of the human environment, either 
individually or cumulatively.  If any of the extraordinary circumstances are found to apply to the proposed 
action, then you should determine whether the proposal can be modified to mitigate the adverse effects and 
prevent the extraordinary circumstances. If this can be done and the client agrees to any necessary 
change(s) in the proposed action to avoid significant adverse impacts, then the proposed action is to be 
modified and implemented. If the proposed action cannot be modified or the proponent refuses to accept a 
proposed change, then Item 5 in Section “Q” must be checked for the NRCS NEPA Compliance Finding to 
indicate that additional analysis and documentation is needed. 

Categorical Exclusions:  On the other hand, it may be the case that the action we are proposing falls 
under one of USDA or NRCS’ lists of “categorical exclusions.”  Before documenting the use of  one of these 
categorical exclusions, it is important to read Section 610.46 of the NECH.  This section provides a list of all 
categorical exclusions that apply to actions as well as more detailed considerations and requirements for 
their use.  In order for an action to be  categorically excluded, appropriate documentation must be made on 
the NRCS-CPA-52 indicating that the proposed action does not meet any of the criteria for “significance,” as 
discussed above.  These criteria are also known as “extraordinary circumstances” when discussing 
categorical exclusions.  If a proposed plan involves any actions that are NOT on the list of allowable 
categorical exclusions, the entire action can NOT be categorically excluded from review under NEPA.  Also, 
if actions are interdependent, they can NOT be segmented into smaller component parts to avoid the 
requisite and appropriate level of environmental review under NEPA.
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3)

4)

5)

R.

If "Q 3)" was selected,  identify any applicable NRCS NEPA document.  Record the citation of the NRCS 
NEPA document you are tiering to.  

Check this box if there is an existing NRCS NEPA document that has sufficiently analyzed the action 
being proposed.  A number of NRCS National Programmatic NEPA documents have analyzed effects of 
many practices planned under nationwide conservation programs.  There may also be Regional, State, 
or area wide Programmatic NEPA documents that can be referred to.  For information about "Tiering" to 
existing NRCS NEPA documents see the NECH Part 610.81.

Copies of NRCS national programmatic NEPA documents may be viewed on NRCS’ Environmental 
Compliance web page.

Keep in mind that Programmatic EA's and EIS's are not site-specific so they do not attempt to describe 
every possible type of effect resulting from actions that could be taken.  Thus, you must use your 
knowledge of site-specific conditions to decide if additional analysis is needed. Network diagrams 
illustrating general effects of conservation practices can be found that are associated with national or 
state EA's or EIS's.  These diagrams may help in analyzing effects of practices.

If 1), 2), 3), or 4) do not apply, the action may cause a significant effect on the quality of the human 
environment and an EA or EIS may be required.   Additional analysis may be required to comply with 
NEPA. Contact the State Environmental Liaision or equivalent for guidance on completing this analysis 
and provide them with a copy of the NRCS-CPA-52 and supporting documentation.

Signature of Responsible Federal Official(RFO):   The appropriate agency RFO must sign and date.  The 
RFO should wait to make the finding until all consultations, permits, etc., are finalized.  This signature 
certifies that the proposed action/plan complies with all NRCS policies implementing NEPA and all other 
applicable Federal, State, and local laws/Executive Orders.  

Authorized planners and RFOs should conduct their own analyses in a similar manner to assess site-
specific environmental impacts. Impacts to other resources protected by Executive Orders, laws, and 
policies (i.e., the Special Environmental Concerns such as cultural resources, endangered species, and 
riparian areas) must be evaluated separately unless an existing NEPA document analyzes those 
impacts for the same geographic area and at the same site-specific scale covered by the selected 
alternative.  Potentially significant adverse impacts requiring consultation under other applicable 
environmental laws and Executive Orders may require preparation of a site-specific EA or EIS.  The 
State Environmental Liaison should be consulted in such cases to assist in determining whether a site-
specific EA or EIS is required.  

S.

If " Q 5)"was selected,  document your analysis and provide this information (NRCS-CPA-52 and supporting 
ducuments) to your State Environmental Liaison or equivalent.

If "Q 4)" was selected,  identify any applicable NRCS NEPA document that was officially adopted from 
another agency.  Record the citation of the NRCS adopted NEPA document you are tiering to. 

Rationale Supporting the Finding:  Explain the reasons for making the "Finding" in "R". 

If "Q 2)" was selected,  document the categorical exclusion that covers the proposed action and indicate that 
there are no extraordinary circumstances.

If "Q 1)" was selected,  explain why the action is NOT a federal action subject to NRCS regulations 
implementing NEPA.

It is possible to tier to NEPA documents prepared by other Federal agencies if they have undergone a 
formal "adoption" process by NRCS as outlined in the NECH 610.83 and CEQ regulations 40 CFR-
1506.3.  NRCS must have prepared and published the agency's own Finding of No Significant Impact 
(FONSI) for an EA or Record of Decision for an EIS in order for a NEPA document to be "adopted".  For 
information about "Tiering" to NEPA documents see the NECH Section 610.81.
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STEP 1.  

STEP 2.  

If “Yes,”  modify the proposed action or alternative and repeat Step 1.

WFPO Program 2017 Funding

Client/Plan Information:

Evaluation Procedure Guide Sheet

CLEAN AIR ACT
NECH 610.21

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

Can the proposed action or alternative be modified to eliminate or reduce the increase in emission rate of the 
regulated air pollutant(s)?  NOTE:  This Step is to prompt the planner to review the planned action or activity 
to see if there is an opportunity to either eliminate the emission rate increase (possibly remove a permitting 
requirement) or reduce the emission rate increase (possibly move to less stringent permitting).

If "No," it is likely that permitting or authorization from the appropriate air quality regulatory 
agency will be required prior to implementing the planned action or activity.  Document the 
finding on form NRCS-CPA-52 and advise the client to contact the appropriate air quality 
regulatory agency with permitting jurisdiction for the site to either verify that no permitting or 
authorization is necessary or to determine what requirements must be met prior to 
implementing the proposed action or alternative.  Go to Step 3.

Is the proposed action or alternative expected to result in a decrease in the emission rate of any criteria air 
pollutant for which the area in which the site is located in an EPA designated nonattainment area for that 
criteria air pollutant?  NOTE:  For an explanation of criteria air pollutants and nonattainment areas, refer to 
Section 610.81 of the NECH.  Further information regarding nonattainment areas can also be found on the 
U.S. EPA nonattainment area webpage at http://www.epa.gov/oar/oaqps/greenbk/.

If “Yes,”  go to Step 2. 

STEP 3.  

NOTE:  STEPS 1 and 2 help determine whether construction permitting is needed for the planned action or 
activity.  STEP 3 help determines whether the opportunity for emissions reduction credits exist.  STEP 4 help 
determines whether any other permitting, record keeping, reporting, monitoring, or testing requirements are 
applicable.  Each of these steps should be updated with more specific language as needed, since air quality 
permitting and regulatory requirements are different for each state.  In each step, if more information is 
needed or there is a question as to whether there are air quality requirements that need to be met, the planner 
or client should contact the appropriate air quality regulatory agency with permitting jurisdiction for the site to 
determine what air quality regulatory requirement must be met prior to implementing the planned action or 
activity.

Is the proposed action or alternative expected to increase the emission rate of any regulated air pollutant?  
NOTE:  The definition of a “regulated air pollutant” differs depending on the air quality regulations in effect for 
a given site.  For a federal definition of “regulated air pollutant,” please refer to the 40 CFR 70.2.  Other 
definitions for “regulated air pollutant” found in state or local air quality regulations may be different.  States 
should tailor this question to the State air quality regulations and definitions since those will include any 
Federal requirements.

If "No," it is likely that no permitting or authorization is necessary to implement the proposed 
action or alternative.  Document the finding on form NRCS-CPA-52 and advise the client to 
contact the appropriate air quality regulatory agency with permitting jurisdiction for the site to 
either verify that no permitting or authorization is necessary or to determine what requirements 
must be met prior to implementing the planned action or activity. Go to step 3.

Alternative 1
OtherAlternative 2

No

No

Yes

Yes
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If "No," go to Step 4.

If “Yes,”  the opportunity for obtaining non-attainment pollutant emission credits may exist.  
Document the finding on form NRCS-CPA-52 and advise the client of that potential opportunity.  
If the client is interested in registering nonattainment pollutant emission credits, advise him/her 
to contact the appropriate air quality regulatory agency with permitting jurisdiction for the site to 
determine if and how credits can be documented and/or registered for potential sale.  Go to 
Step 4.

Notes:

If “Yes,”  additional permitting, authorization, or control requirements may be needed prior to 
implementing the proposed action or alternative.  Document the finding on form NRCS-CPA-52, 
and advise the client to contact the appropriate air quality regulatory agency with permitting 
jurisdiction for the site to determine what requirements must be met prior to implementing the 
proposed action or alternative.    

Is the site or proposed action or alternative subject to any other federal (i.e., New Source Performance 
Standards, National Emissions Standards for Hazardous Air Pollutants, etc.), state, or local air quality 
regulation (including odor, fugitive dust, or outdoor burning)?  NOTE:  Refer to Section 610.81 of the NECH 
for a further discussion of air quality regulations.

If "No," no additional requirements are likely needed prior to implementing the proposed action 
or alternative.  Document finding on form NRCS-CPA-52 and proceed with planning.  

STEP 4.  

CLEAN AIR ACT (continued)

No

No

Yes

Yes
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STEP 1.  

STEP 2.  

Notes:

If “Yes,”  go to Step 2. 

NOTE: This guide sheet should be tailored to meet the specific needs of individual State and/or local 
regulatory/permitting requirements.  It is important for each state to coordinate with their individual State and 
Federal regulatory agencies to tailor state-specific protocols in order to prevent significant delays in 
processing permit applications.

Complete both sections of this guide sheet in order to address Federal as well as State administered 
regulatory requirements of the Clean Water Act.  

If “Unknown,” refer to your FOTG or contact your NRCS Environmental Liaison for 
assistance.  Inform the client early on that they may need to contact the appropriate U.S. 
Army Corps of Engineers (COE) office to determine if the proposed action or alternative 
will require a permit. Repeat Step 1.

SECTION I
Federally Administered Regulatory Program - Section 404 of the CWA

Will the proposed action or alternative involve or likely result in the discharge of dredged or fill material or 
other pollutants into “waters of the United States?”  More detailed information regarding “Waters of the U.S.”,  
and federal permitting programs under CWA is found in the NECH 610.82.

If "No," document this on form NRCS-CPA-52 and proceed with Section II below.

If "Unknown,” meaning that you do not know if authorization has been obtained or applied 
for, consult with the client and repeat Step 2.

Client/Plan Information:

Evaluation Procedure Guide Sheet

CLEAN WATER ACT/WATERS of the U.S.
NECH 610.22

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

If “Yes,”  document on form NRCS-CPA-52 and complete Section II below.  The final plan 
should not be contrary to the provisions of the permit authorization or exemption.  Changes 
made during the planning process that may impact the applicability of the permit, such as 
amount or location of fills or discharges of pollutants should be coordinated with the COE.

Has the client obtained a Section 404 permit (Individual, Regional, or Nationwide) or a determination of an 
exemption from the appropriate COE office?

If "No," determine if the client has applied for a permit.  If a permit has not been applied for, the 
client will need to do so. If a permit has been applied for, document this, and continue the 
planning process in consultation with the client and the regulatory agencies.  The permit 
authorization should be reflected in the final plan and documentation.  Continue planning, but a 
permit is required prior to implementation.  Complete Section II below.

Alternative 1
OtherAlternative 2

No

No

Yes

Yes

Unknown

Unknown
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STEP 1

If “No,” document this on form NRCS-CPA-52 and proceed to Step 2.

STEP 2

If “No,” document this on form CPA-52 and proceed with planning.

If “Yes,” go to Step 3.  

STEP 3

CLEAN WATER ACT/WATERS of the U.S. (continued)

Is the proposed action or alternative located in proximity to waters listed by the State as “impaired” under 
Section 303(d) of the CWA?

Has the client obtained a National Pollutant Discharge Elimination System (NPDES) permit or a determination 
of an exemption from the appropriate State regulatory office?

If “Yes,” review and comply with any existing TMDLs  or associated Watershed Action Plans 
that have been established by the State for that stream segment.  However, even if 
TMDLshave not been established by the State for that stream segment, ensure that the action 
will not contribute to further degradation of that stream segment.  Proceed to Step 2.

If “Unknown,” refer to FOTG for information regarding State designation of “impaired” 
stream segments, or contact your NRCS Environmental Liaison for assistance. 
Repeat Step 1.

If “Unknown,” refer to your FOTG for additional information or contact your NRCS 
Environmental Liaison for assistance.  Inform the client early on that they may need to 
contact the appropriate State regulatory office to determine if the proposed action or 
alternative will require a NPDES permit. Repeat Step 2.

SECTION II
State Administered Regulatory Programs, Sections 303(d) and 402 of CWA

Notes:

If “No,” determine if the client has applied for any necessary permits. If a permit has not been 
applied for, the client will need to do so.  If they have applied, document this, and continue the 
planning process in consultation with the client and the regulatory agency.  Continue the 
planning process in consultation with the client and the regulatory agencies. The permit 
authorization should be reflected in the final plan and documentation.  Continue planning, but a 
permit is required prior to implementation. 

If “Yes, document this on form NRCS-CPA-52 and proceed with planning.  The final NRCS 
conservation plan should not be contrary to the provisions of the permit authorization or 
exemption.  Changes made during the planning process that may impact the applicability of the 
permit should be coordinated with the appropriate State regulatory agency.  

If “Unknown,” meaning that you do not know if authorization has been obtained or applied 
for, consult with the client and repeat Step 3.  

Will the proposed action or alternative likely result in point-source discharges from developments, construction 
sites, or other areas of soil disturbance, or sewer discharges (e.g. projects involving stormwater ponds or 
point-source pollution including CAFOs for which CNMPs are being developed)?  Section 402 of the CWA 
requires a permit for these activities through the National Pollutant Discharge Elimination System (NPDES) 
program which the States administer.

No

No

No

Yes

Yes

Yes

Unknown

Unknown

Unknown
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STEP 1.  

If “Yes,”  no additional evaluation is needed concerning coastal zones.  Document the finding, 
including the reasons, on form NRCS-CPA-52 and proceed with planning.

Client/Plan Information:

Evaluation Procedure Guide Sheet

COASTAL ZONE MANAGEMENT AREAS
NECH 610.23

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

Is the proposed action or alternative in an officially designated "Coastal Zone Management Area"?

If "No," additional evaluation is not needed concerning coastal zones.  Document the finding on 
form NRCS-CPA-52 and proceed with planning.

Is the proposed action or alternative "consistent" with the goals and objectives of the State's Coastal Zone 
Management Program (as required by Section 307 of the Coastal Zone Management Act)?

If "No," go to Step 3.

If “Yes,”  go to Step 2. 

If "Unknown," consult Section II of the FOTG for information regarding Coastal Zone 
Management Programs in your area and repeat Step 1.

Notes:

STEP 4.  

If “Yes,”  recommend that the funding or controlling agency consult with the State Coastal Zone 
Management Office before the action is implemented.  Proceed with planning.

If "Unknown,” consult with your designated State specialist for CZMA and repeat Step 2.

Will a Federal agency OTHER than NRCS provide funding or otherwise control implementation of the action?

If "No," NRCS should provide the landowner with relevant information regarding any local/state 
compliance requirements and protocols (permitting, etc) in Special Management Areas as 
appropriate to comply with local Coastal Zone Management Programs.  Document on the 
NRCS-CPA-52 and proceed with planning.

Is NRCS providing financial assistance or otherwise controlling the action?

If "No," go to Step 4.

If “Yes,”  the NRCS District Conservationist or an NRCS State Office employee must contact 
the State's Coastal Zone Program Office before the action is implemented to discuss possible 
modifications to the proposed action.  NRCS shall not provide assistance if the proposed action 
or alternative would result in a violaton of a State's Coastal Zone Management Plan.  NRCS 
shall provide a consistency determination to the State agency no later than 90 days before final 
approval of the activity.  When consultation is complete, document the agreed to items and 
reference or attach them to the NRCS-CPA-52.

Alternative 1
OtherAlternative 2

Yes

Yes

Yes

Yes

Unknown

Unknown

No

No

No

No
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STEP 1.  

STEP 2.  

If "No," additional evaluation is not needed concerning coral reefs.  Document the finding on 
form NRCS-CPA-52 and proceed with planning.

If “Yes,” go to Step 2. Note:  If there are any endangered or threatened species of coral 
inhabiting the coral reef ecosystem you must also fill out the Endangered and Threatened 
Species Guide Sheet.

If "No," and degradation of the reefs is unavoidable, provide the client with information 
regarding the current status of U.S. coral reefs and the documented causes of degradation 
(including sedimentation and nutrient runoff), and the beneficial aspects of maintaining coral 
reefs.
If “Yes,”  the significance of the impacts must be determined.  An Environmental Assessment 
(EA) or Environmental Impact Statement (EIS) may be required.  Document this on the NRCS-
CPA-52, with a description of the potential impacts, and provide a copy of the form to the 
Federal agency providing funding or controlling the action.  Inform the client and proceed with 
planning.

Is NRCS providing financial assistance or otherwise controlling the action?
If "No," go to Step 5.

Is there a potential for the proposed action or alternative to degrade the conditions of the coral reef 
ecosystem? (Refer to www.coralreef.gov/ for Local Action Strategies in your area.)

