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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 
3 

254 mm in diameter by 1829 mm in length with a bulk density of 1.79 Mg/m . 

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 
3 

mm cross section and a 1829-mm length) with a bulk density of 1.72 Mg/m . 

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 ram in length with a bulk density of 
3 

1.78 Mg/m . 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 HLM 

As a candidate for permanent side reflector blocks, grade HLM may be 

characterized as an extruded, medium-grained graphite manufactured as logs 
3 

1143 mm in diameter by 1829 mm in length with a bulk density of 1.79 Mg/m . 

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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TABLE 1-1 
SUMMARY OF CHARACTERIZATION DATA FOR GRADE 2020, H-440N, PGX, AND HLM GRAPHITES 

Property 

3 
Bulk density (Mg/m ) 

Tensile properties 

Strength (MPa) 

Modulus (GPa) 

Flexural strength 
(MPa) 

Compressive properties 

Strength (MPa) 

Modulus (GPa) 

Impurity content (ppm) 

Ash 

Si 

Fe 

Graphite Grade 

2020 

Axial 

1.79 

16.0 

7.5 

25.0 

80.5 

9.5 

1550 

15 

220 

Radial 

17.5 

8.5 

27.5 

80.5 

10.0 

— 

— 

— 

H-

Axial 

1.72 

11.0 

6.5 

19.5 

51.0 

5.5 

600 

19 

14 

440N 

Radial 

— 

11.5 

7.5 

21.0 

45.0 

6.0 

— 

— 

— 

PGX 

Axial 

1.78 

10.3 

6.0 

15.5 

43.0 

5.0 

6183 

541 

>1000 

Radial 

— 

9.5 

7.0 

15.0 

41.0 

5.5 

— 

— 

— 

HLM 

Axial 

1.79 

10.0 

7.0 

18.0 

39.0 

6.0 

2398 

32 

>1000 

Radial 

— 

11.5 

6.0 

17.5 

42.0 

6.0 

— 

— 

— 



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 HTGR 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. In 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 isostatlc 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. 
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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

statlc 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 

ram 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. 
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TABLE 3-1 
CORE SUPPORT AND PERMANENT SIDE REFLECTOR GRAPHITES 

Grade 

2020 

PGX 

HLM 

H-440N^^^ 

Manufacturer 

SC 

UCC 

GLCC 

GLCC 

Reactor 
Component 

Core support 
posts 

Core support 
floor 

Permanent side 
reflector 

Core support 
posts 

Filler 

Petroleum 
coke 

Recycle 
graphite 

Pet. coke + 
recycle 
graphite 

Petroleum 
coke 

Binder 

Coal tar 
pitch 

Coal tar 
pitch 

Coal tar 
pitch 

Coal tar 
pitch 

Forming 
Method 

Isostatlc 
molding 

Conventional 
molding 

Extrusion 

Isostatlc 
molding 

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. 
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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, HLM, 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. However, 

they are different in detail (see Table 3-1). The various grades for each 

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 

raaterials, processing, and log size. Thus, the data are presented as mean 

values of specimens taken from various regions of each log. A detailed 

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-

pole Carbon Company. The data for grades H-440N, PGX, and HLM are confined 

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. 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. However, differences in strength along the longitudinal 

and radial axes were not excessive. The scatter among specimens at a single 

location in a log was not excessive. A sumraary of the tensile strength and 

elastic modulus values for each log is given below: 

Log 
No. 

6484-110 

6484-137 

6799-00 

UTS 

Axial 

14.9 

15.5 

18.0 

(MPa) 

Radial 

17.4 

17.0 

18.8 

E (GPa) 

Axial 

7.2 

8.1 

— 

Radial 

7.8 

9.4 

— 
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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: 

Slab 

End-1 

Middle-6 

Bottom-12 

UTS 

Axial 

11.0 

10.8 

9.2 

(MPa) 

Radial 

10.2 

10.2 

8.6 

E (GPa) 

Axial 

6.3 

6.4 

6.1 

Radial 

6.9 

7.4 

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: 

Slab 

End-1 

Middle-6 

UTS 

Axial 

10.3 

9.8 

(MPa) 

Radial 

11.9 

11.0 

E (GPa) 

Axial 

7.1 

7.1 

Radial 

6.2 

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

Log 
Number 

Lot 
No. 

