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Introduction

There has been considerable work accomplished internationally detailing the effects of drill and

blast excavation on rock masses surrounding potential locations for deep geologic repositories.

However, there has been a limited amount of discussion to directly tie this work to performance

assessment of potential repository sites. This paper discusses a correlation between the use of a blasting

model to define the excavation damage zone and modeling used to examine the overall repository

performance assessment.

Work Description

There are a number of subsurface facilities included in the current proposal for a repository at

Yucca Mountain that may be most efficiently excavated by drill and blast methods, e.g., TBM (tunnel

boring machine) launch and recovery chambers, ventilation shafts, rail turnouts, alcoves, and other

auxiliary openings. It is well known that the use of explosives can cause cracking of the rock mass

beyond the perimeter of the excavation. Work is on-going to explore drill and blast applications and to

quantify their effects on the rock around tunnel excavations.

A state-of-the-art blast design and evaluation model - Austin Powder Company's QED model -

has been used to predict damage zones. Preliminary applications of the QED model were successfully

used to generate meaningful estimates of peak particle velocities (PPV's) and blast damage zones

correlating to pre-existing data from studies conducted in the Exploratory Studies Facility during site

characterization !. The QED model uses two criteria to define rock damage. First, the Swedish criterion

(Critical PPV), computes a value of the particle velocity for rock failure (and, therefore, new cracks in
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the rock mass) in tension. Existing cracks, whether blast induced or otherwise, can propagate and dilate

under the influence of relatively low vibration levels when applied stresses are perpendicular to the

direction of the crack. Second, the CANMET (Canada Center for Mineral and Energy Technology)

criterion (Minimum PPV), is used to assess the maximum extent of blast induced damage, including

crack extension and dilation.

Damage criteria, based on the density, tensile strength, and p-wave (compressional) velocity of

the rock have been calculated for each thermal / mechanical hard rock unit where subsurface facilities

may be constructed. These thresholds were then compared to results of the preliminary study ' (i.e. the

base case study) and correlated to regression analyses of existing vibration data for each thermal /

mechanical unit to predict the extent of damage for each criterion. Varying lengths of blast rounds and

charge weights were examined to address blasting applications both near and far removed from the

waste emplacement drifts. Blast parameters were kept consistent with the base case to limit the number

of variables. Results for two proposed applications are tabulated in Table 1 2. An example of how QED

can be utilized to test the extent of damage envelopes based on proposed blast designs is shown in

Figure 1.

Impact on Performance Assessment

There are two performance assessment models currently being utilized on the Yucca Mountain

Project which may be potentially impacted by drill and blast excavation techniques: the Seepage

Abstraction Model and the UZ (Unsaturated Zone) Flow and Transport Model.

The results from the initial runs of the blast model indicate that the Critical PPV zone, that is the

region where new fractures are generated, can be restricted to a distance of less than 1 m from the

excavation face and should not affect the waste emplacement areas. A small fraction of the potential

emplacement area may be affected by the minimum PPV zone where existing fractures may be altered
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(Figure 2). The main effect of the drill and blast excavation on fracture characteristics important to

potential repository performance is through changes to fracture apertures for existing natural fractures in

the host rock. Fracture apertures are expected to increase as a result of the blast vibrations within the

minimum PPV zone. Therefore, a qualitative description of the effects of drill and blast excavation on

fracture properties affected by aperture, such as permeability and capillary pressure, can be made.

An increase in fracture aperture will result in an increase in fracture permeability. A commonly

used relationship between fracture permeability and aperture is known as the cubic law, which shows

fracture permeability to be proportional to the cube of the fracture aperture 3. Capillary pressure is

modeled using an application of Young's equation, which shows capillary pressure to be inversely

proportional to aperture 4. Capillary pressure controls the "barrier" to flow from the fractures into the

emplacement drift because the capillary forces that exist in the fractures as compared to the potential

waste emplacement drifts effectively have zero capillary pressure. For water to enter the drift sufficient

positive pressure (or ponding) above the drift must occur to overcome the resistance to the capillary

forces. When saturated conditions occur at the crown (top) of the drift gravitational forces will drive

lateral flow around the drift boundary. Therefore, a sufficient magnitude of percolation flux to the

opening will be necessary to "pond" a sufficient depth of water for seepage to occur. Interestingly, the

balance of water drainage around the drift versus the capillary barrier favors large apertures, i.e. the

larger the aperture the more percolation flux required to initiate seepage into the opening 5. The likely

effect of drill and blast vibrations on fracture properties will be to improve the performance of the waste

emplacement drift from the perspective of drift seepage.

