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Accomplishments and Impacts:

Objective 1: To study relationships between flow and transport properties or processes and the spatial and temporal scales at which these are observed 
Accomplishments:

CA-Berkeley and other W-188 participants addressed the question of temporal changes in solute transport processes in field soils and posed the question of whether calibrating a flow model for a single time period was adequate. Using fiber optic miniprobes (FOMPs) and time domain refelectometry (TDR) in a field soil they found indications that solute transport converged into fewer pathways over time with repeated leaching and that transport response patterns are not temporally stable.

Researchers in IA responding to national concerns of potential soil and groundwater contamination by polycyclic aromatic hydrocarbons (PAHs) investigated how sorption kinetics may affect the fate and movement of these compounds in the soil profile.  In studies with naphthalene they found that increasing ionic strength influenced the degree of aggregation, enhanced the sorption affinity and retarded the transport of naphthalene.  These findings are important for both risk assessment and remediation of contaminated soils and aquifers.

Other IA research on diffusivity in rock matrices as affected by temporal and spatial scale, determined that applying diffusivity measurements from laboratory samples to a large rock formation would grossly over-estimate the diffusive mass transfer.  

Investigators in KS studied temporal stability of corn yield patterns in three locations over periods > five years.  Their findings suggested that temporal stability is relatively weak and that long-term yield monitoring (> 5 years) may not be useful in determining persistent yield patterns.

Infiltration experiments in field soils in ND investigated relationships between water transfer and solute transport in soils exhibiting preferential flow.  Using TDR probes, they found that water content continued to increase after steady flow rate was reached, indicating that water was being transferred from rapidly filling, highly conductive pores to slower filling less conductive pores.

On-going research by CA-USSL (ARS) involved further improvement of the HYDRUS-1D and HYDRUS-2D window-based software for rapid estimation of hydraulic input parameters for specific applications.  For example, it is a more effective method for estimating unsaturated soil hydraulic properties and HYDRUS codes have been applied to a large number of agricultural problems.  These include infiltration, tile drainage, crop production, and fate and transport of agricultural chemicals.  Other applications are possible in the general area of soil and groundwater pollution.  

CA-USSL used percolation cluster statistics and critical path analysis to derive an analytical expression for the expected value of the hydraulic conductivity as a function of system size.  Also. CA-USSL and CA-Riverside measured 0-6 cm soil water content on consecutive afternoons at four hundred locations in a gently sloping range field.  Spatio-temporal data analyses of the two sampling events showed a change in field variance suggesting moisture was redistributed by base flow, evapotranspiration, and condensation.  The largest contributor to variability was relative landscape position.

CA-Riverside pursued investigations related to unstable flow on fields chosen because they were favorable to preferential flow during moisture redistribution.  A third CA-R project studied atmospheric deposition of ammonia or oxides of N on downwind terrestrial and aquatic ecosystems and the influence of deposition, nitrate production rates, stream source waters and processes, and catchment properties on stream NO3- levels. 

SAES researchers in WA studied the relationship between flow and transport properties and their spatial and temporal scales in relation to remediation of uranium contaminated mine waste, viral transport in unsaturated porous media, and erosion processes in agricultural soils under unique climatic conditions. They also determined reaction rate coefficients of uranium sorption/precipitation and evaluated the use of apatite as a leaching barrier.  Apatite proved to be very effective at removing uranium from solution.  WA and DE collaborated on a model to describe virus movement related to solid-liquid and liquid-gas interfaces.  They concluded that in the presence of solid surfaces, reactions at the solid-water interface, rather than the air-water, dominated in virus removal and transport under unsaturated conditions.  These studies, while reflecting very fundamental science, have obvious implications for applied use in minimizing soil and groundwater contamination by a range of chemical and biological pollutants.  

Nitrogen and P transport in desert and alpine watersheds were studied by NV scientists.  They found surprisingly high levels of nitrate accumulation (>5000 mg/l) below the root zone in desert soils of southern Nevada.  They determined the source to be atmospheric deposition and N fixation from soil microbial crusts and that contrary to previous views, N availability was not a limiting factor in ecosystem response but correlated more with water availability.  

Impacts:  

The W-188 technical committee research addresses fundamental soil physical processes related to water and solute transport across a range of spatial and temporal scales.  Impact on stakeholders is not direct in most cases.  However, collaborative research will provide new information that vastly improves our understanding of how to interpret measurements and process studies so their information content can be transferred to the larger domain of practical application.  The latter will include other land grant scientists, extension specialists, state and federal agency scientists, and the private sector.  

Objective 2:  To develop and evaluate instrumentation and methods of analysis for characterization of flow and transport at different scales.

