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ABSTRACT

Candidate materials for HTGR core supports and permanent side reflec-
tors -- graphite grades 2020 (Stackpole Carbon Company), H-440N (Great
Lakes Carbon Corporation), PGX (Union Carbide Corporation), and HLM
(Great Lakes Carbon Corporation) —- are described and property data are
presented. Properties measured are bulk density; tensile properties
including ultimate strength, modulus of elasticity, and strain at fracture;
flexural strength; compressive properties including ultimate strength,
modulus of elasticity, and strain at fracture; and chemical impurity con-
tent. The data presented represent the mean values and standard deviations
for single logs. The logs of grades 2020, PGX, and HLM are full-size logs
purchased from commercial stock, and the data are indicative of property
values to be expected in commercial production. The data on grade H-440N
are from an experimental log and do not represent commercial production

values.
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1. SUMMARY

Three commercially available graphite grades =-- Stackpole Carbon
Company's 2020, Union Carbide Corporation's PGX, and Great Lakes Carbon
Corporation's HLM -- were evaluated as possible candidate materials for
core support posts, core support floor blocks, and permanent side reflec-
tors, respectively, in the Large High-Temperature Gas-Cooled Reactor
(LHTGR). Great Lakes Carbon Corporation's grade H-440N, an experimental
material, was also evaluated as a possible candidate for core support
posts. Bulk density, mechanical properties, including tensile, flexural,
and compressive properties, and chemical impurities were determined as a
function of location within the graphite logs. Mean values of the pro-
perties and chemical impurities of the graphites are summarized in Table

1-1.%

The work reported herein is part of an on-going program at General

Atomic Company to select reference materials for LHTGR components.
1.1. GRADE 2020

As a candidate for core support posts, grade 2020 may be characterized
as an isostatically molded, medium-grained graphite manufactured as logs
254 mm in diameter by 1829 mm in length with a bulk density of 1.79 Mg/m3.
In comparison with other commercial graphites, it has intermediate strength
and elastic moduli with a uniform distribution within a log but variation
between logs. The ash content and other impurities are relatively high
when compared with highly purified fuel element graphites (Ref., 1).

*
Tables and figures appear at the end of each section.
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1.2. GRADE H-440N

As a candidate for core support posts, grade H-440N may be charac-
terized as an isostatically molded, medium-grained graphite manufactured
as logs 254 mm in diameter by 1829 mm in length (the piece evaluated in
this study was one-half of a prototype log manufactured with a 330 by 330
mm cross section and a 1829-mm length) with a bulk density of 1.72 Mg/m3.
In comparison with other commercial graphites, it has a relatively low
strength and elastic moduli that vary along the longitudinal axis. The ash
content and other impurities are relatively low, approaching those of highly

purified fuel element graphites (Ref. 1).
1.3. GRADE PGX

As a candidate for core support floor blocks, grade PGX may be char-
acterized as a conventionally molded, medium-grained graphite manufactured
as logs 1143 mm in diameter by 1829 mm in length with a bulk density of
1.78 Mg/m3. In comparison with other commercial graphites, it has a
relatively low strength and elastic moduli which are uniformly distributed
within the log. The ash content and other impurities, especially iron and
sulfur, are high in comparison with those of highly purified fuel element

graphites (Ref. 1).
1.4. GRADE HIM

As a candidate for permanent side reflector blocks, grade HLM may be
characterized as an extruded, medium-grained graphite manufactured as logs
1143 mm in diameter by 1829 mm in length with a bulk density of 1.79 Mg/m3.
In comparison with other commercial graphites, it has a relatively low
strength and elastic moduli, with the weakest region at the radial center
of a log., The ash content and other impurities are relatively high in com-

parison with those of highly purified fuel element graphites (Ref. 1).
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SUMMARY OF CHARACTERIZATION DATA FORTéEkgE12é20, H-440N, PGX, AND HLM GRAPHITES
Graphite Grade
2020 H-440N PGX HLM
Property Axial | Radial | Axial | Radial | Axial | Radial | Axial | Radial
Bulk density (Mg/m3) 1.79 - 1.72 - 1.78 - 1.79 -
Tensile properties
Strength (MPa) 16.0 17.5 11.0 11.5 10.3 9.5 10.0 11.5
Modulus (GPa) 7.5 8.5 6.5 7.5 6.0 7.0 7.0 6.0
Flexural strength 25.0 27.5 19.5 21,0 15.5 15.0 18.0 17.5
(MPa)
Compressive properties
Strength (MPa) 80.5 80.5 51.0 45,0 43.0 41,0 39.0 42.0
Modulus (GPa) 9.5 10.0 5.5 6.0 5.0 5.5 6.0 6.0
Impurity content (ppm)
Ash 1550 - 600 - 6183 - 2398 -
Si 15 - 19 -— 541 - 32 -
Fe 220 - 14 - >1000 - >1000 -—




2, INTRODUCTION

The LHTGR design utilizes graphite for core support posts, seats, and
sleeves, core support and side reflector floor blocks, and permanent side
reflectors. Figure 2-1 is a diagram of an HTIGR core and support arrange-

ment showing these components.

The core support posts are cylindrical columns with hemispherical
ends. Posts are provided to support each core support block. The positions
of the posts are fixed by the post seats, which are located in the core
support blocks and on the bottom pad of the prestressed concrete reactor
vessel (PCRV). The posts are free to pivot so as to follow changes in the
position of the core support block. Each post supports a portion of the
total weight of a multiple-column fuel assembly, plus the additional loads

imposed by the drop in coolant pressure through the core.

The upper seats for the core support posts are provided as a sepa-
rate insert in the bottom surface of the support blocks. The seats have
one concave surface machined to a slightly larger radius than the end of
the core support posts., The main functions of the seats are to permit the
upper end of the post to follow any horizontal movement of the core support
block and to help distribute loads at the contact surface. At the lower
end of each post, a similar seat is part of an assembly which is located
on the bottom pad. The lower seat is in contact with materials, such as

alumina or silica, which form other parts of the assembly.

The core support and side reflector floor blocks are of a prismatic
shape. Each block supports a multiple-column assembly of fuel element,
hexagonal reflector, or side reflector blocks and is supported by core
support posts. The blocks contain channels for the passage of coolant

gas and contain separate inserts as seats for the core support posts.
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Each of the core support blocks is closely assembled to the adjacent
blocks, and the outermost blocks are keyed to the lateral restraint struc-
ture. The core support blocks are designed to fix the position of the

fuel columns at the bottom of the reactor core.

The permanent side reflectors consist of large blocks which encircle

the core and are keyed to the core lateral restraint structure, which is

attached to the PCRV.

The primary function of the permanent reflector blocks is to moderate
the fast-neutron flux in the reflector region and reflect thermal neutrons
back into the core region, thus helping to reduce the neutron flux at the
thermal barrier and the PCRV liner. 1In addition, the permanent reflector
blocks form an intermediate support between the PCRV and the keyed plenum

elements to help restrict horizontal movement of the core support blocks.

This report describes the initial results of property measurements on
three commercial graphite grades which may be utilized for the above-
mentioned components: grade 2020, manufactured by Stackpole Carbon Company
(SC), for support posts; grade PGX, manufactured by Union Carbide Corpo-
ration (UCC), for core support floor blocks; and grade HLM, manufactured
by Great Lakes Carbon Corporation (GLCC) for permanent side reflector
blocks. These grades are available as commercial products from U.S. graphite

manufacturers and are manufactured in sizes that satisfy the LHTGR design.

Data are presented for one log each of grades 2020, PGX, and HLM and
a portion of a log of an experimental grade, H-440N, manufactured by GLCC.
The purpose of this work is to characterize the materials with regard to

properties and chemical impurity content.
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3. MATERIALS

The graphites described in this section are produced by major U.S.
graphite companies. The raw materials and details of their processing are
considered proprietary by the respective manufacturers. However, all grades
were fabricated by conventional graphite methods consisting of mixing filler
particles of petroleum coke or recycled graphite with a coal tar pitch
binder, forming by molding or extrusion, baking to carbonize the binder,
with possible impregnation with coal-tar pitch or petroleum pitch to improve

the properties, and graphitizing in the range 2873 to 3173 K (2600° to 2900°C).

A description of the graphites is given in Table 3-1,

3.1. CORE SUPPORT POSTS AND SEATS: GRADES 2020 AND H-440N

3.1.1. Grade 2020

Grade 2020 is manufactured by the Stackpole Carbon Company in a variety
of sizes for commercial sales. Grade 2020 is formed by isostatic molding
followed by conventional baking and graphitizing processes. The product
being evaluated in this program is manufactured as logs 254 mm in diameter
by 1829 mm in length using petroleum coke as a filler and coal tar pitch
as a binder. The logs tested were purchased at different times (see Table
5-1) and thus represent logs manufactured at different times in the Stack-
pole plant. Log 6484-110 was tested under a characterization program and
was systematically sampled; log 6484-137 was compression tested as a full-
size log, and a piece that broke out of the log as a result of the test was
sampled for testing (see Fig, 5-3); and log 6799-00 was utilized in another
study to determine the effect of oxidation on strength. The data from the

control specimens of the oxidation study are included in this report.



3.1.2, Grade H-440N

Grade H-440N is a preproduction material manufactured by the Great
Lakes Carbon Corporation. GLCC is in the process of commercializing grade
H-440N, and the log that was evaluated in this program was formed by iso-
static molding. It had a 330-mm by 330-mm cross section and a 1829-mm
length and was manufactured with petroleum coke as filler and coal tar

pitch as binder. One-half of the log was examined.

3.2, CORE SUPPORT FLOOR BLOCKS: GRADE PGX

Grade PGX is manufactured by the Union Carbide Corporation for com-
mercial sales. Grade PGX is formed by conventional molding followed by
conventional baking and graphitizing processes. The product being evalu-
ated in this program was manufactured as a log 1143 mm in diameter by 1829

mm long using recycled graphite as filler and coal tar pitch as binder.

3.3. PERMANENT SIDE REFLECTOR: GRADE HLM

Grade HLM is manufactured by the Great Lakes Carbon Corporation for
commercial sales. Grade HLM is formed by conventional extrusion followed
by conventional baking and graphitizing processes. The HLM material eval-
uated in this program was manufactured as a log 1143 mm in diameter by
1829 mm long using calcined petroleum coke and recycle graphite as filler

and coal tar pitch as binder.,




€-¢

TABLE 3-1
CORE SUPPORT AND PERMANENT SIDE REFLECTOR GRAPHITES

Reactor Forming
Grade Manufacturer Component Filler Binder Method
2020 SC Core support Petroleum Coal tar Isostatic
posts coke pitch molding
PGX ucc Core support Recycle Coal tar Conventional
floor graphite pitch molding
HLM GLCC Permanent side Pet. coke + Coal tar Extrusion
reflector recycle pitch
graphite
H—440N(a) GLCC Core support Petroleum Coal tar Isostatic
posts coke pitch molding
(a)

Preproduction log.



4, EXPERIMENTAL METHODS

Details of the experimental methods are given in Ref., 1,

Compressive properties were measured in accordance with ASTM C695,

"Compressive Crushing Strength of Graphite," 1976 Annual Book of ASTM

Standards, Part 17.



5. EXPERIMENTAL RESULTS

5.1, SAMPLING

Commercial graphite logs of the size used for core support posts and
core support floor blocks and permanent side reflector blocks have been
shown to have nonuniform distributions of properties within a single log
and from log to log within a manufactured lot (Refs. 1-6). Therefore,
properties and chemical impurity contents were measured as a function of
location within each log. Mechanical properties were measured on specimens
taken parallel (axial) and perpendicular (radial) to the longitudinal axis
of the parent logs and at several locations in each log as shown in Figs.

5-1 through 5-5.

Only one-half of the H-440N and HLM logs was tested, whereas full
logs of grades 2020 and PGX were used.

5.2. PROPERTIES

Complete data sets of the graphite properties are given in Appendices

A, B, C, and D. The data are presented in summary form in this section.

The following properties were measured on grades 2020, PGX, HILM, and
H-440N: (1) bulk density, tensile properties including ultimate tensile
strength, strain at fracture, and modulus of elasticity; (2) flexural
strength; (3) compressive properties including ultimate compressive
strength, strain at fracture, and modulus of elasticity; and (4) chemical
impurity content. Thermal expansivity and thermal conductivity data will

be reported later.

The physical, mechanical, and chemical property data are presented in

Tables 5-1 through 5-13. The various graphite grades being evaluated in
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this characterization program are generically similar; i.e., they are

manufactured from the same basic raw materials and processes.

they are different in detail (see Table 3-1),

The various grades for each

However,

reactor component are manufactured in different sizes and by different

manufacturers, and therefore each grade is expected to have unique prop-

erties. Gradients within logs were also expected depending upon the raw

materials, processing, and log size.
values of specimens taken from various regions of each log.
inspection of data in the summary tables will reveal the axial and radial
property gradients characteristic of each grade. The data in Tables 5-1
and 5-9 reveal differences in bulk density, strength, and elastic modulus
among logs of grade 2020 that were purchased at different times from Stack-

The data for grades H-440N, PGX, and HLM are confined

pole Carbon Company.

to a single log.

5.2.1. Grade 2020

The mechanical property data for grade 2020 are given in Tables 5-1,

5-5, and 5-6 and the chemical impurity content data in Table 5-10.

Thus, the data are presented as mean

A detailed

The

strengths and elastic modulus values varied among the three logs tested.

Log 6799-00, purchased in 1974, was significantly stronger than the log

purchased in 1976.

and radial axes were not excessive.

location in a log was not excessive.

However, differences in strength along the longitudinal

The scatter among specimens at a single

elastic modulus values for each log is given below:

Log UTS (MPa) E (GPa)

No. Axial Radial Axial Radial
6484-110 14,9 17.4 7.2 7.8
6484-137 15.5 17.0 8.1 9.4
6799-00 18.0 18.8 - -

5-2
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The ash content was higher at the end of log 6484-110 than at the
middle by a factor of 1.7 (1900 ppm and 1100 ppm, respectively). This
gradient was also reflected in the iron and silicon contents, but was

reversed for titanium.
5.2.2, Grade H-440N

The mechanical property data for grade H-440N are given in Tables 5-2,
5-5, and 5-7 and the chemical impurity content data in Table 5-11. The
strengths and elastic modulus were higher at the end of the log than at the
middle. The overall strength of grade H-440N was only about 75% of the
strength of the weakest grade 2020 log.

The ash content of log 6484-81 averaged about 600 ppm, and other
impurity elements were relatively low, There were no gradients within the
log. Grade H-440N is much purer than grade 2020, approaching but not
equaling highly purified fuel element graphites (Ref. 1),

5.2.3. Grade PGX

Mechanical property data for grade PGX are given in Tables 5-3, 5-5,
and 5-8 and chemical impurity content data in Table 5-12, Strength and
elastic moduli were quite uniform along the longitudinal and radial axes
of log 6484-112, with the bottom of the log slightly weaker than the top
and middle. A summary of the mean tensile strength and elastic modulus

values for each slab is given below:

UTS (MPa) E (GPa)

Slab Axial Radial Axial Radial
End-1 11.0 10.2 6.3 6.9
Middle-6 10.8 10,2 6.4 7.4
Bottom-12 9.2 8.6 6.1 7.1
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The ash content was high, ranging from about 800 to 11,000 ppm. Other
impurity elements, such as iron, calcium, and sulfur, were also high. The

middle region of the log was purer than the top or bottom.

5.3.4., Grade HLM

Mechanical property data for grade HLM are given in Tables 5-4, 5-5,
and 5-9 and the chemical impurity content data in Table 5-13., The axial
tensile strengths and modulus values and the axial flexural strengths were
highest at the edge of the log, whereas the radial strength and modulus
values and the compressive properties were more uniform, A summary of the

mean tensile strength and modulus values for each slab is given below:

UTS (MPa) E (GPa)
Slab Axial Radial Axial Radial
End-1 10.3 11.9 7.1 6.2
Middle-~6 9.8 11.0 7.1 6.3

The ash content of grade HLM ranged from about 700 to 4900 ppm. The
iron content was relatively high, being somewhat higher at the end of the

log than in the middle.
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BULK DENSITY,

TABLE 5-1
ULTIMATE TENSILE STRENGTH, AND MODULUS OF ELASTICITY OF GRADE 2020

Mean Tensile Mean Elastic
Mean Degsity Strength Modulus
Log Lot Date Location | Orientation (Mg /m>) (MPa) _ (GPa)

Number No. | Received in Log of Specimens P o} n(a) S o | n(@) E s | n()

6484-110( 728} May 1976 End slab } Axial 1.787 | 0,006 12 14,11 1.9 36 7.3 0.2 12

1(b) Radial 1.789 | 0.002 8 15.81 1.4 20 7.9| 0.2 8

Middle } Axial 1.790{ 0.009 12 15.8| 2.4 36 7.1 0.2 12

| slab 6 Radial 1.796 | 0.002 8 18.9] 1.5 20 7.6 0.1 8

6484-137| -- Oct. 1974 Middle Axial - - - 15.5] 1.2 10 8.1] 0.1 4

- Radial - - - 16.4 1 1.5 10 9.3] 0.1 4

slab 1(c) .

- Tangential - - - 20.2 | 1.6 10 9.5] 0.2 4

- Middle } Radial — -— - 17.61 2.0 10 9.5| 0.1 4

! - slab 2 Tangential - - -— | 14,6 1.4 10 0.1] 0.2 4

6799-00 - Dec. 1974 | End slab } Axial 1.784 ) 0,004 8 18.51 1.1 8 - - —_

- 1(d) Radial 1.780| 0.003 8 | 18.8 1.7 8 -_— | - —_—

— Middle } Axial 1.789| 0.002 8 | 17.4] 0.6 8 — | - -

- slab 3 Radial 1.7831( 0.003 8 18.6 1 1.1 8 - - -

- End slab } Axial 1.799 | 0.005 8 | 18.2] 1.2 8 -— | - -

J - 5 Radial 1.805] 0.004 8 19.1 1 1.1 8 —- - -
(a)N = number of replicates tested.
(b)See Fig. 5-1 for location in log.
(C)See Fig. 5-2 for location in log.
(d)See Fig. 5-3 for location in log.



TABLE 5-2
BULK DENSITY, ULTIMATE TENSILE STRENGTH, AND MODULUS OF ELASTICITY OF
GRADE H-440N, LOG 6484-81

Mean Tensile Mean Elastic
Mean Degsity Strength Modulus

Location Orientation — (Mg/m™) ) - (MPa) ) — (GPa) )

in Log(a) of Specimens 0 o N S o N E o} N
End slab 1 Axial 1.746 0.004 12 11.2 1.5 34 7.1 0.3 12
End slab 1 Radial 1.740 0.007 8 13.1 1.1 20 8.0 0.7 8
Middle slab 6 Axial 1.706 0.029 12 10.9 1.3 34 6.0 1.0 12
Middle slab 6 Radial 1.700 0.018 8 10.4 1.3 20 7.0 0.8 8

9-¢

(a)
(b)

See Figs. 5-4 and 5-1(b) for location in log.

N = number of replicates tested.




A

TABLE 5-3
BULK DENSITY, ULTIMATE TENSILE STRENGTH, AND MODULUS OF ELASTICITY OF
GRADE PGX, LOG 6484-112, LOT 8D5-3

Mean Tensile

Mean Elastic

(a) Mean Degsity Strength Modulus

Location in Log orientation _ Mg /m?) - _ (MPa) - _ (GPa) .

Slab Section of Specimens p o} N S g | N E o}
End-1 AC-BC Axial 1.781 0.005 8 10.5 2.0 24 6.5 0.3 7
AC-BC Radial 1.776 0.006 8 9.6 0.7 20 6.7 0.2 8
AY-BY Axial 1.774 0.003 8 11.1 0.5 24 6.2 0.2 8
AY-BY Radial 1.774 0.002 8 10.2 0.8 20 6.8 0.3 8
AE-BE Axial 1.790 0.016 8 11.4 0.6 24 6.3 0.2 8
\ AE-BE Radial 1.790 0.002 8 10.9 0.6 20 7.2 0.2 8
Middle-6 AC-BC Axial 1.779 0.008 8 10.0 0.7 24 6.2 0.2 8
AC-BC Radial 1.778 0.005 8 9.2 0.8 20 7.1 0.2 8
AY-BY Axial 1.780 0.003 8 10.9 0.7 24 6.5 0.2 8
AY-BY Radial 1.783 0.004 8 10.3 0.7 20 7.3 0.2 8
AE-BE Axial 1.790 0.004 8 11.4 0.6 24 6.6 0.1 8
‘ AE-BE Radial 1.791 | 0.002| 8 11.0 | 0.9 20| 7.7 | 0.2 8
Bottom-12| AC-BC Axial 1.783 0.009 8 9.1 0.9 24 6.2 0.5 8
AC-BC Radial 1.777 0.004 8 8.9 1.1 20 7.4 0.3 8
AY-BY Axial 1.773 | 0.005 8 9.1 0.6 24 6.0 0.2 8
AY-BY Radial 1.777 0.005 8 8.1 1.4 20 6.9 0.2 8
AE-BE Axial 1.780 6.010 8 9.4 0.7 24 6.1 0.2 8
w AE-BE Radial 1.775 0.003 8 8.8 0.9 20 6.9 0.3 8

(a)See Fig. 5-5 for location in log.
(b)N = number of replicates tested.



TABLE 5-4
BULK DENSITY, ULTIMATE TENSILE STRENGTH, AND MODULUS OF ELASTICITY
OF GRADE HIM, LOG 6484-78, LOT 367

86

Mean Tensile Mean Elastic
(a) Mean Degsity Strength Modulus
Location in Log Orientation _ (Mg/m>) 5 _ (MPa) T _ (GPa) ©
Slab Section of Specimens P o S a E 0]
End-1 AC-BC Axial 1.784 0.008 8 7.8 2.1 24 6.9 0.1 3
AC-BC Radial 1.780 0.007 8 11.9 1.8 20 6.6 0.3 7
AY-BY Axial 1.774 0.008 8 9.4 1.0 24 7.0 0.3 7
AY-BY Radial 1.774 0.007 8 12.0 0.7 20 6.2 0.2 8
AE-BE Axial 1.772 0.009 8 13.8 1.2 24 7.4 0.6 8
\ AE-BE Radial 1.771 | 0.008 8 11.9 t.1] 20 5.8 0.4 7
Middle-6 AC-BC Axial 1.796 0.006 8 6.8 1.0 24 6.5 0.5 5
AC-BC Radial 1.796 0.003 8 9.9 1.3 20 6.6 0.2 8
AY-BY Axial 1.798 0.005 8 9.3 2.2 24 7.2 0.8 4
AY-BY Radial 1.795 0.006 8 10.6 1.7 20 6.2 0.4 7
AE-BE Axial 1.794 0.004 8 13.3 1.8 24 7.7 0.5 8
Y AE-BE Radial 1.794 | 0.006 | 8 12.4 | 0.8 20 6.1 | 0.3 8
(a)See Fig. 5-5 for location in log.
(b)N = number of replicates tested.



TABLE 5-5

FLEXURAL STRENGTH OF GRADES 2020, H-440N, PGX, AND HLM
Mean Flexural
Location in Log Strength
Graphite Lot Radial Orientation — (Pa)
Grade Log No. No. Slab Section of Specimens S o] n(a)
2020 | 6484-110| 728 | End-1 .- Axial 25.0| 2.4 42
End-1 Radial 27.41 0.9 20
Middle-6 - Axial 25.2 | 0.8 42
Middle-6 Radial 27.2( 0.8 20
H-440N | 6484-81 | -- End- | O Axial 20,5 1.1 42
-- End-1 Radial 21.8] 1.4 20
- Middle-6| -- Axial 18.5] 1.8 42
- Middle-6 Radial 20.1|1.6| 20
PGX 6484-112| 8D5-3 | End-1 AC-BCES; Axial 15.8 | 1.2] 24
End-1 AC-BC Radial 15.1 1.8 20
End-~1 AY-BY Axial 16.1( 1.0 20
End-~1 AY-BY Radial 15.5 1.8 20
End-1 AE-BE Axial 16.0] 0.9 20
\ End-1 AE-BE Radial 16.6 | 1.2 20
PGX 6484-112| 8D5-3 | Middle-6| AC-BC Axial 15.3] 0.9 24
Middle-6| AC-BC Radial 14.31 2.2 20
Middle-6| AY-BY Axial 15.91] 0.8 20
Middle-6| AY-BY Radial 15.7 | 1.5 20
Middle-6| AE-BE Axial 16.8 ] 0.8 20
\ Middle-6 | AE-BE Radial 7.1 1.6 20
PGX 6484-112( 8D5-3| End-12 AC-BC Axial 14,11 1.3 24
End-12 AC-BC Radial 14,11 1.7 20
End-12 AY-BY Axial 13.3] 1.0 20
End-12 AY-BY Radial 13.9] 1.1 20
End-12 AE-BE Axial 14.3 [ 1.1 20
] End-12 AE-BE Radial 13.5] 1.9 20
HLM 6484-78 | 367 | End-1 AC—BCEjg Axial 16.3] 1.9 | 24
End~1 AC~BC Radial 17.9 1.7 20
End-1 AY-BY Axial 16.91 1.8 20
End-1 AY-BY Radial 17.7( 1.6 20
End-1 AE-BE Axial 20.8 | 1.5 20
\ \ End-1 AE-BE Radial 16.6 | 1.4 20
HLM 6484-78 367 Middle-6| AC-BC Axial 13.8| 2.6 24
Middle-6| AC-BC Radial 17.5] 2.1 20
Middle~6| AY-BY Axial 18.0 1.7 20
Middle~6| AY-BY Radial 17,41 1.7 20
Middle-6| AE-BE Axial 20.81 1.4 20
Middle~6| AE-BE Radial 17.91 1.3 20
(a)N = number of replicates tested.
(b)See Fig. 5-1 for location in log.
(C)See Figs. 5-4 and 5-1 for location in log.
(d)See Fig. 5-5 for location in log.
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TABLE 5-6
ULTIMATE COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY OF GRADE 2020

Mean Compressive Mean Elastic
Strength Modulus
Log Lot Location Orientation — (MPa) — (GPa)

Number No. in Log(a) of Specimens S o N(®) E o N(b)
6484-110 728 Slab 2 Axial 78.6 3.1 4 10.0 0.6 4
6410-110 728 Slab 2 Radial 78.5 1.5 4 9.9 0.9 4
6484-137 -— Middle slab 1 Axial 75.5 1.9 10 8.7 0.3 9

- Middle slab 1 Radial 74.3 1.5 10 9.4 0.6 10
- Middle slab 1 Tangential 74,2 2.0 10 9.5 0.5 10
- Middle slab 2 Radial 77.0 1.9 10 10.1 0.5 10
- Middle slab 2 Tangential 79.5 2.0 10 10.0 0.5 10
6799-00 - End slab 1 Axial 84.0 2.5 8 - - -
- End slab 1 Radial 82.0 2.2 8 - - -
- Middle slab 3 Axial 80.0 1.6 8 - - -
- Middle slab 3 Radial 81.2 2.7 8 - - -
- End slab 5 Axial 85.4 3.0 8 - - -
- End slab 5 Radial 88.9 4.1 8 - -— -

(a)
(b)

See Fig, 5-1 for location in log.

N = number of replicates tested.




TABLE 5-~7
ULTIMATE COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY OF
GRADE H-440N, LOG 6484-81

Mean Compressive

Mean Modulus

Stren%t? of Elas%icity
b b
Location Orientation _(MPa) fGPa) )

in Log(a) of Specimens S o) E a
End slab 1 Axial 52.2 2,9 5.7 0.4
End slab 1 Radial 49.9 2.3 7.2 0.4
Middle slab 6 Axial 49.7 5.2 5.2 0.9
Middle slab 6 Radial 40.3 1.6 5.2 0.5

(a)
(®)

See Figs.

5-4 and 5-1(b) for location in log.

Number of replicates tested = 8.
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ULTIMATE COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY OF

TABLE 5-8

GRADE PGX, LOG 6484~112, LOT 85D-3

Mean Compressive

Mean Elastic

Location Strength Modulus
-n Log(a) Orientation _(MPa) b) (GPa)(b)
Slab Section of Specimens S o} o)
End-1 AC-BC Axial 44,7 0.9 0.2
AC-BC Radial 42,2 2.7 0.3
AY-BY Axial 43,9 2.8 0.3
AY-BY Radial 41.1 2.8 0.5
AE-BE Axial 45.7 1.6 0.3
AE-BE Radial 42.5 1.5 0.3
Middle-6 AC-BC Axial 41,7 2.2 0.3
AC-BC Radial 40,2 2,2 0.7
AY-BY Axial 44,8 2.0 0.3
AY-BY Radial 41,8 1.5 0.1
AE-BE Axial 45,5 1.9 0.1
\ AE-BE Radial 43.3 1.7 0.4
End-12 AC-BC Axial 41.7 0.8 0.2
AC-BC Radial 40,2 1.4 0.4
AY-BY Axial 40.3 1.9 0.2
AY-BY Radial 39.1 1.1 0.3
AE-BE Axial 40,7 2.1 0.2
AE-BE Radial 38.3 1.8 0.1

(a)
(b)

See Fig. 5-5 for location in log.

Number of replicates tested = 8.




TABLE 5-9

ULTIMATE COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY OF
GRADE HLM, LOG 6484-78, LOT 367

Mean Compressive

Mean Elastic

Locati?n) Stren%t? Modul%s
: a b b
in Log Orientation —(MPa) EGPa) )
Slab Section of Specimens S o} E o]
End-1 AC-BC Axial 38.1 0.9 5.1 0.4
AC-BC Radial 43.0 1.1 5.9 0.3
AY-BY Axial 35.0 1.5 5.0 0.6
AY-BY Radial 41,0 1.8 5.7 0.4
AE-BE Axial 39.8 1.5 6.7 0.3
AE-BE Radial 41.6 2.4 5.3 0.3
Middle-6 AC-BC Axial 35.3 2.2 5.3 0.6
AC-BC Radial 40.5 1.6 5.9 0.4
AY-BY Axial 45.4 3.1 5.7 0.8
AY-BY Radial 42,6 1.5 5.8 0.4
AE-BE Axial 41,1 1.8 7.1 0.7
AE-BE Radial 44,7 1.0 5.9 0.2
(a)

(b)

Number of replicates tested = 8.
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See Fig. 5-5 for location in log.
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TABLE 5-10
DISTRIBUTION OF IMPURITY CONTENT WITHIN GRADE 2020, LOG 6484-110, LOT 728

(a)

Location in Log

Element (ppm)

Sample Radial

Number Slab Location| Ash S Al| B| Ba| Ca Cu| Fe K Li| Mg| Mn| Na| Ni| Pb| Si Sr Ti \Y
L16B End-1 Edge 2000} 23] 60| 4] 40| 600} <1 400 80} <1} 4 2} 10} <4} <6 200} 40| 40} 20
L28B | End-1 Edge 1900 13| 60 2| 40 600 <1 | 400} 60| <1{ 2 11 10] <4 <6| 200 <40 20| 10

L64B | Middle-6 Edge 1100 11| 20| 4| 40| 400 <1 20| 20) <1 | 4 <1]| 10| <4 <6 20| <40} 100| 20

L76B | Middle~6 Edge 1200 12| 60| 4| 20| 400 <1 60| 60 8| 4 <1] 20| <4 <6 100 <40 100{ 20

(a)

See Fig. 5-1 for location in log.
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TABLE 5-11
DISTRIBUTION OF IMPURITY CONTENT WITHIN GRADE H-440N, LOG 6484-81
Locati%n) ClZi:QZTr—
; a

Sample in Log Location Element (ppm)

Number | Slab | Radial (rad) Ash S Al| Bl Ba| Ca| Cu| Fe| K Li | Mg| Mn| Na Ni| Pb| Si| Sr Ti| V
L2 (b) Edge 0 590 | 104 <1| 2| 20| 60| <1 | 10 10] <0.5 41 <11 <40 <4| <6 | 80| <40 40 60
L3 (b) Edge 0.78 680 | 114 <1 2} 20| 60| <1 8 6| <0.5 11 <1] <40 <4 <6 | 80| <40 20| 40
L21 (b) Edge 2,36 680 9| <1 2| 20| 60| <1{ 10 8| <0.5] 10| <1| <40 <4 <6 80| <40 20| 20
L16 (b) Edge 3.14 660 51 <1t 2|20] 60 <t|10 6] <0.51 10| <1] <40 <4| <6 | 80| <40 20} 20
L40 (b) Edge 3.14 620 11| <11 2] 2060} <1]| 20 81 <0.5| 10| <1 | <40| <4 <6 | 80| <40| 40| 20
L39 (b) Edge 3.92 620 <2| <1} 2 8| 60| <1 <20 10| <0.5| 10| <1 | <40 <4| <6 | 80| <40| 20| 40
L57 (b) Edge 5.49 550 <2| <1| 2] 10] 60| <1} 10 6| <0.5 2| <1] <40 <4| <6 | 80| <40 20} 20
L10 (b) Center - 700 20 <1 2} 20] 60| <1 10 6| <0.5| 10| <1 | <40 | <4| <6 | 80| <40 20| 40
L52 (c) Edge 0 520 41 <1] 2|20 60] <1 10 6] <0.5| 20| <1 <40 | <4| <6 | 80| <40 20} 10
L76 (c) Edge 0 520 <21 <1 2110] 60 <1| 20 41 <0.51 10 <1} <40 | <4 <6 | 80| <401 40| 40
L75 (c) Edge 0.78 590 <3| <11 2110] 60| <1} 10 4] <0.5] 20| <1] <40 <4| <6 | 80| <40} 20| 40
L93 (c) Edge 2.36 610 12 <1 21 10] 60| <1] 10 41 <0.5] 10| <1} <40 | <4 <6 | 80| <40| 40| 40
L64 (c) Edge 3.14 500 <4| <1 2110} 60| <1]10 81 <0.5] 20 <1 | <40 <4| <6 | 80| <40} 20} 10
188 (c) Edge 3.14 580 11] <11 2| 10 60{ <1 | 20 8] <0.5| 10| <1| <40 <4| <6 | 80| <40} 40| 40
L111 (c) Edge 3.92 570 <21 <1} 2| 10| 60 <1} 20 8| <0.5| 10| <1| <40 <4 <6 | 80| <40 40| 40
L129 (c) Edge 5.49 540 13| <t | 2] 10| 40} <1 | 20 81 <0.5] 20| <1] <40 <4} <6 | 80! <401 40| 40
L82 (c) Center - 630 141 <11 21 10| 60| <1 | 10 <4 <0.5[ 10] <1 <40 | <4| <6 | 80| <40| 10| 20
L58 (c) Center - 570 121 <1} 2] 10] 60 <1 20 6] <0.5] 10} <1] <40 <4 <6} 80} <40} 20] 20

(a)See Figs. 5~4 and 5-1(b) for location in log.
®)gng-1.
(c)

Middle-6.



TABLE 5-12
DISTRIBUTION OF IMPURITY CONTENT WITHIN GRADE PGX, LOG 6484-112, LOT 8D5-3

91-¢

Location in Log(a)

Sample Radial Element (ppm)

Number Slab Location | Ash S Al B Ba| Ca Cu| Fe K | Li{ Mg | Mn| Na | Ni| Pb| Si Sr | Ti| V
E70B Top-1 E-A 6740 110 80| 2 40 80| 10 1000 10 1 1 10| <10| 20| <6| 100| <40| 40| 10
E40B Top-1 EC-A 6890} 355 80| 2 40 80 10 1000, 60} 6| 10 10 10] 20| <6 40 <40| 20| 10
E16B Top-1 C-A 7600 540 100) 2 40 100 10] >1000] 20 2| 40 40| <10) 40} <6| 40| <40) 40| 20
E88B Top-1 C-B 6800} 570 80| 2 40 80| 10 1000 | 20| 61 40 20| 20 20| <6| 20| <40} 40| 20
E124B | Top-1 EC-B 7440 430 80| 2 40 80| 20 1000 20 2|10 20| <10| 20| <6, 80| <40]| 40| 20
E154B | Top-1 E-B 7160 | 10057 100, 2 60| >1000| 8 600 | <10 | <1 6 11 <10 <4y < 80| <40 40| 20
M70B Middle-6 E-A 5310 150 80} 2 40 8110 1000 80| 2 8 10| 20! 20| <6| 60| <40| 80| 40
M40B Middle-6 EC-A 8070 | 310 80 2 40 1001 10 1000 | 20 2 2 10 10| 20| <6 80| <40| 40| 20
M16B Middle-6 C-A 7010 | 3251 100( 2 40 80| 10| >1000| 20 1110 401 <10 20| <6| 40| <40 40| 20
M100B | Middle-6 C-B 27791 430 80l 2 40 200| 20| >1000| <10} 2 20 401 <10| 20| <6| 40| <40 401 20
M122B | Middle-6 EC-B 893 | 455| 100 2 40} >1000{ 10| >1000 10 2 1 40| <10 20, <6 100| <40| 40} 20
M152B | Middle-6 E-B 880 125| 80| <0.5| 40 60| 6 40 10| <11 <0.5| <1| <10| <4| <6| 40| <40| 40| 4
B70B Bottom—-12| E-A 11070 | 720 200 2 60| >1000| 20| >1000| 20 1 4 40| <10} 20| <6 400 <40| 40} 40
B40B Bottom~12| EC-A 10440 | 610] 60 2 40 200| 20| >1000 10( 2} 10 40| <10| 20| <6| 80| <40] 40| 20
B4B Bottom—12} C-A 7150 875 60} 2 40 2001 20| >1000 10 21 40 401 <10| 20| <6 20| <40 40| 20
B88B Bottom-12| C-B 7270 1096 | 100 2 40 100 20| >1000| 40 2| 60 60 10| 20| <6 40} <40| 40| 20
B124B | Bottom—-12} EC-B 845 695| 80| 2 40 80| 20| >1000| 40 14 20 40 10| 20| <6| 60| <40 40 20
B154B | Bottom—12( E-B 6990 | 945| 80 2 401 >1000| 20| >1000| 60 1110 40| <10} 20] <6 60 <40} 40| 20

(a)

See Fig. 5-5 for location in log.
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TABLE 5-13
DISTRIBUTION OF IMPURITY CONTENT WITHIN GRADE HLM, LOG 6484-78, LOT 367
Location in Log(a)
Sample Radial Element (ppm)

_ Number Slab Location| Ash S | Al B Ba| Ca | Cu| TFe K | Lij Mg| Mn | Na Ni Pb| Si Sr Ti| V
E70B Top-1 E-A 24001 176 60 2| 60| 400( <1 1000} 20} <1| 2 <1 10 20| <6| 100| <40| 60| 60
E40B Top-1 EC-A 4900 | <4 60| 2| 40| 200 <1| >1000 10 116 4 10 40( <61 80| <40 40| 40
E16B Top-1 C-A 4500 <4 80| 20| 40| 200 | <1} >1000 101 <1} 2 4 10 401 <6| 60| <40| 40} 40
E88B Top-1 C-B 4600( 58 40| 2] 40) 200 <t} >1000| 60| 2| 4 41 40 40| <6 60| <40| 40} 40
E124B | Top-1 EC-B 4500 18 20| 2| 40 200 <1 | >1000§ <10 112 44 <10 40| <6| 60| <40| 40| 60
E154B | Top-1 E-B 1200 16| <1 2| 40 100 <1 800} <10| <1| &4 <1| <10 10| <61 80| <40 40) 20
M70B Middle-6 E-A 670 45 <1 21 40| 80; <1 100 10 2| 2 <1t <10 <4} <6 60 <40| 20} 10
M40B Middle-6 EC-A 1900 <4 60| 2| 40| 200 <1 800} <10 11 4 2| <10 20] <6| 100| <40| 40§ 40
M16B Middle-6 C-A 1000} <4| 80| 2| 404 100| <1} >1000| <10| 6] 4 100 | <10| >10004§ <6| 200 | <40| 80| 20
M100B | Middle-6 C-B 1100| 23 40} 2| 201 100 <1 100 | <10 1] 4 20| <10 200 <6 80| <40| 20{ 20
M122B | Middle~6 EC-B 1100 22{ 100| 2| 40| 100 <1 400 10 142 <1| <10 10| <6 80| <40| 20| 20
M152B | Middle-6 E-B 900 9| <«1 2| 40| 80| <1 80| <10} <1} 2 <11{ <10 10| <6 80 <40} 20| 20

(a)

See Fig. 5-5 for location in log.
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Fig. 5-1(a). Slab diagram for core support post graphite grade 2020,
log 6484-110
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Fig. 5-1(b). Core sampling plan of a slab of grade 2020,
log 6484-110
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Fig. 5-2(b). Core sampling and specimen orientation of grade 2020, log
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Fig. 5-3(b).

EDGE

CENTER
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CENTER

SECTION
A B c

CORE | SAMPLES

COMPRESSION SAMPLES

201 201 215 229

202 202C | 216C | 230

203 203 217 231

204 204 218C | 232C
205 205 219 233
206 206C | 220C | 234C
207 207 221 235
208 208C | 222C | 236C
209 209 223 237
210 210C | 224C | 238C

21 21 225 239

212 212C | 226C | 240C

213 213 227 241

214 214C | 228C | 242C

TENSILE SAMPLES

201 201 221

202 202C | 222C
203 203 223
204 204C | 224C
205 205 225
206 206C | 226C
207 207 227
208 208C | 228C
209 208 229
210 210C | 230C
21 211 231
212 212C | 232C
213 213 233
214 214C | 234C
215 215 235
216 216C | 236C
217 217 237
218 218C | 238C
219 219 239
220 220C | 240C

Core sampling plan of slab 1 of grade 2020, log 6799-00;

axial (core sampling of slabs 3 and 5 was the same as for
slab 1)
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Fig. 5-3(c). Core sampling plan of slab 1 of grade 2020, log 6799-00;
radial (core sampling of slabs 3 and 5 was the same as for
slab 1)
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> | ‘r SLAB
~ A
g | )
| sLAB1 | I 102-mm
t SLABS
|  SLAB2 | ' 914 mm
[ SLAB 3 !
] 1
| SLAB4 I I 1829-mm
| | '
| SLABS ]
T
| SLABs | —
} _
| StAs? | [
| stass | i!— YA
.
[ 1
| SLAB 9 | {
| st || j'_
{ SLAB 11 -
N T ey
DISCARD L/ SLAB 12 N
— T —— 330 mm

Fig. 5-4. Slab diagram for core support post graphite preproduction
grade H-440N

5-26



305-mm DIA.

1143-mm DIA.
559-mm DIA.
DISCARD
4,72 rad —= ] 1.57 rad
\
8134nnIDIA.”"’/// 152-mm
SLABS
36 IN.
1067-mm DIA. \
102-mm
SLABS
DISCARD
TOP 1829 mm
51 mm
102-mm
SLABS

SLAB 10

SLAB 11

SLAB 12

DISCAR D/

Fig. 5-5(a). Slab diagram for core support floor block and permanent
side reflector block graphites (PGX, log 6484-112, or
HLM, log 6484-78)
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0 rad

SECTI
152-mm R
SECT!
279-mm R
SECTION AC
1.57 rad

4.72 rad

SECTION BC

406-mm R SECTION BX

533-mm R SECTI

SECTI

571.5-mm R

/7

DISCARD
(OUTSIDE RING)

3.14 rad

Fig. 5-5(b). Sectioning of core support floor block and permanent side
reflector block graphites (PGX, log 6484-112, or HLM,
log 6484-78)
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4,72 rad

SECTION AA

Fig. 5-5(¢c). Center section: AC
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Fig. 5-5(d). Middle section: AY
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4.72 rad

N

SECTION AA

Fig. 5-5(e).
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6. CONCLUSIONS

Three grades of commercially available candidate graphites -- 2020 for
core support posts, PGX for core support floor blocks, and HLM for perma-
nent side reflectors —— have undergone preliminary characterization tests
to determine their mechanical properties and chemical impurity contents.

