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UNITED STATES INTERNATIONAL TRADE COMMISSION

Investigation No. 731-TA-411 (Final)

CALCINED BAUXITE -PROPPANTS FROM AUSTRALIA

Determination

On the basis of the record 1/ developed in the subject investigation,
the Commission determines, 2/ pursuant to section 735(b) of the Tariff Act of
1930 (19 U.S.C. § 1673d(b)) (the act), that an industry in the United States is
not materially injured or threatened with material injury, and the
establishment of an industry in the United States is not materially retarded,
by reason of imports from Australia of calcined bauxite proppants, provided for
in heading 2606 (and covered by statistical reporting number 2606.00.0060) of
the Harmonized Tariff Schedule of the United States, 3/ that have been found by
the Department of Commerce to be sold in the United States at less than fair

palue (LTFV).

Background

The Commission instituted this investigation effective November 29,
1988, following a preliminary determination by the Department of Commerce that
imports of calcined bauxite proppants from Australia were being sold at LTFV
within the meaning of section 731 of the act (19 U.S.C. § 1673). Notice of the
institution of the Commission’s investigation and of a public hearing to be
held in commection therewith was given by posting copies of the notice in the

Office of the Secretary, U.S. International Trade Commission, Washington, DC,

1/ The record is defined in sec. 207.2(h) of the Commission’s Rules of Practice
and Procedure (19 CFR § 207.2(h)).

/ Commissioner Cass not participating.

B/ Until Jan. 1, 1989, calcined bauxite proppants were provided for in item
521.1720 of the Tariff Schedules of the United States Annotated.




and by publishing the notice in the Federal Register of December 28, 1988 (53
F.R. 52512). The hearing was held in Washington, DC, on February 22, 1989, and
all persons who requested the opportunity were permitted to appear in person or

by counsel.



VIEWS OF THE COMMISSION

We unanimously 1/ determine that an industry in the United States is not
materially injured or threatened with material injury by reason of imports
of calcined bauxite proppants from Australia that are sold at less than
fair value (LTFV). 2/
I. Like Product

In determining whether a domestic industry is materially injured or is
threatened with material injury by reason of the subject imports, we must,
.as a threshold matter in a title VII investigation, define the relevant
domestic industry. Section 771(4) (A) of the Tariff Act of 1930 defines the
domestic industry as the “domestic producers as a whole of a like product,
or those producers whose collective output of the like product constitutes
a major proportion of the total domestic production of that product.” 3/
Correspondingly, “like product” is defined as ”[a] product that is like, or
in the absence of like, most similar in characteristics and uses with, the
articles subject to investiga£iont” 4/

Our decision regarding the appropriate like product(s) in an
investigation is essentially a factual determination, and we have applied
the statutory standard of ”“like” or ”“most similar in characteristics and

~uses” on a case-by-case basis. 5/ In analyzing like product issues, we

1/ Commissioner Cass did not participate in this determination. Had he
voted, he would have joined the majority in its negative determination. He
would not necessarily have joined in the views it expresses herein.

2/ Material retardation is not an issue in this investigation, and will not
be discussed further.

3/ 19 U.S.C. § 1677(4)(A).

4/ 19 U.S.C. § 1677(10).

5/ Asociacion Colombiana de Exportadores de Flores, et. al. v. United
States (”ASOCOFLORES”), __ CIT __, Slip. Op. 88-91 at 9 (July 14, 1988).
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generally examine such factors as: (1) physical characteristics, (2) end
uses, (3) interchangeability of the products, (4) channels of distribution,
(5) production processes, (6) customer or producer perceptions, (7) common
manufacturing facilities and production employees, and (8) price. 6/ No
single factor is dispositive, and we may consider other factors which we
deem relevant based upon the facts of a given investigation. 7/

In the preliminary investigation, we determined that there was one like
product, calcined bauxite proppants, exclusive of other proppants and
regardless of strength, size, or coating, and one domestic industry

rconsisting of the domestic producers of that product. 8/ In this final
investigation, petitioner supports and no party challepges those
preliminary determinations. We have found no reason in this final
investigation to change our 1like product and domestic industry
determinations. We therefore find that domestically produced calcined

bauxite proppants constitute a single like product corresponding to the

6/ Light-Duty Integrated Hydrostatic Transmissions and Subassemblies
Thereof, With or Without Attached Axles, from Japan, Inv. No. 731-TA-425
(Preliminary), USITC Pub. No. 2149 (Jan. 1989); Certain Forged Steel
Crankshafts from the Federal Republic of Germany and the United Kingdom,
Invs. Nos. 731-TA-351 and 353 (Final), USITC Pub. 2014 (Sept. 1987);
ASOCOFLORES at 12, n.8.
1/ In its notice of initiation of investigation, the Department of Commerce
defined the scope of the investigation:
The product covered by this investigation is calcined bauxite
proppants from Australia currently provided for under TSUSA item
number 521,1720 and currently classifiable under HS item number
2606.00.00.60. The subject merchandise is used in oil and gas wells
to cause hydraulic fracturing to promote product extraction.
53 Fed. Reg. 26299 (July 12, 1988).
8/ Calcined Bauxite Proppants from Australia, Inv. No. 731-TA-411
(Preliminary), USITC Pub. 2100 at 6 (July 1988).
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subject imports from Australia, and that the domestic industry consists of
the domestic producers of calcined bauxite proppants. 9/
Condition of the Domestic Industry 10/

Pursuant to 19 U.S.C. § 1677(7)(C)(iii), in assessing the condition of
the domestic industry, we consider, among other factors, domestic
consumption, production, capacity, capacity utilization, shipments,
inventories, employment, and financial performance. For the purposes of
this final investigation we considered full-year data for the period of
1985 through 1987 and data for the interim period of January-October 1988
as compared with the same period in 1987. The performance indicators of
the domestic industry generally showed declines in the early part of the
period of investigation; however, the condition of the industry improved
substan;ially in the latter part of the period, especially in interim 1988
as compared to interim 1987.

Drilling activity declined with the collapse of oil gnd gas prices in
1985-1986, lowering the demand for proppants used in hydraulic fracturing.