Will a Federal agency other than NRCS provide funding or otherwise control implementation of the action?

If “Yes,”  go to Step 3. 

Evaluation Procedure Guide Sheet

CORAL REEFS
NECH 610.24

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

Client/Plan Information:

Notes:

If "No," identify the component(s) of the system which will cause the potential impacts.  
Document the effects, including the reasons, on form NRCS-CPA-52.  Go to Step 4.

STEP 5.  

STEP 3.  

STEP 4.  

If “Yes,”  the significance of the impacts must be determined.  An Environmental Assessment 
(EA) or Environmental Impact Statement (EIS) may be required.  Contact your State Office for 
assistance and, if you are the RFO, select option 4) in Section S of the form NRCS-CPA-52.

Can the action or alternative be modified to reduce or avoid degredation to the coral reef ecosystem?

If “Yes,”  modify the action or alternative and repeat Step 2.

Are coral reefs or associated water bodies (e.g. embayment areas) present in or near the planning area?
If "No," additional evaluation is not needed concerning coral reefs.  Document the finding on 
form NRCS-CPA-52 and proceed with planning.

Alternative 1
OtherAlternative 2

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes
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STEP 1.  

●

●

●

Is it carried out with NRCS financial assistance?

If any responses are "Yes," go to Step 2.

If “Yes,”  go to Step 3.

If "No," document this finding on the NRCS-CPA-52 and proceed with planning.

Has the undertaking's Area of Potential Effect (APE) been determined?  NOTE:  Include all areas to be altered or 
affected, directly or indirectly: access and haul roads, equipment lots, borrow areas, surface grading areas, 
locations for disposition of sediment, streambank stabilization areas, building removal and relocation sites, 
disposition of removed concrete, as well as the area of the actual conservation practice.  Consultation is essential 
during determination of the APE so that all historic properties (buildings, structures, sites, landscapes, objects, 
and properties of cultural or religious importance to American Indian tribal governments and native Hawaiians) 
are included.  

If "No," or "Unknown," consult with your state specific protocols or the CRC/CRS to determine 
the APE.

NOTE regarding consultations:  When dealing with undertakings with the potential to affect cultural 
resources/historic properties, it is important to follow NRCS's policy and the regulations that implement Section 
106 and complete consultation with mandatory (SHPOs, THPOs, federally recognized tribes) and identified 
consulting parties during the course of planning.  This consultation is not documented on this guidesheet but 
would occur with Steps 2, 3, 4, and 6 and these must be conducted in accordance with NRCS State Office 
operating procedures to ensure appropriate oversight by Cultural Resources Specialists who meet the Secretary 
of Interior's Qualification Standards. 

Is the proposed action or alternative funded in whole or part or under the control of NRCS?  To make this 
determination, answer the following:

Is technical assistance carried out by or on behalf of 
NRCS?

Client/Plan Information:

Evaluation Procedure Guide Sheet

CULTURAL RESOURCES / HISTORIC 
PROPERTIES                   NECH 610.25

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

STEP 3.  

STEP 2.  

If “Yes,”  go to Step 4.

Is the proposed action(s) or alternative(s) identified as an "undertaking" (as defined in the NCRPH and GM) with 
the potential to cause effects to cultural resources/historic properties?  

NOTE:  This guidesheet provides general guidance to field planners and managers.  States may need to tailor 
this Evaluation Procedure Guide Sheet to reflect State Level Agreements (SLA's) with SHPOs or Tribal 
consultation protocols or operating procedures pertinent to your state, and/or other state specific protocols that 
reflect the terms of the current National Programmatic Agreement among NRCS, the Advisory Council on Historic 
Preservation, and the National Conference of SHPOs.  For additional information regarding compliance with 
Section 106 of the NHPA and NRCS cultural resource policy refer to the General Manual Title 420 Part 401 
Cultural Resources; for current operating procedures see Title 190 Part 601, the National Cultural Resource 
Procedures Handbook (NCRPH).

If "Unknown," consult with your State Cultural Resources Coordinator or Specialist (CRC/CRS) to determine 
if this is an action/undertaking that requires review and then complete Step 1.

Does it require Federal approval with NRCS as the lead 
federal agency (permit, license, approval, etc.)?
Is it a joint project with another Federal, State, or local 
entity with NRCS functioning as lead federal agency?

If all of your responses are "No," document decision on the NRCS-CPA-52 and proceed with planning.

Alternative 1
OtherAlternative 2

No

No

Yes

Yes

No Yes Unknown

No Yes Unknown

No Yes Unknown

No Yes Unknown

Unknown
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STEP 4.  

●

●

If "No," go to Step 7.

Can the proposed action(s) or alternative(s) be modified to avoid effects on the known cultural resources?

If "Yes," contact the CRC/CRS.  Do NOT proceed with finalizing project design or project 
implementation until the final CRS response is received. Go to Step 6.

STEP 6.  

Did STEP 4 reveal the existence of any known or potential cultural resources in the APE, and/or were any cultural 
resource indicators observed during the field inspection of the APE?  NOTE:  Field inspections or cultural 
resource survey will need to be conducted by qualified personnel in your state. Check with you State Cultural 
Resource Specialist to determine qualification criteria. 

Local/county historical society and/or commission lists?

STEP 7.  

STEP 5.  

If "No," document this finding on the NRCS-CPA-52 and proceed with planning.

Have the appropriate Records (National, State and local registers and lists) been checked and/or interviews 
conducted to determine whether any known cultural or historic resources are within or in close proximity to the 
proposed APE/project area?  Note:  This record checking does not substitute for mandatory consultation with 
SHPO, THPO, tribes and other identified consulting parties. 

Notes:

If "Yes," modify the planned action(s) or activity(ies) and proceed according to CRS guidance 
and document this on the NRCS-CPA-52 and continue with planning.

If all responses are "Yes,"  and NRCS providing technical assistance only, then use any known 
information, notify the landowner of any potential affects, and provide recommendations for consideration.  
Document this on the NRCS-CPA-52 and proceed with planning.  If NRCS is providing more that technical 
assistance go to Step 5.

If any responses are "No" or "Unknown," work with your CRC/CRS to be sure these files are checked 
(sometimes the SHPO will let only the CRS or CRC review the files).  Follow all other operating procedures 
as required by NRCS policy and procedures, State Level Agreement (SLA), and Tribal consultation protocols 
or operating procedures, as appropriate.

Has consultation with appropriate and interested parties been completed and documented?  NOTE: The field 
planner completing the NRCS-CPA-52 generally does not do the consultation unless it is the CRS or CRC.  Refer 
to the appropriate specialist for the documentation information.

If "Yes," and all necessary historic preservation activities of identification, evaluation, and 
treatment have been completed, document any consultation and proceed with planning.  

If "No" refer to State CRC or CRS for further consultation and recommendations to the State 
Conservationist.

CULTURAL RESOURCES (continued)

Client knowledge of existing artifacts, historic structures 
or cultural features?

National Register of Historic Places?

State Register of Historic Places?

The SHPO's statewide inventory/data base?

No

No

No

Yes

Yes

Yes

No Yes Unknown
No Yes Unknown

No Yes Unknown

No Yes Unknown

No Yes Unknown
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STEP 1.  

STEP 2.  

May Affect but not likely to 
adversely affect (e.g. beneficial 
affect)

●Federally listed endangered or threatened species/habitats.  Go to Step 2.

What are the short and long-term impacts of the proposed action or alternative on endangered or threatened 
species or their designated critical habitat?  If more than one may apply, then differentiate in the "Notes" 
section below.

If “May affect but not likely to adversely affect," document the 
finding, including the reasons, on form NRCS-CPA-52.  This 
determination may require concurrence from FWS/NMFS 
Fisheries.  Go to Step 3.

If “No effect," additional evaluation is not needed concerning endangered and threatened 
species or designated critical habitat.  Document the finding, including the reasons for your 
determination on form NRCS-CPA-52 and proceed with planning.

●Federally listed proposed species/habitats.  Go to Step 5.

●State/Tribal species of concern protected by law or regulation.  Go to Step 9.

Client/Plan Information:

Evaluation Procedure Guide Sheet

ENDANGERED AND THREATENED SPECIES,      
NECH 610.26

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

If “Yes,”  then proceed to the applicable section(s) listed below: 

If species listing/status changes prior to implementation, go back and analyze the affects in the 
appropriate section as dictated in Step 1.

Are there any endangered or threatened species, designated critical habitat(s), proposed species/habitats, or 
sState/Tribal species of concern protected by law or regulation present, or potentially present, in the area of 
potential effect?  

If "No," additional evaluation is not needed.  Document the finding on form NRCS-CPA-52 and 
proceed with planning.  

If "Unknown,” consult Section II of the FOTG for a listing of threatened and endangered 
species and associated critical habitats, and State species of concern, then repeat Step 1.  
If you are still uncertain about the status of threatened, endangered, proposed, or species 
of concern in the planning area, ask your State Biologist or contact the FWS/NMFS 
Fisheries, as appropriate.

Note Regarding Candidate Species: As per GM Title 190, Part 410.22, NRCS shall contact the Services, 
State agencies, and Tribal governments to identify Federal candidate, State and Tribal designated species, 
and NRCS actions which have the greatest potential to affect those species and their habitats.  NRCS shall 
determine which candidate species and species of concern are to be considered during planning and 
implementation of NRCS actions.  When NRCS concludes that a proposed action “may adversely affect” 
Federal candidate species, NRCS will recommend only alternative conservation treatments that will avoid 
adverse effects, and to the extent practicable, provide long-term benefit to the species.  If the species becomes 

Federally endangered or threatened species/habitats

Alternative 1
OtherAlternative 2

Unknown

No

Yes

No effect
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Federally endangered or threatened species/habitats (continued)

If "No," and your answer in Step 2 was, "May adversely affect," then inform the client of 
NRCS's policy concerning endangered and threatened species and the need to use alternative 
conservation treatments to avoid adverse effects on these species or their habitat.  Further 
NRCS assistance will be provided only if one of the conservation alternatives is selected that 
avoids adverse effects (then repeat from Step 2) or the landowner obtains a "take" permit from 
the FWS/NMFS Fisheries, as appropriate.  Refer the client to USFWS/NMFS Fisheries to 
address their responsibilities under Sections 9 & 10 of the ESA, for Federally listed species.

If "No," and your answer in Step 2 was, "May affect but not likely to adversely affect" and 
there is no possibility of any short-term or long-term adverse effects then continue with planning 
but ensure the client is aware of the effects.  

STEP 3.  

STEP 4.  

If “Yes,” ensure that potential adverse effects are avoided to the extent feasible, document and 
describe the effects on form NRCS-CPA-52.  Include both short-term and long-term effects.  
Document the need for the lead Federal agency to consult (if listed species or habitat may be 
affected beneficially or adversely) with the FWS/NMFS Fisheries, as appropriate.  Inform the 
client and continue planning.  However, make the client aware that the action can not be 
implemented without first attaining the appropriate concurrence.

If "No," go to Step 4.

Is NRCS providing financial assistance or otherwise controlling the action?

Will a Federal agency other then NRCS provide funding or otherwise control implementation of the action?

If "Effects are unknown," contact the NRCS State Biologist for assistance 
and repeat Step 2.

If “Yes,”  and your answer in Step 2 was either, "May affect but not likely to adversely 
affect", or,"May adversely affect," then inform client that the NRCS must consult on listed 
species with FWS/NMFS Fisheries, as appropriate.  The action will only be implemented 
according to the terms of the consultation.  When consultation is complete, reference or attach 
the consultation documents to NRCS-CPA-52 and proceed with planning.

Notes for Federally endangered or threatened species/habitats:

If "May adversely affect," modify the action if possible to avoid adverse 
effects.  If the action can be modified, repeat Step 2.  If the action can not 
be modified, go to Step 3. 

May adversely affect

Effects are unknown

No

No

No

Yes

Yes
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STEP 5.  

If "Potential adverse effect," go to Step 6.  

If “No adverse effect," additional evaluation is not needed concerning proposed 
species or proposed critical habitat.  Document finding, including the reasons for 
your determination on form NRCS-CPA-52 and proceed with planning.

Is NRCS providing financial assistance or otherwise controlling the action?

STEP 6.  
Will a Federal agency other then NRCS provide funding or otherwise control implementation of the action?

STEP 7.  

If "Effects unknown," contact the NRCS State Biologist for assistance and then 
repeat Step 5.

What are the short and long-term impacts of the proposed action or alternative on proposed species or their 
proposed critical habitat?  If more than one may apply, then differentiate in the "Notes" section below.

Federally proposed species/habitats
For proposed species and their proposed critical habitats the action agency (NRCS) has the 
responsibility of determining that "activities will not jeopardize the continued existence of or destroy 
or adversely modify designated or proposed critical habitat for listed or proposed species" [190 GM 
Part 410.22(f)(5)(i)(B)]. Also see Chapter 6 in the ESA Section 7 Consultation Handbook for more 
information.

If “Yes,”  then inform the client that the NRCS must conference on proposed species with 
FWS/NMFS Fisheries, as appropriate.  The action will only be implemented according to the 
terms of the conference.  When conference is complete, reference or attach the conference 
documents to form NRCS-CPA-52 and proceed with planning.

If "No," go to Step 7.
If “Yes,” ensure that potential adverse effects that are likely to jeopardize the continued 
existence of the proposed species or destroy or adversely modify proposed critical habitat are 
avoided.  Coordinate with the lead Federal agency and provide any assistance needed for them 
to make the required "jeopardy" determination.  Document on form NRCS-CPA-52 the potential 
need for the lead Federal agency to conference with the FWS/NMFS Fisheries, as appropriate. 
Inform the client and continue planning. However, make the client aware that the action can not 
be implemented without first attaining the appropriate concurrence.

STEP 8.  
Upon guidance from NRCS State Biologist, has it been determined that the proposed action or alternative is 
likely to jeopardize the proposed species or destroy or adversely modify proposed critical habitat?

If "No," document the finding on the NRCS-CPA-52 and proceed with planning.

If “Yes,”  further NRCS assistance will be provided only if one of the conservation alternatives is 
selected that avoids that level if adverse effects (then repeat from Step 5).  If the client is 
unwilling to modify the action, NRCS assistance must be discontinued.  Although a "take" permit 
is not required for proposed species, there may be cases where the proposed species/habitats 
becomes formally listed as endangered/threatened or critical habitat is designated prior to 
project implementation.  In this case, advise the client that a "take" permit from the 
USFWS/NMFS Fisheries would be needed prior to project implementation if it is determined that 
the action may have an adverse affect on the listed species/habitat.

If "No," inform client of NRCS policy for proposed species and the need to use alternative 
conservation treatments to avoid adverse effects that are likely to jeopardize the continued 
existence of the proposed species or destroy or adversely modify proposed critical habitat.  
Contact NRCS State Biologist to make the affects determination then go to Step 8.

No adverse effect

Potential adverse effect

Effects unknown

No

No

No

Yes

Yes

Yes
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STEP 9.  

If “Yes," and your answer in Step 9 was, "May adversely affect," inform the client of NRCS's 
policy concerning State species of concern and the need to use alternative conservation 
treatments to avoid adverse effects on species.  Follow policy and procedures in your state for 
addressing State and Tribal species of concern.  Consultation with the appropriate State wildlife 
resource agency may be needed.

If "No," and your answer in Step 9 was, "May adversely affect", inform the client of NRCS's 
policy regarding State and Tribal species of concern and the need to use alternative 
conservation treatments to avoid adverse effects on species.  Provide alternative measures to 
client for consideration.  Advise the client to contact the appropriate State or tribal resource 
agency for additional guidance to avoid any penalties applicable under State or Tribal law, and 
continue planning.

Notes for State species of concern:

If "No," go to Step 11.

If “May adversely affect," modify the action if possible to avoid adverse 
effects.  If the action can be modified, repeat Step 9.  If the action can not 
be modified, go to Step 10.

If “No adverse effect," additional evaluation is not needed concerning State 
species of concern, unless otherwise specified by State procedures or the 
State Biologist.  Document the finding, including the reasons for your 
determination, on form NRCS-CPA-52 and proceed with planning.

STEPS 9-11 ADDRESS "STATE/Tribal SPECIES OF CONCERN" ONLY.  Consult Section II of your 
State's FOTG for a listing of State/Tribal Species of Concern that are protected by law or regulation 
that may need to be evaluated, or ask your State Biologist for assistance.

What are the short and long-term impacts of the proposed action or alternative on the State/Tribal Species of 
Concern?  If more than one may apply, then differentiate in the "Notes" section below.

STEP 11.  
Is NRCS providing financial assistance or otherwise controlling the action?

If "Effects are unknown," contact the NRCS State Biologist for assistance 
and repeat Step 9. 

If “Yes," ensure that potential adverse effects are avoided to the extent possible, document and 
describe the effects on form NRCS-CPA-52.  Include both short-term and long-term effects.  
Document on form NRCS-CPA-52 the need for the lead Federal agency to address State/Tribal 
species of concern as appropriate under State land Tribal aws and regulations.  Inform the client 
and continue planning.

STEP 10.  
Will a Federal agency other then NRCS provide funding or otherwise control implementation of the action?

State / Tribal species of concern protected by law or regulation

Notes for Federally proposed species/habitats:

No

No

No adverse effect

May adversely affect

Effects are unknown

Yes

Yes
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STEP 1.  

STEP 2.  

Client/Plan Information:

Evaluation Procedure Guide Sheet

ENVIRONMENTAL JUSTICE
NECH 610.27

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

In the area affected by the NRCS action, are there low-income populations, minority populations, Indian tribes, 
or other specified populations that would be adversely impacted by environmental effects resulting from the 
proposed action or alternative?

