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POSSIBLE EFFECTS OF SURFACE AND UNDERGROUND
MINING PROXIMAL TO A CLOSED HIGH-LEVEL RADIOACTIVE WASTE
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PURPOSE

The Bureau of Mines (BOM) was directed by the Nuclear Regulatory Commission
(NRC) in Work Directive 027, Task Order 002 under Interagency Agreement NRC-
02-85-004, to identify those possible future mining-related activities that
could have potential adverse impacts on the closed high-level radioactive
waste repository at the Yucca Mountain site. The area of consideration for
such scenarios includes the possible effects of such activities on the
underground facility, the high-level waste containers, shafts, drifts,
boreholes, and the seals of the shafts, drifts, and boreholes. Further, the
area of scenario consideration is restricted to the region lying beyond the
controlled area boundary.

INTRODUCTION

The proposed high-level radioactive waste (HLW) site is located on Yucca
Mountain in southern Nye County, NV about 100 miles (mi) northwest of Las
Vegas (Figure 1). The region is characterized by elongate north to northwest-
trending mountain ranges separated by sediment-filled structural basins.
Yucca Mountain is an irregularly-shaped volcanic upland with elevations of
about 4,920 to 6,330 feet (ft) at the crest and about 2,130 ft of relief.

The mountain is composed of eastward-dipping volcanic and volcaniclastic
strata broken into en echelon fault blocks (1. p. A-2) 1/.

The potential for metallic and nonmetallic resources on Yucca Mountain is
considered low (1, pp. 1-283 through 1-304). However, several producing and
developing mines are located west of the site in the Bare Mountain (Fluorine)
and Bullfrog (Rhyolite) mining districts (Figure 1) (2, 3). Other mineralized
areas or areas of potential mineralization east of Yucca Mountain include
Wahmonie and Mine Mountain mining districts and the Calico Hills (Figure 1)
(2, 3).

I/Underlined numbers in parentheses refer to items in the list of references.
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Modified after Castor et al (2)

o 5 MILES

o 10 KILOMETERS

FIGURE 1.- Location map-proposed radioactive waste repository at Yucca Mtn
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POSSIBLE EFFECTS OF MINING PROXIMAL TO THE PROPOSED CLOSED HLW SITE

As stated above, the area of consideration is restricted to the region lying
beyond the controlled area boundary (Figure 2). And, as can be seen in Figure
2, the minimum distance from the controlled area boundary to the perimeter
drift is about 1.25 mi.

For purposes of this evaluation, it will be assumed that mining-related
activities will occur along the western margin of the controlled area on or
just south of the Nellis Air Force Range (NAFR) boundary. To identify those
mining-related activities that may affect repository performance it was
necessary to make a number of assumptions which include:

1. The minimum distance from mining operations to the perimeter drift will be
no less than 1.25 mi (Figure 2) (4, p. 8.4.2-41).

2. The repository will be located at least 657 ft below ground level (1, P.
A-13) and at least 657 above the static water level (5, p. 6-3).

3. The mine will be at a surface elevation of 4,040 feet above sea level.

4. The potentiometric surface (water table) is at an elevation of 2,953 feet
above sea level.

5. Repository horizon will be in the Topopah Spring member of the Paintbrush
Tuff (1, p. A-2).

6. The values for peak ground accelerations (earthquake) at the surface used
in the conceptual design will remain no less than the 0.40 g Z/ horizontal and
0.27 g vertical as reported by the Department of Energy (DOE) (5, p. 6-26, 6-
71).

7. The at-surface values for peak ground accelerations (underground nuclear
testing) used in the conceptual design will remain no less than the 0.15 g
horizontal and 0.18 g vertical as reported by DOE (5, P. 6-71).

Based on the above assumptions, six scenarios in which mining-related
activities may affect a decommissioned (closed and sealed) repository have
been identified. These include:

A--Effects of airblasts associated with blasting at a surface mine.

