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RESOURCE REPORT NO. 6 – GEOLOGICAL RESOURCES 
SUMMARY OF FILING INFORMATION 

MINIMUM REQUIREMENT LOCATION ADDRESSED 
Identify the location (by milepost) of mineral resources and any planned or active 
surface mines crossed by the proposed facilities. (§ 380.12(h)(1) & (2)) 
• Describe hazards to the facilities from mining activities, including subsidence, 

blasting, slumping or landsliding or other ground failure. 

Sections 6.2 and 6.4 

Identify any geologic hazards to the proposed facilities. (§ 380.12(h)(2))  
• For offshore this information is needed on a mile-by-mile basis and will require 

completion of geophysical and other surveys before filing. 

Section 6.4 

Discuss the need for and locations where blasting may be necessary in order to 
construct the proposed facilities. (§ 380.12(h)(3)) 

Section 6.3 

For LNG projects in seismic areas, the materials required by "Data Requirements for 
the Seismic Review of LNG Facilities," NBSIR84- 2833. (§ 380.12(h)(5)) 

Not applicable 

For underground storage facilities, how drilling activity by others within or adjacent to 
the facilities would be monitored, and how old wells would be located and monitored 
within the facility boundaries. (§ 380.12(h)(6)) 

Not applicable 

ADDITIONAL INFORMATION 
Identify any sensitive paleontological resource areas crossed by the proposed 
facilities. (Usually only if raised in scoping or if the project affects federal lands.)  

Section 6.5 

Briefly summarize the physiography and bedrock geology of the project.  Section 6.1 
If proposed pipeline crosses active drilling areas, describe plan for coordinating with 
drillers to ensure early identification of other companies’ planned new wells, gathering 
lines, and aboveground facilities. 

Not applicable 

If the application is for underground storage facilities: 
• Describe monitoring of potential effects of the operation of adjacent storage or 

production facilities on the proposed facility, and vice versa; 
• Describe measures taken to locate and determine the condition of old wells within 

the field and buffer zone and how the applicant would reduce risk from failure of 
known and undiscovered wells; and 

• Identify and discuss safety and environmental safeguards required by state and 
federal drilling regulations. 

Not applicable 
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Abbreviations and Acronyms 

A-line Northern Natural Gas’ 16-inch-diameter M500 A Mainline 
asl above sea level 
D-line Northern Natural Gas’ 30-inch-diameter M500 D line 
E-line Northern Natural Gas’ 30-inch-diameter M500 E line 
ETWS extra temporary workspace 
FEMA Federal Emergency Management Agency 
FERC Federal Energy Regulatory Commission 
HDD horizontal directional drilling 
IDNR Iowa Department of Natural Resources 
MDNR Minnesota Department of Natural Resources 
MP milepost 
MGS Minnesota Geological Survey 
NL27 Project Northern Lights 2027 Expansion Project 
Northern Northern Natural Gas  
PGA peak ground acceleration 
Plan Upland Erosion Control, Revegetation, and Maintenance Plan  
Projects Ventura to Farmington A-Line Abandonment and Capacity 

Replacement Project and Northern Lights 2027 Expansion Project 
ROW right of way 
SFHA special flood hazard areas 
TAR temporary access road 
USGS U.S. Geological Survey 
V2F Project Ventura to Farmington A-Line Abandonment and Capacity 

Replacement Project 
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6.0 RESOURCE REPORT 6 – GEOLOGICAL RESOURCES 

Northern’s application is composed of two discrete projects, the V2F Project and the NL27 
Project. The two Projects will be built concurrently, and Northern has combined the two 
Projects into a single Section 7 application due to their geographic overlap and 
interdependence. Since a majority of the geologic resources described in Resource Report 
6 occur on a state-wide or regional level, the Projects are analyzed collectively, except 
where otherwise noted. 
Resource Report 6 describes the physiography, geologic setting, mineral resources, geologic 
hazards, and paleontological resources associated with the proposed Projects’ areas, and the 
measures that Northern will implement to minimize impacts on geologic resources during 
abandonment, construction and operation of the proposed disconnects, pipeline extensions 
and aboveground facilities. 
Northern owns and operates a natural gas transmission pipeline system, including pipeline 
and associated aboveground facilities in Minnesota and Iowa. Northern is filing an 
application with FERC pursuant to section 7 of the Natural Gas Act. The V2F Project 
involves isolation and abandonment in-place of approximately 105.76 miles of 16-inch-
diameter pipeline on Northern’s M500 A and 25.35 miles of 16-inch-diameter M500 J 
pipeline systems (collectively referred to as the A-line) from Ventura, Iowa, to Farmington, 
Minnesota. To replace the capacity, Northern will construct three new pipeline extensions 
consisting of approximately 17.88 miles of 36-inch- and 30-inch-diameter pipelines and 
associated aboveground appurtenances in Freeborn, Steele and Dakota counties, Minnesota. 
The NL27 Project consists of the installation of ten pipeline extensions totaling 28.43 miles, 
a compressor station uprate, and associated aboveground appurtenances in Minnesota for 
firm transportation requirements associated with Northern’s customers. The NL27 Project is 
in Freeborn, Steele, Scott, Carver, Martin, Stearns, Jackson, Watonwan, Isanti, Morrison, 
and Washington counties, Minnesota. 
Tables 6.0-1 and 6.0-2 provide a list of both Project components along with their associated 
Minnesota or Iowa counties. 
Table 6.0-1 V2F Project Facilities and Location 

Component Project Facility Facility Description County, State 

Lake Mills M500 E-line 

8.29-mile pipeline  36-inch-diameter extension Freeborn, MN 

Lake Mills compressor 
station 

Temporary compression 
site  Worth, IA 

Albert Lea M500 E-line 
 2.09-mile pipeline 36-inch-diameter extension Steele, MN 

Owatonna compressor 
station 

Temporary compression 
site Steele, MN 

Faribault M500 D-line 
7.50-mile pipeline  30-inch-diameter extension Dakota, MN 

Northfield #1 Temporary compression 
site  Dakota, MN 
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Component Project Facility Facility Description County, State 

A-line Abandonment Ventura compressor 
station Pipeline disconnect site Hancock, IA 

Farmington compressor 
station Pipeline disconnect site Dakota, MN 

La Crosse BL 
MNB73201 launcher 

/ABA05 

Temporary compression 
site  Freeborn, MN 

Table 6.0-2 NL27 Project Facilities and Location 

Component Project Facility Facility Description County, State 

Lake Mills M500 E-line  2.32-mile pipeline 36-inch-diameter extension Freeborn, MN 
Albert Lea M500 E-line  3.42-mile pipeline 36-inch-diameter extension Steele, MN 
Willmar 3rd Branch Line 

Upstream  1.78-mile pipeline 24-inch-diameter extension Scott, MN 

Willmar 3rd Branch Line 
Downstream 4.78-mile pipeline 24-inch-diameter extension Carver, MN 

Welcome 2nd Line 1.24-mile pipeline 16-inch-diameter extension Martin, MN 
Paynesville 2nd Branch 

Line 2.45-mile pipeline 4-inch-diameter extension Stearns, MN 

Worthington 2nd Branch 
Line  2.17-mile pipeline 8-inch-diameter extension Jackson, MN 

Springfield 2nd Branch 
Line 7.40-mile pipeline 8-inch-diameter extension Watonwan, MN 

Minnesota Interconnect 
2nd Branch Line 1.59-mile pipeline 12-inch-diameter extension Isanti, MN 

Alexandria 2nd Branch 
Line 1.28-mile pipeline 8-inch-diameter extension Morrison, MN 

Aboveground Facilities 

Hugo Compressor 
Station Uprate Hugo compressor station 

Turbine switch for newer 
model with increase of 700 

horsepower 
Washington, MN 

6.1 Geologic Setting 

6.1.1 Physiography and Topography 
Fenneman (1928) developed a three-tiered classification system (Division, Province, 
Section) to characterize the physiography of the U.S. based on terrain, rock type, geologic 
structure, and geologic history. The V2F Project and the NL27 Project occur within the 
Central Lowland Physiographic Province of the Interior Plains Division. The Interior 
Plains Division encompasses a vast region generally bounded by the Precambrian core of 
North America to the northeast, the Appalachian Mountains to the east, the Gulf of Mexico 
to the south, and the Rocky Mountains to the west. The Central Lowland Province 
generally occupies the area of the U.S. around the Great Lakes that was affected by the 
most recent period of continental glaciation during the Pleistocene, including portions of 
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Minnesota, Wisconsin, Michigan, Ohio, Illinois, and Pennsylvania, as well as parts of 
North Dakota, South Dakota, Nebraska, Iowa, and Missouri.  
More specifically, the proposed V2F Project and the NL27 Project are within the Western 
Lakes Section of the Central Lowland Province, which is characterized by nearly flat to 
gently rolling glaciated till plains, with moraines and glacial lake plains in some areas. 
Based on USGS topographic maps (see Resource Report 1, Figure 1-2), the elevations of the 
V2F and NL27 Project components are shown in Table 6.1-1 and Table 6.1-2.  
Table 6.1-1 V2F Project Component Elevations 

Project 
Component Project Facility Min Elevation  

(feet asl) 
Max Elevation  

(feet asl) 

