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Although the problem of rapid contaminant migration through very Earth Sciemces Division
coarse granular sediments is recognized, our understanding of this
flow regime remains incomplete. Existing conceptual models for
preferential flow through the vadose zone assume that fast flow

occurs through saturated or nearly saturated local pathways. RESEARCH O BJ ECTIVES CENTRAL HYPOTHESIS
However, such highly saturated conditions are often unstable and

SUMMARY

o Macroscale (column) and microscale (grain-film) measurements of unsaturated
hydraulic properties are being conducted on Hanford vadose zone sediments.

o These tests are showing that film flow at near-zero matric potentials can explain

EX P E RI M E NT AL M ET H 0 D S some fast, unsaturated flow in very coarse sediments.

o  Such findings identify film flow as another mechanism capable of supporting fast,

uncommon in vadose zones comprised of coarse granular sediments. | | o preferential flow and transport in coarse vadose zone sediments.
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, ’ , N unsaturated flow in coarse-grained sediments based on these direct g z sediments. The microscale x-ray fluorescence experiments will continue in

This research proposal was developed to iImprove our underStandmg macroscopic and microscale measurements. How Does Geometric Similitude Fail in conjunction with microtopography measurements. The combined results of
of the physics of unsaturated flow in coarse- to very coarse-textured Unsaturated, Very Coarse Sediments? I N ITIAL RE S U LTS macroscopic and microscopic experiments will be used to develop a tested, physical

model of unsaturated flow in coarse sediments. Column experiments of well-sorted
sediments, and further microscale measurements will be in progress for the

sediments, and through this meet practical needs related to

contaminant transport in such vadose environments. Macroscopic Measurements Microscale Measurements remainder of FY2000. Studies on mixtures of grain sizes will be done during
AP P ROAC I E S FY2001. Implications of these results on capillary barrier performance will be tested
o Scaled moisture characteristics (Saturation versus matric potentia|) for © Film moisture characteristics on Hanford gravel show that most of the Changes IN during FY 2002.
coarse Hanford sediments are practically similar to those of reference finer film thickness occur in the -2 to 0 kPa matric potential range (Figure 9).
grain quartz sands (Figure 7).
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thickness on sediment grain surfaces. Figure 7. Unscaled and scaled moisture characteristic of a Hanford gravel, 98CH 10886
compared with those of quartz sands (main drainage curves). Note that Miller-Miller Figure 9. The dependence of local average water film thickness on matric potential, .
monochromatic or "white" x-rays scaled moisture characteristics (Iower. gra.ph) are P"aCt.'CE{")’ identical. .Th's reflects measured directly on a Hanford gravel surface. Note that equilibrium film thickness-
_ the fact that most of the water retention is localized within pendular rings, and that potential relations are nonhysteretic, unlike moisture characteristics of bulk porous
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Figure 2. Breakthrough of water from finer to coarser textured sediments (capillary barrier failure). In very coarse overview of x-ray beam path e R AL s - — ol
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textured sediments, water entry can be initiated by film flow, rather than by saturation of pore pathways. Lrl?trzha bending magnet into plan view of experimental platform saturation, % saturaon. s time, s Tokunaga, T. K., ]. Wan, and S. R. Sutton. 2000. Transient film flow on rough fracture surfaces.
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igure 4. Un erstan ng unsaturate I flow an transport requires a combination o Figure 8. Unscaled and scaled unsaturated hydraulic conductivities of gravels, Figure 10. Measurement of transient water film thinning on a Hanford gravel
direct macrosca?le and microscale testing. C.oncepts .and measurements at both the Figure 6. Synchrotron x-ray source, and components of the NSLS x-ray compared with quartz sands. Note that significantly higher scaled hydraulic surface, in response to a step change in matric potential. In this case, the initial
column and grain-film scales are the foundation of this project. fluorescence microprobe beamline. conductivities have been measured on the gravels in the low saturation region, equilibrium matric potential is -0.05 kPa. At time-zero, the boundary potential was
indicative of fast film flow. Direct, microscale measurements are needed to test this changed to - 0.74 kPa. The film hydraulic diffusivity is calculated from the rate of film

conjecture. thinning.