If "No," additional evaluation is not needed concerning environmental justice.  Document the 
finding on form NRCS-CPA-52 and proceed with planning.

If “Yes,”  consider the feasibility and appropriateness of the proposed alternatives and their 
effects and the possiblity of developing additional alternatives or a mitigation alternative and 
repeat Step 4.   Document results of these early scoping sessions on the NRCS-CPA-52.  If it is 
felt that there remains a potentially high and/or adverse effect on human health or the 
environment, or the project/action carries a high degree of controversy, check "Q 5)" in Q of the 
NRCS-CPA-52 and refer the action to the State Environmental Liaison for further analysis.  An 
EA may be required to determine if the action is "significant."  If it is known that the "action will 
have significant effects on the quality of the human environment," and EIS will be required 
(NECH 610.44 and 610.45).

Notes:

If "Unknown," consult your State Environmental Specialist, or equivalent, and/or Tribal 
Liaison for additional guidance.  NOTE:  The USDA Departmental Regulations on 
Environmental Justice (DR 5600-002) provides detailed "determination procedures" for 
NEPA as well as non-NEPA activities and suggests social and economic effects for 
considerations.

If “Yes,”  go to Step 2. 

If "No," notify interested and affected parties of agency decision. 

Is the proposed action or alternative the type that might have a disproportionately adverse environmental or 
human health effect on any population?

If "No," additional evaluation is not needed concerning environmental justice.  Document the 
finding on form NRCS-CPA-52 and proceed with planning.

STEP 3.  
Considering the results of the outreach initiative together with other information gathered for the decision-
making process, will the proposed action or alternative have a disproportionately high and adverse effect on 
the human health or the environment of the minority, low-income, or Indian populations?

If “Yes,”  initiate community outreach or Tribal consultation to affected and interested parties 
that are categorized as low-income, minority, or as Indian Tribes.  The purpose is to encourage 
participation and input on the proposed program or activity and any alternatives or mitigating 
options.  Participation of these populations may require adaptive or innovative approaches to 
overcome linguistic, institutional, cultural, economic, historic, or other potential barriers to 
effective participation.  If assistance is needed with this process, contact your State Public 
Affairs Specialist or Tribal Liaison.  Go to Step 3.

Alternative 1
OtherAlternative 2

No

No

No

Yes

Yes

Yes

Unknown
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STEP 1.  

STEP 2.  

If “Yes,”  GO TO Step 3.

If “Unknown," consult with your State Biologist and repeat Step 2.

Is NRCS providing assistance that would result in the funding, authorization, or undertaking of the proposed 
action or alternative? [MSA Section 305(b)]

If "No," go to Step 5.

Can the proposed action or alternative be modified to avoid the potential adverse effect?

If "No," document the effects, including the reasons, on form NRCS-CPA-52.  Go to Step 4.

If “Yes,”  modify the action or activity and repeat Step 2.

STEP 3.  

STEP 4.  

If “Yes,” inform the client that the NRCS District Conservationist or NRCS State Biologist must 
consult with NOAA Fisheries before further action or activity can proceed [MSA, Section 
305(b)(2)].  Note:  For specific information regarding consultation for EFH, see NOAA's 
"Essential Fish Habitat Consultation Guidance," April 2004, available at 
http://www.nmfs.noaa.gov/habitat/habitatprotection/efh/index.htm

Is the proposed action or alternative in an area designated as Essential Fish Habitat (EFH) or in an area 
where effects could indirectly or cumulatively affect EFH?

If "No," additional evaluation is not needed concerning EFH.  Document the finding on form 
NRCS-CPA-52 and proceed with planning.

Will the proposed action or alternative result in short-term or long-term disruptions or alterations that may 
result in an "adverse effect" to EFH? [16 U.S.C. 1855(b)(2); MSA Section 305(b)(2)]

If "No," consultation with NOAA Fisheries and further evaluation is not needed concerning 
EFH unless otherwise specified by the State Biologist.  Document the finding on form NRCS-
CPA-52 or equivalent and proceed with planning.

If “Yes,”  go to Step 2. 

If “Unknown," consult Section II of the FOTG for a list or the location of EFH areas and 
repeat Step 1.  Note:  Additional information regarding EFH Descriptions and 
Identifications can be found on NOAA's web site, 
http://www.nmfs.noaa.gov/habitat/habitatprotection/efh/index.htm

Client/Plan Information:

Evaluation Procedure Guide Sheet

ESSENTIAL FISH HABITAT
NECH 610.28

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 FundingAlternative 1
OtherAlternative 2

No

No

No

No

Yes

Yes

Yes

Yes

Unknown

Unknown
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Is a Federal agency other than NRCS providing assistance that would result in the funding, authorization, or 
undertaking of the proposed action or alternative?

ESSENTIAL FISH HABITAT (continued)

If "No," an alternative conservation system that avoids the adverse effect must be identified as 
the proposed action or NRCS must discontinue assistance.  If assistance is terminated, 
indicate the circumstances in the Remarks section of the NRCS-CPA-52 or contact the NRCS 
State Office for assistance.  (GM 190, Part 410.3)

If “Yes,”  document on the NRCS-CPA-52 that the lead Federal agency should consult with 
NOAA Fisheries before the action is implemented.  Inform the client and proceed with 
planning.

Notes:

STEP 5.  

No

Yes
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STEP 1.  

STEP 2.  

If “Yes,”  document the agricultural use history and go to Step 3.

STEP 3.  

If "No," advise the client of conservation practices or other measures that will bring the land into 
accordance with water quality plans and incorporate these into the conservation plan.  Go to 
Step 4.

If “Yes,”  modify the action if possible to avoid adverse effects.  Inform landuser of the hazards 
of locating actions in the floodplain and discuss alternative methods of achieving the abjective 
and/or alternative locations outside the 100-year floodplain.  If the action can be modified, 
describe the modification on the NRCS-CPA-52 and repeat Step 4.  If the action can not be 
modified to eliminate adverse effects, go to Step 5.

NOTE:  This Guide Sheet is intended for evaluation of non-project technical and financial assistance 
only (individual projects).  For project assistance criteria (those assisting local sponsoring 
organizations), consult GM-190, Part 410.25.

If “Yes,”  go to Step 2. 

If “Yes,”  document and go to Step 4.

Is the project area in or near a 100-year floodplain?

If "No," additional evaluation is not needed.  Record "N/A" on NRCS-CPA-52 and proceed with 
planning.

Is the planning area in the floodplain an agricultural area that has been used to produce food, fiber, feed, 
forage or oilseed for at least 3 of the last 5 years before the request for assistance?

WFPO Program 2017 Funding

Client/Plan Information:

Evaluation Procedure Guide Sheet

FLOODPLAIN MANAGEMENT
NECH 610.29

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

If "No," go to Step 4.

If "Unknown", review the HUD/FEMA flood insurance maps and/or other available data.  If 
still "Unknown", contact the appropriate field or hydraulic engineer.  Repeat Step 1.

Is the floodplain's agricultural production in accordance with official state or designated area water quality 
plans?

STEP 4.  
Over the short or long term, will this proposed action or alternative likely result in an increased flood hazard, 
incompatible development, or other adverse effect to the existing natural and beneficial values of the 
floodplain or lands adjacent or downstream from the floodplain?

If "No," document your finding on the NRCS-CPA-52 and proceed with planning.

Alternative 1
OtherAlternative 2

No

No

No

No

Yes

Yes

Yes

Unknown
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Notes:

STEP 5.  

If your answer is “Yes, and client agrees to implement the alternative methods or locations 
outside the floodplain, document the agreed upon actions, including the reasons, on form 
NRCS-CPA-52 or equivalent and proceed with planning.

FLOODPLAIN MANAGEMENT (continued)

If “Yes,”  the District Conservartionist should design or modify the proposed action or alternative 
to minimize the adverse effects to the extent possible.  Circulate a written public notice locally 
explaining why the action is proposed to be located in the 100-year floodplain.  Document the 
decision, including the reasons, on form NRCS-CPA-52 and proceed with planning.

 Is one or more of the alternative methods or locations practical?

If "No," the District Conservationist will carefully evaluate and document the potential extent of 
the adverse effects and any increased flood risk before making a determination of whether to 
continue providing assistance.  Go to Step 6.

If your answer is "Yes," and client does not agree to implement the alternative methods or 
locations, advise the client that NRCS may not continue to provide technical and/or financial 
assistance where there are practicable alternatives.  Go to Step 6.

Will assistance continue to be provided?
STEP 6.  

If "No," provide written notification of the decision to terminate assistance to the client and the 
local conservation district, if one exists.  Document the decision, including the reasons, on 
NRCS-CPA-52 and proceed with planning.

No

No

Yes

Yes
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STEP 1.  

STEP 2.  

NOTE:  The GM 190, Part 414 states that "NRCS shall not authorize, fund, or carry out actions that it believes 
are likely to cause or promote the introduction and spread of invasive species in the U.S. or elsewhere."

Is the proposed action or alternative in an area where invasive species are known to occur or where risk of an 
invasion exists?  NOTE: Executive Order 13112 (1999) directs Federal agencies to "prevent the introduction 
of invasive species, provide for their control, and to minimize the economic, ecological, and human health 
impacts that invasive species cause."

If "No," additional evaluation is not needed concerning invasive species.  Document the finding 
on form NRCS-CPA-52 and proceed with planning.

Evaluation Procedure Guide Sheet

INVASIVE SPECIES
NECH 610.30

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

Client/Plan Information:

If “Yes,”  describe strategies, techniques, and reasons, on the NRCS-CPA-52 and proceed with 
planning.

If "No," modify the action and repeat Step 3.   If the client is unwilling to modify the proposed 
action, NRCS must discontinue assistance.  Document the circumstances on the NRCS-CPA-
52 and in the case file.  

STEP 3.  
Is the proposed action or alternative consistent with the E.O. 13112, the National Invasive Species 
Management Plan (http://www.invasivespeciesinfo.gov/laws/execorder.shtml), and/or an applicable State or 
local Invasive Species Management Plan?  

If “Yes,”  describe strategies, techniques, and reasons on NRCS-CPA-52 and go to Step 3.

If "No," you must consider and include all appropriate factors relating to the existing and 
potential invasive species for the planning area and repeat Step 2.

Conduct an inventory of the invasive species and identify areas at risk for future invasions (GM 190, Part 
414.30).  Delineate these areas on the conservation plan map and document management considerations in 
the plan or assistance notes.  Have all appropriate tools, techniques, management strategies, and risks for 
invasive species prevention, control, and management been considered in the planning process?

If “Yes,”  go to Step 2. 

Notes:

If "Unknown", consult Section II of the FOTG for a listing of invasive species in the area 
and/or the appropriate technical specialist to determine the potential for introduction of new 
invasive species into the area.

Alternative 1
OtherAlternative 2

No

No

No

Yes

Yes

Yes

Unknown

190-VI-NECH,Final Second Edition, 2010



National Environmental Compliance Handbook

STEP 1.  

STEP 2.  

Client/Plan Information:

Evaluation Procedure Guide Sheet

MIGRATORY BIRDS,  BALD AND GOLDEN 
EAGLE PROTECTION ACT,  NECH 610.31

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

If “Yes,”  go to Step 2. 

STEP 3.  
Have adverse effects on migratory birds been mitigated (avoided, reduced, or minimized) to the maximum 
practicable extent?

If “Yes,”  document mitigation measures and go to Step 4.

If "No," additional evaluation is not needed concerning migratory birds.  Document the finding, 
including the reasons, on form CPA-52 and proceed with planning.

If "No," modify the alternative and repeat Step 1.  If client is unwilling to modify the action then 
NRCS must discontinue assistance until issue has been resolved with USFWS.

NOTE:  This guide sheet includes evaluation guidance for compliance with both the Migratory Birds 
Treaty Act, Executive Order  13186 (2001), and the Bald and Golden Eagle Protection Act.  Both 
sections must be completed if eagles are identified within the area of potential effect.

MIGRATORY BIRDS TREATY ACT

In the lower 48 states, all species except the house sparrow, rock pigeon, common starling, and non-
migratory game birds like pheasants, gray partridge, and sage grouse, are protected.

If “Yes,” document the effects, including the reasons, on form NRCS-CPA-52.  Inform the client 
that they must obtain a permit from USFWS and any required state permit before the action is 
implemented.

Could the proposed action or alternative result in a "take" (intentionally or unintentionally) to any migratory 
bird, nest or egg?  "Take" means to pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to 
pursue, hunt, shoot, wound, kill, trap, capture, or collect (50 CFR 10.12).  NOTE:  The MBTA does not contain 
any prohibition that applies to the destruction of a migratory bird nest alone (without birds or eggs) provided 
that no possession occurs during the destruction (USFWS, Migratory Bird Memorandum, MBPM-2, April 
2003).

Is it the purpose of the proposed action or alternative to intentionally "take" a migratory bird or any part, nest or 
egg (such as, but not limited to: controlling depredation by a migratory bird, or removal of occupied nests of 
nuisance migratory birds)?  NOTE:  Take of migratory game birds is exempt, as provided for under state and 
Federal hunting regulations.

If "No," go to Step 3.

Alternative 1
OtherAlternative 2

No

No

No

Yes

Yes

Yes
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●
●

STEP 1.  

STEP 2.  

STEP 4.  

If “Yes,”  additional principles, standards and practices shall be developed in coordination with 
USFWS to further lessen the amount of unintentional take (EO 13186(3)(e)(9)).  Repeat Step 1 
or indicate which of the following options is pursued by the client:

Notes:

NRCS may need to terminate assistance.  Contact the NRCS State Environmental 
Specialist or Wildlife Biologist.

Will unintentional take of migratory birds, either individually or cumulatively, result in a measurable negative 
effect on a migratory birds population?

If "No," additional evaluation is not needed concerning migratory birds.  Document the finding, 
including the reasons, on form NRCS-CPA-52 and proceed with planning.

The client will obtain a permit from USFWS before the action is implemented; OR

Will the proposed action or alternative result in the take, possession, sale, purchase, barter, or offer to sell, 
purchase, or barter, export or import "of any bald or golden eagle, alive or dead, including any part, nest, or 
egg, unless allowed by permit?"  "Take" is defined as "pursue, shoot, shoot at, poison, wound, kill, capture, 
trap, collect, molest or disturb" a bald or golden eagle.  The term "disturb" under this Act means to agitate or 
bother a bald or golden eagle to a degree that causes, or is likely to cause, based on the best scientific 
information available; 1) injury to an eagle; 2) a decrease in its productivity, by substantially interfering with 
normal breeding, feeding, or sheltering behavior, or; 3) nest abandonement, by substantially interfering with 
normal breeding, feeding, or sheltering behavior.

If “Yes,” modify the alternative and repeat Step 1.

If "No," document the finding, including the reasons, on form NRCS-CPA-52.  Contact the 
NRCS State Biologist or appropriate NRCS official about working with the client and USFWS to 
permit the action or finding another alternative action to avoid adverse effects prior to providing 
final designs or implementing the proposed action or alternative.  No permit authorizes the sale, 
puchase, barter, trade, importation, or exportation of eagles, or their parts or feathers.  The 
regulations governing eagle permits can be found in 50 CFR Part 22 (Eagle Permits).

MIGRATORY BIRDS TREATY ACT /  BALD AND GOLDEN EAGLE PROTECTION ACT (continued)

If "No," additional evaluation is not needed.  Document the finding, including the reasons, on 
form NRCS-CPA-52 and proceed with planning.

If “Yes,”  go to Step 2. 

Can the proposed action or alternative be modified to avoid the adverse effect?

BALD & GOLDEN EAGLE PROTECTION ACT

Notes:

No

Yes

Yes

Yes

No

No
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STEP 1.  

STEP 2.  

If “Yes,”  go to Step 3.

If "Unknown,” consult Section II of the FOTG and FPPA Rule and repeat Step 1.  If you are 
still uncertain about the effects of prime and unique farmlands in your planning area, 
consult your State Soil Scientist.

Evaluation Procedure Guide Sheet

PRIME AND UNIQUE FARMLANDS
NECH 610.32

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

Client/Plan Information:

Notes:

STEP 3.  
Can the pproposed action or alternative be modified to avoid adverse effects or conversion?

If "No," document the adverse effects on form NRCS-CPA-52 and proceed with planning.

If “Yes,”  modify and repeat Step 2 or contact the State Soil Scientist for further assistance.

Using the criteria found in the FPPA Rule (7 CFR Part 658.5), does the proposed action or alternative convert 
farmland to a nonagricultural use?  NOTE:  Conversion does not include construction of on-farm structures 
necessary for farm operations.  Also, form AD-1006 entitled "Farmland Conversion Impact Rating" and form 
NRCS-CPA-106 entitled "Farmland Conversion Impact Rating for Corridor Type Projects" are used to 
document effects of proposed projects that may convert farmland.

If "No," additional evaluation is not needed concerning prime and unique farmland.  Document 
the finding on form NRCS-CPA-52 and proceed with planning.

Are prime or unique farmlands or farmlands of statewide or local importance present in or near the area that 
will be affected by the proposed action or alternative?

If "No," additional evaluation is not needed concerning prime and unique farmland.  Document 
the finding on form NRCS-CPA-52 and proceed with planning.

If “Yes,”  go to Step 2. 

Alternative 1
OtherAlternative 2

No

No

No

Yes

Yes

Yes

Unknown
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STEP 1.  

STEP 2.  