Lake Mills M500 
E-line 

8.29-mile pipeline 1,238 1,363 

Lake Mills compressor station 1,285 1,288 

Albert Lea M500 
E-line 

2.09-mile pipeline 1,201 1,290 

Owatonna compressor station 1,158 1,182 

Faribault M500 D-
line 

7.50-mile pipeline 946 1,076 

Northfield #1 1,010 1,010 

A-line 
Abandonment 

Ventura compressor station 1,232 1,253 

Farmington compressor station 900 912 

La Crosse BL MNB73201 launcher 
/ABA05 1,275 1,275 

 
Table 6.1-2 NL27 Project Component Elevations  

Project Component Project Facility 
Min Elevation 

(feet asl) 
Max Elevation 

(feet asl) 

Lake Mills M500 E-line 2.32-mile pipeline 1,269 1,331 

Albert Lea M500 E-line 3.42-mile pipeline 1,194 1,274 

Willmar 3rd Branch Line 
Upstream 1.78-mile pipeline 935 1,138 

Willmar 3rd Branch Line 
Downstream 4.78-mile pipeline 955 1,020 

Welcome 2nd Line 1.24-mile pipeline 1,264 1,327 

Paynesville 2nd Branch Line 2.45-mile pipeline 1,090 1,162 

Worthington 2nd Branch Line 2.17-mile pipeline 1,417 1,460 

Springfield 2nd Branch Line 7.40-mile pipeline 1,016 1,065 

Minnesota Interconnect 2nd 
Branch Line 1.59-mile pipeline 922 965 

Alexandria 2nd Branch Line 1.28-mile pipeline 1,144 1,191 

Hugo Compressor Station Uprate Hugo compressor station 980 986 
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6.1.2 Surficial Geology 
All Project facilities are located in the Central Lowland Province, which is a largely level 
region that rises to less than 1,000 feet asl in the east and less than 2,000 feet asl to the west. 
The province was subject to repeated Pleistocene glaciations and can be divided into regions 
based on glacial features, including the Great Lakes, Small Lakes, Driftless Area, Till Plains, 
Dissected Till Plains, and Osage Plains. Underlying glacial deposits are mostly horizontal 
Paleozoic sandstones, shales, limestones, conglomerates, and coals (National Park Service 
2018).  
V2F Project 
According to the IDNR, surficial geology at the Ventura compressor station is identified as 
a complex glaciofluvial plain, also called the Noah Creek Formation. The Noah Creek 
Formation consists of 10 to 49 feet of stratified sand and gravel, overlying dense diamicton 
or Paleozoic limestone bedrock. The Noah Creek Formation is a low relief, broad flat plain 
with less than 10 feet of local relief (IDNR 1999). Surficial geology at the temporary 
compression site at the Lake Mills compressor station is identified as a Quaternary till ridge, 
also known as the Dows Formation. The Dows Formation contains 27 to 49 feet of 
calcareous, stratified loam to silt loam, stratified sand and gravel, to sandy loam diamicton. 
The Dows Formation is characterized by moderate to high relief hummocks, eskers and kame 
features, and ice-walled lake deposits (Iowa Geological and Water Survey 2012). Surficial 
geology is presented in Figure 6-1. 
The surface geology for the V2F Project components in Freeborn and Steele counties, 
Minnesota, including the Lake Mills M500 E-line, Albert Lea M500 E-line, and temporary 
compression sites at the La Crosse BL73201 launcher/ABA 05 and at the Owatonna 
compressor station, is identified as a stagnation moraine also called the Heiberg Member of 
the New Ulm Formation. The Heiberg Member consists of 50 to 75 feet of loamy diamicton 
with sand, silt, and gravel of the Des Moines lobe provenance. The stagnation moraine unit 
is differentiated by its irregular, hummocky topography, the result of melt-out of Des Moines 
lobe ice. The stagnation features are typically ten to 20 feet tall (Lusardi, B.A., et al. 2019; 
MGS 2022). The surface geology for the V2F Project components in Dakota County, 
Minnesota, including the Faribault M500 D-line, the disconnect site at Farmington 
compressor station, and the temporary compression at Northfield MN #1, include diamictons 
from the New Ulm Formation, Pierce Formation of Winnipeg lobe provenance, and River 
Falls Formation of Superior lobe provenance, outwash from the New Ulm Formation, and 
alluvium (MGS 2023).  
Northern completed geotechnical boreholes for the three pipeline extensions as follows.  

• 17 geotechnical borings along the Lake Mills M500 E-line, which indicated the 
presence of sandy glacial till and sand and gravel outwash deposits to depths of at 
least 101.5 feet below ground surface.  

• Four geotechnical borings were completed along the Albert Lea M500 E-line, which 
indicated the presence of silt, sand and clay glacial till soils to depths up to 121.5 feet.  

• 21 geotechnical borings were completed along the Faribault M500 D-line, which 
indicated clay alluvium and sandy and clayey glacial till to depths up to 121 feet. 
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Four of the boreholes for the Faribault M500 D-line were completed on alternative 
routes (see Resource Report 10).  

Additional discussion on the results of the geotechnical investigation is included in Section 
6.7 and copies of the geotechnical reports are included in Appendix 6B. 
NL27 Project 
The surficial geology for the ten pipeline extensions and the Hugo compressor station 
identified as follows.  

• Lake Mills M500 E-line is glacial till. The glacial till is comprised of sand, silt, and 
clay, with scattered gravel and boulders of Des Moines lobe provenance (MSU 
1991).  

• Albert Lea M500 E-line is hummocky glacial till. The unit is an unsorted loam 
interbedded with sand, silt, and gravel resulting from the stagnation and melting of 
the Des Moines lobe (Retzler et al. 2022).  

• Willmar 3rd branch line upstream is glacial till and peat and bog sediment. The 
glacial till is a pebbly, unsorted loam with cobbles and boulders of Des Moines lobe 
provenance, mixed with inclusions of reddish-brown sediment of Superior 
provenance (Setterholm 2006).  

• Willmar 3rd branch line downstream is glacial till and wetland and lake sediments. 
The glacial till consists of pebbly, unsorted loam to clay loam, with scattered cobbles 
and rare boulders of Des Moines lobe provenance (Bauer 2009).  

• Welcome 2nd line is glacial till, characterized by sand, silt, and clay with scattered 
pebbles, cobbles, and some boulders of Des Moines lobe provenance (MSU 1991). 

• Paynesville 2nd branch line is outwash deposits. The outwash is a sand, gravelly 
sand, and cobbly gravel of Des Moines lobe provenance (Meyer 1995).  

• Worthington 2nd branch line is glacial till consisting of clay, silty clay, silt, sand, and 
gravel (MSU 1991).  

• Springfield 2nd branch line is glacial outwash, glacial moraine sediment, and 
floodplain alluvium. The glacial outwash is a fine-grained sand with silt and clay 
layers of Des Moines lobe provenance; and the glacial moraine sediment is a pebbly, 
clayey diamicton associated with the Altamont moraine of the Des Moines lobe 
(MGS 2019).  

• Minnesota Interconnect 2nd branch line is lacustrine sand and wetland sediments. 
The lacustrine sand is very fine to medium-grained and laminated, thinly bedded, or 
cross-bedded, and was deposited by the glacial Lake Grantsburg and subsequently 
by the glacial Lake Anoka (Chandler et al. 2017).  

• Alexandria 2nd branch line is glacial till and wetland sediments. The glacial till is an 
unsorted sandy loam to loamy sand with pebbles and pockets of silt, sand, and gravel 
of Des Moines lobe provenance (Lusardi 2014). 

• Hugo compressor station is glacial outwash sediment. The glacial outwash is sand 
and gravelly sand of Des Moines lobe provenance (Bauer 2016). 

Northern completed geotechnical boreholes for the ten pipeline extensions as follows.  



Northern Natural Gas– Ventura to Farmington A-Line Abandonment and Capacity Replacement Project and Northern Lights 
2027 Expansion Project 
Resource Report No. 6 – Geological Resources 
 

6-6 

• Three geotechnical borings along the Lake Mills M500 E-line, which indicated the 
presence of sandy and clayey glacial till to depths of at least 40 feet below ground 
surface.  

• Six geotechnical borings were completed along the Albert Lea M500 E-line, which 
indicated the presence of silt, sand, and clay glacial till to depths up to 101.5 feet.  

• Nine geotechnical borings were completed along the Willmar 3rd branch line 
upstream, which indicated sandy, silty, and clayey post-glacial alluvium, sandy 
glacial outwash, silty glaciofluvial sediment, and sandy and clayey glacial till to 
depths up to 149.5 feet.  

• Eleven geotechnical borings were completed along the Willmar 3rd branch line 
downstream, which indicated the presence of sandy glacial outwash and sandy and 
clayey glacial till to depths up to 101 feet.  

• Two geotechnical borings were completed along the Welcome 2nd line, which 
indicated the presence of clayey alluvium, sandy glacial outwash, and clayey glacial 
till to depths up to 41 feet.  

• Seven geotechnical borings were completed along the Paynesville 2nd branch line, 
which indicated the presence of sandy glacial outwash, silty and clayey glaciofluvial 
deposits, and clayey glacial till to depths between 29.5 feet and 59.5 feet.  

• Four geotechnical borings were completed along the Worthington 2nd branch line, 
which indicated the presence of sandy, silty, and clayey glacial till to depths up to 
61.5 feet.  

