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Kasota Ave Trailer Storage
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APPENDIX B- TIME OF CONCENTRATION CALCULATIONS
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Kasota Ave Trailer Storage

Stormwater Management Plan

Appendix B - Time of Concentration Calculations

The times of concentration (Tcs) for the HydroCAD model were calculated within HydroCAD using the Lag method. The
following tables summarize the drainage area information used to calculate the Tcs.

EXISTING DRAINAGE AREAS
DA Flow Path Length High Contour Low Contour Slope of Path  Tc
3S 146 888.5 882.0 0.0444 5.5
1S 413 891.0 875.0 0.0387 131
4s 172 889.0 880.0 0.0523 5.7
2S 382 892.0 875.0 0.0445 7.2
PROPOSED DRAINAGE AREAS
DA Flow Path Length  High Contour Low Contour Slope of Path  Tc
8S 153 884.8 878.0 0.0441 5.7
6S 448 891.0 883.0 0.0179 10.6
55 398 891.0 880.0 0.0276 6.7
7S 463 892 883 0.0194 20.3

12800 Whitewater Drive, Suite 300, Minnetonka, MN 55343 | 763.476.6010

2401 46th Avenue Southeast, Suite 202, Mandan, ND 58554 | 701.204.6845

sambatek.com
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APPENDIX C - HYDROCAD MODELS
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Existing Conditions
20190916_21625_Kasota Stormwater_Lag
Prepared by Sambatek Printed 10/1/2019
HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC Page 2

Area Listing (selected nodes)

Area CN Description
(acres) (subcatchment-numbers)

2.077 61 >75% Grass cover, Good, HSG B (1S, 2S, 3S, 4S)
0.189 98 Paved parking, HSG B (2S)

0.048 98 Water Surface, HSG D (1S)

2.314 65 TOTAL AREA




20190916_21625_Kasota Stormwater_Lag

Prepared by Sambatek
HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC

Existing Conditions

Printed 10/1/2019
Page 3

Soil Listing (selected nodes)

Area Soil Subcatchment
(acres) Group Numbers

0.000 HSG A

2.266 HSG B 1S, 2S, 3S, 4S

0.000 HSG C

0.048 HSG D 1S

0.000 Other

2.314 TOTAL AREA



20190916_21625_Kasota Stormwater_Lag

Prepared by Sambatek

Existing Conditions

Printed 10/1/2019

HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC Page 4
Ground Covers (selected nodes)

HSG-A HSG-B HSG-C HSG-D Other Total Ground Subcatchment
(acres) (acres) (acres) (acres) (acres) (acres) Cover Numbers
0.000 2.077 0.000 0.000 0.000 2.077 >75% Grass cover, Good 1S, 2S,

38,48
0.000 0.189 0.000 0.000 0.000 0.189 Paved parking 28
0.000 0.000 0.000 0.048 0.000 0.048 Water Surface 18
0.000 2.266 0.000 0.048 0.000 2.314 TOTAL AREA



Existing Conditions
20190916_21625_Kasota Stormwater_Lag

Prepared by Sambatek Printed 10/1/2019
HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC

Page 5

Pipe Listing (selected nodes)
Line# Node In-Invert  Out-Invert Length Slope n Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 1P 871.90 871.90 30.0 0.0000 0.011 12.0 0.0 0.0



Existing Conditions

20190916_21625_Kasota Stormwater_Lag MSE 24-hr 3 2-Year Rainfall=2.81"
Prepared by Sambatek Printed 10/1/2019
HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC Page 6

Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: On-Site To Pond Runoff Area=55,086 sf 3.83% Impervious Runoff Depth=0.33"
Flow Length=413" Slope=0.0387 '/ Tc=13.1 min CN=62 Runoff=0.35 cfs 0.034 af

Subcatchment2S: Off-Site Run-on to Pond Runoff Area=17,388 sf 47.30% Impervious Runoff Depth=1.05"
Flow Length=418" Slope=0.0407 '/ Tc=8.1 min CN=79 Runoff=0.71 cfs 0.035 af

Subcatchment3S: On-Site Uncontrolled Runoff Area=25,538 sf 0.00% Impervious Runoff Depth=0.30"
Flow Length=146" Slope=0.0444"'/" Tc=5.5min CN=61 Runoff=0.21 cfs 0.014 af

Subcatchment4S: Off-Site Uncontrolled Runoff Area=2,787 sf 0.00% Impervious Runoff Depth=0.30"
Flow Length=172" Slope=0.0523'/" Tc=5.7 min CN=61 Runoff=0.02 cfs 0.002 af

Pond 1P: Existing Pond Peak Elev=873.81" Storage=17 cf Inflow=0.91 cfs 0.069 af
12.0" Round Culvert n=0.011 L=30.0'" S=0.0000 '/ Outflow=0.90 cfs 0.069 af

Link 1L: Total to Wetland Inflow=1.10 cfs 0.085 af
Primary=1.10 cfs 0.085 af

Total Runoff Area = 2.314 ac Runoff Volume = 0.085 af Average Runoff Depth = 0.44"
89.75% Pervious = 2.077 ac  10.25% Impervious = 0.237 ac



2.81"
Page 7

Existing Conditions
Printed 10/1/2019

MSE 24-hr 3 2-Year Rainfall
0.33"

0.00-72.00 hrs, dt=0.01 hrs

0.034 af, Depth

9

HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC
Lag/CN Method,

Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

2.81"

(ft/sec)

0.53
Subcatchment 1S: On-Site To Pond

>75% Grass cover, Good, HSG B

98 Water Surface, HSG D

62 Weighted Average
3.83% Impervious Area

Summary for Subcatchment 1S: On-Site To Pond
96.17% Pervious Area

(ft/ft)

Prepared by Sambatek
Slope Velocity Capacity Description

0.35cfs @ 12.27 hrs, Volume

CN  Description

61
413 0.0387

Area (sf)
52,977
2,109
55,086
52,977
2,109

Tc Length

(feet)

(min)
13.1

20190916 21625 Kasota Stormwater La
Runoff by SCS TR-20 method, UH

MSE 24-hr 3 2-Year Rainfall

Runoff
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Existing Conditions

20190916_21625_Kasota Stormwater_Lag MSE 24-hr 3 2-Year Rainfall=2.81"
Prepared by Sambatek Printed 10/1/2019
HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC Page 8

Summary for Subcatchment 2S: Off-Site Run-on to Pond

Runoff = 0.71cfs@ 12.16 hrs, Volume= 0.035 af, Depth= 1.05"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
MSE 24-hr 3 2-Year Rainfall=2.81"

Area (sf) CN Description

9,163 61 >75% Grass cover, Good, HSG B
8,225 98 Paved parking, HSG B

17,388 79  Weighted Average

9,163 52.70% Pervious Area
8,225 47.30% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
8.1 418 0.0407 0.86 Lag/CN Method,

Subcatchment 2S: Off-Site Run-on to Pond

Hydrograph
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20190916_21625_Kasota Stormwater_Lag
Prepared by Sambatek

Existing Conditions

MSE 24-hr 3 2-Year Rainfall=2.81"
Printed 10/1/2019

HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC Page 9
Summary for Subcatchment 3S: On-Site Uncontrolled Runoff
Runoff = 0.21cfs@ 12.15 hrs, Volume= 0.014 af, Depth= 0.30"
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
MSE 24-hr 3 2-Year Rainfall=2.81"
Area (sf) CN Description

25,538 61 >75% Grass cover, Good, HSG B

25,538 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

5.5 146 0.0444 0.45 Lag/CN Method,

Subcatchment 3S: On-Site Uncontrolled Runoff
Hydrograph
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20190916_21625_Kasota Stormwater_Lag
Prepared by Sambatek

