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APPENDIX A - BASIS FOR STORAGE YARD VOLUME

CALCULATIONS
The calculation of the volumes of the various stockpiles in the Storage Yard was conducted by
CAD methods by comparing the 2005 site topography (see Plate A) to assumed base contours for
the land surface prior to the placement of slag within the Storage Yard area for each of the
stockpile areas. As the surrounding landscape is fairly flat, existing contours around the edges of
the Storage Yard were joined to create the assumed base contours, as indicated in Figure A-1.
CAD-generated volumes for the various stockpiles are indicated in the attached CAD printouts.
For Area 5, it was determined that slag was originally placed in Area 5 and then later surrounded
by concrete demolition materials. Based on a comparison of the slag pile area as it existed in an
earlier aerial photo (see Figure A-2), to the combined slag/concrete pile area as it existed in
2005, the area and volume of the slag could be estimated using CAD methods. The estimated
volumes of slag and demolition concrete based on this analysis are provided in Table A-1. The
areas of slag and demolition concrete, also determined based on CAD methods, are 800 square
meters (8,500 square feet) and 1,100 square meters (12,000 square feet),. respectively.

TABLE A-1i

MATERIAL VOLUMES AND TONNAGE
Shieldalloy Metallurgical Corporation, Newfield, New Jersey
Pile #
(per
Figure
176)

Volume
Material Type

(cubic yard)

Pile
Size
(acre)

Density
(lbs/ft3)

(g/cm 3 )

(tons)

15,000

0.9

120

1.92

24,300

Mass

1

Excavated Soil from the Former
Vanadium Laydown Area

2

Excavated Soil from the Demolition of
Building D111

1,000

0.2

105

1.68

1,418

3

CANAL (Crushed Slag from Area 4)

3,000

0.2

165

2.64

6,683

4

Ferrocolumbium Slag (from the Electric
Arc Process)

30,000

1.0

140

2.24

56,700

SA

Ferrocolumbium Slag (from the Electric
Arc Process)

2,600

0.2

140

2.24

4,914

5B

Concrete from the Demolition of Building
Dlll

2,400

0.3

120

1.92

3,888

6

Ferrocolumbium Slag (from the
Aluminothermic Process)

2,000

0.3

140

2.24

3,780

7

Combination of Area 4, 6 and 8 Materials

1,000

0.3

,130

2.08

1,755

8

Baghouse Dust

13,000

0.9

100

1.60

17,550

9

Combination of Area 4 and 8 Materials
with Baghouse Dust Being the Prominent
Material

4.000

0.4

145

2.32

7.830

Excavated Soil from Elsewhere on Site

1,320

0.50

105

1.68

1,871

Total Volume & Mass of Material

75,320

130,688

tons

Volumes were estimated using CAD methods by comparing existing topography (Plate A in Environmental Report) to an
assumed ground surface prior to placement of the materials (based on an extension of surrounding contours) and by
defining the various material piles as indicated on Figure 1-6 of the Environmental Report. CAD-generated volume
estimates were rounded up to the nearest 1,000 cubic yards. A figure overlying the assumed original contours for the
Storage Yard area with the various material areas is provided as Figure A-1 to this appendix. A copy of the CAD-generated
volumes is also presented for Piles 1-9. Material areas were also calculated using CAD.
For Area 5, slag was original disposed of in the center of the area and later, demolition concrete was placed around the slag.
Estimates of the volume of slag (Area 5A) and concrete (Area 5B) were generated based on a historic aerial photo (see
Figure A-2) that shows the extent of the slag, the current topographic map that shows the combined volume of slag and
concrete and CAD-based estimates.

CAD-BASED VOLUME ESTIMATES
STORAGE YARD MATERIALS
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APPENDIX B - SLAG/BAGHOUSE DUST USE/REUSE EVALUATIONS
SMC has evaluated several different means of using/reusing the slag and baghouse dust that are
currently stored on-site. Involved in these consultations and studies have been Pennsylvania
State University, the U.S. Army Corps of Engineers Baltimore District, foreign countries and
International Uranium Corporation. Documentation of these consultations is presented below.
Pennsylvania State University (PSU) was asked to evaluate a variety of materials issues
associated with various slag types generated at the Newfield plant. Once the PSU testing was
complete, a report was prepared and submitted to SMC. A copy of the PSU report for chromite
ore, showing the type of testing performed on the materials and the information solicited by
SMC, is enclosed herein as Attachment B-L.'
SMC also contacted the U. S. Army Corps of Engineers Baltimore District regarding the use of
slag materials as artificial reef material, with the first contacts occurring in June of 2003. Since
that time, exploratory conversations have been held with not only representatives of the
Baltimore District, but with a variety of reef foundations who operate under the jurisdiction of
the USACE. Communications records associated with discussions with the USACE and others
are also included in Attachment B-2.
An assessment of the re-use potential for the slag at SMC's Cambridge facility was completed on
December 29, 2005. A copy of the report is included herein as Attachment B-3. Included as
Attachment B-4 is purchasing correspondence on the sale of baghouse dust (BHD) for beneficial
re-use.
SMC assessed the market potential for the •sale of the slag to various steel manufacturers in
Malaysia. Included in the assessment were a number of meetings which took place the week of
April 10, 2006. While the sale of SMC's slag to groups within this country appears possible, no
specific agreements have been discussed to date. A copy of the assessment report from the April
campaign is included herein as Attachment B-5.
In China, telephone contacts were made with the Nuclear Control/Management Office in the
China National Nuclear Corporation (CNNC), a Central Government controlled corporation. To
date, the contacts were made only to be prepared in the event that a Chinese purchaser of the slag
could be identified. No such identification has yet been made. A copy of the correspondence
with Chinese connections is also included in Attachment B-6.
SMC has also contacted International Uranium Corporation (IUC) several times in the past to
inquire about the potential for extraction of the uranium/thorium in the slag. The first contact
was made in 1999, and the most recent in 2006. To date, there has been no interest on the part of
IUC in extracting the uranium/thorium from SMC's slag. The telephone communication and e-

O

In regard to the testing of ferrocolumbium slag, after the initial technical applications review, review of the
materials characterization data and assessment of regulatory barriers, PSU concluded that the regulatory
requirements for the product were too great to realistically use the material in conventional construction
applications. As a result, PSU agreed to expand the chromite sand physical testing and return the ferrocolumbium
slag to SMC, untested.

mail notes from discussions with IUC are included herein as Attachment B-7.
The sale to and disposal of slag at IUC would not be a viable decommissioning option because
the cost of delivery of the slag to the site for processing, the high cost of extraction of the
uranium and thorium relative to the potential revenues from the sale of the concentrates, and the
tipping charge for disposal of the residuals in IUC's mine add up to a cost higher than that of
disposal at the EnergySolutions facility in Clive, Utah.
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BENEFICIAL REUSE OF NYE CHROMITE ORE SAND
IN CONSTRUCTION APPLICATIONS
Agreement No. MOA 55591

FINAL REPORT

Prepared for
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by
P. Sane, B. Scheetz, and P. J. Tikalsky

Pennsylvania Transportation Institute
The Pennsylvania State University
Transportation Research Building
University Park, PA 16802-4710
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ABSTRACT
Shieldalloy Metallurgical Corporation has a major stockpile of a mineral
product that requires assessment for beneficial use in the construction industry. The
mineral product is chrornite ore sand, a non-toxic material derived from a mining
process. Since the material is not a standard material of construction, there exists the
need to properly evaluate the characteristics of the material and compare these
characteristics to those of construction materials. There exists the possibility that the
material will offer characteristics beneficial to specific applications in commercial or
highway construction, precast product, or mine land reclamation. The purpose of this
research is to identify applications that are improved or optimized by the use of this
material.
The two main applications studied are controlled low strength material
(CLSM) and high density concrete. Both these applications have been considered
because the chromite ore sand characteristics may be suitable to the products. CLSM
mixtures were tested for flow consistency, density, hardening time, strength gain and
permeability. High density concrete mixtures were designed so as to have maximum
possible density of concrete. Two types of mixtures were designed, one using
chromite ore sand as the only aggregate material in the mixture and the other with
hematite coarse aggregate and chromite ore sand as fine aggregate. High density of
the concrete was the controlling property, as it was to be tested for concrete shielding
purposes.

iii

Test results for the chromite ore sand CLSM have shown that all properties: of
the mixtures are comparable to CLSM mixtures produced with regular silica sand;
therefore, chromite ore sand can be successfully used to produce CLSM mixtures. By
the selection of proper components and proportioning, CLSM mixtures can be
designed to achieve the strength requirements necessary for their purposes. Results
for the chromite ore sand high density mixtures showed that the mixtures that
included this sand alone provided a marginal increase in nuclear shielding
capabilities. High density coarse aggregates along with chromite ore sand as fine
aggregate can be used to produce high density concrete for ballast, nuclear shielding,
and other high density concrete applications.
The objective of this study was to identify construction applications for the
stockpiled chromite ore sand. The approach pursued the properties of the sand,
identified potential applications, and evaluated the suitability of the sand to the
proposed applications.
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CHAPTER 1 INTRODUCTION
This research documents a laboratory investigation performed to evaluate the
beneficial use of a chromite ore sand, mined for use as a metallurgical alloying
resource, in the construction industry. Finding a beneficial use for this sand will
prevent the disposal of a nearly 200,000-ton stockpile of it.

1.1 Problem Statement
Shieldalloy Metallurgical Corporation (SMC) has a major stockpile of the orederived sand and seeks its assessment for beneficial use in the construction industry.
The mineral sand is a non-toxic material derived from the crushing of naturally
occurring chromite ore. Since the material is not a standard material of construction,
there exists a need to properly evaluate the characteristics of the material and
compare these characteristics to those of standard construction materials. There also
exists the possibility that the material will offer characteristics beneficial to
applications in commercial or highway construction, precast product, or mine land
reclamation. The purpose of this research is to identify applications that are improved
or optimized by the use of this material.

1.2 Origin of the Chromite Ore
Of the numerous minerals essential to manufacturing in the United States, four
are considered particularly important: the chromium, cobalt, manganese and platinum
group of metals. Interest in these four materials is high because the United States
lacks reserves of these minerals and must rely on imports from politically volatile
I

regions (Davidson, 2000). The fact that minerals are not evenly distributed in the
Earth's crust has generated further concerns. Heavy reliance on imports has been
considered a major disadvantage for a country's economic, political and military
independence. During the cold war period, a large national defense stockpile was
created in the United States, consisting of almost every mineral raw material that was
not available in adequate quantifies in the country. The Strategic and Critical
Materials Stockpiling Act grants the Department of Defense the authority to maintain
a stockpile of so-called strategic and critical materials to supply the military,
industrial and civilian needs of the United States for the country's defense (Davidson,
2000). The chromite ore at SMC was potentially a valuable source of chromium and
was therefore stockpiled as a possible source of a strategic mineral.

1.3 Current Status
With the end of the cold war, the importance of some of these material
stockpiles has decreased. Moreover, since the process of extraction of chromium from
the ore is no longer economical, there is a need to assess the ore for other purposes.
SMC also has a lease on the land where the material is stored and wants to terminate
the lease.

1.4 Objective
The objective of this investigation is to identify construction or industrial
applications for the stockpiled sand. The use of the stockpiled sand will not only help

SMC to clear the land under lease but also to free landfill space that would have to be
used for disposal of the chromite sand.

1.5 Approach
1) Characterize the engineering properties of the material, which must be
known before its use as a construction material.
2) Identify potential applications in which the chromite sand can be used as
construction material.
3) Study thte suitability of this sand to the proposed applications.
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CHAPTER 2 BACKGROUND AND LITERATURE REVIEW
The Shieldalloy Metallurgical Corporation (SMC) owns a stockpile of Nye
ore in Columbus, Montana. The stockpile is a granular chromite ore. This chapter
provides a description of the material properties, characteristics and composition of
the chromite ore sand. It relates the significance of the components and their
properties to possible applications. An overview of the possible applications,
properties of the applications, and earlier study conducted on the applications is also
presented.

2.1 Nye Ore
The Nye ore is an impure form of chromite ore. It is composed primarily of
aluminum, chromium, iron and silica. There are other minor metals in the ore;
however, the ore was mined for its chromium content. The chromium content of the
ore is between 20 and 30 percent. The ore was mined in Nye, Montana, and later
transported to Columbus, Montana. The stockpile in Columbus is approximately
200,000 tons and 95,000 cubic yards. While the ore is not an environmental concern,
there remains a need to remove the ore from Columbus, hence the need to find a use
for it.
The chromite ore has a few distinguishing features that provide advantages
and limitations to its use as a construction material. The size and gradation of the
material may not make it suitable for exclusive use as aggregate for either portland
cement concrete or bituminous asphalt concrete. However, its density and hardness
may be sufficient to allow its use as an aggregate addition for abrasion resistance,
4

nuclear shielding, and energy absorption in portland cement concrete or bituminous
asphalt concrete. The high density is a highly sought after quality in certain sectors of
the concrete and precast concrete market. There is the potential to demonstrate that
the material provides higher moduli concrete structures and has applications in ballast
or shielding structures.
However, transportation costs from the remote location of the stockpile may
limit demand for the material.

2.2 Physical Properties
The physical properties data sheet of the chromite ore sand, as obtained from
SMC, is presented in Table 1. The main property of interest is the high specific
gravity. The specific gravity of regular silica sand used as fine aggregate in concrete
mixture design is in the range of 2.4 to 2.8. The specific gravity of 5.2 of the chromite
ore sand classifies the material as a high density aggregate.

PropertT

Nye Ore*

Appearance

Black Granular Powder

Odor

Odorless

Melting Point

2300" C

Specific Gravity

5.2

Solubility (Water)

Insoluble

*Source: Shieldalloy Metallurgical Corporation (2001)
Table 1: Physical Data of Nye, Montana, Chromite Ore
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The other property of interest to this study, which is not presented in the table,
is the particle size distribution of the chromite ore sand. The fineness and gradation
properties describe the particle size distribution. Fineness is a measure of the particle
size, often used to describe the aggregates. Fineness modulus is a numerical factor,
obtained by adding the total percentages of material in the sample that are coarser
than each of the particular set of sieves (cumulative percentages retained), and
dividing the sum by 100 (American Concrete Institute [ACI], 2003, 116R). Fine
aggregates or silica sand generally used in construction have a fineness modulus
value in the range of 2.4 to 3.0 (ACI, 2003, 211). The larger the fineness modulus
value, the coarser the material, and vice versa. The gradation is the distribution of
aggregate particles among various sizes. The size distribution of the aggregate
particles affects the relative proportions, cementing materials and water requirements,
workability, pumpability, economy, porosity, shrinkage, and durability of concrete.
The size distribution of the aggregate particles should be a combination of sizes that
results in a minimum of void spaces.
It was observed that the chromite ore sand is a finely graded sand. The
gradation analysis and fineness modulus value are presented in the next chapter. In an
aggregate for a concrete mixture or other application, high density and fineness will
affect the properties of the product. The suitability of chromite ore sand for use in
construction applications is discussed with respect to the material properties of the
particular application.
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2.3 Chemical Composition
To understand the suitability of the material to various applications, tests were
conducted to determine the chemical composition and structure of the sand. These
included:
1) X-ray diffraction test
2) Spectrochemical analysis
3) Toxicity characteristic leachate procedure (TCLP) test
The description and background of these tests is presented in the following sections.
The results obtained from these tests are presented'in the next chapter.

2.3.1 X-ray Diffraction Test
X-ray diffraction (XRD) is generally a reliable method for the identification
and quantification of crystalline materials. The technique utilizes the diffraction
(reflection) of X-rays from the unique arrangement of atoms in a crystal structure.
The technique is particularly useful for materials with grain sizes too small for
microscopic identification (i.e., clay minerals, soil minerals, dusts, etc.). The
experimental results provide direct information on the atomic-level spacing of crystal
planes within the lattice of the sample. This information is used to identify the crystal.
structure of the phases found in the specimen. The XRD can even distinguish between
identical crystal structures, with different compositions.
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2.3.2 Spectrochemnical Analysis
Spectrochemical analysis is one of the major tools of analytical chemistry
(Ingle and Crouch, 1988). The four major classes of spectrochemical methods are
based on the phenomena responsible, such as emission, absorption, luminescence or
scattering. The spectrochemical methods are further classified depending upon the
source used to generate these phenomena. For the spectrochemical analysis of the
chromite ore sand, inductively coupled plasma (ICP) emission and atomic absorption
methods were used.

2.3.3 TCLP Test
The Environmental Protection Agency (EPA) promulgated the toxicity
characteristic leachate procedure (TCLP) test. The TCLP determination is part of the
toxicity characteristic (TC) rule. Toxicity is one of four characteristics used to
determine if a solid waste, excluding listed hazardous wastes, is classified as a
hazardous waste. The other three characteristics are ignitability, corrosivity, and
reactivity. The TCLP is described in Test Methodsfor EvaluatingSolid Wastes, SW846 Method 1311, U.S. Environmental Protection Agency (EPA) (July 1992).
TCLP is a laboratory test that is designed to simulate what would occur if the
material were disposed of in a landfill where rainfall percolates through the soil and
waste and eventually ends up in the groundwater. A representative sample of the
material is placed in a container with a buffered extraction fluid (acetic acid) and is
tumbled for 18 to 24 hours. After the tumbling is complete, the concentration of
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specific target contaminants is measured in the extraction fluid. If the concentration
of any target contaminant exceeds the maximum allowable concentration limit for
that contaminant, then the material is said to exhibit the toxicity characteristic for that
contaminant (EPA). As the material is a chromite ore and chromium is one of the
target contaminants listed by EPA, a brief description of chromium is presented in the
next section.

2.3.3.1 Chromium
Chromium is a naturally occurring element found in rocks, animals, plants and
soils. Chromium does not occur free in nature; in bound form it makes up 0.1 to 0.3
parts per million of the Earth's crust. Chromium is present in the environment in
several different oxidation states ranging from Cr 2- to Cr 6+. The most common forms
are chromium (Cro), trivalent chromium (Cr 3+), and hexavalent chromium (Crn).
Naturally occurring chromium compounds are generally in trivalent state, while
hexavalent chromium compounds are produced industrially by the oxidation of
trivalent chromium compounds. Chromium is an essential trace element for human
health. However, some chromium compounds are acutely toxic, chronically toxic,
and/or carcinogenic. The EPA regards all chromium compounds as toxic, even
though in general, toxicity of chromium is mainly caused by hexavalent compounds.
The EPA regulates chromium releases into the environment by setting regulatory
limits.
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2.3.4 Bulk Chemical Analysis
The data obtained from the X-ray diffraction and spectrochemical analysis
were used to determine the bulk formula for the chromite ore sand. It was found that
the ore is a member of the spinel group and is a solid solution.

2.3.4.1 Spinel Group Minerals
The spinels are a group of oxides that have very similar structures. The spinel
group contains over twenty members, but only a few are considered common. Named
after their sole gemstone representative, spinel (MgAI 20 4), the minerals form an
important group. The group includes one of the most important ores of iron,
magnetite; an important ore of chromium, chromite; an important ore of lead,
minium; a once important ore of manganese, iron and zinc, franklinite; and others.
The general formula of the spinel group is AB 2 0 4. The A represents a divalent metal
ion such as magnesium, iron, nickel, manganese and/or zinc. The B represents
trivalent metal ions such as aluminum, iron, chromium and/or manganese. Examples
of spinel group minerals are chromite FeCr2 0 4 and spinel MgAI 20 4 . Solid solutions
are common in this group of minerals, meaning that they may contain varying
amounts of different ions in any particular specimen.

2.3.4.2 Spinel Structure
Spinel structure is made up of tetrahedrally and octahedrally coordinated ions.
The structure needs eight AB 20 4 molecules to define the unit cell. The spinel
structure is represented in Figure 1. The dark colored ions represent the tetrahedral
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ions, which here are also the divalent metal ions such as Fe2 ÷, Mg 2 +. The light colored
ions represent the octahedral ions, which here are also the trivalent metal ions such as
Al 3+, Cr3 +.

I',

Source: http://ruby.colorado.edu/-smyth/min/spinel.html
Figure 1: Spinel Structure
2.3.4.3 Solid Solution Compounds
Generally, minerals are not pure substances, and there is extensive variation in
chemical composition, which is a result of substitution. In a solid solution, specific
atomic sites of the mineral structure are occupied in variable proportions by different
ions, The substitution is controlled by the 1) size of the ions (<15 percent in size
difference) and 2) valence of the substituting ions (electric charge must be balanced).
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2.4 Possible Applications
With this background of physical and chemical characteristics of the chromite
ore sand, this section will discuss the possible applications. The purpose of this
research is to find the potential engineering applications of the Nye chromite Ore
sand. The tests carried out using the sand were aimed primarily to study its use in two
main civil engineering applications, namely:
1) Controlled low strength material
2) High density concrete

2.4.1 Controlled Low Strength Material (CLSM)
CLSM is a self-compacted, cementitious material primarily used as a backfill
in place of compacted fill. Several terms are currently used to describe this material
including flowable fill, control density fill, flowable mortar, plastic soil-cement, soilcement slurry, K-krete, and other names (ACI Committee 229, 1994). CLSM defined
by "Cement and Concrete Terminology" of the American Concrete Institute (ACI,
2003, 116R) as a cementitious material that is in a flowable state at the time of
placement and has a specified compressive strength of 1200 psi or less at 28 days.
The term CLSM can be used to describe a family of mixtures for a variety of
applications. A lower strength requirement of 200 psi or less is necessary to allow for
future excavation of CLSM (ACI Committee 229, 1994). Higher strengths may be
used where future excavation is unlikely, such as for structural fill under buildings.
CLSM should not be considered as a type of low strength concrete, but rather a selfcompacted backfill material that is used in place of compacted fill. Generally CLSM
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mixtures are not designed to resist freezing and thawing, abrasive or erosive forces, or
aggressive chemicals. Non-standard materials may be used to produce CLSM as long
as the materials have been tested and found to satisfy the intended application (ACI
229, 1994). Examples of non-standard materials that may be suitable as aggregates
for CLSM include bottom ash produced in the coal combustion process, blast furnace
slag, discarded foundry sand, and reclaimed crushed concrete.
Plowable mixtures make up a class of engineering materials having
characteristics and uses that overlap those of a broad range of traditional materials,
including compacted soil, soil cement, and concrete. Flowable mixtures consist of
sand, water, cement and sometimes fly ash. The mixtures are proportioned, mixed and
delivered in a very fluid consistency to facilitate placement; they provide an in-place
product that is equivalent to a high-quality compacted soil, but without the expensive
compaction equipment, vibration and related labor.
Flowable fills have been used as backfill for bridge structures, including
abutments, culverts, and trenches. They have been used for embankments, bases, and
subbases. They are commonly used as bedding for slabs and pipes. They have also
been used to economically fill caissons and piles, abandoned storage tanks, sinkholes,
shafts and tunnels.
Flowable fill materials usually offer an economic advantage over the cost of
placing and compacting earthen backfill materials. Depending on the job conditions
and costs involved, significant savings are possible. The closer the project location to
the source of the flowable fill, the greater the potential cost savings.
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Virtually any sand can be used in flowable fill mixxtures if the mixture is

W

proportioned accordingly (FIRST, 2002). The mineralogy is not as important as the
physical properties and stability of the material for CLSM. Sand for flowable fill can
be used in a dry or moisture-conditioned form.

2.4.2 CLSM Advantages
Advantages of CLSM as described in the ACI Committee 229 Report (1994)
are summarized as follows:
1) Readily available - Local concrete suppliers can produce CSLM to meet
most project specifications utilizing locally available material.
2) Easy to deliver - Mixed and delivered in concrete mixing trucks.
3)

Easy to place - CLSM can typically be placed by chute, conveyor, pump
or bucket. Additionally, CLSM is self-compacting and self-leveling,
speeding construction and reducing labor requirements.

4) Versatile - CLSM mixtures can be designed to meet specific
requirements.
5) Strong and durable - CLSM load carrying capacities are typically higher
than compacted fills.
6) Excavatable - Lower strength CLSM (50 to 100 psi) are excavatable by
hand or with conventional excavation equipment.
7) Reduced inspection - The extensive field compaction testing required with
conventional fill material is not required of CLSM.

re
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8) Rapid hardening - Hardens within several hours, permitting construction
to proceed.
9) No settlement - CLSM does not form voids during placement, eliminating
settlement.
10) Reduces excavation costs - CLSM permits narrower trench excavation
for utility excavations.
11) Worker safety - CLSM is placed without requiring workers in the trench.
12) All-weather construction - CLSM will displace standing water and can be
placed in cold weather like traditional concrete.
13) Reduced equipment needs- CLSM can be placed without loaders, rollers
and/or tamping equipment
14) No storage requirements - CLSM is delivered at the time of placement,
eliminating the need for soil stockpiling.
15) By-product recycling - CSLM utilizes fly ash and possibly other residual
products.

2.4.3 Plastic Properties of CLSM
Plastic properties of CLSM include flowability, segregation, subsidence,
hardening time and plastic density. These properties define the performance during
the construction process.
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2.4.3.1 Flowability
Flowability allows CLSM to be self-leveling and self-compacting. These
effects provide major advantages over conventional backfill. Flowability can be
determined using the standard concrete slump cone, American Association of State
Highway and Transportation Officials (AASHTO) (2000) T 119; flow cone,
American Society for Testing and Materials (ASTM) (2003) C 939; or open-ended
cylinder modified flow test, ASTM (2003) D 6103. ASTM (2003) C 939 is used to
determine the flowability of grout and is successful when testing mixtures with
aggregates less than 6.3 mm. For ASTM (2003) D 6103, the diameter of the spread
should be at least 8 inches. The open-ended cylinder is placed on a level surface and
filled with CLSM. The cylinder is lifted vertically within a 10 second interval, and the
resulting spread is measured. CLSM proportioning must adequately fill the voids in
the mixture to ensure flowability and pumpability. To achieve the desired flowability,
it is recommended to increase the water content by 5 to 10 percent increments (Naik
et al., 1990).
The chromite ore sand is finer than regular silica sand, which suggests that it
can achieve better flowability as compared to silica sands. On the other hand, the high
specific gravity of the chromite ore sand will make it difficult to flow in the CLSM
mixture. The high specific gravity and fineness together mean that there 'is need for a
component in the CLSM mixture that is finer and lighter than the sand to carry the
sand in the mixture and make the mixture flowable. A possible material for such use
may be fly ash.
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2.4.3.2 Segregation
Segregation commonly occurs in mixtures with high flow. With proper
mixture proportioning, high flow mixtures can be cast without segregation. To
achieve flow without segregation, adequate fines are needed in the mixture to provide
cohesion. For instance, fly ash provides cohesion in CLSM mixtures. Air-entrainment
may be utilized in CLSM, but air contents exceeding 6 percent can increase
segregation (Van Tassel, 1999). If segregation occurs, the CLSM will not be
pumpable, because of line blockage and interrupted flow.
,Due to the high specific gravity of the chromite ore sand, the possibility of
segregation in chromite ore sand CSLM mixtures is high. To avoid this, proper
proportioning and use of an appropriate quantity of fly ash for cohesion would be
necessary. The cohesive forces formed in the CLSM mixture will prevent
segregation.

2.4.3.3 Subsidence
Subsidence occurs after the placed CLSM reduces in volume as it releases
water and entrapped air while consolidating (ACI Committee 229, 1994). Excess
water is often absorbed by surrounding soils or is seen as bleed water at the CLSM
surface. Most subsidence occurs during consolidation and is a direct result of this
excess or free water. Reports show that CLSM subsides approximately 10 to 20 mm
per meter of depth. As expected, mixtures with lower water contents have less
subsidence.
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For the chromite ore sand CLSM mixtures, excess water quantities could be
reduced by proper proportioning of the components. This reduces subsidence.

2.4.3.4 Hardening Time
/

Hardening time is defined as the time from placement to the time that the

CLSM can hold the weight of a person. Hardening time is influenced by the
quantities of water and cementitious materials. The permeability and the degree of
saturation of surrounding soils, humidity, ambient and CLSM temperatures, and the
depth of fill also affect hardening time. Hardening generally occurs in 3 to 5 hours
and is determined by a penetration resistance test, AASHTO (2000) T 197.
Penetration numbers of 3.5 to 10.4 MPa are typically required to assure adequate
bearing strength (ACI Committee 229, 1994). Hardening time is also increased with
the use of high early strength cement. (Van Tassel, 1999)
Most of the factors affecting hardening time are external factors, associated
with the surrounding soil where the CLSM is placed, and cannot be controlled for
chromite ore sand CLSM mixtures. The factors affecting hardening time of chromite
ore sand CLSM mixtures that can be controlled are water content and cementitious
material. Proper proportioning of the components so that just enough water is added
to satisfy the flow requirements can control water content. The appropriate use of
cement or other cementitious material can decrease the hardening time.
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2.4.4 Hardened Properties of CLSM
Hardened properties of CLSM include strength, density, settlement, thermal
insulation, corrosivity, permeability, shrinkage and excavatability. These properties
define the engineering performance properties. Some of these properties are briefly
discussed.

