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ABSTRACT

We have proposed a Virtual Tunrel Laboratory in the Polish Central Mining Institute
Experimental Mine ‘Barbara’ Mines and tunnels are aitical infrastructure. They have
unique environments due to their isolation from the surface and the constraints imposed
by their surrounding. Mines and tunnels are dso subject to unique threats from natural
forces, operationa and construction accidents and terrorism. Modeling and simulation
can play a mgor role in minimizing the loss of life and catastrophic damage to the
infrastructure from incidents such as fires and explosions. These models need to be
verified with datafrom full scaleredistic experiments. It is nearly imposd bleto conduct
long-term experiments in an operational tunnel or mine. PLUTO, a web-accessble,
virtual tunnel laboratory, cgpable of supporting a sophisticated sensor network located
within ‘Barbara,” can provide the ideal testbed for the required experiments.
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INTRODUCTION

Mines and Tunnels have been highly valued for thousands of years [1]. Substantial
tunnels date back at least to the 8th Century BCE, when, King Hezekiel of Jerusalem,
authorized a(1 m X 2 m) “new tunnel” through 765 feet of solid rock to conned Gihon
Springsto cisternswithin the city walls[2]. Minesinvolvi ng tunnels also havelong leen
of criticd economic importance. For instance, in 14" century Poland, Wieliczka
{*Magnum Sal”} generated over 30% of the Royal income, paying for the great Wawel
Castle and the Krakow Academy {Jagiellonian University.[3] By the 16th century,
Widli czka had become one of the largest businessenterprises in Europe, employing many
hundreds and even had its own "pension plan." Wieliczka has remained important and
expanded to 300 km of galleries and 2040 chambers, extending down to 327m.

Tunneling for vehicular or pedestrian transport seems to date from 220 BCE when a
narrow tunnel was excavated at the Furlo Gorge for The Flaminian Way. Thisroad runs
from Rome north through the Apennine Mountains to the Adriatic coast at Fano. In 76
CE, Emperor Vespasian excavated a 38 m long, larger cross ®dion parallel tunrel.



Chisel marks can still be seeninthe rock walls of thistunnel (used by modern traffic).[4]
However, transportation tunnels remained short and scarce until 19" century railroads
required road-beds with small gradients, and new tunneling technologies involving
compressd air, steam, and explosives such as nitroglycerine and dynamite made
tunneling more practicd (e.g. 6 km Hoosac Tunnel in western Massachusetts) [5].

Tunnels and mines have unique environmental, safety and security requirements
Tunnels and mines behave & unique micro-environments because they are nealy
isolated from the general environment. Explosions and gases are confined by the walls,
and the dimate is isotherma (e.g. 14C, yea-round in the Wieliczka mine).
Consequently, experiments condwcted onthe surface will often not apply. Likewise,
procedures developed on the surfacefor fire fighting, rescue or contaminant cleanup may
not work well in mines and tunnels. Because of these differences, events that would be
minimal on the surface, involving noor small lossof life, can become far more severe
underground. Thisisespedally true of fires, wherethetunnel confinesthe heat andtoxic
combustion products and makes fire-fighting more dangerous and dfficult.

This general principle has been long understood. For instance, in 1697 afirethat started
in a wooden underground chapel of the Wieliczka salt mine in Poland led the royal
commisson to forbid the use of inflammable materialsin the dhapelsandin turn resulted
in the world renowned rock salt sculpture for which the mine is famous.

Modern examples of this effect includerelatively minor vehiclefires (e.g. Chunrel)[6] or
their cargo (e.g. Mt. Blanc) [7] that turned into raging infernos. This is a substantial
problem, given the number of tunnels in use, and the vast number of vehicles that use
them (the [-93 tunnel “Big Dig” in Boston isdesigned for 245,000 vehicles per day} [8].

In addition to accdents, tunrels face the threat of high explosives (e.g. London
Underground) [9] and other attadks (e.g. the Tokyo Sarin attadk) [10]. We need to know
how to best detect these attacks ealy, perhaps prevent them, but at least respond to them
as rapidly and efficiently as possble to save lives and return the transportation
infrastructure to use.

But, one should not lose sight of the normal daily risksamid occasional disasters. Inthe
USA aone, there are about 40 mining fatalities per year (USA NIOSH statistics, 1996-
2000), a number which is far smaller than the ealy to mid 20™ Century [11], but still
leaves substantial room for improvement. Global fatalities arein thethousands[12]. The
mining industry has one of the highest fatality rates of any industry.

These daily risks arise from floods, and geologicdly induced collapse and a variety of
other problems. For coal mines, espeaally fires as the result of mining operations and
their toxic gaseous byproducts sich as carbon monoxide are second only to explosionsas
cause of miner fatalities (e.g. recent Sago West VirginiaMine Accident [13]).