Date 
Received 

Location 
in Log 

Orientation 
of Specimens 

Mean Density 
(Mg/m3) 

l(a) 

Mean Tensile 
Strength 
(MPa) 

a N (a) 

Mean Elastic 
Modulus 
(GPa) 

N (a) 

Ln 
1 
Ln 

6484-110 728 May 1976 

6484-137 Oct. 1974 

6799-00 Dec. 1974 

End slab 
1(b) 

Middle 
slab 6 

Middle 
slab l(c)| 

Middle 
slab 2 

End slab 
1(d) 

Middle 
slab 3 

End slab 
5 

} 

Axial 
Radial 

Axial 
Radial 

Axial 
Radial 
Tangential 

Radial 
Tangential 

Axial 
Radial 

Axial 
Radial 

Axial 
Radial 

1.787 
1.789 

1.790 
1.796 

0.006 
0.002 

0.009 
0.002 

12 
8 

12 
8 

1.784 
1.780 

1.789 
1.783 

1.799 
1.805 

0.004 
0.003 

0.002 
0.003 

0.005 
0.004 

8 
8 

14.1 
15.8 

15.8 
18.9 

15.5 
16.4 
20.2 

17.6 
14.6 

18.5 
18.8 

17.4 
18.6 

18.2 
19.1 

1.9 
1.4 

2.4 
1.5 

1.2 
1.5 
1.6 

2.0 
1.4 

1.1 
1.7 

0.6 
1.1 

1.2 
1.1 

36 
20 

36 
20 

10 
10 
10 

10 
10 

8 
8 

7.3 
7.9 

7.1 
7.6 

8.1 
9.3 
9.5 

9.5 
10.1 

0.2 
0.2 

0.2 
0.1 

0.1 
0.1 
0.2 

0.1 
0.2 

12 
8 

12 
8 

4 
4 
4 

4 
4 

(a) 

(b) 

(c) 

(d) 

N = number of replicates tested. 

See Fig. 5-1 for location in log. 

See Fig. 5-2 for location in log. 

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 

I 

1 .r\c a fi nn 

in Log(^) 

End slab 1 

End slab 1 

Middle slab 6 

Middle slab 6 

Orientation 
of Specimens 

Axial 

Radial 

Axial 

Radial 

Mean Density 
(Mg/m3) 

P 

1.746 

1.740 

1.706 

1.700 

a 

0.004 

0.007 

0.029 

0.018 

»(-> 

12 

8 

12 

8 

Mean Tensl 
Strength 

(MPa) 

S 

11,2 

13.1 

10.9 

10.4 

a 

1.5 

1.1 

1.3 

1.3 

le 

N(b) 

34 

20 

34 

20 

Mean Elastic 
Modulus 
(GPa) 

E 

7.1 

8.0 

6.0 

7.0 

a 

0.3 

0.7 

1,0 

0,8 

N(^> 

12 

8 

12 

8 

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

N = number of replicates tested. 



TABLE 5-3 
BULK DENSITY, ULTIMATE TENSILE STRENGTH, AND MODULUS OF ELASTICITY OF 

GRADE PGX, LOG 6484-112, LOT 8D5-3 

r „\ 
Location in Log 

Slab 

End-1 

Middle-6 

T 

Bottom-12 

' 

Section 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

Orientation 
of Specimens 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Mean Density 
(Mg/m3) 

P 

1.781 
1.776 
1.774 
1.774 
1.790 
1.790 

1.779 
1.778 
1.780 
1.783 
1.790 
1.791 

1.783 
1.777 
1.773 
1.777 
1.780 
1.775 

a 

0.005 
0.006 
0.003 
0.002 
0.016 
0.002 

0.008 
0.005 
0.003 
0.004 
0.004 
0.002 

0.009 
0.004 
0.005 
0.005 
0.010 
0.003 

«('> 

8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 

Mean Tensi 
Strength 

S 

10.5 
9.6 
11.1 
10.2 
11.4 
10.9 

10.0 
9.2 
10.9 
10.3 
11,4 
11.0 

9.1 
8.9 
9.1 
8.1 
9,4 
8,8 

(MPa) 

a 

2.0 
0.7 
0.5 
0.8 
0.6 
0.6 

0,7 
0.8 
0.7 
0.7 
0,6 
0.9 

0.9 
1.1 
0.6 
1.4 
0.7 
0.9 

le 

N(^) 