B--Effects of surface or underground mining on the local groundwater system;

C--Seismic effects of drilling and blasting during the exploration,
development, and operational phases of a surface mine;

Z/acceleration of gravity; 32.2 ft/sec2.
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D--Seismic effects of drilling and blasting during the exploration,
development, and operational phases of an underground mine;

E--In situ mining; and

F--Mining using nuclear explosives.

Scenario A--Effects of Airblast

Scenario A was subsequently dropped from further consideration as airblasts
from mining operations west of Yucca Mountain would be effectively blocked by
the mountain crest and consequently could not affect the deeply-buried closed
repository. Airblasts from the north, east, or south would be largely
attenuated by distance.

Scenario B--Effects on the Local Ground Water System -

Scott and Bonk (6, sheet 2) suggest that the static ground water level beneath
Yucca crest is about 2,130 ft below the surface; the repository horizon will
be 657 to 1,310 ft above the water level (5, p. 6-3).

Underground Mining

The carbonate-hosted-gold-silver deposit model presented in Raney and Wetzel
(Z, pp. 118-124) was used to develop the underground portion of Scenario B.
The model assumes room-and-pillar mining methods to extract hypothetical gold-
silver resources in underlying Paleozoic rocks at a depth greater than 4,000
ft.

Since the hypothetical mine would operate at depths below the water table, it
is possible that a temporary (over the life of the mine--about 20 years)
lowering of the local groundwater level would occur as the mine is dewatered.
Dewatering would have no affect on waste isolation. On closure of the mine
and cessation of dewatering activities, the water table would rise to its
former level.

Surface Mining

A medium-scale surface mine (12,000 tons per day (t/d), 260 d/yr--see "Worst-
case scenario, variation 1, below) would be located at 4,040 ft elevation and
extend downward 924 ft to a maximum depth of 3,116 ft. In the area of the
hypothetical mine, the ground water table is a minimum of 2,560 ft and a
maximum of 2,953 ft (6, sheet 1) above sea level. Using the conservative
upper bound of 2,953 ft, the pit floor would be about 163 ft above the water
table and have no impact on water levels.

Conclusion

Neither surface nor underground mining operations would have any effect on
ground water levels that may adversely affect a repository.
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Scenario C--Seismic Effects of Drilling and Blasting
(surface operations)

Low frequency (< 40 Hz) ground vibrations over a relatively long duration--
30-40 seconds, as during an earthquake--have the greatest damage potential
because of the high levels of strain that are transmitted to structures.
Surface mining blasts have the potential of producing low frequency
vibrations, however, the duration of vibrations is typically measured in
hundredths of a millisecond (ms). A worst-case scenario would include a
combination of large blasts (5,550 lb or more of explosives) and a continuous
thick soil or sedimentary rock overburden from the mining area to the
repository site which would enhance long-range wave propagation. Such a
combination has the greatest possibility of creating damage to surface
structures. Surface waves carry the greatest potential for damage; vibrations
at depth have considerably less potential, at least two orders of magnitude
(8). For purposes of this evaluation, a worst-case scenario (and variations)
is assumed; large undelayed blasts with low-frequency wave propagation.

Worst-Case Scenario. Variation 1 (8)

A hypothetical medium-scale conical open-pit gold/silver mine is in operation
just west of the controlled area boundary (about 1.25 mi from the perimeter
drift) (Figure 2). The mine operates 3 shifts/d, 260 d/yr in which 3,500 t of
ore and 8,750 t of waste are mined for a daily total of 12,250 t. Blasting
occurs once a day. Mine life is assumed to be 20 years. The assumed ultimate
dimensions of the conical pit are: radius--924 ft, depth--924 ft, pit slope-
-45 degrees; other engineering assumptions include (5, Table 2-9, p. 2-65):

1. Rock density--2.5 g/cm3;
2. Young's Modulus--40.0 GPa;
3. Poisson's ratio--0.24;
4. Unconfined compressive strength--240 MPa or 34,800 psi;
5. Tensile strength--17.9 MPa or 2,600 psi;
6. Angle of internal friction--44.7 degrees;
7. Cohesion--51 MPa.