Accomplishments:

The natural heterogeneity in water and solute movement in hillslope soils makes it difficult to characterize the transport of surface applied pollutants without obtaining spatially distributed hydrologic data.  CA-Berkeley scientists developed methodologies utilizing in situ portable time domain reflectometry (TDR) to measure solute transport on hillslopes.  The TDR system was shown to be an effective means to characterize solute travel times on hillslope soils.  CA-Davis investigated interdependence of soil strength on water content.  They found field water content changes both spatially and temporally, limiting the application of cone-type penetrometers as an estimate of soil strength.  They have developed a combined coiled penetrometer and moisture probe to study water content effects on soil strength.  CA-Davis and CA-USSL collaborated to develop inverse modeling methods to estimate soil hydraulic properties.  Successful application of the inverse modeling technique improves both speed and accuracy since there is no need to attain steady-state flow.  

Researchers at IA are investigating soil thermal properties as a function of soil volume fractions. They found that thermal properties were most closely correlated with the volume fraction of air, heat capacity, and thermal conductivity.  The strong relationship with porosity had not been previously reported and will be useful for improved thermal modeling.  In other research, IA developed and evaluated methodology that would allow rapid field measurement of soil hydraulic and transport properties with minimal labor requirements.  

 Kansas researchers continued development of new methodology for measuring soil water flux density using a heat tracer to quantify the magnitude of convective heat transfer resulting from soil water movement.  The downside of the methodology involved lengthy evaluations of integrals.  Collaboration with AZ in 2000 focused on reducing the integrals in the solutions to the well function for leaky aquifers.  Their approach resulted in being able to evaluate the function with excellent accuracy by using only 0, 1 or 2 terms in most cases.  Other KS research utilized the dual-probe heat-pulse (DPHP) method for measuring soil volumetric water content.

Montana and UT collaborated on using the concept calibrated reference soils with known water retention characteristics as a means to estimate the unknown retention characteristics of soils in situ.  They used TDR probes embedded in target and adjacent reference materials.  Results indicate the  ability to capture continuous paired water content measures over the entire wetness range may  provide more accurate values than using pressure steps alone. 

Montana assisted the U.S. Department of Energy in evaluating potential efficacy of a proposed unsaturated flow encapsulation system.  A block of soil activated around a proton beam target   assembly had resulted in creation of radioactive isotopes of naturally occurring elements including tritium and sodium 22.  They proposed injecting a low viscosity colloidal silica grout (CS) to fill void space to encapsulate the activation-zone soils. Early laboratory simulations look very promising.  

Other methodologies in various stages of development under Objective 2 included:

· CA-Riverside and USSL developed a new method to directly measure the porosity and its microscopic characteristics.  
· CA-Riverside evaluated methods for measuring Oxygen Diffusion Rate (ODR)for the soil matric potential range of 0 to 40 kPa using a platinum electrode in conjunction with TDR and tensiometer probes.  The application of the technology indicated that comparison of air-filled porosities alone in different soils has little meaning relative to root growth.  

· Utah developed a method for predicting unsaturated hydraulic conductivity functions based on pore scale hydrodynamics of flowing films and flow in corners bounded by liquid vapor interfaces. 

· WA scientists developed an experimental and theoretical methodology to determine the moisture characteristics from freezing experiments.  

· Arizona conducted a flow and transport experiment with bromide tracer at the Apache Leap Research Site.  They used backup monitoring by neutron probe, tensiometers, and suction lysimeters in addition to the tracer.  They found transport of bromide to some deeper depths in a relatively short time and the bypass of bromide at many shallower depths is clear evidence of fracture flow not picked up by water content and tension data.

· Nevada and CA-USSL studied flow and transport processes for arsenic through gold mining wastes in southern Nevada.  They found pH changes in response to pyrite dissolution reduced arsenic mobility but the shifts in redox counterbalanced the pH change.  They concluded that elevated levels of arsenic I drainage water would continue at these sites for significant time (>100 years). 

Impacts: 

 W-188 scientists have developed a variety of soil physical instruments and corresponding methodologies that substantially advance theirs and other soil and water scientist’s capabilities to gain new insights into soil physical parameters at laboratory and field scale. Agricultural and environmental disciplines beyond soil physics will also benefit both by the discoveries reported here as well as their own discoveries utilizing instrumentation, theory, and models produced by this committee.  

Objective 3:  To apply scale-appropriate methodologies for the management of soil and water resources.

A four-year IA study used a paired watershed approach to evaluate optimum fertilizer N in a soybean-field corn rotation on 8 farms and studied resulting effects on water quality in tile drainage.  Using the late spring nitrogen test (LSNT) for N application recommendations, they documented a 41 % reduction in nitrate-N in tile drainage water compared to the control watershed. This was the first documentation of the impact of an LSNT program on water quality at a spatial scale that is environmentally meaningful.  Other N research found that nitrate concentrations in tile-drain water exceeded the USEPA maximum contaminant level (MCL) when cropped with corn at all N application levels tested (67 to 202 kg N/ha).  In other words, their findings suggested that economic corn production cannot be sustained in those fields with current corn-soybean management without producing drainage water that exceeds the MCL for nitrate.  