An additional experimental grade, H-440N, was also evaluated as a candidate
for core support posts. The data were collected in a systematic pattern
that revealed property and impurity gradients within the individual logs.
As expected, each grade was different with respect to properties and
gradients. The data assembled in this report will serve as a portion of
the data base required to select reference grades for LHTGR components.
Other properties, such as thermal expansivity, thermal conductivity, oxi-
dation resistance, fatigue, and irradiation behavior, which are not
reported here will also be considered in the overall evaluation of these
graphites, However, the data sets reported here will be analyzed and used
initially to determine tentative design configurations and to calculate

allowable stress margins.
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APPENDIX A
GRADE 2020 DATA

This appendix contains complete data sets for the bulk density,
tensile properties, flexural strength, compressive properties, and chemical

impurity content of grade 2020 graphite.



TABLE A-1
TENSILE PROPERTIES OF 2020 GRAPHITE

[ I XIS AR Y SRR R X A 20 2 2 2 )

LOT NU, 728 $PEC, DIA, 12,8 “M
LO6 N0, 64BU=11Y SPEC, LENGTH 70, M~
LUG CENSITY 1,803 “p/Mexd -

PN O TR TR PR TR PREAPEP PN ERR AR ETURORERNARTARPeRNRERERNS
SFECIMEN IRIFENTe ([ 1CAw DENSITY YOUNGS PEkre FRA(S TENMSILE
TUMRER AT1u¢  TI1I0  (RG/Mex3IMUIYLUS ANENT  TURE STRENGTH
(GPA)Y SET  STRalv { 'PA)
— - - —LPLTY  (PCT)

L AL AL R R RS LR LR Y R Y A2 AL AR Y R Y R R X X3

Jae A AX ENL 1,787 1.3 V12 LY 19,2
LINGY ) A X EnD 1,781 7,3 JU1S oM 14,1
= 1OR AX EnND 1.17@ 711 IUIS 0175 19‘7
“LldA Ak BN 1,792 7,4 W] , 198 12,6
elL20A AX END LT84 Y IS -3 207 124%
m 22K AX B0 1,788 Tev W10 o176 11,3
1Ref Jyua  Ax END 1,791 7.9 sV10 197 1.y
s J4m AX [ 1784 Teb Ul « 179 11,7
wl_3naA AXx Fun 1.762 7‘3 |Ull 3210 13.9
wl $BA A END 1,79% 7.3 YRR 228 14,V
el 4dA  ax CEND 1,795 7.4 JUL0 L2140 13,7
vl 4bh AX EnND ‘.798 Tl V12 .?3@ 15.0
1= | K AKX En) 18,0
- LAH AX FND 16,7
w128 AX g 144
wL12r AX EnD 14,0
L1448 aa_ _ ED _ e — - — 14,0
“1BA  AX Enn 14,9
=18y AX BN 19,06
= 20R AX END 4,4
» 22A AX END 1241
oL PUA AX End 19,7
w| AUp AX END o _ o 14,7
{hel §urd  AX EnND 12,4
=324 AX END 11,0
w32k A END 13.7
wi $h4A AX END _ 18,3
w( SR AX END 15,8
wlLy2a AX FND — _ _ _ 18,7
=428 AX FND 19,5
= 44p AKX END - 17.¢
wiubd  AX EnND 14,4
sL4B8A AX ) B 10,4
o Udmw  Aax Enp 19,7

.'.‘-Q-.-.----'-QQQCQ---...”:-_-....'..ﬂ.!_..'!.....-.!!.-!-..-....
ME AN 1,787 7.3 Lule 205 14,1

(1,08 MPST) (20%51,P81)

§TD, DEV, Ju08 o€ Juud 028 1,9 ‘
( .03 mP8T) ( 279,Ps1)

[ PA LA IR IR R R Y SRR AN R R R AL R LA R XX 2 R 2 X 2 2 J
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TABLE A-1 (Continued)
B AL LA LA IS T DL LS AL LY i Ll dakuind . oo
LT ND, 728 8PEC, VIA, 12,8 MM

LOG ND, 64BU=110 SPEC, LENGIH 70, MM
e WG DENSITY 1,803 MG/Mwed i

PR ORNNRR NSNS RERTNORNARERARCRNCRRARRRARNSNUNRNRRNRTENARNRNTRRDRRB YN
SPECIMEN OQRIENTe L OCaA= DENSITY YUUNGS PERMes FRA(e TENSILE
NUMBER  ATION  TION (KG/Me*x3)MOQOULUS ANENT  TURE  STRENGTH
(GPA) SET STRAIN (MPA)
R N R . — . APCT) _(PCT) R

.‘..Q'.Q..-.-..'-.Q'.'I---.-.-.---.—....-.--..-'.--'.'.-"Q-.'

_tae LY RAD  END  1,7B8 7,7 L0100 238 15,7
e |11 RAD EnD l.?&& - +UL3 o241 18,6
e L2% RAD  END 1,788 8,1 @ LU10 L2441 16,2
- |29 RAD END 1,789 8,0 WV10 o 1 84 13,6
18e |43 RAD Env 1,791 7.8 VIV 4235 0 16,1
o L47 RAD END 1,789 8,0 07 214 1541
18« (61 “AD  END 1,792 @ B,0  LV08 L2060 17,8
- 165 RAD  END 1,791 8.0 011 269 18,9
_ 1A= LS RAD EHQmm,_“M_mnw_.ﬂ‘_,ﬁmw, T 1 - T ¥
- L9 RAD END 17,0
1A= {13 RAD  END 15,3
e« L23 RAD END 16,8
e L27T RAD O END 1T,
» L3t RAD EnD 13,1
1de L4y RAD  ENO o 1elT
o L4% RAD EnND 15,7
.. = |49 RAD  END L — 17,8
1%- LS9 RAD END 15,4
= L6} RAD EnNnO . 10,9
o (AT RAD EnD 19,1
I-Q..-...'.'."'...W'-.O-ﬂ.."ﬂ!-Aggq“.‘."!!"-..-V"'ﬂﬂﬂﬂﬂ-’ﬂQ---QQO-'
ME AN 1,789 7.9 fU10 235 16,8
S % W% & MPSIJ (2295 PSi)
8§70, DEV,  ,0Uu2 = .2 L0022 L0286 1,4
( ,03 MP8I) ( 210 PSI)

LI I LA LI AL X YA YRR R R A XTI Al i At 2 il A Al B il Al 2 X2




(R SRR

Lidla

1S l\-!‘.

TABLE A-1 {Continued)

728
LYLEL SRR

wENSITY 1,808

SPEC, wla,
SPEC, LENGTH
ME/MRE) -

.‘-.'-..‘--.'..‘ﬂ..----.!Q'.....-.ﬂ..

1248 MM

70,

M

YT I Y R R Y P R Y P R Y F Y S L R R L A R L R P XY Y]

SPECIMEN RTENTe LLiiCAm OFNSITY YUUNGS PEKMe

G ARE &

ATIUN

SN

TENSILE
STRENGTH
(MPA)

(XY X R RN REY YRR AR LS R P A AR R AR R ALY RS R Y 3 0

na=L 44
=504
i AR
oLh7A
wl_oda
wl_ Tk

hRRe TRA
wi, AP
-l dly
s RHA
- 925
. G4k

oha 304
wl Hk
w Ny
i S0
=l aid
LAWY
= bhA
=, hob
LY
| JOA
w724
= 72n

aRle| 744
ol 74K
= 7AR
w HOA
= 8¢yn
o R
'LHOH
= S04
= 3Ub
-l 32n
ol 944
w9h4
= bk

Aa
AX
AX
ax
Ay
AX
Ax
ax
AX
ax
Ax
AX
Ax
A X
ax
AX
bax
AX
A X
Ax
Ax
A X
AX
A X
Ak
Ax
Ax
Ax
A X
A X
A X
AX
Ax
AX
A X
AX
AX

Ml
*L
AL
4
L
“L
"L
L
SIR
"y
ML_
W,
YL
L
"L
My
A.ﬂL
M,
L
L
L
My
L
"L
"
"
ML
™M L
ML,
ML,
L
4 L
YL
ML
M
ML
A

FrRAC=
(R /Max 8)YM0pu ud ANENT  TURE
(GPAY SEYT  STwAIN
. - (PLT)Y (®RCT)
7.0 V14 200
0,9 R R .asq
0.8 PRIAI 2200
7.2 «V13 o2t
T2 U L 209
Tef eU1l0 230
7,4 WIs 226
oLk VAW, W 239
ﬁ.q ‘“l” .817
Tk Ve 1S
,...].a L'x).l(" . 4&5‘3
7.3 U1 224

1,795
1,779
1.775
1,794
14793
14792
1,795
14781
1,781
1,794
1,803
1,798

1247
14,1
19,1
1,9
d3,0
14,8
14,3
1442
13,13
9,7
15,2
14,1
17,0
15,5
18,v
1144
1 7.5
19,4
18,3
1646
9,4
18,9
19,2
18,3
20,2
1044
17,1
1844
144
15,4
19,1
12,3
19,0
16,5
18,1

(A2 232 LA X R RS LR RS ERAYEE R YA YRR XY Y 2 R0 2 8 X 8 3

ME AN

s10,

DEV,

1.790

WU09

7.1 !

(1,03 ™MP8I)

(

-] U2
W08 MPST)

221

o 030

19,8
(€288,PS1)

2,4
( 354,PS81)

LA XA I L EXERYT Y AN SRR R R R A X RN N A AL RS LY E L AL 2 3% 2 2 J
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TABLE A-1 (Continued)

LI E PR X RN R R EEE LR RN EREYENE LY & 0 XN Z 8 F )

Lt Neb, T8 $PEC, Ula, 12,4 1
LG Nty Suddmity SPEC, LENRIA Tu, "
LiHs QENSITY 1,898 MG/ iase

(X XS EZ XL AR YRR R AR AR PR AN R AR EEENEYEY RS L 1 ]

SRECTAFN TR vTe | iCA= CENSITY Yiniup8 PixMe Fniflw T w3 lLE
VIV AR R ATT 4~ T1V: (aG/ ek )00 ) 08 AT Tuke SThRENGTH
(G+4a) SEN STRAT (4RPA)

(PCT) (PCTH

[ E R X E X RN R AR ER RS ARSI R 2 AR A AR R X R R RRRRE XN XXX 4

rae |79 WAL " 1,795 7.0 ROREI L 254 16,5
w LRT ean 4L, 1.793% 7.4 12 0 3000 1H, b
= 1,97 R AL 10798 745 sU LU W 084 1R
naml 1Y RAD M 1,794 7,5 ot 1 @ S0 19,2
ordel 115 ®ad 1, 1,794 Te6 PURE 280 14,2
oL119 Rap My 1.797 745 12 2274 17.5
= 133 ran L 1,799 7,8 v LY lo.9
o147 ~aAhL RN 1,796 Tat V15 A 17,2
nde |77 SAD “ 18,4
» A} Rap ML 19,2
e Letg KA AL ) 14,2
bhw | 95  RAD " 2ly0
® |99 KHa? g 18,48
e 100§ RaAD ML 19,1
oRe 113 Rab L 2ol
=117 RaA® M 17,2
hHwi |21 RAD "y 2143
=13t Ran ML Pyl
=135 Ran AL 21,8
e 1389 RN ML 19,7

(L XA XX XY R LR SRR N YR YRR NRERS AN ELLE LAY Y 2R Y A REREENER T ]
"B AN 14798 7.0 12 A 18,9

(1,10 MP3T) (27385,PS)
8510, LEV, Jou2 o] Wi 2 118 1,9

( J02 MP8I) ( 214,PS1])

LA A YA AR S YR AR S R R R ER RN LA IELEYE Y LB X 2 X K L KX J




TABLE A-2
TENSILE PROPERTIES OF 2020 GRAPHITE

e wr a . r  S E w ED wn Ee e Ne E  AE M A R AR e P e e - -

LOT NO. - SPEC- D];AO 12.8 MM
"" LOG NO. 6434-137 SPECe LENGTH  70. MM —“
LOG DFNSITY -- MG /M%%3 .
SPECIMEN ORIENT- LOCA- DENSITY YNUNGS PERM- FRAC-  TENSILE
NUMBER ATION TIOM (MG/M#%3)MODULUS ANENT TURE  STRENSTH
T i (GPA) SET STRAIN (MPA)
) (PCT) (PCT) L
SLAB 1 - 2 A X ML 8.3 -C’;l 13.6
T - 4 KX ML 8.1 JJoy 15.8
- 6 AX M«L 8.0 .qu 1606
STRTAXT ML 8. C . GOy 17.2 o
=10 AX ML 15.8
-12 AX ML 14.8
-14 AX ML 15.4
TTTi6 AX gL 1s.1
-18 AX ML 14.0
~23 AX ML 17.1
- ME AN ) 8.1 033 15.5
< (1.18 MPSI) ( 2251.PSI)
STD. DEV. 1 .G02 1.2
{ +02 MPSI) ¥ { 174.PST)

T N - AP T M A T A P e G S G D TR TR G0 R N G e S s e S S mE TR Gh e W de e G D R e S D G W YR GR G TE e me S Ee W W e e G W A e e




TABLE A-2 (Continued)

_ LOT NO__.__”_-- SP_E*CA__D__I_I_\_O _ 1_;_.8 MM
LOG NO, 6484-137 SPECe LENGTH Tde MM
) (LOG CENSITY -- MG/M**3 . e

TTSPECCIMEN  ORIENT- LOCA- DEWSITY YOUNGS PERM=-  FRAC-  TENSILE
NUMBER ~ ATICN TICN (MG/M#*3)MODULUS ANENT TURE  STREANGTH

T (GPA) SET STRAIN (MPA)
(PCTY (PCT)

e ah e R e e e P R R W G T L e R e G e e YR W G B G e e e v A R MP SR M s T e e A e S U G W En e e W e A= e

TTTTTTTTTTTTSTITRAD D ML 9.4 .Go4 15.1
- § RAD ML 9.4 .0N2 14.1
TS R ML 9.4 N R A
- 9 RAD ML 17,2
o =11 RAD ML 17.9
713 RAD ML 19,4
TTTTTTTTTTTTT OIS RAD . ML ; 16.1
717 RAD ML 16.0
T -19 RAD ML ' 15.2
T ME AN I L0932 16.4
(1,35 MPSI) | ( 2380.PSI)
L STD. DEV. .1 .00t ! 1.5
( .02 MPST) , ( 224.,PS1)




TABLE A-2 (Continued)

- . o T S R e AP T MR e e A A E e A At Ee e e me -

LCT NO. - SP E_g_a___«QIA [ 1_:?__._3 MM
LOG NO., o484-137 SPEC. LENGTH 70, MM
LOG DENSITY -- MG/ ME*®T

- e . e - - = P EE e dm - A s N e B ML e e W D S R S e ED SR M e W G G L Gl b - e AR T S W D e S G M G e P A e A G Y W e e .

TSPECIMEN OFISENT— LOCA- DFNSITY YOUNGS PExM- FRAC- TENSILE
NUMBER ATION TION (M5/M#%3)MODULUS ANENT TURE  STRENGTH
T (GPA) SET STRAIN (MPA)
(PCT) _ (PCT) _

- S G v G S G Am e W - R S S G e e R WP e M e Y G L D A G R SR e e R WP R P T SR AR e Mk G Gm e WS m RS YR G We Sw e = am am

SLAB 1 -21 TAN ML 9.1 . 004 21
- =23 TAN T 9.4 . 004 21.4
=25 TAN ML 21.1
-27 TAN ML 9.5  .003 21.2
-29 TAN ML 22.7 _
"31 TAN ML 9.4 .CC3 2005
-33 TAN ML 18.0 .
-35 TAN ML - 18.1
-37 TAN ML 19.0 L
-39 TAN ML 19.0
MEAN 9.3 . 003 23.2
(1.26 MPS1) { 2929.PSI)
STD. DEV. o2 . 001 1.6
( .03 MPST) ( 229.PSI)

- A e o an en e e G e e et W ER M T GD ER G TR MR WD W W L R e W Gk A N P R e T M e A W D G s e R AR TW WS e e P R G L O o G O A




TABLE A-2 (Continued)

- > . T - . S N Am M R G D S W R e W G e AR WP S W e e wn

LOT NO. == SPEC. DIA.  12.8 MM
LOG NO. €454-137 SPEC. LENGTH TG+ MM
o LOG DENSITY == MG /M%*3 e

T SPECTIMEN  ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC-  TENSILE
_ NUMBER  ATIGN  TION (MG/M**3)MODULUS ANENT TURE _ STRENGTH

(GPA) SET  STRAIN (MPA)
(PCT) __ (PCT)

. . A . . T W A S G e W R e YR D M R SR W e SR e e AR T e S A e D MR A T W A S WS G W AR we G G W e Wh G e e W

SLAB 2 -u41 RAD ML _ 9¢5 4003 17.7
T T 43 RAD ML 9.4 .0J5 2C.7 o
45 RAD ML 9.7 .CD2 17.2
47 RAD T ML 9.4 L G04 : 18.2 '”'
45 RAD ML 19.8
- 51 RAD ML 19.6
i 53 RAD ML 16.5
55 RAD ML 14.9
57 RAD ML 15.1
SLAB 2 -59 RAD ML 16.3
- MEAN 9.5 .C33 17.6 )
) (1,38 MPSI) ( 2553,PSI)
STD. DEV. . 001 2.0
t 02 MPSI) { 288.PST)

. e A - D . G e Y R D D D S e ma G S N SR e WS G WA S D R AR G En R WS G VT S G G D G R S e e A AR W W W e




TABLE A-2 (Continued)

e ke I R N e

LOT_'EO._‘ ‘_‘___ . . SPEE:_‘O_I_éc _____1‘2.8 MM o
T LOG KO, 64BU=-127 SPEC. LENGTH 70. MM

LOG DENSITY == -  MG/M%*2

- n e e A e e En P - e A - W A S TE TR WR Ae e TR R v WR S W A @ e e T D S W W S T W W W e e e R W m En e Y T e W

TTSPCCIMEN  ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC-  TENSILE
__ NUMRER _ ATI(N. _TION (MG/M*%3)MODULUS ANENT__ TURE STRENGTH _

(GPA) SET STRAIN (MPA)
(PCT)__tPCT)

=61 TAN ML 10.C 006 «168  14.8 _
- -63 TAMN ML 1C. 0 . JUS $ 198 16.7
-65__TAN‘ ML 1QOO 0098 017_‘._3____ 18-8
T T TTS6T TAN ML i 10.2 «303 161 14.7
-69 TAN ML 12.0
-71 TAN ML 13.0

-73 TN ML 1641 .

- =75 TAN ML 14.3
=77 TAN ML 14.0
- -79 TAN ML 15.6
) )l TMEAN T 10.1 . CNS .175 146

(1,46 MPSI) { 2125.PSI)

S STD. DEV. .2  .Cn2 .16 leb

o { 02 MPSI) { 2C1.PSI)

- M T G e T Gh Ee A R T Th R We b D G e T T s e R W R GV e b ek W G A G G D e YR W R S G TR e R s e D W R G e W W e e
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TABLE A-3
TENSILE PROPERTIES OF GRADE 2020 GRAPHITE (LOG 6799-00)

Ultimate Tensile

Specimen Location Orientation | Bulk Density Strength
No. in Log of Specimens (Mg/m3) (MPa)
202 End slab 1 Axial 1.787 19.1
212 1.784 19.1
214 1.789 19.4
220 1.780 19.0
226 1.788 16.5
230 1.785 19.4
238 1.780 18.1
240 \ \ 1.781 17.4

Mean 1.784 18.5

Std, dev. 0.004 1.1

3 End slab 1 Radial 1.778 19.3
6 1.785 18.4
11 1.780 20.3
14 1.777 21.5
19 1.778 19.3
22 1.779 17.0
31 1.783 16.6
34 Y 1.781 17.7

Mean 1,780 18.8

Std. dev. 0.003 1.7
246 Middle slab 3 Axial 1,790 16.2
248 1.788 18.1
252 1.790 17.4
256 1.789 17.4
264 1.792 17.3
270 1.791 17.6
278 1.787 18.3
280 Y Y 1.786 17.0

Mean 1.789 17.4

Std. dev. 0.002 0.6

38 Middle slab 3 Radial 1,784 18.6
39 1.783 19.3
46 1.789 19.8
47 1.779 19.3
58 1.780 18.3
59 1.781 19,3
66 1.786 17.9
67 Y 1.785 16.5
Mean 1,783 18.6
Std. dev. 0.003 1.1
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TABLE A-3 (Continued)

Ultimate Tensile

Specimen Location Orientation | Bulk Density Strength
No. in Log of Specimens Mg/m3) (MPa)
284 End slab 5 Axial 1.801 18.1
290 1.798 18.6
296 1.799 18.6
300 1.798 19.0
306 1.803 17.1
310 1.802 20.0
312 1.803 16.2
316 Y \ 1.803 17.6
Mean 1.799 18.2
Std. dev. 0.005 1.2
70 End slab 5 Radial 1.802 19.0
71 1.799 17.1
78 1.805 20.1
79 1.801 20.8
90 1.807 18.4
91 1.805 18.6
98 1.812 18.8
99 1.810 19.6
Mean 1.805 19.1
Std. dev. 0.004 1.1
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TABLE A-4
FLEXURAL PROPERTIES OF 2020 GRAPHITE

PRI NO RN TR NN RPN RERe RN PERT RSN

LOT NU, TR8
LUG NO, 6484s110
LOG DENSITY 1,803 MG/Mee)

§Ptc, QJA!
SPEC, LENGTH

6,4 MM
51, MM

---.Q--...-..-'.._.-.'.--.QQ’-..’....’..!..!.'Q.-..Q.-.---.--..

SPECIMEN ORIENT® LUCAw DENSITY MODULUS OF FLEXURAL
NUMBER ATION TION (xG/Mw*w3) RUPTURE (MPA) STRENGTH (MPA)
(UNCURRECTED) (CURRECTED)
(A A AR A I LIl Lll I Y YL YITRIIIA I LY LIZIIIII LA I 2 AT 11111 X))
1a 2A AX END 34,3 25,7
20 AX END 36,2 26,4
4h AX END 34,5 25,8
4t AX END L 15,0 26,0
oA AX END 38,7 e6,2
68 AX_ _ END - 31,1 . 24,7
10A AX END 15,8 26,3
108 AX END 31,5 25,4
12A AX END 13,5 12,5
128 AX END 22,2 19,1
1A AX END 33,9 25,6
148 AX END o _27.,3% 22,3
18A AX END 32, ! 24,8
188 AX END 36,0 26,3
20A AX END 35,4 26,1
208 AX END 11,6 24,86
22A AX END 13,0 25,2
228 ax _ END —_ 3.2 £5,7
30A AX END 32,0 24,8
1A 308 AX END 33,2 25,3
32A AX END 32,0 24,8
328 AX END 38,4 £6,9
18 344 aX END 32,0 24,8
34b AX _ END R - £5:6
JoA AX END 34,5 25,8
368 AX END 35,2 26,1
40A AX END 31,4 24,9
4oB AX END 12,3 26,9
42A AX END 32,2 4,9
4B _AX __ END _ _ 33,0 _ 25,2 _
44A AX END 34,8 25,9
ugB Ax END 32,9 25,2
S0A AX END 32,7 25,1
S08 AX _  END 38,5 26,1
52A AX END 34,4 25,8
— _ %28 AX _ END _ _€6,1
S6A AX END 36,7 26,5
. __56B ax _ END _ . _ 34,3 85,7
18 S8A AX END 29,0 23,3
. _ _5%aB ax__ _END 19,3 27.1
60A AX END 19,3 27,1
o 008 AX END 33,9 5,6
(LA LA LI 2 L LA Al YT I YT AL LA I 2l A A XY 22l 221t X 2]
— ____ MEAN . 33,2 MPa 25,0 mPA
(4814, P8I (3032, P81
$70, DEV, _ _ . MPA . 224 MPA
( e22, PO ( 348, PBI)

.-.---...-...ﬂ-...,.ﬂ..".--.-.-....-----..-..-..-’-.-.-."--’
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TABLE A-4 (Continued)

LA LA A A Y YRR A ARSI LYY Y XYY

LUT wu, 728 SPEC, DIA, 6,4 Mm
LUG U, 64BUm]i( SPEC, LENLTH 51, bm
LUG DENSITY {1,803 MG/Mrsy

LA A L A A A S L LA A LA AR AL AT AL T PR YT L L L AL . YN Y Y YR XY Y E TN FY Y POy ey,

SPECINEN  (WIENTm LiCAm DENSITY MOLULUS UF FLEXKURAL

NUMBER ATION  TION (KRG/M#23) RUPTURE (MPA) STRENGTH (MPA)
(UNCURRECTED) (CURKECTED)

..--.'-..Q'..---..-!’--!-,!.'gg!!p..hngg’pgggg-pgct-.-..gp-.p,p

14 1T RAV END 32,0 €5,0
9 KAD  END 35,9 7,4
18 map EnD 35,0 27,0
15 RAV EnND 38,0 e, ¢
19 RAL END Yu,2 26,7
33 waD EnD ] 33,8 2b,5
319 kAv EnND 35,2 e7,1
39 RAU END 35,3 27,1
41 RAV gEnD 3%, v 27,0 .
45 RAD  END 33,8 €b,5
1o 59 wap Erb 39,3 e, b
bl KAV EnND 38,4 28,4 .
65 RAD END 38,3 28,3
67 RAU END 33,2 2e,2
71 Rav END 35,8 e7l,4
85 RAD E~D 3R, 1 -4
R7 RAD END 39,6 28,7
91 RAD EnD 3d,7 26,9
93 RAD END 36,8 27,8
16 97 RaD END 30,5 as,7
ME AN 36,1 MPA 27,4 mMPA

(5235, PSI1) (3975, PSI)

S10, LEV, 2.3 MPa e 9 MPA
( 329, PSI1) ( 132, P8I)

......-..-.--‘..---.---..-...-..----'-..-.....-..-.-‘----.-.-...~
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TABLE A-4 (Continued)
(J X LI1ZATITATIIETTILEAL LIRS IY Y L2 ]d] )

LUT NO, 728 . SPEC, D]A,
LOG NU, 64B84e1]0 SPEC, LENGTH
- — ~-10G DENSITY 1,803 MG/Maw]

byl MM
S1, MM

..--.Q.'...-.-.‘.-.--.-!......-.....!-._.A-’.-.....!_---.-..'-.-!

SPECIMEN (RIENTe LUCAe DENSITY mMODULUS UF FLEXURAL
NUMBER ATION _TIUN (KGZM%*#3) RUPTURE (MPA) STRENGTH (MPA)
(UNCOURRECTED) (CURRECTED)
LA AL L AL AL Il LA LI T I II L il YT IR ALY I A I Y
6A  66A AX ML 33,8 25,2
a6t AX _ ML 37,0 £6,1
68A AX ML 34,5 25,4
o588 AX ML 3.2 g4, 0
70A AX ML 35,8 es,8
_70b _AX ML S 1’ D+ 25,3 ____
TuA AX ML 34,8 2%,5%
7B AX ML 34,3 25,3
ToA AX MY, 31,7 24,4
Teb AX My 32,7 24,8
T8A AX ML 34,5 25,4
- 788 AX ML __ 18,1 25,6
B2A AX ML 32.7 ed,8
828 AX ML 34,2 25,3
84A AX ML 32.9 24,8
6A 8ub AX ML 34,7 25,5
86A AX ML 3040 23,6
86k AX ML 13,6 25,1
924 AX ML 31.8 24,4
928 AX M 29,2 23,2
94A AX ML 33,0 24,9
948 AX ML 35,7 25,8
ob 98A AX ML 34,8 25,5
988 AX My o o 3,2 25,3
1004 AX ML 38,3 25,7
1008 AX ML 29,3 23,2
104A AX ML 37,0 26,1
1048 AX ML 37.2 26,1
106A AX ML 32,7 24,8
_ 1068 AX oMy 34,0 . 85,3 ___
108A AX ML 32,6 4,7
1088 AX ML 33,46 25,1
114A AX ML 3147 24,3
_ _ 1148 AX M _ o 3,3 24,2 B
o8  116A AX ML 38,6 26,4
—— e~ A\eb aX ML o 41,4 - - o
120A AKX ML 34eb €5,%
. . ___120B AX _ _ ML _ _ . 38,9 26,1
1224 AX ML 34,0 25,3
_ e l22B aX _ om U - P S —_ 29,9
128A AX ML 38,1 26,3
- _ 1288 AX ML 34,3 - _ 25,3 -
(I XTI Z XTI YR A2 TR RS RRI EI R PYRY RA R N2 L2 2 R 2 X X}
- A* MEAN _ 34,2 MPA 25,2 MPA
(4960, P8I) (3658, PSI)
__ _ §7Q, Qkv, — R MPA +8 MPA _
( 353, PSI) ( 119, PSI)

L2 XTI A LI I LA I A A LTI LIl leqd Al Rd il ll il lIdlyl ilg)
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TABLE A-4 (Continued)

LUt NU, 728 SFEC, DIA,. O 4 MM
LUG NU, buBdw]i0 SPEC, LENGLTH 51, MM
LUG LENSITY {,803 MG/Maw]

...-....-....--.-.--...—---..."..-'...-.-.-...-.-.'--.---....
SFPECIMEwW niNlEnTe LyCAe DENSTTY MLbuULUS UF FLEXUKAL
NUMBER ATIUN  TION (Ra/Mex3) RUPTURE (MPA) STRENGTH (MPA)
(UNCURRECTEDL) {CURRKRECTEDN)

LALA R XA AA 2 P AL LA A AL Rl LT Al X YR XLl d LAXE X2l L Lo Xl X A2 LA Il XXX,

oA 111 RAD ML IR A 27,7
113 rAUL ML 39,6 27,9
117 RAV ML 39,5 27,9
119 wAQ ML 39,7 27,9
123 KAD ML 40,6 28,1
137 wAD ML 37,3 cl,3
139 RAV ML 35,2 26,6
143 KAV ML 33,2 2s,?
145 RAD ML 35.3 26,6 .
149 RAL ML 37,0 ¢l,2

ob {e6d RAY ML 34,8 2o, 4
165 RAD ML 4l .6 . 2B,
169 RAD ML, 37.3 €743 )
171 RAD ML 36,9 27,2
175 RAD LR 35,0 20,5
189 RAD ML 36,1 20,9
191 RAL ML 39,7 27,9
199 RAD . mi 319,85 . 21.9

ob 197 KAD ML 37,6 el,4
201 RAD My 31,6 28,0

LI XXX A X A Y IR ALY YR XYY L2 2 R YR ILEFY Y RN LYY N X 2 0 2 X X 8 F ]
MEAN 37.3 MPA 27,2 MPA

(5404, PST) (3959, PSI)

ST, VEV, 2.5 MPA o8 MbA
( 307, PSI1) ( 122, PSI)

(X P 2RI XY TR RS RS R X Y X Y PY EX AR R YT RER RN R Y FEN N RN XX X X X ]
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TABLE A-5
COMPRESSIVE PROPERTIES OF 2020 GRAPHITE

(A X I A R A XYL AR A2 A A0 A AR X A A At ]}

LOT NO, 728 8PEC, NIA, 12,8 MM
LOG NU, AUBUW]L YO SPEC. LENGTH 25. MM
LOG DENSTTY 1,803 Mb/Man}

[ T XXX Y Y Y Y YRR R YRR YT R YA AL RS R R R R R RN R R R R X 2 R 0 X J
SPECIMEN NRIENT= | OCAw DENSITY YOUNGS PERMe (FRAC™ COMPR,
NUMBER ATION  TIONM (MG/Mwa3)MODULUS ANENT  TURE STRENGTH
(GPa) SET STRAIN (MPa)
(PCT) (PCT)

(I T YT X XX PYRRERSSY Y RS RSP R LY S R R Y L AR Y R AR R 2N 22 A 2 R ¥ 3§ ]

s Loz2C AX END 9,2 2090 1,621 76,3
L12C ax END 10,1 LN60 1,800 76,3
es  L32C Ax E~D 10.6 060 1,847 78,7
Lupl AX BN 1041 2070 24,084 83,0
Q..-Q-..-.,--....---..'.--u--...'.ﬂ-.ﬂ'--'--"---..'---.-.-ﬂ.----
MEan 10,0 J60 1,838 78,6
(1.,4% Mp8I) (11396,P81)
STnO DEV. lb 0006 0191 3.1
( .09 MPSI) ( 45%,PS81)
(TIPS RPRXRA R XL I AR AR A 0 0 1 LA 2 X 2 L A 2 A 2 2 2 2 2 X 3 J
A Lo1B RAD END 10,2 060 1,819 77,4
L19B RAD END 8,6 oN70 1,969 78,8
28 L3yB RAD END 10,8 080 1,802 77.2
LSSB RAD EnD 10,2 N0 1,922 80,5
I rY I X FT Y YYYI XA SRR Y XYY YRR RS Y Y SR A2 TR 2 XS 2 2 2 2 2 0 1 J
ME AN 9,9 J062 1,828 78,5
(1.44 Mp8SI) (11383,PS81)
81D, DEV, 9 010 o163 1.5
( .13 Mp8I) ( 223,PS81)

(XX LY R A X Y E LAY YL RS Y2 2 2 R R R 2 X2 Y2202 X2 X R AL AL L L XY LA X2 ]
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TABLE A-6
COMPRESSIVE PROPERTIES OF 2020 GRAPHITE

W, A G En e e e e En S Gn D e e N e e . G A T M S D wn W WS R e e A e e

. _LOT NO,_  -- _SPEC. DIA. __ 12,8 MM ____
LOG NO. 6HLBU-137 SPEC. LENGTH 23. MM
LOG DENSITY -- MG/ M%%3

- - W D Y G G En AR e G T G W A AR T R G Y e G WS AR R D WS W S B G W T e s e A W G e e

ANJMBER _ ATION TION (MG/M*%3)MODULUS _ANENT TURE __ _STRENGTH_ ___ _
(GPA) SET STRAIN (MPA)
(PCT) _ (PCT)

- G P = WD G W R T R T AR G R N SR W G W G R SR W e G R W G G WP MR GR AR A W W WR R TR SR TR W e e e s e e e b e .

1C 2B AX ML 2.019 . 74,9 —
4B AX ML 8.8 +U65 2.284 75.3
6B AX ML, 8¢5 065 ___2.254 75.1
8B AX ML 9.0 076 2.284 75.1
108 AX ML 8ol £055 1,936 71.8
12B AX ML 8.8 «033 2.121 75.1
J4BR_AX ML 2.0_____033_2.129 __ _ 78.2
168 AX ML 8.8 «054 2,136 The2
. )8B_AX_ . ML 83 __ .033 2,210 771 _ _ _ _
20B AX ML 8.8 +044 2,330 T7.9
MEAN Be7 <051 2.180 75.5
€126 MPSTI) __ = ____{109L46.,PSI)
STD. DEV, o3 w016 133 1.9 ___.
¢ .05 MPSI) { 271.PSI)

o e Cr G P S S " S W W e N R r R D N SR G G e R E S WL W e A TS W G D e W R . D ME kT T R R Y e a e e
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TABLE A-6 (Continued)

LOTY _NO, == SPEC. DIA. 12.8 MM
LOG NO. 6484-137 ’ SPEC. LENGTH 23. MM
LOG DENSITY == MG/M%x%Z

P R N e el et e e T R U U ———

SPECIMEN ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC- COMPR,

__NUMBER  ATION TIQON (MG/M#%3)IMODULUS ANENI. _ TURE STRENGTH

- (GPA) SET STRAIN (MPA)
{PCI) {(PCI)

i1C 1B RAD Mi Q.32 « 033 1.887 T72.8
38 RAD ML 9.6 ~065 2.110 76.0
S8 RAD Mi Qe b +L716 2.034 714.5
78 RAD ML 8.3 065 2.243 76.5
SB__RAD. Mi 9.0 65 1.898 4.4
11B RAD ML 9.3 «065 1,930 73.6
1368 RAD Mt 9.3 .65 2081 715.8
158 RAD ML 10.5 076 1.891 73.8

178 RAD Ml 9.5 066 __1.941 _73.8
198 RAD ML 9.3 «065 1.796 71.8
MEAN 9.4 064 1.981 7443

{1.36 MPSI) (10778.PSI)_

SID. DEV. + b 012 134 1.5 S

( .08 MPSI) ( 212.PSI)
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TABLE A-6 (Continued)

- - = - WS W T - R AR e S G G G b D TR TR SR R R R TR W R G W Ah wh w w

LOT NO, _=- SPECs _DOTAe_ 12,8 MM
LOG NO., 6484-137 SPEC. LENGTH 23+ MM
106G DENSITY == MG /M%x¥x3

SPECIMEN ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC- COMPR.
—NUMBER =~ ATION TTION (MG/M*x*3)MODULUS_ANENT _TURE__ STRENGYH ___
{(GPA) SET STRAIN (MPA)
(PCT) {PCT)

o 1C 21B TAN ML 93 «065__1.873 7246
23B TaN ML 9.6 «055 1.832 73.0
ZSB IAN ML 9.3 1055__'__._1_A9_qli Jﬂ_ng
278 TAN ML 9.5 «076 2.058 76.0
29B TAN ML 9249 o055  1.8381 T4.8
31B TAN ML 9.6 «076 2.131 78.2
33B_TAN ___ML 10.2 _ _ .065 1,986 __  _T4.9 . ____ _
358 TAN ML 9.0 «065 1.726 T0.7
- 37B. TAN ___ ML 8.5 _elb4  1.928 ___ _T73.8. S
39B TAN ML 10.2 «365 1.881 73.4
MEAN 9.5 «062 1.924 T4.2
(1.38. MPST) ____~  (10764.PSI)
$TDe. DEV, 2 5 010 __,315 2.0 _ _—
{ .07 MPSI) { 296.PSI)

- . W AR G N D ED G G D - D WS G R A D W S e L G A R AR e S W S R MR P WD G W N M SR GR AR TE W R R e G em W W G W W
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TABLE A-6 (Continued)

B e I e R i e ey —

LOYT NO, == SPEC. DIA. __ _12.8 MM
LOG NO. 6u484-137 SPEC. LENGTH 23+ MM
LOG CENSITY -- MG /ME%3

- A e . D W T A . - . - - S R A G R D WL Wh e R S SR W Em S G . WS WE W e - e e G wm e e

SPECIMEN ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC- COMPR,
——NUMBER ATION TION (MG/M%%x3IMODULUS ANENT__TURE__ STRENGTH_

(GPA) SET STRAIN (MPA)
{PCT) (PCT)

s - e . W S wm - G WS R e A - e S Th R e RSP M Y E e v S R R R R S e W S G TR AR - e Ak e e o

2C 41P RAD ML 10.9 +JLBS 1,791 15.6
438 RAD ML 10.5 «065 1.865 75.6
458 RAD ML —10.5  L.0585  1.904 75,3
478 RAD ML 10.2 «055 2.077 78,9
498B RAD ML 10.5 065 __2.074 19.0.
518 RAD ML 10.2 «C65 2.127 78.2
S3B RAD M} 9.9 055 1,999 77.7
55B RAD ML 9.6 «055 2.1830 79.9
S78 RAD. ML 9.3 <055 1,951 Y & W S
59B RAD ML 9.6 «U65 2.031 T4.2
MEAN 10.1 «059 1.999 77.0
{(1.47 MPSI1) £11168.PST)
SID. DEV. « 5 006 121 le9 .
{ .08 MPSI) ( 281.PSI)

A WD - - — WD gt G - - - - . e Ay - - —— G . - - S m e e R AN W WM A e - ——m
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TABLE A-6 (Continued)

B e T i I L e —

LOT_NO, ==_ SPEC. DIA. 12.8 MM
LOG NO. 6484-137 SPEC. LENGTH 23+ MM
LOG DENSITY =- MG/M%E%x3
SPECIMEN ORIENT=- LOCA- DENSITY YOUNGS PERM- FRAC- COMPR.
_ NUMBER ~ ATION TION (MG/M*%xZ)MODULUS ANENT. TJURE __STRENGTH ______
(GPA) SET STRAIN (MPA)
(PCT) _(PCT)
2C 618 TAN ML 9.6 eG4 2.180 81.2 _—
638 TAN ML 10.5 «055 1.973 . T73.5
658 TAN ML 1045 «065__ 2,191 _81l.2.
67B TAN ML 9.6 «065 1.819 75.0
698 TaAN ML 10,5 L0065 1.923 71.5
71B TAN ML 10.2 «055 2.106 80.4
73B_TAN ML —10s2__ _ .055_ 2.032 ___80.2 _ ____
758 TAN ML 9.6 «0%5 2.072 79.8
178 _TAN ML — 9¢3 __,05%% 2.062 __ _79.9 _
798 TAN ML 9.9 « 065 2,143 81.5
MEAN 10.C +058 2,050 79.5
(e85 MPST) _ _  ..__L11532.PSI) .
STD., DEV, 29 + 007 «118 2.0___
{ .07 MPSI) ( 292.PSI1}
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TABLE A-7

COMPRESSIVE PROPERTIES OF GRADE 2020 GRAPHITE (LOG 6799-00)

Ultimate
Compressive

Specimen Location Orientation Bulk Density Strength
No. in Log of Specimens (Mg/m3) (MPa)
202 End slab 1 Axial 1.780 79.7
210 1.780 84.8
218 1.782 85.5
220 1.783 84.1
222 1.791 88.2
228 1.782 82.7
234 1.781 89.8
240 ) 1.779 82.0
Mean 1.782 84.0
Std. dev. 0.004 2.5
3 End slab 1 Radial 1.774 83.4
6 1.765 80.7
11 1.772 83.4
14 1.767 80.0
23 1.782 84,1
26 1.776 83.4
31 1.779 82.7
34 J J 1.776 77.9
Mean 1.773 82.0
Std. dev. 0.006 2.2
246 Middle slab 3 Axial 1.779 80.7
256 1.778 80.7
260 1.782 79.3
262 1.781 79.3
265 1.781 79.3
272 1.784 80,7
278 1.776 77.2
280 [ | 1.779 82,7
Mean 1.780 80.0
Std. dev. 0.003 1.6
35 Middle slab 3 Radial 1.767 81.4
38 1.765 78.6
43 1.770 83.4
46 1.768 84.8
55 1.772 80.7
58 1.766 82,7
63 1.778 76.5
66 ' ' 1.770 81.3
Mean 1.769 21.2
Std. dev. 0.004 2.7
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TABLE A-7 (Continued)

Ultimate
Compressive
Specimen Location Orientation Bulk Density Strength
No. in Log of Specimens (Mg/m3) (MPa)
290 End slab 5 Axial 1.784 83.4
292 1.779 81.0
298 1.784 85.5
300 1.787 88.2
302 1.787 84.8
318 1.786 89.6
322 1.786 88.2
326 Y 1.785 82.7
Mean 1.784 85.4
Std. dev. 0.003 3.0
71 End slab 5 Radial 1.790 80.0
74 1.784 87.6
79 1.790 93.1
82 1.789 89.6
87 1,793 91.7
90 1.790 88.9
95 1.800 91.7
98 ] 1.800 88.2
Mean 1.792 88.9
Std. dev. 0,006 4.1
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TABLE A-8
IMPURITY CONTENT OF 2020 GRAPHITE
LOG NO. 6484~110, SPECTROCHEMICAL ANALYSIS

