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I. EXECUTIVE SUMMARY 
 
The Slaughterhouse Fuels Reduction Project cut-to-length with log forwarding (CTL) 
mechanical treatments occurred in 2010. The soil moisture conditions prior to project 
treatments were monitored using the LTBMU’s current moisture classification protocol. 
The soil moisture conditions in the treatment area at the time of mechanical treatments 
were determined to be “very moist” based on this protocol. The current programmatic 
recommendation for operability excludes “very moist” soil conditions for coarse soil 
textures. However, based on the project specific environmental analysis, treatments were 
allowed to continue in the mechanical treatment area under these presumed marginal soil 
moisture conditions. This afforded the LTBMU an opportunity to evaluate whether the 
programmatic operability criteria currently recommended is necessary for protecting soil 
and water quality, or if it is overly restrictive and needs to be updated.   
 
Soil quality monitoring occurred in 2011, the year after mechanical treatments were 
completed. Measurements of soil bulk density were obtained in the disturbed treatment 
area and in an undisturbed control area. The results of soil quality monitoring indicated 
that there was no difference between soil bulk density values in the disturbed and 
undisturbed sampling areas, and therefore no reduction in soil porosity resulted from 
project treatments. In addition, there was little to no visible evidence of rutting resulting 
from the CTL operations. 
 
Based on these results, and similar results from a soil quality monitoring effort recently 
completed in the nearby Roundhill Fuels Reduction Project (Cody and Norman, 2011), 
the LTBMU programmatic soil moisture classification and operability protocol is now 
recommended to be revised to include “very moist” soil moisture conditions in coarse 
textured soils under the operable criteria for mechanical vegetation management 
treatments when using CTL treatment techniques, or other similar low ground pressure 
equipment. 
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II. INTRODUCTION   
 
The Slaughterhouse Fuels Reduction Project was initiated in 2007 under the 
Slaughterhouse Environmental Assessment (EA) (USDA, 2005). However there was a 
need to improve road access and obtain road ownership easement approvals, so the 
mechanical treatment areas were not treated until June and July of 2010.  
 
In 2010 63 acres were treated using cut-to-length mechanical equipment with log 
forwarding (CTL). The specifications of the equipment used for treating the area 
monitored in this project are presented below: 
 
• The Timco harvester (Valmet 430) has a service weight of 60,990 pounds with a 

ground pressure of 7.03 pounds per square inch (psi) with tracks. 
 

• The John Deere forwarder (1210E) has a service weight of 39,900 pounds with a 
ground pressure of 8.2 psi unloaded and a payload capacity of 40,000 pounds or 16 
psi fully loaded. 

 
• The John Deere masticator (350 excavator) has a service weight of 76,557 pounds 

and has extra wide track pads for a 6.1 psi ground pressure. 
 
CTL harvesting systems carry the tree material out of the forest without skidding. The 
CTL equipment used for the Slaughterhouse mechanical treatments limbed the cut trees 
in the treatment area, and the limbs were used to create slash mats for the equipment to 
drive over to provide additional protection against soil compaction. After the initial 
treatment, a masticator then came into the treatment area and masticated the material to 
act as ground cover (see Figure 1 for pre, during and post treatment photos). 

II.1. Project Description  
 
A recently completed soil quality monitoring effort for the Roundhill Fuels Reduction 
Project concluded that although some of the area was treated under “very moist” soil 
conditions within the monitoring transects, the treatments did not result in adverse soil 
quality effects as it related to soil bulk density (Cody and Norman,  2011). However, 
since this area constituted only a portion of the monitoring transects, there were not 
enough data points to provide a reasonable statistical analysis of this hypothesis.  
 
The Slaughterhouse Fuel Reduction Project is located nearby, also on the east shore of 
Lake Tahoe, just north of Glenbrook and the junction of Highway 50 and Highway 28. 
There was approximately 63 acres in the Slaughterhouse Project that was also treated 
under “very moist” soil conditions, as determined using the soil moisture chart presented 
below in Table 2.  
 
