
USDA Forest Service Lake Tahoe Basin Management Unit

Draft Soil Quality Monitoring Plan 2006
Sue Norman and Wes Christensen

June 1, 2006
I. Introduction 
The primary goals of soil quality monitoring at the Lake Tahoe Basin Management Unit (LTBMU) are to: 1) evaluate the impacts of mechanical treatment methods on soil compaction and saturated hydraulic conductivity (Ksat), 2) apply hydraulic conductivity data, soil cover observations, and topographic data to the Disturbed Water Erosion Prediction Project (WEPP) model to estimate anticipated runoff and sediment transport effects from management activities, 3) assess the applicability of the Equivalent Roaded Acreage (ERA) coefficients used for vegetation management practices for cumulative watershed effects analysis and the Tahoe Basin Watershed TMDL Model, and 4) determine whether Regional soil quality thresholds are being achieved within vegetation management units for soil cover and in limited cases, soil organic matter.  
Measurement of key soil parameters (soil cover, Ksat), in conjunction with WEPP model simulations, will allow conclusions to be made concerning the level of disturbance and the effects of management activities on hydrologic response. 
Methodologies for measuring and evaluating Regional soil quality standards have not been well established, and from past years monitoring many of the parameters and protocols seem to have limited usefulness on the LTBMU (2005 Pre-Project Crag Report, 2006).  Therefore the LTBMU program will not place an emphasis on these soil productivity standards at this time (see Appendix E of the Sierra Nevada Forest Plan Amendment for a description of these Standards).  
II.        Methodology
Monitoring will be performed prior to and as soon as possible following the mechanical treatment of a timber unit.  Any historic disturbances within these units should be noted and may need to be addressed depending on the severity of the disturbance and the degree of recovery.  Samples will be taken in heavily disturbed areas (landings, etc) and along transects that intersect areas of varying degrees of disturbance (forwarder/harvester trails and haul routes, etc) as well as “undisturbed” areas.  This distribution of samples will allow comparisons to be made between areas within the unit ranging from heavily disturbed to relatively undisturbed.  
The data collected will consist of disturbance class, soil bulk density, Ksat, soil cover. In some areas a more comprehensive effort may be made to collect soil organic matter data, and cone penetrometer data.  Bulk density, penetrometer, and Ksat measurements will be used to establish correlations between these various methods to determine how to most cost effectively obtain useful soil compaction data.    However, the coarse, rocky nature of the soil in many project areas makes collecting reliable bulk density samples and penetrometer readings difficult.
In general, Ksat will be measured as a substitute for other measures of soil compaction.  Ksat is a direct measure of soil infiltration capacity, and can be used directly as a parameter in the WEPP model to predict runoff and erosion response. 
Ocular estimates of the percent and type of soil cover will also be made, and this variable will also be utilized as an input parameter into the WEPP model.  In some areas a more intensive evaluation of soil organic matter will also be evaluated by measuring the difference in weight between the dried field sample and the sample after burning off the organic matter in a muffle furnace.  This is only anticipated in areas that receive underburn treatments.   Soil displacement and disturbance will be evaluated by classifying the levels of disturbance as defined in Appendix C. 
II.a.  Sampling Design
Location/Schedule
In the summer of 2004 soil monitoring was conducted in Pioneer Unit 1A and Kings Beach Units 24A, B, and C following vegetation treatments.  In 2005, pre-project soil quality monitoring was conducted in Crag Units 3 & 4 and post-project monitoring is scheduled to occur during the summer of 2006.  Proposed future soil monitoring is presented in the schedule below. 
	Soil Quality Monitoring Schedule 2005-2010

	Year
	Project
	Location
	Acres
	Harvest Method

	2005/06
	North Shore EA - Crag 3 & 4
	North of Tahoe City
	455
	CTL

	2006
	Heavenly Creek SEZ Demonstration
	Intersection of Al Tahoe Blvd. & Pioneer Trail
	23
	CTL

	2007
	Slaughterhouse EA
	East Shore, Slaughterhouse Canyon
	100
	CTL

	2006
	Quail EA - Blackwood Canyon Units
	West Shore, Blackwood Canyon
	252
	CTL

	2006
	Ward EA - Ward Canyon
	West Shore, Ward Canyon
	490
	CTL

	2006/07
	Quail EA remaining CTL units
	West Shore
	342
	CTL

	2007/10
	South Shore EA
	South Lake Tahoe
	1000
	CTL


Equipment
Data forms, protocol, clipboard, unit maps with scale or graticule, spade, core sampler/hammer, soil knife, sample bags and tags, cleaning rags, GPS, clinometer, compass, phone or radio, camera, penetrometer, bulk density ???, 5 gallons water, and a constant head permeameter (measures hydraulic conductivity).  