STEP 3.  

If “Yes,”  no additional evaluation is needed concerning Riparian Areas.  Document the finding 
on form NRCS-CPA-52 and proceed with planning.

Client/Plan Information:

Evaluation Procedure Guide Sheet

RIPARIAN AREA
NECH 610.33

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

If “Yes,”  go to Step 2. 

If "No," go to Step 3.

Does the proposed action or alternative maintain or improve water quality and quantity benefits provided by 
the riparian area?

If "No," alternatives must be developed which maintain or improve water quality and quantity 
benefits (GM 190, Part 411.03).  When alternatives have been developed and discussed with 
the client, go to Step 4.

Does the proposed action or alternative conflict with the conservation values/functions of the riparian area?

Is a riparian area present in or near the planning area?  (Definition can be found in the GM 190, Part 411.)
If "No," additional evaluation is not needed concerning riparian areas.  Document the finding on 
form NRCS-CPA-52 and proceed with planning.

If “Yes,”  explain the values/functions of riparian areas to the client, including their contribution 
to floodplain function, streambank stability and integrity, nutrient cycling, pollutant filtering, 
sediment retention, biological diversity, and present alternatives that will resolve the conflict 
(GM 190, Part 411.03).  Then, go to Step 3.

If "Unknown,” refer to your state specific protocols to determine the current status of 
ecological function of the riparian area and project future conditions if the practice is 
implemented.  If further assistance is required, contact your State Biologist.

STEP 4.  

If “Yes,”  no additional evaluation is needed concerning Riparian Areas.  Document the finding 
along with any mitigation actions or modifications on the NRCS-CPA-52 and proceed with 
planning.

Is the client willing to modify the proposed action or alternative so that water quality and quantity benefits 
provided by the riparian area are maintained or improved?

If "No," inform the client that NRCS policy requires that the conservation plan must maintain or 
improve water quality and quantity benefits of riparian areas where they exist (GM 190, Part 
411.03).  If the client remains unwilling to modify the proposed action, NRCS must discontinue 
assistance on those portions of the plan impacting riparian areas.  If assistance is terminated, 
indicate the circumstances in the Remarks section of the NRCS-CPA-52.  Be sure to also 
document in the case file that the values of riparian areas were explained to the client and 
alternatives were provided, but the client declined to modify the proposed action.

Notes:

Alternative 1
OtherAlternative 2

No

No

No

No

Yes

Yes

Yes

Yes

Unknown
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STEP 1.  

STEP 2.  

Client/Plan Information:

Evaluation Procedure Guide Sheet

WETLANDS
NECH 610.34

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 Funding

STEP 3.  

If “Yes,”  document and go to Step 2. 

Will the proposed action or alternative impact any wetland areas (this includes changing wetland types when 
considering wetland restoration projects)?

If "No," document this on the form NRCS-CPA-52, along with any additional supporting 
evidence, and proceed with planning.

If “Yes,”  describe (on the NRCS-CPA-52) the effects of the proposed activity on the wetland 
area.  Proceed to Step 3.

If "No," a "minimal effects determination" will need to be conducted. (For State-specific 
protocols, consult with your State Wetland Specialist.)  If it is determined that impacts to 
wetlands are likely to be minimal, proceed with planning.  If it is determined that the action 
will likely exceed minimal effects, NRCS can provide assistance only if an adequate 
compensatory mitigation plan is provided.  NRCS can assist with the development of a 
compensatory mitigation plan for the functions and values that were lost.  Prior to or concurrent 
with NRCS, the client should obtain all necessary permits or approvals related to work in the 
wetland.  Document on NRCS_CPA-52 and proceed with planning.

This guide sheet addresses policy relative to the Food Security Act of 1985, GM 190, Part 410.26, E.O. 
11990 "Protection of Wetlands," and the NRCS Wetland Technical Assistance Policy 7 CFR Part 
650.26.  Use the Clean Water Act guide sheet for addressing wetland concerns relating to the Clean 
Water Act.

Are wetlands present in or near the planning area?  NOTE:  This includes ALL wetlands except those artificial 
wetlands created by irrigation water.  Thus, areas determined as Prior Converted (PC) per the 1985 Food 
Security Act and non-irrigation induced artificial wetlands (AW), which retain wetland characteristics, are 
wetlands as they relate to the Wetland Protection Policy.

If "No," document this on the NRCS-CPA-52.  (If the area could qualify as an "other water of the 
U.S." such as lakes, streams, channels, or other impoundment or conveyances, a Clean Water 
Act Section 404 or River and Harbors Act Section 10 permit may be required from the Corps of 
Engineers.  Refer to the Clean Water Act Guide sheet.)

Do practicable actions or alternatives exist which either enhance wetland functions and values, or avoid or 
minimize harm to wetlands?

If “Yes,” inform the client and advise them of the available option(s). (If there is a practicable 
action or alternative that will avoid impacts, the client MUST choose the alternative.  
HOWEVER, under Swampbuster, if the participant wants to convert a wetland the statute 
affords the mitigation exemptions without question.) Proceed to Step 4.

Alternative 1
OtherAlternative 2

Yes

Yes

Yes

No

No

No
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STEP 4.  

If “Yes,”  continue with planning and technical assistance for the activity, and, if applicable, the 
development of an associated mitigation plan.  Prior to or concurrent with NRCS assistance, 
the client should obtain all necessary permits or approvals related to work in wetlands (including 
those required under the Clean Water Act).  Document effects on the NRCS-CPA-52.

Does the client wish to pursue an identified practicable action or alternative that will enhance wetland 
functions and values, or avoid/minimize harm to wetlands?

If "No," advise the client regarding eligibility criteria under the FSA as amended, and that the 
NRCS may assist with the development of acceptable associated mitigation plan for 
swampbuster, but can not offer further technical or financial assistance for the wetland 
conversion activity itself.  Prior to or concurrent with NRCS assistance, the client should obtain 
all necessary permits or approvals related to work in wetlands.  Document on the NRCS-CPA-
52.

Notes:

WETLANDS (continued)

Yes

No
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STEP 1.  

STEP 2.  

If "No," additional evaluation is not needed concerning Wild and Scenic Rivers.  Document the 
finding on form NRCS-CPA-52 and proceed with planning.

If “Yes,”  an environmental assessment (EA) or, if the effects are significant, an environmental 
impact statement (EIS) must be prepared.  Check "Q 5)" on the NRCS-CPA-52 and provide 
documentation regarding the action/activity to you State Environmental Liaison for further 
analysis. 

Upon further analysis, could the proposed action or alternative have an adverse effect or have the effects 
been found to be significant on the natural, cultural and recreational values of the Wild, Scenic, or 
Recreational River segment? 

If "No," document the finding, including the reasons, on form NRCS-CPA-52 and proceed with 
planning.

Is NRCS providing financial assistace or otherwise controlling the proposed action or alternative?

If “No,”  go to Step 5. 

STEP 3.  

If “Yes,”  go to Step 4.

STEP 4.  

Could the proposed action or alternative have an effect on the natural, cultural and recreational values of any 
nearby river(s)?

If “Yes,” analyze the potential effects and develop alternatives, as necessary, that would 
mitigate potential adverse effects, then go to Step 2. 

If "No," additional evaluation is not needed concerning Wild and Scenic Rivers.  Document the 
finding on form NRCS-CPA-52 and proceed with planning.

If “Yes,”  and there is still potential for effect consult your State Environmental Liaison to assist 
with determining significance.  Go to Step 3.  Note: The State Office may request the National 
Park Service to assist you in developing appropriate avoidance/mitigation measures.  
(Remember that if an action/activity has not been sufficiently analyzed to determine if it may be 
significant (either beneficial or adverse), an EA or EIS may be required)

Is there a Federal or State designated Wild, Scenic, or Recreational River segment or a river listed in the 
National River Inventory in or near the planning area?  

If "Unknown,” consult Section II of the FOTG for a list or the location of Wild, Scenic, or 
Recreational Rivers of river segments (or see the NPS list of Wild and Scenic Rivers and 
the "Nationwide Rivers Inventory") and repeat Step 2.

Client/Plan Information:

Evaluation Procedure Guide Sheet

WILD AND SCENIC RIVERS
NECH 610.35

Check all that apply to this 
Guide Sheet review:

Santaquin City, Utah

Santaquin Storm Drain

WFPO Program 2017 FundingAlternative 1
OtherAlternative 2

No

No

No

No

Yes

Yes

Yes

Yes

Unknown
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Notes:

STEP 5.  

If “Yes,”  indicate on the NRCS-CPA-52, that the lead agency should consult with the NPS.

WILD AND SCENIC RIVERS (continued)

Will a Federal agency other than NRCS provide funding or otherwise control implementation of the action?

If "No," inform the client that a permit may be required for their activities and they should consult 
with the NPS.  The permit authorization should be reflected in the final plan and documentation.  

No

Yes
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Erosion Classic Gully Irrigation Induced Other:
Sheet and Rill Streambank Mass Movement Other:
Wind Shoreline Road, Road Sides & Construction Sites
Ephemeral Gully

Condition Subsidence
Organic Matter Depletion Contaminants-Salts & Other Chemicals Contaminants-Residual Pesticides
Rangeland Site Stability Contaminants-Animal Waste & Other Organics Damage from Soil Deposition

Compaction
Contaminants-Commercial Fertilizer

Quantity Quality
Excessive Seepage Harmful Levels of Pesticides in Groundwater
Excessive Runoff, Flooding, or Ponding Excessive Nutrients and Organics in Groundwater
Excessive Subsurface Water Excessive Salinity in Groundwater
Drifted Snow Harmful Levels of Heavy Metals in Groundwater
Inadequate Outlets Harmful Levels of Pathogens in Groundwater
Inefficient Water Use on Irrigated Land Harmful Levels of Petroleum in Groundwater
Inefficient Water Use on Non-irrigated Land Harmful Levels of Pesticides in Surface Water

Excessive Nutrients and Organics in Surface Water
Excessive Suspended Sediment & Turbidity in Surface Water
Excessive Salinity in Surface Water
Harmful Levels of Heavy Metals in Surface Water

Aquifer Overdraft Harmful Temperatures of Surface Water
Insufficient Flows in Water Courses Harmful Levels of Pathogens in Surface Water

Harmful Levels of Petroleum in Surface Water
Other:

Quality Ammonia (NH3)
Particulate matter less than 10 micrometers in diameter Chemical Drift Other:
Particulate matter less than 2.5 micrometers in diameter Objectionable Odors Other:
Excessive Ozone Reduced Visibility
Excessive Greenhouse Gas - CO2 Undesirable Air Movement
Excessive Greenhouse Gas - N2O Adverse Air Temperature
Excessive Greenhouse Gas - CH4

Plants are not adapted or suited Declining Species, Species of Concern
Condition Productivity, Health and Vigor

Impared Forage Quality and Palatability Noxious and Invasive Plants
Threatened or Endangered Species Other:

Fish and Wildlife Domestic Animals
Inadequate Food Inadequate Water Inadequate Quantities and Quality of Feed & Forage
Inadequate Cover/Shelter Inadequate Shelter
Inadequate Space Inadequate Stock Water
Plant Community Fragmentation Stress and Mortality
Imbalance Among and Within Populations
Threatened and Endangered Species Other:

Declining Species, Species of Concern Other:

Identify the resource concern(s) that need to be addressed and 
the assessment tool(s) used for the evaluation.

WFPO Program 2017 Funding

S
O

IL

Assessment tools,
 Problems & Notes:

Assessment tools,
 Problems & Notes:

W
A

T
E

R

Reduced Capacity of Conveyances by Sediment 
Deposition
Reduced Storage of Water Bodies by Sediment 
Accumulation

Rangeland Hydrologic Cycle

RESOURCE CONSIDERATIONS (Optional) Client/Plan Information:
Field Inventory Guide Sheet Santaquin City, Utah

Santaquin Storm Drain

  
A

IR

Assessment tools,
 Problems & Notes:

  P
L

A
N

T
S

Wildfire Hazard

Assessment tools,
 Problems & Notes:

   
  A

N
IM

A
L

S

Assessment tools,
 Problems & Notes:
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ADDENDUM 1 

INDIVIDUAL DEBRIS BASIN BENEFIT ANALYSIS 

  



 

Investigation and Analysis Report  January 2019 

This addendum is included in response to the following request made during the Final EA review: 
 

Input the benefits per structure as part of incremental analysis for the aggregated NED. This 

incremental analysis should be add on Appendix D. Individual benefits shall be known in the 

unlikely event that all the debris basins are not constructed.  If the state cannot add the incremental 

analysis then a justification shall be submit to NHQ of why the request cannot be done. 
 
The Santaquin Watershed Project in Utah calls for five debris basins to control flooding. The 
original plan did not rank the basins on cfs control or average annual benefits. The table below 
displays this information. The total estimated average annual benefits are $478,600. Flow rates 
from each watershed are shown without and with the basin to demonstrate the amount of flow rate 
captured by each proposed debris basin and to estimate a corresponding benefit. 
 
The ranking is provided so that if total funding is not available all at once, prioritization can occur. 
Some local opinion may differ on the ranking of basin six, as it is the northernmost basin and 
controls primarily agricultural land, however it does provide a great deal of control as opposed to 
ranks 4 and 5. Note that while other storm events were analyzed, the basins control analysis is only 
for the storms listed in the table. 
 

Table 1. Rank of Funding for Basins 
 

 
 
 
 
   
   
 

 

Existing 

Flow

Plan 

Flow Control

Existing 

Flow

Plan 

Flow Control

Existing 

Flow

Plan 

Flow Control

1 301 17 284 404 95 309 570 344 226 819 0.27 127,174$       1

2&3 77 4 73 105 22 83 152 80 72 228 0.07 35,313$         5

4 292 17 275 396 107 289 564 361 202 767 0.25 118,979$       2

5 210 15 195 296 96 200 438 305 133 528 0.17 82,020$         4

6 263 13 250 353 78 275 502 286 217 742 0.24 115,114$       3

3083 1.00 478,600$       

Total 

Control

Pct. Of 

Total

Estimated 

Average 

Annual 

Benefits Rank

100-yr 200-yr 500-yr

Watershed
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Prepared 

By: Nathan Clarke, Environmental Specialist 
Date:   August 30, 2018 Memorandum 

Subject: Aquatic Resources Inventory 
Santaquin Debris Basins 

Introduction 
The United States Department of Agriculture Natural Resources Conservation Service (USDA-NRCS), in 
cooperation with Santaquin City as the project sponsor, is considering proposed improvements within 
the Santaquin east bench watersheds. The proposed improvements include the construction of up to 
six (6) stormwater debris basins and associated facilities along the eastern foothills in Santaquin.  
Improvements under consideration may be partially funded through the Watershed Protection and 
Flood Prevention Act of 1954 (PL83-566) and will address flood prevention and control, water 
conservation, and public safety risks while supporting existing agricultural and municipal land use. 
The proposed project is located in Utah County along the east bench of Santaquin. The National 
Environmental Policy Act (NEPA) and the Council on Environmental Quality’s regulations at 40 CFR 
Parts 1500-1508 require an evaluation of potential environmental impacts associated with federal 
projects and actions with input from the public. 
This memo summarizes the findings from the work done by Horrocks Engineers and addresses 
potential project impacts to wetlands and others waters of the U.S. (WoUS). 
Methodology 
The inventory fieldwork was conducted by Nathan Clarke on June 20, 2018. Prior to visiting the project 
location, National Wetlands Inventory (NWI) maps were studied to help identify potential waters. The 
project study area was visited and potential WoUS were identified and mapped based on visual 
characteristics, surface hydrology, and vegetation. An aquatic resources delineation was not 
conducted and a jurisdiction determination from the U.S. Army Corp of Engineers (USACE) was not 
obtained.   
Results 
One canal (Strawberry Highline Canal) and one potential wetland were located within the study area. 
National Wetland Inventory (NWI) maps identified four intermittent streams coming from the major 
canyons to the east. Each of these areas were surveyed during the field visit and characteristics of an 
Ordinary High Water Mark (OHWM) were not observed in these features, namely,  break in the bank 
slope, drift deposits, and change in vegetation cover. They do not meet the USACE’s definition of a 
WoUS, thus are not considered jurisdictional. 
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The area was predominantly covered by a mix of native and introduced grasses, shrubs, and upland 
vegetation found within the Foothill plant community.  
Potential Wetlands 
One potential wetland was identified within the study area adjacent to outfall location #3 (see map 1 
and Figure 7 and 8). The area was dominated by Salix exigua and Schoenoplectus pungens. The water 
source for this wetland is a small spring on the east side of the wetland. The water flows west until it 
reaches a man-made berm, where the wetland ends.  It appears the wetland is isolated and does not 
have any connection to a navigable waters of the U.S. 
Waters of the U.S.
The Strawberry Highline Canal is an irrigation canal that flows from the mouth of Spanish Fork Canyon 
through Santaquin and toward Utah Lake. The canal is concrete-lined and flows through the northern 
most part of the study area (see map 3 and Figure 3 and 4). 
Conclusion 
The proposed project will be designed with the intent to avoid impacts to the potential wetlands and 
other WoUS that were identified during the survey. If impacts to these waters can be avoided, no 
Department of the Army permit will be required.  