The criterion for operability for an individual project is determined during the 
environmental analysis process. Although Table 2 presents the recommended 
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programmatic operability criteria, which precludes operations under “very moist” soil 
conditions for coarse soils, project specific analysis did not utilize this protocol. Instead 
the Slaughterhouse EA required that operations shall occur “over the snow or when soils 
are dry and slash mats have been prepared to reduce compaction and soil displacement” 
(USDA 2005, pg. 48). Dry soil conditions were not defined in the Slaughterhouse EA, 
and historically have been assumed to include all soils that are not wet. In addition to this 
requirement, according to the project BMPs, operations would be ceased on roads and in 
treatment units when ruts greater than 2 inches deep and 20 ft long begin to form.  
  
The purpose of this monitoring effort was to  monitor soil bulk density in the area that 
was mechanically treated under “very moist” soil conditions in the Slaughterhouse 
Project, and compare those results to an untreated control site to validate whether this 
type of CTL treatment can be safely implemented under wetter soil conditions than are 
currently recommended for coarse soils.    
 

III. MANAGEMENT QUESTIONS AND MONITORING OBJECTIVES 
 
The following management question was addressed with the monitoring effort. 
 

1) Can CTL mechanical treatment systems be utilized in the LTBMU on granitic, 
coarse textured soils under “very moist” soil conditions without causing soil a 
10% or greater reduction in soil porosity?  
 
Note: The former USFS Region 5 Soil Quality Standards identified this 10% reduction in porosity as being 
an indicator of detrimental soil compaction. Since these standards were still in place at the time the 
Slaughterhouse NEPA decision was made, and in order to compare these results to other soil quality 
monitoring results obtained recently by the LTBMU on similar vegetation management projects, the same 
10% porosity threshold was used for this study. In November 2010, a new national soil manual (FSM 2550-
2010-1) was issued and the previous guidance was removed from the Forest Service directives system. The 
new national soil manual does not provide numerical standards or guidelines. 

 
The monitoring objective to answer the above management question is then: 

 
• Obtain a statistically representative sample of bulk density within the known 

area of the Slaughterhouse Project that was mechanically treated under very 
moist soil conditions, and a statistically representative sample from an 
untreated control site, and determine if there are differences between these 
two data sets.   

 
And, in addition, the following objective exists for all LTBMU vegetation management 
projects: 
 

• Determine if soil and water protection BMPs were implemented and effective. 
o This monitoring objective was addressed by completing Implementation 

Monitoring Checklists and including the Slaughterhouse Project 
mechanical treatment units in the pool for random selection of BMPs 
through the Regional Best Management Practices Evaluation   Program 
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(BMPEP). Two BMPEP evaluations were conducted in the CTL treatment 
units for this project through random selection. These included the 
Streamside Management Zone and Landings BMPEP evaluations, and all 
BMPs evaluated were rated as Implemented and Effective. These results 
are documented in the 2011 Annual BMPEP Report and are not discussed 
further in this report (Harris et al, 2012). 

IV. SOIL TYPES AND CHARACTERISTICS 
 
Two major soil map units fall within the treatment area and control site, and reflect a 
granitic geology. The majority of the treatment area is underlain by the Cagwin-Rock 
outcrop complex soil, extremely stony on 5-15% slopes and 15-30% slopes (soil map 
units 7411 and 7412, respectively). All of the samples along the monitoring transects and 
from the control site were taken on these soil types. These soil map units were identified 
using the NRCS Soil Survey of Tahoe Basin Area California and Nevada (2007), and the 
corresponding soil survey bulk density values for the 4-8 inch depth are presented in 
Table 1. The geographic distribution of soil types within the CTL treatment area can be 
found in Figure 2.  
 
Table 1. Soil types within the Slaughterhouse Project mechanical treatment area 
and control site (from 2007 NRCS Soil Survey) 
 
Soil Map 
Unit 
Number 

Soil Description Hazard of off-
road or off-
trail erosion 

Soil Survey bulk 
density for the 4-8 
inch depth (g/cm3) 

7411 Cagwin-Rock outcrop complex, 5-
15% slopes, extremely stony 

Slight 1.26 

7412 Cagwin-Rock outcrop complex, 15-
30% slopes, extremely stony 

Moderate 1.26 

 

V. METHODOLOGY 

V.1. Sampling Protocols 
 
Within the Slaughterhouse Project mechanical treatment area, samples were taken along 
transects that intersect areas of varying degrees of disturbance. In addition, a control site 
was selected that, based on professional judgment, is believed to have no areas of recent 
human disturbance (i.e. within the past 20 years). 
 
