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Cover: U.S. Bureau of Mines researchers investigate many facets of mining and
minerals processing. Among the resulting technologies are ways to make better
use of mineral wastes, such as the residue from an industrial furnace, which is
shown as the background of the cover design.
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Technology Transfer

n laboratories, mines, and processing plants,
U.S. Bureau of Mines scientists and
engineers explore ways to tum ideas into
realities. From their ideas have come exciting

results that can have tremendous
benefits for our Nation's economy
and well-being.

Innovatiue concepts in mine safe­
ty, rock fragmentation, minerals
processing, waste cleanup, recovery
of metals from wastes, economics,
and other fields have resulted in
products and processes that are now
being used by industry, Government,
and others.
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From Concept to Customer

What is Technology Transfer?

USB;"'l researchers have come up
w;th new and effective ways to· _.-

- make mining safer and more
productive,

- make better use of domestic
resources,

-recover valuable minerals from
industrial waste,

- dean up or prevem pollution
from mining and minerals processing.

But even the best ideas won't make
i1 difference until they're put to usc_
The next step is to get these proven
concepts for innovative products and
processes into [he ha:1ds of the
Bureau's customers. Getting the
results of the research out to the
custome:- is the process of technology
transfer.

The Federal Technology Transfer
Act of 1986 makes technology trans­
fer a responsibility of all Federal
laboratory scierltists and engineers.
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The act encourages cooperative work.
provides for licensing of patents to

commercial companies, and rewards
Federal inventors and innovators.



Technology Tral1!J1er

How is Technology Transferred?

The USBM actively promotes the
transfer of its information and research
results to its customers. Those custom­
ers include members of the mining and
minerals industry. other Government
agencies. universities, and other
institutions. With the passage of the
1986 act. the Bureau's technology
transfer program put additional
emphasis on marketing to industry und
encouraging commercialization of
USBM technology.

One of the most effective ways of
getting ideas out of the Bureau's labs
and into the real world is through
cooperative effoTts-

Cooperative research and devel­
opment agreements with industry.
These agreements provide ,he oppor­
tunity for private industry ,0 co11380­
rate \~ith the USBM early ir. the re­
search cycle. The CSB:V1 can test its
new technology in actual operating
mines and plant facilities, and industry
operators can see the technology in
rea>life situations. which keeps the
research 6n track. At the end of the
cooperative effort, the industrii11
collaborator may commercialize the
technology.

Partnerships with other Govern­
ment agencies. The USBM works with
Federal agencies such as the Depart­
ment of Defense and the Mine Safety
and Health Administration, as wen as
with State and local governments.
Many of these agreements involve the
use of USBM information and expertise
to solve specific problems, such as
cleaning '..lp acid mine drainage in
National Forests or closing up aban­
doned mines in National Parks.

Agreements with universities and
other organizations. Cooperative
agreements \vith universities allow the
sharing of personnel. facilities, and
equipment in conducting specific
research, which ca:1 provide both
parties with resources not otherwise
available. Agree:Tlents \vith other
organizations often make use of USBM
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technical assistar.ce in activities
outside the area of mining and miner­
als. for example, the prcsc~vation ar.ci
,'estoration of historic buildings.

Other technology transfer tools
include-

Technology Transfer Projects
program. This program. a new
approach to marketing, was begun in
1991. The USBM identifies especially
promising research projects or devel­
opments and designs marketing plans
and provides seed money to help
encm..l1:age their commercialization.
Researchers are given the opportur.ity
to demonst,ate their products and
processes in pilot piants and to meet
with industry pe!'sonnel, with a view
toward stimulating interest in cooper­
ative agreemer.ts or in eventually
commercializing the technology.
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Patent licensing. Over the past
10 years, almost 100 USBM-devel­
oped products and processes have
beer: granted patents. Private
companies that are interested in
commercializing and marketing
these technologies can obtain patent
rights 0:- exclusive licenses.

Publications. The USBM pub·
lishes two newsletters that promote
its technology transfer. They de­
scribe developing and mature
technologies. encourage coopera­
tive efforts. and announce patent
licensing opportunities. The USBM
also advertises for cooperative work
and patent licensing through speciCll
pub~ications and :hrough notices irl
business and trade journals.

Exhibits and meetings. The
USBM demonstrates its reseurc!1 !md
idormation products at najor
conferences. trace shew/so seminars.
and open industry briefings. These
activities reach a large audience;
they're aimed at increasing custom­
er mvareness of W[:i:lt the USBM has
to o:t'er and encouraging potential
cooperators. including those outside
the traditional minerals industry.
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R&D 100 Awards. Each year, the
l:SB:\-1 submits several of its new
technologies to Research and Devel­
opment Magazine as cand:dates for
the ::\&D 100 Awards. These awards,
which recognize the 100 most techno­
logically significant new products of
the yea;'. <Ire coveted p,izes in the
scientific community- Thousands of
entries arc submitted each year, from
all over the world. The DSBM is
among the top 20 org<lnizations in the
nur:"1bcr of R&D 100 Awards received
since the beginning of the competition
in 1963. in the company of such giarits
in R&D as General Electric, West­
inghouse, and :\'ASA The publicity
attached to this wo:-Idwide recogni­
tion adds to the visibility and market­
ability of the Bureau's products.



Technology Tram.fer

The CSBM technology transfer
program maintair.s a headquarters
office in Washington, D.C.. and
personnel in USBM centers around
Ihe country: the Center for Health and
Safety, Pittsburgh. Pennsylvania: the
Center for Materials Partnerships.
Albany. Oregon: the Center for PolJu­
tiO:1 Prevention and Control, Salt Lake
City. Utah; and the Center for Environ­
:nental Remediation, Minneapolis,
Minnesota.

Hundreds of CSBM-devcloped
technologies have been transferred to
industl)'. to others in the private
sector, and to other Govern;::ent
agencies. Following is a sam;lling of
some recent products and processes
that have gone from being a concept
in the mind of a USBM researcher co a
useful tool in the hands of a customer.
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Mine Safety

ining remains a highly dangerous occupation,
but some of the dangers can be reduced if people
are removed from the most hazardous locations.
USBM technologies include a sensing system

that can take the place of a human
miner at the coal face and a roof sup­
port system that is set up by remote
control.

The USBM has also developed,
patented, and licensed to industry
devices that will provide warnings in
case of danger and life support in
case of disaster.
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Coal Interlace Detection (CID) System

The USBM is developing computer­
assisted mining as a way to improve
mine safety; as well as productivity.
Automation will let r:1ine workers run
machinery from a safe control center.
instead of in the coal-e".-traction area,
the most hazardous area in a mine.

However, moving humans away f:"om
the coal face means that the mining
machine operator can no :onge, see or
feei where ,he coal ends and the rock
begins. making it harder to keep the
cutting head in the coal seam. If rock is
mined along 'With the coal, t:,e costs of
processing and cleaning the coal go up.
In additior.. !'Y'jning into the rock can
jeopardize mine roof control.

The CID system takes the place of
the i1uman operator's senses at the
coal face. It uses a radar sensor to
penetrate and meaSl:re the thickness
of coal betvJcen the cutter head of the
continuous mining machine and the
shale above the coal and to detect the
interface betv.:'ecn the coal and
adjoini:1g rock.