24 
20 
24 
20 
24 
20 

24 
20 
24 
20 
24 
20 

24 
20 
24 
20 
24 
20 

Mean Elastic 
Modulus 
(GPa) 

E 

6.5 
6.7 
6.2 
6.8 
6.3 
7.2 

6.2 
7.1 
6.5 
7.3 
6.6 
7.7 

6.2 
7.4 
6.0 
6.9 
6.1 
6.9 

a 

0.3 
0.2 
0.2 
0.3 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.1 
0.2 

0.5 
0.3 
0.2 
0.2 
0.2 
0.3 

N(^> 

7 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 

See Fig. 5-5 for location in log. 

N = number of replicates tested. 



TABLE 5-4 
BULK DENSITY, ULTIMATE TENSILE STRENGTH, AND MODULUS OF ELASTICITY 

OF GRADE HLM, LOG 6484-78, LOT 367 

I 
00 

Location 

Slab 

End-1 

1 

Middle-6 

T 

in Log^^^ 

Section 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

Orientation 
of Specimens 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Mean Density 
(Mg/m3) 

P 

1.784 
1.780 
1,774 
1,774 
1,772 
1.771 

1.796 
1.796 
1.798 
1.795 
1.794 
1.794 

a 

0.008 
0.007 
0.008 
0.007 
0.009 
0.008 

0.006 
0.003 
0.005 
0.006 
0.004 
0.006 

N(^> 

8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 

Mean Tensile 
Strength 
(MPa) 

S 

7.8 
11.9 
9.4 
12.0 
13.8 
11.9 

6.8 
9.9 
9.3 
10.6 
13.3 
12.4 

a 

2.1 
1,8 
1.0 
0.7 
1.2 
1.1 

1.0 
1.3 
2.2 
1.7 
1.8 
0.8 

N(^) 

24 
20 
24 
20 
24 
20 

24 
20 
24 
20 
24 
20 

Mean Elastic 
Modulus 
(GPa) 

E 

6.9 
6.6 
7.0 
6,2 
7.4 
5,8 

6,5 
6.6 
7.2 
6.2 
7.7 
6.1 

a 

0.1 
0.3 
0.3 
0.2 
0.6 
0.4 

0.5 
0.2 
0.8 
0.4 
0.5 
0.3 

^w 
3 
7 
7 
8 
8 
7 

5 
8 
4 
7 
8 
8 

(a) See Fig. 5-5 for location in log. 

N = number of replicates tested. 



TABLE 5-5 
FLEXURAL STRENGTH OF GRADES 2020, H-440N, PGX, AND HLM 

Graphite 
Grade 

2020 

H-440N 

I 

PGX 

[ 

PGX 

PGX 

' 

HLM 

1 

HLM 

1 

Log No. 

6484-110 

F 

6484-81 

6A84-112 

6484-112 

6484-112 

6484-78 

' 

6484-78 

Lot 
No. 

728 

i 

— 
— 
~ 

8D5-3 

' 

8D5-3 

' I 

8D5-3 

' 

367 

1 

367 

Location in Log 

Slab 

End-1 
End-1 
Middle-6 
Middle-6 

End-1 
End-1 
Middle-6 
Middle-6 

End-1 
End-1 
End-1 
End-1 
End-1 
End-1 

Mlddle-6 
Middle-6 
Middle-6 
Middle-6 
Middle-6 
Middle-6 

End-12 
End-12 
End-12 
End-12 
End-12 
End- 1 2 

End-1 
End-1 
End-1 
End-1 
End-1 
End-1 

Middle-6 
Middle-6 
Middle-6 
Middle-6 
Middle-6 
Middle-6 

Radial 
Section 

__(b) 

— 

__('=) 

— 

AC-Bcf^; 
AC-BC ̂'̂ ^ 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC ,j^ 
AC-BC ̂"̂ ^ 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY' 
AY-BY 
AE-BE 
AE-BE 