The soil parameters collected include soil moisture conditions and soil texture 
determinations during the year of mechanical treatments, and soil bulk density 
measurements the year after project treatments. Bulk density was then used to calculate 
soil porosity using the equation on page 10. The soil texture determination and bulk 
density monitoring protocols are presented in Appendix A. Bulk density measurements 
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were conducted in the 2nd week of August 2011, the season following the mechanical 
treatments.  
 
A primary concern when performing vegetation management treatments is that soil 
moisture content is at acceptably low levels to prevent soil disturbance (detrimental 
compaction or rutting) which could result in erosion or sediment delivery to water bodies. 
Prior to project implementation in 2010, soil moisture conditions were determined within 
the treatment units. Soil moisture conditions were evaluated by digging up the soils from 
the 4- to 8-inch depth, trying to form a ball by squeezing a handful of soil very firmly and 
tossing it in the air, and then comparing the results to the descriptions presented in Table 
2 below.  
 
Bulk density is an indirect measure of soil compaction, and also of soil porosity. Soil 
bulk density was measured by taking a soil core at seven locations along each transect 
(see Sampling Design section). Bulk density samples were collected at the 4 to 8 inch 
depth using a 2-inch core sampler within a 4-inch sleeve, and were analyzed to determine 
fine earth bulk density. The particles larger than 2 mm were removed from the samples 
prior to calculating bulk density (see Appendix A for the detailed protocol). The bulk 
density values were then compared to the average of the undisturbed samples to calculate 
the change in porosity. The 4 to 8 inch monitoring depth was used for measuring bulk 
density because this is the depth at which the greatest compaction has been measured in 
recent research studies associated with similar vegetation management treatments 
(Powers, et. al 2005). This depth was also recommended for soil quality monitoring 
related to mechanical equipment operations by the former USFS Region 5 Soil Quality 
Standards. 

V.2. Sampling Design 
 
Based on data collected at the Roundhill Project, sample size analysis determined that 
approximately 20 samples would be needed in the treated area to detect a 10% change in 
porosity at the 90% C.I., assuming that the data will demonstrate a normal distribution 
(Cody and Norman, 2011). Only 5 samples were collected in the undisturbed control area 
because bulk density is not highly variable in nature, and this sample size was adequate to 
characterize the undisturbed condition. The exact configuration of the monitoring 
transects within the treatment area is presented in Figure 3. The transect ends were 
monumented, and their locations were recorded with a GPS unit and mapped. 
 
Samples were collected along these established transects within the treatment area. The 
CTL harvester/forwarder trails are typically about 10 feet wide and generally travel 
perpendicular to the contour. The transects were established to conduct a representative 
evaluation of disturbance within the mechanical treatment area including visible paths of 
the CTL equipment from the previous year, areas that were used as major forwarder 
routes (i.e. approximately 2 passes with the harvester, 8 passes with the forwarder, and 2 
passes with the masticator), and sensitive areas such as the portion of the unit that borders 
the wet meadow. Three transects were established, two that are 90 feet and one that is 
180 feet in length. Sample points were located approximately every 15 ft along each of 
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the two 90 ft transects and approximately every 30 feet along the 180 ft transect, for a 
total of 7 sample points along each transect and a total of 21 sample points. In addition, 5 
undisturbed sampling sites were selected outside of the treatment area, in a location that 
had no visible signs of previous disturbance.  
 

VI. DATA ANALYSIS 

VI.1. Statistical Analysis 
 
Because the bulk density data exhibited a normal distribution, the student’s t-test was 
used for statistical analysis using Sigma Stat. The student’s t-test indicates whether or not 
there is a statistically significant difference between the mean values for the disturbed 
and undisturbed dataset, or if the difference in mean values is not great enough to reject 
the possibility that the difference is due to random sampling variability. 

