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INTRODUCTION

Our research seeks to develop suitable indicators of ecosystem integrity and impending ecological change resulting from both natural variation and anthropogenic activities. We will use a multidisciplinary and multi-scale approach, which will result in robust techniques for ecosystem monitoring and evaluation. Results of the study will enhance the ability to minimize, mitigate or remove major negative environmental impacts on DoD’s ability to conduct the military mission. Through the proposed research plan, we will address the SEMP objective of identifying indicators that signal ecological change in intensively and/or lightly used ecological systems on military installations. These indicators will provide early indications of change associated with (1) natural ecosystem variability and (2) military activities, including training and testing, as well as other land management practices. Early indications of change, and an understanding of the likely causes, will improve installation managers’ ability to manage activities that are shown to be damaging, and prevent long-term, negative effects. 

The concept of ecosystem integrity, or “health”, in the context of the military installation, encompasses not only the sustainability of the “natural” biota in the system, but also the sustainability of human activities at the installation, namely the military mission. Thus, changes in ecological condition are of great concern to both resource managers and military trainers. A suite of variables is needed to measure changes in ecological condition. Two types of indicators that may be useful are (1) variables that inform managers about ecosystem status and (2) variables that signal impending change. In many cases, these indicators may be the same. Both types are needed, but variables that serve as early warnings of impending changes outside the natural range of variation, and variables that are shown to be related to activities affecting the military mission, may be especially valuable.

TECHNICAL OBJECTIVE


We will evaluate a suite of parameters related to properties and processes in the understory vegetation, soil and surface hydrology as potentially sensitive indicators of ecosystem integrity and ecological response to natural and anthropogenic factors. In general, the soil hydrologic and biogeochemical parameters to be examined relate to changes in soil physical and chemical characteristics, and the response of soil microbial population and plant communities. To the greatest extent possible, cause and effect relationships will be developed between environmental changes, due to both natural variability and anthropogenic perturbation, and soil and vegetation responses, primarily as they relate to nutrient storage, nutrient turnover and population dynamics.

Our basic premise is that soil serves as the central ecosystem component that links the quality of the terrestrial habitats (by influencing the vegetation and its stability) and the aquatic habitats (via control of soil erosion and overland runoff). Thus, a careful study of soil parameters and processes and linking them to impacts on terrestrial/aquatic habitats is the basis for our experimental approach. Furthermore, we aim to establish a sound scientific basis for the empirical parameters that might be used as ecological indicators. 

Our proposed research and monitoring plan will address the following objectives: 

· Identify physical, chemical and biological variables (properties and processes) associated with soil, surface hydrology and vegetation that may be used as indicators of ecological change.

· Evaluate potential ecological indicators based on sensitivity, selectivity, ease of measurement and cost effectiveness.

· Select indicators that most effectively 1) show a high correlation with a certain state in a specific ecosystem, 2) provide early warning of impending change and 3) differentiate between natural ecological variation and anthropogenic negative impacts. 

· Determine the likely range of natural variation for indicator variables, and compare with the range of values under anthropogenic, especially mission-related, influences.

PROJECT MILESTONES (FY2000)

The following are milestones for FY2000, as listed in the FY2000 Execution Plan, for the University of Florida-Purdue University research team.  

Task
Due Date

Status

Develop project work plan (internal)
10/31/99

Completed

Phase I sampling
09/30/00

In progress

PHASE I SAMPLING: PROGRESS AND PRELIMINARY RESULTS

The Phase I objectives are to: (1) characterize the distributions (range, central tendency) of indicator variables at a regional scale, (2) determine the response of variables to impacts related to military training and other land uses and management practices, and (3) down-select the list of indicators based on sensitivity to ecological variability. 

Phase I monitoring is being conducted within 6  watersheds of order 3 or 4, corresponding to ECMI monitoring units (Fig. 1). It should be noted that, since our original list of Phase I watersheds was compiled, changes have been made to the list of proposed ECMI monitoring units. Thus far during FY2000, our research team has performed sampling in the Bonham Creek and Sally Branch monitoring units. We are coordinating the selection of the remainder of Phase I watersheds with Rose Kress and the ECMI. In addition, we are collaborating with both Rose Kress and Jean O’Neill (USACE-ECMI) in the refinement of field site characterization methods and format.
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Fig. 1. Current (blue) and proposed (red) watersheds selected for Phase I sampling. 

Following are preliminary results of Phase I sampling at Ft. Benning.

1) Hydrologic Indicators

Overview

In year 1, the hydrology group is addressing the following sub-tasks:

Task 1 – Identify phase I monitoring locations

Task 2 – Streamflow Gauge Installation and Monitoring

Task 3 – Analysis of Streamflow Results

Task 4 – Canopy Interception Installation and Monitoring

Task 5 – Analysis of Canopy Interception Results

Task 6 – Soil Hydrologic Properties Measurement

Task 7 – Analysis of Soil Hydrologic Properties

These tasks may be divided into field monitoring and measurement tasks (1, 2, 4, and 6) and the analysis tasks (3, 5, and 7). The initial work to date has focused on the field tasks. Preliminary efforts have been made on the analysis tasks. The year 1 schedule is as follows:
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Fig. 2. Locations of 2nd order watersheds, within the Bonham Creek monitoring unit, selected for intensive study of hydrologic indicators. Bonham-1 represents a low-impact watershed, while Bonham-2 is considered to be a monderate to high-impact watershed.

Field Monitoring Tasks

Tasks 1, 2, 4, and 6 involve intensive field measurements and monitoring of hydrologic parameters. The following table summarizes the efforts made to date on these tasks. 

Field Work Effort (Task 1, 2, 4, and 6)

	Date
	Locations
	Tasks
	Personnel
	Comments

	8-23-99

8-24-99
	Base Scale
	1
	Jacobs & Howerton
	Site Visit w/ ORNL

	10-21-99

10-22-99
	Base Scale
	1
	Jacobs
	UF Group Site Visit

	11-17-99

11-18-99
	Bonham Creek (D13)
	2, 4
	Jacobs, Howerton, & Galloway
	Installed 2 flow meters in Bonham Trib (B1/B2), 3 throughfall gages

	12-8-99

12-9-99
	Bonham Creek
	2, 4
	Jacobs, Howerton, & Galloway
	Installed 25 B2 throughfall gages, 2 staff gages, precipitation gages. Measured discharge at B1 and B2.

	12-15-99
	Bonham Creek
	2, 4
	Galloway & Bhat
	Measured throughfall in B2. Measured discharge at B1 and B2. Collected stage and precip data.

	12-28-99

12-29-99
	Bonham Creek
	2, 4
	Jacobs & Friess
	Measured throughfall in B2. Measured discharge at B1 and B2. Collected stage and precip data.

	1-6-00

1-7-00
	Bonham Creek
	2, 4 
	Jacobs & Galloway
	Measured throughfall in B2. Measured discharge at B1 and B2. Collected stage and precip data.

	1-25-00

to

1-27-00
	Bonham Creek
	2, 4, 6 
	Jacobs, Galloway, Rao, Graham, & Hawes
	Measured throughfall in B2. Measured discharge at B1, B2, and ECMI Bonham outlet. Collected stage and precip data. Installed 26 B1 throughfall gages. Took 25 core samples and 50 bulk samples. Tested infiltrometer.

	2-9-00

2-10-00
	Bonham Creek
	2, 4 
	Bhat & Galloway
	Measured throughfall in B1/B2. Measured discharge at B1 and B2. Collected stage and precip data.

	2-21-00

2-22-00
	Bonham Creek
	2, 4 
	Jacobs & Friess
	Measured throughfall in B1/B2. Measured discharge at B1 and ECMI Bonham. Collected stage and precip data.

	2-27-00 2-28-00
	Bonham Creek
	2, 4 
	Galloway
	Measured discharge at B1 and B2. Collected stage and precip data.

	3-6-00  -3-8-00
	Bonham Creek
	2, 4, 6 
	Galloway, Hawes, & Jawitz
	Measured throughfall in B1/B2. Measured discharge at B1 and B2. Collected stage and precip data. Took core samples and bulk samples. Made 25 field infiltration measurements.

	2-15-00 2-16-00
	Bonham Creek
	2, 4 
	Galloway
	Measured discharge at B1 and B2. Collected stage and precip data.

	3-22-00

3-23-00
	Bonham Creek
	2, 4 
	Jacobs & Friess
	Measured throughfall in B1/B2. Measured discharge at B2 and ECMI Bonham. Collected stage and precip data.

	3-29-00

3-30-00
	Bonham Creek
	2, 4 
	Galloway
	Measured throughfall in B1/B2. Measured discharge at B2 and ECMI Bonham. Collected stage and precip data.