1 

nT"iP'nf;=if 1nn 

of Specimens 

Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Mean 
St 

S 

25.0 
27.4 
25.2 
27.2 

20.5 
21 .8 
18.5 
20.1 

15.8 
15.1 
16. 1 
15.5 
16.0 
16.6 

15.3 
14.3 
15.9 
15.7 
16.8 
17.1 

14.1 
14.1 
13.3 
13.9 
14.3 
13.5 

16.3 
17.9 
16.9 
17.7 
20.8 
16.6 

13.8 
17.5 
18.0 
17.4 
20.8 
17.9 

Flexural 
rengt 
(MPa) 

0 

2.4 
0.9 
0.8 
0.8 

1. 1 
1.4 
1.8 
1.6 

1.2 
1.8 
1 .0 
1.8 
0.9 
1.2 

0.9 
2.2 
0.8 
1.5 
0.8 
1.6 

1 .3 
1 .7 
1 .0 
1 .1 
1 . 1 
1 .9 

1.9 
1 .7 
1.8 
1.6 
1.5 
1 .4 

2.6 
2.1 
1.7 
1.7 
1 .4 
1 .3 

h 

N(a) 

42 
20 
42 
20 

42 
20 
42 
20 

24 
20 
20 
20 
20 
20 

24 
20 
20 
20 
20 
20 

24 
20 
20 
20 
20 
20 

24 
20 
20 
20 
20 
20 

24 
20 
20 
20 
20 
20 

N = number of replicates tested. 

See Fig. 5-1 for location in log. 

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

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 

Log 
Number 

6484 
6410 

6484 

6799 

1 

-110 
-110 

-137 

-00 

Lot 
No. 

728 
728 

Location 
in Log(a) 

Slab 2 
Slab 2 

Middle slab 1 
Middle slab 1 
Middle slab 1 
Middle slab 2 
Middle slab 2 

End slab 1 
End slab 1 
Middle slab 3 
Middle slab 3 
End slab 5 
End slab 5 

Orientation 
of Specimens 

Axial 
Radial 

Axial 
Radial 
Tangential 
Radial 
Tangential 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Mean Compressive 
Strength 
(MPa) 

S 

78.6 
78.5 

75.5 
74.3 
74.2 
77.0 
79.5 

84.0 
82.0 
80.0 
81.2 
85.4 
88.9 

a 

3.1 
1.5 

1.9 
1.5 
2.0 
1.9 
2.0 

2.5 
2.2 
1.6 
2.7 
3.0 
4.1 

N(b) 

4 
4 

10 
10 
10 
10 
10 

8 
8 
8 
8 
8 
8 

Mean Elastic 
Modulus 
(GPa) 

E 

10.0 
9.9 

8.7 
9.4 
9.5 
10.1 
10.0 

a 

0.6 
0.9 

0.3 
0.6 
0.5 
0.5 
0.5 

N(b) 

4 
4 

9 
10 
10 
10 
10 

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 

Location 
in Log(a) 

End slab 1 

End slab 1 

Middle slab 6 

Middle slab 6 

Orientation 
of Specimens 

Axial 

Radial 

Axial 

Radial 

Mean Compressive 
Strength 
(MPa)(b) 

S 

52.2 

49.9 

49.7 

40.3 

a 

2.9 

2.3 

5.2 

1.6 

Mean Modulus 
of Elasticity 

(GPa)(b) 

E 

5.7 

7.2 

5.2 

5.2 

a 

0.4 

0.4 

0.9 

0.5 

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

Number of replicates tested = 8. 
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TABLE 5-8 
ULTIMATE COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY OF 

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

Locat ion 
in Log^a) 

Slab 

End-1 

Middle-6 

' 

End-12 

Section 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

Orientation 
of Specimens 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Mean Compressive 
Strength 
(MPa)Cb) 

