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Calculation of Discrete Fracture Flow Paths in Dual-Continuum Models 
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Discrete fracture flow paths, referred to as “weeps”, have been derived from dual-continuum 

models of fracture flow. The required parameters include the geometric fracture spacing, an 

assumed width of each weep, and a scaling factor that accounts for reduced flow between fracture 

and matrix elements in dual-continuum models. The formulation provides a convenient means to 

determine discrete weep spacing and flow rates that are mathematically consistent with the dual- 

continuum model. Specific applications and examples related to seepage into drifts are also 

discussed. 

Introduction 

Movement of water through fractures plays an important role in performance assessments of 

the potential high-level nuclear waste repository at Yucca Mountain, Nevada. The magnitude and 

frequency of water flowing though individual fractures impacts predictions of the near-field 

environment and waste-package corrosion. However, to date, few models of discrete fracture 

flow at Yucca Mountain exist. Current models of fracture flow at Yucca Mountain include dual- 

continuum models (dual-permeability or dual-porosity) that treat the fractures and matrix as 

separate continua. Simulated flow in dual-continuum models is typically interpreted as occurring 

uniformly through each computational grid of the model. Another interpretation, which is 

presented in this paper, is that the continuum-based flow can be mapped into discrete fracture flow 

paths, or weeps, for each grid block. T’his method is mathematically consistent with the dual- 
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continuum model formulation, and it provides additional information about weep spacing that is 

required by near-field and waste-package modelers. The remainder of this paper presents a 

formulation to derive weep spacing, flow rate per weep, and seepage information from dual- 

continuum models for use in performance-assessment calculations. 

Theoretical Formulation 

Consider a grid block with dimensions L1, L2, and L3 as shown in Figure 1. The objective is 

to derive a uniform weep spacing, a (m), in the grid block assuming a specified geometric fracture 

spacing, D (m), and a specified dimensionality of a uniform fracture set (1-D, 2-D, or 3-D). For 

simplicity, a one-dimensional fracture set is pictured in Figure 1 , but the formulation can readily be 

extended to multiple dimensions. In a standard dual-continuum conceptual model, the total 

connection area, ADKM (m2), between fractures and matrix in a given primary grid block as shown 

in Figure 1 is assumed to be equal to the total surface area of all the fractures in the grid block: 

Number of matrix blocks per grid block 
A 

Fracture area per matrix block 

Equation 1 can be generalized for one-, two-, and three-dimensional uniform fracture sets if the 

right-hand side of Equation 1 is multiplied by n, where n is the dimensionality of the fracture set 

being considered (n = 1,2, or 3 for one-, two-, or three-dimensional fracture sets, respectively): 

For unsaturated flow, the actual wetted area between fractures and matrix is llkely to be less 

than the total surface area of the fractures due to heterogeneities at various scales that channel liquid 

flow. Typical dual-continuum models assume ubiquitous “sheet” flow in all the fractures, but the 

discrete approach proposed here assumes that the flow occurs in discrete weeps of width w (m) 
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and average uniform spacing a (Figure 1). The reduced wetted area between fractures and matrix, 

Aweep (m'), can then be expressed as follows for a given grid block: 

Number of weep blocks per grid block 

7 -  
Area per weep 

The reduced area can be accommodated in dual-continuum models through the use of a 

reduction factor,l*2 Xfm, defined as the ratio of the reduced weep area to the total geometric fracture 

area: 

A w e e p  x -- 
fm - A D , ,  

(4) 

Assuming that X f m  is prescribed in the dual-continuum model,' Equations 2 and 3 can be 

plugged into Equation 4 to determine the weep spacing, a, as a function of geometric fracture 

spacing, D, weep width, w, reduction factor, Xfm, and fracture set dimensionality, n: 

Equation 5 defines an equivalent discrete fracture spacing for flow (weep spacing) at any grid 

block in a dual-continuum model with a prescribed fracture-matrix reduction factor. The flow rate 

per weep, Q (m3/s), can be readily obtained by multiplying the continuum percolation flux ( d s )  by 

the area associated width each weep block (a2). 

It should be noted that the weep spacing defined in Equation 5 is an average spacing assuming 

uniformly spaced weeps. Because the actual weep spacing can be highly variable not only within a 

single fracture but also among multiple fractures, the average weep spacing can be a non-integer 

multiple of the geometric fracture spacing. In addition, Xfm in Equation 4 can be interpreted as the 

fracture saturation of the grid block depicted in Figure 1 if the fracture apertures are completely 

filled with water. However, the value of Xfm can be different from the actual fracture saturation 
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simulated in the dual-continuum models if the fractures are only partially filled or if fracture 

coatings exist. For example, if X f m  is less than the simulated saturation, we can conceive that the 

fractures are nearly filled, but only one surface of the fracture is wetted. Fracture coatings may 

also prevent some of the weeps from contributing to the available wetted fracture-matrix surface 

area, causing Xfm to be much smaller than the liquid saturation. On the other hand, if Xfm is greater 

than the simulated saturation, we can conceive that film flow occurs on both fracture surfaces, 

which yields a large wetted fracture surface area (and hence, large Xfm)  with only a small liquid 

saturation. 

Results and Discussion 

The fracture-matrix reduction factor, X f m ,  has been implemented in a dual-permeability model 

that is used to generate flow fields for performance-assessment calculations of the potential 

repository at Yucca Mountain.3 In the current base-case hydrologic property set, this factor is 

assumed to be a material-dependent constant and is determined via calibration studies3. Alternative 

property sets include fracture-matrix reduction factors that are dependent on the hydrologic state of 

the grid block being considered (e.g., Xfm - relative permeabi1ity)z. Table 1 gives the weep 

spacing for several units in the vicinity of the potential repository at Yucca Mountain associated 

with the base-case hydrologic property set assuming a one-dimensional fracture set (n = 1). Two 

bounding weep widths of 0.01 m and 1 m are used. Note that the weep spacing can be 

significantly greater than the geometric fracture spacing when the fracture-matrix reduction factor is 

small and the weep width is large. 

The information in Table 1 can be used to complement drift-scale models of seepage. The 

weep spacings given in Table 1 can be used to estimate the amount of water that contacts waste 

packages assuming negligible capillary-barrier resistance to water flow at the drift surface. The 

fraction of waste packages contacted by weeps, P, can be estimated as the ratio of the cross- 

sectional area of a waste package to the area associated with a weep block (a2). The amount of 
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water contacting each waste package can then be estimated using the flow rate per weep, Q, and the 

number of weeps contacting a waste package (0 or 1 if P e 1; and P if P > 1). 

Conclusions 

Discrete fracture flow paths (weeps) have been derived from dual-continuum flow models. 

The spacing of discrete weeps can readily be obtained from an assumed weep width and 

parameters used to define the dud-continuum fracture-matrix connections (see Equation 5). The 

derived weep spacing can be used to complement drift-scale models of seepage for waste-package 

and near-field analyses. 
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Table 1. Weep spacings for three stratigraphic units in the vicinity of the potential repository at 
Yucca Mountain using a reference hydrologic property set3. 

Geometric Weep Spacing, a (m) 
Unit Fracture Spacing, D (m) X f m  w=O.Olm w = l m  

tsw34 0.53 1 . 5 5 ~  5.8 58 
tsw35 0.55 7 . 7 6 ~  10-2 0.27 2.7 
tsw36 0.48 4 . 7 9 ~  10-5 10 100 
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Figure 1. Conceptual model of available wetted area between fractures and 
matrix in a computational grid block. 
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