2A4.4.1 Strength
Well-compacted soil has compressive strengths from 0.35 to 0.7 MPa (ACI
Committee 229, 1994). To be considered excavatable, CLSM must not exceed longterm strengths of 2.1 MPa. For standard backfills, compressive strengths of 0.7 MPa
or less are recommended (Brewer and Hurd, 1993). For structural fills, CLSM
bearing strengths range from 0.7 to 8.3 MPa forkfoundation support.
Different materials, types and sources affect the compressive strength of the
CLSM, so laboratory tests should be performed on initial mixtures to ensure that
strength requirements are met (Brewer and Hurd, 1993). CLSM obtains 75 to 80
percent of its final strength in approximately one month.
Good soil backfill has an unconfined compressive strength 0.14 to 0.35 MPa
(Amon, 1990). This level of strength is similar to that of undisturbed or recompacted
soils, making the CLSM suitable for use in utility trenches containing ducts, pipes
and manholes; excavations in streets and around foundations; and as fill for
abandoned tunnels, sewers, and other underground cavities (Naik et al., 1990).
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The chromite ore sand CLSM mixtures can be proportioned to have low or
high strengths, depending upon the intended use of the mixture. By varying the use of
cementitious material, strength can be varied. The angular nature of the chromite ore
sand will aid bonding between particles and increase strength as compared to rounded
particles. The fineness and gradation of the chromite ore sand particles suggest that
the homogeneity of the'CLSM mixture can be well developed as compared to a
CLSM mixture of poorly graded, coarse and fine aggregate. This suggests better
comparative strength development.
2.4.4.2 Density
CLSM has densities from 1840 to 2320 kg/m 3 , which are greater than those of
conventional backfills. The plastic density of CLSM ranges from 2000 to 2500 kg/m3 ,
so this must be accounted for when CLSM is used in such applications such as
retaining walls, where the lateral pressure of the CLSM is of interest (Amon, 1990).

The chromite ore sand has a very high specific gravity. Therefore, the density
of chromite ore sand CLSM mixtures will be much higher compared to other CLSM
mixtures. An increase in density of 20 to 30 percent can be expected. The effects of
the lateral pressure exerted by these high density mixtures should be considered and
accounted for in design for the intended application.
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2.4.4.3 Settlement
Compacted fills may have a tendency for settlement, if the compaction
process is not undertaken properly. CLSM flows into the void when in flowable form
and then hardens. However, no appreciable settlement occurs after hardening of
CLSM. In one project located in Seattle, Washington, 600m 3 of CLSM was used to
fill a 3.7-meter-deep shaft. Total settlement reported for this project was
approximately 1.4 mm (Fox, 1989).
The properties of chromite ore sand CLSM would be similar to other CLSM
mixtures with respect to the settlement criteria; hence, no appreciable settlement can
be expected for these mixtures as well.

2.4.4.4 Permeability
From literature review, the permeability of CLSM is approximately 5 x 10-6
cmr/sec (Naik et al., 1990). Backfills consisting of sand typically have permeabilities
ranging from 10-" to 10-3 cm/sec (Naik et al., 1990). With increased fines and higher
strength, lower permeabilities can be achieved. The use of materials such as bentonite
clay and diatomaceous earth may also decrease permeability, but their effects on the
CLSM properties must be determined through testing (ACI Committee 229, 1994).
Permeability is increased with a decrease in cementitious materials and an increase in
fine aggregate content.
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Chromite ore sand being very fine, the CLSM mixtures produced using this
sand will tend to have lower permeabilities, mainly due to increased percentage of
fines. On the other hand, the uniform fly ash particle size causes higher permeability.
The use of chromite ore sand and fly ash in proper proportions will help achieve
acceptable permeability values.

2.4.4.5 Excavatability
The difficulty of CLSM excavation is directly related to its compressive
strength. CLSM with compressive strengths under 0.35 MPa can be excavated
manually, while CLSM with compressive strengths ranging from 0.7 to 1.4 MIa must
be excavated mechanically (ACI Committee 229, 1994). To ensure removability, the
compressive strength should not exceed 0.7 MPa (Brewer and Hurd, 1993). Mixtures
with high coarse aggregate content are. more difficult to excavate than those with high
fine aggregate and fly ash content. Limiting cement contents in mixtures is necessary
where future excavation is anticipated. By increasing the air content of a mixture,
long-term compressive strengths can be decreased (Van Tassel, 1999).
The chromite ore sand CLSM mixtures can be designed to have excavatable
or non-excavatable characteristics. The compressive strengths can be controlled by
mixture design and use of relevant components. As mentioned earlier, a mixture of
high fine aggregate and fly ash content will aid excavation, as compared to other
mixtures of similar strengths. Therefore, chromite ore sand mixtures with lower
strengths would be easily excavatable.
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2.4.5 Earlier CLSM Research at Penn State
Earlier research (Van Tassel, 1999) looked at integrating recycled and coproduct materials into CLSM. The materials evaluated in that research included fly
ash, spent foundry sand, glass cullet, and reclaimed portland cement concrete. CLSM
mixtures were tested for flow consistency, density, hardening time, strength gain, and
permeability. It was shown that CLSM could incorporate locally available recycled or
co-product material, provided the CLSM met certain performance standards of the
particular use and the materials met certain minimum material standards consistent
with the performance standards.

2.5 High Density Concrete
The chromite ore sand has high density, making it a heavy aggregate. High
density or heavy aggregate is used primarily to make high density concrete. High
density concrete has various applications. The most widely used application is in
shielding. This research study includes developing high density concrete using
chromite ore sand as an aggregate. Though the research looks at the suitability of
using the high density concrete for shielding purposes, it must be noted that high
density concrete can also be used for various other applications. While the quality
control specifications for high density concrete for shielding are stringent and
difficult to achieve, the specifications for high density concrete for other applications
are easily achievable. Hence, the use of chromite ore sand for high density concrete in
other applications must also be considered. Some applications for high density
concrete are:
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1) Floor tiles, paving stones and bricks
2) Roof ballast
3) Retaining wall units
4) Dams and offshore structures
5) Armor elements for breakwaters and scour protection
6) Pipe coatings in swampy areas or river crossings
7) Burial vaults
8) Storm shelters
9) Renewable-energy houses
10) Blocks, hollow blocks, guides and railway ties
11) Bridge decks, parking structures, highways
12) Structures in marine environments

2.5.1 Shielding
High density concrete is widely used in shielding (Kaplan, 1989). It is
worthwhile to list the various applications of concrete shielding to aid understanding
of the factors involved in its design and manufacture:
1) Nuclear reactors
2) Radiation barriers in hospitals (X-ray rooms, cancer treatment)
3) Military facilities
4) Chemical decontamination cell
5) Storage facilities for biohazardous material
6) Nuclear waste containment structures and casks
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7) Noise/sound barriers
This study focuses on developing high density concrete for radiation shielding.

2.5.2 Radiation
Radiation, when properly shielded, provides energy and medical treatments.
Just as there are several types and levels of radiation, there are also several materials
that can be used in radiation shielding. Figure 2 shows types of radiation and some
materials that can be used to shield them. As energy levels increase, the complexity of
the required shield also increases. High-energy neutrons and gamma radiation require
a shield that consists of both heavy and light elements. In high density concrete,
hydrogen serves as the light element while extremely dense aggregates provide the
heavy element.
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Source: Nuclear Shielding Supplies and Service, Inc. [NSSS] website,
www.nulcearshielding.com
Figure 2: Radiation Types and Some Shielding Materials

25

2.5.3 The Light and Heavy Element Components in Concrete

Neutrons emanating from the core region of a reaction must be slowed down
to thermal energies and then captured in the nucleus of a shield atom. Hydrogen is the
most effective element in slowing down neutrons over the entire fission spectrum. An
elastic scattering reaction occurs because of the favorable mass ratio between the
neutron and the hydrogen nucleus (proton). In the collision, the neutron is able to
impart a large fraction of its energy to the proton. Further, the thermal neutron cross
section of hydrogen is reasonably high, resulting in gamma release energy of only
about 2.2 MeV as compared to 8 MeV for most other nuclei. While hydrogen alone is
a poor gamma ray shield and would be inadequate in attenuating primary and
secondary gamma fields, as a natural ingredient in concrete it contributes its neutron
shielding capabilities and becomes an integral contributor to the effectiveness of the
high density concrete shield (Nuclear Shielding Supplies and Service, Inc., [NSSS]
website, www.nuclearshielding.com).
The high density of a shield and its thickness are the key components in
gamma or X-ray shielding. High density aggregates serve as the main ingredients in
high density concrete for this purpose. Aggregates make up about 75 percent of
finished concrete by volume. The heavy element component in high density concrete
is thus made up of the high density aggregates. The high density aggregates are
commercially available, natural, heavy minerals like hematite, ilmenite, and
magnetite or artificial materials like steel punchings. ,
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2.5.4 High Density Concrete for Radiation Shielding
As discussed earlier, the high density concrete acts as a composite shield. It
has both heavy (high density aggregate) and light (hydrogen nuclei) components for
radiation shielding. High density concrete is effective in thermalizing and removing
neutrons from the entire fission energy range, while also attenuating primary and
secondary gamma radiation. It can be poured in place, preplaced, made into
transportable blocks and slabs, or grouted around a framework. A variety of
admixtures can be used to customize the concrete for individual job requirements,
such as high strength or protection against harsh weather.

2.5.5 High Density Concrete vs. Regular Concrete
High density concrete and regular concrete are equally good in their extreme
flexibility and workability in construction applications. Therefore comparing the two
requires evaluating the benefits/associated with high density concrete's ability to place
required weight in a fraction of the space required by regular concrete. While the per
ton cost of high density aggregate is higher than that of common aggregate, further
analysis of the monetary and spatial savings afforded by the use of high density
concrete demonstrates why its popularity in shielding applications is so broad. The
maximization of space is becoming an important factor in construction and more so in
hospitals, where space can be a sought-after commodity.

J
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2.5.6 High Density Concrete for Hospital Shields

The 'demand for high density concrete shielding in hospitals and cancer clinics
continues to grow for protection from radiation sources such as linear accelerators
and cyclotrons. Hospitals are steering clear of the environmental and health issues
associated with lead, and are using high density concrete (NSSS website,
www.nuclearshielding.com). Table 2 shows a comparison of the two materials.

HIGH DENSITY CONCRETE
VS. LEAD

HIGH DENSITY
CONCRETE

LEAD

STOPS GAMMA RADIATION

j

STOPS NEUTRON RADIATION
STRUCTURAL VALUE IN
CONSTRUCTION

J_

.1

ENVIRONMENTALLY FRIENDLY
NON-TOXIC
SEVERAL TIMES MORE EXPENSIVE

-

Source: NSSS website, www.nuclearshielding.com
Table 2: High Density Concrete vs. Lead

2.5.7 High Density Concrete Bricks, Blocks and Grout

Many cancer centers and hospitals are replacing older, linear accelerators with
new, high power machines. This presents problems, as the current shield may not be
adequate and space may be limited for additional shielding. Access to these rooms
may be a problem, and it may be difficult to install poured-in-place high density
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concrete. To solve these problems, high density concrete bricks and blocks are being
used. Grout of equivalent high density is also provided to cement the bricks or blocks
and prevent radiation streaming.

2.5.8 Miscellaneous Factors Affecting Concrete Shielding
The primary factor involved in radiation shielding is the reduction of the
intensity of the radiation to the acceptable level. Secondary to this are economic and
mechanical factors, which are interrelated to a considerable extent. Accomplishment
of the reduction in radiation intensity is relatively simple. Almost any material will
serve for shielding purposes if sufficient thickness is used. However, the use of
materials requiring excessive thicknesses may be precluded on an economic basis,
while other materials requiring moderate thicknesses may not be practical for
economic or mechanical reasons. Fortunately, concrete can prove to be a good
shielding material. The other factors involved in concrete shielding are briefly
discussed.
Assuming that the required thickness of the shield has been obtained in the
design, the major requirement for shielding effectiveness is homogeneity of the
concrete (ACI, 1962). This is necessary because portions of the shield may not
actually be composed of the material upon which the design thickness is based, and
such portions may prove inadequate. A radiation shield is only as good as its weakest
point. If pockets are formed in the concrete during placing, or segregation occurs, the
effective concrete thickness is lessened and the intensity of radiation passing these
sections is greater than anticipated (ACI, 1962). Similarly, if joints are not keyed in
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properly, or cracks develop, the intensity of radiation transmitted through these weak
planes may easily be much greater than permissible.
The construction of most large concrete shields involves a variety of
mechanical problems. Such shields are complicated by the presence of numerous
openings required for operational or experimental purposes, such as the tubes used in
charging reactors (ACI, 1962). These openings are of many sizes, are widely
scattered, and are required in large numbers. This requires accurate placement of
formwork and skillful placement of concrete to avoid segregation. Additional
thickness is required tocompensate for these openings, and careful design is
necessary (ACI, 1962).
Space requirement is often a factor of considerable importance. If the shield is
too thick, valuable space is lost. The difference between the use of heavy and
ordinary concrete for shielding a reactor may be as much as 6 ft in thickness, or 12 ft
in each direction (ACI, 1962).
All of these factors must be considered in determining the economics of
concrete shielding. Due to the important differences between heavy,and ordinary
concrete, careful consideration of the cost factors involved is required. The increased
costs of heavy concrete, due both to the need for obtaining and transporting heavy
aggregates and the relative unfamiliarity of contractors with regard to their concreting
properties, are often compensated by the reductions in shielding thickness and space
requirements (ACI, 1962).
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2.5.9 Physical Properties of Concrete Used for Shielding
Structural requirements of concrete shields are usually quite low due to the
tremendous area of the thick shield sections. Generally, any major loads are due to the
thermal stresses (ACI 1962). As with ordinary concretes, the properties of dense
concretes can be varied over a wide range to meet the particular requirements by the
proper selection of materials and proportioning of the mixture. Dense mixtures
proportioned on a volume basis can be expected to have structural properties similar
to those of the same mixture made with ordinary aggregates. Where a hard aggregate
such as magnetite iron ore is used, the concrete strength increases.
Thermal properties such as specific heat and thermal conductivity are
important where thermal stress problems are encountered. These properties are
similar in magnetite concrete and ordinary concrete. They are 25 to 50 percent lower
for barite concretes, whereas the conductivity is considerably higher for concretes
containing refined metallic aggregates (ACI, 1962).
Workability of dense concrete mixtures is in general much poorer than that of
ordinary concretes. This is primarily due to:
1) The dense aggregates generally crushing into sharp, angular, and
elongated particles.
2) The tendency to decrease the amounts of air entraining agents, cement,
and free water to increase the density.
3) The dense materials simply require more effort to move.
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2.5.10 Optimum Density and Composition
The optimum density and composition for a concrete shield are influenced by
(ACI, 1962):
1) Type and intensity of radiation
2) Limitations on shield dimensions or space restriction
3) Complexity of placing conditions and shape of forms
4) Number and proximity of through-tubes and embedded items
5) Proposed construction methods
6) Temperatures and operating conditions
7) External and dead loads
8) Available aggregates
9) Economy
In general, proportioning mixtures of high density concrete does not differ
radically from conventional concrete; that is, the mixture which produces the given
quality of the hardened concrete at the least cost is usually the most desirable mixture.
It must be noted, however, that the design must be modified so as to allow for
increased density, the need for uniformity, and the fact that heavy aggregates may
cost several times as much as cement (ACI, 1962).

2.5.11 Other High Density Concrete Research at Penn State
Earlier research (Dunkelberger, 2002) looked at developing high density
concrete for radiation shielding in dry cask storage application. From the data
collected in that study, an exponential relation between the calculated density of the
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concrete to the percent transmission of a 0.662-MeV gamma ray was calculated that
gave the relation as follows:

%-Gamma Transmission = 4.7063 x eO-"441 xdensity
Figure 3 summarizes this relationship.

Source: Dunkelberger (2002)

Figure 3: Percent Gamma Transmission vs. Density of Shielding Concrete
The simplest interpretation of the results of this series of experiments is that the
.effectiveness of the shielding can be judged by a mass-volume calculation to
determine density.
This relationship can be used to judge the effectiveness of the chromite ore
sand high density concrete, by calculating the density of the concrete without the need
for actually conducting the more involved gamma transmittance tests.
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CHAPTER 3 METHODOLOGY & PROCEDURE
This chapter describes the materials, mixture designs, sample preparation
procedures, and test procedures used in this research. Standardized test procedures
and modifications to those procedures are presented.

3.1 Materials
The CLSM mixtures evaluated in this research consisted of cement, fly ash,
ground granulated blast furnace slag, water, regular sand and chromite ore sand.
Control mixtures were developed using the silica, sand meeting ASTM (2003) C 33.
By using the control mixtures, the chromite ore sand mixtures are compared to similar
mixtures used in standard construction applications. The high-density concrete
mixtures consisted of cement, admixture, water, chromite ore sand and hematite
coarse aggregate. The properties, characteristics, and sources of each material are
discussed in the subsequent subsections of this chapter.

3.1.1 Cementitious Material
Spectrochemical analysis data of all cementitious materials, that is, cement,
fly ash and slag, to be used in the project were obtained from the respective producers
and are presented in Table 3. The moisture content and loss on ignition (LOI) values
for these materials are also presented.
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Keystone

Masterbuilders

Grancem

Cement

Fly Ash'Mass (Percent)

GGBFS

6.68

19.1

10.8

0.01
0.03
64
0.01
0.01
2.26
0.9
2.76
0.11
<0.005
0.54
<0.005
21.1
0.36
0.28
<0.005
0.01
<0.005
0.01
<0.005
<0.005
<0.005

0.02
0.05
0.66
0.01
0.02
3.07
2.6
0.45
0.02
<0.005
0.39
<0.005
71
0.01
0.38
0.01
0.01
<0.005
<0.005
<0.005
<0.005
0.01

0.01
0.1
38
<0.005
<0.005
0.3
0.53
11.4
0.8
<0.005
0.4
<0.005
37
0.06
0.64
<0.005
0.01
<0.005
0.01
<0.005
<0.005
<0.005

1.67
100.01

0.08
98.87

0.09
100.15

Moisture (%)

0.1

0.02

0.05

LOI (1000)

0.95

0.98

(+1.22)

Composition

A12 0

3

B2 0 3

BaO
CaO
Co0O 3
Cr 20 3
Fe2O 3
KzO
MgO
Mn0 2
MoO 3
Na 20
NiO 2
SiO 2
SrO
TiO 2
V2 0s
ZnO
F
CI
NO 2
NO 3
P0 4
S04

Total
Other properties

Table 3: Chemical Compositions of Cement, Fly Ash and Slag
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3.1.2 High Range Water Reducing Admixture
The high range water reducing admixture was used for making high density
concrete. The admixture used was Rheobuild® 1000. Rheobuild® 1000 is a chloride
free, high range water reducing admixture. It contains a sulphonated polymer, and is
specially formulated to impart rheoplastic qualities to concrete. A rheoplastic
concrete is a fluid concrete with a slump value o f at least 200 mm or higher, that
flows easily but at the same time is free from segregation, and has the same
water/cement ratio as that of a no-slump concrete without additive. Rheobuild® 1000
meets the requirements of ASTM (2003) C494 type A and F for high range water
reducing admixtures. Using the water reducer allowed for a high solids content
without compromising the workability.

3.1.3 Water
Potable tap water was used for mixing, and the water temperature was
approximately room temperature (23"C) for all mixtures. For CLSM mixtures water
was added so that the flow requirements were satisfied, allowing for addition of extra
water if-needed. For the high-density concrete mixtures, water was added so that it
satisfied the workability requirements.

3.1.4 Silica Sand
Control mixtures were developed using the silica sand meeting ASTM (2003)
C 33. The sand was river sand with a specific gravity of 2.60 and absorption of 1.73
percent. The grain size distribution is presented in Figure 4.
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Grain Size Distribution
120

100

80

I iZi

F
0-

T -3-5ý

60

0.

40

20

0
0.01

0.1

I0G
Sieve Size (mm)

1s Chromite Ore Sand
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Figure 4: Grain Size Distribution for Chromite Ore Sand and Silica Sand

3.1.5 Chromite Ore Sand
The results for the tests described in Section 2.3 are presented. These results
help in better understanding the physical and chemical characteristics of the chromite
ore sand.

3.1.5.1 X-ray Diffraction
Figure 5 shows the X-ray diffraction pattern for the chromite ore sand. The
diffraction pattern showed a spinel structure compound identified as chromite (higher
blue peaks) and fosterite (low blue peaks) as the two main phases. A search match for
magnetite was done, shown by the red pattern. Other data obtained from this test,
such as the cell size dimension, were further used to determine the chemical
composition.

3.1.5.2 Spectrochemical Analysis
The sample specimen was screened in an attempt to separate the chromite
from the fosterite. The data obtained for material retained on 45 screen and 200
screen are presented in Table 4. These data were used for the further chemical
analysis of the material.
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Weight (%)

Retained on 45
BES-45-1
17.2
<0.005'
0.75
0.07

FeO
K2 0
MgO
MnO
MoO 3
Na 2O
NiO
SiO 2
SrO
TiO 2
V2 0 5
ZnO

21.1
0.03
14.5
0.32
0.01
0.11
0.16
4.63
<0.005
0.69
0.23
0.10

Retained on 200
BES-200-1
11.5
<0.005
1.24
0.06
30.0
19.6
0.07
19.8
0.34
0.01
0.12
0.22
16.1
<0.005
0.56
0.19
0.08

Total

99.9

99.9

A1O 3
BaO
CaO
Co20 3
Cr20

3

40.0

Table 4: Spectrochemical Analysis of the Nye Chro'mite Ore
Using the +45 and +200 Sieve Fraction
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3.1.5.3 TCLP Test
The TCLP test results and the EPA regulatory limits for the relevant
components are&presented in Table 5. From the TCLP results it was found that the
chromium levels in the sand are just at the threshold level. The chromium content
levels may limit the use of the sand in the various possible applications.

3.1.5.4 Bulk Chemical Analysis
It was found from the bulk chemical analysis that the chromite ore sand is a
solid solution. The general bulk chemical formula for the ore is (e,Mg)(Cr,AI)

2 0 4,

where Chromite FeCr2 0 4 and Spinel MgA120 4 are the end products of the series. From
the data obtained from earlier tests and other bulk chemical analysis calculations, it
was found that the chemical formula best representing the chromite ore sand was
given by:
(Fe 0.59, Mg 0.4 1)(Cr 0 .6 1,A 0.39)204
Another approximation of the chemical composition was made using the
principle of Vegard's Law. According to this principle, the unit cell dimensions of a
mixed crystal Vary linearly with composition. Using ,the cell size data from the X-ray
diffraction test for the chromite ore sand, and cell size data for the end products of the
series, Chromite FeCr 2O4 and Spinel MgAI20 4, from the literature, an approximate
composition for the material was obtained. Figure 6 represents the composition
determination process.
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Component
Ag
Al
As
B
Ba
Be
Ca
Cd
Co
Cr
Cu
Fe
Hg
K
Mg
Mn
Mo
Ni
Pb
Sb
Se
Si
Sr
Ti
TI

Content
mgIL
<0.02.
1.6
<0.005
1.5
0.3
<0.02
51.0
<0.005
<0.02
4.9
0.1
0.5
<0.001
8.5
47.0
1.5
0.1
0.5
<0.005
<0.005
<0.005
4.3
0.1
<0.02
<0.005

Zn

0.1

NO3
P04

0.2
<0.1
6.0

V

S0 4

EPA Reg.
Limit mg/L

5.0
100

1
5.0

0.2

5.0
1.0

0.1

Table 5: TCLP Test Result of the Nye Chromite Ore
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Figure 6: Chemical Composition Determination Using Vegard's Principle for the Chromite Ore Sand

90

95

100

3.1.5.5 Grain Size Distribution
While the other properties of the chromite ore sand have been discussed
earlier, the comparative grain size distribution for regular silica sand and chromite ore
sand is presented in Figure 4. The chromite ore sand was much finer than the regular
silica sand as seen from the figure. The fineness modulus for chromite ore sand was
1.35, as compared to 2.7 for regular silicasand.

3.1.6 Hematite Coarse Aggregate
The hematite coarse aggregate was specially obtained from NSSS
(www.nuclearshielding.com) for use in high density concrete. The hematite aggregate
'is a commercially available aggregate with a high specific gravity. It is mainly used for
high density concrete applications. The hematite aggregate was obtained so as to
develop high density concrete using hematite as the coarse aggregate and chromite ore
sand as the fine aggregate. The high density concrete mixture design was formulated so
as to obtain maximum achievable density. The relevant data are presented in Table 6,
and grain size distribution is presented in Fig. 7.
Property

Value

Specific Gravity

5.06

Absorption (%)

0.6

-

Dry Unit Weight

185 per

Moisture (%)

2.5

Source: NSSS data sheet, www.nuclearshielding.com
Table 6: Data for Hematite Coarse Aggregate
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Figure 7: Grain Size Distribution for Hematite Coarse Aggregate
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3.2 Mixture Design Considerations for CLSM
Considering all the factors discussed earlier, the mixture designs were
formulated. The chromite ore sand obtained has a much higher specific gravity
compared with normal sand. The higher density of the sand affected the flowability of
the mix. Flowability of the mixture would play a major role in deciding the
proportions of the mixture. It was decided to design the mixture so that it had a 28day strength above the minimum required 50 psi value.
A number of trial mixtures of smaller quantity were formulated to get the
approximate proportions of the components so that the mixture would satisfy its
flowability requirements. The components used were chromite ore sand, cement, fly
ash, blast furnace slag and water. Cement, fly ash and blast furnace slag were used as
the binding or cementitious material. It was found that fly ash not only acted as a
good binder but also helped in considerably increasing the flowability of the mixture.
Increase in cement or blast furnace slag quantities to improve the flowability by
improving binder quality increased the strengths to levels which were much greater
than those required for CLSM. Thus it became clear through initial trials that fly ash
would have to be incorporated in all the mixtures to achieve the desired flowability
without exceeding the strength limits for CLSM.

3.3 Mixture Design Groups
Critical parameters of interest include density, flow consistency, compressive
strength and permeability. The mixture designs were formulated so as to vary the
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mixture composition and proportions to evaluate these parameters for different
mixtures. The mixtures are divided into three groups, designated herein as Group I,
Group II and Group III. The mixtures are divided into groups based on the
cementitious components used in the mixture. Each group has one control mixture
with regular silica sand and two mixtures with chromite ore sand, while the other
components in the mixture remain same. This will help in comparing the properties of
the chromite ore sand mixtures with the regular silica sand mixtures. The
cementitious components, which differentiate each group from the other, are listed
below.
Group I Components - Cement and fly ash
Group II Components - Fly ash
Group HI Components - Slag and fly ash

3.4 Mixing Procedure and Sample Preparation
After establishing a mixture design matrix to evaluate the suitability of
chromite ore sand in CSLM, batch mixing and sample preparation were performed
using the following process.
Step I: Proportioning and Blending Dry Materials.
The dry materials (cement, fly ash, slag, silica sand and chromite ore sand)
were weighed according to batch weights for each mixture. All weight measurements
were performed on an electronic balance with the capacity of 180 kg and an accuracy
of+/- 0.1 kg. The dry materials were then blended together prior to the addition of
water. Blending consisted of mixing all dry materials in a steel concrete mixer.
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Step II: Measuring and Water Addition
After proportioning and blending the dry materials, the quantity of water that
was proposed in the mixture design was measured and divided into four equal parts.
One portion was added to the mixture at a time, and the consistency of the CLSM was
monitored. Once the consistency reached that of pancake batter, the flow consistency
was measured according to ASTM (1996) D 6103. Water was added in small
increments, followed by additional flow consistency measurements, until a reading
greater than 20 cm was achieved. Once this point was reached, the.remaining water
was weighed on the electronic balance and subtracted from the original amount, to
determine the amount of water used. Throughout this process, the mixer was used to
continually blend the components.
Step III: Filling Molds and Tests Performed
After thorough mixing, tests were performed on each mixture to determine
other properties relevant to CSLM in addition toflow consistency. Once the flow
requirement was satisfied the tests for finding plastic density and setting time were
carried out. The mixture was cast into 4-in-diameter and 8-in-high cardboard
/

cylinders for compressive strength determination at.7, 14 and 28 days. Cardboard
cylinders were used because they helped in easy demolding. The plastic molds used
earlier were difficult to demold, and they invariably damaged the cylinder specimens
beyond acceptable limits. To determine permeabilityat 28 days, the mixture was cast
into a Proctor mold. At 28 days the dry density and oven dry density were also
determined. All these tests were carried out according to ASTM specifications.
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3.5 CLSM Controlling Properties
To characterize the basic material properties,' several tests were performed on
the CLSM mixtures. CLSM tests include plastic density, flow consistency, setting
time, compressive strength, oven dry density and permeability.