S 

44.7 
42.2 
43.9 
41.1 
45.7 
42.5 

41.7 
40.2 
44.8 
41.8 
45.5 
43.3 

41.7 
40.2 
40.3 
39.1 
40.7 
38.3 

0 

0.9 
2.7 
2.8 
2.8 
1.6 
1.5 

2.2 
2.2 
2.0 
1.5 
1.9 
1.7 

0.8 
1.4 
1.9 
1.1 
2.1 
1.8 

Mean Elastic 
Modulus 
(GPa)(b) 

E 

5.6 
5.4 
5.2 
5.3 
5.4 
5.4 

5.0 
6.0 
5.9 
6.4 
5.4 
5.5 

4.9 
5.8 
4.5 
5.5 
4.7 
5.3 

a 

0.2 
0.3 
0.3 
0.5 
0.3 
0.3 

0.3 
0.7 
0.3 
0.1 
0.1 
0.4 

0.2 
0.4 
0.2 
0.3 
0.2 
0.1 

See Fig. 5-5 for location in log. 

Number of replicates tested = 8. 
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TABLE 5-9 
ULTIMATE COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY OF 

GRADE HLM, LOG 6484-78, LOT 367 

Location 
in Log(a) 

Slab 

End-1 

Middle-6 

' ' 

Section 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

AC-BC 
AC-BC 
AY-BY 
AY-BY 
AE-BE 
AE-BE 

Orientation 
of Specimens 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Axial 
Radial 
Axial 
Radial 
Axial 
Radial 

Mean Compressive 
Strength 
(MPa)(b) 

S 

38.1 
43.0 
35.0 
41.0 
39.8 
41.6 

35.3 
40.5 
45.4 
42.6 
41.1 
44.7 

a 

0.9 
1.1 
1.5 
1.8 
1.5 
2.4 

2.2 
1.6 
3.1 
1.5 
1.8 
1.0 

Mean Elastic 
Modulus 
(GPa)(b) 

E 

5.1 
5.9 
5.0 
5.7 
6.7 
5.3 

5.3 
5.9 
5.7 
5.8 
7.1 
5.9 

a 

0.4 
0.3 
0.6 
0.4 
0.3 
0.3 

0.6 
0.4 
0.8 
0.4 
0.7 
0.2 

See Fig. 5-5 for location in log. 

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

Sample 
Number 

L16B 

L28B 

L64B 

L76B 

Location in Log 

Slab 

End-1 

End-1 

Middle-6 

Middle-6 

Radial 
Location 

Edge 

Edge 

Edge 

Edge 

Ash 

2000 

1900 

1100 

1200 

S 

23 

13 

11 

12 

Al 

60 

60 

20 

60 

B 

4 

2 

4 

4 

Ba 

40 

40 

40 

20 

Ca 

600 

600 

400 

400 

Cu 

<1 

<1 

<1 

<1 

Element (ppm) 

Fe 

400 

400 

20 

60 

K 

80 

60 

20 

60 

Li 

<1 

<1 

<1 

8 

Mg 

4 

2 

4 

4 

Mn 

2 

1 

<1 

<1 

Na 

10 

10 

10 

20 

Ni 

<4 

<4 

<4 

<4 

Pb 

<6 

--6 

<6 

<6 

Si 

200 

200 

20 

100 

Sr 

40 

<40 

<40 

<40 

Ti 

40 

20 

100 

100 

V 

20 

10 

20 

20 

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 

Sample 
Number 

L2 
L3 
L21 
L16 
L40 
L39 
L57 

L10 

L52 
L76 
L75 
L93 
L64 
LBS 
L111 
L129 

L82 
L58 

Location 
in Log(a) 

Slab 

(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 

(b) 

(c) 
(c) 
(c) 
(c) 
(c) 
(c) 
(c) 
(c) 

(c) 
(c) 

Radial 

Edge 
Edge 
Edge 
Edge 
Edge 
Edge 
Edge 

Center 

Edge 
Edge 
Edge 
Edge 
Edge 
Edge 
Edge 
Edge 

Center 
Center 

Circumfer­
ential 
Location 
(rad) 