With this informatior-, the system
guides a prototype computer-assisted.
mining machine and keeps the
machine in the coal seam. More
precise cutting mear,s cleaner coal
with Jess \vaste. grcate, productivity.
and greacer safety because the
stability of t~e mine roof is not com­
promised. Without such a sensor,
remote operation of mini:1g equipr:1ent
would not be possible.

The radar sensor won an R&D 100
Award in 1992 as one of that year's
most significant new products. A
prototype CID system was tested
under actual operating conditions,
and a demonstration was given to
representatives of industry, govern­
ment, and academia at an open
industry briefing in 1992:

In addition to its l:.se in computer­
assisted coal mining. the interface
detection system has other applications
in locating unde,ground feat'clres and as
a survey tool. It can detect hazardous
conditions such as fractures ane voids
in underground areas, and it cun be
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used in minerals exploration and
extraction to measure the thickness of
rock formations. The system can
measure the thickness of concrete or
asphalt paving, can locate rein­
forcement rods in concrete stmctures,
and can detect and measure tunnels.

One nonmining application is in
archaeological eJo,:ploration. CSBM
scientis:s are l:Sing the ground-penetrat­
ing radar equipment to assist archaeo-

logists e:,:plonng the site of a prehistoric
whaling village and other ancient
settlements in Alaska. The use of :ada:­
to locate artifacts minimizes the need
for costly. time-consuming excavations.
This work is funded by a grant from the
Natio:1al Science Foundation and is
being done in paltnership with universi­
ties. private businesses, other Interior
Department agencies, and the :\'orth
Slope Borough (.LlJaska) Commission on
History, LDnguage. and Culture.

The radar sensor technology is aiso
being evalumed by the Department of
Defense and the Department of Energy
for other nonmining applications. such
as locating buried ordnance or nuclear
was,e.



Researchers use comput­
ers to control a mining
machine from a safe Ioca­
tior:. as part of the USBM
pmgram to reduce the
exposure of workers to
some of the worst mining
hazards.

Mine Safety

The eID sensor measures coal thickness and detects the interface between coal and Tack.
critical (actors in computer gUidance ofQ mining machine. The sensor has found a num­
ber of other applications as well. locating a variety ofundergrotmd features. both nar-Llra!
and manmade.
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Mobile Roof Support to Increase Mine Safety

During the extraction of coal pillars
in retreat mining, the mine roof must
be supported by supplemental sup­
ports such as posts to keep it from
caving unpredictably. Supplemental
support posts are set manually by
miners working in an area that is
dangerous because the roof could
cave in prematurely. A number of
accidents have occurred during the
preparation and installation of such
posts.

The USBM mobile roof support
system eliminates the need for work­
ers to install other types of support.
To provide support, the machine is set
against the mine roof. T;'1e system is

~T ',,,. "~,,,~,-' :-v:....---:--
, .-.~.,P"~~_~,..J_-"

::-:~

l\-1obile roof support systems in operation underground.
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positioned, set, and moved through
the use of radio remote controls. so
that there is no need for miners to go
into dangero'-lS areas during pillar
extraction. Use of this system has
significantly improved safety and
increased production.

The mobEe roof support system
\vas described in a USBM newsletter
in 1985. A cooperative agreement
\,l,rith a major coal producer followed.
in which the system was tested for I
year in a Utah coal mine. The success
of the system led to its commercializ­
ation and its use in U.S. coalfields.

Mobile roof supports are currer:tly
being manufactured by J.H. Fletcher
and Co.. Huntington. West Virginia.
and Voest-Alpine Mining and Tunnel­
ing Corp., Pittsburgh, Pennsylvania.
The Long-Airdox Co. has also de­
signed and patentee a mobile roof
suppor: system and will start fabri­
cating the machines this year.

linder a memorandum of agree­
ment, the mot)ile roof support
technology has beer. adopted by the
Department of Energy for use in
underground salt deposits at the
Waste Isolation Pilot Plant (WIPP) site,
used for sro:-ing nuclear \vaste.

The USBM is currently working
with industD' and v/ith the Mine Safety
and Health Administration to assess
other applications of mobile roof
support. Field trials are planned to
test the potential use of the roof
support system in longwall head gates
and tail gates.



Mine Safety

A Proximity Warning System for Remotely Operated Equipment

Remote control of heavy mining
equipment such as continuous
miners provides advantages to the
mining operation in terms of health
and safety, Workers remain behind
the equipment and a distance away
from the coal face, the most hazard­
ous location in the mine.

At the same time. howeve:',
operators and their helpers are still
working in the same general area as
the remotely operated equipment.
Wor:"'ing too close to such equip­
ment is dangerous and cO'Jld eve:l
be fataL

The hazardous area signaling and
ranging device (HASARD) ;5 a
warning system that detects the
presence o~ a pe,son in hazardous
areas around mining equipment.
The system includes a transmitter on
the mining machine and a small
receiver on the worker. If the
worker comes \l/:thin range of the
trans:::itter's ficIci, the receiver lights
up and sounds an alarm, The
receiver can also be connectec to
the operator control panel to auto­
matically shut dO\\-11 the machine if
the worker gets too close and is in
danger of being injured,

HASARD can. be modif:ed to meet
different applications, It could be
used with heavy equipment and
machinery in other industries. includ­
ing construction.

The proxi;::ity warr:ing sy'stem was
developed under a cooperative
ag:-eement with a mining company,
Joy Technologies. Inc.. Franklin,
Pennsylvania. The USBM una Joy are
in the process of making further
improvement.s :0 the system, which
should lead to a commercial p:-OdUCl,

,I ".
~//": .'
\~~ ,,' ",

Receive)'~-~-,,,-,:_"-'-' .._-'

Transmitter sets up fields
of protectior: around the
mining machine, The
worker's receiver lights
up and sounds an alarm
if the worker comes too
close to the machine,
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From Concept to Customer

The New "Miners' Canary": An Emergency Warning System

A miniature receiver is
b:.Jilt inro the cap lamp
battery case. An incom­
ing message appears on
an LED display on the
lOp of the case.

In underground mining, small groups
of miners are scattered over miles of
workings. without the ability to commu­
nicate \\lith each other or ",ith workers
on the surface. This inability to
communicate can be inefficient and
annoying at times, but it becomes
critical in the event of a mine fire or
othe,' emergency. \Vorkers must be
notified of an emergency immediately
so they can quickly evacuate the mine
or take other action.

Currently. mi;,ers are warned of
fires by means of stench systems (an
odoriferous chemical is released imo
the mine ventEation system), a'-ldib:e
or visible alarms, telephones, and
messengers, )Jone of these systems
have been satisfactory, since they are
often slow and umetable and limited
in the areas they can cover.

The "Cana:-'/' system is 21:1 aitogeth­
er nc\',- appro<1ch to mine commu­
nications and fire warning. and it fiEs a
long-standing need, Ca:1ary is a
wireless communications system that
can reach individual miners or all
miners instantaneously and simul,a­
neously.

The system uses a transr::itter on
the surface or underground to send an
ultralO\v-frequency elecrror.1agnetic
signal ,hrough the earth to miniature
receivers built into the cap lamp
batter/ cases ',.vorn by miners on thei:­
belts. When a signal is received. the

~:

, ,..-/:-,

,>cana!j'··.. '
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The Canary system prouides a way to
communicate with miners underground
whereuer they are located

cap lamp blinks and a buzzer sounds,
alerting the ::line, to an incomi.ng
message, The message appea:-s on an
LED display on tte top of tr.e battery
case. Vehicle dashboard-mounted
emits are also available.

