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1.0 EXECUTIVE SUMMARY
This report was prepared under Memorandum of Agreement B291534 between
Lawrence Livermore National Laboratory (LLNL) and the U.S. Bureau of Mines,
Minerals Availability Field Office (MAFQO). It provides LLNL information on the
mining industry of Algeria, and quantitative information on the blasting potential of
its mining industry. MAFO identified mining activities through the use of the
Minerals Availability data base, its data collection and analytic capabilities, and an

extensive network of information sources.

Algeria possesses a diverse but modest resource potential of metals and industrial
minerals. The mining industry of Algeria is minor when compared to the mineral
fuels industry (petroleum and natural gas), which accounted for almost all export
earnings in 1993. Research activities resulted in the identification of 225 mineral
properties. Most properties operate on a small scale and require minimal blasting.
The blasting potential for 22 representative properties is reported. Only two
operating mines have the potential to produce blasts of over 150 metric tons of

ANFO equivalent at any given time as part of normal mining activities.

While Algeria is limited to using internally produced explosives or imports not
restricted by trade policies of many countries, it possesses the technology and
facilities to manufacture blasting agents and detonation systems suitable for

mining applications. Most surface mines in Algeria utilize ammonium nitratg-fuel oil
(ANFO) blasting agents. High explosives are used in a few small underground

operations where geologic conditions and drilling characteristics require its use.

Mining is generally concentrated in the Atlas Mountains of northern Algeria.
Underground mining is limited to small iron and lead/zinc operations with an
individual maximum blasting event potential of less that 10 metric tons of ANFO
equivalent. Surface mining and quarrying operations are generally on a larger

scale. Only a few sites possess the capability to produce regularly scheduled
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blasts in the 100-300 metric ton (ANFO equivalent) range. The largest producing
mines are located close to the Tunisian border; monitoring of these sites from

Tunisia should be possible.




1.1 Authority

This report was prepared under Memorandum of Agreement B291534 between
Lawrence Livermore National Laboratory (LLNL) and the U.S. Bureau of Mines,
Minerals Availability Field Office (MAFO).

1.2 Project Scope

As part of this agreement, MAFO is to identify mining activities in Algeria, Iran,
Iraq, and Libya as they relate to monitoring/verifying compliance of the
Comprehensive Test Ban Treaty. MAFO is to use the Minerals Availability data
base, its data collection and analytic capabilities, and an extensive network of
information sources to provide background information focusing on the use of
explosives by the mining industry, which can cause false alarms during monitoring

and hide blasting events.

Reports with accompanying figures and tables summarize location, type of mining
method, commaodity(ies), estimated frequency and size of mine blasts, operational
status, and mine product distribution to foreign or internal markets for the specified

countries.

Once country data were collected and verified, the explosive use at selected sites
was evaluated. Focus was placed on locations that consume large quantities of
conventional chemical explosives. Undeveloped sites and small scale mines, while
included in Appendices A-C of this report, were not analyzed in terms of the site’s
anticipated use of explosives since mineral prospects generally make only small use
of explosives and small mines (some of which are operated on an intermittent

basis) are assumed to require minimal blasting application.

Based upon known site information (geological conditions, mine technology,
production capacity, and current blasting practices), the blasting potential for

significant mining sites was evaluated. Where site-specific data were not available,




available, estimates for representative, important properties were developed based
upon accepted industry practice, knowledge of the Algerian mining industry, and

regional geologic characteristics.

2.0 SOURCES OF INFORMATION

Data for this report were derived from published sources, unpublished documents,
and personal communications through an extensive network of public and private
contacts. ’Public sources of information are listed in Appendices A - C. Attempts
were made to collect information at offices of agencies known to either. possess this
type of information or those believed to have an interest in such information.

Principal agencies contacted include, but were not Iirﬁited to the U.S. Bureau of
Mines, the U.S. Geological Survey, the U.S. State Department, Central Intelligence
Agency, Defense Intelligence Agency, the United Nations, the World Bank, World
Resource Institute, International Strategic Minerals Institute (ISMI). In addition,
selected academic and industry contacts, explosives manufacturers and suppliers,

and trade groups were contacted.

3.0 THE MINING INDUSTRY OF ALGERIA

Algeria possesses a diverse but modest resource potential of metals and industrial
minerals. The mining industry of Algeria is minor when compared to the mineral
fuels industry, the leading industrial sector. Only iron ore, mercury, and phosphate
are prodhced on a scale to be considered important by world standards. Lead, zinc,
and several industrial minerals are also produced, but production is not large on a
worldwide basis. Other mineral resources include antimony, tungsten, manganese,
copper, uranium, and gold. Algerian mineral production statistics for 1992 and 1993

are provided in Table 3.1.




Table 3.1— —Estimated Mineral Production in Algeria,

1992 and 1993 (Metric tons)

1992 1993
Commodity(1) Production Production
METALS
Cadmium, refined _ 75 75
Iron ore, gross weight 2,560,000 2,311,000
Lead concentrate, Pb content 1,200 - 1,538
Mercury 476 455
Silver 3.5 3.5
Zinc concentrate, Zn content 7,500 6,800
INDUSTRIAL MINERALS

Barite, crude 51,150 47,232
Celestite 5,400 5,400
Cement, hydraulic 6,400,000 6,940,000
Clay, bentonite 25,000 20,823
Clay, Fuller’s earth 4,550 3,229
. Clay, kaolin 20,000 12,586
Diatomite 3,600 3,471
Gypsum 234,000 200,000
Lime, hydraulic 62,000 62,000
Phosphate rock 1,136,000 718,000
Salt 251,000 247,000
Sulfur, elemental 20,000 20,000

Source: U. S. Bureau of Mines. Minerals Yearbook, 1993.

(1) In addition to the commodities listed, small amounts of
secondary aluminum, secondary lead, secondary copper,
nitrogen, and caustic soda are produced. Petroleum and
mineral fuels are excluded from this table.




The Algerian Government retai}ls control over the mining and mineral processing
industries since they were nationalized in 1966. A revised mining law was enacted
in 1991 which allows some private involvement and foreign investment in the mining
industry. Foreign investors can now form joint ventures and receive tax concessions
as an incentive to improve exploration and production within the country. The Office
de Recherche Géologique et Miniéres (ORGM) was created in 1991 to coordinate the

various mining activities in Algeria’.

Summaries of mineral site data are provided in Appendices A-C. Data on producing
or developing mineral deposits, past producing properties, and prospects and
undeveloped mineral occurrences are provided in tabular form. Location maps for
each of the above categories of mineral property are also provided in Appendix Maps
A-C.

3.1 Industrial Minerals

While Algeria possesses resource poten'gial for a wide variety of minerals with
industrial applications, production is relatively small and minerals are generally
processed or marketed domestically. One Algerian phosphate producer is considered

important on a world scale (Refer to section 3.5).

Barite is produced from a number of small mines, often found in association with

lead and zinc sulfides. In some cases, lead/zinc production has ceased, while barite
production continues. Barite production at an individual site rarely exceeds 10,060
tpy, and is often much smaller. Small quantities of cadmium are also produced as a

byproduct of lead/zinc mining.

Construction cement production is derived from a number of sites in northern
Algeria. Sites are typically located near market cities. The largest single producer

reportedly has an operating capacity of 2,000,000 tpy; small by world standards.

1 Europa Publications Ltd. The Middle East and North Africa 1994. 40th Edition. p. 262.
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Current production is not suf%icient to support domestic demand, so about 20% of
Algerian cement is imported. Major investments are required to modernize and
rehabilitate the industry to allow it to fulfill domestic market requirements. Cement
production is Government owned and controlled. Open pit mining techniques with

limited blasting of the limestone are employed.

Mining of kaolin and bentonite clays occurs at a few selected sites on a very small
scale. Clay mining typically does not require significant blasting. Fuller’s earth and

diatomite are also recovered in small quantities.

Algeria possesses the potential to recover large quantities of salt, owing to its
proximity to the Mediterranean Sea, its arid climafe, and an abundance of a number
of large saline lakes. While salt is recovered at a number of locations in northern
Algeria, they are believed to be small scale surface operations. Salt brine is often
pumped from the lake.or evaporation basin to nearby processing facilities; blasting is
not required. Gypsum is also available from extensive evaporite deposits near the
Mediterranean. Only one operation is reported to produce gypsum. While some
blasting is required, Algerian mining operations tend to be small, surface operations

with limited blasting.

Algeria is one of few countries producing strontium. Production of celestite occurs

at one known surface operation, producing approximately 5,400 tpy.

Sulfur is recovered principally as a refinery byproduct of petroleum. Primary sulfur,
where recovered, is extracted by the Frasch process, in which hot water is injected
through wells into sulfur-rich evaporites. . Sulfur is melted and pumped out through
" the same wells for processing. Blasting is not required for this extraction technique.

3.2 lIron Oré
Algeria produces significant quantities of iron ore. Approximately 75% - 80% of




production comes from the Djebel Ouenza and Bou Khadra mines in northeastern
Algeria near the Tunisian border. Annual production at these two sites can reach 4

million mt, although production in recent years has ranged between 2.0 - 2.5 million

tpy2.

Ore containing 53% - 60% Fe is extracted by surface methods at Djebel Ouenza and
underground methods at Bou Khadra. Average stripping ratio at Djebel Ouenza is
2:1, so almost 6 million tpy of overburden and 3 million tpy of ore require blasting at
this large surface operation. Blasting requirements at Bou Khadra are much less than
those of Djebel Ouenza. These two mines primarily supply the domestic market,
with minor exports to Tunisia and Albania.

While a number of other mines recover iron ore in Algeria, production at these sites
range from 120,000 tpy to 300,000 tpy of ore. Blasting requirements for these
mines vary considerably depending upon mining method employed, but in all cases

are considerably less than that of Djebel Ouenza.

Several plans have been put forward in recent years to develop the Ghara Djebilet
iron deposit. A proposed production rate of 8 million tpy has been mentioned, but
mining would require the construction of a 1400 km rail line. The development

status of this deposit remains uncertain at this time.

3.3 Lead and Zinc

In recent years, Algerian production of lead/zinc ores has decreased as a result of
declining ore grade, diminished reserves, and reduced exploration activity. Many
small occurrences and past producing mine sites are scattered across northern
Algeria. Several sites recently closed or switched to barite recovery, as lead/zinc

reserves were depleted.

2 U. S. Bureau of Mines. Minerals Yearbook 1994 (preprint). Ch. on Algeria.
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The main deposits of lead and zinc are at El Abed, on the Algerian-Morocéan frontier,
and at Kherzet Youssef, in the Sétif region. While El Abed has the capacity to
produce up to 350,000 tpy of ore by underground mining techniques, production
was reduced by 120,000 tpy in 1991 as a result of ore structure and selectivity
considerations®. '

The Kherzet Youssef mine ceased production in recent years. The underground
workings were flooded in 1990, causing the mine to terminate production; it is
presently unclear whether the mine will be able to reopen®. In 1990, reserves were
reported to be nearing depletion, so without increased exploration it is doubtful
whether the mine could resume production.

3.4 Mercury

Mercury production in Algeria is significant or; a world scale, about 10% of world
output, even though production volume is not large. Most mercury is produced in
the Ismail/Am’Rasma mining area of northeastern Algeria. Ore with grades ranging
from 0.5% - 1.4% Hg are mined by conventional surface mining methods to recover
up to 30,000 tpy (Am’Rasma) and 26,000 tpy (Ismail) of mercury-bearing ore. At
both locations, the ore is drilled and blasted with a reported powder factor of 0.1
kg/ton of mined material*. Ore is trucked to Azzaba for beneficiation, and the
mercury produced is exported via the port of Annaba to Europe.

