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ABSTRACT: The study of neutrinos—particles infinitesimally smaller than atoms—would be significantly advanced if a deep
underground facility were available that would filter out unwanted cosmic radiation. Encouraging progress has been made in satisfying
the criteria for such a facility with the selection of the Homestake Mine in Lead, SD, by the National Underground Laboratory
Committee as the recommended site for a National Underground Science Laboratory (NUSL). The Homestake Mine is America's
oldestand deepest underground mine, and its well-maintained infrastructure to depths of 2438 mbelow the surface makes the mine an
excellent site for such a laboratory. The investigation reported here is an initial study of the stability of the first of the proposed
chambers. A cylindrical room with a dome-shaped roof and floor was analyzed in three dimensions using the finite-difference program
FLAC3D. The results were compared to recommended support requirements based on Barton's Tunneling Quality Index, Q. Based
on model results and observations from previous mining studies, large rooms with 50-m roof spans can be constructed and will remain
stable at 2141 m below the surface in the Poorman Formation when the rock is reinforced with cable bolts. Construction may be possible

at lower levels in the Yates Formation if more extensive laboratory strength tests confirm initial results

1. INTRODUCTION

Observation of solar neutrinos began in 1965, when
Raymond Davis installed a 600-ton detector at the
4850 level of the Homestake Mine in Lead, SD [1].
From that beginning, neutrino astrophysics has grown
into a worldwide research effort. There are large
underground laboratories at Gran Sasso in Italy, Bak-
san in Russia, Kamioka in Japan, and Sudbury in
Canada. Although there are U.S. participants in these
experiments, until now, U.S. scientists have not been
able to follow up on the original work by Davis at a
U.S.-based facility. The end of gold mining at the
Homestake Mine in December 2001 has provided a
unique opportunity for the creation of what would be
the deepest and largest underground laboratory in the
world. The great thickness of overburden would filter
unwanted cosmic radiation, allowing neutrinos to to
be “captured” for study.

The primary reason for this growing interest in neu-
trinos is that understanding their properties is impor-
tant to answering many cosmological and astrological
problems, such as why the neutrino flux emitted by

the Sun as a result of nuclear fusion is less than ex-
pected, the processes involved during the collapse of
a massive star into a neutron star and associated
supemova emissions, proton decay, and dark matter.

Among the proposals for a National Underground
Science Laboratory (NUSL) is one for a one-million-
ton water Cerenkov detector that would be about 20
times the size of the largest present detector,
SuperKamiokande in Japan. The proposed Cerenkov
detector would consist of 10 cylindrical modules each
50 m in diameter and 50 m high located between the
6950 and 7100 levels of the Homestake Mine in the
Yates Formation. (Mostmining hasbeen in the Poor-
man and Homestake formations.) The investigation
reported here is an initial study of the stability of the
first of 10 proposed chambers and the first step in
ensuring the safety of miners during excavation. A
cylindrical room with a dome-shaped roof and floor
was analyzed in three dimensions using the finite-
difference program FLAC3D [2]. The results were
compared to recommended support requirements
based on Barton’s Tunneling Quality Index, Q [3, 4].
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