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1.0 Introduction 
 

The Hermantown Industrial development encompasses approximately 234 acres located in the City of 
Hermantown Minnesota. The project site is bordered by Morris Thomas Road to the north, Midway Road 
to the east, an existing Minnesota Power substation to the west and a wetland area to the south. The site 
has topographic relief with elevations ranging from approximately 1340 feet on the north end of the site 
to 1270 feet on the south and east side of the site. The site generally drains to the south with a small 
portion of the northeast corner draining to the east.  

 

Hermantown Industrial will be constructed in phases; this report analyses the stormwater requirements 
of the full build out (Day-N) conditions and verifies the interim (Day-1) conditions meet the applicable 
stormwater standards.  

  

Kimley-Horn and Associates, Inc. (Kimley-Horn) has analyzed the existing and proposed drainage 
conditions of the site, and this report provides computations for all applicable City of Hermantown and 
MPCA stormwater requirements. The analysis of the existing and proposed drainage systems was 
completed with the assistance of HydroCAD, Version 10, a computer aided design system for modeling 
the hydrology and hydraulics of stormwater runoff. These calculations are largely based on the hydrology 
techniques developed by the Soil Conservation Service (SCS/NRCS), combined with other hydrology and 
hydraulics calculations. For a given rainfall event, these techniques are used to generate hydrographs 
throughout a watershed. 

 

Atlas 14 precipitation frequency data (PFD) was used as a basis for the design frequency events, with PFD 
retrieved from the nearest weather station for the project. 

 

2.0 Pre-development Conditions  
 

The existing project site includes single-family residential areas along with significant wooded regions 
wetlands. There are two main discharge points analyzed for the site. Discharge point 1 is defined as the 
area of the site that drains northeast and leaves the site through a culvert under Midway Rd near the 
intersection with Morris Thomas Rd. Discharge point 1 receives drainage from approximately 60 acres of 
the site flowing through wetlands before ponding and flowing through the existing culvert. Discharge 
point 2 is defined at the stormwater leaving the site at an existing culvert in the southeast portion of the 
site. About 174 acres of this site drains to discharge point 2 through existing wetlands before crossing 
Midway Rd through the existing culvert. Both discharge points eventually converge and flow into the 
Midway River at the same location, through an existing culvert under the railroad tracks approximately 
1,450 feet north of St. Louis River Road. No on-site detention or water treatment facilities are present in 
the existing conditions. Refer to the appendix for the Existing Drainage Map. 

 

A preliminary geotechnical investigation was conducted by Braun Intertec and completed on December 
20, 2024. This investigation included 11 soil borings. The soil type found throughout the site is classified 
as CL (Sandy Lean Clay) according to ASTM standards. These clayey soils are categorized as Type C/D soils 
and have an estimated infiltration rate of 0.06 inches per hour, based on the Minnesota Stormwater 
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Manual. Practically, the current site soils are not suitable for infiltration as a stormwater management 
option. Refer to the appendix for the full Geotechnical Report. 

 

A summary of the pervious and impervious coverage for existing conditions is included below: 

• Total modeled area = 234.0 acres 
o Existing Pervious Area = 228.3 acres (98%) 
o Existing Impervious Area = 5.7 acres (2%)  
o Weighted Curve Number (CN) = 71 

 

To accurately represent existing vs proposed conditions, the modeled area in existing conditions was sized 
to the extent of the disturbed area in proposed conditions. See the appendix for the Existing Conditions 
HydroCAD report.  

 

3.0 Post-development Conditions 
 

In proposed conditions, stormwater will be managed in seven (7) onsite filtration and detention ponds 
located throughout the property. Filtration with underdrains is used due to the inability to infiltrate with 
the presence of poor soils. The proposed system will maintain existing drainage patterns with treated 
stormwater discharges to the northeast wetland complex (W1) and the southeast wetland complex (W7).  

 

Each pond will be designed to fully treat the required Water Quality Volume (WQv) for its respective 
drainage areas utilizing the full bottom area of each pond for filtration. Additionally, each pond will include 
storage capacity to manage discharge rates for the 2-, 10-, and 100-year, 24-hour storm. The design aims 
to efficiently manage water quality treatment and flood control across the site, while also optimizing the 
performance and longevity of the filtration media. 

 

The Day-1 scenario includes the development of approximately 66.3 acres of the western and southern 
portions of the site. Three (3) ponds will be constructed for Day-1 treatment and detention. Each pond 
will be routed to the existing wetland complex in the southeast (W7). 

 

- Pond 1: ± 2.7-acre pond located in the southwest portion of the site that serves 33.19 acres of 
drainage area. Pond 1 equalizes with Pond 2 to the east before flowing into W7 to the east. 

- Pond 2: ± 3.1 acre pond located in the southwest portion of the site that serves 51.39 acres of 
drainage area. Pond 1&2 discharges to W7 to the east though an outlet control structure designed 
to manage the water quality volume and rate control.  

- Pond 3: ± 0.7-acre pond located in the southeast portion of the site serving 7.74 acres of drainage 
area. Pond 3 discharges to W7 to the east though an outlet control structure designed to manage 
the water quality volume and rate control. 

 

The Day-N scenario includes the development of the remaining 167.7 acres of the northern and eastern 
portions of the site. Four (4) additional ponds will be constructed in the Day-N scenario to manage the 
treatment and detention of the fully developed site. One pond will be routed to the existing wetland 
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complex in the southeast (W7) and three ponds will be routed to the existing wetland complex in the 
northeast (W1). 

- Pond 4: ± 1.9-acre pond located in the southeast portion of the site that serves 13.97 acres of 
drainage area. Pond 4 discharges to the south into W7 though an outlet control structure designed 
to manage the water quality volume and rate control. 

- Pond 5: ± 2.0-acre pond located in the northeast portion of the site that serves 27.85 acres of 
drainage area. Pond 5 discharges to the east into W1 though an outlet control structure designed 
to manage the water quality volume and rate control. 

- Pond 6: ± 1.1-acre pond located in the northeast portion of the site that serves 18.28 acres of 
drainage area. Pond 6 discharges to the northeast into W1 though an outlet control structure 
designed to manage the water quality volume and rate control. 

- Pond 7: ± 3.0-acre pond located in the northeast portion of the site that serves 21.46 acres of 
drainage area. Pond 7 discharges to the north into W1 though an outlet control structure designed 
to manage the water quality volume and rate control. 