LAR, NN, 44389 REPNRY Trng GLEN FNGLF DATES B8=3e78
SaMP{F3  AURd4e]I0 2020 | 16K LRAP  PRNAIFCT NN, H3224146005 PILUTIONS 1,0000 PLATE NN, TéeTt .
ELFYFAT  CONMCEATLATYI N, PP~ ELEMFI T FANCFNTRATINN, PPM ELEMENT CONCENTRATION, PPM
“‘” G < Y] AL 60,00 B 4,00
ra 40,00 _RE < 250 B1 < 2400
ra 600,00 co < 15,00 43 < 80,00
_ eno_ < _4,00 crR < 10,00 cs < 100,00
- c < 1,00 ny < 20,00 ER < 6,00
o B4 _ € 10,00 . o FE 600,00 GD < 10,00
HF < 20,00 WO < 10,00 IN < 1,00
¥ 80,00 LA . __€ 18,00 [ G < 1.00
0] ¢ K1) 1) 6,00 MN 2,00
My < 1,00 _ NA 10,00 NB < 6,00
- ND ¢ 200,00 NI < 4,00 ] < 100,00
PR < Ay M) PR < 100,00 RB < 40,00
SR < 8,00 sC < 1,00 s! 200,00
sM ¢ 100,00 SN < 6,00 _ KL _ 40,00
TA < G0, N0 T8 < 40,00 T! 40,00
TL < 20,00 ™ < 4,00 v _ 20,00 -
- - w ra 40,00 v@ < 10,00 N < 20,00
r 4 < S0
AR, NN Guzae REPORT TNt GLEN ENGLF DATE3 8e3e76
SAMPLES 64B4=110 2020 | .2B8 GRAP PRNJECT N, HI224146008 DILUTIONS 11,0000 . PLATE NO, 76=71
FLEMFNT  CONCEMTRATION, PPM ELEMENT CONCFNTRATION, PPM ELEMENT CONCENTRATIQN, PPM
AG < .50 AL 60,00 -] 2,00
. RA 40,00 . _BE ___ _ < 250 _ - _BI _< _ 2,00
ca 400,00 [d) < 10,00 CF < 80,00
cn < 4,00 - CR < 10,00 cs < 100,00
[l < 1,00 ny < 20,00 ER < 6,00
_ F) < 10,00 FE 400,00 GD < 10,00
WF < 20,n9 HN < 10,00 IN < 1,00
— *_ o ___eM00 LA < 10000 L < __1.00
(Y] < S0 MG 2,00 MN 1,00
va < 1.0) NA 10,00 NB < 6,00 .
AR ¢ 200,00 N1 < 4,n0 P < 100,00
]} < 6,00 PR < 100,00 R8 < 40,00 _
T SR T A,00 sC 4 1,00 St 200,00
am ¢ 100,00 8N < 6,00 SR < 40,00
- TA < 40,00 T8 < 40,00 T 20,00
T < 20,00 ™ < 4,00 v 10,00 —
W < 49,0 A1) < 10,00 IN < 20,00
7R < R0

COMCENTRATIN RASFN

> MFA IS GREATFR THAN
< MEArS
RFSUL TS

I FRRTNAL SA P

1FSS YHAN THE SE*SYTIV]TYNSF
tDF‘chDE_rT WTYHLN & FarTne

F RFFORF DTILLTINY «TTH N

FNY

THFE SPEFTRIGRAPHIC PRACFNIIRF | SFN

NF 40y ,

(ONE STANDARD NEVIATION)




TABLE A-8 (Continued)

9C-V

TLAR, NnT aazse REPNRT Ty GLFM ENGLE "DATFt Ba3eTs
. SAMPLE: 64RdwliN 2020 164k GRAP __ PRIFCT NN, H32241486005 PILUTIONS 1,0000 PLATE_NN, Tee7q [
ELFFNT CANCFHTIRATI 0, PPN FLEMENT CONCFNTRAYTINN, PPM FLEMENT CONCENTRATION, PPM
AG < +50 AL 20,00 L} 4,00
Ra e 000 8 _ _ _ < _450 I 81 K< 2,00  _ —
Cca 800,00 en < 10,00 CE < 80,00
-t < . 4y00 CR < 10,00 cs < 100,00
cu ¢ 1,00 Ny < 20,00 ER < 6,00
- _ kv _ < 10,90 FE 20,00 Gh < 10,00
HF < 20,00 =0 < 10,00 IN < 1,00
K 21,00 LA < 10,00 A S & 1,00
Ly < .50 MG 4,00 LLY < 1,00
M € '.00 _ - o NA 10,00 NB < 6,00
T N < 200,00 NT < 4,00 P < 100,00
_ o PR L & 6,00 - oR < 100,00 R8 < 40,00
S5 < 8,00 sC < 1,00 S1 20,00
84 < 100, e SN L& 600 . SR__ < 40,00 _ —_—
T TA < 40,00 T8 < 40,00 T 100,00
[ T __.€ 20,00 ™ < 4,00 v 20,00
i W < 40,00 YR < 10,00 N <« 20,00
N 4. __< oS0 o . . _ S _
A8, NN Wu3R9 T -t T T REPOAT TN: GLEN ENGLE DATE3 Be3e76
SAMPLE: 6U4R4w110 2020 1.76R GRAP PRNJFCY NO, H3224186005 DILUTIONS  1,0000 _PLATE NO, Te=74 i
ELFMFNT COMCENTRATTON, PPV o FLEMENTY CONCFNTRATION, PPM ELEMENT _ CONCENTRATIDN, PPM I
N AG < 50 AL 60,00 8 4,00
RA 20,00 BE < .50 i ___BY & 2,00
ra ano0,n0 co < 10,00 CE < 80,00
o < n,00 cR < 10,00 cs < 100,00
- B co ¢ 1,00 ny < 20,00 ER < 6,00
Fuy < 10,00 fFE ) 60,00 GD < 10,00
T TTwR T 7T T ¢ Ten,no HO < 10,00 N < 1,00
v __ 89,01 MM € 10,00 SN & S o 8,00
o v < .50 MG 4,00 MN < 1,00
M1 < 1,00 NA 20,00 NR < 6,00
TRy T T T e P nn M1 < 4,00 P < 100,00
oR < D) PR < 100,00 RE < 40,00
- T SR ¢ 8.0 s < 1,00 81 100,00
M ¢ 100,70 SN € _&400 o _ SR ¢ 40,00
Ta < a0, nho - T8 < 40,00 T 100,00
\q) < 20,00 TM < 4,00 v 20,00 .
oW < in,ng Yk < 10,00 IN < 20,00
7% ¢ W50 _
CANCENTRATINY BASFND ON PRGIMAL SAMPLF RFEFNPF DTLUTIM w1 T DI k0T

> MFANS GREATFR THAM
& MEANS | FQS THAN THE SFNUSTTIVITYOF
RF QI T3 pRF CORRECY wITHIMN 4 FaCTNR

Tue SPECTROCRAPHIC PRNFFDIIRF 1ISEN
NF 40% 4 (NF STanDaARN NEVIATINN
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APPENDIX B
GRADE H-440N DATA

This appendix contains complete data sets for the bulk density, ten-
sile properties, flexural strength, compressive properties, and chemical

impurity content of grade H-440N graphite.



TABLE B-1
TENSILE STRENGTH AND MODULUS OF ELASTICITY DATA FOR GRADE H-440N

- . Gn s WY s e S R P e e e R W e we =

LCT NO. SPEC. DIA. 12.8 MM
LOG NO. HUBU-B81] SPEC. LFNGTH TCe MM
LOG CENSITY =-- MG /M%%3
SPECIMEN ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC- TENSILE
NUMBER ATION TION (MG/M=%=%xI)MODULUS ANENT TUPE STRENGTH
(GPA) SET STRAIN (MPA)
- tPCT) {PCT) "
SLABlA-L- 64 AX END 1.747 Tel .018 «221 12.4
-108 AX END 1,743 6.7 «017 « 265 12.8
-14A AX END 1,744 7.2 «02C 24F 12,9
-202  AX END 1.741 _ T3 «G20 265 13.7
~22B  AX END 1,737 T.1 « 020 «241 12.5
- 6B AX END 11,3
- 8B AX END 11.1
-12A AX END 1C.5
-128B  AX END G.9
-148B  AX  END ) L 11.4
-18A AX ENO 7.2
-188 AX END 10.1
=20R  AX END 9.3
-22A AX END 6.9
2442 AX END 9.7
) -248 AX  END o 10.9 .
SLABIB-L=-302 AX END 1,748 Teb «C17 « 207 11.3
=348  AX END 1.751 6.9 «016 0 206 11.0 .
-36A AX END 1,746 6.7 «0L25 e 241 12.2
~38A AX END 1.746 7.3 «017 «2C9 11.5
-44A AX END 1.750 T.1 « 020 «2C9 11.0
) -46B AX END_ 1,748 7.2 .C2C 240  12.4_
-308 AX END 12.1
-32A AX END 1G.2
~32B AX END 10.5
-368B AX END _ 1C.9
-38B AX END 10.6
_SLABIB-L-42A AX _END _ . o 12.2 __
428 AX END 12.6
-44R  AX  END . 12.6
-46A AX END 11.0
-48A AX END . B ) 11.3
~488B AX END 11.7
MEAN 1.746 T.1 + 015 231 11.2
_ (1.03 MPST) ( 1621.PSI)_
STD. DEV. 008 W3 +003 o« 022 1.5
( «75 MPSI) { 211.PSI)

GO G - WY - R PR G D D EE R D D h TR P R ey, o W G S S D L WD e EE b e W = S D G D Y GD Gh T W Gh WD P AN L EE G S R S e WS D E e

-




TABLE B-1 (Continued)

- - P En R G s Th R R VS DGR AR T SR R W AR ws D D s d e A e

LCT NC. SPEC. DIA. 12,8 MM
LOG NC. 6484-81 SPEC. LENGTH 70« MM
LOG DENSITY =-- MG/M%%3
SPECIMEN ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC- TENSILE
NUMBER ATION TICN (MG/M%xZ)MODULUS ANEMNT TURE STRENGTH
{GPA) SET STRAIN {MPA)
o o (PCT) (PCT) i )
SLABG6A-L -S54 AX ML 1.72 6.7 «015 «176 9.4
S6A AX ML 1.673 5.3 « L35 «1860N Tel
588 AX ML 1,676 56 «03C « 241 10.0
684  AX ML 1,676 5.0 _ «C?0 . 275 10.0
-53A AX ML 10.4
-50B AX ML 10.2
-548 AX ML 12.5
-56B AX ML 9.9
-60A  AX_ ML . o 9.8 _
~60B AX ML 11.2
-66A AX ML 11.3
-66B AX ML 11.7
-68B AX ML _ 8.4
-70A AX ML 11.5
-72A _AX ML o 11.7
-128 AX ML 1C.6
SLABG6B-L-T8A AX ML 1.724 6.0 «019% « 167 9.3
-82B AX ML 1.671 $.0 «02C 2« 237 9.0
-84 AX ML 1.676 5.2 « 026 «228 9.3
-86A AX ML 1.718 6.1 «019 « 230 11.0
-QZA AX ML 10~73__5 .6¢~5 .C?l 019“ 9.7
-7T4A  AX ML ~ 11.6
-74B AX ML 12.6
-78B  AX ML 11,2
-80A AX ML 11.3
] -80R AX ML o 1047 )
-848B AX ML 10.1
-86R AX ML ) o 12.7
SLAB6B=-L~90A AX ML 12.0
-90B AX ML L 12.6
-928B AX ML 10.5
) _=94A  AX ML ) i 12.0 _ _
-95A AX ML 13.5
-96B AX ML . ) 12.1
ME A N 1.7C6 6.0 o023 218 10.9
{ .88 MPSI) { 1579.PSI1)
STh. DEV. «029 1.0 «£0O8 « 36 1.3
( +14 MPSI) ( 194.,PSI)



TABLE B-1 (Continued)

- W - e W Sk D En D Em an wn AP R GR M D S s v G W e S G . A W e e

LCT NO. _ SPEC. DIA, 12.° MM
LCG NO. 6u48u4-81 SPEC. LENGTH 73« MM
LCG LENSITY =-- MG /M%x%3 R R
SPECIMEN ORIENT- LOCA-~ DENSITY YOUNGS PERM- FRAC- TENSILE
NUMBER ATION TION (MG/Mx%xIIMODULUS ANENT TURE STRENCTH
(GPA) SET STRAIN (MPA)
(PCT) (PCT) .
SLAS1A L- 7 RAD END 1,733 T.9 15 0223 13.0
SLAB 1A=-L-25 RAD END 1.745 8e.2 Q15 210 13.0
-29 RAD END 1.737 8.2 « 016 212 12,8
- & RAD END - _ 125
- S RAD END 14,1
-13 RAD END 135
=23 RAD END 11.0
=27 RAD END _ 12.7
=31 RAD END 12.3
SLAEB1B-L-43 RAD END . 1748 __ 7.6 _ed1s «239 1345
-47 RAD END 1.749 7.9 «G15 « 195 11.9
-61 RAD END 1.738 Be5 «015 265 15.8
-65 RAD END 1.729 6.7 «L18 251 12.4
-41 RAD END 13.0
=45 RAD END 13.0
-49 RAD END . . - — 12.4
=59 RaAD END 13.1
=63 RAD END _ 13.5
-7 RaAD END 14.Nn
MFAN 1.740 8.0 015 227 13.1
(1416 MPSI)_ ( 19C5.PSI)_
STD. DEV. -007 oz___ _OQ_D3 0023 - 1'1
{ 10 MPSI) { 153.PSI)




TABLE B-1 (Continued)

LOT NO. SPEC, DIA, 12.8 MM
LOG NO. 6484-81 SPEC. LENGTH  70. MM
LOG DENSITY -- MG /M%%3
SPECIMEN ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC-  TENSILE
NUMBER ATION TION (MG/M#%3)MODULUS. ANENT TURE  STRENGTH
(GPA) SET STRAIN (MPA)
. . _ (PCT) (PCT) _ .
SLAB6A L-79 RAD ML 1.720 .40 8.5
-83 RAD ML 1.714 7.2 .Cl6  .189 10.8
-97 RAD ML 1.720 8.5 <015 149 9.8
101 RAD ML 1.713 7.2 eG18  .169 9.7
SLAB6A-L-77 RAD ML . 11.8_
-81 RAD ML 12.5
-85 RAD ML . 11.9
-95 RAD ML 13.3
-99 RAD ML i 11.2
163 RAD ML 10.3
SLAB6B L115 RAD ML 1,684 6.4  4C19  .192 9.9
119 RAD ML 1.678 6.2 .C15  .204 10.3
133 RAD ML 1,686 6.7 016 4170 9.3
137 RAD ML 1.688 6¢5 .020  .218 11.0
113 RAD ML 9.9
117 RAD ML Beb
121 RAD ML o L L 9.3
131 RAD ML 9.3
135 RAD ML o ) 16.2
129 RAD ML 10.1
ME AN 1.700 7.0 017 L179 10.4
o (1.01 MPST) ( 1506.PSI)
STD. DEV. o018 8 WLt2 Lr27 1.3
{ «11 MPST) { 182.PSI)



LT Np, SPEC. V1A, b,4 MM
LG vo, 648ues) SPEC. LENGTH S1, MM
LO6G DENSITY e ML /Mx% 3
SPECIMEN IRIENMTe LUCAs DENSTTY MUDULUS UF FLEXUKAL
WIMAF R ATION  TIon (MG/Max3)  RUPTURE (MPA) STRENGTH (MPA)
(UNCURRECTED) (CNRRECTED)
SLARTA 2A  Ax eND 26,5 21,7
o Ax EnD 23,9 20,1
dA  Ax (2 20,5 21,7
4R Ax [ M 21.4 18,4
6A  AX Ena 26,4 21,7
oR  Ax Lwn 2U,6 ClH
tna Ax END . Qu,3 cu, 4
Tak  8x ENy 2.t 19,2
124 Ax Eiv 24,3 20,4
1éH  Ax e 2n,8 v, 7
144 ax FND 23,9 20,1
149  AX £END 22.8 19,4
16A  AX eEnNd 27,¢ et
188  Ax END 25,8 21,3
2ua  AX (2 2o, 7 21, R
2UR  Ax ENn el.1 e, 1
22A  Ax BN 22,9 19,4
2°PH  AX LNy 23.2 19,7
304 AX eND 26,7 22,9
SLABLA 3oH  AX END 24,2 20,2
324 AX END 26,2 €l,5
320 AX END 24,3 20,3
SLASIY 3da AX BN 25,7 21,2
348 AX EnNy 23,5 19,4
30A  Ax eND 24,0 20,1
3on  AX END 26.6 ev,7
4UA  AX END 23.5 19,8
4uvB  AX EnD 23.3 19,7
4eA A END 20,7 17.9
428 ax END 24,9 eu,7
Y4a  AXx END 23,5 19,8
4ul  AX T END o 24.9 20,7
504 AX EnND 2H,b 20,06
5uB  AX EnD 24t 20,2
52A  Ax END 23,8 2u .
SZB  ax END 26,2 21.5
560A AX END 2o.8 21,8
SLAHIH 06k T AX Eng T o T20,4 17,7
SHA  aX END 24,1 20,2
S8H  Ax END 24,4 20,4
®UA Ay END 25,9 21,3
blts  AX Enty 25.2 20,9
- ME AN - 24,6 MPA 26,5 mPaA
(3572, PSI) (2976, PSI)
T §76, WEV, T 1,8 MPa 1,1 mPa
( 250, PSI) C 162, PSI)

TABLE B-2

FLEXURAL STRENGTH DATA FOR GRADE H-440N

B-6




TABLE B-2 (Continued)

Lur ~oy, SpEC, DIA, b 4 MM
LUG Nul, 64RUdesn] ~ SPFC, LENGTH 51, MM
Lite DENSITY e= MG/MA% 3
SPECIMFN UR]JENTe LUCa= DENSITY MULULUS (F FLEXURAL
MUMBER ATiNN TLDN (MG/Mex3)  RUPTURE (MPAY STHRENGTH (MPA)

(UNCORRECTEDRY (CURKECTED)

(A A R X 2 FEREY LEYX N ELEILALIEY LS Y Y XL A X L X 0 L0 X R X Y X L LA XXX E XX X ]

SLARYA 7 RN LNy o 25,3 21,6
9 RAD eND 25,0 21,4
13 rAD EnD 23, PV, U
15 waAD END r-T- 19,5
19 RAD  END ) 25.5 21,7
31 24y Enp 24,9 21,3
35 RAD  END 29,1 24,0
30 WAD ENO ’ 27,0 el 7
4) KaD ENU 22,¢ 19,4
45 RAD END 23,hm U
SLAR1H 59 kKAD END 24,3 2u .9
1 RAY END 25.4 2l,.b
oh RAD END 27,2 Pe.b
67 wAD END i 26,8 22,5
71 RAD END 29,0 23,9
88 RAD EnD 2o,¢ 22,1
91 RAD END 9.4 24,2
93 waAD END 26,4 22.°
SLASIB 97 RAD kN0 26,0 22,0 §
SLAH1B 87 RAUL eEND 26,1 2c,. !
ME A ’ 25,7 MPA 21,8 MpA

(3733, PSI) (3165, PS1)

X _STh. DRV, ) 2e1 MPa J o4 MPA
) ) ( 297. P31) ( 197, PSI)

LA X X LA ¥ 3 X L A X K X X X X R A LA F X X R XXX ¥R rLE L A X AR L X L XXy X B 0 R 0 XXX X X X & J




TABLE B-2 (Continued) -

LT wniy, . SPEC, DIaA, b MM
LOG M)y, 04B4=H] SPEC, LENGTH 91, MM
Lils DENSITY ma MG/Mhkx3
SEECTMEN  (IRTENT= LilCaw DENSTTY M IDULUS OF FLEXURAL
nMbE R ATTON  TINN (MG/Mwea3)  RUPTURE (MPA)Y STRENGTH (MPA)
(UNCURRECTEULY (CURKFCTED)
SLABbOA obA  AX Mg R 24,5 19,6
6hh  Ax ML f4,9 19,4
b4 AX ML 25, v 19,4
aBn A X M| 24,3 19,5
704 Ax ML 24,3 19,5
7u8  Ax ML 26,0 2,3
T4A  aXx ML 16,8 16,7
fdrn  AX A ] 19,6 16,0
7ea  ax ML 21,8 18,0
T6H  Ax ML 18,4 15,9
Tha  bx ML 19,0 16,2
758 Ax ML 18,4 19,8
bea  ax ML 24,5 19,6
SLARBKA ReB  Ax ML 24,3 19,5
HUa  Ax ML 24,9 19,8
Ry  AX My 24, u 19,5 .
HOoA  AX "ML ev.4 20,9
ABH  Ax My 25,1 19,9
324 AX ML i 27,3 20,9
924 AX MR 25,1 19,9 -
YdA  AX ML 28,0 21,2
Qan AX ML 25,9 20,3
Si.aHAH 984  Ax ML 25.5 20,1
981 AX L 29,1 19,9
fUVA  AX ML ) _ 23,5 19,0
1uuB  Aax ML 21,8 18,1
tyda  Ax ML 19.5 16,6
tudn  AX AL 17,9 15,9
1064 ax ML 18,0 16,0
thold  AX L 18,8 16,1
1oHA  Ax M| 17,9 15,5
SLAH6Y  1uBk AY ML i 19,3 16,4
1144 AX My ed, 1 19,3
1148 AX ML 24, 19.3
116A AX ML 26,5 2n.6
116R  Ax ML 25,7 20,2
120A  aX ML 23,2 18,9
120 ~ax T Tmg T T 23.1 18,8
1224 Ax ML 21,2 17,7
12265 Ax ML 21,6 17,9
1PBA AX ML 20,8 17,4
1288 Ax My 2e.9 18,7
ME AN ’ 22.9 MPaA 18,5 MPA
(3318, PSI) (2089, PSI) _
R - ¥ | PR VT V. 3,0 MPA 1,8 MPA

. ( 441, PSD) t 260, PST)

B-8



TABLE B-2 (Continued)

LOT Nuy, SPEC, 0IA, 6,4 MM
LUG NU, bd4BueBl SPEC, LENGTH S1, MM
LOG DENSTTY we MG/MR%

SPFCIMEN URIENT= LUCaw DENSITY  MODULUS UF FLEXURAL

NUMBER ATION TION (MG/Max3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTEDY (CORRECTED)

LA R L A Y L REAL LY R A AL YR Y P Y L 0 LA R L X L REL LYY XX A & L A L 2 K X X & X J

SLABS6A 111 RaAp M{ o 24,7 20,5
113 wAl My 25.4 21,0
117 xaDp ML o 26,17 21,7
119 raAp ML 26,2 2l 4
123 RAD ML 25.1 20,7

137 wAD ML 27,4 22,1

139 wap ML . _. . 28, 225 _
143 KAD ML 26,3 21,5
145 wAD ML 25,7 1,1
149 RAD ML 27,1 1.9
SLAHo6H 163 RAD ML . 22,3 18,9
1085 KAD ML 23.4 19,7
109 RAD ML . 24,6 20 4
171 RAD ML 21.9 18,7
175 kap ML 21,6 18,5
189 Qap ML 2,1 18,1
SLARGB 191 RAD ML - 21,2 18,2
195 RAN M| 2N, 3 17,6
197 rRAD ML 21,8 18,6

201 Rap ML T ’ 20,6 17,8

) T MEAN oo . 24,1 MPA 20,1 MPA

) ) o o (3493, PSI) (2908, PSI)
- _ 810, DEV, 2.5 MPa 1.6 MPA

( 368, B851) ( 231, PSTY



TABLE B-3
COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY FOR GRADE H-440N

- dm e e En e WS e P W e R En e e G R e P e E D G M A m s S W A A SR we e e

L.T KO, SPEC. LIA, 12¢¢ MM
L 6 NO. 6UHEU-8] SPEC. LENGTH 2. MM
L.OC CENSITY -- MO/ M¥x%?

- o e o G G e m  ee G R e SR G o e WD N T e Yn W G wn W D AR D G R A G G W e 4% G e T WS WE MDA R e A e e M

SPECIMEN OTIFANT- LOCA- DENSITY YOUNGS PERM- FRAC- CoMpPP,
NUMPER ATION  TION (MG/M=xT)MODULUS ANENT  TURE STRENGTH
(GPA) SET  STRAIN (MpPa)
(PCT) (PCT)

1A L6 AX END 6.0 «15C 2.084 47.u
Le? AX END 562 «18C 1.728S 53.8
L12C AX END 6.1 110 24170 bg.7
Llac AX END tell «15C 7.1C04 53.4
19 L3yu AX E£END 6.0 «180 2,857 S2.4
L32C A&X CND 53 «163 3,u4Cu 54,7
L3&C AX END 55 «187 3.4b4 S54.8
L8y AX FnND S5 «23J T.238 $53.1
MEAN 5.7 «164 2,952 52.2

{ «83 MPSI) { 7574.PS1)
STDs DEV. ol o028 544 249

( «025 MPSI) { 414,PSI)
1A LS+~ RAD END 6.7 «133 2.345 52+6
L9 RAD E ND 6.9 +120 2.186 $3.6
L13 PAD END 7.4 «12C 1.609 46.6
L23 RALC END 7.2 OLQC 1.836 “800
18 L4} RAD  END \ 7.9 J130 2.711 5243
LuS: RAD END 7.1 «130 2.178 53.3
L49: RAD END , 649 «14C 1.9%6 43.1
LS9~ RAD END T2 120 1.778 47.2
ME AN 1.2 «130 2eN32 49,4

(1.34 MPSI) ( 7168,PS1)
STD. Dtv., N + 008 e 257 2.3

( .25 MPSI) ( 333.,PSI)

YRS WL Wh D S R ER M R G W TR e T SR Ak W S S s G e R D e e YR AR TR SR EE AN e e G R R AR G G R W A SR e G W e e W R Ye R Eh e e e e



TABLE B-3 (Continued)

- - A Y WS e G W R A SN S G S L Wh S R e e NP e EE YR Gm e W e W SR e e wm

LYT O, SPEC. DIA. 1247 MM
LTG NOL blgu-g1 SPEC. LENGTH 2%« MM
L.C DENSITY -- MG /MAkkx3

. R G W Y ER G T L A v R R T R G e R e e A e S B e TR e AR YD R e G Y e G WD e En T S L R D e G WA W M e G e S e G D Ee W e e

SPECIMEN  CTIENT~ LOCA- [LENSITY YOUNGS PLORM-  FRAC- CUMPR,
NUMRER ~TION  TION (MG/Mx=%3)MODULUS ANENT TURE STRENGTH
(GPA) SET STRAIN (MPA)
(PCT) (PCT)

e S W e T R WL R S L G R B W WS R G W S R W MR G- P Wb T U WP R R AR R W WD MR e TR T SR WE VR W ER S e e e e o e wR W e e

fL LS AKX ML bel «1602 2,221 53.6
LE4( AKX ME 5.8 «125L 2,997 52.3
L5AL AX ML 4,4 «i83 249832 L3.7
L6,  AX ML .8 «15%50 3,027 52.C
6> L7‘4( AX ML 6.0} .l?C 3.“61 554
L78 . AX ML 5.6 e 160 T.502 53.8
LRO . AX ML 3.9 «e129 24999 43.1
LBY AX ML 4.3 e15) ZT.0432 43.9
MEAN 5.2 sluf 7,153 49,7

{ «76 MPSI) { 7212.PSI)
STD. DEV. 9 «0L2C «217 562

( «13 MPSI) t 753.PSI)
6A LT77Y RAD ML 5.6 «173 1.765 39,2
L81 RAD ML S.4 160 1,991 41.4
LB5- RAD ML 4eS «130 2.214 39.4
L9s: RAD ML Eol «140 1.638 43.8
6t L113t PAD ML 52 «173 1.9uu I7.9
L1177 RAD ML 5.0 120 2,655 42.8
L1317 RAD ML 4.6 «183 2,167 23,0
ME AN Se2 e1848 2.700 40,3

{ «75 MPSI) { 5843,.,PSI)
STD. DEV. 5 «L30 « 32°F 1.6

{ «27 MPSI) t 237.FS1)

T D wm . D ED s L M D M En M s G e W e wE WE g e M e e G D A G AR AE R W W TR W R AR M e S AP MR W R e AR W W R R AR G D R D A e G

B-11



TABLE B-4

e — [ — ~ —  SPECTROCHEMICAL ANALYSES FOR GRADE H-440N

LAr, iy, 4FN017 wEP T Tug o F enl f DATE S 2-23-77
QAMPLEY Meg . FhHgeniael 129 GF, PROGE(Y lua _3224let00b5 . D1Lg1a00 8 le0uly — _PLATE NOs TT7e0ila
ELENE T CUNCE* Tr e YT g r e _ELEwESY CONCE w10 9 PPP . ELEMENY = CONCENTRATIONe PPM
A3 < o5 AL < letit 4 2400
Ba 10D uE < 25 81 < la00
Ca Ayelu co < 10,00 CE < 80,00
cH < 4901 [ o] . S 4a00 . _ _ . __LS - < 10.00
Ccy < 1ar 0 0y < 20404 ER < 6.00
F € 000y _FE 20401 GD < 10,00
HF < 20eh) 40 < 10,00 IN < 1.00
.4 5201, LA < 10,00 11 50
?1‘ Lu < «S0 MG 20.00 MN < 1,00
- iIe] ra 1,00 NA < 40,00 _NB < b,00
[\ ~N < 600N vl < 4,00 34 < 600,00
P < G401} PR _ < 60,00 KRB — K 6,00
Sk < Ra 10 sC < le00 SI 80.00
S < 100000 S < .00 _SR. < 40,00
T4 < 4000 T < 40,00 TI 40,00
TL < 20200 ™M < 4.00 '} 40,00
w < 40,00 Yo < 10,00 ZN < 10,00
2R 4400 -

COLCF <TRaTION BASED UM ORGIWAL SaMPLE BEFORE DILUYION #1TH DILUENT
> MEANS GREATER THAN

€ FEUNS LESS ThaN THF SENSITIVITYOF THF SPECTROGRAPAIC PROEEUURF USEN
RESULTS AFF CORRECY wITHIt 8 FACTOL UF 0% 3 (ONE STANDARD DEVIAT]ION)
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. TABLE B-4 (Continued)

LAR, 0, enh(e 0EDIRY Tog N N

DATEL 2=23=77

e SAUPLEY  HA4% paBewnlel (1) uweP D200F QT via _3224le60ubh o CaLUTION L e 0008 . . . - - ___PLATF NDe TT7e034

ELEMENT CONCER: TRATIUNG BP_ _ __ _ _ - ELEME IT COuCE TSAT LAy PPN - _ ELEMENT  _ CONCENTRATION, PPM
AG < B0 at < 14010 8 2400
Ha 100G B8E o o & __e&D 81 < 1.00
Ca a0 c < 10010 CE < 80,00
00 B T Y Y T . crR _& _ heOL o _ ______  ___C8 10.00
cu < legir oY < 20409 ER < 6,00

- (XY ¢ 200400 — EE __ - 20400 6D _ € _ 10,00 . _

HF < 2NeNH O < 10400 IN < 1,00
K Se01 14 < 10,00 L1 < oS50
Ln < 3-1 MG 1040u MN < 1.00

M) — 1400 — _yb & 40400 NB < 68,00 e
==} [NY < Hhe Ny Nl < 4400 P <€ 600,00
L L) € kel _ _PBR . __ _& _#0a00__ _ RE < 6,00
w sS4 < belip sC < 1400 sl 80.00
: SM < 10000 sy < 6400 SR < 40,00
" TA < 40400 T8 < 40400 T1 40,00
TL < 2040y ™ < 4,00 ¥ 40,00
- < 40400 Y8 < 10.00 IN < 10,00

. 2R 2200 - . . N _

CONCENTRATION dASED UM ORGIMAL SArPLE SEFNRE OILUTION »ITH DILUEMY
> MEANS GRFATER THAN

<« MEANS LESS T4AN THE SENSITIVITYOF THE SPECTROGRAPHIC PROCENURE USED
RESULTS ARE CORRECT w]THIN A FAaCTOW QJF 40% » (ONE SYANUARD DEVIATION)
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TABLE B-4 (Continued)

LAB, MU, 46002 bR )nT TOt G Fr GLr DATEL 2%23=77
SAMP) F3 magni boBRAmAlel 63 kP ORCJUF LY e, 32261456005 L1i0T10Mme ) T IN) PLATE NO, 77«014
. ; Uk, PP . ELENELY LONCENTEATIONS PPw . FLEMENY _ CONCENTRATIONs PPM
AG < 5N AL < 1400 8 2400
ga 10,04 BE < Yl Bl < 1,00
cA b0eN cn < 10,00 CE < 80,00
€0 < 4o01 oo _ < 4001 cs < 10,00
ChH < 100 oy < 20400 ER < 6,00
EY € 200300 FE 10,00 80 < 10,00
HF < 2000 HO < 10400 IN < 1.00
X 8,00 LA £ 10,00 Ll < .
| Ly < %-1i] MG 10,00 MN < 1400
- LaJe) < 1aDO NA < 40,00 NB < 6,00
X ND <« 60400 Nl < 4,00 P < 600,00
S o1} < %00 _ PR € 60,00 |H < 6,00
| 13 < 8400 SC < 1,00 SI 80,00
i SM < 100990 S < 6,00 SR S 40,00
TA < 43407 TR < 40,00 TI 40,00
RIN £ _20s00 Ih < 4,00 ¥
U] < 40,00 Y8 < 10,00 IN < 10,00
IR 290 — —

CONCENTRATION BASED OH CRGINAL SAMPLE RFFORE DILUTION WITHM DILUENT

> MEANS GREATER THAM

< MEANS LESS THaN THE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED
RESULTYS ARE CORRECY WITHIN A FACYORP OF 0% o (ONE STANDARD DEVIATION)
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LABe U, 4b0(2 REW kT T + Fro3iF UATEL 2=23=77
SAMPLES Y sait Aadieedlel «2  9HaP  PRuELT .. 322elasiub. DLy TIQ} 0006 o PLATE NQ, 77=01é
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AG < Sy aL < 1400 B 2400
EA 10a07 A€ ——— & LY I A - _
[of ) 606N cn < 10407 CE < 80000
i ofs] — € haf e e = L . . & 4a00 csS < 10,00 =
Cuy < 1«00 DY < 20400 ER < 6400
-— e B9 < __200.00 . _FE _ . ___ 20,00 80 € _ 10,00
HF < 20enu) 0 < 10400 IN < 1400
K Ba00 LA < 10,00 Ll < 250
Ly < e 80 MG 10400 MN < 1000
"o < la09 _LNA € 40,00 NB < 6400
[ < 60400 N1 < 4400 [ < 600,00
. ) _€ ke eRr £ _ k0.0 _RB _ < 6a00
=] SY < Bed9 scC < le00 SI 80,00
LN Sm < 100,09 SN < 6a00 SR <. 40,00
1
it TA < 4000 T8 < 40,00 TI 40,00
o W € 20400 _In < 4,00 ¥ 40,00
- w < 40,00 Yo < 10.00 N < 10,00
_ IR 200 -

CONCENTRATION 3ASED Ob CRUINAL SAMPLE REFORE OILUTION WITH DILUENT
» MEANS GBREATER Twhad

RESULTS ARE CORRECT WITHEM A FAQYOR OF 40% 3 (ONF STANDARD DEVIATION).

< MEANS LESS TwaAY) THE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED
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TABLE B-4 (Continued)

LAB, U, &snn2 RER KT TN G FrSBLE VATEL 2=23=77
SAMPIEL Fagc: 64BGenlal R wursP 0 PR JFCY. e S22ula6U0S 0 DMLY LO0NE o 1a06004 o _ FLAIE NO, TI=p)s
EL EMENY COUCEMTRAY] Iy FPwm ELFe.E IY ~LONMCENTRAYION, PPM  ELEMENT _ CONCENTRATIONS PPM
AG < R0 AL < 101N A 2400
g2a 10600 _dE < o510 Bl £ 1400
ChA 6Ne NN co < 10e0) CE < 80,00
€0 < 420 — QY . S 4e00 . _ L8 . _ <€__10.00
¢! < LN DY < 2N 00 ER < 6400
4 € 200400 _FF___ 10,00 G0 < 10400
HF < 20607 MY < 10400 IN < 1000
X < be0it LA £ 10,00 Ll < + 50
Ly < BN »G 10,00 MN < 1.00
LS8 ] £ 1209 NA < 40,00 NB < (P8 14]
[+-] N < 6000 41 < 4,00 4 < 600,00
N p < £a0D PR < 68,00 _ BB ¢ 6,00
o L < Be00 SC < le00 SI 60,00
S~ < 100200 SN £ £200 SR < 40,00
T TA < ADL0D L] < 40,00 TI 10,00
TL < 20000 I < 4,00 y 20,00
o < 40,00 Y8 < 10,00 N < 10,00
29 _ 2200 e

CONCENMTRATION WASEN "N GRGINAL SAMPLE REFORE ODILUTION ~ITHM OTLULEMY
> MEANS GRESTER THAN

< MELNS LFSS THAN THE SEISITIVITYOF ThF SPECTRUGRAPRIC PRONCECURE USED
RESULTS ARE CORRECT WITHIM A FACTOR OF 408 5 (ONE STANQARD DEVIATION)
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LAb, wU, 46002 nERORT YOt &k SLE VATEL 2=23=77
SAMPLEY  Haal: 44Eemnlel 76  _Ghke® | PUCAfCY 0. _322641as5005 U0 S HLER © NV Ly WS WL VN TV R o . - PLATE NOs T77=0lé -
ELEMENT CONCERYRATLI o PO _ELEMENY . CONCEr TRATIANe PPs . . . ELEMENT . _CONCENTRATION, PPM __ _
a6 < o5Q al < 1,00 8 200
Ha 1080 wE . & 5° _ .8y < la.00
ca Gaalinn [o16) < 10,00 CE < 60400
Cu £ __be0L et e LW L L & &G0O LS. € __ 10400
cu < ley oy < 204,00 ER < 65000
Eu € 200400 _____FE o _20,00 8 <« 10400
HF < 20 N0 HO < 10.00 In < 100
K 4209 LA < 10,00 LX < 280
LY < -1 MG 40,00 MN < 1400
(3¢ < leCe NA < 40,00 NB < 6,00
NU < w0en0 NI < 4400 P <€ 600.00
—e B < Galis o eR___ % 604,00 . RAa R 6400
bld . Sr < 8400 SC < 1000 Si 80,00
- : Sk < 100+00 SN < $.00 SR S 40,00
~ Tk < 40400 ™™ < 40,00 Tl 40,00
L < 20400 ™ < 4000 v 40,00
w < 406,00 A £:] < 10,00 N < 10,00
R 4 - SR . 2o 00 —— R I >

CONCENTRATION BASEL ON ORGINAL SsMPLF REFORE DILUTION WITH DILUENT

> MEANS GHEATER Trah -

€ MEANS LESS THar THE SENSITIVITYNF THE SPECTROGRAPHIC PRNOCEDLURE USED
RESULYS APE CORRECT WITMIN A FACTOR OF 40% o (ONF STANOARD DEVIAYION)
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La3, Ho, “’”"EQ I";”*:‘; LRAR} 3 ET:Lf-‘
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A < -1 AL < 1en ] 2400
Ba 10409 o1 S 3 50 B8] < 100
Cca 6he co < 16400 CE < #0400
cu < Gauy) LR & 4000 . cs e - < 10400
cu < leoo oY < 20400 ER < 6,00
EU. < 200400 _FE __ _ __ 10,00 G0 < 10.00
HF < 20000 H < 10,00 IN < 1,00
n 64090 LA < 10,00 Ll < + 50
Ly < 31 M@ 20000 MN < 1400
. 14} < 1.00 NA < 60,00 NB < 6400
-~} [Shal < 0600 NI < 4,00 P < 600,00
L P4 < Balfin PR S 60,00 RB < 6200
o SH < Re 00 SC < leyg? Si 80400
S < 100,60 SN < 6000 SR < 40,00
- TA < 40400 TH < 40,00 TI 20,00
T < 206 GO i ] < 4200 '] 40,00
¥ < 40400 Y8 < 10000 IN < 10400
y 22040 —

CONCENTRATION gASED ON ORGINAL SAMPLE AFFORE DILUTION WITH DILUENT
> MEANS GREATER THan

<« MEANS LESS THAY THE SEUSITIVITYOF THE SPECTROGBRAPHIC PROCEDURE USED
RESULTS ARE CORRECT WITHIN A FACTOR OF 0% » (ONE STANDARD DEVIATION)
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86 < eh N aL < le0lu 8 2400
A 1900y nE < oL _B] < 1,00
CA 83e 0y cH < 10608 CE < 80400
co < G0 LR _ € el 00 - - . £s % 10400
[AF} < le00 DY < 2Ve00 ER < 6,00
| 9] < 200,00 EE __ 10,00 _—an _ < 10,00
wF < L HO < 10400 IN < 100
£ Qa0 LA < 10,00 (8 < 50
Ly < 50 MG 20400 MN < 1400
. e} < lafin NA _ < __40.00 NB < 6e00
o) M < a0y 00 vl < 4,00 [ € 600,00
L Pa___ < fe(l) PR __ &% &0a 010 RB < Ge00
© S8 < Sel0 sSC < 1400 S 80400
- g™ € 100400 SN < 6480 SR < 40,00
TA < 40400 ™ < 40,00 T1 20,00
TL < 202090 ™ < 4400 - y 10,00
W < 4000 YB < 10,00 IN < 10,00
ZR 2ali, -

CONCENTRATION RaSED O ORGINAL SAMPLE RBEFQORE DILUTION wITH DILUENT
> PEANS SREATER THAN

< 4EANS LESS THad THE SEARSITIVITYOF TwE SPECTROGRAPHIC PROCEDURE USEu
RESULTS aRE CORRECTY WITHIN A FACTOR OF 40% » (ONE STANDARD DEVIATION)
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TABLE B-4 (Continued) - o T T - o - T

LAR, 150y 460D HEPORT YUt G Froat D8TEL 2=23=77
SAMPLEL  HAe Y hene=dlwl 5T  ukaP  PROJFLT A0. 32246144008 LI 0TI0CE o da0000. . . .___ . PLATE NU. 17=014
ELESENY __CUNCE: TRAY vy PP —_ELEMENT . CONCE'.TRATIOA, PPM _ _  _ _ELEMENT  CONCENTRATION, PPM
AG < «52 AL < le0n 8 2400
Ho 10400 - | S S A Bl < 1,00
ce Ayehn co < 10.00 CE < 80,00
ca - € bl R e £ _ael0 —_— i - .- LS . s___ 10,00
[9V] < levy Dy < 2000 ER < 600
Fu ..« 200600 . FE . 20400 o < ] v I __ < 10,00 .
nfF < 2060 a1’} < 10.00 IN < 1400
K £afl0 L& €. 10,00 1 < 250
Ly < +50 MG 10.00 MN < 1.00
- My < lenin A _ & __ 40,00 N < 6,00
(v , )] < &0aN0 v (X5 ¢ < 4.00 [ < 600,00
1 P . L B 1 Eo 00 PP _ R < 450400 NS . | - HS <. 600
S s < Reny s¢ < 1.00 sl 80400
L s < 1uds0n SN < 600 _SR_ <__ 40,00
- - TA ¢ 40409 18 € 40,00 T1 20,00
1L < 20004 b el < LYV D '] 20000
w < 40400 ve < 10,00 N < 10,00
2R [ 2200

COMCENTRATION BASED O+ ORGI-IAL SAMPLE BEFORE OILUTION AITH DILUEANT

» MEANS GREATER THAl

< MEANS LESS THAN THE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED
e BESULYS aRE CORRECT WITMIN A FACTOR OF 40% » (ONE SYANDARD REVIATION)
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TABLE B-4 (Continued)
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ELFHEANT CONCEN T aTIyrie P82 — e ELEPENT . COMCETwATYIONe PPm . . ELEMENT ____ _CONCENTRATIQNs PPM__
AG < 1 AL < 1Nt A 2.00
~a 1def0 ..uf & . &¢ o 8l o £ 1,00
Ch Gle ) or < 10,00 CE < 80400
Lo < el LR R S Y T PSR — LS . - __€__ 10400 ___ __ ____
Cu < levo vY < 20607 ER < 6400
f AV} _ ¢ 200401 _ _FE __ __ ____ 10,00 6D < 10400
HF < 20400 HO < 10,00 N < 1400
, - X £a01) LA < 10,00 i1 < 850
o L < -3 "G 20,00 MN < 1400
g, b Y] _ < 1,00 MA . _ & 40,00 NE < 6,00
prg ND < &Gl 1) w I < 4e00 P <€ 600,00
. P € ___belin - PR < _ 60,00 .. __RR - € 6,00
- sB < B SC < 1.00 SI 80400
S+ < 100.00 SN < 6400 SR < 40,00
TA < 40enn T8 < 40,00 TI 20,00
TL & ___ 20400 _ T < 4200 — Y 20,00 -
“ < 40400 YB < 10.00 ZN < 10400
R 2400 —_— I

CONCEMIRATION dASEN CN ORGINAL SAMPLE REFORE DILUTION wITH DILUENT

» MELNS GREATER THA'

€ MEFANS LESS THAN THE SENSITIVITYOF TWE SPECTROGRAPRIC PROCEDURE USED

RESLH TS ARE CORRECY ~ITHIN A FACTOR OF 60% ¢ (OME STANDARD NEVIATIOM)
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ELEMENT CONCF-TRaT O, PN ELEMENT COINCENTHATION. ®OPm_ . _  __ ELEMENY _ __CONCENTRATION, PPM
&G < s al < le00 ) B 2400
B 20a0¢0 uE < 80 B/l I 100
ca Alle N cu < 10400 CE < 80400
(4] PR S 7 N, PR of - SO & we0M . _£S . &__10s00 _ ___ _ ___
Cu < le0o oY < 20400 ER < 6400
Eu __& 200400 o £E 10,00 .. Gh e __10.00
F < 20400 Y < 10400 IN < 1.00
[ hal LA < 10,00 LI < 50
- L < «50 Mg 20.00 MN < 1e00
L [ 21e] < 1.00 A e < L,00 NB < 6,00
U () < 6000 NI < 4,00 P < 600400
gj . B < fa U L BR € 60,408 ____RB < 6400
! Sk < Be 0O sC < 1e00 SI 80,00
- SM < 100400 SN < 6,00 SR < 40,00
TA < 40600 T8 < 40,00 T1 204,00
. L < 20400 h £ { 4400 '3 10400
w < 40eND 0] < 10,00 ZN < 10,00
— ZR I 240D - e

CONCFNTRATION BASED On NRGINAL SAMPLE REFORE DILUTION wITH DILUENT

> PESNS GREATER THAN - .