Sample Points
The goal of 40-60 sample points per project, both before and after disturbance, should give us an adequate sample size to detect changes (see 2005 Pre-Projecct Crag Report, 2006).  With this in mind, it is recommended that there be a minimum of 3 transects, each approximately 500 feet in length, and each consisting of 20 equally spaced sample points.  The number of transects, actual length, orientation, and sample spacing will vary depending on the dimensions of the unit being measured, the number of soil types, and the pattern of disturbance expected.  Transects will ideally follow contour, perpendicular to forwarder/harvester trails, and will be located to give the best representative sample of the unit being measured.  The transects will be established  by documenting GPS locations along the transects, placing rebar in the ground as physical reference points, and by marking un-marked trees using spray paint where necessary.  
II.b.  Sampling Protocol
The data will be collected as soon as possible before and after disturbance and care should be taken to avoid making measurements in locations that have been disturbed by data collection in previous years.  Sampling protocols are utilized to collect both quantitative and qualitative data.  These protocols are presented in Appendix A through D.
III. Data Analysis

Following data collection, data will be transferred from data sheets and stored in EXCEL spreadsheets located at k:ws/monitoring/soils/soils_monitoring with the appropriate naming convention.  The values for hydraulic conductivity will be stratified by disturbance class and soil type. Data will be analyzed using SigmaStat software to conduct pre and post project comparison and develop descriptive statistics.  
The values for Ksat, ground cover, estimated canopy cover, and other physical site characteristics will be used in conjunction with the Disturbed WEPP model to evaluate any significant differences in runoff and sediment loading response between pre- and post-disturbance conditions.  The results of this modeling will be compared to predictions that currently use ERA coefficients for the particular treatment methods utilized. 
IV.  Reporting

Annual reports will be compiled every winter following treatment to assess the adequacy of the monitoring plan including sample size and design and to evaluate the impacts of vegetation management activities.  In addition, a comprehensive soil quality monitoring report will be compiled every three to five years summarizing the impacts of fuels reduction management activities on soil quality parameters.  
Currently, a report is also being generated by the Zone Soil Scientist which will present data collected in the summer of 2004 in Pioneer Unit 1A and Kings Beach Units 24A, B, and C and will analyze the level of soil disturbance associated with Cut-to-Length operations that occurred in those units.  An analysis of pre-project data collected by the LTBMU in 2005 was recently completed (see 2005 Pre-Project Crag Soil Monitoring Report, 2006).
APPENDIX A
Sampling and Analysis Protocols
Saturated Hydraulic Conductivity

As mentioned above.  This data will be collected in the field using a constant head permeameter.  This device measures the rate at which water moves through the soil and is recorded in inches per hour.  

To begin create a hole using an aluminum pipe similar in size to the permeameter.  Pound the pipe in to a depth of ??? inches being careful not to knock loose soil back in the hole or disturb the integrity of the hole, when taking the pipe out.   Fill the permeameter with water and place in the hole.  The water level in the hole will be 3.125”.  When the water level (measured in tenths of an in inch) begins to drop, record this level and time.  Periodically record the level and time at desired intervals in units of minutes.  For consistency use a constant time interval (i.e. 30s or 1min).  The period of time needed to collect sufficient data to calculate hydraulic conductivity may range from several minutes to 30 minutes and should consist of at a minimum of about 5 measurements.  Measuring typically ceases when you achieve 3 near constant interval measurements.
Calculating Saturated Hydraulic Conductivity: After the above data has been collected hydraulic conductivity should be calculated using several consecutive and somewhat consistent measurements, which typically occur at the end of the sampling event.  Use a minimum of three intervals to solve for saturated hydraulic conductivity (Ksat).  Calculate the saturated hydraulic conductivity in inches per hour for the desired intervals using: 
K=A*Q

where A=0.024326in-2 (as determined by the Glover Solution).  A change of one inch in the reservoir is equivalent to Q=497.75 in3/hr.  Using these numbers, the above equation can be simplified to:

Ksat = (change in water level/elapsed time in minutes)*12.11

where Ksat is given in inches per hour.