Preliminary monitoring locations include Bonham Creek, Sally Branch, and selected other ECMI monitoring units (monitored in conjunction with soil and vegetation). Stream gauging installation and monitoring will continue through 2000. Anticipated tasks include extending the gauging network, monitoring discharge at UF sites and selected ECMI sites. Basin scale canopy interception work will continue throughout the spring and early summer. Selected canopy types will be investigated during the latter part of phase 1. Soil hydrologic property measurements were conducted in Bonham Creek. Additional watersheds will be measured during the latter part of phase 1.

Undisturbed Soil Cores

Undisturbed soil cores (2.25-inch diameter, 2-inch length) were collected at 26 locations within the Bonham1 watershed.  At each sampling location, duplicate soil cores were collected. Bulk soil samples were also collected from these 25 locations, and additional 26 locations along the same transects. The soil cores and the bulk samples have been sent to the University of Florida. Soil-water characteristic curves (relationship between soil-water potential and soil-water content; also referred to as the pressure-saturation curves) and saturated hydraulic conductivity values are being determined using the undisturbed soil cores, while soil particle-size distribution will be determined using the bulk soil samples and the cores.  Within the next month, we will have these lab data processed, and a preliminary interpretation of these data will be provided in the next quarterly report. An analysis of these data will help determine if additional soil cores should be collected at other locations within the Bonham Creek watershed, and other watersheds (e.g. Sally Branch).
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Fig 3. Transect locations within the Bonham-1 watershed where undisturbed soil cores were collected, and saturated hydraulic conductivity (Ksat )values were measured using the 4-inch rings. Canopy throughfall collectors are collocated at these sites.

Infiltration

Constant-head infiltration tests were conducted at 26 locations within the Bonham 1 watershed (see Fig. 3). Two sizes of infiltration rings were used to take measurements at each site. One ring was a 4” diameter PVC fitting, and the other was a 6” diameter metal air duct piece.  Each ring was approximately 6” in length and was set three inches into the soil for the infiltration tests.
Saturated hydraulic conductivity (Ksat) values calculated based on the data from the infiltration tests using both the 4-inch and 6-inch rings agreed with each other reasonably well. Overall, these results showed a small range of high Ksat values, which were normally distributed about a mean of 100 cm/hr with a standard deviation of 40 (see Figure 2).  Because of the small range of values, no trends in the data are immediately apparent with landscape position (e.g., elevation or watershed transect).  However, the high Ksat values are consistent with the expectations for sandy soils observed at the site. These field-measured values will be compared with lab-measured measured 
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Ksat values for the undisturbed soil cores taken at the same locations. These Ksat values will also be compared with values reported by the USDA Natural Resources Conservation Service. The soils within the Bonham-1 watershed are classified as well-drained to excessively drained Ultisols.

Fig. 4.  Frequency distribution for field-measured Ksat values at 26 locations within the Bonham-1 Watershed at Ft Benning, GA.

Depth to Clay

Soils found in the Little Bonham Creek watershed are characterized by the presence of an argillic or a kandic horizon (with an accumulation of clay via illuviation). This horizon will have significantly lower hydraulic conductivity compared to the more-permeable soil layers above this unit. Thus, this clay layer can impede downward flow of water during infiltration events, which can results in a temporary, perched water table and lateral flow downslope. Therefore, depth to this clay horizon is an important characteristic that can determine the contribution of lateral flow to runoff during a significant storm event.

At each of the locations where field measurements of hydraulic conductivity were made, soil was sampled to a maximum depth of 73 inches using a hand auger. Soil texture variations with depth were noted by visual observation, and depth to clay or the presence of a shallow water table was noted. A preliminary analysis of these observations indicated that the clay layer was found at 9 of the 26 sites sampled, while a water table was noted at one location. In general, clay layer was more likely to be at higher elevations (near the ridges) than at lower elevations. But, depth to clay was quite variable and ranged from 14 inches to 65 inches.  We will continue to further evaluate the spatial patterns in these data, and compare our observations with information derived from the soil maps profile descriptions provided by USDA-NRCS.

Analysis Tasks

The streamflow and stage data are currently being analyzed to study the storm response at the phase I monitoring locations. Stage-discharge curves are nearly complete for the Bonham 1 and the Bonham 2 sites. GIS tools are being used to analyze the rainfall and throughfall data on the basis of land cover type. A predictive model of losses based on existing models such as the Rutter model or the Gash model will be established during the later part of year 1. All soil cores and grab samples that were collected are currently being analyzed at UF laboratories. 

2) Soil biogeochemical properties


To date, Phase I soil sampling has been conducted during January 4-7 in the Bonham Creek monitoring unit and March 7-10 in the Sally Branch monitoring unit (Fig.5). Additional sampling will be conducted in 4 of the remaining ECMI monitoring units and the R1 reference watershed. 


Soil sampling sites in the Bonham and Sally Branch watersheds were located along transects which were transverse to the orientation of the main stream channel. Samples were obtained at 51 sites in Bonham and 52 sites in Sally Branch. Each sample point consisted of a 1 m2 square plot, within which 5 individual samples were taken in a diagonal pattern. The individual samples were then composited for analysis as a single sample. Soil was sampled to a depth of 20 cm, using a soil push probe with an inside diameter of 1 inch. Triplicate samples were taken at 7 sites in Bonham and 9 sites in Sally Branch. Sites were triplicated by sampling on either side of the primary 1 m2 sample point, at a distance of 5 m from the center of that point.
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Fig. 5.  Soil sampling sites in the Bonham Creek (sampled Jan. 4-7, 2000) and Sallly Branch (sampled March 7-10, 2000) monitoring units.


The sampling scheme was designed to capture the full range of spatial variability of soil properties within each monitoring unit. Sites along each transect were stratified according to landscape position, such that approximately equal numbers of sites were selected for bottomlands (wetlands), uplands (hilltops and ridges) and side-slopes. This stratified sampling scheme will enable us to account for variability related to general community type (landscape position). Future sampling (Phase II) will be designed to characterize both ecological and anthropogenic impact gradients on a smaller scale, and at a greater spatial resolution.


Soil samples were analyzed for a suite of physical, chemical and microbial parameters. The analytical protocol for soils is discussed in the project proposal and work plan, and will be presented in detail in the FY2000 annual report.

Soil biogeochemistry
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Selected results from biogeochemical characterization of Bonham Creek soils are shown in Figs. 6-9. Data were summarized by landscape position, and reflect mean values for each, with error bars representing the range of one standard deviation from the mean. The data for Bonham Creek revealed inherent differences in biogeochemical parameters among bottomland, mid-slope and upland areas. Variability among communities, or ecosystem types, will be evaluated in greater depth as more data are accrued during the remainder of Phase I. Similarly, a great deal of variability is shown within each major landscape category. For several of the parameters, 
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variability was greater for wetland sites than for upland sites. Field observations confirmed that wetland (hydric) soils varied considerably along the length of Bonham Creek and its tributaries. Soils in riparian areas were saturated in areas with low stream banks and/or significant groundwater seepage (discharge), and dry in areas with high or steep stream banks. In the latter case, saturated soil conditions in the wetlands are likely restricted to high water conditions in the streams. Additional data points collected for Phase I will contribute significantly to analysis of the variability across the study area, including geostatistical analysis of spatial patterns.
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The analyses presented in this report do not address the variability contributed by anthropogenic factors, including military training, logging and other vegetation clearing, and burning. This will require some a priori definition or classification of the various types and degrees of impacts relative to the desirable future condition for each type of community or ecosystem. To that end, a significantly more rigorous statistical treatment of soil biogeochemical data will be presented in the FY2000 annual report. 


The summary of selected results shown in Fig. 6-9 indicates that the wetland soils in the Bonham watershed are typically carbon, nitrogen and phosphorus enriched relative to mid-slope and upland soils. However, it is apparent that the partitioning of C, N and P varies by landscape position. For example, although wetland soils (in general) were more highly P-enriched, the concentration of Mehlich I-P, which approximates plant-available P, was somewhat greater for upland soils. Similarly, there was little difference in HCl-extractable P (representing iron and aluminum bound P) between bottomland and upland soils. As stated previously, the variability [image: image13.wmf]Soil Microbial Respiration
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associated with military and other anthropogenic impacts has not been factored out of these data at this point in time.
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Soil microbial biomass C and N content was greater in wetland soils than in mid-slope or upland soils, but when microbial C and N values were normalized by total C and total N concentrations, respectively, the trend was reversed. The ratio of microbial C to total organic C has been used frequently can potentially be used as an indicator of soil organic matter stability and, consequently, of substrate (C) availability to soil microorganisms. 

Soil enzyme activity

Enzyme activity is assayed by providing a labeled substrate or, in the case of dehydrogenase, an artificial electron acceptor, which changes absorbance or fluorescent characteristics upon enzymatic transformation. Extracellular enzyme activity levels have been measured on all triplicate samples. This represents 8 sites from Bonham Creek sampling (23 samples) and 9 sites from Sally Branch (27 samples). Enzyme activities examined include acid phosphatase, (-glucosidase, protease, and dehydrogenase. Colorimetric assays were used initially, but due to high background absorbance from many of the Ft. Benning soil samples, a more sensitive fluorometric assay that eliminates the absorbance background problem has been used on the most recent samples. Fluorometric assays have been compared to colorimetric results from previous samples to confirm that the methods give similar results.

