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1 INTRODUCTION

In its report on the Technical Bases for Yucca Mountain Standards (National Research Council, 1995),
the National Academy of Sciences (NAS) concluded that ". . . it is not possible to make scientifically
supportable predictions of the probability that a repository's engineered barriers will be breached as a
result of human intrusion over a period of 10,000 years" (National Research Council, 1995 p. 108). As
a result of this conclusion, the NAS recommended that the new standard(s) for Yucca Mountain (YM)
not require that human intrusion be included directly in performance assessments of the proposed
repository, but instead require the ". . . [examination of] the site- and design-related aspects of repository
performance under an assumed intrusion scenario to inform a qualitative judgment. In this approach, the
objective would be to perform a consequences only analysis without attempting to determine an associated
probability for the analyzed scenario" (National Research Council, 1995 p. 111).

The NAS considered one borehole of a specified diameter drilled from the surface through the canister
of waste to the underlying aquifer believing this was ". . . the simplest scenario that provides a measure
of the ability of the repository to isolate waste and thereby protect the public health [and] is the most
appropriate scenario to use for this purpose" (National Research Council, 1995 p. 113).

The intention of this report is to provide background information and recommendations for identification
of the characteristics of a representative (e.g., most likely) borehole at YM and identification of the
important processes associated with hypothetical boreholes that are assumed to penetrate the repository
horizon. This report will also present an initial foundation for the necessary level of detail and identify
the phenomena to be considered in a consequence calculation for human intrusion.

2 CHOICE OF A REPRESENTATIVE BOREHOLE

In NUREG-1538 (Lee, 1996), preliminary calculations of a stylized human intrusion scenario were
conducted for two different types of boreholes: type 1-a borehole ceasing at the canister and type 2-a
borehole penetrating the proposed repository but missing a canister and continuing to the water table. In
the NAS report (National Research Council, 1995) a third type was considered in which the borehole
drilled through a waste package (WP) and continued to the water table (type 3). It is noted that since
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types 2 and 3 represent completed boreholes, it is reasonable to assume that water wells would be
constructed in them. Since the NAS also recommended that only one stylized human intrusion scenario
be considered (National Research Council, 1995), the authors recommend that a type 1 borehole be
assumed for the stylized human intrusion scenario. This choice is based on two reasons. First, the
possibility of a driller penetrating and traversing a canister with a several inches thick over pack of carbon
steel and an inner pack of alloy 825 steel, using today's drilling technology, is unlikely even after several
thousand years of corrosion had occurred1 [i.e., the driller would more likely abandon the borehole
(Driscoll, 1986)]. In fact, special tools and procedures are required for machining alloy 825 (Inco Alloys
International, 1988). Second, a type 1 borehole would seem to be the more conservative choice since it
would directly intercept the WP and would enhance the source term for the human intrusion scenario
from damage to the WP induced by the drill bit (Lee, 1996). The following sections discuss
characteristics of the type 1 borehole.

The major differences between an abandoned borehole (type 1) and a completed water well (types 2 and
3) are highlighted in Table 1 and illustrated in Figure 1.

Table 1. Listing of important differences between an abandoned borehole and a completed water
well

[ Characteristic I Abandoned Borehole ICompleted Water Well

Casing Partial or None Fully and Sealed

Geologic Barriers No Yes
"Short Circuited"

Backfilled Yes No
(with assumed poor construction)

2.1 DRILLING TECHNIQUES

To develop a human intrusion scenario that is defensible, the borehole drilling technique selected
for the scenario should be representative of current well drilling technology used in the YM area.
Incorporating current well drilling technology is consistent with assumptions recommended by the NAS
(National Research Council, 1995) for the subjects of the critical group and reference biosphere and limits
speculation. A survey of commonly used drilling techniques in water well construction and mineral
exploration in geologic media similar to that at YM was performed. Table 2 presents a list of drilling
techniques along with parameter values for water well construction. Similar information is presented in
Table 3 for drilling techniques used in mineral exploration.