3.5.1 Plastic CLSM Density
The plastic concrete density was measured in accordance with ASTM (1996)
D 6023, StandardTest Methodfor Unit Weight, Yield, Cement Content, and Air
Content of ControlledLow Strength Material.The measurement utilized a unit weight
container and a scale with a capacity of 20 +/- 0.01 kg.

3.5.2 Flow Consistency of Plastic CLSM
The workability of the CLSM was determined by its flow consistency in
accordance with ASTM (1997) D 6103, StandardTest Methodfor Flow Consistency
of ControlledLow Strength Material.This procedure involved a bottomless, plastic,
cylindrical mold resting on a smooth, non-absorbent, steel surface. The mold was
filled with CLSM and vertically removed over a 10-second interval. The diameter of
the resulting spread was measured to determine the flow consistency. Water was
added to each mixture until the spread diameter was greater' than 20 cm to ensure that
the mixture was self-leveling and void-filling.
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3.5.3 Setting Time
The setting time, also referred to as hardening time, was evaluated according
to AASHTO (2000) T 197, Time of Setting of ConcreteMixtures by Penetration
Resistance. For this procedure, a rectangular steel mold was filled with fresh CLSM.
After two hours elapsed from the time of mixing, the CLSM penetration resistance
was measured with either a 19-35 cm2 or 6.45 cm 2 steel penetration needle. Thereafter
the penetration resistance was measured at half-hour intervals for at least six, nonzero readings.

3.5.4 Compressive Strength
For all compressive strength measurements, ASTM (1995) Standard D 4832,
StandardTest Methodfor Preparationand Testing of ControlledLow Strength
MaterialTest Cylinders, was used. Compressive strength was measured using three,
4-in-by-8-in cylinders. For all mixtures, compressive strengths were evaluated at 7,
14 and 28 days. Typically, strength measurements are taken at 1 and 3 days, but
because the cylinders are easily damaged at early ages, these measurements were
foregone. The cylinder molds consisted of waxed cardboard, and the cylinders were
demolded at 4 days after casting. The cylinder strength was measured using a screwtype testing machine with a 5 kN load ring.,

3.5.5 Oven Dry Density
The oven dry density of the CLSM mixtures was determined following the
procedure outlined in ASTM (1986) C 495, StandardTest Methodfor Compressive

51

Strength of Lightweight Insulating Concrete.The cylinders used had dimensions of
10.16 cm by 20.32 cm and a volume of 1647 cm 3. Cylinders were dried until a
constant weight change (<1%) was achieved in a 24-hour time period.

3.5.6 Permeability
CLSM permeability was evaluated according to AASHTO (2000) T 215,
Permeabilityof GranularSoils (ConstantHead). This test method was developed to
evaluate the permeability of compacted soil or soil/cement mixtures.
For this method, CLSM was cast into a 10.1 6-diameter Proctor compaction
mold. The sample was then cured for 28 days. At the 28k" day, the sample was
removed from the curing chamber 'and placed in the permeameter. Due to time
constraints with the testing apparatus, the permeameter was not run until the 2 9 h day
to avoid leakage. On the 29th day, a constant head of 122 cm of water was applied.
After a constant flow was reached, water was collected over a specified time, and
flow was calculated using Darcy's Law,
k =Q.L
Aht
where k is the coefficient of permeability (cm/see), Q is the flow (cm 3 ), L is the
specimen length (cm), A is the specimen area (cm 2 ), h is the head difference (cm) and
t is the elapsed time (sec).
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3.6 High Density Concrete
The second application was to develop high density concrete using chromite
ore sand. Initially, it was decided to formulate high density mixtures using chromite
ore sand as the only aggregate material. The high density of the chromite ore sand
would be used to achieve high density mixture that could be used for grouting or
sealing joints for high density concrete blocks. By varying proportions of the
components, the mixture design aimed at developing maximum density for the
chromite ore sand mixture.
The mixture designs for high density concrete used chromite ore sand as the
fine aggregate and hematite aggregate as the coarse aggregate. The hematite
aggregate is a commercially available, high density aggregate used in the manufacture
of high density concrete.

3.6.1 Controlling Property
As discussed in Section 2.5.11, from other research (Dunkelburger, 2002), it
has been shown that there exists a correlation between the density of the material and
its shielding capabilities. In simple terms, the higher the density, the higher is the
shielding capability of the material for a given thickness. Using this as a basis for the
mixture design, the concrete mixtures were designed so as to achieve maximum
possible density with the materials available. The material density could then be used
to determine the possible shielding ability of the material. Thus the density of the
material was the most controlling property.
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3.6.2 Dense Mixtures with Chromite Ore Sand as Only Aggregate
The primary factor influencing the mixture proportions was attaining
maximum possible density of concrete It was evident that out of the three
constituents, chromite ore sand, cement and water, increasing the quantity of sand in
the mix would increase the density, as it was the heaviest constituent. At the same
time minimizing the water content meant reducing the workability. To achieve this,
high range water reducer was also used. Cement was also proportioned so that it just
-satisfied the binding requirements.
To test its density, the dense mixture produced was cast into plastic cubes that
measured 2 inches on a side. To ensure uniform compaction of the cubes, the cube
molds were placed on a vibratory table and tamped with a plastic tamper. If density of
the mixture using only chromite ore sand were enough to meet the density
requirements, then it would mean maximum utilization of chromite ore sand in the
mixture.
The cubes were demolded on the next day after casting. The dimensions of the
cubes were measured to the nearest millimeter, and their volumes were computed.
The weight of the cubes was recorded using a balance with an accuracy of +/- 1 gm.
The density was calculated for each of the cubes, and then the average density of the
cubes was determined.

3.6.3 High Density Concrete with Hematite Aggregate
StandardPracticefor Selecting Proportionsfor Normal,Heavyweight, and
Mass Concrete (ACI, 2003, 211.1 - 91) was used for mixture design. Achieving
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maximum density was again the main design consideration. Workability was reduced
to minimum required. High range water reducing admixture was used to reduce the
water content. The concrete was cast into step molds made of wood with approximate
volume of 0.05m 3 . Vibrator was used to enhance the compaction effort and improve
density of the block. The step blocks so produced could be stacked one on top of the
other to form a barrier suitable for shielding purposes. Figure 8 shows a set of step
blocks stacked one on top of the other to form a shielding barrier. The joints between
the blocks can be sealed with grout of equal or higher density. The actual mixture
design proportions are presented in the next chapter with other results.

55

Figure 8: Set of Blocks Stacked to Form Shielding Barrier
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CHAPTER 4 RESULTS AND DISCUSSION
This chapter presents the mixture proportions, results obtained from the
various tests performed, and discussion thereof for CLSM and High Density Concrete
mixtures.

4.1 CLSM
All mixtures were formulated according to the procedures described in chapter
3. The final mixture proportions and other properties for mixtures of groups I, II and
111 are presented in tabular form in Tables 7 to 15. The Figures 9 to 11 thereafter
show the plot of comparative compressive strength development of each mixture at 7,
14 and 28 days within a group. All of the mixtures in groups 1,1[ and III were
flowable and showed no signs of segregation. A brief description of the range of
results obtained for the properties tested for CLSM is presented in the subsections
following the tables and figures.
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CLSM Group I Control
Mixture Proportion Details

Batch Size 0.04 m3
Material

kg /m

3

kg

Cement

20

0.8

Fly Ash

270

10.8

Normal Sand

990

39.6

Water

210

8.052

Properties

PlasticDensity=

2203

Weight=-

4.706

Volume=

2.136*10-3

Flow

Contactwith Water
Setting Time=

8

kg/m 3
kg
m

3

inches

3.30 p.m.
4 hours

Dry density

2187

kg/IM 3

Oven Dry

2125

kgl/M3

Permeability=

4.007 x 10-6

cmlsec

Day

Avg. Comp. Strength

Unit

7
14
28

40
55
105

psi
psi
psi

Density =

Table 7: CLSM Group I Control Mixture Proportions and Properties
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CLSM Group I A
Mix Proportion Details
Batch Size 0.04 m3
Material

kg I m 3

k3

Cement

30

1.2

Fly Ash

320

12.8

Chromite Sand

1500

60

Water

210

8.736

Properties

PlasticDensity=
Weight=
Volume=

2900
6.195
2.136*103

kg1 m 3

Flow

8

inches

kg
m3

Contact with Water
Setting Time=

10.30 a.m.
4 hours

Dry density =

2850

kg! m 3

Oven Dry
Density =

2802

kg/ m 3

3.45 x 10-6

cmlsec

Avg. Comp. Strength
30
40
50

Unit
psi
psi
psi

Permeability

Day
7
14
28

Table 8: CLSM Group I A Mixture Proportions and Properties
59

CLSM Group I B
Mix Proportion Details

Material

kg /r

3

Batch Size 0.04 m3
kg

Cement

20

0.8

Fly Ash

270

10.8

Chromite Sand

1500

60

Water

210

8.502

Properties
2899
6.193
2.136*10-3

kgl m 3
kg
m3

Flow =

8

inches

Contact with Watef
Setting Time=

11.45 a.m.
5 hours

Dry density =

2807

kg! m'

Oven Dry
Density =

2758

kgl m

Permeability=

3.25 x W6

cmlsec

Day
7
14
28

Avg. Comp. Strength
30
58
65

Unit
psi
psi
psi

PlasticDensity=
WeightVolume=

3

Table 9: CLSM Group I B Mixture Proportions and Properties
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Figure 9: CLSM Group I Mixtures Compressive Strength Development
at 7, 14 and 28 Days
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CLSM Group I! Control
Mix Proportion Details

Material

kg /M

3

Batch Size 0.045 m"
kg

Fly Ash

500

22.5

Normal Sand

850

38.25

Water

210

9.028

Properties

2206

kg! m 3

4.712
2.136*10-3

kg
m3

Flow =

8.5

inches

Contact with Water
Setting Time=

12.30 p.m.
5 hours

PlasticDensity=
Weight
Volume=

Dry density

2210

kgl m 3

Oven Dry
Density =

2143

kg! m 3

Permeability=

3.11 x 10-5

cmlsec

Day
7
14
28

Avg. Comp. Strength
26
43
55

Unit
psi
psi
psi

Table 10: CLSM Group II Control Mixture Proportions and Properties

62

CLSM Group. II A
Mix Proportion Details
Batch Size 0.045 M 3
Material

kg!/m

3

kg

Fly Ash

500

22.5

Chromite Sand

1290

58.05

Water

210

9.343

Properties
PlasticDensity=
WeightVolume=
Flow
Contact with Water
Setting Time=

2801

kg/ M 3

5.9832
2.136*10-3

kg
m3

8

inches

11.00 a.m.
3 hours

Dry density

2810

kg/lM

3

Oven Dry
Density =

2775

kg/m

3

Permeability

3.411 X 10-5

cm/sec

Day
7
14
28

Avg. Comp. Strength
22
42
70

Unit
psi
psi
psi

Table 11: CLSM Group II A Mixture Proportions and Properties
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CLSM Group 11 B
Mix Proportion Details
Batch Size 0.045 m3
Material

kg /m

3

kg

Fly Ash

600

27

Chromite Sand

1140

51.3

Water

210

9.45

Properties
PlasticDensity=
WeightVolume=
Flow =

2755

kgl m 3

5.8846
2.136*10-3

kg
mz3

8

inches

Contactwith Water
11.30 a.m.
Setting Time=
3 hours 15 minutes
3

Dry density

2727

kgl m

Oven Dry
Density =

2654

kgl m 3

Permeability=

2.788 x 10-5

cmlsec

Day
7
14
28

Avg. Comp. Strength
40
55
85

Unit
psi
psi
psi

Table 12: CLSM Group II B Mixture Proportions and Properties
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Group II Mixtures
Avg. Compressive Strength Vs. Time
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Figure 10: CLSM Group II Mixtures Compressive Strength Development
at 7, 14 and 28 Days
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CLSM Group III Control
Mix Proportion Details

Material

kg / m 3

Batch Size 0.045 mý
kg

Slag

75

3.375

Fly Ash

320

14.4

Normal Sand

950

42.75

Water

230

9.51

Properties
PlasticDensity-Weight=Volume=

2217
4.543
2.136*10-3

kg/ M3

Flow

8

inches

kg
mz3

Contact with Water
2.15 p.m.
Setting Time=
4 hours 30 minutes
Dry density=

2190

kg! M 3

Oven Dry
Density =

2156

kgl m 3

Permeability=

3.054 x 10:6

cmlsec

Day
7
14
28

Avg. Comp. Strength
50
110
240

Unit
psi
psi
psi

Table 13: CLSM Group HI Control Mixture Proportions and Properties
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CLSM Group III A
Mix Proportion Details
Batch Size 0.03 m3
3

Material

kg / m

Slag

75

2.25

Fly Ash

320

9.6

Chromite Sand

1450

43.5

Water

232

6.543

kg

Properties
2922

kgl m 3

6.242
2.136*10-3

m3

Flow =

8

inches

Contactwith water
Setting Time=

11.00 a.m.
5 hours

PlasticDensity=
Weight=Volume=

kg

Dry density

2725

kg/m3

Oven Dry

2654

kqlm3

Permeability=

2.356 x 10-6

cmlsec

Day
7
14
28

Avg. Comp. Strength
185
360
550

Unit
psi
psi
psi

Density_=

Table 14: CLSM Group Il A Mixture Proportions and Properties
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CLSM Group III B
Mix Proportion Details
Batch Size 0.04 m"

kg

Material

kg / m 3

Slag

100

4

Fly Ash

320

12.8

Chromite Sand

1450

57.2

Water

210

8.4

Properties
PlasticDensityWeight=Volume=

2906
6.207
2.136*10.3

kg/ m3

8

inches

Flow =
Contactwith Water
Setting Time=

'4

kg
m3

12.00 p.m.
hrs 30 mins

Dry density

2755

kg/ M 3

Oven Dry
Density =

2685

kg/ m3

Permeability=

2.024 x 10-6

cm/sec

Day
7
14
28

Avg. Comp. Strength
225
410
600

Unit
psi
psi
psi

Table 15: CLSM Group III B Mixture Proportions and Properties
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Figure 11: CLSM Group 1H Mixtures Compressive Strength Development
at 7,14 and 28 Days
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4.1.1 Unit Weight

,

Both the plastic and dry densities were determined. The plastic density values
ranged from 2755 kmg/r

3 to

2922 kg/m 3 for chromite ore mixtures. The plastic

densities for silica sand mixtures were lower by about 25 percent, and values ranged
from 2180 kg/m3 to 2217 kg/m3 . The dry densities also showed a similar range
difference for silica and chromite ore sand. These are presented along with oven dry
density values in a tabular form for each mixture. The high values of densities of the
chromite ore sand CLSM mixtures were expected. The high plastic density can affect
the transportation and placing costs when a mixture is used in large quantities. The
high dry densities of the CLSM mixtures need to be accounted for in design of
retaining walls or similar structures that may come in contact with the CLSM fill.

4.1.2 Hardening Time
Results for the CLSM hardening times, also known as setting times, are
shown in the data tables for each mixture. The setting times ranged from 3 to 6
hours, which are typical for CLSM mixtures. The values of setting time are presented
in the data table for each mixture. There was no significant difference in setting times
observed between chromite ore sand CLSM mixtures and silica sand CLSM mixtures.
Also, there was no distinguishing pattern that could be observed between mixtures of
the same group and mixtures of different groups. Thus, it can be said that, for the
given mixtures, the use of chromite ore sand in CLSM mixtures did not adversely
affect the CLSM setting properties. Since the setting times for chromite ore sand
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CLSM mixturesare similar to regular silica sand, the chromite sand can be used as
aggregate material for producing CLSM.

4.1.3 Compressive Strength
The 7-, 14-, and 28-day average compressive strengths are presented in the
data table of each mixture. Figures 9 to 11 show the plot of comparative compressive
strength development of each mixture at 7, 14 and 28 days within a group. The
compressive strengths for Group I are approximately in the range of 50 to 100 psi.
Group HI showed similar strengths, ranging from 50 to 75 psi. Group HI showed much
higher strengths compared to Group I and II. The presence of slag in the mixtures
increased the CLSM strength. The compressive strength for Group III ranged from
approximately 250 to 550 psi. The higher strengths of CSLM imply that these
mixtures can be used for non-excavatable fills such as structural fills. The
compressive strength criterion is further considered in the discussion about suitability
of using chromite ore sand for CLSM.

4.1.4 Permeability
Permeability evaluation by the constant head permeability test was done for
all the mixtures. The values for permeability ranged from 2.024 x 10-6 cm/sec to 4.0 x
10-6 cm/sec for Groups I and H. Group 11 mixtures showed higher permeability
values'in the range of 2.788 x 10" cm/see to 3.411 x 10- cm/sec. The permeability
values were slightly on the higher side compared to the value of 5 x 10-6 cm/sec
generally accepted for CLSM (Naik et al., 1990). It is important to note that CLSM is
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not designed for freeze-thaw resistance. Freeze-thaw action may cause cracking in
hardened CLSM, which alters the permeability of the material; however, if the
material is placed below the frost line, freeze-thaw action is unlikely. The
permeability values for chromite ore sand CLSM mixtures are similar to those
obtained for other CLSM mixtures, which suggests that these mixtures can be used
for CLSM applications.

4.2 Suitability as CLSM
This section considers the suitability of using chromite ore sand to produce
CLSM. The suitability with respect to the main properties of flowability, hardening
time and compressive strength is discussed.

4.2.1 Flowability
All the mixtures were designed so as to achieve the desired flowability. The
chromite ore sand being much heavier than silica sand, the need to produce the
required flowability in the mixture was critical. The desired flowability was achieved
by selecting the right components and their proportions. It was necessary to use fly
*ash in all the mixtures to produce the needed flowability. The use of fly ash helped to
produce the desired flowability in the mixture without having to change the cement
quantities, which in turn would have affected the strength requirements for CLSM.
Thus, these test results show that the chromite ore sand can be used in the CLSM
mixtures.
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4.2.2 Hardening Time
Hardening time is the approximate period of time required for'CLSM to go
from the plastic state to the hardened state with sufficient strength to support the
weight of a person. Expected hardening time for CLSM as suggested by ACI
Committee 229 (1994) is about 3 to 5 hours. From the test results obtained on the
chromite ore sand CLSM mixtures, it was found that these mixtures took about 3 to 6
hours. This shows that these mixtures satisfy the hardening time requirements for
CLSM.

4.2.3 Compressive Strength
The CLSM mixtures were initially designed to achieve lower 28-day strengths
in the range of 50 to 200 psi. Most of the mixtures achieved this targeted range of
compressive strengths. However, the mixtures that used slag as a binder in place of
cement produced high strengths. The proportion of slag in the mixtures can be altered
to achieve the desired lower strength requirements.
Mixture proportions can be adjusted to suit the strength requirements of the
application. By changing the proportion and type of binder that is the cementitious
material content, the strength can be increased or decreased. The high strength
mixtures can be used in applications where the fill is permanent and does not need to
be excavated later, such as structural fill. CLSM may be used for foundation support.
Compressive strengths may vary from 100 to 1200 psi (ACI Committee 229, 1994).
Low strength mixtures can be used where excavation may later be necessary, such as
in filling utility pipe trenches. The test results showed that chromite ore sand can be
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successfully used to produce both high and low strength flowable material by proper
material selection and proportioning.
These test results show that the chromite ore sand CLSM mixtures satisfy all
the general CLSM requirements. Hence, the chromite ore sand can be successfully
used to produce CLSM

4.3 Dense Mortars Using Only Chromite Ore Sand as Aggregate
Mortars primarily consist of sand, cement and other additives, and are used in
masonry construction. Their primary uses are to join and seal concrete masonry units,
strengthen masonry structures by bonding with steel reinforcing, and provide
architectural quality. Approximately one cubic foot of sand is used to make one cubic
foot of mortar. The cement paste occupies the space between the sand particles and
makes it workable. Adequate gradation reduces mortar segregation and bleeding, and
improves mortar water retention and workability. Chromite ore sand is finer than the
ASTM (2003)Y C33 gradation requirements, but it can be blended with coarser sands
to meet the specification.
As discussed earlier, the primary objective of the mixture design was to
produce the mixture with maximum possible density from the available component
materials. Therefore, the only property of interest was the density of the mixture. The
compressive strength of the cubes was always expected to be much more than is
necessary for a mortar or grout material, and therefore would not have been of much
consequence during testing. Each mixture design was accomplished with the need to
increase the density of the material kept in mind. The mixture proportions and the
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densities obtained for all the mixtures are presented in tabular form in Tables,16
through 19.
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DENSE MIXTURE M - 1
MIXTURE PROPORTIONS

Material

kg/rm3

Batch Size 0.0013 m 3 (10 cubes)
kg

Chromite Sand

2460

3.204

Water

245

0.32

Cement

400

0.521

Water Cement Ratio = 0.61
Percent of Sand By Weight In Mix = 79.2
Bulk Density =

2769 kg/ m 3
2.769 glcc

Table 16: Dense Mixture M - 1 Mixture Proportions and Bulk Density

DENSE MIXTURE M -2
MIX PROPORTIONS

Material

kgl / m3

Batch Size 0.0013 m 3 (lOcubes)

Chromite Sand

2208

2.875

Water

275

0.357

Cement

575

0.748

kg

'-..

Water Cement Ratio = 0.47
Percentof Sand By Weight In Mix = 72.2
2902.5 kg/ m 3

Bulk Density

2.902 gIcc
Table 17: Dense Mixture M - 2 Mixture Proportions and Bulk Density
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DENSE MIXTURE M - 3
MIX PROPORTIONS

Material

--I
00

kg /m

3

Batch Size 0.0013 m 3 (10 cubes)
kg

Chromite Sand

2900

3.77

Water

200

0.26

Cement

410

0.535

Water
Reducer

Dosage of 10 ounces per
100 pound cement
Water Cement Ratio = 0.48
Percentof Sand By Weight In Mix = 82.6

Bulk Density

2865 kg/ m 3
2.865 g/cc

Table 18: Dense Mixture M - 3 Mixture Proportions and Bulk Density

DENSE MIXTURE M - 4
MIX PROPORTIONS

Material

kg /rn 3

m3 (lOcubes)
Batch Size 0.0013
ko,_________,___

Chromite Sand

2950

31842

Water

150

0.195

Cement

410

0.535

Water
Reducer

Dosage of 10 ounces per
100 pound cement
Water Cement Ratio = 0.36
Percent of Sand By Weight In Mix = 84

Bulk Density

2921 kg/ m3
2.921 g/cc

Table 19: Dense Mixture M - 4 Mixture Proportions and Bulk Density
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4.4 Suitability of Chromite Ore Sand Dense Mixtures
The high density mixtures produced using the chromite ore sand were
designed so as to have maximum possible density value. The mixtures resulted in
density values just less than 3 gfcc. It must be noted that the mixture was designed
using the chromite ore sand as the only aggregate material. The use of other dense
coarser aggregate may have yielded higher density, but that would not lead to the
maximum use of the chromite ore sand, which is the primary goal of this study.
The density values of the high density mixtures produced using the chromite
ore sand are in the range of 2.75 g/cc to 2.92 g/cc. These values give a corresponding
gamma transmittance value of 13 to 10 percent from Figure 3 (Dunkelberger, 2002).
It shows that chromite ore sand, in spite of having high density, would not be useful
by itself forproducing high density mixtures capable of shielding. However, it may
be used as a supplement to other components in the mixture to form high density
mixtures for shielding applications.

4.5 High Density Concrete
High density concrete mixtures were formulated with hematite coarse
aggregate and chromite ore sand fine aggregate. The use of hematite coarse aggregate
enhanced the density of the concrete. Two mixtures were formulated using slightly
variable proportions of the same components. The high range water reducer was used
for both mixtures, which helped in reducing the water quantity, and hence the watercement ratio. The water-cement ratios had values of 0.30 and 0.33, which are less
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than those for regular concrete, which have values approximately ranging from 0.4 to
0.5.
Another criterion for mixture design was to maximize the use of chromite ore
sand within the mixture, without compromising on the concrete density values. The
first mixture had 25 percent chromite ore sand by weight of aggregates. The
percentage was improved to 36 percent by weight of aggregates in the second mixture
by reducing the coarse aggregate content and increasing the sand content. The density
for both concrete mixtures was slightly above 4 g/cc, compared to regular concrete
densities of 2.0 gece to 2.2 g/cc. The mixture proportions and other data are presented
in Tables 20 and 21. The suitability of the high density concretes for the shielding
purpose is discussed in a further subsection.
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HIGH DENSITY CONCRETE HDC-1
MIXTURE PROPORTIONS
kgl m 3

Material

Batch Size 0.052 m3
kg

Hematite Coarse Aggregate

2567

133.5

Chromite Ore Sand

860

44.71

Cement

505

26.25

Water

151

7.87

Admixture

850m11100kg cement

225 ml

Water Cement Ratio = 0.30
Percent of Chromite Ore Sand By Weight of Aggregates = 25
4083 k9/m 3

Bulk Density=

4.08 g/cc
Table 20: High Density Concrete Mixture HDC-1
Using Hematite Coarse Aggregate and Chromite Ore Sand Fine Aggregate
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HIGH DENSITY CONCRETE HDC-2
MIXTURE PROPORTIONS
Material

kgl m 3

Batch Size 0.052 m 3
kg

Hematite Coarse Aggregatel

2160

136.11

Chromite Ore Sand

1233

77.73

Cement

511

32.19

Water

169

10.65

Admixture

950ml/100kg

345 ml

Water Cement Ratio = 0.33
Percent of Chromite Ore Sand By Weight of Aggregates =36
4074 kg/m 3
4.07 glcc

Bulk Density =

Table 21: High Density Concrete Mixture HDC-2
Using Hematite Coarse Aggregate and Chromite Ore Sand Fine Aggregate
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4.6 Suitability as High Density Concrete
The chromite ore sand along with hematite coarse aggregate was used to
produce high density concrete for shielding applications. The density value of the
produced concrete was found to be approximately 4 g/cc, which is comparable to
those listed in "Table 2 - Typical Proportions of Heavyweight Concrete" in ACI
.(2003) 304.3R -99 for heavyweight concrete. The listed densities range from 3.04
glcc to 4.81 g/cc. This indicates that the chromite ore sand can be used in conjunction
with other aggregates to produce high density concrete. The high density concrete has
various applications as listed in section 2.5. Most of these applications do not have
strict specifications; therefore, the chromite ore sand can be used for concrete for
these applications.
Suitability of the produced high density concrete for shielding applications is
discussed herein. As mentioned in section 2.5.11, a correlation between the density
and shielding capabilities was developed (Dunkelberger, 2002), and is presented in
the form of Figure 3. From the figure, for a concrete with density 4 glcc, the percent
transmittance value for a 0.662 MeV gamma ray is 5 percent. This is a reduction of
50 percent in the transmittance value for high density chromite sand mixture with
.density 3 g/cc. The low transmittance value suggests that the chromite ore sand is to
be used to produce high density concrete suitable for shielding applications. It must
be understood that if the chromite ore sand is to be used to produce any special
product like high density concrete for shielding, it must overcome the initial
transportation and associated costs.

84

4.7 Other Possible Applications for Chromite Ore Sand
Chromite ore sand has a high density compared with regular fine aggregate,
such as silica sand, which classifies it is as a heavy aggregate. Chromite ore sand as a
fine aggregate may have applications where it could be used to partially or fully
replace regular silica sand in construction applications.