Another issue related to the change in fracture properties is aqueous radionuclide transport

between the potential waste emplacement drifts and the water table. Studies have been conducted

concerning the sensitivity of this process to changes in fracture aperture . Although limited sensitivity



was found for large increases in fracture aperture (factor of 10 increase) over the entire UZ domain, no

sensitivity was found if changes were limited to portions of the UZ domain (e.g. the faulted regions).

The reason for the lack of sensitivity is that the natural unsaturated flow rates at Yucca Mountain are

well below the fracture system "capacity" for gravitationally driven flow. Hence, flow and transport

processes in the fracture system are not sensitive to aperture changes because the flow in the fracture

network is already substantially below the capacity available in the network. This is particularly true for

highly fractured rock, such as that found at Yucca Mountain. Therefore, changes in fracture aperture for

a very limited portion of the radionuclide transport domain, as identified by the drill and blast modeling,

is expected to have negligible effects on radionuclide transport behavior in the potential repository.

Summary

Preliminary applications of a blast design and evaluation model have been successful in

generating meaningful estimates of peak particle velocities (PPV's) and blast damage envelopes

correlating to data collected from studies conducted in the Exploratory Studies Facility at Yucca

Mountain. The model has helped to demonstrate that the impact on performance assessment - even

within 1.5 m of the waste emplacement drifts - is negligible. The effects of controlled drilling and

blasting techniques are too localized to have any significant affect on overall radionuclide transport and

the effects on fracture aperture due to blast induced vibration may actually improve drift seepage.

Because of their proprietary nature and evolving technology it is not practical to attempt to

qualify a blasting model as input to performance assessment. However, application of a blasting model

under a controlled drilling and blasting and confirmation program2 would be a useful tool during the

construction of those repository facilities which may be most efficiently excavated by drilling and

blasting methods.
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Table 1. Critical and Minimum PPV Distances by Thermal/ Mechanical Unit

Blasting
Application

Themal Test
Facility8

(Base Case)

Turnout6

Shaft0

Thermal /
Mechanical

Unit

TSw1

TSw2

TSw1

TSw2

TCw
TSw1
TSw2

Round
Length

(m)
(KG/hole)
2.4 (2.0)

2.4 (2.0)

1.2 (1.0)
2.4 (2.0)
4.8 (4.0)
1.2 (1.0)
2.4 (2.0)
4.8 (4.0)
2.4 (2.0)
2.4 (2.0)
2.4 (2.0)

Critical
PPV

(mm/sec)

1,006

1,122

1,006

1,122

1,321
1,006
1,122

Minimum
PPV

(mm/sec)

214

297

214

297

296
214
297

Critical PPV Distance

Into Back
(m)
0.6

0.8

0.5
0.5
0.6
0.7
0.7
1.1
0.7
0.5
0.7

Into Face
(m)
0.5

0.7

0.4
0.4
0.4
0.6
0.6
0.6
0.5
0.4
0.6

Minimum PPV
Distance

Into Back
(m)
2.1

2.5

1.3
1.7
2.5
1.6
2.3
3.4
2.4
1.4
2.3

Into Face
(m)
1.8

2.2

1.4
1.5
1.6
1.7
2.0
2.4
2.6
1.6
2.0

Notes: a Blast design based on blasting records . 7

b Turnout configuration based on subsurface layout.8

0 Shaft size based on subsurface layout.8



Figure 1. QED Predicted Damage Contours for TSw2,1.2 m Round Length- Plan View
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Figure 2. Minimum PPV Zone in Relation to Emplacement Drift
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