0 
0.78 
2.36 
3.14 
3.14 
3.92 
5.49 

— 

0 
0 
0.78 
2.36 
3.14 
3.14 
3.92 
5.49 

— 
— 

Ash 

590 
680 
680 
660 
620 
620 
550 

700 

520 
520 
590 
610 
500 
580 
570 
540 

630 
570 

1 

S 

104 
114 
9 
5 
11 
<2 
<2 

20 

4 
<2 
<3 
12 
<4 
11 
<2 
13 

14 
12 

Al 

<1 
<1 
<1 
<1 
<1 
<1 
<1 

<1 

<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 

<1 
<1 

B 

2 
2 
2 
2 
2 
2 
2 

2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

Ba 

20 
20 
20 
20 
20 
8 
10 

20 

20 
10 
10 
10 
10 
10 
10 
10 

10 
10 

Ca 

60 
60 
60 
60 
60 
60 
60 

60 

60 
60 
60 
60 
60 
60 
60 
40 

60 
60 

Cu 

<1 
<1 
<1 
<1 
<1 
<1 
<1 

<1 

<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 

<1 
<1 

Fe 

10 
8 
10 
10 
20 
<20 
10 

10 

10 
20 
10 
10 
10 
20 
20 
20 

10 
20 

Element (ppm) 

K 

10 
6 
8 
6 
8 
10 
6 

6 

6 
4 
4 
4 
8 
8 
8 
8 

<4 
6 

Li 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 

Mg 

4 
1 
10 
10 
10 
10 
2 

10 

20 
10 
20 
10 
20 
10 
10 
20 

10 
10 

Mn 

<1 
<1 
<1 
<1 
<1 
<1 
<1 

<1 

<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 

<1 
<1 

Na 

<40 
<40 
<40 
<40 
<40 
<40 
<40 

<40 

<40 
<40 
<40 
<40 
<40 
<40 
<40 
<40 

<40 
<40 

Ni 

<4 
<4 
<4 
<4 
<4 
<4 
<4 

<4 

<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 

<4 
<4 

Pb 

<6 
<6 
<6 
<6 
<6 
<6 
<6 

<6 

<6 
<6 
<6 
<6 
<6 
<6 
<6 
<6 

<6 
<6 

Si 

80 
80 
80 
80 
80 
80 
80 

80 

80 
80 
80 
80 
80 
80 
80 
80 

80 
80 

Sr 

<40 
<40 
<40 
<40 
<40 
<40 
<40 

<40 

<40 
<40 
<40 
<40 
<40 
<40 
<40 
<40 

<40 
<40 

Ti 

40 
20 
20 
20 
40 
20 
20 

20 

20 
40 
20 
40 
20 
40 
40 
40 

10 
20 

V 

60 
40 
20 
20 
20 
40 
20 

40 

10 
40 
40 
40 
10 
40 
40 
40 

20 
20 

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

(̂ )End-l. 

'̂̂  ̂Middle-6. 



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

Sample 
Number 

E70B 
E40B 
E16B 
E88B 
E124B 
E154B 

M70B 
M40B 
M16B 
Ml GOB 
M122B 
M152B 

B7GB 
B40B 
B4B 
B88B 
B124B 
B154B 

Location 

Slab 

Top-1 
Top-1 
Top-1 
Top-1 
Top-1 
Top-1 

Middle-6 
Mitidle-6 
Middle-6 
Middle-6 
Middle-6 
Mlddle-6 

Bottom-12 
Bottom-12 
Bottom-12 
Bottom-12 
Bottom-12 
Bottom-12 

m Log(^) 

Radial 
Location 

E-A 
EC-A 
C-A 
C-B 
EC-B 
E-B 

E-A 
EC-A 
C-A 
C-B 
EC-B 
E-B 

E-A 
EC-A 
C-A 
C-B 
EC-B 
E-B 

Ash 

6740 
6890 
7600 
6800 
7440 
7160 

5310 
8070 
7010 
2779 
893 
880 

11070 
10440 
7150 
7270 
845 
6990 

S 

110 
355 
540 
570 
430 
1005 

150 
310 
325 
430 
455 
125 

720 
610 
875 
1096 
695 
945 

Al 

80 
80 
100 
80 
80 
100 

80 
80 
100 
80 
100 
80 

200 
60 
60 
100 
80 
80 

B 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

<0.5 

2 
2 
2 
2 
2 
2 

Ba 

40 
40 
40 
40 
40 
60 

40 
40 
40 
40 
40 
40 

60 
40 
40 
40 
40 
40 

Ca 

80 
80 
100 
80 
80 

>1000 

8 
100 
80 

200 
>1000 

60 

>1000 
200 
200 
100 
80 

>1000 

Cu 

10 
10 
10 
10 
20 
8 

10 
10 
10 
20 
10 
6 

20 
20 
20 
20 
20 
20 

Element (ppm) 