Due to various factors; however, demand recovered during 1987-1988. 11/

9/ In the preliminary opinion, a question was raised as to respondent’s
contention that resin-coated sand should be included in the like product.
'As we stated in our preliminary determination, there are differences
between calcined bauxite proppants and resin-coated sand in chemical
composition (bauxite versus quartz), conductivity, production process
(mining and resining of sand versus calcination of bauxite), production
lines and workers, possible uses (resin-coated sand has significant
applications outside the proppant market), and price. USITC Pub. 2100 at 5,
n.8; see also Report to the Commission (Report) at A-7-10, A-14-15.
Accordingly, we find that resin-coated sand is not part of the like product
in this investigation.
10/ The domestic industry is comprised of two firms, Carbo Ceramics and
Norton-Alcoa; therefore, much of the aggregate data concerning these firms
is confidential and is discussed herein only in general terms.
11/ Such factors included increased use of man-made proppants instead of
sand; increased concentration of proppants per cubic foot; increased
(continued...)
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U.S. apparent consumption based on quantity, which declined from 1985 to
1986, recovered in 1987 and rose again in interim 1988 as compared with
interim 1987. 12/

_Domestic production of calcined bauxite proppants also declined from
1985 to 1986, and recovered in 1987; production rose further from interim
1987 to interim 1988, Capacity remained stable during most of the period
of investigation. Capacity utilization followed the same trend as
production, although it remained at a relatively low level. 13/ U.S.
producers’ domestic shipments generally paralleled the trends in production
and consumption. Total shipments by quantity dropped from 1985 to 1986,
but increased in 1987 and in interim 1988. Inventories remained relatively
stable throughout the period of investigation. 14/ The number of employees
and hours worked declined from 1985 through 1987 and rose in the 1988
interim. Hourly wagés and productivity generally increased throughout the
period of investigation. 15/

The financial performance of the domestic industry declined from 1985 to
1986, rose .in 1987, and improved noticeably in interim 1988 .as compared
with interim 1987. Net sales declined from 1985 to 1986; however, net
sales increased thereafter. Outlays for research and development, which
remained low for much of the period of investigation after 1985, rose

significantly in interim 1988, 16/

11/(...continued)
drilling activity in remedial wells that may have been inactive for years;

and increase in the recommended height of closure stress levels. Report at
A-19,

12/ 1d. -

13/ 1d. at A-20, Table 8.
14/ 1d. at A-20-21.

15/ Id. at A-22.

16/ I1d. at A-23-24.
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In view of the the general improvement in the condition of the domestic
indﬁstry since 1986 and, in particular, the industry’s improved financial
situation as well as significant increases in production, domestic
shipmehts, eﬁpérts, and net saleé in interim 1988, we conclude that the
d?mestic calcined bauxité proppants industry is not experiencing material
injury; 17/
U No_Materjal Injuri by Reason of LTFV Imports |
i .Inzééﬁsidering whether the domestic industry is materially injured by
reaéén SflLTFV imports, we consider the volume of imports, the effect of
such imports on friées, and the imfact of such imports on the domestic
ihdustry. 18/ We:do not weigﬁ causes of material injury. 19/ However, we
afe fo considér iﬁformation that indicates that harm is caused by factors
other thanﬂthe LTFV imports; such as a contraction in demand, changes in
pattérns éflcénsumption, or restrictive practices of and competition
between.the foreign and domestic producers. 20/

Wé did no£ find_ip the pfeliminary investigation thaf there was a
reaso;able indication.of material injury by reason of the subject imports.

Since that time, no new information has arisen to show a causal 1link

17/ Acting Chairman Brunsdale does not reach a separate legal conclusion
based on the condition of the domestic industry. She believes that the
discussion of the domestic industry is accurate and relevant to her
decision on the existence of material injury by reason of dumped imports.
Notwithstanding the recent improvements in industry condition, however, she
notes that the industry is still in a relatively depressed state.

18/ 19 U.S.C. § 1677(7)(B).

19/ Commissioner Eckes also notes that the imports need not be a
principal,’ a substantial, or a significant cause of material injury. S.
Rep. No. 247, 96th Cong., 1st Sess. 74 (1979).

20/ See S. Rep. No. 249, 96th Cong., 1lst Sess. at 74-75 (1979); H.R. Rep.
No. 317, 96th Cong., 1lst Sess. 46-47 (1979).
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between the subject imports and any material injury that the domestic
industry might be suffering.

The share of the U.S. market accounted for by LTFV imports was small in
1985-1986. The subject imports increased in 1987 but to a level below that
in 1985. Although the subject imports increased their market share in
interim 1988, that share remained small. More significantly, this increase
occurred at a time when the condition of the domestic industry showed its -
strongest improvement; the major decline in the condition of the domestic
industry occurred in 1985-1986, when imports. were fewer or nonexistent. 21/

Domestic prices declined during 1985-1986; however, prices rose during
the latter part of the period of investigation, when impofts increased to
their highest level. Although imports sold at lower prices than did
domestic product, 22/ the evidence on the record does not suggest that this
has suppressed or depressed domestic prices. 23/ At the Commission
hearing, petitioner stated that price declines were due to competition
among domestic producers and surplus capacity, and not to imports. 24/
Thus; we conclude that imports have had no depressive or suppressive effect
on domestic prices.

We find, upon consideration of the entire record in this investigation,
that the domestic indpstfy has not experienced materiai injury by reason of

LTFV importé.

21/ Report at A-28. See above for discussion of the domestlc industry’s condition
22/ We note that price comparisons are complicated in this case by factors

such as the Exxon royalty and the fact that proppants are sold by weight

and used by volume. Report at A-29.

23/ Report at A-31-32, Table 23. .