< MEANS LESS TAAN THE SFHLSITIVITYOF THE SPECTROOGRAPHIC PROCEDURE USED
RESULTS ARE CORRECT wITHIN A FACTOR OF 60% » (ONF STANDARD DEVIATION)




TABLE B-4 (Continued)

Lok, (., 46072 WER WY T g PILIRICIY DATELY 2=23«77
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(20 < L] &t < o0 8 200
_ha il PSSR S U { S —_— B> s 1200
CA Ergen, 0 < ibe0c CE < 804,00
{5 SN SUNNY ‘% 2V S ce € 4alile _ _ LS —— . € l0e00 __ ___ ____
Cu < 1.9 oY < 2ue b ER < 600
B _ & 2u0.0) ——— . FE o ACG00 . _ 8D € __10.00
HF < 2Ue00 O < 10e01 IN < 1.00
X 10.00 L& < 10,00 [ 50
=] Ly < 3% L) 10.00 MN < 100
‘L MO . < Yefn 1A . €___40.00 . NB < 6400
w ted < aNa00 1 < 4,00 P < 600400
I o2 I < Gy PR___ RN S .Y ) Y+ 1 S, - —— __RB _ _ __ < 6400
Se < ey sC < 1,00 sl 804,00
SH < 180,00 Siy < 6000 SR < 40000
TA < 4Ce ) Td < 40,00 11 20400
— T < 20e00 D £ < 4,00 el ¥ 40400
w < 40enQ YA < 10.00 IN < 10,00
n L0 —

TCO -CENTR&TION SASED O NRGINAL SAMPLE BEFORE DILUTION WITH DILUENT
> PEAUS HRFATER THAN —

€ CEANS LESS THAN THE SEiSITIVITYOF THF SPECTROGPAPHIC PROCEDURE USEN
RFSULTS ARE CORRECT ~1TWIN A FACTOR GF 40% 9 (UNE STANDARD DEVIATION)
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_ TABLE B-4 (Continued) -

LAZ, ~U, 46002

wEPCOT Ty S OF1GLF TATEY 22377
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ELEMENT CONCE: TRATIUM g »2 —  BLEMENT LONCE IR LON, PPM. . __ELEMENT  CONCENTRATION, PPM
4G < +59 41, < 1.00 L] 2400
Qs PPN oY 2 r4 o510 nl < 100
CA fhgny (e} < 10e0C CE < 80400
c> < Gef ) — B o~ SN < 400 . . _ . LS _ . _ <___10400 __ ____ _______
Cu < letn vy < 2000 ER < 6400
F i € 200409 FE _ 20,00 80 . $___10.400
HF < 2Ge0y O < 10400 In < 1.00
K 800 LA < 10,00 LY + 80
w LJ < +50 g 10400 MN < l1.00
{ — LidS ) < 1a00 NG < 40,00 NB < 600
g N < DU OGN NI < 4,00 [ < 600,00
P < baltt PR < 60,00 RE < 6,00
84 < Be (0 sC < 1.00 Si B0.00
Sw ¢ _1004¢€C SN € 6400 SR < 40,00
TA < 40e00 18 < 40,00 T! 40,00
Ti < 2Gel0 ™ < 4,00 ¥ 204,00
W < 40400 Ye < 10,00 N < 10.00
r e 200 -

CONCENTRATION SASED ON ORGINAL SAMPIE RFFORE DILUTION wITH DILUENT

> “MESNS CREATER TAR _— —

< MEANS LESS THAN THE SENSITIVITYOF THE SPECTROGRAPHIC PROCENULRE WSED
RESULTS ARE CORRECT WITHIN A FACYOR OF 40% » (ONE STANDARD DEVIAYION)
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LA, U, a0yl PRNCEEIE S 4 o aLE IATES 2=23=77
- LY 24T _pabgm et 2Y o 0 T TT a0 allelaec. b L1317 3 lauo02 - - PLATE NUe T7eple
L0 I S R AU A G o UL S SV Y - [ SRR I € Ce I- 010 s PR ELE'EWY CunCEr TRATIQNy PP»
Ay < . At < | A 2.00
33 2 8} - _ Y < oS _ N § < 1200
(o F et ol < 10,00 CE < 80000
_— A & e, L Cr - S 4,0 - - - Cs < 10.00 _ .
[ < Tei ¥ oy < 2000 ER < 600
EL_ NN SN S L B R __- Et _A0e00 . _ . G < 1000 . ____
WF < 20l =Y < 10,09 IN < 1400
o ey LA < 16,00 S { «80
o] L < oG 43 1,00 iy < 1.00
rl, — e ¢ - dawe M <. _40400 el . NH . & _&400
G i < HleNn ~] < 4,00 P < 600,00
——— 2 R _ € _ ka0 s - < fUL09 O, - — /4 _ < 600 _ ———
S < e SC < le00 SI 6000
S S SN Y o S < ¢ aill SR < 40,00
Ta < Lfgity T < 40,00 11 20,00
—_— JL < 2{e 02 | S 4 4.00 v _ 20,00
\ < 4hehi Y8 < 10,00 IN < 10,00
Y Lo S _ el e I - I — . — _ —— -
CC! CFMTRATIO  wasE 04 NRGTNAL SANPLE HERNRE TILUTIOr » 1Tk DILUENT
> _FAS GHMEATER THa . - e _ e .
€ VEANS LESS THa: THF SFESIVIVITYOFR Te SPECTROBRAFMIC PROCENURE USED
RESWLTS ARk CIWRFCT 171N & FaCTOk I at¥ 9 (Y E STAWNARD DEVIaTION) o
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AG < .10 ol < le00V B8 2400

Hi FRIRY 3E < o500 Bl < 1.00

ca Qo N ch < 10400 CE < 80,00

C) < 4o} l‘ﬂ — < AL OD cs < 10,00

ry < len0 oY < 20,00 ER < 6400

Eu € 20000 FE 10,00 _Gp < 10,00

nF < 20,00 HO < 10400 IM < 1.00
K £408 LA < 10,00 L1 %50

Lu < 50 NG 10,00 MN < 1,00

L Y] < 1a0¢C NA < 40,00 NB < 600
! ND < €0,00 NI < 4,00 P < 600,00
o PE < £abp PR _ < _£0.00 _RA < 6,00
o SP < Bei @ sC < lefO S1 80,00
L St £ 100400 SN < 6200 SR S AD4RO
- TA < 40404 T8 < «0,00 T1 20000
IL < 20450 ™ < 4,00 X 20,00

v < 40,00 vB < 10.00 N < 10,00

i 4 S 2e0( __ ——

CONGENTRATION BASED ON
> MEANS SREATER YHaN

REINAL SAMPLE REFORE DILUTION WITH DILUVENTY

< MEANS LESS THAN THE SENSITIVITYOF THE SPECTROGRAPNIC FROCEGURE USED

RESHLTS ARE CORRECY wITH]P 8 FACTOR OF &40%

(OWE STaNnalD DEVIATION)
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LAB, O, 46002 T kEPDRT Try ¢ FuGLF UATED 2e23e77

SeMPLEY Haglh GhRgmbilel 11 olaf PRCIFLT ~l o 3224Yaenuy 004 0 YI0NG balodOu . . PLATE Nu, T7=016
ELEAFNT CONCENTIBAT wl o ¥ ELEME'Y . _ CrCENTRATIQN. PR _ELEMENT . _COMNCENTRATIONS PPM
AG < eS aL < le00 B 200
BA Shaln b < 50 Bl < 1e00
* 6040 cu < 10.00 CE < B0.00
cO < o ly —_ - . LR ey - < 4,00 — cs _— <€ __l0,00
cu < 1e0 oY < 20,00 ER < 6400 \
— Ej € 200D __EE . . 1000 (c]t] < 1000
WF < 2lelu Ho < 10,00 IN < 1.00
- K. 6200 LA < 10,00 Al +S0
! Ly < 5N MG 10,00 MN < 1.00
o Mo < 1400 _NA _ < 40,00 o nEB € 600
- | NiJ < QU400 ('3 < 4,00 P < 600,00
— P% . _ € Deh) PR & 60.00 _ RB € 600
- sY < HBe 0O sC < 1,00 SI 80,00
§M < 100200 SN < $.00 SR S 40,00
TA < 40409 18 < 40,00 T1 20,00
T - < 20400 ™ — < 4,00 Y 40,00
w < 4l NO Y < 10.00 ZN < 10,00
S L 200 - e o . I

CONCENTRATION BASED O ORPGLNAL SambE SFFCPE DILUTION wITH DILUENT

> MEANS GREATER THan —_—
€ MEANS |LLESS THAN THE SENSTTIVITYOF THE SPECTROGRAPHIC PROCEDURE ULSED
RESUL TS ARE CORRECY IYWIN A FACT TR OF 30% o (ONE STANDARD DEYIATION)




TABLE B-4 (Continued)

LAaB, nC, 46nD2 REONRT TNy G ErOLF DATES 2=23=77
SAHPLES 460N 64R4mR)el 3 uxaP _ PORIFLT . 3226146005 __ L 1L UTIONt  1.0000 - PLATE NOo T7I=014
ELEMENT CONCENTRETIY 4 ¢! ELEMENT CONCE* TRATIONy POV LEMENT _ CONCEnTRATION, PPM
AG < «50 al < 1,00 B 2400
L4 200, BE < <80 A/l < 1.00
ca [-TACLIR] ch < 10,00 CE < 80,00
[of9] < 44900 LR i < hafi( cs __ ____ € 10,00
cuU < 1e0y oY < 20,00 ER < 6000
EY < 200400 FE Al 00 80 < 10,00
HF < 20000 HO 10,00 IN < 1400
o | X 5200 LA £ 10,00 L1 +50
& Lu < 59 @ 1400 ™Y < 1.00
© | M < 1208 NA < ald 0f NE < 6,00
i NOD < 60400 Ni < 4,00 P < 600,00
- PR < bet'f PR — < 60,00 BB __ < 6400
SH < Re 10 sC < 100 s1 80,00
SH £ 100,00 SH £ ha 00 SR < 4000
TA < 4he 00 T8 < 40,00 Tl 20200
1i < 2ue 0 T4 < 4,00 ¥ 40,00
" < 40400 \1:] < 10,00 IN < 10,00
y &l Pe) -

CONCFNTRATION BASED (N ORGINAL Sa~PLE REFORE OILUTION wWITH DILUENT

> HEANS GREATER THAN

€ MEANS (ESS THAN THE SFNSITIVITYOF THE SPECTRUBRAPHIC PROCEDURE USED
RESULTS ARE CORRECT wITHIN A FACTOP OF 40% » (ONE STANDARD DEVIATION)
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TABLE B-4 (Continued)

TLAB, o 48092 T
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SAHPLE!L Vogelr foefgms)wlz adu- VU OMEQY T 0 3226140008 ot TI0NY o  defw0e o __PLAIE NQe 7T=0]4
ELEMENY _  CONCENYraTlO ' S0 _ _ ELEME!T CUoOCEMTIwalla o PEN - ELEMENT _  CONCENTHAYIONs PPM
[y < 5 al < 1e0n L] 200
84 P0aud IR | S < W50 gl I 1 1.00
ca 2N cu < 1040¢ CE < 80400
CO & &l LR . _ _% ___ &ty ___ €S % __10,00 _____ . __
co < lengd 0y < 20400 ER < 6,00
S -0 S 4 {1 (P A FE . ___ 10,00 .60 < 10,00 _.
o HF < 2Ues0D HO < 10400 IN < 1.00
. X 10.60 LA < 10,00 11 250
s ! Lu < o5 MG 400 N < 100
,'\, . MO ¢ 1404 A € __4D.0y NE < 60 0
O ' L\37] < £ N0 nl < 4,00 P € 600.00
—_— P & be —— PR S 60,00 __ — Rty < 5200 _
S < B4 sC < 100 SI 80400
S~ ¢ 106,00 SN < £.00 SR < 40,00
Ta < 40400 TR < 40,09 Tl 40,00
— R TL € __20400 ™ < 4400 X 6000
“ < 40400 YR < 10,00 4] < 10,00
e AR R0 . - S e e R

CONCENTRATION SASED OF OFGINAL SANPLE BEFORE DILUTION WITH DILUENT
> MEANS GPFATER THAN

€ MEANS LESS THaN THE SENSITIVITYOF YHE SPECTROGRAPHIC PROCEDURE USED ‘
AESULTS ARE CORRECT +ITHIM & FaCTCK OF 40% s (OME STANDARG DEVIATION) .




APPENDIX C
GRADE PGX DATA

This appendix contains complete data sets for the bulk density, ten-
sile properties, flexural strength, compressive properties, and chemical

impurity content of grade PGX graphite.




TABLE C-1
TENSILE PROPERTIES OF PGX GRAPHITE

LOT tU, RUSed SPEC, N1A, 12, 8 MM
LUG Ny, p4B8Usy1 SPEC, LENGTH 03, MM
LUG NENGTITY 1,78 MG/Mxwd

LA L A X R LI XYY A i A YR X Y PR R R R R A Y R 2 2 0 YRR R XX X X ¥ ¥ J
SPECIVMFN NKIENT= L1)CA= DENSITY YUUNGS PERM= FRACe TENSILE
MUAuER ATIVUN  TIUN (MG/maae3IMOPDLUS ANENY  TUkg STRENGTH
(GpPa) SET STwAIw (MPA)
- - (PLTY  (PCT)

LA A R A 2 A L XX YRR LA ARSI Y X 22 222 2 X YR 0 AR QR 20 X 32X X )

1ACeEw® {0A AX EC 1,784 6,2 020,208 10,0
- 124 AX £C 1.787 0,5 027 0213 10,5
» 274 AX EC 1,788 T el YK 9,2
o 2UA AX EC 1.7R8 8,5 « 030 o212 10,3
- 0pA AX eC o 11,9
- DBA AX EC 12,0
- 108 Ax EC 1144
= 128 aX £EC 11,0
.- JAA AX EC 9,9
« 208 ax EC 10,6
- 27B Ax £C N i 7.3
= 248 Ay EC 12,0
{RCwEm{ngB AX eC 1,777 6,4 2025 219 1046
=1 )88 AX EC 1,778 3,3
. 948 AX EC 1,77 6,3 ngo L2116 10,8
» 9nB Ay EC 1,774 0,% .22 218 11,7
~ =124 AX £C. _ - . B 7,2
1048 AX EC 11,8
*1064 AX £EC 11,9
=i 0RA AX tC 11,3
13C=E= 9pA AX EC _ ~ 12,49
= 928 AX EC 11,5
= 94A AX | — - ) 11,06
» 98A AX XN 12,0

L AL A A XA Y YR AR R A YRR Y I 2R R RO 2 R X 2 2 X X 2 2 § 2 J

ME AN 1,781 6,5 J20 207 10,9
) ( .94 MP§I) ( 1525,P81)

870, DEV, ,008 o3 J004 020 2,0
I T Job TIPETY (" 296,P81)

(A A A A A X A XY X2 A I I LI YT RS2 YR 22 1 X R R A X X2 22 R X0 X 7.




TABLE C-1 (Continued)

LY TR P P YL Y ey Y P EY Y T T L Lk Y]

LOT Wt), ADS=3 SPEC, DI1A, 12,8 MM
LOG NO, oUBdw11 SPEC, LENGTH 03, MM
LUG DENSTTY 1,78  pMG/Mun} oo

.-.O-'-Q---..--.-.-ﬂ..‘.---..!------..------..-'--ﬂ...--I.---‘
SPFCIMEN ORIENTe {OCAw DENSITY YUINGS PRERMe  FRAC= TENSILE
NUMH R ATION  TIOUN (MG/Maa3)MONULUS ANENT  TURg STRENGTH
(GPA)y SET STIRAIW (MPAY
. . (BCTY  (PCTY)

1aCeE® 31 RAD EC 1,779 h,7 W619 174 9,S
= 27 RAD X 1,779 7,0 2017 160 9,3

» 11 RAD EC 1,779 6,9 , 1R 180 10,2

® (7 RAD EC 1,784 174 9.7

_ = 08 Rav EC . N 6,7 a3 2187 9,8

o (9 AV EC 9.3

- 2% RAD EC 9,9

e 25 RAD  EC 7.8

® 29 KAD EC 8,3

- (3 RAD EC 9,6
{HC=Fe313 R4D  EC 1,770 0,5 _,nes .185 9,6
=117 RaD EC 1,772 6,5 02 192 10,0

*133 RAD  EC 1,772 6, R 020 178 9,6

1317 RAD tC 1,769 6,6 NE2 0153 10,6

=111 RAD Yo 9,5%

w118 RAD EC 1041
1hC=k=119 RAD  EC . C e 9,6
w13y RAD EC B, 4

13I8 RAD EC 10,3

»139 RAD EC 10,2

MEAN 1,776 6,7 021 W170 9,6
(.97 mpPSI) ) ~( 1389,PSI)
81D, DEV, 006 2 Juve o013 o7
( 03 MPSI) ( 102,P81)

LA X LY L AL R P3P LY S A2 AR IR R A R R 2 R Z L 2 2 2 XX L X2 2 XX 2 27

Cc-3



TABLE C-1 (Continued) -

LA A A AL L LY L A FY LA A A XYY R 2 L2 X ]

U NU, ADSw3 SPEC, DIA, 12,8 MM
LUG NUJ, eURUaile SPEC, LENGTH 03, MM
LUG LENSTTY 1,78 MGE/Mewgy

LIT I ALY LR L R A LA XL XA L A A AR AT I I A A LD 2 A2 LA 2 2022
SPECI~EN NRIENTe LOCAe DENSITY YOUNGS PERMe FRACw TENSILE
NUMBE R ATIUN  TION (MG/MwaIIMODULUS ANENT  TURE STRENGTH
(6Pa) SET  STRAIN (MPa)
- - . (PeT) (e

taYege 30g X g 1,77 b,2 . 025 237 11,3
= 344 AX EM 1,772 b, U . 029 223 10,6
= 4eB AX g M 1,774 6,0 026 .222 10,3
o SUA aX Em 1,769 6,0 2023 23t 10,0
= 3nA Ay EM o . 11.0
= 3ug aX EM 11,0
- U?A AX M - 1017
o UH Ay EM 11,4
» UpA AKX EM ) 11,0
» 548 Ax EM 1144
lgywg=t148 AX g 1,773 6,3 _.0a0  ,239 11,7
w{{RA AX B 1,773 6,4 . 019 W23 11,7
i 3Ny AX EM 10776 °.3 .023 .226 11.0
1384 AX Ewm 1,779 6,4 028 227 11,0
®{14A AX EM 11,6
»11RB ax EM 10,9
18Y=Em{ 264 AX Em L 10,3
»1268 AX EM 12,3
1304 AX EM 113
w{388 AX EM 12,90

I XX I TR YT XY R Y SRS RS AL R SR AN Y Y R RS AS RN X 2 0

MEAN 1,774 6,2 024 230 11,1

. o _ (W91 MPgIY N ( 1614,P81)
§TO, DEV, 003  ,2  ,003 o007 5

{ .03 MPgl) t 79,P8l)

LA AT AL YA XA AR P T ERY R AR RS SR Y R AT R L A 2 2 K2 22 2 2 X 2 ]




TABLE C-1 (Continued)

LA A L XA YR YRR YRS AR LY S 2 K 2 3

LUT NU, RS} SPEC, DIA, 12,8 MM
LUG NU, 6URLe]1? SPEC, LENGTH 63, MM
LO6 DENSTTY 1,78 MG/Maw3

LA L A A A A A XN LS A XA XY AT RIS AR SRS A R0 KX K
SPECITFN  ORIENT= LUCA= DENSITY YUUUNGS PERMe FRAC® TENSILE
NUIMBER ATIG TION (MG /Mex3IMOQULUS ANgNT  TURE STRENGTH
(GPA) SET  STRAIN {MPA)
(PCT) (PCT)

faY=fF® 4§ RADL FM 1,772 6,3 2018 193 9,8
= 49 RAD EM 1,772 0,5 N2 2 186 9,7
= 63 RAD M 1,775 7,2 018 130 10,6
» 57 RAU XY 1,776 T,0 ROBL .20 11,3
® 47 KRAD B N 9,3
. 47 RAD g™ 9,3
e 51 RAD  Em 8,3
o &1 RAD  EM 10,3
= 585 RAV EM 11,0
= 59 RAD EM 1,0
18YmFatR3 RAL  EM 1,774 Tel | 018 159 9,2
={§7 RAD EmM 1,773 7.0 021 0209 11,3
=171 RAD EM 1,776 6,8 018 0191 10,5
®178 kKAD BM 1,775 6,8 S0 « 184 10,1
151 RaAD  EM 1140
=158 RAD  EM 11,0
1 Yab w156 RA&LD  E . 10,2
={69 RAD EM 10,9
173 RAD Em 9,9
=177 RADL EM 9,7
LA AL R LA YL L XA A A RZY R XA Y AR R A Y Y L AR R A2 XY X2 X X3
MEAN 1,774 6,8 WC18R 1R2 10,2
( .99 MP8I) ( 1475,P81)
87D, DEV, WNue o3 002 W U259 o8
( .04 MPSI) « 11%,P81)

LA A S A AL RS AL R XA PRI IS RS YR R R R A R X Xl dXy.}

C~5



TABLE C-1 (Continued)

LOT N, BDSw3 SPEC, DIA, 12,8 MM
LUG MU, puUBdell2 SPEC, LENGTH 63 MM
LJG DENSITY 1,78 MG/Me#}

LA A A A A A A A A L AL AAL YT AAYT YR YL AL AALA LYY LA XY LAY X X1 2 3 )
SPECIMEN NRIENTe (CAe DENSITY Y(QUNGS PEFRMe FRACe TENSILE
NUMBE R AY LN TIOIN (MG/uee3)IMODLYS ANENT  TUKE STRENGTH
(GPA) SET S8TRAIN (MPA)
. LPLT) . (PCT)

LI A A A A XA R YRR LAY AL ALY R 2R AR A 2R R 0 3 X ]

Lab =k 0608 AX EF 14773 6,1 028 2850 11,4
.« 6UA AX EE 1,798 6.3 J020 223 11,0
= 748 AX EE 1,782 byt , 2o W 219 10,8
= 84A AX (4 1,786 6,3 022 219 10,7
= HA AX EE . . 11,3
= puB AX 43 10,3
= 72A AX tE 11,8
® 728 Ax EE 11,0
* 764 AX EE 12,0
- Bub AX £E 10,7
18kek=tuud AX EE 1,785 6,4 020  ,259 12,3
i URA AX EE 1,028 b8 024,240 12,2
»l1608 Ax Et 1,792 6,4 027 » 254 11,9
={68BA AKX EE 1,781 6,2 , 027 247 11,5
] 4uA AX EE 12,0
“14RB AX EE 11,9
IHE=Ew1S6A AX  EE M . . o 11,7
*1856H8 AX EE 11,0
1604 AX EE ] i 10,7
={o8H AX LE 11,6
.u.------...-.-.-.-------.-u.-.-2..--..-.-0..‘-.-.-'-.-----.--..-
ME AN 1,790 6,3 023 239 11,4
o o ] L .91 MPSIY ( 1654,P81)
_ 370, LEV, WoN16 W2 W03 016 b6
( .03 MPSI) ( 85,P8I1)

LA A A A A X L I XA A A AT XY TR XYY LA A 2 0 A X A FY R XA X 0 R 0 X A A A 0 R 22 R XXX X J

Cc-6



TABLE C-1 (Continued)

LOT ~U, BDSe3 SPEC, DIA, 12,8 MM
LG NU, 648ueytp SPEC, LENGTH 63, MM
LUG DENSITY 1,78  MG/Mand

-.....‘--..-...-.---..---.!..-_'-.....--‘?-.---Q..'Q..Q.-..--‘ﬂ
SPECIEN ORIENT=® LLiCae DENSITY YUUNGS PERMe FRACe  TENSILE
UMBE R ATION  TINN (MG/Maa3IMODULUS ANgMT  TURE STRENGTH
(6PA) ET STRAIN (~PAY
- L APCTY  (PCT)

1aE=ke B85 RaD  EE 1,787 7.2 018 197 11,3
- B{ RAD FE 1,787 7.3 021 ,198 11,3
» 39 RAD EF 1,789 T.u W12 o175 10,9
{03 RaAD EE 1,788 7.8 022 196 11,4
. = 79 RAL  EE e 10,9
e 81 RAD  EE 11,0
» B7 RaAD EE 10,8
® 97 RAU EE 10,4
®101 RAD LE 10,9
«10§ RAL EE 11,5
I8E=E®189 RAD  EE 1,794 7,2 Lu21 201 11,3
=193 RAD EF 1,792 7,3 18 176 10,7
«207 HAD  EE 1,789 6,7 020 180 10,0
=211 RAD EE 1,789 7.2 e 020 195 11,0
=187 RAD EE 11,9
=191 RAD EE 11,9
1nE=f=195 KAD  EE - - S . 10,4
=205 RAD EF 9,u
=209 RAL  EE o 11,1
»213 RAD EE 10,6
LA L A A A X R A T A L A AT X X AR TS R A X A X2 TR A 2 X A X2 0 R 22X X 2.2 X 7]
MEAN 1,790 7.2 N8 0190 10,9
_____ L (1,08 MPSD) _ ~( 158e,P81)
STu, DFv, 002 2 4003 011 b
( «03 MPSI) ( 88,PSI)

LA L X LA A XL Y T XYY LR L XY L0 AR R R R X AR Y REN L2 Xy )

c-7



TABLE C-1 (Continued)

(X2 A A ALY R XTI A Y L L1 L R0 LR 2 2 P2 224X 44

1UYT MG, ADSe]d SPEC, DIA, 12,8 MM
LUG NU, e4Bdeyt2 SPEC, LENGTH 03, MM
LUG DENSITY {,78 MG/Mak3

.-...-.....----.-.-.'.--..--.Q.'.'.--.-.-.'....Q.-'-.'--ﬂ.-.'.

SPECIMEN DNRIENTe LUCAe DENSITY YUUNGS PENMe FRACS TENSILE

NUMRER ATIUN  TIuN (MG/Meae3)MODYLYS ANENT T RF STRENGTH
(6Pa) SET  STRAIN (MPR)
) _(PCT) (PCT)

6aCaMe 108 aX ML 1,785 6.3 019 181 9.4
- 124 AX mMLC 1,781 0,1 N2 227 10,8
= 224 AX MLC 1,792 6,3 024 192 9,8
- 2uA AX mMLC 1,784 6,% 021 ,174 9,1
= f10A aAX MLC 107
e« QRH AX mLC 9,9
w Jah AX ML C 9,9
= 124 aX MLC 9,7
* JRA AX MLC 9,2
s 204 AX MLC 10,1
= 2al ax MLC - 11e2
v 2uB AX ¥ C 9,9
bCeMe Quy A X MLC 1,709 6,0 s023 ' 215 10,93
» 964 AX MLC 1,774 5,8 2017 2204 10,1
® 9RA aX MLC 1478¢ 6e3 019 1220 10,9
ctiCeMef oyl AX MLC 9,5
1068 4X MLE 1,770 6,0 L 022 ,e18 10,6
o 92A AX MLE 11,0
= QA AX MLC 9,4
» 96t AX MLC 10,0
- 988 AX MLC _ . 10,1
=106A AX MLC 8,5
'-'--..--.-.--.ﬂ...ﬁ.'-.--.--Qﬂ.’.ﬂ-...-.C..'.-...-....-_.N..-.?-'.
i i MEAN 1,779 6,2 ., 021 204 1040
{ 90 MPSI)_ ( 1451,P8D)
8SThH, VEV, 008 .2 »003  ,020 o7
( .03 MPSI) ( 98,P8I)

(LA A A A 2T Rl A AL TE YRS Rl LA AR Y R 0 R X X2 2 0 R A0 X 0 XX X 2 1 J




TABLE C-1 (Continued)

LUT NU, BDSe3 . SPEC, D14, 12,8 MM
LUG NU, #UBY4w112 SPEC, LENGTH 63, MM
t0G NENSTTY 1,78 MG/'tww]

LY Y X LI P Y PR A I A ST PR Y Y R Y A AL RIS YRR Y Y 2 2 A X 2 X 1
SPECINEN ORIENTe |jCAe DENSITY YUUNGS PERMe FRACe TENSILE
NmMBER ATIUN  TION (ME/Mwa3)MODYULYS ANENT Ty <E STRENGTH
(GPA) SET STRalIw (MPA)
- ) e (PcT) (PcT)

[ F X 2R XA YR X R 2 22 R YRR LYY YA L AR XN AR R LR A X0 & X X X J

sal=vw 07 Rap MLC ’;782 7l0 0021 146 8,6
- {1 KAD ML C 1,784 6,9 A2V 141 8,2
= 28 KAD ML C 12781 7.8 sb2} LT 9.7
= 29 WAV MLC 1,778 7.3 L019 130 8.1
= % RAD MLC ) 10,1
= 09 Rav  MLC 8,8
= 13 RAD MLC 8,7
= 23 RAD ML C 9.2
e 27 RaD wmLC 7,6
@« 31 RaD MG 9,9
6BC=Mwy 18  RAD Ll 8 14779 Tl ¢ 020 g 144 8,4
@110 RAD MLC 1,771 7.° SN2 o 156 8,9
bHCeme133 RAD mC 1,778 To0 17 2177 10,0
=137 RAV MLC 1,773 Te0 N7 » 190 10,7
=113 PRAD MLC 9,3
©117 RAD  MLC 8,4
=121 wAD M C . ) 97
=131 RAD M C 9,5
wi35 RAD  ML( ) 10,1
»139 RAD Mg 9,3

LA LA A Y P LA AR A2 XX R Y L2 2 A2 A X A0 X XX AN D4 3 A2 A0 B X 22 2 2 2 2 L 1)

MEAN 1,778 7.9 020 v 150 9,2
. (1,03. ¥pS1) ( 1329,P81)

) 81D, DEV, L0085 @ L0002  ,020 .8
 ,03 MPBI) ( 116,P81)

LI Y 2 Y PR Y YRR A AT RIS I R L R R R R 2 2 2 0 X 2 4 0 0 .2 2 2 J

Cc-9



TABLE C-1 (Continued)

10T U, ADS=3 8PFC, DIA, 1,8 MM
0L N, pyqRULLR gPEC, LENGTH 63, MM
LUG EMNSITY 1,78 _MG/Mawy

LI XX AL PSS LAY R YRR R LA R A B R Y R 2 XA Y R ARl X2 2 X ]
SPECIWEN ORIENTe L1)CAw DENSITY YUUNGS PERMe FRACw TENSILE
NUMBER ATION  TION (MG/MRrIIMOOYLLUS ANENT  TURE STRENGTH
(GPA) SET SIRaIN (MPJ)
(PCT) (PCT)

6AYwMe JnH AKX ML M 1,782 6,4 021 0200 10,4
= JdA Ay MM 1,783 6,3 028 22295 10,8
* 4pB AX MM 1,778 6,4 022 Lol 10,8
- 8525 AX M| M 1,778 6,3 snel 224 11,3
= 304 Ax MM 11,9
= 3un AX ML 12,0
» 42A AX ML M 10,6
= goB AX MM 11,9
- 4hA AX MM 11,7
= 52B AX MLV 10,8
6RYeMe) 128 AX MLV 1,781 6,7 2026 208 10,7
1164 Ay LM 1,782 6,5 s 021 210 10,8
bYeMe | 2RH AX MM 1,781 6,5 020 oue 11,7
*134A AX MLM 1,779 6,7 022 N7 10,5
o1 2UA AX ML M 9,4
1248 AX MEM 12,0
6BYeMw 1284 AX MLM o o 10,$
o] 348 AX MLM 11,0
-..-.-..-.-.'--.-..'....-----_ﬂ-..-.-...-.-'-..--...-...-.....--..
MEAN 1.78¢ 6,5 023 217 10,9
( .94 MPSI) ( 1587,P81)
81n, VLEV, N03 2 U2 013 7
) ) ) o T Tt 02 mERIY ( 99,P8I)

c-10



TABLE C-1 (Continued)

|UT NU, BDSe3 SPEC, DIA, 12,8 MM
LOG NU, 64Bu=i12 SPEC, LENGYH 63, MM
LUG DENSITY 1,78 MG/Mww3}

..--.---‘..'...-ﬂ-...---.-"-.-...Q.-..ﬂ--'.'-.---..-....-.-.ﬂ
SHECTAEN  NRIgnNT= LUCAe NENSTITY YUUNGS PgRMe FRACS TENSILE
NMHER ATt P10 (MGyMex IMODYLUS ANENT  TYRE SIRENGTH
(GPaA) SET STRAIN (MPa)Y
_ ) LPCTY (PcT)

bAYeMes 4§  RAD M M 1,789 7,8 021 e 151 9.3
® 49 RAD MM 1,787 Te2 020 Y -Y- 9,4
» 6% RAD M M 1,783 7,2 121 161 9,7
- 457 RAD MM 1,788 7.2 L 020 o 159 9,5%
» 4% RaD M ; 9,9
= 47 RAL ML M 10,3
= 51 RAbL MLV 10,4
® 61  KaD M “ 10,1
» 6% RAD M| M 9,9
= 69 RAD MM 10,3
ORY=Med8§Y  RAD Mi_M 1,780 T.0  ,C20 216 11,7
=157 RAD ML 1,778 7.4 019 217 1145
{71 Rab My M 1,783 7.3 L 0E0 s 1806 10,7
=178 RAD MM 1,781 7.7 Na . 184 10,5
=181 RAD ML ™ 9,6
1858 RAD M~ 11,3
otiYeMe 159 RAD MM . i R 10,3
®16Q RAD ML M 10,5
w173 RAD MM 11,1
{77 RAD ML ™ 10,7
(A LT R ISR A AL YRR PR AR I P R XA A R4 0 2 A A2 Y A 4 0 R 2 X 37}
ME AN 1,783 7.3 . 020 o179 10,3
) (1,06 MPSI) ( 15¢00,pP81)
8170, ODEV, 004 2 + 001 026 o7
( 03 MR8I) ( 98,P81)

L LA LA A IR AT A AT IR 2 X2 22 Y R A 2 X 2 2 2 R 2 X XX 0 A A AN XR A2 L AKX A 2 0 X2 02 2}



TABLE C~1 (Continued)

LUT t), AUSwY SPEC, DIA, 12,8 MM
LG nUe 64RULilZ SPEC, LENOGTH 63, MM
LUG DENSTYTY 3,78 MG/Many

[ YT R XY YIS YR Y XYY R AEFYR AL XY FL AT YRR R R L 0 R A0 0 2 X X% § J
SPECTIMEN NRTEwTe {NCAw DENSITY YOUNGS PERMe  FRAC™ TENSILE
NUMRE R ATIUON  TION (Mg/Zuxa3IMODUL US ANENT  TURE STRENGTH
(Pa) SET S§TKAIN (MPA)Y
. (PCTY (PCT)

6AbesMe 0B AX MLE 1,790 5,9 . 020 241 11,9
= HUA AX miE 1.792 h,.8 2013 W 2NH 11,3
- 74H ‘x MLE 1.792 b.’ ."22 .206 !0.6
= Ruar aAX MLE t,789 6,6 020 . 2N4 10,6
= &0)A AX miE 11,5
- HUB Ay mLE 10,3
» 72A AX MLE 11,3
- T2b AX MLE 11,7
» 7oA Ax vk 11,3
- Bub Ay ¥LE 11,6
brEeMm 42 AX MLE 1,792 5,7 020 241 12,0
={UbA Ax miE 1,787 6.7 L 024 258 12,8
w)SRE AX MLE 1,798 6,8 2019 2198 10,7
»16uh AX MLE 1,784 6,4 024 254 12,0
wild2h Ax MLE 11,6
»{u6b ax MLE 118
bHEeMe15UA AX Mg i i _ 11,0
wi{SLbB AX ML & 11,3
w1 GRA AX MLE 111
wihUub AX MLE 11,7
--.-----q....uu-..-q-u-.nn--ur-n.-.--.".u---'-..'.'I-'.-.’-!.--Q
ME AN 1,790 6.6 o020 226 11,4
( ,90 MPSI) ( 1656,P81)
ST, DEV, «1104d .| .903 il )
( ,02 MPSI) { 84,P81)




TABLE C-1 (Continued)

LOY tu, apSey SPEC, DIa, 12,8 MM
LUG NU, 64BU=)lp 8PEC, LENGTH 63, MM
LUG NENSTTY 1,78 MG/Mawn3l

LA A A A A LA A A LA A A X L A a2 T R R L Al A 3 I Y YRR A R 2 X P R 2 2 Y X3
SFECIMEN  NkIghTe LOCa® DENSITY YUNGS PERM=  FRaCe  TENSILE
* UMBER ATION  TION (Mg/Mwe3)MUDULUS ANENT  TURE  STRENGTH
(GPA)Y 8FT STRAIN (MPA)Y
APCTY (PCT)

LA L XA A X LY XS LA A AR X 2 3 A X PR XA d A 2 2 R PRy R A2 R R 2 0 XXX 7 3 7))

6AE=M® 81 RAD  MLE 1,794 7,6 L0166 149 8,9

= 8% RAD MLE 1,789 7.7 020 201 12,1
= 99 RAD MLE 1790 7,5 .18 168 10,3
*103 RAD MLE 14790 Te? Wil 184 11,8
* 79 FRap MLE 11,0
» 83 RAD MLE 10,6
= 87 RAU MLE 10,8
« 97 RAU  MLE 10,7
»{01 RAD MLE 11,6
*1ys Rab  MLE 114
nE=Med B89 RAD  MLF 1,791 749 113 W85 10,0
»193  RAD ML E 1,789 7.7 BT 198 12,0
©207 RAD MLE 1,791 7,8 018 . 189 11,7
=211 RaD mMLE 1,793 LY . 020 197 11,8
wiB87 RAD  MLE 11,6
=199 RAD MLE 9,2
bREeM=195 RAD ~ MLE . . 11,4
«2n% RAD MLE 10,3
=209 RAD MLE 12,0
w21y PAD MLE 11,4

LA L A R A A A L XA T AR AT Y I A X2 L A2 L1 2 2 XY X 2 R S 2 2 0 dJ R XX XX XXX}

MEAN 1,791 7.7 L0168 179 11,0
N (1,12 MPSI) { 1598,P8])

810, DEV, W 0U2 2 L0033 022 9
( 02 MPSI) ( 131,PSI1)

A A A I A XL XX YA AL E AT I YRR XY Y X R A 0 2 2 X 2 P Y YR A R X2 R A Rl Ry X X 2 X/



TABLE C-1 (Continued)

LA XL A2 XY 2 XYY Y Y L AR A XX 2 Xy L2 X 13

LT i, RDS-}_ SPECQ DIla, 12,8 MM
LUG HU, 6uBlell2 SPEC, LENGTH 63, "M
LOG DENSITY 1,7R MbG/Mwk}

....-.....-'-Q...-.....Q.‘.-..-.'--‘.-.-...-..ﬂ...—--'....-'-.
SPECIMEN ORIENTw |LOCae DENSITY YUIUNGS PERMe FRyCw TENSILE
NUMBE R ATIUN  TIDM (Mog/Mae3)MONULUS ANENT  TURg STRENGTH
(GPay SEYT  8TRAIN (MPAY
) o _ (PETY  (PCT).

12A0=Re 0B AX EC 1,786 6,0 2028 188 8,m8
- 125 AX EC 1.777 5.7 . 031 ,197 8,8
- 228 AX £EC 1,771 7.3 028 158 8,7
- 248 AX EC 1,775 9.8 N30 209 9,0
= Q64 AKX EC - 97
e (QRAH AX EC a,2
» 10A AX £C 10,0
- 124 AX EC 9,7
a JARA AX EC 10.0
« 208 Ax tC 9,0
= 23A AX EC - O, IS U
. 2uUA AX EC 10,1
128CeRa GuB Ax tC 14,794 6.3 03 W 171 Bel
» QaB AX kC 1,798 6,6 026 ., 188 9,1
=1068 AX b 1,789 641 N9 170 8,S
=1 0RB AX EC 1,777 5.9 . 030 0203 9,0
12nC~Rm Gund Ax_ EC _ - i o 10,2
- 9NA AX tC 10,2
» 923 AX EC B 7,6
= 94A Ax EC 9,6
“102A aX EC 6,5
={0Quld AX EC 9,0
*1064 Ax _ EC L 9,2
wi{0RA AX EC 9,8

LA A A A A L2 X P B L Al AR R A Y YR A 2 2 L 2 0 B 2 AR d 2 2 0 X1 2 A0 B R R A 2 A 2 B L 22 2 X2 222/
ME AN 1,783 6,2 027  ,185 9,1

( .90 “P8I) ( 1317.PSI)

oo . 9TDy WEV, 40098 .5 005,019 A :
( 08 MPSI) ( 127,P81)

(I I L XX XTI XY Y R XX 22 2R AR Y Y RY R Y AL REARER A YY I ZA A A B R X 2 X X 2 % 20 2 % F J




TABLE C-1 (Continued)

(I YT Y PYY T TS TS 2T P Y P ¥ ) Py

LT MU, ADSe3 8PEC, DIaA, 12,8 MM
LUG ND, 6UHUwY12 SPEC, LENGTH 63, MM
LUG DENSITY 1,78 MG/Man}

.o-----'--.I..-.-—.I...-.--.-{.Q-..-.ﬂ--.-.---.----nn—---.-.--

SPECIMEN NRIENTe LOCcAw DENSITY YOUNGS PERMm  ERaCe TENSILE

NUMBE R ATINN  TION (MG/Maw3IMODULUS ANENT  TURE  STRENGTH

(GPA) gET STRAIN (MPAY
APCTY)  (PET)

LE R X X A XX A YA A X2 R A2 X2 YA Y R L R A X2 XTI Y P R A AR R XXX XY 22 X ]
12AC=B= 05 RAD eC 1,769 7.0 .026 . 1806 9.7
09 RAD  EC 1,782 7.4 020 152
2y RAD EC 1,778 Tel. 023 2159
0y RAD EC
Ny RAD EC
11 RAD EC
2y Rad  tC
2S RAD EC

» 29 RAD EC
128CeBe1 11 RAD EC
®J15  RAD EC
1728(eRellg RAD EC
{29 RAD EC
{33 RAD eC
«137 RAD  EC . ]
128C=Bm113 RAD  EC 1,780 7.0 021 o149
=117 _RaD EC. . 1,179 Tat ___s"2} 2160

s 8 58 8 8

—
DI OOV IOTHDODOODMPB®BITNO O™ D

e § e« 2 % » » & » » » o =& » s o b sw

!