Below are photographs of what was observed during the field visit. 
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Figure 1- Depression near outflow location 6 

Figure 1- Depression near outflow location 6 
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Figure 3- Strawberry Highline Canal looking northeast 

Figure 4- Strawberry Highline Canal looking southeast 
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Figure 5- Depression near outflow location 5 

Figure 6- Depression near outflow location 4 
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Figure 7-  Potential wetland near outflow location 3 

Figure 8- Potential wetland near outflow location 3 
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Figure 9- Depression near outflow location 2 and 3 

Figure 10- Depression near outflow location 1 
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Appendix A: Maps 
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1 

To:  Project File 

From:  Craig Bown, Environmental Specialist  

Date:   August 22, 2018  Memorandum 

Subject:  Threatened and Endangered Species; Wildlife 

Santaquin Debris Basins 

Background 
The United States Department of Agriculture Natural Resources Conservation Service (USDA‐NRCS), in 
cooperation with Santaquin City, is evaluating proposed improvements within the Santaquin east 
bench watersheds. The proposed improvements could include solutions that would control and 
prevent flood debris flow impacts within the eastern foothills in Santaquin. Improvements under 
consideration may be partially funded through the Watershed Protection and Flood Prevention Act of 
1954 (PL83‐566) to address flood prevention and control, water conservation, and public safety risks 
while supporting existing agricultural and municipal land use.  

Methods 
The study area (see attached study area map) has been evaluated for federally listed species and their 
designated  critical  habitat  protected  under  the  Endangered  Species  Act  (ESA)  utilizing  information 
obtained from U.S. Fish and Wildlife Service’s (USFWS) Online Information, Planning, and Conservation 
system (IPaC) (see attached IPaC results). Known location data was also reviewed for federally  listed 
species  using  data  obtained  from  the  Utah  Division  of Wildlife  Resources  (UDWR) Natural  Heritage 
Program. Furthermore, a  site visit was conducted  to determine habitat suitability  for  federally  listed 
species,  potential  nesting  habitat  for migratory  birds,  and  other  general wildlife.  No  official  species 
surveys were conducted.  

Affected Environment 
Habitat 
The study area is east of Santiquinn, Utah within the western foothills of Dry Mountain. Approximate 
elevations of the study area are between 5000 ‐ 5800 feet. The associated vegetation community is a 
foothill woodland. General vegetation species within the study are include Gambel oak, Cliffrose, juniper 
spp., sagebrush spp., rabbit brush, and other native shrubs and grasses. The majority of the study area 
is undeveloped, however, regular use from off‐highway vehicles is apparent. Other uses within the study 
area consist of  fruit‐tree orchards and unofficial  camp sites.  Immediately west of  the study area are 
residential sub‐divisions.  



Threatened and Endangered Species 
Threatened and Endangered species identified within the IPaC results are further evaluated in Table 1 for the potential to occur within the study 
area. 
Table 1: Study Area T&E Species Habitat Assessment 
Species  Status  Habitat Synopsis ¹˒²˒³  Potential to occur within Study Area? 
Mammals 
Canada lynx  
(Lynx canadensis) 

Threatened  Prefers moist, cool coniferous forest that support 
snowshoe hare populations.  

IPaC results did not identify any critical habitat 
within the study area. Additionally, the vegetation 
community within the study area does not meet 
the classification of a coniferous forest. It is not 
likely that Canada lynx is found within or near the 
study area. 

Birds 
Yellow‐billed Cuckoo  
(Coccyzus americanus) 

Threatened  Riparian obligate and usually found in large tracts 
of cottonwood/willow habitats with dense sub‐
canopies.  

IPaC results did not identify any critical habitat 
within the study area. Additionally, there is no 
suitable riparian habitat identified within 0.5 miles 
of the study area, as required by USFWS 
Guidelines for the Identification of Suitable Habitat 
for WYBCU in Utah. It is not likely that yellow‐
billed cuckoo is found within or near the study 
area. 

Fishes 
June Sucker  
(Chasmistes liorus) 

Endangered  Endemic to Utah Lake and the Provo River.   IPaC results did not identify any critical habitat 
within the study area. Additionally, these fish are 
found only within Utah Lake and spawn only in the 
connecting Provo River. Although Strawberry 
Highline Canal has a connection to Utah Lake, it is 
uncharacteristic habitat for June sucker utilization. 
It is not likely that June suckers would be found 
within or near the study area. 



Species  Status  Habitat Synopsis ¹˒²˒³  Potential to occur within Study Area? 
Flowering Plants 
Jones Cycladenia  
(Cycladenia humilis  
var. jonesii) 

Threatened  Grows in gypsiferous soils that are shallow, fine 
textured, and intermixed with rock fragments. 
The species can be found in Eriogonum‐Ephedra, 
mixed desert shrub, and scattered pinyon‐juniper 
communities, at elevations ranging from 4000 to 
6800 feet.  

IPaC  results  did  not  identify  any  critical  habitat 
within the study area. Additionally, the study area 
does not contain soil types required to support this 
species. It is not likely that Jones Cycladenia would 
be found within or near the study area. 

Ute Ladies'‐tresses  
(Spiranthes diluvialis) 

Threatened  Found in wet meadows, along streams, in 
abandoned stream meanders, and near springs, 
seeps, and lake shores in sandy or loamy soils 
with mixed gravel.  

IPaC results did not identify any critical habitat 
within the study area. However, the Strawberry 
Highline Canal and one potential wetland were 
identified as potential habitat areas within the 
study area (see attached maps). Field observations 
did not identify appropriate soils for this species 
along the canal as it is lined in concrete. 
Additionally, habitat conditions observed at the 
potential wetland area are not typical of 
conditions with known populations. Additionally, 
based on data obtained from UDWR Natural 
Heritage Program, there are no known instances 
of Ute ladies’‐tresses occurring within one mile of 
the study area. It is not likely that Ute ladies’‐
tresses would be found within or near the study 
area.  

¹ UDWR ‐ Utah Conservation Data Center (https://dwrcdc.nr.utah.gov/ucdc/) 
² USFWS Species Fact Sheets 
³ USDA NRCS Plant Guides 



Wildlife 
Sufficient  habitat  exist  within  the  study  area  to  support  big  game  species,  other  common  small 
mammals, and migratory birds. One mule deer  (Odocoileus hemionus) and several bird species were 
observed during the site visit including black‐capped chickadee (Poecile atricapillus), western kingbird 
(Tyrannus  verticalis),  American  robin,  (Turdus  migratorius),  broad‐tailed  hummingbird  (Selasphorus 
platycercus),  lazuli  bunting,  (Passerina  amoena),  lark  sparrow,  (Chondestes  grammacus),  Eurasian 
Collared‐dove (Streptopelia decaoctoringered), black‐billed magpie, (Pica hudsonia), American kestrel 
(Falco sparverius), turkey vulture (Cathartes aura), and prairie falcon, (Falco mexicanus). 

Conclusion 
Habitat within the study area would be impacted by the development of potential flood prevention 
solutions. However, from a regional perspective of available habitat, effects would be considered 
insignificant. The study area does not contain suitable habitat for any of the identified Threatened and 
Endangered species. Therefore, a potential project in this area would likely have no effect on federally‐
listed threatened and endangered species or their designated critical habitat. It is not expected that 
implementation of project would have a long‐lasting negative affect on big game species and other 
common mammals found within the study area. Removal of vegetation during the spring and early 
summer months has potential to effect nesting migratory birds and would need to be avoided to 
remain complaint with the Migratory Bird Treaty Act. 
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Payson, Utah

September 22, 1954

Mr. Bradford Hatch

Work Unit Conservationist

Soil Conservation Service

Payson, Utah

Dear Mr. Hatch.

The Supervisors of our Soil Conservation District have reviewed

carefully the work plan primarily for flood prevention and sediment
reduction for the Santaquin Canyon Watershed.

We believe that the development of this watershed woric plan by
joint efforts of the partieipeting agencies and land owners has re-
sulted in a plan which we all thoroughly subscribe to and are willing
to push through to completion according to the terms of cooperation
and the schedule shown.

The work plan for the Santaquin Canyon watershed has been incor-

porated with and made a part of the Nebo Soil Conservation District
work plans.  A Supplemental Memorandum of Understanding and the
watershed amendment have been entered into between the United States

Soil Conservation Service and our District covering the general terms
of cooperation and assumption of responsibilities in the execution of

this kind of work.

Very truly yours,

Chairman,

Nebo Soil Conservation District



Santaquin, Utah
Mr. Ralph H. Felker September 27, 1954

Area Conservationist

Soil Conservation Service

Provo, Utah

Dear Mr. Folks r:

The Santaquin Canyon Watershed Protection Committee and the Nebo Soil

Conservation District governing body have actively participated in the prepar-
ation of the attached work plan prepared primarily for flood prevention and
sediment control for the Santaquin Canyon watershed.

This plan represents a common understanding and agreement on the kinds
and amounts of measures needed to be applied in the Santaquin Canyon Watershed
to achieve soil and water conservation on all of the lands in the watershed so
as to bring about the greatest reduction in flood and sediment damages feasible
at this time.  Our common objective is to place the land in condition so that

by practicing grass and brouse management, it may be used for optimum sustained
livestook use, water yield consistent with other related uses that it is capable.
We believe the carrying out of the works of improvement outlined in the attached
plan will accomplish the above objective.

The Santaquin Canyon Watershed Protection Committee consists of a member
from each of the contributing non- federal organizations.  These am Santaquin
and Genola Cities, Utah Power R Light Co., Summit Creek Irrigation Company,
Santaquin Livestock Association and Utah County.  The civic clubs and Nebo

Soil Conservation District are represented by a non- voting member.

Very truly yours,

Santa n Can on YVatershed Protection Committee Date     —

7,1-Z
Santaqui ity ate

G ola City a'

Z/^Sum rook Irrigation Company Cate

Santaquin Livestock Associatio Z Date

Utah ounty Date

Santaquin Vvlc Clubs Date

Ji1. 4i_qd 2-
Nebo Soil Conservation District Date——
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WORK PLAN SANTARUIN CANYON WATERSHED Page 1
PROTECTION PROJECT

Santaquin,  Utah - September 27,  1954

INTRODUCTION

Authority

The Federal participation outlined in this work plan is expected to be

performed under the authority of the Soil Conservation Act of 10/35  ( Public

Law No. - 46,  74th Congress)  and other authorities of the 1 ational program of

concerned agencies.

Purpose and Scone of Plan

The purpose of this plan is to state specifically the required and fea-

sible practices and measures and how they will be carried out to achieve the

maximum practicable reduction of erosion,  floodwater and sediment damages.

Application of this mutually developed pan will provide the protection to

and improvement of land ' and water resources which it has been agreed can be

undertaken at this time with the combined facilities of local interests and

State and Federal agencies.   Upon completion and continued maintenance of the

measures set forth in this plan a material contribution will be made to sus-

taining agricultural production at a level corresponding to the capability
of the land,  with adequate conservation treatment and the welfare of the land-

owners and operators,  the community,  the State and the Nation promoted there-

by.    This watershed is in Utah County,  Utah,  and tributary to Utah Lake.    It

contains 27, 153 acres or 42 square miles.

SUMMARY OF PLAN

This plan is a combination of land treatment practices and measures used

for the conservation of water and watershed lands which contribute directly
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to flood prevention,  and of measures primarily for flood prevention.    The

measures are designed to effect a substantial reduction of floodwater and

sediment damage by reducing rates of surface runoff,  erosion and sediment

production to the maximum practical extent.

Distribution of Cost

The improvement work as listed in Table 1 is planned to be installed

during a five-year period at an estimated total cost of  "1114, 299.    This cost

is to be shared --  46g440 by farmers and ranchers;  `,'.12, 020 by non- Federal

public agencies;  and X85, 839 by the Federal Government.

Responsibility for Operation and IMaintenance of Works of Improvement

The P1ebo Soil Conservation District,  hereafter referred to as the Dis-

trict will assume overall responsibility for future operation and maintenance

of this project.   The. 3antaquin Watershed Committee and other local interests

will cooperate with the District in maintaining the flood- prevention works

installed primarily for the benefit of non- Federal lard and property.

there measures are installed primarily for the benefit of Federal lands,

maintenance will be a Federal responsibility.    The land owners and operators

will be responsible for maintaining the land treatment measures installed on

their properties where benefit is for their lands.

Comparison of Benefits and Costs

When the works of improvement are applied and operating at full effec-

tiveness the ratio of the estimated average annual benefit  (:
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I,bbo Soil Conservation District in the south part of Utah County; the town

of Santaquin is situated on the alluvial fan at the mouth of the canyon just

below the junction of Pole Canyon and Summit Creek.  The community of Genola

is at the mouth of Summit Creek near Utah Lake.  Santaquin Canyon is a local

name for the canyon through which Summit Creek, a live stream, flows.  Pole

Canyon is an adjacent watercourse which flows only during snow meltor after

heavy rains.  This project is designated the " Santaquin Canyon Watershed"

because locally that is the best known name.

The flood source area consists of the drainage area of Summit Creek,

12, 323 acres, and that of Pole Carryon, 2, 603 acres, a total of 14, 926 acres.

The watershed is roughly 3 miles wide and 15 miles long extending northwest-

ernly from its headwaters to Utah Lake.

Phvsical Characteristics

The watershed varies from an elevation of 4, 500 feet at Utah Lake and

5, 000 feet at Santaquin to 10, 913 feet at the' top of Bald Mountain. , The

divide at the head of the watershed has an average elevation of about 9, 000

feet.  Mcst tributary streams have very steep gradients.  The higher water-

shad is characterized by extremely steep slopes and in some cases vertical

cliffs.  Relatively small areas with flatter slopes. are found at or near the

top of the watershed.  Side canyons have extremely narrow bottoms and steep

sides.  Talus slides are numerous.

The faulted Wasatch front is upthrown and very steep on the west face.

Streams cut into this face are short, very high gradient, and trenched into

deep canyons.  Stream eroded materials, supplemented by talus and glacial de-

bris have deposited in a large fan where the canyon emerges into the Bonneville

Basin.  Part of the fan was deposited during existence of ancient Iake Bonne-

ville, and the old shore line extended up into the present canyon.
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The stream is now dissecting the upper part of the fan developed in

Bonneville time. The towns of Santaquin and Genola lie on the outer flanks

of the fan.  Soils developed on the lower part of the fan are very productive

and have been cultivated since 1856.

1.  Climate.

The average annual precipitation ranges from about 15 inches in the

lower portion of the watershed to about 35 inches in the higher portion, a

major portion being in the form of snow.

Winter storms are mainly of the cyclonic type, broad in aerial extent

and with lower intensities and longer duration than summer storms.  The pre-

cipitation ( snow) accumulates in the mountainous areas during the months of

October to May.  When these storms build up heavy snow packs in the high ele-

vations along with heavy snow accumulation at lower elevation, and accom-

panied with retarded spring weather, above normal snow melt floods usually

occur.  The high elevation snow pack provides the greater part of the perennial

stream flow.  Considerable movement of sediment in channels occurs during

normal spring runoff.  The snow- melt floods usually carry downstream the sedi-

ment which is washed into the main channel by the summer storms.

There are two principal types of summer storms in the watershed:  ( 1)

convective, or local thunderstorms which produce high precipitation intensi-

ties over small areas for short periods of time, and ( 2) general storms which

cover extensive areas and produce relatively lare amounts of precipitation

with comparatively low intensities of longer duration.  The convective type

storms are more frequent and are the principal cause of summer floods.  Most

of these storms occur during the months of July and August.

The frost free season averages 150 days at lower elevations and 80 days

at higher elevations in the watershed.  Normal valley temperatures range from
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100 degrees F. to a few degrees below zero.  Extremes of- 108 and - 40 degrees

have been recorded.

2.  Land Capability Classes

Land, Capability Classes have been mapped for all watershed lands. on the

basis of their physical characteristics, conservation needs and suitability

for various land use.  ( See Figure 1)

Land Capability Class I ( 37 Acres).  This land consists of deep, loam

soils located on the flat lake terrace.  It is suitable for cultivation with-

out special conservation practices.  These irrigated soils are highly produc-

tive when good soil and water management practices are applied.

Land Capability Class II (4, 562 Acres).  This class of land includes

both irrigated and ch-, Land and is well suited for cultivation.  The irrigated

land ( 2) 685 acres) is moderately deep to deep loam soils and requires the

application of simple conservation practices to prevent erosion.  Slopes

enerally range from two to three per cent and are difficult to irrigate be-

cause of the irregular surface.  Leveling, improved water application and

management are needed.  The dry farmland ( 1, 877 acres) consists of deep loam

soils on slopes varying from two to six per cent.  Contour strip cropping

and stubble mulching are needed on these soils.

Land Capability Class III (986 acres).  Land in this class is all irri-

gated and suitable for cultivation with intensive conservation practices.

These soils are. either gravelly or have heavy silty sub- soils and/ or slopes

ranging from four to seven per cent.  The soils with heavy sub- soils on steep

slopes are subject to considerable erosion and require extremely careful soil

and water management to prevent erosion.  Because of this, it is not adapted

to row crops except on the flatter slopes.  Leveling is needed on most of this

land.
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Land Capability Class IV ( 622 acres),  land in this class is not suitable

for continuous cultivation.  The irrigated land ( 547 acres) consists of very

heavy surface and sub- soil or is very shallow on steep slopes.  The best use

for these soils is permanent pasture, cultivated only when necessary to re-

establish the permanent cover.  The dry farmland ( 75 acres) has shallow soils

on slopes up to 10 per cent.  This land should be permanently retired from

cultivation and planted to adapted grasses.

Land Capability Class VII ( 15, 850 acres).  This class is all in range

use and occupies much of the flood source area.  Careful grass and forage

management is required to maintain vigor and cover so that floodwater runoff

and erosion are held to a minimum.  Some structural conservation measures

and seeding are feasible where physical conditions permit.  Some small areas

of Class VI land occur within the area mapped as Class VII but this does not

significantly affect the type of conservation practices required.