Methods

Soil samples were homogenized and stored in the refrigerator until assayed. Subsamples of 0.25 to 5 grams were assayed for the various enzymes. In the case of fluorometric analysis, soils were ground and diluted 1/200 and aliquots were assayed. Acid phosphatase and (-glucosidase enzyme activity were assayed using a p-nitrophenol (pnp) conjugated substrate for absorbance based assays (Tabatabai 1994), or a methyumbelliferyl (MUF) conjugated substrate for fluorometric assays (Sinsabaugh et al. 1997). Upon enzymatic degradation, the pnp becomes colored and is measured spectrophotometrically, while MUF becomes fluorescent. In both cases, soil samples are compared to a standard curve of known concentration to determine the amount of substrate degraded. Protease was assayed using a standard protein (casein) and the degradation products were detected using the Folin reagent that reacts with tyrosine residues forming a colored product (Ladd and Butler 1972). These were compared to a standard of known tyrosine concentration. Dehydrogenase was assayed using triphenyltetrazolium chloride (TTC) as electron acceptor by the method of Thalmann (1968) as described in Alef (1995). TTC is reduced to the insoluble triphenyl formazan and activities are reported as micrograms TPF per gram of dry soil. 

Results

Data analysis has not been completed for enzyme activity levels, but consistent trends are evident. Enzyme levels were generally highest in bottomland samples (Figure), which tend to have the highest organic content. Protease appears to be the exception, with at least one upland site showing highest levels. Replicate samples appear to be fairly consistent, although some examples of large variance between replicates exist, particularly with regard to protease and dehydrogenase activity.

Tabatabai, T.M. 1994. Soil enzymes. In: Methods of soil analysis, Part 2. Microbiological and Biochemical properties. SSSA book series no. 5, Soil Science Society of America, Madison, WI. pp. 775-833.

Sinsabaugh, RL, S. Findlay, P. Franchini, and D. Fischer. 1997. Enzymatic analysis of riverine bacterioplankton production.  Limnology and Oceanography 42: 29-38.

Ladd, J.N., and J.H.A. Butler. 1972. Short-term assays of soil proteolytic enzyme activities using proteins and dipeptide derivatives as substrates. Soil Biol. Biochem. 4:19-30.

Thalmann, A. 1968. Zur Methodik der Bestimmung der Dehydrogenaseaktivitat im Boden mittels Triphenyltetrzoliumchlorid (TTC). Landwirtsch Forsch 21: 249-258. 

Alef, K. 1995. Dehydrogenase activity. In: Methods in applied soil microbiology and biochemistry. K. Alef and P. Nannipieri, eds. Academic Press, Inc. San Diego, CA 92101.
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Fig. 10. Acid  phosphatase and beta-glucosidase activity in Bonham Creek soils.
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Fig 11. Protease and dehydrogenase activity in Bonham Creek soils.

Fig. 12.  Acid phosphatase and glucosidase activity in Sally Branch soils. Samples were analyzed using the more sensitive fluorometric assay.

Soil molecular microbial diversity


The graduate student for the project came on board in January, and the last two months have been learning and optimization phases for her.  Her progress has included:

· Optimization of DNA purification protocols from different Ft. Benning soil types.

· Optimization of PCR using bacterial, archaeal and ammonia monooxygenase primers.

· Optimization of PCR using labeled primers suitable for T-RFLP using the above PCR primers. T-RFLP is a relatively new technique to assess richness and composition of specific phylogenetic groups, and will be one of the primary means of analysis for this project.

· Working with the University of Florida Biotechnology core facility for analysis of the labeled PCR products for T-RFLP analysis.

Plans for the next quarter include optimization of the T-RFLP and scanning selected samples by T-RFLP for richness and composition of general bacteria and those bacteria involved in nitrogen cycling. 

3) Vegetation


Vegetation characterization for Phase I will be conducted during the spring and summer of 2000. All vegetation sampling will be conducted in association with the overall sampling design of this project.  At each sampling location the following parameters will be estimated and described separately below: foliar cover by species, species diversity, pine seedling density, broomsedge bluestem (Andropogon virginicus) and low panicum (Dicanthelium spp) plant density, and above- and below-ground standing crop biomass and nutrient concentrations.  Vegetation will be sampled from late-summer through fall (August-November) when maximum standing biomass and flowering occur.  Sampling will occur annually for 5 consecutive years to measure plant responses to normal prescribed fire cycles.  General site descriptions will be made at each sampling point each year including: time since last fire, timber management activities, military training activities and natural stochastic disturbance events such as lightning strike or pine beetle outbreak.


All sampling points will be permanently marked with a metal rod and its GPS coordinates recorded (1-m accuracy).  Foliar cover of herbaceous and shrub/midstory woody plants (<2 m tall) will me measured along a 10-m line intercept transect (Bonham 1989) radiating outward in a random direction from the sampling point.  Foliar, or crown, intercept of shrubs will be measured along the entire length, while herbaceous foliar cover will be measured along the central 5-m segment.  Measurements will be recorded for each species and later combined into grass/grasslike, forb, woody shrub, litter and bare ground categories.  Foliar overlap will be noted to eliminate overestimation of absolute cover within and among categories.  Overstory canopy will be estimated with a concave densiometer (Lemon 1949) from the midpoint of the line intercept transect. Species diversity indices will be calculated using foliar cover data.


Plant density of pine seedlings, broomsedge bluestem, and low panicums will be estimated using nested quadrats.  Exact quadrat size will be determined following preliminary surveys that will quantify the natural variation that exists on the reservation.  Quadrat corners will be permanently marked with metal rods to facilitate relocation for annual surveys.


Aboveground standing crop biomass for all herbaceous plants combined, all shrubs combined, and litter will be estimated using the clip, dry and weigh technique (Bonham 1989).  Biomass of herbs and shrubs will be clipped within nested 0.5-m2 and 1.0-m2 quadrats, respectively. Below-ground biomass within the upper 30 cm of soil will be sampled from composite cores taken from within each 1.0-m2 quadrat.  Root biomass will be removed from the soil by washing and screening. Litter will be collected from the 1.0-m2 quadrat. These samples will be oven dried (at 65 C until constant weight), ground in a Wiley mill and sent to the Forage Testing Laboratory at the University of Florida for determination of total N and P concentrations.
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INTRODUCTION

Our research seeks to develop suitable indicators of ecosystem integrity and impending ecological change resulting from both natural variation and anthropogenic activities. We will use a multidisciplinary and multi-scale approach, which will result in robust techniques for ecosystem monitoring and evaluation. Results of the study will enhance the ability to minimize, mitigate or remove major negative environmental impacts on DoD’s ability to conduct the military mission. Through the proposed research plan, we will address the SEMP objective of identifying indicators that signal ecological change in intensively and/or lightly used ecological systems on military installations. These indicators will provide early indications of change associated with (1) natural ecosystem variability and (2) military activities, including training and testing, as well as other land management practices. Early indications of change, and an understanding of the likely causes, will improve installation managers’ ability to manage activities that are shown to be damaging, and prevent long-term, negative effects. 

The concept of ecosystem integrity, or “health”, in the context of the military installation, encompasses not only the sustainability of the “natural” biota in the system, but also the sustainability of human activities at the installation, namely the military mission. Thus, changes in ecological condition are of great concern to both resource managers and military trainers. A suite of variables is needed to measure changes in ecological condition. Two types of indicators that may be useful are (1) variables that inform managers about ecosystem status and (2) variables that signal impending change. In many cases, these indicators may be the same. Both types are needed, but variables that serve as early warnings of impending changes outside the natural range of variation, and variables that are shown to be related to activities affecting the military mission, may be especially valuable.

TECHNICAL OBJECTIVE


We will evaluate a suite of parameters related to properties and processes in the understory vegetation, soil and surface hydrology as potentially sensitive indicators of ecosystem integrity and ecological response to natural and anthropogenic factors. In general, the soil hydrologic and biogeochemical parameters to be examined relate to changes in soil physical and chemical characteristics, and the response of soil microbial population and plant communities. To the greatest extent possible, cause and effect relationships will be developed between environmental changes, due to both natural variability and anthropogenic perturbation, and soil and vegetation responses, primarily as they relate to nutrient storage, nutrient turnover and population dynamics.

Our basic premise is that soil serves as the central ecosystem component that links the quality of the terrestrial habitats (by influencing the vegetation and its stability) and the aquatic habitats (via control of soil erosion and overland runoff). Thus, a careful study of soil parameters and processes and linking them to impacts on terrestrial/aquatic habitats is the basis for our experimental approach. Furthermore, we aim to establish a sound scientific basis for the empirical parameters that might be used as ecological indicators. 