IDr. Narasi Sridhar. 1996. Personal Communication
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Figure 1. Crosswsetivon of a typical water well Abstracted from Drscoll (1986)] (above) and an

abandoned borehole with poorly constructed backfill (below)
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Table 2. Commonly used drilling methods and typical parameter values for water well drilling in conditions similar to those
at YM

Rate of
Fluid Use Penetra- Relative Borehole

Drilling Total Rate tion in Cost Per Diametcr
Drilling Drilling Drilling Fluid Fluid Use in Thick Unit Range Depth

Type Subtype Fluids Additives in gal. galJmin Basalts Depth Type of Media in m (in.) inm

1 1 ~~~~~~none I consolidated 10.076 to 0.41 Ito 1,520
cable wtr (typically 'l w lw ow3__ _to 16) _ _

. ctaooll water tbailer lw i slow low 0.076 to 0.61

percussion operated unconsolidated (3 to24)1 o305

I ~_ IX _ _ _ _ I_ _ ___ _consolidated 0.076 to 0.41
down- water, >300 cfm N/A rapid low (3 to 1) t3

the-hole air foam, @ 125 psi (3 apdlw .7 to 24)1

hammer stiff-foam unconsolidated .(06 to 12) to 305

clays, consolidated 0.15 to 1.2 to300

polymers, 150 to 20 to low to (6 to 48) 3,0
water sugars, 12,000 1,000 slow moderate unconsolidated 0.15 to 1.2

sodium 6to4) to 305
carbonate(6t48

direct hard
rotary tni-cone consolidated

bit (granite, basalt, 0.10 to 0.20 1 5.2 to

water, eim lwt quartzite, etc.) (4 to 8)61
ar foam, >300 cfm N/A toeraidm moderte soft----

ar stiff-foam @ 125 psi torpd mdrt ot0.15 to 0.30 15.2 to
consiolidated (6 to 1 2) 305

(limestone,
sandstone, etc.)

b

b



Table 2 (cont'd). Commonly used drilling methods and typical parameter values for water well drilling in conditions similar
to those at YM

Rate of
Fluid Use Penetra- Relative Borehole

Drilling Total Rate tion in Cost per Diameter
Drilling Drilling Drilling Fluid Fluid Use in Thick Unit Range Depth

Type Subtype Fluids Additives in gal. galJmin Basalts Depth Type of Media in m (in.) in m

Clays ~~~~~~~~~~~~consolidated 03 o07 oa es
typically pclaymIs, > 3 times larger (typically roller 0.30 to 30.7 toatlestyrpiccaly water polymers, volume of than slow low to bit drilled) (12 to 30) 305

reverse bit sodium material direct moderate unconsolidated 0.51 to 1.5 15.2 to
fluid carbonate removed rotary (typically drab .1t15 152o

circulation bit drilled) (20 to 60) 305
typically wtr

down- watera >300 cfm N/ lw low to cosldtd<0.76 to at least
the-hole a ir ffoamtr, @ 125 psi N/Aslow moderate consolidated (< 30) 305
hammer stiff-foam

typically clays, consolidated 0.076 to 0.23 less thanl ~~typically olaymes, .( o9 2
tri-cone water sugars, low very low medium moderate ( to 9) 427dual-wall bit wtr sodumas ow vr

reverse sodiumunconsolidated 0.076 to 0.23 15.2 to
circulation carbonate (3 to 9) 305

rotary
typically water, >0 f

the-hole air foam, >300 cfp N/A medium moderate consolidated 0.076 to 0.23 les3sthan
hammer stiff-foam

0
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Table 3. Commonly used drilling methods and typical parameter values for mineral exploration
drilling in conditions similar to those at YM

Rate of
Penetration Relative

in Cost Per Borehole
Drilling Drilling Consolidated Unit Type of Diameter Depth

Type Fluids Materials Depth Media Range (in.) (m)

diamond 1.2 to 3
core water low high consolidated (typical) 3,000

continuous
coring water high moderate consolidated > 4 1,000

rotary same techniques as Table 2

Previous CNWRA reports have preliminarily concluded that mineral exploration and water well
construction at the proposed repository location are about equally probable (Miklas et al., 1992). The
borehole drilling technique that was selected for further study is direct rotary drilling using water as a
drilling fluid. This choice was made because: (i) direct rotary borehole drilling is a technique common
to both mineral exploration and water well construction and (ii) direct rotary drilling with water as a
drilling fluid appears to be the only water well drilling technique that is commonly used to construct wells
with depths to the water table expected at the proposed repository location (Figure 2). The assumption
that the borehole is being drilled to construct a water well is made because water wells are generally of
greater diameters than mineral exploration boreholes, and this was considered the more conservative
choice. Similar reasoning was used to choose water as a drilling fluid rather than air, even though air is
generally used in hard consolidated materials (Driscoll, 1986) at shallower (< 300 m) depths.