Mapping soil water content for site-specific management of farm fields is commonly achieved through time consuming and destructive core sampling.  Montana researchers designed and built a heavy duty TDM probe that is accommodated by a hydraulic soil sampling machine.  Utility of the probe to assist in developing kriged field scale soil water maps was demonstrated in several production agricultural fields.  Additionally, MT established two 70-acre on-farm study locations with 80 neutron probe access tubes for detailed water content monitoring.  This data was combined with automated climate data for continuously updated water content status and crop yield estimates.  This was interfaced with GIS programs currently being used by producers for eventual use in remote sensing to infer progression of crop water deficit.  

Other accomplishments under this objective included:

· Montana scientists completed a study to evaluate the impact of spotted knapweed on soil physical properties, soil hydraulic properties, soil water status, and near surface thermal properties. They determined that reports of soil degradation by spotted knapweed was primarily anecdotal.

· North Dakota studied degradation of trichloroethylene in miscible-displacement experiments involving zero-valent metals.  

· CA-Davis developed a two-dimensional root water uptake model which was incorporated in a multidimensional flow model.  Simulated water content values using this model resulted in excellent correlation with measured values.  The developed root water uptake model was found to be flexible to the point of allowing spatial variation of water uptake as influenced by non-uniform water application patterns.  

· CA-Riverside evaluated the effectiveness of Management Measures in meeting the Regional Water Quality Control Board’s nutrient total maximum daily load (TMDL) requirements.  They have installed monitoring stations and found that in agricultural fields utilizing drip irrigation runoff was minimal and in nursery sites using overhead irrigation (high flow rates) had high runoff potential. They are also studying the use of vegetative filter strips in runoff channels to minimize off-site movement of nutrients.  
· Application of polyacrylamide (PAM) to soils to minimize erosion on irrigated land is becoming increasingly common in the semiarid west. CA-Riverside has developed a sensitive and rapid soil test for use in monitoring PAM levels. This methodology assists in predicting appropriate PAM application rates, depth of effective treatment, effects of OM, and its mobility in the soil.
· Other research evaluated models currently in use (i.e. GLEAMS) for model weakness related to hydrologic parameters (CA-R) and development of aggregate deformation models for assessment of post-tillage soil pore size evolution (UT, CA-USSL). 
· Washington completed a study of the use of chitosan as an antitranspirant in agricultural applications and found that water use in greenhouse, growth-chamber, and field reduced water use in peppers by 13, 26, and 43 %, respectively. 
· Other research in Washington evaluated the Water Erosion Prediction Project model for addressing hydraulic structure functions, forest road erosion, and forest watersheds.  Since the model was originally developed to address agricultural management practices, the degree to which it would be useful in forestry situations needed to be determined and model refinements made.  Improvement efforts included modifying algorithms for modeling deep percolation of soil water and subsurface lateral flow.  Results showed that model refinements substantially improved the model’s use in representing hydrologic processes in forest settings. 
· Arizona and UT evaluated the effect of gravity on flow from spheroids that is useful for describing subsurface tension permeameter. Pressure distributions were calculated and compared with results using HYDRUS.  Results for a fine sand and silt loam showed that for spherical sources, the calculated flow rates using the van Genuchten function were within 5% of the analytical Gardner function solution.
· Finally, NV studied long-term drainage rates at inactive heap leach mining operations across Nevada to estimate deep infiltration.  They are finding recharge rate consistent with previous work by PNNL that showed significant deep infiltration occurs in arid regions having denuded and course textured soil surfaces.  
Impacts:

While many of the impacts of research performed by this multistate committee are best described as indirect, activities carried out under objective 3 in many case had relatively direct applications.  The nitrogen work performed at Iowa related to minimizing nitrate levels in tile drain effluents from corn-soybean rotations demonstrated that utilizing BMPs does not always solve problems of water contamination.  Other studies found that soil degradation in MT, originally attributed to knapweed infestation, was, in fact, caused by other agents.  CA-Riverside used Management Measures to confirmed relative management advantages of drip over sprinkler irrigation as evidenced by run-off  and used vegetative filter strips to absorb nutrients where run-off was inevitable.  Washington adapted an already successful agricultural model for hydrologic processes to forest road erosion and forest watersheds.  These and other examples of agriculture in harmony with the environment directly impact producers and resource managers by demonstrating real alternatives to management practices that may be wasteful of resources and environmentally nonsustainable.

