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Abstract
A 762-mm-diameter pipe 1,886 km long was installed to transfer crude oil in the USA

from North Dakota to Illinois. To investigate the impact of construction and restora-
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Email: mtekeste @iastate edu. tion practices on long-term soil productivity and crop yield, vertical soil stresses in-

duced by a Caterpillar (CAT) pipe liner PL 87 (475 kN vehicle load) and semi-trailer
truck (8.9 kN axle load) were studied in a farm field. Soil properties (bulk density and

cone penetration resistance) were measured on field zones within the right-of-way
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(ROW) classified according to construction machine trafficking and subsoil tillage
(300-mm-depth tillage and 450-mm-depth tillage in two repeated passes) treatments.
At 200 mm depth from the subsoiled surface, the magnitude of peak vertical soil stress
from trafficking by the semi-truck trailer and CAT pipe liner PL 87 was 133 kPa. The
peak vertical soil stress at 400 mm soil depth appeared to be influenced by vehicle
weight, where the Caterpillar pipe liner PL 87 created soil compaction a magnitude of
1.5 greater than from the semi-trailer truck. Results from the soil bulk density and soil
cone penetration resistance measurements also showed the ROW zones had signifi-
cantly higher soil compaction than adjacent unaffected corn planted fields. Tillage to
450 mm depth alleviated the deep soil compaction better than the 300-mm-depth till-
age as measured by soil cone penetration resistance within the ROW zones and the
unaffected zone. These results could be incorporated into agricultural mitigation plans
in ROW construction utilities to minimize soil and crop damage.
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1 | INTRODUCTION

Soil compaction is a process of soil particle rearrangement
that reduces the air-filled fraction of soil pores and has been
recognized as a major problem associated with crop produc-
tion (Hamza & Anderson, 2005; Soane & Van Ouwerkerk,
1994). Compaction of soils often results in decreased soil
aeration and hydraulic conductivity and increased soil bulk
density and soil strength (Al-Adawi & Reeder, 1994; Hillel,
1998). Excessive soil compaction negatively affects crop

yield and accelerates soil erosion (Al-Adawi & Reeder, 1994;
Hillel, 1998; Soane & Van Ouwerkerk, 1994). Reviews on
how soil compaction is created and management practices to
minimize its negative effects on crop yield and the environ-
ment have been published by Hamza and Anderson (2005),
Raper and Kirby (2006), and Batey (2009).

Numerous studies conducted in Europe and North
America during the 1980s have shown that heavy vehi-
cles with an axle load of 10 t or higher can create subsoil
compaction to a depth of 500 to 600 mm (Etana &
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Hakansson, 1994; Hakansson & Reeder, 1994; Lowery
& Schuler, 1991; Schjonning & Rasmussen, 1994).
Schjonning and Rasmussen (1994) measured soil physical
properties (i.e., bulk density and penetration resistance)
and small grain yields after field traffic by a heavy vehicle
(Volvo BM 860 Dump Truck). The vehicle with two front
tyres of 18.0R25 XRA*TL and four rear tyres of 20.5R
25X A*TL were loaded to 10 t per front axle and 22 t per
rear tandem axle. Four wheel passes by the truck on the
exposed plough bottom (200 mm from the soil surface) cre-
ated severe subsoil compaction (soil cone penetration resis-
tance of 4.2 MPa) which was nearly a fourfold magnitude
greater than the soil cone penetration resistance measured
on the control treatment (no compaction). Hakansson and
Reeder (1994) suggested limiting vehicle load to 10 t per
axle in order to reduce the incidence of subsoil compaction
and minimize long-term negative impacts on crop yields.