24/ Tr. at 28. Petitioner later stated, in its posthearing brief at 14,

that imports have depressed U.S. prices, but cited for this proposition

only the prehearing staff report and the staff elasticity memorandum,

neither of which indicate that imports have had a depressive effect on prices '



No Threat of Material Injury

In determining whether a U.S. industry is threatened with material

injury, the Commssion is to consider, among other factors, the following

factors:

(1

(2)

(3)

(4)

(5)

(6)

(7)

(8)

if a subsidy is involved, information that the Commission has
available to it as to the nature of the subsidy;

the ability and likelihood of the foreign producers to increase the
level of exports to the United States due to increased production
capacity or unused capacity;

any rapid increase in penetration of the U.S. market by imports and
the likelihood that the penetratlon w111 increase to injurious
levels;

the probability that imports of the merchandise will enter the
United States at prlces that will have a depressing or suppre331ng
effect on domestic prices of the merchandise; ’

any substantial increase in inventories'of the merchandise in the
United States;

underutilized capacity for producing the merchandlse in the
exporting country;

any other demonstrable adverse trends that indicate the probability
that importation of the merchandise will be the cause of material
injury; :

the potential for product shifting; 25/ -

The Commission’s determination of threat may not be made on the basis of

mere conjecture or supposition, but must be made on the basis of evidence

that the threat of material injury is real and that actual injury is

imminent. 26/

In the preliminary determination, we found a reasonable indication that

the domestic calcined bauxite proppants industry was threatened with

25/ 19 U.S.C. § 1677(7)(F). There is no potential for product shifting in
this case.

26/ 19 U.S.C. § 1677(7)(F)(ii); see Citrosuco Paulista v. United States,
Slip. Op. 88-176 (CIT Dec. 30, 1988).
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material injury. That determination was based on an increase in import
market share and the existence of significant inventories of Australian
product both in the United States and Australia, and we noted that imports
undersold the domestic product at a time of declining domestic prices. 27/
The determination was not based on the existence of unused foreign
capacity, because as we noted the foreign producer’s operation was
apparently closed.

In this final investigation, the record shows that the sole Australian
producer Comalco'§ plant is still shut down, and that it will likely remain
so. Comalco states, and independent industry sources via the State
Department confirm, that its production of calcined bauxite proppants has
ceased and some plant machinery has been dismantled. 28/ Comalco has
provided a detailed list of costly and expensive steps it would need to
take before it could resume production of calcined bauxite proppants. 29/
Comalco clearly has no present capacity to produce calcined bauxite
proépants, and there is no information to suggest that it will acquire such
capacity in the near future. On the contrary, the continuing lack of
demand for high strength proppants gives Comalco little incentive to
restaft its production.

In the preliminary investigation, we found that there were significant
inventories of Australian product both in the U.S. and Australia. Since
that time, inventories in Australia have declined significantly in part due

to imports into the U.S. 30/ Consequently, although significant quantities

27/ USITC Pub. 2100 at 10-11.
28/ Report at A-26.
29/ Id. at A-26-27.
30/ Id. at A-27-28.



11
of inventories of imports remain in the U.S., there is little prospect for
further importation. 31/ Moreover, a large part of the remaining U.S.
inventory is already under contract to TransAmerican Natural Gas Corp., and
will likely be taken by that company. 32/

As discussed above, we find that imports have had no depressive or
suppressive effect on domestic prices. Similarly, there is little
likelihood that future imports will have such an effect.

We determine that the domestic calcined bauxite proppants industry is

not threatened with material injury by reason of LTFV imports.

31/ Id. at A-27. .
32/ 1d4. at A-27-28.






A-1
INFORMATION OBTAINED IN THE INVESTIGATION
Introduction

Following a preliminary. determination by the U.S. Department of Commerce
(53 F.R. 47842, Nov. 28, 1988) that imports from Australia of calcined bauxite
proppants, currently provided for in heading 2606 (and covered by statistical
reporting number 2606.00.0060) of the Harmonized Tariff Schedule of the United
States (HTS), 1/ are being, or are likely to be, sold in the United States at
less than fair value (LTFV), the U.S. International Trade Commission, effective
November 29, 1988, instituted investigation No. 731-TA-411 (Final) under
section 735(b) of the Tariff Act of 1930 (the Act) to determine whether an
industry in the United States is materially injured, or is threatened with
material injury, or the establishment of an industry in the United States is
materially retarded, by reason of imports of such merchandise into the United
States.

Notice of the institution of the Commission’s investigation and, of a
public hearing to be held in connection therewith was given by posting copies
of the notice in the Office of the Secretary, U.S. International Trade
Commission, Washington, DC, and by publishing the notice in the Federal
Register of December 28, 1988 (53 F.R. 52512).

On February 9, 1989, Commerce published in the Federal Register (54 F.R.
6311) its final affirmative determination that imports of calcined bauxite
proppants from Australia are being, or are likely to be sold in the United
’States at LTFV. 2/

" A public hearing was held in connection with the investigation on February
22, 1989, in Washington, DC. 3/ The Commission voted 4/ on this investigation
on March 21, 1989.

Background

This investigation results from a petition filed by Carbo Ceramics, Inc.,
Irving, TX, on June 14, 1988, alleging that an industry in the United States is
materially injured and threatened with material injury by reason of LTFV
imports of calcined bauxite proppants from Australia. In response to that
petition, the Commission instituted investigation No. 731-TA-411 (Preliminary)
under section 733 of the Tariff Act of 1930 (19 U.S.C. § 1673b(a)) and, on July
29, 1988, determined that there was a reasonable indication that an industry in
the United States was materially injured or threatened with material injury by
reason of imports of the subject merchandise. 5/

1/ Until Jan. 1, 1989, calcined bauxite proppants were provided for in item
521.1720 of the Tariff Schedules of the United States Annotated.
2/ Copies of the Commission’s and Commerce’s notices are presented in app. A.
3/ A list of the witnesses appearing at the hearing is presented in app. B.

/ Commissioner Cass did not participate.
>/ Commissioner Liebeler is no longer with the Commission, and Commissioner
Newquist was not a member of the Commission at that time.