Like the miners' canaries used in
years past, the Canary s),ste:n can
warn miners about dangers such as
r.1ethane gas accumulations, But it
can also transmit routine inforT:1ation
about r.1ining operations fro:n the
sur-ace to mir.ers below,

This message system could a]50
have applications in the tunneling and
cons::ruction industries. It might be
used fa:' communications ar:.d remote
control of systems and equipment in
tunr:els. sewers, or similar under­
ground structures.

The ultraiow-frequency through­
the-eanh communicatior.s system was
described in a CSBM newsletter in
1988. Development of the system,
including exha:.lstive field testing, was
done in cor.junction with tWO compa­
nies, ilnd the system was demonstrat­
ed under a cooperative agreement
with an Elctive underground mi;J.e,

The innovative Canary system
won an R&D 100 Award in 1993,
and it is now being marketed
commercially by VLF Magnetic
Systems Inc.
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Mine Safet.)J

Lightweight Breathing Apparatus for Mine Rescue

Fires and explosions in under­
ground mines are two of the most
feared hazards mi:1e workers face.
FoJIowing a fire or explosion, the .
atmosphere inside the mine can
become toxic. A miner's only escape
route may be through oxygen-defi­
cient and smoke-filled tunnels.

Federal regulations require that
every person in an underground coal
mine have a respiratory protective
device. caEed a self-contained self­
rescuer, that can provide breathable
air for I hour in case of emergency.
Most self-:-escuer breathing devices
have been large and heavy. making
them awkward for miners to wear or
carry while working. The devices
have usuaUy been stored near the
work area instead. However. in an
eme:gency even seconds are impor­
ta:1t, and the time needed to reach
the stored self-rescuers could be
critical.

The USBI\fs self-contained self­
rescuer. called the SR-lOO. provides
the respiratory protection needed. in a
small and light\veight package. The
closed-circL:it breathing apparatus
supplies oxygen and isolates the
wearer's lungs from contaminated air.
The package is aboat half the size and
weight of existing devices. whIch
makes it easy :0 carry on a miner's
belt. yet it provides the required
hour's supply of air. It is also easy fo:­
a miner to use. su;:>plying emergency
respiratory protection in seconds. a
lifesaving advantage in a sii:uation
where seconds matte:.

This new self-rescue: also has
potential as a rescue device in other
industrial environments that may deal
with toxic gas situations, such as
tunneling and utilities construction
projects.

The SR- I 00 was developed under
an agreerr;ent with an equipment
manufacturer- Miners throughout the
Nation·s coal fields were trained to put
on the self-rescuer, and they were
asked to carry it while working. over a
period of I to 2 months. Their obser-
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The self-rescuer provides respiratory pro­
tection in a small package.

\'ations on both facets of use were
carefully considered before the sel:­
rescuer was placed into commercial
production.

In 1989, the SR-100 was approved
by both the National Institute for
Occupational Safety and Health and
the Mine Safety and Health Adminis­
tration. The SR-100 won an R&D
100 ..-\ward in 1991 as one of the best
technological developments of the
year. The device is now being
marketed by CSE Corp., Monroeville,
Pennsylvania.
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Rock Fragmentation

reaking rock is the most basic element in min­
ing. USBM researchers have designed, patented,
and licensed to manufacturers a number of inno­
vations in rock drilling and fragmentation, in­

cluding improved drills, bits, and ex­
plosive charges. In addition, the
USBM has developed guidelines to
minimize the impact of blasting on
areas around surface mines.
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From Concept to Customer

Abrasive Water-Jet Rock Drill

Abrasive water-jet drill.

slots in reinforced concrete. preventing
overbreak in blasting, and isolating ore
from waste rock for selective mining.

The USBM has developed an abra­
sive water-jet rock drill and slot cutter
that incorporates several novel design
features, including a collimator, a jet
diverter, and a low-pressure s\viveL

The collimator, a pipe attached
dovmstream of the nozzle, enables the
high-velodty abrasive jet to retain its
cutting ability more than about 2 meters
(6 feet) from the nozzle. The abrasives
are added to the water jet downstream
of the nozzle so that the nozzle is not
damaged.

Jet diverters, plates placed at the exit
of the collimating pipe, permit the jet to
cut a \vide enough clearance so that the
pipe can follow the jet into the cut.

The s\vivel, which rotates the colli­
mating pipe at 500 rpm. is also placed
dm:vnstream of the nozzle, so that it
doesn't require sealing against high
pressure. The sv.,rivel is clamped on the
outside of the pipe so that it is not in
corHact "vith the high-velocity abrasive
slurry and thus escapes wear.

This drill car: cut through hard rocks
\\!ith moderate-pressure water jets. In
addition to' drilling holes, the ddl can
cut deep and narrow kerfs, collar a hole
at any angle, drill through rubble. and
chamber or enlarge holes.

The abrasive water-jet drill and slot
cutter also has civil engineering appJica·
tio:15, such as drilling or slotting rein­
forced concrete in highway bridges so
that they can be retrofitted with earth­
quake protection.

The USBM has patented this novel
drill and transferred the technology to
industry. The drill was publicized in a
1987 USBM newsletter and granted a
patent the same year. Funds provided
under the Technology Transfer Project
program enabled the researchers to
demonstrate the potential of this drill
to industry. In 1993, Aqua-Dyne of
Houston, Texas, was granted an
exclusive patent license to manufac­
ture and sell the drill.

Drills with powerful
water jets can be used
for rock bolting and
other mining or
construction applica­
tions. These drills have
a number of advan­
tages over rotary or
percussive rock drills,
including portability
and theabiliry to collar,
or start, a hole at any
angle.

One disadvantage
of water-jet drills is that
they require extremely
high pressures to drill
hard rock. This
disadvantage can be
overcome by incorpo­
rating abrasives such
as sand into the cutting
jet. The addition of

abrasives enhances the cutting ability of
the jet so that relatively modest pres­
sures can be used to cut very hard rock.

Abrasive water jets are in common
use in industrial Cutting of hard materi­
als. but before now they have not been
used to drill deep holes or to cut deep
slots (kerfs) in hard materials.

There are many engineering applica­
tions for which deep drilling or slotting
hard rock is desirable. Ttlese include
rock bolting, drilling for blasting, cutting

.....
,.~ . ~:~r

Slot, about 2.5 centime­
ters (l inch) wide. cut
into limestone with an
abrasiue jet driil
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Rock Fragmentation

Concave Bit for Faster and More Effective Cutting

Many mechanical excava­
tors, such as continuous
mining machines, roadhead­
crs, shearers, and plows, use
cone-shaped bits for cutting.
The conical bit is inexpensive
and usefiJl in cutting a wide
variety of materials, but it
requires large forces to
operate effectively and is
relatively energy intensive.
These characteristics affect
the overall cost and produc­
tivity of the excava;:ors using
it.

The USBM has developed
a cutting bit \vith a different shape that
works better: a circular cutter \vith a
concave face that oli;:performs stan­
dard conical bits i:1 coal and soft rock.

In controlled comparison tes:s. the
cutting rate of the concave bit was
tWO or more times faste:- than the rate
of conical bits at the same thrust, and
the concave bit reqt.:ired only 600;'0 of
the energy required for conical bits to
cut the same volume of rock. The con­
cave bit also dramatically reduced the
amount of Llirborne dust generated.