 

A summary of the pervious and impervious coverage for proposed conditions is included below. 

• Total Day-N modeled area = 234.0 acres 

o Proposed Day-N Pervious Area = 140.28 acres (60%) 

o Propose Day-N Impervious Area = 93.72 acres (40%)  

o Weighted Curve Number (CN) = 83 

 

Table 1: Proposed Conditions Summary 

Discharge 
Point 

Existing Onsite 
Drainage Area (ac) 

Proposed Onsite 
Drainage Area (ac) 

Description 

#1 60.10 92.87 
Northeast Culvert, across 

Midway Rd 

#2 173.9 141.13 
Southeast culvert, across 

Midway Rd 

 

 

4.0 Rate Attenuation Summary 
 

Land development inherently increases impervious surfaces, leading to a substantial rise in total runoff 
rate and volume. The City requires that the runoff rate does not exceed the existing runoff rates for the 
2-, 10- and 100-year, 24-hour storm events. The proposed development achieves this requirement using 
multi-stage outlet control structures in each pond. Discharge Point #1 is the culvert crossing Midway Road 
in the northeast corner of the property. Discharge Point #2 is the culvert crossing Midway Road in the 
southeast corner of the property.  

The 100-year post-construction peak runoff rates are reduced to far below existing conditions to mitigate 
the excess runoff volume discharging into the receiving wetland. Over-detaining the peak flows regulates 
the release of this increased volume, preventing high-energy, erosive surges from disrupting the wetland’s 
delicate hydrologic balance. Reducing the peak discharge rate also addresses infrastructure vulnerabilities 
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by mitigating the roadway overtopping observed at discharge point 2 during the 100-year existing 
conditions analysis. The existing and proposed rate control results are listed in Table 2. See Appendix for 
detailed HydroCAD analysis. 

 

Table 2: Rate Attenuation 

 

 

 

 
 

 

5.0 Water Quality Summary 
 

The City of Hermantown minimum stormwater management requirements state that new developments 
must treat stormwater for 9,100 SF per lot plus the stormwater from additional impervious surfaces. Since 
the development is >> 9,100 SF, the treatment volume uses the MPCA guidance of 1” over the proposed 
impervious surfaces. Biofiltration with underdrain is the treatment method for stormwater throughout 
the site. Treatment depth is limited to 1.6’ to comply with the more stringent drawdown times for 
discharges to trout streams. The maximum drawdown time is 24-hours and the design filtration rate is 
assumed to be 0.8 in/hr based on guidance from the Minnesota Stormwater Manual.  

 

Ponds 1 and 2 will work as a single system since they are controlled by the same outlet structure. All other 
ponds will have their own outlet control structure and will manage the water quality for their respective 
drainage areas.  

 

Pre-treatment will be provided upstream of each pond to increase the longevity of the filter media and 
increase sitewide pollutant removal rates. Tier 1 pretreatment structures based on the Minnesota 
stormwater manual are anticipated to be used.  

 

See Table 3 below for a summary of required water quality volume and proposed filtration volume. 

 

Table 3: Water Quality Volume Summary 

Day 1 

  Proposed 
Impervious Area (ac) 

Required Water 
Quality Volume (ac-ft) 

Filtration Volume 
Provided (ac-ft) 

Pond 1 12.03 1.00 
7.32 

Pond 2 36.80 3.07 

Pond 3 3.57 0.30 0.65 

Total 52.40 4.37 7.97 

 2 Year 

(2.88 in.) 

10 Year 

(4.29in.) 

100 Year 

(7.42 in.) 

 Discharge Point #1 - NE 

Pre-Development Rate (CFS) 16.77 21.29 26.51 

Post-Development Rate (CFS) 16.02 19.11 25.24 

 Discharge Point #2 - SE 

Pre-Development Rate (CFS) 26.87 59.09 207.44 

Post-Development Rate (CFS) 14.84 30.29 62.82 
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Day N 

  Proposed 
Impervious Area (ac) 

Required Water 
Quality Volume (ac-ft) 

Filtration Volume 
Provided (ac-ft) 

Pond 4 7.18 0.60 2.30 

Pond 5 13.10 1.09 2.38 

Pond 6 9.24 0.77 1.22 

Pond 7 11.80 0.98 3.62 

Total 41.32 3.44 9.52 

 

Additionally, the City of Hermantown requires no net increase in Total Suspended Solids (TSS) and no 
net increase in Total Phosphorous (TP) on an annual basis when compared to existing conditions. The 
existing and proposed water quality was modeled using MIDS version 4.  

 

The water quality model utilizes specific Event Mean Concentrations (EMCs) to estimate the pollutant 
runoff for both existing and proposed site conditions, aligned with guidance from the Minnesota 
Stormwater Manual. 

 

• The proposed conditions model applies a lower EMC for phosphorus compared to the existing 
conditions. This reduction reflects the shift away from the site's previous land use, which was 
more prone to exporting organic debris and vegetative waste. The proposed layout minimizes 
these sources, resulting in a lower expected concentration of phosphorus runoff. 

• Conversely, a higher EMC for TSS is used for the proposed conditions. This adjustment accounts 
for the increase in post-construction impervious surfaces, such as roadways and parking areas. 
These surfaces naturally accumulate higher amounts of vehicle grit, sediment, and airborne 
dust, which are easily washed off during rain events and increase the overall concentration of 
suspended solids leaving the site. 

 

By adjusting these values to match the specific land-use changes rather than relying strictly on standard 
defaults, the model provides a more realistic assessment of post-development runoff and ensures that 
the downstream water quality Ponds are sized appropriately. See Table 4 for a summary of existing and 
proposed TSS and TP loading on an annual basis.  