The average at each sample point should be determined by summing the hydraulic conductivity values and dividing by the number of intervals used.
This parameter can be approximated in the Disturbed WEPP model by varying the Soil Texture field and the Treatment field to give the desired value for hydraulic conductivity prior to running the model.
Soil Compaction – Bulk Density Sampling

Soil cores:  Soil compaction will be measured using bulk density measurements in which soil cores will be taken at all possible sample points associated with a given sampling unit.  These bulk density measurements will allow us to examine the level of compaction in the different soil types associated with various types and levels of disturbance.  We will also be measuring bulk density in undisturbed soils taken from surrounding areas.  These undisturbed points will be used to establish the natural bulk density and the threshold level for detrimental compaction in a given area.   

            Cores will be taken along the transects at approximately equally spaced points and at sampling points on landings.  It is important to keep the core sampler sharp in order to take a good core.  The cores should be taken from 6-10 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 the cores 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 less 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:

· Excavate a level surface 6 inches below the soil surface.
· Place the appropriate length core sleeve and spacers into the core sampler.

· 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.

· Use the spade to help remove the core sampler.  This is essential in dry loose soils.  

· Extract the core sleeve from the sampler and trim the upper and lower surfaces.  Backfill any voids smaller than 5% of the total volume, that result from coarse fragments that were 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.

· If you hit large roots or much gravel, the soil was probably significantly disturbed and will not provide a reliable result. 

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.  The amount of compaction can be estimated by comparing the bulk densities from undisturbed areas to the bulk densities from disturbed areas.  
Region 5 standards state that soil is in an unacceptable condition when compaction or puddling reduce the total soil porosity by more than 10 percent (as compared to undisturbed soil).  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. 

Additional Compaction Testing: Soil compaction can qualitatively assessed by the tile spade method.  This exercise is optional and is done at the sampler’s discretion to assessing compaction prior to bulk density verification. 

At sample points, excavate a 12-16" deep and 6-12" wide hole with a spade.  Use the techniques and observations described in Appendix F, along with physical manipulation, to determine whether detrimental compaction exists.  Undisturbed soil would typically offer little resistance to spade penetration. It is usually loose and has a granular or subangular blocky structure.  Detrimental compaction has moderate to high resistance to spade penetration compared to the undisturbed sites.  The tilth and friability of the soil are noticeably reduced.  The soil commonly has platy structure or is massive, and changes extend to at least an 8 inch depth.  Focus on the 4 to 8 inch depth in the final analysis.  

If the soil is too cobbley or gravelly to insert the spade in three tries, then assume it is un-compacted.  In this case, record a “No” with a “cfr” subscript, denoting the assumption that the soil is un-compacted by a “coarse fragment rule”.  
Soil Cover
Ocular estimates of percent soil cover over one square meter at the toe point will be made at transect and landing sampling points.  Record the estimated cover in percent and record the predominate cover with the following codes: 

· O (for O horizon) - Duff, litter, and woody material <12 inches (O layer); 

· S (for slash) - Logging slash; 

· R (for rock) - Rock and rock fragments; 

· V (for vegetation) - Vegetation or shrub canopy less than 2 feet above the soil surface; 

· B (for bare) - bare soil, and use a subscript “f” if it resulted from fire; 

· W (for large woody debris) - larger (>12 inch) woody debris incl logs and stumps;  

· M (for cover mixed into the soil) - litter mixed into soil to <50% cover. 

Soil Disturbance

Detrimental displacement:  Soil displacement is evaluated and graded pass or fail - yes or no - at every sample point along transects and at landings. Detrimental displacement is defined here as the removal or loss of either 2 inches of topsoil or more than ½ of the humus-enriched topsoil (A horizon) from a contiguous area greater than 25 sq feet, and with an average width greater than 4 feet.  Displacement is usually due to heavy equipment operated on roads, main or benched skid trails, landings, around slash piles, or if sheet and rill erosion has removed an average of 1 inch of topsoil over a 100 sq foot area, that too counts.  Record in the notes the cause, manner, or location of displacement (i.e. fire and erosion, site prep and erosion, benching a skid trail, eroding skid trail, eroding cable corridor).  Displacement over smaller or narrower areas is not considered detrimental – it is expected that such a small area will fill in by natural processes.