19

The reamer on the left is equipped with
the new circular concave· face bits; the
reamer on the right has conical bits.

These bits can replace conven­
tional conical bits on all mechanical
excuvators, such as continuous mining
macilines and trenchers. enabEng
these machines to cut faster. Veith less
fo,ce and less energy consumption.

The concave bit cutter device and
method were patented in 1992. As
part of the Technology Transfer
Project program, funds were prOVid­
ed so that USB.M researchers could
demonstrate this new kind of bit.

An exclusive royalty-bearing license
has been grated to Kennametal Inc.,
of Latrobe, Pennsylvania, Kennametal
is now manufacturing the concave bit
for use on trenching machines and
eventually other cutting equipment.
Royalties from the sales are used by
the USBM to further technology
transfer of other research.

With the Bureau's new conical bit. min­
ing machines such as these can be more
productiue while using less energy.
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Sheathed Permissible Explosive Charge

Beiow: In an under­
ground mirl8, workers
place tWO sheathed
explosiue charges on a
large boulder that has
beer; impeding mining
progress.

Right: The boulder is
safely and efjectilJely bro­
ken up by the charges.
without the danger of a
coal dust or methane
gas ignition and without
excessive downtime.

Explosive charges are used to
break up large rocks in mines. In the
past, regulations required that charges
in underground mines be placed in
holes drilled into the rock. Open or
unconfined bJasting--that is, firing an
explosive on a rock surface instead of
in a borchole-\vas prohibited. There
was a danger that an unconfined
charge would ignite methane gas or
coal dust in the mine at::losphere.
which could result in a massive,
mine\\;ide explosion.

But if the danger of such an igni­
tion is eliminated so that open blasting
can he used. there are advantages for
both safety and production. L'ncon­
fined blasting ca:1 help :0 reduce mi:lc
hazards by brcaking up loose roof
rock or piles of fallen rock. And
because no holes are drilled. uncon­
fined blasting is quicker and more
efficient than confined blasting, so
production dO\vmime is less.

The Bureau's shcathec explosive
charge is a
nonincer.dive
charge that Cd:!

be safely fired,
unconfined, in a
gassy or dusry
mine atmos­
phere. The
charge is cov­
ered \\lith a layer

offlame-inhibiring material such as
damp salt, and is enclosed in a cloth­
reinforced latex rubber housir.g.

When the explosive is fired, the salt
disperses in a fine cloud and acts as a
flame retardant, which prevents ignition
of coai dust or methane in the mine
atmosphere. The rubber housing aEO\\iS
flexibility in placing the charge, and
gives the charge durability so that it can
withstand rough handling.

The sheathed charge can be safely
fired in underground mines \vithout
blastholes or packing, and it effectively
breaks rock such as the large stones that
can jam the feeder-breaker or pan
conveyor on iongwa]]s and stop produc­
tion.

The Mine Safety and Health Adminis­
tration has developed a test protocol for
tne approval of sheathed explosive
charges as permissible explosives and
has published regulations governing
theil" e.se.

The sheathed charge was a 1982
Vvinner of an R&D 100
Award as one of the
year's 100 most
innovative technolo­
gies. It was furthcr
publicized in a USB:v1
newsletter :n 1983,
patented in 1985. and
successfully tested
under cooperative
agreements with
mining companies.
USBM researchers also
held a number of
demons0'ations of
unconfined blasting
Vvith the charge at the

Bureau's Lake Lynn Laboratory in (he
late 1980's.

In 1990. an exclusive license to
produce this charge was granted to
Austin Powder Co., Cleveland, Ohio.
Royalties from sales are used by the
USBM to further advance technology
transfer activities. In 1994, the
inventor of the sheathed charge was
recognized as Inventor of the Year by
the Pittsburgh Intellectual Law Associ­
ation.



Rock Fragmentation

Guidelines for Safer Blasting

Control of blast vibra­
tions begins with the de­
sign practices o(the mine
or quarry. This photo­
graph shows time
sequencing o(individual
blastholes to maximize
fragmentation and con­
tra; uibration. In the de­
sign shown, the charges
are being ignited from
left to right; the 1'10 les
closest to the camera are
just going off.

The effect of blastir_g vibrations on
structures has lO:lg been a problem for
the surface ::lining :ndustry. These
vibrations can damage residences and
other property near the blasting site,
causing cracking of walls anc founda­
tions. In addition, the people living in
the nearby residences may have to
put up with wall rattling,· noise, and
airblasts.

In the late 1970's. there were no
adequate guidelir.es on how to avoid
blasting damage. The explosives
industry and State regulatory agencies
asked the USBM to develop guidelines
for safe blasting. based on field re­
search.

The blasting guidelines produced
by the USBM are based on extensive
research of residences and other
structures that were subjected to high
levels of ground v:bratiorl'from actual
production blasts at surface mines.
New observations by USB:'] research­
ers were combined with the results of
nine previous studies on blasting
impacts in tl:.e United States. Canada,
and Europe.

The resulting guideiir.es give safe
levels of ground vibration and airblas!.
and appropriate analysis and meas­
urement techniques. These recom-
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mendations allow the development of
good and safe blasting practices, and
their use eliminates the possibiiity of
damage from surface mine jlasting to
nearby st:-uctures.

The results of the blasting studies
were published in a number of CSBM
Reports of Investigations in the 1980's
and 1990's. A newsletter in 1990
highlighted the earlier studies. The
information has been adopted and lL';ed
by mine operators, ex-plosives suppliers,
manufacturers of monitoring equip­
ment. and seismographic consultants.

The USBM guidelines are also
used by regulatory agencies at all
levels of government, including the
U.S. Office of Surface .1Vfining
Reclamation and Enforcement.
These agencies are responsible for
controls and preventive measures
when blasting takes place near
populated areas.

Followup studies by the USBM
have examined the r:sks of blasting
near pressurized transmission pipe­
lines, water pipes, wells. and tele­
phone cables. The guideli:1cs that
have been eeveloped provide for both
maximur.-l resource recovery and safe
blasting.

Recently, the USBM studied blasting ef­
fects on pressurized transmission pipe­
lines near an actiue surface coo! mine.
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A1inerals Processing

ew ways of processing minerals are
replacing old ways, in part to make bet­
ter use of domestic resources such as
low-grade ores. The USBM, with indus­

try cooperation, has con­
tributed to these new technol­
ogies by providing ways to
reduce energy consumption
and costs and to better control
process operations.
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Altetnative Anode Reaction for Improved Eleetrowinning of Copper

Industrial copper elec­
trowinning celL Plastic
balls and a surfactant
(some of the surfactant
foam is visible in the pho­
tograph) are used to help
contTo! acid misting.

Top uiew of pilot copper
electrowinning eel!. No
plastic balls or surfac­
tants are needed since
there is no acid misting.

Copper is produced by the
naditional method of smelt­
ing or by the newer method
of eiectrowinning, a process
that uses electricity to extract
a metal from solution and
deposit it on an electrode.
Electrowinning of copper has
grovm sTeadily in the United
States since the mid 1980's,
in part because it can be
used to recover copper from
low-grade domestic ores,

However, there are two
problems with the present

process because the electrochemiceJ
reaction at the anode involves the
breakdo\vTI of water, with The produc­
tion of oxygen bubbles. These bubbles
rise to the surface and break, produc­
ing a fine acid mist in the ai:- above the
electrowinning cells, \vhich can endan­
ger the health of workers in the urea.
Additionally, the breakdo\\TI of wate;
is energy intensive and therefore
costly.