 

Table 4: Water Quality Modeling Results 

6.0 Receiving Waters Impacts Summary 
 
The MPCA NPDES Construction Stormwater Permit outlines requirements for discharge to trout streams. 
The permanent stormwater treatment system must minimize any increase in the temperature of trout 

 TSS EMC 
(mg/l) 

Phosphorous 
EMC (mg/l) 

Annual TSS 
Discharge (lbs) 

Annual TP 
Discharge (lbs) 

Pre-Development Conditions 54.5 0.3 6952.9 38.27 

Post Development Conditions 75 0.2 2563.3 28.39 



 
 

 
 

Hermantown Industrial - Stormwater Report  Page 9 
Hermantown, Minnesota  
  
 

streams resulting from the one and two year 24-hour precipitation events. This includes all tributaries of 
designated trout streams located within the same Public Land Survey System (PLSS) Section. Permittees 
must incorporate one or more of the following measures, in order of MPCA’s preference: 

a) Provide stormwater infiltration or other volume reduction practices.  

b) Filtration systems must discharge all stormwater routed to the system within 24 hours. 

c) Minimize the discharge from connected impervious surfaces by discharging to vegetated 

areas, or grass swales, and using other non-structural controls. 

d) If ponding is used, the design must include an appropriate combination of measures such as 

shading, vegetated swale discharge or constructed wetland treatment cells that limit 

temperature increases. The pond must be designed as a dry pond and should drawdown in 

24 hours or less. Additionally, outlet controls would be designed to draw from the bottom of 

pond.  

e) Other methods that minimize any increase in the temperature of the trout streams. 

 

The stormwater management system incorporates these mitigation measures to the greatest extent 
practicable. Each filtration pond is engineered to drain the WQv within 24 hours, utilizing native 
plantings to promote evapotranspiration and provide shading during warmer seasons. Rather than 
discharging directly into the trout stream, the runoff flows into an established wetland complexes with 
dense vegetation for approximately 1,000 feet prior to discharging to a trout stream or tributary, further 
reducing temperature impacts before reaching the river. 

 

The post-construction peak runoff rates are reduced to far below existing conditions to mitigate the 
excess runoff volume discharging into the receiving wetland. Over-detaining the peak flows regulates 
the release of this increased volume, preventing high-energy, erosive surges from disrupting the 
wetland’s delicate hydrologic balance and reducing temperature surges. 

 

According to the MPCA’s 2025 Midway River Watershed Protection Study, trout and several other fish 
and macroinvertebrates in the Midway River Watershed depend on cold-water temperatures (7.8°C to 
20.0°C) for survival. They thrive in clean water with minimal silt, sediment, and low nitrate and 
phosphate levels. The project strives to reduce impacts to the Midway River by reducing the total 
sediment load and nutrient loads to the midway river and  implementing green infrastructure, such as 
biofiltration basins, pretreatment systems, and maintaining vegetative buffers around wetlands and 
tributaries.  

 

A hydrogeological analysis in relation to the wetlands to the southeast and northeast of the Study Area 
is planned. This study will quantify how proposed land-use changes affect groundwater recharge rates 
and offsite hydrology. The primary goal of this analysis is to ensure the protection of nearby 
groundwater drinking water resources and the adjacent trout stream. Should potential impacts be 
identified, a formal groundwater mitigation plan will be developed and implemented to maintain 
existing thermal and hydrologic conditions. This study will quantify to what degree proposed land use 
changes affect groundwater recharge rates and offsite hydrology and assesses the significance of the 
impact. 
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Project Information

Calculator Version: Version 4: July 2020

Project Name: Project Loon

User Name / Company Name:

Date: 07-02-2025

Project Description: Existing Conditions Project Loon Day N - Baseline for TSS 

and TP effluent

Construction Permit?: No

Site Information

Retention Requirement (inches): 1.1

Site's Zip Code: 55810

Annual Rainfall (inches): 30

Phosphorus EMC (mg/l): 0.3

TSS EMC (mg/l): 54.5

Total Site Area

Land Cover A Soils 

(acres)

B Soils 

(acres)

C Soils 

(acres)

D Soils 

(acres)

Total 

(acres)

Forest/Open Space - Undisturbed, protected 

forest/open space or reforested land
136.63 60.14 196.77

Managed Turf - disturbed, graded for yards or 

other turf to be mowed/managed
31.5 31.5

Impervious Area (acres) 5.73

Total Area (acres) 234

Site Areas Routed to BMPs

Land Cover A Soils 

(acres)

B Soils 

(acres)

C Soils 

(acres)

D Soils 

(acres)

Total 

(acres)

Forest/Open Space - Undisturbed, protected 

forest/open space or reforested land
0

Managed Turf - disturbed, graded for yards or 

other turf to be mowed/managed
0

Impervious Area (acres)

Total Area (acres) 0



Summary Information

Performance Goal Requirement

Performance goal volume retention requirement: 22880 ft3

Volume removed by BMPs towards performance goal: ft³

Percent volume removed towards performance goal %

Annual Volume and Pollutant Load Reductions

Post development annual runoff volume 46.9028 acre-ft

Annual runoff volume removed by BMPs: acre-ft

Percent annual runoff volume removed: %

Post development annual particulate P load: 21.05 lbs

Annual particulate P removed by BMPs: lbs

Post development annual dissolved P load: 17.223 lbs

Annual dissolved P removed by BMPs: 0 lbs

Total P removed by BMPs 0 lbs

Percent annual total phosphorus removed: %

Post development annual TSS load: 6952.9 lbs

Annual TSS removed by BMPs: lbs

Percent annual TSS removed: %

BMP Summary

Performance Goal Summary

BMP Name
BMP Volume 

Capacity  
(ft3)

Volume 
Recieved    

(ft3)

Volume 
Retained 

(ft3)

Volume 
Outflow   

(ft3)

Percent 
Retained  (%)

Annual Volume Summary

BMP Name

Volume 
From Direct 
Watershed 

(acre-ft)

Volume 
From 

Upstream 
BMPs    

(acre-ft)

Volume 
Retained 
(acre-ft)

Volume 
outflow 
(acre-ft)

Percent 
Retained   

(%)

Particulate Phosphorus Summary

BMP Name

Load From 
Direct 

Watershed 
(lbs)

Load From 
Upstream 

BMPs      
(lbs)

Load 
Retained 

(lbs)

Outflow 
Load       
(lbs)

Percent 
Retained  (%)

Dissolved Phosphorus Summary



BMP Name

Load From 
Direct 

Watershed 
(lbs)

Load From 
Upstream 

BMPs      
(lbs)

Load 
Retained 

(lbs)

Outflow 
Load       
(lbs)

Percent 
Retained  (%)

Total Phosphorus Summary

BMP Name

Load From 
Direct 

Watershed 
(lbs)

Load From 
Upstream 

BMPs      
(lbs)

Load 
Retained 

(lbs)

Outflow 
Load       
(lbs)

Percent 
Retained  (%)

TSS Summary

BMP Name

Load From 
Direct 

Watershed 
(lbs)