• Fifteen geotechnical borings were completed along the Springfield 2nd branch line, 
which indicated sandy glacial outwash and sandy, silty, and clayey glacial till to 
depths up to 100 feet.  

• Six geotechnical borings were completed along the Minnesota Interconnect 2nd 
branch line, which indicated sandy, silty, and lacustrine deposits, silty and sandy 
glaciofluvial deposits, silty, sandy, and clayey glacial till, and sandy outwash to 
depths up to 81 feet.  

• Seven geotechnical borings were completed along the Alexandria 2nd branch line, 
which indicated the presence of sandy and gravely outwash and sandy, silty, and 
clayey glacial till to depths up to 141 feet.  

Additional discussion on the results of the geotechnical investigation is included in Section 
6.7 and copies of the geotechnical reports are included in Appendix 6C. 

6.1.3 Bedrock Geology 
V2F Project 
The bedrock formation underlying the V2F Project is part of a sequence of Late Cambrian 
to Middle Devonian sedimentary rock consisting of sandstone, shale and carbonates. The 
bedrock was deposited under tectonically stable geologic conditions in a shallow marine 
water that flooded Iowa and southern Minnesota approximately 500 million years ago. 
Bedrock geology is presented in Figure 6-2. 
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• The Ventura compressor station is in the Middle Devonian Lime Creek and 
Sweetland Creek Formation and consists of shale and limestone with a maximum 
thickness of 200 feet (Iowa Geological and Water Survey 2010).  

• The Lake Mills compressor station is in the Lithograph City Formation and consists 
of dolomite, limestone, and shale with a maximum thickness of 110 feet (Iowa 
Geological and Water Survey 2010). 

• The Lake Mills M500 E-line and the temporary compression site for the A-line 
abandonment-La Crosse BL73201 launcher/ABA 05 consists of Middle Devonian 
sedimentary rock containing of dolomite, limestone, and shale. The lithology of the 
individual bedrock units is nearly uniform throughout Freeborn County, Minnesota, 
due to the continuous nature of the geologic processes that formed them. Limestone 
forms the bedrock surface and represents the youngest bedrock unit that is underlain 
by progressively older shales and sandstones (Mankato State University 1991; MGS 
2011).  

• The Albert Lea M500 E-line and the Owatonna compressor station, consists of 
Middle Devonian and Upper Ordovician sedimentary rocks consisting of dolomite 
and limestone (Retzler et al. 2022).  

• The Faribault M500 D-line, the Farmington compressor station, and Northfield MN 
#1 consists of Upper Ordovician sedimentary rocks consisting of dolomite, 
sandstone, and shale (Steenberg et al. 2023).  

Based on the site-specific geotechnical boring results, bedrock is not expected to be 
encountered during the construction of the V2F Project, except for the Faribault D-line. No 
bedrock was encountered at the maximum depths of the boreholes on the following 
components:  

• 101.5 feet on the Lake Mills M500 E-line  
• 121.5 feet on the Albert Lea M500 E-line.  

Bedrock was encountered in six geotechnical borings on the Faribault M500 D-line at depths 
between 9.5 and 69.5 feet from ground surface. The bedrock was identified as sandstone 
consistent with the Ordovician St. Peter Sandstone. Additional information on impacts to 
bedrock is included in Section 6.7. 
NL27 Project  
The bedrock geology for the ten pipeline extensions and the Hugo compressor station are as 
follows: 

• Lake Mills M500 E-line consists of Middle Ordovician limestone, dolomitic 
limestone, and shale (MSU 1991).  

• Albert Lea M500 E-line consists of Upper Ordovician limestone, dolostone, and 
calcareous shale of the Galena Group (Retzler et al. 2022).  

• Willmar 3rd branch line upstream consists of Lower and Middle Ordovician 
sedimentary rocks of the St. Peter Sandstone and the Prairie du Chien Group, which 
include sandstone, siltstone, dolostone, and shale (Setterholm 2006).  
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• Willmar 3rd branch line downstream consists of Late Cambrian, Early Ordovician 
and Late Cretaceous sedimentary rocks including sandstone and dolostone (Bauer 
2009).  

• Welcome 2nd line consists of Cretaceous shale, sand, and decomposed granite and 
gneiss (MSU 1991).  

• Paynesville 2nd branch line consists of Cretaceous sedimentary rocks including 
carbonaceous sandstone, siltstone, shale, and marl, and Precambrian mafic 
intrusive formations (Meyer 1995).  

• Worthington 2nd branch line consists of Cretaceous shale, sand, decomposed Sioux 
Quartzite, and decomposed granite and granitic gneiss (MSU 1991).  

• Springfield 2nd branch line consists of Cretaceous claystone, sandstone, siltstone, 
mudstone, conglomerate, shale, marlstone, and minor lignite; and Middle and Late 
Cambrian sandstone, siltstone, and shale (MGS 2019).  

• Minnesota Interconnect 2nd branch line consists of Mesoproterozoic sandstone 
(Chandler et al. 2017).  

• Alexandria 2nd branch line consists of Paleoproterozoic metamorphic rocks, 
including strongly foliated schistose metagraywacke and argillite of the Little Falls 
Formation, and mafic intrusive formations (Lusardi 2014). 

• Hugo compressor station consists of Lower Ordovician dolostone, sandy dolostone, 
sandstone, and shale (Bauer 2016).  

Based on the site-specific geotechnical boring results, bedrock is not expected to be 
encountered during the construction of the NL27 Project. No bedrock was encountered at the 
maximum depths of the boreholes on the following components:  

• 40 feet on the Lake Mills M500 E-line 
• 101.5 feet on the Albert Lea M500 E-line 
• 101 feet on the Willmar 3rd branch line downstream 
• 41 feet on the Welcome 2nd line 
• 61.5 feet on the Worthington 2nd branch line 
• 81 feet from surface on the Minnesota Interconnect 2nd branch line 
• 141 feet from surface on the Alexandria 2nd branch line.  

Bedrock was encountered in one geotechnical boring on the Willmar 3rd branch line 
upstream and was identified as sandstone consistent with the Ordovician St. Peter 
Sandstone. Bedrock was encountered in seven geotechnical borings on the Paynesville 2nd 
branch line and was identified as gabbro consistent with the Precambrian mafic intrusions. 
Bedrock was encountered in six geotechnical borings on the Springfield 2nd branch line and 
was identified as shale consistent with mapped Cretaceous sedimentary formations. 
Additional information on impacts to bedrock is included in Section 6.7. 

6.2 Mineral Resources 
V2F Project 
The mineral industry in Iowa consists of construction sand and gravel, crushed stone, 
industrial sand and gravel, lime, and Portland cement. Mineral production in Hancock and 
Worth counties is limited to crushed stone and sand and gravel (USGS 2019a). There are 
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no active mineral resource operations or coal mines within 0.5 mile of the proposed 
pipeline disconnect and temporary compression areas in Iowa (IDNR 2025; Iowa 
Department of Agriculture and Land Stewardship 2025). Iowa is not an oil-producing state 
and does not have any proven oil or natural gas reserves. Over 100 exploration wells have 
been drilled in the southeastern corner of the state, more than 100 miles from the V2F 
Project area and their combined production was less than 500 barrels. There are no current 
oil and gas production facilities in Iowa (U.S. Energy Information Administration 2025a).  
The mineral industry in Minnesota consists of iron ore mining operations, which are limited 
to Itasca, Lake and St. Louis counties; peat production in northern Minnesota; and dimension 
stone, crushed stone, sand and gravel throughout the state. Iron ore mining and peat 
production do not occur in the vicinity of the V2F Project. Mineral production in Freeborn 
County is limited to sand and gravel, while mineral production in Steele and Dakota counties 
includes both sand and gravel and crushed stone (USGS 2019b). The MDNR website does 
not include mineral resource data for Freeborn or Steele counties. No evidence of surface 
mining was observed via desktop review for the proposed V2F Project in Freeborn, Steele, 
or Dakota counties. The MDNR Aggregate Mapper does not indicate any sand, gravel, or 
crushed stone operations within 0.25 mile of the V2F Project within Dakota County (MDNR 
2025). 
NL27 Project 
The mineral industry in Minnesota consists of iron ore mining operations, which are limited 
to Itasca, Lake and St. Louis counties; peat production in northern Minnesota; and dimension 
stone, crushed stone, sand and gravel throughout the state. Iron ore mining and peat 
production do not occur in the vicinity of the NL27 Project. No evidence of surface mining 
was observed via desktop review for the proposed NL27 Project in Freeborn, Steele, Scott, 
Carver, Martin, Jackson, Isanti, Morrison, Washington, or Dakota counties. Minnesota does 
not have any crude oil or natural gas reserves or production or operating coal mines or 
reserves (U.S. Energy Information Administration 2025b). 
The MDNR website does not include mineral resource data for Freeborn, Steele, Martin, 
Jackson, Watonwan, or Morrison counties. Only two of the NL27 pipeline extensions have 
surface mines within 0.25 mile and are listed in Table 6.2-1.  
On the Paynesville 2nd branch line, seven active pits are surface mines which are a source 
of sand and gravel. Northern also coordinated with the mine owners when selecting the 
proposed pipeline route to limit impacts to future operations. The active gravel pits located 
along the pipeline extension are separated by existing pipelines, driveways or public roads, 
which limit future expansion of any mining activities towards the Paynesville 2nd branch 
line.  
One active sand and gravel mine was identified within 0.25 mile of the Springfield 2nd 
branch line. The active gravel pit is separated from the proposed extension by an existing 
pipeline, which limits future expansion of any mining activities towards the Springfield 2nd 
branch line.  
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Table 6.2-1 Mineral Resources within 0.25 mile of the NL27 Project 