USBM scientists are investigating a
new anode reactior. that
provides a solution to both
acid misting and high energy
costs. The alternative anode
reaction does not involve
\Vater and so eliminates
oxygen bubble formation and
acid misting.

In addition, the alternative
reaction decreases energy
consumption by decreasing
cell voltage. The low-voltage
reaction can reduce the
energy needed in copper
electrowinning by 50%.

This change in copper electrowin­
ning should make it safer for the
workers and should help U.S. compa­
nies to save energy. cut production

Copper deposit produced in USBM pilot
electrowinning cell using the new process.

24

costs, and compete more effectively in
\.l,lorld markets.

Initially. the USBM had a coopera­
tive agreement \.'.lith Magma Copper
Co .. San Manuel. Arizona, and Cyprus
Sierrita Corp .. Tempe. Arizona, to
determine the feasibility of using the
alternative anode reaction.

Now four cOr.1panies are cooperat­
ing with the USBM in full-scale tests of
the technology, representing both
manufacturers and users. The
r.1anufacturers are Eltech International
Corp .. Chardon. Ohio. and Prosep
Techno}ogies Inc., Pickering. Ontario;
the users of the new technology are
Magma Copper Co. and Cyprus Miami
Mining Corp., ClaypooL Arizona.



Minerals Processing

Bubble Generator for Improved Mineral Separation

The mobile coiumn flota­
tion unit has been used to
demonstrate U5B;\.1 tech­
nology to industry.

Flotation is a widely used method
of separating valuable minerals from
low-grade ore. In this process, air
bubbles within an are slurry attach to
the fine mineral particles and float
them [Q the surface.

Flotation in tall columns rather
than conventional flotation cells is
relatively new The advantages of
colL:mn flotation include energy
efficiency and better control of oper­
ating conditions such as fluid flow,
making the process more selective
and efficient and providing a better
prodUCt at a lower cost. The CSBM
played a pioneering role in developing
column flotation in the early 1980's
and in transferring the techr:ology to

industry.
&""1 important influence or: pelior­

mance in column flotation is the way
in which the air bubbles are generat­
ed. Conventional sparger systems
provide only limited control of bubble
size and rate; in addition, when
conventional spargers require mainte­
nance. the whole columr. must be
shut dO\vTl, reducing productivity.

The USB?vrs air bubble generator
and gas sparger provides a low­
maintenance. reliable way to aerate
the flotation column. The unit is a
pressurized chamber attached to the
outside of the column, in which air
and water are mixed. The mechanism
that injects the pressurized mixture as
bubbles into the flotation column also
controls bubble size. This allows for a
much \vider range of bubble sizes,
which can be cor.trolled and opti­
mized for each mineral separation
application. Also, because the bubble
generator is an external component.
maintenance can be pedormed on the
unit \vithou! shutting down the entire
column..

The improved bubble generator
and gas sparger system was described
in a L"SB:V1 newsletter in 1987, and the
device was patented in 1988. The
patent was licensed to Control lnter­
national in 1989 and subsequently to
Pyramid Resources in 1991; both
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In column t1otation. air bubbles attach to
mineral particles and Roat them to [he sur­
face. With the U5BJ'v'I's bubble generator:
the size of the bubbles can be controlled to
optimize mineral separation.

companies a,e located in Salt Lake
City. Utah. The companies are no\v
marketing the bubble generator unit
as well as other column flotation
technologies.

Commercialization has :-esulted in
installations of the bubble generator
-and associated technologies in at least
50 mines in the United States. Cana­
da, and around the world.

The USBM plans to combine its
recent flotation technologies into a
single pilot-plant system. integrating the
bubble generator and other column
flotation developments Vvith USBM
advances ir: process controL on-line
senso,s. and a new rapid flotation
device. This system. ilt a commercial
flotation plant in the Western C"nited
States, \vill demonstrate the whole
range of USBM innovations to improve
flotation technology.
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Recovery of Metal Wastes

~IV SBM scientists haven't yet found a way
to spin straw into gold, as in the fairy tale,
but they have found ways to recover other
valuable metals and materials from a vari-

ety of common wastes. With
industry cooperation, the
USBM has developed waste
recycling technologies that can
provide a domestic source for
valuable materials while elimi­
nating disposal problems.
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Recovering Copper from Smelter Flue Dust
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into the 5880 million modernization of
its copper smelter. The flue dust treat­
ment should enable the company to
recover an estimated 30 tons of copper
annually, uncontaminated by bismuth
or other components. This major
change in the smelter eliminates a
costly problem for the company.

Copper smelter. The f,ue dust may contain substantial amounts orcop­
per, u;hich could be recycled, but it also contains materials that can
contaminate the environment.

Flue d\.~st is one of the wastes
generated during copper smelting and
refining. This dust may contain
sc:bsrantial amounts of recyclable
copper. but it also contains materials
sech as arsenic. cadmium, and bis­
muth that can contaminate the envi­
ronment or inteJi'ere with the retining
process. Disposal or recycle of such
waste is a p:·oblem.

The USBM treatment for copper
smelter flue dust recovers copper and
separates au: arsenic and other
contaminants for environmentally safe
disposal. The process, whIch includes
acid-leac~ingand precipitiltion, can
extract more than 90% of the copper
from the dust, producing copper-rich
solutions or solid copper sulfides that
are suitable for recycle to the smelter.

The treatment can also include a
neutralization phase to re~ove bis­
muth. a contaminant that is detrimen­
tal to the refining process.

USBM researchers have worked
cooperatively with a major copper
producer to integrate the technique
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Continuous leaching of copper rJue dust.



Recovery of Meta! Wastes

Recovering Graphite from Steelmaking Waste

Graphite is used in a wide range of
industrial and consumer products,
from brake linings to the common
pencil. However. the availability of
this mineral is diminishing and its cost
is rising. The united States is totally
dependent on foreign sources for
natural fake graphite.

Meanwhile. a graphite waste called
:<ish has been considered a nuisance
waste and b'Jried in landfills. This
waste is ;:J,'oduced by the steel indus­
try. the largest user of graphite. The
steel industry uses graphite in such
things as crucibles and refractories,
and steelmaking produces kish. a mix
of graphite, iror:., and slag. Kish is a
potential resource for enough graphite
to meet U.S. demand several times
over.

The USBM process can produce
high-quality graphite from kish. The
process inCludes screening. sizing and
leaching of the k:sh. The product is
large-flake graphite, \vhicn appears
equal to or better than natural gra;:Jh­
ile in a wide variety of uses.

The graphite-fram-kish ~rocess won
a prestigious R&D 100 Award as one
of the mos, important new technolo­
gies in 1992. and it was further publi­
cized in a USBM newsletter in 1993.
Commercial testing was performed
under a cooperative ag,eemenr in
which Inlar:..d Steel, Edst Chicago.
Indiana, constructed and operated a
pilot plant, and Asbury Graphite Mills,
Inc., Asbury, Nev,' Jersey. tested and

_:narketed bricks made from the
recovered grapnite.