NO TN ENWNN S~ N DL N DN

wild4 RAD EC 1.7706 7.6 0el « 187 1
«138 RAD EC 14774 7.7 2019 e 180 1
LA XX L XX LAY YR RS2 L XXX Y Y P R A A L2 XY XL A A 0 0 X X2 0 0 0 4 X 1] L L L X ]
MEAN 1777 Tt PRir-Y 2160
(1,07 MpS8SI) (1 P31)
81D, DEV, 004 3 002 017 1,1
¢ ,05 MPSI) ( 159,P81)



TABLE C-1 (Continued)

LOY NU, RDS5=3 ) SPEC, DIA, 12,8 MM
LO6 NU, e4BUdeyte SPEC, LENGTH 63, MM
LOG DENSTITY 1,78 MG/Maw3

.-----.--..3.-..----.-!-0-----_--..'----.'!!“._.--.-..-.---.--..1.

SPECIMEN (ORIENTe L OCAw DENSITY YUUNGS PERMe FRA(Ce TENSILE

NUMBER ATION TION (MG/Maa3IMODULUS ANENT TURE  STRENGTH
(GPa) SgT  STRAIN (MPA)

e e e e o APCTY (RCT)

{2aYeR" 308 AX EM 1,770 5,7 032  ,231 9,3
= 344 aX EM 1,707 6,0 .03 189 8,7
» 4oB AX Em 1,776 . 5,8 _ ,027 ,212 9!
 S4A AX EM 1,709 8.8 «030 « 186 8.4
. o 30A AX_ EM e .93
» 348 AX EM 8,8
® YA AX EMm B e . 9,4
* 428 aX EM 9,2
o U4HA AX Em o N 9,6
o S48 AX EM 9.3
128YmRailu® AX = EM 1;1;1_“ﬂ.5lq 2028 _2€10 9.2 -
w{18A AX gM 1,771 6,1 029 224 9,9
*1308 AX Em 10778 o 68
o1 38A AX g M 1,782 6,4 ,030 . 184 8,8
wi14A AX EM B o ~ 9,0
= {88 AX EM 9,3
12dYeReideA AX  EM___ _ _ __ 3 . 9.8
w1268 AX Em 9,8
N =1 30A AX EM o o 941
«1388 aAX EM 9,1
’--.----.-ﬂ.---,._--_---._!u-?!-19--_-_._.-.!_-_-_-_I!_._!_I.’l!.--_w..O--,Q.Q..I
MEAN 1,773 6,0 030 208 9,1
) U S L XN, |1 2 & N . 1316,p81)
_ 81D, DEV, «N0S 9@ 4002 4,019 16
( .03 MP8I) C 93, P8I




TABLE C~1 (Continued)

LUT NU, BDS»3 SPEC, NIA, 12,8 MM
LUG NU, 6484wyt SPEC, LENGTH 6%, MM
LUG DENSITY 1,78 MG/Mww]

---.n.-'ﬂ.--.--.I-..Q...--—.-Q..-'ﬂ...-..’-...--COQ-OF-OIUODQD
SPECIMEN ORJIENTe LOCcaw= DENSITY YOUNGS PERMe FRyCw TENSILE
NUMBER ATION  TION (MG/Mua3)MODULUS ANENT  TURE STRENGTH
(GPA) SET STRATN (MPAY
_ L _tPCTY  (PCT)

LA L LA XL XA X AT EYE XYL LSS RS YR LY P YRR R R X 2 X ]

1eAaY=He 48 RaQ EM 1.776 6,8 cN28 179 .
» 49 RaD EM 1.776 6.6 026 o 1580
- 63 RAV Em 1,774 6,9 2020 2168
w 67 RAD EM 1.773 5,9 22 «159
= 4% RAD  Em L ) N _
- 47 RAD g™
» 59 RAD EM )
= 61 RAD g™
® 4§ gAD EM

= 59 RAD EM
{29YR153 RaD €M 1,775

157 RAD EM 1,772~ 7.0  ,019 180
w171 RAD EM 1,788 7.2 024 147
7% RAD EM 1,782 Te2 020 147

={Q1 RAD Em
=155 RAD EM
126YeBe159 RAD EM
wigg RAD EM
=173 RAD  Em
=177 RAD EM

!
i
ki
!
i
\
¢
|
|
j
§
:

— s OOV DO PRV OPXEBODATBDE®NO

e § » » « » »# p 2 » 5 ' & » = b e » a0

e s G O OWN WO B O D W B L ~d D=

Q--......-'-.-...'.ﬂ!----.!..!...--'!!...’....-.!......... LL L X ]
ME AN 1,777 6.9 022  ,181
o ) . (1,01 MpSI) i _t 1181,p81)
) 310, DEV, 2008 98 4003 L0114 1,4
( .08 MPSI) ( 202,P81)



TABLE C-1 (Continued)

(I I P L P T Y PP P Y I TS Y P YT Y Y ]

LJT NU, B05e3 SPEC, DIA, 12,8 MM
1 GG N0, sUBUeile SPEC, LENDGTH 63, MM
UG NENSITY 1,7R MG/Mwun} .

(2 1 AL XX LY IS P ALY 2 A XX IR Y A 2 A A A X2 XX XY R X R X 0 3 2 X X 2 X

SPECIMEN ODRIENTa {()CAes DENSITY YUUNGS PERMe FRALw TENSILE
NYMBER ATIUN  TION (MG Men3IMODyLYS ANENT  TURE STRENGTH
(GPA)Y SET STRaAIN (MPA)
_ o R . __tPcY) (PcT)

12aF=Rw 60y AX EE 1,764 5,6 L 040 , 208 B,4
w bud AX EE 1,776 5.9 028 211 9,4
- ToHB AX EE 1,796 6,1 029 2 200 9,0
- 848 AX EE 1,78% 6,0 026 214 9,8
- 60A Ax EF . . — e . 9.9
LY LINY" EE 8,7
w 72A AX Eb ) 9,3
» 728 AX EE 9.6
v T6A AX EE ) 9,1
w 8UB Ax EE 7.9
12RE=Beldus AX  EE_ 1,769 5,9 _ ,02% 217 9,6
w{URA AX EE 1,788 CIE 028 192 9,0
wl60B AX EE 1,788 b4  ,024 0 206 9,7
w{bBA AX EE 1,780 6.3 ,030 231 10,0
w1 4uA AX EE _ _ 9,58
»{dAB AX EE 10,2
128k »He156A AX EE i L .10,3%
w{SpH AY EE 9,5
“166A AX EE N 10,0
={6BB AX EE 10,0
---..---..'.Q-----.-.-'-..Q!'-...-H----.-!!..ﬂ....,..'...'..‘....
MEaN 1,780 0,1 L028 ,209 9,4
- - - L 88 MP8I) __ L. 1367,P81)
8Th, DEV, 010 L2 2008 012 Y
( .04 Mp8T} ( 88,p81)

LA LA AL LA XA AL AL LI I A A d Al 2l A T Il Al R A 2R R A 2 0 A X2t X2t )

c-18



TABLE C-1 (Continued)

LUT NSO, BDSed SPEC, DIA, 12,8 MM

LUG NU, oU4R4m=}12 SPEC, LENGTH 63, MM
LOG OENSITY 1,78 MG/Max]

L2 2 2 2 K22 XX FAEE A A X2 Y2 F YR XYYy R X X 2 X222 X Y KA R TR Y Y Xy )
SPECIMFN  ORIENT® | (ICA= DENSITY YUUMGS PERMe FRACS TENSILE
NUMBER ATION  TION (MG/MRx3)IMUDULUS ANENT  TURE STRENGTH
(GPa) 8FT STRAIN (MPA)
- CLPCTY  (PCTY

LA A 2 X A 22 A XS X L AL A2 A XXX X I Rl I X X1 X 22 Y XX R A 1l X R X2 XX 2 Q0 Ny X 32X

t2AteRe A( RAD EE 1,771 0,8 129 «2U3 10,0
e AT RAD EE 1,776 h,B o 029 o 150 .
e 90 RaD X3 1,778 7,3 026 L177
=10% RAU et 1,778 ) «015 . 179

- 79 RAD  EF
- 83 RAD EE
e 87 RAD  EF
- 97 RAD  EE
1G] RAD  HE
«105 RAD  EE

!
t

{2BE=Bm189  RAD  EE 1,773 0,7 024,135
*193 RAD  EE 1,773 6,6 02177 13
207 KAD  EE 1.776 7.3 L2418
w211 RAD  EE 1,774 6,8 .085 131

=187 RAD EE
=191 RAD EE
128t »Be198 RAD  EE
®205 WAD EE
=209 RAD LE
213y RAD EE

DS PTONOFTP N OXUNOITOD00O0N
CSBI UV LCHOCUANE WUWUNIINNO WD d— D

~® § ® ®» 4 m @ 5 ® » & & s " o 5B o » e »

.-...O...-..-.-.-.-..-.,-.-,-n’---n.--,-.,,-.‘--.--.--.-.- LX 2 1 ]
MEAN 1,775 6,9 024 1061
(1,00 MpSIY  _  __ _( 1270,P81)
_8T0, DEV, L0033  ,3  ,00% ,028 9
( .04 MpsSI) ( 124,31

AL LA Rl XL X LR A IR YR A X 2 2 2 0 X 2 2 A2 ry Y LR 0 e Bl iyl Y2 2y

C-19



SPECIMEN
NUMBER

18C

1BC

LOT NO. 8D5-3 SPEC. DIA. Eoll MM
LOG NO. 6484-112 SPEC. LENGTH 51, MM
LOG LENSITY 1.78  MG/M##3 ]
ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL
ATION TION (MG/M#*%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORPECTED)
124 AX EC 19.1 1645
126 AX EC 1846 1641
1CA AX EC 15.8 14,1
138 AX _ EC B 19.1 1645
16A AX EC 1846 1641
168 AX EC o 21} . 17.8
24A AX EC 17.4 15.2
248 AX EC le.7 . 14,8
26A AX EC 1446 13.2
26B AX €C _ 18,7 _ 16,2
324 AX EC 1649 14.9
328 AX EC - - oo ABe8 1643
88A AX £EC 1649 14.9
88B AX £C - 19.7 . 169
86A AX EC 16.9 1449
868 AX £C . 21aM 18,0
83A AX EC 17.5 15.4
80B AX EC. R ¥ - X ¥ - 1 o 5. 7Y -}
96A AX EC 1649 14.9
968 AX £EC . 18.8 1643
102A AX EC 19,1 16.5
1028 AX _ EC L 2041 17.2
104A AX EC 18.9 164
1048 AX__ EC o 16.8 14e8
ME AN S 18.1 MPA  15.8 MPA
(2628, PSI) t2289. PSI)
STD. DEV. 1.6 MPA 1.2 MPA
( 237. PSI) (172, PSI)

- e " L WD DD W Gk TR GRS SR R D G G L e D AR W W W D G G D S S SR G R GO G Y G EE D TP EP Gk G TR YD Gh G R AR R D e T e e

TABLE C-2

FLEXURAL STRENGTH OF PGX GRAPHITE

Cc-20
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TABLE C-2 (Continued)

- . R T S e G e L PP D E WS e e U A W Gk . e e O

LOT NO . 805"3 . SPEC. DIﬁA. 6.4 MM
LOG NO., 6U484-112 SPEC. LENGTH 51 MM
LOG DENSITY 1.78 MG /M%xx%x?

- P > T T . TS W ER U D W WD S E R SV S S ek R R SR e G e WD G e e D e G e S W D R S en T W e

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL
NUMBER ATION TION (MG/M%%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) {CORRECTED)
18C 163 RAD £EC 15.8 14,1
165 RAD  EC 15,8 14,1
165 RAD EC 17.8 15.7
175 RAD EC 11.5 Ce7
185 RAD  EC ) 154 13,8
191 RAD £C 19.7 17.0
195 RAD EC 15,7 14,1
18C 197 RAD EC 21.1 18.C
201 RAD  EC 1643 14.5
1AC 7 RAD £EC 16.8 14,9
9 RAD  EC 15.C ~ 13.5
13 RAD £EC 18.8 6.4
15 RAD  EC 18.0 15.8
19 RAD EC 20.3 17.5
33 RAD EC 21.8 18.4
35 RAD EC 14.4 13.8
39 RAD  EC 16l ~ 1lu.y
41 RAD EC 16.6 14,8
45 RAD EC 17.5 15,5
ME AN 17.1 MPA 1541 MPA

(2478. PSI) (2185, PSI)

STODe DEV. 2.4 MPA 1.6 MPA
( 354, PSI) ( 266+ PSI)

- AR o D R R R GE P TR R WS GRS TR TR TD YL YN CH W WGP N R YR G L T G GE D TR U TR SR D Tl W TR 4D ML TR D ORGP S G W SR G R W G @S Am Gm OO W A T e

Cc-21



TABLE C-2 (Continued)

LOT NO. 8D5-3 . SPEC. DIA. 6 b MM
LC6 NO. 6484-112 SPEC., LENGTH 51, MM
LOG DENSITY 1,78  MG/M#%3

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLE XURAL
NUMBER ATION TION (MG/M%%3) RUPTURE (MPA) STRENGTH (MPA)
' (UNCORRECTED) (CORRECTED)
1AY  26A AX EM 16,7 14,7
368 AX EM 22,5 18.3
384 AX EM 19.5 16.7
388 AX EM i 19.4 1646
42A AX EM 17.1 15.C
42B AX EM 3 _ 1644 _. 14,5
48A AX EM 18.9 16.3
486 AX EM 19.2 16.5
SGA AX EM 19.6 1647
SOB AXx EM 19.4 16.6
1BY 1084 AX EM 19.5 1647
1088 AX EM 19.8 1649
1104 AX EM 18.1 15.7
1108 AX EM 1843 15.8
1144 AX EM 17.5 1543
114P AX EM 2047 1745
1204 AX EM 19.5 1647
1208 AX EM L 17.9 . 15.6 )
1BY 122A AX EM 15.8 1443
1228 AX EM 18.C 15.6
ME AN 4 187 MPA  16.1 MPA

(2707. PSI) (2333, PSI)

STO. DEV. o T T s weA T 1.6 MPA
( 217. PSI} _ { 152. PSI)

Cc-22



TABLE C-2 (Continued)

- G e D G EE R AN A R G WD P G ED G TR YD D G TR e, e G R W A W W

LCT NO. 8D5~2 SPECe DIA. 6ot MM
LOG NO. 6484-112 SPEC. LENGTH  51. MM
LOG DENSITY 1,78  MG/M**3

G o e T = R L, G e G R L G D R D P D I D D US TD R G WP E R P L AP TS D G AP S EP WL R D e e G D e e W R R e R A W e

SPECIMEN ORIENT- LOCA~- DENSITY MODULUS OF FLEXURAL

NUMBER ATION TION (MG/M#*%3) RUPTURE (MPA) STRENGTH (MPA}
(UNCORRECTED) (CORRECTED)

1Py 215 RAD EM 15,2 13.7

21S RAD EM . i 17.12 15,6

221 RAD EM 2G.2 17.5

225 RAD EM ~ 1949 17.2

227 RAD EM 18.4 16,1

241 RAD EM _16.7 14,9

245 RAD EM 19.5 17.0

247 RAD EM . 194 1649

251 RAD EM 17.2 15.3

253 RAD EM _17.4 15.4

1AY 56 RAD EM 1646 14,8

62 RAD EM ) 1644 14,0

6% RAD EM 14.9 13.5

69 RAD EM L S VY. 11.4

1AY 71 PAD EM 13.0 11.9

8% RAD EM B 19.4 16.9

86 RAD EM 20.0 17.3

91 RAD EM _ ..19.8 . 17.2

95 RAD EM 18.3 1661

97 RAD EM i 1842 16430
MEAN o ) 175 MPA 15.5 MPA

(2543. PSI) (2243. PSI)

ST0. DEV. 2.3 MPA 1.8 MPA
( 332. PSI) _ { 255, PSI)

- D G DGR D R G R T P R GRS TR D G GU TP AR GD G T TS AR G R GD WP s GIN S SR WD W WR WP G OV D T G G SR G Gh AR W Ee WD e G WD G ER W e e

c-23



TABLE C-2 (Continued)

LOT NO. 8D5=3 SPEC. DIA. folh MM
LOG NO. 6484-112 SPEC. LFNGTH S1. MM
LOG DENSITY 1.78  MG/M%%3

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL
NUMBER ATION TION (MG/M%%3) RUPTUPE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRPECTED)

D L e s R P AR D WD G e R e WP e L G NP W P WD R R TR S W P D W G D A D G Ee A R R S W SR R AR S W e e b S M e e En A YR e me AR G

1AE S6A AX EE 19.7 165
568 AX EE o 17.5 15.3
S8A AX EE 16.7 14,7
S8R AX EE 18.C 15,6
62A AX EE 17.4 15.2
626 AX EE X 171 15.0
688 AX EE 18.6 16,1
68R AX EE 18,3 15.9
TOA AX EE 17.3 15.1
7OB AX EE 16.8 14.6
1BE 128A AX FE 19.0 1643 .
128F AX EE . D W 'Y . 1544
130A AX EE 2043 17.2
1308 AX EE . 2063 _ 17.¢
134A AX EE 21.1 17.7
124P AX EE 1946 16.7
1402 AX EE 19.6 1647
140B AX _ EF 198 T el
1422 AX EE 16.8 14.8
1BE 1428 AX EE 18,8 ) 1642
ME AN . 13.5 MPA _ _ 16.u_MPA
(2688. PSI) (272C. PSI)
STOD. DEV. 1.4 MPA «9 MPA

( 196, PST)Y _ ¢ 137, PSI)

S R WD R e S Gh WS R EE SR L AR WP WD W U A D ED D R R AR G0 W o we T D R W S We L R G G D R YD G TR R G WD R AP WL TR TR W W R R W R G G e

C~24




TABLE C-2 (Continued)

LOT NO. 805-3  SPEC. GIA. 6.4 MM
LOG NO. 6484-112 SPEC. LENGTH 51. MM
LOG DENSITY 1.78  MG/M#%3

D Gn L S S R AP Eh G P AR D D R ST Ly e D T EE SR L G @R D G WE P NS D AR W @S D e MR W L G G Ge Eh h G R AR W TS WS A W e W

SPECIMEN ORIENT- LOCA=- DENSITY MODULUS OF FLE XURAL
NUMBER ATION TION (MG/M%%3} RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)
1AE 111 RAD £E 18.C 16.C
115 RAD  EE B . 19.8 17.4
117 RAD EE 1642 14.6
121 RAD_ EE ... 1le.86 . 14,9
122 RAD EE 19.C 16.8
137 RAD Ee . . .1%.5 . 17.1
141 RAD EE 1843 1642
143 RAD EE L . leel . 1l4,8
147 RAD EE 17.6 1547
. 149 RAD EE . ...23.3 18,4
IBE 267 RAD EE 21.2 1843
‘271 RAD EE _ e ... 1808 16.6
273 RAD EE 20.5 17.9
277 RAD EE .. . 21.0 18,2
279 RAD EE 19.6 1762
292 RAD EE o 19.6 17.2
297 RAD EE 17.9 15.9
299 RAD EE . 15,9 4.4
333 RAD EE 19.2 16,9
1BE 305 RAD EE . 19.3 7.8
MEAN o ... 18.8 MPA 1646 MPA
(2726. PSI) (2404, PSI)
STD. DEV. - 1.6 MPA T 1.2 MPA
t 239, PSI) ( 180, PSI)

C-25



TABLE C-2 (Continued)

- - - - ——— - G e W ee WE R e R R Gn S AR e A e W G e

LOT NO. 8D5-3 SPEC. DIA. 6ol MM
LOG NO. 6u484-112 SPEC. LENGTH 51, MM
LOG DENSITY 1,78  MG/M%%3

- B - S s e P T e G e s Y S TS EE W WD s R G G G T D R G G D S T b Oh G de T e M W G W G R T G G G R e En AR

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLE XURAL
NUMBER ATION TION (MG/M%%*3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)

6AC 1547 AX MLC 16.8 14,38
154p AX MLC . 19.1 16.4

156 A AX MLC 1645 14,5

1568 AX MLC 17.0 a 14,9

1608 AX MLC 17.7 15.4

16CB AX MLC 19.5 16,7

174 A AX MLC 14,2 12.8

174 AX MLC 1€.9 14.8

1764 AX MLC 18.6 16.°

176E AX MLC 1846 16,35

1684 AX MLC 1849 1642

16dE AX MLC ) . 187 . 1641

6BC 224A AX MLC 17.4 15.2
2248 AX MLC ~15.1 13.5

226A AX MLC 17.8 15¢4

2268 Ax MLC 1842 1547

232A AX MLC 18.2 15.8

oBC 232B AX MLC 1649 14,8
236A AX MLC 17.2 15.0

236B AX MLC ) 17.3 15.1

238A AX MLC 16.9 14,8

238R AX MLC 18.9 16.2

2444 AX MLC 18.5 15.9

2448 AX MLC ) 17.0 14,9

MEAN i 17.6 MPA 153 MPA

(2550. PSI) (2218, PSI)

STD. DEV. 1.3 MPA « G MPA
( 181, PSI) _ ( 133. PSI)

s D S G W S W S ER WD R R R W R D e TS G WY TR G W GR SE MR W G TR R GT G ML AR R P SR S G % G D S T G AR WP T AR R WP W R D G W WD e D N e e e
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TABLE C-2 (Continued)

LOT NO. 8DS-3 SPEC_. D__IAO 6ol MM
LCG NO. 6484-112 SPEC. LENGTH 51« MM
LOG DENSITY 1,78 MG/M*%3

SPECIMEN ORIENT~- LOCA- DENSITY MODULUS OF FLE XURAL

NUMBER ATION TION (MG/M*%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)

bAC 219 RAD  MLC 13.8 12.6

321 RAD  MLC 19.0 16.7

325 RAD MLC 12.4 11.5

327 RAD  MLC 17.4 15.5

331 RAD  MLC 17.1 15.3

345 RAD  MLC 97 9.1

347 RAD  MLC 18.6 164

351 RAD  MLC . 10,1 945

353 RAD  MLC 17.6 15¢0

357 RAD  MLC ) 17.7 15,7

6BC 471 RAD  MLC 17.2 15.3

‘473 RAD MLC X 1445 _ 13.2

475 RAD  MLC 1643 14.06

477 RAD  MLC 1442 13.0

481 RAD  MLC 16.8 15.1

6BC 487 RAD  MLC i 1846 16.4

485 RAD MLC 14.4 13.1

487 RAD  MLC ) 178 15,8

489 RAD  MLC 17.6 15.6

493 RAD  MLC B 17.7 15.7
MEAN . 15.9 MPA 14,3 MPA

(2310. PSI) {2072. PSI)

- . e v esmm——— -

STDe DEV. 2.7 MPA 2.2 MPA
{396, PSI) ( 221. PSI)

. A - Gy PR Y Gm T AR YR G S YD TR D @D N R S D WS D R AR D MR G L S e P D G T AN TR G D T T AN Gh EL TR N AT W G W e D D W R e e
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TABLE C-2 (Continued)

LOT NO. 8D5-3 SPEC. LCIA, GeoU MM
LOG NO. b6UBH4-112 SPEC., LENGTH 51 MM
LOG DENSITY 1.78 MG /M*%3

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL
NUMBER ATION TION (MG/M=%%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORPECTED)

EAY 18CA AX MLM 19.8 17.0
1628 AX MLM 19.8 17.5
1822 AX MLM 19.3 1667
182F AX MLM 1642 14,4
186A AX MLM 18.8 l6s3
1868 AX MM 18.4 16.0
192A AX MM 18,9 16.4
192R AX MLM 18,1 156
1942 AX MLM 1646 16.2 -
1948 AX MLM 1646 14.7

6BY 250A AX MLM 1846 16.1
<50F AX MLM 17,6 15.4 -
252A AX MLM 18,0 18,7
<82B AX MLM 16.9 1449
256 A AX MLM 17.4 15.3
2568 AX MLM 1847 1¢.2
262A AX MLM 16.7 14,0
262R AX MLM 1846 16ec

6FY 2644 AX ML~ 17.7 15.5
264E AX MLM 16.1 16.5

MEAN 162 MPA 15.9 MPA

(2639, PS1) (2200, PSI)

STD. DEV, i 1.0 MPA .5 MPA
( 152. PSI) ( 111. PSI)
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TABLE C-2 (Continued)

LOG NO, 6UEU-112 SPEC. LENGTH 1. MM
LOG GENSITY 1.78 MG /M%%x3

SPECIMEN ORIENT- LOCA- DENSITY MO0DULULUS OF FLEXURAL

NUMBER ATION TION (MG/M¥%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)

6brY 371 RAD MLM 18.1 161

375 RAD MLM 1.7 lea:

377 RAD MM 14.3 13.1

381 PAD MLV 161 14,5

382 RAD MLM 18,5 16.4

367 RAD MLM 18.1 16.1

47 : RAD MLM 19.1 16.8

MY 4732 PAD MLM lg.¢ 16.2

47 PAD MLM 12.3 11.2

436 RAD MLM 19.¢ 16.7

eBY S31 RAD MLM 17.4 15.6

805 RAD ML M 19.4 17.2

527 RAD MLM 17.6 15.7

511 RAD MLM 16.2 16ec

S13 RAD MLM 19.2 16.9

527 RAD MLM 19.3 17.C

531 RAD MLM 1.4 16.3

533 RAD MLM 17.¢€ 15.7

537 RAD MLM 17.9 15.9

53¢ RAD MLM 1547 14,2
ME AN 17.6 MPA 15,7 MPA

$2557. PSI) (2277. PSI)

STD. DEV. 1.8 MPA 1.5 MPA
t 268, PSI) t 713, PSI)
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TABLE C-2 (Continued)

- D e A - - - - an o ws G EP  R W W Y P e mm e A A R A e e e

LOT NO. BDE=-3 SPEC. CIA. fs U MM
LOC NO. 6UEL-117 SPEC. LENGTH 51. MM
LOG LENSITY 1.78 MG /M*%x?

A v Er G R AN W WA T T N P R D L D WS e YT D TR D G S TR R WP b A GP Wb DGR uR M T Gn e S UL dn e P TR AR W YR R e W e e

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLE XURAL
NUMBRER ATICN TION (MG/M%%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)

6A% 203 AX MLE 19.2 1646
2C0¢8 AX MLE 17.6 1%.5
2028 AX MLF 2%, 18.4
2028 AX MLE 18,1 15.9
2Ue A AX MLE 17.8 15.7
cC6F AX MLE 19,0 165
2128 AX MLF 19.7 17.¢
212 AX MLE 19.< 167
2147 AX MLE 19,5 169
214F AX MLE 16.6 1642

EBF 2T0A AX MLFE 273 17.4
2738 AX MLE 19.4 16.8 -
272A AX MLE 19.1 16.6
272B AX MLE 210 17.9
276A AX MLF 19.5 1649
2768 AX MLE 1949 17.2
2BUA AX MLE 18.4 16.1
283B AX MLF 2GS 17.9
2824 AX MLF 2uel 17,2

6BE 282B AX MLE 18.9 16.4

MF AN 19,4 MPA 1ée6 MPA

(2815%. PSI) (2434, PSI)

STD. DEV, lel MPy «8 MPA
{ 157. PSI) { 110. PSI)

D AL D AR SR E WS TR G S R e S TR Y P W TR wn R G G G AR R e e S A G e G WD G L G R R A D TR G TR G R R WGP A TR G WE oS G e .
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TABLE C-2 (Continued)

- S R G R L Y R R EE TR W R R S AR D ey s R T e eeam e a

LOT NO. 8D5-3 SPEC. DIA. bel MM
LOG NO., 6“8“‘112 SPECo LENGTH qlc MM
LOG DENSITY 1.78 MG /M¥%3

- wn wn S e W D R gy ep e U TSGR OGN G VR ED TR AL G WA L AL WD TE WA WL Ch W TR G Y W WL R E T W TR MR W R M WD A W SR G W M e e W WS o S G @

SPECIMEN ORIENT- LOCA~ CENSITY MODULUS OF FLE XURAL
NUMBER ATICN TION (MG/M%¥%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)

6AE 423 RAD  MLF 18.7 16.7
427 RAD  MLE 1846 16.8

429 PAD MLE 224 ¢ 19.7

433 RAD MLFE 18.9 16.5

435 RAD  MLE 166 15.¢C

449 RAD MLE 163 14.8

452 RAD  MLE 20.32 17.9

455 RAD  MLE 19.2 17.1

459 RAD  MLF 213 18.7

461 RAD MLE 235 2042

6BE 557 RAD  MLE 18.3 16.3
557 RAD  MLE 1647 15.1

559 PAD  MLF 17.8 16.0

567 RAD  MLE Leb 18.1

S¢S PAD MLE 18.4 16.4

579 RAD MLE 22.9 lgtb

6BE 583 RAD  MLE 17.1 15.4
585 RAD  MLE _ 2046 18.1

58S RAD  MLE 19.3 17.1

591 RAD  MLE 18.9 16.8

ME AN 19.3 MPA 17.1 MPa

(28u6. PSI) t2486. PSI)

STD. DEV. ” 2.1 MPA 1.6 MPA
{ 365. PST) ( 230. PSI)
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TABLE C-2 (Continued)

LOT NO., 8DE-3 SPEC. OUTA, Gelt MM
LOG NO. 6484-112 SPEC. LENGTH 51+ MM
LOG DENSITY 1.78 MG /M%x3

S S D Gr G R R e D TN G A P D s R ED G WR TR L Wh D s TR At G L G e W W R TR G W TR G B A R dm A G R R WD W e A A A o e W

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL
NUMBER ATION TICON (MG/M%x%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTEN) (CORRECTED)

e D e ev my AR AN G TP W WP R G CE Gh T G W D R P TR D G AN WD R S S o e R R R e S EE AR S W W S D Ge A AR e e A A A W e G e

12AC 294A AX £C 15.C 13.3
294PF AX EC 15.2 13.6
2964 AX EC 13.6 12.3
296R AX EC 17.0C 14.9
300A AX EC 17.4 15.2
3008 AX gc 15.5 13.7
31CA AX £C 17.4 15.2
2108 AX £EC 17.2 15,3
2127 AX EC 16.3 14,1
J12R AX EC 13.7 12.4
3164 AX EC 17.1 14.9
216F AX £C 15.6 13.8
1ZBC  368A AX EC 14.C 12,6
268FR AX EC 17.1 15,0
3661 AX EC 15.3 13.6
366F AX EC a5 13,8
3724 AX EC 17.8 15,5
126C 3728 AX €cC . 213 17.5
I84A AX EC 1545 12,8
384RB AX £EC 15,4 13,7
38248 AX EC 14,2 12.8
3g2R AX EC 13.1 11.9
3BBA AX £EC 17.4 15.2
388R AX EC ) 17.7. 15,4
MEAN ) 16.0 MPA 14,1 MPA
(2328. PSI) (2082, PSI)
STe. DEV., 1.8 MPA 1e3 MPA
( 262, PSI)  ( 193. PSI)
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TABLE C-2 (Continued)

- e G D G S T D o e e P MR MR W SR Ak G e P e R G W S e A A e

LCE NO. 6484-112 SPEC. LENGTH 51. MM
LOG DFNSITY 1.78 MG /MExY

- R o e kS G @ YD ED W AL W D W G e S AR S S e S R R SR N SR P R AL P SR R AR e G G GE WP S D G R e e e e

SPECIMEN ORIENT=- LOCA=- DENSITY MODULUS OF FLE XURAL
NUMBEP ATION TION (MG/M*%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)

12AC 631 RAD  EC 14,2 13.0
655 RAD EC 15.7 14,2

637 RAD  EC 14.2 13.0

611 RAD  EC 1542 13.8

613 RAD EC 17.6 15.8

627 RAD  EC 14 o4 13.2

631 RAD  EC 16.8 15.1

633 RAD  EC lo.1 14.6

637 RAD EC 18.9 1647

639 RAD EC 12.2 11.4

128C -757 RAD EC 1646 18,9
761 RAD EC 13.7 12.0

762 RAD  EC 15.6 14.4

767 RPAD  EC 1842 1642

128C 769 RAD  EC 12.8 11.9
783 RAD EC 1645 14.9

737 RAD  EC 18.5 16.4

789 RAD  EC 1843 1642

792 RAD  EC 14,1 12.9

795 RAD  EC 12.1 11.2

ME AN 15.6 MPA 14,1 MPA

(2264, PSI) t2r48. PSI)

STDe DEV. ) 2.1 MPA 1.7 MPA
( 3ube. PSI) ( 246, PSI)
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TABLE C-2 (Continued)

LOT NO. 8DS-3 SPEC. DIA, 6.4 MM
LOG NO, 6484-112 SPEC. LENSTH 51, MM
LOG DENSITY 1,78  MG/M¥x%3

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLE XURAL
NUMBER ATION TION (MG/M%%x3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)

12AY 320A AX EM 16.2 14,2

3208 AX EM 13.7 12.3

322A AX EM 16.3 14,3

3228 AX EM 15.8 13.9

326A AX EM 13.6 12.2

326R AX EM 1447 13.1

332A AX EM 1442 12.7

IIZR AX EM 1545 13.7

3348 AX EM 12.9 11.7

334B AX EM 13,3 12.0

12BY 3924 AX EM 1646 14,5
3928 AX EM 15.7 13.9 -

3944 AX EM 13.7 12.3

3948 AX EM 13.8 12.4

398A AX EM 14.8 13.2

3988 AX EM 13.2 11.9

404A AX EM 1642 14.2

4048 AX EM i 15.1 13.4

128Y 4O06A AX EM 17.5 15.1

406B AX EM 16.1 14,2

MEAN ) 14.9 MPA 13.3 MPA

(2168. PSIT) (1923. PSI)

STD. DEV, ‘ 1.3 MPA 1.0 MPA
{ 195, PSI) € 148, PSI)
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LOT NC
LOG NO

L I A e

SPECIMEN ORIENT
NUMBER ATION

12BY

TABLE C-2 (Continued)

« 8D5-3 SPEC_._ DIA. Gelli MM
e bUBU-112 SPECe LENGTH Ele MM
LOG DENSITY 1.78 MG/ MAx3
- LOCA- DBENSITY MODULUS OF FLEXURAL
TION (MG/M*%¥3) RUPTURE (MPA)} STRENGTH (MPA)
(UN ORRECTED) (CORRECTED)
EM 14,0 12.8
EM 16.3 14,06
EM 14.0 12.48
EM 1646 14,8
EM 14,9 13.5
EM 1442 12.9
EmM 15.4 13.9
EM 15.3 13.8
EM 14.8 132.4
EM 1"‘.“ 13.1
EM 14,2 12.9
EM 17.1 . 15.2
EM 28 11.8
EM o 15.7 14.1
EM 17.4 15.5
EM 15.0 13.5
EM 18.8 16.5
EM - Jhe2 - 13.3
EM 16.1 14,5
EM 16..6_ 14,8
AN ) 15.4 MPA 13.9 MPA
(2234, PSI) €2N13. PSI)
D. DEV. le4 MPA lel MPA
{ 209. PSI) t 165, PSI)
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TABLE C-2 (Continued)

- D W AR e W S AR P G A G TR S T R R R D G S S AR AR R W W G

LOT NO. 8D5-3 A SPECe DIAs 6.4 MM
LOG NO. b6484-112 SPEC. LENGTH 51 MM
LOG UENSITY 1.78  MG/M#%%3

R A P W MR W R R W R G D TR R L TR R g ar AR T D S SR VR SR S W TR O TE AL G e T D W G6 WR VS G TS SR e T S WA WA R W S G Ye W e e A W

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL

NUMBER ATION TION (MG/M#*%2) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)

12AF 340 AX EE 17.4 15.1

408 AX EE 1441 1247

3424 AX EE 1441 12.7

2428 AX EE 1546 13.8

346A AX EE 17.4 15.1

3468 AX EE 1645 145

352A AX EE 15.7 13.9

3I52R AX EE 1448 7.2

3548 AX EE 15.3 1346

3548 AX €EE 18.8 16.1

128E  412A AX EE 1849 1641

4128 AX EE ) 1504 13,6 -

414A AX EE 17.3 15.8

414B AX EE ) 1445 12.9

4184 AX EE 17.4 15.2

4188 AX EE 1443 12.8

4248 AX EE 16.6 14.5

424B AX EE 1846 1549

4268 AX EE 1743 15.0

12BE 4268 AX EE L 1647 ) 14,6
MEAN 1643 MPA_ 14,3 MPA_
12269, PSI) (2077. PSI)
STD. DEV. 1.5 MPA 1e1 MPA

_t 224, PSI) _ ( 165. PSI)




TABLE C~-2 (Continued)

LOT NO, 8D5-3 SPEC. DIA. 6ol MM
LOG NO. 6484-112 SPEC. LENGTH 51, MM
LOG DENSITY 1.78  MG/M*%3I

SPECIMEN ORIENT=- LOCA- DENSITY MODULUS OF FLEXURAL
NUMBER ATION TION (MG/M%%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORPECTED)
12AE 739 RAD EE 14.4 13.1
717 RAD  EE 17,2 15.3
715 RAD EE 10.9 10.2
719 RAD  EE . 12.9 11.9
721 RAD  EE 14.9 13.5
735 RAD  EE o 17.3 15.4
739 RAD EE 11.9 11.0
741 RAD  EE 12.9 _ 11.9
745 RAD EE 16.6 14,8
747 RAD EE ) 1644 14.6
12BE 865 RAD EE 17.7 15.7
869 RAD  EE SR L. T % A 13,3
871 RAD  EE 11.6 10.8
875 RAD EE 14,7 13.3
12BE 877 RAD  EE 14.2 12.9
891 RAD EE 18.2 164G
895 RAD  EE 12.8 11.8
..897 RAD  EE e e JATe6 1505
901 RAD  EE 13.1 12.0
903 RAD EE . _1%9.0 . 1646
MEAN _ 15,0 MPA 13.5 MPA
(2169. PSI) (1955, PSI)
STD. DEV. T 2.4 MPA 1.9 MPA
u L ( 351, PSI) ( 280, PSI)
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TABLE C-3
COMPRESSIVE PROPERTIES OF PGX GRAPHITE

LUT Ny BDSw3 8PEC, DA, 1,6 M=
LUG ND)s 6H48Ue112 SPEC, LENGTH 25, mmM
LOG DENSITy 1,78  MG/Mxx3

(A L X L AT P PY L 2 2L X2 XA R 2 R 0 X2 4 0 A A A Xyt A A il XAl A Ll 2

SPECIMEN QRIENTw |LOCAw DENSITY YOUNGS OFRMe FRA(e CNMPR,
NYMBER ATION  TION (MG/Mwx3)MODYLYS ANENT  TykE STRENGTH
(GPa) SET  STRalIN (MP4)
) (PcT) (PcT)
LR X XA ERFY FPYYERZIII AL LY SRR Y R AR ZATTSS PR R A R R X R0 L R R A X X & X 2 |

1AC E oC AX EC B,4 171 2,030 45,0

E 8C AX EC 5,3 191 1,980 Hd,0
B10C AX £EC 5.9 JJ71 1,933 44,8
E12C AX EC 5.8 o151 1,936 Ho 40
18C E102C Ax £C . 5,5 2160 |, 855 45,1
E104C AX EC 5.6 H7Y 1,939 45,4
E106C AX EC 640 J161 1,709 432
E108C AX EC 5,3 AT 2,002 43,9
(XL T I LI Y L LT R LAl A Al L Ll Ll bl Al il l Xl Ll Al Al Ll Al bl Ll A Al Al
ME AN 5,6 L16B 1,924 44,7
( .81 MP3D) ( 6479,PSI)
8Tv, DEV, ? 012,102 )
( .03 MPg]) ( 130,P801)
(T XX YY YT PY YR ALY R Y Y AR PR AR Y R R YR A T R X R 2.0 32 8 .0 1 X )
12AC B 6C aAX EC 4,8 175 1,853 40,0
A 8C AX EC 4.7 L180 1,987 41,7
BloC AX EC 4,6 200 2,192 42,3
8!25 ‘X EC 4,8 0215 2.170 ue,?7
12BC  B9ol Ay EC 500 18y 24924 4.0
B92C Ay EC 5,3 J180 1,864 41,8
B94C AX EC 5,1 (185 1,897 41,0
896C AX EC 4,9 ,180 1,850 41,0
AL L AL L ET Y L LA AL P LT L L R A LA DY YA L NI AL AL LR LY L
ME AN 4,9 J187 1,980 41,7
( .71 MPSI) ( 6U50,PST)
STD. DEV. '2 Lo‘a ,ll”) .5
( .4 MPS]) C 113,P81)

(A XL A AT I XY L R R ALY I LI I T R AR XA Y Y R A A R XX RAR A 0 X272 7]
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TABLE C-3 (Continued)

(T2 AKX R AR A0 AR dd T3 LA A X 22X

LUT NU, BDS=3  SPEC, DIA, 12,8 MM
L1IG NUe 6484e112 SPEC, LENGTH 2%, MM
LUG DENSITY 1,78 _ MG/M#*3

SPECTMEN NRTENT L(CA= DENSITY YOUNGS PERMe FRAC=  COMPR,

NUMBER ATION 110N (MG/Maa3)MQDULUS ANENY  TURE  STRENGTH
(GPA) SET S8STRaIN (MPA)
. e e e e APLT) O (PLT)
[ X XTI XY PP TrY YR AT Y Y YR R S YR LR 2 L L R Y Y R RIS R R Y Y X ¥ X ]
tAC B 38 Rab EC _ 9.7 2151 1,355 37,7
£ YR RAD  EC 5,8 151 1,941 4y ,8
F1i8 RaD EC o 5,4 417t 1,8R8 41,6
€218 RAD EC S.6 181 2,086 Y.
18C Eyge RAD EC . _Sa.4_ 4151 1.792 | 4,
1188 RAD £C 4,8 101 2,u80 4z, 8
1108 RAD  EC _ o 5,2 _ el 1,860 40,8
E131R RAp EC 5.2 J181 1,982 41,8
(I X XL B P Y Y XYY IR N R Y YR R L A0 LA RS AR R R A2 R AR Y ) ¥
ME AN 5.4 o163 1,867 ug,?
L 8 _ 418 MPSI) - ( e126,PS1)
STD, DEV, L¢3 G013 227 2,7
¢ .05 MPSI) ¢ 390,P81)
[ I T2 AR TR I I PY R RRE AR XX 2R A0 RPN A0 Y22 S 2 Y 7 1 3}
12AC B 38 RAD _EC . . _ 542 4185 1,795 40,0
R 78 RAD EC 5,8 150 1,779 4e,7
_Bltb RAD EC . ~Sa8. 4160 1,668 39,3
R218 raD EC Se7 0180 1,819 41,4
128C By1yH RAD  _EC ~6a3 L1500 1,515 . dN.3
Btigh ®aD EC 57 130 1.604 40,4
B11e8 RAD  EC _ . 6.2 169 1,393 38,3
B129BR kaD EC 5,7 J1580 1,578 A7
--....-’E--.._-.'_-_-.-__-__-._-:-.-i._.._..,:-_?-_.._!___!:‘.!!,-...!_--!-.!...--...-....
MEAN 5,8 ,159 1,644 un,2
_ o ( .84 Mp8I) . _ € 5B31,PS81)
~_8TD0, DEvV, o 4 018,180 1.4
¢ .05 MPSI) ¢ 207,PSI)

(XA LI PR A LY A XTI YIRS Y R II A2 R R R R P R 20 YT R 2 R A2 2 22X XY ¥
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TABLE C-3 (Continued)

(LR LA A T 2 LAl LY Ld hdde ot dobd XL L L AL R4 2 L LJ

LUT NO, 8D%e3 S SPEC, DIA, 12,8 MM
LUG NO, 64B4m112 SPEC, LENGTH €5, MM
- 406 DENSITY 1,78 mb/mMwxd -

(L XTI P T Y PY AL AR P Y X A AR XX 2 ey A X 0 20 XXX AR ¥ X J

SPECIMFN DRIENT® LOCLA= DENSITY YUUNGS PFRMe FRace  COMPR,

MUMBER ATION  TINN (MG/ZMxR3IMODULUS ANENT  TURE STRENGTH
(GPAY SET SQTRAIN (MPA)Y
e e e e o LPCT) (PCT) . -
(I XXX DIPTSR X S L 0 0 R R0 2 R 1 2 A 0 0 2 2 0 R0 0 RX 22 0 2 K B
1ay  E30C aX EM 9,2 2181 2,144 44,7
E34C AX Enm Set 171 1,925 4e, 6
BUC AX EM 5,0 ,201 1,780 40,1
Euel Ax EM 4,8 o181 1,730 39,7
1By Bg4C AX  EM __Sal. . 171 24179 46,45
E11BC AX EM 5.2 JATY 2,044 4S,4
E126C Ax EM 8.4 171 2,092 us, 4
E1300 AX g~ 5.8 2181 2,164 46,8
MEAN N $.2 178 2,008 43,9
. o o _o76 mp8IY _ { 6368,p81)
870, DEV, a3 010 L 174 2,8
( .05 MPSI) ( 4o4,PSI)
(I TRy XL Y I A TR YIS R A 2 4 P2 2 R AR Y PR J A 0 d 2 X 2 2 2 X213 3/
12AY RA30C AX A . 4.9 180 2,140 43,9
B34C AX B~ Ue3 211 1,883 38,4
RupC ax EM C_ W3 150 2,004 39,0
Busl AX EM Qo4 +200 1.887 3193
148Y_8114C AX_ __EM — 4,6 L0800 1,967 39,8 .
B118C ax Em 4,9 180 1,884 38,8
B126C Ax_ B _ 4,5  ,202 2,188 49,7
B130C AX FM 4,h 200 1,948 4y,2
.-.--.-----.--Q..-.!_.--_!_-_Oﬂ_-.!:-L.:.:_-..Q-!!:,:.--_“.‘:----Q..---.-q-t
- B MEAN 4,5 L1990 1,988 40,3
e . oL ,65 MPSI) _ ( 5838,P81)
- SIP! DEYAMN~ “__,_;La_,._Lgap 1122 ‘lq —
( .03 MPS]) ( 271,P81)

----.--F-..w.--Q.uQ..'.-.n--.-...-.--w--..-ﬂf'.¢----¢'---.--.-—--
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TABLE C-3 (Continued)

LUT NU, 8DSe3 _ SPEC, DIA, 12,8 MM
LUG NU, 6GB4m112 sPEC, LENGYM 25, ™M
LUG PENSITY 1,78 _ MG/Max§ . .