Project 
Component 

Approximate 
MP 

Mineral 
Resource1 

Distance/Direction 
from Construction 
Work Area (feet) 

Primary 
Method of 
Extraction 

MDNR Status 

MDNR 
Quarry 

Designation 
or Name2 

Paynesville 
2nd 

Branch 
Line 

0.03 Sand and 
Gravel 202 NNW N/A Active N/A 

0.06 Sand and 
Gravel 333 SSE N/A Active N/A 

0.19 Sand and 
Gravel 90 NNW N/A Active 73031 

0.19 Sand and 
Gravel 90 NNW N/A Active 73163 

0.24 Sand and 
Gravel 90 SSE N/A Inactive N/A 

0.83 Sand and 
Gravel 529 E N/A Inactive N/A 

1.01 Sand and 
Gravel 76 SSE N/A Reclaimed 73081 

1.3 Sand and 
Gravel 76 SSE N/A Reclaimed N/A 

1.37 Sand and 
Gravel 210 NNW N/A Active N/A 

1.42 Sand and 
Gravel 230 SSE N/A Inactive N/A 

1.69 Sand and 
Gravel 318 NNW N/A Reclaimed 73169 

1.73 Sand and 
Gravel 219 SSE N/A Active N/A 

2.25 Sand and 
Gravel 1,064 SSE N/A Reclaimed N/A 

2.44 Sand and 
Gravel 933 ESE N/A Inactive 73099 

2.44 Sand and 
Gravel 933 ESE N/A Active 73101 

2.44 Sand and 
Gravel 32 NNW N/A Reclaimed 73100 

Springfield 
2nd 

Branch 
Line 

17.96 Sand and 
Gravel 262 NNE N/A Inactive/Reclaimed N/A 

18.20 Sand and 
Gravel 42 NE N/A Active N/A 

1 Data source: MDNR website and desktop analysis 
2 These pits were not confirmed with desktop verification or discussions with their operators. 

Based on the above information, construction and operation of the V2F Project and NL27 
Project are not expected to impact mineral resources in the area. 

6.3 Blasting 
Based on the soil mapping and site-specific geotechnical investigations, blasting is not 
expected to be necessary for construction of either of the Projects’ pipeline extensions. The 
site-specific geotechnical investigations indicate that bedrock does not occur within trench 
excavation depths for the V2F or NL27 Project. 
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6.4 Geologic Hazards 
Geologic hazards are conditions that present a risk to life and/or property if triggered. 
Certain geologic hazards such as landslides can be triggered by construction activities, 
whereas other geologic hazards including earthquakes and the expression of karst features 
on the land surface occur naturally and are primarily of concern to operating natural gas 
transmission facilities.  

6.4.1 Karst Terrain 
Karst terrain results from the dissolution of soluble bedrock such as limestone, dolomite, 
or gypsum through the circulation of slightly acidic groundwater. Karst features such as 
sinkholes can form suddenly, posing a threat to buildings, roadways, pipelines, and other 
surface improvements. 
An assessment of the potential for karst terrain was conducted using data available from the 
MDNR and IDNR. The majority of the V2F Project and NL27 components are underlain by 
a thick layer of glacial drift, which significantly reduces the likelihood of the surface 
expression of karst bedrock features. The type and thickness of the unconsolidated material 
over carbonate bedrock is related to the frequency and type of sinkhole that can form. The 
USGS states that surface expression of sinkholes and other karst features is unlikely in areas 
where karst bedrock is covered by more than 50 feet of unconsolidated material (Weary and 
Doctor 2014). Figure 6-2 depicts both Project areas where carbonate bedrock is covered by 
glacial drift. With the exception of the 2.5 miles at the north end of the Faribault M500 D-
line on the V2F Project, the USGS has identified no areas with carbonate bedrock that is 
underlain by less than 50 feet of unconsolidated material.  
Based on the site-specific geotechnical boring results, bedrock is not expected to be 
encountered during the construction of the Lake Mills M500 E-line or Albert Lea M500 E-
line for the V2F Project, or any of the NL27 Project components.  
Bedrock may be encountered during the construction of the Faribault M500 D-line for the 
V2F Project. The geotechnical drilling encountered bedrock identified as sandstone as 
shallow as 9.5 feet from ground surface on the Faribault M500 D-line in an area identified 
with carbonate bedrock within 50 feet of the surface. The sandstone bedrock is consistent 
with the St. Peter Sandstone, which is known to contain karst features. Karst features within 
the St. Peter Sandstone are strongly associated with current and buried valleys. Due to the 
shallow nature of the bedrock units, the bedrock located on the Faribault M500 D-line is not 
associated with a bedrock valley (MGS 2023).  
Based on Northern’s experience operating and monitoring existing aboveground and pipeline 
facilities in Minnesota and Iowa, Northern does not expect karst terrain to present a danger 
to either of the proposed Project’s facilities. Northern will be alert for surface expressions of 
potential subsurface features, and engineering controls, if needed, will be employed as 
appropriate. 

6.4.2 Landslides 
Landslides occur in various forms and timeframes, from slow creep to collapse, and have 
the potential to significantly damage buildings, roads, pipelines, and other structures. 
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Both the V2F and NL27 Project facilities are located on relatively level areas and not near 
any areas known for having the potential for landslides or slope instability (USGS 2025a). 
V2F Project 
Northern reviewed site-specific civil survey elevation data to identify steep slopes present 
for the V2F Project. Slopes between 5% and 15% are identified by beginning and ending 
MP in Appendix 6A-1; there are no slopes steeper than 15% on the V2F Project.  
NL27 Project 
Northern has reviewed site-specific civil survey elevation data to identify steep slopes 
present for the NL27 Project. Slopes between 5% and 15%, 15% and 30%, and greater than 
30% are identified by beginning and ending MP in Appendix 6A-2. All slopes greater than 
15% are within areas where the pipeline will be installed by HDD.  
In accordance with the FERC Plan, Northern will install temporary trench plugs and 
temporary slope breakers during construction on slopes greater than 5% for both Projects. 
The temporary slope breakers will channel water off the ROW through a J-hook or other 
baffling device to limit water flow down long steep slopes. Temporary trench plugs will 
reduce the velocity of water flowing along the trench and volume of water that collects at 
the bottoms of slopes. In accordance with the FERC Plan, Northern will install permanent 
trench breakers and permanent slope breakers in areas of steep slopes on both Projects. 
Trench breakers are designed to prevent preferential water flow along the pipeline trench 
by diverting subsurface water flow to the land surface. Groundwater discharging to the 
land surface is then redirected off the ROW by slope breakers. Used in combination, these 
structures prevent subsurface piping of soils that can lead to slope instability and failure. 

6.4.3 Seismicity 
Seismicity refers to the frequency, intensity, and distribution of earthquakes in a given area. 
In general, the higher the magnitude of an earthquake the stronger the ground motion and 
the greater the resulting damage to structures and infrastructure. Earthquakes also can 
trigger related events including ground faults and soil liquefaction, a condition where 
granular, saturated soil temporarily loses its cohesive strength due to strong and prolonged 
shaking. 
While Minnesota and Iowa are two of the least seismically active states in the U.S., there 
have been at least three earthquakes in Iowa since 1900 and at least 14 earthquakes in 
Minnesota since 1860 (USGS 2025b; USGS 2025c). According to the USGS, the closest 
earthquake to the V2F Project components in Iowa occurred June 30, 2021, and had a 
magnitude of 2.7. The earthquake was located near Rembrandt, Iowa, approximately 84 
miles west-southwest of the disconnect site at the Ventura compressor station (USGS 
2025c). The closest earthquake to the V2F and NL27 Project components in Minnesota 
occurred September 3, 1917, and had a magnitude of 4.3. The earthquake was located near 
Pillager, Minnesota, approximately 23 miles north of the Alexandria 2nd branch line on 
the NL27 Project (USGS 2025b). 
An assessment of the potential for seismic ground motions within the V2F and NL27 
Projects was conducted using data available from the USGS’ 2023 Update to the U.S. 
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National Seismic Hazard Model (USGS 2024). USGS National Seismic Hazard Probability 
Mapping shows that for the Projects’ area, within a 50-year period, there is a 2% probability 
of an earthquake with an effective PGA of 2 to 4% g, and a 10% probability of an 
earthquake with an effective PGA of less than 2% being exceeded (USGS 2024). For 
reference, PGA of 10% (0.1 g) is generally considered the minimum threshold for damage 
to older structures or structures not constructed to resist earthquakes. Thus, the risk that a 
damaging earthquake will occur during the operating life of the proposed pipeline 
extensions is very low. As a result, the potential for soil liquefaction and surface faulting 
also is very low. The USGS does not map any surface faults in Iowa or Minnesota that 
have been active in the Quaternary period (the last 1.6 million years) (USGS 2006). 