Chromite Ore Sand in Structural Fills and Embankments
Chromite ore sand may be used effectively in normal embankment
construction with and without permeability and leachate control. It could be used in
conjunction with geogrid systems and with reinforced earth retaining walls that use
straps or grids as horizontal tiebacks. Standard construction procedures can be
adjusted to account for using chromite ore sand. Many procedures have been
developed as the result of the experience gained using foundry sand in trial
embankment and construction projects. This experience may be useful and applicable
to using other sands as well such as the chromite ore sand.

Chromite Ore Sand in Road Bases
A road base is a foundation layer underlying a flexible or rigid pavement and
overlying a subgrade of natural soil or embankment fill material. It can be composed
of crushed stone, crushed slag, or some other stabilized material. It protects the
underlying soil from the detrimental effects of environment and from the stresses and
strains induced by traffic loads. To meet specifications for road bases, blending the
chromite ore sand with another aggregate may be necessary. The gradation of the
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road base materials influences base stability, drainage, and frost susceptibility.
Likewise, the aggregate must be sound and able to resist environmental deterioration.
Being fine and heavy, the chromite ore sand can be blended with other aggregates to
produce a stable and durable road base.

Chroinite Ore Sand in Hot Mix Asphalt
Asphalt concrete is the most popular paving material for highways and
roadways in the United States. Over 94 percent of all pavements are asphalt. This
translates to over 2,030,000 miles. The most prevalent type of asphalt paving material
is hot mix asphalt (HMA). It includes a combination of plant-dried coarse and fine
aggregates. They are coated with hot asphalt cement, which acts as a binder. Foundry
sand has been used successfully to replace a portion of the fine aggregate used in
HMA. Studies have shown that foundry sand can be used to replace between 8 and 25
percent of the fine aggregate content- Similarly, chromite ore sand could be used in
HMA. When the mixes are properly designed using Superpave, Marshall, or Hveem
techniques, so as to incorporate the properties of chromite ore sand in the design, it
may prove that chromite ore sand is an effective fine aggregate alternative. Use of
this sand can be cost effective for the BAI industry. Highway agencies and
contractors could switch to the material when it is geographically and economically
competitive.
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Chromite Ore Sand as Heavy Aggregate
Chromite ore sand is a heavy or high density aggregate. High density
aggregates have applications of their own beside being used in high density concrete.
Some of these applications are listed below:
1) Refractory lining
2) Fluidized bed bioreactors
3) Blast furnace troughs
4) Marine ballast
5) Hard wearing surface
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CHAPTER 5 CONCLUSIONS
This chapter presents a summary of significant results for CLSM and high
density concrete that use chromite ore sand. It also presents the conclusions derived
from these results.

5.1 Summary of Results
The objective of this study was to identify potential construction applications
for the stockpiled chromite ore sand. The approach pursued was to study the
properties of the sand, identify potential applications and then study the suitability of
the sand to the proposed applications. All these tasks were successfully completed.
The engineering properties of the sand were characterized. It was found that
the fineness and high specific gravity were the main properties that would influence
the use of this material in various applications. CLSM and high density concrete were
identified as the main potential applications. The chromite ore sand was then used to
produce CLSM, high density mixtures and high density concrete to check the
suitability of the sand in these applications. It was found that chromite ore sand could
be successfully used in these applications.
The results for the CLSM mixtures are summarized in Table 22, so as to give
a comparative matrix of the results. The results for high density chromite ore mixtures
and high density concrete are summarized in Tables 23 and 24, respectively.
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Mixture

Flow

PlasticDensity Oven Dry Density Setting Time Permeability Compressive Strength

(inches)
(kg/rm)
Group I.- Cement and Fly Ash
Control

00

8

2180

(kg/m 3)

(Hours)

cm/sec

2125

4

4.00 x 10"'

105

10*6

50

28 Day (psi).

A

8

2900

2802

4

3.45 x

B

8

2899

2758

5

3.25 x 10"6

65

Group fl -

Ash

Control

8.5

2206

2143

5

3.11 x 10 5

55

A

8

2801

2775

3

70

B

8

2755

2654

3.25

3.41 x 10.4
2.78 x 10"1

1

85

Group Ill - Slag and/FlyAsh
Control

8

2237

2156

4.5

3.05 x 10-6

240

A

8

2925

2654

5

2.35 x 10' 6

550

B

8

2906

2685

4.5

6

2.02 x 10"

Table 22: Summary of Results for Chromite Ore Sand CLSM Mixture
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5.2 Conclusions for CLSM

Based on the test results and observations during testing, the following
conclusions can be made for the CLSM:
* Chromite ore sand can be successfully used to produce CLSM to meet
excavatable or structural application requirements.
0 CLSM mixtures can be designed so as to achieve the desired compressive
strengths by standard CLSM mixture proportioning procedures.
•

Higher strength CLSM mixtures can be designed for structural fills or
foundation material where future excavation is not required. Lower strength
mixtures can be designed where future excavation is necessary.

* High mass CLSM produced using chromite ore sand can be designed and used
for counterweight geotechnical applications.
* Chromite ore sand has no direct effect on the hardening times and
permeability of CLSM.
* For the mixture designs formulated, fly ash had to be used in all chromite ore
sand CLSM mixtures to satisfy the flowability requirements. Use of fly ash
helped satisfy the flowability requirements without adversely affecting the
strength requirements.
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0

Dense
Mixture

W/C
Ratio

Percent Sand
By weight

Bulk Density
glcc

M1

0.61

79.2

2.769

M2

0.47

72.2

2.902

M3

0.48

82.6

2.865

M4

0.36

84

2.921

Table 23: Summary of Results for High Density Chromite Ore Sand Mixtures

5.3 Conclusions for High Density Mixtures Using Chromite Ore Sand
Based on the test results and observations during testing, the following
conclusions can be made for the high density mixtures:
* Chromite ore sand can be successfully used to produce high density mortar or
grout mixtures.
" The chromite ore sand percent by weight in the high density mixtures is as
much as 80 percent, indicating that this application can lead to maximum
utilization of the sand.
* High-density mixtures made using chromite ore sand as the only aggregate
material provided a marginal increase in nuclear shielding capabilities.
* Reduction in water quantity increases the density of the mixture.
* With reduction in water content and increase in chromite ore sand content,
more compactive effort is needed to achieve the desired density.
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HDC Mixture

HDC-1

HDC-2

Water Cement
Ratio

0.3

0.33

PercentSand By

25

36

4.07

4.08

Weight of Aggregates

Bulk Density g/cc

Table 24: Summary of Results for High Density Concrete
Using Chromite Ore Sand and Hematite Coarse Aggregate

5.4 Conclusions for High Density Concrete
Based on the test results and observations during testing, the following
conclusions can be made for the high density concrete mixtures:
•

The use of high density coarse aggregates along with chromite ore sand as
fine aggregate can produce high density concrete for ballast applications,
nuclear shielding applications and other high density concrete applications.

*

The shielding capabilities of the high density concrete were satisfactory and
comparable to other high density concrete mixtures.

& Chromite ore sand occupied about 35 percent by weight of the aggregates,
suggesting that large quantities of sand can be used in concrete applications.
*

The use of water reducing admixture helped reduce the water content and
increase the density of the concrete mixture. The use of vibration equipment
helped in compaction of concrete in the mold and helped improve the density.
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5.5 General Conclusions
*

The fineness and high density are the two main technical properties of the
chromite ore sand that will influence its suitability and use in various
applications.

*

The main criteria for marketing the chromite ore sand for any application will
be the beneficial technical properties and the costs associated with
transporting the sand to the place of interest.

*

For the user of the sand, either the transportation costs must be competitive or
the sand must be a value-added component.

*

The study showed that the chromite ore sand can be successfully used to
produce Controlled Low Strength Material (CLSM), high density mortars and
high density concrete.

" The chromite ore sand can be used in CLSM applications locally or within the
state, which will minimize the costs of transportation and handling.
& Application in high density mortars and grouts or high density concrete for
nuclear shielding applications can offset the costs associated with
transportation.
*

Though this study specifically dealt with the beneficial reuse of chromite ore
sand, the results obtained and mixture proportions developed can be used to
study the beneficial reuse of other materials with similar technical properties.
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5.6 Recommendations

0 Tests conducted on the chromite ore sand have shown that it does not have
harmful environmental effects and can be marketed for use as a fine aggregate
for construction applications.
*

-

Potential nuclear shielding applications using chromite ore sand should be
pursued.

0

Additional tests should be conducted to document the suitability of the
chromite ore sand with respect to other properties required for shielding
applications.

0

Precast tanks and casks may be products that could be manufactured on site to
eliminate material transportation costs.

0

High density concrete product suppliers and producers should be contacted,
and potential buyers for the material should be sought.

0 Another option is to offer the sand to a local contractor or concrete supplier at
low cost for use in local concrete applications, from driveways to backfill for
underground cavities, sinkholes and mines.
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APPENDIX B
ATTACHMENT B-2

Memo
To:
From:
Date:
Subject:

C. D. Berger, B. R. Thomas
R. G. Piccolo
July 1, 2003
Shieldalloy slag reuse in artificial reefs

This memo is an update on the above question. Last Friday (6/27/03) I contacted the Army Corps
of Engineers and the New Jersey Division of Fisheries and Wildlife regarding the types of material
that will be accepted in the artificial reef program. No one was available when I called so I left
messages with both groups. Yesterday, Monday, June 30, 2003, I returned calls to NJDFW and the
Corps' Public Information Office. I also found some contacts in Delaware and Virginia that I called
to see the scope of their programs and interest.
Army Corp of Engineers
Mr. Merv Brokke is in the Public Information Office of the Corps. He received my message from
last Friday and was working on the best next contact for me. I gave him a thumbnail sketch of the
goal - beneficial reuse of the slag - as well as the issue of the U and Th. He stated that he would
continue to work on getting me in touch with someone in their pilot projects division, though he
thought that the radioactive components may prove troublesome.
New Jersey Division of Fisheries and Wildlife
I spoke with Mr. Bill Figley (NJ) about his program and then went into our needs. He was
generally receptive, but he stated that it would be next to impossible for him to bring any material
that could be challenged into the reef program. He has a rather aggressive group of intervenors that
he has been dealing with and knows clearly that, in his words "...if one molecule of uranium is
present..." then the process would grind to a halt.
Delaware Division of Fisheries and Wildlife
Mr. Jeff Tinsman runs the artificial reef program in Delaware. His concerns mirrored those of both
Mr. Brokke and Mr. Figley. However, he is interested in looking at some of the background
information on the slag as part of his due diligence, however, it is extremely doubtful that it proceeds
past that point due to the presence of U and Th.
Virginia Marine Resources Commission
I spoke with Mr. Mike Meier in the Fisheries Management group of VMRC. We spoke for a bit
about how his program is set up and what our needs are regarding the SMC slag. While he wasn't
as overtly pessimistic about the potential for reuse, he did ask if I had spoken to others about this
and how they saw this question and proposal. When I toldhim I had spoken with NJ and DE and
that they shared a concern regarding the U and Th, I could effectively hear him nod in agreement.
I

,However, he did have quite a few more questions about the material than either of his NJ or DE
colleagues. He asked about the size, leaching characteristics and the extent of the work that Penn
State did on the slag. I did ask if he would take a look some information that was done at Penn State
to see if that piqued his interest further. He stated he would be interested to learn more about the
slag.
Next Steps
I am going to put together a brief mailing to the Delaware and Virginia offices to complete this part
of the process. I'll give them a week to go through it and return a call to them at that time. The
Corps should be in touch with me in the next day or two ...I'll stay on top of that, also.
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SOLUTIENT TECHNOLOGIES, LLC
PHONE: (330) 497-5905
FAX: (330) 497-2045
December 29, 2005

Mr. David White
METALLURG VANANDIUM
P.O. Box 310
Cambridge, OH 43725
Subject:

Status Report; East Slag Pile Alternative Disposition Activities

Dear Dave,

.

As you are aware, Solutient has been seeking alternative outlets for disposition of the East Slag material
located at the Cambridge, Ohio facility. The following information is to provide you with the latest
activity since our most recent report of activities to you for the period of July I, 2005 thru September 30,
2005.
Our previous report highlighted two potential 'legitimate' areas of focus.
summarizes activities of those areas since September 30, 2005:

The following report

I.
National Slag Association
Solutient had suggested that Metallurg Vanadium attend the October 2005 annualconference of members
with the intent of possibly presenting a white paper on the east slag material as well as interface with
various members regarding other outlets for slag currently produced at the Cambridge facility. After
telephone conversations regarding this, our understanding was that future contact with and/or attendance
at the NSA meeting would be coordinated directly by Metallurg personnel, and subsequently, Solutient
discontinued it's efforts in this area.
2.
New Orleans Levy Reconstruction (Hurricane Katrina Devastation)
Our last report highlighted initial fact-finding and activities on determining viable contacts, i.e.; federal
contracts representatives, prime and potential sub-contractors conducting levee repair and reconstruction
activities as well as research into federal emergency response budgets specifically geared towards levy
activities. It was suggested at the time by Dennis Sybil, US Army Corps of Engineers,St. Louis District,
that we wait until December 2005 timeframe, at which time smaller contracts will begin to be awarded
and contact with those contract awardees can be pursued directly.
In response to this, our research over the last few weeks has verified that contracts are beginning to be
awarded for levee repairand constructionactivities. As the contract information below will indicate,
the contract values are relatively small, and we believe the intent is to initially spread out as much nonemergency work to'as many localized small businesses capable of doing the work. The following
information can be obtained by accessing the US Army Corps of Engineers website at
wwwusace.army.mil:
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Contract Number:
Type of Award:
Award Date:
Value:
Awardee:
Phone:
POC:
Contract Number:
Type.of Award:
Award Date:
Value:
Awardee:
Phone:
POC:

W912P8-06-C-0060
Firm Fixed Price
December 2, 2005
$5,586,000
Dean Equipment, Inc.
2240 Peters Road
Harvey, LA 70058
(504) 367-3100
Reynold Thompson

Contract Number:
Type of Award:
Award Date:
Value:
Awardee:

W912P8-06-C-0059
Firm Fixed Price
December 2, 2005
$7,879,957
Shaw Environmental
4171 Essen Lane
Baton Rouge LA 70809
(225) 932-2500 x6821

Contract Number:
Type of Award:
Award Date:
Value:
Awardee:

Phone:
POC:

Phone:
POC:

W912P8-06-C-0065
Firm Fixed Price 8(a)
December 13, 2005
$1,035,754
Sourthern Svcs & Equip.
321 Bayou Road
St. Bernard, LA 70085
(504) 416-3708
W912P8-06-C-0064
8(a) Sole Source
December 13, 2005
$927,600
Purnell Construction
PO Box 2702
Baton Rouge, LA 70821
(225) 343-1888

There are several other contracts scheduled for award during the first quarter of 2006 and recently the
federal government announced a $1.3 billion effort towards levee reconstruction in and around the New
Orleans region.
It should be noted that a comprehensive analysis was conducted to determine exactly what happened in
the flood protection system during the hurricane and was part of a Interagency Performance Evaluation
Task Force (IPET) headed by the USACE. Although their findings are not due to be reported until June
2006, their discoveries are already influencing how emergency and non-emergency repair activities are
Nonetheless, it is our opinion that the bulk of spending and work associated with the
performed.
majority of levee work will not occur until the findings of the task force are officially released.
However, now that we are identifying contractors, the next step is to contact them all to determine each
respective contractors' scope and applicability and us of slag material with each contract. We would then
obtain the necessary regulatory authorizations for use as levee material. Lastly, financial and logistics
arrangements would be necessary to relocate the material from Cambridge to the local New Orleans area.
USACE Contact(s)
Solutient has contacted and spoken with various staff of the USACE New Orleans District offices
regarding contracting and technical matters involving the east slag pile material. Most recently we have
spoken with:
DianeAllen, Chief Policy Branch (Contracts)
(504) 862-1120
Mark Gonski, Engineering (clays and berm work)
(504) 862-2669
Don Rawson, Engineering (rock and stone)
(504) 862-2952

Page - 3

Don Rawson appears to be the individual with specific engineering and capturing responsibility of raw
material similar to east slag material for levee work. He had indicated the need for approximately 290 ton
of material in the short term but~was hesitant to commit regarding Metallurg material on. a number of
counts. They are:
* Cost; the Corps does not want to pay for transportation costs from Ohio when he can get similar
material from another state at 1/2 the cost.

*

Chemical Properties; He desires pictures and any analytical that we have on the material before a
determination can be made.

Mr. Rawson did indicate that he has adequate space to store all the material at a local facility provided
arrangements were made for his receipt of the material and remains open to the idea of discussing its use.
We will work with Mr. Rawson over the next week to get him what he needs to make a swift decision on
the material.
Conclusion
As discussed during our telephone conversations, the whole issue regarding the offsite disposition of your
material for post-hurricane reconstruction efforts in the New Orleans region is timing. Approvals and use
of the east slag material at the contract level needs to be initiated with the contract awardees for their
determination based on their respective contract and scope of work/deliverables. All contracts are less
than three (3) weeks old and we anticipate another five (5) or six (6) contracts being awarded over the
next few months. We will also need to work with USACE engineering personnel to determine that it
meets specifications for their use now that some of these specifications have changed.
In order to properly determine the viability and acceptance of your material for use at the contract level, it
would involve the contacting and coordination with most if not all contract awardees to ensure optimum
results. This will invariably take another two (2) to three (3) months to adequately make a final
determination. The influx and changes in personnel at USACE has contributed to some of our inability to
get definitive answers over the last few months. !As contracting, technical requirements and budgets are
settling down, we are getting a clearer understanding of what we may need to do to obtain offsite uses in
support of Katrina operations.
Sincerely,
SOLUTIENT TECHNOLOGIES, LLC

Mr. John Kowal
Cc:

S Pocock
File
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Shieldalloy
East Slag Pile Disposition
Interim Report

1.0 Introduction
Solutient Technologies is currently investigating possible uses for the material that comprises the
East Slag Pile at the Shieldalloy facility in Cambridge, Ohio. The slag material has residual
radiation in excess of background that adds to the difficulty in locating commercial outlets
willing to accept the material. Were it not for the residual radiation, its most likely use would be
as an ingredient in the steel making process.- Unfortunately, a recent melting of a radioactive
source in the steel making industry has made radiation a "hot button" issue at all domestic steel
mills. However, other possible uses for the material are continually being investigated.
2.0 Action Plan
The current action plan is to investigate all known possible uses for the slag material.
Shieldalloy has provided historical metallurgical, chemical, and radiological data to Solutient to
assist in determining commercially-accepted disposition paths for the material. Solutient is
analyzing all the analytical data and using that knowledge to prioritize and narrow the search for
potential return of the material back into industry. Solutient has, and will continue to work
closely with Shieldalloy to determine the best disposition for the material.
3.0 Investigation
Solutient continues to investigate any and all reasonable domestic and international uses for this
material. Over the past year, Solutient has looked info seiVeral options and are continuing their
efforts in those areas. Although Solutient is also investigating other options as well, their most
recent efforts include:
3.1 Road-base
It was determined that slag material would be an excellent material for road-base due to
its physical nature. Therefore, Solutient contacted major construction contractors and
state radiation protection personnel to determine the viability of utilizing this material as
a raw material in portland cement manufacturing and as an additive to asphalt mixes. It
was concluded that due to the residual radioactivity in the material, combined with the
political climate (post-91 I era), that it was not conducive to its use in and around the
general public. Solutient has recently contacted the National Slag Association (NSA)
regarding the material and discussions will continue in 2005 to educate and "brainstorm"
with decision makers on possible uses in the industry.

3.2 Ornamental Landscape
Under normal circumstances, the material has a potential use for ornamental landscape
purposes. Therefore, Solutient contacted a major landscape specialist in Florida just prior
to the hurricanes that occurred in the fall of 2004. At that time there was some interest in
the material. The landscape specialist who was conferred with was planning to discuss
the issue with their legal consul and the State of Florida as part of their fact-finding
process. Unfortunately, the multiple hurricanes damaged and disrupted the business,
altering their planning and priorities to the rebuilding efforts. Solutient has been asked to
'table' the effort until the rebuilding is complete. No timetable is available at this time.
3.3 Steel Mills - Foreign and Domestic
This material is best suited as an ingredient in the steel producing process. It has a
definable value and is routinely used in steel production. As a result, the bulk of
Solutient's efforts to date have involved making contact with various domestic steel mills
to inquire whether there is interest in the material. While there is some interest, the
radiological concerns continue to be problematic and Solutient is initiating new efforts
with various organizations, i.e.; American Iron & Steel Institute (AISI), Institute of Scrap
Recycling Industries (ISRI), to seek assistance in those areas.
Solutient is currently investigating foreign steel producers to determine their interest in
the material. The current demand for building supplies to support massive construction
in China may be a benefit with regard to disposition. This consideration only came to
light in December of 2004 and is therefore only in the discussion and planning stages.
3.4 Artificial Reef
In the wake of the devastation caused by four major hurricanes in Florida during the fall
of 2004, an effort was made to investigate the use of the material as an artificial reef. The
Army Corps of Engineers operating in Sarasota County, Florida were tasked with reef
reconstruction. Tens of millions of dollars were allocated for the effort. Solutient
discussed the requirements for reef material with representatives from Sarasota County.
Unfortunately the size of the slag material was considered much too small for this use.
This does not preclude the material from use as an artificial reef in other areas of the
country where the specifications are not as restrictive. This investigative effort will
continue as warranted.
4.0 Near Term Outlook
Solutient is continuing their efforts towards prioritization in locating an appropriate disposition
path for the East Slag Pile. The near term focus will be to continue the investigation for use as
an ingredient in the steel making process as well as their continued dialogue with organizations
identified and where negotiations are ongoing. This will include both domestic and international
opportunities.

5.0 Summary
As expected, the single objection with the material has, and will continue to be the residual
radioactivity associated with the material. What has been determined though is that some
interest in the material exists within a small percentage of those contacted, and we are hopeful
that continued efforts and negotiations with willing participants may surface an acceptable use
for the material We remain confident that possible areas for use in ornamental landscape
material, reef reconstruction, with the majority of our optimism in the steel making industry.
Although most domestic steel makers are reluctant to use this product with respect to it's
radioactivity now, foreign steel makers have demonstrated a more aggressive position for the use
of the material. Solutient has in our opinion, looked into both routine as well as innovative ideas
for alternate use of the material 'nd will continue to work along those lines.
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TWO Pleasant Avenue
Clifton, New Jersey 07013

ENVIRONMENTAL RECOVERY
and SERVICE ENTERPRISES
November

1,

1995

IXLCLIvED

Mr. E.F. Michael Williams
Shieldalloy Metallureical Corooration
West Boulevard
Newfield, NJ 08344

NOV Of" 1995
DEPT. ENV. SERV.

PHONE:
FAX:

(609)
(609)

692-4200
692-4017

Dear Mike,
ERASE has a customer interested in running a trial
the baghouse fines generated at your Newfield facility.

with

This customer is located within 10 miles of your plant.
He produces speoializad ooncrcte block products- Your material
interest
to him because of the color and potential pozzolanic
properties it will exhibit when added to his concrete mix.

i3 of

In order for him to run hic trial,
ho has requoetod a 500
pound supersack. If successful, he would be able to consume the
estimated 3,000 - 4.000 tons yo, rnIsrr'ntly hbvp. q.Q woll aA any mnrp
you may generate in the future.
The success of this
trial
will be determined based upon the
ease of handling these high-moisture fines within the concrete plant.
Shieldalloy should strive
to minimize any excessive moisture if
at all
possible.
Please contact

me if

I

can assist

you further.

Paul Leonard
Account Manager

201-778-7055

FAX: 201-778-4854
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CEMENT

CEMENT.' A material, generally in powder form, that can be-.i
into a paste usually by the addition of water and, when molded..
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for adhering, or fastening materials, are called cements, but these.,
classified as adhesives, and the term cement alone means a construc(ic5
rmiterilA. The most widely used ofthe construction cements is port.l.1
Cemfr-ut.

•~~~~ powder
'
t is a bluish-gray
obtained by finely
-i
grinding thc-ij:

ker made by strongly heating an intimate mixture of calcareous4,.argillaceous minerals. The chief raw marerial is a mixt,,re rif.lhj1g
"calcium limestone, known as cement rock, and clay or shale. B)a•
fio-rinace slag may also be used in some cements. American specificatio
call for five types of portland cement. Type I, for general concrete cd"
structior;-has a typical analysis of 63.2% CaO, 21.3 SiO 2 , 6 Al2 O0,21
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FAX TRANSMISSION
LNTEGRATED ENVIRONMENTAL M-'ANAGEMENT, INC.
1680 EAST GUDE DRIVE, SUITE 305
ROCKVii-LE, MARYLANo 20850
(301) 762-0502
FAX: ,301) 762-0638

To:

Scott Eves and Mike Williams

Date:

December 19., 1995

Fax #:

609-697-9025

Pages:

1, including this cover sheet.

From:

Carol D. Berger

Subject:

Sale of Baghouse Dust

COMMENTS:
I arn working on the calculations for the supporting document to the subject item. I have a reference that
says cement is composed of 14.5% silicon oxide, 440%calcium oxide, and 3.5 %r aluminum oxide. Do you
anticipate that a cement manufacturer would use Newfield's baghouse dust to replace all of these
constituents?
Can you estimate the ratio of baghouse dust-laden cement to total cement production for the local facility?
Do you anticipate that all of the cement produced once the baghouse dust is delivered will contain the
dust?
Also, I have a reference that states that concrete, the result of adding sand, water and other amendments
to cement, affords a dilution factor of three. Do you have an), better information on this?
Thanks in advance for your assistance. I'm looking forward to hearing from you.
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1.9

INTRODUCTION

PARS Environmental, Inc (PARS) was retained by Shieldalloy Metallurgical Corporation
(SMC) to perform a preliminary assessment of the market potential of CANAL slag for
steel companies in Malaysia.
SMC's Newfield facility currently holds U.S. Nuclear Regulatory Commission (USNRC)
License No. SMB-743 which permits possession, use and storage of source material
contained in raw materials for the production of ferrocolumbium, columbium-nickel
alloys and by-products. Ferrocolumbium is produced by a modified electric arc and
aluminothermic reduction of the pyrochlore ores. The byproduct slag contains calcium,
aluminum, uranium, thorium and other trace constituents. The uranium and thorium,
comprising approximately 0.5 percent by weight of both the feed material and the slag,
are naturally occurring radioactive elements. Consequently a USNRC license pursuant to
10 CFR 40 is required. The average radionuclide concentrations in ferrocolumbium slag
are approximately 380 pCi/g each of thorium and uranium.