(I Y XY R YR PP A L R XYY L YRR R Y AR LRI Y I LAY R R A Y R X X 0 ¥
SPECIMEN NRIENT= LOcaw DENSITY YOUNGS PERMa  FRpCce  COMPR,

NUMBE R ATION  TION (MG/M**3IMONULUS ANENT  TURg  STRENGTH
(GPA) SET STRAIN (MPa)

e e (PET) (PCT)

LR X T R LY Y e Y R X2 A Y AR A FY Y L R A LR A Y L L 20 X2 2 R 2 L 2 X A X R X2 XX}

1AY EU43I8 RAD M 4.8 191 1,814 48,3
Fu78 RAD Em u,h8 o371 1,625 37,8
FSqb RAD EMm ~ 4,8 171 1,619 38,0
Eot1b RAD g™ 6,0 o191 1,779 44,3
1BY_ E3qQiB RAD  EM 0 8.8 4181 2,017 44,3
E185B RAD Em 5,8 JI8C 1,763 ue,d
E1598 RAD g S 8,3 17y 1,848 4
E1e98 RAD EM S.5 JI1BY 1,897 4,2
MEAN T 5,3 ~ , 174 1,794 4141
o e o S W77 MP8IY  ___( 5966,PSI)
§10, DEv, . 48 4012 L,133 2,8
C .07 MPSI) ( 407,P81)
XTI I YA I Y Y P P R P P T R DX RS Y Y 2R A A0 Y X 2 P R YT 2 X )
12AY B433 RaD._ EM .53 2199 1,626 37,4
R4TH RAD  Em 5,3 L,189 1,748 39,4
8548 RAV. _EM 85,4 _ ,190 1,702 39,2
Be1B RAD EM 5.5 180 1,792 40,0
12BY BygyB RAD __EM - SaS 2180 1aT74) . _39.8
B15%8 RAD EM 5,3 ,180 1,557 37.5
B1598 RAD EM _ 5,4 _,180 31,726 ia,8
B1e9B RAD EM b,2 170 1,634 40,5
..-...-.--!.-&-.._._...‘e_-_-_.__L-_..!.'_.:_-.,'-_!--_!_.__-_:.._..._!_2_-_..‘-.!!-'-‘-.-'-.
MEAN T 5.5 183 1,691 19,1
e — C 79 MPSL). . ( 5667,p81)
. 87D, DEV, 3 4,008,078 _ Yol
( 04 MPBI) ( 163,p81)
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TABLE C-3 (Continued)

.-.-....----.----Q..-'...-.—.-.-.-'.--...

LUT i, BDSeY _ SPEC, DI, 12,8 MM

LUG uu. 64Bum 2 sPéc. LENGTH es. MM
- LUG. NDENSITY 1,78 _ MG/Mwx3 ) ) -

SPECIMEN ORTENTe LOcaw DENSITY YOUNGS PgRMe  FRaC=  COMPR,

NUMEE R ATION  TION (MG/M*x3)MOQULUS ANENT  TURE  STRENGTH.
(GP&) SET STRAIN (MPA)
. . e — e APLTY  (RPCT). . L
(XXX Y P Y R RALAE R P Y R X PR R Z AL A YT Y L 2 B A 2 2 0 2 L 2 .2 2 L R 0 I X J
1AE  EonC AX EF . . S.3 _a181 2,130 4o, 1
Foul ax EE 9.5 201 2,101 u4s,1
E?2C ax EE _ 8,3 L1181 1,973 43,4
E76C Ax EE 5.3 171 2,148 4,
IBE E144C Ax  EE_ __ __ S.5. _ 140 <2.079 .. 46,8
E148C AX EF 6,0 JIS1  2,und 48,1
E186C Ax tE o _ ‘_5.0 ,171 2,86? 47,0
E1o0C Ax Et S0 191 2,226 4u,7
-----..-.-..-.--......-......-.--..--‘-.-.‘--.-ﬂ----.--.--.----.-
MEAN 5,4 W73 2,117 us,7
_ o e ”_M_gmltngRgll,‘ N ¢ obau,PQI)
810, DFV, B 3 020 101 146
( .04 MPSI) ( 232,P8])
(Y I I YA T P Y P P L P Y IS I T I YT Y I Y Y R Y P Y Y P AT YR RS YT YR YY)
12At  HeoC ax EE .. 4,9 L1190 2,17 Cue3
roul Ax EE 4,3 180 1,998 39,2
B72C Ax = _EE T k269 2,170 41,3
BY6C AX EF 5.0 208 2,001 ut,?
1¢RE_B1ruagC Ax __EE e et Hah 4192 1,851 L H0.6.
B148C Ay EE 4,7 182 1,839 38,7
B156C Ay EE 0 B.0 L1900 1,812 38,0
Bleol Ax EE 4,7 210 2,031 He, 3
..---......----'.-O.-----.-.---O--...--'»-_!_._'--—----..----.'------
MEAN 44,7 2V2 1,978 40,7
e _-m_m.__w,_~w“"“_£~163wﬁ£§11w." e .,LRESQ“.R§1)
N STD, DEV, 42 _,029 G143 _ @,
( »03 MPSI) ( 301,P81)

L L R I YA Y Y AR Y PY YRR TR LYY RPN N RN ER R X X 2 X 0
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TABLE C-3 (Continued)

LA LI I IITEIITE IS AS LAILXITYLLILlIE X L L )
LGT NO, BDS=Y  8PEC, DIA, 12,8 MM

LUG NU, 6084‘“2 SPEC, LENGTH 25. TMm
LG NENSTTY 1,78 MG/Mand .

- . - ae v mem e .-

SPECIMEN ORIENTe LUCA= DENSITY YOUNGS PgRMe FRAL=  COMPR,
LIUMBER_ ATINN _ TION (MG/Mpw3IMOOULUS ANENT  TURE _atf?ﬁ.NGIH
(GPa) SET STRAIN (MPA)
UV 4..J *5.8 NI €1+ § R

-..--.-...‘---...---..-.-..--.......-.---'.--..-.--.---..-'.-.

1At E£798 RAD EE D T o181 1,887 40,9
Ea3d RAD  EE Sets o161 1,567 40,1
€87b RAD  EE 5,4 ___ 161 1,707 41,7
E9T8 RAD  &F 5.8 161  1,BR3 43,0
1Rt E1BYB RAD  EE 949 2161 1,981 64,7
E1918 RAD  EE 5,4 J1B81 1,832 42,6
£1988 RAD_  EE _ 542 L4151 1,89y a3, 6
2088 RAD EE Sen o181 2,003 43,2
ME AN S.4 L1687 1,849 42.,%
AP e ( J‘Lﬁ?.auw...-_-- _______-,L_Q!.QO‘.P&I)
_8TD, DEV, w3 _,vle  L1¥? 145
( ,04 Mp81) ( 219,pP81)
(X I L Y Py e Y I Y I Y L ey Y Y I Pl T LRI I Y Y LYY YYTTY )
1eat Q798 RaO _EE . __ . S.1 __ L,180 1,372 387
B83B RAD  EE 5,1 W79 1,824 38,9
. _.6878 RAD  EE 5.2 @ L1800 1,841 _ 39,9
8978 RAD EE 5.2 « 170 t,488 36:4
. .12Bt_B1818 RAV __fE . - 13- o380 1,635 | 38,2
Bi1o18 RAD tE 5,8 o160 1,860 37.9
. 81948 RAD _EE Y ) JJOU 1,019 | 38,3
B20SB RAD EE Se4 150 1,889 41,3
..-c..-.---....----!:3---.....-.--.--..-nn-OCGOOCCOOCOQ’---.-OQQS
MEAN 5.3 170 1,081 38,3
——— ( -7h MRS ) -- (.~55.59.."§l).
e ... 870, DBV, e} L0122 L1149 1,8
( .02 MPSI) 3 zso.van

q...-.....--..-.--.--.........-.....--...-ﬂ--..-.'-....--.-.‘Q..Q'
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TABLE C-3 (Continued)

LA LA ALY YR Y T A A A AR AT I I Ad A2 2 0 1 2

LQT Wi, ALS®3 ___  8PEC, DIA, 12,8 MM
LOG ), hURAmy12 SPEC, LENGTH €8, MM
LOG BENSITY 1,78 nmGyMewy — .. -

--.-.--..u---—----u---qgf-nu-?-’:--ff-.g,,gz-‘-.-.---w--z-!---
SPECIMEN  NRIENT= LOCAw NENSITY YHUNGS PERM= FRACe COMPR
WUMBEN ATION  TION (MG/xw3IMOOLLYS ANENT  TykfF  STRENGTH
(GPa) SET  STRaIN (MPa)
AU 4. o 1 B L4 - © B

[T XYY P Y R R RS FY YR S R YRR AR YRR AR R R A2 2 X 0 2 0 ¥ ]

oal  M1gC AX e o .-5.3 0 4700 1,580 39,5
M B( AX MLC 5.1 W70 1,599 7.7
MipaC AX MiC - Sat L3180 1,746 Gla)
MIBC AX ML 4.9 L2001 875 a1, 9
6RC  M92(C aX _ MLC . . H,.4 2200 2,184 43,2
“9u6C AX MLC S, U L2006 1,982 41,9
MGeL AX mLC Co_ Se0. _a190 24199 4d g2
MGRC AX LG 95,2 L1690 2,152 43,9
-n-n--U--C-—-Q-u--.._.--.-—--u..---:_-__.w._'..!-!."'-IO-.-nw.ﬂ...---.--.
“ME AN 5,0 JBT 1,911 41,7
e e LT3 MPSDY : ( 6046,P81)
8Tz, DEV, .3 L3 254 2,2
( .04 »PSI) ( 322,P81)
(I EXY I Y YT F R XA R Y R YLXS 2 0 E  YA Y 20 A R 0 X R 0 L X 2 X 2 1 X J J
pAL M LB RAD MLC _ 6.3 _« 150 1,511 40,2
M 9B RAD Mg 5.5 150 1,208 38,0
M{3B RAD  MLC B - T4 4150 1,619 41,0
oBC M1138 RAD  MLE 7.5 L1189 1,800 L W07
MyyrB RAD ML C Sed 140 12763 413
M1218 RaD MLC . _. 5.8 4180 1,863 39,4
M1318B RAD mLC 5,¢ L1700 1,801 41,9
"‘"'"""’"""""“":‘_'""_"'""'"'",""E"‘",'_,"_!"SE‘:L!"“?_""""!'"""""1"’""""’_“'
ME AN 6,0 o155 1,583 un,2
U . (.87 MPS1) .. __( 5827,FS8I)
§T0, REV,  _ W7 _,017  ,1b4 2,2
€ 10 MPS]) ( 320,P81)

(LT R YT PR RIS IY IS Y A YL L P R AR R 2 R AR a2 R XX X 3 X3
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TABLE C-3 (Continued)

'.--O.I---.--.----.----!?"C.---.---.-.O'

1 AT NU, ADS=3 SPEC, D1a, 12,8 MM

w(; Mu 6UBUm112 sPEC, LE%TH 25. MM
LUG OENSLITY 1,78 MG/Mwx}

'.-----..--.--..--q..-----.-.--‘-..‘.'-.----.-...-'-.-'---..-.

SPECIMFN NRTIETw LUca= DENSITY YDUNGS PgkMe FhRage (NMPR,

NUMBER ATION  TION (M/Mew3)MOGULUS ANENT  TURg STPtNgTH
(GPay SET STNAIN (»PA)
. e e et e e o (PETY O (RPCT) .
OAY MU RAD MM o bt L1700 1,587 40,4
M7 RAD ML 6,0 o350 1,723 42,6
M5B RAD M i C_ B4 L1850 y.727 43,9
Mgl RAD W™ 5.8 L1811 1,611 G0
eRY Miggw RAL v . 8.7 L1800 1,797 | 41,0 .
misgH RAD mbv 5.5 o170 1,745 Ui .6
M1598 RAD MM o - Seb__ __a170  1.657 4049 -
Migal wAD MM Se8 160 1,786 40,%
--c--------.---.-n-.----c-.----n---n-.u--.---.---..-D-...-----nnn
1t AN 5,9 W169 1,742 4y, 8
N _*__,M_‘.__-ﬁ'é_ﬁ_j_}m o . ene9,P8I)
sto, DEv, Lo a3 L0130 087 1,8
( .04 "Pgl) ( 214,P81)
[ Y I Y Y Y A Y Y AT YY1 YL AR AT I AR A2 PR Y R A A0 A X 2 1 X018
6AE  M798 RAD _MLE . 6,6 G170 1,798 44,0
M818 RAD mLE 6,4 W 170 1,518 41,8
MB7B RAD = MLE _ R Lol 4150 14569 _ 4341 -
Mge8 RAD MLE 63 150 1,876 T YR
oHE M1878B RAD_ MLE == ba4 L1700 1,634 . 43,1 0 . -
M191B RAD MLE 6,2 W170 1,584 41,7
Miess RAD. MiLE . _ _____21}__._4159__11590_~4 1.9 o
M2ogB RAD MLE 6,4 «180 1,723 dlge
-.--uh---..—--..--!!!Q,!’--.-.--..--n..ﬂ.npﬂ"...-.--.--.-!!:w--- =
MEAN 6,4 W60 1,06589 43,3
e ( ,92 MPSI) . 6281 +P81)
N _STD. DEv, el W03 126 1,7
( 402 MPS]) ( 242,P81)
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TABLE C-3 (Continued)

LUT NO, BuSe3 __SPEC, DIa, 12,8 MM

106 Mu. FYLYTYR V] T 8PEC, LENGYH 25, MM
JLHG DENSITY 1,78 MG/Mwrl —— o

q.-.-..-.n----'Q-.----.-u-u.n---.-'.-.-'-.CI-Q.--QQQ-------..-

SPECIMEN NKIE4T= LOCA® DENSITY YOUNGS PERMe FRACe COMPR,
NUMBER ATION TINN (MGyMea3)MODYLUS ANENT  TURE STRENGTH

(LPA) SET STRalnm (MPA)
e e e i e EBET) O (PLTY -
LT L P T Y Y P Y Y Ty e Y L P LRSI Y Y Y P L E Y Y R LA LY DY)
6AY M3l AX MM 5.5 100 1,863 43,4
#3640 AX MM 5.% 180 2,164 be, 0
My2C AX MW ) 8.4 L190 1,767 41,7
MUsC AX MM 5.2 o190 2,119 4s,0
oBY M1120C Aax MLM L L 0aM L1149 2,187 47,2
H11aC Ax MLM S.5 .le” 2.175 48,7
MragC Ax_mLM — Sa3 2200 24271 uby?
M12R(C AX MM 5,3 L1606 1,790 42,6
..-..-...-.-..-..‘-.-......-..-.------.'---’.-......-'.---..-""
MEAM 5,4 181 2,038 4a,8
. e _,1“41& QE§11 - (MbUQB.PSI)
$Th, DEV, 4 L018 198 2,9
rou I*‘MI) ( 292,P81)
[ J AT 3 X4 1T Y Y YIS SRS RS ARSI S 2 2 R Y 2 L L R 2 L 0 A X L 0 2 2 2 2}
_BAE  mMgnC Aax . MLE 0 8,2 0 170 2,168 4b, R
Mpul AX MLE U, 7 20U 14962 42,9
“72C AX MLE . . S.6 190 1,888 43,1
760 AX MLE 5,5 .180 1,952 4y, 2
aBE M142C ax _ MLE 5.7 «179 LL&Q SN P A
MideC AX MLE 5.8 T W199 2,071 be, kA
M1S4C AX  MLE e, 0 170 2,017 48,6
M158C AX MLE 5¢7 W 190 2,090 47,2
----—-n‘uu-,.:,::!!---n.-.---w... -t:n .e::f,'.'...---ﬂ----n.----
ME At 5.5 J184 2,043 45,5
e — ( .80 MPS;) _ 4L_Qby1.E§I)
L 81D, DEV, o W4 4013 L1107 1,9
( .05 MPSI) ( 274,P81)
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—_— TABLE C-4 hae T T T
SPECTROCHEMICAL ANALYSES FOR GRADE PGX

LAB, NO._44976 J FERURL. TOL__ GLEN_ENGLE . e DATET 1e17e77
$AMPLE?: buR4el12 ETQH  GRAPHITE PRNJECT N, 35224146005 DILUTIONG 1,0000 PLAIE NJ, To=
ELEMENT CUNCENTRATIUN, PPM ELEMENT CONCENTRATION, PPM ELEMENT CUNCENTKATION, PPM
_ AL P <50 AL 80,00 [ J—— - S 2,00
BaA 4,00 Bt < 90 81 < 2,00
LA BQ,08 co & — 10,00 Ct € 80,00 _
cn < 4,00 cR < 10,09 [} < 100,00
Ci 10,00 DY €. 20,00 _ ER .- < 6,00 ____ _
Ed < 10,00 FE 1000,00 GD < 10,00
- nF £ 20,09 __H0 < 10,00 IN I 4 1,00
[ 10,00 LA < 10,00 LI 1,00
Lu < S0 — MG -1 4,00 MN 10,00
™) < 1,00 NA < 10,00 NG < 6,00
- Al £ 200,00 NI S 2U,00 P _ — <. 100,00 . _
(2] < 6,00 PR < 109,00 []-] < 40,00
_ SH £ 8,00 —__5C <__ 1,00 - SL __ -~ - loge,00
SM < 1uv0,00 SN < 5,00 SR < 40,00
1A < 402,00 18 < 40,00 ) 5 S 40,00
T < 20,00 ™ < 4,00 v 20,00
~ ] < 40,00 Y8 < ._10,00 IN_ £ 20,00
IR < 50

CONCENTRATION HASED ON CRGINAL SAMPLE BEFQORE DILUTION WITH DILUENT
> MEANS GREATER THAN

__ C_MEANS LESS THAN_THE SENSITIVITYOF THE SPECIROGRAPHIC_PROCEOQURE USED . _
RESULTS ARE CORRECT WITHIN A FACTOR 0F 40% , (UNE STANDARD DEVIAT]ION)




8%-0

TABLE C-4 (Continued) /= = - - T

s v, 9070 M T TREPORT TOtT GLEN ENGLE T - TTT 7T DATES 1={7e77 -
s g1 edfuel12 BB8B GRAPHITE PROJECT NO, 3224146005 DILUTION? 1,0000 PLATE NO, T6e
FLEVENT CONCENTRATION, PPM ELEMENTY _ CONCENTRATION, PPM ELEMENT __ CONCENTRATION, PPH
“TAB < »50 AL 100,00 B ~ T T 2,00
BA 40,00 BE < -1 BI _ < 2,00
- CA 160,00 co < 10,00 CE < 80,00
co < __ 4,00 CR < 10,00 cs < 100,00
- cu 20,00 Ny < 20,00 TER < 7T 6,00
EV < 10,00 FE > 1000,00 6D < 10,00
(14 < T 20,00 HO < 10,00 IN < L0000
K 40,00 LA < 10,00 LI 2,00
Lo < «59 MG 60,00 MN 60,00
M0 < 1.00 NA 10,00 NB < 6,00
- ND < 200,00 NE 20,00 P - €7100,00
P8 < 6,00 PR < 100,00 R8 < 40,00
LT < 8,00 s¢ < 1,00 81 T TT40,00
SM ¢ 100,00 SN < 6,00 SR < 40,00
YA < 40,00 1} < 4),00 11 46,00
TL < 20,00 ™ < 4,00 v 20,00
L < 40,04 \1:) < 10,00 TINT < 20,00 .
IR < 50

CONCENTRATION BASED OUN ORGINAL SAWPLE BEFORE DILUTION WITH DILUENT™ ————

> MEANS GREATER THAN

< MEANS LESS THAN THE SENSITIVITYDF THE SPECTROGRAPHIC PROCEDUREUSED
ESULTS ARE CORRECT WITHIN A FACTOR OF 40% , (ONE STANDARD DEVIATION)




6%-0

TABLE C-4 {(Continued)

LAB, NO, aG97% vV TTTTTT T TTRePORT TO3 GLEN ENGLE T Tt T DATES Jel7eyr — ——— ~—
SAMPLEL 6484=112 81248 GRAPHITE PROJECY NO, 3224146005 DILUTIONS  1,0000 o _PLATE NO, Tée
ELEMENY CONCENTRATION, PPM _ __ELEMENY _ CONCENTRATIUN, PPM  ELEMENT CUNCENTRATION, PPN
o AG < «50 - AL - 80,00 — - T T~ 8 TTOT 2,00 T — T
RA 40,00 _BE < 50 Bl < 2.00
Ca 80,00 co ¢ 10,00 TTCET T T T w00
co [ 4,00 - _CR € 10,00 cs < 100,00
[41] 20,00 DY < 20,00 T TT—— T ER T T 6,00 -
Ey < 10,00 FE > 1000,00 G0 < 10,00
HE < 20,00 HO 7 77T T¢T 10,00 — IN T T TL.000 T T
X 40,00 LA < 10,00 LI 1,00
v < «50 MG T20,00 MN 40,00
MO < 1,00 _ N& B 10,00 NB < 6,00
ND < 200,00 NL T 20,00 e — K 100,00 -
N _PB < 6,00 o PR < 100,00 RB < 40,00
s8 < 8,00 T8C T T T« 1.00 - 3 S T T 0,000 0 T
M < 100,00 SN < 6,00 SR < 40,00
- X Uy, 00 TYB 80,00 1Y 830,00
TL < 20,00 ™ < 4,00 v 20,00
W < no§o ¥Ye T T T ¢ T 10,00 IN - T 20,00 -
IR < «50

" CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENT ™ ~
> MEANS GREATER THAN

T <"MEANST(ESS THaN THE SENSITIVITYOF YHE SPECTRDGRAPHIC PROCEDURE USED
RESULYS ARE CORRECY WITHIN A FACTOR DF 40X , (DNE STANDARD DEVIATION)




TABLE C-4 (Continued) - - - - = - T T/

TAB, ND, 44976 REPORT YOt “BLEN ENGLE ~~ TTTT T T T DATER 1elTe77 T T T
SAMPLES 6484=112 B1548 GRAPHITE PROJECT NO, 3224146005 DILUTION 1,0000 PLATE NO, Té=
ELEMENT CONCENTRATION, PPM ELEMENT CONCENTRATION, PPM ELEMENY CONCENTRATION, PPM
- AG ¢ <50 AL T 80,00 I - T T 2,00
BA __40,00 ___BE < .50 BI < 2.00
i ca > 1000,00 co < 16,00 Ck < 80,00
(1] ¢ 4,00 _CR ¢ 10,00 cs < 100,00
- tuU 20,00 py — T~ < 20,00 TER T T TTe00 T
EV < 10,00 __FE > 1000,00 GD < 10,00
HF < 20,00 HO < 10,00 IN T T 1,00
K 60,00 LA < 10,00 LI . 1,00
o tu < 050 MG 10,00 MN 40,00
1 ) < 1,00 __NA < 10,00 NB < 6,00
3 ND < 200,00 N1 20,00 P <T100,00 T
1] ¢ 6,00 __PR < 100,00 RB < 40,00
1] < 8,00 sC < T1,00 81T - 60,00
M ¢ 100,00 SN < 6,00 SR 40,00
- YA < ur0,00 18 < 86,00 TY 90,00
T < 20,00 ™ < 4,00 v 20,00
W < 4d,00 - VB < T10,00 INT T T 20,00
ZR < «50

~  TONCENTRAYION BABED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENTY -
> MEANS GREATER THAN

T MEANS LESS THAN THE SENSTTIVITYOF THE SPECTROGRAPHIC PROCEOURE USED

RESULTS ARE CORRECLT WITHIN A FACTOR OF 40% , (ONE STANDARD DEVIATION)




TABLE C-4 (Continued) T T oo

~—LAB, NO, 44978 v TREPDRT TO1  GLEN ENGLE TTTehmeem ot DATES =177y — —  — 77
SAMPLE: 64Bu=112 B4B  GRAPHITE PROJECT ND. 3224146005 DILUTIONS 1,0000 __ PLATE NU, 76~
ELEMENT CONCENTRATION, PPM ELEMENT CONCENTRATION, PPM ELEMENT _ CONCENTRATION, PPM

AG < <50 AL 7T T T eb,00 ) 8 T 2,007 -
84 40,00 AE < __ 450 Bl < 2,00
CA 200,00 . cD < 10,00 cE” < 86,00
co < 4,00 tR < 10,00 ) cs < 100,00
cu 20,00 oY < 20,00 R 1] Y { 6,00 -
ey < 10,00 FE > 1000,00 co < 10,00
HF < 20,007 HO~ ¢ 10,00 IN - < 1,00

o X 10,00 LA < 10,00 LI 2,00

& L < +50 MG 40,00 MN 40,00

i Vo) < 1,00 ____NA_ ¢ 10,00 NB < 6,00
NO ¢ 200,00 Nl 20,00 e < 100,00
PB < 6,00 PR ¢ 100,00 RB < 40,00 __
[1:] < 8,00 sC < 1,00 - s1 T 0,00 —  ~
M < 100,00 SN < 6,00 SR < 80,00
TA < R0,00 T8 < ab,00 T 40,00
TL < 20,00 ™ < 4,00 v 20,00
L] ¢ 40,00 Y8 < 10,00 IN - < 20,00
IR < +«50

~ CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENT™
> MEANS GREATER THAN

< MEANS (€S8 THAN THE SENSITIVITYOF "THE SPECTROGRAPHIC PROCEDURE "USED
RESULTS ARE CORRECT WITHIN A FACTOR OF 40% o (ONE STANDARD DEVIATION)




TABLE C-4 (Continued)

LAB, NO, 44976 TREP(RT TO: OGLEN ENGLE ~— T T 7
SAMPLES 6UB4e112 BU4OB GRAPHITE PROJECT N, 3224146005__ DILUTIONI 1,0000 _

ELEMENT CONCENTRATION, PPM ELEMENT CONCENTRATION, PPM ELEMENT

AG < +50 - AL 60,00 R

BA 40,00 BE < .50 81

CA 200,00 co < 10,00 cE

co < 4,00 e < 10,00 L Cs

cu 20,00 DY < 20,00 ER

EU < 10,00 FE > 1000,00 GD

) HF < 20,00 Chl < 10,00 T T OIN
¢1 K 10,00 LA < 10,00 LI
) Ly < 50 MG 10,00 MN
MO < 1,00 NA < 10,00 NB

ND < 200,00 NI 20,00 P

P8 < 6,00 PR < 100,00 RB

58 <~ 8,007 s¢ T T < 1,00 S1

SM ¢ 100,00 SN < 6,00 SR

YA < Q0,00 18 <TT40,00 11

TL ¢ 20,00 ™ < 4,00 v

W < 40,00 Y8 T 77T ¢ T1o,00 U T N

IR < 50

DATED 1~
PLATE NO

1777
o« Tbe

CONCENTRATION, PPM__

T 2,00
2,00

AAAAAN

eoloo
100,00
6,00
10,00

T 1,00 T

2,00

<
<
<
<

40,00
6,00

100,00

40,00

80,00 —

40,00

40,00
20.00

<T20,00 7

CONCENTRATION SASED ON ORGINAL SAMP(E BEFORE DILUTION WITH DILUEANT
> MEANS GREATER THAN

T CMEANSTLESS THAN THE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED
RESULTS ARE CORRECT WITHIN A FACTOR OF 40% , (ONE STANDARD DEVIATION)




- T TABLE C-4 (Continued) —

£€5-0

T LAB, NOU, 44976 TREPDRT TOD: GLEN ENGLE — T T T T T - DATES 1e17=77 —~ ~7
SAMPLEY 6484w112 B70B GRAPHITE PROJECT ND, 3224146005 DILUTIONS 1,0000 o PLATE NO, 76= ___
ELEMENT CONCENTRATION, PPM  ELEMENT = CONCENTRATION, PPM __ ELEMENT CONCENTRATION, PPM

AG ¢ 350" AL T 200,00 D 7T TR 00 T

BA 60,00 BE < .50 B1 < 2,00

CA > 1000,00 co 4 10,00 Ct - < 80,00

co € 4,00 cR < 10,00 cs < 100,00
cu 204,00 oY < 20,00 T ER LT 6,00 T

_EV < 10,00 FE > 1000,00 GD < 10,00

HF < 20,00 HO < 10,00 coT IN T, 00

K 20,00 LA < 10,00 LI 1,00
LU < S50 MG 4,00 MN T TR0 00T

h) < 1,00 NA < 10,00 NB < 6,00

ND < 200,00 N T T 20,00 TP T < looLwo

P8 < 6,00 PR < 100,00 RB < 40,00

§8 < 8,00 sC TTTT T 00 T T T T8t T 400,00

SM ¢ 100,00 SN < 6,00 SR ¢ 40,00

YA < a0,00 T8 <7 40,00 T 40,00

TL < 20,00 ™ < 4,00 v 40,00

W < 40,00 Y < 10,00 T 2N N < 20,00

2R < .50

|
!
I

T CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENT - T T T
> MEANS GREATER THAN

T MEANSTLESS THAN THE T SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE "USED ™ — - 7 T T
RESULTS ARE CORRECT WITHIN A FACTOR OF 40% , (ONE STANDARD DEVIATION)




TABLE C-4 (Continued)

%6-0

LAB; NOy 44976 Y TREPORT TO1 GLEN ENGLE™ ~——— ~—~
SAMPLES buB4ey)2 MI008 GRAPHITE PROJECT NO. 3224146005 _ DILUTIONS 1,0000 o

ELEMENT CONCENTRATION, PPM ELEMENT CONCENTRATION, PPM _ ELEMENT
AG < » 50 AL T 80,00 o 8
BA 40,00 RE < ,50 Bl
CA 200,00 co < 10,00 CE™
ca 20,00 ___CR € 10,00 €S
ty 20,00 oY <7 20,00 T 7T T gRm
EU € _ 10,00 FE > 1000,00 6D
HF < 720,00 HO < 10,00 T TN
X < 10,00 LA < 10,00 L1
LU < +50 MG 20,00 MN
MO < 1,00 NA < 10,00 NB
ND < 200,00 Nl - 20,00 P
PB < 6,00 PR < 100,00 ____RB
88 < 8,00 sC < 1,00 R 3]
SM < 100,00 SN < 6,00 SR
TR < B0,00 T8 <TTU0,L,00 I

i T < 20400 ™ < 4,00 v

W ¢ 40,00 Y8 < 10,00 T OINT
ZR < 250

DATES 1777 ~ = ~

PLATE ND, To=

CONCENTRATION, PPM

2,00
<__ 2,00
< 80,00
< 100,00
< T TeL00 T
< 10,00
A T —
2.00

40,00
< 6,00
< 100,00
< 40,00

T40,00
< 40,00

40,00
20,00

TCTT0,000

" TTTONCENTRAYION BASED ON ORGINAL SAMPLE HEFORE DILUTION WITH DILUENT -
> MEANS GREATER THAN
C MEANS LESS THAN THE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED -
RESULTS ARE CORRECT WITHIN A FACTOR OF 40% , (ONE STANDARD DEVIATION)




TABLE C-4 (Contanued)

T LAB, NO, H4976

REPNRT TO1t

GLEN ENGLE

DATE:

1el7e77

SAMPLES 6uB84e112 M122B GRAPHITE PROJECT NO,_ _ 3224146005 ___ DILUTIONY __ 1,0000 - PLATE NO, 76= .
ELEMENT CONCENTRATION, PPM _ ELEMENTY _CONCENTRATION, PPM ELEMENT CONCENTRATION, PPM
AG < «50 AL TT100,00 T I - T 2,00 T
Ba 40,00 BE < ,50 el < 2,00
CA 5> 1000,00 co < 10,00 cE < 80,00
(s} < 4,00 R < 10,00 cs < 100,00
cu 10,00 DY < 20,00 7T ER T ¢ 6400
EV < 10,00 FE. > 1000,00 ()] < 10,00
HF < 20,00 HO - < 10,00 ~— T T T T IN T 00 T T
() K 10,00 LA < 10,00 L1 2,00
A ) < +50 MG 1,00 MN T 0,00
wn MO < 1.00 NA € _ 10,00 NB < 6,00
ND < 200,00 NT 20,00 ~ Y < 100,00 — T
P8 < 6,00 PR < _ 100,00 1] < 40,00
88 < 8,00 s¢ T T < 1,00 - 81 100,00 —
SM ¢ 100,00 SN < 6,00 SR < 40,00
YK < 40,007 B ¢ 40,00 TI - 30,00
TL ¢ 20,00 ™ < 4,00 v 20,00
w ¢ 40,00 Y8 T T 7T ¢ Tto,00 T T TN T T R000TT
IR < 50

CONCENTRATIDN BASED DN ORGINAL SAMPLE BEFORE DILUTION WITH DILUENT = -
> MEANS GREATER THAN

¢ MEANSTLESS THAN YHE SENSTITIVITYOF THE SPECTRUGRAPHIC PROCEDURE USED —
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X ,

(ONE STANDARD DEVIATION)




—— -

TABLE C-4 (Continued) - - - - - Tt Tt T

96-0

T LAB, ND, 14976 7 TTREPORT TO: T GLEN ENGLE - T - 0 DATESL lei7e77” —
SAMPLES 6484=112 M152B GRAPHITE PROJECT NO. 3224146005 DILUTIONS 1,0000 _ PLATE NO, Té=
ELEMENT CONCENTRATION, PPH ELEMENT _  CONCENTRATION, PPM  ELEMENT CONCENTRATION, PPM
AG < +50 AL 80,00 T8 T T80 T
BA 40,00 BE < «50 BI < 2,00
Ca 60,00 co < 10,00 CE < 80,00
co < 4,00 CR __€__10,00 €S _ < 100,00
(o] 6,00 DY < 20,00 ER TTTC T T 007
EV < 10,00 FE 40,00 (] < 10,00
HF ¢ 20,00 HO - < 10,00 D £ < 1,00
X 10,00 LA < 10,00 L1 < 1,00
L0 < .50 MG < .50 MN < 1,00
MD < 1,00 NA < 10,00 NB < 6,00
ND ¢ 200,00 NI < 4,00 P - ¢ 100,00 T
P8 < 6,00 PR < 100,00 RB < 40,00
8B < 8,00 s¢ < 1,00 ~ 81 TTTT Tu0,00
SM ¢ 100,00 8N 3 6,00 SR ¢ 40,00
TA < 40,00 18 < 60,00 10 8 40,00
TL < 20,00 ™ < 4,00 v 4,00
W < 46,00 \ - ¢ 10,00 I 4 - < 20,00
ZR < «50

CONCENTRATION BASED ON ORGINAL SaMPLE BEFORE DILUTION WITH DILUENT
> MEANS GREATER THAN

T CMEANS TESS THAN THE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED N
RESULTS ARE CORRECT WITHIN A FACTOR OF 40% » (ONE STANDARD DEVIATION)




- TABLE C-4 (Continued) T/ s T T T - Tm s =

LS-D

LAB, NO, 44976 7 TTREPORT TOt  GLEN ENGLE™ T DATES 1e17e?7
SAMPLES 64B4-it2 M16B GRAPHITE _ PROJECY N0, 3224146005  DILUTION: 1,0000 o PLATE NO, 76»
ELEMENTY CONCENTRATION, PPM ELEMENT CONCENTRATION, PPM __ELEMENT _ CONCENTRATION, PPM
AG < «50 AL 100,00 B~ o .00
BA 40,00 BE < .50 BI . < 2.00
CA 80,00 co < 10,00 43 ¢ 80,00
co < 4,00 CR_ < 10,00 €8 € 100,00
cu 10,00 oY < 20,00 ER TTTC TR 00 T
EV < 10,00 FE > 1000,00 GO < 10,00
HF < 20,00 HO < 710,00 - IN T T, 00 T
K 20,00 LA <___ 10,00 L1 1.00
Lu < .50 M6 10,00 MN 40,00
Lle! < 1,00 NA < 10,00 N8 & 8,00
ND < 200,00 NI 20,00 P~ - <100,00
1) < 6,00 PR < 100,00 RB o < 40,00
LT < 8,00 sC < 1,00 81 40,00
8M ¢ 100,00 SN < 6,00 SR < 40,00
YA < A0L00 18 < Ub,00 Tr 60,00
TL < 20,00 ™ < 4,00 v 20,00
W < 40,00 7] < 10,00 IN < 20,00
R [4 50

CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENT -
> MEANS GREATER THAN

T C MEANS LESS THAN THE SENSITIVITYDF YHE $PECTROGRAPHMIC PROCEDURE USED
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (ONE STANDARD DEVIATION)




TABLE C-4 (Continued) e T == - =

86-D

T LAB,NO, 44976 7 REPORT TO: GLEN ENGLE —~ ——— ~ 77— T DATE: 1=17e77 — — —
SAMPLES 6484e112 MU40B GRAPHITVE PROJECT N1, 3224146005 DILUTIONS 1.0000 o PLATE NO, 76-
ELEMENT CONCENTRATION, PPM ELEMENTY CONCENTRATIUN, PPM _ ELEMENY CONCENTRATION, PPM
AG < .50 AL 80,00 ] T TR 00T T T
BA 40,00 BE < 450 BI < 2,00
CA 100,00 co < 10,00 CE < B0L00
co < 4,00 CR < 10,00 (o] < 100,00
cu 10,00 oY < 20,00 ER < 6,00
EV < 10,00 FE 1000,00 GO < 10,00
HF < 20,00 HO < 10,00 IN - < 1.00
K 20,00 LA < 10,00 LI 2,00
LU < 50 MG 2,00 MN 10,00
MO < 1,00 NA 10,00 N8 < 6,00
ND < 200,00 Nt 20,00 P~ 160,00 T
PR < 6,00 PR < 100,00 R8 < 40,00
$8 < 8,00 sC < 1,00 T 81 80,00
L ¢ 100,00 SN < 6,00 SR < 40,00
TA < 40,00 18 < 40,00 T1 40,00
TL < 20,00 ™ < 4,00 v 20,00
- TW T T T ¢ U600 Yye T~ T < 10,00 N 20,00
ZR < 50

— CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENT - -
> MEANS GREATER THAN i
CPEANS TESS THAN THE SENSTITIVITYDF THE SPECTRDGRAPHIC PROCEODURE USED -

RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (ONE STANDARD DEVIATION)




LAB, NO, 44976

TABLE C-4 (Continued)

TREPORT TOt: “GLEN ENGLE

DATES

fef777 — ~

SAMPLEL 64B4=112 M708 GRAPNITE PROJECT NO, 3224146005 DILUTIONS 1,0000
ELEMENY CONCENTRATION, PPM ELEMENT CONCENTRATION, PPM ELEMENT
AG < «50 AL - 80,00 8
BA 40,00 BE L1 81
CA 80,00 co < 10,00 CE™
co < 4,00 CR < 10,00 s
cu 10,00 DY < 20,00 ER
€V < 10,00 FE__ 1000,00 G0
o HF < 20,00 HO ¢ 10,00 T IN
] X 80,00 LA < 10,00 LI
3 [ < 50 MG 8,00 MN
MO < 1.00 _ NA 20,00 N8
ND < 200,00 N] 20,00 P
. PB < 6,00 PR < 100,00 ____RB
88 < 8,00 sC < 1,00 81
SM ¢ 100,00 SN < 6,00 SR
TA < 40,00 18 < 40,00 T
TL < 20,00 LE < 4,00 v
W < 40,00 Y8 < 10,00 N
IR < «50

PLATE NO, 76=

CONCENTRATION, PPM_

T T 2,007
2'00
7T 80,00
100,00
TU8,00 T
10,00
§.00
2,00
10,00
< 6,00
< 7100,00
<
<

AAAAAA

40,00
100,00
40,00

60,00
40,00
TTTCTR0L.00

T CONCENTRATION BASED DN ORGINAL SAMPLE BEFORE DILUTYON WITH DILUENT

> MEANS GREATER THAN

T L MEANS LESS THaAN YHE SENSTTIVITYOF YHE SPECTROGRAPHIC PROCEOURE USBED
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X ,

(ONE SYANDARD DEVIATION)




TABLE C-4 (Continued)