6.4.4 Flooding and Scour 
FEMA Risk Maps have been prepared for both the V2F and NL27 Project components. 
SFHA are defined as the area that will be inundated by the flood event having a 1% chance 
of being equaled or exceeded in any given year. The 1% annual chance flood also is 
referred to as the base flood or 100-year flood elevation.  
V2F Project 
A review of the FEMA Risk Maps indicates all components except the Faribault M500 D-
line and the Owatonna compressor station are located outside of any identified SFHAs 
(Figure 6-3).  
On the Faribault M500 D-line, Northern identified locations where two SFHAs will be 
crossed by the pipeline extension.  

• The SFHA between MP 98.66 and MP 98.68 will be crossed by open-cut methods; 
portions of FAR SA-002, FAR ETWS-011 and FAR ETWS-013 are located within 
the SFHA  

• The SFHA between MP 98.99 to 99.16 will be crossed primarily via HDD; the 
HDD point on the south side of Chub Creek is located outside the SFHA. The HDD 
point and a portion of FAR ETWS-014 and FAR ETWS-015 are located within the 
SFHA on the north side of Chub Creek.  

For mitigation within the SFHA, Northern will stake down any construction mats, anchor 
or move any loose equipment outside of the SFHA, and limit fuel storage and refueling 
operations inside the SFHAs.  
Additionally, a portion of the temporary access road at the temporary compression site at 
the Owatonna compressor station is within the SFHA; however, the access road has been 
built up below floodplain elevations so no additional mitigation will be required. A portion 
of FCS ETWS-002 at the disconnect site inside the Farmington compressor station is 
located within a SFHA. The area within the SFHA will be used for construction dewatering 
discharge purposes only (Figure 6-3). As described in Resource Report 1, the dewatering 
location has been required by MDNR staff on other Northern projects completed at this 
location. Northern will utilize tie-downs on any dewatering equipment that will remain in 
the SFHA for an extended period of time. 
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Northern will complete eight waterbody crossings during construction of the V2F Project; 
all waterbodies will be crossed via HDD.  

• Five waterbody crossings on the Lake Mills M500 E-line: LMA-S01, LMA-S03, 
LMA-S04, LMA-S07 and LMA-S08 will be 26, 46, 53, 22 and 21 feet below the bed 
of the waterbody, respectively 

• One waterbody (ALO-S01) crossing on the Albert Lea M500 E-line will be 51 feet 
below the bed of the waterbody 

• Two waterbody crossings on the Faribault M500 D-line: FAR-S02 and FAR-S05 will 
be 52 and 29 feet below the bed of the waterbody, respectively 

Due to the depths of the HDDs beneath the waterbodies, Northern does not anticipate scour 
will impact the crossing locations. There are no waterbodies located at the A-line disconnect 
sites nor at the temporary compression locations. Additional information on the waterbodies 
is included in Resource Report 2, Table 2.2-3. 
NL27 Project 
A review of these FEMA Risk Maps indicates that the Lake Mills M500 E-line, the Albert 
Lea M500 E-line, the Willmar 3rd branch line downstream, the Welcome 2nd line, the 
Worthington 2nd branch line, the Alexandria 2nd branch line, and the Hugo compressor 
station are located outside of any identified SFHAs (Figure 6-4). The remaining 
components cross SFHAs as follows.  

• Willmar 3rd branch line upstream between MP 11.40 and MP 11.41; floodway will 
be crossed via HDD, with both HDD points located outside the SFHA. 

• Paynesville 2nd branch line between MP 0.56 and MP 0.62. The SFHA will be 
crossed by HDD, with both HDD points located outside the SFHA. Additionally, a 
small portion of PAY-ETWS-010 is located within an SFHA at MP 0.82. If the 
portion of PAY-ETWS-010 cannot be avoided by construction activities, then 
Northern will utilize construction matting, as needed, in areas of the floodplain. 
Mats will be anchored to the ground. 

• Springfield 2nd branch line 
o between MP 15.20 and MP 15.25 will be crossed via HDD with both HDD 

points located outside the SFHA 
o between MP 16.11 and MP 16.27 will be crossed via HDD, with both HDD 

points on the edge of the SFHA. ETWS for the HDD extends into the SFHA 
o between MP 17.35 and MP 18.21 will be crossed via HDD and open cut 

methods. The Watonwan River and 290th Street will be crossed via HDD 
while the remainder of the SFHA will be open cut. Several ETWSs including 
SPR-ETWS-023 to SPR-ETWS-032 will be located within the SFHA.  

• Minnesota Interconnect 2nd branch line between MP 18.24 and MP 18.45. The 
SFHA will be crossed via HDD. The HDD point on the east side is located outside 
of the SFHA, while the HDD point on the west side is located at the edge of the 
SFHA. There also will be temporary and extra temporary workspaces located on 
the west side of the HDD. 
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For mitigation within the SFHA, Northern will stake down any construction mats, anchor or 
move any loose equipment outside of the SFHA, and limit fuel storage and refueling 
operations inside the SFHAs.  
Northern will complete 14 waterbody crossings during construction of the NL27 Project; 11 
waterbodies will be crossed via HDD and five will be crossed by open cut. All open cut 
crossings will be buried with at least 4.5 feet of cover with the exception of waterbodies 
WDC-S05 and WOR-S01, which will require a minimum depth of cover of ten feet since 
they are designated as public watercourses by the state.  

• Two waterbodies will be crossed via HDD on the Albert Lea M500 E-line: ALO-S02 
and ALO-S03 at 64 and 19 feet below the bed of the waterbody, respectively. 

• Three waterbodies will be crossed via HDD on the Willmar 3rd branch line upstream: 
WIL-S08, WIL-OW02 and WIL-S09 at 34, 47, 32 feet below the bed of the 
waterbody, respectively.  

• Two waterbodies will be crossed via open cut on the Willmar 3rd branch line 
downstream: WDC-S02 and WDC-S05. 

• Three waterbodies will be crossed via HDD on the Paynesville 2nd branch line: PAY-
S01, PAY-S02 and PAY-S03 at 40, 35 and 31 feet below the bed of the water body, 
respectively.  

• One waterbody crossing on the Worthington 2nd branch line: WOR-S01 will be 
crossed by open cut. 

• Four waterbodies will be crossed via HDD on the Springfield 2nd branch line: SPR-
S01, SPR-S02, SPR-S03, and SPR-S04 at 43, 46, 46 and 43 feet below the bed of the 
waterbody, respectively.  

• One waterbody will be crossed via HDD on the Minnesota Interconnect 2nd branch 
line: MIC-S01 at 32 feet below the bed of the waterbody.  

• Two waterbodies on the Alexandria 2nd branch line: ALX-S01 and ALX-S02 will 
be crossed by open cut.  

Due to the depths of the HDDs beneath the waterbodies, Northern does not anticipate scour 
will impact these crossing locations. Also, due to the depth and profiles of the waterbodies 
being open cut, Northern does not anticipate scour will impact the open-cut crossing 
locations. Additional information on the waterbodies is included in Resource Report 2, Table 
2.2-4. 

6.5 Paleontological Resources 
All the V2F Project components located in Minnesota and five of the NL27 pipeline 
extensions (Lake Mills M500 E-line, Albert Lea M500 E-line, Willmar 3rd branch line 
upstream, Willmar 3rd branch line downstream, and the Minnesota Interconnect 2nd 
branch line) are located in areas of the Paleozoic era where warm, shallow seas covered 
the area. These waters were home to many marine organisms, and their fossils can be found 
in the rocks formed from sediments deposited on the ancient sea floor. Brachiopods, 
trilobites, cephalopods, corals, mollusks, and bryozoans are some of the fossils that can be 
found. Four of the NL27 pipeline extensions (Welcome 2nd line, Worthington 2nd branch 
line, Paynesville 2nd branch line, and Springfield 2nd branch line) are located in areas with 
Cretaceous sedimentary rocks, deposited in shallow marine and terrestrial environments. 
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Fossils that can be found in these areas include cephalopods, pteridophytes, bivalves, 
lycopods, brachiopods, ferns, liverworts, vascular plants, and insects (The Paleontology 
Portal 2025). The NL27 Alexandria 2nd branch line is located in a Paleoproterozoic 
metamorphic unit with igneous intrusions that do not contain fossils.  
The V2F Project components located in Iowa (Lake Mills and Ventura compressor 
stations) are located where late Pleistocene vertebrates have been found (The Paleontology 
Portal 2025). The potential for V2F Project activities at the disconnect sites and temporary 
compression sites and for the NL27 Hugo compressor station uprate to encounter important 
paleontological resources is unlikely, due to the nature of previous excavation and 
disturbance from construction of existing facilities. The potential for encountering 
important paleontological resources while constructing the V2F and NL27 pipeline 
extensions is expected to be limited as the proposed pipelines generally parallel existing 
lines where ground disturbance has occurred.  