-

CANAL is produced from ferrocolumbium slag which is a by-product of past
manufacturing operations at SMC when the Newfield facility manufactured specialty
steel and super alloy additives, primary aluminum master alloys, metal carbides,
powdered metals and optical surfacing products. Thiere is an estimated 50,000 tons of
CANAL stockpiled at SMC in Newfield. CANAL contains low levels of uranium and
thorium which require the purchaser or recipient in the United States to be licensed by the
U. S. Nuclear Regulatory Commission. This requirement has resulted in the market for
CANAL in the United States to be virtually non-existent. However, a number of foreign
countries do not require specific licensing of these low levels of radioactive materials.
Malaysia is deemed to be one of these countries.
Malaysia is a developing country with a population of about 24 million. The GDP per
capita is about $10,400 and the growth in 2005 was about 7 percent. There are seven
major steel manufacturing plants and the combined domestic production capacit' is about
60 percent of the steel used in 2005. There are two new steel manufacturing plants that
are planned for 2006 and nation's master plan calls for Malaysia to be self sufficient in
steel production by 2020.

i
(i
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APPROACH FOR ASSESSING MARKET POTENTIAL

The approach for assessing the market potential for CANAL in Malaysia was divided
into three tasks as described below.
Task 1

Review "sales pitch" for CANAL

The purpose of this task was to develop a one page summary of CANAL accompanied
with appropriate backup of detailed technical information to be used in presentations in
Malaysia. The one page summary was concise and focused, and described the
composition, use, advantages, etc. of CANAL. The one page summary was used as a
door-opener for senior managers in Malaysia; this was accompanied with more
information for technical presentations to plant personnel.
Task 2

W

Identify potential targets

The purpose of this task was to identify potential end use clients for CANAL in Malaysia.
This task was done in conjunction with contacts and resources that PARS currently has in
Malaysia. For each potential client, background information was obtained including plant
size, location, annual production capacity, annual sales, products manufactured, etc.
including the potential interest in CANAL. The information developed in TASK 1 was
used in TASK 2 to identify potential end use clients for' CANAL. The five largest steel
companies in Malaysia were identified as potential clients to visit.
Task 3

Meetings in Malaysia

The purpose of this task was to meet with potential end use clients in Malaysia to present
information on CANAL and to determine the interest in using CANAL in their
manufacturing operations. It was anticipated that two to four meetings with clients would
be arranged in a one week period (April 10 thru April 14). Because of the response to the
initial contact, seven meetings were arranged in a four-day period; Tuesday April 10 was
a national holiday (Prophet Mohammed's birthday) and that day was used as a travel day
from Kuala Lumpur to Penang.
2.1

DEVELOP A "SALES PITCH" FOR CANAL

The "sales pitch" was a one page summary of CANAL that described the composition,
use and advantages of CANAL. A copy of the one page summary of CANAL is shown
in Attachment I to this report. Also used in the sales pitch was the Material Safety Data
Sheet (MSDS) for CANAL; this is shown in Attachment 2.
The information for developing the one page summary was obtained from the following
three documents provided to PARS by SMC:
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"Radiological Impacts from the Use of CANAL Fluidizer in Steel Production"; a
report prepared by Integrated Environmental Management, Inc.; dated October 1994;
revised April 13, 1995.
"Work Plan for a Trial Slag Crushing Operation"; a report prepared by Integrated
Environmental Management, Inc. dated January 6, 1995.
"Synthetic Slags for Steelmaking"; an undated report by Michael Williams, Shieldalloy
Metallurgical Corporation.
A copy of the Williams report is included in Attachment 3 in this report.
2.2

IDENTIFY POTENTIAL TARGETS

The Malaysian Steel Industry directory was the primary source of information used to
identify potential targets and to send introductory e-mails. Based on the initial research,
introductory e-mails were sent to forty-one (41) large and medium-size steel
manufacturing companies in Malaysia. This task was done in conjunction with contacts
and resources that PARS currently has in Kuala Lumpur, Malaysia. After a review of
available information, the target list was narrowed to the five largest steel companies in.
Malaysia. The five steel companies are listed below:
1.

Perwaja Steel Sdn. Bhd.

Perwaja Steel has its corporate offices in Kuala Lumpur and has two steel
plants, one in Bedong, Kedah (referred to as the Gurun Plant), about 250 miles north of
Kuala Lumpur, and the other in Kemaman, Terefigganu, about 200 miles north-east of
Kuala Lumpur. Perwaja Steel is part of Maju Holdings, a huge conglomerate with
diversified investments.
2.

Malayawata Steel Bhd.

Malayawata Steel has its corporate offices in Petaling Jaya (a suburb of
Lumpur)
and its steel plant is in Penang, about 200 miles north of Kuala Lumpur..
Kuala
3.

Southern Steel Bhd.

Southern Steel has its corporate office and plant in Penang, about 200
miles north of Kuala Lumpur.

(
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4.

Amsteel Mills Sdn. Bhd.

Amsteel has its corporate office and steel plant in Banting, Selangor, about
40 miles west of Kuala Lumpur. Amsteel also has another steel plant in Johore, about 300
miles south of Kuala Lumpur.
5.

Megasteel Sdn. Bhd.

Megasteel has its corporate office and steel plant in Banting, Selangor,
about 40 miles west of Kuala :Lumpur.
Amsteel and Megasteel are part of The Lion' Group, but they are separate
operations located in close proximity to each other.

2.3

MEETINGS IN MALAYSIA

All the meetings were scheduled during the week of April 10, 2006. Since Tuesday, April
11 was a public holiday (Prophet Mohammed's birthday), the meetings had to be held
during the four working days in the week. PARS was advised by our local contact in
Malaysia that it would be necessary to visit with the corporate office first before meeting
with plant personnel. Except for Perwaja Steel and Malayawata Steel, the corporate office
and the plant for all the other steel companies were in close proximity to each other. In
the case of Perwaja Steel and Malayawata Steel, their corporate offices were in Kula
Lumpur while their steel plants were some distance away.
The following itinerary was developed to visit the corporate offices and steel plants of all
five companies during the week of April 10.
Monday April 10; 11 am
Had a meeting in the corporate offices of Perjawa Steel at Maju Tower, 1001 Jalan Sultan
Ismail, 50250 Kuala Lumpur. Met with Tuan Ngah Tuan Baru, Chief Operating Officer
and his staff.
Monday April 10; 2:30 pm
Had a meeting in the corporate offices of Malayawata Steel at Wisma Ann Joo, Jalan
Klang Lama, 4600 Petaling Jaya, Selangor. The meeting was to be with Mr. Teoh See
Cheng, Vice President, Operations. But he was not available and the meeting was
arranged with Mr. Tay Ewe Hoo, Vice President, Marketing, and his staff
Tuesday April 11 was a national holiday. Drove to Penang that day
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Wednesday April 12; 9 am
Had a tour of the Malayawata Steel plant in Prai, Penang. Had a meeting with the
Assistant plant manager and his staff after the tour. The plant manufactures high yield
bars, angles, flats, squares and wire rods. The main production process ranges from EAF
steel making to rolling mills. The manufacturing facilities include one unit 80MT Electric
Arc Furnace with Ladle Furnace and five Strand Continuous Caster, one unit Semiand wire Rod Mill. The, plant is ISO 9002
continuous
certified. Bar Mill, one continuous Bar
Wednesday April 12; 2 pm
Had a meeting in the corporate office of Southern Steel. Later, met with Mr. Tan Kim
Cheng, General Manager and his staff, followed by a plant tour. The plant produces mild
steel round bars, high yield deformed bars, light section and' wire rods ranging from very
low carbon to high carbon and cold heading steel. The plant recently invested in a 1.3 MT
billet making facility and a 1.3 MT of bar and wire rolling facilities. The plant is ISO
9002 certified.
Thursday April 13,9 am
Had a meeting with Mr. Hassan Idriss, General Manager of the Perwaja Gurun Steel plant
in Bedong, Kedah, and took a plant tour. The Gurun plant has a capacity of producing 1.5
million tons of steel annually. The rolling mills at this plant produce sections, H-beams
and I-beams, bars, wire rods, channels, angles and nails. Perwaja has another steel plant
in Kemaman, Terengganu; which could not be visited at this time.
Thursday April 13 1 pm. Drove back to Kuala Lumpur.
Friday April 14; 8 am
Had a meeting in the corporate office of Amsteel Mills in Banting, Selangor. Later met
"with plant personnel. The plant operates two steel mills, in Klang and Banting, a few
miles apart. Both are modem plants with Electric Arc Furnaces of 85-ton and 160-ton
capacity, 6-strand Continuous Casting Machines and Ladle Furnaces to produce billets
for rolling into bars and wire rods. The Banting mill produces special grade bars and wire
rods for automotive parts, mattress and mechanical springs, turning parts, wire ropes and
other specialty uses. Another mill in Johore produces billets and bars, including angle
bars and U-channels. This plant could not be visited at this time

'
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Friday April 14; 11 am
Had a meeting in the corporate office of Megasteel in Banting, Selangor. Later met with
plant personnel. Megasteel is a modem facility that is fully automated using state-of-theart direct current Electric Arc Furnace - Compact Strip Production (EAF-CSP) process
which incorporates the Thin Slab Casting technology developed by SMS in Germany.
Megasteel also produces hot .rolled coils, picked and oiled. Its cold rolled mill has a
capacity of 0.7 million metric tons and is capable of expanding to 1.45 million metric
tons of cold rolled coils per annum.
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PARS

SUMMARY OF FINDINGS

In all the meetings, there was interest in CANAL and a desire to obtain more information
of the product and its applications. Some of the questions noted were:
* What is price per ton of CANAL?
* Where is CANAL being used?
* What is the particle size of the CANAL delivered?
* Where and how will CANAL be delivered?
• What technical support will be provided for clients?
* Does SMC have representatives in Malaysia or S.E. Asia?
Steel companies in Malaysia currently purchase synthetic slag primarily from South
Africa and China. Because of recent shortages, synthetic slag has quadrupled in price in
the past ten years.
In order to import and use CANAL, steel companies in Malaysia must obtain a permit
from Jabatan Tenaga Atom dan Nuclear (the local equivalent of the USNRC).
Preliminary indication is that the agency may waive permit requirements because of the
low levels of naturally occurring radioactive elements in CANAL.
The agency uses several "Forwarding Agents" to facilitate the importation, shipping and
handling of radioactive materials. The following agents were recommended:
Bax Global
Exel Logistics
Expeditors
Nippon Express
All these agents have representatives in the United States.
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CONCLUSIONS AND RECOMMENDATIONS

There is compelling evidence that there is a market for CANAL in Malaysia. The
steel- manufacturing industry appears to be sophisticated and technologically advanced,
and there is a desire to learn more about CANAL and how it could improve the quality of
steel and make their operations more cost effective.
All the five steel companies that were contacted in this assessment have plans to grow in
the next few years. Amsteel and Megasteel are two of the most advanced and fastest
growing steel companies in Malaysia. Both companies are part of The Lion Group, and
therefore can conceivably be approached jointly. It is recommended that these two
companies be offered samples of CANAL, at no cost (or minimal cost) for testing and use
at their facilities.
PARS understands that SMC has obtained, in the past, the necessary permits from the
Nuclear Regulatory Commission (NRC) to ship CANAL overseas. In Malaysia, the
applicable permits can be readily obtained through "Forwarding Agents" that work with
steel companies.
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CANAL - Slag Fluidizer
CANAL is a ferrocolumbium slag that is an important part of making steel
quality. CANAL removes unwanted oxides, sulfides, nitrides and
phosphides; it also provides a cover to protect refined steel from reoxidation
and nitrogen and hydrogen pickup. CANAL is also used as the basis for
effective calcium treatment to improve castability and yields for continuous
casters.
ADVANTAGES of CANAL
* Refractory Protection
Energy Savings at Ladle Furnaces
* Consistent Chemistry
* Faster Steel Refining Times
* Good Sulfur and Inclusion Removal
9 Improves Castability - Yields
Application for Aluminum and Silicon Killed Grades

Composition

Specification

Typical

C
S
A1203
CaO
MgO
FeO
SiO2
P205
TiO2
ZrO2

0.10 % max
0.10 % max
40-50 %
30-35 %
14-18%
1% max
1% max
0.1 % max
1.5-3.5%
1.5 % max

0.03%
0.50 %
42.5 %
32.5%
16.3%
0.3%
0.3 %
0.5 %
2.3%
0.75 %

For Further Information, Contact
SHIELDALLOY METALLURGICAL CORPORATION
NEWFIELD, NEW JERSEY
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CANAL
SHIELDALLOY-METALLURGICAL
12'WEST BOULEVARD
/
NEWFIELD, NJ 08344

CORPORATION

Company Contact: ENVIRONMENTAL MANAGER
Telephone Number: (609)692-4200
Emergency Contact: CHEMTREC
Emergency Phone Number: (800)424-9300
SECTION #1 -

I

IDENTIFICATION

Product: CANAL
Product Code;
Synonyms:

1080

CALCIUM ALUMINATE
PC1080

HMIS Hazard Rating

Health.

1

-

Fire:

0

Negligible

0
X

Negligible

Reactivity:
-PPE:
CHEMICAL FORMULA:
CaO
12-40

MgO
10-30

SECTION #2 -

Slight

-

FERROCOLUMBIUM SLAG ANALYSIS

Fe203
0-2

A1203
30-50

Si02
0-20

Nb205
0-5

HAZARDOUS CHEMICAL COMPONENTS

Component: URANIUM
CAS Number: 7440-61-1
NIOSH 0.2 mg/m3
OSHA 0.2 mg/m3
IDLH 30 mg/m3
HAZARDOUS COMPONENTS OF MIXTURE:
SECTION #3 -

NONE.

PHYSICAL DATA

Melting Point: 14000C
Vapor Pressure: EFFECTIVELY 0 @ 20'C
Specific Gravity: 2-3
Solubility (H20): INSOLUBLE/NEGLIGIBLE
Appearance
HARD GRAY LUMPY MATERIAL
Odor
NO ODOR.
SECTION #4

-

FIRE FIGHTING & EXPLOSION DATA

Flash Point: NONE*F
Lower Explosive Limit (%): NOT FLAMMABLE
Upper Explosive Limit (%): NOT FLAMMABLE
Fire and Explosion Hazards
NOT FLAMMABLE.

NiO
0-0.5

/
I
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EXPOSURE EFFECTS and FIRST AID

SECTION #5-

Route of Exoosure -

Inhalation

EXCESSIVE INHALATION MAY CAUSE LUNG AND LYMPH NODE DAMAGE.
First Aid -

Inhalation
MOVE THE EXPOSED PERSON TO FRESH

IF EXCESSIVE DUST QUANTITIES ARE INHALED,
SEEK MEDICAL ATTENTION.
AIR.
Route of Exposure - Skin

IF POWDER IS EITHER SEGREGATED FROM THE SLAG OR GENERATED BY GRINDING THE
SLAG, AND THE POWDER IS WETTED WITH LIMITED QUANTITIES OF WATER, THE SLURRY
MAY BE- ALKALINE WHICH CAN BE A SKIN IRRITANT.
First Aid

Skin

-

PROMPTLY WASH THE CONTAMINATED SKIN WITH SOAP AND WATER.
CLOTHING AND WASH WITH SOAP AND WATER.

REMOVE CONTAMINATED

Route of Exposure - Eyes
DUST MAY CAUSE IRRITATION TO EYES.
WITH THIS MATERIAL.

DO NOT WEAR CONTACT LENSES WHEN WORKING

First Aid - Eyes
IMMEDIATELY FLUSH THE EYES WITH CLEAR WATER FOR 15 MINUTES,
SEEK MEDICAL ATTENTION.
LIFTING THE LOWER AND UPPER LIDS.
First Aid -

OCCASIONALLY

Ingestion

IF MATERIAL HAS BEEN SWALLOWED SEEK MEDICAL ATTENTION IMMEDIATELY.
Miscellaneous Toxicological Information
SMC
EXPOSURE LIMIT VALUE(S): NEITHER OSHA NOR ACGIH LIST THESE SLAGS.
RECOMMENDS THAT USERS AVOID BREATHING ANY NUISANCE DUST OVER 5MG/M3
RESPIRABLE SIZES.
PRIMARY ROUTE(S)
SLAG.

OF EXPOSURE:

INHALATION OR SKIN CONTACT WITH MOISTENED

THE INTERNATIONAL AGENCY FOR RESEARCH ON CANCER, THE
CARCINOGENICITY RATING:
NATIONAL TOXICOLOGY PROGRAM AND OSHA HAVE NOT REPORTED THE INGREDIENTS HEREIN
AS CARCINOGENS.
SECTION #6

- REACTIVITY & POLYMERIZATION
STABLE

Stability:
SECTION #7

-

SPILL, LEAK,

& DISPOSAL PROCEDURES

Steps to be Taken in The Event of Spills,
SWEEP UP,

Leaks,

AVOID NUISANCE DUST.

Waste Disposal Methods
FOLLOW FEDERAL,

STATE AND LOCAL REGULATIONS.

SARA Title III Notifications and Information

or Release
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Description
___
__

__
__

__

18. Max
Element

__

__

__

__

19. Max.
Wt. %

Weight

_

_

_

20. Max.
Isotope

__

21.
Unit

Weight

___

material
prefused ceramic
that results from
ferrocolumbium production

_

A".20 3

20,000

50%9

stable

:n/a

CaO

16,000
ibs.

40%1

stable

n/a

8,000

20%

stable

n/a

800 lbs.

2%

stable

n/a

3%!

stable

n/a

MgO

lbs.

Cb 20 5
TiO2

1,-200

lbs.

source material (natural
uranium and natural

_

184 lbs.

.46%-

4588

ppm

natural thorium (Th-232)

139 lbs.

.35%-

3470

ppm

natural uranium (U-238)

44 lbs.

.11%-

1110

ppm

natural uranium

0.31 lbs

.0008%-

8

ppm

thorium - Th-232,t

U-238,

U-235)

(U-235)
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"SYNTHETIC SLAGS FOR STEEL MAKING" BY
MICHAEL WILLIAMS
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SYNTHETIC SLAGS
FOR
STEELMAKING
(A

Michael Williams
Shieldalloy Metallurgical Corporation

Steelmaking Slags
Slags in the steelmaking process are complex single phase solutions in the moltezi
state and multi-crystalline phases in the solid state. They serve to collect harmful impurities,
provide a cover for the refined steel, and hopefully have minimal wear on refractories. By
nature, they are less dense than steel which allows secondary refining to further improve
metal quality by gathering inclusions that float out.. The three •roper.'es ofslag that we are
interested in are: a) composition, b) melting point, and c) viscosity. 1
Since steelmaking slags are mostly composed of oxides, fluorides, aluminates, and
silicates, it is difficult to find phase diagrams that chatacterize a specific composition.

.

Fortunately, in practical steelmaking, it is not crucial that we know all the compounds and.
complexes that are formed in slags. In steelmaking slags we will generally find CaO, MgO,
SiO0
2 , A12 0 3 , FeO, and MnO. Obviously, there a-e numerous other minor components but
they have generally little effect on slag characteristics so we can discount them. One of our
other objective for synthetic slags is extending refractory life, so calcium fluoride is
eliminated from the slag making additives. By minimizing carryover slags from the furnaces
to the tap ladles, we can also control the amount of FeO and MnO. Today's practices for
aluminum killed and silicon killed steels also insures that FeO and MnO levels are relatively
low (< 6%). in the final slag compositions. That leaves us with the task of characterizing a
CaO - A12 0

3

- SiO 2 - MgO -slag. Unfortunately there are a limited number of phase

diagrams of CaO - A1203 - SiO2 systems at a specific MgO composition (Figure 1). MgO's
presence in the slag composition is important and its primary function is refractory
protection.
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Region x is beneficial for AK steel since it has the best sulphide capacity4, melting points
below steelm..aking temperatures, compositions compatible with calium treatment, and cause
minimal wear on most ladle refractories. AK steels for galvanizing, tin plating, andt- p aint
adherence have loC, Si requirements and therefore the residual SiO 2 in the carry over slag must
be kept low. It is possible in region x (Figure 3) to achieve a fluid slag with less than 10% Si
and still have good suiphide capaci (Figulinre 4)p4"nt

2

(.

5

/47

Secondary steelmaking LMFs are nothing more than low powered EAFs. They operate by
heating up the slag which in turn heat up the steel. This is to prevent reoxidation and
recarburization, along with a cover protection from nitrogen and hydrogen. If the slag is crusty and
viscous, energy must first be expended to fluidize the slag at a higher temperature before the reheat
and inclusion absorption process by the slag can occur.5
Often slag viscosity is confused with its melting point since temperature does affect it, but
it is possible to lower a slag's viscosity without changing its melting point (Figure 5).
We are familiar with the effects of CaF 2 when it is added to crusty and viscous slag.
Unfortunately, we also know what it does to our ladle slag lines. Not only does CaF 2 lower the
slag's melting point, it also weakens the CaO - A12 0 3 - SiO 2 bonds - hence the lower viscosities
that are observed. This is the same mechanism that erodes ladle slag lines.
Since the Al and Si additions are process determined, there may not be enough A120

3

and

• SiO 2 generated to place the slag composition in the beneficial range. This is when a prefused
synthetic slag addition can be used to modify the process slag into beneficial range x. Synthetic slags
can be engineered with the proper CaO - A12 0 3 - Si0

2

balance, taking into account the oxidation

products of the AK steelmaking process, to achieve final ladle slags that have a good sulphide
capacities, ability to absorb inclusions, low viscosities, lower melting points than st'elmakig
temperatures, and have minimal refractory wear. The properly engineered synthetic slag should
be prefused to minimize energy consumption at LMFs and possess a low melting point so it can
be introduced into the tap ladle early to take advantage of a longer refining period.
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Figure 6
3
CaO - MgO - SiO 2 System
Hille and Papay provided conclusive evidence that a Ca9

-

A12 0 3

-

SiO 2 ladle slag

produced cleaner billets, reduced nozzle clogging and increased ladle refractory life. 6 Since there
is little A12 0 3 available in Si killed steels, synthetic slags were used to aahieve a beneficial CaO A1203 - Sio

2

composition in their ladle slag and a aluminum killed practice was developed.

9

z!.

Table I shows the analyzes of two slag samples, one from the EAF melt down slag and the
other from the finish LMF slag. The samples were analyzed by X-Ray Fluorescence and Leco C,
S analyzer.

IMEXA's EAF and LMF Slag Compositions
Element/ComDound

EArF Slag ('Y)
*7.19

LMF Sla(%)
23.81

Ca0

36.92

51.77

C

0.023

FeO

21.75

0.033
0.58

MgO

13.07

MnO

0.75

0.06

P2 0 5
SiO 2

0.77

0.16

15.97

5.29

S

0.027

0.351

-9.81

TABLE 1

The EAF slag is highly oxidized with 21.75% FeO which gives it a high P2 0 5 absorption
capacity. The CaO and MgO ratio presumably comes from the use of dolomitic lime. If not, the
MgO would come from furnace refractory erosion. The A12 0 3 and SiO 2 content is probably from
the DRI, but again, if not, it may be from the furnace refractory. Since 500 kg of this slag cariies
over into the tap ladle we would calculate the amount of Al necessary to reduce the FeO to Fe as
follows:
theoretically
500 kg (EAF slag) x 21:75%

108.75 kgs FeO

1 kg of FeO requires 0-25 kg of Al for reduction
Therefore Al requirements = 108.75 kg of FeO x 025
11

=

27.1875 kg

1/

Synthetic Slag Fluidizer's Composition
Compound

Composition (%)

A12 0 3

43.0

CaO

.. 32.5

MgO

16.3

Sio 2
FeO

-0.3
\

0.3

Minor Oxides

Balance

Melting point - approximately 1400°C.

Table 2

The application rate selected for the synthetic slag fluidizer would be 5 kg/ton of steel or
roughly I MT per heat. It should be added either in the bottom of the tap ladle or at one quarter
full, along with 250 kg of Al, 500 kg of lime, Mn, and microalloying elements. The. fluorspar
addition is to be eliminated. This would result in the following predicted composition:
Ladle Slag Composition with
Synthetic Slag Fluidizer

Comvound

Composition(%)

-A2 0 3

37.5

CaO

40.4

MgO

9.1

Si0

3.2

2

Table33a

13

A;
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Perwaja Steel Sdn Bhd
Company Details
Full Business Name: Perwaja Steel Sdn Bhd
187922-H
Company
Registration No.:
Level 23, Maju Tower, 1001 Jalan Sultan Ismail, 50250 Kuala Lumpur,
Business Address:
Malaysia
Corporate Office: 603-27728888 / Kemaman Plant : 609-8631435 /
Phone:
Gurun Plant : 604-4688466
Corporate Office: 603-27728899 / Kemaman Plant : 609-8631877 /
Fax:
Gurun Plant ; 604-4688541
.waiaxcom.my
admin@ e
Email:
httr:l/www.oerwaia.com.my
Website:
Business Details
Categories:

Semi Finished :
Semi Finished :
Rolled Products
Rolled Products
Rolled Products

DRI
Billet
: Bars
: Sections
: Wire Rod

Factories Address:

* 24007 Kemanman, Terengganu, Malaysia
Bedong, Kedah, Malaysia

Product
Manufactured:

Steel billet, blooms, beam blanks, direct reduced iron, steel
sections, steel bars, wire rods, nails

Established on:
Countries of export:
No. of Employees:

1982
Indonesia, Taiwan, Vietnam, Singapore, USA, Thailand, Philippines
1300

Business Inquiries :

Group Managing Director
Dato' Abu Talib Mohamed
Chief Operating Officer
Tuan Ngah Tuan Baru
Logistic's (Advisor)
Capt. (R) Mohd Yunus Alias

- Gurun Industrial Area, 08100

PERWAJA STEEL SDN BHD

Perwaja Steel Sdn. Bhd. is owned by Maju Holdings Sdn. Bhd. It is one of the
largest iron and steel producers in Malaysia. Its steel making plant, located in
Kemaman, Terengganu, has a capacity of producing 1.5 million tonnes of steel
annually. Main products are billets, beam blanks and blooms. Its rolling mills in
Gurun, Kedah produce sections, H-beams and I-beams, bars, wire rods,
channels, angles and nails.
Perwaja Steel also has the capacity of producing 1.2 million tonnes of Direct
Reduced Iron (DRI) annually, through its DRI plant, located in Kemaman,
Terengganu. The DRI plant is currently being upgraded to produce 1.8
million tonnes of DR[ annually.
As one of Malaysia's largest steel producers, Perwaja Steel always
promotes the use of steel in construction and other industries. Perwaja Steel
provides advisory and promotional services to the various steel associations in
Malaysia through the Malaysian Structural Steel Association (MSSA), the
Malaysian Iron and Steel Industry Federation (MISIF) and the Federation of
Malaysian Manufacturers (FMM).
The Perwaja Steel Board of Directors is composed of professionals who
remain the driving force behind the success of the organisation
Tan Sri Abu Sahid bin Mohamed
Group Executive Chairman
Maju Holdings Sdn. Bhd.
Dato' Abu Talib bin Mohamed
Group Managing Director
Maju Holdings Sdn. Bhd.
Dato' Mohamed Fuad bin Yon
Director
Mohd. Fauzi bin Yon
Director

Q

PRODUCTS
Direct Reduced Iron (DRI)
DR[ is produced using the latest HyL process at the Kemaman plant. The DRI is either used internally for billet production or
is transported out for sale to local and foreign buyers.

Chemical Composition
Total iron

Metallic iron
Metallisation
Cao I S102
C
P
S
Gangue

90.0% min

83.0% min
92.0% min
0.70%
2.0 - 3.0% (Typical 2.4%)
0.10%
0.01%
3.65%

Physical Properties
DRI size
Size distribution
15.9mm
6.3mm
Bulk density
Compressive strength average
(kglpiece)

*

6.3mm min diam.
6.3mm, 3% max.
10% max
3% max
1.65 minimum
90 minimum

Billets
Billets are produced in the steelmaking plant, using DRI as the main raw material together with scrap.
Billets are produced in various sizes:

S
0

100am x 100amm
120rm x 120mm

•

150mm x 150mm

&

200mm x 200mm
The chemical composition of the billets depends on the end use as given in the
Table below.
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Beams & Sections
The types of structural steel that can be produced include H-sections, I-sections, C-channels, equal leg angles and H-piles. The
range of available sizes (in mm) are summarised below.

H sections
I sections
C channels
Angles

150mm
200mm
150mm
125mm

x
x
x
x

150mm - 600mm x 300mm
100mm - 600mm x 190mm
75mm - 380mm x 100mm
125mm - 200mm x 200mm

Product Range:
H-Beams
I-Beams
Channels
Angles

150mm
200mm
150mm
125mm

x 150mm to 350mm x 350mm and 200mm x 100mm to 600mm x 300mm
x 100mm to 600mm x 190mm
x 75mm to 380mm x 100mm
x 125mm to 200mm x 200mm

Bars and Wire Rods
The bars and wire rods are produced at the Gurun Plant.

Reinforcement Bars
High Tensile Deformed Bars
Standard length 12 metres
Size range
10mm to 40mm diameters
S

Mild Steel Plain Round Bars
Standard length 12 metresC'•".
Size range

10mm to 40mm diameters

The steel bars produced by Perwaja conform to Malaysian Standard MS 146 2000 for:
Grade 250 N/mm2 Mild Steel Round Bar
Grade 460 N/mm2 High Tensile Deformed Bar
Grade 500 N/mm High Tensile Deformed Bar
Perwaja Steel also produces bars meeting the BS 3339 1988 specifications.

Wire Rods
Round
Deformed (Grade 460)

Sizes available
5.5mm to 14.0mm (Sizes up to 45mm can be
supplied on request)
10.0mm, 12.0mm

Available grade
Round
Killed steel, JIS G3505:1980 SWRM 1 OK- 12K
(LC quality) AISI I SAE 1010K - 101 2K
Deformed Mild steel and High tensile with Vanadium
Weight and Packing
In standard weight coils of about 1000kg each (max) securely strapped

Nails

(

Two types of nails are produced at the Gurun Plant.