Existing Conditions

HydroCAD® 10.00-20 s/n 01876 © 2017 HydroCAD Software Solutions LLC

MSE 24-hr 3 2-Year Rainfall=2.81"
Printed 10/1/2019

Page 10

Runoff

Summary for Subcatchment 4S: Off-Site Uncontrolled Runoff

= 0.02cfs @ 12.15 hrs, Volume= 0.002 af, Depth= 0.30"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
MSE 24-hr 3 2-Year Rainfall=2.81"

Area (sf) CN Description

2,787 61 >75% Grass cover, Good, HSG B

2,787 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
5.7 172 0.0523 0.50 Lag/CN Method,
Subcatchment 4S: Off-Site Uncontrolled Runoff
Hydrograph
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Existing Conditions

20190916_21625_Kasota Stormwater_Lag MSE 24-hr 3 2-Year Rainfall=2.81"
Prepared by Sambatek Printed 10/1/2019
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Summary for Pond 1P: Existing Pond

Inflow Area = 1.664 ac, 14.26% Impervious, Inflow Depth = 0.50" for 2-Year event
Inflow = 091cfs@ 12.18 hrs, Volume= 0.069 af

Outflow = 0.90cfs @ 12.19 hrs, Volume= 0.069 af, Atten=0%, Lag= 0.3 min
Primary = 0.90cfs @ 12.19 hrs, Volume= 0.069 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev=873.81"@ 12.19 hrs Surf.Area= 2,476 sf Storage= 17 cf

Plug-Flow detention time= 0.3 min calculated for 0.069 af (100% of inflow)
Center-of-Mass det. time= 0.3 min ( 854.4 - 854.0 )

Volume Invert Avail.Storage Storage Description

#1 873.80' 10,998 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) (sqg-ft) (cubic-feet) (cubic-feet)

873.80 2,472 0 0

876.00 3,710 6,800 6,800

877.00 4,686 4,198 10,998
Device Routing Invert Outlet Devices

#1  Primary 871.90" 12.0" Round Culvert L=30.0" Ke= 0.500

Inlet / Outlet Invert= 871.90'/ 871.90" S=0.0000'/" Cc=0.900
n= 0.011 Concrete pipe, straight & clean, Flow Area= 0.79 sf

Primary OutFlow Max=4.07 cfs @ 12.19 hrs HW=873.81" (Free Discharge)
T _1=Culvert (Barrel Controls 4.07 cfs @ 5.18 fps)



Existing Conditions

MSE 24-hr 3 2-Year Rainfall

=2.81"
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Pond 1P: Existing Pond
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Existing Conditions

MSE 24-hr 3 2-Year Rainfall
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Summary for Link 1L: Total to Wetland
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0.085 af, Atten=0%, Lag

1.10cfs @ 12.17 hrs, Volume

Primary

= Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Primary outflow

Link 1L: Total to Wetland
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Existing Conditions
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: On-Site To Pond Runoff Area=55,086 sf 3.83% Impervious Runoff Depth=0.97"
Flow Length=413" Slope=0.0387 '/ Tc=13.1 min CN=62 Runoff=1.51 cfs 0.102 af

Subcatchment2S: Off-Site Run-on to Pond Runoff Area=17,388 sf 47.30% Impervious Runoff Depth=2.12"
Flow Length=418" Slope=0.0407 '/ Tc=8.1 min CN=79 Runoff=1.43 cfs 0.070 af

Subcatchment3S: On-Site Uncontrolled Runoff Area=25,538 sf 0.00% Impervious Runoff Depth=0.91"
Flow Length=146" Slope=0.0444"'/" Tc=5.5min CN=61 Runoff=0.95 cfs 0.045 af

Subcatchment4S: Off-Site Uncontrolled Runoff Area=2,787 sf 0.00% Impervious Runoff Depth=0.91"
Flow Length=172" Slope=0.0523'/" Tc=5.7 min CN=61 Runoff=0.10 cfs 0.005 af

Pond 1P: Existing Pond Peak Elev=873.82" Storage=51 cf Inflow=2.68 cfs 0.172 af
12.0" Round Culvert n=0.011 L=30.0' S=0.0000'/" Outflow=2.67 cfs 0.172 af

Link 1L: Total to Wetland Inflow=3.50 cfs 0.222 af
Primary=3.50 cfs 0.222 af

Total Runoff Area = 2.314 ac Runoff Volume = 0.222 af Average Runoff Depth = 1.15"
89.75% Pervious = 2.077 ac  10.25% Impervious = 0.237 ac



4.19"
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Existing Conditions

MSE 24-hr 3 10-Year Rainfall
0.00-72.00 hrs, dt=0.01 hrs

0.102 af, Depth= 0.97"
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Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

4.19"

Subcatchment 1S: On-Site To Pond

0.53

(ft/sec)

Summary for Subcatchment 1S: On-Site To Pond

>75% Grass cover, Good, HSG B

98 Water Surface, HSG D

62 Weighted Average
3.83% Impervious Area

96.17% Pervious Area
Slope Velocity Capacity Description

151 cfs @ 12.23 hrs, Volume

CN  Description

(ft/ft)

Prepared by Sambatek
61

413 0.0387

Area (sf)
52,977
2,109
55,086
52,977
2,109

Tc Length

(feet)

(min)
13.1

20190916 21625 Kasota Stormwater La

Runoff by SCS TR-20 method, UH
MSE 24-hr 3 10-Year Rainfall
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MSE 24-hr 3 10-Year Rainfall
212"

0.00-72.00 hrs, dt=0.01 hrs

0.070 af, Depth

Lag/CN Method,

9

Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

=4.19"
(ft/sec)
0.86

Subcatchment 2S: Off-Site Run-on to Pond

>75% Grass cover, Good, HSG B

98 Paved parking, HSG B

79 Weighted Average
47.30% Impervious Area

52.70% Pervious Area
Slope Velocity Capacity Description

Summary for Subcatchment 2S: Off-Site Run-on to Pond
61

143 cfs @ 12.16 hrs, Volume

CN  Description

418 0.0407

9,163
8,225
17,388
9,163

8,225
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Runoff by SCS TR-20 method, UH
MSE 24-hr 3 10-Year Rainfall
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Existing Conditions

MSE 24-hr 3 10-Year Rainfall
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Summary for Subcatchment 3S: On-Site Uncontrolled Runoff

0.91"

= 0.045 af, Depth

0.95cfs @ 12.14 hrs, Volume

Runoff

0.00-72.00 hrs, dt=0.01 hrs

SCS, Weighted-CN, Time Span

4.19"

Runoff by SCS TR-20 method, UH
MSE 24-hr 3 10-Year Rainfall

CN  Description

Area (sf)

>75% Grass cover, Good, HSG B

100.00% Pervious Area
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146 0.0444

5.5

Subcatchment 3S: On-Site Uncontrolled Runoff
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Existing Conditions

MSE 24-hr 3 10-Year Rainfall
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0.91"

0.00-72.00 hrs, dt=0.01 hrs

0.005 af, Depth

SCS, Weighted-CN, Time Span

4.19"

Summary for Subcatchment 4S: Off-Site Uncontrolled Runoff
0.10cfs @ 12.14 hrs, Volume

Runoff by SCS TR-20 method, UH
MSE 24-hr 3 10-Year Rainfall

Runoff

CN  Description

Area (sf)
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Existing Conditions
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Summary for Pond 1P: Existing Pond

Inflow Area = 1.664 ac, 14.26% Impervious, Inflow Depth = 1.24" for 10-Year event
Inflow = 268 cfs@ 12.18 hrs, Volume= 0.172 af

Outflow = 267 cfs@ 12.19 hrs, Volume= 0.172 af, Atten=0%, Lag= 0.4 min
Primary = 267 cfs@ 12.19 hrs, Volume= 0.172 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev=873.82' @ 12.19 hrs Surf.Area= 2,484 sf Storage= 51 cf

Plug-Flow detention time= 0.3 min calculated for 0.172 af (100% of inflow)
Center-of-Mass det. time= 0.3 min ( 833.9 - 833.5)