6.6 Impacts and Mitigation 
The overall impacts of both Projects on topography and geologic materials will be minor 
and limited to the temporary disturbance of slopes within the workspaces resulting from 
grading and trenching operations. The need to conduct blasting is not anticipated. Northern 
will further reduce impacts by implementing measures in FERC’s Plan and Northern’s 
Procedures to control water and minimize erosion during construction, returning contours, 
to preconstruction conditions to the extent practicable to avoid long-term impacts, and 
restoring vegetative cover over disturbed areas.  
The risk of excavation and grading activities initiating a localized slope failure is low, as 
the proposed pipeline extensions cross areas with little slope and slope failures are not 
common in the areas. The risk of initiating a slope failure will be further reduced by 
controlling water, minimizing erosion, restoring surface contours, and restoring vegetative 
cover in the disturbed areas as noted above. Northern does not expect karst terrain to impact 
the V2F or NL27 Project facilities and the areas do not experience significant earthquakes. 
Therefore, both Projects should not initiate or be affected by karst features or seismic 
activity. In addition, the pipeline extensions have been designed and will be constructed, 
installed, and maintained in accordance with applicable regulations that are designed to 
ensure the integrity of the facilities, further reducing the potential for damage from 
geologic hazards. 
Hydro-fracture assessments were conducted on all 19 HDDs for the V2F Project and all 31 
HDDs for the NL27 Project. The assessments were based on comparing the modelled 
maximum formation limiting pressure with the minimum required drilling fluid annular 
pressure anticipated to maintain circulation of cuttings to surface using the boring logs and 
what are considered to be conservative parameters for the soils properties. The results 
indicate the risk of an inadvertent release is low for all HDDs and will be continuously 
monitored and managed throughout the HDD installations. Northern will implement its 
Project-specific HDD Monitoring, Inadvertent Return Response, and Contingency Plans, see 
Resource Report 1, Appendix 1A1 for the V2F Project and Appendix 1A2 for the NL27 
Project, to minimize potential impacts associated with installation of the pipeline using the 
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HDD method. The complete HDD feasibility studies including mitigation recommendations 
are included in the individual project-specific HDD Plans.  
The Projects will not impact mineral resources and pose only a low risk to paleontological 
resources. Northern’s environmental inspector and other construction staff will be advised 
to watch for paleontological resources. In the unlikely event that fossils are encountered 
during construction, Northern will temporarily cease excavation in the area and will notify 
the state geological survey or natural history museum, as well as FERC, so that all finds 
may be properly documented. 

6.7 Geotechnical Investigations 
V2F Project 
Northern conducted a geotechnical investigation along the Lake Mills M500 E-line to 
obtain information used in the design of the ten HDDs. The soil profile encountered at all 
17 locations generally consisted of sandy glacial till consisting of clayey sand, sandy lean 
clay, or sandy silt, often interbedded with sand and gravel glacial outwash described as 
poorly graded sand. Groundwater was encountered within 13 of 17 borings. Water levels 
observed in the soil layers were between 8 and 53 feet and were generally found within 
sand or clayey sand units.  
Northern conducted a geotechnical investigation along the Albert Lea M500 E-line to 
obtain information used in the design of two HDDs. The soil profile encountered at all four 
locations generally consisted of silt, sand, and clayey glacial till consisting of sandy lean 
clay, clayey sand, or sandy silt. Groundwater was encountered in all four borings. Water 
levels observed in the soil layers were between 21 and 26 feet and were generally found 
within sandy lean clay and clayey sand units.  
Northern conducted a geotechnical investigation along the Faribault M500 D-line to obtain 
information used in the design of seven HDDs. The soil profile encountered at 17 locations 
generally consisted of glacial till consisting of clayey sand, sandy lean clay, sand, silty 
sand, or sandy silt, occasionally interbedded or overlain with sand and gravel glacial 
outwash. Sandstone was encountered in six geotechnical borings on the Faribault M500 D-
line at depths between 9.5 and 69.5 feet. Alluvial deposits consisting of lean clay, sandy 
lean clay, clayey sand, silty sand, or sandy silt were found at three locations (BH-08A, BH-
12 and BH-13). Groundwater was encountered within 14 of 17 boreholes. Water levels 
observed in the soil layers were between 4.5 and 85 feet and were generally found within 
sand, silty sand, sandstone, or sand stringers within sandy lean clay units.  
A complete geotechnical report for the three pipeline extensions is included in Appendix 
6B. A table of geotechnical testing results for the V2F Project is included as Table 6.7-1. 
Geotechnical investigation was not required at the disconnect or temporary compression 
sites.   
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Table 6.7-1 Geotechnical Testing Results for the V2F Project 

Pipeline 
Facility 

Crossing 
Number/ 
Ref. 
Drawing 

Begin 
MP 

End 
MP 

Arc 
Drill 
Length 
(feet) 

Maxi
mum 
Depth 
HDD 
(feet) 

Related 
Geotech
nical 
Borings 

Approximate 
Depth to 
Bedrock (feet) 

Lake Mills 
M500 E-
line  

LMA-P4-1 34.36 34.57 1,071 33 BH-00 No bedrock 
LMA-P4-2 35.95 35.99 219 17 BH-02 No bedrock 

LMA-P4-3 37.76 38.08 1,745 59 
BH-05, 
BH-06, 
BH-07 

No bedrock 

LMA-P4-4 39.15 39.20 249 25 BH-08 No bedrock 

LMA-P4-5 39.45 39.61 880 40 BH-09, 
BH-10 No bedrock 

LMA-P4-6 40.63 40.76 661 27 BH-11, 
BH-12 No bedrock 

LMA-P4-7 41.08 41.24 834 33 BH-13 No bedrock 

LMA-P4-8 41.81 41.99 975 34 BH-14, 
BH-15 No bedrock 

LMA-P4-9 42.06 42.17 609 32 BH-15, 
BH-16 No bedrock 

LMA-P4-
10 42.44 42.48 168 24 BH-17 No bedrock 

Albert Lea 
M500 E-
line 

ALO-P4-1 2.08 2.49 2,209 55 
BH-01, 
BH-02, 
BH-03 

No bedrock 

ALO-P4-2 3.58 3.64 301 16 BH-04 No bedrock 

Faribault 
M500D-
line 

FAR-P4-1 98.90 99.14 1,265 58 BH-02, 
BH-03 45 

FAR-P4-2 99.83 100.07 1,287 52 
BH-04, 
BH-05, 
BH-06 

No bedrock 

FAR-P4-3 100.50 100.88 2,035 89 BH-07A, 
BH-08A No bedrock 

FAR-P4-5 102.04 102.20 855 52 

BH-10A, 
BH-11A, 
BH-12, 
BH-12A 

9.5 (auger 
refusal at 50) 