Sinker Nails
Length
Diameter
Head diameter
Packing

38.0mm - 82.5mm
2.1mm - 3.76mm
5.16mm - 8.74mm
12kg I carton for local market
501b (22.68kg) / carton for export market

Collated Nails
Length
Diameter
Pitch

Nails per coil

32.0rmm - 75.0mm
2.1mm - 3.1mm
6.0mm - 8.0mm

200-400

Flat

Accreditation

Business Address:

*

ISO 9001 :1994 by Sirim

*

BS EN 9002: 1994 by BSI, UK

Conical

Corporate Office:
Lot 2.21 Lion Industrial Park,
40300 Shah Alam, PO Box 7587,
40720 Shah Alam, Selangor
Telephone Number:
Corporate Office: 603-5119100
Kemaman Plant: 609-8631435
Gurun Plant: 604-4688466
Telefax Number:
Corporate Office: 603-5119200
Kemaman Plant: 609-8631877
Gurun Plant: 604-4688541
Email:
Perwajaptm.net.my
Factory Address:
Kemaman Plant:
PO Box 61, 24007 Kemaman, Terengganu
Gurun Plant:
Gurun Industrial Area,
PO Box 25, 08100 Bedong, Kedah
Established:
1982
Business Enquiries:
Dato' Abu Talib Mohamed - Chief Executive Officer
Capt ® Mohd Yunus Alias (Director- Logistics) - Head of Purchasing
Tuan Ngah Tuan Baru (Director - Business Development & Marketing) - Head of
Export/Sales
Mr Abdul Malik Omar (Director of Operations) - Head of Operations
Mr Johan Mansor (General Manager, Kemaman) - Head of Factory
Mr Abdul Hali Abdullah (General Manager, Gurun) - Head of Factory
Number of Employees:
2,435
Ownership:
100% Bumiputera, 100% Malaysian
Annual Capacity:
Kemaman - 800,OOOMT Billet, 700,OOOMT Beam Blanks/Bloom
Gurun - 450,OOOMT Bars & Wire Rod Mill, 700,OOOMT Beam & Section Mill
Factory A - 108MT Straightening, 144,OOOMT Stretching, 96,O0OMT Cold Ribbing,
38,OOOMT Nail, 60,OOOMT Wire Mesh
Annual Sales:
RM465 million

0

Products Manufactured:
-Reinforcement Bars
-Structural Sections
-Hot Rolled Steel Bars
-Mild Steel Wire (Cold Ribbing)
-Steel Fabric
-Wire Rod
'Beam &Section
-Nails
Material:
Bloom & Beam Blanks
Main Production Process:
Direct Reduction Plant, EAF & Continuous Casting, Rolling Mill
Manufacturing Facilities:
Two DC Furnaces, Three AC Furnaces, Three Continuous Casting MIC, One
BloomlBeam Blank Casting MIC, One Bar & Rod Mill, One Beam & Section Mill, One
Stretching Factory, One Straightening Factory, One Cold Rolling Factory, One Nail
Manufacturing Factory, Two Wire Mesh Factories
Testing Equipments:
Kemaman Plant:
-Gas Analysers, Steel Analysers, Tensile Tests MIC
Gurun Plant:
-Universal Milling Machine SU1250, Standard Tester TIGI25R, Hardometer HP0250,
Eng Quench Unit Jomini, Electric Furnace FLO Temperature 1100, Balance Europe,
Magnetic Crack Detector Minicev 800, Press 75 tonnes, Precision Grinding Machine,
Furnace FT35, Metallurgical Microscope Optihot, Micro Scierometer Microscan OM,
Motopol Automatic Specimen Preparation, Press New Met II, Precision Center Lift
Alpha, Automatic Cut Off Machine, Machine for Marking Specimen, Cut Off Machine
Super Brown, Universal Testing Machine 600 KN, Impact Value Pendulum 300J,
Broaching Equipment, Tryo Stat F3-Q, Bar Bender, Weighing Machine, Universal
Testing Machine (Bending), CNC Milling Machine, Harness Tester HRB & HRC,
Surface Plate, Water Analysis Apparatus
Countries of Export:
USA, Taiwan, Indonesia, Vietnam, Thailand, Singapore
Percentage of Export:
27% (1998)
Accreditation to Qualify Management System:
MS IS09002:1994 by SIRIM, BS EN9002:1994

Malayawata Steel Berhad
'Company Details
Full
Business
Name :
Compan my
Registraition No.:
Busines s
Address
Phone:
Fax:
Email:
Website

Malayawata Steel Berhad
4405-M
3rd Floor, Wisma Ann 3oo, Lot 19391, Batu 81/2, Jalan Klang Lama, 46000
Petaling .aya, Selangor, Malaysia
604-3907297 (Procurement) 603-55482088 (Sales)
604-3908863 (Procurement) 603-55485088 (Sales)
teh e
.

.
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Business Detai Is
Categories:
Semi Finished :
Rolled Products
Rolled Products
Rolled Products
Factories
Address:
Product
Manufactured:

Established on

Countries
export:
No.
Employees:
Business
Inquiries:
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Billet
: Bars
: Sections
: Wire Rod

Lot 236, Pral Industrial Estate, 13600 Prai, Penang, Malaysia
Deformed high yield bars (8 to 40mm diameter), MS bars (8 to
32mm diameter), angles (38 to 65mm)/flats (4 to 12mm
thick)/squares (9 x 9mm to 16 x 16mm), wire rods (5.5 to
16mm diameter)

1961
.of Singapore, Vietnam, Indonesia, Myanmar, Bangladesh, Sri Lanka, Australia,
New Zealand, Philippines
of 972

President/CEO
Dato' Lim Hong Thye
Vice President - Operations
Mr. Teoh See Cheng
Vice President - Marketing
Mr. Tay Ewe Hoo

MALAYWATA STEEL BERHAD

Established in 1961, Malayawata Steel Berhad is the nation's pioneer steel maker
and the first integrated steel mill in South East Asia. Malayawata is the first steel
mill in Malaysia to win the coveted NPC Productivity Award 2002, awarded by the
Ministry of International Trade & Industry. In January 2004, Malayawata became
the first steel mill in South East Asia to successfully obtain three certifications of
internationally-acclaimed management systems, all at the same time, i.e. in Quality
(ISO 9001:2000), Environmental, (ISO 14001:2004) and Occupational Safety &
Health, (OHSAS 18001:1999) which we call the Integrated Management System
(IMS). The Group's principal activities are selling and marketing of steel related
products and the cultivation of oil palm and sale of oil palm produce. Other
activities include renting out of machinery and property investment holding. The
Group operates in Malaysia and other ASEAN countries.
Products Manufactured:
Industrial Gases (Nitrogen and Oxygen), Mild Steel Billets (100mm, 120mm,
150mm), SWRM 8K/10K/12K Billets (120mm and 150mm), SWRM 8K/10K/12K
Wire Rods (]IS G3505:1996), Mild Steel Round Bar (MS 146:2000 (G250), BS
4449:1997 (Grade 250), High Yield Deformed Bars (MS 146:2000 (Grade 460 and,
Grade 500, BS4449:1997 Grade 460B), Mild Steel Angle Bars (JIS G3101:1995
Grade SS400 and Grade SS490), Mild Steel Flat Bars (JIS G3101:1995 Grade
SS400 and Grade SS490), Wire Rod Size 5.5, 6.5, 7.6, 8, 9, 10 and 11mm
Business Address:
PO Box 60,
12700 Butterworth, Penang
Telephone Number:
604-3907144
Telefax Number:
604-3908863 / 3996571
Email:
teoh.see.cheng(amalayawata.com.my;
tay.ewe.hoo@.malayawata.com.my
Factory Address:
Lot 236, Prai Industrial Estate,
13600 Prai, Penang
Established:
1961
Business Enquiries:
Mr. Teoh See Cheng - Vice President (Operation)
Mr Tay Ewe Hoo - Vice President (Marketing)
Number of Employees:

830

10

Ownership:
7% Bumiputera, 70% Malaysian, (Incl. 30% Pernas International), 23% Foreign
Annual Capacity:
500,000MT
Annual Sales:
RM500 Million
Products Manufactured:
Deformed High Yield Bars (10 to 40mm Diameter), MS Bars, Angles (38 to 65mm),
Flats (4 to 12mm thick), Squares (9x9mm to 16xl6mm) & Wire Rods (5.5 to 16mm
Diameter)
Materials:
Steel Scraps & Ferro - Alloys - For Round, Square, Angle Bars & Wire Rods
Hot Coils - For Light Sections (Angles & Channels) and Flat Bars
Main Production Process:
EAF Steel Making to Rolling Mills
Manufacturing Facilities:
One Unit 8OMT DC Electric Arc Furnace with Ladle Furnace & 5 Strand Continuous
Caster, One Unit Semi-Continuous Bar Mill, One Unit Continuous Bar & Wire Rod Mill
Testing Equipments:
ARC - Spark Spectrometer, Universal Testing Machine, Image Analyser
Accreditation to Qualify Management System:
Certified by BVQI, Standard IS09002

httD:/lwww.tradenex.comlsites/malwata/f main.htm
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Southern Steel Berhad
'Company Details
Full Business Name: Southern Steel Berhad
i Company
5283-X
Registration No.:
Business Address:
2723 Lorong Perusahaan 12, Pral Industrial Estate, 13600 Pral, Penang,
Malaysia

i

Phone:
Fax:
Email:
Website:

Business Details
, Categories :

604-3906540
604-3908060
chow. chonqlonaqEsouthsteel, com
bttpo://www.southsteel.con

Semi Finished : Billet
Rolled Products : Bars
Rolled Products Pre Bent Bars
Rolled Products Wire Rod

Factories Address:

2436 Lorong Perusahaan 12, Pral Industrial Estate, 13600 Pral, Penang,
Malaysia

Product
Manufactured:

Steel bar, wire rod, steel billet

Established on:
Countries of export

1963
Brunel, Thailand, Hong Kong, Taiwan, Vietnam, Bangladesh, Indonesia,
Japan, Philippines, Singapore, USA and Canada
1206

No. of Employees:
Business Inquiries:

Chief Executive Officer
Dato' Dr. Tan Tat Wai
Chief Operating Officer
Mr. Chow Chong Long
General Manager (Commercial)
Mr. Cheong Khal Kong
General Manager (Material Handling)
Mr. Tan Kim Cheng
General Manager (Purchasing)
Mr. Hew Yoon Huat

SOUTHERN STEEL BERHAD

Southern Steel Group is a leading Malaysian Steel Group with over 30 years
,of experience and expertise in steel products manufacturing. Its strong
shareholder line-ups include Hume Ind. (a member of Hong Leong Group
Malaysia) Natsteel Asia Ltd, and the founding business families based in
Penang. Hong Leong and Natsteel Asia are among the top ten industrial
conglomerates in Malaysia and Singapore respectively. Southern Steel quality
products include mild steel round bars, high-yield deformed bars, light section'
and wire rods ranging from' very low carbon to high carbon and cold heading
steel. Southerm Steel engages state-of-the-art technology, and a strictly
enforced quality control system. Southern Steel is the first steel Mill group in
Malaysia to be awarded the ISO 9002 certificate, a testimonial to its
commitment to quality excellence. Its success is guided by a corporate
philosophy whereby its people and business are committed to. uphold integrity,
competence and teamwork, and firmly believe in being innovative, technology
driven and environmentally friendly.
Founded in 1963, Southern Steel Berhad has grown from a small galvanished
iron sheet plant to a major steel manufacturing group. The Company has
invested RM1.2 billion in 1.3 million MT on of billet making and 1,300,000 MT of
bars and wire rod rolling facilities. Southern Steel Berhad is the first in
Southeast Asia to supply high quality easy drawing wire rods with low scale loss
to customers. The Company is also the first in Asia outside Japan to install the
DC arc furnace. While Southern Steel Berhad's manufacturing operations
employ the most advanced technology, its human resources are among the
most skilled workforce in the industry.
Brisk Steel Products Sdn. Bhd. (BSP) was established in 1980 and became an
associate of Southern Steel Group in 199,5 when Southern Mesh was merged
with it. It became a wholly owned subsidiary of Southern Steel Group in year
2000. Since the late eighties, BSP has been the leader in the local steel welded
mesh industry with 60% market share. BSP has three manufacturing plants
strategically located in Klang, Prai and Pasir Gudang with a combined
production capacity of approximately 180,O0OMT per annum. It also has a sales
office in Kuantan, Pahang Darul Makmur to cater for the east coast market.
BSP is also the only wire mesh manufacturer to be awarded the prestigious ISO
9002 in all its three plants. The Company adheres to stringent product quality
control and strong technical backup in meeting the requirements of projects of
various complexities.
Southern Pipe Industry (M) Sdn. Bhd. was founded in 1967. It became an
associate of Southern Steel in 1987 through the merger with Southern Steel's
pipe operation. In 1989, it became a subsidiary of Southern Steel. It has since

.S
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then grown as a leading pipe manufacturer in the country producing a wide
range of welder pipe including black pipe, conduit pipe, hot dipped galvanised
pipe & in line hot dipped galvanised pipe. Its superior coated pipe has been well
accepted in the United States, Canada and other developed countries in the
Europe.
Southern Wire is the leading steel wire manufacturing company in Malaysia and
in Asean. The Company has been in operations since 1969. It has been a fully
owned subsidiary of Southern Steel Berhad since 1992. Southern Wire's range of
steel countries. The products cover bedding & seating wire, automotive and
industrial wire, wire rope, cable armouring wire, gabion wire, fencing wire, staple
wire, stitching wire and so on. Southern PC Steel, the fully owned subsidiary of
Southern Wire manufactures prestressed concrete strand, wire, wire and bar. In
addition to being MS IS09001:2000 certified and complying with SIRIM
standards
of Malaysia, Southern Wire's products also confirm to
international quality standards such as API, Lioyds, ABS, ASTM and BS.
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Business Address:
2723 Lorong Perusahaan 12,
Prai Industrial Estate,
13600 Pral, Penang, Malaysia
Telephone Number:
604-3906540
Telefax Number:
604-3908060
Website:
www.southsteel.com
Email:
admina)ssb.po.mv
Factory Address:
2435 Lorong Perusahaan 12,
Prai Industrial Estate,
13600 Pral, Penang, Malaysia
Established:
1963
Business Enquiries:
Dr. Tan Tat Wai - Group Managing Director
Mr. Chow Chong Long - Chief Operating Officer
Mr. Kua Jit How - Deputy Chief Operating Officer
Number of Employees:
1,100
Ownership:
28.69% Foreign, 71.31% Malaysian
Annual Capacity:
Rolling Mills:
*Two bar mills (annual capacity 600,000 tonnes)
-Two barlwire rod mills (650,000 tonnes)
Annual Capacity:
600,000 tonnes
-Two bartwire rod mills (650,000 tonnes)
Annual Sales:
RM600 million
Materials:
Billets and Scrap
Secondary Prod. Process:
Cut & Bend
Countries of Export:

Brunei, Thailand, Hong Kong, Taiwan, Vietnam, Bangladesh, Indonesia, Japan,
Philippines, Singapore, USA and Canada
I
Accreditation to Qualify Management System:
Certified by BVQI, Standard IS09002:1994 since 1993
Certified by SIRIM, Standard MS IS09002 since 1996

http://www.tradenex.comlsiteslSouSteellf_main.htm
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Amsteel Mills Sdn Bhd
Company Details
Full
Business Amsteel Mills Sdn Bhd
Name:

Company
Registration No.:
Business
Address:
Phone•
Fax:
Email:
Website :

6ý077-A
Lot 1 Jalan Waja, Bukit Raja Industrial Estate, 41050 Kiang, Selangor,
Malaysia; Marketing Office: Wisma Lion, Lot 2319, Kawasan Perindustrian
Olak Lempit, Muklm Tanjung Dua Belas, 42700 Banting, Selangor
603-33412322/2323/2422; Marketing Office: 603-31822200
603-33412354/2392/1942; Marketing Office: 603-31822356/2357
a ybb@amsteelcom.my/ wonglm. @amsteel.com.my
http l/www. lion. com.my
I

Business Details
Categories:

Semi Finished : HBI
Semi Finished Billet
Rolled Products : Bars
Rolled Products: Wire Rod

Factories
Address:

1. Steel Bar and Wire Rod Operations: Lot I Jalan Waja, Bukit Raja Industrial
Estate, 41050 Kiang, Selangor, Malaysia 2.HB1 Operations: Ranca-ranca
Industrial Estate, 87015 Labuan FT, Malaysia

Product
Manufactured.:

Billets & high tensile deformed bar, round bar, wire rod, flat bar, angle bar,
HBI

Established on:
1980
Countries
of Steel Bar and Wire Rod Operations: Singapore, Vietnam, Philippines, Sri
export:
Lanka, Australia, New Zealand, Paklstan;HBI Operations: South Korea,
Taiwan, Peoples' Republic of China, Indonesia, Australia and Thailand
No. ;-.
of 1000
Employees:
Business
Inquiries:

Managing Director
Mr. Toh Tuan Sun
Director of-Operations
Mr. Lim Kay Meng
Head of Purchasing
Mr. Raymond Tan
Head of Export/Sales
Export: Steel Bar & Wire Rod
Mr. B B Koay
Local: Steel Bar & Wire Rod
Mr. Wong Leong Ming
HBI: Mr. Dominic Lu

!

AMSTEEL MILLS SDN BHD
Amsteel Mills Sdn. Bhd, a member of The Lion Group commenced operations in
1978. It operates two steel mills, in Klang and Banting, both in Selangor, which
are equipped with modern facilities. comprising Electric Arc Furnaces of 85-ton
and 160-ton respectively, 6-strand Continuous Casting Machines and Ladle
Furnaces to produce billets for rolling into bars and wire rods. The Banting mill
produces special grade bars and wire rods for automotive parts, mattress and
mechanical springs, turning parts, wire ropes and other speciality uses. Another
mill operated by the Group under the name of Antara Steel Mills Sdn Bhd in
Johor produces billets and bars including angle bars and U-channels.
Antara Steel Mills also operates a HBI plant using the Midrex Direct Reduction
technology in Labuan, East Malaysia. Most of the HBI is exported for steel
making purposes with some used in Amsteel's own operations and in sister
company,
Megasteel
Sdn
Bhd.
Amsteel Mills has a steel making capacity of 4.9 million tonnes of billets per
annum, and a rolling capacity of 1.9 million tonnes of steel bars and wire rods per
annum.

Strategically located in the Klang Valley in peninsular Malaysia, its proximity to
Malaysia's premier port, Port Klang, makes Amsteel Mills ideally located to cater
to the requirement of domestic customers as well as international markets.
Antara Steel Mills' location in the south of Peninsular Malaysia is also well placed
to
cater
to
southern
region
including
Asean
market.
A commitment towards prompt and reliable delivery services had enabled
Amsteel Mills and Antara Steel Mills to gain both local and international
acceptance and customer satisfaction in its products and services.
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Combining human skills, experience, technology and equipment, Amsteel has
established its name as one of the reputable mills in supplying quality steel
products
to
the
domestic
and
international
markets.
Our commitment to quality is proven with our achievement in obtaining the ISO
9002 Quality System awarded by Standard Industrial Research Institute of
Malaysia (SIRIM) in 1994 and British Standards Institute (BSI) in 1995.

STEELMAKING
The steel meltshop in Kiang was established in 1982 with an 85-ton Electric Arc
Furnace (EAF), subsequently upgraded to 100-ton, and a 6-strand Continuous Casting
Machine (CCM) to produce billets. The Ladle Furnace was installed in 1985 as part of
the mills'-quality improvement programmes to produce high .grade billets. The steel
making facility in Kiang has enabled Amsteel to achieve a billet production of 750,000
tonnes
per
annum.
Amsteel's new meltshop in Banting under Amsteel II comprises a 160-ton Direct
Current EAF, LF, Vacuum Oxygen Degassing and a 6-strand CCM featuring full shroud
or submerged nozzle operation (stopper rod system), mould EMS and hydraulic
oscillators capable of producing 1.25 million tonnes of billets per annum. The 10m
radius casting machine is designed for high speed casting of 130mm to 160mm billets
in a wide range of special engineering steel including free-cutting and cold heading
quality
for
the
downstream
industries.

ROLLING
Amsteel Mills rolling facilities consist of two Bar Mills and a Wire Rod Mill in Klang, and
a Rolling Mill capable of producing both bars and wire rods in Banting. The two Rolling
Mills in Antara Steel Mills produce steel bars and light sections such as angle bars, flat
bars
and
U-Channels.
The Wire Rod Mill in Amsteel Klang is a tandem mill with finishing speed of 100 metres
per second for 5.5mm rod. This mill incorporates the Stelmor Controlled air-cooling
system with technologies from Danieli and Morgan for the production of cold-heading
and
high
carbon
wire
rods.
In order to meet the demand for the quality bars and rods by the downstream
industries, Amsteel II in Banting was commissioned in 2001. Its Rolling Mill
incorporates some of the most advanced technologies, such as Walking Beam
Furnace, High Pressure Descaler, Horizontal-Vertical Non-Twist Stands, Prefinishing
Mill, Twin Module Fast Block running at 120 metres per second for 5.5mm rods, plus
state-of-the-art
Stelmor
Controlled
Cooling
system.
The deformed bars produced range from 10mm to 50mm, while the round bars
including for engineering applications range from 16mm to 50mm. The flat bar
thickness is from 4.5mm to 12mm, and the angle bar sizes are from 25mm x 25mmx
2.8mm up to 100mm x 100mm x 12mm. The wire rods sizes are from 5.5m to 20.5mm,
with the bigger wire rods from the Garret Coiler ranging from 16mm to 32mm.

(

Products

Hot Rolled Mild Steel Flat Bars
Hot Rolled Steel Bars for the Reinforcement of Concrete
Low Carbon Steel Wire Rods
Amsteel Specification - Lows Carbon Steel Wire Rods for Fine Drawing
Rolled Carbon Steel for Cold Finished Steel Bars
Wire Rods for Core Wire of Welding Electrode
Amsteel's Specification - Wire Rods for Coare Wire of Welding Electrode
High Carbon Steel Wire Rods for Cold Heading and Cold Forging
Amsteels Specification - Steel Wire Rods for MIG/MAG Welding Solid
Wire, Carbon Steel Filler Metals for Gas Shielded Arc welding
Free Cutting Steel (Leaded Rephosporised & Resulpherized Carbon Steel

Business Address:
Lot 1, Jalan Waja,

Bukit Raja Industrial Estate,
41050 Klang, Selangor.
Telephone Number:
603-3341 2322 1 603-3341 2323
Telefax Number:
603-3341 2354
Website:
www.lion.com.my
Factory Address:
* Steel Bar and Wire Rod Operations
Lot 1, Jalan Waja,
Bukit Raja Industrial Estate,
41050 Kiang, Selangor.

* HBI Operations
Ranca-Ranca Industrial Estate,
PO Box 81555, 87015 Labuan F.T.
Business Enquiries:
Mr Eric Cheng Theng How - Chief Executive Officer
Mr Chen Kwong Fatt - Head Of Operations
Mr William Wong Pak Yii, Mr Koay Boon Bioh (Steel Bar & Wire Rod)- Head Of
Export/Sales
Mr Dominic Lu (HBI) - Head of Export/Sales
Number of Employees:
1,000
Ownership:
26.29% Bumiputera, 68.29% Malaysian, 5.42% Foreign
Annual Capacity:
Steel Making 750,OOOMT, Rolling 850,OOOMT, HBI 700,OOOMT
Annual Sales:
RM 900 million
Products Manufactured:
Deformed Bar, Round Bar, Wire Rod and HBI
Materials:
Scrap,' Pig Iron, Iron Pellets and Iron Lump Ores
Main Production Process:
* Steel Bar and Wire Rod Operations:
Steel Making, Steel Refining, Billet Casting
* HBI Operations:
Midrex Direct Reduction Process
Secondary Prod. Process:
Wire Rod Straightening
Manufacturing Facilities:
* Steel Bar and Wire Rod Operations:
Electric Arc Furnace, Ladle Furnace, Continuous Casting Machine, Rolling Mills-Bar &
Wire Rods, Packaging System
*

HBI Operations:

Shaft Furnace, Gas Reformer, Briquetted System, Blower System, Water System,
Material Handling System.
Testing Equipment:
Tensile Testing Machine, Spectrometer, Gas Analyser, Bending Test Machine,
Hardness Tester.
Countries of Export:
* Steel Bar and Wire Rod Operations:
Sinuavore. Vietnam. PhilioDines. Sri Lanka. Brunei and Mvanmar.

U

* HBI Operations;
South Korea, Taiwan, Peoples' Republic of China, Indonesia, Australia and Thailand.
Percentage of Export:

* Steel Bar and Wire Rod Operations
* HBI Operations - 90% and above

- 10%

Accreditation to Qualify Management System:
Certified by SIRIM, Standard iS09002

http:llwww.tradenex.com/sites/amsteelmills/f main.htm

Megasteel Sdn Bhd

. ......
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___ _---------------

iCompany Details
Full Business Name:
Company
Registration No.:
Business Address:
I

Phone:
Fax:
Email:
Website:

Megasteel Sdn Bhd
181104-T
Lot 2319 Kawasan Perindustrian Olak Lempit, Mukim Tanjung Dua Belas,
42700 Bantlng, Selangor, Malaysia
Factory: 603-31816666/8866 Marketing: 603-31822200
Factory. 603-31816919-Marketing: 603-31822211/31822233
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SBusiness Details
Categories:

Semi Finished I Slabs
Rolied Products : CR
Rolled Products : HRC

Factories Address:
* Product
Manufactured:

As above

*Established on:,
Countries of export:
No. of Employees:

1989

Business Inquiries:

" Hot rolled coils
" Pickled and oiled hot rolled coils
" Cold rolled coils

1700
Chief Executive Officer
Tan Sri William Cheng
Marketing Director
Mr. Anthony Chin
General Manager
Mr. Khor Toong Yee
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MEGASTEEL SDN BHD

Megasteel Sdn Bhd, a member of The Lion Group, is the first steel mill in
Malaysia to produce fiat steel products in the form of hot rolled coils. It has a
total investment of RM3.2 billion and is located on a 500-acre site in Banting,
Selangor. The mill is approximately ,1.3 km long with a built-up area of 1.3
million
square
feet.
Megasteel is in close proximity to the Klang valley where 70% of the nation's
consumers of hot rolled coils are located. Its strategic location near Port Klang
helps to facilitate exports and lower transportation costs for the import of raw
materials and export of finished coils. With a capacity of 2 million metric tons
per annum, Megasteel's production helps to substitute imports and yield
substantial
foreign
exchange
savings.
The Megasteel mill is fully automated using state-of-the-art direct current
Electric Arc Furnace-Compact Strip Production (EAF-CSP) process which
incorporates the 'Thin Slab Casting' technology developed by SMS of Germany.
CSP
Thin Slab Casting technology is recognised worldwide as the latest
technology to produce flat steel. It is able to produce high quality steel with
significantly higher production yield and energy savings. More importantly,
Megasteel is more environment-friendly as it recycles steel sceap and uses the
clean raw material, Hot Briquetted Iron (HBI) in its EAF process. Megasteel is
the only steel mill in the country to use this advanced CSP technology.
Megasteel also produces hot rolled coils, picked and oiled. It has commenced
production of its cold rolled mill with a capacity of 0.7million metric tons
expandable to 1.45 million metric tons of cold rolled coils per annum.
In recognition of its quality products, Megasteel has received the JIS G 3101
1995 for Hot Rolled Steel Coil, JIS G 3131 :1996 for Hot Rolled Mild Steel Coil
and JIS G 3131 : 1990 for Hot Rolled Carbon Steel Coil certifications from
SIRIM Berhad. Megasteel has also received the MS ISO 9001:2000, Lloyd's
Register Plant Approval and American Bureau of Shipping Plant Approval
certifications.

W

Hot Rolled Coil (HRC) and Cold Rolled Coil (CRC)
specification
PRODUCT RANGE
Thickness
1.0mm 21..mm
Hot Rolled Coilf 1.5mm-Pickled & Oiled.
6.0mm .

Product
[Hot Rolled Coil

.