Volume Invert Avail.Storage Storage Description

#1 873.80' 10,998 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) (sqg-ft) (cubic-feet) (cubic-feet)

873.80 2,472 0 0

876.00 3,710 6,800 6,800

877.00 4,686 4,198 10,998
Device Routing Invert Outlet Devices

#1  Primary 871.90" 12.0" Round Culvert L=30.0" Ke= 0.500

Inlet / Outlet Invert= 871.90'/ 871.90" S=0.0000'/" Cc=0.900
n= 0.011 Concrete pipe, straight & clean, Flow Area= 0.79 sf

Primary OutFlow Max=4.10 cfs @ 12.19 hrs HW=873.82"' (Free Discharge)
T _1=Culvert (Barrel Controls 4.10 cfs @ 5.22 fps)



Existing Conditions

MSE 24-hr 3 10-Year Rainfall
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Pond 1P: Existing Pond
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Existing Conditions
Printed 10/1/2019

MSE 24-hr 3 10-Year Rainfall
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Summary for Link 1L: Total to Wetland

Prepared b§ Sambatek
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Existing Conditions

20190916_21625_Kasota Stormwater_Lag MSE 24-hr 3 50-Year Rainfall=6.27"
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: On-Site To Pond Runoff Area=55,086 sf 3.83% Impervious Runoff Depth=2.28"
Flow Length=413" Slope=0.0387 '/ Tc=13.1 min CN=62 Runoff=3.89 cfs 0.240 af

Subcatchment2S: Off-Site Run-on to Pond Runoff Area=17,388 sf 47.30% Impervious Runoff Depth=3.92"
Flow Length=418" Slope=0.0407 '/ Tc=8.1 min CN=79 Runoff=2.61 cfs 0.130 af

Subcatchment3S: On-Site Uncontrolled Runoff Area=25,538 sf 0.00% Impervious Runoff Depth=2.19"
Flow Length=146" Slope=0.0444"'/" Tc=5.5min CN=61 Runoff=2.45 cfs 0.107 af

Subcatchment4S: Off-Site Uncontrolled Runoff Area=2,787 sf 0.00% Impervious Runoff Depth=2.19"
Flow Length=172" Slope=0.0523'/" Tc=5.7 min CN=61 Runoff=0.26 cfs 0.012 af

Pond 1P: Existing Pond Peak Elev=874.09' Storage=741 cf Inflow=6.07 cfs 0.370 af
12.0" Round Culvert n=0.011 L=30.0'" S=0.0000 /" Outflow=4.66 cfs 0.370 af

Link 1L: Total to Wetland Inflow=6.90 cfs 0.489 af
Primary=6.90 cfs 0.489 af

Total Runoff Area = 2.314 ac Runoff Volume = 0.489 af Average Runoff Depth = 2.54"
89.75% Pervious = 2.077 ac  10.25% Impervious = 0.237 ac
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MSE 24-hr 3 50-Year Rainfall
0.00-72.00 hrs, dt=0.01 hrs

0.240 af, Depth= 2.28"
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Lag/CN Method,

Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

=6.27"
0.53
Subcatchment 1S: On-Site To Pond

(ft/sec)

Summary for Subcatchment 1S: On-Site To Pond

>75% Grass cover, Good, HSG B

98 Water Surface, HSG D

62 Weighted Average
3.83% Impervious Area

96.17% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

3.89cfs @ 12.22 hrs, Volume

CN  Description

Prepared by Sambatek
61

413 0.0387

Area (sf)
52,977
2,109
55,086
52,977
2,109

Tc Length

(feet)

(min)
13.1

20190916 21625 Kasota Stormwater La
Runoff by SCS TR-20 method, UH

MSE 24-hr 3 50-Year Rainfall
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Existing Conditions

MSE 24-hr 3 50-Year Rainfall

0.00-72.00 hrs, dt=

0.130 af, Depth= 3.92"

Lag/CN Method,
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Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

=6.27"
(ft/sec)
0.86

Subcatchment 2S: Off-Site Run-on to Pond

>75% Grass cover, Good, HSG B

98 Paved parking, HSG B

79 Weighted Average
47.30% Impervious Area

52.70% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

Prepared by Sambatek

Summary for Subcatchment 2S: Off-Site Run-on to Pond
61

261cfs@ 12.15 hrs, Volume

CN  Description
418 0.0407

Area (sf)
9,163
8,225

17,388
9,163
8,225

Tc Length
(feet)

(min)
8.1
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Runoff by SCS TR-20 method, UH

MSE 24-hr 3 50-Year Rainfall
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Existing Conditions

MSE 24-hr 3 50-Year Rainfall
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Summary for Subcatchment 3S: On-Site Uncontrolled Runoff

0.107 af, Depth= 2.19"

245cfs @ 12.13 hrs, Volume

Runoff

0.00-72.00 hrs, dt=0.01 hrs

SCS, Weighted-CN, Time Span=

6.27"

Runoff by SCS TR-20 method, UH
MSE 24-hr 3 50-Year Rainfall

CN  Description

Area (sf)

>75% Grass cover, Good, HSG B

100.00% Pervious Area
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Subcatchment 3S: On-Site Uncontrolled Runoff
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Existing Conditions
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Page 26

Runoff

Summary for Subcatchment 4S: Off-Site Uncontrolled Runoff

0.26 cfs @ 12.13 hrs, Volume=

0.012 af, Depth= 2.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
MSE 24-hr 3 50-Year Rainfall=6.27"

Area (sf) CN Description
2,787 61 >75% Grass cover, Good, HSG B
2,787 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
5.7 172 0.0523 0.50 Lag/CN Method,
Subcatchment 4S: Off-Site Uncontrolled Runoff
Hydrograph
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Summary for Pond 1P: Existing Pond

Inflow Area = 1.664 ac, 14.26% Impervious, Inflow Depth = 2.67" for 50-Year event
Inflow = 6.07 cfs @ 12.18 hrs, Volume= 0.370 af

Outflow = 466 cfs @ 12.28 hrs, Volume= 0.370 af, Atten=23%, Lag= 5.8 min
Primary = 466 cfs@ 12.28 hrs, Volume= 0.370 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev=874.09' @ 12.28 hrs Surf.Area= 2,635 sf Storage= 741 cf

Plug-Flow detention time= 0.8 min calculated for 0.370 af (100% of inflow)
Center-of-Mass det. time= 0.8 min ( 818.9 - 818.1)

Volume Invert Avail.Storage Storage Description

#1 873.80' 10,998 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) (sqg-ft) (cubic-feet) (cubic-feet)

873.80 2,472 0 0

876.00 3,710 6,800 6,800

877.00 4,686 4,198 10,998
Device Routing Invert Outlet Devices

#1  Primary 871.90" 12.0" Round Culvert L=30.0" Ke= 0.500

Inlet / Outlet Invert= 871.90'/ 871.90" S=0.0000'/" Cc=0.900
n= 0.011 Concrete pipe, straight & clean, Flow Area= 0.79 sf

Primary OutFlow Max=4.66 cfs @ 12.28 hrs HW=874.09' (Free Discharge)
T 1=Culvert (Barrel Controls 4.66 cfs @ 5.94 fps)
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: On-Site To Pond Runoff Area=55,086 sf 3.83% Impervious Runoff Depth=3.07"
Flow Length=413" Slope=0.0387 '/ Tc=13.1 min CN=62 Runoff=5.32 cfs 0.323 af

Subcatchment2S: Off-Site Run-on to Pond Runoff Area=17,388 sf 47.30% Impervious Runoff Depth=4.91"
Flow Length=418" Slope=0.0407 '/ Tc=8.1 min CN=79 Runoff=3.24 cfs 0.163 af

Subcatchment3S: On-Site Uncontrolled Runoff Area=25,538 sf 0.00% Impervious Runoff Depth=2.96"
Flow Length=146" Slope=0.0444"'/" Tc=5.5min CN=61 Runoff=3.33 cfs 0.145 af