Class VIII ( 4, 496 acres).  This class consists of extremely steep canyon

slopes and rock ledges with large areas of exposed rock.  This land is suit-

able principally for water production.  Some recreational and wildlife use

is also made of it.

3.  land Use

A.  Range Land:  20, 968 acres.

The plant cover of the non- cultivated area is the typical high mountain,

foothill and valley type prevailing along most of the Wasatch front.

It is divided into five range sites:  ( 1) high mountain, ( 2) intermediate

mountain, ( 3) foothills, ( 4) shallow stony hills, and ( 5) salt meadow.

1)  The high mountain site generally has an aspen cover with weed,

brush and grass growing under the aspen.  The major portion of the understory

is dominated by brush and undesirable weeds.  In most places the vegetal
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cover has been depleted by overgrazing and can be materially improved in the

amount of growth, type of vegetation, and forage value.  Many of the north

facing steep slopes are covered with a thick stand of conifers.

2)  The intermediate mountain site is dominated by. brush such as big

sagebrush, oak and maple.  In some cases almost pure stands of maple with.

little or no vegetative understory exist.  The vigor of the understory, is„ poor.

3)  Foothill site.  The low hills and rolling slopes• are generally quite

droughty.  The present cover is dominated by big sagebrush.. Some oak clumps

and other browse plants are present.  In some places a fairly good stand of

grass exist in the understory.  The most prevalent grasses are wheatgrasses,

bluegrass and Indian rice grass.  Annuals, such as cheat grass are prevalent

over much of this area.

4)  Intermingled in the foothill site are a few, areas having very shallow

soil over bed rock.  These areas were classified as shallow stony hills.  They

resemble the foothill area in present vegetative, cover except that service-

berry and mountain mahogany- are found it place of the oak.  Although the po-

tential of this area is somewhat limited because of- the droughty conditions

present, it is not now growing nearly as much vegetation as. it is capable

of doing.

5) ' Between the cultivated land surrounding Genola. and Utah. Iake is, a

comparatively flat area.  Generally, the. aroa is saline, has a high water

table and a heavy textured, highly dispersed, poorly drained soil.  The vege-

tative' cover is principally a thick stand. of salt grass, wire grass and sedges.

Some remnants of sacaton and alkali grass are occasionally found.

Each of the above sites was examined with respect to present condition

as compared to the best condition the site could. reach.  Areas in various

condition classes were shown on the range site and land. capability map.  Areas
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shown in " good" condition were considered as being between 50% and 75%, " fair"

condition 25% to 50%, and " poor" condition less than 25'% of their optimum

condition.

B.  Dryland:  1, 952 acres.

The dryland is £allowed after each crop of wheat.  The yield is around

17. bushels per acre which is about state average.  Most of these farmers also

have irrigated lands.  The 75 acres of class IV dry farm land should be planted

to permanent grass.

C.  Irrigated Iand:  4255 acres.

Irrigation water for the Genola community is furnished from the Straw-

berry Highline Canal.  The land around Santaquin is watered from Summit Creek

and there is usually a shortage for late summer irrigation.  Alfalfa and

small grain are the main crops grown along with sugar beets in the Genola

area.  Just south and east of Santaquin there are several orchards.

All irrigated land needs good management practices such as fertilizing,

weed control, irrigation water management, crop rotation when row crops are

used.  Special conservation practices are also needed as indicated in " other

needed conservation practices."  ( Table 1 " C" Measures)

Economy of the -Watershed

The population of the watershed is estimated at about 1, 800 people.

Farming, which has an annual value of about "'>400, 000 is the most important

industry.  The area is adequately served by a network of county roads, U. S.

Highways 91, 50 and 6, and branch lines of the Denver and Rio Grande western

and Union Pacific railroads.

Most of the upper watershed is in the Uinta National Forest and is man-

aged by the Forest Service.  Most. of. the lower watershed is owned and managed

by private operators.
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The use of Santaquin Canyon watershed is varied,  The higher lands pro-

duce forage for domestic livestock and' big game.  Most of the accessible

timber has been removed and no logging is being done at present.  Recreational

use, hunting, fishing and picnicking, is important.  A few mining claims have

been filed, but there is very little mining activity.  Stream flow from

Summit Creek provides a" portion of irrigation water for 4, 255 acres of farm-

land.  It also furnishes power for the operation of a small hydro- electric

plant owned by the Utah Power and Tight Compare.  Srrings in the Summit Creek

channel bottom furnish culinary water for Santaquin and Genola.

FLOOD AND EROSIaT PRCBL AS AND DAPIAGFS

Floodwater and Sedimentation Damages

The town of Santaquin has been subject to flood- water and sediment damage

and- water control problems since shortly after settlement in 1856. Damaging

floods from Santaquin Canyon are reported to have occurred in 1880, 1910, 1920,

1925; 1930 and 1952.  However, there is little recorded information on magni-

tude of discharge or resulting monetary damages caused by these floods.

The largest flood in recent years occurred in August,- 1920.  This flood

is reported to have washed out the culinary water suprly pipeline, a major

portion of Santaquin Canyon road and a section of, U. S. Highway 91.  Three

homes were severely damaged and a section of the residential area of Santa-

quin and adjacent farm lands were inundated.

In 1952, the spring snow melt flood caused considerable. damage to the

irrigation•system and to the road from Santaquin to Santaquin Reservoir owned

by the irrigation company.  Fmergency levees constructed by local townspeople

were successful in preventing flooding of the town and in preventing damage  * '

to the springs, collection works and main pipeline of the culinary water system.
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The power plant and intake were also threatened by the flood.  After the

flood, the Utah Power and Light Company constructed additional levees and

jetties to protect their plant.

Local residents report that the large quantity of heavy sediment, mostly

ravel, carried by the stream during floods and during normal spring flows

has been the principal cause of past damages.  Shortly after the town of

Santaquin was settled an irrigation system was constructed and the entire

flaw of the stream was diverted through the system.  Subsequent economic

development has obliterated the original stream channel in and below Santa-

quin.

Prior to 1914 sediment carried by spring flows was diverted with the,

water into the irrigation canals where much of it was deposited.  Subsequent

loss of' canal capacity frequently resulted in the canals overflowing and

flooding sections of the town and cultivated fields.  Large amounts of coarse

sediment ( gravel) were deposited in the inundated area.  The larger floods.

completely disrupted the system by filling the canals with sediment and wash-

ing out sections of canal banks.

Critical Areas

Approximately 5, 900 acres in the upper portion of the drainage basin have

been depleted of the better kinds of vegetation and subjected to erosion vary-

ing from slight to severe.  About 1, 600 acres of the above are considered a

critical source of floodwater and sediment.  Here the original vegetative

cover has largely disappeared.  The present plant cover consists largely of

wends and other indicators of a deteriorated range which afford very little

protection to the soil and have poor forage value.  Studies in 1951 showed

infiltration rates on badly depleted range lands to be, on the average, only

about one- fourth of that in aspen stands where the rates are three inches or
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more, per hour .- sufficient to control high intensity rainstorms. This low

inM- tration. rate prevents the penetration of moisture into the soil in

suf.ucient quantities for normal plant growth and causes abnormally rapid

runoff from these depleted watershed lands.  The related phenomena of

plant depletion, soils disturbance, surface runoff and accelerated erosion

once initiated sets in motion an upward spiral of range productivity losses

and downstream flood water and sediment damages.

Total flood water and sediment damages are ,; 4, 920 annually.  Spring

and summer floods cause an estimated damage of rs3, 470 based on present

watershed conditions.  An additional X1, 450 damage occurs annually from

sediment carried by normal stream flow.  Flood water and sediment damages

have not been separated because of their very close inter- relationship.

However, sediment mcvement accounts for a large part, probably a. major

part of the flood problem as indicated above.

Eroded material from the stream channels increases the volume of the

flood and materially contributes to downstream flood water and sediment

damages.  Approximately three miles of the main channel above the power

plant is a major source of the damaging sediment. Serious channel erosion

has been in progress in this section for many years.

Past damages from snow melt floods have been caused primarily by the

large quantities of sediment carried in the stream.  Summer cloudburst type

storms occur on the upper watershed and frequently result in floods on in-

dividual tributaries.  Only occasionally are these upstream floods of suf-

ficient magnitude to cause a damaging flood on the lower reach of the main

stream.  However, these small summer floods damage roads and deposit large

quantities of sediment in the main streams to be transported subsequently

downstream by spring flows.
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Sedimentation Rate

The estimated average sediment rate at the present debris basin- is

5 acre feet annually.  About 70 per cent of the sediment consists of bed-

load sand, gravels and cobbles and the remainder consists of silt, clay

and fine sand.  The existing debris basin, while it was effective, trapped

most of the bed- load and about one- third of the suspended load.  The re-

mainder passed through the basin to be deposited in irrigation systems, on

farm land or in Utah Lake.

EXISTING OR PROPOSED WATER MANAGIR ENT PROJECTS

The local citizens have done much toward reducing damages from flood

runoff and sediment condition.

In 1914 local people in cooperation with Utah State Experiment Station

constructed a debris basin just above the town of Santaquin.  This functioned

satisfactorily for a number' of years, but sediment filled it to the point

where flood flows overtopped the embankment.  A second debris basin about

1/ 3 mile below the power plant and above the first basin' was constructed

in 1934.  This structure was raised in 1937, 1939, 1948, 1949 and 1952.

The Nebo Soil Conservation District assisted in raising the debris basin

dam in 1948 and 1949.

When U. S. Highway 91 was relocated to bypass Santaquin, it crossed

near the lower debris basin.  Sediment material from the basin was used

for the road fill near the channel crossing.  The State Highway Department

constructed a small dike creating some storage for debris.

Some contour trenching was done at the head of Santaquin Canyon in

1938 and 1939.  In 1942 slender wheatgrass and tall meadow oat grass were

sown in the upper reaches.  In 1944 about 200 acres at Santaquin t1eadows

were reseeded and fenced the following June.
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Utah Power and Light Company has periodically excavated the stream

channel past their plant and has constructed levees and jetties to protect

their plant from inundation.

In 1952 through an agreement with Santaquin Livestock Association; 4, 200

acres of aspen and brush covered areas on. the Dhtional Forest in upper

Santaquin Canyon were broadcast seeded by airplane.  Starting in 1953 the

Santaquin Livestock Association which included 19 permitees took three year

non- use of the range watershed for 574 cattle to allow establishment and

improvement of vegetation.

The Mona cattle allotment includes approximately 500 acres in the head

of Santaquin Canyon.  The Nebo Stock Graziers Association, who run cattle

on this allotment, agreed in the fall of 1953 to permit this area to be

fenced and to hold their cattle off this area for a three year period be-

inning in 1955.  This area has provided approximately 125 cow months feed

annually.

Flood Prevention Works of Improvement to be Installed (° A" , Measures)

The measures primarily for flood prevention to provide flood protection

for flood plain lands, highwa, s, and urban improvements are listed with es_

timated costs in Table I.  The major works are shown on figure 3.

1.  Stabilizine and Sediment Control measures

One desilting basin of about 84 acre- feet capacity will be constructed

on Summit Creek at the approximate location of the present upper basin.  A

small detention structure, holding about 3 acre- feet, will be constructed

on Pole Canyon near its mouth.  A channel 800 feet long will be constructed.

from the spillway of the larger desilting basin to the smaller structure on

Pole Canyon.  The normal spring runoff in Summit Creek will be discharged

from the larger desilting basin into the main canal of the Summit Creek



Page 14

Irrigation Company, which will be enlarged to cowry the maximum expected

flow of 180 c. f.s.  Larger floods in Summit Creek resulting from summer

storms will cause water to flow over the spillway of the larger desalting

basin, through the spillway channel and into the small basin on Pole Carryon.

From the smaller basin, , flood waters will be dissipated on waste land by

means of a spreader system.  These basins will catch and store sediment and

also reduce flood peaks downstream.  Sufficient capacity is provided for 40

years of sedimentation with the improved watershed conditions expected from

the application of th: s program.

The sediment bass. : iam. and spillway including side slopes will be seeded

to grass after conetrac',`_cn %ork is completed.  Seeding recommendations are

included in appendix..

2.  Stream Channel Improvement

Streambank revetment of large rock rip rap and/ or planting with woody

plants will be installed to reduce bank cutting and sediment production.

This, work will extend intermittently from the power plant to a point about

three miles upstream.  Iwo rock stabilizers will be constructed to maintain

channel gradient and to. protect city water supply.  Russian olive and black

willow will be planted on appropriate locations along the stream bank.  This

will follow rock revetment work.

3.  Diversion Ditches and Dikes

A short dike is planned to protect the power plant from debris and flood

damage.  The dike will be constructed of earth and rock.

4.  Enlargement of Irrigation Canal to Carry Flood Waters

Canal enlargement is planned to carry 180 c. f. s. which is maximum ex-

pected duri*g spring runoff from this watershed.  This will be accomplished

by using the present distribution system and providing earthen embankments

or other suitable means on each side of the existing lined canal.
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5.  Stabl' ization of Critical Areas

It is planned to seed 800 acres in the National Forest to grass.  Four

hundred acres will be broadcast seeded and 100 acres of,barren areas will

be plowed and drilled.  Three hundred acres will be seeded in conjunction

with contour trenching.  Grazing use by domestic stock will be withheld for

a period of three years beginning in 1953 on the Santaquin allotment and

1955 on the Mona cattle allotment to allow establishment of the reseeded

Brasses.

Six miles of fence will be installed along the watershed boundary to

control livestock use and protect the reseeded area.

There are 300 acres of barren, actively eroding areas in the National

Forest that require large contour trenches to prevent surface runoff until

vegetation can be established.  These trenches are designed to contain 1. 0"

of runoff.  The trenched area will be seeded to grass to accelerate vegetative

recovery.

Measures for Conservation of 'dater and batershed Lands (" A" measures)

Reseeding of 440 acres, 320 by drilling and 120 acres by broadcasting

before leaf fall, is needed to establish perennial vegetation where there

are now many weeds and bare spots.  A large part of the area to be drill-

seeded will need clearing.

Approximately 1 3/ 4 miles of fencing will be' inst@.11ed tb 'control live-

stock and protect new seeding of grass.  Deferred grazing on. the new seeding

is planned until it has had an opportunity to beccine established.  .

On all watershed range lands, the improvement of the plant visor and

cover, both in kind. and amount is of paramount importance both to an effec-

tive watershed program and to the range user.  The use pattern and the effec

tiveness of grass and browse management govern the kind, amount and vigor
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of range forage,  which is of interest to the rancher.   People in the down-

stream damage area are interested in the fact that a watershed in the best

practical ranl-e and woodland condition will absorb a good deal of rain and

reduce the rate of surface runoff.   It will also hold the .soil in place and

prevent it moving downstream where it must be cleaned out of canals and

structures at great expense.

Private owners have stated their interest in cooperating with the Lebo

Soil Conservation District and the Forest Service in applying. a sound grass

management program on all of their lands.

Other Needed Conservation Measures

The land capabilit-j survey indicates that the valley land not in the

flood contributing; portion of the watershed needs numerous conservation

measures so as to round out a complete conservation program.   The following

conservation practices along with estimated needs are:

Practice Needs Practice Needs

DRY CROPLAND R'-FURLAND

Contour farming Ent. Ac.    Deferred grazing 5, 000 ac.
Stubble mulching Ent. Ac.    Proper use Ent.  ac.

IRRIGIt.TED CROPLAND Range seeding 500 ac.

Crop residue management Ent.  Ac.    Rotation grazing 61000 ac.

Ditch lining or impr.       15, 000 L. F.       StocIngater developments 2 ea.

Farm drainage 300 ac. CINE OR I4T01?E LAND USES

Farm irrig.  system impr.  All farms Fishpond development 5 ea.

Irrig. water management Ent.  Ac.    Land clearing 500 ac.

Land leveling 3, 000 ac. Marsh improvement 100 ac.

Pond construction 10 ea. Tree planting 10 ac.

Pasture seeding 1, 400 ac. Wildlife area improvement 100 ac.

Structures,  small 11200 ea. Windbreak planting,  field 20 ac.

Structures,  large 8 ea.

EFFECT OF PL00D PRDTENTION MEASURE.:  ON DA!, GES AND PE:77ITS

The combined program of land treatment and'  flood prevention measures

described above will provide a high degree of orotection from Santaquin

Canyon floods.



Page 17

The debris basin, which w 11 ffectively detain flood flows for the

first few years, is expected t come filled with sediment at the end of

40 years.  However, sufficient spillway capacity will be provided at the

lower debris basin, with a channel to carry the spill safely around the

town of Santaquin and valley irrigated lands, to prevent overflow damage

from storms which might occur in the watershed up to 100 year frequency.

The estimated average annual floodwater and sediment damages resulting

from flood flows will be reduced from ? 3, 470 to ` 170.  Normal flows in

Summit Creek also carry considerable sediment into irrigation systems and

the lower channel and onto farm lands.  These damages from normal stream

flows will be reduced from ." 1, 450 to " 450 annually.  The total annual flood

damage reduction is estimated at '` 4, 300.

It is estimated that the average annual conservation benefits to land-

owners and operators in the watershed which will accrue from the application

of the total program is " 2, 320.  The expected benefits were determined by

estimating the increased net income which will result from the application

of the needed practices and measures.