Width
900rmm1575mm
900mm1575mm

Cold Rolled

0.35mm -

900mm -

Coil

3.2mm

1575mm

Coil Diameter Coil Weight
[Inner Diameter. 10 MT -30 MT
:760mm
[Inner Diameter 8 MT - 30 MT
:610mm
Inner Diameter
5098m/61mm'

QUALITY SPECIFICATION

General Structure

JIS G 3101 'SS330, SS400, SS490, SS540
JIS G 3131 .SPHC, SHS
ASTM
A36, Al011, A572, A131, A283, A285,
SBS EN
A516
.110025 .
S235J2G3, S275J2G3, S355J2G3

FGas Cyclinde-er
]JIS G 3116 .SG255, SG295
lAutomobile Structure -. IJIS G 3113 .JsApH370, SAPH400, SAPH44O
.Welded Structure
P.IS.G3106 ISM400,. SM490
lCorrosion Resistant Steel t.IS G 3125 'ISPAH
.ASTIM IA242
G 3132 JSPHT1, SPHT2, SPHT3, SPHT4
Pipes and TubesJIS
.. ASTM .
IA5 .
.
..
.
.
AP.5.L .
X42, X52, X56, X60, X65
Line.Pipes ..

[ifshPre Matera

:PBS.719
1
oreMat.R
rcold355CA
eiaeld

355........3........D

fo
odRolled tSAE_
;11006', 1008
..Chequered Plate
!JIS G 3101 iiSS400
__
CI43A1
!B.S 4360 ....
.. .. .. .
IlCold. Rolled Coil...

.

. "

J IS G 3141 :[SPCC, SPCD, SPCC-1B

In addition to the above, Megasteel's products also adhere to other international
standards eg. DIN, EN, AS etc
TEST METHOD
Test methods according to standard requirements following ASTM, JIS or
equivalent standards
CERTIFIED BY

SIRIM (ISO 9001 :2000)
Lloyd's Register
American Bureau of Shipping

Hot Rolled Coil Applications

Gas Cylinders

Automotive Wheels

Galvanized Pipes

Marine Cargo Containers

Oil FilterBody

Cold Rolled Coil Applications

Safe Boxes

Steel Furniture

Cold Rolled Coils

Pipes and Tubes

Automotive Body Panels

Production Process Flow Chart and Main Equipment

All Megasteel products are tested to meet the physical, dimensional and application
requirements in accordance with ASTM, BS, JIS and DIN or other standards:
Uniformity in quality, thickness and properties
Test and control with minimum tolerance and able to achieve uniformity across width
and over the entire length of the strip
"High quality of steel
Stringent control of steel cleanliness by addition of HBI, and using LF treatment, and
Vacuum Degassing process (VD) Ofor certain higher quality applications

~0

Advanced testing and inspection facilities
To monitor every stage of the production process, QA tests cover:Chemical Test 00:
Every heat is checked for correct chemistry
MechanicalTest 0:
Testing to conform to standard requirements comprising tensile, bend, hardness,
and
impact tests
Online Inspection
Conducted on all products, assuring zero surface / internal defect
Macro Examination 0:
Macro specimens are analysed to conform to application properties
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Production Facilities
1. HBI (Hot Briquetted Iron), DRI
(Direct Reduced Iron), pig iron
and selected scrap are the raw
materials for making quality
steel.
3. Ladle Furnace to ensure steel
chemistry and quality

superiority.
5. Soaking Furnace to ensure

2. 2X Electric Are Furnaces are of
the most modem design in the
world

4. Thin Slab Continuous Caster in operation.

6.,

even slab temperature before
rolling.

7. Laminar Cooling System
ensures even strip temperature
and mechanical properties of
coils.

[6-stand Hot Strip Mill with
4-high CVC (Continuous
Variable Crown) design to
guarantee profile and gauge
accuracy.

8. High-speed Downcoiler for coiling of strip
into'HRC.

0

Business Address:
Lot I Jalan Waja,
Bukit Raja Industrial Estate,
41050 Klang, Selangor
Telephone Number:
603-3343 4900 1 3343 4895-97
Telefax Number:
603-3341 2191
Website:
www.lion.com.my
Email:
Chanqcs(alion.com.my
Business Enquiries:
Mr. Eric Cheng - Chief Executive Officer
Mr. Vijay Kumar - Head of Purchasing.
Mr. Lee Ching Kion - Head of Marketing
Established:
1999

iýi

(0

Number of Employees:
795
Ownership:
27.11% Bumiputera, 67.62% Malaysian, 5.27% Foreign
Annual Capacity:
2,000,00OMT
Annual Sales:
RM883 Million
Products Manufactured:
HRC & CRC
Materials:
Scrap, Hof Briquetted Iron, Pig Iron
Main Production Process:
Integrated Hot Rolled Coil Production, Steel Making, Steel Refining, Thin Slab Casting,
Hot Rolled Coil Rolling
Secondary Prod. Process:
Skin Passing
Manufacturing Facilities:
EAF, LF, VOD, CSP Thin Slab Casting, Soaking Furnace, CSP Rolling Mill, Strapping
Machine, Skin Pass Mill
Testing Equipment:
Optical Emission Spectrometer, XRF, GaCAnalyser, Universal Tensile Machine,
Hardness Tester, Bend Tester, Impact Tester
Accreditation to Quality Management System:
Certified by SIRIM, Standard IS09001

APPENDIX B
ATTACHMENT B-6
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Main Identity from Carol
From:
To:
Cc:
Sent:
Subject:

"Paul Shen" <paul.shen@fedex.com>
"Cathryn N. Chang" <cnchang@iem-inc.com>
"Carol D. Berger" <cdberger@iem-inc.com>
Monday, September 11, 2006 11:49 PM
RE: Shipping Sample Ore to China (??????????)

Cathryn,

According to your informationI think its H.S.code is 261210 or 261220,so there
is no special limit to import to CN.

Of course,if you want to use FedEx's servicepls provide consignee's information
to us in adv for clearance smoothly.

Thanks!

B/regards!
Paul

From: Cathryn N. Chang [mailto:cnchang@iem-inc.com]
Sent: 2006*9A 12 H 11:16
To: 449015@fedex.com
Cc: Carol D. Berger; Cathryn N. Chang
Subject: Shipping Sample Ore to China (??????????)
Dear Mr.

Shen:

Following-up on our conversation earlier today, would you please let
us know if
there is any Chinese rules and regulations on shipping a 4 kilograms natural ore to
China from the United States? Will you be able to act as our agent at the Chinese
Custom before delivering the package to our final destination?

Thank you very much for your time and assistance.
you at your earliest convenience.

We look forward to hearing from

Cathryn Chang

4/11/2007

Page 2 of 2

Cathryn Chang
Integrated Environmental Management, Inc.
8 Brookes Avenue, Suite 205
Gaithersburg, Maryland 20877
(240) 631-8992; CNChangq(cIEM-Inc.com
Web site at http-//Www.IEM-Inc.com
The information contained in this electronic mail message contains-priiloqgd @A
- d R, fidi•,4 ;l infcrma tir;n
intended solely for the use of the individual or entity to whom it is addressed. If you are not the intended
addressee, you are hereby notified that any dissemination, distribution or copying of this communication is
prohibited and may be unlawful. If you received this communication in error, please notify the sender and delete
the communication. Nothing in this communication is intended to operate as an electronic signature under
applicable law.
IEM takes precautions to minimize the risk of transmitting software viruses with our electronic communications.
However, we advise you to perform your own virus scans on attachments, if any, to this e-mail. IEM does not
accept liability for any loss or damage caused by software virus.

4/11/2007
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Main Identity from Carol
From:
To:
Cc:
Sent:
Subject:

"Carol D. Berger" <CDBerger@IEM-lnc.com>
"David Smith" <dsmith@shieldalloy.com>
"Cathryn N Chang" <cnchang@iem-inc.com>
Wednesday, September 13, 2006 10:34 AM
Sample Shipment to China

Dave:
I wanted to give you an update on where we stand in the procedure for shipping the four-kilogram sample of
CANAL to China. Cathryn is in communication with a representative of Federal Express (in China) that is ready to
facilitate receipt of the sample at Customs (we need to be sure the sample is accompanied by a number of things
and we need to give him a heads-up on content and UN number). However, the CAEA continues to insist that the
recipient needs to be licensed before they can receive the sample.
We have downloaded and translated licensing regulations for industrial usage, which appear to have exemption
criteria for uranium at least. Cathryn is trying to develop a contact with the agency that promulgates those
regulations so we can clarify our findings, figure out how the thorium in the CANAL will be addressed, and get
some reassurance that the sample can be shipped without any problems.
So far, the worst possible case is that a registration fee needs to be paid (i.e., no licensing required), with the best
(and most likely) case being that the sample is completely exempt. Hopefully we will know the answer shortly.
Stand by.
- Carol

*

Carol D. Berger
Integrated Environmental Management, Inc.
8 Brookes Avenue, Suite 205
Gaithersburg, Maryland 20877
(240) 631-8990
cdberger@iem-inc.com
Please visit our web site at http://www.iem-inc.com
piilcgd
The information contained in this electronic mail message contains rp,

Eind

confidential information

intended solely for the use of the individual or entity to whom it is addressed. If you are not the intended
addressee, you are hereby notified that any dissemination, distribution or copying of this communication is
prohibited and may be unlawful. If you received this communication in error, please notify the sender and delete
the communication. Nothing in this communication is intended to operate as an electronic signature under
applicable law.
IEM takes precautions to minimize the risk of transmitting software viruses with our electronic communications.
However, we advise you to perform your own virus scans on attachments, if any, to 'this e-mail. IEM does not
accept liability for any loss
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Main Identity from Carol
3
From:

"Carol D. Berger" <CDBerger@lEM-Inc.com>

To:
Cc:
Sent:
Subject:

"David Smith" <dsmith@shieldalloy.com>
"Cathryn Chang".<cnchang@iem-inc.com>
Friday, September 15, 2006 9:37 AM
More China News...

Dave:
Cathryn sent me an e-mail this morning with the following information:

Good news & not so good news... The good news is that I FINALLY found the right person at the right
agency for the radioactive material licensing and regulations. Ms. Ma is at the Nuclear
Control/Management Office in the China National Nuclear Corporation (CNNC), a Central Government
controlled corporation. (She was the one who just got back from a business trip.) She confirmed that she
was the right person to contact; however, the no-so-good news is that she would not release the exempt
quantity & variety to me claiming that it was for domestic companies only. Since I am from the U.S., they
would not be able to give me the information. She indicated that our Chinese steel manufacture needed to
contact her directly at 011-86-10-6855-5535.

On one hand, it is troubling to be told that we can't have a copy of applicable regulations. On the other hand, it is
possible they are concerned about non-domestic evaluations of how their programs actually work (i.e., by the the
IAEA) and are thus holding them close to the chest. The fact that exemption quantities appear to exist is actually
good news as there is a chance they are sensitive to business issues and willing to work with the local recipient.
Once you have learned where the sample of CANAL is to go, assuming of course the recipient knows it
contains small but detectable concentrations of radioactivity, perhaps we can get them to call Ms. Ma, secure a
copy of the applicable regulations, and send them on over to us. Having them in hand will not only make the
shipment of the sample easier and put us in a position of. guiding the recipient through the process, it will jumpstart us on getting the entire CANAL inventory over to them when that day comes. (Note that I didn't say "if that
day comes".)
We'll stand by to hear from you.
-

Carol

Carol D. Berger
Integrated Environmental Management, Inc.
8 Brookes Avenue, Suite 205
Gaithersburg, Maryland 20877
(240) 631-8990
cdbergeraziem-inc.com
Please visit our web site at http://www.iem-inc.com

.

The information contained in this electronic mail message contains r.---A
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.
information
intended solely for the use of the individual or entity to whom it is addressed. If you are not the intended
addressee, you are hereby notified that any dissemination, distribution or copying of this communication is
prohibited and may be unlawful. If you received this communication in error, please notify the sender and delete
the communication. Nothing in this communication is intended to operate as an electronic signature under
applicable law.
IEM takes precautions to minimize the risk of transmitting software viruses with our electronic communications.
However, we advise you to perform your own virus scans on attachments, if any, to this e-mail. IEM does not
accept liability for any loss

4/1,1/2007

APPENDIX B
ATTACHMENT B-7

TRANSCRIPTION OF ILLEGIBLE FAX TRANSMISSION SHEET

To:Carol Berger (IEM)
Fax #:301-762-0638
From: James P. Valenti
Subject: International Uranium Corporation

Date: January 22, 1998
Pages: 10, including this cover sheet

COMMENTS:
Please find the attached NSNRC License SUA-1358, for the IUC White Mesa uranium milling facility. As we
discussed on the phone this morning, please review their license and any other information you can obtain to
evaluate the performance and compliance issues as applicable to SMC sending ferrocolumbium slag (CANAL) to
IUC.
Before sending the sample to IUC as requested, let me know if you have any concerns with SMC sending them
source material containing the thorium content consistent with CANAL. Also, please let me know what shipping
requirements SMC needs to follow to send the sample.
I plan to collect the sample from crushed CANAL stockpiled in D.102 and pack it in a small metal pail weighing
approximately 50 pounds total. One problem we haye had in past exercises is finding a carrier that is willing to
handle the shipment. Any suggestions you may have would be appreciated.
Please call me after you have had time to review this information so that I can proceed with submitting the slag
sample to IUC as soon as possible.
Thanks,
[Signed J. P. Valenti]
cc:
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TRANSCRIPTION OF ILLEGIBLE COVER LETTER

January 21, 1998

VIA FAX: (609) 697-9025
Mr. Jim Valenti
Shieldalloy Metallurgical Corporation
12 West Boulevard
Newfield, NJ 08344
Dear Mr. Valenti:
Again, please accept my apologies for our delay in getting this information to you. I appreciate your patience, and
hope that we can now move forward in receiving samples.
I attach a copy of the latest amendment to our NRC materials handling license authorizing the receipt and processing
of certain byproduct materials. At the NRC's request, we are applying for a performance-based license for the
future receipt and processing, generally, of byproduct materials. In the interim, if needed, we can apply for an
additional amendment, as we have done in the past with several other companies (Note Section 10.)
Approximately 50 pounds of material should be sent to our mill located at the following address:
Mr. William N. Deal, Plant Manager
White Mesa Uranium Mill
International Uranium (USA) corporation
6425 South Highway 191
Blanding, Utah 84511
Tel: (801) 678-2221
Fax: (801) 678-2224
Should you have any questions, please do not hesitate to contact Harold Roberts at (303 389-4160 or me at (303)
389-4152.
Best regards,

[Signed Jeffrey D. Price]

Jeffrey D. Price
Director, Marketing
Business Development
cc:

Mr. Harold Roberts
Mr. William Deal
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TRANSCRIPTION OF ]ILLEGIBLE FAX TRANSMISSION SHEET
U.S. NUCLEAR REGULATORY COMMISSION
MATERIALS LICENSE
Pursuant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974 (Public .Law 93 -438), and Title
10, Code of Federal Regulations, Chapters 1, Parts 30, 31, 32, 33, 34, 35, 36, 39, 40 and 70, and in reliance on statements and
representations hencefore made by the licensee, a license is hereby issued authorizing the licensee to receive, acquire, possess, and
transfer byproduct, source, and special nuclear material designated below, to use such material for the purposes(s) and at the
place(s) designated below to deliver or transfer such material to persons authorized to receive in accordance with-the regulations of
the applicable Part(s). This license shall be deemed to contain the conditions specified in Section 183 of the Atomic Energy Act of
1954, as amended, and is subject to all applicable rules, regulations, and orders of the Nuclear Regulatory Commission now or
hereafter in effect and to any conditions specified below.

Licensee

1.

2.

3.

License Number

4.

SUA- 13 58 Amendment No. 4
Expiration Date:

5.

Docket or

International Uranium (USA) Corporation
(Applicable Amendments: 2)
6425 S. Highway 191
P.O. Box 809
Blanding, Utah 84511
(Applicable Amendments: 2)

SECTION 9:

March 31, 2007
Reference No.

40-8681

Administrative Conditions

9.1

The authorized place of use shall be the licensee's White Mesa uranium milling facility located
in San Juan County, Utah.

9.2

All written notices and reports to the NRC required under this license, with the exception of
incident and event notifications under 10 CFR 20.2202 and 10.CFR.40.60 requiring telephone
notification, shall be addressed to the Chief, Uranium Recovery Branch, Division of Waste
Management, Office of Nuclear Material Safety and Safeguards.
Incident and event notifications that require telephone notification shall be made to the NRC
Operations Center at (301) 816-5100.

9.3

The licensee shall conduct operations in accordance with statements, representations, and
conditions contained in the license renewal application submitted by letter date August 23, 1991,
as revised by submittals dated January 13, and April 7, 1992, November 22, 1994, July 27, 1995,
December 13, and December 31, 1996 and January 30, 1997, which are hereby incorporated by
reference, and for the Standby Trust Agreement, dated April 29, 1997, except where superseded
by license conditions below.
Whenever the word "will" is used in the above referenced documents, it shall denote a
requirement. (Applicable Amendments: 2)

9.4

A.

The licensee may, without prior NRC approval, and subject to the conditions specified in
Part B of this condition:

TRANSCRIPTION OF ILLEGIBLE FAX TRANSMISSION SHEET
U.S. NUCLEAR REGULATORY COMMISSION
License Number

SUA- 1358, Amendment No. 4
MATERIALS LICENSE
SUPPLEMENTARY SHEET

Docket or Reference Number

40-8681
August 15, 1997

(1) Make changes in the facility orprocess, as presented in the application.
(2)

Make changes in the procedures presented in the application.

(3) Conduct tests or experiments not presented in the application.
B.

The licensee shall file an application for an amendment to the license, unless the following
conditions are satisfied.
(1) The change, test, or experiment does not conflict with any requirement specifically
stated in this license, or impair the licensee's ability to meet all applicable NRC
regulations.
(2)

There is no degradation in the essential safety or environmental commitments in the
license application, or provided by the approved reclamation plan.

(3) The change, test, or experiment is consistent with the conclusions of actions analyzed
and selected in the EA dated February 1997.
C.

The licensee's determinations concerning Part B of this condition, shall be made by a
"Safety and Environmental Review Panel (SERP)." The SERP shall consist of a minimum
of three individuals. One member of the SERP shall have expertise in management and
shall be responsible for managerial and financial approval changes; one member shall have
expertise in operations and/or construction and shall have responsibility for implementing
any operational changes; and, one member shall be the corporate radiation safety officer
(CRSO) or equivalent, with the responsibility of assuring changes conform to radiation
safety and environmental requirements. Additional members may be included in the SERP
as appropriate, to address technical aspects such as health physics, groundwater hydrology,
surface-water hydrology, specific earth sciences, and other technical disciplines.
Temporary members or permanent members, other than the three above-specified
individuals, may be consultants.

D.

The licensee shall maintain records of any changes made pursuant to this condition until
license termination. These records shall include written safety and environmental
evaluations, made by the SERP, that provide the basis for determining changes are in
compliance with the requirements referred to in Part B of this condition. The licensee shall
furnish, in an annual report to NRC, a description of such changes, tests or experiments,
including a summary of the safety and environmental evaluation of each. In addition, the
licensee shall annually submit to the NRC changed pages to the Operations Plan and
Reclamation Plan of the approved license application to reflect changes made under this
condition.

The licensee's SERP shall function in accordance with the standard operating procedures
submitted by letter dated June 10, 1997.

TRANSCRIPTION OF ILLEGIBLE FAX TRANSMISSION SHEET
U.S. NUCLEAR REGULATORY COMMISSION
License Number

SUA- 1358, Amendment No. 4
MATERIALS LICENSE
SUPPLEMENTARY SHEET

Docket or Reference Number

40-8681
August 15, 1997

(Applicable Amendments: 3)
9.5

The licensee shall maintain an NRC-approved financial surety arrangement, consistent with 10
CFR 40, Appendix A, Criteria 9 and 10, adequate to cover the estimated costs, if accomplished
by a third party, for decommissioning and decontamination of the mill and mill site, for
reclamation of any tailings or waste disposal areas, ground-water restoration as warranted and
for the long-term surveillance fee. Within three months of NRC approval of a revised
reclamation/ decommissioning plan, the licensee shall submit, for NRC review and approval, a
proposed revision to the financial survey arrangement if estimated costs in the newly approved
plan exceed the amount covered in the existing financial surety. The revised surety shall then be
in effect within 3 months of written NRC approval.
Annual updates to the surety amount, required by 10 CFR 40, Appendix A, Criteria 9 and 10,
shall be submitted to the NRC at least 3 months prior to the anniversary date which is designated
as June 4 of each year. If the NRC has not approved a proposed revision to the surety coverage
30 days prior to the expiration date of the existing surety arrangement, the licensee shall extend
the existing surety arrangement for 1 year. Along with each proposed revision or annual update,
the licensee shall submit supporting documentation showing a breakdown of the costs and the
basis for the cost estimates with adjustments for inflation, maintenance of a minimum 15 percent
contingency fee, changes in engineering plans, activities performed and any other conditions
affecting estimated costs for site closure. The basis for the cost estimate is the NRC approved
reclamation/decommissioning plan or NRC approved revisions to the plan. The previously
provided guidance entitled "Recommended Outline for Site Specific Reclamation and
Stabilization Cost Estimates" outlines the minimum considerations used by the NRC in the
review of site closure estimates. Reclamation/decommissioning plans and annual updates should
follow this outline.
The currently approved surety instrument, Performance Bond 18-23-17, issued by National
Union Fire Insurance Company in favor of the NRC, and the associated Standby Trust
Agreement, dated April 29, 1997, shall be continuously maintained in an amount not less than
$11,278,131 for the purpose of complying with 10 CFR 40, Appendix A, Criteria 9 and 10, until
a replacement is authorized by the NRC.
(Applicable Amendments: 2, 3)

9.6

Standard operating procedures shall be established and followed for all operational process
activities involving radioactive materials that are handled, processed, or stored. SOPs for
operational activities shall enumerate pertinent radiation safety practices to be followed.
Additionally, written procedures shall be established for non-operational activities to include inplant and environmental monitoring, bioassay analyses, and instrument calibrations. An up-todate copy of each written procedure shall be kept in the mill area to which it applies.
All written procedures for both operational and non-operational activities shall be reviewed and
approved in writing by the radiation safety officer (RSO) before implementation and whenever a
change in procedure is proposed to ensure that proper radiation protection principles are being
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applied. In addition, the RSO shall perform a documented review of all existing operating
procedures at least annually.
9.7

Before engaging in any activity not previously assessed by the NRC, the licensee shall administer
a cultural resource inventory. All disturbances associated with the proposed development will be
completed in compliance with the National Historic Preservation Act (as amended) and its
implementing regulations (36 CFR 800), and the Archaeological Resources Protection Act (as
amended) and its implementing regulations (43 CFR 7).
In order to ensure that no unapproved disturbance of cultural resources occurs, any work
resulting in the discovery of previously unknown cultural artifacts shall cease. The artifacts shall
be inventoried and evaluated in accordance with 36 CFR Part 800, and no disturbance shall occur
until the licensee has received authorization from the NRC to proceed.
The licensee shall avoid by project design, where feasible, the archaeological sites designated
"contributing" in the report submitted by letter dated July 28, 1988. When it is not feasible to
avoid a site designated "contributing" in the report, the licensee shall institute a data recovery
program for that site based on the research design submitted by letter from C.E. Baker of Energy
Fuels Nuclear to Mr. Melvin T. Smith, Utah State Historic Preservation Officer (SHPO), dated
April 13, 1981.
The licensee shall recover through archaeological excavation all "contributing" sites listed in the
report which are located in or within 100 feet of borrow areas, stockpiles areas, construction
areas, or the perimeter of the reclaimed tailings impoundment. Data recovery fieldwork at each
site meeting these criteria shall be completed prior to the start of any project related disturbance
within 100 feet of the site, but analysis and report preparation need not be complete.
Additionally, the licensee shall conduct such testing as is required to enable the Commission to
determine if those sites designated as "Undetermined" in the report and located within 100 feet of
present or known future construction areas are of such significance to warrant their redesignation
as "contributing". In all cases, such testing shall be completed before any aspect of the
undertaking affects a site.
Archaeological contractors shall be approved in writing by the Commission. The Commission
will approve an archaeological contractor who meets the minimum standards for a principal
investigator set forth in 36 CFR Part 66, Appendix C, and whose qualifications are found
acceptable by the SHPO.

9.8

The licensee is hereby authorized to possess byproduct material in the form of uranium waste
tailings and other uranium byproduct waste generated by the licensee's milling operations
authorized by this license. Mill tailings shall not be transferred from the site without specific
prior approval of the NRC in the form of a license amendment. The licensee shall maintain a
permanent record of all transfers made under the provisions of this condition.
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9.9

The licensee is hereby exempted from the requirements of Section 20.1902 (e) of 10 CFR Part 20
for areas within the mill, provided that all entrances to the mill are conspicuously posted in
accordance with Section 20.1902 (e) and with the words "Any area within this mill may contain
radioactive material".

9.10

Release of equipment or packages from the restricted area shall be in accordance with
"Guidelines for Decontamination of Facilities and Equipment Prior to Release for Unrestricted
Use or Termination of Licenses for Byproduct, Source, or Special Nuclear Material," dated May
1987, or suitable alternative procedures approved by the NRC prior to any such release.

SECTION 10: Operational Controls, Limits and Restrictions
10.1

The mill production rate shall not exceed 4380 tons of yellowcake per year.

10.2

All liquid effluents from mill process buildings, with the exception of sanitary wastes, shall be
returned to the mill circuit or discharged to the tailings impoundment.

10.3

Freeboard limits for Cells 1-1, 3 and 4A, and tonnage limits for Cell 3, shall be as stated in
Section 3.0 to Appendix E of the approved license application.

10.4

Disposal of material and equipment generated at the mill site shall be conducted as described in
the licensee's submittals dated December 12, 1994 and May 23, 1995, with the following
addition:
A.

10.5

The maximum lift thickness for materials placed over tailings shall be less than 4-feet
thick. Subsequent lifts shall be less than 2-feet thick. Each lift shall be compacted by
tracking of heavy equipment, such as a Cat D-5, at least 4 times prior to placement of
subsequent lifts.

In accordance with the licensee's submittal dated May 20, 1993, the licensee is hereby authorized
to dispose of byproduct material generated at licensed in-situ leach facilities, subject to the
following conditions:
A.

Disposal of waste is limited to 5000 cubic yards from a single source.
I

B.

All contaminated equipment shall be dismantled, crushed, or sectioned to minimize void
spaces. Barrels containing waste other than soil or sludges shall be emptied into the
disposal area and the barrels crushed. Barrels containing soil or sludges shall be verified to
be full prior to disposal. Barrels not completely full shall be filled with tailings or soil.

C.

All waste shall be buried in Cell No. 3 unless prior written approval is obtained from the
NRC for alternate burial locations.

D.

All disposal activities shall be documented. The documentation shall include descriptions
of the waste and the disposal locations, as well as all actions required by this condition. An
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annual summary of the amounts of waste disposed of from off- site generators shall be sent
to the NRC.
10.6

The licensee is authorized to receive and process source materials from the Allied Signal
Corporation's Metropolis, Illinois, facility in accordance with the amendment request dated June
15, 1993.

10.7

The licensee is authorized to receive and process source material from Allied Signal, Inc. of
Metropolis, Illinois, in accordance with the amendment request dated September 20, 1996, and
amended by letters dated October 30, and November 11, 1996.

10.8

The licensee is authorized to receive and process source material, in accordance with the
amendment request dated March 5, 1997. (Applicable Amendments: 1)

10.9

The licensee is authorized to receive and process source material from Cabot Performance
Materials facility near Boyertown, Pennsylvania, in accordance with the amendment request
dated April '3, 1997, as amended by submittals dated May 19, and August 6, 1997. (Applicable
Amendments: 4).

SECTION 11: Monitoring, Recording, and Bookkeeping Requirements
11.1

The results of sampling, analyses, surveys and monitoring, the results of calibration of
equipment, reports on audits and inspections, all meetings and training courses required by this
license and any subsequent reviews, investigations, and corrective actions, shall be documented.
Unless otherwise specified in the NRC regulations, all such documentation shall be maintained
for a period of at least five (5) years.

11.2

The licensee shall implement the effluent and environmental monitoring program specified in
Section 5.5 of the renewal application as revised with the following modifications or additions:
A.

Stack sampling shall include a determination of flow rate.

B.

Surface water samples shall also be analyzed semiannually for total and dissolved U-nat,
Ra-226 and Th-230, with the exception of the Westwater Creek, which shall be sampled
annually for water sediments and analyzed as above. A sediment sample shall not be taken
in place of a water sample unless a water sample was not available.

C.

Groundwater sampling-shall be conducted in accordance with the requirements in License
Condition 11.3.

D.

The licensee shall utilize lower limits of detection in accordance with Section 5 of
Regulatory Guide 4.14 (Revision 1), for analysis or effluent and environmental samples.