3.5 Phosphate

Most phosphate production presently comes from the Djebel Onk mining area in
northeastern Algeria. Algerian ’phosphate is mined by surface methods at an average
depth of 22.5m; the reported stripping ratio is approximately 1:1.

3 United Nations. Mission to Algeria: Aug. 27 - Oct. 19, 1993, F. J. Gauthier. Project
ALG/87/013.

4 U. S. Bureau of Mines. Minerals Yearbook 1994 {preprint). Ch. on Algeria.

9




The Djebel Onk mine handles 3 million tpy of overburden and 3 million tpy of
phosphate-bearing material to-produce up to 1.5 million tpy of processed P205.
Approximately 30% of this phosphate is used domestically, and the bulk of the
remaining material is exported to Europe, principally to France and Spain®. In past
years, production rates were higher, and other market areas included Yugoslavia,

Poland, Finland and Indonesia.

The mine is estimated to be the largest explosives consumer in Algeria, with
explosive use of up to 307 mt of ANFO equivalent for blasting events. Algeria
possesses other phosphate mineral resources, but lack of financing has hindered
development of these sites.

3.6 Other minerals

Algeria possesses additional mineral resources of antimony, tungsten, manganese,
copper, gold, and uranium. Recently announced development projects include
development of uranium resources and two gold properties in the Hoggar Mountain
region of Algeria. 'Development of these projects are dependent on improving site
infrastructure, building regional transportation structures, and acquiring sufficient

capital.

4.0 MINE-RELATED EXPLOSIVES USE

Almost all mines use explosives to fragment or loosen rock and consolidated material
prior to excavation. Bulk or packaged explosives and blasting agents are detonated
after emplacement in material to be excavated. Minor quant.ities of sachet and

shaped charges may be used for secondary breakage and other special applications.

The type and amount of explosives used are influenced by the nature of the rock or
ore, the mining methods employed, the production rate of the mine, the type and

availability of explosives and detonation systems, hydrologic conditions, mining

S British Sulphur, Ltd. World Survey of Phosphate Deposits. 5th Edition, 1992, pp. 90-92.
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equipment, drilling equipment, mine geometry, level of technical expertise, and
external constraints such as the proximity of residences, availability of explosives,
and available funding. At almost any mine, the size of each blast can vary

significantly due to local conditions, production schedules, weather, etc.

Surface mines typically shoot much larger blasts than underground operations and
tend to have higher production rates than underground mines. In addition, limitations
of working room, limited free faces, ventilation requirements, and drilling limitations

may constrain maximum blast sizes in underground mines.

Algeria is limited to internally produced explosives or imports from other allied Islamic
countries. Currently tﬁe United States and other Western countries impose strict
trade policies on the sale of military or dual use technology and equipment (including
mining explosives and drilling rigs) to Algeria®. Industrial contacts, however,
maintain that these réstrictions do not represent a major impediment to Algeria’s
mining sector. Algeria has the military-related technology and facilities to
manufacture blasting agents and detonation systems suitable for most mining

applications.

Most Algerian mines use ammonium nitrate-fuel oil (ANFO) blasting agents. This
includes some of the newer emulsion and/or aluminum boosted products presently
available. ANFO systems are preferred in most mining applications due to their ease
of manufacture, low cost, inherent safety, and bulk loading advantages. High
explosives, however, would be preferable for small underground operations that use
drill sizes that are below the critical diameter needed for emplacing ANFO blasting
agents, under wet conditions, in methane-rich atmospheres, and conditions that

require higher detonation velocities and/or convenience of packaged explosives.

& Mr. Steven Keshette, Algerian Desk Officer, U.S. State Department. Personal communication,
April 5, 1995.
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Blasting assumptions used in this report are based upon engineering judgment;
explosive use can vary considerably és mining conditions change. ANFO
consumption was assumed to be dependent upon mine production rate, average
stripping ratio, specific gravity of the host rock, assumed powder factor limits, and
mining method. In most cases, site-specific blasting information was unavailable.
Consequently, estimates were based upon known or estimated production rates,
mine geology, mining systems, and typical mining practices. Experience, engineering

judgement, and available data were incorporated into calculations and estimates.

For each site, a stripping ratio (Quantity of overburden removed per mt of ore mined)
and powder factor (Quantity of rock blasted per unit of ANFO blasting agent
equivalent) limits were estimated. A range of ANFO consumption was calculated for
both daily blasting requirements and for an assumed maximum blasting event. Daily
ANFO requirements were estimated assuming a 215 day production schedule.
Consumption estimates for all sites were calculated in a similar manner. The lower
consumption value applies a minimum powder factor while the higher value assumes
a maximum powder factor. Unlike daily consumption estimates, a maximum blasting
event would not take place on a daily basis. For this study, it was assumed that a
maximum blasting event could occur every 10 working days for a surface mine and
every 5 working days for an underground.mine. Such events are designed to
account for such factors as blasting delays, geological irregularities, and mining
method variations that require a higher ANFO consumption than the typical blasting
event. Mine development or pillar extraction conditions, for example, often require

larger blasts.

The following examples illustrate typical blasting calculations using the estimation

procedure described above:

Djebel Onk daily ANFO consumption lower limit (L):

L = Production rate * [1 + (stripping ratio * specific gravity of ore + waste)] * [Low powder factor

/ 1000 (converts kg to mt)] / 215 (assumed operating days per year)

12



l

3,000,000 * [1 + (4.0 * 2.5)] * [0.11 / 1000] / 215
16.88 17 mt ANFO equivalent (Rounded to nearest unit)

Djebel Onk daily ANFO consumption higher limit (H):

H = Production rate * [1 + (stripping ratio * specific gravity of ore + waste}] * [High powder factor
/ 1000 (converts kg to mt)] / 215 (assumed operating days per year) -

L = 3,000,000 * [1 + (4.0 * 2.5)] * [0.20 / 10001 / 215

L = 30.70 31 mt ANFO equivalent (Rounded to nearest unit)

Diebel Onk maximum blasting event ANFO consumption_(M):

M = Production rate * [1 + (stripping ratio * specific gravity of ore + yvaste)] * [High powder factor
/ 1000 (converts kg to mt)] / 215 (assumed operating days per year) * maximum blast cycle time
{working days between blasting events)

M = [3,000,000 * [1 + (4.0 . 2.5)1 * [0.20 / 10001 / 215] * 10

M = 306.97 307 mt ANFO equivalent (Rounded to nearest unit)

Table 4.1 provides the corresponding blasting range estimates for the main Algerian
mines identified in this study. Figure 4.1 shows site locations for the mines reported
in table 4.1. Symbols reflect mine type (surface or underground) and maximum

ANFO consumption for a given blasting event.
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Table 4.1——Estimated Explosives Usage at the Main Algerian Mines

Used in this Study in Order of Estimated ANFO Consumption

,‘ Daily Consumption] Maximum Maximum
Mine Production (mt ANFO) Blast Cycle Blasting
Mine Latitude Longitude Product Type (Mmt/yr) (3).(4) Time (days) Event
{1) (2) Low High (5) {mt ANFO)
Djebel Onk N 34°43' E 8°00 Phosphate S 3.000 17 31 10 307
Djebel Ouenza N 35°58' E 8°07° Fe S 2.800 13 18 10 180
Elma Laboid N 35°20' E s8°ot Limestone S 5.600 6 12 10 117
Oran N 35°40' W 0°36' Limestone S 2.900 3 6 10 61
El Asnam N 36°30° E 1°59 Limestone S 2.000 2 4 10 42
Batna N 36°56° E 6°4¢6' Limestone S 1.000 1 .2 10 21
Blida N 36°28' E 2°48'  Limestone S '1.000 1 2 10 21
Constantine N 36°50° E 6°39’ Limestone S 1.000 1 2 10 21
Setif N 36°10° E 5°35' Limestone S 1.000 1 2 10 21
Khanguet El Mouhad 'N 35°35° E 8°06° Fe S 0.300 1 2 10 19 ]
Timezrit N -36° 35' E 4°46' Fe S 0.300 1 2 10 19
Bou Khadra (Bou Khandra) N 35°46' E 8°03' Fe UG 1.000 1 2 5 8
Beni-Saf N 35°17° W 1°23° Fe S 0.120 1 1 10 8
Djebel Zaca_lr N 36°20° E 2°12° Fe uG 0.250 0 0 2
Bou Caid N 35°36" E 1°40' Ba,Pb,2n(6) UG 0.350 0 0 2
El Abed N 34°31° W 1°471° Pb,Zn UG 0.350 0 0 5 2
Am'Rasma N_ 36°43' E 7°09' Hg S 0.030 0 0 10 2
Ismail (Taght) N 36°42° E 7°06’ Hg S 0.030 0 0 10 2
Bendjerah N 36°20° E 7°40° Marble S 0.010 0 0 10 1
Bou Hanifia N 35°13 E 0°10° Marble S 0.010 _0 0 10 1
Timagouine N 21°39' E 4°32 U UG 0.002 0 0 5 1
(1) S—-Surface; UG——Underground

(2) Mmt/yr——Million metric tons per year.

(3) mt ANFO--—Maetric tons of Ammonium Nnrate/Fuel Oil blasting agent equivalent rounded to nearest whole unit.
(4) Assumed production schedule — 215 days/yr.
(5) Assumed maximum blasting cycle time for surface operation — 10 working days; underground operation — 5 working days
(6) Operation curreptlyonly produces barite.
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5.0 CONCLUSIONS

Mining primarily occurs in the Atlas Mountains of northern Algeria. Underground
mining is limited to small iron and lead/zinc operations with a blasting poten;cial of
less that 10 metric tons of ANFO equivalent per event at an individual site.
Surface mining and quarrying operations are generally onra larger scale. Quarrying
operations are of moderate scale, generally located near larger cities in the north.
It is likely that a blast detected;outside of the well-defined mining region of
northern Algeria would not be due to rhining. In noﬁhern Algeria, maximum mine
blasting events typically are in the 1-20 metric ton of ANFO equivalent range.
While only a few individual sites possess the capacity to produce regularly
scheduled blasts in the -1 00-300 metric ton (ANFO equivalent) range, there are
several areas where multiple surface mines are operating; it co‘uld be feasible to
effectivelly conceal a nuclear test by excavating a deep test chamber in the midst A
of one'of these areas. If a blast is detected in an area Where mining occurs
regularly from several sources, it may be difficult to detect. This could especially
be true by decoupling the nuclear device in a large sealed cavern. Detonation of
such a device during a surface mining blast event could further confuse the

blasting signature.

The largest producing mines.are located close to the Tunisian border.
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1.0 EXECUTIVE SUMMARY

This report was prepared under Memorandum of Agreement B291534 between
Lawrence Livermore National Laboratory (LLNL) and the U.S. Bureau of Mines,
Minerals Availability Field Oﬁicg (MAFO). It provides LLNL information on the
mining industry of Iran, and quantitative information on the blasting potential of its
mining industry. MAFO identified mining activities through the use of the Minerals
Availability data base, its data collection and analytic capabilities, and an extensive

network of information sources.

While mineral fuels account for a large share of Iran’s income, the minerals industry
is also significant. Since the 1600’s, Iran has produced significant quantities of
iron ore, coal, copper, lead/zinc, and chromium to support its heavy industry. The
Sar Cheshmeh deposit is a world class copper producer. Iran also is a proddcer of
numerous industrial and construction materials. Mining is conducted in virtually all
regions of the country, with the greatest concentration of sites in the mountainous
regions of central Iran. Research activities resulted in the identification of 437
mineral properties. Most properties operate on a small scale and require minimal
blasting.