Load From 
Upstream 

BMPs      
(lbs)

Load 
Retained 

(lbs)

Outflow 
Load       
(lbs)

Percent 
Retained  (%)

BMP Schematic



Project Information

Calculator Version: Version 4: July 2020

Project Name: Hermantown Industrial

User Name / Company Name:

Date: 07/17/2026

Project Description: Proposed Conditions with EMC adjustments Using tier 1 

manufactured treatment devices for pre-treatment to 

ponds

Construction Permit?: No

Site Information

Retention Requirement (inches): 1.1

Site's Zip Code: 55810

Annual Rainfall (inches): 30

Phosphorus EMC (mg/l): 0.2

TSS EMC (mg/l): 75

Total Site Area

Land Cover A Soils 

(acres)

B Soils 

(acres)

C Soils 

(acres)

D Soils 

(acres)

Total 

(acres)

Forest/Open Space - Undisturbed, protected 

forest/open space or reforested land
60.14 60.14

Managed Turf - disturbed, graded for yards or 

other turf to be mowed/managed
80.14 80.14

Impervious Area (acres) 93.72

Total Area (acres) 234

Site Areas Routed to BMPs

Land Cover A Soils 

(acres)

B Soils 

(acres)

C Soils 

(acres)

D Soils 

(acres)

Total 

(acres)

Forest/Open Space - Undisturbed, protected 

forest/open space or reforested land
0

Managed Turf - disturbed, graded for yards or 

other turf to be mowed/managed
80.14 80.14

Impervious Area (acres) 93.72

Total Area (acres) 173.86



Summary Information

Performance Goal Requirement

Performance goal volume retention requirement: 374222 ft3

Volume removed by BMPs towards performance goal: 33039 ft³

Percent volume removed towards performance goal 9 %

Annual Volume and Pollutant Load Reductions

Post development annual runoff volume 246.7616 acre-ft

Annual runoff volume removed by BMPs: 0 acre-ft

Percent annual runoff volume removed: 0 %

Post development annual particulate P load: 73.8311 lbs

Annual particulate P removed by BMPs: 66.023 lbs

Post development annual dissolved P load: 60.407 lbs

Annual dissolved P removed by BMPs: 39.822 lbs

Total P removed by BMPs 105.845 lbs

Percent annual total phosphorus removed: 79 %

Post development annual TSS load: 50339.4 lbs

Annual TSS removed by BMPs: 47776.1 lbs

Percent annual TSS removed: 95 %

BMP Summary

Performance Goal Summary

BMP Name
BMP Volume 

Capacity  
(ft3)

Volume 
Recieved    

(ft3)

Volume 
Retained 

(ft3)

Volume 
Outflow   

(ft3)

Percent 
Retained  (%)

1 and 2 - Bioretention basin (with underdrain) 14450 194977 14450 180528 7

3 - Bioretention basin (with underdrain) 0 0 0 0 0

4 - Bioretention basin (with underdrain) 4502 28670 4502 24168 16

5 - Bioretention basin (with underdrain) 4649 52308 4649 47659 9

6 - Bioretention basin (with underdrain) 2346 36895 2346 34549 6

7 - Bioretention basin (with underdrain) 7093 61372 7093 54279 12

1-Pre-treatment 0 48036 0 48036 0

2-Pre-treatment 0 146942 0 146942 0

3-Pre-treatment 0 14255 0 14255 0

4-Pre-treatment 0 28670 0 28670 0

5-Pre-treatment 0 52308 0 52308 0

6-Pre-treatment 0 36895 0 36895 0

7-Pre-treatment 0 47117 0 47117 0

Annual Volume Summary



BMP Name

Volume 

From Direct 

Watershed 

(acre-ft)

Volume 

From 

Upstream 

BMPs    

(acre-ft)

Volume 

Retained 

(acre-ft)

Volume 

outflow 

(acre-ft)

Percent 

Retained   

(%)

1 and 2 - Bioretention basin (with underdrain) 0 0 0 0 17

3 - Bioretention basin (with underdrain) 0 0 0 0 0

4 - Bioretention basin (with underdrain) 0 0 0 0 31

5 - Bioretention basin (with underdrain) 0 0 0 0 19

6 - Bioretention basin (with underdrain) 0 0 0 0 14

7 - Bioretention basin (with underdrain) 0 0 0 0 24

1-Pre-treatment 36.1883 0 0 36.1883 0

2-Pre-treatment 85.8722 0 0 85.8722 0

3-Pre-treatment 9.695 0 0 9.695 0

4-Pre-treatment 18.7083 0 0 18.7083 0

5-Pre-treatment 35.3025 0 0 35.3025 0

6-Pre-treatment 24.2253 0 0 24.2253 0

7-Pre-treatment 30.0042 0 0 30.0042 0

Particulate Phosphorus Summary

BMP Name

Load From 

Direct 

Watershed 

(lbs)

Load From 

Upstream 

BMPs      

(lbs)

Load 

Retained 

(lbs)

Outflow 

Load       

(lbs)

Percent 

Retained  (%)

1 and 2 - Bioretention basin (with underdrain) 0 18.2601 15.2341 3.026 83

3 - Bioretention basin (with underdrain) 0 0 0 0 0

4 - Bioretention basin (with underdrain) 0 2.7987 2.4119 0.3868 86

5 - Bioretention basin (with underdrain) 0 5.2812 4.4298 0.8514 84

6 - Bioretention basin (with underdrain) 0 3.6241 3.0041 0.62 83

7 - Bioretention basin (with underdrain) 0 5.939 5.0393 0.8997 85

1-Pre-treatment 10.8275 0 5.4138 5.4137 50

2-Pre-treatment 25.6929 0 12.8465 12.8464 50

3-Pre-treatment 2.9008 0 1.4504 1.4504 50

4-Pre-treatment 5.5975 0 2.7988 2.7987 50

5-Pre-treatment 10.5625 0 5.2813 5.2812 50

6-Pre-treatment 7.2482 0 3.6241 3.6241 50

7-Pre-treatment 8.9773 0 4.4887 4.4886 50

Dissolved Phosphorus Summary



BMP Name

Load From 

Direct 

Watershed 

(lbs)

Load From 

Upstream 

BMPs      

(lbs)

Load 

Retained 

(lbs)

Outflow 

Load       

(lbs)

Percent 

Retained  (%)