IMPROVED MINE AND TUNNEL SAFETY AND SECURITY THROUGH
EXPERIMENT

Many mining acacidents could be prevented or mitigated by improved monitoring of the
condtions within the mine and the surrounding rock. Similarly, fataities due to
accidental or intentional tunnel incidents can be reduced through development of better
sensors, in-place fire fighting apparatus and ventilation systems. Even warning signal's
and communi cations for emergency evaauation can be made more effective throughmore



redistic modeling of toxic transport and dispersion. In general, thereis substantial scope
for safety-related research in mines and tunnels

Assessng risk

There ae a number of well developed methodologies for the formal risk assesament of
structures, these range from freely available simple tools, such as CARVER2 [14], to
highly sophisticated, tools used by the US General Services Administration to analyze
blast susceptibility of thousands of buildings and which require extensive training.[15]
Most of the core structural analysis models used for blast assessment assumes that the
explosion is outside the structure and that the structure is above ground. Clealy, mines
and tunrels subjected to internal explosions would be expeded to behave differently.

Effective modeling and simulation requires— Ground-Truth for validation

To further reduce mining and tunneling risks, we need to model accddents and
rescue/clean-up operations, so that we can lean and make our mistakes in simulations
rather than real emergencies. Thisis espeaally true for transportation tunnels that are
used by tens or hundreds of thousands of people per day. We need enough basic
scientific and engineering understanding to quantify the risks to the tunnel and mine
infrastructure and to develop appropriate muntermeasures and mitigations.

Substantial amounts of data ae needed to develop and verify sophisticaed modeling
tools. Unfortunately, taking an operating, busy tunnel out of servicefor even abrief time
can be highly disruptive to global, national, regional commerce. Thus getting non-
ordinary operationa data is difficult to impossble, except under rea anomaous (aka
Crisis) condtions; but then there are invariably more urgent tasks than gathering
supporting data, and rare that an experiment is ready to go.

Nedal for a dedicated TestBed

A facility is needed that can be instrumented for long-term and other data-intensive
experiments. Beyondemergency situations, such afacility could lead to reli able models
of transport, propagation, etc, that would be useful for improving the normal operation of
mines and tunnels. One might expect improved ventilation systems, communicationsand
sensor arrays to monitor conditions and potential threas. What is needed is amine that
can be dedicated to experiments aong with support staff to asdgst reseachers and an
adaptable, seaure, high capacity network infrastructure to allow international researchers
to access their and supporting experimental data from remotely conducted experiments.

Poland’s Experimental Mine ‘Barbara’ providesthe TestBed solution

Figure 1 shows the entrance shaft to the Experimental Mine ‘Barbara’, the oldest part of
the Central Mining Institute, the leading research organizaion in mine and industrial
explosion safety in Poland, known all over the world. Figure 2 is a map of Poland
showing the location of the Central Mining Institute. ‘Barbara’ is located in Mikolow
less than 15 km from the Institute headquartersin Katowice abigindustria city in south
of Poland. Katowiceisthe center of aregion with good transportation (two international
airports Katowice and Krakow) and communications infrastructure (amajor node on the
Krakow to Poznan branch of POL-34/622, the Polish Research and Education Network).
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Fig. 1. Mine‘Barbara’ Fig2. Map of Poland showing Centra Mining Institute
‘Barbara’ has been used for the following types of experiments:

investigating coal dust and methane explosions

Investigating other organic dust explosions, including corn dust

testing explosion-proof dams of different thickness and construction
testing explosion-proof barriers: dust; water; barriers triggered by detectors
demonstrating coa dust explosions along with dust hazard control training

grodE

Description of the physical layout of the Experimental Mine ‘Barbara’

1. 46 mlevel underground galleries— seeFig. 3:

1. Builtfor explosion experiments, with galleries of concrete (4 and 7,5sgm
crosssedions) able to withstand strong explosions

2. well supplied with sensors designed for current explosion tests

3. 400 mlonggalery, witha aoss dionof 7.5 sgm

2. 30 mlevel underground galleries — seeFig. 4.

1. Two kilometers of galleries (10 sg m)similar to functioning coal mine

2.  Longest galleries 300 m long.

3. Alarge chamber (n) 75 mlong and cross £dion of 18 sq m.

4. Note: the 30 m level is more suitable for the non-explosive Pluto tests

3. Operationa Capabilities and Unique Features

1. "Barbara" isideally suited for long-term, non-invasive experiments.

2. At the moment, in Europe only the Experimental Mine Barbarais asuitable
facility to conduct underground tests. Other research fadlities like
Tremoniain Germany have been or will eventually be dosed.