Iran is prohibited by U. S. law from receiving U.S. mining eqt;ipment or supplies.
Such restrictions do not appear to represent a major impediment to Iran’s mining
sector. Iran has the military-related technology and facilities to manufacture
blasting agents and detonation systems suitable for most mining appliéations.
Based upon available data, the blasting poteniial -for 32 properties has been
estimated. Blasting is generally conducted on a small scale, but may occur
frequently where mine geology requires explosive use. Underground mining is
limited to small coal and base metal deposits with an individual maximum blasting
event potential of less than 10 metric tons of ANFO equivalent. Surface mining
and quarrying operations are generally on a larger scale, but only a few sites
possess the capacity to produce regularly scheduled blasts in the 100-300 metric

ton (ANFO equivalent) range.




1.1 Authority

This report was prepared under Memorandum of Agreement B291534 between
Lawrence Livermore National Laboratory (LLNL) and the U.S. Bureau of Mines,
Minerals Availability Field Office (MAFO).

1.2 Project Scope _

As part of this agreement, MAFO is to identify mining activities in Algeria, Iran,
Iraq, and Libya as they relate to monitoring/verifying compliance of the
Comprehensive Test Ban Treaty. MAFO is to use the Minerals Availability data
base, its data collection and analytic capabilities, and an extensive network of
information sources to provide background information focusing on the use of
explosives by the mining industry, which can causé false alarms during monitoring

and hide blasting events.

Reports with accompanying figures and tables summarize location, type of mining
method, commodity(ies), estimated frequency and size of mine blasts, operational
status, and mine product distribution to foreign or internal markets for the specified

countries.

Once country data were collected and verified, the explosive use at selected sites
was evaluated. Focus was placed on a limited number of larger operations, or
those reported to have potential for short-term-development. Undeveloped sites
and small scale mines, whlle mcluded in Appendices A-C of this report, were not
analyzed in terms of the s:te S antucnpated use of explosives since mineral prospects
generally make only small use of explosives and small mines (some of which are
operated on an intermittent basis) are assumed to require minimal blasting

application.

Based upon known site information (geological conditions, mine technology,

production capacity, and current blasting practices), the blasting potential for



significant mining sites was evaluated. Where site-specific data were not available,
estimates for representative, important properties were developed based upon
accepted industry practice, knowledge of the Iranian mining industry, and regional

geologic characteristics.

2.0 SOURCES OF INFORMATION

Data for this report were derived from published sources, unpublished documents,
and personal communications through an extensive network of public and private
contacts. Public sources of information are listed in Appendices A - C. Attempts
were made to collect information at offices of agencies known to either possess this
type of information or those believed to have an interest in such information.

Principal agencies contacted include, but were not limited to the U.S. Bureau of
Mines, the U.S. Geological Survey, the U.S. State Department, Central Intelligence
Agency, Defense Intelligence Agency, the United Nations, the World Bank, World
Resource Institute, and International Strategic Minerals Institute (ISMI). In addition,
selected academic and industry contacts, explosives manufacturers and suppliers,
and trade groups were contacted.

3.0 THE MINING INDUSTRY OF IRAN

While the oil and gas industry provided 76% of Iran’s foreignAexchange in 1994, its
mining industry is significant. Iran reportedly produced over 40 different minerals’.
The majority of the sites are small scale pits or quarries.

Mining was an expanding sector of the Iranian economy in 1994. The Government
considers mining to be of high priority, and is in the process of implementing

regulations that would ensure that the country would continue to develop its own

1 U. S. Bureau of Mines. Minerals Yearbook 1994. Ch. on the Mineral Industry of iran, by M. M.
Heydari.




resources to meet domestic needs and to minimize mineral imports. The mining
sector contributed more than 4% of the gross national product in 1994; the

Government set a target to increase its contribution to 10% by 2000.

The Mining Act of 1983 and subsequent amendments regulate mineral ownérship
and production procedures. In Iran, the oil & gas and energy sectors are State
owned, as well as the larger metal and non-metal mines. Recent provisions have
relaxed private investment constraints and encouraged private ownership and
development of smaller mines and sources of construction raw materials. As a
result, many new mining developments are planned for lran. Financing for such
projects are provided both by the Government, through the Ministry of Mines and
Metals (MMM), and private sources, both foreign aﬁd domestic. The Ministry has

authority to issue 5-year mining and exploration permits at low royalt{/ rates.

Since the 1600’s, Iran has relied on domestic sources of raw materials (iron ore and
coal) to support its domestic steel industry. It also is known to possess signifiéant
quantities of copper, lead/zinc and chromiurﬁ ore. The Sar Cheshmeh deposit is a
world class copper producer. Iran also is a producer of a variety of industrial
minerals and construction materials. Significant resources of gypsum, manganese,
celestite, magnesite, barite, bentonite and kaolin clays, and sodium sulfate are found
in Iran. Salt, limestone, pumice, marble, and sand and gravel are also produced in

Iran. Table 3.1 provides Iranian mineral production statistics for 1993 and 1994.

Iran has large areas where mineral exploration is limited. Until the 1970’s, when
foreign companies were first allowed to conduct exploration activities within Iran,
little was known in the West about Iranian rﬁineral resources, except for documented
ancient mining areas along Persian trade routes. Since the 1970’s, however, much
exploration work has been done to develop such sites as Sar Cheshmeh, a world

class copper mine.




Table 3.1--Estimated Mineral production in Iran,
1993 and 1994 (Metric tons)

1983 1984
Production Production

Commodity {1}

METALS

Aluminum, primary ingot ) 90,000 116,000

Bauxite ore, gross weight 100,000 100,000

Chromium concentrate, gross weight 130,000 129,000

Copper ore, gross weight 10,800,000 12,100,000

Gold ore, Au content (kg) 417 723

lron ore, gross weight . 9,870,000 8,680,000

Lead concentrate, gross weight 50,000 60,000

Manganese ore, gross weight : 108,000 75,000

Molybdenum concentrate, gross weight 1,700 1,700

Silver ore, Ag content {kg) 60,000 60,000

Zinc concentrate, gross weight 180,000 220,000
INDUSTRIAL MINERALS

Asbestos concentrate 90,000 80,000

Barite, crude 105,000 225,000
Cement, hydraulic ) 18,000,000 20,000,000

Clay, bauxite and refractory 220,000 220,000

Clay, bentonite 85,000 84,000

Clay, industrial 250,000 250,000

Clay, kaolin ’ 452,000 450,000

Feldspar 25,000 30,000

Fluorspar ' 10,000 10,000

Gemstones, turquoise {kg) 5,000 5,000

Gypsum 8,600 8,430

Industrial sand & gravel 932,000 950,000

Lime 650,000 650,000

Magnesium, magnetite 40,000 65,000

Mica 8,000 8,000

Pumice and related volcanic materials 185,000 200,000

Salt 720,000 1,050,000

Stone 34,758 38,670

Strontium, celestite 20,000 20,000

Sulfate, alum 12,000 - 12,000

Sulfate, sodium 280,000 280,000

Sulfur 800,000 880,000
Talc ’ 18,000 27,000

Source: U. S. Bureau of Mines. Minerals Yearbook, 1994.
(n In addition to the commodities listed, small amounts of arsenic, boron, diatomite,
perlite, and caustic soda are produced. Petroleum and mineral fuels are excluded

from this table.
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Summaries of mineral site data are provided in Appendices A-C. Data on producing
or developing mineral deposits, past producing areas, and prospects and undeveloped
mineral occurrences are provided in tabular form. Location maps for each of the

above categories of minerai property are also provided in Appendix Maps A-C.

3.1 Chromium

Chromite was first discovered in Iran in 1940. Reported chromium reserves are
estimated between 5-7 Mmt from ophiolites in central and southern Iran®. Mineral
production is controlled primarily by the Faryab Mining and Chrome Smelting Co.
(Faryab), a state-owned entity. Chromium ore feeds a ferrochromium smelter near
Bandar Abbas, completed in 1994. Ferrochrome produced by Faryab primarily feeds
domestic demand, with minor shipments to the Far East. The first shipment of

Iranian high-carbon ferrochrome to Japan was scheduled for 1995.

Production occurs from both surface and .underground operations. The largest
producer of chromite is the Faryab operation near Bandar Abbas, which produces
between 300,000-500,000 tpy of ore by both surface and underground methods.
The Mir Mahmoud and Esfandaghheh mines produce in the 100,000-150,000 tpy
range. The Chesmehbidouh mine is typical of a smaller chromite producer,
recovering approximately 20,000 tpy of ore using underground methods. While the
largest mines are highly mechanized, additional production comes from small mines
utilizing older, Iess-mechanizéd technology. Blasting is carried out using conventional
hand-held drills and charged with ammonium nitrate-fuel oil (ANFO) explosives.

Blasts are small but often frequent.

3.2 Copper
Although copper was one of the earliest minerals recovered in Iran, little was known

of Iranian copper mineral potential until recently. The discovery of the Sar Cheshmeh

2. Amuzegar. Iran: An Economic Profile. The Middle East Institute, Washington, D. C., 1977,
p. 8. ’ E i :




and other copper deposits during the early 1970's increased known Iranian copper
reserves from approximately 6 million metric tons to over 1.6 billion metric tons3.
Copper mineralization occurs as primary copper in Tertiary volcanics in central Iran
and as polymetallic occurrences in northwestern and central Iran. The most
important copper bearing area is the Kerman region. This region includes the Sar
Cheshmeh deposit, the largest producing mine in iran. The reported mine production
rate is 14 million tpy of ore, recovering copper, gold, silver, and molybdenum from a

resource that may exceed 1.2 billion metric tons.

In addition to the Sar Cheshmeh surface operation, the only other significant copper
producer is the Qal’eh Zari underground mine in eastern Iran, although new mines are
being developed at Meydouk (northwest of Sar Cheshmeh in Kerman province) and
Sungun (northwestern iran). Production at these sites is expected to range from 1-5
million tpy. Over 330 copper occurrences are reported to have been identified in

Iran.

The Sar Cheshmeh operation consists of a two eight-hour shift schedule mining
12.5m pit benches. Blasting occurs on a regular basis, generally on a 9.5m by 7.5m
pattern. Estimated daily ANFO consumption ranges from 7-11 metric tons of ANFO

equivalent, with an estimated maximum blasting event of up to 105 mt ANFO.

3.3 Gold .

Gold production in Iran is not large, produced mainly as a byproduct of its copper
operations. A number of small gold deposits occur in the vicinity of Mouteh, in
central Iran. Production capacity of the region is approximately 500 tpd of ore, small
on a world scale. Ore is currently mined by open pit methods, with a reported

stripping ratio of 1:6 ore to waste'. Blasting is small scale, accomplished using

3. Amuzegan. Iran: An Economic Profile. The Middle East Institute, Washington, D. C., 1977,
p. 8. .
Europa Publications, Ltd. The Middle East and North Africa 1994. Fortieth Ed., p. 411.
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conventional ANFO explosives. Iranian gold is processed domestically at two

processing facilities at Sar Cheshmeh and Mouteh.

With an increasing interest in developing self sufficiency in raw materials, there is a
corresponding interest in developing additional domestic gold resources. A number
of projects have been proposed, and increased exploration work is planned. To date,

~however, it appears that future gold resource potential in Iran is not significant.

3.4 Iron ’

Iron ore exploration and production has increased in recent years in order to meet a
fast growing domestic steel manufacturing industry, which has increased production
of direct reduced iron by at least a factor of ten since 1990'. Iron ore production has
increased by a factor of three for the period 1990-1994, and it is expected to rise

even further as new mine production comes on line in the mid-1990s.

Iran has four main iron producing areas. The reported 2 billion metric tons of
resources at these four sites are planned for development or expansion. Iran’s
largest producer at present is the Choghart mine in central Iran, which has a current
output capacity-of 4.5 million tpy of mill concentrate. The Gol-E-Gohar mine in
southern Iran began operations in 1994 with an initial production capacity of 2.7
million tpy of concentrate, rising to 5 Mmt by 1997. Feasibility and pre-engineering
studies are presently being carried out for a planned expansion at the Sangan iron
mine near Afghanistan. Planned production is for 3.4 million tpy of concentrate from
this site. The Chadormalou mine near Yazd is scheduled to come on line in 1998

with a initial production capacity of 5 million tpy of concentrate.

