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Testing the Concept of Drift Shadow Using X-Ray Absorption Imaging
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ABSTRACT
Thes resaarch expenmontally issts the concept of fud dvorson sownd an anft s 10 the of & coplary barmier and B
concept of 8 dift shiadow under the drift. The High-Lowel Nucksar Wasie [HLNW) Repository at Yuots Mountein, NV, i locslod within (he

Two small [crm-scale) les! colis with differand, frachure from TS to weny the presence of the capdiary
baurior and drift shadow and velidain he model. Fractums were locstsd through the midde of the rock sumple, parsliol 1o e rock face and normal
10 The drift mxs X-ray sDSOIbON iMaging visualired e movemant of Be potssim odide (K1) solution THough the fracture A W sohtion was
ncroduced inlo B ieel cell and outfiow collecieg st dfferend interal locabons al the base of the cells and nuide the deft cavily

Prokminary nesulls from 14 jesis show the preserce of the dnfl shadow and flow dheruon away from Bhe onfl. Preliminary resulls aiso show e
difficdios. & cempanng fow bishdvior birtwoen g s and the Betuvior i he model Tl stsurmos 8 BOMODINOUS Ml

INTRODUCTION

The proposed HLNW storage repository at Yucca Mountain, NV is located in the
unsaturated zone of a fractured volcanic tuff. In order to perform performance assessment
calculations, it is necessary to quantify where fluid flows within the unit and how it may be
affected by drift excavation. The analytical model of Philip et al. (1989) predicts that flow is
diverted around the drift leading to an area of reduced flux beneath the drift, the drift
shadow. The analytical model assumes a homogeneous, isotropic porous media, steady

downward seepage through the media and spatially uniform flow velocity (Philip et al. 1989).

The size of the drift shadow is dependant on drift diameter, capillary pressure and fracture
aperture. The presence of a drift shadow, not accounted for in the current Yucca Mountain
performance assessment, decreases the amount of fluid available to move radionuclides
from the waste empiacement container to the water table.

Our research focuses on the movement of fluid through fractures relative to the
excavated drift. In the test system, the fracture intersects the drift which allows us to predict
whether or not we should expect seepage into the drift due to the intersection.

Preliminary results verify the existence of the drift shadow and fiow diversion around the
drift. Flow paths develop independent of flow rate and instead are controlled by geologic

CONCEPTUAL MODEL

c ptual Model of page into an excavated drift.
Parcolation into the drift is variable and seepage is
predicted via both the matrix and fractures

the drift. Arrows show some drift diversion and small
drift shadow.

ANALYTICAL MODEL

Analytical Model! of seepage into an excavated drift, after
Philip, of al. {1983). Model & d
seepage velocity which Is diverted around the drift.

Predictions include areas of in d ion due to
diversion, termed “roof-drip lobes,” and 2 region downstream
of the drift where flow is severely retarded, termed the drift
shadow.
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Location
Analytical mode! predictions indicated the location along
the drift where we expect to see inflow recovered
Cumuiative percent of inflow has been normalized
assuming outflow at each port would be 0.20 without the
drift shadow. Thersfore, values less than 1 assume
discharge less than if there was no drift shadow

METHODOLOGY

Experimental Statistical Analysis

=100
prce-al * Initially saturate sample with deionized * Hy: The analytical model predicts test system
i water « Chi Square Goodness of Fit test to compare the
e + X-ray sample prior to start of experiment outflow results predicted in the model and those we
« Initiate dripping of KI solution in ports at top observed.
of sample » Discharge into the drift not accounted for because it
« Outflow collected using sponges is not figured into model
« X-ray sample through out the experiment * Used total cumulative percent of outflow at each port
4 : 3 . :
« X-rays allow for visualization of I- flowing (observed-expected)/expected into chi squared
through the sample equation, 4 degrees of freedom
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Test Cells
Test cell dimensions of 10 cm x 1 5cm x 1.25 cm
= Two slabs pressed together aperture controlied
by aluminum wire between 2 slabs
» 100-um aperture fracture
» 250-um aperture fracture
« Natural fracture present beneath drift of 250-um
aperture fracture
» Fractures oriented normal to drift axis
= Aluminum bars put around the cell to decrease
X-ray scatter
« Assembled cell encased in epoxy to decrease
evaporative loss