2.2 DRILLING FLUID ADDITIVES

Depending upon the specifics of the situation, certain drilling fluid additives may be used to
change fluid properties of water such as gel strength, viscosity, density, etc. These additives can range
from inorganics such as bentonite clays to organic polymers that increase fluid viscosity. To a lesser
extent sodium carbonate is used to control pH and water hardness, and sodium and calcium chlorides are
used to control fluid density. Table 4 presents a list of common fluid additives along with concentration
ranges when water is used as the drilling fluid. The drilling fluid additives may be important when
considering the effects of the borehole on repository performance.

Since decisions about selection and quantity of fluid additives are generally made during
construction of the borehole, it is not possible to reliably predict the amount and type of additive that
would be used at YM. If assessment results are sensitive to the amount and type of additive, then
sensitivity analyses should be conducted, but they are not part of this analysis.

Of the previously listed additives, perhaps the ones most important to repository performance
are sodium and calcium chlorides due to their effects on the protective oxide layer of the WP; and to a
lesser extent sodium carbonate due to its ability to affect the near-field pH and possibly enhance corrosion
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Figure 2. Plot of the depth to the water table (from the ground surface)
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Table 4. Commonly used fluid additives when water is used as the drilling fluid

,C.*,

Concentration range
Fluid Additive (lb/100 gal.)

clay (high grade bentonite) 15 to 45

natural polymers (polysaccharides) 4.0 to 6.5

starch 5 to 24

sodium carbonate (Na2CO3) 0.5 to 3

sodium chloride (NaCI) 50 to 300

calcium chloride (CaCl2) 100 to 550

of the Wp.2 In any case, performing an auxiliary analysis using the engineered barrier system module
EBSPAC (Mohanty, et al., 1996) to determine the effects of these additives on container lifetime would
not be difficulty3

2.3 BOREHOLE DIAMETER

Although larger diameter boreholes are sometimes possible, direct rotary drilled boreholes are
typically limited to a diameter of about 24 in. due to restrictions on pump capacity (Driscoll, 1986).3
It is, therefore, recommended that the borehole diameter for the stylized human intrusion scenario be
conservatively assumed to be 24 in.

2.4 CASING TECHNIQUES

An advantage of direct rotary drilling using water as a drilling fluid is that minimal casing is
required during drilling in hard consolidated materials (Driscoll, 1986). For the purposes of this study,
it was conservatively assumed that no casing is installed during drilling of the borehole, since the
borehole would presumably not be drilled to completion. This assumption is considered to be conservative
since a fully cased well would no doubt be capped or covered and would provide some protection from
water entering the borehole. Some supplementary information about discharge rates as a function of
casing diameter is presented in Appendix B.

2Dr. Narasi Sridhar. 1996. Personal Communication.

3Driscoll (1986) has pictures of direct rotary reamer bits as large as 48 in.
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2.5 BOREHOLE BACKFILLING PROCEDURES

Since the type 1 borehole would not be drilled to completion due to obstruction from the WP,
it is likely the borehole would be backfilled prior to abandonment. The NAS recommended that one
"...assume sloppy practice, such as not plugging the hole carefully when abandoning it, after which
natural processes would gradually modify the hole" (National Research Council, 1995, p. 112). This
assumption would presumably lead to streaming pathways for the water to move directly down the hole
and settle into or on top of the WP.

2.6 CONCLUSIONS AND RECOMMENDATIONS FOR A REPRESENTATIVE
BOREHOLE

It is recommended that the representative borehole for the stylized human intrusion calculation
be a direct rotary bored hole with a diameter of 24 in. using water as a drilling fluid and extending from
the ground surface to the surface of the WP. This hole should have no casing and be backfilled with
surface media with no special attention to plugging. The lack of plugging could lead to the formation of
streaming (i.e., low resistance flow) pathways. Although no specific recommendation about the type of
fluid additives has been made, commonly used fluid additives were listed. Examining the effect of specific
fluid additives on this scenario is left for future analyses.