Iron ores in Iran occur in schists and gneisses covered by Tertiary sands of up to
100m in thickness. This Kiruna-type ore is generally mined by surface methods
using 15m benches. Blasting of ore is likely to occur on a daily basis; blasting of

overburden is normally not required, as the overburden is mainly unconsolidated
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sands. The larger operations have the pofential for a maximum blasting event in the
84-326 metric ton of ANFO equivalent range, assuming blasting of both ore and
overburden is required. This estimate would reflect an exceptional event; most blasts

should be significantly smaller in scale.

All of Iran’s iron mines feed steel plants at Mobarakeh and Ahwaz. Iran has a
national objective of creating a larger domestic value-added steel industry and making
this industry more competitive for export by developing its domestic iron ore
industry'. The state-owned National Iranian Steel Company (NISCO), under the
direction of MMM, owns and operates all major iron mines, concentrators, and steel
plants.

3.5 Lead/zinc

Lead and zinc deposits have a wide regional distribution, but major mines are found
primarily in northwestern and central Ifan near the cities of Zanjan, Yazd, and Isfahan
(Esfahan). The Angouran mine southwest of Zanjan is considered to be the largest
lead/zinc mine in the Middle East. It is medium size on a world scale based :upon its
reported production capacity of 900 tpd of mill feed. Other significant Iranian
lead/zinc deposits fall in the 75-540 tpd of feed. A large number of small
underground lead and zinc mines have gone out of production in the last decade, as
larger, more cost effective mines have begun production®. Many of these mines still
contain ore and could resume mining if metals prices increased; such mines are often

in close proximity and possess the capability to hide small scale blasting.

Lead/zinc ore is most often found associated with other sulfide minerals in
sedimentary rocks. Mining is conducted using both surface and underground
methods, depending upon ore depth and geology. Because lead/zinc mining in lran

has been conducted on a small scale for centuries, most older operations are being

4 Bassir, S. H. Role of Mining in the National Economy of Iran. Presentation at Unidentified
Conference, 1989.



worked by underground methods such as cut & fill or sublevel caving; recent

' discovery areas are generally being worked by open pit methods. The amount of
blasting that is required is variable. At the Angouran mine, the ore is relatively
friable, so blasting is infrequent in spite of an overburden to ore ratio of 10:1. Where
the ore occurs in more competent rock, regular and more frequent blasting is

required.

With one exception, lead/zinc ore is processed at local concentrators, then the lead
and zinc concentrates are exported. Principal export destinations are Russia,
Germany, North Korea, and Japan. Lead concentrate from the Angouran mine is

now sent to a new on-site lead smelter which came on stream in 1992.

3.6 Industrial minerals ‘
Iran produces a wide variety of industrial minerais and materials. Products include
cement, various industrial clays, construction and building stone, gypsum, salt, and
phosphate. Iran is particularly well known for its turquoise, which has been mined
on a small scale for centuries. One of the world’s largest sources of strontium (the
mineral celestite) is found in the northwestern part of the Dasht-e-Kavir salt deserf,
with proven reserves of 1.8 million metric tons of celestite. Iran is the world’s third
largest producer of gypsum, with extensive deposits in the Dasht-e-Kavir region.
Iran’s bauxite and refractory clays are important feed sources for Iran’s growing
ceramics industry. Iran also produces small quantities of asbestos, barite, boron,
feldspér, fluorite, magnesite, mica, sodium compodnds, and talc. Phosphate

resources in Iran consist of low grade sedimentary ore averaging 10% P205.

Demand for cement increased after the -Iran-lraq war, for the purpose of
reconstruction of industrial and transportation facilities and new projects. More than
20 plants were reported to be either under construction or planned for future
construction’. Like other .countries in the region, Iran possesses suitable limestone

raw material for cement production at various locations close to major cities or
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potential sites of construction. Information is limited on specific sites, but most are
believed to be small, with production capacities less that 2,500 tpd. Open pit mining

techniques with limited blasting are employed.

Iran has extensive deposits of various types of dimension stone. In recent years, the
Government has promoted expansion of this industry, in an attempt to earn export
revenues for the country. Focus has been placed on the development of export
markets for granite, marble, onyx, and travertine. Information is limited on specific
sites. Conventional quarrying methods with limited blasting are used at larger
operations; smaller operations are believed to employ non-mechanized methods

which do not require blasting.

3.7 Coal ‘

Coal deposits in Iran are located beneath a 3,600 square kilometer area covering the
Kerman region and Elborz Mountains. Like iron mines, all mines are operated by
NISCO and provide coking coal to steel plants at Mobarakeh and Ahwaz. NISCO's
total production from these two regions in 1993 was 1.4 million metric tons'. In
addition, there are about 15 other small coal mines, operated by co-operatives, in the
Zagros Mountains, near Shahroud, and the Elburz Mountains northwest of Tehran.
These small mines produce about 280,000 tpy of coking and heating coal for local
demand. In 1994, domestic mines supplied ébout 65% of the coking coal

requirements of the domestic steel industry, the remainder was imported’.

Development of a large underground mine at Tabas is planned with a total capacity
of 3.5 million tpy to supplement domestic production. Planned mining would consist
of 3-5 longwalls, each capable of producing 2,500 tpd. Development of this
operation, however, would necessitate construction of extensive infrastructure
costing an estimated $400 million. Due to lack of sufficient foreign exchange, the
Government has expressed concern about the project and is hesitant to proceed at

this time.

11

—————— e ——— -



Mining of coal is done by both surface and underground methods. Production
techniques are net well known, but are assumed to be similar to those used by
neighboring countries. Mechanized technology such as longwall methods do not
require large quantities of ﬁlasting. A maximum blasting event is estimated to require

less than 10 metric tons of ANFO equivalent.

3.7 Other minerals

Iran could benefit from additional mineral exploration. Occurrences of antimony,
bauxite, borax, cobalt, magnesium, manganese, salt, sulfur, talc, tin, tungsten,
turquoise, uranium, and various materials with industrial uses have been noted, but
production is small. Of special note are uranium deposits near Saghand and bauxite
deposits near Jajarm, both of which are planned for production to satisfy domestic

needs.

4.0 MINE-RELATED EXPLOSIVES USE

Almost all mines use explosives to fragment or loosen rock and consolidated material
prior to excavation. Bulk or packaged explosives and blasting agents are detonated
after emplacement in material to be excavated. Minor quantities of sachet and

shaped charges may be used for secondary breakage and other special applications.

The type and amount of explosives used are influenced by the nature of the rock or
ore, the mining methods employed, the production rate of the mine, the type and
availability of explosives and detonation systems, hydrologic conditions, mining
equipment, drilling equipment, mine geometry, level of technical expertise, and
external constraints such as the proximity of residences, availability of explosives,
and available funding. At almost any mine, the size of each blast can vary

significantly due to local conditions, production schedules, weather, etc.

Surface mines typically shoot much larger blasts than underground operations and

tend to have higher production rates than underground mines. In addition, limitations
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of working room, limited free faces, ventilation requirements, and drilling limitations

may constrain maximum blast sizes in underground mines.

While there are presently no United Nations economic sanctions imposéd on lran, the
United States maintains sanctions on the exportation of any goods or services to
Iran®. As a result, Iran is prohibited by U.S. law from receiving any U. S. mining
equipment or explosive materials. There are reports that Iran has been able to
receive such supplies from Europe and Japan. In addition, Iran has been able to
acquire substantial quantities of needed supplies and explosive materials from Dubai.
Iran has the military-related technology and facilities to manufacture blasting agents
and detonation systems suitable for most mining applications®. Consequently, these

restrictions do not appear to represent a major impediment to Iran’s mining sector.

Most Iranian mines use ammonium nitrate-fuel oil (ANFO) blasting agents. This
includes some of the newer emulsion and/or aluminum boosted products presently
available. ANFO systems are preferred in most mining applications due to their ease
of manufacture, low cost, inherent safety, and bulk loading advantages. High
explosives, however, would be preferable for small underground operations that use
drill sizes that are below the critical diameter needed for emplacing ANFO blasting
agents, under wet conditions, in methane-rich atmospheres, and conditions that

require higher detonation velocities and/or convenience of packaged explosives.

Blasting assumptions used in this report are based upon engineering judgment;
explosive use can vary considerably as mining conditions change. ANFO
consumption was assumed to be dependent upon mine production rate, average

stripping ratio, specific gravity of the host rock, assumed powder factor limits, and

® M. M. Heydari, U.S. Bureau of Mines, personnel communication, 7/10/95.

U.S. Department of the Treasury, Office of Foreign Assets Control, press release, 6/29/95.

§ M. M. Heydari, U. S. Bureau of Mines, personnel communication, 7/13/95.
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mining method. In most cases, site-specific blasting information was unavailable.
Consequently, estimates were based upon known or estimated production rates,
mine geology, mining systems, and typical mining practices. Experience, engineering

judgement, and available data were incorporated into calculations and estimates.

For each site, a stripping ratio (Quantity of overburden removed per mt of ore mined)
and powder factor (Quantity of rock blasted per unit of ANFO blasting agent
equivalent) limits were estimated. A range of ANFO consumption was calculated for
both daily blasting requirements and for an assumed maximum blasting event. With
the exception of Sar Cheshmeh, where mining is reported to occur on a 350 day/year
basis, daily ANFO requirements were estimated assuming a 215 day production
schedule. Consumption estimates for all sites were calculated in a similar manner.
The lower consumption value applies a minimum powder factor while the higher
value assumes a maximum powder factor. Unlike daily consumption estimates, a
maximum blasting event would not take place on a daily basis. For.this study, it was
assumed that a maximum blasting event could occur every 10 working days for a
surface mine and every 5 working days for an underground mine. Such events are
designed to account for such factors as blasting delays, geological irregularities, and
mining method variations that require a higher ANFO consumption than the typical
blasting event. Mine development or pillar extraction conditions, for example, often

require larger blasts.