Subcatchment4S: Off-Site Uncontrolled Runoff Area=2,787 sf 0.00% Impervious Runoff Depth=2.96"
Flow Length=172" Slope=0.0523'/" Tc=5.7 min CN=61 Runoff=0.36 cfs 0.016 af

Pond 1P: Existing Pond Peak Elev=874.46' Storage=1,755 cf Inflow=8.03 cfs 0.487 af
12.0" Round Culvert n=0.011 L=30.0' S=0.0000 /" Outflow=5.34 cfs 0.487 af

Link 1L: Total to Wetland Inflow=8.11 cfs 0.647 af
Primary=8.11 cfs 0.647 af

Total Runoff Area = 2.314 ac Runoff Volume = 0.647 af Average Runoff Depth = 3.36"
89.75% Pervious = 2.077 ac  10.25% Impervious = 0.237 ac
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MSE 24-hr 3 100-Year Rainfall
3.07"

0.00-72.00 hrs, dt=0.01 hrs

0.323 af, Depth
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Lag/CN Method,

Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

7.36"

0.53
Subcatchment 1S: On-Site To Pond

(ft/sec)

Summary for Subcatchment 1S: On-Site To Pond

>75% Grass cover, Good, HSG B

98 Water Surface, HSG D

62 Weighted Average
3.83% Impervious Area

5.32cfs @ 12.22 hrs, Volume
CN  Description
96.17% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

Prepared by Sambatek
61

413 0.0387

Area (sf)
52,977
2,109
55,086
52,977
2,109

Tc Length

(feet)

(min)
13.1

20190916 21625 Kasota Stormwater La

Runoff by SCS TR-20 method, UH
MSE 24-hr 3 100-Year Rainfall

Runoff
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Existing Conditions

MSE 24-hr 3 100-Year Rainfall

0.00-72.00 hrs, dt=

0.163 af, Depth= 4.91"

Lag/CN Method,
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Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

=7.36"
0.86

(ft/sec)

Subcatchment 2S: Off-Site Run-on to Pond

>75% Grass cover, Good, HSG B

98 Paved parking, HSG B

79 Weighted Average
47.30% Impervious Area

52.70% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

Prepared by Sambatek

Summary for Subcatchment 2S: Off-Site Run-on to Pond
61

3.24 cfs @ 12.15 hrs, Volume

CN  Description
418 0.0407

Area (sf)
9,163
8,225

17,388
9,163
8,225

Tc Length
(feet)

(min)
8.1
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MSE 24-hr 3 100-Year Rainfall
0.00-72.00 hrs, dt=0.01 hrs

0.145 af, Depth= 2.96"

Lag/CN Method,
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Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

7.36"

0.45

(ft/sec)

Subcatchment 3S: On-Site Uncontrolled Runoff

>75% Grass cover, Good, HSG B

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

146 0.0444

Prepared by Sambatek

3.33cfs@ 12.13 hrs, Volume
61

Summary for Subcatchment 3S: On-Site Uncontrolled Runoff
CN  Description

Area (sf)
25,538
25,538

Tc Length
(feet)

(min)
5.5

20190916 21625 Kasota Stormwater La

Runoff by SCS TR-20 method, UH
MSE 24-hr 3 100-Year Rainfall
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Summary for Subcatchment 4S: Off-Site Uncontrolled Runoff

Runoff = 0.36 cfs @ 12.13 hrs, Volume= 0.016 af, Depth= 2.96"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
MSE 24-hr 3 100-Year Rainfall=7.36"

Area (sf) CN Description
2,787 61 >75% Grass cover, Good, HSG B

2,787 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
5.7 172 0.0523 0.50 Lag/CN Method,

Subcatchment 4S: Off-Site Uncontrolled Runoff
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Summary for Pond 1P: Existing Pond

Inflow Area = 1.664 ac, 14.26% Impervious, Inflow Depth = 3.51" for 100-Year event
Inflow = 8.03cfs @ 12.18 hrs, Volume= 0.487 af

Outflow = 5.34 cfs @ 12.31 hrs, Volume= 0.487 af, Atten=33%, Lag= 7.6 min
Primary = 534 cfs @ 12.31 hrs, Volume= 0.487 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev=874.46' @ 12.31 hrs Surf.Area= 2,844 sf Storage= 1,755 cf

Plug-Flow detention time= 1.7 min calculated for 0.487 af (100% of inflow)
Center-of-Mass det. time= 1.7 min ( 814.5-812.8)

Volume Invert Avail.Storage Storage Description

#1 873.80' 10,998 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) (sqg-ft) (cubic-feet) (cubic-feet)

873.80 2,472 0 0

876.00 3,710 6,800 6,800

877.00 4,686 4,198 10,998
Device Routing Invert Outlet Devices

#1  Primary 871.90" 12.0" Round Culvert L=30.0" Ke= 0.500

Inlet / Outlet Invert= 871.90'/ 871.90" S=0.0000'/" Cc=0.900
n= 0.011 Concrete pipe, straight & clean, Flow Area= 0.79 sf

Primary OutFlow Max=5.34 cfs @ 12.31 hrs HW=874.46" (Free Discharge)
T 1=Culvert (Barrel Controls 5.34 cfs @ 6.80 fps)
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Pond 1P: Existing Pond
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Summary for Link 1L: Total to Wetland

for 100-Year event

2.314 ac, 10.25% Impervious, Inflow Depth = 3.36"

Inflow Area
Inflow

0.647 af

8.11cfs@ 12.14 hrs, Volume
8.11cfs@ 12.14 hrs, Volume

= 0.0 min

0%, Lag

0.647 af, Atten

Primary

= Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Primary outflow

Link 1L: Total to Wetland

Hydrograph
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: On-Site To Pond Runoff Area=55,086 sf 3.83% Impervious Runoff Depth=2.02"
Flow Length=413" Slope=0.0387 '/ Tc=13.1 min CN=62 Runoff=3.43 cfs 0.213 af

Subcatchment2S: Off-Site Run-on to Pond Runoff Area=17,388 sf 47.30% Impervious Runoff Depth=3.59"
Flow Length=418" Slope=0.0407 '/ Tc=8.1 min CN=79 Runoff=2.40 cfs 0.119 af

Subcatchment3S: On-Site Uncontrolled Runoff Area=25,538 sf 0.00% Impervious Runoff Depth=1.94"
Flow Length=146" Slope=0.0444"'/" Tc=5.5min CN=61 Runoff=2.16 cfs 0.095 af

Subcatchment4S: Off-Site Uncontrolled Runoff Area=2,787 sf 0.00% Impervious Runoff Depth=1.94"
Flow Length=172" Slope=0.0523'/" Tc=5.7 min CN=61 Runoff=0.23 cfs 0.010 af

Pond 1P: Existing Pond Peak Elev=873.98' Storage=462 cf Inflow=5.43 cfs 0.333 af
12.0" Round Culvert n=0.011 L=30.0'" S=0.0000 '/ Outflow=4.45 cfs 0.333 af

Link 1L: Total to Wetland Inflow=6.54 cfs 0.438 af
Primary=6.54 cfs 0.438 af

Total Runoff Area = 2.314 ac Runoff Volume = 0.438 af Average Runoff Depth = 2.27"
89.75% Pervious = 2.077 ac  10.25% Impervious = 0.237 ac
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MSE 24-hr 3 St Paul Rainfall
0.00-72.00 hrs, dt=0.01 hrs

0.213 af, Depth= 2.02"

Lag/CN Method,

Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

5.90"
(ft/sec)
0.53
Subcatchment 1S: On-Site To Pond

>75% Grass cover, Good, HSG B

98 Water Surface, HSG D

62 Weighted Average
3.83% Impervious Area

Summary for Subcatchment 1S: On-Site To Pond
96.17% Pervious Area

Slope Velocity Capacity Description

3.43cfs @ 12.22 hrs, Volume
61

CN  Description
413 0.0387

52,977
2,109
55,086
52,977
2,109
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Existing Conditions