Fe 

1000 
1000 

>1000 
1000 
1000 
600 

1000 
1000 

>1000 
>1000 
>1000 

40 

>1000 
>1000 
>1000 
>1000 
>1000 
>1000 

K 

10 
60 
20 
20 
20 

<10 

80 
20 
20 

<10 
10 
10 

20 
10 
10 
40 
40 
60 

Li 

1 
6 
2 
6 
2 

<1 

2 
2 
1 
2 
2 

<1 

1 
2 
2 
2 
1 
1 

Mg 

1 
10 
40 
40 
10 
6 

8 
2 
10 
20 
1 

<0.5 

4 
10 
40 
60 
20 
10 

Mn 

10 
10 
40 
20 
20 
1 

10 
10 
40 
40 
40 
<1 

40 
40 
40 
60 
40 
40 

Na 

<10 
10 

<10 
20 

<10 
<10 

20 
10 

<10 
<10 
<10 
<10 

<10 
<10 
<10 
10 
10 

<10 

Ni 

20 
20 
40 
20 
20 
<4 

20 
20 
20 
20 
20 
<4 

20 
20 
20 
20 
20 
20 

n 
Pb 

<'6 
<6 
<6 
<6 
<6 
<6 

<6 
<6 
<6 
<6 
<6 
<6 

<6 
<6 
<6 

'-e 
<6 
<6 

Si 

100 
40 
40 
20 
80 
80 

60 
80 
40 
40 
100 
40 

400 
80 
20 
40 
60 
60 

Sr 

<40 
<40 
<40 
<40 
<40 
^40 

<-40 
^40 
<40 
<40 
<40 
<40 

<40 
<40 
<40 
<40 
<40 
<40 

Ti 

40 
20 
40 
40 
40 
40 

80 
40 
40 
40 
40 
40 

40 
40 
40 
40 
40 
40 

V 

10 
10 
20 
20 
20 
20 

40 
20 
20 
20 
20 
4 

40 
20 
20 
20 
20 
20 

See Fig. 5-5 for location in log. 



TABLE 5-13 
DISTRIBUTION OF IMPURITY CONTENT WITHIN GRADE HLM, LOG 6484-78, LOT 367 

Sample 
Number 

E70B 
E40B 
E16B 
E88B 
E124B 
E154B 

M70B 
M4GB 
M16B 
Ml GOB 
M122B 
M152B 

Location 

Slab 

Top-1 
Top-1 
Top-1 
Top-1 
Top-1 
Top-1 

Mitidle-6 
Middle-6 
Middle-6 
Middle-6 
Middle-6 
Mltidle-6 

in Log(^) 

Radial 
Location 

E-A 
EC-A 
C-A 
C-B 
EC-B 
E-B 

E-A 
EC-A 
C-A 
C-B 
EC-B 
E-B 

Ash 

2400 
4900 
4500 
4600 
4500 
1200 

670 
1900 
1000 
1100 
1100 
900 

S 

176 
<4 
<4 
58 
18 
16 

45 
<4 
<4 
23 
22 
9 

Al 

60 
60 
80 
40 
20 
<1 

<1 
60 
80 
40 
100 
<1 

B 

2 
2 
20 
2 
2 
2 

2 
2 
2 
2 
2 
2 

Ba 

60 
40 
40 
40 
40 
40 

40 
40 
40 
20 
40 
40 

Ca 

400 
200 
200 
200 
200 
100 

80 
200 
100 
1GG 
100 
80 

Cu 

<1 
<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 
<1 
<1 

Fe 

1000 
>100G 
>1000 
>1000 
>1000 
800 

100 
800 

>1000 
100 
400 
80 

Element (ppm) 