Charge weights per delay or blast are one of the most important parameters for
determining ground vibrations. In mine blasting operations, every effort is
made to utilize as much of the explosive force as possible to break the ore
and waste into manageable fragments. Moreover, good blasting management
practices and basic mining economics require setting charges in those
configurations, depths, and delays that result in minimum energy loss to the
environment.
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For this variation the following is assumed: 12,250 t of ore and waste
(combined) are mined daily, the powder factor is 0.45 lb of explosive per ton
of material (5,550 lb total), and all blasting is done at once, without the
use of millisecond delays i/. Using the equations set forth in Siskind, et al
(9, p. 14), the following ground vibration velocities for three planar vectors
have been calculated using a charge weight of 5,500 lb and a distance of 6,600
ft A/:

Radial
Vertical
Transverse

0.00125 in/sec
0.00071 in/sec
0.00006 in/sec

Using assumed frequencies ranging from 2.5 to 40 cps,
above, and the equations provided by Siskind, et al (
accelerations and displacements have been calculated:

the velocities shown
9, p. 5), the following

Freauency 2.5 Hz 40 Hz

Acceleration 0.01963 in/sec2

(or)
0.00164 ft/sec2

(or)
0.005 g

0.31460 in/sec2

(or)
0.02618 ft/sec 2

(or)
0.0008 g

0.00000497 inDisplacement 0.00008 in

2/In an actual practice, overburden and waste blasting are separate activities
from ore production blasting, therefore, there would be a minimum of 2
separate blasts per day. Each of these blasts would have a minimum of 4
delays per blast, therefore ground vibrations from an actual operation would
be decreased, theoretically, by a factor of 8.
A/Approximately 1.25 mi, the distance from the perimeter drift to the
controlled area boundary.
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Worst-Case Scenario. Variation 2 (8)

This variation of the worst-case scenario uses the same parameters and
assumptions used in variation 1 except that the procedure of 'campaign
blasting" is followed. In this procedure, blasting takes place once per week
instead of daily. This single blast requires 38,500 lb of explosives (5,500
lb/d x 7 days) to fracture enough ore and waste for an entire week's
production. The velocities calculated for campaign blasting are as follows:

Radial 0.0125 in/sec
Vertical 0.0081 in/sec
Transverse 0.0012 in/sec

Again, using assumed frequencies ranging from 2.5 to 40 Hz, the velocities
shown above, and the equations provided by Siskind, et al (9, p. 5), the
following accelerations and displacements have been calculated:

Freguency 2.5 Hz 40 Hz

Acceleration 0.1963 in/sec2 3.142 in/sec2

(or) (or)
0.01636 ft/sec2 0.2618 ft/sec2

(or) (or)
0.0508 g 0.00813 g

Displacement 0.0008 in 0.00005 in

The conceptual design of the repository includes provisions for the facility
to withstand earthquake-generated accelerations of 0.4 g (horizontal) and 0.27
g (vertical) (5, P. 6-26, 6-71) at the surface and blast-induced (underground
nuclear testing) accelerations of 0.15 g horizontal and 0.18 g vertical (5, p.
6-26, 6-71). The amount of explosives required to generate 0.4 g in a single
blast at a distance of 6,600 ft at 2.5 Hz and 40 Hz are given below (8):

2.5 Hz--10,689,425 lb or 5.345 t
40 HZ--1,029,958 lb or 515 t

Blasts of this magnitude are highly unlikely to be employed in mining
operations.

A comparison of the repository design acceleration values to those calculated
for the worst-case scenarios suggests that mine blasting would have no effect
on the repository.
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Conclusion

Seismic waves generated by blasting are typically very much lower in
acceleration, are of a relatively higher frequency, and of a very much shorter
duration than earthquake-generated waves. Further, most of the energy from
blasting would be attenuated by the numerous faults and breccia zones mapped
by Scott and Bonk (6, sheets 1 and 2) that occur between the hypothetical mine
and the repository (8). Depth of burial of the repository would result in
additional attenuation of wave energy.