If costs can be lo\vcred so that
production is profitable. tr.is process
could provide a stilble domestic sc:pply
of graphite with consistent quality.
while reducing the volume of wilste
disposed of:n landfills by the steel
industry.

Screening large lumps of iron from kish.
The iron is returned to the blast furnace.

Blast furnace at steel plant.

Kish pit. Kish skimmed from molten iron is dumped here before
final disposal as landfill.
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Recovering Platinum-Group Metals from Catalytic Converters

The United States depends on
imports for most of its platinum-group
metals (PGM). the metals platinum.
palladium, and rhodium. However,
there is a domestic resource for
substantial amounts of these metals:
used automotive catalytic convene:-s.
About 1 million troy ounces of PGM
annually go into the manufacture of
catalytic converter components in the
United States.

Catalytic converters are used in
automobiles to convert automotive
exhaust into enviror.mentally harmless
vapors. Abom half of the used
catalytic conv~rters in this cOUntry are
collected rather than junked. But
most of those are exported to Japan
or Europe for processing because
there has been no cost-effective way
to process them domestically.

Researchers empty a pilot plant aurocIaue containing leached cata!ysts.
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The Bureau's high-temperature
process uses cyanide to selectively
dissolve PGM from used automobile
catalytic converters and recover a
meta: concentrate. The process can
recover up to 90% of the PGM, and
the concentrate is an excellent feed
for a rennery. The cyanide is totally
destroyed, so t~e wastes are
nonhazardous.

The system is simpler, more
effective, and less expensive than
other current technology. This
process for recovering PGM, which
can be done economicaJly on a smaIl
scale, should increa.se the percentage
of catal:,tic converters being collected
and encourage domestic processing.
Automobile manufa.cn.:rers are
interested especially in ,'ecycling
rhodium. which is very expensive to

mine.
The high-temperature cyanide

process was publicized in a USB,\;1
newsletter in 1992 and was granted a
patent the same year. Initially~ three
companies cooperated in cost-sharing
a pilot :est: Two companies provided
catalyst material, and one evaluated
the concentrate.

A patent license is being
negotiated. which would provide
technical support from USB.M
scientists to help implement the
technology to process catalytic
converters domestically and to
recover the PGjy1.

The USBM is now exploring the
possibility of cooperative wo,'k \\ith
the petroleum industry to recover
PGM from petroleum refining
catalysts.



Recovery of Metal Wastes

Automobile catalytic conuerters such as these are often junked, although they contain useful materials.
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The metals recovered in this process can be recycled for Q number of uses. including producrion of more catalytic
conuerters.
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Wasre Cleanup

lastic beads and a way to make clumps of
clay are among a range of USBM technolo­
gies that can help the Nation manage its

\,

industrial and municipal wastes. These
technologies have been patented
and commercialized. Still under
development and testing is a
process that traps toxic metals in

';; a furnace slag, so that they have
no chance to affect the environ­
ment.
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Waste Water Cleanup with Metal-Removing Beads

\vaste waters containing
toxic metals limit the use
of scenic recreation ar·
eas. such as this site in
central Colorado.

Both active and abandoned mining
and mine,al processing operations
discharge water that contains toxic
metals. The roxic metals kill fish and
plants. contaminate drinking water
supplies, and make streams unfit for
recreational use.

Thousands of such sites exist on U.S.
Forest Service land and other public
lands. Conventiona: treatment for these
\vaste waters often fails to completely
remove the toxic metals and produces
hazardous sludge t.l-tat is difficult to
dispose of.

USBM-developed polymer beads are
a low-cost answer to the problem. The
porous plastic beads contain ine:,..pcn­
sive biological material such as peat
moss that can remove mewl contami­
nants from water, including hazardous
cadmium, lead. and me:'cury. Waters
treated by the beads meet or exceed
:\'ational Drinking Water Standards.

The beads can be used
over and over. because
the adsorption process is
reversible. The metals
can be stripped off the
beads and o:ten recov­
ered as useful products,
so there is :10 hazardous
waste.
The beads are easy to

fabricate and can be
used in existing waste
water treatment equip­
ment. Extens:ve field
tests have sho\",TI that
the beads remove the
last traces of metals from

many diffe:-ent types of waters for long
periods of time. They continue to work
effectively i:l. wet or cold weather.

The metal-removing beads won
an R&D 100 Award in 1990 as one
of the year's most innovative
developments.
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These small plastic beads remove toxic
metals from water and can be used ouer
and ouer again.

The beads received additional
publicity- in a USB;;! newsletter article,
which resulted in over 4,500 requests
for more info:mation. Three companies
were granted patent licenses in 1992.
and technical support was pro\ided by
CSBM scientists as the companies
began production.

TV.iO companies are currently market­
ing the beads: Harrison Western
Environmental Services_ inc.. Denver,
Colorado. anci ATA Technologies Corp ..
Cleveland, Ohio. ATA Technologies is a
small busbess that was created as a
result of the development of this new
technology.

A fuJI·scale treatment system using
the beads has been installed at the
..<\.sarco Globe plant in Denver to
remove several toxic morals from waters
at the site.

Other commercial applications are
likely ir: the near future, including
removal of metals from waters in
municipal waste water treatment plants
and cO;1centration of copper in process­
i:1g solutio:1s to enhance recovery- and
minimize waste.



Waste Cleanup

Dewatering Process for Mineral Waste Slurries

Minerals separation by hydrometal­
lurgical treatment produces a waste
slurry of water and tine ·particles. The
particles settle out very slowly, which
makes the \vaste difficult to dewater
and difficult to handle and dispose of.
Even when waste is dewatered, it will
oflen be turr.ed back into a mllddy

A demonstration unit in Kentucky. Much of the water is remoued
from muddy coal-clay wastes as the floes moue down a screen.

Dewatered waS1e such as this can be safely placed in a holding pond.
where 11 will continue to dry OLit.
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slurry by rain or water from other
sources.

The USBM developed a technique
to remove the water from problem
coal-clay wastes and other fine miner­
al wastes. The method includes
flocculation. a chemical process that
uses a reagent to bring fine particles
together, causing them to coalesce
into clumps. The researchers found
that a nontoxic polymer of polyethyl­
ene oxide (PEO) would cause clay
particles to clump together and settle
Ol:t of the water. For other wastes.
such as those generated by crushed
stone operations, a variety of
polyacrylamide polymers have been
used successfully.

The clumps or floes that result are
dewatered on screens. and the water
can be recycled to the processing
facility. The partiaily dewate,ed
material conti:1ues to lose \vater when
pJaced in a hoiding pond, becoming
solid e::lO'Jgh to suppOrt mobile
eqc:ipmen:. It can also be mixed with
coarse waste and stacked. In either
casc, disposal of the material is envi·
ronmentally sound.

Two USBM newsletters. in 1985
and 1986. described the PEO floccula­
tior. process and spurred interest in
this dewatering technique for coal and
mineral wastes containing clay.
Through cooperative agreements,
USBM researchers demonstrated the
technique to industry personneJin
various pans of the country. using
differen: kinds of ',;I,iastes: phosphate
wastes in Florida, coal-clay wastes in
Alabama and Ker..tucky, mica wastes
::1 North Carolina, effiuen: from gold
placer mining in Alaska. and more
recently, \VaSlCS from crushed stone
operations in Alabama and Virginia.