MSE 24-hr 3 St Paul Rainfall
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Summary for Subcatchment 2S: Off-Site Run-on to Pond

0.119 af, Depth= 3.59"

240cfs@ 12.15 hrs, Volume

Runoff

0.01 hrs

0.00-72.00 hrs, dt=

SCS, Weighted-CN, Time Span=

Runoff by SCS TR-20 method, UH
MSE 24-hr 3 St Paul Rainfall

5.90"

CN  Description

Area (sf)

>75% Grass cover, Good, HSG B

98 Paved parking, HSG B

79 Weighted Average
47.30% Impervious Area

52.70% Pervious Area

61

9,163
8,225
17,388
9,163
8,225

(cfs)

Slope Velocity Capacity Description
(ft/sec)

(ft/ft)

Tc Length
(feet)

(min)

Lag/CN Method,

0.86

418 0.0407

8.1

Subcatchment 2S: Off-Site Run-on to Pond

Hydrograph
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MSE 24-hr 3 St Paul Rainfall
0.00-72.00 hrs, dt=0.01 hrs

0.095 af, Depth= 1.94"
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Lag/CN Method,

Hydrograph

(cfs)

SCS, Weighted-CN, Time Span

5.90"
(ft/sec)
0.45

Subcatchment 3S: On-Site Uncontrolled Runoff

>75% Grass cover, Good, HSG B

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

216 cfs@ 12.13 hrs, Volume

CN  Description

Prepared by Sambatek

Summary for Subcatchment 3S: On-Site Uncontrolled Runoff
61

146 0.0444

Area (sf)
25,538
25,538

Tc Length
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Summary for Subcatchment 4S: Off-Site Uncontrolled Runoff

Runoff = 0.23 cfs @ 12.14 hrs, Volume=

0.010 af, Depth= 1.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

MSE 24-hr 3 St Paul Rainfall=5.90"

Area (sf) CN Description
2,787 61 >75% Grass cover, Good, HSG B
2,787 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
5.7 172 0.0523 0.50 Lag/CN Method,
Subcatchment 4S: Off-Site Uncontrolled Runoff
Hydrograph
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Summary for Pond 1P: Existing Pond

Inflow Area = 1.664 ac, 14.26% Impervious, Inflow Depth = 2.40" for St Paul event
Inflow = 543 cfs@ 12.18 hrs, Volume= 0.333 af

Outflow = 445 cfs @ 12.27 hrs, Volume= 0.333 af, Atten=18%, Lag= 4.9 min
Primary = 445 cfs @ 12.27 hrs, Volume= 0.333 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev=873.98' @ 12.27 hrs Surf.Area= 2,575 sf Storage= 462 cf

Plug-Flow detention time= 0.6 min calculated for 0.333 af (100% of inflow)
Center-of-Mass det. time= 0.6 min ( 820.8 - 820.2)

Volume Invert Avail.Storage Storage Description

#1 873.80' 10,998 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) (sqg-ft) (cubic-feet) (cubic-feet)

873.80 2,472 0 0

876.00 3,710 6,800 6,800

877.00 4,686 4,198 10,998
Device Routing Invert Outlet Devices

#1  Primary 871.90" 12.0" Round Culvert L=30.0" Ke= 0.500

Inlet / Outlet Invert= 871.90'/ 871.90" S=0.0000'/" Cc=0.900
n= 0.011 Concrete pipe, straight & clean, Flow Area= 0.79 sf

Primary OutFlow Max=4.45 cfs @ 12.27 hrs HW=873.98" (Free Discharge)
T _1=Culvert (Barrel Controls 4.45 cfs @ 5.66 fps)
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version 5.12.2015

MWMO DESIGN SEQUENCE FLOW CHART

Conduct Site Review:

+ Aetial Photos and Topographic Maps MWMO Project Flexible Treatment Options (FTO)
+ County Soil Surveys and other Soi Information as Available
 County Gooloue A The Flexible Treatment Optons (FTO) aternatives presented here should be employed when
o Covels the Performance Goal s ot feasible and/or allowed. The designer should document the
‘Define Performance e eotocton Maps reason uhy e Prfomance Goaland rfcted FTO Atematies are o easie ander
allow
Development and redevelopment projecis: Retain on site a volume of 1.1° * FEMA and Local Floodplain Maps
+ Soll Borings and Site Survey
rom imparvious eurfaces « MPCA Listing o Potentially Contaminated Sites o
* MPCA Listing of Potenially Contaminated Sics Appicantatempis o comply i e flewing condions
nearrjei: Retan n o o argr of 11 fom llnw, o 5o ‘Achieve at least 0.55" volume reducton goal, and
all new and fully (©) surfacs * TMDLs and Local Water Qualty Standards 15 Remove 75% of the annual TP load, and.
» Wetiand Delineations, MNRAM Assessments, and Wetland Classifcations T.c. Optons considered and presented shallexamine the meris o relocating project elements
» Proposed Conditions, Canceptual/Preliminary Stte Design to address, varying soil conditions and other constraints across the site

» Local zoning and land use requirements/ordinances, including stormwater rate control requirements
» Communication with Local Landowners, LGU, or Others Knowledgeable about the Site
« Site Inspection

MWMO performance
goal does not apply

Does the project disturb one’
acre or more?

FTO#3
‘The MWMO willdevelop a Memorandum of Understanding with individual member cities and
MS4s to address off-site mitigation conditions.

Are there restraints Oftste miigation (ncuding barking r cash o reament on ancher prcject s determined by
due to lack of available s FTO the Local Authority) will be equivalent to the volume reduction Performance G
Is the project linear? Yes ROW, off site drainage

Notes:
Volume reduction techniques considered shallinclude inflration, rainwater harvesting &
reuse, bioretention, permeable pavement, tree boxes, grass swales and/or additional

requirements? (F)

®

Applicant shall document the flexible treatment options decision sequence, following the
order of altematives presented here.

+ Select FTO Altemative No. 2 For Altemative #2, the applicant is encouraged to use BMPs that reduce volume. Secondary
- Provide documentation of offsite run on to project area preference is to employ firation techniques, followed by rate control BMPs.

°

No + Provide documentation of lack of ROW. D. Fully reconstructed impervious surfaces: Areas where impervious surfaces have been
removed down 1o the underlying soils. Activities such as structure renovation, mill and
overlay projects and other pavement renabiltation projects that do not alter the underlying
il malerial bencath e siructre pavement o activly ae ot considered ul

n addition, teh basin and pipe repairl
replacement, ighting, and pedestrian ramp provements vl o b consred
reconstructed impervious surfaces. Reusing an existing building foundation and re-roofing

Foning and fand use Select FTO Alternative No. 3. Provide site of an existing building are not considered fully reconstructed.
Tequirements (density, parking. /survey, maps, regulations, andor cost estimates\ | €. Solls that infirate too quickly may not provide sufficient pollutant removal before the
atbacks, ote) that ke the Yes Is BMP relocation No s FTO Aterative s FTO Aterative o documenting that meeting the original infirated runoff enters groundwater.
i feasible? No. 1 feasible? No. 2 feasible? performance goal or FTO alternatives s not F. A reasonable attempt must be made to obtain ROW during the project planning process.
Goal not feasible? feasible in addition to other documentation as. G. Other, this is not an exhaustive list
©) required by LGU. H. Hotspots includes any portion of a facility where infiration is prohibited under an NPDES/

SDS industrial stormwater permit issued by the MPC

Yes
v

Yes
v

« Select FTO Alternative No. 1

- Provide regulations, andor cost
estimates documenting
infeasibilty of meeting the
original Performance Goal

l

+ Select FTO Aternative No. 2
« Provide regulations, andor cost
imates documenting
infeasibilty of meeting the
original Performance Goal

Yes

- Select FTO Alternative No. 2
« No infilration practices allowed

-« Explore non-infilration volume reduction pracices
« Provide DWSMA or welllocation map

s the site located in a
DWSMA, wellhead protection
area, or within 200 feet of a
arinking well?

an a local unit of government
‘provide a higher level of engineering
{oview o ensure  funconing systom
at prevents adverse impacts

groundwater?