Schematic of test cail (a) and experimental set-up (b). Fracture is continuous throughout the test cell
and is oriented perpendicular to the drift axis. Blue boxes bensath the call (a) indicate the location of
outfiow collection ports. Biack arrows along the top of the schematic show inflow location points.
Expenmental set-up (b) includes 2 syringe pumps to control inflow rate, administered by needles
insented into the fracture. Test calls are visible through epoxy coating, used to minimize evaporative
Ports Port 1 | Port 2 [Port 3 [Port 4/Port 5 losses to the system. Gold foil is taped to the epouxy to cover the Al frame surrounding the test cell
and over the drift area. This is done to minimize scatter of x-rays which may compromise the
resulting x-ray image.
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100 um-Aperture Fracture

Table 1. Summary of four experiments performed on the 100 um-fracture test cell. Listed
flow rate is that which was programmed into syringe pumps and not necessarily that which
actually flowed into the system. Mass balance was calculated using actual inflow rate.
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outflow at each port would be 0.20 without the drift-shadow effect. Therefore, values less
than 1 assume discharge less than if there was no drift shadow effect.

Test 3P; 100 pm aperture; Flow Rate=0.15 mU/min 250 pm-Aperture Fracture

Table 2. Summary of the eight experiments performed on the 250 um fracture-test
cell. Listed flow rate is that which was programmed into syringe pumps and not
necessarily that which actually flowed into the system. Mass balance was
calculated using actual inflow rate.

001 | 5P 485 1089 | 45 | 0.0 5.96x10%° |
0.01 4P 484 122 06 1.77 3.27x10°%8
0.01 18 428 1.09 | -15.4 1.72 | 324x102
0.05 2P 320 109 | 101 1.27 | 1.71x10%
| 005 6P 419 109 | -118 06 1.72x10-2
t=0.4 hours t=1.9 hours 0.1 1P 126 10 | 18 0.22 B8.18x10°"
Pumice Ciast 0.1 2B 300 109 | 104 02 1.82x107
0.15 3P 132 109 | 87 0.26 1.09x107




DISCUSSION AND CONCLUSIONS

Test 6P; 250 um aperture; Flow Rate= 0.05 mUmin We are unable to validate the Philip et al. (1989) model with our current fracture apertures. Instead we see
variation in the ports where outflow is collected. We believe the main reason for this observation is the
heterogeneities within our sample, which are not accounted for in the analytical model. Heterogeneities
include pumice clasts and natural fractures, which can influence the flow paths. Other potential explanations
include experimental artifacts and film flow within the drift.

Despite not being able to validate the Philip et al. (1989) model, the experiments provide some evidence for a
drift shadow. This is seen by discharge less than expected under the drift and discharge greater than
expected just beyond the drift. X-ray absorption imaging also shows a tracer-solution flow path from above
the drift being diverted around the drift and shedding off beyond the drift. However, we also observe high
tracer concentrations in the natural fracture under the drift in the 250-um fracture aperture. It is unclear
whether these high concentrations are due to film flow on the interior of the drift, diversion around the drift and
back under the drift due to heterogeneities, or experimental artifacts.

There is strong evidence of capillary diversion. The X-ray absorption imaging shows flow paths over the drift
being diverted around the drift in the 250-um aperture cell. In addition measured discharge into the drift was
very small (2% maximum). Unfortunately, the fracture aperture in the 100-um aperture cell is too small to
contain enough tracer to clearly observe the flow paths.

FUTURE RESEARCH

« New test cell with 500-um fracture aperture to test affects of aperture width on flow path deveiopment
+ In depth statistical analysis of model results and observed results
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