Our proposed research and monitoring plan will address the following objectives: 

· Identify physical, chemical and biological variables (properties and processes) associated with soil, surface hydrology and vegetation that may be used as indicators of ecological change.

· Evaluate potential ecological indicators based on sensitivity, selectivity, ease of measurement and cost effectiveness.

· Select indicators that most effectively 1) show a high correlation with a certain state in a specific ecosystem, 2) provide early warning of impending change and 3) differentiate between natural ecological variation and anthropogenic negative impacts. 

· Determine the likely range of natural variation for indicator variables, and compare with the range of values under anthropogenic, especially mission-related, influences.

PROJECT MILESTONES (FY2000)

The following are milestones for FY2000, as listed in the FY2000 Execution Plan, for the University of Florida-Purdue University research team.  

Task
Due Date

Status

Develop project work plan (internal)
10/31/99

Completed

Phase I sampling
09/30/00

In progress

PHASE I SAMPLING: PROGRESS REPORT

1) Hydrologic Indicators

Watershed hydrology

Monthly site visits were made to Fort Benning in order to continue the phase I intensive field measurements and monitoring of hydrologic parameters in the Bonham watershed. The following table summarizes the efforts made in the past quarter on these tasks. 

Field Work Effort (Task 1, 2, 4, and 6)

	Date
	Locations
	Tasks
	Personnel
	Comments

	4-9-00
	Bonham Creek (D13)
	2, 4
	Dindial
	Collected precip. data

	5-21-00

5-22-00
	Bonham Creek
	2, 4
	Jacobs, Galloway, Bhat Rao & Jawitz
	Measured throughfall in B1/B2. Measured discharge at B1 and B2. Collected stage and precip data.

	6-4-00

6-5-00
	Bonham Creek
	2, 4
	Galloway & Bhat
	Measured throughfall in B1/B2. Realigned B2 stage gage. Collected stage and precip data. Measured B1/B2 canopy cover. Installed 2 sediment tiles.


In summary, stream discharge, throughfall, and precipitation monitoring activities continued, an extensive set of canopy cover measurements was collected in the Bonham watershed, and 2 sediment tiles were installed in heavily impacted areas of the Bonham watershed. Approximately 70 canopy cover measurements were made in the Bonham watershed using a spherical densiometer.

The streamflow and stage data are currently being analyzed to study the storm response at the phase I monitoring locations. Stage-discharge curves were completed for the Bonham 1 (reference) and the Bonham 2 (moderately disturbed) sites (Fig. 1). Preliminary analysis of storm response show that the pattern of rainfall-runoff response differs between the two watersheds. Watershed modeling tools will be developed to characterize and simulate this response.

GIS tools are being used to analyze the rainfall and throughfall data on the basis of land cover type. The GIS analysis was used to identify distinct regions the land cover in Bonham 1 and 2. Canopy cover measurement locations were based on these regions. The measurement will be used to develop the Gash throughfall model. It is anticipated that the Gash throughfall model will be integrated with the GIS software by the first quarter of year 2. 

Hillslope hydrology – soil hydrologic properties 

Intensive field measurements were taken in the Bonham 1 and 2 sub-watersheds throughout the month of June. In-situ permeability measurements were made in the Rowan Hill area, as well as other regions of the Bonham 1 and 2 sub-watersheds. In addition, qualitative measurements of the level of impact were taken on and near the area of Rowan Hill in the Bonham-2 sub-watershed. 

An investigation of hillslope hydrology was conducted during May in the Bonham 1 sub-watershed.  The ongoing study will quantify the relative contribution of subsurface and overland flows to stream flow.  During the week of 21-May through 27-May 2000 we determined the configuration of the test plots and installed measurement devices.  The Bonham 1 test plots are positioned and sized to take into account both hill-slope position and spatial scale.  The configuration will be discussed in terms of large, small, and point scale. 

· Large Scale (Hydrometric Plot) – a single large plot is positioned approximately two-thirds the distance down from the top of the east-facing slope to the stream.  The plot is approximately 50 meters in the direction parallel to the gradient and 10 meters in the direction parallel to the contours.  Overland flow from the large test plot is captured and measured via an overland flow integrator (OFI). Groundwater flow for the large test plot is measured with a series of tensiometers positioned at several locations down the slope gradient and at several depths above the clay layer at each position.  
· Small Scale (Tracer Test Plots) – three smaller test plots are located within the single large hydrometric plot.  The first tracer plot is located approximately 15-meters from the top of the large plot, the second approximately 25-meters from the top, and the third at the bottom of the large plot.  Each of the smaller test plots are approximately 3-meters and 1-meter wide with an OFI at the bottom of the plot and a tensiometer cluster approximately in the middle of the plot.  In addition to the tensiometers and an OFI, vadose zone solution samplers are installed in each of the smaller test plots.  Two samplers are installed about 1.25 m up-slope of the OFI at depths of about 0.3 m and 3.3 m, and two samplers are installed about 3 m up-slope of the OFI.  The solution samplers will be used to monitor the subsurface migration of a tracer that will be released at the top of each of the small plots. 
· Point Scale (Soil Coring) – soil profiling for the depth to clay and constant head permeability measurements with a 4-inch single-ring infiltrometer were conducted at selected points along the gradient of the large plot.  

2) Soil biogeochemical properties

Phase I soil sampling is being conducted at approximately 300 sites within 6 major watersheds (Fig. 2), based on proposed ECMI monitoring units. Each sample point consists of a 1 m2 square plot, within which 5 individual samples are taken in a diagonal pattern. The individual samples are then composited for analysis as a single sample. Soil is sampled to a depth of 20 cm, using a soil push probe with an inside diameter of 1 inch. Triplicate samples are taken (typically) at 20% of the sites, by sampling on either side of the primary 1 m2 sample point, at a distance of 5 m from the center of that point.

We have completed soil sampling in Bonham Creek (January 4-7), Sally Branch (March 7-10), Halloca Creek (May 9-11), Wolf Creek and lower Randall Creek (June 18-20) watersheds, a total of 255 sites. The remaining samples for Phase I will be collected in the Shell Creek watershed (Fig. 2). 

Site characterization data (vegetation, soil, water and impacts) have been recorded for all soil sampling sites. We have worked closely with the ECMI group (Rose Kress and Jean O’Neill) to field test and refine field site characterization protocol for SEMP research teams.


The sampling scheme was designed to capture the full range of spatial variability of soil properties within each monitoring unit. Sites along each transect were stratified according to landscape position, such that approximately equal numbers of sites were selected for bottomlands (wetlands), uplands (hilltops and ridges) and side-slopes. This stratified sampling scheme will enable us to account for variability related to general community type (landscape position). Future sampling (Phase II) will be designed to characterize both ecological and anthropogenic impact gradients on a smaller scale, and at a greater spatial resolution.


Soil samples are being analyzed for a suite of physical, chemical and microbial parameters, as presented in the UF project proposal and work plan. Currently, we are in the process of organizing and evaluating data for a large number of sites and biogeochemical parameters. Data summaries and analyses for Phase I sampling will be presented in detail in the FY2000 annual report. 

3) Vegetation


Vegetation sampling sites will be collocated with Phase I soil sampling sites. Vegetation will be sampled from late-summer through fall (August-November) when maximum standing biomass and flowering occur. General site descriptions will be made at each sampling point each year including: time since last fire, timber management activities, military training activities and natural stochastic disturbance events such as lightning strike or pine beetle outbreak. Results of Phase I vegetation surveys will be presented in the first annual report.

[image: image3.jpg]



Fig. 2. Phase I watersheds (shaded areas) selected for soil and vegetation sampling; individual sampling sites are shown for watersheds in which soil sampling has been completed (blue-shaded areas).





Fig. 9.  Summary of selected soil microbial parameters related to nutrient cycling. Samples were collected in the Bonham Creek monitoring unit.








Fig. 8.  Summary of selected soil characteristics related to phosphorus cycling. Samples were collected in the Bonham Creek monitoring unit.





Fig. 7.  Summary of selected soil characteristics related to nitrogen cycling. Samples were collected in the Bonham Creek monitoring unit.