The following examples illustrate typical blasting calculations using the estimation

procedure described above:

Sar Cheshmeh daily ANFO consumption lower limit (L):

L = Production rate * [1 + (stripping ratio * specific gravity of ore + waste})] * [Low powder factor
/1000 (converts kg to mt)] / 350 (assumed operating days per year for this site)

L = 14,000,000 * {1 + (0.22 * 2.45)] * [0.12/ 1000] / 350

L =7.39 7 mt ANFO equivalent (Rounded to nearest unit)

14




Sar Cheshmeh daily ANFO consumption higher limit (H):

H = Production rate * [1 + (stripping ratio * specific gravity of ore + waste)] * [High powder factor
/ 1000 (converts kg to mt)] / 350 (assumed operating days per year)

L = 14,000,000 * [1 + (0.22 * 2.45)] * [0.17 / 1000] / 350
= 10.54 11 mt ANFO equivalent (Rounded to nearest unit)

Sar Cheshmeh maximum blasting event ANFO consumption (M):

M = Production rate * [1 + (stripping ratio * specific gravity of ore + waste)] * [High powder factor
/ 1000 (converts kg to mt)] / 350 (assumed operating days per year) * maximum blast cycle time
(working days between blasting events)

M = [14,000,000 * [1 + (0.22 * 2.45)] * [0.17 / 1000] / 350} * 10

M = 105.40 105 mt ANFO equivalent (Rounded to nearest unit)

Table 4.1 provides the corresponding blasting range estimates for principal Iranian
mines identified in this study. Figure 4.1 shows site locations for the mines reported
in table 4.1. Symbols reflect mine type (surface or underground) and maximum

ANFO consumption for a given blasting event.
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Table 4.1--Estimated Explosives Usage at the Main Iranian Mines
Used in this Study in Order of Estimated ANFO Consumption

Daily Consumption | Maximum Maximum
Primary Mine Production (mt ANFO) Blast Cycle Blasting
IMine Latitude Longitude  Product Type (Mmbiyr) (3),(4) Time (days) Event
) (2) Low High (5) {mt ANFO)

Chadormalou(6) N 32°18' E 55°28' Iron S 5.000 24 33 10 326
Gol-e-Gohar N 29°08' E §5°21° Iron S 2700 20 27 10 269
{Meydouk(s) N 30° 22 E 55°28' Copper S 5.000 10 14 10 138
Sangan N 34°23 E 60° 15 tron S 3.400 8 1 10 111
Sar Cheshmeh N 29°57* E 55°54' Copper S 14.000 7 11 10 105
Choghart N 31°42' E 55°28' fron S 4.500 6 8 10 84
Sungun{6) N 38°4t1' E 46°43' Copper S 1.000 6 7 10 69
[Faryab N 27°32' E 57°19 Chromium § 0.500 2 3 10 32
Mehdiabad(7) N 31°45' E 55°48' Zinc/Lead S 0.540 2 3 10 30
Semnan Gatchs N 35°27 E 53° 30 Gypsum S 3.000 0.8 1.5 10 15
Neiriz N 35°45' E 51°05' Stone S 3.000 0.1 14 10 14
Emarat N 33°51' E 49°43' Lead/Zinc S 0.300 0.8 1.2 10 12
Angouran N 36°39' E 47° 20 Lead/Zinc S 0.900 0.7 1.1 10 1
Ravanj(7) N 34°10 E 50°45' Lead/Barite UG/S | 0.620 1.0 1.0 NAp 10
Irankouh{7) N 32°30 E 51°10' Lead/Zinc uG 0.540 1.0 1.8 5 9
Tabas(6) N 33°36' E 56°55' Coal UG 3.500 0.9 17 5 9
Yazd area N 31°53 E 54°22 Limestone S 0.800 04 0.7 10 7
Mashad area N 36° 18’ E 59°3¢6' Limestone S 0.600 0.3 0.6 10 6
Mir Mahmoud(7) N 36°32' E 55°12' Chromium  SAUG 0.150 0.0 1.0 NAp 6
Mouteh N 33°41' E 50°42 Gold S 0.110 0.3 05 10 5
Hamadan area N 34°48' E 48°30' Limestone S 0.500 0.3 0.5 10 5
IBijar N 35°52 E 47° 3¢’ Limestone S 0.500 0.3 0.5 10 5
QalehZari N 31°50' E 59° 00 Copper UG 0.500 04 0.5 5 3
{Koushk N 31°45 E 55° 46" Lead/Zinc uG 0.450 0.2 0.3 5 2
Ahangaran(7) N 34°22' E 49° 15 Lead/Zinc SUG 0.075 0.03 0.05 NAp 2
Pabedana N 31°11° E 56°29' Coal 3]c] 0.500 0.13 0.24 5 1
Babnizou N 30° 18 E 57°05' Coal uG 0.500 0.13 0.24 5 1
Chesmehbidou N 29°50' E 53°50' Chromium UG 0.020 0.01 0.02 5 1
Esfandagheh N 28°38' E 57°12' Chromium UG 0.100 0.07 0.09 5 1
Elborz area N 36°05' E 53°55' Coal uG 0.400 0.10 0.20 5 1
Dasht-e-Kavir N 35°00' E 54°10' Celestite S 0.020 0.01 0.02 10 1
{Nakhlak N 33°34' E 53° 49 Lead UG 0.065 0.03 0.04 5 1

NAp Not applicable as site uses both surface and underground methods. A weighted averaged maximum blast cycle is used for calculations.
(1) S--Surface; UG-Underground
(2) Mmtyr-Million metric tons per year

(3) mt ANFO--Metric tons of Ammonium Nitrate/Fuel Oil blasting agent equivalent. Estimate based on equations reported on pages 14,15.

(4) Assumed production schedule for all sites is 215 days/yr except for Sar Cheshmeh.
(5) Assumed maximum blasting cycle time for surface operation - 10 working days; underground operation - 5 working days.
(6) Site is currently being developed for production.
(7) Site uses both surface and underground methods. Weighted averages used for calculation purposes.

e ——
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5.0 CONCLUSIONS

The production of minerals in Iran is an important, expanding industry. While mining
occurs throughout Iran, major producing regions appear to be concentrated in the
mountainous regions of northern Iran near Tehran and central Iran between Qom and
Kerman. The greatest amount of blasting occurs in the Kerman region of south-

central fran.

Underground mining is limited to small coal and base metal deposits with an
individual maximum blasting event potential of less than 10 metric tons of ANFO
equivalenf. While individual mine blasting potential is small, there are areas where
6ld underground workings are numerous and could support a nuclear test of
moderate size. The lead/zinc mining area near Bafq is one such area. Mine workings
in this area are generally accessed by adits and shafts rarely exceeding 100m,
indicating a relatively shallow ore depth. Blasting detected below such a depth are

probably not related to legitimate mining operations.

Surface mining and quarrying operations generally occur on a larger scale, but only a
few sites possess the capacity to produce regularly scheduled blasts in the 100-300
metric ton (ANFO equivalent) range. Quarrying operations rarely require extensive
blasting. The largest blasts are associated with open pit iron mines and copper
operations at Sar Cheshmeh and Meydouk (developing). Because overbur'den at
some sites consists of unconsolidated material, large scale blasting is generally not
required. A blast in the 100-300 metric ton ANFO equivilent range is thought to be

an exceptional event. Regular blasts in this range should be viewed with caution.
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1.0 EXECUTIVE SUMMARY

This report was prepared under Memorandum of Agreement B291534 between
Lawrence Livermore National Laboratory (LLNL) and the U.S. Bureau of Mines,
Minerals Availability Field Office (MAFO). It provides LLNL information on the
mining industry of Iraq, and quantitative information on the blasting potential of its
mining industry. MAFO identified mining activities through the use of the Minerals
Availability data base, its data collection and analytic capabilities, and an extensive

" network of information sources.

While hydrocarbon production is the most important industry in iraq, mining of
sulfur, derived from both native sulfur and as a byproduct of petroleum and natural
gas processing, phosphate, and cement is important to Iraq’s economy. Mineral
industry production was severely affected by the 1991 Gulf War, both as a result
of direct bombing and destruction of infrastructure and supply points, and the
ensuing United Nations trade embargo. Research activities resulted in the
identification of 47 mineral properties. Mos{ properties operate on a small scale

and require minimal blasting. The blasting potential for 11 properties is reported.

While Iraq is limited to using internally produced explosives and technology, it
possesses the raw materials, technology and facilities to manufacture blasting
agents and detonation systems suitable for mining applications. The mining
industry most commonly uses ammonium nitrate-fuel oil (ANFO)-based blasting
agents. Blasting is generally small scale and occurs infrequently. Iragi mineral
production is mainly industrial minerals which do not require significant blasting.
Estimates for daily ANFO consumption rarely exceed 25 metric tons of ANFO
equivalent. The largest operation in Iraq, the Akashat phosphate mine, has an

estimated maximum blasting event of 41 mt of ANFO equivalent.




1.1 Authority

This report was prepared under Memorandum of Agreement B291534 between
Lawrence Livermore Natiqnal Laboratory (LLNL) and the U.S. Bureau of Mines,
Minerals Availability‘ Field Office (MAFO).

1.2 Project Scope

As part of this agreement, MAFO is to identify mining activities in Algeria, Iran,
Iraq, and Libya as they relate to monitoring/verifying compliance of the
Comprehensive Test Ban Treaty. MAFO is to use the Minerals Availability data
base, its data collection and analytic capabilities, and an extensive network of
information sources to provide background information focusing on the use of
explosives by the mining industry, which can cause false alarms during monitoring

and hide blasting events.

Reports with accompanying figures and tables summarize location, type of mining
method, commodity(ies), estimated frequency and size of mine blasts, operational
status, and mine product distribution to foreign or internal markets for the specified

countries.

Once country data were collected and verified, the explosive use at selected sites
was evaluated. Focus was placed on a limited number of larger operations, or
those reported to have potential for short-term development. Undeveloped sites
and small scale mines, while included in Appendices A-B of this report, were not
analyzed in terms of the site’s anticipated use of explosives since mineral prospects
generally make only small use of explosives and small mines (some of which are
operated on an intermittent basis) are assumed to require minimal blasting

application.

Based upon known site information (geological conditions, mine technology,

production capacity, and current blasting practices), the blasting potential for




significant mining sites was evaluated. Where site-specific data were not
available, estimates for representative, important properties were developed based
upon accepted industry practice, knowledge of the Iragi mining industry, and

regional geologic characteristics.

2.0 SOURCES OF INFORMATION

Data for this report were derived from published sources, unpublished documents,
and personal communications through an extensive network of public and private
contacts. Public sources of information are listed at the end of Appendix B.
Attempts were made to collect information at offices of agencies known to either
possess this type of information or those believed to have an interest in such

information.

Principal agencies contacted include, but were not limited to the U.S. Bureau of
Mines, the U.S. Geological Survey, the U.S. State Department, Central Intelligence
Agency, Defense Intelligence Agency, the United Nations, the World Bank, World
Resource Institute, International Strategic Minerals Institute (ISMl). In addition,
selected academic and industry contacts, explosives manufacturers and suppliers,

and trade groups were contacted.

3.0 THE MINING INDUSTRY OF IRAQ

Until the 1970s, Iraq had few large industries apart from the petroleum industry. In
recent years, greater priority has been given to industrial development. Today, while
petroleum retains its key role in the Iragi economy, it provides only a fraction of the
95% of national export revenue it generated prior to the Gulf War'. Production of
sulfur, cement, phosphate, and urea are also important to Iraq’s economy.
Government reports indicate that by the end of 1993, mineral production capacity in

several sectors had almost regained that of pre-1991 levels, although focus had been

' u.s. Bureau of Mines. The Mineral Industry of Iraq. Ch. in Minerals Yearbook 1993, by L. E.
Antonides.



shifted from exports to domestic consumption. Production for export, however,
continued to be limited severely by a continued United Nations embargo on any trade

not required for humanitarian needs?.

Iraq continues to be a significant producer of sulfur, derived from both native sulfur
and as a byproduct of petroleum and natural gas processing, phosphate, and cement.
Mineral industry production was severely affected by the 1991 Gulf War, both as a
result of direct bombing and destruction of infrastructure and supply points. The
economy continues to be hampered by the United Nation§ embargo, which requires
storage of production surpluses above domestic consumption. At the present time,

all exports are covert in nature; regional production must be estimated.

Only two Iragi mines are considered major on a world scale. The Akashat phosphate
mine had the capacity to produce up to 3.4M tpy of phosphate ore (1.2M tpy
concentrate) prior to the war; current estimated production is less than 1M tpy of
concentrate. The Mishraq sulfur mine reportedly had a capacity of 1M tpy in 1989,
but is currently operating between 400,000 and 800,000 mt per year, depending on
the source of information®. There are seven cement plants each with a limestone
grinding capacity equal to or greater than 2M tpy. Other cement plants in Iraq are of
a smaller scale. Iragi mineral production estimates for 1992 and 1993 are provided

in table 3.1.

The Government of Iraq retains ownership of the major mineral producing companies.
Exploration is also Government controlled. Natural resources are owned by the

State. In 1988, responsibility for all civilian and military industry was placed under

2 Ms. Jan Brown. Economic Sanctions Program Officer. U. S. Department of the Treasury.
Personal communication, August 10, 1995.