LAB, NO, 44976 “REPORT TOt GLEN ENGLE — ~—— T 77 7 -
SAMPLEY 6484112 EB8B  GRAPHITE PROJECT NO, 3224146005  DILUTIONS 1,0000

ELEMENT CONCENTRATION, PPM _ELEMENT_ _  CONCENTRATION, PPM ELEMENT

AG < «50 AL 77 T 80,00 R -

BA 40,00 RE < .50 B

Ca 80,00 co < 10,00 CE

co__ < 4,00 CR < 10,00 cs

cu 10.00 oY < 20,00 T T T T ER

EU < 10,00 FE ___ 1000,00 GD

o HF < 20,00 HO < 10,00 - IN
1 K 80,00 LA < 10,00 LI
g v < 50 M6 40,00 MN”
MO < 1,00 o NA 20,00 NB

ND < 200,00 NI 20,00 T o

B P8 & 6,00 PR €& 100,00 _ ®B
88 < 8,00 sC < 1,00 Y

SM < 100,00 SN < 6,00 SR

TA < U000 T8 < Go,00 T1

TL < 20,00 ™ < 4,00 v

W < 40,00 1: < 10,00 T TN

2R < «50

DATES lel7e77 ~ T~
PLATE NG, Téb=

CONCENTRATION, PPM_

2,00

& 2,00
< 80,00
100,00

6,00

CONCENTRAYION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENT

> MEANS GREATER THAN

T CHMEANYS TESS THAN TRE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED

RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (0ONE STANDARD DEVIATION)




TABLE C-4 (Continued) - 0 T = - =

L9-D

LAB, ND, 44976 v TREPORT TO: GLEN ENGLE T T DATEs fel7e77 — —
SAMPLE: 6484=112 E1248 GRAPHITE PROJECT NO._ 3224146005 _  DILUTIONS 1,0000 o PLATE NO, T6=
ELEMENT CONCENTRATION, PPM __ELEMENTY CONCENTRATION, PPM  ELEMENT CONCENTRATION, PPM
AG < -1 AL 80,00 T B T 2400 T
BA 40,00 BE < «50 RI < 2,00
CA 80,00 co < 10,00 CE 80,00
co < 4,00 CR < 10,00 . _Cs < 100,00
cu 20,00 oY < 20,00 - ER < 6,00
EV < 10,00 FE 1000,00 G0 < 10,00
HF < 20,00 HO < 10,00 IN < 1,00
K 20,00 LA < 10,00 L1 2,00
Ly < B-10) MG 10,00 MN 20,00
M0 < 1.00 NA < 10,00 NB < 6,00
ND < 200,00 Ni 20,00 e T T T {100,000
P8 < 6,00 PR < 100,00 R8 < 40,00
T OTT 88T T T T ¢ 8,00 sC <7 1,000 T T TTTT 81 T 80,00 T
SM < 100,00 8N < 6,00 SR < 40,00
TA < 40,00 h:) < 46,00 11 40,00
TL ¢ 20,00 ™ < 4,00 v 20,00
W < 0,00 Y8~ I 4 10,060 - N - < 20,00 —
IR < «50

CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENTY T

> MEANS GREATER THAN

< MEANS LESS THAN THE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED T - B
RESULTS ARE CORRECT WITHIN A FACTOR OF 40% ¢ (ONE STANDARD DEVIATION)




TABLE C~4 (Continued) T

LAB, NO, 44976 7 TREPORT TOt GLEN ENGLE ~ 7~~~ ~ 7
SAMPLES 6484=112 E1548 GRAPHITE PROJECT ND. 3224146005 DILUTION® 1,0000 o
ELEMENT CONCENTRATION, PPM __ELEMENT CONCENTRATION, PPM __ELEMENT
AG < .50 AL T TTroo.007 0 T T B
BA 60,00 BE < .50 81
CA > 1000,00 co < 10,00 ct
co < 4,00 CR < 10,00 N
cu 8,00 DY < 20,00 T OER
EU < 10,00 _FE 600,00 6D
HF < 20,00 HO < 10,00 IN
K < 10,00 LA < 10,00 L1
o Ly < +50 G 6,00 MN
! MO < 1,00 _ NA < 10,00 _NB
& ND < 200,00 v < 4,00 P
L P8 < 6,00 PR_ < 100,00 i RB
sB < 8,00 sc < 1,00 st
M < 108,00 8N < 6,00 SR
X < 80,00 18 <TTTu0,00 - T
T < 20,00 ™ < 4,00 v
W < 40,00 Y8BT T T ¢ 710,00 -7 N
2R < $50

CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH DILUENT

> MEANS GREATER THAN

T CTHMEANS LESS THAN THE SENSIVIVITYOF YHE SPECTROGRAPHIC PROCEDURE USED
RESULTS ARE CORRECT WITHIN A FACTOR OF 40%

DATES 1=17=77 -
PLATE NO, Téew

CONCENTRATION, PPH_

T T T 2,00

< 2,00

- T <7TTB0,00
< 100,00
< 7T8,00
< 10.00
<
<

71,00 T T
1,00
1,00
< 6,00
< 100,00
< 40,00
80,00
40,00
40,00
20,00
< 20,00

(ONE STANDARD DEVIATION)




TABLE C-4 (Continued) -

TTTTLAB,NDL, TGS T Ty - TREPORT 101 GLEN ENGLE - ~ T~ T °

SAMPLES 6484=112 E168  GRAPHITE PROJECT NO,. 3224146005  DILUTIONG 1,0000 i
ELEMENT CONCENTRATION, PPM __ELEMENT CONCENTRATION, PPM  ELEMENT

1Y - 1,00 AL T 100,00 — 8

BA 40,00 BE ___ < .50 81

CA 160,00 co < 10,00 ct

co < 4,00 CR__ ¢ 10,00 R

cu 10,00 DY < 20,00 ER

EU < 10,00 FE > 1000,00 GO

HF < 20,00 I XTT10,00 IN
K 20,00 LA < 10,00 LI

a LU < .50 MG 40,00 MN
! MO < 1,00 NA < 10,00 NE

3 ND < 200,00 N1 7T 40,00 P
P8 < 6,00 PR < 100,00 RB

CL:) T« 8,00 8C T T T 00 T T 77781

SM < 100,00 SN < 6,00 SR
L) < 480,00 18 <UL 00 T

TL < 20,00 ™ < 4,00 v

W < 40,00 1 : < 10,000 - N

IR < «50

!
!
|
|
|
|
l

DATEL 1=i7e77
PLATE NU, 7t

CONCENTRATION, pPw

TTTTTTTRL00 T
L < 2,00
" < 80,00
< 100,00
T T 8,00 T T
< 10,00
TTTTCTTL,00 T T
2,00
40.00
< 6,00
T T 100,00
< 406,00
ST T a6,00
< 40,00
6,00
20,00
{20,006

CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE DILUTION WITH OILUENT
> MEANS GREATER THAN

CMEANS LESS THAN TRE SENSITIVITYOF THE SPECTROGRAPHIC PROCEDURE USED
RESULTS ARE CORRECT WITHIN A FACTOR OF 40% , (ONE STANDARD DEVIATION)




TABLE C-4 (Continued)

- LAB, NO, 44978 TTTT 7T T REPORT TO:  GLEN ENGLE

7 DATE: 1«17«77
SAMPLES 6u84e112 E40OB GRAPHITE PROJECT NO. 3224146005 DILUTIONS _ 11,0000 PLATE NO, Téw
ELEMENT CONCENTRATION, PPM_ o ELEMENT __ CONCENTRATION, PPM ELEMENT CONCENTRATION, PP™
- AG < *50 T T T AL T T T 80,00 T T T - T 8 T 2,00 T
BA 40,00 HE < .50 81 < 2.00
CA 80,00 to < 10,00 IR 4 3 T ¢ TB0,L00
co < 4,00 CR I ¢ 10,00 cs < 100,00
cu 10,00 oY - < 20,00 T ER < 6,00 T T
EV < 10,00 FE 1000,00 GD < 10,00
o HF < 20,00 HO — 7 77 T« 10,00 —— 7 7 IN TO<¢T 1,00 T
1 K 60,00 LA < 10,00 LI _ 6,00
Fy Y] < .50 MG 10,00 MN 10,00
M0 < 1,00 NA 10,00 . . < 6,00
ND < 200,00 NI 20,00 - p 7€ T100,00 T
P8 < 6,00 L 3 PR < 100,00 o R8 < 40,00
S8 < 8,00 TT8C T T T ¢ T t,00 T T T - 81 T 7T Tao.00 T
8M < 100,00 SN < 6,00 SR < 40,00
T < U000 18 TTTT T TE0,00 TTYIC 20,00
TL < 20,00 ™ < 4,00 v 10,00
W ¢ 40,00 T T T T o8 T T T O 10,060 T T T T T OINT (TTT20,00
IR < «50

" CONCENTRATION BASED ON ORGINAL SAPLE BEFORE DILUTION WITH DILUENT ™
> MEANS GREATER THAN

T REANSTLESS THAN THE SENSIYIVITYUF THE SPECTROGRAPHIC PROCEODURE USED
RESULTS ARE CORRECY WITHIN A FACTOR OF 40% » (DNE STANDARD DEVIATION)




APPENDIX D
GRADE HLM DATA

This appendix contains complete data sets for the bulk density, ten-
sile properties, flexural strength, compressive properties, and chemical

impurity content of grade HLM graphite.



TABLE D~1
TENSILE PROPERTIES OF HLM GRAPHITE

LOT wl, 307 SPEC, DIA, 12,8 MM
LUG YU, sURU=TH SPEC, LENGTH Ti, MM
LG DENSITY ww MG/Mund

[ XXX R XA Y Y R YR A AT YRS S AR A AN R Y P 2 A 0 R X R X X2 0 L L0 2 % % N J
SPECIMEN (RIEMTe LiCAe DENSITY YUUNGS PERMe FRACw TENSILE
NUMBE R ATLION  TIun (MG/Mwa3IM{ DULUS ANENT  TURE STRENGTH
(GPRA) SET STRAIN (MPA)
(PCT) (PCT)

(XXX R AL R L AR R LY A Y XA A A A XYY Y L X A R XXX L XX 2D 7}

tAC=E={ A AX EC 1,784 7,0 .020 161 S,
«12A AXx EC 1,788 6,7 018 o175
«22A Ax EC 1,795
w«PUp AKX EC 1,768 7.0 w016 s 1956
06A AX EC
084 Ay EC
108 Ax EC 3
128 AX EC
JRA AX EC

208 Ax EC
279 Ay EC

auy Ax £C .
1BLeg 1068 AK £EC 1,780

1088 AX EC 1,784

9uB AX EC 1,787

968 AX EC 1.78%

1024 AX EC
104k AX EC

o
=l PO ONDOWO NS WP PN O O0ONOXTT

NJe § ®» » » ¢ &« & = » & » o s » ® » » © » » » & a =

i
i
1
)

EX®YI N NG HTN O E DI DO~ OO —

106A AX £EC
IBCE=10RA AYX EC
Q0A AX EC
928 AX EC
_ QuA AX EC o N o .

964 AX €C

[ XA X2 X Y RS PR R AR R YR YT N R A SRR LAY Y LA 2 F X0 X2 2.2 0 X% X J PON®

MEAN 1,784 6,9 018 o164

(1,00 vp8I) (1 P8I

L QTD. DEV, L,008& el 002 L0100 2,1

- U .02 MPSI) { 304,P81)

(T T XX AT I Y PR R A A R XY T AR TR RS P R 3 RS A A R 2 4 X R A Y R A ]y ]




i TABLE D-1 (Continued)

(IR YT AT LAY L R QR L X I RE Y L a2 d ] )

LOT NO, 367 SPEC, PIA, 12,8 MM
L0G NU, &UBUeTB 9PEC, LENGTH 71, MM
LOG LENSITY ww MG/Mand

Y L T T L T T Y T T T T TI YT LI P LY T Y PR T T Y P TR Y 1 T P ey
SPECIMEN NRIENTe | OQCAw NENSITY YUUNGS PERMe FRAC TENSILE
NUMBER ATION  TION (MG/Mex3IMODULUS ANENT  TURE STRENGTH
(GPa) SET  STRRIN (MPa)

o e _(PCTY_ _(PCT)

1ACE= 31 RaD EC 1,772 6,7 el 1268 2.5
27 RAD £C 1,773 0,5 vel 251 1é,2

11 RAD EC 1~777 613 e .291 13|3

0y RAD EC 1,770 oald 023 0299 1%,8

. 0% Rab  EQ S ] . 132
09 RAD EC 14,3

23 RaAb  EC 13.7

2 RabD EC 12,7

29 kAL EC 12,5
1BLEw1 43 RAD eC 1,788 6,5 W18 . 190 9,9
_ 117 RaD EC 1,78% . . 12,13
133 HADL EC 1,784 T o030 214 10,4

137 RAD EC 1,786 6,8 014 , 160 R.7
1BCEw1 1y RAD EC 12,3
118 kAD  EC . 7,5

119 RAD tC 10,5
131 HAD EC L 12,8
13§ RAD EC 11,7

139 RAD EC o - B 1,6

XY T R Y Y PR A 22N T YT FY YT PP A SR P L Y A PR R L R Y Y 2 Y2 2 Y1 2 % 2 2 0 3 )

ME AN 1,780 6,6 021,239 11,9
( ,95 MpsI) ( 1724,p81)

-7 §T0, DEV, ~ Lo0uT  TL,¥  T,008 7 L0837 1,8
) - - . C euu mPsI) ( 254,PS81)

Y Y T I L Y P I I I Y I Y I ALY S PR R A AL Y R RS Y Y Y Y XY ]



TABLE D-1 (Continued) 4

LUT "G, 367 SPEC, DIlA, 12,8 MM
LUG NU, puBum78 SPEC, LENGTH 71, MM
LUG DENSTITY ee MG/Maw} o

---..--un-.----n.-...-,.-.--a-d-,---.--..._!-u--oua-n--.uupwn--
SPECIMEN NRIENT= | UCAe DENSITY YUNGS PERMe FRACH TENSILE
NUMBER AYIUN  TION (MG/Maw3IMODYLUS ANENT  TURE STRENGTH
(GPa) SET STRAIN (MPA)
- ‘e e (PCTY. (PCT)

1AYE= 308 aX g 1,769 9.6
344 AX EMm 1,778 6,7 017 168 9,0
46l AX Ew 1,771 7,3 015 128 8,2
B4A AX Em 1,788 6,8 .020 161 8,8
InhA AX £ . : L 8,9
3ub Ax g 9,6
4ah Ax EM 9.6
428 AX M 8,8
HpA AX g 8,6 .
548 AX EM Be2
IRYE=1148 AX EM 1,782 6,8 020  ,L200 10,3
1184 AX E™ 1,779 ToH ,019 176 9.6
1308 AX g™ 1,701 6,9 021 W201 10,3 ’
{BYEw13RA AX R 1,767 7ot W 018 . 190 10,6
1104 AX EM i 9,1
J1RB AX EM 9,1
_126A AX  EM R, - 1Y, 4
126h AX EM 9,4
130A AX E™ ) o ) 11,4
1388 AX E™ 11,4
--...-.'.-..CQQIDI_-__..-quﬂluﬂuﬁ!-.-’-..--.-‘-_3"»._.'-.--:’ﬂ?ﬂﬂﬂ..ﬂnﬂﬂ.'
MEAN 1,774 7.0 ,018 174 9,4
- — . .L1,04 mP8IY o . L 1367,PS1)
__8mp, DEV, ,008 L3 _e00e 026 1,0 )
( ,08 MP8I) € 140,P81)

(X2 2Z LI R XX LY R ETEE TS PN IEEI I Y YRR X Y L2 2 2 2 R XXy X X ]




TABLE D-1 (Continued)

LUT NU, 307 _ SPEC, DIA, 12,8 MM
LUG NO, 648de?B SPEC, LENGTH 71, MM
106 NENSITY =m MG/ Many

-....-...-.---.--.--.-..-.-...‘-'-..--I-.---.....-....O-....-.
SPECIMEN (RIENTe LDCA® DENSITY YOUNGS PERMe FRaCe TENSILE
NUMBER ATION  TI0M (MG/Maa3)MODULUS ANENT  TURE STRENGTH
(6P4) SET STRAIN (MPA)
e — .. tPET) (PCLY)

1AYE® 48§ RAD EM 1,772 6,7 L020 278 12,1
49 RAD g 1,772 6,3 « 030 e 304 12,7
63 RAD Em 1,779 6,3 026 125} 11,8
o7 RAL E+ 1.773 6.3 s24d 276 le'Q
4y kAD  EM ) _ 10,9
47 RAD  Em 10,8
St RAD En \3.7
61 RAD  Em 1244
68 RAD Ex 12,7
69 RAD Em 12,0
I1BYE=ISY RAD  EM 1,783 6,1 _,026 ,264_ 12,0
1SY RAD EM 1.787 0,2 YL 249 11,7
1BYEs17f RAD  EM 1,768 640 024 4270 12,0
176 RAD E~ 1,760 5,9 29 2 274 11,8
15y RAD Em 12,9
158 kAD EM 13,1
1859 FRAD  EM e e e 1817
169 RAD Em 12,0
173 RAD EM i 11,0
179 RaD EM 11,4
--....-....---’--...--....--..-.......!!.-....'-.--.-.’..Q.......
MEAN 1,774 6,2 , N2 2714 12,0
i} B ( .90 mp81Y 0 174%,P81)
8T, DEV, 007 - U3 017 e?
( ,03 MP8I) ( 106,P8])

D-5



TABLE D-1 (Continued) 1

LOT Nuy 367 SPEC, DIA, 12,8 MM
LUG NU'Yy 6huBU4e?8 8PEC, LENGTH 71, MM
RuUr ULVSITV -w Mﬁ/”**} L

.-.OOOQU-..'-..-.-..-....-.---J---..O---..-.-....-......---.-ﬂ
SPECIMEN (RIEMT® {(UCAm LDENSITY YCUNGS PERMw  FRA(Cw TENSILE
HUMRBER ATIUN  TIOM (MG/M*n3)MODULUS ANENT  TUKE STRENGTH
(6Pa) SET S8TRaln (MPa)
(PLTY  (PCT)

1AEE= 60p aX BF 1,769 ) .019 253 14,2
bUA AX EE 1,770 7.3 018 2658 14,5
T6B Ax (33 1,787 T,4 015 220 12,8
onA Ay EE ) ) 14,6
72A AX EE 13,7
178 AX EE 13,4
TeA AX EE 12,4
8db Ax tE 11,5
_1BEEetagl AX EE 1,787 L - 13,6
t4RA AX EE 1,778 7.7 022 . 282 18,0
1608 Ax FE 1,767 7.7 019 276 15,1
L6RA AX EE 1,772 7.9 018 241 13,9
14uA &X EF 14,9
{dprB Ay FE §14,8
1856A AX EE ) i o ) 14,7
1668 ax EE 14,7
1604 Ax EE 14,1
1688 Ax EE 14,1
.'-O--'.--.-.-.‘.I.-.-..-..---...'.-.-..--..-...-.--.--...---.'..
ME AN 1,772 7.4 018 0251 13,8
o ) _ (1,08 MPg]) . ( 2006,P81)
) 8Th, LEV, L0909 6 2003 025 1,2
( .,0R MPgY) ( 178,P81)

(X I X A XN R Y LR A YR YIRS R L A RS A R 2 L X2 X 2 2 1]

D-6



TABLE D-1 (Continued)

LaT NU, 367 sPE’c. ND1A, 12.8 Mt
LUG ~U, 64Bu=74 SPEC, LENGTRH 71, MM
LUG NENSITY ww MG/Maw}

-.---.-.....-.-.---..Cﬂ.-.----d-..--....-,-'.-.....-...-..---.
SFECIMEN ORTENT® | OCAe DENSITY YNUNGS PERMe FRACe TENSILE
I UIMBEW ATIUN  TION (MG/Mea3)MODULULS ANENT  TURE  STRENGTH
(GPA) SET STRAIN (MPA)
(PCTY (PCT)

1AEF= 85 RAD  EE 1,768 6,7 « 031 0893 11,9
814 RAL €E 1,770 5,5 o 129 « 319 12,5
99 KRAD  EE 1,768 S.6 039 » 209 8,9
10% RAD EF 1,768 5.8 W es 224 10,0
79 rAD tE 12,6
83 RAL  BE 11,4
97 RAD EF 12,0
101 RAVD EE 12,7
1AEE=108 RAY EE 13,1
IBEE=)89 RAD  EE 1,785 5,9 W034 285 11,9
193 RAD EE 1,783 11,8
207 RAD EE 1,766 Seb o N39 1293 11,6
211 RAD EF 1,769 S,6 U35 €94 11,7
187 RAD EE 12,3
ey  RAV EE 10,6
198 RAD  EE i i 12,9
2ug  RADL EF 11,7
209 KA EE 12,8
213 rAD EE 12,2
.-.-.--?..!---.---.._.-'._?-!_!.‘!.-.-_-.-.-.-._'-....!.'_!_ﬂ.'-.-......-
MEAN 1.77¢ 5,8 2033 274 11,9
o _ ( .85 Mp81)  _ _ _ ( 1724,p8])
STD, DEV, 2008 L4 008 L0641 1,1
( .06 MP81) ¢ 155,P81)



TABLE D-1 (Continued)

LI XL AL LY LY LAY LY A R A YL XY g 2]

LOT nfr, 367 SPEC, DIA, 12,8 MM
LG M, 64BUmTR SPEC, LENGTH 71, MM
LUG HENSITY ee MG/ Mwed

LA 22 X LR ALY YA SIS X XA S XA Y YR 2R Y R R X X 0}
SPECIMEN (ORIENTs | OChe DENSITY YOUNGS PERMe FRACS TENSILE
NUMBER ATIun  TIUN (MG/Mwea3)MODULUS ANENT  TURE STRENGTH
(GPA) SET S8TRAIN (MPA)
- . (PCT) (PCT)

6ACH  {0B AX MLC 1,791 7,3 019 o119 7.0

12 AX MLC 1,794 4,4

22A Ax MLC 1,803 6,7 2 V2% o} 34 T2

24A AX MLC 1,799 0,2 .Nee » 156 8,2

10A AX ML C 8,6

0RR AX MLC Se8

Vel Ax MG 8,9

124 AX MLC 6,2

6ACMe 1RA AX MLC 6,7

20A Ax MLC 6,0

. 228 ax “LC b0

2uB ax MLC 7.5

obCMm» guB AX MLC 14787 645

96A AX MLC 1,795 6,2 Vet 136 6,9

9BA AX MLC 1,808 5,3 W NeS 0180 7,7

toeb AX MLC 14793 642

92A AX MUC } . 5,9

QuA AX MLC 6,9

96B AX MLC 7.5

988 AX MLE 6,8

104l AX MLC _ . 6,1

106A AX MLC 6,5
-...'.--..'..-.-..-.--.-..-.-.-..-.'-...’..'-..----_’_'?.v'~?.-.--..

s MEAN 1,796 7~ 6.8 w022  L13%9 6,8
( .95 MPSI) ( 989,PSI)

810, DEV, 006 o5 2003 W 018 1,0
S o T 07 vPSYY ( 145,P81)

D-8



TABLE D-1 (Continued)

LUT NU, 367 SPEC, 014, 12,6 MM
LUG NU, #UBUmTR SPEC, LENGTH 71, MM
LUG DENSITY we MG/Mawd

SPECIMEN NKTIEiTe L UCAe DENSITY YUUNGY PERMe FRACe TENSILE
IMBE R ATTUN  TION (M/MAR3)MUDULUS ANENT  TURE STRENGTH
(GPAy SET 8TRAIN (MPA)
“ (PCTY (PCT)
--.-.--.--.-.....-.-.--..--..-J.--.-.--...-----.-....-Q.--..-.

6ALM 07 RAD MLC 1,800 byb 206 o171 8,9

19 RAL  MLC 1,796 6,7 ey L4y 11,9

2% HAD vMLC 1,798 71 2129 210V 9,7

29 RAD ML C 1,797 b7 o NES 141 7,7

08  KAD MLC 117
oACM Qg RAD  MLC B2
13 RAD M C 16,8

23 RAD mLC 8,1%

27 RAD MLC 10,3

3y RAD “LC 7,0

oBCM 418  RAD  MUC 1,790 6,3 026 L €05 16,0
119 RAD MLC 1,794 6,4 <27 243 11,3

133 RAD miC 1,797 6,4 1125 180 9,1

137 RaD MLC 1,798 6,5 028 180 9,3

11y RAD MLL 10,9

117 RAD meC 10,%

121 RaD MLC | 1140

131 KAD ML C 9,7

13§ w~aD M.C 11,0

139 KAD mMLC 10,2

ME A 1,796 6.6 026,194 9,9
C .96 MPSI) ) ( 1431,p8])
870, DEV,  ,003 02 002 L0356 1,3
¢ .04 MPS]) ( 195,P81)

(YT IE IS FY F AL YT T TS T R3SV R AL S X L R R A A XS 2 R A X 2 X 2 23 R 2 2 % 1 )




TABLE D-1 (Continued)

L'-JT hU. -‘67 SPEC. DIA' 12.6 M"
LOG "1y pyuBum78 8PEC, LENGTH 71, MM
LUG DENSITY ee MG/Mand

LA A LA LA L LYY A LA ALY LRI AT R R I AR T R R 2 R A X X 00 R0 X3 7 J
SPECIMEN (RIEwT=w {yChe DEMSTITY YUUINGS PERMe FRACS TENSILE
NI ARER ATIUN  TIOW (MG/Mex3IMODULUS ANENT  TURE STRENGTH
(6Pa) SET  STRuIN (MP4)
(PCTY (PCT)

bAYM 308 aX MLM 1,79
JuA AX M 1,404 he? 021 149 8,3
dph Ay ML M 1,798 6,0
SahA AX MLM 1eR06 Sed
bAYM  30A AX Mpw 9,2
348 AX MM 10,2
424 axX MM B,?
428 ax MM heb
deA AX ML M 13,0
524 AX M 9,5
eRYM 1138 AX MLM 1,797 6,6 023 193 9,8
11A AX MM 1,800 a6 027 168 9,3
1288 AX MM 1,792 5,7
13u4A AX MLM 14795 By2 W 020 169 1048
112A AKX ML M 10,0
11aB AX ML M 9,0
1244 ax MM o 12,3
1248 AX ML M 10,7
128A AX ML M 11,6
1348 aX MLM 11,1

LA L R R A A2 XY P A A2 TR XX A2 Xl A 2 i R X Y A 0 A2 XXX X R A 0 R 022Xt X X)

Mg AN 1,798 7.2 023 L1869 9,3
(1,08 MPSI) ( 1352,P81)
stu, DEV, 0S8 .8 ,003  ,0t8 2,2
€ .11 MPSI) ( 316,PS1)




TABLE D-1 (Continued)

'.‘JT NU. 3b7 _ SPEC. DIA. 12248 MM
1UG U, 4RUmTH SPEC, LENGTH 71, MM
LOG NENSTITY e MG/Mur}

LI I LTI R P Y R AL TR LY LA Y LY AN A LA TR A LR XA X1 2 R X X1
SPECIMEN DNRIENTe | UCAe DENSTTY YOUNGS PERMe FRAC®  TENSILE
hy» BE R ATION  TION (MG/Mae3)MOULLUS ANENT  TURE STRENGTH
(GPa) SET  S8TRaIN (MPa)
(PCT) (PLT)

--—.-.-.‘----...---.---..--.--d-----..-..--.....-.--...-.-..--

nAYM 4%  RAD ML~ 1,802 6,8 029 2200 10,0
48 Rap ML 1,798 6,7 ,eu . 189 9,9
63 RAU MM 1,800 6,5 026 22095 10,0
sAYM o3  RAD MLM 1,800 4,5
4% RAv MM 10,8
47  RAD ML~ 10,95
51 RAD M M 11,3
6y RaL ML M 10,3
b8 RAD ML~ 12,1
&9 RAD MM 13,2
ByM 183 RAL  MLm 1,79 . 6,1 . NES 1268 11,9
157 RAD ML 1,788 59 ' 129 27U 11,7
171 RAD M+ 1,797 6,1 NEB 207 9,9
178 RAD MM 1,786 5.6 Tl 272 11,0
151 RAD MM 12,0
188  #&AD MLM 11,8
159 RAD MLM . ~ 10,0
169 RAD MM 11,1
173 RAD MM i 10,3
177 RAD MM 10,6
--.-.--..u.'--.-,-...-.---!-.-.O.---..-.-.--.'-..O-.'-.-.----.---
ME‘N 1.705 6'2 .(‘27 .230 10.6,
( ,91 MPSI) ( 1542,P81)
STD, DEV, ,006 g4 Gno2 LU 38 1,7
( 06 MPgI1) { 248,FP81)



TABLE D-1 (Continued)

UG NUy pusye7H SPEC, LENGTH 71, MM
{6 DENSTTY we MG/Mawd

[ T XYY XY P XIS A AL R SR P Y AP R R R F AL AL XY YL LR 2 2 F R A XX ¥ )
SPECIMEN NRIEVTe _UCAm DEMSITY YUUNGS PERMe FRACe TENSILE
NUMBER ATION  TION (MG/0owa3)MODYULYS ANENT  TURE STRENGTH
(GPA) SET  STRAIN (MPa)
(PcT) (PCT)

XYY I PP P Y R Y R R Y S Y P AT R Y P T YL LR Y P RS Y Y Y

oAEM 0B AX Ml E 1,793 7,7 o016 2233 13,8
6UA AX MLE 1,786 8,8 W01 284 16,2
bAEM  TeH AX My E 1,794 7.8 016 o 184 10,8
8d4d Ax M E 1,R02 7.6 ., 020 188 107
GnA AX MLE 1403
butl AX MLE 14,9
72A AX MLE 17,7
728 AX “LE 14,4
TeA Ax MLE 842 ,
8ul AKX »LE 12,5
o6RtM 1488 AX nLE 1,794 To0 021 263 13,7
1usd Ay MLE 1,792 T.6 W 020 Q44 13,4
1588 AX MLE 1,794 7.8 L 020 . 247 14,1 )
foud AX ML E 1,794 7.8 020 242 14,0
142A AX MLE . 14,6
tusB AX “LE 14,1
1§UA AX _MLg . X i o i 10.7
1548 AX MLE 12,8
158A AKX mLE ~ 13[3
164K AX MLE 12,
(I X L LY PY LAY R P A YRR AL AR Y R R XA X A 2 2 0 0 2 X 2R 21 0 X
ME AN 1,794 747 «018 232 1%,3
) (1.12 mp8l) B ( 1922,P81)
3Tu, DEV, 004 -] 002 030 1,8
{ .07 mP8I) ( 2%7,P81)

(I A2 YA Y R A2 AT R YR 0 FY N R PR LAY S L AL 2 X 0 0 K22 0 1 ]




TABLE D-1 (Continued)

LUT Nu, 3e7 SPEC, DIA, wawawr MM
LUG Ny 64BUmT8 SPEC, LENGTH T, MM
LOG DENSITY ew MG/ Mawl

SFECTIYEN RIETe )CAw DENSITY YOUNGS PEKMe FRA(CS TERBILE

NYHER AYTun  TION (MG/Maw3IMODYLHS ANENT TUWE STRENGTH
(GPa) SET 8TRaln (¥Pa)
(BC1) (PLT)
--.-..--.-...----..--.-.--.-.---'....-...-'-----...--...--.-.u
6AEM 81  RaD MLE 1.798 6,4 W13 279 12,6
88 RAQ miE 1,801 &,2 o 27 - 12,6
99 RAL  MLE  y,80¢ bob el W23 1144
103 RAD MLE 1,798 6,2 iede 214 10,7
79 RAD  mLF 18,40
a3 RaD  M_E Y
8y RAD MLE 12,5
97 RaD MLE 12,3
10 RAD MLE 12,7
108 RAV MUE 13,7
6BEM 189 RAD  MLE | 795 6,1 129,270 11,9
193 RAD MLE 1792 Se? 126 292 1240
209 RAD MLE 1.755 S8 « 030 » 289 11,9
211  RAp mMLE 1,787 2.9 . 129 30U 12,5
187 Rav MLE 13,0
19¢ Rav MLE 12,3
196 RAL  MLE . : 12,7
208 RaAD MLE 14,5
209 RAD MLE 13,90
oBEM 213 RAD MLE 11,8
--.--..-.---'--.-.-ﬂ-.---..'-.-.--.-.'--..-.-..-.-..-ﬂ-.-.-.-'....
MEAN 1,794 6,1 0125 W27V 12,4
. N ( .89 MPgI) ( 1804,PST)
870, DFvV, R - 3 ) 0 031 o8
( ,0t MPSI) ( 116,P81)



TABLE D-2
FLEXURAL PROPERTIES OF HLM GRAPHITE

-, - . - e A = G e M s e an e W EE T e W e e -

LOT NO. 367 SPEC. DIA. 6.l MM
LOG NO. 64B4-T8 SPECe LENGTH S1. MM
LOG DENSITY -- MG /M%%3 i
SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL
NUMBER ATICN TION (MG/M%%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)
1A 128 AX EC 21.8 18.6
128 AX £C 19.5 17.0
108 AX EC 19.7 17.1
108 AX EC 2G40 17.4
16A AX EC 1641 1444
16B AX EC loe4 1447
24A AX EC 20.4 17.6
248 AX EC 18.2 16.0
26A AX EC 15.9 14.3
266 AX EC 20.9 18.0 .
32A AX EC 19.5 17.G
328 AX EC 19.6 17.1
1B 88A AX EC 19.5 17.0 .
888 AX EC 21.8 18.6
86A AX EC 1442 12.
868 AX EC 15.6 14.0
8CA AX EC 19.2 16.7
80B AX EC 20.1 17.4
96A AX EC 21.7 18.5
968 AX EC 20.3 176
102A AX EC 19.3 16.8
1028 Ax EC 11.9 11.0
104A AX EC 1841 16.0
1B 1048 AX EC ] 16.3 1446
ME AN 18.6 MPA 16.3 MPA
(2695, PSI) (2358. PSI)
STD. DEV. 2.5 MPA 1.9 MPA

{ 308. PSI) t 279. PSI)

D-14



TABLE D-2 (Continued)

LT ND, 367 SPEC, DIA, 6,4 MM

LOG NN, 6484e7R SPEC, LENGTH 81, MM

LG NENSTITY ww MG /Mxnd
SPFCIMEN DRIFNTe LOCA= DENSTTY MODULUS OF FILEXURAL
NUMRER ATINN TINN (MG/MaxT) RUPTURE (MPA)Y STRENGTH (MPA)

L LUNCNRRECTENY  (CNRRECTED)

1A 7 RAD EC 19,0 16,5
9 RAD EC 24,6 20,1
13 rAD €EC 24,7 en,?
15 =anp  EC 18,0 15,8
___. 19 man__EC _ _ __ _ 23,6 - 19,5
33 RAD EC 20,4 17,4
35 eaAD EC 22,8 19,0
39 RAD EC 2e.n 18,58
41 RAD EC 23.3 19,4
. 45 RAD EC 2241 1R, 6
1R 163 RAD  EC ) _ 18,2 15,9
L 165 RAD EC 15,4 13,8
169 RAD Er 20,7 17,7
171 RAD EC 22,2 18,6
175 RAD £EC 19,2 16,6
1R9 RAD EC 22,06 18,9
- 191 2Ap __EC _ __ _ 22406 _ 18,9
195 RAD  EC 22,6 18,9
197 RAD EC . 21,7 18,3
201 RAD EC 17,3 15,2
ME AN 21,2 MPA 17,9 MPA

(3068, PSTY (2594, PSI)

STPh, VEV, 2,5 MPa 1.7 MPA
¢ 370, PST) ( 251, PST)



TABLE D-2 (Continued)

- - v e m G R e e Y Tm G e e M em WS S v am G A R S e Ee W e

LOT NO. 367 SPEC. DIA. Golh MM
LOG NO. 6484-78 SPEC. LENGTH 51, MM
LOG DENSITY ~-- MG /M3
SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL
NUMBER ATION TION (MG/M#*%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)
1A 36A AX EM 20.7 17.9
36B AX £EM 21.1 18,1
388 AX EM 21.7 18.5
388 AX EM 21.7 18.5
42A AX EM 20.9 18.0
428 AX EM 15.6 14,1
48p AX EM 1543 13.8
48R AX EM 17.7 15.7
SOA AX EM 1942 1648
1A 508 AX EM 17.3 1544 '
18 108A AX EM 20.9 18.0
1088 AX EM 19.0 16.7
1104 AX EM 19.0 1647 -
1108 AX EM 22.1 18.8
114A AX EM 1643 14.6
1148 AX EM 1640 14.4
120A AXx EM 17.6 15.6
12GB AX EM 20.0 17.4
122A AX EM 23.3 19.6
1228 AX EM 22.1 18.8
MEAN 19.4 MPA 16.9 MPA
(2811. PSI) (2447, PSI)
STD. DEV. 2.4 MPA 1.8 MPA

{ 353. PSI) { 258, PSI)

- e . - - e e G e Gn R G R e AR = S e e R SR M MR R e G N e R ML G G e e G G e D G e R e B e W
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TABLE D-2 (Continued)

LT N0, 367 SPEC, NIA, b4 MM
LNG6_N[), 6U4RYeTR ~ SPEC., LENGTH_ S§1, MM
LOG NENSITY w= ME/MRwd
.-.-.-.------.'.-----.-.-..-..---.------.------..-.---.--—--..
SPFCTMFN  ORPTEMTe LOCA= DENSTITY MODULUS OF FLEXURAL
MNIIMBER ATIAN  TION (MG/Mxx3)  RIUPTURF (MPAY STRENGTH (MPA)

_(UNCQRRECTEDY _ (CORRECTEM

LAEL LR L2 3 L XA LY X B A A XX A YL Y Y Y a2 X L XX R LR R R Yy Yy Yy Yy Yoy ¥y

1A 59 RAD EM B 19,5 16,6
63 RAD EM 23,7 19,3
65 RAD  EM _ 25,9 20,5
69 RAPD EM 25,4 20,2
- _ IY RAD_ EM_ - - . 23,6 . _19.2_
BS RAD EMm 21,8 14,2
B9 RAD EM 23.8 19.3%
91 RAD EM 18,0 16,0
95 RAD  EM 20,2 17.1
14 97 RAD EM 22.5 18,6
AR 215 rAp EM —_ ... 19,8 . 16,9
, 219 RAD Em 19,3 16,5
221 PAD EM - 17,3 15.1
225 RAP  EM 2141 17.7
227 RAD EM 19,4 16,6
241 RAD EM 18,0 15.6
2HS RAD. EM — e .. .. 21,8 18,2
247 RAD EM 23,1 tA,9
251 RAD  EM 18,9 16,3
253 RAD EM 19,4 16,6
ME AN 2t.,2 MPA 17,7 MPA
.- . -~ _— .t3070, P31). (2562, PSI)
§Tb, DEV, _ _ 2,5 MPa 1,6 MPA

( 362, PSIY  ( 226, PSI)



TABLE D-2 (Continued)

- wm e e e e s W R e e e G e AR e e e e R e e

LOT NO. 367 SPEC. DTIA. 6.l MM
LOG NO. 64B4-T8 SPEC. LENGTH 51, MM
LOG DENSITY =~ MG /M* %3
SPECIMEN ORIENT- LOCA- GENSITY MODULUS OF FLEXURAL
NUMBE R ATION TION (MG/M#%3) RUPTURE (MPA) STRENGTH (MPA)
(UNCORRECTED) (CORRECTED)
1A 56A AX EE 2742 22.4
56B AX £E 24 .8 20.9
S8A AX EE 2643 21.8
S8R AX EE 27.9 2248
62A AX EE 2445 2047
62B AX EE 2446 20s6
66A AX EE 19.1 1649
688 AX EE 21.7 18.8
70A AX EE 23.6 20.1
708 AX EE 2441 2C. :
18 128A AX EE 22.7 19.5
1288 AX EE 27.9 22.8
1308 Ax EE 26.0 21.6 .
1308 AX EE 24.8 20.9
1348 AX £E 24 .8 20.9
1348 Ax EE 21.9 18.9
1404 AX EE 27.8 22.8
14GB AX EE 23.9 20.3
162A AX EE 25.5 21.3
1B 142B AX EE 25.4 21.3
ME AN 24.7 MPA 20.8 MPA

{3584, PSI) {3015, PSI)

STD. DEV. ‘ 2.3 MPA 1.5 MPA
( 327. PSI) ( 217. PSI)

e AP R G e de L S - T P e G S R A A R A A A AN R e e G G e S T R WS R ER Gr e Tm G MR Wk - R W e Gm A m W A e

o



TABLE D-2 (Continued)

LovT N, 367 SPFC, DIA, B4 MM
LNG NN, 6484=78 SPEC, LENGTH 51, MM
LG NENSITY we MG/ MART
[ AR LY ALY XL A A ] A XY A P XYY i d A i A A A A A A A XYY B A X X2 2 2 0 0 K 1 ¥ J
SPFCIMFN  DRIFNTe LOCA« DENSTTY MODULUS OF FLFXURAL
NIIMBE R ATINN TINON (MG/Ma#xT)  RUPTURE (MPA)Y STRENGTH (MPA)

____ (UNCORRECTED) _ (CORRECTED)

1A 111 RAD EE 22,2 18,1
115 RrAD EE 19,3 16,3

117 RAD EE 1R,5 15,8

121 RAD £F 22.0 18,0

123 Q4D EE I _e0,e6 17,1

137 @an EE 20,7 17,2

141 RAD EE 22,1 18,0

14% RAD. EF 19,0 16,1

147 RAD  EE 18,8 16,0

149 RAD EE 20,9 17,2

1R 267 rRAD  EF i 17,9 15,3
,e71 rAD EF 3.6 18,9
273 RAD EE ee, ! 18,0

277 RrRaAD EE 18,7 13,8

279 rAD E€ 19,8 16,6

293 rRAD EE 20,7 17.2

] 297 RAD__ EF . 17,0 14,8
299 RAD EE 16,3 14,2

303 RAD  EE ~ 18,9 16,1

%05 RAD EF 20,3 16,9

ME AN 19,8 mPa 16,6 MPA

L L (2875, PSY) (2407, PSI)
8Th, DEV, _ 2.1 MPA 1,4 MPA
{ 306, PSTY ( 198, PST)



TABLE D-2 (Continued)

LuY ~o, l67 SPEC, DTA, 6,4 MM
LOG ND, 6U4RUeTR SPEC. LENGTH S1, MM
LOIG NFNSITY == MR/Maxd
SPECTMEN  ORIENTe L{CA= DENSITY MODULIIS OF FLEXURAL
NEIMRE R ATION  TIAN (MG/Mx%x3)  RUPTURE (MPAY STRENGTH (MPA)
. B} . . . CUNCORRECTEDY (CORRECTED)
bA 1544 X MLC 1R, 0 15,8
1548 aAX MLC 17,8 15,6
1564 AX MLC 11,9 11,0
1568 AX M| C 14,5 13,0
1604 Ax MLC. — . 20,1 17.3 .
160R AX MLC tR,S8 16,1
1T74A Ax MLLC 12,4 11,4
1TUR aX MLC 18,9 1h,H
176A AX MLC 15,7 14,0
176R AY MLC R,0 7.6 '
168A AX MLC — 17,1 15,1
1688 AYX MLC 17,0 18,0
&R 224A AY MLC 18,6 14,0 .
P24k ax MLC 15,7 14,0
2264 AX ML C 13,2 12,0
2268 AX ML C 12,9 11,8
. 232A Ax MLC - 19,4 16,7
2328 AX MLC 16,8 14,9
2364 aXY ML C g,9 8,4
7368 AX MLC 19,0 16,5
238A AX MLC 17.6 15,4
2388 AX ML C 17.6 15,5
2444 AX MLC - . . 15,0 13,5 -
2UUR AX MLC 11,5 10,6
MEAN 15,6 MPA 13,8 mMpa

(2256, PST) (2004, PSI)

STNh. DEV, 33 MP 2.6 MPA
( 475, PST) « 378, P8SI)
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TABLE D-2 (Continued)

LOT N, 367 : SPEC, DIA, 6,4 MM
LNG NQ, 64BueT7R . . SPEC. LENGTH  S31, MM
LOG DFNSITY o= MO/ MRx
SPFCIMEN NRIENT= LOCA= DENSTTY MODULUS OF FLFXURAY
NUMBER ATYON  TION (MG/MwaT) RUPTURE (MPAY STRENGTH (MPA)

__ CUNCORRECTEN) (CORRECTED)

LY 319 RAD MLC 24,9 °0.3
121 RAD MLC 16,7 14,8
125% RAD MLC 19,2 16,7
327 RAD ML.C 15,4 13,8
_ . 331 Rran MLC oo . ...25.6 c0,R
148 eaAd MLC FAR | 18,0
347 RAD MLC 22,1 18,6
381 ©aAb MLC 2e, 7 19,0
353 RAD MLC - 18,1 15,9
- 387 RAD MLC 19,9 17,2
6B 471 RAD_ MLC - —R1.3 18.1
\ L4773 RAD MLC 2.7 19,0
N 475 RAD MLC —_— 21,3 18,1
477 RAD MLC 23,6 19,6
68 4831 RAD MLC - . 18,3 16,90
483 RAD MLC 23,7 19,6
N8BS RAD MLLC . . 21.0 - 17,9
487 RAD MLC 16,2 14,4
_ 489 RAD  MLC 22,3 18,7
U893 RAD MLLC 15,4 13.8
L LY LAY P YA S LY Y L A A XX L R Y YT AL A A 2 2 2 A2 3 P P YTyt XXy Yy X 3X)
MEAN 20,6 MPA 17,5 MPA

(2984, PSI) (2539, P8T)

8STDh, DFV, 3,1 MPa 2.1 MPa
( 446, PST) ¢ 30R, PS8I)
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TABLE D-2 (Continued)

[ I YT IT R I AR T T T R X o pepasy YR L L L% L A A 2 4 2 3 L 2 3 32 %

LOT np, 367 ~ 8PEC, DIA. 6.4 MM

I.NG NN, 64R4eTR i SPEC, LENGTH 51, MM

LNG NEFMSTTY ww MO /Maxl
SPFCTIMEN ORTENT= LOCA= DEMSTTY MODULUS UF FLEXURAL
MIMRER ATINN,  TYINN (MG/Maexl) RUPTURE (MPAY STREMGTH (MPA)

(UNCORRECTEDY) (CORRECTED)

6A 1RNA AX ML M 19,2 16,9
180K AY ML M 23,6 20,0
1R2A AX MM 17,0 15,7
1R2R AY M| M 19,7 17.3

__ 1964 AxX MM e e - 21,2 18,4
196K AX MiM 1,0 18,2
1B6A aX Ml 20,2 17,6
186R AX ML M 18,6 16,4
1924 AY ML M 21.4 18,85
192K aX MM 20,7 18,0 A
194A AX ML M 16,6 14,9
1948 AX ML M 18,3 16,2

AR 250A Ax ML M 17,5 15,6 -
2S0R aAX ML M 19,0 16,7
PEPA AX ML M 20,7 18,0
2528 ax ML M 2.2 18,3
2564 AX MIM ] . 20,1 17.6
P256R AX ML M 2u,b 20,6
PH2A AX MEM 24,7 20,7
262R AX MM 24,3 20,4
264A AX ML M 25,2 21,0
P64R AX ML M 21,2 18,3

ST TupaN T T T 20,8 MPA T 1B, 0 MPA

(3012, PSTY (2608, PSI)

ST, DEV, ) 2.5 MPA 1,7 MPA&
¢ 358, PST) ( 252. PSI)

D-22


file:///nMHtP

TABLE D-2 (Continued)

LOT NN, 367 SPEC, DIA, b U MM

LG NO, 64Bue78 SPEC, LFNGTH S1, MM

LNG DENSITY ee MG /MAxT
SPFCIMFN ODRTENT= LUCA= DEMSTITY wOpULUS OF FLEXURAL
NUMRER ATTAN  TION (MG/Mae3)  RUPTURE (MPAY STRENGTH (MPA)

(UNCORRECTEDY (CORRECTED)Y.