1 and 2 - Bioretention basin (with underdrain) 0 14.9401 5.0368 9.9033 34

3 - Bioretention basin (with underdrain) 0 0 0 0 0

4 - Bioretention basin (with underdrain) 0 2.2899 1.0238 1.2661 45

5 - Bioretention basin (with underdrain) 0 4.321 1.5345 2.7865 36

6 - Bioretention basin (with underdrain) 0 2.9652 0.9361 2.0291 32

7 - Bioretention basin (with underdrain) 0 4.8591 1.9147 2.9444 39

1-Pre-treatment 8.8589 0 4.4295 4.4294 50

2-Pre-treatment 21.0215 0 10.5108 10.5107 50

3-Pre-treatment 2.3733 0 1.1867 1.1866 50

4-Pre-treatment 4.5798 0 2.2899 2.2899 50

5-Pre-treatment 8.6421 0 4.3211 4.321 50

6-Pre-treatment 5.9304 0 2.9652 2.9652 50

7-Pre-treatment 7.345 0 3.6725 3.6725 50

Total Phosphorus Summary

BMP Name

Load From 

Direct 

Watershed 

(lbs)

Load From 

Upstream 

BMPs      

(lbs)

Load 

Retained 

(lbs)

Outflow 

Load       

(lbs)

Percent 

Retained  (%)

1 and 2 - Bioretention basin (with underdrain) 0 33.2002 20.2709 12.9293 58

3 - Bioretention basin (with underdrain) 0 0 0 0 0

4 - Bioretention basin (with underdrain) 0 5.0886 3.4357 1.6529 66

5 - Bioretention basin (with underdrain) 0 9.6022 5.9643 3.6379 60

6 - Bioretention basin (with underdrain) 0 6.5893 3.9402 2.6491 58

7 - Bioretention basin (with underdrain) 0 10.7981 6.954 3.8441 62

1-Pre-treatment 19.6864 0 9.8433 9.8431 50

2-Pre-treatment 46.7144 0 23.3573 23.3571 50

3-Pre-treatment 5.2741 0 2.6371 2.637 50

4-Pre-treatment 10.1773 0 5.0887 5.0886 50

5-Pre-treatment 19.2046 0 9.6024 9.6022 50

6-Pre-treatment 13.1786 0 6.5893 6.5893 50

7-Pre-treatment 16.3223 0 8.1612 8.1611 50

TSS Summary



BMP Name

Load From 

Direct 

Watershed 

(lbs)

Load From 

Upstream 

BMPs      

(lbs)

Load 

Retained 

(lbs)

Outflow 

Load       

(lbs)

Percent 

Retained  (%)

1 and 2 - Bioretention basin (with underdrain) 0 3735.05 3116.09 618.959999999998 83

3 - Bioretention basin (with underdrain) 0 0 0 0 0

4 - Bioretention basin (with underdrain) 0 572.47 493.34 79.1299999999998 86

5 - Bioretention basin (with underdrain) 0 1080.26 906.1 174.16 84

6 - Bioretention basin (with underdrain) 0 741.29 614.48 126.81 83

7 - Bioretention basin (with underdrain) 0 1214.8 1030.77 184.03 85

1-Pre-treatment 7382.42 0 6275.06 1107.36 85

2-Pre-treatment 17517.92 0 14890.23 2627.69 85

3-Pre-treatment 1977.79 0 1681.12 296.67 85

4-Pre-treatment 3816.49 0 3244.02 572.47 85

5-Pre-treatment 7201.71 0 6121.45 1080.26 85

6-Pre-treatment 4941.96 0 4200.67 741.29 85

7-Pre-treatment 6120.86 0 5202.73 918.13 85

BMP Schematic
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Elev./
Depth

ft

1309.4
0.7

1299.0
11.0

1296.0
14.0

1289.0
21.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), trace roots, trace 
Gravel, brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown and brown, moist, stiff to very 
stiff (GLACIAL TILL)

SILTY SAND (SM), trace Gravel, reddish 
brown, moist, dense (GLACIAL TILL)

SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist, hard (GLACIAL TILL)

END OF BORING

Boring immediately grouted

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

6-7-8
(15)
14"

5-7-10
(17)
10"

8-11-12
(23)
12"

10-11-13
(24)
14"

12-16-24
(40)
12"

12-24-33
(57)
14"

14-50/2"
(REF)

10"

qₚ
tsf

MC
% Tests or Remarks

Auger refusal at 21 feet

Water not observed while 
drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-1
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 145472.9 EASTING: 540308.9

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1310.0 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Sunny

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-1 page 1 of 1



Elev./
Depth

ft

1300.3
0.5

1274.8
26.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), trace roots, trace 
Gravel, reddish brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist, stiff to hard (GLACIAL 
TILL)

With Silty Sand at 10 feet

END OF BORING

Boring immediately grouted

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

3-4-5
(9)
14"

3-6-8
(14)
16"

14-16-18
(34)
14"

8-12-17
(29)
14"

6-12-16
(28)
16"

12-14-15
(29)
16"

6-14-18
(32)
16"

11-11-15
(26)
14"

qₚ
tsf

MC
% Tests or Remarks

Auger chatter at 22 to 23 
feet

Water not observed while 
drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-2
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 145305.9 EASTING: 541032.0

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1300.8 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-2 page 1 of 1



Elev./
Depth

ft

1319.7
0.7

1302.4
18.0

1294.4
26.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), trace roots, trace 
Gravel, brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist, stiff to hard (GLACIAL 
TILL)

POORLY GRADED SAND (SP), fine-grained, 
brown and reddish brown, moist, medium 
dense (GLACIAL OUTWASH)

END OF BORING

Boring immediately grouted

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

4-5-6
(11)
12"

5-5-6
(11)
14"

7-12-13
(25)
16"

10-14-18
(32)
14"

12-16-22
(38)
14"

7-19-23
(42)
16"

8-10-11
(21)
14"

10-10-12
(22)
16"

qₚ
tsf

MC
% Tests or Remarks

Water not observed while 
drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-3
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 145099.3 EASTING: 540021.9

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/21/24 END DATE: 10/21/24
SURFACE

ELEVATION: 1320.4 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Sunny

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-3 page 1 of 1



Elev./
Depth

ft

1298.1
0.8

1273.0
26.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), trace roots, trace 
Gravel, dark brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown and brown, moist, stiff to hard 
(GLACIAL TILL)