3. All galleries are supplied with energy, cables to sensors and cata storage.

4. Amourt of air supplied can exceed 500 m® per minute.

Best uses of ‘Barbara’: underground facili ties best suited to test smoke movement in
tunnels or a tunnel network, to test different kinds of sensors

1. Dueto reasons of safety and possble damage -masgve fires are undesirable —
explosions are |less devastating being short lived events



Simulation of ventilation

Smoke movement

Testing of different kinds of sensors (eg smoke, presence of explosiveor ,toxic gases)
Radio communications tests

Large scde explosions and small scdefires.

Soukowd

Szyb Nentglacyjny

Kopalnia Doswiadczalno “Barbara®
poziom 30 m

Fig. 3. Plan of Workingsat the46m
level with 400m long 7,5 sq m gall ery for explosiontests. Fig4. Plan of Worklngsatthe
30 mlevel showing: ventil ation shaft.( szyb went.); Main shaft ( szyb Barbara);
Experimental gallery (chodnik doswiadczalny ) 180 m long 5m X 1.5m high, concrete
gallery; Other workings include: Upadowa ( inclined gallery ); Chodnik ( gallery).

Some recent large scde explosion test data @llected and processed is fiown in Fg. 5.
PROJECT PLUTO AND ITSANTECEDENTS

PLUTO concept

Project Pluto {Platform Laboratory for Underground and Tunnel Observations} is a
seaure and flexible, wide-band, Internet-accesdble underground network. Pluto enables
maximal value to be extracted from mine and tunnel security and safety-related
experiments that could be conducted in the Experimental Mine ‘Barbara.’ The Pluto
network and supporting ancil lary facilities are configured to enable adistributed network
of sensors, actuators and analyticd instrumentation to be installed in the underground



experimental gdleries and chambers located a  severa levels.
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Fig. 5. Example of processed data from recent explosion tests

Antecedents

Project Pluto’s iritua ancestry isNEPTUNE { North-East Pacific Time-seriesUndersea
Networked Experiments}[16], an urderwater power and fiber-optic network with major
sponsorship by the US the National Oceanographic Partnership Program and National
Science Foundation, the Canada Foundation for Innovation and the British Columbia
Knowledge Development Fund. NEPTUNE is designed to provide land-based research
laboratories and classrooms with high-speed Internet accessto real-time data from long-
term, as well as transient observations, robotic vehicles and serves as a sensor test-bed.

Neptune participants, who have been developing key technologies such asweb services,
gridware and the combined power/communications nodes have written, “The ubiquity of
the Internet and other communication technol ogies coupled with the decreasing cost and
size, and increasing capability, of diverse sensors and communicaions s/stems, is
resulting in a maor paradigm shift in environmental science and engineering.
Increasingly, spatially extended, intelligent, interading sensor webs are seen as the
appropriate tools for studying complex red-world systems. ....Thesefacilities, their red
time information flow, and the data repositories associated with them, will empower
entirely new approaches to science. In addition, ocean observatories will enable
educational-outreach capabilities that can dramaticdly impact understanding of, and
public atitudes toward, the ocean sciences.”[17]

PLUTO

Similarly, PLUTO will provide ameans for remote users to observe and interact in real-
time with transient and long-term experiments being conducted in ‘Barbara’” PLUTO
provides ameansto extend this “new computational scienceand engineering” concept to
the “underworld.” Beyond coll ection of data however isinterpretation. Already we can
centrally coll ect data from multiple instruments { see fig. 5, plot of dust explosion} and



compare the observations to simple model s and theory. M ore sophisticated analysesand
more detail ed models will only increase the demand for large multi-sensor data sets.

Pluto is designed to enable aiticd experiments involving, mine and tunrel safety and
seaurity to be crried out in ‘Barbara’ in Poland and monitored and controlled remotely
over asecure web-based access The datafrom these experiments can in turn be used to
fine-tune simulations of full-scde eventsin operational mines and tunnels.

PLUTO, just as NEPTUNE should provide asignificant educational benefit aswell asthe
research focus. The Central Mining Institute has partnered with a number of Polish
universities and technical schools. In the future as Poland becomes more and more part
of the research infrastructure of the EU, one can anticipate additional partnering among
EU, NATO and aher countries with similar interests in mines and tunrels (e.g. L-Surf).