A-2
The Product
Description and uses

Calcined bauxite proppants are fine, dense, intermediate- to high-
strength, spherical pellets used by the petroleum industry to increase oil and
gas recovery from hydraulically fractured wells. Calcined bauxite proppants
are used in the completion of difficult wells (a “good” well does not require
hydraulic fracturing). Petitioner testified at the hearing that approximately
75 to 80 percent of its calcined bauxite proppants are used in new wells and 20
to 25 percent are used in recompletions (workovers). Almost all of its
calcined bauxite proppants are used in gas wells. 1/

Since the 1940s, hydraulic fracturing has been used as a technique for
increasing production from hydrocarbon reservoirs. The hydraulic fracturing
operation involves pumping a fluid (usually a high-viscosity water-based gel)
at high rates and high pressures (often greater than 10,000 pounds per square
inch (psi)) into the rock formation. The fracture is usually vertical in wells
deeper than 5,000 feet, and is typically 500 to 1,500 feet long, 50 to 100 feet
high, and one-tenth of an inch wide. 2/

The purpose of creating the fracture is to provide a permeable pathway
through which oil and/or gas can flow. In order to maximize flow through the
fracture, a proppant (which "props” open the fracture) is added to the gelled
fracturing fluid. After the fracture is generated, the well is shut in and the
gelled fluid is allowed to break (viscosity decreases) and the formation closes
against the proppant pack. With proper design, oil and gas will then flow
through the proppant in the fracture much more easily than through the original
formation, resulting in a production rate increase. 3/

History.--When hydraulic fracturing began in the late 1940s, it was
discovered that production increases were prolonged if propping agents were
used to hold the fractures open. One of the first proppants used was sand.
Novelties such as iron shot, high-strength quenched glass beads, round walnut
shells, aluminum pellets, and plastic beads were manufactured in the 1960s to
give the industry a vast array of high-strength proppants. As deeper wells
were drilled in the early 1970s, the shortcomings of glass and quartz became
apparent (both are relatively soluble in hot-formation brines and tend to fail
catastrophically under high-closure stress). This led oil and gas production
companies to undertake extensive research that resulted in the development of
high-strength sintered bauxite proppants. 4/

Product descriptions.--The three general types of proppants currently
being used in hydraulic fracturing are sand, resin-coated sand, and bauxite
proppants. Current market shares for each of these proppants as a percent of
the total proppant market, and list prices, as estimated by industry sources,
are presented in the following tabulation: ' )

1/ Transcript of the hearing (TR), pp. 16-17.

2/ "An Overview of the Use of Proppants in Hydraulic Fracturing,” Carbo
Ceramics, Inc., pamphlet, August 1987.

3/ For example, the permeability of an intermediate-strength bauxite proppant
(20/40 Carbo-Prop HC) at 5,000 psi closure stress is greater than 500 darcy (a
measure of flow through a static bed), while a prolific oil-bearing formation
may have a permeability of 0.05 darcy, and many gas-producing formations have
permeabilities less than 0.001 darcy. (Ibid., p. 2).

4/ Proppants, Western Co. pamphlet, 1984, p. 1.



A-3

Share Price
Proppant type (percent) (per_pound)
Frac sand................. 90.0 $0.06
Resin-coated sand......... Fkk .35
Bauxite................... bakakad .60-0.75
Total................. 100.0

Frac_sands.--Sand, commonly used in shallow wells, is by far the most
widely used proppant, as it is the least expensive at approximately 6 cents per
pound. At greater depths the increasing pressure causes the sand grains to
crush, reducing permeability and therefore decreasing oil and gas recovery.
Shallow wells are considered to be wells less than 8,000 feet deep. 1/

Resin-coated sands.--Resin-coated sands are commonly used in shallow
to intermediate-depth wells and are available in two types, curable and pre-
cured. 2/ Curable resin-coated proppants, such as AcFrac CR, manufactured by -
Acme Resin; and Super Sand, Super Sand HS, etc., sold by Santrol Products, are
used in situations where the producing zone of the well will not retain an
ordinary proppant. The resin coating bonds the proppant grains to each other
and to the formation, thus preventing proppant flow-back (migration of the
proppants back to the wellhead) and subsequent loss of productivity and damage
to well equipment.

) Pre-cured resin-coated sands, such as AcFrac PR, manufactured by Acme
Resin, are frac sands coated with a phenolic resin and then heated to
encapsulate the sand particle. As a result, the resin or plastic coating
imparts additional strength to the sand grains by infilling imperfections in
the grains, which increases the stress level the proppant can withstand before
crushing. The resin also helps to contain sand crushed under high-closure
stresses, thus preventing the migration of crushed material (”fines”) during
well production.

Bauxite proppants.--Bauxite proppants are commonly used in
intermediate (8,000 to 15,000 feet) to deep wells (greater .than 15,000
feet). 3/ The three general categories of bauxite proppants are low
density/intermediate strength, intermediate strength, and high strength. Most
of the categories contain a variety of trade names, with each product having
slightly different performance characteristics.

Low density/intermediate-strength.--Carbo-Lite, manufactured by
Carbo Ceramics, Inc., has a specific gravity and bulk density close to that of
sand, but because it is more resistant to crushing, Carbo-Lite can be used in
intermediate-depth wells up to closure stresses of 9,000 psi. 4/ As a result
of the unique process of manufacturing, Carbo-Lite is different in appearance
and, to some extent, different in physical properties from the intermediate-
strength proppants.

Intermediate-strength.--Proppants such as Carbo-Prop HC (Carbo
Eéramics), and Interprop I and Interprop Plus (Norton-Alcoa) are intermediate-

1/ TR, p. 17. _
2/ TR, pp. 73-74, and Proppants, Western Petroleum Services.
3/ TR, p. 17.

4/ Technical Literature File, Carbo Ceramics, Inc., and TR, p. 23.
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strength proppants used in wells ranging from 8,000 to 15,000 feet deep. 1/
These proppants exhibit greater strength than Carbo-Lite. For example, Carbo
Ceramics recommends the use of Carbo-Prop HC for closure stresses ranging
between 7,000 and 12,000 psi, whereas Carbo-Lite is recommended only up to
9,000 psi. 2/ These proppants are produced in four size ranges by
manufacturing techniques similar to those used for high-strength bauxite. The
difference between intermediate- and high-strength bauxite proppants lies
primarily in the raw materials used. Intermediate-strength proppants are
produced from bauxite ores that contain a significant amount of mullite (a less
dense form of aluminum oxide than corundum) whereas high-strength bauxite
proppants are produced from abrasive-grade bauxite ore that is primarily
corundum, the purest form of bauxite.