3 The 400,000 tpy production figure comes from Mining Annual Review - 1994. lIraq chapter.
The 800,000 tpy figure comes from the U.S. Bureau of Mines 1993 Minerals Yearbook.
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Table 3.1 -- Estimated Mineral Production in Iraq,
1992 and 1983 (Metric tons)

Commodity (1) 1992 1993
) Production Production

Cement, hydraulic 10,000,000 12,000,000
Gypsum (2) , 380,000 450,000
Nitrogen: N content of ammonia 200,000 500,000
Phosphate rock, beneficiated 900,000 1,000,000
Salt 250,000 300,000
Sulfur, elemental:

Native, F.rasch 500,000 800,000

Byproduct of petroleum and natural gas 100,000 200,000

(1) In addition to the commodities listed, the following were also produced: limestone for cement
(about 1.3 mt/mt of finished cement), lime and construction stone, miscellaneous construction
materials (clay, sand & gravel, stone) uranium and fluorine compounds from phosphate rock
processing, and various industrial sands and clays. Crude steel production is not reported here.

(2) Gypsum estimated for cement manufacture only; additional qhantities are undoubtedly produced
for construction applications. .



the control of a single Ministry of Industry, Minerals, and Military Industrialization®.

Government ownership was retained following the 1991 Guif War.

All foreign trade was disrupted as a co'risequence of the Gulf War and the resultant
u. N embargo. Iragi nonfuel exports in 1989 were principally sulfur, phosphate,
chemical fertilizers, and petrochemicals. Principal trading partners prior to the war
were the United States, Japan, Jérdan, France, India, and the U.S.S.R. As a result
of the war and ensuing embargo, production has shifted to rebuilding the national
economy énd feédil:lg the dorﬁestic pépulation; hence, production of cement, sulfur
and phosphate is continuing at approximately the pre-war rate to supply domestic

needs.

Summaries of mineral site data are provided in Appendices A-B. Data on producing
sites, prospects, and undeveloped mineral occurrences are provided in tabular form.

" Maps showing mineral property locations are also provided in Appendix Maps A-B.

3.1 Sulfur _

Sulfur is recovered from naturally occurring deposits and as a byproduct of petroleum
and natural gas production. Production of sulfur and sulfurié acid was a priority prior
to the war in 1991 because much of the output was exported, providing Iraq with
needed revenue.- Mining of sulfur began at Mishraq, south of Mosul, in 1973.
Reserves at Mishraq are reported to be the largest in the world, according to the Iraqi
Government*. Capacity was expanded until the late 1980s, reaching 1.4M tpy. In
the late 1980s, Japan was providing technology to increase sulfur exports 30
percent from the 1987 level of 500,000 tpy, and increase sulfuric acid production by
10 percent annually. Iraq was also attempting to increase the rate of sulfur recovery

as a byproduct of petroleum from the 1987 level of 90 percent®. Prior to 1991,

4 Europa Publications Limited. The Middle East and North Africa 1994. 40th Ed. Ch. on Iraq,
p. 460.

5 Library of Congress. Irag - A Country Study. May. 1988, p. 149.
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sulfur was exported to Jordan and Egypt. Presently, production is estimated to be
running at about 60% of capacity, principally supplying the domestic fertilizer

industry.

Native sulfur is fqund in extensive evaporite deposits between Mosul and Al Fat’ha.
Sulfur occurs in cavities, fissures, and pores of limestones of the Lower Fars .
formation. Most sulfur is recovered by the Frasch process, in which water, pumped
from the nearby Tigris River, is softened, cieaned, and heated to 180°C, then
pumped into the ore bearing formation. Sulfur is dissolved in the heated solution,
then pumped out of the ground and treated. At Mishraq, part of the sulfur is
extracted by open pit mining using shovels and draglines. Apart from some

limestone areas, little blasting is required.

Blasting is not required as part of the normal Frasch process. It should be noted,
however, that hydraulic fracturing of the host rock, in order to increase rock
permeability, has been used both in the sulfur and oil and gas industries of Iraq.
Fracturing occurs when a sand-water mixture is pumped into the rock under
pressure. An area that has been impregnated in such a manner requires a
considerably smaller quantity of explosives to blast a given volume of rock than an

untreated area.

Sources indicate that testing was conducted in the 1960s and 1970s to determine
the benefit of using a combination of blasting and hydraulic fracturing to increase
rock breakage. If that process is still used at Mishraq, it would be reasonable to
expect the blasting signature to be different from a typical blasting signature of

limestone.

Two plants have recovered sulfur as a byproduct from petroleum and natural gas.




The plant at Kirkuk (north-central Iraq) has the capacity to recover approximately
200,000 tpy of sulfur as a byproduct of natural gas with a H2S content of 7-8%.
The extraction plant at Baiji (central Iraq) also has the capacity to extract
approximately 200,000 tpy of sulfur as a byproduct from oil and gas operations.
Both plants sustained war damage; it is not known at what level these plants are
currently operating.

3.2 Phosphate

Phosphate has been produced at the Akashat mine in western Iraq (near the Syrian
border) since 1982. Ore is transported 3 km to an on-site crusher, then shipped by
rail to the Al Qaim fertilizer plant approximately 150 km northeast of the mine. Ore
occurs in two phosphate bearing horizons, eadh approximately 10m thick.
Overburden averages 10.5m; the two beds are separated by a 10m bed of limestone.
Ore averages 20-25% P205. Blasting is required; a stripping ratio of 1:1 has been
reported for each bed. Open pit mining using draglines, power shovels, and front
end loaders is employed. Mine production capacity has achieved up to 3.4Mmt of
ore, producing 1.2M tpy of beneficiated phosphate rock. Reported 1993 production
in Irag was 1M tpy of beneficiated phosphate rock at the Al Qaim plant. Phosphate
rock resources are large and grades are in the 20% to 30% P205 range, but many

prospective areas have yet to be explored fully.

All phosphate ore is treated at the Al Qaim plant. After plant construction in 1984,
Iraq became self-sufficient in fertilizer production. Approximately 64% of plant
production of 1,140,000 mt was exported in 1989. The plant was scheduled for
expansion prior to the Gulf War, and was targeted during the war. The Al Qaim
plant was damaged, but the extent of damage has not been documented. By 1993,
however, the plant was reported to be operating at a 1M tpy level. Approximately
85% of available capacity is producing phosphate for the domestic fertilizer industry.
With the current embargo on exports from Iraq, it is not known how much excess

material is being stockpiled for future export.




3.3 Cement

Cement production in Iraq in 1993 reportedly had regained the 1989 level of 12M
tpy as the country attempted to rebuild from the Gulf War. Production is designed to
~ meet the needs of the domestic construction industry. Several cement plants near
Baghdad were damaged or destroyed in 1991. Current plant operating levels are
such that the industry was able to produce at the 1989 level.

Most cement production is centered in northern Iraq around Mosul and in central Iraq
between Baghdad and Samawa. Iraq has seven cement plants that are operating at
or above the 2M tpy of kiln capacity; moderate by world standards. The largest
facility is at Samawa, about 230 km south of Baghdad. Since a typical cement plant
requires approximately 1.3 mt of limestone to produce 1 mt of cement, a 2M tpy

plant would typically consume 2.6M tpy of limestone from nearby deposits.

As with the other countries in the Middle East, limestone extraction is generally
conducted at small scale open pit operations requiring minimal blasting. For the
purpose of this study, it is assumed that each cement plant listed in the appendices
is fed from nearby limestone deposits. Specific information on limestone occurrences
is not available. In addition to the seven plants mentioned above, Iraq also has a
number of smaller plants supplying domestic needs.

During the 1980s, Iraq exported significant quantities of cement, although the
majority of cement production was for domestic purposes. Principal trade partners
were Egypt, India, Brazil, Yemen, the U.S.S.R. and Spain. With the present need to
rebuild after the 1991 war, Iraq has focused production .on supplying the domestic
construction industry. With the trade embargo firmly in place, it can be expected
that about 95% of production is used domestically®.

¢ |. E. Antonides, U. S. Bureau of Mines Commodity Specialist, Washington, D.C. Personal
communication, 8/9/95.
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3.4 Other minerals )

Iraq also produces small quantities of gypsum, nitrogen, urea, and salt for domestic
use. Production is considered small on a world scale. While little is known of Iraq’s
future mineral potential, it is assumed that resources remain largely untapped. They
have not been developed as they are not outstanding in terms of quantity or quality,
they are located in remote regio‘ns with little developed infrastructure, and the
Government currently lacks international capital and markets. Production is limited,
small scale, technologically simple, and is marketed locally. Blasting is generally not

required or is considered insignificant.

4.0 MINE-RELATED EXPLOSIVES USE

Almost all mines use explosives to fragment or loosen rock and consolidated material
prior to excavation. Bulk or packaged explosives and blasting agents are detonated
after emplacement in material to be eXcavated. Minor quantities of sachet and

shaped charges may be used for secondary breakage and other special applications.

The type and amount of explosives used are influenced by the nature of the rock or
ore, the mining methods employed, the production rate of the mine, the type and
availability of explosives and detonation systems, hydrologic conditions, ri'iining
equipment, drilling equipmen_t, mine geometry, level of technical expertise, and
external constraints such as the proximity of residences, availability of explosives,
and available funding. At almost any mine, the size of each blast can vary

significantly due to local conditions, production schedules, weather, etc.

Surface mines t§/pically shoot much larger blasts than underground operations and
tend to have higher production rates than underground mines. In addition, limitations
of working room, limited free faces, ventilation requirements, and drilling limitations

may constrain maximum blast sizes in underground mines.

Iraq is limited to internally produced explosives, but has ample raw materials to

10




produce what it needs. Currently the United States and other United Nation
countries impose a total commercial and financial trade ban on Irag?. While these
- restrictions have limited recent industrial development, export markets, and
acquisition of foreign capital, they do not appear to represent an impediment to
Irag’s mining sector. As the recent Gulf War demonstrated, Iraq has the military-
related technology and facilities to manufacture blasting agents and detonation

systems suitable for most mining applications.

Where blasting is required, most Iraqgi mines use ammonium nitrate-fuel oil (ANFO)
blasting agents. This may include some of the newer emulsion and/or aluminum
boosted products presently available. ANFO systems are preferred in most mining
applications due to their ease of manufacture; low cost, inherent safety, and bulk
loading advantages. High explosives, however, would be preferable for small '
underground operations that use drill sizes that are below the critical diameter
needed for emplacing ANFO blasting agents, or under wet conditions, in methane-
rich atmospheres, and conditions that require higher detonation velocities and/or

convenience of packaged explosives.

Blasting assumptions used in this report are based upon engineering judgment;
explosive use can vary considerably as mining conditions change. ANFO
consumption was assumed to be dependent upon mine production rate, average
stripping ratio, specific gravity of the host rock, assumed powder factor limits, and
mining method. Only a small number of mines in Iraq require blasting. In most
cases, site-specific blasting information was unavailable. Consequently, estimates
were bz-ised upon known or estimated production rates, mine geology, mining
systems, and typical mining practices. Experience, engineering judgement, and

available data were incorporated into calculations and estimates.

For each site, a stripping ratio (Quantity of overburden removed per mt of ore mined)

and powder factor (Quantity of rock blasted per unit of ANFO blasting agent

11




equivalent) limits were estimated. A range of ANFO consumption was calculated for
both daily blasting requirements and for an assumed maximum blasting event. Daily
ANFO requirements were estimated assuming a 215 day production schedule, with
exception of the Akashat mine, which is believed to operate on a 330 day schedule.
Consumption estimates for all sites were calculated in a similar manner. The lower
consumption value applies a minimum powder factor while the higher value assumes
a maximum powder factor. Unlike daily consumption estimates, a maximum blasting
event would not take place on a daily basis. For this study, it was assumed that a
maximum blasting event could occur every 10 working days for a surface mine and
every 5 working days for an underground mine. Such events are designed to
account for such factors as blasting delays, geological irregularities, and mining
method variations that require a higher ANFO consumption than the typical blasting
event. Mine development or pillar extraction conditions, for example, often require

larger blasts.