The process \,,'as patented in 1992,
and two companies were granted
patent licenses. One of them. Ensite.
Inc., in Kennesaw, Georgia, builds
flocct:lalion units and uses them to
clean up waste from both mir.cral
processing and nonmineral hazardous
waste sites.
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Vitrification of Waste Materials in an Electric Arc Furnace

Inside the furnace, organ­
ics are consumed an.d in­
organic was.tes are melted
by the three electrodes into
nontoxic. potentially useful
products.

A wide variety of
wastes are generated by
mines, mineral process­
ing operations, manufac­
turing industries, and
municipai waste com­
bustion facilities. These
\vastes or con:bustion
residues often contain
toxic henvy metals that
can contaminate the
environment when the
waste or residue is
buried in iandfills.

Vitrification prevents
heavy metals in wastes

from entering the er.\1ronr.1ent. 1:1 the
furnace process, nenvy metals become
incorporated into a molten slag
product and are thereby stabilized.

A number of commercia~ vit:-ifica­
tion processes are available that use
high-tech. proprietar}' furnaces.
USB\-1 researchers are demonstrating
that standard electric arc furnaces can
be used to vitrify a variety of wastes at
lower costs. These processes would
eliminate or significantly reduce the
need for land disposal of many of
tbese wastes a:1d would provide
opporrunities for recycling lhe vitrified
materials produced.

The USB;"1 has demonstrated lhis
techr:ology under <l number of coop-

erative agreements, including the
initial agreement \\lith the American
Society of Mechanical Engineers for
constructing a versatile sealed furnace
system and testing it on residues from
five municipal waste combustion
facilities.

Under an inte,agency agreement
~vith the Department of Energy's
Idaho National Engineering Laborato­
ry. the USBM has demonstrated that
simulated radioactive wastes can De
vitrified.

The USBM is also evaluating waste
samples from an electric utility in
California that is p:anning to construct
a waste-tO-energy facility to burn
refuse-derived fuel. Because of the
State's stringent requirement that no
hazardous materials leave the utility
site. vitrificatior: of the residues is
planned.

Two USBM pubiications a:1d
numerous olher articles and reports
have described the electric arc
furnace research. This work :s
providing the waste industry with
information necessmy for designing
commercial furnaces and for prod­
\.;ct evaluation with regard to heavy
metal stabilization. The comprehen­
sive. unbiased data being generated
are sought by both industry and
reg"JlalOry agencies.

Technologies were demonstrated
whereby waste feed materia!, shown in
the center. eouid be meited into either
oftwo final. environmentally safe forms
suitable for reuse.

36



Waste Cleanup

Exterior orthe Bureau's generic three-phase, electric arc furnace. capablc ofcontinuously treating up to 1 ton per hour as
demonstrated for test periods of 100 hours on a variety of waste materials.
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Economics and Beyond
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ne of the tasks of the USBM is to identify,
measure, and classify domestic mineral resources
by evaluating the economics of mineral recovery
operations. Bureau analysts have developed
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computer programs to aid those evalu-
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, . '" ations by considering costs from explo-
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".? '.', ration through treatment of processing
wastes.

And the benefits of Bureau re­
search extend beyond the mining and

, ,;:' '~.

"" , minerals industry. USBM expertise
has played a role in restoring historic
buildings, making the Nation's parks
safer, and improving the annar used
on U.S. Anny vehicles.
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Computerized Engineering and Economic Evaluations

USBl,,1 computer pro­
grams help to estimate
the costs of running a
mining operation.

The USBM evalu­
ates the economics
of mineral recovery
operations. using
variables such as
exploration. reserve
tonnage, ore grade,
mine plans, infra­
structure, supplies.
labor. and financial
and tax conditions
to esti:-:late the cos,
of prod'Jction.
The USBM has

developed several
computer progra:-:ls
to facilitate its

evaluation methodology. Computer­
ized models provide quick. convenient.
and documented economic evalua­
tions and cost es:imates. The user
inputs values and variables, and can
select and adjust processes to reflect a
particulur mineral occurrence or
operation.

The mine simulator program
(MINSIM) applies a discounted-cash-

flow rate of return to estimate the
economics of a mineral recovery
operation over its entire life, from
exploration to return on capital. It
uses site-specific engineering and
economic data fro;n the l.:SB~\lrs

Minerals Availability database, as well
as information entered by the user. It
can assess both existing and proposed
operations,

The cost estimating system (CES)
calculates capital and operating costs
for rr:.ining and mineral beneficiation
operations including surface and
underground mines and mineral
processing facilities. 1: produces cost
estimates for individual unit processes
that constitute a mi:1eral operation.
including development. environmen­
tal assessments. and waste treatment,
Costs are based on available geologic
data. the mine plan. S1.qp]y and labor
costs. and engineering judgment.

These and other computerized
engineering and economic evaluation
systems Tor mining and mineral
processing operations have beer. in
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•(I
•

•
Ca.,.... i-l(1 .... CilIQJlliluooP.-d I rlc:ll.l:l.".o.~lCIn,r:l.I~..-.d I

P:lo=~ll.I~an~~~~

aIR""~s..~

rl.l1anc:mp; /\..s,ILrrT,p:10f13

'lPY Soluticon Pa:.o

l:-Jlermed[.a.te (',,,:iku:J.lJon P-.l

I
I "--

f-------------~

I

MINSIM (MINe SIMula­
tor) menus direct the
user through the evalu­
arion process.
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Crushed gold are is stockpiled for further processing. The CES program
estimates costs of each process in a mineral operation.

Minerals and the materials produced from them are basic to the Nation's
economy. USBM economic studies help to ensure that our mineral supply
is adequate and dependable.
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continuous development for over 20
years. In the 1980's, the USBM
Minerals Availability program used the
systems to estimate the availability of
34 commodities.

Both USBM analysts and others in
organizations such as the Congressional
Budget Office and the General Ac­
counting Office applied system results to
evaluate the effect of policy alternatives
such as royalties on mining operations
on Federal land. Under an agreement
with the Bureau of Indian Affairs.
USBM analysts used these computer
programs to evaluate mineral resourc­
es and to estimate costs of environ­
mental remediation on Indian land.

USBM workshops, training pro­
gcams. and demonstrations that focus
on the costing methodologies using
these systems have been presented to
interested parties in industry, govern­
ment, and academia, both domestic
and imernatio:1al, over a number of
years. Training has been provided to
Bureau of Land Management person­
nel and to Regional Resource Officers
of the State Department. Training has
also been tailored to meet the needs
of uSBM-equivalent agencies in other
countries, including Russia, China.
Poland, and Hungary.

Demonstrations of the products are
often featured at mineral industry
conventioDs. such as the International
Geologic Congress, the annual AIME
and S:-'1E conve:1:ions, and the
\1cKelvey FOfUr:1, sponsored by the U.S.
Geological Survey.

All Minerals Availability computer
products are 0: vvill be available to the
public. MINSI?vl is currently available
with eXle:1sive docume:1tation in two
versions that can be used on DOS­
based personal computers. The CES
has recently been substantially re­
vised, and the revised version will
soar. be available.