Surface mining operations on the western margin of the controlled area should
have little or no effect on the post-closure performance of a HLW repository
at Yucca Mountain. This conclusion is in consideration of day-to-day
operations as well as the cumulative effects of blasting over an assumed mine
life (20 years).

Scenarto D--Seismic Effects of Drilling and Blasting
(underground operations)

Typically, blasting operations in underground mines are of a much smaller
scale (an order of magnitude or greater) than those of a surface operation.
Blasting in an underground mine of a magnitude that could conceivably affect a
closed repository would have disastrous effects on the mine itself.
Underground mining operations would have no effects on a closed repository.
In view of this, Scenario D was subsequently dropped from further
consideration.

Scenario E--In Situ Mining

In situ mining, also referred to as solution mining, involves the introduction
and circulation of a solvent (water, steam, acid, etc.) through an ore body to
dissolve a particular mineral or minerals. The pregnant (mineral-bearing)
solution is then pumped or flows by gravity from the ore body to a processing
plant for recovery of the mineral values. The method is most applicable to
bedded deposits and has been used to recover salt, potash, trona, and uranium,
among others (10, 11). The Bureau of Mines' Twin Cities Research Center is
currently experimenting with a procedure wherein copper in undisturbed
deposits is "mined" by the injection of dilute sulfuric acid (using "injection
wells") and the recovery of the pregnant copper-bearing solution (using
*recovery wells"). No references or case histories have been located in which
cyanide has been used for gold/silver recovery in an in situ mining operation.

In a related procedure (the Frasch process), superheated water is forced into
a sulfur deposit to melt the sulfur; the molten sulfur is then pumped (or
expelled with compressed air) to the surface. The process is extensively used
in Texas and Louisiana (12).

In situ mining, to be successful, requires a permeable, preferably bedded ore
body and (preferably) impermeable enclosing rocks. Often impermeable ore can
be blasted to provide fractures or conduits for circulation of the solvent.
But without some means of containing it, the solvent may be lost to
surrounding rocks or to the ground water system.
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The carbonate-hosted-gold-silver deposit model presented in the underground
portion of Scenario B was used in the consideration of in situ mining proximal
to the proposed repository site.

It was determined that the in situ method would probably never be utilized to
recover gold/silver resources proximal to the proposed repository site. The
determination was based on the following points:

1. Environmental problems and permitting. As of this writing, cyanide is the
most widely-used solvent for the dissolution of gold and silver in a surface
leaching process such as heap, vat or afitation leach V/. In any solution
mining operation, a portion of the solvent is inevitably lost to the
surrounding rocks or remains in the ore body. The solution may eventually
reach the ground water system and cause environmental problems.

At depth, in a presumed environment of-low available oxygen, cyanide is much
longer lived than at the surface. Neutralization-of the remanent cyanide (as
is normally required by the permitting agencies) would be very difficult or
impossible to achieve.

2. Technical/economic problems. The efficacy of cyanide as a gold/silver
solvent is retarded in environments of low available oxygen (8). When used in
a heap, vat, or agitation leach operation on the surface, oxygen is available
in atmospheric amounts and the cyanide/gold/silver reaction goes forward. At
depth (greater than 4,000 ft in the hypothetical case), however, available
oxygen diminishes thus retarding or halting the reaction.

In conventional heap, vat, or agitation cyanide leach operations, the ore must
be crushed to a size that allows maximum cyanide/ore contact to achieve an
optimum recovery. In considering the hypothetical gold/silver deposit for in
situ leach, the ore must be fragmented to provide conduits for the solvent.
Fragmentation is generally achieved by two means: blasting or
hydrofracturing.