Yes

Select FTO Alternative No. 3. Provide site survey, m:
oquitons, andlor costsetmates documenting it eetng he
original performance goal or FTO alternatives is not feasible in
addition to other documentation as required by LGU.

‘Are there existing or
proposed structures or
infrastructure (e.g., rate control
BMPs, utites, buidings, roadway,
easements) that

Is BMP relocation
feasable?

make the Performance
oal not

o - Select FTO Alternative No. 2
feasible? (G),

+ Provide regulations, andor cost estimates documenting
infeasibilty of meeting the original Performance Goal

« Select FTO Alternative No. 1
Yes « Provide regulations, andlor cost estimates documenting
infeasibility of meeting the original Performance Goal

i

Select FTO Attemative No. 3. Provide site survey, maps,
regulations, and/or cost estimates documenting that meeting the
original performance goal or FTO altematives is not feasible in
adition to other documentation as required by LGU.

‘Are active karst areas

Can a local unit of government provide
higher level of engineering review to ensure
a functioning system that prevents adverss
impacts to groundwater?

s BMP relocation onsite’
toalocation without karst
feasible?

is FTO Alternative No. 2
asible’

the BMP location?

[+ Select FTO Attemative No. 2.

No infitration practices allowes

Explore non-nfilration volume reduction practices

|+ Provide soil borings of report from a professional geologist or
geotechnical engineer.

Yes

Conduc detsed st
investigation (i.., borings,

cxcavatons, avauiton wih a
professional geologis).

s there >5 feet of soil depth

© g feet s refered) fom botom
P to bedrock and

grounﬂwateﬂ

s shallow groundwater’
or shallow bedrock
present on site?

s BMP relocation onsite to
‘avoid shallow groundwater
and bedrock feasible?

Can BMP be
raised?

s FTO Altemative No. 2

-
Yes asible?

Raise BMP enough to ensure 5 feet (preferably 10

feet) of soil between botiom of BMP and top of
bedrock and groundwater.

‘addition to other documentation as required by

[+ Select FTO Attemative No. 2
= No infilration practices allowed
|+ Explore non-infliration volume reduction pracices
- Provids Soil borings of eport om  professional geclogistor
geotechnical engineer.

Can hotspot or

s there presence of
Contaminated soils and/or
groundwater, or hotspot
runoff? (H)

or ramadiatad to mitgate
tisk of increased
contamination?

s FTO Alternative No. T : Select TO Atematie No 2

Can BMP be sized 1

Are there very low s BMP relocation onsite’ drain dry within 48 hours. * volume control standard) - o inilration practices alow
atig sote (02 e (i tiguivi o 24 houre 1 locations that are o provide ol :rv‘.::‘ngg‘g‘;(\n'?;l‘:a:‘(:ng«:?‘ resuls feasile,alowing -smé SMP o drinwiltin 48 - Exp\c:re non-infitration vu\ume reduction
i ur)?. i ible? ibut u nfltrating -
inches per hour)’ location feasible’ ributary to trout locations that are tributary to o Provide soil boring or infilration test
trout streams)? results documenting low infitration rates.

Yes
¥

No Yes Yes Select FTO Alternative No. 1
Provide soil boring or infiration test results documenting high-nfilrating sois
3

an subgrade be + Select FTO Alternative No. 2

‘modified to slow the rate of

Ave there very high s BMP relocation onsite’

infiltraing soils (>8.3 toa location No——»{» Explore non-infilration volume reduction practices
inches per houn)? (E) feasible? infilration lo less than 8.3 - Provide soil boring or infiltration test results
inches per hour?
documenting high-infilrating soils.
Yes
No Yes

Select FTO Altemative No. 2

» Maximize infiliation BMPs o treat up to the 0.55 inch goal, if possible.

Explore non-infiration volume reduction practices

» Provide report documenting potential hydrologic impacts from infitration on the
site, prepared by registered engineer, hydrologist, or wetlands specialist.

Can the BMP be
relocated onsite to avoid
adverse hydrologic
impacts?

Are there adverse surface
‘water hydrologic impacts from
infilration practices (e.g..
impacting perched
wetland)?

Would BMP
FT0

Alternative No. 1 avoid
adverse hydrologic,
impacts?

- Select FTO Alternative No. 1

+ Maximize infilration BMPS o treat more than 0.55 inch goal,if possible.

+ Provide report documenting potential hydrologic impacts from infitration on the
site, prepared by registered engineer, hydrologist, or wetlands specialist.

Complete Design Using Goal
(Rs modified by FTO Alloraives, f applcable)

Yes
+

Adapted from MIDS Design Sequence Flow Chart, Decerber 2013 Appendix Q
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Mr. Randy Rauwerdink
Venture Pass Partners, LLC or assigns
and Mason Holdings Ill, LLC or assigns
19620 Waterford Court
Shorewood, MN 55331

Re: Geotechnical Evaluation
Proposed Pavements
280 Trailer Storage
Kasota Avenue and Hwy 280 South Entrance Ramp
St. Paul, Minnesota

Dear Mr. Rauwerdink:

We are pleased to present this Geotechnical Evaluation Report for the proposed parking lot at in the
northwest quadrant of Kasota Avenue and Highway 280 in St. Paul, Minnesota.

Thank you for making Braun Intertec your geotechnical consultant for this project. If you have questions
about this report, or if there are other services that we can provide in support of our work to date, please
contact Belick Pha at 612.750.2148 (bpha@braunintertec.com) or Bob Janssen at 612.865.8786

" (bjanssen@braunintertec.com).

Sincerely,
BRAUN INTERTEC CORPORATION
jG\ C\,LA¢4,LD Ucdad é "

Belick Pha, EIT
Staff Engineer

; ll
Robert J. Jangsen, PE
President - Principal Engineer

c: Mr. Jerry Mullin, Landmark Environmental
Mr. Chad Ayers, Sambatek



Table of Contents

Description Page
A. T a oY [V 4 o] o FON USSR 1
Al PrOJECt DESCIIPEION vttt s 1

A2 Site Conditions aNd HISTOIY ....cvcuuiiiiiciiie et e s s erte e e e sneaeeesans 2

A3. PUIDOSE. .. e 3

A4, Background Information and Reference DOCUMENTS........ccovciiiiiriiieeiiiiiee e 3

A5, SCOPE OF SEIVICES et itiiie ittt ettt et e e et e e s st e e e s bee e e e sbeeeessbteeesssteeessassaeassnns 3

B. RESUILS .ttt ittt e e ettt e e s sttt e e e s b te e e e s b eeeeesabeeeeesbeeee e e bt eee e e beeee e e btaeeeabteeeeearraeeeaans 4
B.1. (CT=To] o] -4 ol @ 1V T Y PP OTPPPRTUPPRN 4

B.2. Test Pit and Previous Boring RESUIES ........eiiiiiiiiiiiieccte ettt 4

B.3. (G o T oo AV - =T PPN 6

C. 2 0=Tolo] 0 g1 0 g T=T aTo 1 4 o] o -3 PSPPI 7
C.1. Site Grading and Subgrade Preparation.......ccccueieieciiee et 7

C.1.a. EXISTING Fill...eeeeeeceeeee ettt e e e ctte e e e et e e e s e bte e e e ebae e e e snraeaeeans 7

C.1.b.  ReUSE Of ON-Sit@ SOMIS....ciiiiiiriiieiiieiiee ettt e et ae e st eraee e sbeeenees 7

O3 OB o or 1V 1 <Y I] (o] o 1T RSP 7

C.1.d. EXCavation DEWALEIING......cccvieiiiiiiee ettt e ettt e et e e e ectte e e e ette e e s esata e e e sertaeeesnraeaeeans 8