Fvaluating the Effects of the Program

The hydrologic, economic and other effects of this program will be

measured in the future.  A plan for the installations and procedures re-

quired to evaluate these effects has been developed in cooperation with

other fact- finding agencies.  This plan is attached as an appendix to the

work plan.

Comnarison of Penefits and Costs

The ratio of the average annual benefits from measures primarily for

flood prevention, X5, 360, to the average annual cost of the measures, `; 4, 570,

is 1. 17 to 1.
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The ratio of the average annual fit, X1, 260, from the land treat-

m@nt measures and practices ( B measures) to their average annual cost, £ 390,

is 3. 23 to 1.

The ratio of the total average benefits, %) 620, to the total average

annual value of. the cost 74̀, 9601 is 1. 33 to 1, see table 5.

In addition to the monetary. benefits, there are other substantial values

which are attributable to the program.  Sheet, gully and channel erosion is

slowly undermining the productive base of watershed lands.  This will be

largely mitigated by the program.  Recreational opportunity will be increased

through conservation and protection of fish and wildlife and their habitat.

The communities of Sa.n' aquin and Genola are dependent upon the watershed

for irrigation and culinary water supplies.  Protection of these water sup-

plies by sound management and use of the soil and plant resources in the

watershed is important to the continued well being of the communities.

ACCOMPLISHING THE PIAN

The Nebo Soil Conservation District, which sponsors this project, and

the Soil Conservation Service have mutually agreed to the sharing of costs

set forth in Table 1.  Each party agrees to schedule its contributions to

the project so they will promote the efficient prosecution of the work.

The Santaquir, Watershed Protection Committee is assisting the district,

through a cooperative agreement, in the development and carrying out of

this watershed program.

Specifically, the Nebo Soil Conservation District, hereafter called

the District, will:

1.  With help from the Santaquin Watershed Committee and Extension Service

disseminate information about this project, through community meetings,
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tours, radio and press releases, to local landowners and citizens to

promote a common understanding and acceptance of the project and facili-

tate the carrying out of this work plan.

2.  With help from the Fbctension Service, in community meetings and by per-

sonal contacts, encourage land owners and operators within this water-

shed to adopt and carry out soil and water conservation plans on their

farms and ranches as rapidly as practicable.

3.  Arrange for all lands, easements, and rights- of-way needed for the sedi-

ment basin and other structures primarily for the protection of non-

Federal lands.

4.  Arrange for the contribution in services, equipment use and other forms

by individual land owners, Utah County, Utah Power and Light Company,

Summit Creek Irrigation Company, and the Towns of Santaquin and Cenola,

and by other non- Federal agencies and individuals interested in this

project.

5.  Provide for maintenance of the measures in a satisfactory manner.

The Soil Conservation Service, hereafter called the Service, will:
1.  Assign additional technicians to assist the district in the overall plan-

ning of the project and in the design and installation of flood preven-

tion measures.

2.  Contract for the installation of flood prevention works which the dis-

trict and the Service agree should be installed by contract.  For these

works the Service will develop construction plans and specifications,

let contracts and supervise the construction.

3.  Provide technical assistance to the district in future maintenance opera-
tions.
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The Forest Service will carry out this plan as it applies to the pro-

tection and improvement of National Forest lands.  They will continue an

effective fire protection program and will carry out a timber management

program, on Federal lands.  Fire protection and prevention on private lands

is being provided in accordance with Utah State Fire Laws.

The Santaquin Canyon Watershed Committee, a voluntary organization of

non- Federal interests in this area, will assist the district in local dealing:

related to adoption of the plan, financing, rights- of- way, and maintenance.

The Santaquin Livestock Association will assist the district and the

Forest Service to improve watershed conditions by voluntary deferment of

livestock grazing where necessary and by application of conservation prac-

tices and sound grass management.

The Agricultural Conservation Program will assist the district and the

farmers by offering incentive payment as funds permit to encourage the es-

tablishments of " B" and " C" conservation measures.

The Bureau of Land Management will continue to manage the lands under

their jurisdiction. Special treatment of B. L. M. lands was not deemed neces-

sary for this watershed protection program.

The Utah State Fish and Game Commission will cooperate in making browse

condition studies, in making special big, game counts and in recoimnending

adjustments when needed by providing special hunting privileges.

Tables # 1 and # 2 and Figure # 1 indicate the schedule of operations which

has been agreed upon for the most efficient development of this project in

view of financial and other considerations.  This schedule will be periodi-

cally adjusted by mutual agreement to comply with current conditions.
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PROVISIONS FOR ' MAINTENANCE

Estimated annual maintenance costs after the land treatment measures

and flood prevention measures have been iistalled are shown in Table 3.

The Federal agencies involved will operate and maintain measures in-

stalled primarily for benefit of Federal lands under their jurisdiction.

The Idebo Soil Conservation District will assume overall responsibility

for operation and maintenance of this project.  Land owners and operators

will maintain the land treatment measures installed on their lands under

terms of their cooperative agreements with the District.

The floodwater retarding and sediment control works, primarily for

the protection of private lands, will be maintained by the District through

a cooperative group agreement with the Santaquin Canyon Watershed Protec-

tion Committee.  More specifically, the Summit Creek Irrigation Company

will be responsible for operation and maintenance on the sediment basin

including emergency spillway and canal flood- way to Santaquin reservoir.

Towns of Santaquin and Genola will be responsible for operation and main-

tenance of channel stabilization works from point 1/ 4 mile above Utah

Power and Light sub- station to a point 300 feet above the upper city spring.

All major flood prevention and sediment control works installed prim-

arily for the protection of private lands will be inspected periodically,

at least annually, by representatives of the District, the Service, the

Santaquin Watershed Committee and of any local agency or group which has

responsibility for maintenance under agreement with the District.  All con-

ditions of damage or deterioration in these structures will be noted and

satisfactory repairs will be made by the respcnsible group as soon as prac-

tical after the need for repair is determined.
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Provisions and funds for maintenance will be established by each local

group responsible for maintenance of specific structures and these funds

will be maintained by annual levies for this purpose,  and will be part of

their annual plan of operations.



TABLE I

Project'  Santaguin Canyon Watershed INSTALLATION COST

State
Utah FOR 1954 Date September 30. 1954

c ua

Estimated Cost

No to Non-

Measures Unit be Federal Federal Private Total

Applied Public

A- Measures Primarily for Flood Prevention
Soil Conservation Service

2) Stabilizing k sediment control measures
b. Desilting Basin ( incl. right- of-way)  Number 1, 573.   1. 573.

SCS- Subtotal
1. 573.   1, 573•

Forest Service

7) Stabilization of critical runoff h sediment
producing areae

a. Roadside erosion control Niles 0. 2 218.     218.

b. Re" getation of critical areas

1.  Grasses and legume:     Acres 88. 0 2, 174.   2. 174.

c.  Special purpose terraces Acre 26. 0 8, 402.   8. 402.

h. Fences ( incl. 4 cattle guard.)       Niles 5. 0 3, 275.   3. 275•

1.  Deferred grazing Acre 3. 160.  3, 160.

FS- Subtotal
14. 069.    3, 160. 17, 229.

Total A- Measures 15, 642.    3. 160. 18, 802.

B- Measures- for conservation of watershed lands that contribute irectly to flood prevention
Soil Conservation Service

Ii

SCS- Subtotal

Forest Service

FS- Subtotal

Total B- Measures

Total A and B Measures 15, 642,    3, 160. 18, 502.

Facilitating Measures
Proarom Evaluation 5CS 563
Work Plan Development SCS 6, 300--  6. 300.

Work Plan Development FS 4, 603.   4, 603.

Summary
Total Watershed Protection Program SCS 8, 436.   8, 436.

Total Watershed Protection Program FS 18, 672.    3, 160. 21, 832.

Grand Total ( Watershed Protection Funds)     27, 108.    3, 160. 30, 268.

Going Program  ( SCS) 200•     200'

Going Program ( FS)  910.     910.

rsee eisi••••



TABLE I

Project: Santaquin Canyon Katershed INSTALLATION COST

State:       
Utah

FOR 1955 Date September 30, 1954

Estimated Cost

No. to Non-

Measures Unit be Federal Federal Private Total

Applied Public

A- Measures Primarily for Flood Prevention
Soil Conservation Service

2) Stabilizing k sediment control measures
b. Desilting Basin ( inol. right- of-ery)  number 1. 0 23. 374.    5, 353• 28, 727•

SCS- Subtotal 23. 374 5. 353• 28, 727.

Forest Service

7) Stabilisation of critical runoff k sediment
producing areas

a. Roadside erosion control miles 0. 8 681.     681•

b. Revegetation of critical areas

1.  Orasses and legumes Acres 412. 0 1, 806.   1, 806.

o. Special purpose terraces Acres 250. 0 12, 500.  12, 500•

d. Gully stabilization ( small)  miles 3. 0 3. 370 3. 370•

h. Fences miles 1. 0 566.     566•

i. Deferred grazing Acres 13, 000. 0 3, 16o•  3. 160•

FS- Subtotol 18, 923.    3, 160. 22, 063.

Total A- Measures 42, 297.    5. 353•  3, 160• 50, 810.

B- Meosures- for conservation of watershed lands that contribute irectly to flood prevention
Soil Conservation Service

SCS- Subtotal

Forest Service

s

FS- Subtotal

Total 8- Measures

Total A and B Measures 42. 297,       93,  3, 160. 50, 810.

Facilitating Measures
Program Evaluation SGS 1, 061` 1. 061.

Work Plan Development SCS 500•"  500•

Work Plan Development FS

Summary
Total Watershed Protection Program SCS 24. 935•    5. 353• 30. 288•

Total Watershed Protection Program FS 18, 923.    3, 160• 22. 083•

Grand Total ( Watershed Protection Funds)     43. 858.    5. 353•  3. 160. 52. 371•

Going Program  ( SCS) 200.     200•

Going Program ( FS)  910.     910.

nw.

M SSB- ale)..

n.



TABLE I

Project' Santaauin Canyon Watershed INSTALLATION COST

State Utah FOR 1956 Date September 30, 1954

Estimated Cost

No. to Non-
Measures Unit be Federal Federal Private Total

Applied Public

A- Measures Primarily for Flood Prevention
Soil Conservation Service

2) Stabilising k sediment control measures
b. Desilting Basin ( incl. right- of•  y)     200.    200.

4) Stream channel improvement
a. Channel stabilisation ( above UP&L plant)      Mile 1. 2 4, 042.    1, 705•  5. 747•

SCS- Subtotal 4, 042. f" 1, 905.  5. 9147.

Forest Service

4) Stream channel improvement
a. Channel stabilisation ( above UP&L plant)      Mile 1. 0 1, 577.     606.  2, 193.

7) Stabilisation of critical runoff i sediment
produoing areas

a. Roadside erosion control Mile 2. 0 1, 600.   1, 600.
b. Revegetation of critical area

2. Woody planti Ile. ( ohannis Mile 3. 0 1, 140.   1, 140.

o. Special purpose terraces Acre 25. 0 1. 300.   1, 300.

L. Deferred grazing 3. 160.   3, 160.

FS- Subtotal 5, 617.     606.  3. 160.   9. 393.

Total A- Measures 9, 659.    2. 511.  3, 160.  15, 330.

B- Measures- for conservation of watershed lands that contribute irectly to flood prevention
Soil Conservation Service

Range Reseeding Acres 200. 0 2. 405•   2. 405•      1/
Fencing Miles 1. 75 1, 400.   1, 400.      f

SCS- Subtotal 3. 905•  3. 905.

Forest Service

FS- Subtotal

Total B- Measures

Total A and B Measures
9, 659.   2, 511 6 ) 65.  19, 135-

Facilitating Measures
Program Evaluation CS 300.     300•
Work Pion Development SCS

Work Plan Development FS

Summary
Total Watershed Protection Program SCS 4. 342.    1, 905.  3. e05• JA. 4J6 -

Totai Watershed Protection Program FS
5. 617.     606.  3, 160.

Grand Total ( Watershed Protection Funds)      91959.    2, 511.  6, 965.  19. 435.

Going Program  ( SCS) 300.     300.

Going Program ( FS)  910.     910.

Includes 1500. ACP 7556- 3( s)

1 Includes 3220. ACP



TABLE I

Project: Santaquin Canyon Watershed INSTALLATION COST

State:       Dab FOR 1957 Date September 30, 1954

Estimated Cost

No. to Non-

Measures unit be Federal Federal Private Total

Applied Public

A- Measures Primarily for Flood Prevention
Soil Conservation Service

4) Stream channel improvement
a. Channel stabilisation above UP&L plant wile 0. 3 224.   2, 106.  2, 330.

SCS- Subtoto I 224.   2, 106. 2, 330.

Forest Service

FS- Subtotal

Total A- Measures 224.   2 io6.  2, 330.

B- Measures- for conservation of watershed lands that contribute irectly to flood revenfion
Soil Conservation Service

Deferred grazing Acre 400 1, 000.

Range reseeding Acre 120 1. 435•   1. 435.

Range reseeding ( broadcast) Acre 120 720.    720.

SCS- Subtotol 3, 155•  3. 155•

Forest Service

FS- Subtotal

Total B- Measures 1 1

Total A and 8 Meosures 224.   2, 106.  3. 155•  5. 485•

Facilitating Measures
Pro am Evaluation SCS 300•     j%.
Work Plan Development SCS
Work Plan Development FS

Summary
Total Watershed Protection Program SCS 1 524.   2, 106.  3. 155•   5, 785-

Total Watershed Protection Program FS

Grand Total ( Watershed Protection Funds) 524.     1 2, 106.  3. 155•   5, 785.

Going Program  ( SCS) 200,     200.

Going Program ( FS)

1/ Includes WC. ACP
dSS6- 4( 6)

1 Includes $ 110 ACP



TABLE I

Project:  San0aauin Cararon Watershed INSTALLATION COST

State: Stab FOR 1958 Date September 30, 1951+

Estimated Cost

No. to Non-

Measures Unit be Federal Federal Private Total

Applied Public

A- Measures Primarily for Flood Prevention
Soil Conservation Service

6) Flood ways
a. channel enlargement miles 1. 0 11, 020.    1, 980.  6, 000.

7) Stabilisation of critical runoff! sediment
producing areas

a. Roadside erosion control ( Pole Canyon)  170.      70.    21+0.

SCS- Subtotal 4. 190.   2. 050.  6 0.

Forest Service

FS- Subtotal

Total A- Measures Logo.   2, 050.  6 2110.

B- Measures- for conservation of watershed lands that contribute irectly to flood prevention
Soil Conservation Service

SCS- Subtotol

Forest Service

FS- Subtotal

Total B- Measures

Total A and 8 Measures 4. 190.   2, 050. 6 0.

Facilitating Measures
Program EvaluationSCS 200.     200.

Work Plan Development SCS

Work Plan Development FS

Summary
Total Watershed Protection Program SCS 4. 39o.   2, 050.  6 1. 10

Total Watershed Protection Program FS

Grand Total ( Watershed Protection Funds)
1

Going Program  ( SCS) 100.     100.

Going Program ( FS)

Mmss- i( s t•,•••



TABLE I

Project:  Santaquin Canyon Watershed INSTALLATION COST

State Utah FOR Summary 1954 - 1958 Date lieptember d0. 1951.Ublicstimated Cost

No. to
Measures Unit be Federal l Private Total

Applied

A- Measures Primarily for Flood Prevention
Soil Conservation Service

2) Stabilizing A sediment control measures
b. Desilting Basin ( incl. right- of-way-)   Number 1. 0 24, 947.   5. 553. 30, 500.

4) Stream channel improvement
a. Channel stabilization above UPAL Plant Mile 1. 2 4, 042.    1, 705.  5. 747.

5) Diversion ditches A dikes
Dike above UPkL Co. Plant mile 0. 3 224.   2, 106 2, 330.

6) Flood ways
a. Channel enlargement mile 1. 0 4, 020.    1, 980.  6, 000.

7) Stabilization of critical runoff a sediment
producing areas.

a. Roadside erosion control ( Pole Canyon)       1770.      70.    240.

SCS- Subtotal
D.       

11, 414. 44. 817.

Forest Service

4) Stream channel improvement
a.  Channel stabilization ( above UPAL Plant)      mile 1. 0 1, 577.     606.  2, 183.

7) Stabilization of critical runoff A sediment
producing areas.

a. Roadside erosion control Mile 3. 0 2, 499.   2, 499.
s

b. Revegetation of critical areas

1.  Grasses A legumes Acre 500. 0 3. 980.   3. 980.
2. Woody plantings ( channel) miles 3. 0 1, 140.   1, 140.

c. Special purpose terraces      _      Acre 301. 0 22, 2012.  22, 201., L.
d.  Gully stabilization ( small)  mile 3. 0 3, 370.   3. 370.

s h. Fences ( includes 4 cattle guards)    Mile 6. o 3, 841•   3. 840•
i. Deferred grazing Acre 13, 000. 0       9. 480.   9. 48my:/

FS- Subtotal 38. 606•  9. 480.  48,

Total A- Measures 72, 110.   12, 020.  9, 480.  93, 510.

B- Measures- for conservation of watershed lands that contribute irectly to flood prevention
Soil Conservation Service

Deferred grazing Acre 400. 0 1, 000.   1, 000.

Range reseeding Acre 320. 0 3, 840.   3, 840.
Range reseeding ( broadcast) Acre 120. 0 720.    720.

Fencing Mile 1. 75 1, 400.   1, 400.

SCS- Subtotal 6, 960.   6, 960.      f
Forest Service

FS- Subtotal

Total B- Measures 6, 960.   6, 960.