Fig. 6.  Summary of selected soil characteristics related to carbon cycling. Samples were collected in the Bonham Creek monitoring unit.
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Fig. 1. Locations of 2nd order watersheds, within the Bonham Creek monitoring unit, selected for intensive study of hydrologic indicators. Bonham-1 represents a low-impact watershed, while Bonham-2 is considered to be a moderate to high-impact watershed.
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B1-6

		Fort Benning

		Permeameter Tests

		Mar-00

		Station		B1-6-1						Station		B1-6-1

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		2.7						0		4

		20		2.6		0.070				42		3.9		0.015

		40		2.5		0.070				71		3.8		0.022

		69		2.4		0.048				100		3.7		0.022

		99		2.3		0.047				130		3.6		0.021

		155		2.2		0.025				155		3.5		0.025

		224		2.1		0.020				184		3.4		0.022

		308		2		0.017				238		3.3		0.012

		433		1.9		0.011				265		3.2		0.023

		525		1.8		0.015				290		3.1		0.025

		605		1.7		0.018				331		3		0.015

		685		1.6		0.018				362		2.9		0.020

		745		1.5		0.023				389		2.8		0.023

		798		1.4		0.026				416		2.7		0.023

		857		1.3		0.024				440		2.6		0.026

		916		1.2		0.024				498		2.5		0.011

		995		1.1		0.018				528		2.4		0.021

		1058		1		0.022				552		2.3		0.026

				average		0.022				583		2.2		0.020

												average		0.021

		Station		B1-6-3

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		3.8						0		3.7

		26		3.7		0.054				23		3.6		0.027

		50		3.6		0.058				46		3.5		0.027

		68		3.5		0.078				71		3.4		0.025

		104		3.4		0.039				97		3.3		0.024

		147		3.3		0.033				121		3.2		0.026

		195		3.2		0.029				140		3.1		0.033

		248		3.1		0.026				194		3		0.012

		292		3		0.032				219		2.9		0.025

		350		2.9		0.024				240		2.8		0.030

		403		2.8		0.026				264		2.7		0.026

		456		2.7		0.026				284		2.6		0.031

		501		2.6		0.031				310		2.5		0.024

		552		2.5		0.028				333		2.4		0.027

				average		0.028				356		2.3		0.027

										375		2.2		0.033

										397		2.1		0.028

												average		0.028

		Station		B1-6-5

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4.1						0		4

		40		4		0.035				44		3.9		0.014

		120		3.9		0.018				73		3.8		0.022

		205		3.8		0.017				102		3.7		0.022

		311		3.7		0.013				123		3.6		0.030

		414		3.6		0.014				166		3.5		0.015

		514		3.5		0.014				202		3.4		0.017

		624		3.4		0.013				256		3.3		0.012

		730		3.3		0.013				296		3.2		0.016

		828		3.2		0.014				349		3.1		0.012

		928		3.1		0.014				432		3		0.008

		1004		3		0.018				484		2.9		0.012

				average		0.015				536		2.8		0.012

												average		0.012
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B1-3

		Fort Benning

		Permeameter Tests

		Mar-00

		Station		B1-5-1						Station		B1-5-1

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		3.4						0		1.8

		19		3.3		0.074				22		1.7		0.028

		56		3.2		0.038				46		1.6		0.026

		112		3.1		0.025				61		1.5		0.042

		154		3		0.033				80		1.4		0.033

		229		2.9		0.019				100		1.3		0.031

		276		2.8		0.030				123		1.2		0.027

		322		2.7		0.031						average		0.030

		369		2.6		0.030						trial 2

		407		2.5		0.037				0		2.3

		451		2.4		0.032				24		2.2		0.026

		491		2.3		0.035				47		2.1		0.027

				average		0.033				66		2		0.033

										95		1.9		0.022

										115		1.8		0.031

										138		1.7		0.027

										162		1.6		0.026

												average		0.028

		Station		B1-5-3

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		3.5						0		3.2

		24		3.4		0.058				40		3.1		0.016

		66		3.3		0.033				63		3		0.027

		110		3.2		0.032				98		2.9		0.018

		154		3.1		0.032				128		2.8		0.021

		190		3		0.039				149		2.7		0.030

		241		2.9		0.028				182		2.6		0.019

		281		2.8		0.035				214		2.5		0.019

				average		0.033				255		2.4		0.015

										284		2.3		0.022

												average		0.019

		Station		B1-5-5

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4						0		4

		34		3.9		0.041				22		3.9		0.028

		57		3.8		0.061				70		3.8		0.013

		82		3.7		0.056				107		3.7		0.017

		101		3.6		0.074				171		3.6		0.010

		125		3.5		0.058				217		3.5		0.014

		168		3.4		0.033				257		3.4		0.016

		189		3.3		0.067				295		3.3		0.016

		212		3.2		0.061				383		3.2		0.007

		261		3.1		0.029				424		3.1		0.015

		311		3		0.028				461		3		0.017

		332		2.9		0.067				497		2.9		0.017

				average		0.050						average		0.015

				trial 2

		0		2

		40		1.9		0.035

		95		1.8		0.026

		143		1.7		0.029

		206		1.6		0.022

		249		1.5		0.033

		306		1.4		0.025

		354		1.3		0.029

		408		1.2		0.026

				average		0.027

		Station		B1-5-7

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4.1						0		2.9

		37		4		0.038				25		2.8		0.025

		83		3.9		0.031				45		2.7		0.031

		116		3.8		0.043				64		2.6		0.033

		147		3.7		0.045				80		2.5		0.039

		196		3.6		0.029				105		2.4		0.025

		207		3.5		0.128				119		2.3		0.045

		243		3.4		0.039				138		2.2		0.033

		274		3.3		0.045				165		2.1		0.023

		304		3.2		0.047				175		2		0.062

		334		3.1		0.047				204		1.9		0.022

		362		3		0.050				225		1.8		0.030

				average		0.046				244		1.7		0.033

										264		1.6		0.031

												average		0.033

		?? Were the permeabilities of these test limited by the water flow

		from the  reservior??  This may explain why the 4" > 6"

		Station		B1-5-9

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		3.8						0		3.6

		30		3.7		0.047				13		3.5		0.048

		58		3.6		0.050				27		3.4		0.045

		65		3.5		0.200				42		3.3		0.042

		260		3.4		0.007				56		3.2		0.045

		389		3.3		0.011				72		3.1		0.039

		633		3.2		0.006				85		3		0.048

		732		3.1		0.014				101		2.9		0.039

		855		3		0.011				112		2.8		0.057

				average		0.011				130		2.7		0.035

		*1.5" Organic mat in place								150		2.6		0.031

										163		2.5		0.048

										187		2.4		0.026

										202		2.3		0.042

										222		2.2		0.031

										245		2.1		0.027

										265		2		0.031

										297		1.9		0.019

										322		1.8		0.025

												average		0.032

										*1.5" Organic mat removed

												trial 2

										0		1.7

										17		1.6		0.037

										30		1.5		0.048

										47		1.4		0.037

										64		1.3		0.037

										79		1.2		0.042

										100		1.1		0.030

										118		1		0.035

										133		0.9		0.042

												average		0.038

										*1.5" Organic mat in place

												trial 3

										0		2.7

										14		2.6		0.045

										24		2.5		0.062

										37		2.4		0.048

										48		2.3		0.057

										61		2.2		0.048

										72		2.1		0.057

										82		2		0.062

										100		1.9		0.035

										116		1.8		0.039

										150		1.6		0.037		average =		0.046

										215		1.5		0.010		moved reservior

										244		1.4		0.022

										291		1.3		0.013

										348		1.2		0.011

										396		1.1		0.013

										442		1		0.014		average =		0.014

										*1.5" Organic mat in place

		The change in flow with a change in reservior head, seems to indicate that the

		conductivity is limited by the reservior at low head.  Is a low reservior head responsible for

		the low conductivity reported by the 4"?
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Bins

