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Background and Objectives Heavy-axle load machinery operation in the Right-of-Way (ROW) 
on wet soil conditions creates excessive soil compaction, negatively impacting soil health and 
crop productivity. Working on wet soil conditions and mixing were the major factors affecting 
the soil health properties during construction. Recent underground construction utilities, for 
example, the DAPL project installed a 347-mile pipeline in Iowa with approximately 57 tons per 
mile of topsoil removed and backfilled to the ROW. New CO2 sequestration pipeline projects, 
Summit Carbon Solutions and Navigator CO2 combined are expected to install 1580 miles of 
mileage in Iowa and potentially remove and backfill ninety thousand tonnages of topsoil. In 
addition to the underground pipeline installation for CO2 sequestration and crude oil transfer, 
renewable solar and wind projects demand construction activities on highly productive soils in 
the Corn-Soybean belt of the USA farms. Limited scientific studies were conducted that quantify 
the in-situ soil wetness of agricultural soils impacted by construction utility activities that define 
the relationship of soil moisture to soil-bearing capacity under heavy-axle loads. The study 
aimed to develop soil compaction management practices to avoid excessive soil compaction 
and accelerate farmland productivity from pre-construction activities to normal food 
production. The proposed study developed methods to determine field soil wetness and 
establish a relationship between in-situ soil water, precipitation from real-time data, and the 
degree of soil bearing capacity for minimizing heavy-load-induced rutting.  
Materials and Methods The study was designed to sample soil cores (0 – 20 in.) in the field at 
soil wetness conditions at soil bearing capacity to support nominal ground contact pressure of 
15 PSI (103 kPa) per rear drive tire of two-wheel drive (2WD) tractor equipped with in-situ ISU 
Giddings core sampler. Soil moisture content was measured and classified as “field capacity soil 
condition allowing to support bearing capacity at 15 PSI ground contact pressure from rear-axle 
drive wheel loading”. Allowable soil bearing capacity was considered sufficient for the field soil 
wetness with minimum rut formed (soil rut penetrated not to exceed the lug of the drive wheel 
of the 2WD tractor equipped with 16.9-38 Bias Ply Tires with an axle load of 9,930 lbs.). 
Minimally disturbed soil core samples were collected using the 2WD tractor equipped with an 
in-situ ISU Gidding core sampler on soils representing four soil drainage classes in Iowa. Farms 
with dominant soil series of (1) Okoboji silty loam soil series (Fine, smectitic, mesic Cumulic 
Vertic Endoaquolls), (2) Clarion loam series (Fine-loamy, mixed, superactive, mesic Typic 
Hapludolls), (3) Nicollet loam series (Fine-loamy, mixed, superactive, mesic Aquic Hapludolls), 



(4) Hanlon fine sandy loam series (Coarse-loamy, mixed, superactive, mesic Cumulic Hapludolls), 
and (5) Monona silty clay loam series (Fine-silty, mixed, superactive, mesic Typic Hapludolls) 
were selected for their proximity to the SMDL and assumed to represent different soil drainage 
classes. Soil core samples in a metallic cylinder (3 inches diameter and 2 inches long) were 
brought to saturated soil condition using a fine sandbox built at the SDML at ISU. The saturated 
soil core samples were gravity drained in a laboratory scale setup to estimate the soil moisture 
content during the saturation-gravity drainage-field soil wetness condition. Data on initial soil 
bulk density, soil moisture content at the field wetness, and soil moisture content every eight 
hours during gravity-driven drainage were collected for the five soil types.  
Results and Discussion The laboratory experiment determined the number of days to drain the 
saturated soil by gravity-driven drainage and relative to the moisture content at field soil 
wetness for allowable bearing capacity, estimating the expected number of days of field 
sampled soil from saturated soil condition to field soil wetness for trafficking without excessive 
soil rutting. Using the soil moisture data and the days to drain from saturated to field “soil 
wetness”, the five soil types were classified into three soil wetness classes: well-drained soil 
wetness (Fine sandy loam, 14% soil moisture content on a dry basis), moderately drained soil 
wetness (Silty Clay Loam, 19% soil moisture content on dry basis) and poorly-drained soil 
wetness (Silty clay loam to loam, 22% soil moisture content on dry basis). On average, among 
all the soil wetness classes, three-day indoor gravity drainage was elapsed from the saturated 
state to the field soil wetness, allowing soil bearing capacity of 15 PSI ground contact pressure. 
Summary of the soil moisture content at the field soil wetness, saturated conditions, and three 
days after drained in laboratory conditions from the three soil classes, and top 20-inches (0-50 
cm) soil depth are shown in Table-1. For the well-drained and moderately drained soil wetness, 
the differences in moisture content at the field soil wetness (soil bearing 15 PSI load), and the 
moisture contents after three-day drainage in the SMDL soil box were less than 1%. In the 
relatively poor drained soil classes (SCL-L), the soil retained high moisture even after three days 
of drainage (4% greater than the MC at the field soil wetness), which could create potential 
excessive rutting. 