High-stréngth. - -Proppants such as Dura-Prop (Comalco), Ultraprop
I (Norton-Alcoa), and Sintered Bauxite HC (Carbo Ceramics) are considered high-
strength proppants and are used in deep wells with very high-closure stresses
and/or extremely severe downhole conditions such as high-temperature acidic
environments. In contrast to the -intermediate-strength bauxite proppants,
high-strength proppants are composed primarily of corundum, which when sintered
is one of the hardest minerals known, giving sintered bauxite proppants their
excellent crush resistance. -

Chemical characteristics.-- Because of its strength and hardness
characteristics, abrasive-grade calcined bauxite (AGB) is the principal raw
material used in the production of intermediate- and high-strength bauxite
proppants. Target properties of premium grade calcined AGB are--- 3/

High aluminum oxide (Al303)...... Greater than 85%

Iron to silica ratio............. 2 to 1l '
Titania (TiO2) 1/................ Greater than 3%, less than 4%
Presence of fines................ Minimum

1/ An oxide that increases toughness of alumina crystals.

A comparison of the typical chemical compésitions of various proppants
currently used in hydraulic fracturing is presented in table 1.

1/ A third type of intermediate-strength proppant is ZirProp 126, which is
manufactured by SPRE in France as a byproduct of the refractory industry from
silica sands rich in zirconium oxide (Proppants, Halliburton Services, p. 11).
2/ Technical Literature File, Carbo Ceramics, Inc.

3/ Bauxite, "Proceedings of the 1984 Bauxite Symposium,” p. 85.
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Table 1
Typical compositions of various propparts

(In percent)

' Mullite Cristo-
Corundum 1/ (AlgSij- balite Amorphous Quartz

Item (A1503) 0132 (Si0p) _phase 2/ (SiOp)
Sand................... 3/ , 3/ 3/ 3/ 98-100
Resin-coated sand &4/... 3/ 2/' 3/ 3/ 95-100
Bauxite: |

Low-density/inter-
mediate-strength:

Carbo-Lite......... 3/ . 52 27 21 3/
Intermediate-strength:

InterProp Plus..... 39 54 3/ 7 3/

Carbo-Prop HC...... 55-60 40-45 3/ 3/ 3/
High-strength: 5/

Dura-Prop.......... 75 24 3/ 3/ 3/

Sintered Bauxite HC 77 22 3/ 3/ 3/

1/ A form of aluminum oxide, corundum is one of the hardest materials known to
man and measures 9 on the Moh hardness scale; quartz measures 7, and diamond
measures 10 (Proppants, Western Co. pamphlet, p. 2.).

2/ Non-crystalline. '

3/ Not applicable. :

4/ AcFrac PR, containing approximately &4 percent resin by weight.

3/ High-strength bauxite proppants that would fall under the Exxon use patent.

Source: Halliburton Services, Proggants, pP. 4.
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Physical properties.--A granular material must fulfill several conditions
to be suitable for use as a propping agent. ‘As described in industry
literature, the primary physical properties that will affect fracture
conductivity and ultimately well production are as follows (see table 2 for a
comparative summary of physical data for various proppants): 1/

Proppant strength,

Grain size,

Grain-size distribution,

Quality (amount of fines and impurities),
Roundness and sphericity, and

Proppant density (specific gravity).

Table 2
Physical data for various 20/40 mesh proppants

: Acid solubility Bulk density Specific
Item (percent) Sphericity (1b/£t3) gravity
Sand..................... 1.20 ~0.80 102.70 2.65
Resin-coated sand 1/..... 1.20 0.90 ~100.40 " 2.56
Bauxite:
Low density/intermediate-
strength: o : o ' o o
Carbo-Lite.....:..... 1.30 1 0.90 101.50 2.75
Intermediate-strength:
InterProp Plus....... 3.20 0.90 113.50 3.25
Carbo-Prop HC........ - 2.70 0.80 114.10 3.28
High-strength: 2/
Dura-Prop............ 1.80 - 0.80 K 135.00 T3.74
Sintered Bauxite HC.. 2.80 0.90 132.50 3.74

1/ AcFrac PR, containing 4 percent phenolic resin, by weight.
2/ High-strength bauxite proppants that would fall under the Exxon use patent.

Source: Halliburton Services, Proppants, p. 4.

Proppant strength.--When a hydraulic fracture is created, the closure
stresses must be overcome to open and enlarge the fracture. These stresses,
often referred to as "in-situ” stresses, try to close the fracture and crush
the proppant. The selected proppant material must have high strength to avoid
crushing when exposed to these stresses. The results of laboratory crush tests
on various proppants are presented in table 3.

Grain size and grain-size distribution.--Proppants are available in
mesh sizes of 16-20, 16-30, 20-30, 20-40, and 40-70. Proppants having larger
proppant grain sizes (mesh size 16-20) provide a more permeable pack under low-

1/ Dowell Schlumberger, "Proppant selection guide,” pp. 1-5.
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Table 3
tCrush test results for various 20/40 mesh proppants

_(In percent)
Crushing test, crushed at--

Item 7.500 psi 10,000 psi 12,500 psi 15,000 psi
Sand...................... 1/ 1/ 1/ 1/
Resin-coated sand 2/...... 1.20 3.70 8.80 13.30
Bauxite:

Low density/inter-
mediate-strength:

Carbo-Lite............ .92 6.80 10.60 24.00
Intermediate-strength:

InterProp Plus........ .24 .81 2.14 4.43

Carbo-Prop HC......... .75 2.54 6.41 10.70
High-strength: 3/

Dura-Prop............. 4.38 7.83 10.90 15.90

Sintered Bauxite HC... 1.03 2.30 4.11 8.79

1/ Not applicable.
2/ AcFrac PR, containing 4 percent resin, by weight.
|3/ High-strength bauxite proppants which would fall under the Exxon use patent.

Source: Halliburton Services, Proppants, p. 4.

closure stress conditions. However, larger grain sizes can be more difficult
to use in deeper wells because of greater susceptibility to crushing (as grain
size increases, strength decreases) and placement problems (a wider fracture is
required, and the settling rate of particles increases with increasing

size). 1/

Quality.--A higher percentage of smaller grains or impurities can
have the same effect on the proppant-pack permeability as invading crushed
materials.

Roundness and sphericity.--Proppant grain roundness is a measure of
the relative sharpness of grain corners, or of grain curvature. Particle
sphericity is a measure of how close the proppant particle or grain approaches
the shape of a sphere. Stresses in the proppant grains are more evenly
distributed when the grains are round and about the same size; therefore, the
grains will resist a higher load before grain failure occurs.