Erosion:  Erosion is monitored as a form of “detrimental displacement”.  Observer should note length, width, and depth of rills and gullies if present.

Disturbance:  Record disturbance level, taking into account disturbance detected by spade (see APPENDIX E.  

· DO-undisturbed, 

· D1- slightly disturbed, 

· D2- moderately disturbed, as by several passes of equipment, 

· D3- highly disturbed, compacted, main skid trail or landing, as by repeated passes of equipment displacing duff and/or part of A horizon.  
Disturbance Type: Record the type of disturbance encountered at each sample point.  If additional codes are used, define in a key on the data sheet.
· L - landing

· S – forwarder/harvester trail

· R – road

· T – user trail

· U – undisturbed 

Notes:  Make notes of observations; eg. “skid trail, landing, road, fill, cutslope, gully, rill network, burn pile site, burn severity, tractor piling”.  

APPENDIX B – Sample Field Forms
Soil Monitoring Form
Date: ____________  Names:______________________________

Site or  Unit ___________________________________________

Forest ___________ District ______________________________

Major Soil __________________ 

Transect _____.  Start (UTM) _______________________End ________________________ Azimuth ____________

	Point
	Dist.

Type
	Slope
	Cover

 %

 
	Cover Code
	Displ

Y / N
	Disturb  Code
	LWD tally (each log by class)
	Depth and Structure,eg. 0-4” 2 m sbk,

4-8”  2 vk pl
	Detr.

Comp

Y/N
	Core
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Saturated Hydraulic Conductivity

Date: ____________  Names:______________________________

Site or  Unit ___________________________________________

Forest ___________ District ______________________________

Major Soil __________________ 

Transect _____   Point_________

	Hydraulic Head
	Time
	Change in Head
	Elapsed Time
	Hydraulic Conductivity (in/hr)

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 


APPENDIX C - Equipment Disturbance Class Definitions

	D0 – Undisturbed
	D1 – Slightly Disturbed
	D2 – Moderately Disturbed
	D3 – Highly Disturbed

	Soil Surface:

· No evidence of equipment operation
	Soil Surface:

· Light tracks, slight depressions

· Duff and litter cushion mostly in place

· Topsoil in place
	Soil Surface:

· Clear tracks

· Duff and litter displaced, or reduced 

· Topsoil exposed and mixed or compacted
	Soil Surface:

· Prominent tracks, main skid trail or landing

· Duff and litter displaced

· Topsoil highly  compacted, and/or eroded

	Compaction:

· Soil has natural structure and resistance to spade
	Compaction:

· Soil strength increase in top 4 inches

· Structure changes in top 4 inches


	Compaction:

· Soil strength increase in top 4 to 8 inches

· Some structure changes below 4 inches

· Platy or massive structure is generally continuous
	Compaction:

· Soil strength and spade resistance increased to depth > 8 inches

· Structure changes continuous to 8 inches

· Platy or massive structure


APPENDIX D - Field  Indicators of Soil Compaction (Poff, Roger.  1989, revised 1993)
1).  Surface Indicators:

a. Skid roads have lost all slash and litter.

b. There is visible evidence of puddling such as ruts with berms of structureless soil.

c. Ruts without berms (compaction) are less than 3 times as wide as they are deep.

d. Water has ponded in ruts or on skid trails, indicating reduced rates of infiltration.

2).  Tile Spade Insertion/Extraction

a. Marked resistance to penetration with tile spade.

b. Difficulty in removing spade full of soil after spade is inserted.

c. Large volume of soil on spade (compaction increases soil strength causing the soil to resist fracturing into smaller fragments).
3).  Examination of Soil

a. Obvious mixing of horizons or incorporation of fresh debris.

b. Most of soil volume is contained in clods rather than natural peds.

c. Soil structure is platy or massive (natural structure is normally granular in the surface horizons and subangular blocky in the upper subsurface horizons).

d. Clods have high strength, can tolerate rough handling without breaking, and resist efforts to break by hand.

e. Clods resist efforts at remolding.

f. Clods are noticeably heavy (have heft) as compared to normal peds.

g. Roots dead, absent, flattened, or restricted to ped faces; mycorrhizae absent.

h. Soil fungi and macroarthropods absent;  decomposition of soil wood anaerobic.
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