3 IDENTIFICATION OF IMPORTANT PROCESSES
ASSOCIATED WITH TIE BOREHOLE

The processes important to repository performance that were considered in this study are described in this
section in order of decreasing importance based on the author's judgment.

3.1 SURFACE RUNOFF POTENTIAL

Preliminary consequence calculations for a borehole drilled into the proposed repository horizon
(Lee, 1996) found that perhaps the most important associated process affecting the repository was surface
runoff entering the borehole. In NUREG-1538 (Lee, 1996), catchment areas of 0.0182 (corresponding
to the cross sectional area of a 6-in. diameter borehole), 1, and 10 m2 were assumed. The catchment area
is defined as the area from which the borehole would receive 100 percent of rainfall runoff. By
multiplying the catchment area by the annual rainfall, the volume of water entering the borehole annually
is determined. The following sections describe rudimentary runoff calculations that were conducted to
assess the validity of the catchment areas assumed in NUREG-1538.

3.1.1 Methods

The surface runoff calculations were performed by first selecting a borehole location.
Incremental areas surrounding the borehole location were then investigated to see which of these
incremental areas should be included in the catchment area. These investigations were performed by
starting water particles with zero momentum and kinetic energy at the center of the incremental area and
then determining if the gravitational gradient causes the particle path to intersect the borehole. Two
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examples of such particle paths are provided in Figure 3. The incremental area represented by point 1
would be included in the catchment area of the hole because the particle whose path begins at the center
of this incremental area intersects the borehole edge. Conversely, the incremental area represented by
point 2 would not be included because the particle whose path begins at the center of this incremental area
does not intersect the borehole outline.

To make these runoff calculations more manageable for this activity, a number of simplifying
assumptions were made. Two are listed:

* Water particles experience only gravitational forces in their travel down gradient (i.e.
frictional forces and momentum transfer between other, simultaneously moving particles are
not considered).

* No particles are lost by infiltration to the earthen materials during their travel down gradient.
This assumption is made to decouple the flow system from storm characteristics. The effect
of the infiltration of earthen materials on the catchment area is explained in the following
paragraph.

It is noted that for large catchment areas, infiltration and surface detention (ponding) will
decrease the amount of precipitation reaching the borehole. Hence, the inflow to the waste container is
likely to be far less than the average annual precipitation multiplied by the catchment area. Recent
investigations at the Center for Nuclear Waste Regulatory Analyses (CNWRA) determined that one-half
inch is the minimum storm depth required to produce runoff.4 Thus, for a given storm period, only the
depth in excess of one-half inch would contribute to the annual amount of water reaching the borehole.
A storm period is defined in these analyses as a duration of time in which storms occur in consecutive
days. For example, if two storms of one-half inch depth occur on consecutive days, then this would be
considered one storm event of one inch total depth. Using storm period depths instead of individual storm
depths supports the fact that recent storms have the ability to saturate the ground surface, allowing the
current storm to produce runoff. Using rainfall data for the Nevada Test Site (NTS) (National Climatic
Data Center, 1994), it was determined that 32 percent of the annual rainfall (6.4 in./yr) occurs in storm
periods with a rainfall depth greater than one-half inch. In these analyses, a multiplicative factor, A =
0.32, is applied to the catchment area to account for infiltration. This effect could be more rigorously
accounted for by determining the maximum distance that runoff is able to travel at the site and limiting
the catchment area by not incorporating incremental areas from a greater distance. However, that effort
is beyond the scope of these analyses. No similar analyses to account for the effects of ponding have been
conducted in this study.

Gravitational gradients were determined by linear interpolation between the elevations at defined
mesh points. Figure 4 describes how the gravitational gradients were calculated at the various (x,y)
locations. In this study, elevation data on a 30 m grid spacing from the USGeoData (USGS, 1990)
database were used. Figure 5 presents the elevation contours developed using this database, along with
the outline of the repository as developed using the program SPYGLASS TRANSFORM (Spyglass Inc.,
1993).