Soil compaction also occurs in cropland during utility
construction activities within right-of-way (ROW) areas from
heavy equipment traffic, trenching and backfilling, having ad-
verse potential impacts on crop yields and soil quality. Batey
(2015) reported bulk densities of 1.7 t m™ (undisturbed) and
1.9tm™ (running track) at a depth of 350 mm, and restricted
crop root growth 15 years after a pipeline was installed in
the 1970s in Murthly, Perthshire, UK. On excessively deep
compacted soils (bulk density values of 1.9to 2.0 t m'3) such
as in pipeline sites, Spoor (2006) recommended 5 to 6 re-
peated passes of tillage (up to 750 mm depth) to loosen the
soils. The restoration of soil productivity and crop yield post
construction depends on the vulnerability of the loosened soil
conditions to re-compaction, crop type, climate and proper
drainage (Batey, 2015; Spoor, 2006). Limited information
was available on measurement of soil compaction and crop
yield in the subsequent years after the pipeline installations
(Batey, 2015).

Dakota Access, LLC (DAPL) (2016)
762-mm-diameter pipe over 1,886 km to transfer crude oil
in the USA from North Dakota to Illinois. The Iowa pipeline
section was buried at a minimum depth of 1.2 m in all agri-
cultural lands. DAPL developed an agricultural mitigation
plan that implemented measures for minimizing impacts to
cropland during the pipeline construction (e.g., land clear-
ing, separation of top soil, pipeline trenching and backfilling
of the subsoil materials) and restoration phases after com-
paction by heavy construction equipment on all impacted ag-
ricultural cropland (Dakota Access, LLC (DAPL) 2016). The
DAPL mitigation plan includes three repeated passes of deep
tillage to a depth of 450 mm on exposed subsoil, restoring
the topsoil condition, and soil levelling to its preconstruc-
tion conditions in compliance with Chapter 9 “Restoration of
Agricultural Lands During and After Pipeline Construction”
of the State of Iowa Administration Code, Section 199:
Utilities Division.
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Limited field-based research studies are available to sup-
port the development of the agricultural farm and crop dam-
age compensation plan from utility construction activities on
croplands. Studies evaluating the impacts of heavy construc-
tion vehicles and restoration activities on subsoil compaction
and long-term crop yields may benefit industry, researchers,
extension and government institutions in developing data-
driven decision support and restoration of agricultural soil
and crop productivity to preconstruction conditions. The
overall goal of this research was to quantify the impacts of
utility construction equipment, heavy vehicle traffic manage-
ment, and deep tillage on soil compaction and long-term crop
yields. The objectives of this study were to (a) investigate the
effects of construction equipment trafficking and deep till-
age within the ROW on deep soil (subsoil) compaction, and
(b) investigate the effects of deep tillage treatments on soil
compaction.

2 | MATERIALS AND METHODS

2.1 | Experiment description

The experimental test was established along the pipeline
ROW at the Jowa State University (ISU) farm in Washington
Township of Story County, Iowa. A five year long-term
corn—-soybean (Zea mays L. - Glycine max) crop rotation
study was established on an experimental plot of a 2 ha area
consisting of a ROW section (46 m wide and 244 m long)
and adjacent unaffected crop fields (39 m wide and 244 m
long). The study began in fall 2016, and corn was planted in
spring 2017. Clarion loam (fine-loamy, mixed, superactive,
mesic Typic Hapludolls) and Canisteo clay loam (fine-loamy,
mixed, superactive, calcareous mesic Typic Endoqualls) are
the dominant soil series at the site according to the USDA
soil survey (http://websoilsurvey.sc.egov.usda.gov/App/
WebSoilSurvey.aspx). The ROW was set at a bearing of 123°
to accommodate the pipeline direction and was approximately
46 m wide. According to the DAPL agricultural mitigation
plan, topsoil with an approximate depth of 525 mm below
the original cropland topsoil surface was scraped from the
ROW construction zone and stockpiled. Subsoil excavated
from the pipeline trench was also stockpiled separately from
the topsoil and returned to the excavated trench. Preceding
the replacement of topsoil, the subsoil within the ROW
which had been trafficked by heavy construction equipment
was tilled to a depth of 450 mm from the top surface of the
exposed subsoil using a subsoiler implement with 7-shanks
at 760 mm spacing. The 450-mm-depth tillage was done in
three repeated passes. After the topsoil was replaced, the land
was levelled and tilled using a field cultivator at a tool depth
of 100 mm.

Figure 1 shows the heavy vehicles frequently used for
soil separation and pipeline installation. The ground contact
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