END OF BORING

Boring immediately grouted

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

6-7-8
(15)
12"

4-7-8
(15)
14"

7-9-10
(19)
16"

6-9-9
(18)
14"

14-16-24
(40)
12"

12-16-19
(35)
16"

12-14-15
(29)
16"

8-12-15
(27)
16"

qₚ
tsf

MC
% Tests or Remarks

Water not observed while 
drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-4
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 144908.1 EASTING: 540556.5

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1299.0 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-4 page 1 of 1



Elev./
Depth

ft

1323.9
0.5

1310.4
14.0

1306.4
18.0

1302.4
22.0

1296.4
28.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

LEAN CLAY (CL), trace Sand, brown, moist 
(TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist, medium to very stiff 
(GLACIAL TILL)

SILTY SAND (SM), fine-grained, reddish brown, 
moist, medium dense (GLACIAL TILL)

POORLY GRADED SAND (SP), with Gravel, 
dark brown and brown, moist, medium dense 
(GLACIAL OUTWASH)

SILTY SAND (SM), fine-grained, reddish brown, 
moist, medium dense (GLACIAL TILL)

SANDY LEAN CLAY (CL), contains seams of 
Silt, reddish brown, moist, very stiff (GLACIAL 
TILL)

Continued on next page

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

3-4-5
(9)
12"

2-4-4
(8)
14"

4-5-7
(12)
16"

5-6-6
(12)
14"

7-8-10
(18)
12"

4-5-6
(11)
16"

7-8-10
(18)
12"

5-9-10
(19)
14"

4-8-12
(20)
12"

qₚ
tsf

MC
% Tests or Remarks

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-5
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 144622.7 EASTING: 539996.1

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1324.4 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-5 page 1 of 4



Elev./
Depth

ft

1290.4
34.0

1287.4
37.0

1276.4
48.0

1261.4
63.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), contains seams of 
Silt, reddish brown, moist, very stiff (GLACIAL 
TILL)
POORLY GRADED GRAVEL (GP), gray, very 
dense (GLACIAL TILL)

SANDY LEAN CLAY (CL), trace to with Gravel, 
reddish brown, wet, stiff to hard (GLACIAL 
TILL)

Little Gravel at 45 feet

Boulder at 46 feet

Boulder at 47 feet

SANDY SILT (ML), trace Clay lenses, reddish 
brown, wet, very dense (GLACIAL TILL)

A 2 foot Boulder at 61 to 62 feet

SANDY LEAN CLAY (CL), contains seams of 
Silt, reddish brown, wet, hard (GLACIAL TILL)

Continued on next page

35

40

45

50

55

60

Sa
m

pl
e Blows

(N-Value)
Recovery

50/2"
(REF)

2"

8-7-8
(15)
16"

36-50/3"
(REF)

10"

20-23-19
(42)
12"

27-36-38
(74)
16"

24-27-33
(60)
10"

qₚ
tsf

MC
% Tests or Remarks

Probable Boulder.

Switched to mud rotary 
drilling method at 35 feet.

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-5
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 144622.7 EASTING: 539996.1

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1324.4 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-5 page 2 of 4



Elev./
Depth

ft

1252.4
72.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), contains seams of 
Silt, reddish brown, wet, hard (GLACIAL TILL)

Little Gravel at 70 feet

SILTY SAND (SM), fine to coarse-grained, little 
Gravel, very dense (GLACIAL OUTWASH)

Probable Boulder at 92 to 93 feet

Continued on next page

65

70

75

80

85

90

95

Sa
m

pl
e Blows

(N-Value)
Recovery

45-50/3"
(REF)

10"

50/4"
(REF)

10"

50/3"
(REF)

4"

50/2"
(REF)

2"

50/2"
(REF)

2"

50/2"
(REF)

0"

50/2"
(REF)

0"

qₚ
tsf

MC
% Tests or Remarks

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-5
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 144622.7 EASTING: 539996.1

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1324.4 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-5 page 3 of 4



Elev./
Depth

ft

1224.4
100.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SILTY SAND (SM), fine to coarse-grained, little 
Gravel, very dense (GLACIAL OUTWASH)

Probable Boulder at 96 to 98 feet

END OF BORING

Boring immediately grouted

100

105

110

115

120

125

Sa
m

pl
e Blows

(N-Value)
Recovery

50/2"
(REF)

0"

qₚ
tsf

MC
% Tests or Remarks

Water level obscured due 
to mud rotary drilling 
method.

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-5
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 144622.7 EASTING: 539996.1

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1324.4 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-5 page 4 of 4



Elev./
Depth

ft

1300.6
1.0

1275.6
26.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), trace roots, trace 
Gravel, reddish brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown and brown, moist, very stiff to 
hard (GLACIAL TILL)

END OF BORING

Boring immediately backfilled

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

10-12-12
(24)
12"

8-10-10
(20)
14"

7-6-10
(16)
16"

8-12-19
(31)
14"

7-14-18
(32)
16"

16-14-15
(29)
14"

9-12-11
(23)
16"

12-37-16
(53)
14"

qₚ
tsf

MC
% Tests or Remarks

Water not observed while 
drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-6
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 144457.4 EASTING: 541064.2

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1301.6 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-6 page 1 of 1



Elev./
Depth

ft

1314.2
0.5

1303.7
11.0

1300.7
14.0

1296.7
18.0

1288.7
26.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

LEAN CLAY (CL), trace roots, trace Sand, dark 
brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist, stiff to hard (GLACIAL 
TILL)

SILTY SAND (SM), fine-grained, trace Gravel, 
reddish brown, moist, medium dense (GLACIAL 
OUTWASH)

POORLY GRADED SAND (SP), fine-grained, 
reddish brown, moist, dense (GLACIAL 
OUTWASH)

SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist, hard (GLACIAL TILL)

END OF BORING

Boring immediately grouted

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

5-6-6
(12)
14"

4-6-8
(14)
12"

12-17-16
(33)
16"

14-12-16
(28)
16"

8-12-14
(26)
16"

12-16-18
(34)
16"

14-15-16
(31)
14"

14-16-19
(35)
16"

qₚ
tsf

MC
% Tests or Remarks

Water not observed while 
drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-7
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 144536.9 EASTING: 540390.1

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/22/24 END DATE: 10/22/24
SURFACE

ELEVATION: 1314.7 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-7 page 1 of 1