Gravitational accelerations in the x and y directions were calculated according to Eqs. (1)
and (2)

4 Dr. Stuart Stothoff, 1996. Personal Communication.
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Figure 3. Particle paths for particles starting in two different incremental areas. The particle path

starting in the area centered at x=547,90 5 .6 y=4,078,588.6 intersects the borehole (point 1) while

the particle starting in the area centered at x=547,900.0 y=4 ,0 7 7 ,3 0 0 .0 misses the borehole
(point 2). The borehole is located at x=548,000.0 y=4,078,000.0.
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Figure 5. Topography of YM with repository area shown in black. Coordinates are Universal
Transverse Mercator coordinates in meters.
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dh(x,y)
ax

a [Xr(t),yP(t)] =

aY[sp(t),YP(t)1 =

(1)

1 +
xP(t),y=YP(t)

(2)

1 +
;=Yp(t)

where:
xp(t) = the particle position in the x-direction as a function of time
yp(t) = the particle position in the y-direction as a function of time.

Derivations of Eqs. (1) and (2) are provided in Appendix A. For these analyses, only the
projection of the particle movements in the x-y plane is important for determining whether or not the
particle paths intersect the borehole. The following equations show how the position and velocities of the
particles as a function of time were determined:

V4XP(t + A t), YP(t + A t)] = VAXp(t),Yp(t)1 +
dv~xp(t),yt)] BAt +

dt

1 d2Vyxp(t),yA(t)] At2
+...

2 dt2

�M V�XP(O' YP(t)]

= V4XP(t)' YP(I)1

dv xP(t),yp(t) A t
dt

+ a4XP(t),yP(t)] At

(3)

vx-(t+ +At),yp(t+ At)] + dvix(t),yp(t)] At +
dt

1 d2 vfxp (t),yp(t)] At2 +...

2 dt2

a Vyx (t),y (t)] +

= V[Xp(t),yp(t)] +

dv,{xP(t),yp(t)] At

alxp(t)yp(t)] At

(4)
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xp(t + At)
dx (t)

= xp(t) + Pt
dt

At + 1
2

d xp(t) At2 +
dt2

dx (t)
xp(t) + p At +

dt
1
2

d xp(t) At 2

dt 2

(5)

= Xp(t) + Vfxp(t),yp(t)] * At + I a-xp(t),yp(t)] - At2
2a[x()y() At

yp(t + At) = y (t) + dyp(t) at +
dt A

y (t) + dyp(t) At +
dt

= YP(t + v~fxPWY(q)y()

1 d2 yp(t At2 + .-.2

dt2

1 d 2yP(t) At 2

2 dt2

* At + 2 aixp(t),yp(t)] - At2

(6)

where

V(t) =

vY(t) =

the x-component of the particle velocity

the y-component of the particle velocity.

3.1.2 Results

The dots inside the repository outline in Figure 5 represent the borehole locations that were

investigated in this study. At each location, borehole diameters of 6 and 24 in. were investigated to be
consistent with previous work (Lee, 1996) and all incremental areas at an increased elevation (compared
to the borehole) were evaluated. Figure 6 shows the difference in catchment area between a 6 and 24 in.
borehole located at x=548,000 m and y=4,078,500 m. Each dot in Figure 6 represents an incremental
area where the path of a particle starting at the center of that incremental area intersects the borehole.
Consequently, the number of dots shown in Figure 6 is directly proportional to the size of the catchment
area. Table 5 presents the catchment area and the infiltration adjusted catchment area as a function of
borehole location and diameter for all investigated locations. The infiltration adjusted catchment area is
defined by Eq. (5)

AC = C AC (7)
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Figure 6. Comparison of the catchment areas for 6 (above) and 24 (below) in. diameter boreholes

located at x-548,000 m and y=4,078,500 m2 .The capture area for the 6 in. borehole is 35 m 2.The

capture area for the 24 in. borehole is 435 m 2.
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Table 5. The catchment area as a function of position and borehole size

Infiltration
Infiltration Adjusted
Adjusted Catchment

Catchlnent Catchment Catchment Area (M2)
x y Area (M2) Area (M2) Area (M2) (24"

(m-UTM) (m-UTM) (6" Borehole) (6" borehole) (24" Borehole) Borehole)