6A 371 RAD MM 17,2 15,0
375 RAD MM 20,5 17,4
377 @AD ML M 23,1 19,0
181 RAD MM 22.1 18,4
. .. 383 Rap . oMLM _R24,0 19,5
397 RAD L 15,3 13,7
401 RAD M| M 16,5 14,5
403 RAD ML ™ 18,6 16,0
407 RAD MLM 21.3 17,9
409 RAD ML M 19,3 16,5
6B 501 RAD = MLM I .23,3 19,1
,508 RAD ML M 21,7 1R,
: 507 RAD ML M 19,6 16,8
511 RAD MM 23,1 19,0
813 RAD MM 20,3 17,2
527 RAD ML ™M 17.6 16,3
$31 RAD  MLM e - 20,9 ) 17,6
£33 PAD MM 22.0 18,3
537 RAD ML M o 23,2 19,1
539 RAD MLM 22,% 18,6
MEAN 20,6 MPA 17,4 MPA
o o L (2989, PSTY (2517, PSI)
sTh, DEV, o 2.5 MPa 1,7 MPA

¢ 365, PST) ( 245, P8I

LA L L LR L L L L A 2 2 L A AR XXl S PR XL A L2 X0 A A A A AR XXX & A KA L ALAL2 2 2 2 1 J
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TABLE D-2 (Continued)

LAY NN, 367 SPEC, DIa, b U MM
LOG MO, 64RY=THR . SPEC. LENGTH _ S1, MM
LOG NENSITY - ME/Mard
|SPFCTIMFN  ORTIFMTe LOCA= DFNSTTY MONULNIS 0F FLEXURAL
NIIMRER ATINN  TINN (MG/Maea3)  RUPTURE (MPAY STRENGTH (MPA)
. - e e e CUNCORRECTEDY  (CORRECTED)
6A  PDCA AX ML E 23,4 20,1
2008 AY MLF 27,9 23,
P02A AX MLE ~ 27,5 22,8
202R AX MLE 25,0 21,2
- _ P206A AX MLE — .. 25a3_ . 21,4 —
P06R AYX ML E 25,1 21,3
212A ax MLE 24,5 20,9
212R ax M| E 2 | 20,6
P1UA ¥ MLE 25,9 21,8
2148 AX MLE 21,8 19,0
bR 2704 AX MLE L _._ 22,8 16,7
2708 Ax M| E 23,1 19.9
272A AY MIE 28,3 23.3 .
2728 AX MLF 24,2 2u,7
276A AX MLE 21,6 18,9
376H AY M| E 24,2 0,7
..28B0A Ay MLE _ N 24,9 . 2l.2
2808 AX MLE 27,4 °2,?
PTRA aAX MLE 22,7 19,6
278BB AX ML E 20,4 18,0
ME AN 24,5 MPA 20,8 Mpa

_ (3554, PSI) (3022, PSI)

STD, QFV, 2.2 MPA 1,4 MPA
( 313, PST) ( 210, PSI)




TABLE D-2 (Continued)

LNT NO, 367 i SPEC, DIa, 6,4 MM
L0G NGO, 6484e7R SPEC, LENGYH_  S1, MM
LOG PENSITY o= MG/MEn
SPECIMEN ODNRIENT= LOCA= DENSTYY »ODULUS OF . FLEXURAL
NIIMRE R ATIAN  TINN (MG/Maxl) RUPTURE (MPA)Y STRENGTH (MPA)

- - —_— . CUNCNRRECTED)Y _ (CORRECTED)

6A 423 RrRAD MLE 23,7 1e,2
427 RAD MILE 20,3 17,1
429 RAD MLE - 24,0 19,4
433 RAY MLE 18,5 16,0
.. 435 RAD  MLF. . . . . 84,5 0 19,7 .
449 RAD  MLE 20,8 17,5
453 RaAD MLE 23,2 18,9
455 RAD  MLE 23,0 18,8
489 Q4D MLE L 21,7 18,0
461 RAD MLE 21,5 17,9
6B 553 RAD_ MLE e 21,5 _ 17,9 _
. B8%7 raAD MLE 18,8 16,2
859 rAD MLF o ~ 25,9 _ 20,3
563 RAD MLE 19,1 16,0
565 RAD MLE 22,6 18,6
579 RAD MLE 21,0 17,6
_ S83 RAD  MLE _ . | ___ 194 L 16,9
S85 RAD MLE 20,9 17.%
~ 589 RAD MLE . 18,7 16,1
8§91 RAD MLE 22,0 18,2
MEAN 21,6 MPA 17.9 MPA
. o . .__t3126, PSI). (2593, PSY)
sTo, DEV, L 2,1 MPA 1,3 MpPA

¢ 301, PST) ( 185, PSI)
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TABLE D-3
COMPRESSIVE PROPERTIES OF HLM GRAPHITE

(2T AL I XTI L2 YL A A2 Rl XYYl 22Xy X}

LOT NU, 367 SPEC, DIA, 12,8 MM
LOG NO, 648Ua78 sPEC, LENGYH eS8, MM
LOG DENSITY we _  MG/Muny — ) -

([ F X 21 2 2 T X P XY A A 0 1 0 0 X A2 PR i A d i A X2l X Ad it X R T A X2 1Y]
SPECIMEN ORIENT= LOcaw DENSITY YOUNGS PERMe FRpce  COMPR,
NUMBER ATION  TION (MG/Max3)MODULUS ANENT  TURE  STRENGTH
(GPa) SET STRAIN (MPA)
.. - e e e (PCT) (RCT) . I

(A I A A XTI Y I Y I YT R I 0 R P R 3 A RS FY I A Y YRR X2 000 X X 4]

1AC E oC AX EC 5,3 200 2,.371¢ 37.9
E 8C AX EC 4,7 229 2,532 38,9
E10C Ax EC 4,9 1210 2,599 38,7
E12C AX EC 5.3 2200 2,148 37,4
~1BC E102C AX_  EC = ____ 5.8 L2000 2,201 . .38,9%
E104C AX EC 5.3 200 2,331 38,4
E106C AX EC 4,5 230 2,377 38,7
E108C aXx EC S.1 2200 1,968 36,2
LA LI AL IS T LA LA AL LA AT LI ALl IS LI I LI LI I YLD Y)
MEAN 5.1 208 2,310 38,1
I - S 274 mpSI) ( 55g4,pS])
STD. DEV; lu .01; Iqu .9
( .08 MpSI) ( 133,P81)
(LI I A IR A QA Y A T YY1 223 X YT LI YR YR yy Y]
-1AC _ E 9B RAD EC 5.8 o180 2,370 . 44,2
E238 RrAD EC 6,3 180 2,327 44,S
_E25B RAD _ EC . _ o 8.3 L2000 2,2%2  _ U4,
EZQB RAD EC 6.2 0190 2.073 “2.5
..-1BC E1148B RAD_ _EC._ = _ 6.0  ,190 2,048 @ _ 42,2 .
E1188 RAD EC S.2 1860 2,283 41,9
_E1198 RAD  EC 5,7 ,220 2,179 42,1
E1348 RAD  EC 5.8 210 2,288 42,8
ORI PRP NP P RO RN PO TR P PR NN RSP R RO PRe TR RAPOROORS
MEAN 5.9 194 2,224 43,0
e e e e e = - 286 MP8TY_ . . . (. 6241,P81)
. _8TD, DEV,. o a3 2018 L1116 S % S
( .08 MPSI) ( 154,P8])

LI LI YT P Y LA LY LT T T Iy I T L L P LYY T AL P L LY LI L LI Y L T
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TABLE D-3 (Continued)

LI AT XL XYY Y L A TR 2 0 R 2 A X XX 2 J XL XX R 3 )

LOY NO, 367 SPEC, DIA, 12,8 MM
LOG NU, 6UBUwTS SPEC, LENGTH 25, MM
LOG DENSITY em . MG/Many .- . . ,

e L L L T T T T Y P T Y P L R Y T T T Y P Y P YT P Y Y Y T
SPECIMEN ORJENTe LOCAw DENS]TY YOUNGS PERMm FRACe COMPR,
NUMBER ATION  TION (MG/Mw23)MODULUS ANENT TURE STYRENGTH
(GPA) SET STRAIN (MPA)
- S e - . APCTY. (PCT) . .

(YIS R PR R AR YIS R R Y A 0 A2 2 A0 2 3 2 3 0 A0 0 0 20 R 2 X2 Y 2 3 7]

1AY E30C AX EM — 5.0 210 1,89 34,6
E3uC AX Em 5,6 190 1,738 35,0
E42C Ax EM S _+180 2,010 36,7
Eqel AX EM 3.9 0210 241587 33.6
18Y E114C AX . EM_ e - 841,200 1,852 15,48 .
E118C AX  Ewm. 5,7 (B0 2,102 37,1
E126C AX EM $,2 200 1,89} 34,5
E130C AX  EM 4,5 ,200 2,019 32,9
(T XY A Y LI YT YT L LA Y YRR 0 Y 0 Y 0 A A AR A 2 X 0 R 2l 0l XXXl X Z.}
ME‘N S|0 .196 1.957 35!0
T e e _. _..{_ .73 MpP8I) -_( 5078,pP81)
$Y0, DEV, ' 012 140 1,8
( .08 MPSI) ( 212,P81)
(I I PTY YY  I  Y Y YT P YI R T Y R Y Y LYY Y Y YL YT Y Y PP Y Iy Yy )
1AY E43B RAD ™ 61 _ L1600 2,234 43,6
Ed?B RAD EM S.q .190 3.154 01.7
ESyB RAD__ EM - 9,8 4200 24484 0 42.6
Eo1B RAD EM 6% 170 1,770 4o,2
1BY E1848 RAD . EM_ . Seb..___,220 2,193 41,4
E18%8 RAD EM $.5 2210 2,276 41,7
. Ei1gqeB RAD. &M . __ _ . 5,8 _,200 1,986 - 'Y
€1698 RAD EM 5,% 210 1,812 37,7
LRI LI LTy 2R XYY 2B PY SIS LR LAY 2 A 0 R0 00 20101 )])]
MEAN 5.7 .!95 2'1‘“ a‘lo
C e e e e o e (L83 MPRT) - ( 39S51,p81)
L 870, DEV, — —-  —ab _ 021 1242 1.8
( «06 MPSID) ( 26%,P81])

(AR TR I T YT RS AL A ALY i i1 dll A L il i d 0l Al lAddaliJysdt]
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TABLE D-3 (Continued)

(22 A1 A4 T2 TR I3 XYY I R 0 0 R X XY A2 2.}

LOT NO, 367 SPEC, DA, 12,8 MM
LOG NUO, a4B8UeT?8 SPEC, LENGTH es, MM
. LOG DENSITY w= _MG/Mawy . B} -

.-...-......----.‘-....-.'-Q..Q.-'-..-...-!---..'-.---.,......
SPECIMEN ORTENTe LOCAe DENSITY YOUNGS PERMe BRaACe COMPR,

NUMBER ATION  TION (MG/Mwa3)MODULUS ANENT TURE STRENGTH
(GPA) SET STRAIN (MPA)

o el (PeT) (PgT) - —

(A L LA L XX Ll A A ALY Al XTI Al A2 A I R X X XX X0 02 )

1AE  EO60C AX EE 6,3 200 1,735 38,3
E6UC AX EE 7.2 ,180 1,846 41,0
E72C AX EE 6,7 «178% 1,617 37,7
ET6C AX EE 6,9 « 3160 1,543 39,8
1BE E14yC Ax EE . e 6,8 __,180 1,907 _40,4
E148C Ax EE 7.4 170 1,878 42,3
E1%6C Ay EF 6,5 190 1,931 40,0
E160C AX EE 6,7 170 1,661 39,2

(I XA R AT I 0 A A Rf Y X I3 X X XY 2R AR A AP I 2 A2 2R XY 2 R0 2 2 XXX X 7|
ME AN 6,7 178 1,768 39,8

P - ~ (. .98 MpP81) . ( 5777.P81)
870, DEV, +3 012 1406 1,9

( .05 MPSI) ( 213,P81)
1AE E£798B RAD EE 5¢6 210 2.338 41.6
E83B RAD EE 5¢2 «190 2.488 41.8
E87B RAD EE 5.1 «220 1.801 37.3
E978 RAD EE 5.5 160 1.877 39.1
1BE E187B RAD EE 5o 4 200 2.650 44,5
E191B RAD EE 5¢5 200 2.471 42,7
£1958 RAD EE 5.6 .200 2.466 44,2
E£2058 RAD EE 4a6 200 2.456 41.6
MEAN 5¢3 «197 2.318 41.6

) { 77 MPSI) { 6033.PSI)
STD. DEV. e3 017 . 309 2.4

{ .05 MPSI) ( 352.PSI)
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TABLE D-3 (Continued)

LI AL A Y DI Y LI LA A A XY LA XYy L)

LUT NO, 367 SPEC, DIA, 12,8 MM
LUG NO, 64BUeTS QPEC, LENGTH 28, MM
LOG DENSITY we MG/Mund

PO PPN NSNS SR NN TR R PR R YN AR PN RPN PN TN ERRERNRS
SPECIMEN ORIENTe | QCA= DENSITY YOUNGS PERMs FRACw COMPR,
NUMBER ATION  TION (MG/M*#w3)MODYLUS ANENT TURE  STRENGTHM
(GPA) SET S8TRaAIN (MPA)
_ ) e . LPCTY (PcT)

X3 LI XL XY Y LA LR LA PR A 4 0 A R Rd 22l Ad XXl XY Y JX.]

6AC M10C AX MLC 1,609 35,8
M BC AX MLC 1,787 33,3
M12C AX MLC Sed 2180 1,996 37.58
MIBC AX MLC 6,3 L0800 1,906 38,3
6BC M92C AXx _  MLC - 447 . .200 2,290 37,3
MO4C Ax MLC 4,7 0200 1,807 34,9
M9al AX MLC Se? 2040 14277 33.4
MQBC AX MLC 5,0 189 {,330 32,4
(T T I T P Y YN PR NI R Y P Y I PP P P YL LY Y PP Y Y Y R P YL Y Y YT Y Yy Y
MEAN 53 148 1,750 35,3
( «77 MPSI) ( S123,P81)
87D, DEV, .6 ,070 338 2,2
( 409 MPSI) ( 318,P81)
(XA I AT Y IYPL AY LI L EY Y2 2 Y 4 2 XA A X 3 X 2 2 A2 2 122 2 X222 07.1)
@AC M 5B RaD_ MLC 6,4 180 1,917 41,8
M 9B RAD  wmC 5,9 ,180 1,898 41,0
Mi3B RAD MLC .. 6,4 o150 1,929 41,8
M2%B RAD  MLC 6.0 170 1,822 39,9
6BC M1138 RAR. M C.. . 5.7 . __ 4210 2,230 41,5
M1178 RAD  MLC 641 170 1,794 39,9
M1218 RAD MLC . 55 2180 Z.lub ui,o
M131B RAD MLC S.4 o190 1,738 36,9
XL IR AR LA RIS A A A A R R Y S S L A 2 R 2 2 A0 R 0 X 2 X 2 2 2 1 X/
MEAN 5,9 2179 1,9M4 40,5
— . - (..86_MPS8I) ( 5870,P81)
870, DEY. o o #1017 L17} 1,6
( .08 MPSI)  23%5,P81)

(I I P Y PR I Y Py T P P Y Y Y Y R DR Y P YT L YR R LYY DY YT Y Y 1)
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TABLE D-3 (Continued)

LI T A A XY X E AT YT L L XA AR A2 0 XX 2 2 2 2 J

LOT NU, 367 8PEC, D14, 12,8 MM
LOG NO, 6UBU=T8 SPEC, LENGTH 25, MM
LUG DENSITY ew MG/Muuy

LA XTI LYY Y A XA 2 T A 2 A ARl Rd Bl Rl il Al A dAldAdd ]2 }]

SPECIMEN DRIENT= LUCA® DENSITY YOUNGS PERMes  FRaCe CNMPR,

NUMBER ATION TION (MG/Mwa3)MODULUS ANENT  TURE STRENGTH
(GPA) SET STRAIN (MPA)

- . - - _APeT) _(PCI)
(XX LT LY XX RS LA Y R YR P R R 2 X A2 A 2 X2 2 0 R d X 2221 X2 X2 2 %1 3 3 2]
6AY M3I0C aAX ML M 7.3 100 1,910 4041
M3I4C AX ML M 8.6 o180 1,347 32,8
MyaC Ax MM 6,1 +160 1,658 36,7
M“bc AX ML ™ S.Z .160 1.946 37.0
aBY M{12(C AKX MM - 4.4 «2280 1,480 3,6
Mi16C AX MM 6,1 180 1,749 37,2
Miaul AX MLM 5,3 0190 1,406 32.2
M128C AX MM 5,8 o180 1,469 34,6
(AT DL A XA XY T Rl A A AT X A IR R X L L R 0 0 R X2 a2 XX i R A X Q20 R0 X222 3 22X X]
MEAN Se7 o181 1,621 38,4
. ( .83 mMp8l) ( 5130,P81)
810, DEV, o8 019 230 3,1
€ .12 MPSI) ( 446,P81)
(XTI XA XX XY Fre XX R A 0 Y 22 XY 2 XYY 222 2 2 2 R X X R R XA X X0 L 2 2 0 R A JJX X X 1T 2}
6AY MY3IR RaAD MLM Seb 180 2,346 43,2
M4U78 RAD MM 6,3 100 2,420 a4
M§18 RAD MLM_ 5.9 «180 2,404 44,9
Mg1B RAD  MLM 6.1 o170 1,866 41,9
6BY MIS{B RAD MLM 5,6 o200 2,016 40,8
MigsB RAD MLM St 200 2,731 4.8
MIS9B RAD MM 5.6 w210 2,427 42,6
M{e9B RAD  MLM 5.8 170 1,941 40,8
(LI X I X2 2P 2 X A0 X AT R A L2 2 0 T A 1 1R 2 00T A 123 12 X212 212 X)J
MEAN 5.8 184 2,269 4e,6
.. — ( 83 MPAL) ( 617%,P8])
87D, DEV, ) L018 898 1,5
( 06 MPsI) ( 236,P81)

(AT LA I T L X AL L PRI 1Y 2 0 0 1A AR X A 0 d A d 2 2 X LA 20 ] 2 2l 02X}
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TABLE D-3 (Continued)

LOT NO, 367 SPEC, D1A, 12,8 MM
LOG NN, 64B84e?8 SPEC, LENGTH 25, MM
LOG DENSITY ew» MG/Mwn 3y

[ YT RIS YT T R XA A S X R YRR R A A AT YR 2 2 0 X}
SPECIMEN ORIENTe LOCAe DENSITY YOUNGS PERMe FRACS COMPR,
NUMBER ATION  TION (MG/M*w3IMODULUS ANENT  TURE STRENGTH
(GPa) SET STRLIN (MP4)
; LPCYY (PCT)

(I3 XTI XY YRR A X R XX R I TR 2 X LA R Ed AR I A AR R P L XY X2 2 ]

6AE  MpOC AX MLE 6,4 180 g,142 41,3
moUC AX MLE 8,6 10 1,630 43,6
MP2C AX MLE 7.2 «150 1,659 38,8
M74C AX MLE 6,9 2150 1,978 42,4
obg Mid2gc AX MLE - - 6,7 _ 170 2,012 42,1
Miupl AX MLE 763 180 2,030 41,9
MiSyuC AX MLE 0e9 2180 1,714 38,6
MIS8C AX MLE 7,0 ,200 1,712 39,9
L Y L T L I Y T L I T P e e T Y L LY T T LY Ty
MEAN 7.1 165 1,861 41,1
3 i (1,03 MPSI) ( 5958,P31)
81D, DEV, 7 .028  ,200 1,8
( +10 MPSI) ( 261,P81)
I T TITA AT ITY TR A IS AT I T Y Y I A R S 0 L X T XA R A1 223 22 2 13132 1]
0AE  M798 RAD MLE $.,9 200 2,711 '
MBSB RAD  MLE $,8 W200 2,479 44,3
MayB RAD  MLE 5.9 «180 2,410 4d,.?
M97B RAD  MLE 6.1 .180 2,380 48,7
—HBE M18Y8 RAD MLE = . . S.6___ ,180 2,677 45,9
M198B RAD MLE - o 6,1 L1900 2,218 2,7
M20%8 RAD MLE S.8 , 220 @,498 44,3
I Y T AL L L P T Y P YL I LY YT PRI Y LR LT LYY Yy Y]
ME AN 5,9 195 2,500 44,
. e .0 _,85 MpSI) ) .. ( 64BS,PSI)
3T01 DEV, o2 - ;015 2160 1.0
( .02 MP8}) ( 151,P810)

( ZXT I I Y YRR DR PRSI J A0 P LYYy DA X A A A A 22X XX ]
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TLAB, NU, 44247

_SAMPLEL  GRAPHITE 648y4~T8=ET0B

ELEMENT

Llﬂ. NU- 44267
_SANMPLE)  GRAPHITE eq8ue?BefgoB ~_ PROJECY NO, . 3224148008 _ OILUTIONS ds0000 _PLATE NO, Tewoee

AG

[1¥]
gV
HF

el —

Ly

.. M0

ND
PR

Y 1 IS

TA

e -
"

® -

e ELEMENT

CONCENTRATION, PPM

\
I
I

.
RARAARAAAAA ARARN

TABLE D-4
IMPURITY CONTENT OF HLM GRAPHITE

~LOG NO. 6484-78, SPECTROGRAPHIC ANALYSIS

ConCENTRAYIONS pPM . . ELEMENT COMCENTRATION, PPM. _ _
< «50 AL ©0,00
: Bk Y S
200,00 ¢D < 10,00
€ de00 LR oL R20a00 .
< 1,00 , oY < 20,00
< 10,00 - ... _FE > 1000400
< 20,00 uo < 10400
e - 10600 kA € 10400 . .
< +50 L1 6,00
. < 1,00 e NA 10400
< 200,00 NI 40400
<€ 6,00 . B PR < 100200
< 8490 (14 < 1400
o £_100400 . _ . ___ AN _ < 0400 . _ . .
< 40,00 ] < 40400
< ._20,00 : ™ < 4,00
¢ 40,00 1] ¢ 10,00
_ 4000

" CONCENTRATION BASED On URGINAL SAMPLE BEFORE DILUTION WITw DILUENT

-2 MEANg

GREATEN THAN
€ MEANS LESS THAN THE QENSITIVITVUF YN[ SPECTQOGRAPNIC PNOCEVURE USED

RESULTS ARg.CORRECT wlTAlN A FACTUR (fF 40X o

(ONg

STANDARD DEVIATIUN)

T DATEL e®21e76

PLATE NUy

ELEMENT

REPURI TUL G ENGLE
PROJECT “Uy 3224146005 DILUTEGNE 120009
ELEMENTY CONCENTRATIUN, PPM
5V At 80,00
80,00 Bt < +50
400400 co < 10600
4,00 (4] 10,00
1200 oY < 20,00
10,00 Fe 1000,00
20,00 NQ < 10,00
- 30400 . - LA £ 30,00 - I
+5¢0 M§ 200?
—4eb0. - - NA 10400
200,00 Nl 20,00
6400 PR £ 100,00 .
8,00 st < 1000
100,00 ... .. . . ... _SN Y S 7T U
49,00 AL < 40,00
20,00 bE,| < 4,00 . o
40,00 Ye < 10,400
L eSe S [
REPURT 108 6 ENGLE

C_ELEMENT

[}
(43
%)
En
Gu
In
Ll
MN
Ng

. RB

T
I8

v

DATES em2ieTe

Tosvee .

CONCENTRATION, PPM

<

- CONCENTRATION) pPM__ . _

|
A AAAARAAAAAA
+

~ 80400

2,00
,aqﬂq_.. Lam -
80400
100,00
0400
10,00 _
1.09
_. 1400 .
1200
6e00
loo.oo
“n.ﬂo . B
100400
ﬂﬂ;ﬂﬂ_

!
H
I
i
i
1

00!00
00,00
30!09

o, 00
,lﬂgﬂﬁ,ﬁm -
1400
1e00
lQO
el e
100,00
40400 e
80,00

40400
40,00 .
30.00



£€-a

LAB, N1, “u2a?

SAMPLE GRAPNTTE pudy=T8ef ipr

ELEME o CunCE «TRATI(v,
119 < oSV
BA 40e0v
Ca 200400
co < dyttu
cy < 10V
[3Y] < 10a00
HE < 20400
. 10400
Ly [ 1Y
MO L4 1400
ND < 290,00
P8 < 6400
88 < 8,00
L L < 100400
TA < 40,00
T < 204,00
w < 40400
IR < 1

LAB, NO, 44247

§AMPLES  GRAPHITE puBu=TBeERBE

ELEMENT CONCENTRATIONS
AG < 50

BA 40400

CA 200,00

co < 4400

Ccu < 1400

£u < 10400

HF < 20400

- X 00,00
L < S0V

MO < 1400

ND < 20U0,00

P8 2V0,.90

L1 60,00

Im < 100,00

Ta < 40,00

TL < 20,00

» < 40,00

IR < S0

TABLE D-4 (Continued)

whopml 153
PrudtCY nay 3224labvis

epr ELEMENT CLACE~NTRATIN,
AL bU, 0!

at < A1)

cu < 10,00

C~ 20,00

oy < ey

43 > 10V0suv

U < 10,0V

LA < 1040V

M 2,00V

NA 10400

Ni 40,00

PR € 10040v

8¢ < 1,00

L1 < Q400

Te < 40,00

Tm < 4e00

Yb < 1040V

REPUR! 103 G ENGLE

FROJECT NO, 322414p00% DiLurtiony
ppM ELEMENT CONCENTRATIONS
AL 40,00

gt < +Su

(4] < 10,00

(4] 20400

DY < 20,00

Ft > 1000400

Y < 10400

LA < 10,00

Ml 4,00

nA 40000

Nl 40,00

PR < 1u0e0v

8¢ < 1400

SN < b6,0v

L] < 40,00

™ < 4,00

Ye < LU

6 EAGLE

CONCENTRATION BASED gn ORGINAL SAMpLE BEFORE DILUTION WITH DILUEANT

> MEANS GREATEX Tran

¢ MEANS LESS THAN TWE SENSITIVITYOF THE SPECTRUGRAPHIC PRUCEVIRE uSEN

RESULTS ARE COXRECT W#11HMIN & FACTUR 0F duX , 0OINE SpaNDAwD

AW BETLY)

VINVTIU v

1R INY]

e FLEME T

-3}
ct
[}
(X}
%)
In

Li
MmN

NB
1]
31
1]
'

N

140009

PpM ELEMENT

Lulfs b=dlw/n

PLATE Ny

Te®uvbe

CONCENTRAT LN,

MAAAAANAN

AA N

2us v
2e00
80,00
100,00
b,U0
16400
1,00
lluu
4,00
8400
100,00
404,40
60,00
40,00
48,00
40400
20400

DATR 6*21%7e
PLATE ND, 76060

CONCENTRAT LN

AAAAAAN

A AAAN

2,00
RauUl
80,00
100000
6,00
10200
1400
2,00
4400
6,00
100,00
40400
80,00
40,00
40400
40400
20,400

RpH

PP
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LAB, Ny, 4u247
_SAMPLE

GRAPHITE ouBu®78%E]24R

ELEMENT

19
BA
CaA
cu
Cu
EV
HF
R

Ly
MO
ND
PB
88
™
TA
"
w

IR

LAR, NN, 44247

SAmMp

ELFMENT

CraCEATRATION, PPM

< 1Y
due00
2u0,00
4400
1,00
10400
2040V
10400
50
1,00
20L0a0U
0,00
8,00
1ufs0u
40,00
20,00
40,00
Q0,400

AAPAAAAAALAILAAAN

GRAPHTTF 64A4uTR=F15u4R

AG
RA
ca
cn
cy

CONCENTRATION, PPM

< +50
40,00
100,00
a,00
1.00
10,00
20,00
10,00
1
1,00
200,00
6,00
8,00
100,00
80,00
20,00
40,09
.50

AAAAAAAAANAANAAAAA

PRNJFCT NO,

FROJECT

“U,

TABLE D-4 (Continued)

REPURT Ty EnbGLe
3224 upiits vituTivng Tevivy
ELEMENT CinCENTRATINN, PPM Fueevgnl

AL 20400 [

;13 < +Su gl

ch < 10400 ct

cr 20400 4

oY < 20,00 (X

Ft > 100000 v

MU < 10400 I~

LA [4 10e0U Li

My 2,00 My

~A < 10,00 NG

Nl 400U 4

PH < 100,00 Ro

(14 < 1,00 L 2

sk < 0s00 x

Ty < 40,00 1

™ < 4,00 ¥

Yy < 10,00 In

REPNDRT TNt & ENGLE N .
3224506005 BILUTINNG 1,0000
ELEMENT FONCENTRATION, PPM ELEMENT

AL < 1,00 8
RE < «S50 81
co < 10,00 CE
CR < 10,00 cs
DY ¢« 20,00 ER
FE AOO, 00 GD
HN < 10,00 (Y]
LA < 10,00 L1
“G a,0n MN
NA 4 10,00 NB
NT to, 00 4
PR < 100,00 RB
sC < t, 00 81
SN < h,00 SR
TR < un on Tt
™ < 4,0n v
AL} < 10,00 ™

CONCENTRATINN RASFN O NRGINAL SAMFLF RFFNRE NDILUTION WYTK RT{HENT
> MEANS GREATF®R THAN

<€ MFAMS | FRS TwHaN

RESM TS ADE CNREFCT ~TTuIh A& €ACTAR

0§

1oy

’

THFE SFMSTTIVITYNE THF SPFFTRPARRAPHTIN DRNACFM RF 1L,SFN

(ANME STANDASN PNEVIATTINN

Dargs ce2)ee
PLATE Nu, 7b6°%Vbo

CONCEY TRAY LN, PPY

2400
2400
80,00
19000
6,00
10400
1e00
leuu
4,00
0,00
1U0e00
Q0,00
60400
€ 40suu
40,00
00,00

< Q0,400

AAAAAAN

AAAN

PATES 621wl
PLATF nA, T6=066

CONCENTRATION,

2,00
2,00
80,00
100,00
6,00
10,00
1,00
1,00
1,00
6,00
100,00
40,00
RO, 0N
40,00
40,00
20,00
< 20,00

AAAAAAAAAAN

~

PPN
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LAB, Ny, 44247

SAMPLER GRAPRHITE pUBuwTBem]on

LAB, NO, 44247

ELEMENT CINCENTRATINN,
AG [4 50

BA 40,400

CA 80,00

co < dy00

Cu < 1400

Eu < 10400

ME < 20,400

K 10,400

[9Y} < WSV

Mo < 1400

NO € 200,00

PB < 6400

88 < 8,00

- -L.] € tun.09
TA < 40,00

T < 20,400

[ < 40,00

IR < -

_SMMPLES GRAPHITE s4Buw78eMy0d

ELEMENT CONCENTRATION)
AG < S0
BA 40,00
Ca 200,00
cu < 4,00
Cu < 1,00
(37} < 10400
HF < 20,00
K < 10,00
L < «50
MO < 1.00
ND ¢ 200,00
(4] < 6009
§8 < 8,00
§™ < 1u0e 00
TA < 40,00
T < 20409
w < 40,400
IR 16,400

TABLE D-4 (Containued)

REPURT Tl G EnGLE

PrUWECT v ), 3224ldb Y DiLuTiors
PR FLEMENT ¢ ONCENTRATION,
AL < 1e0V
] < -1
cL < 10400
Ck < 10400
oY < 20,00
ft 100,00
n0 < 10,00
LA < 10,00
Mo 2,00
NA < 10,00
N1 < 4,00
PR < 100,00
st < 1400
SN 4 6,00
T8 < 40,00
™ < 4,00
A -] < 10,00

REPOUR! TUL G ENGLE

PROJECT MU, 322¢14600% PILUTIONS

PPM ELEMENT CONCENTRATIONY
AL 60400
8k < N1
co < 10,00
(] € 10,00
DY < 20,00
FE 800,00
®O < 10,00

. LA < 10,00
M? 4,00
NA < 10,00
Nl 20,00
pH < 100400
8L < 1,00
8R < 6,00
™ < 40400
™ < Ly
Ye < 10,00

CONCENTRATION BASED UN ORGINAL SAMPLF BEFURE DILUTION WwITH DILUENT

> MEArS (RpATEr THAN

< MEANS LESS THAN THE SENSITVIVITYUF tht SPELTRUGRAPHIC PRUOCEUUKE 19ED
RESULTS ARE CONRECLT wITrIN & FACTOR (IF 4U% ¢ (uNg STANDARD DEVIATION)

letviv

pom BLENME T

Bl
ct
%}
Ex
LV
In
[
MmN
ND
1]
8i
in
T

IN

1.0vV0¢

PP ELEMENT

Bl
13
ce
LR
1%}
IN
[
I
Ny

(.11
81
K
Tl

IN

DATLL 6w2leTe

PLATE N,

Toeube

CONCREATRATL ey

AAARAAN

AAAA

A

2,00
2440
BO.00
10000
6,00
10400
100
a.ug
1s00
6,00
100,00
40400
UL 00
80,00
20,00
10,00
20,00

DATEL ow2le7b
BLATE ND, Te=uee

CONGENTRATIQN,

AAARAAAN

AAN

2-09
2490
80,00
100,00
0509
10.00
1,00
100
2,00
6,400
1uQ,ue
40400
100,00
“0400
40,00
80400
20,400

pR*

L
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TABLE D-4 (Continued)

LAB, NO, 44247 REPUNT Tut o ENGLE DaAles oegiele
SAmpLE GRAPMITE ndRu=TReMioh AROJELT Ny, 32e414b005 BILuTIv g el run PLAIE vu, Toeups
ELEMENT CONCENTRATION, poM ELEMENT CONCENTRAT IO, PRw Evtme ! CoMLERTRAV L 3y PR™
AG < «SU AL BO, U B €00
BA 40,00 Bt < .Y v < 2400
Ca 1vp,0v0 cL < fus0 ce < 8U,00
(1] < 4e0u 9] 2 1huvelu (%] < 10vevy
cu 10,00 oy C O 2uabi b < 0,00
ey < 10abv Ft > 100040V 6L < 1000
T < 26400 no < fusov v < Levy
K < 10,400 LA < 10,00 Li 6400
w < +50 Mo 44u0 M 100,00
[ J¢] < 1,00 NA < 10,00 NE < bV
:g : 200,00 g‘i > 1000400 (4 < 100400
6300 < nY “
88 < 800 ac < 00 sl < 200088
L1 < 1un,00 8N < 5,00 L1 < 40,00
TA < 4p,00 18 C 40,00 11 BULOU
Th < €000 ™ < 4,00 v 20,00
w < 40400 \L] < 1040v In < 204ul
IR 40,00 )
LAB, NO, 462e7 REPURT TUE G ENGLE } DATES bsgl=76
. BAMPLE)Y = GRAPHITE nd8de78eMi0uUB PRUJECT nO, 32264140008 DILUTIONT 140000 PLATE NO, Towuat
ELEMENT CONCENTRATION, PPM ELEMENT CONCENTRATIUNY PPM EWEMENT CONCENTRATIGN, pRM
AG < W50 AL 40,00 B 2,00
BA 20,00 13 < 59 8l LY
Ca 100,00 o < 10400 143 < 80,00
cu < 4,00 cs 200,00 (] < 100,00
cu < 1,00 DY [4 20400 En < 6,00
(37 < 10,00 Fb 100,00 P < 10,00
"F < 20,00 wO < 10,00 N < 1400
. K < 10,00 LA < 10,00 Li 1400
WU < «50 Mo 400 M 20,09
MU < 1400 NA < 10,00 NB < 6400
ND < 200400 N 200,400 P < 100,00
PH 200,00 PR < 100,00 KB € 40,00
88 40,00 8¢ < 1400 L 1! 80,00
M < 1ug,ue 8N < 6,040 EL] € 40400
1A < dy,00 T8 < 4,400 11 20,00
T < 2u,00 ™ « 4,00 v 29.u0
w < 40,00 Yg < 10,04 N < 20,00
R 10e0y

CONCENTRATION ®ASED UN URGINAL SAMPLE BEFURE CILUTION WITHA DILUEN?

> MELANS GREATER THawn

€ MEANS LESS THAN TwWk SEVSITIVITY)F THE SPELYFUGRAPHIC PwitCEL Nt USEL
HESULTS ARE CURRECT WITHEY A FACTUR NOF <uX% ¢ (UhNg STANRAN, spvidlIun)




Le-a

LAB, Nu. 44247

SAMBLE g GRAPH]IIE pyBa=78=M122b

ELEMENT Cut CENTRATINN, ppw
Al < 30U
8A 4,00
Ca 1une U
o < 4,00
Cy < 1400
Eu < 10,00
HF < 20200
K 10400
[RY} < S0
18] < 100
ND € 2u0,00
(4] < 6400
§8 < 8,00
R b1 < 10u.00
TA < 40,00
T < 20,00
w < 40,00
iR < 1Y

LAB, NU, 44@u7

SAMPLEL  CRAPHMITE 64Q4=78=p1528

ELEMENT ConCENTRATION) PPM
AG < W50
.. .BA N 40,00 . I
CA 5040V
co [4 4,00
Cu < 1,00
Eu < 1000
.13 < 20,00
X < 10,00
Lu [4 ¢50
“Q < 1,00
ND € 200,00
Py < 6e0v
38 < 8,00
i <€ 100.0u
TA < 40,00
T < 20,00
w < 40,0V
4 < Sy

PROJECT Nuy,

. FROJECLT ~Q,

TABLE D-4 (Continued)
KEFUR] Tid @ EYGLE
LILE TIong

ELFMEN

AL
BE
v
(o]
vy
Ft
Ay
LA
i
NA
LY
(L]
8
-1
Ta
T™
yYse

- -

REPURT TOI
3224146005

ELEMENT

s220iae ey

1

ConLENTRAT L b,

~ AN AAAAN

AANAAAN

G ENGLE

fU0 Uy
1"
17400
10,00
20+ 0v
400400
10000
10400
240U
10400
10,00
100400
1.00
beOU
40400
4,00
10400

PLLVIIONS.
CONCENTRAT TN,

'
1

<
4
s
<
4

o Xa)

~

AAAAAA

CONCENTRATION BASED UM NGINAL gaMplE BEFURE DILUTIONM WITH UILUYENT

> MEANS GREATER Tran

¢ MEANS LESS THMAN TWE SENSITIVITYUF THE SPECTRUGRAP-C PKACFULIKE 1ISED

RESULTS ARE CURNRECY wlIyHIv A BACTUR OF 4u% ,

(ONE gravlarn QeyiAylun)

1,00
- #50
10000
10,00
20,00
80,00
10,00
10400

2400
10,00
10400

300600

1,00

6400
40,00

4,00
1ue0V

Laluuy

PR ELErE !

v
ct
o}
en
GV
in

iy
hl-]
R
8l
L1
Y

IN

10000

PPM BbpMEnT

Ct

ER
GO
I
ki
MN
~y

1.]
81
8w
11

i

VATLY oedle/n

PLATE U
AR

<

<

<

<

<

<

<

4

<

<

<

<

DATEL bw
PLATE Ny
COoNCEN

[4

<

<

[4

<

4

<

<

<

<

<

<

<

» /o"lse

INATL

2,00
gavu
80s0y
100400
6eud
10200
eV
1aG0
1,00
0400
100,00
40400
80,00
4000
20.00
20,v90
20400

elele
s 1ewibe

TRATION,

2400
a0
80,00
100400
6400
10400
1,00
104
1400
000
100400
40400
80,00
40svv
duosvy
2lalv
sy

epM

ppH