Drilling to provide the many access holes for explosive fragmentation or for
hydrofracturing must not only penetrate more than 4,000 ft of overlying
volcanics but also penetrate the carbonate unit to depths such that
fragmentation will be efficacious. The high cost of drilling and the costs
involved with the large amounts of explosives required to fragment the ore may
act to exclude in situ methods from consideration solely on economic grounds.

§/The Bureau of Mines is currently experimenting with less toxic solvents that
may replace cyanide use in the future.
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Conclusion

In situ recovery of gold/silver from an ore body at depth is without
precedent. Many technical problems must be overcome before this mining method
can be effectively applied to this type of deposit.

In the unlikely event that in situ mining were to occur in the sub-volcanic
carbonate units proximal to a repository at Yucca Mountain, the operation
would be at depths greater than 4,000 ft, far below the emplacement horizon,
and would have no effects on a closed repository.

Scenario F--Mining Using Nuclear Explosives

The use of nuclear explosives has long been considered in the exploitation of
low-grade deposits that cannot be mined by conventional methods (10, p. 194,
11, pp. 21-96 through 21-106, 13, pp. 56-75). Proposals for both surface and
underground utilization of nuclear devices have been considered. However, a
literature research has failed to locate any references in which nuclear
explosives have actually been employed in either surface or underground
mining. Stout (10, p. 194) states, 'Plans have been made to detonate an
atomic bomb at the bottom of the ore body to melt and fracture the ore body so
in situ leaching can be done." He further states, "It is believed that there
will be sufficient fragmentation for good recovery by solvent mining."

The concepts of "rubble chimney" mining, in situ leaching following nuclear
fragmentation, and nuclear-induced block caving are discussed at length in
Given (11, ch. 21.8.2, p. 21-76; pp. 21-86 through 87; pp. 21-96 through 21-
106).

Conclusion

The likelihood of the use of nuclear explosives in a mining venture proximal
to the proposed repository site is extremely small. This conclusion is based
on the following points:

1. Given the types and sizes of ore deposits that may occur proximal to the
proposed repository (as presented by Raney and Wetzel, 7), none would require
the explosive force of a nuclear device; exploitation could be effected with
conventional explosives.

2. There is no precedent for the use of nuclear explosives in the United
States by any entity other than the Federal government.

3. The technology pertaining to nuclear mining has yet to be fully developed.

4. Problems associated with possible radioactive contamination of ground
water would almost certainly preclude the issuance of a permit (if such a
permit were available) by agencies with environmental management
responsibilities.

Speculation on the effects that nuclear mining may have on a closed repository
is risky at best. However, a few general observations can be made.
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A closed repository could be affected in the unlikely event of the employment
of nuclear explosives in mining proximal to the site. The degree in which the
site could be affected is a function of many variables but is probably most
dependent on the yield (and to a lesser degree, the placement) of the device
employed. Both yield and placement could be viewed as functions of 1) the
type of mining operation (surface, underground, surface-underground, solution
mining, in situ leach, nuclear block cave, etc.); 2) the type, size, shape,
and orientation of the ore body to be exploited; 3) fragmentation
requirements; and 4) production requirements (tons/day, tons/year), among
others.

SUMMARY

Six mining scenarios that may affect a closed and sealed HLW repository were
identified by the Bureau of Mines. These include: (A) Effects of airblasts
associated with blasting at a surface mine; (B) effects of surface or-
underground mining on the'-local ground water system; (C) seismic effects of
drilling and blasting during the exploration, development, and operational
phases of a surface mine; (D) seismic effects of drilling and blasting during
the exploration, development, and operational phases of an underground mine;
(E) in situ mining, and; (F) mining using nuclear explosives.

Scenarios (A) and (D) were subsequently dropped from further consideration.
Scenario (B) suggests no probable effect on a closed repository. Scenario (C)
was considered in depth and found to present no appreciable effect on a closed
repository. Scenario (E) is unlikely, but were it to occur, would have no
effect on the repository. Scenario (F), also highly unlikely, could result in
damage to the repository or seals if a high-yield device were used.
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