VI.1. Soil Texture 
 
Prior to conducting the soil moisture evaluations described below, the texture of soils 
present in the treatment area was determined. Based on textural determinations made at 
several locations within the treatment area and in the undisturbed sampling area (see 
protocol in Appendix A), the soil texture was determined to be loamy sand, or the coarse 
soil texture according to Table 2. Because this is the only soil texture present in the 
treatment area, the results from this monitoring effort will be applicable only for the 
coarse soil texture column of Table 2.  

VI.2. Soil Moisture 
 
A soil moisture classification was conducted prior to heavy equipment operations in the 
treatment area using the second column of the soil moisture classification protocol 
presented in Table 2 to determine whether soil moisture levels represented operable field 
conditions. In June of 2010, the soil moisture evaluation determined that the treatment 
area was characterized as very moist. Very little of the treatment area demonstrated 
clearly dry soils, but very little of the treatment area demonstrated clearly wet soils either. 
Because the soils in the treatment area were not wet, and the criteria established for this 
project only limited operations to conditions where soil compaction and soil displacement 
could be reduced, it was determined that the operations could continue in the treatment 
area.  
 
In order to ensure compliance with the rutting BMP requirements, the area was also 
monitored during treatments to ensure that visible signs of rutting were not observed. 
Minimal rutting was observed as a result of the project, and none of the observed rutting 
met the criteria described above set forth in the Slaughterhouse Project EA (USDA 
2005). 
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Table 2.  Programmatic Soil Moisture classification and operability protocol used by 
LTBMU, (2006-2011) 

  Coarse Soils  Light Soils  
Med. Soils (<35% 
clay) 

Heavy Soils (>35% 
clay) 

Soil Moisture 
% Increases 
Downward 

Loamy sands, fine 
sand loam, very fine 
sands, coarse sands 

Fine sandy loams, 
sandy loams, very 
fine sandy loam 

Sandy clay loam, 
loam, silt loam, sandy 
clay loam, clay loam 

Clay loam, sandy clay, 
silty clay loam, clay 

Dry soils Dry, loose, single 
grained flows thru 
fingers 

Dry, loose, flows thru 
fingers 

Powdery, dry, 
sometimes slightly 
crusted but breaks 
down into powdery 
conditions 

Hard, baked, cracked 
sometimes has loose 
crumbs on surface 

Moist soil Still appears dry, will 
not form a ball with 
pressure 

Still appears to be 
dry; will not form a 
ball 

Somewhat crumbly, 
but will hold together 
from pressure 

Somewhat pliable; will 
form ball under 
pressure.  At plastic 
limit. 

Moist soil Still appears dry, will 
not form a ball with 
pressure 

Tends to ball under 
pressure but seldom 
will hold together 

Forms a ball and is 
very pliable, sticks 
readily if high in clay. 

Easily ribbons out 
between fingers, has a 
slick feeling.  At plastic 
limit. 

Very moist soil Tends to stick 
together slightly, 
sometimes forms a 
very weak ball 

Forms a weak ball 
breaks easily, will not 
stick.  Plastic limit or 
nonplastic. 

Forms a ball and is 
very pliable, sticks 
readily if high in clay.  
Exceeds plastic limit. 

Easily ribbons out 
between fingers, has a 
slick feeling.  Exceeds 
plastic limit. 

Wet soils Upon squeezing, free 
water may appear.  
Wet outline is left on 
hand.  Nonplastic. 

Upon squeezing free 
water may appear.  
Wet outline left on 
hand. 

Can squeeze out free 
water.  Wet outline left 
on hand. 

Puddles and free water 
forms on surface.  Wet 
outline left on hand. 

   Recommended not operable by USFS Regional Soil Scientist 
   Additional restriction based on recommendations by USFS PSW Soil Scientist  

 

VI.3. Bulk Density 
 
The results of the analysis for the bulk density samples collected in the treatment area and 
in the undisturbed area are presented in Table 3. The calculated means indicate a small 
overall decrease in bulk density, resulting in a small increase in porosity of about 1.4%. 
However this small calculated decrease in bulk density (0.02 gm/cm3) is well within the 
standard deviations of the means and was not found to be statistically significant at the 
90% C.I.(P=0.746). Therefore we conclude that there was no significant change in bulk 
density resulting from project treatments. As can be seen in Table 3, the range of values 
was larger in the disturbed than the undisturbed sample sets. 
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Table 3.  Fine earth bulk density (BD) (gm/cm3) results, including the associated 
calculated change in porosity. Sample size is 21 for the disturbed and 5 for the 
undisturbed samples. 