		Fort Benning

		Permeameter Tests

		Mar-00

		Station		B1-4-2

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		3.9						0		2.8

		26		3.8		0.054				22		2.7		0.028

		54		3.7		0.050				47		2.6		0.025

		80		3.6		0.054				63		2.5		0.039

		112		3.5		0.044				92		2.4		0.022

		149		3.4		0.038				116		2.3		0.026

		182		3.3		0.043				140		2.2		0.026

		220		3.2		0.037				184		2.1		0.024

		257		3.1		0.038				219		2		0.025

		285		3		0.050				244		1.9		0.025

		335		2.9		0.028						average		0.025

				average		0.039

		*Added 80ml at start								*Added200ml at start

		Station		B1-4-4						Diam =		5.625		14.2875

		Diam =		3.75		9.525				Time (s)		Reading (L)		q=k

		Time (s)		Reading (L)		q=k				0		2.8

		0		4.1						17		2.7		0.037

		27		4		0.052				40		2.6		0.027

		94		3.9		0.021				60		2.5		0.031

		163		3.8		0.020				85		2.4		0.025

		236		3.7		0.019				106		2.3		0.030

		304		3.6		0.021				132		2.2		0.024

		375		3.5		0.020				159		2.1		0.023

		454		3.4		0.018				190		2		0.020

		526		3.3		0.019				244		1.9		0.012

		599		3.2		0.019				278		1.8		0.018

				average		0.019				311		1.7		0.019

										354		1.6		0.015

												average		0.018

		Station		B1-4-6

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4.1						0		1.9

		22		4		0.064				12		1.8		0.052

		76		3.9		0.026				19		1.7		0.089

		121		3.8		0.031				31		1.6		0.052

		179		3.7		0.024				40		1.5		0.069

		225		3.6		0.031				48		1.4		0.078

		274		3.5		0.029				62		1.3		0.045

		343		3.4		0.020				75		1.2		0.048

		384		3.3		0.034				88		1.1		0.048

		443		3.2		0.024				100		1		0.052

		494		3.1		0.028				111		0.9		0.057

		533		3		0.036				117		0.8		0.104

				average		0.028				133		0.7		0.039

												average		0.058

		*visual ponding								*visual ponding

		Station		B1-4-8

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4.2						0		3.2

		160		4.1		0.009				41		3.1		0.015

		208		4		0.029				54		3		0.048

		316		3.9		0.013				73		2.9		0.033

		384		3.8		0.021				97		2.8		0.026

		460		3.7		0.018				113		2.7		0.039

		522		3.6		0.023				138		2.6		0.025

		588		3.5		0.021				158		2.5		0.031

		660		3.4		0.019				181		2.4		0.027

		724		3.3		0.022				199		2.3		0.035

		789		3.2		0.022				222		2.2		0.027

				average		0.021				242		2.1		0.031

										262		2		0.031

												average		0.030

		*visual ponding								*visual ponding

		Station		B1-4-10

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4						0		2.1

		90		3.9		0.016				12		2		0.052

		136		3.8		0.031				30		1.9		0.035

		187		3.7		0.028				89		1.6		0.032

		220		3.6		0.043				110		1.5		0.030

		280		3.5		0.023				122		1.4		0.052

		329		3.4		0.029				143		1.3		0.030

		373		3.3		0.032				160		1.2		0.037

		418		3.2		0.031				178		1.1		0.035

		465		3.1		0.030				197		1		0.033

		505		3		0.035				212		0.9		0.042

				average		0.031				228		0.8		0.039

		*visual ponding								244		0.7		0.039

												average		0.037

										*visual ponding
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		Fort Benning

		Permeameter Tests

		Mar-00

		Station		B1-3-1

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		3.9						0		3.6

		220		3.8		0.006				29		3.5		0.022

		552		3.7		0.004				60		3.4		0.020

		815		3.6		0.005				90		3.3		0.021

				average		0.005				117		3.2		0.023

		*Water Added								154		3.1		0.017

				trial 2						190		3		0.017

		0		2.1						265		2.9		0.008

		68		2		0.021				309		2.8		0.014

		196		1.9		0.011				362		2.7		0.012

		352		1.8		0.009				420		2.6		0.011

				average		0.009				463		2.5		0.015

		Is the conductivity really this low,								518		2.4		0.011

		or is the flow restricted (low head)?								567		2.3		0.013

												average		0.012

										*Water Added

		Station		B1-3-3

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4.1						0		2.8

		33		4		0.043				32		2.7		0.019

		97		3.9		0.022				58		2.6		0.024

		190		3.8		0.015				77		2.5		0.033

		318		3.7		0.011				107		2.4		0.021

		432		3.6		0.012				127		2.3		0.031

		542		3.5		0.013				153		2.2		0.024

		0		3.4		-0.003				177		2.1		0.026

		90		3.3		0.016				199		2		0.028

		204		3.2		0.012						average		0.027

		315		3.1		0.013

				average		0.012				Had trouble getting 6" barrel into

										the ground w/o creating crevices-

								approx reading		the barrel is bending.  Water may be

								hose popped out - started over		entering into crevices and affecting

										permeability

		Station		B1-3-5

		Diam =		3.75		9.525

		Time (s)		Reading (L)		q=k				Diam =		5.625		14.2875

		0		4						Time (s)		Reading (L)		q=k

		57		3.9		0.025				0		2.7

		193		3.8		0.010				45		2.6		0.014

		304		3.7		0.013				72		2.5		0.023

		399		3.6		0.015				116		2.4		0.014

		503		3.5		0.013				146		2.3		0.021

				average		0.014				177		2.2		0.020

		*150ml added at start								206		2.1		0.022

										238		2		0.019

										285		1.9		0.013

										317		1.8		0.019

												average		0.017

										*250ml added at start

												trial 2

										0		2.8

										21		2.7		0.030

										45		2.6		0.026

										64		2.5		0.033

										89		2.4		0.025

										110		2.3		0.030

										138		2.2		0.022

										165		2.1		0.023

										188		2		0.027

										228		1.9		0.016

										250		1.8		0.028

												average		0.023

		Station		B1-3-6

		Diam =		3.75		9.525

		Time (s)		Reading (L)		q=k				Diam =		5.625		14.2875

		0		3.3						Time (s)		Reading (L)		q=k

		8		3.2		0.175				0		3.7

		70		3.1		0.023				22		3.6		0.028

		108		3		0.037				59		3.5		0.017

		171		2.9		0.022				77		3.4		0.035

		214		2.8		0.033				109		3.3		0.019

		257		2.7		0.033				131		3.2		0.028

		296		2.6		0.036				151		3.1		0.031

		339		2.4		0.065		raised head		187		3		0.017

		354		2.3		0.094				216		2.9		0.022

		391		2.2		0.038				242		2.8		0.024

		415		2.1		0.058				270		2.7		0.022

		439		2		0.058				296		2.6		0.024

		477		1.9		0.037				323		2.5		0.023

		500		1.8		0.061				347		2.4		0.026

		527		1.7		0.052						average		0.023

		553		1.6		0.054				the reservior head was raised

		575		1.5		0.064				and the flow increased dramatically

		599		1.4		0.058

				average		0.055

		Note: Flows seem to be limited by the reservior flow rate.  Need to make sure

		the water level is high enough in barrell to insure water is ponding (not seeping

		into ground faster than it is being supplied by the permeameter).

		Station		B1-3-7

		Diam =		3.75		9.525

		Time (s)		Reading (L)		q=k				Diam =		5.625		14.2875

		0		3.6						Time (s)		Reading (L)		q=k

		45		3.5		0.031				0		3.6

		102		3.4		0.025				13		3.5		0.048

		160		3.3		0.024				47		3.4		0.018

		200		3.2		0.035				FAST

		235		3.1		0.040				The reservior can't keep pace

		285		3		0.028				with the 6" ring (head isn't constant)

		348		2.9		0.022				Kept filling ring from tank but

		396		2.8		0.029				reservior didn't stop - even when

		428		2.7		0.044				head in resevior was higher than ring

				average		0.033				the water level dropped in the

										ring (reservior does not have high

		*the barrel was filled from tank at								enough flow rate)

		t = 0

		** visual confirmation of ponding								?is the high 6" infiltration due

										to crevices caused by ring?

		Station		B1-3-9

		Diam =		3.75		9.525

		Time (s)		Reading (L)		q=k				Diam =		5.625		14.2875

		0		4						Time (s)		Reading (L)		q=k

		66		3.9		0.021				0		2.9

		118		3.8		0.027				77		2.4		0.041

		185		3.7		0.021				89		2.3		0.052

		246		3.6		0.023				99		2.2		0.062

		305		3.5		0.024				109		2.1		0.062

		388		3.4		0.017				120		2		0.057

		458		3.3		0.020				139		1.9		0.033

		514		3.2		0.025				148		1.8		0.069

		583		3.1		0.020				162		1.7		0.045

		627		3		0.032				174		1.6		0.052

				average		0.023				185		1.5		0.057

										197		1.4		0.052

		** visual confirmation of ponding								210		1.3		0.048

		feel good about these readings								222		1.2		0.052

												average		0.052

										** visual confirmation of ponding

										?is the high 6" infiltration due

										to crevices caused by ring?
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		Fort Benning