FAR-P4-6 103.02 103.17 791 32 BH-13, 
BH-14 No bedrock 

FAR-P4-7 103.59 104.02 2,270 81 
BH-16, 
BH-17, 
BH-18 

No bedrock 

FAR-P4-8 104.49 104.53 201 18 BH-19 No bedrock 

Northern utilized the results of the geotechnical borings to finalize the HDD designs, 
specifically optimizing the angle of entry and adjusting the entry and exit pit locations. The 
current HDD design indicates that only two of the HDDs may encounter bedrock. Northern 
adjusted its drilling profile on those two drills to meet the design parameters for bedrock; 
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The remaining HDDs for the V2F Project will not encounter bedrock; therefore, Northern 
designed them to meet the parameters of the unconsolidated materials along the profiles. 
Northern has provided additional information on the feasibility of the HDDs along with 
safety factors and design considerations and recommendations in Resource Report 1, 
Appendix 1A.  
NL27 Project 
Northern conducted a geotechnical investigation along the Lake Mills M500 E-line to 
obtain information used in the design of the two HDDs. The soil profile encountered at all 
three locations generally consisted of sandy and clayey glacial till consisting of silty sand, 
clayey sand, sandy lean clay, silt, clayey sand with gravel, or silty sand with gravel. 
Groundwater was encountered in all three borings. Water levels observed in the soil layers 
were between two and nine feet and were generally found within silty sand or clayey sand 
with gravel units.  
Northern conducted a geotechnical investigation along the Albert Lea M500 E-line to 
obtain information used in the design of five HDDs. The soil profile encountered at all six 
locations generally consisted of silt, sand, and clayey glacial till consisting of silt, silty 
sand, sandy lean clay, clayey or sand, occasionally interbedded or underlain with sand and 
gravel glacial outwash or silty organic deposits. Groundwater was encountered in three of 
the borings. Water levels observed in the soil layers were between 23 and 46 feet and were 
generally found within sandy lean clay, silty sand, and clayey sand units.  
Northern conducted a geotechnical investigation along the Willmar 3rd branch line 
upstream to obtain information used in the design of three HDDs. The soil profile 
encountered at nine locations generally consisted of glacial till consisting of lean clay, 
clayey sand, sandy lean clay, silty sand, silty clay, or silt, occasionally interbedded or 
overlain with sand and gravel glacial outwash, or interbedded with silty glaciofluvial 
sediment. Alluvial deposits consisting of lean clay, silty clay, silty sand, sandy lean clay, 
clayey sand, or silty sand, were found at three locations (BH-7, BH-8 and BH-10). 
Groundwater was encountered within seven of nine boreholes. Water levels observed in 
the soil layers were between 6 to 38 feet and were generally found within sand, silty sand, 
silt, and sandy lean clay units. Sandstone bedrock was encountered at one location (BH-7) 
at a depth of 99.5 feet below ground surface.  
Northern conducted a geotechnical investigation along the Willmar 3rd branch line 
downstream to obtain information used in the design of seven HDDs. The soil profile 
encountered at 11 locations generally consisted of glacial till consisting of clayey sand and 
sandy lean clay, occasionally interbedded with silty sand and sandy silt glacial outwash. 
Groundwater was encountered within 2 of 11 boreholes. Water levels observed in the soil 
layers were between 27 and 31 feet and were generally found within clayey sand and sandy 
lean clay units.  
Northern conducted a geotechnical investigation along the Welcome 2nd line; however, no 
HDDs are proposed. The soil profile encountered at two locations generally consisted of 
glacial till consisting of sandy lean clay. In one boring, the till is overlain by sandy outwash 
and lean clay alluvium. Groundwater was not encountered in either borehole.  
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Northern conducted a geotechnical investigation along the Paynesville 2nd branch line to 
obtain information used in the design of three HDDs. The soil profile encountered at seven 
locations generally consisted of sandy outwash consisting of sand, sand with gravel, and 
sand with silt, often underlain by clayey glacial till and silty or clayey glaciofluvial 
deposits. Gabbro bedrock was encountered in all seven locations. Groundwater was 
encountered within five of seven boreholes. Water levels observed in the soil layers were 
between 8 and 33 feet and were generally found within sand with silt, sandy silt, sand, or 
lean clay units.  
Northern conducted a geotechnical investigation along the Worthington 2nd branch line to 
obtain information used in the design of one HDD. The soil profile encountered at four 
locations generally consisted of sandy, silty, and glacial till consisting of sandy lean clay, 
sandy silt, clayey sand, lean clay, and sand. Groundwater was encountered within one of 
four boreholes. Water level was observed at 25 feet within a sandy silt unit.  
Northern conducted a geotechnical investigation along the Springfield 2nd branch line to 
obtain information used in the design of five HDDs. The soil profile encountered at 15 
locations generally consisted of sandy, silty, and clayey glacial till consisting of sandy lean 
clay, clayey sand, silty clay, sandy silt, silty sand, often overlain or interbedded with sandy 
outwash. Alluvial deposits consisting of lean clay, fat clay, clayey sand, silty sand, and 
sand, were found at five locations (BH-8, BH-9, BH-10, BH-12, and BH-15). Shale 
bedrock was encountered in seven boreholes. Groundwater was encountered in all 15 
boreholes. Water levels observed in the soil layers were between 4 and 35 feet and were 
generally found within sandy lean clay, sand, clayey sand, and silty sand units.  
Northern conducted a geotechnical investigation along the Minnesota Interconnect 2nd 
branch line to obtain information used in the design of three HDDs. The soil profile 
encountered at six locations generally consisted of sandy lacustrine sediments consisting 
of sand and silty sand, often underlain by clayey till, silty and sandy glaciofluvial 
sediments, and sandy outwash. Groundwater was encountered in all six boreholes. Water 
levels observed in the soil layers were between 12 and 25 feet and were generally found in 
sand and silty sand units.  
Northern conducted a geotechnical investigation along the Alexandria 2nd branch line to 
obtain information used in the design of two HDDs. The soil profile encountered at seven 
locations generally consisted of sandy, silty and clayey glacial till consisting of lean clay, 
sandy lean clay, clayey sand, sandy silt, silty sand, and silt, often interbedded with sandy 
glacial outwash. Groundwater was encountered in six of seven boreholes. Water levels 
observed in the soil layers were between 16 and 33 feet and were generally found in sandy 
silt, sand, and sandy lean clay units.  
A complete geotechnical report for the ten pipeline extensions is included in Appendix 6C. 
A table of geotechnical testing results for the NL27 Project is included as Table 6.7-2. 
Geotechnical investigation was not required at the Hugo compressor station uprate. 
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Table 6.7-2 Geotechnical Testing Results for the NL27 Project 

Pipeline 
Facility 

Crossing 
Number/ 
Ref. 
Drawing 

Begin 
MP 

End 
MP 

Arc 
Drill 
Length 
(feet) 

Maximum 
Depth 
HDD (feet) 

Related 
Geotechnical 
Borings 

Approximate 
Depth to 
Bedrock (feet) 

Lake Mills 
M500 E-
line  

LMA-P4-1 43.72 43.75 183 15 BH-10 >40 

LMA-P4-2 44.16 44.20 228 18 BH-09 >40 

Albert Lea 
M500 E-
line 

ALO-P4-1 4.04 4.06 115 15 None N/A 

ALO-P4-2 4.69 4.84 791 31 BH-01 >51.5 

ALO-P4-3 5.18 5.50 1,685 68 BH-02, BH-
03 >101.5, >101.5 

ALO-P4-4 5.88 5.91 166 15 BH-04 >40 

ALO-P4-5 7.01 7.03 128 14 BH-07A >41.5 

Willmar 
3rd Branch 
Line 
Upstream 

WIL-P4-1 3.36 3.40 214 16 BH-10 >41 

WIL-P4-2 4.28 4.63 1,870 75 BH-04, BH-
05 >91, >91 

WIL-P4-3 4.79 5.00 1,117 57 BH-02, BH-
03 >91, >91 

Willmar 3rd 
Branch Line 
Downstream 

WDC-P4-1 6.38 6.42 233 16 BH-01 >41 

WDC-P4-2 7.08 7.11 184 17 BH-02 >41 

WDC-P4-3 7.60 7.65 251 23 BH-03 >41 

WDC-P4-5 9.83 9.91 425 16 BH-06 >41 

WDC-P4-6 10.21 10.42 1,083 37 BH-07A, BH-
07C >41, >81 

WDC-P4-7 10.64 10.72 397 18 BH-07B >41 

WDC-P4-8 10.85 10.95 524 19 BH-07D, BH-
07E >81, >81 

Welcome 
2nd Line No Crossings 

Paynesville 
2nd Branch 
Line 

PAY-P4-1 0.53 0.64 580 33 BH-05 >26 
PAY-P4-2 0.83 0.91 436 29 BH-04 34.5 

PAY-P4-3 1.88 2.38 2,657 45 BH-01, BH-
02 49.5, 59.5 

Worthington 
2nd Branch 
Line  

WOR-P4-1 19.52 19.65 668 44 BH-04 >61.5 
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Pipeline 
Facility 

Crossing 
Number/ 
Ref. 
Drawing 

Begin 
MP 

End 
MP 

Arc 
Drill 
Length 
(feet) 

Maximum 
Depth 
HDD (feet) 

Related 
Geotechnical 
Borings 

Approximate 
Depth to 
Bedrock (feet) 

Springfield 
2nd Branch 
Line 

SPR-P4-1 15.16 15.31 824 47 BH-13, BH-
14 79.5, 89.5 

SPR-P4-2 16.12 16.28 832 51 BH-11, BH-
12 >91, >91 

SPR-P4-3 17.34 17.58 1,295 50 BH-07, BH-
08 >100, 59.5 

SPR-P4-4 17.72 17.86 764 50 BH-05, BH-
06, BH-07 

69.5, 99.5, 
>100 

SPR-P4-5 21.15 21.21 326 22 BH-01 >41 

Minnesota 
Interconnect 
2nd Branch 
Line 

MIC-P4-1 17.73 17.87 744 44 BH-30 >61 

MIC-P4-2 18.15 18.43 1,525 46 BH-28A, BH-
29 >61, >61 

MIC-P4-3 18.59 18.84 1,360 58 BH-26, BH-
27, BH-28 >81, >81, >61 

Alexandria 
2nd Branch 
Line 

ALX-P4-1 17.45 17.67 1,179 57 BH-03A, BH-
04A >91, >101 

ALX-P4-2 17.81 17.96 817 46 BH-01A, BH-
02A >71, >71 

Northern utilized the results of the geotechnical borings to finalize the HDD designs, 
specifically optimizing the angle of entry and adjusting the entry and exit pit locations. The 
current HDD design indicates that none of the HDDs will encounter bedrock; therefore, 
Northern designed them to meet the parameters of the unconsolidated materials along the 
profiles. Northern has provided additional information on the feasibility of the HDDs along 
with safety factors and design considerations and recommendations in Resource Report 1, 
Appendix 1A. 
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2027 Expansion Project 
Resource Report No. 6 – Geological Resources 
 

 

Appendix 6A-1 Steep Slopes for the V2F Project  

MP Begin MP End Slope Category1 Length (feet) 

Lake Mills M500 E-line 

35.58 35.61 5-15 154 
36.36 36.40 5-15 2042 

36.51 36.54 5-15 1502 

36.73 36.76 5-15 201 

37.17 37.21 5-15 228 

37.36 37.37 5-15 79 

37.77 37.84 5-15 3752 
37.99 38.05 5-15 3632 
38.16 38.22 5-15 313 
38.26 38.28 5-15 89 
38.39 38.46 5-15 367 
38.60 38.72 5-15 634 
38.78 38.81 5-15 154 
38.85 38.87 5-15 86 
39.00 39.02 5-15 92 
39.06 39.10 5-15 243 
39.13 39.18 5-15 2612 
39.23 39.25 5-15 103 
39.53 39.55 5-15 662 
40.12 40.16 5-15 184 
40.26 40.28 5-15 104 
40.78 40.80 5-15 1162 
42.41 42.42 5-15 70 

Albert Lea M500 E-line 
2.11 2.15 5-15 2042 
2.36 2.39 5-15 1712 
2.55 2.56 5-15 73 
2.58 2.64 5-15 297 
2.66 2.71 5-15 264 
3.39 3.44 5-15 242 
3.47 3.51 5-15 194 