547,500 4,076,500 26 8 156 50

4,077,000 6 2 13 4

4,077,500 4 1 20 6

4,078,000 13 4 79 25

4,078,500 27 9 133 43

548,000 4,076,500 8 3 42 13

4,077,000 4 1 18 6

4,077,500 15 5 238 76

4,078,000 2 0.6 22 7

4,078,500 35 11 435 139

4,079,000 2 0.6 26 8

548,500 4,077,000 29 9 423 138

4,077,500 2 0.6 36 12

4,078,000 2 0.6 28 9

4,078,500 0.2 0.08 2 0.6

4,079,000 1 0.3 14 4

4,079,500 1 0.3 12 4

549,000 4,077,500 7 2 117 37

4,078,000 4 1 57 18

4,078,500 3 1 37 12

4,079,000 10 3 153 49

549,500 4,078,000 6 2 83 27

4,078,500 0.04 0.03 2 0.6
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where

AC = the infiltration adjusted catchment area

AC = the catchment area

A = the adjustment factor.

Alternatively, one could think of the adjustment factor A as a multiplicative factor that
represents the percentage of water falling on an incremental area that will reach the borehole. Results
shown in Table 5 indicate that the size of the infiltration adjusted catchment area for a 24 in. diameter
borehole is about one order of magnitude larger than for a 6 in. diameter borehole. These results also
indicate that the infiltration adjusted catchment areas for 6 and 24 in. boreholes in Table 5 appear to be
reasonably fit by a log-normal distribution. This information may be valuable for performance
assessments using this scenario.

Experimental estimates for the log-mean and log-standard deviation for the infiltration adjusted
catchment areas associated with these borehole diameters are calculated using Eqs. (8) and (9)

X -- 1 N (8)
11 -zExi

Ni=

o2 s2 _1 N(Xi - X4 2

where

[ = the mean of the sample

x = the experimental estimate of the mean
N = the number of observations
Xi = the common logarithm of the i-th observation

a2 = the variance of the sample about A

S2 = the experimental estimate of the variance.

The experimental estimates for the statistical parameters for the two borehole sizes assumed in
this study are presented in Table 6.

3.1.3 Conclusions About the Catchment Area

Results of investigations described in this section indicate that the catchment area, and
subsequently the infiltration adjusted catchment area, are lognormally distributed parameters. The
maximum infiltration adjusted catchment areas for the 6 and 24 in. borehole diameters are 11 and 139
m2 respectively. The 6 in. borehole diameter was investigated for comparison with earlier work
(Lee, 1996). It was found that the 10 m2 infiltration adjusted catchment area assumed in (Lee, 1996) was
reasonable. It is recommended that the infiltration adjusted catchment area be a lognormally distributed
parameter with a mean and standard deviation as stated in this section.

18
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Table 6. Experimental estimates for log-mean and log-standard deviation of the infiltration
adjusted catchment area for a 6 and 24 in. diameter boreholes.

|1 6 inch diameter borehole | 24 inch diameter borehole

log-mean estimate (m2) 0.17 0.52

log-standard deviation
estimate (m2) 0.07 0.16

3.2 CORROSIVE EFFECTS OF FLUID ADDITIVES

As noted earlier, a few of the drilling fluid additives (sodium chloride, calcium chloride, and
to a lesser extent sodium carbonate) have the ability to affect the near-field pH of the repository
environment. For example, assuming that 10,000 gal. of drilling fluid are lost when the borehole
penetrates the repository horizon, and that the fluid has a sodium chloride concentration of 150
lb/100 gal., is equivalent to assuming that 15,000 lb of sodium chloride are introduced into the
repository. This could affect repository performance due to enhanced corrosion depending upon the area
of dispersal.

The TPA code EBSPAC module uses tabular input for the near-field chloride concentration to
calculate corrosion rates. This means that an auxiliary analysis to calculate WP failure rates using the
EBSPAC module should be relatively simple to perform for stylized human intrusion scenario once the
module has been completed.

3.3 THERMOHYDROLOGIC EFFECTS

There are at least two additional aspects that could be considered for this process: the borehole
acting as a return pipe, (i.e., a conduit for the return of condensed steam generated by decay heat from
the WPs,-a detrimental effect) and the borehole acting as a ventilating heat pipe, (i.e., a conduit for
removal of water vapor-a beneficial effect).

Discussions at the CNWRA5 concluded that the effects of introduction of drilling fluids would
far outweigh the effects of condensate return on repository performance for this scenario. These same
discussions also concluded that heat pipe effects of the borehole would be minimal, especially if the
borehole is backfilled. Nonetheless, the option of exploring the heat pipe effect could be left open to the
repository licensee.