Proppant density.--High-density proppants are more difficult to
suspend in the fracturing fluid and to transport in the fracture. Placement
can be achieved in two ways: (1) using high-viscosity fluids that carry the

A
}

1/ Approximately 80 percent of all proppants sold fall in the 20 to 40 sizing
category, as this is the size that, because of physical constraints, most
closely fits the opening of the fracture that is created in the earth.
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proppant the length of the fracture with minimal settling; and (2) using low-
viscosity fluids that require a higher flow velocity for proper placement in
the fracture.

In addition to the physical properties of proppants mentioned above,
there are a number of other factors that influence fracture conductivity.
Fracture conductivity is also dependent upon proppant properties, closure
stress, drawdown rate, formation properties (proppant embedment conditions),
and resultant propped fracture widths. However, the choice between proppant
types is based primarily on well conditions and economics.

Laboratory testing.--The American Petroleum Institute (API) recommends
specifications and testing procedures for propping agents, which are the
minimal standards accepted by the industry. 1/ In 1986, the majority of the
proppant industry’s suppliers and purchasers formed a consortium, and
established Stim Lab, an independent testing laboratory, to undertake long-term
testing of propping agents. The 25 consortium members include the 2 U.S.
producers of the subject product, the Australian producer/exporter, U.S.
suppliers of frac fluids, and the service companies.

Short-term (8 hours), in-house laboratory testing is continually being
conducted by both producers and suppliers of calcined bauxite proppants.
However, this short-term testing has its limitations. Industry references have
indicated that laboratory measured proppant permeability data obtained from the
API standardized test should be adjusted downward by 50 to 90 percent in order
to be equivalent to in-situ permeabilities. 2/ Long-term (200 hours) testing
data show a general trend of rapid conductivity decline during the first month
followed by little or no decline during the remainder of the test (initial
decline is the result of proppant consolidation and reorientation). 3/ The
results of laboratory performance tests comparing various proppant products
measuring conductivity are presented in figures 1 and 2.

Laboratory tests are but one tool used in measuring proppant performance.
Industry sources have cautioned that proppant selection should be made after
thorough evaluation of performance, which would also consist of the use of
"decline curves” in conjunction with case histories, mathematical and
econometric models, and post-frac analyses.

1l/ For example, API RP 56, "API recommended practices for testing high strength
proppants used in hydraulic fracturing operations.”

2/ This is done to account for field influences such as residual gel, embedment
of the proppant into the formation, porosity blockage by fines, and other
effects that are not measured using the standard laboratory testing equipment
("Overview,"” Carbo Ceramics pamphlet, p. 4).

3/ The magnitudes of decline are estimated at 20 percent in the first 2 weeks,
followed by less than 5 percent in the remaining weeks. (”Evaluation of Long-
term Proppant Stability,” S.L. Cobb and J.J. Farrell, Society of Petroleum
Engineers paper No. SPE 14133, p. 487).
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Figure 1.
Comparative proppant conductivity data
(2 1b/sq. ft.)
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Tests were conducted on a short-term basis (8 hours)
using a radial flow test cell.

Halliburton Services, Proppants, p. 4.



A-10

Figure 2.
Long-term proppant conductivity
o 2 b/= ¥t 20/40 Mech -
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O AcFrac CR 1/ XDura-Prop 2/ +Carbq-Lite d InterProp Plus ASintered Bauxite

1/ AcFrac CR was tested at constant 275 degree F to a recommended 8,000 psi
level. Tests are currently being carried out.to 10,000 psi.

2/ Dura-Prop tests were conducted using acidized Indiana Limestone, rather
than the Ohio sandstone used with the other proppants tested. Nonetheless,
Dura-Prop results have been plotted as an indication of relative order.

NOTE: Tests were conducted on a long-term basis (200 hours) using a linear
flow test cell.

SOURCE: Stim Labs, "Final Report on the Investigation of the Effects of
Fracturing Fluids upon Conductivity of Proppants”, Jan. 18, 1988.
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Manufacturing Considerations

)

U.S. manufacturing processes

The relationship between proppants and their performance characteristics
is partially dependent upon proppant microstructure, which is controlled by the
raw materials and manufacturing processes. Along with intrinsic raw material
chemistry, the manufacturing process defines proppant microstructural
integrity, with particle size, distribution of phases in the final pellet
microstructure, and porosity being controlled by the manufacturing process.
For example, when using lower grade ores (lower alumina), finer ground powders
will produce strengths similar to those of higher grade ores with coarser
grinds because the finer grind will result in a more compact, stronger pellet. 1/
A review of the manufacturing processes used by proppant producers follows.

Frac sands.--These sands are produced by washing high-quality sand and
sorting it into various size ranges. The two most common sands are Ottawa,
mined primarily in Illinois and south central Minnesota, and Brady, mined in
Texas. 2/

Resin-coated sand. 3/--Resin-coated sands are produced by coating high-
quality frac sand grains with phenolic-type (plastic) resin. The pre-cured
resin-coated variety is produced by heating the sand with an open flame (at
approximately **%* degrees F) and applying the phenolic resin coating, which
gives the sand grains additional strength.

) Bauxite proppants.--There are two basic methods used in the production of
bauxite proppants. The low-density/intermediate-strength proppant (Carbo-
Lite) is produced in a continuous operation utilizing a fluidized bed, whereas
the intermediate-strength and high-strength proppants are produced using a
semi-continuous process without the use of fluidized beds.

Low density/intermediate strength.--Carbo-Lite (Carbo Ceramics) is
produced in Eufaula, AL, by a patented process utilizing a fluidized bed to
form individual proppant particles. 4/ The raw materials, bauxitic clays mined
locally in Alabama, enter the fluidized bed in the form of a slurry (raw
materials mixed with water) which is sprayed onto a layer of partially dried
bauxite "seed” particles. These seed particles, which consist of fine dust
particles, are repeatedly coated with slurry in a stream of drying air. The
particles grow in size while the size distribution of the particles is
determined by the residency time in the fluidized bed. The semi-soft (green)
pellets subsequently undergo a drying and sintering process in a kiln, which is
accomplished by heating the pellets to a temperature around 2,700 degrees F.