Overall Impacts:
Research conducted by the W-188 in 2000 made significant contributions to our current understanding of water, heat and solute transfer in soils and porous media. Major impacts of the W-188 research include: 


Instrument development and improvement: A variety of soil physical instruments have been developed, evaluated, and improved. Among these instruments are sensors to measure water contents, bulk densities, porosities, soil moisture retention, heat and solute fluxes, and tracer concentrations. The development of such instruments and the corresponding measurement theories is an essential prerequisite for measurement of soil physical parameters at laboratory and field scales. Soil physical parameters, such as water content or soil moisture retention, are being used by many agricultural and environmental disciplines other than soil physics. New and improved instruments will therefore have a broad and important impact on any basic and applied research and extension dealing with soils and porous media in general.  


Model development and improvement: Mathematical models are being used more and more frequently to predict and estimate water flow and solute transport. Many models are difficult to use and therefore often susceptible to operator errors. W-188 members have put emphasis on developing user-friendly interfaces to ease the use and application of complicated models. A variety of new models have been developed that will help to make more realistic predictions of kinetic reactions and of root water uptake and evaporation, thus ultimately leading to an improvement of environmental fate predictions and irrigation scheduling in agriculture. W-188 members have also successfully implemented new algorithms to estimate soil hydraulic properties from readily available data, such as soil texture and bulk densities. These algorithms will help to make better use of existing soil data and improve site-specific management practices through more realistic predictions of water flow and solute transport. Many of the models developed by W-188 members are readily available on-line.


Theoretical Advances of Water Flow and Solute Transport: Theoretical advances have been made in flow and transport processes.  In 2000, temporal and spatial scale effects on diffusion were investigated. The effects of ionic strength, kinetic sorption, and physical nonequilibrium were studied. Various upscaling procedures were proposed and investigated.  Methods for quantifying model uncertainty were developed.   Pore-scale models of soil hydraulic properties have been proposed.  These types of theoretical advances will serve as building blocks in future development of sustainable agricultural and resource management.  


Spatial and Temporal Variability: W-188 research has improved our understanding of spatial and temporal variability of soil physical and agronomic parameters. In 2000, research demonstrated that slope is one of the most important factors in determining the spatial and temporal variability of soil moisture across a landscape. The temporal consistency in solute transport measurements was been evaluated. New physically based scaling techniques for heterogeneous soils were developed.  The temporal stability of yield and soil moisture patterns were evaluated.  The improved understanding and descriptions of soil variability provided by this research is crucial to the development of scale-appropriate theories, models, and management.


Experimental Findings: In 2000, the W-188 group conducted or initiated a number of important experiments. W-188 members initiated the first study to document the impact of a Late Spring Nitrate Test program on water quality at a spatial scale that is environmentally meaningful. Data were collected on correlations between water transfer and solute transport properties of a soil that exhibits preferential flow, and on correlations between soil thermal properties and other soil physical properties.  The influence of water content on soil strength was measured, as was the effect of air filled porosity on oxygen diffusion rates.  Long-term infiltration in fractured tuff was measured.  New experimental techniques for characterizing unstable flow and preferential transport have been developed.  These types of experiments and data are needed to validate and improve theories, models, and resource management. 

Plans for FY2001

· Kansas will conduct field experiment will be conducted in which near-surface water content variations are characterized over a range of spatial and temporal scales.  This will provide a data set that can be used to evaluate upscaling techniques. 

· Kansas will extend the above-described work on the temporal stability of yield patterns using spectral analysis to characterize the spatial scales at which temporal stability or instability occurs.

· Kansas will continue experimental work on the effects of forced convection on ( measurements. 

· Montana and Utah will further pursue measurement of soil specific surface area using TDR, through analysis of measurement responses to thermal perturbation.

· Montana and Utah will evaluate potential importance of the Maxwell-Wagner effect for measured TDR travel times in soils and porous media.

· The data base obtained for the Maricopa field site (Arizona) will be used to test a variety of 1D, 2D  and 3D models.  The infiltration and redistribution data will be used in conjunction with a variety of methods to determine unsaturated hydraulic properties at this site.

· The effect of gravity on steady-state infiltration will be further pursued at Arizona.  New cases to be considered include generalization of the numerical results by scaling out the saturated hydraulic conductivity and capillary length.  Also, other boundary conditions will be completed using HYDRUS, including unsaturated-saturated regimes with partially filled sources.

· North Dakota will collaborate with California-USSL on inverse analyses of infiltration experiments using HYDRUS‑1D. 

· Collaborative work (Montana, Minnesota, South Dakota, and North Dakota) will begin on a four-year precision agriculture project.  The project is funded by REEUSDA’s Initiative for Future Agriculture & Food Sources (IFAFS). 
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The W-188 group is prolific in publishing its scientific results in technical journals. The long list of publications shows the productivity of the group and emphasizes its impact on the scientific literature.
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