Faribault M500 D-line 

98.40 98.41 5-15 57 

98.98 99.02 5-15 1752 

99.16 99.24 5-15 402 
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MP Begin MP End Slope Category1 Length (feet) 

99.55 99.61 5-15 309 

99.70 99.76 5-15 345 

99.86 99.87 5-15 942 

100.28 100.36 5-15 443 

100.38 100.44 5-15 294 

100.46 100.52 5-15 331 
100.76 100.77 5-15 742 
101.11 101.18 5-15 393 
101.26 101.29 5-15 149 
101.62 101.65 5-15 150 

102.02 102.03 5-15 782 
102.05 102.11 5-15 2882 
102.67 102.69 5-15 101 
102.74 102.79 5-15 281 
103.80 103.83 5-15 1112 

     1 Slopes were obtained from civil survey data. 
2 Area is within an HDD or auger bore. 
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Appendix 6A-2 Steep Slopes for the NL27 Project  

MP Begin MP End Slope 
Category1 Length (feet) 

Lake Mills M500 E-line 
42.63 42.64 5-15 47 
42.65 42.66 5-15 74 

42.82 42.87 5-15 252 

43.16 43.18 5-15 61 

43.26 43.27 5-15 39 

43.30 43.31 5-15 46 

43.87 43.92 5-15 226 
44.09 44.15 5-15 336 
44.16 44.18 5-15 982 
44.40 44.44 5-15 205 
44.46 44.48 5-15 84 
44.54 44.57 5-15 145 
44.61 44.64 5-15 166 
44.68 44.69 5-15 59 
44.74 44.75 5-15 64 

Albert Lea M500 E-line 
3.71 3.77 5-15 343 
3.90 3.91 5-15 50 
3.99 4.03 5-15 197 
4.52 4.54 5-15 100 
4.62 4.68 5-15 285 
4.81 4.85 5-15 222 
5.05 5.08 5-15 149 
5.22 5.24 >30 942 
5.39 5.41 5-15 1312 
6.24 6.27 5-15 169 
6.40 6.42 5-15 109 

Willmar 3rd Branch Line Upstream 

3.36 3.41 5-15 2312 

3.51 3.58 5-15 380 

3.63 3.64 5-15 64 
3.71 3.75 5-15 175 
3.85 3.89 5-15 251 
3.95 3.97 5-15 67 
3.97 4.01 5-15 194 
4.11 4.12 5-15 86 
4.15 4.17 5-15 65 
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MP Begin MP End Slope 
Category1 Length (feet) 

4.23 4.25 5-15 100 
4.25 4.27 5-15 892 
4.30 4.33 5-15 1642 
4.33 4.35 5-15 832 
4.37 4.39 >30 1002 
4.43 4.43 15-30 452 
4.44 4.49 5-15 3102 
4.91 4.92 5-15 702 
5.03 5.06 5-15 143 
5.08 5.10 5-15 118 

Willmar 3rd Branch Line Downstream 
7.00 7.08 5-15 428 
7.31 7.39 5-15 422 
7.41 7.44 5-15 134 
7.45 7.47 5-15 95 
7.89 7.90 5-15 52 
8.28 8.32 5-15 207 
8.33 8.36 5-15 149 
8.43 8.46 5-15 176 
8.47 8.51 5-15 177 
8.93 8.98 5-15 2312 
9.02 9.03 5-15 912 
9.04 9.05 5-15 562 
9.21 9.23 5-15 100 
9.27 9.29 5-15 145 
9.32 9.36 5-15 206 
9.38 9.45 5-15 400 
9.77 9.80 5-15 162 
9.83 9.85 5-15 1152 
9.91 9.93 5-15 109 
9.98 10.03 5-15 236 

10.05 10.07 5-15 97 
10.12 10.14 5-15 97 
10.20 10.23 5-15 1542 
10.24 10.26 5-15 1162 
10.74 10.75 5-15 56 
11.09 11.10 5-15 50 

Welcome 2nd Line 

No Steep Slopes 
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MP Begin MP End Slope 
Category1 Length (feet) 

Paynesville 2nd Branch Line 
0.06 0.10 5-15 221 
0.42 0.43 5-15 39 
0.54 0.57 5-15 1942 
0.60 0.65 5-15 2342 
0.83 0.86 5-15 1512 
0.99 1.00 5-15 68 

1.07 1.10 5-15 147 

1.13 1.15 5-15 125 
1.53 1.55 5-15 148 
1.90 1.91 15-30 502 
1.94 1.97 5-15 1422 
2.35 2.38 5-15 1552 
2.39 2.41 5-15 61 

Worthington 2nd Branch Line 

19.47 19.49 5-15 98 

19.55 19.57 5-15 742 

19.59 19.61 5-15 1452 
20.45 20.46 5-15 73 

Springfield 2nd Branch Line 
14.17 14.20 5-15 159 
15.19 15.20 5-15 692 
17.33 17.36 5-15 2062 
17.52 17.54 15-30 1002 

Minnesota Interconnect 2nd Branch Line 
17.75 17.78 5-15 117 
17.83 17.86 15-30 1452 
17.89 17.91 5-15 74 
18.22 18.24 5-15 762 
18.37 18.38 5-15 61 
18.41 18.42 5-15 78 
18.87 18.90 5-15 149 

Alexandria 2nd Branch Line 
17.86 17.87 5-15 692 

     1 Slopes were obtained from civil survey data. 
2 Area is within an HDD or auger bore. 
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Reports of Geotechnical Investigation for the NL27 Project 
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	Introduction
	This Subsurface Exploration and Lab Testing Report presents the results of our subsurface exploration and geotechnical engineering services performed for the proposed pipeline corridor.
	The purpose of these services was to provide information relative to:
	The geotechnical engineering Scope of Services for this project included the advancement of seventeen test borings (BH-00 and BH-02 through BH-17) to depths ranging from about 30 to 100 feet below existing site grades.
	In addition to geotechnical soil sampling, environmental soil sampling and chemical laboratory analysis was performed on samples collected at approximately 10 feet above the bottom of each borehole. Results of the chemical laboratory analysis of the s...
	Maps showing the site and boring locations are shown on the Site Location and Exploration Plans, respectively. The results of the laboratory testing performed on geotechnical soil samples obtained from the site during our field exploration are include...

	Site Conditions
	The following description of site conditions is derived from our site visit in association with the field exploration and our review of publicly available geologic and topographic maps.

	Project Description
	Our final understanding of the project conditions is as follows:

	Geotechnical Characterization
	Subsurface Profile
	We have developed a general characterization of the subsurface conditions based upon our review of the subsurface exploration, geologic setting and our understanding of the project. This characterization, termed GeoModel, forms the basis of our geotec...
	As part of our analyses, we identified the following model layers within the subsurface profile. For an approximate elevation view of the model layer depths at each boring location, refer to the GeoModel.
	Although not encountered at the boring locations, glacial soils such as those observed at the boring locations, can contain cobbles and boulders.

	Groundwater Conditions
	The boreholes were observed while drilling for the presence and level of groundwater. The water levels observed in the boreholes can be found on the boring logs in Exploration and Laboratory Results.
	Groundwater was observed during drilling at depths ranging from about 8 to 53 feet below the existing ground surface at the boring locations. Groundwater was not observed at Borings BH- 5, 6, 9, and 10; however, mud rotary drilling techniques in these...
	Groundwater level fluctuations occur due to seasonal variations in the amount of rainfall, runoff, and other factors not evident at the time the borings were performed. Therefore, groundwater levels during construction or at other times in the life of...


	General Comments
	Our report presents the results of our fieldwork and laboratory tests. Natural variations will occur between exploration point locations or due to the modifying effects of construction or weather. The nature and extent of such variations may not becom...
	Our Scope of Services included specific environmental testing as noted above; however, it does not include either specifically or by implication any environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or identification or ...
	Our services and any correspondence are intended for the sole benefit and exclusive use of our client for specific application to the project discussed and are accomplished in accordance with generally accepted geotechnical engineering practices with ...
	intended for third parties. Any use or reliance of the provided information by third parties is done solely at their own risk. No warranties, either express or implied, are intended or made.
	Site characteristics as provided are for design purposes and not to estimate excavation cost. Any use of our report in that regard is done at the sole risk of the excavating cost estimator as there may be variations on the site that are not apparent i...
	Contents:
	GeoModel
	Boring Layout and Elevations: Terracon personnel staked the boring locations using handheld GPS equipment (estimated horizontal accuracy of about ±10 feet) with respect to the provided boring location plans. The boring locations are shown on the Explo...
	Subsurface Exploration Procedures: We advanced the borings with ATV and truck- mounted rotary drill rigs using continuous flight augers and mud-rotary drilling techniques. Split-spoon samples were obtained at intervals of 5 feet. In the split-barrel s...
	The boreholes were backfilled with grout/neat cement after completion to within 2 feet of the ground surface. The boreholes were backfilled with auger cuttings from a depth of 2 feet to the ground surface.
	The drill crew prepared a field log of each boring to record field data including visual descriptions of the materials encountered during drilling as well as the driller’s interpretation of the subsurface conditions between samples. The boring logs in...
	The project engineer reviewed the field data and assigned laboratory tests. The laboratory testing program included the following tests on retrieved soil samples:

	Geotechnical Testing
	Contents:
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