C.1.e. Pavement and Exterior Slab Subgrade Preparation.........cccccceeeeeciieeeeciieeeccieeeeens 8

C.1.f.  Pavement Subgrade Proofroll ...t 9

C.1.g. Engineered Fill Materials and Compaction .........ccccceeeciieeieiiiee e et 9

C.2. Pavements and EXLEriOr SIabs ......ciiiiiiiie i 10

C.2.a. DeSIN SECLIONS oiiiiiiiiiiic e, 10

C.2.b. Aggregate Base MaterialS.......ccceeciiiiiiiiiie et s 10

C.2.c. Bituminous Pavement MaterialS.......ccccooiieriiiiriiiiniieniec ettt 11

C.2.d. Concrete Pavement Materials.......ccoocueiriiiiiiieeniieinieesiee ettt 12

C.2.6.  GEOLEXLIE Grid ...eiiiieeiiiiiie ettt ettt e st e sbe e s sabe e sbeeesanee e 12

C.2.f.  SUDEIrade DraiNage ...ccccuuiieeeiiiieeeciitie e ecitee e et e e ctre e e et e e s saaae e e esareeessnsbaeeesnnneees 12

C.2.g. Performance and MainteNanCe ........ccccuveeiiiiiiieiiiiee e e e saaee s 13

C.3. UBHTITIES ettt ettt ettt st st e st e e b e e st e e sbae e s be e s bt e e sabeesneeesareesanes 14

C.3.a. Subgrade StabilizatioN......ccccciiiiiiiiii e e 14

C.3.b.  Corrosion POLENTIal ......eeiiuiiiiiiiiiieiee ettt sttt 14

D. PrOCEAUIES. ...eeitieetee ettt ettt ettt e st e e bt e e s ate e sabeeesabeesabaesbbeesabaeesabeesabeesabaeesabeessreas 14
D.1. o] (oY o) VA =T A o4 1 £ 14

D.2. o] (oY oY T o =L USRS 14

D.2.a. Log of Test Pit and Previous Boring Sheets...........cccoceeeeeciiiieciiee e 14

B 32 o TR G =Yoo} -4 Tol @ T-41 o TSRS 15

D.3. Material Classification and TESTING .....ccueeieiiiiie i 15

D.3.a. Visual and Manual Classification..........ccceeciereceiiiiiecie e 15

D.3.b.  Laboratory TESHING ....uuiiee ettt e e e e e e e e e e e e raeeeeaeeean 15

D.4. Groundwater MEasUIrEMENTS......uiiiiiiiieiiciieeercitee et e e e sre e e srre e e ssreeeessbeeeessabseeesanneeess 15

E. L@ LU= 13Tt 14 [ 4 T3S 15
E.1. Variations in Subsurface Conditions.........cccueeeiieeiierecie e 15

0 I O \V - Y S = | B o - - [ RS 15

E.1.0.  GroundwWater LEVEIS ......ccuveii ittt 16

E.2. Continuity of Professional Responsibility.........ccceeeiciiiiiiiiiiceecceeeee e 16

E.2.3.  Plan REVIEBW coeeiiieiciiee ettt ettt e e e tae e et a e e e e aba e e s e abe e e e ennrees 16

BRAUN
INTERTEC



Table of Contents (continued)

Description Page
E.2.b. Construction Observations and TeStING .........ccccceeeeiiiieiiiiee e 16

E.3. 6o Y=Y o Lo Y RS 17
E.4. ) =] a Lo ET e [ o) B 0 o T PSR 17

Appendix

Soil Boring Location Sketch

Log of Test Pit Sheets TP-1 to TP-8
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A. Introduction

A.1. Project Description

This Geotechnical Evaluation Report addresses the proposed design and construction of a new trailer
parking lot located at the junction of MN 280 and Kasota Avenue in Saint Paul, Minnesota. The project

will include the construction of a bituminous paved parking lot for semi-truck trailers. Table 1 provides
project details.

Table 1. Site Aspects and Grading Description

Aspect Description
Pavement type(s) Bituminous or concrete with concrete dolly pads
Assumed pavement loads Heavy-duty: 150,000 ESALs*
Grade changes 2 (provided)

*Equivalent 43,000-Ib multi-axle loads based on 15 semitrailers per day for a 20-year design life.

The figure below shows an illustration of the proposed site layout.
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Figure 1. Site Layout

Figure provided by Google Earth® dated June 2019. Approximate property line denoted in solid red lines.

A.2. Site Conditions and History

Currently, the site exists as undeveloped property. The surface is generally populated with vegetation
including grass and trees with no structures currently existing on site. Generally, the site is flat, increasing
in elevation from the southwest to northeast.

Correspondences with Venture Pass Partners, LLC indicated the site had previously been used as a
landfill. No further documents were provided about the site’s use history, except for those mentioned in
section A.4.
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A.3. Purpose

The purpose of our evaluation was to characterize subsurface geologic conditions at selected exploration
locations, evaluate their impact and provide recommendations for use in the design and construction of
the proposed parking lot.

A.4. Background Information and Reference Documents

We reviewed the following information:
= Topographic map and Concept Plan 4 prepared by Sambatek, Inc.

=  Previous geotechnical report prepared by Braun Intertec (Project No. BAAX-95-849) and
dated January 15, 1996. As part of that evaluation, 6 soil borings were performed on this site.
The approximate locations of those borings are shown on the sketch and those boring logs

are included with this report.

=  Communications with Venture Pass Partners, LLC regarding test pit locations and scheduling.

= Discussions with you, along with the Civil Engineers with Sambatek and the Environmental
consultants with Landmark to discuss design details.

In addition to the provided sources, we have used several publicly available sources of information.

We have described our understanding of the proposed construction and site to the extent others
reported it to us. Depending on the extent of available information, we may have made assumptions
based on our experience with similar projects. If we have not correctly recorded or interpreted the
project details, the project team should notify us. New or changed information could require additional

evaluation, analyses and/or recommendations.
A.5. Scope of Services
We performed our scope of services for the project in accordance with our Proposal to Venture Park

Pass, LLC, dated May 17, 2019. The following list describes the geotechnical tasks completed in

accordance with our authorized scope of services.
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= Reviewing the background information and reference documents previously cited.

= Landmark Environmental (Landmark) selected the new test pit locations. We acquired the
surface elevations and locations with Landmark GPS technology using the Universal
Transverse Mercator (UTM) coordinate system NAD83/UTM 15T. The attached Sketch shows
the approximate locations of the test pits, along with the locations of the previously

performed soil borings.

= Performing 8 test pits, denoted as TP-1 to TP-8, to nominal depths of 5 feet below grade

across the site.
= Preparing this report containing a test pit location sketch, logs of test pits, a summary of the
soils encountered, and recommendations for pavement subgrade preparation and the design
and pavements.
Our scope of services did not include environmental services or testing. Environmental testing and

services were provided by Landmark Environmental (Landmark). When the test pits were excavated, an

environmental scientist was present from Landmark.

B. Results

B.1. Geologic Overview

We based the geologic origins used in this report on the soil types and available common knowledge of

the geological history of the site.
B.2. Test Pit and Previous Boring Results

We performed 6 soil borings at this site in 1995. Borings ST-1 to ST-6 are in the area of the proposed
parking lot footprint. The borings were extended to nominal depths of 25 1/2 to 80 feet. Logs of the

previous borings are included in the Appendix.
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Table 2 provides a summary of the test pits and previous soil boring results, in the general order we

encountered the strata. Please refer to the Log of Test Pits and Boring sheets in the Appendix for

additional details. The Descriptive Terminology sheet in the Appendix includes definitions of

abbreviations used in Table 2.

Table 2. Subsurface Profile Summary*

Strata

Soil Type -
ASTM
Classification

Range of
Penetration
Resistances

Commentary and Details

Topsoil
Fill

SM

Predominantly SM.