E.

The inspections performed semiannually of the critical orifice assembly committed to in
the submittal dated March 16, 1986, shall be documented. The critical orifice assembly
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shall be calibrated at least every 2 years against a positive displacement Roots meter to
obtain the required calibration curve.
11.3

11.4

The licensee shall implement a groundwater detection monitoring program to ensure compliance
to 10 CFR Part 40, Appendix A. The detection monitoring program shall be in accordance with
the report entitled "Points of Compliance, White Mesa Uranium Mill," submitted by letter dated
October 6, 1994 as modified by the following:
A.

The lead detection system'for all ponds will be checked weekly. If liquid is present, it shall
be analyzed for chloride, sulfate, selenium and pH. The samples will be statistically
analyzed to determine if significant linear trends exist, and the results will be submitted to
NRC for review.

B.

If a significant linear trend is indicated, the licensee will submit a proposed corrective
action for review and approval to NRC. The corrective action shall include a discussion on
delineation of the areal extent and concentration of hazardous constituents.

C.

The licensee shall sample monitoring wells WIMMW-5, -11, -12, -14, -15, and - 17, on a
quarterly basis. Samples shall be analyzed for chloride, potassium, nickel, and uranium,
and the results of such sampling shall be included with the environmental monitoring
reports submitted in accordance with 10 CFR 40.65.

During extended periods of mill standby, eight-hour annual sampling for U-nat, Ra-226, Th230 and Pb-210 may be eliminated if routine airborne sampling show levels below 10 percent of
the appropriate 10 CFR Part 20 limits.
During periods of standby, sampling frequencies for area airborne uranium sampling within the
mill may be reduced to quarterly, provided measured levels remain below 10 percent of the
derived air concentration (DAC). If these levels exceed 10 percent of the DAC, the sampling
frequency should follow the recommendations in Regulatory Guide 8.30.

11.5

Calibration of in-plant air and radiation monitoring equipment shall be performed as specified in
the license renewal application, under Section 3.0 of the "Radiation Protection Procedures
Manual," with the exception that in-plant air sampling equipment shall be calibrated at least
quarterly and air sampling equipment checks shall be documented.

11.6

The licensee shall perform an annual ALARA audit of the radiation safety program in accordance
with Regulatory Guide 8.31.

SECTION 12: Reporting Requirements
12.1

The licensee shall submit to NRC for review, by June 20, 1997, a detailed reclamation plan for
the authorized tailings disposal area which includes the following:
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12.2

A.

A post-operations interim stabilization plan which details methods to prevent wind and
water erosion and recharge of the tailings area.

B.

A plan to determine the best methodology to dewater and/or consolidate the tailings cells
prior to placement of the final reclamation cover.

C.

Plan and cross-sectional views of a final reclamation cover which details the location and
elevation of tailings. The plan shall include details on cover thickness, physical
characteristics of cover materials, proposed testing of cover materials (specifications and
quality assurance), the estimated volumes of cover materials and their availability and
location.

D.

Detailed plans for placement of rock or vegetative cover on the final reclaimed tailings pile
and mill site area.

E.

A proposed implementation schedule for items A through D above which defines the
sequence of events and expected time ranges.

F.

An analysis to show that the proposed type and thickness of soil cover is adequate to
provide attenuation of radon and is adequate to assure long-term stability, as well as an
analysis and proposal on methodology and time required to restore ground water in
conformance to regulatory requirements.

G.

The licensee shall include a detailed cost analysis of each phase of the reclamation plan to
include contractor costs, projected costs of inflation based upon the schedule proposed in
Item E, a proposed contingency cost, and the costs of long-term maintenance and
monitoring.

The licensee shall submit a detailed decommissioning plan to the NRC at least twelve (12)
months prior to planned final shutdown of mill operations.
FOR THE NUCLEAR REGUALTORY COMMISSION

Date:

August 15, 1997

[Signed J. Holonich]
Joseph J. Holonich, Chief
Uranium Recovery Branch
Division of Waste Management
Office of Nuclear Material Safety
and Safeguards
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FAX TRANSMISSION
INTEGRATED ENVIRONMENTAL MANAGEMENT, INC.

1680 East Gude Drive, Suite 305
Rockville, Maryland 20850
(301) 762-0502
Fax: (301) 762-0638

To:

Jim Valenti

Date:

April 1, 1999

Fax #:

(609) 697-9025

Pages:

4, including this cover sheet.

From:

Carol D. Berger

Subject:

IUC Interactions (Shipment and Testing)

COMMENTS:
The following is a summary of the information I relayed to you in our conversation of earlier today:
IUC License No. SUA-1358, Amendment 4, does not permit them to possess 1CANAL.
Therefore, with the following exception, SMC may not ship CANAL to them for any reason
unless the IUC license is amended to accommodate the shipment.
Title 10 CFR 40 does permit you to send a limited quantity of CANAL to IUC as a
generally-licensed quantity. Specific licensees like IUC are, indeed, are permitted to receive
generally-licensed quantities, but they must conform to the provisions of 10 CFR 19 and 20,
even though an exception is given.
For your information, fifty pounds (give or take) of CANAL contains about 0.09 pounds of
natural thorium and about 0.03 pounds of natural uranium.
I recommend you go ahead and ship your 50 pounds of CANAL to IUC for testing (see
below for instructions). If they determine the materials are suitable for their uranium
recovery operation, and if SMC determines that the returned materials (if any) contain
elements with economic value andno source material,IUC may then pursue an amendment
to their license (much like provisions 10.6, 10.7 and 10.9 that are already in Amendment 4)
that will permit them to receive materials from SMC.
1recommend you proceed very cautiouslywhen shipping vanadium-bearing materials to IUC
for recovery of the vanadium. The returned product will contain elevated 230Th
concentrations. If the levels are high enough, the tolled product may be classified as source
material.
The following are the requirements for shipping a generally-licensed quantity of CANAL to IUC:

•

Put the CANAL (or whatever) in a metal container that can be securely sealed.

•

Affix the word "Radioactive - LSA" somewhere on the outside of the metal container.

•

Put the metal container in a box, with sufficient padding or bracing to keep it from sliding
around.

*

Put the, carrier's name on -one of the attached forms. (Use the David Smith form if the
container is holding CANAL. Use the Jim Valenti form if the container is holding
something from Cambridge.)

*

Enclose the form inside of the box or with the packing list.

*

Seal the box and survey to confirm contact exposure rates are less than 0.5 millirem per
hour, and removable contamination levels are indistinguishable from background.

*

Send the box on its way.

If you have any questions, or if I can provide you with additional information, please don't hesitate
to call me.

NOTICE
Carrier Name:

(print)

This package conforms to the conditions and limitations specified in 49
CFR 173.421 for radioactive material, excepted package - limited quantity
of material, UN29 10. Questions about this shipment should be directed to:
James P. Valenti, Radiation Safety Officer
Shieldalloy Metallurgical Corporation
12 West Boulevard, Post Office Box 768
Newfield, New Jersey 08344
(609) 692-4200 (x 226)

NOTICE
Carrier Name:

(print)-

This package conforms to the conditions and limitations specified in 49
CFR 173.421 for radioactive material, excepted package - limited
quantity of material, UN2910. Questions about this shipment should be
directed to:
David R. Smith, Radiation Safety Officer
Shieldalloy Metallurgical Corporation
12 West Boulevard, Post Office Box 768
Newfield, New Jersey 08344
(609) 692-4200 (x 226)
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Main identity from Carol
From:

"Jeff W. Sumlin" <jwsumlin@iem-inc.com>

To:
Sent:
Subject:

<hroberts@intluranium.com>
Wednesday, September 20, 2006 2:27 PM
Shieldalloy Slag

Mr. Roberts,

My name is Jeff Sumlin and I work for Integrated Environmental Management, Inc. We are working
with Shieldalloy to dispose of about 60,000 tons of slag from a ferrocolumbium operation for extraction
of the uranium and thorium. The slag is mostly calcium and aluminum with about 450 picocuries per
gram, each, of natural uranium and natural thorium in it.
I understand we have contacted JUC in the past about this, and at that time the recovery value of the
uranium and thorium was too low to make it worth-while. However, the cost of uranium seems to
be increasing, so we would like to re-open the discussion with you.
The current form of the slag is in large rocks (the size of washing machines). We would be pleased to
send samples in order to evaluate its usefulness.
What we need to know.is 1) is it a product you will take? 2) Will you receive it in its current form, or does it need
to be further processed? and, 3) the cost.

You can see photos of the pile of rocks at

O

http://www.shieldalloy.com/decommnissioning/decommissioningO4.html.
Thank you very much for your help,
Jeffrey W. Sumlin, R.R.P.T.,
Integrated Environmental Management, Inc.
6700 Baum Drive, Suite 19
Knoxville, Tennessee 37919
(865) 588-1693
jwsumlin@lEM-Inc.com
Please visit our web site at http://www.iem-inc.com/
The information contained in this electronic mail message contains prpi:vc'2cid@'de-'udth.
information
intended solely for the use of the individual or entity to whom it is addressed. If you are not the intended
addressee, you are hereby notified that any dissemination, distribution or copying of this communication is
prohibited and may be unlawful. If you received this communication in error, please notify the sender and delete
the communication. Nothing in this communication is intended to operate as an electronic signature under
applicable law.
IEM takes precautions to minimize the risk of transmitting software viruses with our electronic communications.
However, we advise you to perform your own virus scans on attachments, if any, to thise-mail. IEM

4/2/2007

SIEM
Integrated Environmental Management, Inc.
8 Brookes Avenue, Suite 205 - Gaithersburg, MD 20877
Phone (240) 631-8990 - Fax (240) 631-8991
www. IEM-Inc.com

TELEPHONE RECORD
From:
Of:
Client No.:
To:
Subject:
Date:

Jeffrey Sumlin
IEM
94005
International Uranium Corporation
Disposal of Shieldalloy Slag
September 20, 2006

I spoke with Mr. Wally Bryce. He told me I needed to speak with Mr. Harold Roberts. He gave me
his phone number (303-389-4160) and e-mail address (hroberts&intluranium.com). Mr. Roberts
is on travel for the next two days, but I was informed that an e-mail may reach him. I sent an e-mail
(cc to Carol Berger) describing the slag, an offer to send a sample for analysis, and a request for a
quote for disposal.
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APPENDIX C - SELECT LAND USE INFORMATION
Soils Defined as Prime and Other Important Farmlands
-

Figure
Figure
Figure
Figure

C- I
C-2
C-3
C-4

Gloucester County
Cumberland County

Prime and other Important Farmlands
Gloucester County, New Jersey

Map
symbol
AucB
AugA
AugB
AupB
AvsB
AvtB
BumA
CogB
CokA
CokB
CosB
DoeA
D6eB
FrfB
FrkA
FrkB
KemB
KeoA
Mao.B
SacA

•sacB•l-

eeB

WoeA
WoeB
WokA
AugC
AvsC
AvtC
AvtC2
CogC
CokC
CosC
DPcB
DocC
FamA
FapA
FrfC
FrkC
HbmB
JdrA
KemC2
KreA
LenA
MaoC
MaoC2:
MumA
.OTKA
SabB

.abC

Map unit name
Aur4.16amy sand, 0 to, 5,percent slopes
Aura sandy loam, 0 to 2 percent slopes
•Aura sandy•,oam, 2 to 5 percent slopes
Aura loam, 2 to 5 percent slopes
llopes
af'r'sýloa 'myjsands, o0to 5:ppe,6 6it
Au ria-Sa
Aura-Sassafras sandy loams, 2 to 5 percent slopes
Buddtwn:eptgrd complex, 0 to-2 p~rcei~t~l6p~s,,
Collington loamy sand, 0 to 5 percent slopes
.C61litfris'n-•aho•
••oam',: 4t5.ý2 prercent-slope'
Collington sandy loam, 2 to 5 percent slopes
ýolts .Neck.sahhy1l6am, 2 to5 per•cent.i6pe.Downer sandy loam, 0 to 2 percent slopes
Dobrojsar
•
>.2to
216 5,pe•r-ent slopes..a ,...?
n..

. ?:..
r

-......

,g

Freehold loamy sand, 0 to 5 percent slopes
Fre~ehold -s~'ndiO6rhA,t
0102pe~cent slopes
Freehold sandy loam, 2 to 5 percent slopes
5ort
fe.;sa.6dyle•arn4,2 to 5p~ercent slopes
Keyport loam, 0 to 2 percent slopes
Marlfon sandyl
oSpretsoe
Sassafras sandy loarn, 0 to 2 percent slopes
n Iperit-slopes'.Sassafta sardyloani" 2 toS
Westphalia fine sandy loam, 2 to 5 percent slopes
i.Woodstown sandy loam 0 to 2percentslopes.
Woodstown sandy loam, 2 to 5 percent slopes
WoodstownGlIs.boro cormplex•; 0to 2 ,percentsllopes
Aura sandy loam, 5 to 10 percent slopes
-Aura-Sassafrasloamny sands, 5 to,10ipe-rcent,; oe
Aura-Sassafras sandy Ioams, 5 to 10 percent slopes
Aura-Sassafras sandy loairns6;56 io1per-cent-slopebs, eroded
Collington loamy sand, 5 to 10 percent slopes
Collington sandy loam, 5 to"10 Percent slopes
Colts Neck sandy loam, 5 to 10 percent slopes
Downer loamy sand, 0 to 5.percent sl6pes
Downer loamy sand, 5 to 10 percent slopes
Fallsington sandy loam,
0 o2to 2percen s opds
Fallsington loam, 0 to 2 percent slopes
F~e~li•ld'
ridio•y
sand, 5 to 10 percent slopes
Freehold sandy loam, 5 to 10 percent slopes
Hammononn loarn.
my1 sand, 0 to 65percent siqpes
Jade Run fine sandy loam, 0 to 2 percent slopes
KOeypart sandy-loam; 5 to 10,percent slopes, eroded
Kresson fine sandy loam, 0 to 2 percent slopes
Lenni loani,0 toý2 perbent.slopeS.
Marlton sandy loam, 5 to 10 percent slopes
Marlt•.n •sand loanm, 5 to 10 percent, slopes, eroded
Mullica sandy loam, 0 to 2 percent slopes
Otheilloa.hd Faalsington soils, 0:to 2 percent slopes
Sassafras loamy sand, 0 to 5 percent slopes
Saissarasboamy. sand, 5 to 10 percent slopes

USDA Natural Resources
SConservation Service

Farmland classification
All areas are prime farmland
All areas are prime farmland
.All
All
All
All
All
All
•,A

area: •are,
areas are
ares are
areas are
areas are
areas are
areas aere

ptimejfarmiandprime farmland
prime farmland
prime farmland
prime farmland
prime farmland
prime farmland
prime farmland
prime farm!and
prime farmland
prime farmland
prime farmland
prime farm land
prime farmland

All areas are
All•areas are
All areas are
All areas are
All areas are
All areas are
All areas are
All areas are prime farland
All areas are prime farmland
AXllareas 'are ~pirime farmlan'

All areas are prime farmland
Farlireas are prime farmland
All areas are prime farmland
Allareas are prie
irmpland
All areas are prime farmland
Allareans are prime farmpland
Farmland of statewide importance
ýFarmrland of-statewide importance
Farmland of statewide importance
Farmland of statewide importance
Farmland of statewide inmportarnce
Farmland of statewide importance
Far•mland of statewide importance
Farmland of statewide importance
Farmland of statewide importance
Farmland of statewideimportance
Farmland of statewide importance
Farmland
Farmland
Farmland
Fýarmlabnd
Farmland
Farmland
Farmland
Fawrmland
Farmland

of statewide importance
of statewide importance
of statewide importance
of staitewd im:6ýportance
of statewide importance
of statewide importance
of statewide -importance
of statewidle importaceC
of statewide importance

Farmland of statewide importance
Farmland of statewide imortance
Farmland of statewide impo rtance
Farmlandoof statewidesimporta'nce
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Prime and other Important Farmlands
Gloucester County, New Jersey

Map

Map unit name

symbolI

Farmland classification

SacC
SacD
ThfB
WeeC
AtsA
AtsAr
BerAr
BEXAS
MakAt
MamnAv

Sassafras sandy loam, 5 to 10 percent slopes
Sassafras sandy loam, 10 to,15 percent.slopes
Tinton sand, 0 to 5 percent slopes
Westphaliawfine sandy•loam, 5to. 10.percent slopes
Atsion sand, 0 to 2 percent slopes
Atsion sand, 0 to 2percent slbpes.rarely flooded
Berryland sand, 0 to 2 percent slopes, rarely flooded
Berryland and Mullica:soils, 0:to 2 percentoslopes, occasionally flooded
Manahawkin muck, 0 to 2 percent slopes, frequently flooded
Mannington-Nanticoke'complex, 00to 1 percent slopes, very frequenty

MamuAv

Mannington-Nanticoke-Udorthents complex, 0 to 1 percent slopes, very
frequently flooded

flooded

USDA Natural

Farmland of statewide importance
Farm'land of statewide importance
Farmland of statewide importance
Farmrandof s-tatewide importance
Farmland of unique importance
Farmland 6f unique importance
Farmland of unique importance
Farmlahd~of unique importance
Farmland of unique importance
Farmland of unique importance

'

Resources
SConservation Service

Farmland of unique importance

Tabular Data Version: 7
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Prime and other Important Farmlands

O

This table lists the map units in the survey area that are considered important farmlands. Important farmlands consist of prime farmland, unique
armland, and farmland of statewide or local importance. This list does not constitute a recommendation for a particular land use.

In an effort to identify the extent and location of important farmlands, the Natural Resources Conservation Service, in cooperation with other
interested Federal, State, and local government organizations, has inventoried land that can be used for the production of the Nation's food supply.
"Prime farmland" is of major importance in meeting the Nation's short- and long-range needs for food and fiber. Because the supply of high-quality
farmland is limited, the U.S. Department of Agriculture recognizes that responsible levels of government, as well as individuals, should encourage and
facilitate the wise use of our Nation's prime farmland.
Prime farmland, as defined by the U.S. Department of Agriculture, is land that has the best combination of physical and chemical characteristics for
producing food, feed, forage, fiber, and oilseed crops and is available for these uses. It could be cultivated land, pastureland, forestland, or other land,
but it is not urban or built-up land or water areas. The soil quality, growing season, and moisture supply are those needed for the soil to economically
produce sustained high yields of crops when proper management, including water management, and acceptable farming methods are applied. In
general, prime farmland has an adequate and dependable supply of moisture from precipitation or irrigation, a favorable temperature and growing
season, acceptable acidity or alkalinity, an acceptable salt and sodium content, and few or no rocks. The water supply is dependable and of adequate
quality. Prime farmland is permeable to water and air. It is not excessively erodible or saturated with water for long periods, and it either is not frequently
flooded during the growing season or is protected from flooding. Slope ranges mainly from 0 to 6 percent. More detailed information about the criteria
for prime farmland is available at the local office of the Natural Resources Conservation Service.
For some of the soils identified in the table as prime farmland, measures that overcome a hazard or limitation, such as flooding, wetness, and
droughtiness, are needed. Onsite evaluation is needed to determine whether or not the hazard or limitation has been overcome by corrective measures.
A recent trend in land use in some areas has been the loss of some prime farmland to industrial and urban uses. The loss of prime farmland to other
uses puts pressure on marginal lands, which generally are more erodible, droughty, and less productive and cannot be easily cultivated.
"Unique farmland" is land other than prime farmland that is used for the production of specific high-value food and fiber crops, such as citrus, tree
nuts, olives, cranberries, and other fruits and vegetables. It has the special combination of soil quality, growing season, moisture supply, temperature,
humidity, air drainage, elevation, and aspect needed for the soil to economically produce sustainable high yields of these crops when properly
managed. The water supply is dependable and of adequate quality. Nearness to markets is an additional consideration. Unique farmland is not based
on national criteria. It commonly is in areas where there is a special microclimate, such as the wine country in California.
In some areas, land that does not meet the criteria for prime or unique farmland is considered to be "farmland of statewide importance" for the
production of food, feed, fiber, forage, and oilseed crops. The criteria for defining and delineating farmland of statewide importance are determined by
appropriate State agencies. Generally, this land includes areas of soils that nearly meet the requirements for prime farmland and that economically
"e
roduce high yields of crops when treated and managed according to acceptable farming methods. Some areas may produce as high a yield as prime
Warmland if conditions are favorable. Farmland of statewide importance may include tracts of land that have been designated for agriculture by State
law.
In some areas that are not identified as having national or statewide importance, land is considered to be "farmland of local importance" for the
production of food, feed, fiber, forage, and oilseed crops. This farmland is identified by the appropriate local agencies. Farmland of local importance
may include tracts of land that have been designated for agriculture by local ordinance.

USDA

Natural Resources
Conservation Service
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Prime and other Important Farmlands
Cumberland County, New Jersey

Map
symbol

I

AucB
AugA
AugB
AuhB
ChtA
ChtB
DoeA
DoeB
HboA
HboB
MbrA
MbrB
MbuA
MbuB
SacA
SacB
SadA
SadB
WoeA
WoeB
D6OcB0
SocO
amA
FodB
Gam B

Aura loamy sand, 0 to 5 percent slopes
Aura sandy loam, 0 to 2 percent slopes
Aura sandyloam, 2 to 5 percent slopes
Aura gravelly sandy loam, 2 to 5 percent slopes
Chillum silt Ibam, 0 to 2 percent slopes
Chillum silt loam, 2 to 5 percent slopes
Downer sandy loam, 01o2 percent slopes.
Downer sandy loam, 2 to 5 percent slopes
Hammonton sandy loam, 04,t 2 percent slopes
Hammonton sandy loam, 2 to 5 percent slopes
Matapeake silt loam, 0 to 2 percent slopes
Matapeake silt loam, 2 to 5 percent slopes
Mattapex siltloam, 0 to 2 percent slopes
Mattapex silt loam, 2 to 5 percent slopes
Sassafraslsandy loam, Oto 2 percent Slopes
Sassafras sandy loam, 2 to 5 percent slopes
Sassafras gravelly sandy 1oam, 0 to 2,percent slopes
Sassafras gravelly sandy loam, 2 to 5 percent slopes
Wo0dstown sandy loam; 0to 2 percent slopes.
Woodstown sandy loam, 2 to 5 percent slopes
Downer loamy sand, 0.to 5,percent.slopes
Downer loamy sand, 5 to 10 percent slopes
Fallsington sahdy loam, 0 to02 percent slopes
Fort Mott loamy sand, 0 to 5 percent slopes
Galloway loamy sand, 0,to 5 percent slopes

HbmB
MbrC
OthA
OTKA

Hammonton loamy sand, 0 to 5 percent slopes
Matapeake silt loam, 5 to 10 ,percent siOlIes
Othello silt loam, 0 to 2 percent slopes
Othello and Fallsington soils, 0 to 2 percent slopes

OTMA
SacC
SadC
AptAv

Othello, Fallsington, and Trussum soils, 0 to 2 percent slopes
Sassafras sandy loam, 5 to 10 percent slopes
Sassafras gravelly sandy loam, 5 to 10 percent slopes
Appoquinimink-Trancsquaking-Mispillion complex, 0 to 1lpercent slopes;
very frequently flooded
Atsion sand, 0 to 2 percent slopes, rarely flooded
Berryland and Mullica soils: 0 to 2 percent slopes, occassionallypflooded
Broadkill silt loam, 0 to 1 percent slopes, very frequently flooded
Manahawkin muck, 0 to2 percent slopes, frequently flooded

AtsAr
BEXAS
BrvAv
MakAt
MmtAv
PdwAv
TrkAv

USDA

Farmland classification

Map unit name

Mispillion-Transquaking-Appoquinimink complex, 0 to 1 percent slopes,
very frequently flooded
Pawcatuck-TransquaIking complex, 0 to 1 percent slopes, very frequently
flooded
Transquaking mucky peat, 0 to 1 percent slopes, very frequently flooded

Natural Resources
SConservation Service

All areas are prime farmland
All areas are prime farmland
'Alt areas are primejfarmland
All areas are prime farmland
All areas are prime farmland
All areas are prime farmland
All-areasare prime farmland
All areas are prime farmland
All areas are prime farmland
All areas are prime farmland
All areas are prime farmland
All areas are prime farmland
All areasare prime farmland
All areas are prime farmland
All areas are prime farmland
All areas are prime farmland
All areas are prime farmland
All areas are prime farmland
All areas are primerfarmland
All areas are prime farmland
Farmland of statewide impiortance
Farmland of statewide importance
Farmland of statewide imliortance
Farmland of statewide importance
Farmland of statewide importance
Farmland of statewide importance
Farmland of statewide importanceI
Farmland of statewide importance
Farmland of statewide importance
Farmland of statewide importance
Farmland of statewide importance
Farmland of statewide importance
Farmland of unique importance
Farmland of unique importance
ýFarmland of unique importance
Farmland of unique importance
Farmland of uniqueimportance
Farmland of unique importance
-Farmland of Uniqu6e importance
Farmland of unique importance
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Prime and other Important Farmlands
*

This table lists the map units in the survey area that are considered important farmlands. Important farmlands consist of prime farmland, unique
armland, and farmland of statewide or local importance. This list does not constitute a recommendation for a particular land use.
In an effort to identify the extent and location of important farmlands, the Natural Resources Conservation Service, in cooperation with other
interested Federal, State, and local government organizations, has inventoried land that can be used for the production of the Nation's food supply.
"Prime farmland" is of major importance in meeting the Nation's short- and long-range needs for food and fiber. Because the supply of high-quality
farmland is limited, the U.S. Department of Agriculture recognizes that responsible levels of government, as well as individuals, should encourage and
facilitate the wise use of our Nation's prime farmland.
Prime farmland, as defined by the U.S. Department of Agriculture, is land that has the best combination of physical and chemical characteristics for
producing food, feed, forage, fiber, and oilseed crops and is available for these uses. It could be cultivated land, pastureland, forestland, or other land,
but it is not urban or built-up land or water areas. The soil quality, growing season, and moisture supply are those needed for the soil to economically
produce sustained high yields of crops when proper management, including water management, and acceptable farming methods are applied. In
general, prime farmland has an adequate and dependable supply of moisture from precipitation or irrigation, a favorable temperature and growing
season, acceptable acidity or alkalinity, an acceptable salt and sodium content, and few or no rocks. The water supply is dependable and of adequate
quality. Prime farmland is permeable to water and air. It is not excessively erodible or saturated with water for long periods, and it either is not frequently
flooded during the growing season or is protected from flooding. Slope ranges mainly from 0 to 6 percent. More detailed information about the criteria
for prime farmland is available at the local office of the Natural Resources Conservation Service.
For some of the soils identified in the table as prime farmland, rmeasures that overcome a hazard or limitation, such as flooding, wetness, and
droughtiness, are needed. Onsite evaluation is needed to determine whether or not the hazard or limitation has been overcome by corrective measures.
A recent trend in land use in some areas has been the loss of some prime farmland to industrial and urban uses. The loss of prime farmland to other
uses puts pressure on marginal lands, which generally are more erodible, droughty, and less productive and cannot be easily cultivated.
"Unique farmland" is land other than prime farmland that is used for the production of specific high-value food and fiber crops, such as citrus, tree
nuts, olives, cranberries, and other fruits and vegetables. It has the special combination of soil quality, growing season, moisture supply, temperature,
humidity, air drainage, elevation, and aspect needed for the soil to economically produce sustainable high yields of these crops when properly
managed. The water supply is dependable and of adequate quality. Nearness to markets is an additional consideration. Unique farmland is not based
on national criteria. It commonly is in areas where there is a special microclimate, such as the wine country in California.

In some areas, land that does not meet the criteria for prime or unique farmland is considered to be "farmland of statewide importance" for the
production of food, feed, fiber, forage, and oilseed crops. The criteria for defining and delineating farmland of statewide importance are determined by
the appropriate State agencies. Generally, this land includes areas of soils that nearly meet the requirements for prime farmland and that economically
Wnroduce high yields of crops when treated and managed according to acceptable farming methods. Some areas may produce as high a yield as prime
farmland if conditions are favorable. Farmland of statewide importance may include tracts of land that have been designated for agriculture by State
law.
In some areas that,are not identified as having national or statewide importance, land is considered to be "farmland of local importance" for the
production of food, feed, fiber, forage, and oilseed crops. This farmland is identified by the appropriate local agencies. Farmland of local importance
may include tracts of land that have been designated for agriculture by local ordinance.
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