 Disturbed 
(Treatment 

area) 
 

Undisturbed 
(Control site) 

Calculated 
Porosity 
Change1

 
 

  

Mean 1.25 1.27 +1.4%   
Range 0.89-1.55 1.13-1.37    

Std. Dev. 0.16 0.10    
      
      
The bulk density measurements taken in both the disturbed and undisturbed areas for this 
study are very consistent with the bulk density values for the 4-8 inch depth according to 
the NRCS soil survey (see Table 1 above).  
 

VII. CONCLUSIONS AND DISCUSSION 
 
Analysis of the bulk density monitoring data determined that there were no statistically 
significant differences in bulk density, or associated soil porosity, between samples 
collected in areas disturbed by project treatments and those collected in the undisturbed 
area. In addition, little to no visible evidence of rutting was observed as a result of CTL 
operations. 
 
The results of this monitoring effort indicate that vegetation management treatments 
using CTL harvester/forwarder equipment or similar low ground pressure technology can 
be implemented on coarse textured soils without causing detrimental soil disturbance 
under “very moist” soil conditions, as determine by the protocol presented in Table 2. 
Because detrimental soil disturbance (as evidenced by visible rutting or measured 
decreases in bulk density) was not observed, we can also assume that there is little 
potential for increases in fine sediment loading as a result of operating low ground 
pressure equipment on coarse soils even under very moist soil conditions. These results 
are generally consistent with other literature results. Operating on relatively dry soils and 
limiting the aerial extent of equipment traffic was found to be a highly effective 
preventive strategy for minimizing compaction by Miller et al 2004. In addition, McNabb 
et al 2001 found that limiting operations to soils with moisture levels below the plastic 
limit is generally acceptable for preventing adverse soil impacts. 

                                                 
1 The change in porosity is given by: 
∆P = (Dbi-Dbf)/(Dp-Dbi) 
where Dbi is the initial soil bulk density found in undisturbed sites,  Dbf is the final bulk density after the 
project treatments, and Dp is the density of the individual soil  particles, which is assumed to be 2.65 
gm/cm3.  Similarly, the equation used to calculate the threshold bulk density (Dbt) corresponding to a 10% 
decrease in porosity is given by: 
Dbt = 0.1Dp + 0.9Dbi 
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Future Soil Quality Monitoring Recommendations 
 
Soil Moisture Classification Protocol Changes 
 
Since 2006, the LTBMU has used soil moisture classifications made in the field to 
establish whether a unit is operable and ready for mechanical equipment operations, or if 
it is too wet to allow operations to begin. The criteria used for this determination is 
shown in Table 2 above.  
 
When this protocol was first adopted by the LTBMU for this purpose, the darker shaded 
boxes in Table 2 were initially recommended as soil moisture conditions that were too 
wet to allow mechanical operations without potentially causing compaction or other soil 
quality impacts. Based on further input from a USFS Soil Scientist from the Pacific 
Southwest (PSW) Research Station, the light shaded boxes were also recommended as 
inoperable soil moisture conditions for the Lake Tahoe area. The justification for that 
more conservative recommendation was based on the high level of concern that exists in 
the Lake Tahoe Basin regarding the effects of fine sediment loading on Lake Tahoe water 
clarity. Programmatically, both sets of shaded boxes have been recommended as 
inoperable soil moisture conditions for vegetation management project design features 
during environmental analysis since 2006.  
 
Based on the results presented in this report, the currently recommended operating 
restriction under “very moist” soil conditions for coarse soils is considered to be overly 
conservative. Therefore it is recommended that the programmatic soil moisture 
classification protocol be revised for coarse textured soils to include the “very moist” soil 
condition as operable, as shown below in Table 4. 
 