At this temperature the individual particles within each pellet fuse together,

1/ "Evaluation of Long-term Proppant Stability,” S.L. Cobb and J.J. Farrell,
Society of Petroleum Engineers paper No. SPE 14133, p. 484,

2/ Major frac sand producers include Badger Mining, Wedman Silica, and Uniman;
these producers manufacture sand principally for use as abrasives in glass,
sandblasting, and foundry industries (July 12, 1988, telephone conversation
with *%%).

3/ Resin-coated sand producers will also coat calcined bauxite proppants with
resin to prevent proppant flowback. The bauxite proppant is supplied by the
customer (service company) or the U.S. producer for a particular customer.
Cus*om coating is **%% of total operationz. (Petitioner'’'s postconference brief,
p. 3; and Jan. 18, 1989, telephone conversation with *#%%),

4/ United States Patent 4,440,866, Apr. 3, 1984.
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giving the pellet added strength. The proppants are then cooled, sized, and
stored in silos to await shipment.

Intermediate- and high-strength.--Intermediate- and high-strength
proppants can be produced by one of two methods depending upon the ore
available. 1/ The manufacturing process employed in the United States by the
two U.S. producers is similar and consists of the following five steps:
milling, forming, drying, firing, and sizing.

In the production of Carbo Prop HC and Sintered Bauxite (Carbo Ceramics),
as well as InterProp Plus and Ultraprop I (Norton-Alcoa), pellets must first be
formed from bauxite ore. 2/ In the production process, bauxite ore is ground
to a fine powder in a ball mill. The bauxite is then combined in mixers with a
binding material and water in a batch-continuous process to form small wet
pellets. These pellets are conveyed to a dryer to remove water and to a screen
where the unwanted sizes are separated and returned for mixing. The semi-soft
(green) pellets are then fired at about *** degrees F in a continuous operation
to fuse the individual grains of the proppant together, causing the proppant to
increase in hardness. The product is subsequently cooled, sized, and stored in
storage tanks.

Both the intermediate- and high-strength proppants are produced by this
process. The difference in the strength of the proppants is primarily a result
of the chemistry of the raw materials used. As noted previously, in the
production of intermediate-strength proppants, ores with a significant amount
of mullite (a less dense form of aluminum oxide than corundum) in addition to
corundum are used, whereas in the production of high-strength bauxite
proppants, ore which is primarily corundum is used. 3/ The increase in the
corundum content, the fineness of the grind, and the pelletizing operations,
imparts added strength to the proppants.

Australian manufacturing process

Abrasive grade bauxite in Australia consists of naturally occurring
spheres or "pisolites.” Because it is a mined product, industry references
have described the Australian Dura-Prop as being "produced by a process more
similar to that of sand plants than that used to manufacture sintered bauxite
proppants.” 4/ During the preliminary investigation, counsel for Comalco
provided a description of the manufacturing process used by the Australian

1/ A third method of manufacturing is employed by the French in the production
of ZirProp 126. During the manufacturing process, silica sands rich in
zirconium oxide are heated to a molten state and then quickly cooled. Rapid
cooling causes the individual grains to contract, thereby minimizing their
surface area-to-volume ratio. The resulting product is an extremely smooth,
round, blue-grey proppant (Proppants, Halliburton Services, p. 10).

2/ Carbo Ceramics primarily uses calcined bauxite ore imported from Comalco in
Australia, TR, pp. 39-40. The raw materials account for approximately %#*%*
percent of its total cost of production. #%%,

3/ Proppants, Halliburton Services, pp. 8-9.

4/ Ibid., p. 13.
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producer before ceasing proppant operations; it consisted of four phases:
*xk 1/

Ceramic processing

The application of heat in the manufacturing of bauxite proppants creates
a ceramic proppant, and provides for the following results:

1) Dried--drying at approximately 300° F to drive out free water;
2) Calcined--heating at approximately 800° F to drive out chemically held
_ water; and '
3) Sintered--firing at approximately 2,800° F to bring the product to 80
percent of its fusion (melting) point, maximizing the density of the
crystal structure (a sintered proppant is twice as strong as a
fused/melted proppant).

Sintered bauxite proppants are one of the few bauxite materials that have
high strength in small particles. This characteristic is achieved by the
controlled composition of very small crystals during the sintering process.
These alpha alumina crystals are less than 12 microns in size and are in a
random orientation so the microstructure is an interlocking intergrowth of
crystals without continuous planes of weakness. The absence of the continuous
shear planes in the sintered bauxite particles provides exceptional strength
and resistance to crushing. 2/ '

U.S. Tariff Treatment

U.S. imports of calcined bauxite proppants are classified in chapter 26 of
the Harmonized Tariff Schedule of the United States (HTS) in heading 2606
(statistical reporting number 2606.00.0060), which covers "other” calcined
bauxite. 3/ The subject products from Australia and other MFN sources are
currently "Free” under the column l-general rate of duty. &4/

1/ July 15, 1988, submission by Margaret Pfeiffer, counsel for Comalco in the
preliminary investigation.

2/ "Sintered Bauxite Proppants for Deep 0il and Gas Well Stimulation,” Stephen-
Crittenden, Society of Mining Engineers Preprint #83-132, p. 1.

3/ Abrasive-grade calcined bauxite is the major ingredient in abrasive products
used for precision grinding, surfacing, and polishing metals. (Mineral Facts
and Problems, Dept. of the Interior, 1985, p. 1.).

4/ The col. l-general rates of duty are most-favored-nation (MFN) rates and are
applicable to imported products from all countries except those Communist
countries and areas enumerated in general note 3(b) of the HTS, unless
preferential tariff treatment is sought and granted to eligible imports from
enumerated countries.
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Nature and Extent of the LTFV Sales .

On February 9, 1989, the Department of Commerce published in the Federal
Register its final determination that imports of calcined bauxite proppants
from Australia are being, or are likely to be, sold in the United States at
LTFV. The period of Commerce'’s investigation for calcined bauxite proppants
from Australia extends from January 1, 1988, through June 30, 1988.