To aaccomplishitsgoals, PLUTO will require advanced wideband, red-time-capable data
acquisition, wired and wireless networking, high-speed, high-capacity, long-term
archiving and sophisticated access control to insure seaurity and safety. In order to
implement this concept we have assembled a partnership including:

ISS—Institute of Control Systems -- one of Poland’ s leading organizationsin network
information systems, information seaurity, automation systems

University of New Hampshire -- Institute for the Study d Earth, Oceans, and Space
National Infrastructure Institute — Center for Infrastructure Expertise

Central Mining Institute — leading-edge research in; modeling explosions;
experimental coal dust, methane explosions; testing explosion-proof dams and
explosion-proof barriers dust, training in the field of dust hazard control

Gdansk University of Tedhnology -- Faculty of Electronics, Telecommunications and
Informatics -- Department of Geoinformatics

Firut Data Communications, Katowice

The University of Maine -- Department of Computer Science — Ayers Island
Homeland Security Lab

Poznan Supercomputing and Networking Center — developers of VLAB [18]
Potential interested parties:

1. Operators of existing maor tunnelsin EU, USA and Asiaincluding:

1. Chunnel

2. BigDig, MBTA, MTA, METRO, London Underground

3. TransAlpinerail and road tunnels

4. Japanese rail and road tunnels

Builders and Desigrers of new tunnels

Operators of existing and planned mines

Mine Safety Regulatory Bodies

Transportation and other R& D organizations responsible for safety and security
including:

John A. Volpe National Transportation Systems Center of USDOT
Swedish Fire Research Center

National Infrastructure Institute (NIl) and European Infrastructure Institute (EIl)
Infrastructure disaster planning and recovery entities including

FEMA

EU Emergency Management organization

gagrowd

agrowWNE



IMPLEMENTING PLUTO

PLUTO links physicd experiments in ‘Barbara and associated computational
simulations to experimenters and students worldwide. In addition, PLUTO supports
limited accessto certain elements of from anywhere on the Internet via a publi c web site.

For example, consider simulating the explosion of a “dirty bomb” within a tunnel or
mine. The physical experiment might consist of the detonation within the Explosion
Galleries of asmall amount of explosive mixed with ashort half-life radioisotope. There
would be anumber of phases of data collection 1) Initial -- transport of the radioisotope
by the blast front; 2) Aging -- theradio isotopeis gread further by the ventilation system
(before it can be shut down) and subsequently by natural ventilation; 3) Clean-up -- a
particular clean-up procedure is implemented; 4) Return to “normal operations’
residual radioadivity maybe further spread by vehicles and ventilation. The data from
this experiment could be used to drive the parametersin a computational simulation of
the explosion d a “dirty bomb” inside the “Chunnel” and the assciated clean-up and
return to service. The combined data could be made available to ateam developing an
improved tunnel wall decontamination solvent. If necessary, further experiments could
be designed to ensure that the dean-up procedure was not overly dangerous.

Thelmplementation of PLUT O involves both har dware and softwar e/ web services

Hardwar e features:

Provides. a cpable badkbone Mine Network to which analytical-type instruments,
sensors, and aduators can be attached through wired (including fiber) and wireless
LANSs; High capacity Internet connedion to the Experimental Archive andgloba Internet
connections to the computational simulations and the end users with their visuali zation
portals. The Mine Network will be segmented gallery by gallery to allow research
groups that have specialized requirements to customize their sedion of the network.

Software / web services:
Software segmentation of the network with per-segment access control and VPN
(virtual private network) support.
End-user access to data visuali zation and as appropriate wntrol through portals

Supervisory portals enabling overal monitoring, experiment control {both physical
and computational experiments} and support as required

Hardware components:
Sensors, Instruments and Actuators with locd (within the Mine experimental areas)
signal condtioning, data acquisition and storage & required
Wired and wirelessnetworks within the Mine
Mine Backbone network — provides both real-time-data and communicaions
Archive — hosts database of experimental parameters and data
Primary Internet Interface
Locd Control Interface
User's PC’'s — provide visuaization and control accessremotely



Software components:

Locd Network Monitoring
Web services to support remote acess
Network Security

Core requirements [TBD] by consultation with prospedive experimenters

Sources of inspiration

Coastal and deep-ocean cabled observatories sich as NEPTUNE, ORION and
Martha's Vineyard Coastal Observatory Project, with demonstrated capabilities for
supporting diverse equipment with persistent data llection

MIT Ilab [19] and other remote access to instrumentation demonstrations

VLAB developed by the Poznan Supercomputing and Networking Center to provide
users with: Remote access to complex and expensive laboratory research equipment;
User-customized Dynamic Measurement Scenarios; Digital Science Library; Data
storage and management; Educational potential; Workgroup coll aboration tools [20]

Approach to implementation

Use Off the shelf hardware and software where ever possible

Use Open source software and networking where ever possble

Allow for special requirements to support potential experimentsin mine environment
Provide for adequate seaurity of acassto experimental network

DISCUSSON AND CONCLUSION

Since red testing of mines and tunnels is virtually impossible, we have proposed a
solution using ‘Barbara’ Realizaion of this concept requires an integrated and
coll aborative gproach founded on NEPTUNE and VLAB. There ae significant
business isaues that need to be addressed and significant opportunities to leverage
existing technologies such as Single Engine Biometrics and Pattern Recognition.
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