The results from this study were already incorporated into the South Shore Fuels 
Reduction and Healthy Forest Restoration Project analysis and will be considered during 
future project analyses as part of the LTBMU’s continuing adaptive management process. 
During the environmental analysis for future projects, an evaluation and determination 
will need to be made regarding the use of the recommended protocol shown below as part 
of the project design features, which considers project specific site conditions and 
concerns. 
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Table 4.  Programmatic Soil Moisture classification protocol proposed for use 
starting in 2012 

Soil Moisture % 
Increases 
Downward

Coarse Soils                                                                                                                              
Loamy sands, fine 
sand loam, very fine 
sands, coarse sands

Light Soils                   
Fine sandy loams, 
sandy loams, very 
fine sandy loam

Med. Soils (<35% clay)                         
Sandy clay loam, 
loam, silt loam, sandy 
clay loam, clay loam

Heavy Soils (>35% clay)                              
Clay loam, sandy clay, 
silty clay loam, clay

Dry soils Dry, loose, single 
grained flows thru 
fingers

Dry, loose, flows thru 
fingers

Powdery, dry, 
sometimes slightly 
crusted but breaks 
down into powdery 
conditions

Hard, baked, cracked 
sometimes has loose 
crumbs on surface

Moist soil Still appears dry, will 
not form a ball with 
pressure

Still appears to be 
dry; will not form a 
ball

Somewhat crumbly, 
but will hold together 
from pressure

Somewhat pliable; will 
form ball under 
pressure.  At plastic 
limit.

Moist soil Still appears dry, will 
not form a ball with 
pressure

Tends to ball under 
pressure but 
seldom will hold 
together

Forms a ball and is 
very pliable, sticks 
readily if high in clay.

Easily ribbons out 
between fingers, has a 
slick feeling.  At plastic 
limit.

Very moist soil Tends to stick together 
slightly, sometimes 
forms a very weak ball

Forms a weak ball 
breaks easily, will 
not stick.  Plastic 
limit or nonplastic.

Forms a ball and is 
very pliable, sticks 
readily if high in clay.  
Exceeds plastic limit.

Easily ribbons out 
between fingers, has a 
slick feeling.  Exceeds 
plastic limit.

Wet soils Upon squeezing, free 
water may appear.  Wet 
outline is left on hand.  

Upon squeezing free 
water may appear.  
Wet outline left on 

Can squeeze out free 
water.  Wet outline left 
on hand.

Puddles and free water 
forms on surface.  Wet 
outline left on hand.

Nonplastic. hand.  
   Recommended not operable by USFS Regional Soil Scientist 

  
 Additional restriction based on recommendations by USFS PSW Soil Scientist, modified for 
coarse soils, based on monitoring results (Roundhill, 2011 and Slaughterhouse, 2012)  
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Figure 1  
Pre, during and post project photos. 

 

 
Pre-treatment photo 

 
 

 
During treatment photo, see slash mat in center of photo 
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Post-treatment photo, after mastication 
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Figure 2 
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Figure 3 
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Appendix A:  Monitoring Protocols 
 
Establishing Monitoring Transects 
 
The transect location should be representative of the treatment unit. This may involve 
positioning transects such that some of the main forwarder/skid trails or landings are 
included. Choose the ends of the transect so that a tape measure can be strung between 
them. Samples are then gathered at equally spaced intervals along the length of the tape 
measure. For example, if the two transect ends are spaced 180 feet apart and samples are 
taken every 20 feet along the transect (beginning at 0 feet) then that transect would have 
10 sampling locations.  
 
The ends of transects are monumented with rebar pounded flush with the ground. Caps 
should be used to identify the rebar as the transect starting point (zero feet on the tape 
measure) or ending point (the tape measure is stretched out to the end point monument). 
Additionally, the cap should have the transect number (T1 for transect #1, T2 for transect 
#2, etc.) and the year that transect was established. The GPS coordinates of the start and 
end points for the transects should be recorded with a high precision GPS such as a 
Trimble GeoXT, and the differentially corrected coordinates and datum recorded on the 
field data sheet. Also, a few trees near each end of the transect should be marked with an 
appropriate flagging color and/or livestock ear tags. Write the bearing from true north and 
the distance to the transect endpoint on this flagging or ear tag. If present, prominent 
landmarks such as boulders, trees, etc. should also be described along with the location of 
the transect end points relative to the landmarks. Using these methods, transect end point 
locations can still be identified even if a monument goes missing. 
 