Elev./
Depth

ft

1298.7
0.8

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

LEAN CLAY (CL), trace Sand, trace roots, 
brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist to wet, stiff to hard 
(GLACIAL TILL)

Probable Boulder at 21 feet

Continued on next page

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

7-8-9
(17)
14"

7-8-12
(20)
16"

5-7-8
(15)
16"

10-8-8
(16)
16"

6-7-7
(14)
0"

4-5-8
(13)
10"

50/3"
(REF)

6"

4-6-12
(18)
6"

5-6-5
(11)
14"

qₚ
tsf

MC
% Tests or Remarks

No recovery at 12 feet

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-8
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 143434.4 EASTING: 540738.2

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/24/24 END DATE: 10/24/24
SURFACE

ELEVATION: 1299.5 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Sunny
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Elev./
Depth

ft

1259.5
40.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist to wet, stiff to hard 
(GLACIAL TILL)

Probable Boulder at 36 feet

END OF BORING

Boring immediately grouted

35

40

45

50

55

60

Sa
m

pl
e Blows

(N-Value)
Recovery

4-5-7
(12)
14"

50/1"
(REF)

0"

qₚ
tsf

MC
% Tests or Remarks

Water observed at 24.5 feet 
while drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-8
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 143434.4 EASTING: 540738.2

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/24/24 END DATE: 10/24/24
SURFACE

ELEVATION: 1299.5 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Sunny

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-8 page 2 of 2



Elev./
Depth

ft

1303.6
0.7

1281.2
23.0

1279.5
24.8

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), trace roots, trace 
Gravel, brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist, stiff to very stiff 
(GLACIAL TILL)

With Gravel at 12 1/2 feet

Probable Boulder at 22 feet

SILTY SAND (SM), fine-grained, trace Gravel, 
reddish brown, moist, very dense (GLACIAL 
TILL)

END OF BORING

Boring immediately grouted

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

4-5-8
(13)
14"

3-5-7
(12)
14"

7-10-14
(24)
16"

8-10-14
(24)
12"

9-12-15
(27)
10"

12-11-16
(27)
14"

7-8-12
(20)
14"

9-19-50/3"
(REF)

14"

qₚ
tsf

MC
% Tests or Remarks

Water not observed while 
drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-9
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 143174.4 EASTING: 540040.7

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/24/24 END DATE: 10/24/24
SURFACE

ELEVATION: 1304.2 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Cloudy

B2409404 Braun Intertec Corporation Print Date:01/06/2025 ST-9 page 1 of 1



Elev./
Depth

ft

1284.0
0.5

1260.3
24.2

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), trace roots, trace 
Gravel, brown, moist (TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist to wet, stiff to hard 
(GLACIAL TILL)

END OF BORING

Boring immediately grouted

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

4-5-6
(11)
12"

5-6-8
(14)
12"

7-8-7
(15)
14"

4-4-5
(9)
16"

7-9-30
(39)
14"

25-50/2"
(REF)

6"

12-18-20
(38)
0"

18-50/2"
(REF)

0"

qₚ
tsf

MC
% Tests or Remarks

Probable Boulder

No recovery

No recovery
Water observed at 7.5 feet 
while drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-10
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 142758.8 EASTING: 541001.8

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 10/24/24 END DATE: 10/24/24
SURFACE

ELEVATION: 1284.5 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Cloudy WEATHER: Cloudy
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Elev./
Depth

ft

1300.9
0.3

1295.2
6.0

1283.2
18.0

1275.2
26.0

W
at

er
Le

ve
l Description of Materials

(Soil-ASTM D2488 or 2487; Rock-USACE EM 
1110-1-2908)

SANDY LEAN CLAY (CL), reddish brown, moist 
(TOPSOIL)
SANDY LEAN CLAY (CL), trace Gravel, 
reddish brown, moist, stiff (GLACIAL TILL)

CLAYEY SAND (SC), trace Gravel, intermixed 
with Silt, reddish brown, moist, very stiff to hard 
(GLACIAL TILL)

SANDY SILT (ML), contains lenses of Lean 
Clay, brown, wet, medium dense (GLACIAL 
TILL)

END OF BORING

Boring immediately grouted

5

10

15

20

25

30

Sa
m

pl
e Blows

(N-Value)
Recovery

4-5-6
(11)
12"

7-6-5
(11)
14"

7-8-20
(28)
16"

12-28-16
(44)
14"

14-15-15
(30)
14"

16-23-19
(42)
16"

6-7-8
(15)
14"

6-8-10
(18)
16"

qₚ
tsf

MC
% Tests or Remarks

Water observed at 18.0 feet 
while drilling. 

LOG OF BORING
See Descriptive Terminology sheet for explanation of abbreviations

Project Number B2409404
Geotechnical Evaluation
Project Loon - Hermantown Site
3589 Midway Road
Hermantown, Minnesota

BORING: ST-11
LOCATION: Captured with RTK GPS. 

DATUM: NAD 1983 HARN Adj MN St Louis South (US Feet)

NORTHING: 142225.3 EASTING: 541433.0

DRILLER: M. Hoppe LOGGED BY: S. Niraula START DATE: 11/04/24 END DATE: 11/04/24
SURFACE

ELEVATION: 1301.2 ft RIG: 7504 METHOD: 3 1/4" HSA SURFACING: Soil WEATHER: Rain
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Descriptive Terminology of Soil
Based on Standards ASTM D2487/2488

(Unified Soil Classification System)

Group 

Symbol Group NameB

 Cu ≥ 4 and 1 ≤ Cc ≤ 3
D GW  Well‐graded gravelE

 Cu < 4 and/or (Cc < 1 or Cc > 3)
D GP  Poorly graded gravelE

 Fines classify as ML or MH GM  Silty gravelE F G

 Fines Classify as CL or CH GC  Clayey gravelE F G

 Cu ≥ 6 and 1 ≤ Cc ≤ 3
D SW  Well‐graded sandI

 Cu < 6 and/or (Cc < 1 or Cc > 3)
D SP  Poorly graded sandI

 Fines classify as ML or MH SM  Silty sandF G I

 Fines classify as CL or CH SC  Clayey sandF G I

CL  Lean clayK L M

 PI < 4 or plots below "A" lineJ ML  SiltK L M

Organic OL

CH  Fat clayK L M

MH  Elastic siltK L M

Organic OH

PT  Peat Highly Organic Soils

Silts and Clays 

(Liquid limit less than 

50)