		Permeameter Tests

		Mar-00

		Station		B1-2-1

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4.1						0		3.6

		28		4		0.050				25		3.5		0.025

		78		3.9		0.028				47		3.4		0.028

		121		3.8		0.033				64		3.3		0.037

		174		3.7		0.026				91		3.2		0.023

		218		3.6		0.032				110		3.1		0.033

		244		3.5		0.054				126		3		0.039

		312		3.4		0.021				144		2.9		0.035

		361		3.3		0.029				162		2.8		0.035

		409		3.2		0.029				193		2.7		0.020

		455		3.1		0.031				208		2.6		0.042

				average		0.029				224		2.5		0.039

		*Water Added										average		0.034

										*Water Added

		Station		B1-2-3

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		3.9						0		3.1

		58		3.8		0.024				23		3		0.027

		150		3.7		0.015				58		2.9		0.018

		235		3.6		0.017				90		2.8		0.019

		320		3.5		0.017				116		2.7		0.024

		429		3.4		0.013				140		2.6		0.026

		533		3.3		0.013				164		2.5		0.026

		635		3.2		0.014				195		2.4		0.020

		725		3.1		0.016				212		2.3		0.037

				average		0.014				243		2.2		0.020

										269		2.1		0.024

										299		2		0.021

												average		0.024

												trial 2

										0		3

										25		2.9		0.025

										44		2.8		0.033

										63		2.7		0.033

										85		2.6		0.028

										99		2.5		0.045

										125		2.4		0.024

										140		2.3		0.042

										164		2.2		0.026

										183		2.1		0.033

												average		0.034

		Station		B1-2-5

		Diam =		3.75		9.525

		Time (s)		Reading (L)		q=k				Diam =		5.625		14.2875

		0		4						Time (s)		Reading (L)		q=k

		101		3.9		0.014				0		2.9

		142		3.8		0.034				16		2.8		0.039

		197		3.7		0.026				32		2.7		0.039

		243		3.6		0.031				52		2.6		0.031

		291		3.5		0.029				66		2.5		0.045

		346		3.4		0.026				86		2.4		0.031

		395		3.3		0.029				98		2.3		0.052

		445		3.2		0.028				114		2.2		0.039

		493		3.1		0.029				131		2.1		0.037

				average		0.028				150		2		0.033

										170		1.9		0.031

										188		1.8		0.035

										207		1.7		0.033

										225		1.6		0.035

										244		1.5		0.033

												average		0.033

		Station		B1-2-7

		Diam =		3.75		9.525

		Time (s)		Reading (L)		q=k				Diam =		5.625		14.2875

		0		3.5						Time (s)		Reading (L)		q=k

		51		3.4		0.028				0		2.4

		117		3.3		0.021				30		2.3		0.021

		183		3.2		0.021				53		2.2		0.027

		238		3.1		0.026				81		2.1		0.022

		287		3		0.029				99		2		0.035

		325		2.9		0.037				135		1.9		0.017

		432		2.8		0.013				164		1.8		0.022

		479		2.7		0.030				188		1.7		0.026

		527		2.6		0.029				214		1.6		0.024

				average		0.028				237		1.5		0.027

										264		1.4		0.023

										287		1.3		0.027

												average		0.025
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		Fort Benning

		Permeameter Tests

		Mar-00

		Station		B1-1-2

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		3.9						0		2.4

		19		3.8		0.074				12		2.3		0.052

		47		3.7		0.050				33		2.2		0.030

		72		3.6		0.056				56		2.1		0.027

		102		3.5		0.047				87		2		0.020

		145		3.4		0.033				141		1.9		0.012

		177		3.3		0.044				178		1.8		0.017

		208		3.2		0.045				260		1.7		0.008

		246		3.1		0.037				290		1.6		0.021

		277		3		0.045						average		0.015

		332		2.9		0.026				*Water Added

		374		2.8		0.033

		408		2.7		0.041				The large discrepancy between the

		446		2.6		0.037				4"and 6" may due to a

				average		0.037				flow restriction

		*Water Added

		Station		B1-1-4

		Diam =		3.75		9.525				Diam =		5.625		14.2875

		Time (s)		Reading (L)		q=k				Time (s)		Reading (L)		q=k

		0		4.1						0		2.6

		58		4		0.024				20		2.5		0.031

		97		3.9		0.036				44		2.4		0.026

		133		3.8		0.039				63		2.3		0.033

		177		3.7		0.032				84		2.2		0.030

		228		3.6		0.028				101		2.1		0.037

		278		3.5		0.028				121		2		0.031

		374		3.4		0.015				148		1.9		0.023

		402		3.3		0.050				172		1.8		0.026

		473		3.2		0.020				192		1.7		0.031

		526		3.1		0.026				211		1.6		0.033

				average		0.028				227		1.5		0.039

										247		1.4		0.031

												average		0.032

		Station		B1-1-6

		Diam =		3.75		9.525

		Time (s)		Reading (L)		q=k				Diam =		5.625		14.2875

		0		3.6						Time (s)		Reading (L)		q=k

		56		3.5		0.025				0		2.4

		109		3.4		0.026				27		2.3		0.023

		192		3.3		0.017				51		2.2		0.026

		273		3.2		0.017				75		2.1		0.026

		356		3.1		0.017				99		2		0.026

		429		3		0.019				134		1.9		0.018

		548		2.9		0.012				157		1.8		0.027

		633		2.8		0.017				185		1.7		0.022

		709		2.7		0.018				208		1.6		0.027

				average		0.017				231		1.5		0.027

										254		1.4		0.027

										278		1.3		0.026

												average		0.026
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		Infiltration Test Results

		(all units = cm/s)

		Station		4-inch		6-inch		Comment

		B1-1-2		0.037		0.015		Water added. The discrepancy is probably due to a flow restriction

		B1-1-4		0.028		0.032		Water added

		B1-1-6		0.017		0.026		Water added

		B1-2-1		0.029		0.034		Water added

		B1-2-3		0.014		0.034		*

		B1-2-5		0.028		0.033		Water added

		B1-2-7		0.028		0.025		Water added

		B1-3-1		0.009		0.012		Water added.

		B1-3-3		0.012		0.027		Low confidence in 6" value - crevices. Water added

		B1-3-5		0.014		0.020		6" is average of two tests. Water added

		B1-3-6		0.055		0.023		Water added. Flow seems to be limited by reservior

		B1-3-7		0.033		Fast		Flow seems to be limited by reservior.  Visual ponding

		B1-3-9		0.023		0.052		visual ponding

		B1-4-2		0.039		0.025		water added at start

		B1-4-4		0.019		0.018		water added at start

		B1-4-6		0.028		0.058		visual ponding

		B1-4-8		0.021		0.030		visual ponding

		B1-4-10		0.031		0.037		visual ponding

		B1-5-1		0.033		0.029		6" is average of two tests

		B1-5-3		0.033		0.019		Flow restriction on 6"?

		B1-5-5		0.050		0.015		Low confidence both values. Organic mat

		B1-5-7		0.046		0.033

		B1-5-9		0.011		0.038		Low confidence both values (organic may, seepage, restriction?)

		B1-6-1		0.022		0.021

		B1-6-3		0.028		0.028

		B1-6-5		0.015		0.012

		Statistics

				Mean		Std Dev

		4-inch		0.027		0.011		(24 most confident 4" results)

		4"total		0.027		0.012		(all 4" results)

		6-inch		0.030		0.011		(21 most confident 6" results)

		6"total		0.028		0.011		(all 6" results)

		Both		0.028		0.011		(most confident 4" and 6" results)

		Both Total		0.027		0.011		(all results)
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		4" -inch						6-inch						Both

		Bin		Frequency		Percent		Bin		Frequency		Percent		Bin		Frequency		Percent

		0		0		0%		0		0		0%		0		0		0%

		0.005		0		0%		0.005		0		0%		0.005		0		0%

		0.01		1		4%		0.01		0		0%		0.01		1		2%

		0.015		4		17%		0.015		2		10%		0.015		6		13%

		0.02		2		8%		0.02		2		10%		0.02		4		9%

		0.025		3		13%		0.025		2		10%		0.025		5		11%

		0.03		6		25%		0.03		5		24%		0.03		11		24%

		0.035		4		17%		0.035		6		29%		0.035		10		22%

		0.04		2		8%		0.04		2		10%		0.04		4		9%

		0.045		0		0%		0.045		0		0%		0.045		0		0%

		0.05		1		4%		0.05		0		0%		0.05		1		2%

		0.055		0		0%		0.055		1		5%		0.055		1		2%

		0.06		1		4%		0.06		1		5%		0.06		2		4%

				24						21						45

		0

		18

		36

		54

		72

		90

		108

		126

		144

		162

		180

		198

		216





		Infiltration Test Results								mean		0.027		0.027		0.030		0.028		0.028		0.027										mean		95.944		97.416		106.667		0.000		100.948		98.988

		(all units = cm/s)								Std-dev		0.011		0.012		0.011		0.011		0.011		0.011										Std-dev		40.407		43.201		40.348		0.000		40.283		41.335

		Station		4-inch		6-inch		Comment				4-inch		4"total		6-inch		6"total		Both		Both Total				Bin

		B1-1-2		0.037				Water added. The discrepancy is probably due to a flow restriction				0.037		0.037		0.032		0.015		0.037		0.037				0								131.6043466617		131.6043466617		115.324659408		55.3867819312		131.6043466617		131.6043466617

		B1-1-4		0.028		0.032		Water added				0.028		0.028		0.026		0.032		0.028		0.028				0.005								99.9424565723		99.9424565723		94.0439786833		115.324659408		99.9424565723		99.9424565723

		B1-1-6		0.017		0.026		Water added				0.017		0.017		0.034		0.026		0.017		0.017				0.01								60.1370202354		60.1370202354		122.3922037078		94.0439786833		60.1370202354		60.1370202354

		B1-2-1		0.029		0.034		Water added				0.029		0.029		0.034		0.034		0.029		0.029				0.015								106.0640914509		106.0640914509		121.6373698586		122.3922037078		106.0640914509		106.0640914509

		B1-2-3				0.034		*				0.028		0.014		0.033		0.034		0.028		0.014				0.02								101.3038211429		50.1493026058		119.3843850594		121.6373698586		101.3038211429		50.1493026058

		B1-2-5		0.028		0.033		Water added				0.028		0.028		0.025		0.033		0.028		0.028				0.025								99.2051554258		101.3038211429		91.6683556141		119.3843850594		99.2051554258		101.3038211429