Previous work has shown that a sample pool of approximately 20 bulk density 
measurements was adequate to characterize the soil conditions in a treatment unit.  
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Determining soil texture 
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Measuring Bulk Density  
 
Bulk density samples will be taken after mechanical treatment activities and in an 
undisturbed control site so that changes associated with mechanical treatments can be 
measured. The bulk density samples will be taken at the 4 to 8” depth at each location. 
 
Soil compaction will be evaluated by comparing the bulk densities of core samples after 
treatments to those from an undisturbed control site. In order to determine the 
background bulk density and the threshold level for detrimental compaction for a given 
area, undisturbed soil will be collected and analyzed concurrent with post-project 
sampling in nearby undisturbed areas. The bulk density of undisturbed soil will be 
compared to the bulk density of disturbed (or post-treatment) soil to determine the level 
of compaction that has occurred. These bulk density measurements will allow for an 
examination of the level of compaction in the different soil types associated with various 
types and levels of disturbance.   
 
Soil cores will be taken along set transects at approximately equally spaced intervals. It is 
important that the core sampler remain sharp in order to take a good core. The cores 
should be taken from 4 to 8 inches below the soil surface to evaluate the potential for 
detrimental compaction. Care should be taken to avoid collecting cores that are 
significantly disturbed during collection by interference from roots or coarse fragments.  
If a core is significantly disturbed (more than 5% of the volume) it should be discarded 
and a new core should be taken. In gravelly or cobbley soils that require more than two 
attempts to obtain an undisturbed core, consider omitting these cores since they will 
likely be: 1) too disturbed during collection to represent the in situ bulk density of the 
area, or 2) not representative of the sampling location due to selectively sampling in an 
area that has a lower coarse fragment content, and therefore is more susceptible to 
compaction than the surrounding areas with coarser fragments.  Document any significant 
problems that were encountered during core collection (roots, coarse fragments, 
excessively loose sediment). 
 
To take a core sample: 
 

1. Excavate a surface 4 inches below the soil surface and perpendicular to the slope. 
 
2. Place the appropriate length core sleeve and spacers into the core sampler. 
 
3. Hammer the core sampler into the ground, stopping when the solid head inside the 

sampler (or the upper most edge of the core sleeve) just reaches the excavated soil 
surface (avoid hammering the sampler any deeper into the ground as this will 
compact the soil sample). 

 
4. Use the spade to help remove the core. This is essential in dry, loose soils.  
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5. Extract the core sleeve from the sampler and trim the upper and lower surfaces of 
the soil core. Backfill any voids smaller than 5% of the total volume that result 
from coarse fragments that are half in the core section. Voids larger than 5% 
constitute a disturbed sample and a new core should be taken. A small diagonal 
cutter or snips is handy for roots. 

 
6. If you hit large roots or much gravel while taking the sample, the soil was 

probably significantly disturbed and will not provide a representative bulk density 
sample.  
 

Cores will be processed in the lab to determine the bulk density. The bulk density is the 
ratio of the dry weight to core volume. In the lab, the following steps will be followed to 
determine the dry soil weight and bulk density: 1) measure the weight of the pan into 
which the sample will be placed while drying, 2) place the soil sample into the pan, 3) 
weigh the “raw” or wet soil and the pan, 4) place the sample in the oven and dry for 24 
hours at 104° C, 5) remove the sample and weigh the pan and dry soil, 6) sieve the dried 
sample with a #10 (2mm) sieve and weigh the portion of the sample that is >2 mm (if no 
particles >2 mm are sieved out, skip ahead to step 9, 7) using the conversion 2.65 g/cm3 
convert the weight of the portion of the sample >2 mm to a volume, 8) subtract volume of 
the >2 mm portion from the total soil sample volume to get the volume of the sample that 
is <2 mm, 9) calculate the bulk density by dividing  the dry soil weight of the portion of 
the sample <2 mm by the volume of the sample <2 mm.  
 