Silts and Clays 

(Liquid limit 50 or 

more)

Primarily organic matter, dark in color, and organic odor

Inorganic

Inorganic

 PI > 7 and plots on or above "A" lineJ

 PI plots on or above "A" line

 PI plots below "A" line

Criteria for Assigning Group Symbols and 

Group Names Using Laboratory TestsA

Soil Classification

C
o
ar
se
‐g
ra
in
e
d
 S
o
ils

 (
m
o
re
 t
h
an

 5
0
%
 r
et
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n
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 o
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N
o
. 2
0
0
 s
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)

Fi
n
e
‐g
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e
d
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o
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5
0
%
 o
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m
o
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e 
   
   
  

N
o
. 2
0
0
 s
ie
ve
) 

Sands 

(50% or more coarse 

fraction passes No. 4 

sieve)

Clean Gravels

(Less than 5% finesC)

Gravels with Fines 

(More than 12% finesC) 

Clean Sands 

(Less than 5% finesH)

Sands with Fines 

(More than 12% finesH)

Gravels

 (More than 50% of 

coarse fraction 

retained on No. 4 

sieve)

Liquid Limit − oven dried

Liquid Limit − not dried   
 <0.75

Organic clay K
 L M N

Organic silt K
 L M O

Liquid Limit − oven dried

Liquid Limit − not dried   
 <0.75

Organic clay K
 L M P

Organic silt K
 L M Q  

Particle Size Identification
Boulders.............. over 12"  
Cobbles................ 3" to 12"
Gravel

Coarse............. 3/4" to 3" (19.00 mm to 75.00 mm)
Fine................. No. 4 to 3/4" (4.75 mm to 19.00 mm)

Sand
Coarse.............. No. 10 to No. 4 (2.00 mm to 4.75 mm)
Medium........... No. 40 to No. 10 (0.425 mm to 2.00 mm) 
Fine.................. No. 200 to No. 40 (0.075 mm to 0.425 mm)

Silt........................ No. 200 (0.075 mm) to .005 mm
Clay...................... < .005 mm

Relative ProportionsL, M

trace............................. 0 to 5%
little.............................. 6 to 14%
with.............................. ≥ 15%

Inclusion Thicknesses
lens............................... 0 to 1/8"
seam............................. 1/8" to 1"
layer.............................. over 1"  

Apparent Relative Density of Cohesionless Soils
Very loose ..................... 0 to 4 BPF
Loose ............................ 5 to 10 BPF
Medium dense.............. 11 to 30 BPF
Dense............................ 31 to 50 BPF
Very dense.................... over 50 BPF

A. Based on the material passing the 3‐inch (75‐mm) sieve. 
B. If field sample contained cobbles or boulders, or both, add "with cobbles or boulders,

or both" to group name.
C.  Gravels with 5 to 12% fines require dual symbols:

GW‐GM well‐graded gravel with silt
GW‐GC  well‐graded gravel with clay
GP‐GM poorly graded gravel with silt
GP‐GC  poorly graded gravel with clay 

D. Cu = D60 / D10 Cc =   𝐷30
2 /  ሺ𝐷10 𝑥 𝐷60) 

E. If soil contains ≥ 15% sand, add "with sand" to group name.
F. If fines classify as CL‐ML, use dual symbol GC‐GM or SC‐SM.
G.  If fines are organic, add "with organic fines" to group name. 
H.  Sands with 5 to 12% fines require dual symbols:

SW‐SM well‐graded sand with silt
SW‐SC  well‐graded sand with clay
SP‐SM poorly graded sand with silt 
SP‐SC poorly graded sand with clay

I. If soil contains ≥ 15% gravel, add "with gravel" to group name. 
J. If Atterberg limits plot in hatched area, soil is CL‐ML, silty clay. 
K. If soil contains 15 to < 30% plus No. 200, add "with sand" or "with gravel", whichever is 

predominant. 
L.  If soil contains ≥ 30% plus No. 200, predominantly sand, add “sandy” to group name.
M.  If soil contains ≥ 30% plus No. 200 predominantly gravel, add “gravelly” to group name.
N.  PI ≥ 4 and plots on or above “A” line.
O.  PI < 4 or plots below “A” line.
P.  PI plots on or above “A” line.
Q. PI plots below “A” line.

Laboratory Tests
DD Dry density, pcf qp Pocket penetrometer strength, tsf
WD Wet density, pcf qU Unconfined compression test, tsf
P200 % Passing #200 sieve LL Liquid limit
MC Moisture content, % PL Plastic limit 
OC Organic content, % PI Plasticity index 

Consistency of  Blows      Approximate Unconfined 
Cohesive Soils       Per Foot       Compressive Strength
Very soft................... 0 to 1 BPF................... < 0.25 tsf
Soft........................... 2 to 4 BPF................... 0.25 to 0.5 tsf
Medium.................... 5 to 8 BPF .................. 0.5 to 1 tsf
Stiff........................... 9 to 15 BPF................. 1 to 2 tsf
Very Stiff................... 16 to 30 BPF............... 2 to 4 tsf
Hard.......................... over 30 BPF................ > 4 tsf

Drilling Notes:
Blows/N‐value:  Blows indicate the driving resistance recorded 
for each 6‐inch interval. The reported N‐value is the blows per 
foot recorded by summing the second and third interval in 
accordance with the Standard Penetration Test, ASTM D1586.

Partial Penetration: If the sampler could not be driven 
through a full 6‐inch interval, the number of blows for that 
partial penetration is shown as #/x" (i.e. 50/2"). The N‐value is 
reported as "REF" indicating refusal.

Recovery:  Indicates the inches of sample recovered from the 
sampled interval. For a standard penetration test, full recovery 
is 18", and is 24" for a thinwall/shelby tube sample.

WOH:  Indicates the sampler penetrated soil under weight of 
hammer and rods alone; driving not required.  

WOR:  Indicates the sampler penetrated soil under weight of 
rods alone; hammer weight and driving not required. 

Water Level:  Indicates the water level measured by the 
drillers either while drilling (       ), at the end of drilling (       ), 
or at some time after drilling (        ).  

Moisture Content:
Dry: Absence of moisture, dusty, dry to the touch.
Moist:  Damp but no visible water.
Wet:  Visible free water, usually soil is below water table.
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