		B1-2-7		0.028		0.025		Water added				0.009		0.028		0.012		0.025		0.009		0.028				0.03								32.3860552433		99.2051554258		43.9903256739		91.6683556141		32.3860552433		99.2051554258

		B1-3-1		0.009		0.012		Water added.				0.012		0.009		0.020		0.012		0.012		0.009				0.035								43.405390385		32.3860552433		72		43.9903256739		43.405390385		32.3860552433

		B1-3-3		0.012				Low confidence in 6" value - crevices. Water added				0.014		0.012		0.023		0.027		0.014		0.012				0.04								49.0919772439		43.405390385		84.5120509477		98.5648327759		49.0919772439		43.405390385

		B1-3-5		0.014		0.020		6" is average of two tests. Water added				0.055		0.014		0.052		0.020		0.055		0.014				0.045								199.4032039843		49.0919772439		187.6428412886		72		199.4032039843		49.0919772439

		B1-3-6		0.055		0.023		Water added. Flow seems to be limited by reservior				0.033		0.055		0.025		0.023		0.033		0.055				0.05								117.744901513		199.4032039843		91.6478946591		84.5120509477		117.744901513		199.4032039843

		B1-3-7		0.033				Flow seems to be limited by reservior.  Visual ponding				0.023		0.033		0.018		Fast		0.023		0.033				0.055								82.8229949009		117.744901513		63.9140952804		0		82.8229949009		117.744901513

		B1-3-9		0.023		0.052		visual ponding				0.039		0.023		0.058		0.052		0.039		0.023				0.06								140.1042172609		82.8229949009		208.5465678547		187.6428412886		140.1042172609		82.8229949009

		B1-4-2		0.039		0.025		water added at start				0.019		0.039		0.030		0.025		0.019		0.039												69.7572134376		140.1042172609		109.4693865154		91.6478946591		69.7572134376		140.1042172609

		B1-4-4		0.019		0.018		water added at start				0.028		0.019		0.037		0.018		0.028		0.019						Mean		Std Dev				102.2984394466		69.7572134376		134.2309955161		63.9140952804		102.2984394466		69.7572134376

		B1-4-6		0.028		0.058		visual ponding				0.021		0.028		0.029		0.058		0.021		0.028				4-inch		0.027		0.011				76.9747360572		102.2984394466		104.4		208.5465678547		76.9747360572		102.2984394466

		B1-4-8		0.021		0.030		visual ponding				0.031		0.021		0.033		0.030		0.031		0.021				4"total		0.027		0.012				112.8002652123		76.9747360572		118.8		109.4693865154		112.8002652123		76.9747360572

		B1-4-10		0.031		0.037		visual ponding				0.033		0.031		0.038		0.037		0.033		0.031				6-inch		0.030		0.011				118.2814584808		112.8002652123		136.8		134.2309955161		118.2814584808		112.8002652123

		B1-5-1		0.033		0.029		6" is average of two tests				0.033		0.033		0.021		0.029		0.033		0.033				6"total		0.028		0.011				120.1329256862		118.2814584808		75.6		104.4		120.1329256862		118.2814584808

		B1-5-3		0.033				Flow restriction on 6"?				0.046		0.033		0.028		0.019		0.046		0.033				Both		0.028		0.011				165.6		120.1329256862		100.8		67.6021519653		165.6		120.1329256862

		B1-5-5						Low confidence both values. Organic mat				0.011		0.050		0.012		0.015		0.011		0.050				Both Total		0.027		0.011				39.6		180		43.2		54		39.6		180

		B1-5-7		0.046		0.033						0.022		0.046				0.033		0.022		0.046												79.2		165.6				118.8		79.2		165.6

		B1-5-9		0.011		0.038		Low confidence both values (organic may, seepage, restriction?)				0.028		0.011				0.038		0.028		0.011												100.8		39.6				136.8		100.8		39.6

		B1-6-1		0.022		0.021						0.015		0.022				0.021		0.015		0.022												54		79.2				75.6		54		79.2

		B1-6-3		0.028		0.028								0.028				0.028		0.032		0.028														100.8				100.8		115.324659408		100.8

		B1-6-5		0.015		0.012								0.015				0.012		0.026		0.015														54				43.2		94.0439786833		54

																				0.034		0.015																				122.3922037078		55.3867819312

																				0.034		0.032																				121.6373698586		115.324659408

																				0.033		0.026																				119.3843850594		94.0439786833

																				0.025		0.034																				91.6683556141		122.3922037078

																				0.012		0.034																				43.9903256739		121.6373698586

																				0.020		0.033																				72		119.3843850594

																				0.023		0.025																				84.5120509477		91.6683556141

																				0.052		0.012																				187.6428412886		43.9903256739

																				0.025		0.027																				91.6478946591		98.5648327759

																				0.018		0.020																				63.9140952804		72

																				0.058		0.023																				208.5465678547		84.5120509477

																				0.030		Fast																				109.4693865154

																				0.037		0.052																				134.2309955161		187.6428412886

																				0.029		0.025																				104.4		91.6478946591

																				0.033		0.018																				118.8		63.9140952804

																				0.038		0.058																				136.8		208.5465678547

																				0.021		0.030																				75.6		109.4693865154

																				0.028		0.037																				100.8		134.2309955161

																				0.012		0.029																				43.2		104.4

																						0.019																						67.6021519653

																						0.015																						54

																						0.033																						118.8

																						0.038																						136.8

																						0.021																						75.6

																						0.028																						100.8

																						0.012																						43.2





		Little Bonham

		Soil Profile

		Mar-00

		Station		Depth (in)		Description				Station		Depth (in)		Description

		B1-1-2		0 - 5		organic mat				B1-4-2		0 - 50		sand, dark brown

				5 -18		sand, dark brown						50 - 51		thin gravel layer

				18		CLAY, black						51 - 70		sand, dark brown

												70 - 73		sand w/ slight clay (10%)

		B1-1-4		0 - 63		sand, dark brown

				63 - 73		clayey sand				B1-4-4		0 - 1		black organic

												1 - 14		black sandy organic

		B1-1-6		0 - 0.5		organic mat						14		CLAY

				0.5 - 48		sand, dark brown

				48 - 65		sand, light brown				B1-4-6		0 - 12		sand, dark brown

				65		clayey sand						12 - 40		brown sand

				70		sandy clay						40 - 45		clayey sand

												45 - 73		sand

		B1-2-1		0 - 38		sand, dark brown

				38		sandy clay				B1-4-8		0 - 48		sand, dark brown

												48 - 56		sand with sparse gravel

		B1-2-3		0 - 1.5		organic						56 - 73		sand, dark brown

				1.5 - 6		sand, dark brown w/ sparse clay

				6 - 10		sandy clay				B1-4-10		0 - 48		sand, dark reddish brown

				12 - 18		sand						48 - 70		sand with sparse gravel

				18		gray sand - WATER TABLE						70 - 73		sand, red and brown

		B1-2-5		0 - 1		organic				B1-5-1		0 - 73		sand, dark brown

				1 - 36		sand, dark brown

				36 - 46		sand with sparse gravel				B1-5-3		0 - 46		sand, light brown

				46 - 50		wet sand						46 - 47		thin gravel layer

				50 - 61		clayey sand						47 - 52		clayey sand

				61		CLAY						52 - 62		sandy clay

												65		CLAY

		B1-2-7		0 - 26		sand, red and brown

				26 - 43		slightly clayey sand				B1-5-5		0 - 0.5		organic

				43 - 60		clayey sand						0.5 - 21		sand, brown

				60		CLAY with sand						21 - 22		clayey sand

												22 - 50		sand

		B1-3-1		0 - 62		sand, dark brown						50 - 58		sand, dark brown

				62 - 73		slightly clayey sand						58 - 73		sand, light brown

		B1-3-3		0 - 8		sand, dark brown				B1-5-7		0 - 12		sand, dark brown

				8 - 22		sand, light brown						12 - 33		sand, light brown

				22		CLAY						33 - 42		gravelly sand

												42		CLAY

		B1-3-5		0 - 18		sand, dark brown

				18 - 33+		organic "black muck"				B1-5-9		0 - 50		sand, dark brown

						and sandy clay						50 - 73		sand, light brown

		B1-3-6		0 - 25		sand, dark brown				B1-6-1		0 - 37		sand, red

				25		sand, reddish brown - WATER TABLE						37 - 55		clayey sand (mostly sand)

				28		CLAY						55		clay - sand mix

		B1-3-7		0 - 18		dark red clayey sand				B1-6-3		0 - 1		organic

				18 - 21		sandy clay						1 - 8		organic enriched

				21		CLAY						8 - 73		sand, red/brown mix

		B1-3-9		0 - 0.5		organic				B1-6-5		0 - 12		sand, red/brown mix

				0.5 - 44		sand, dark reddish brown						12 - 20		sand w/ gravel

				44 - 56		clayey sand						20 - 23		clayey, gravelly sand

				56 - 73		sandy clay (rusty red)						23		CLAY
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