For purposes of its final determination, Commerce compared the U.S. price,
based on the best information available, with the foreign-market value, also
based on the best information available because Comalco, the Australian
producer/exporter, failed to submit an appropriate response to its
questionnaire. Since Commerce did not have specific data as to. quantities and
prices of the subject merchandise sold in the United States, it used the packed
U.S. price estimated by petitioner in the petition, minus deductions for
foreign inland freight, ocean freight, marine insurance, and brokerage and
handling charges. For the foreign-market value, Commerce used the constructed
value calculated in the petition, which was based on the petitioner’'s
manufacturing costs plus petitioner’'s general expenses and the statutorily

mandated addition of 8 percent for profit. The estimated margin of sales at
LTFV is 75.00 percent ad valorem. '

Commerce also determined that critical circumstances do not exist with
respect to imports of the subject product from Australia. Commerce directed
the U.S. Customs Service to continue to suspend liquidation of all entries of
calcined bauxite proppants from Australia that are entered, or withdrawn from
warehouse, for consumption on or after November 28, 1988, the date of
publication of its preliminary determination in the Federal Regiater.

Comalco proposed a suspension agreement to Commerce pursuant to section
734(b)(l) of the Act on the basis of cessation of exports. Commerce concluded
that the suspension of this investigation would not be in the public interest,
nor would effective monitoring of the proposed suspension agreement be
practicable, within the meaning of section 734(d) of the Act.

The U.S. Market

U.S. producers

There are currently two U.S. manufacturers of calcined bauxite proppants:
Carbo Ceramics, Inc., Irving, TX; and Norton-Alcoa Proppants, Fort Smith, AR.
Both firms are in support of the petition, and have responded to the
Commission’s questionnaires. 1/ The following tabulation shows their
production levels for calcined bauxite proppants in 1987 and their shares of
production (in percent):

1l/ A third firm, General Abrasives (a division of Dresser Industries), was
bought by Carbo Ceramics’ predecessor company in April 1986.
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Quantity - _' l Shafé
Company (1.000 pounds) : (pexcent)
Carbo Ceramics................... *xk Fkk
Norton-Alcoa..................... bafatiad - N bt
Total........................ L a2 S - 100.0

The petitioner, Carbo Ceramics, Inc., is a privately held company
operating two proppant production plants at New Ibéria, 1A, and Eﬁfaula, AL.
Known as the Carborundum Co. when bauxite proppants first began to be produced
in 1979, the petitioner has gone through a series of restructurings and mergers
and has been known as Carbo Ceramics since June 30, 1987. 1/

Norton-Alcoa Proppants is a partnership of Norton Proppants, a wholly
owned subsidiary of Norton Co. and Alcoa Proppants, a wholly owned subsidiary

of Aluminum Co. of America (Alcoa). The partnership was formed in January
1984, %%,

There are two U.S. firms that manufacture and/or sell resin-coated sand.
These firms are Acme Resin Corp., Westchester, IL; and Santrol Products, Inc.,
Houston, TX. Both firms indicated that they are in support of the petition in
their questionnaire responses and their data are presented in appendix C of the
report. Acme Resin Corp. is a wholly owned subsidiary of Borden, Inc. It
manufactures resin-coated sand principally for foundry industries.
Approximately *** percent of Acme’s production is pre-cured resin-coated sand.

Santrol Products, Inc., sells mostly curable resin-coated sand (*#*%) that
is manufactured by **%, Santrol Products sells the product almost exclusively
to the proppant industry under the following trade names: Super Sand, Super
Sand X, Super HS, Super Sand 100, Tempered Super Sand, Tempered Super Sand X,
and Custom Coating.

U.S. importers

Imported calcined bauxite proppants are included in a residual or
so-called basket tariff category of abrasive-grade bauxite. The category
includes calecined bauxite, other than refractory grade. Information
identifying the importer and purchasers of imported calcined bauxite proppants 2/
was provided by the petitioner, and was verified against files provided by the
U.S. Customs Service. The Commission sent two importer questionnaires and six
purchaser questionnaires. One importer and four purchasers 3/ are believed to
account for all imports and purchases of imports of calcined bauxite proppants.
from Australia during the period of investigation.

The importer of record for calcined bauxite proppants from Australia
during the period of investigation was Treco Sales, a distributor of industrial

1/ In 1979 the petitioner was known as the Carborundum Co., a division of the
Kennecott Co. *¥%, '

2/ *** imports of calcined bauxite proppants are from Australia.

3/ **%*% was sent an importer and a purchaser questionnaire. ¥%%* responded to
the Commission’s purchaser questionnaire. **¥* responded to the Commission’s
end-user questionnaire (not the purchaser questionnaire) because »¥%¥,6 %%,
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silica sands. TransAmerican Natural Gas Corp. (TANG), 1/ a gas drilling
company, contracted to purchase 10 million pounds of calcined bauxite proppants

from Comalco in May 1988. The shipment reached U.S. Customs in October and was
liquidated in November; *** 6 2/ ' :

The four U.S. purchasers, accounting for all purchases of imports during
the period of investigation, provided usable data on their purchases of
calcined bauxite proppants imported from Australia. The following tabulation
presents information on their purchases of imports during January-October 1988,
their locations, purchase levels, and each purchaser’s share of total imports
of calcined bauxite proppants:

Purchases of imports Share (percent)

Purchaser Location (1,000 1bs.)(S$1,000) (lbs.)
* * * * * *

Channels of distribution

Calcined bauxite proppant producers and importers ship the majority of the
bauxite proppants to o0il and gas industry service companies. The service

companies for calcined bauxite proppants are the purchasers listed above (with
the exception of *#%),

In response to preliminary and final questionnaires, U.S. producers of
calcined bauxite proppants and purchasers provided information on shipments of
the subject products. These data are presented in table 4.

Table 4 :
Calcined bauxite proppants: Channels of distribution, 1985-87

* % x . % * *

Shipments of imports of the subject product were made exclusively to
service companies during 1985 and 1987 (***). However, during January-October
1988, sales and shipments of imports were begun to end users, accounting for

**%* percent of total purchases during that period (see the following
tabulation:)

. Quantity Share
(1,000 pounds) (percent)
Purchases of imports by-- .

Service companies............. *hk Fkk
End-users..................... . LEX] *hk
Total.............o.uien. Kk 100.0

1/ %%,
2/ A copy of the contract is presented in app. D.



Market factors

Demand factors.--The demand for calcined bauxite proppants is 