The following examples illustrate typical blasting calculations using the estimation

procedure described above:

Akashat ANFO consumption lower limit (L):

L = Production rate * [1 + (stripp_ing ratio * specific gravity of waste)l * [Low powder factor
/ 1000 {converts kg to mt)] / Operating days per year

L = 3,400,000 * [1 + (0.4 * 2.5)] *[0.11 / 1000] / 330

L =2.27 2 mt ANFO equivalent (Rounded to nearest unit)

Akashat ANFO consumption higher limit (H):

H = Production rate * [1 + (stripping ratio * specific gravity of waste)] * [High powder factor
/ 1000 {converts kg to mt})] / Operating days per year

L = 3,400,000 * [1 + (0.4 * 2.5)] * [0.20 / 10001 / 330

L =4.12 4 mt ANFO equivalent (Rounded to nearest unit)
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Akashat maximum blasting event ANFO consumption (M):

M = Production rate * {1 + (étripping ratio * specific gravity of waste}] * [High powder factor
/ 1000 (converts kg to mt)] / Operating days per year * maximum blast cycle time (working

days between blasting events) .

M = [3,400,000 * [1 + (0.4 * 2.5)] * [0.20 / 1000] / 330] * 10

M= 41.21 41 mt ANFO equivalent (Rounded to nearest unit)

Table 4.1 provides the corresponding blasting range estimates for the main Iraqi
mines identified in this study. The two principal mining sites, the Akashat
phosphate mine and the Mishraq sulfur mine, are both considered surface mines for
this analysis. The Akashat employs typical open pit mining techniques and
requires blasting of both ore and overburden. A maximum blasting event of 41 mt

of ANFO equivalent has been estimated.

The Mishraq mine is mined partially by the Frasch process, which is an auger
mining method typically not requiring blasting. The lIraqis are reported using a
variation on this method which includes selected blasting and Frasch drilling. An
area that has been impregnated in such a manner requires a considerably smaller
quantity of explosives to blast a given volume of rock than an untreated area. For
this reason, limited explosive usage has been assumed for this site. A maximum
blasting event of 17 mt of ANFO equivalent has been estimated. Blasting
requirements for both principal mining sites are considered small scale, based on

world standards.
The explosive potential required at limestone quarries in Iraq is also considered '

small on a world scale. The range of a.typical blasting event for the larger lraqi

sites is 20-40 mt of ANFO equivalent.
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Table 4.1—-Estimated Explosives Usage at the Main Iraqi Mines
Used in this Study in Order of Estimated ANFO Consumption

Daily Consumption | Maximum Maximum
Primary Mine Productior (mt ANFO) Blast Cycla Blasting

Mine Latitude Longitude  Product Type (Mmb/yr) (3 (4) Time (days) Event

(1) *(2) Low High {5) (mt ANFO)
Akashat N 33° 4‘0' E 39° 5% Phosphate S 3.400 2 10 41
Samawa N 31°12 E 45°00 Limestone S 4,100 2 4 10 38
Sinjar N 36° 22 E 42° 00 Limestone S 2.640 1 2 10 25
Tasluja N 35° 3% E 45°23' Limestone S 2.640 1 2 5 25
Karbala N 32° 45 E 44° 17 Limestone S 2.640 1 2 10 25
Kubaysah N 33° 3¢5 E 42° 37 Limestone S 2340 1 2 10 22
Al Tamin N 35° 26 E 44" 11° Limestona S 2.340 1 2 10 22
Kufa N 32° 00 E 44°25 Limestone S 2220 1 2 10. 21
Badoosh N 36° 30 E 43° 20 Limestone S 1.900 1 2 10 18
{Mishraq (4) N 36° 00 E 43°20' Sulfur s 1.400 1 2 10 17
Al Qaim N 34° 23 E 41° 05 Limestone S 1.320 0.7 12 10 12
(1) S-Surfaca

. (2) Mmvyr~Million metric tons per year

(3) mt ANFO-Metric tons of Ammonium Nitrate/Fuel Qil blasting agent equivalent

(4) Only small amount of ore is mined by surface methads; most ore recovered by Frasch process, which normally does not require blasting.

14




5.0 CONCLUSIONS

The mining industry of lraq recovers industrial minerals from sedimentary host
rocks usually requiring a limited amount of blasting. The largest Maximum Blasting
Event in Iraq should be on the order of 40 mt ANFO equivalent. Should events
greater that this be detected, they are most likely not due to mining.
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1.0 EXECUTIVE SUMMARY

This report was prepared under Memorandum of Agreement B291534 between
Lawrence Livermore National Laboratory (LLNL) and the U.S. Bureau of Mines,
Minerals Availability Field Office (MIAFO). It provides LLNL information on the
mining industry of Libya, and quantitative information on the blasting potential of
its mining industry. MAFO identified mining activities through the use of the
Minerals Availability data base, its data collection and analytic capabilities, and an

extensive network of information sources.

Apart from hydrocarbons, mineral production in Libya is negligible. Mining activity
is currently confined to salt harvesting from coastal areas, quarrying of clay,
gypsum, and limestone, and cement and ammonia production. Research activities
resulted in the identification of 61 mineral propérties. Most properties operate on a
small scale and require minimal blasting. The blasting potential for 5 properties is

reported.

Libya is limited to using internally produced explosives or imports not restricted by
trade policies. While it possesses the technology and facilities to manufacture
blasting agents and detonation systems suitable for mining applications, acquisition
of needed raw materials is hindered by trade and transport restrictions. The mining
industry most commonly uses ammonium nitrate-fuel oil (ANFO)-based blasting

agents.

Blasting is generally small scale and occurs infrequently. Libyan mineral production
is mainly industrial minerals which do not require significant blasting. Estimates for
daily ANFO consumption rarely exceed 10 metric tons of ANFO equivalent. Even if
the Wadi Ash Shatti iron deposit were to be developed, estimated ANFO
consumption for a maximum blasting event would not exceed 60 mt ANFO

equivalent.




1.1 Authority ‘

This report was prepared under Memorandum of Agreement B291534 between
Lawrence Livermore Natio_nal Laboratory (LLNL) and the U.S. Bureau of Mines,
Minerals Availability Field O'ffice (MAFO).

1.2 Project Scope

As part of this agreement, MAFO is to identify mining activities in Algeria, Iran,
Irag, and Libya as 'ghey relate to monitoring/verifying compliance of the
Comprehensive Test Ban Treaty. MAFO is to use the Minerals Availability data
base, its data collection and analytic capabilities, and an extensive network of
information sources to provide background information focusing on the use of
explosives by the mining industry, which can cause false alarms during monitoring

and hide blasting events.

Reports with accompanying figures and tables summarize location, type of mining
method, commodity(ies), estimated frequency and size of mine blasts, operational
status, and mine product distribution to foreign or internal markets for the specified

countries.

Once country data were collected and verified, the explosive use at selected sites
was evaluated. Focus was placed on a limited number of larger operations, or
those reported to have potential for short-term development. Undeveloped sites_
and small scale mines, while included in Appendices A-B of this report, were not
analyzed in terms of the site’s anticipated use of explosives since mineral prospects
generally make only small use of explosives and small mines {some of which are
operated on an intermittent basis) are assumed to require minimal blasting

application.

Based upon known site information (geological conditions, mine technology,

production capacity, and current blasting practices), the blasting potential for




significant mining sites was evaluated. Where site-specific data were not
available, estimates for representative, important properties were developed based
upon accepted industry practice, knowledge of the Libyan mining industry, and

regional geologic characteristics.

2.0 SOURCES OF INFORMATION

Data for this report were derived from published sources, unpublished documents,
and personal communications through an extensive network of public and private
contacts. Public sources of information are listed in Appendices A - B. Attempts
were made to collect information at offices of agencies known to either possess this

type of information or those believed to have an interest in such information.

Principal agencies contacted include, but were not limited to the U.S. Bureau of
Mines, the U.S. Geological Survey, the U.S. State Department, Central Intelligence
Agency, Defense Intelligence Agency, the United Nations, the World Bank, World
Resource Institute, International Strategic Minerals Institute (ISMI). In addition,
selected academic and industry contacts, explosives manufacturers and suppliers,

and trade groups were contacted.

3.0 THE MINING INDUSTRY OF LIBYA

Libya is not rich in mineral resources. Like other Middle Eastern countries, Libya’s
economy is maintained largely by mineral fuels production. Crude oil accounted for
more than 95% of Libyan exports prior to the U.N. embargo of 1993'. Major
trading partners at that time were ltaly, Germany, and Spain. Partially as a result of
the embargo and current low oil prices?, current mining activity in Libya is limited.
Plans for reviving the economy include two projects of note. The Great Man-Made

River project is intended to transport artesian water from the Fezzan region in

1 {.S. Bureau of Mines. Minerals Yearbook 1993. Ch. on Libya.

2 Mr. David Fetter, Libyan Desk Officer, U.S. State Department. Personal communication,
May 15, 1995.



western Libya to coastal Libya. While 'this is not a mining project, blasting will be
necessary to construct the 1900 km pipeline for this huge undertaking. Additional

production of industrial minerals and cement will be required to support this project.

Plans also call for an expansioﬁ to the Misurata steel complex on the northern coast
of Libya. The plant began production in 1989 using imported iron ore, and is
reported to be currently operating at about 2/3 of its current 1.2M tpy steel
production capacity. Most of the steel is exported to Egypt. Expansion plans call for
the construction of a 650,000 tpy direct reduction plant. The majority of the new
production would be shipped to Italy and Spain. If funding can be secured, plans
also call for the construction of a 900 km railway to be built, linking the Wadi Ash
Shatti il_'on ore deposits in the Fezzan region to Misurata. Such a construction

project is also expected to require blasting in some areas of the route.

Current mining activity is confined to salt harvesting from coastal areas, quarrying of
clay, gypsum, limestone, building stone, and scattered cement and ammonia
production. Production is not large on a worldwide basis, and is mainly used for
domestic purposes. Libya also possesses small resources of phosphate rock,
manganese, barite, celestite, sulfur and alum. Libyan minéral production statistics
for 1992 and 1993 are provided in Table 3.1.

The Libyan Government retains control over the mining and mineral processing
industries. Generally, petroleum exploration and production sharing, along with any
proposed mining activities, are governed by the Fiscal Provisions, Revenue, and
Financial Law of 1977. In 1988, this legislation was revised allowing exploration
costs to be recovered from output with development costs to be split equally

between the foreign operator and Libyan interests®. Countries with mining

3 U.S. Bureau of Mines. Minerals Yearbook 1993. Ch. on Libya.
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Table 3.1——Estimated Mineral Production in Libya,

1992 and 1993 (Metric tons)

- 1992 1993(e)
Commodity(1) Production Production
Cement, hydraulic 2,300,000 2,300,000
Gypsum 180,000 180,000
Iron and steel:

Direct—reduced iron 850,000 944,000
Crude steel 822,000 920,000
Lime, hydraulic 260,000 260,000
Nitrogen: N content of ammonia 347,000 350,000
Salt 12,000 12,000
Sulfur: Byproduct of petroleum 14,000 14,000

Source: U. S. Bureau of Mines. Minerals Yearbook, 1993.

(e) Estimated

(1) In addition to the commodities listed, a variety of construction

stone, brick, and tile was produced. Petroleum and

mineral fuels are excluded from this table.



interests in Libya include Benin, Ethiopia, Ghaﬁa, Guinea, Jordan, and Mauritania. In
addition, other trading partners include Italy, Germany, and Spain, which have

traditionally relied heavily on Libyan oil.