From Concept to Customer

Monticello Roof Restoration

USBM sciemists helped to ensure
that the newly restOred roof on
Thomas Jefferson's home \villlast for
at least 60 years. Jefferson's estate.
Monticello, is located on a mountain
near Charlottesville, Virginia. The
residence has been maintained as a
national shrine by the Thomas Jeffer­
son Memorial Foundation since 1926.
In the recent restoration of the roof,
completed in 1993. the Foundation
decided to replicate the appearance
of the tin-plated iron shingles used by

. Jefferson in 1824 by using tin-plated
stainless steel shingles.

The Bureau's expertise in corrosion
work \vas called on to determine ho\\'
thick the tin plate should be to ensure
a long life for the new roof. USBM
scientists estimated the long-term
corrosion rate of tin p~ate ane the
impact of polluta:1tS such as acid rail'.
They computed the tin plme thickness
required using local en\;ironmemal
conditions and an atmospheric corro­
sion model that had been developed
jointly by the USBM and the Environ­
men:al Protection Agency (EPA) as
pact of the National Acid PreCipitation
Assessment Progmm.

A uiew of;VIonticello at the beginning of roof restorarion. An atmospher­
ic corrosion model deueioped jointly b.v the USBM and the EPA. pre­
dicts a 60-year life for the tin plate on the new roof.
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Monitoring Stresses at the National Cathedral

The USBM is also helping in the
preservation and restoration of the
tistorical National Cathedral in
Washington. D.C. The cathedral was
envisioned in Pierre L'Enfant's original
plans for tte city, although it was not
begun until 1893. Major stonework
was completed almost 100 years later,
in 1989, and even today stone carvers
continue to work on the building.

Preserving this national treasure
requires monitoring, maintenance,
repair. and restoration as the years go
by. The Cathedral Foundation,
charged with that task. has asked for
ass:stance from the USBM to deter­
mine the movement and settlement of
the building in the next fe,v years so
that officials can plan and priorit:ze
future restoration projects. The USBM
was contacted because of its expertise
in the area of stress and subsidence
mO:1itoring.

Under a mC:TlO:'andum of agree­
mer:t with the Cathedral Foundation.
Bureau personnel designed and
bstalled and now operate the moni­
toring system. Data will be collected
for a year, to incorporate seasonal
efects. and then Bureau staff \viU
analyze and interpret the data to

provide Cathedral officials \vith a
sO'..lnd basis for repair and restoration
decisions.

Washington National Cathedral. west
towers. The U5B.\1 is monitoring settle­
ment of [he bUilding to provide inform a­
tiOTi for future preseruation or restoration
efforts.
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Installing a tiltmeter to measure
changes in the tilt of the cathedral
towers.
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Mine Closure Guidelines

A bat gate, a steel grate about 1,2 b}' 1,8 meters (4 by 6 feet), is ce­
mented or bolted into the roch at a mine portal. The gate allows bats
to enter the abandoned mine while preuenting human access.
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The National Park Service asked
the USBM for guidance on ways to

close up abandoned mines located in
National Parks. The openings to these
mines need ~o be sealed off so that
people using the parks can't enter the
old mines accidentally or intemional1y.
Abandoned mines are dangerous
because of the potential of rock
collapse.

However, in many cases, the mines
cannot be closed completely or
permanently. Some abandoned mines
;heltcr bats'and other wildlife. and so
they must have sma!: openings to
pro-vide access and ventilution for the
animals. In addition. some closures
need to be temporary so that the
mines could be opened again for
geological study or funher mining.

lJSBM engineers responded to the
National Park Service request by
compiling inforr.1ation and technical
dravlings on various :ypes of mine
closures to meet differer.t situations.
Field guides were prepared to help
Park. Service perso:mcl determine the
most appropriate t:\-'1Je of closure and
how the closure should be construc,­
ed. A b:ief desciption of 11 tech­
niques was also published in a 1994
USB:,'l newsletter to reach a wide;:
audience.



Economics and Beyond

Expendable Pattern Casting of Steel Annorplate

Through an imeragency agreement
with the US Army, Tank and Automo­
tive Command (TACOM), the USBM
used a new steel-casting process to
develop supplementary armor for the
Bradley Fighting Vehicle and the
MiA1 tank. The armor. battle tested
1:1 the 199: Gulf War, proved to be
lighter, ballistically superior. and less
expensive than convemional armor.

The process used to make the
prototype armor is k,.,own as expend­
able or e'vaporative pattern cast:ng, a
technique fa, sand-casting metal. A
pattern or T:lold of the piece to be cast
is constructed of a material such as
expanded polystyrene that vaporizes
easily. The pattern is placed in sand.
which is compacted around it. Molte:1
metal is poured into :he pattern,
which vaporizes, allowing the metal to
fill the place of the patter;') iT: its exact
configuration.

This technique has been usee. for
over 30 years for aluJ"linum and
nonferrous alloys. but it was consid­
ered technically impossible for making
complex castings from metals like
steel. Molten steel is much hotter than
molten al:.Jrninum. and the pattern
begins to vaporize before the steel
completely fills the voids. ca:lsing
collapses in the mold ar.d loss of
detailed features.

The USBM developed a method of
evaporative pattern casting for steel
alloys that overcomes these probiems.
so that large and complex shapes such
as armorplates can be cast. Collapse
0: the mold is prevented by enhancing
the flow of the molten steel to all
sections of the mold and by providing
ways to keep the pattern rigid so that
critical dimensions and specific con­
tours are maintained throughout the
p:-ocess.

This process accommodates com­
plex designs while producing an
excellent surface finish with less scrap.
It offers the foundry industry an
inexpensive means of producing high­
quality steel casts to demanding
specifications.
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TACOM's contractors are setting up
production facilities based on this
technique to retrofit various Army
vehicles. Interest in the steel-casting
method has also been shO\vn by
shipping companies. The ;nethod was
patented in 1993.

Polystyrene mold of prototype hatch in
flask with sand.

Cas! steel armor made by expendable
pattern casting protects rear of turret on
Bradley Fighting Vehicle.
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Technology Transfer Program

Headquarters office, Washington, D.C.
Chief, Office of Technology Transfer
202-501-9323

Center for Health and Safety,
Pittsburg:-t. Pennsylvania
Technology Transfer Officer
4: 2-892-6602

Center for Materials Pa:-tr:erships,
Albany. Oregon
Technology Transfer Officer
503-967-5892

Center for Pollution Prevention and
Control. Salt Lake City. Utah
Technology Transfer Officer
801-584-4100

Center for Environmental Remediation.
Minneapolis. )vlinnesota
Technology Transfer Officer
612-725-4500
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Publications

Additional information on USBM research
and technologies can be found in the fol­
100ving publications, available from the
Office of Technology Transfer (phone:
202-501-9323: fax: 202-501-9957)

Innovative Thchnology. 1992. High­
lights new products and processes from a
range of programs in the USBM.

Mine Safet;y and Health Research:
Achievements of the U.S. Bureau of
Mines. 1993. Covers health and safety
research from 1970 through 1990.

FY 1994 Annual Research Report.
1995. Reviews 1.JSBIvl research
accomplishments of the past fiscal year.

U.S. Bureau of Mines Cooperative
Research Opportunities. 1995. Pro­
vides summaries of developing :echnolo­
gies that are ready for cooperative re­
search v.-ith industry.

Technology News, Technology
Transfer Update. USBM newsletters
that promote technology transfer.
These newsletters are availab1c in pa­
per copies or on the Internet.

Special Publication 09-94. Gives ir:­
fo:-mation on USBM publications on the
Internet.
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