Total A and 8 Measures 72, 110.    12, 020. 16, 440. 100, 470.

Facilitating Measures
Program Evaluation SCS 2, 425.` 2, 425.
Work Plan Development SCS 6, 801.'

f
6, 801.

Work Pion Development FS 4. 603.   4. 603.

Summary
Total Watershed Protection Program SCS 42, 629.    11, 414. 6, 960.  51, 777.

Total Watershed Protection Program FS 43, 2 606. 9, 480.  48,

Grand Total ( Watershed Protection Funds)     85, 839.    12, 020. 16, 440. 114, 299.  '

Going Program  ( SCS)       1, 000.   1, 000.

Going Program ( FS) 2, 730,   2, 730,

1 includes ill. 10. ACP
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TABLE I SUPPLErIENT

SANTACUIN CANYON PROTECTION PROJECT

C"  MEASURES

Practice Needs

DRY CROPLAND

Contour farming Ent.  Ac.

Stubble mulching Ent.  Ac,

IRRIGATED CROPLAND

Crop residue management Ent.  Ac.

Ditch lining or improvement 15, 000 1.  f.

Farm drainage 300 acres

Farm irrig.  system improvement All farms

Irrigation water management Ent.  Ac.

Land leveling 32000 acres

Pond construction 10 each

Pasture seeding 1, 1100 acres

Structures,  small 1, 200 each

Structures,  large 8 each

RANGELAND

Deferred grazing 5, 000 acres

Proper use Ent.  Ac.
Range seeding 500 acres

Rotation grazing 6, 000 acres

Stockwat( r developments 2 each

ONE OR MG.. E UND USES

Fish pond development 5 each

Land clearing 500 a©res

Marsh improvement 100 acres

Tree planting 10 acres

Wildlife area improvement 100 acres

Windbrerk planting,  field 20 acres
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TABLE 2

STATUS OF CONSERVATION JOB IN SANTAQUIN CANYON WATERSHED

Total Remaining
Conservation Jo Estimated Cost to Date To Be

o a Applied on- a era Applied

Unit Number Cost To Date Federal Public Private    ( See

Dollars)    o are)  ( tso= ars)  ( fo' )  Table 1)

A" MEASURES - Non- Federal Land
2)  Stabilizing and Sediment Control Measures

b. Desilting basin ( incl. right of way) No.  3   ; 36, 500 2       ;   6, 000 3 1

4)  3'tream Channel Improvement
a. Channel stabilization Miles 1. 2 5, 747 1. 2

5)  Mversion Ditches and Dikes
Dike above U. P.& L. plant Miles 0. 3 2, 830 500 0. 3

6)  Flood Ways

a. Channel enlargement Miles 2. 0 8, 720 1 20 2, 700 1

7)  19tabilization of Critical Runoff and

Sediment Producing Areas
a. Roadside erosion control ( Pole Canyon)     Miles 1 240 1

Sub- Total 54, 037 20   ;  9, 200

A" MEASURES - Federal Land

4)  Stream Channel Improvement

a. Channel stabilization Miles 1 2, 183 1

7)  79tab111zation of Critical Runoff and

Sediment Producing Areas
a. Road and trail stabilization Miles 3 2, 499 3

b. Revegetation of critical areas
1. Grasses and legumes Acres 500 3, 980 500

2. Wood,r plantings Miles 3 1, 140 3
c. Special purpose terraces Acres 301 2, 220 301

a. Gully stabilization Miles 3 3. 370 3
Ti. Fences Miles 6 3, 840 6

i. Deferred grazing - Federal land Acres 13, 000 15, 810 810 2, 790

Sub- Total S 55, 023 810 2, 790

TOTAL " A" MEASURES log, o6o 830   ;  9, 200 2, 790

B" MEASURES

Deferred Grazing - Non- Federal Land Acres 400 1, 000 400

Range Reseeding Acres 320 3, 840 320

Range Reseeding ( broadcast)   Acres 120 720 120

Fencing ( net wire)     Miles 1. 75 1, 400 1. 75

Gully Stabilization Miles 0. 3 450 0. 3 450

Farm and ranch Planning 1, 000

TOTAL " B" MEASURES 8, 410 Z 450

T O T A L  " A"  A N D  " B"  M E A S U R E S 117, 470 830   $  9, 200   ;  3, 240

Facilitating Measures
Program Evaluation ( SCS)    2, 425
Work Plan Development ( SCS) 6, 801
Work Plan Development ( FS)  4, 603

Grand Total 131, 299
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TABLE 2 A

COST SHARING ARRANGEMENT IN SANTAQUIN CANYON WATERSHED

ESTIMATED COST TO DATE

FEDERAL PUBLIC PRIVATE
Dollars)     ( Dollars)   ( Dollars)

Total Estimated Cost 131, 299•
Total Fed.,   p. prior to designation of Watershed 830.
Total Est. 

FedLx. 
Expense non- l Î. P. Funds — PCP 1, 100.
Loss of revenue 2, 730.
Farm and ranch planning 1, 000.       4, 830.

Total Est. Fed. Exp. W. P. funds on Fed. Land 43, 180.
Total Est. Fed. Exp. W. P. funds on Program Evaluation 2, 425.       51, 265.

Difference 80, 034.50% of difference 40, 017.

Non- Fed. expenditures prior to designation of watershed 12, 440.

Amount of Non- Fed. contribution to meet 50% cost sharing 27x577.
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TABLE 3

Annual Costs
SANTAQUIN CANYON WATERSHED

Amortization of Installation Costs Operation and Maintenance Grand

Federal Non- Federal Private Total Federal Non- Federal Private Total
Public

A" MEASL: taS

2) Desilting Basin 1, 050.       200. 1, 250. 200. 4450.4) Channel staYiliation above
U. P.& L. Plant 170. 60. 230. 80.-   310.5) Dike above G. P.& L. Plant 10. 80.  90. 10.   100.6) Channel Enlargement 16o. 80. 240. 20.-   260.7) Stabilizaticn of critical areas 10.      10. 100

Sub- Total Non- Federal land 1, 400.       420.       1, 820. 310. 2' 130.

4) Channel Stabilization above
U. P.& L. Plant 60. 20.  80. 6Co 140.7) Stabilizaticn of Critical Areas 1, 560.   440.  2, 000.     300.     9000*

Sub- Total Federal Land 1, 620. 20. 440.  2, 080.     300. 60. 2A40.

Sub- Total " A" Measures 3, 020.       440. 440.  3, 900.     300.       370. 4, 570.
B" MEASURES 70.   270.     340. 50.      390.

TOTAL A and B Measures 3, 090.       440. 710.  4, 240.      300.      370.  50.   4, 960.



TABLE 4
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Summary of Average Annual Monetary Floodwater and sediment
Damage and Flood Prevention Benefit from the Plan

SANTAQUIN WATERSHED, UTAH

Long- term Prices

AVERAGE ANNUAL DAMAGES AVERAGE ANNUAL BENEFITS

Under B Mess- With    ;  From krom Total
DAMAGES Present ures A & B B Mess.  A Meas. Flood

Condi-   Only Mess.      Only Only Prevent-
tions ion Ben-

efit from
A & B

Floodwater & Sediment Lamages ( flood flows)

Agriculture 430:$   410.    20.      $ 410. $   430.
Irrigation systems 170.-   170.  170.      170.

Municipal 450.    450.   40.   410.      41o.
Residential 600.    600.  600.      600.
Utilities 1, 000.  1, 000.   40.   960.      960.

Roads & bridges 500.    500.   70.   430.     430.

Sub- total 3, 150.  3, 130.  150. 20.      2, 980.   3, 000,

Sediment Damages ( Normal flows)

Irrigation systems 550.    540.   50. 10. 490.      500.
Channel & farm land 900.    900.  400.,  500.      500.

Sub- total 1, 450.  1, 440.  450. 10. 990.   1, 000.

Indirect Damages ( flood flows)   320.     320.   20 300.      300.

Total Average Annual
Damage 4, 920.$ 4, 890. $ 620:

Benefit from reduction of damage 30.   $ 4, 270.  $ 4, 300.

Benefit from more intensive use of flood plain

Total Flood Prevention Benefit 30.   $ 4, 270.  $ 4, 300.



TABLE 5
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Distribution of Costs and Benefits by Measures
and Groups of Measures

SANTAQUIN WATERSHED, UTAH

Average Annual_

Average: Floodwater Conser- , Total : Beneff
Item Total  : Annual :& Sediment ; vation  ' Bene-   Cost

Cost  : Cost Benefit Benefit fits : Ratio

A" Measures

Channel Improvements in- 1. 23
eluding desilting basin 53, 761.    2, 260.:  29770.       2, 770.: xo 1

Stabilization of criti-  1. 12
cal runoff and sediment 53s883.    2, 310.;  1, 500.   :  1, 090.  2, 590.: to 1
producing areas

Subtotal " A" Measures 107, 644.    4, 570-:  4, 270.     1, 090. : 5, 360-: 1. 17
to 1

B" Measures 7, 960.       390.;      30.      1, 230. : 1, 260.; 3. 23
to 1

TOTAL 115, 604 4, 960.   4, 300 2, 320. : 6, 620.: 1. 33
to 1

Does not include the cost of program evaluation ($ 2, 425.)
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Desilting Basin Structure Data
SANTAQUIN CANYON WATERSHED

Surface Area A4ax.: Flood Plain Area
Storage Acres   : Ht.   Inundated - Acres:   Draw: Type

Drain, go:    Acre Feet     : Inches of Runoff: Top of Top: of   : Unier: 1hd:r.  Volume down: of    : Estimated:Site Area Sed. a t.: Sed.: Det.: Sod,: Det. : Dam Sed.: Det. : Total of Fill: Rate: Spill:  TotalNn.   So, Mile: Pool: Pool: Total, Pool: Poo1• Total• Pool• Pool• Feet• Pool• Pool•  Cu Yds.: c£ s way Cost

1 23. 3 1251/ 84Z/  1252/ OA94 -     0. 08 10.0 8. 33 36 10. 0 8. 33 10. 0 68, 490 Vog.   30, 500

l/  Includes estimated deposition above spillway level - 40 A. F.

Capacity of pool for water at spillway level.  This capacity is reduced
by sediment which accumulates each year.

All storage is for sediment.
4 Spillway level capacity will serve as detention until water storage

capacity is depleted by sediment deposit.
Structure not designed primarily as a detention structure.  Cutlets are

provided to permit complete draining of the reservoir and to pass low
peak, high volume spring snow melt flows.
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TABLE 7

Summary of Program Data
Santaquin Canyon Watershed

ITFM UNIT QUANTITY

Years to complete program Year 5
Total installation cost Dollar 114, 299

Federal Dollar 85, 839
Non—Federal Dollar 28, 460 1/

Annual O&M cost
Federal Dollar 300
Non—Federal Dollar 420

Annual benefits Dollar 6„ 620

Sediment Basin structures Each 1

Area inundated by structures
Floodplain Acre 11. 5
Upland Acre 6

Watershed area above structures Acre 14, 926

Reduction of floodwater sediment damage ( flood flows)
A" Measures Percent 94. 6
B" Measures Percent 6

Reduction of sediment damage ( Normal flow)
A" Measures Percent 68. 0
B" Measures Percent 7

Other Benefits
A" Measures Dollar 1, 090
B" Measures Dollar 1, 230

1 Includes $ 1, 100 ACP
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TABLE 8

Summary of Physical Data
SANTAQUIN CANYON WATERSHED

UNIT_  QUANTITY~      QUANTITY

Without Prozram yvwith Pro am

Watershed area Sq. Mi.       42 42
Watershed area Ac.       27, 153 27, 153
Area of Cropland Ac. 6, 207 6, 132
Area of Grassland Ac.       15, 946 16, 021
Area of woodland Ac. 5, 000 5, 000
Floodplain area subject to damage

by design storm Ac. 5, 755
Annual rate of erosion

Sheet Tons/ 816 490

Gully Tons/ 523 348
Streambank Tons.  5, 749 3 484
Scour Tons/ yr.

Area damaged annualy by
Sediment Ac. 2, 400
Floodplain scour Ac.

Swamping Ac.
Streambank erosion Ac.
Sheet erosion Ac.

Sediment Production Tons/ Ac/ Yr 9, 339 5, 718
Sediment Accumulation in reservoirs Ac/ Ft/ Yr 4. 9 3. 0
Frequency of flooding Events/ y,     0. 1 0. 011

Average annual rainfall (
90001 i Inches 35 35

Average annual runoff   ( 50001 4 Inches 15 15
Average annual runoff Inches 12 12

J Not evaluated
1 Summer flooding
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COOPFRATIVF AGREEMENT

Nebo Soil Conservation District

State of Utah

THIS A GRER4ENT' is entered into by the Nebo Soil Conservation District,,    '
hereafter referred to as the  " District"  and Santaquin Canyon Watershed
Protection Committee hereafter 'referred to as the  " Committee".

Object:  ; The object of this agreement is to coordinate the activities and,
efflaient use of` the resources of the two parties in carrying out and main-
taining watershed protection needed on atershed lands and the installation`
of such measures in the Santaquin Canyon jatershed,  which is a part of the.

Nebo Soil Conservation District.    Measures as described in the watershed

projects work plan are planned for the purpose of reducing 'flood water and
sediment damages to land owners and operators as well as other property own-
ers within this watershed.

THE DISTRICT AGREES TOt

1.   Sponsor Santaquin Canyon watershed as one of the 62 pilot small watersheds
projects of which there are two proposed in- Utah..   . .

2. .-  Purriish technical assistance in the preparation of a cooperative work,
plan for 'the Santaquin Canyon Watershed.

3.    Sign' Trust Fund agreement with Soil Conservation Service covering non
federal cash payments agreed upon in work plan and by committee.

4.    Furnish representative to annually inspect and' ebserve watershed
project for operation and need for maintenance.   This may be made in company
with Department of Agriculture representatives.

5•   Give special emphasis to planninp, 'and ' ai" lication of Farmer- District
conservation farm' a nd ranch plans so far as assistance will permit.

THE COMMITTEE AGREES TOt

1.   Arrange with local interests to raise at least 50 per cent of the cost
of the project excluding funds spent for protecticn of Federal lands as
indicated in work plan.   Estimated cost breakdown:   Non- Federal expenditures
prior to designation of watershed $ 121440;  cost of " B"  measures to`-be in-

stalled $5060;  cost of deferred grazing on federal lands 492470.  and cash

or material and labor X612, 020.  making a total of ks 39, 790." '

2.   Arrange for collection of contributions autl-orized and greed to in meet-

inP of com- mittee on November 301,  1953,    These are:    Santaquin L' ity,  ..:4, 207.;
Genola City,  41, 500¢ Utah CouUty,  $ 1, 442;  Summit ' Oreek Irrigation u ompany,
12923;  Utah ' Power and Light omlany,  $ 2, 948.

3. ' Pay to Nebo Soil Conservation' District tre agreed to annual local contri-
butions  ( cash,  materials or labor)  along with itemized statement of materials
and labor expended toward completion of project.
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4.  Assume responsibility of annual operation and maintenance as follows$
Summit Creek Irrigation Company will be responsible for operationand main-
tenance on the sediment basin including emergency spillway and canal flood-
way to Santaquin reservoir.  Towns of Santaquin and Genola will be responsible
for operation and maintenance' of channel stabilization works from point 1/ 4
mile above Utah Power and Light substation to point 3001 above upper city
spring.

5.  Furnish one or more representatives to accompany district representatives
to annually„ intpebt and evaluate operation and need for maintenance of pro-
ject installation.  USDA representatives may accompany this group on occasions.

6.  Furnish the District with easements and riphts.of.,my, as well as engress
and egress freedom for the planning and carrying out of this cooperative
project work plan.

IT IS FURTHER UNDERSTOOD AND AGREED$

1.  Both the distr ct and committee will encourape the development as rapidly
as feasible, a• basic conservation plan,with,each farmer and rancher withnn
watershed.  These conservation plans will be pointed to usinp, the land within
its capabilities r.nd treatine.it.according to its needs for protection and
improvement,..

2::  The ; District agrees to continue to furnish' teahnical assistance to the
extent, available to advise and assist committee and local people to carry'
out this Ir:ojeot accordinp to the Work plan.

3.  The district will be held free from all claims for damages that may arise
from the installation or operation of work instalIled` in accordance with' pro-
ject work plan.

4: ' Ail; emendments to the accepted. project work plan will be mutually dis-
cussed and agreed upon by, parties concerned before becoming effective.

5.,. Both parties.will,publicige project and. assist in acceptance of watershed
project by local and other interested people.

6.  Progress of the Santaquin Watershed Project will be a part of the annual
District reports to the State Soil Conservation Committee.

This. agreement he a. been verbally. in effect since committee was organized and
is now set down inirriting for future. guidance of parties involved.  It will

continue in effect for a period of five years, and it will automatically'
be- renewed from year to year thereafter.., This agreement may be amended by
mutual .agreement.

Approved$

Santaquin Canyon watershed Protection Committee

By   / a/  Arthur F. l îckman Chs irman Date1 9/ 27/ 54

By:1s/   Lorenzo Clark Secretary Date 9/ 27/ 54
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Nebo Soil Conservation District

By  / a/  Bernell Hansen Chairman Date:  9/ 30/ 54

By / s/  Roy Lyman Secretary Dates 9/ 30/ 54

Approval of this agreement given during meeting of Santaquin Watershed
Committee on _    9/ 27/ 54 and Nebo Soil Conservation District on

9/ 22/ 54
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