
07-05
	WATERSHED AND AIR MANAGEMENT PROJECT PROPOSAL
USDA Forest Service, Technology & Development Program

	

	Project Name or Title:
	Compaction Monitoring Technologies

	

	Submitted by (your name):
	Edward Huffman

	Unit name and address:
	Allegheny National Forest, PO BOX 847, 222 Liberty St, Warren PA 16365

	Telephone:
	814-723-5180 x158

	IBM or Internet Address:
	elhuffman@fs.fed.us

	Date:
	12/21/2005

	

	OVERALL OBJECTIVES/PROBLEM STATEMENT
(Describe the problem, how the work is currently being done, and why improvement is needed.)

	Monitoring for soil compaction from equipment used in vegetation and fuels management has been done using one of several methods for years on many National Forests. The problem is that each method has its drawbacks and none can give highly accurate results quickly no matter how high the skill level of the user/assessor. Taking bulk density cores/samples is agreed to be the most accurate method but it is very time consuming and requires access to a drying oven and accurate scales. Shovel penetration tests are of moderate accuracy, subject to changes in soil moisture and subject to user bias or lack of skill. Penetrometers do not work in rocky soil, are subject to changes in soil moisture and require extensive calibration in a given location to give valid results. Visual assessments require extensive skill and experience, are subject to user bias and lack statistical validity.
Soil scientists in the Forest Service are increasingly being asked to assess the level of compaction from vegetation treatment activities and need a method that is both accurate and can provide timely answers to questions at hand. It does not appear that current technology provides us with that tool or at least a procedure for using these tools that is nationally and scientifically accepted. 


	

	PROPOSED TECHNOLOGY & DEVELOPMENT WORK 
(Describe your concept of the end product, i.e., a new equipment design, a video production, a guide, etc.)

	I would propose either new equipment, or possibly a new procedure that would incorporate existing equipment and methods, for universally assessing the level of soil compaction in National Forests where hitting subsurface rocks and roots are common. This equipment or procedure would need to be able to assess compaction quickly, accurately and provide results that can be validated statistically.


	

	POTENTIAL BENEFITS
(Describe how this project will improve safety, reduce cost, save time, increase efficiency, provide improved resource management, or increase customer satisfaction.)

The potential benefits of the proposed equipment or procedure would include increased efficiency of soil scientist time, associated savings in salary, improved monitoring results for the public, improved data for making land management decisions, and better and more cost effective management of the soil resource. The resulting information gained on soil compaction can lead to improved vegetation management technologies or procedures.


	SUPPORTING INFORMATION APPENDIX
 (Include detailed descriptions, photos, diagrams, or other source documents that might be helpful.)

	Pages 8 and 9; supplement number R9RO 2509.18-2005-1 of FSH 2509.18 Soil Management describing compaction indicators and measures. This is just an example of the issues associated with the current methods of measuring levels of compaction.
COMPACTION:  Increased soil density (weight per unit volume) and strength that hampers root growth, reduces soil aeration and inhibits soil water movement.  Measurements pertain to the critical surface layers that typically contain a high proportion of the soil’s organic matter and nutrients and or strongly affect water retention and movement in the soil. 

Indicator

Measure

Metric

Reliability

Soil structure change 

Calibrated ocular examination of soil layers 

Evidence of change to platy structure or lack of structure (massive) from granular, blocky or sub-angular blocky structure 

Moderate – can be described but not quantified - observations should be calibrated with bulk density readings

Soil strength

Calibrated shovel penetration resistance

Shovel penetration is more difficult in disturbed areas. 
Low – difficult to quantify except indirectly by calibration with bulk density and or penetrometer readings; can be combined easily with ocular exam for induced platy structure

Soil strength

Calibrated penetrometer readings

A relative reading increase over the range of pre-activity undisturbed levels that correlates to the measurement standards for soil structure change, shovel penetration resistance and or bulk density increase.   This value must be adjusted for soil moisture conditions at the time of sampling.

Moderate – consistent quantitative measurements in relatively rock and root free soils

Indicator

Measure

Metric

Reliability

Bulk density 

Soil samples – sampling methods vary by soil characteristics

A 15% relative increase in the range of bulk density readings over the pre-activity undisturbed soil bulk density readings or

Absolute root limiting values based on soil texture classes.   These threshold values need to be field validated relative to their impact on soil structure and water movement as well as productivity.   

Plant Growth.  Bulk density is an indicator of how well plant roots are able to extend into the soil.  Root restriction initiation and root limiting bulk densities are shown below for various family particle size classes.

Bulk Density (g cm-3)

Family Particle Size Classes

Restriction-initiation

Root-limiting

Sandy

1.69

>1.85

Loamy

coarse-loamy

1.63

>1.80

fine-loamy

1.60

>1.78

coarse-silty

1.60

>1.79

fine-silty

1.54

>1.65

Clayey*

35-45% clay

1.49

> 1.58

> 45% clay

1.39

> 1.47

High – consistent quantitative measurements; can also be correlated with soil strength