5Dr. Randall Manteufel. 1996. Personal Communication.
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3.3.1 Matrix Imbibition for Water Flowing Down the Borehole

The significance of this process in a stylized human intrusion consequence calculation must be
separately considered for two cases: a borehole with no backfill and a borehole with backfill.

For a borehole with no backfill, accurately characterizing the imbibition of water into the rock
matrix would be a difficult task. Two processes making an accurate assessment of this process difficult
are the formation of coatings on the borehole surface from drilling fluids and runoff over time, and
accurate characterization of the flow of water down the borehole given uncertainties in rock structure and
borehole geometry (e.g., the angle of the borehole with respect to vertical). Considering that water would
probably move down the borehole at a high velocity, it is unlikely this process would be of much
importance for this case.

For the case of a borehole with backfill, characterizing the imbibition of water into the rock
matrix may also prove difficult. However, the process would be of greater importance since the backfill
would serve to decrease the velocity of the water. Perhaps the presence of streaming pathways and
borehole coatings deposited in the drilling process would also limit the importance of imbibition for this
case. In any case, this process would likely produce a beneficial effect, since it would limit the amount
of water reaching the WP.

3.4 OTHER PROCESSES THAT MAY BE IMPORTANT

During the conduct of this study, several other processes were identified for which insufficient
information was available. These processes include (i) damage to the WP by the drill bit, (ii) the
introduction of chelating agents by the drilling fluid, (iii) a borehole intersecting and re-directing fracture
flow, (iv) creation of preferential pathways for gas migration to the surface, (v) degradation of the
borehole with time, and (vi) the effects of the drilling apron.

Due to the limited scope of this study, independent investigation of each of these processes was
not possible. These other processes are mentioned to help define future investigations.

4 CONCLUSIONS

This report summarizes investigations that were conducted to provide background information for
choosing a stylized human intrusion scenario to test repository performance as recommended by NAS
(National Research Council, 1995).

It is recommended that the characteristic borehole be a direct rotary drilled borehole having the following
characteristics

- 24 in. diameter
- loosely backfilled with earthen materials
- termination at the WP
- not cased.
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This report also summarizes rudimentary calculations performed to determine the amount of
water that would contact the borehole from overland flow. These calculations conservatively estimated
that the infiltration adjusted catchment areas (the area from which rainfall could be caught) range from
the cross sectional area of the borehole to 139 m2 for a 24 in. diameter borehole and to 11 m2 for a 6 in.
diameter borehole. Other calculations account for recharge of earthen materials during overland flow
indicated the infiltration adjusted catchment area should be a factor of 0.32 times the catchment area as
defined in these analyses.

To a lesser extent, other processes that may affect repository performance are discussed. Preliminary
judgments are made about the importance of each of the processes on repository performance under an
assumed human intrusion scenario.
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APPENDIX A -DERIVATIONS OF EQUATIONS (1) AND (2)

Figure A-1 describes how Eqs. (1) and (2) were derived. The x projection of the particle acceleration is
shown in Figure A-1 to be

ax [x,(t),y,(t)] = - g sin (0) cos (e) (A-1)

where

sin (@) ah
Oh2 + Ox2

cOs (e) a Ox
Oah 2 + Ox2

Substitution of the above expressions for sin e and cos e into Eq. (A-1) yields

ah(x,y)

aX [Xp(t),Yp(t)] = -g ah2 + -2g a( (A-2)

Ox .lXsXp(t),y=yp(t)

Similarly

ah(xy)

ay [XP(t),yP(t)] = -g r (A-3)

1 +

A-1
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Figure A-1. A diagram describing the derivations of eqs. (1) and (2)
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APPENDIX B-SUPPLEMENTAL DATA

This appendix presents supplementary information that may be important for determining the
consequences of the stylized human intrusion scenario described in this report.

Table B-1. Maximum discharge rates for certain diameters of standard-weight casing. Based on an
uphole velocity of 5 ft/sec (Driscoll, 1986)

Casing Size (Inside Diameter Measured in Maximum Discharge Rate (gpm)
in.)

4 200

5 310

6 450

8 780

10 1,230

12 1,760

14 2,150

16 2,850

18 3,640

20 4,540

24 6,620