The amount of compaction can be estimated by comparing the bulk densities of 
undisturbed soil samples to the bulk densities of the disturbed soil samples. For this 
project, we were concerned about bulk density changes that might result in a reduction in 
total soil porosity of 10% or greater (as compared to undisturbed soil) because this was 
perceived as being the condition where soils are detrimentally disturbed and compaction 
might cause erosion or sediment delivery. This condition is often referred to as 
detrimental compaction. Threshold bulk densities which correspond to a porosity loss of 
10% are derived from the following formula:  
 

Dbt = 0.1 Dp + 0.9 Dbi 
 
where Dp is the mean particle density (2.65 mg/cm3) and Dbi and Dbt are the initial and 
threshold bulk densities, respectively.  
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Appendix B:  Raw Data 
 

 
 

Sample 
number

Date 
sample 
collected

Pan 
weight 
(g)

Dry sample 
+ pan 
weight (g)

Dry 
sample 
weight (g)

Weight of 
sieved 
material (g)

Volume sieved 
material >2mm 
(cm^3) 

Volume of 
entire sample 
(cm^3)

Adjusted volume 
(less >2mm 
volume) (cm^3)

Weight of 
material 
<2mm (g)

Fine earth 
BD 
(g/cm^3)

Ave BD for ea 
transect and 
undisturbed 

% 
porosity 
change

T1 0 8/8/2011 18.1 201.3 183.2 32.54 12.28 180.989 168.71 150.66 0.89
T1 15 8/8/2011 18 233.1 215.1 62.54 23.60 180.989 157.39 152.56 0.97
T1 30 8/8/2011 18.1 290.6 272.5 48.94 18.47 180.989 162.52 223.56 1.38
T1 45 8/8/2011 17.8 276.4 258.6 52.94 19.98 180.989 161.01 205.66 1.28
T1 60 8/8/2011 17.8 257.5 239.7 33.24 12.54 180.989 168.45 206.46 1.23
T1 75 8/8/2011 17.4 239.6 222.2 46.94 17.71 180.989 163.28 175.26 1.07
T1 90 8/8/2011 17.9 259.6 241.7 70.94 26.77 180.989 154.22 170.76 1.11 1.13164811 (+) 10.2%
T2 0 8/8/2011 17.8 266.8 249 38.74 14.62 180.989 166.37 210.26 1.26
T2 30 8/8/2011 18.3 315.5 297.2 48.94 18.47 180.989 162.52 248.26 1.53
T2 60 8/8/2011 18 318.5 300.5 47.14 17.79 180.989 163.20 253.36 1.55
T2 90 8/8/2011 18.2 279.2 261 34.84 13.15 180.989 167.84 226.16 1.35
T2 120 8/8/2011 17.8 251.9 234.1 27.54 10.39 180.989 170.60 206.56 1.21
T2 150 8/8/2011 17.7 233.5 215.8 29.04 10.96 180.989 170.03 186.76 1.10
T2 180 8/8/2011 17.5 245.9 228.4 19.84 7.49 180.989 173.50 208.56 1.20 1.314647434 (-) 3.1% 
T3 0 8/9/2011 18.1 257.6 239.5 12.54 4.73 180.989 176.26 226.96 1.29
T3 15 8/9/2011 18 272.2 254.2 10.74 4.05 180.989 176.94 243.46 1.38
T3 30 8/9/2011 18.1 283 264.9 46.04 17.37 180.989 163.62 218.86 1.34
T3 45 8/9/2011 17.8 289.3 271.5 29.34 11.07 180.989 169.92 242.16 1.43
T3 60 8/9/2011 17.8 253.4 235.6 24.84 9.37 180.989 171.62 210.76 1.23
T3 75 8/9/2011 17.4 243.8 226.4 22.54 8.51 180.989 172.48 203.86 1.18
T3 90 8/9/2011 17.9 256.5 238.6 26.54 10.02 180.989 170.97 212.06 1.24 1.296681048 (-) 1.7% 

All transects average: 1.247658864 (+) 1.4%
U1 8/9/2011 17.8 263.9 246.1 25.94 9.79 180.989 171.20 220.16 1.29
U2 8/9/2011 18.3 282.7 264.4 35.74 13.49 180.989 167.50 228.66 1.37
U3 8/9/2011 18 245.9 227.9 40.84 15.41 180.989 165.58 187.06 1.13
U4 8/9/2011 18.2 287.9 269.7 51.14 19.30 180.989 161.69 218.56 1.35
U5 8/9/2011 17.8 259.9 242.1 35.64 13.45 180.989 167.54 206.46 1.23 1.27297101
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