Soil 
Classes* 

MC** 
soil bearing 
15 PSI load 
(d.b., %)  

MC 
at saturation  
(d.b., %) 

MC 
after three-
days drainage  
(d.b., %) 

FSL 14.5 19.9 15.0 

SCL 19.0 31.0 19.3 

SCL-L 22.0 36.9 26.0 

* Fine sandy loam (FSL), Silty Clay Loam (SCL), and Silty Clay to 
Loam (SCL-L) textural names according to USDA. SCL-L soil data 
was from the three similar soil wetness classes of Okoboji (K), 
Clarion (C), and Nicollet (N) 
** Moisture content (MC) was determined oven-drying soil 
sample (0-20in) at 104oC for 72 hrs, and reporting the data on dry 
basis (b.d.). 



Figure 1 shows the soil moisture content and initial soil bulk density at the field wetness and 
soil bearing capacity supporting the 15 PSI ground contact pressure. In both the top and subsoil 
depths (Fig. 1b), the magnitude of soil bulk density from all the soil classes had values less than 
ROW heavy-axle induced mean soil bulk density of 1.67 g/cm3 (at 96% of Proctor compaction 
density), measured year-one after pipeline installation (Tekeste et al., 2019). The initial soil bulk 
density data could be used as a baseline to monitor residual soil compaction after construction 
or post-deep tillage management in ROW. 

 
 

Figure-1. Soil moisture (A) and soil bulk density (B) for the three soil classes (SCL-L, SCL, and 
FSL) at the top (0-15 cm) and subsoil (15-30 cm) soil depth classes. 

According to Eash (2021), the well-drained soil wetness (FSL), moderately drained soil wetness 
(SCL) and poorly-drained soil wetness (SCL-L) classes studied were found in the well, moderate 
and relatively low soil permeability classes. More soil sampling is needed from poor and 
moderate-to-well soil permeability classes of the Iowa Hydrological map to cover soil wetness 
classes within the underground pipeline routes proposed by Summit Carbon Solutions 
(https://iub.iowa.gov/press-release/2022-02-15/proposed-summit-carbon-pipeline-overview-
route-map-filed) and Navigator CO2 
https://www.thegazette.com/energy/navigatorco2pipelinewoulddroplinncountyfromnewpropo
sed route/. 
 

 

https://iub.iowa.gov/press-release/2022-02-15/proposed-summit-carbon-pipeline-overview-route-map-filed
https://iub.iowa.gov/press-release/2022-02-15/proposed-summit-carbon-pipeline-overview-route-map-filed
https://www.thegazette.com/energy/navigator


Conclusion: A method was developed to determine soil wetness related to ROW heavy-axle 
machinery operation during underground utility construction activities on farm soils and manage 
the soil wetness to monitor excessive soil rut depth. Using the SMDL-ISU soil wetness procedure, 
out of five crop field samples, three 
soil wetness classes were defined 
and categorized to the Iowa 
Hydrological Map and their 
relationships to field soil bearing 
capacity of 15 PSI ground pressure 
loading. The method developed at 
the SMDL-ISU for defining the field 
soil wetness allowing soil bearing 
capacity at rut depth less than the 
lugs of 16.9-38 Bias Ply Tires (4,965 
lbs. per tire) and soil moisture 
saturation to gravity drained findings 
could be implemented for different 
soil types. The method could also be 
used to develop a field technical 
support guide for field soil wetness 
measurement by measuring in-situ 
soil moisture, accounting rain-fall 
events and climatic field conditions 
(wind, evapotranspiration, etc.), and 
measuring vehicle ground pressure 
simulated plate loading and sinkage 
rut depth relationship using the 
newly developed soil sinkage 
measurement apparatus at the SMDL-ISU.    

Future research is needed to perform soil sampling on two soil series classes from the poor soil 
permeability region of the Iowa hydrological map and determine their soil wetness classes. 
With the two new soil series sampling, all the soil drainage classes in Iowa will be included in 
the soil wetness classification for the soil compaction management plan on the underground 
construction utilities impacted sites in Iowa. A newly proposed study needs to include the 
development of in-situ soil rut measurement and soil moisture monitoring to develop 
guidelines for inspectors and land managers for monitoring wet soil classes and preventing 
excessive soil rutting.   
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