At present, there are a number of trade sanctions in effect against Libya that impact
. the mining industry®. All commercial or financial transactions with the United States
are currently prohibited. In addition, the United Nations resolutions of 1993 call for
the ban of oil-related equipment, aviation restrictions, the curtailment of arms and
military equipment sales to Libya, and the freezing of certain Libyan assets. Such
restrictions have had an impact on foreign investment within. the country and Libya's

ability to maintain a mining exploration and development program.

Summaries of mineral site data are provided in Appendices A-B. Data on producing
or developing mineral deposits, and prospects and undeveloped mineral occurrences
are provided in tabular form. Location maps for each of the above categories of

mineral property are also provided in Appendix Maps A-B.

3.1 Industrial Minerals

Libya is poorly endowed with mineral resources, but does possess modest amounts
of nonmetallic minerals--notably gypsum, salts, pbtash, building and ornamental
stone, limestone and other materials for portland cement. Libya also has some
trona, silica sand, sulfur, alum, phosphate rock, clays, barite, celestite, and kaolin.
Resources remain largely untapped due to lack of international capital investment and
markets along with high development costs. Production is limited, on a small scale,

and marketed locally.

Cement is produced in three areas of Libya near the market cities of Tripoli, Bengasi,

and Derna. The largest single producer reportedly has an operating capacity of

4 Mr. David Fetter, Libyan Desk Officer, U.S. State .Department. Personal communication. May
15, 1995.




1,500,000 tpy; small by world standards. Recent development projects such as the
Great Manmade River Project provide increased demand for cement, which is
imported in large quantities. Production has been recently expanded but is still not
sufficier{t to meet domestic demand and runs well below industry capacity. Like
most industry in Libya, cement production is Government owned and controlled.

Open pit mining techniques with limited blasting of the limestone are employed.

Gypsum resources are found at small, scattered deposits near population centers in
Tripolitania and Cyrenaica. The Danish company FLOTEC was awarded a contract in
1985 to construct a gypsum plant and export terminal near Tripoli®. Approximately
200,000 - 360,000 tpy of gypsum is to be supplied by Yafran area deposits; the
gypsum is designated for exporf to Europe. The sedimentary ore requires small scale

blasting.”

Lime and stone production in Libya also comes from scattered deposits near Tripoli
Derna, and Bengasi. The Qarqarish (Gargaresh) sandstone, which extends for long
distances along the Mediterranean coast, has long been quarried for building stone.
The Azizia limestone and Bengasi limestone are also used for building stone, as they
are easily cut and shaped. This material is also suitable for the manufacture of
cement, if mixed with selected clays which are abundant locally. In many cases, the
rock is quarried by non-mechanized methods, using rock saws and hand-held picks.
Such operations do not require blasting. Larger operations are assumed to blast on a

limited basis.

Libya possesses the potential to recover significant quantities of salt from both large
salt flats (sebchas), lagoonal deposits along the Mediterranean, and interior basins,
where salts have accumulated by means of meteoric waters and subsequent
evaporation. Salt, potash, and gypsum are recovered at a number of sites; most of

which are small scale surface operations. Sebchas are found in the vicinity of Tripoli

5 Europa Publications, Ltd. The Middle East and North Africa 1994. 40th Ed. P. 663.
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and Bengasi, and along the western coast of the Gulf of Sirte. Interior basins are
primarily located in the Fezzan desert region southwest of Edri and Sebha. In both
regions, the salt brines are allowed to evaporate, crystallized salts are harvested, and
transported to nearby processing facilities or directly to markets; blasting is not

required.

Sulfur is recovered principally as a refinery byproduct of petroleum. Colloidal and
fumarolic sulfur is also recoverable from some areas. Sulfur recovery does not require

blasting.

3.2 Iron Ore

Liby‘a produces steel from one plant at Misurata, but to date the plant has received
feed from imported iron ores. Plans call for the development of the iron ore deposits
at Wadi Ash Shatti to supply domestic feed for the plant, but capital to construct a
900km rail line to the plant needs to be acquired before production could begin. The
deposit consists of 140m of interbedded sandstones overlain by approximately 10m
of overburden.® The deposit is reported to contain over 3.5 billion metric tons of

ore above 35% Fe®, with a proven reserve of 420 million metric tons at 55% Fe’.
Ore would be mined by surface methods. A production rate of 2.4 million tpy would
be required to supply the expanding steel plant at Misurata. An average stripping
ratio of 1.2:1 waste to ore has been assumed for calculation purposes in this report.

A number of other iron deposits exist in Libya, but these are much smaller in scale.

3.3 Other minerals
Libya also possesses some additional mineral resources of trona, silica sand, alum,
phosphate rock; clays, barite, celestite, and kaolin. Resources remain largely

untapped as they are not outstanding in terms of quantity or quality or because of

$ M. J. Salem and M. T. Busrewil. The Geology of Libya. Vol. lli, Academic Press, 1980, pp.
1019-1043.

7 Mining Magazine. April 1981. pp. 320-322.
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their site remoteness and lack of international capital and markets. Production is
limited, small scale, technologically simple, and is marketed locally. Blasting is

generally not required or insignificant.

4.0 MINE-RELATED EXPLOSIVES USE

Almost all mines use explosives to fragment or loosen rock and consolidated material
prior to excavation. Bulk or packaged explosives and blasting agents are detonated
after emplacement in material to be excavated. Minor quantities of sachet and

shaped charges may be used for secondary breakage and other special applications.

The type and amount of explosives used are influenced by the nature of the rock or
ore, the mining methods employed, the production rate of the mine, the type and
availability of explosives and detonation systems, hydrologi‘c conditions, mining
equipment, drilling equipment, mine geometry, level of technical expertise, and
external constraints such as thle proximity of residences, availability of explosives,
and available funding. At almost any mine, the size of each blast can vary

significantly due to local conditions, production schedules, weather, etc.

Surface mines typically shoot much larger blasts than underground operations and
tend to have higher production rates than underground mines. In addition, limitations
of working room, limited free faces, ventilation requirements, and drilling limitations

may constrain maximum blast sizes in underground mines.

Libya is limited to internally produced explosives or imports from other allied Islamic
countries. Currently the United States and other Western countries impose a
commercial/financial trade ban on Libya®. It appears that restrictions have limited
recent industrial development in Libya; but they do not appear to represent an

unsurmountable impediment to Libya’s mining sector. Libya has the military-related

8 Mr. David Fetter, Libyan Desk Officer, U.S. State Department. Personal communication, May
15, 1995.



technology and facilities to manufacture blasting agents and detonation systems

suitable for most rining applications. "

Where blasting is required, most Libyan mines use ammonium nitrate-fuel oil (ANFO)
blasting agents. This may include some of the newer emulsion and/or aluminum
boosted products presently available. ANFO systems are preferred in most mining
applications due to their ease of manufacture, low cost, inherent safety, and bulk
loading advantages. High explosives, however, would be preferable for small
underground operations that use drill sizes that are below the critical diameter
needed for emplacing ANFO blasting agents, or under wet conditions, in methane-
rich atmospheres, and conditions that require higher detonation velocities and/or
convenience of packaged explosives. Such explosives are more difficult to acquire

as a result of current sanctions.

Blasting assumptions used in this report are based ‘upon engineering judgment;
explosive use can vary considerably as mining conditions change. ANFO
consumption was assumed to be dependent upon mine production rate, average
stripping ratio, specific gravity of the host rock, assumed powder factor limits, and -
mining method. Only a small number of mines in Libya require blasting. In most
cases, site-specific blasting information was unavailable. Consequently, estimates
were based upon known or estimated production rates, mine geology, mining
systems, and typical mining practices. Experience, engineering judgement, and

available data were incorporated into calculations and estimates.

For each site, a stripping ratio (Quantity of overburden removed per mt of ore mined)
and powder factor (Quantity of rock blasted per unit of ANFO blasting agent
equivalent) limits were estimated. A range of ANFO consumption was calculated for
both daily blasting requirements and for. an assumed maximum blasting event. Daily
ANFO requiroements were estimated assuming a 215 day production schedule.
Consumption estimates for all sites were calculated in a similar manner. The lower

consumption value applies a2 minimum powder factor while the higher value assumes

10



a maximum powder factor. Unlike daily coﬁsumption estimates, a maximum blasting
event would not take place on a daily basis. For this study,.it was assumed that a
maximum blasting event could occur every 10 working days for a surface mine and
every 5 working days for an underground mine. Such events are designed to
account for such factors as blasting delays, geological irregularities, and mining
method variations that require a higher ANFO consumption than the‘ typical blasting
event. Mine development or pillar extraction conditions, for example, often require

larger blasts.

The following examples illustrate typical blasting calculations using the estimation

procedure described above:

Wadi Ash Shatti ANFO consumption lower limit (L):

L = Production rate * [1 + (stripping ratio * specific gravity of waste}] * [Low powder factor
/ 1000 (converts kg to mt)] / 215 (assumed operating days per year)

L = 2,800,000 * [1 + (0.48 * 2.5)] * [0.17 / 1000] / 215

L = 4.87 5 mt ANFO equivalent (Rounded to nearest unit)

Wadi Ash Shatti ANFO consumption higher limit (H):

H = Production rate * {1 + (stripping ratio * specific gravity of waste)l * {High powder factor
/ 1000 (converts kg to mt})] / 215 (assumed operating days per year)

L = 2,800,000 * [1 + (0.48 * 2.5)] * [0.23 / 1000] / 215

L = 6.59 7 mt ANFO equivalent (Rounded to nearest unit)

Wadi Ash Shatti maximum blasting event ANFO consumption (M):

M- = Production rate * {1 + (stripping ratio * specific gravity of waste)] * [High powder factor
/ 1000 (converts kg to mt)] / 215 (assumed operating days per year} * maximum blast cycle

time (working days between blasting events)

M = (2,800,000 * (1 + (0.48 * 2.5)1 * [0.23 / 1000} / 215] * 10

M = 65.90 66 mt ANFO equivalent (Rounded to nearest unit)

Table 4.1 provides the corresponding blasting range estimates for the main Libyan

mines identified in this study.
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Table 4.1--Estimated Explosives Usage at the Main Libyan-Mines Used
- in this Study in Order of Estimated ANFO Consumption

Daily Consumption Maximum Maximum
Mine Praduction (mt ANFO) Blast Cycle Blasting
Mine Latitude Longitude Product Type (Mmt/yr) (3),(4) Time (days) Event
. 1) 2 Low High (S) (mt ANFO)
Wadi Ash Shatti N 27°26' E 14°13° Fe S 2.800 S 7 10 66
Bengasi N 32°05' E 20°20' Limestone S 1.500 2 3 10 31
Homs N 35°20° E s8°01 Limestone: S 1.400 2 3 10 29
Derna N 32°40' E 22°40° Limestone S 1.000 1 2 10 21
Bi'r Ghanam - Yafran N 32°16° E 12°34' Gypsum S 0.180 0.207 0.377 10 4

(1) S—-—Surface; UG--Underground
(2) Mmt/yr—-—Million metric tons per year.

(3) mt ANFO~—Metric tons of Ammonium Nitrate/Fuel Oil blasting agent equivalent rounded to nearest whole unit.
(4) Assumed production schedule — 215 days/yr.
(5) Assumed maximum blasting cycle time for surface operation — 10 working days; underground operation — 5 working days.”

12




5.0 CONCLUSIONS

Mining primarily occurs in ;che Fezzan desert and northern Libya near the towns of
Tripoli and Bengasi. Underground mining is absent. Surface mining and quarrying
operations generally operate on a small scale serving domestic needs. Itis likely
that a blast detected in Libya requiring more than 30 metric ton of ANFO
equivalent would not.be due to mining. Blasts from producing sites are infrequent
and would typically use less tl:1an 30 metric tons of ANFO equivalent for a
maximum blasting event. The only mining site with significant blast potential is

the Wadi Ash Shatti site, which has not yet been fully developed.
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