Generally black.

Topsoil fill not present at all borings and was measured
to be less than 1 foot when observed.

Moisture condition generally moist.

Fill

SM, CL, OL, PT

Weight of hammer
to 39 blows per
foot (BPF)

General penetration resistance of 4 to 15 BPF.
Intermixed layers of dark brown, dark gray, and black.
Moisture condition generally moist to wet.
Thicknesses at soil boring locations varied from 16 to
22 feet.

Highly variable, soils intermixed; layers of organic clay
and peat observed in Boring ST-1.

Existing fill contained variable amounts of gravel and
debris, including glass, bricks, metal, concrete and
bituminous.

Possible cobbles and boulders.

Swamp
deposits

oL

1to 4 BPF

A 3-foot layer was observed in Boring ST-5.
Generally black.

Moisture condition generally wet.

Swamp deposits not observed in test pits.

Alluvial

CL

4 BPF

Moisture condition generally wet.

Only observed beneath the fill in Borings ST-3/ST-3A and
ST-6.

Alluvial soils not observed in test pits.

Glacial
deposits

SP, SP-SM, SM

2 to 58 BPF

SC, CL, ML

4 to 20 BPF

Intermixed layers of glacial outwash and till.
Variable amounts of gravel; may contain cobbles.
Moisture condition generally wet.

Glacial deposits not observed in test pits.

Bedrock

Shale

17 to 44 BPF

Top of bedrock observed at depth of 80 feet.
Generally bluish gray.
Bedrock not observed in test pits.

*Abbreviations defined in the attached Descriptive Terminology sheet.

BRAUN
INTERTEC




Venture Pass Partners, LLC or assigns
& Mason Holdings lll, LLC or assigns
Project B1905336

June 21, 2019

Page 6

B.3. Groundwater

While excavating the test pits, water was observed seeping into 3 of the test pits. Table 3 summarizes the
depths where we observed groundwater while excavating test pits. Table 3 also summarizes
groundwater observed while advancing previous soil borings. The attached Log of Test Pits and Log of
Borings in the Appendix also include this information and additional details.

Table 3. Groundwater Summary

Measured or Estimated Depth to Groundwater
Location (ft)
TP-1 Not observed in test pit to 5 feet
TP-2 Not observed in test pit to 5 1/2 feet
TP-3 Not observed in test pit to 5 feet
TP-4 2
TP-5 Not observed in test pit to 5 feet
TP-6 Not observed in test pit to 5 feet
TP-7 1.1/2
TP-8 1172
ST-1 Not observed in boring to 25.5 feet
ST-2/ST-2A 191/2
ST-3/ST-3A Not observed in boring to 80 feet
ST-4 16
ST-5 18
ST-6 21.2

Groundwater observed in test pits were relatively shallow and likely due to perched water conditions.
Precipitation or seasonal changes, such as thawing, will increase perched water conditions in sand seams
in the fill.

Based on the available data, it appears that at the time those borings were performed, the hydrostatic

water level will be below excavations for the proposed parking lot.
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C. Recommendations

C.1. Site Grading and Subgrade Preparation

C.1l.a. Existing Fill

As indicated by the soil borings and test pit data, the on-site soils consist of significant amounts of fill
materials consisting of variable soils types which are intermixed with miscellaneous debris and organic
soils, and the penetration resistances recorded in the soil borings indicate that some of the fill is very soft
or loose. Ideally, and to reduce risks of long-term differential settlement, all or a significant portion of the
existing fill would have to be removed from beneath the proposed pavements. However, because of the
environmental concerns associated with the removal of the existing fill and considering that some risk of
long-term settlements associated with pavements can typically be tolerated, the significant costs
associated with the removal of significant amounts of the existing fill can likely not be tolerated. As such,
the recommendations we are providing in this report assumes that the risk of long-term differential
settlement to the pavements can be tolerated. Within this report, we will provide design and earthwork

recommendations to reduce risks associated with adverse amounts of long-term settlement.

As discussed in more detail in the following sections, our recommendations include the removal of the
surficial topsoil, scarifying and compacting the in place soils prior to placement of fill or pavement areas,
removing any exposed large-sized or compressible debris, and placement of geogrid beneath the

recommended pavement designs.

C.1.b. Reuse of On-Site Soils

With the exception of the topsoil and unsuitable debris, assuming that the soils are acceptable per the
Response Action Plan (RAP) that is being prepared by Landmark, it is our opinion that much of the
excavated soils on site will be suitable to be reused for subgrade fill material. Any on-site soils with an
organic content greater that 3 percent, or debris or boulders larger than 4 inches in diameter should be
considered unsuitable for use as pavement fill material. Those materials should be placed in a green
area or hauled off site. Furthermore, much of the soils on this site are moisture sensitive, and it is likely
that some moisture conditioning (wetting or drying) will be necessary to reuse the on-site soils as

compacted backfill.

C.1.c. Excavated Slopes
Based on the borings, we anticipate on-site soils in excavations will consist of silty sands intermixed with

clay. These soils are typically considered Type B Soil under OSHA (Occupational Safety and Health
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Administration) guidelines. OSHA guidelines indicate unsupported excavations in Type B soils should have
a gradient no steeper than 1H:1V. Slopes constructed in this manner may still exhibit surface sloughing.
OSHA requires an engineer to evaluate slopes or excavations over 20 feet in depth.

An OSHA-approved qualified person should review the soil classification in the field. Excavations must
comply with the requirements of OSHA 29 CFR, Part 1926, Subpart P, “Excavations and Trenches.” This
document states excavation safety is the responsibility of the contractor. The project specifications

should reference these OSHA requirements.

C.1.d. Excavation Dewatering
We recommend removing groundwater from the excavations. Project planning should include temporary
sumps and pumps for excavations in low-permeability soils, such as clays. If it is necessary to pump water

from excavations, that work should be done in accordance with the RAP.

C.1l.e. Pavement and Exterior Slab Subgrade Preparation
We recommend the following steps for pavement and exterior slab subgrade preparation, understanding
the site will have a grade change of 2 feet or less. Note that project planning may need to require

additional subcuts to limit frost heave.

1. Strip unsuitable soils consisting of surficial vegetation and soils with an organic content
greater than 3 percent any existing structures and pavements that exists within2 feet of the
surface of the proposed pavement subgrade. At depths greater than 2 feet, assuming the
surficial organic materials are removed and the underlying soils can be stabilized as

addressed below, the existing soils can remain in place.

2. Have a geotechnical representative observe the excavated subgrade to evaluate if additional

subgrade improvements are necessary.

3. Prior to placement of fill or the pavement materials, Scarify the exposed soils to a depth of
10 inches, moisture condition the soils to near optimum moisture content and then compact

the soils to the relative densities indicated in Table 5.

4. Place pavement engineered fill to grade and compact in accordance with Section C.1.g. to

bottom of pavement.

5. Proofroll the pavement or exterior slab subgrade as described in Section C.1.f.
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APPENDIX F - CONTECH STORMFILTER DEVICE SIZING
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APPENDIX G - CONTECH STORMFILTER REMOVAL STUDIES
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Appendix G - Contech StormFilter Removal Studies

Four different studies were analyzed to determine the TP and TSS removal efficiencies for the StormFilter device. These
studies were performed by Contech Engineered Solutions, Mitchell Community College, and Washington State Department
of Ecology. The following table summarizes removal efficiencies determined by these studies.

CONTECH STORMFILTER STUDIES

Study TSSRemoval % TP Removal %  DP Removal %
Contech Engineered Solutions 88 73 27

Mitchell Community College (ER Efficiency)  90.4 86.1 74.2

Mitchell Community College (SOL Efficiency) 90.9 87.1 67.3
Washington State Department of Ecology 85 67 50

Average Removal 89% 78% 55%
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APPENDIX H — CONTECH STORMFILTER OPERATIONS AND MAINTENANCE
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