K 

20 
10 
10 
60 

<10 
<10 

10 
<10 
<10 
<10 
10 

<10 

Li 

<1 
1 

<1 
2 
1 

<1 

2 
1 
6 
1 
1 

<1 

Mg 

2 
6 
2 
4 
2 
4 

2 
4 
4 
4 
2 
2 

Mn 

<1 
4 
4 
4 
4 
<1 

<1 
2 

100 
20 
<1 
<1 

Na 

10 
10 
10 
40 
<10 
<10 

<10 
<10 
<10 
<10 
<10 
<10 

Ni 

20 
40 
40 
40 
40 
10 

<4 
20 

>1000 
200 
10 
10 

Pb 

<6 
<6 
<6 
<6 
<6 
<6 

<6 
<6 
<6 
<6 
<6 
<6 

Si 

100 
80 
60 
60 
60 
80 

60 
100 
200 
80 
80 
80 

Sr 

<40 
<40 
<40 
<40 
<40 
<40 

<40 
<40 
<40 
<40 
<40 
<40 

Ti 

60 
40 
40 
40 
40 
40 

20 
40 
80 
20 
20 
20 

V 

60 
40 
40 
40 
60 
20 

10 
40 
20 
20 
20 
20 

See Fig. 5-5 for location in log. 



254 mm DIA. 

DISCARD 

DISCARD 

Fig. 5-1(a). Slab diagram for core support post graphite grade 2020, 
log 6484-110 

5-18 



0 rad 

0.78 rad 

3.14 rad 

0 0 @® @® 
L3 5 
L5 7 

9 
L7 11 

13 
15 

L11 17 
19 

L13 21 

L9 

L23 33 
35 

L25 37 
39 
41 

L29 43 
45 

L31 47 

L27 

L39 55 

L41 59 
61 

L43 63 

L45 ^5 
•-̂ ^ 67 
L47 69 

71 
L49 

L15 23 L33 49 
73 

L5/ 83 
L59 85 

87 
L61 89 

91 
163 93 

L65 95 
97 

L67 99 

( ^ . Q^ 
A-A B-B 

L51 75 

@® 
C-C 

L69 101 

(m)S) 
D-D 

Fig. 5-1(b). Core sampling plan of a slab of grade 2020, 
log 6484-110 
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on 
I 
NJ 

o 

FLEX 

1981.2 mm 

609.6 mm 

TOP 
SAMPLE 

12.7 mm 

o 
25.4 mm 

69.8 mm 

Fig. 5-2(a). Slab diagram for core support post graphite grade 2020 (fracture 
piece taken for test, log 6484-137) 



SLAB 1 
6484-137-1 

FLEX 

1 ) 

T) 
T) 
0 
g ) 

Tn 
13) 

iy 
17) 

19) 

f 21 

(23 

(^5 

(27 

( ^ 

n i 

(33 

Ol 
(37 

fss 

Fig. 5-2(b). Core sampling and specimen orientation of grade 2020, log 
6484-137; axial, radial,and tangential specimens parallel 
to flex 
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SLAB 2 
6484-137-2 

FLEX 

Fig. 5-2(c). Core sampling and specimen orientation of grade 2020, log 
6484-137; radial and tangential specimens perpendicular 
to flex 
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152-mm 

SPECIMENS 

1829 mm 

Fig. 5-3(a). Slab diagram for core support post graphite grade 
2020, log 6799-00 
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152-mm DIA. COMPRESSION SAMPLES 
AXIAL 

CD 

a 

CD 

a 

SECTION 

A B 

CORE SAMPLES 
COMPRESSION SAMPLES 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

201 
202C 
203 
204 
205 
206C 
207 
208C 
209 
210C 
211 
212C 
213 
214C 

215 
216C 
217 
218C 
219 
220C 
221 
222C 
223 
224C 
225 
226C 
227 
228C 

229 
230 
231 
232C 
233 
234C 
235 
236C 
237 
238C 
239 
240C 
241 
242C 

TENSILE SAMPLES 
' 201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 

201 
202C 
203 
204C 
205 
206C 
207 
208C 
209 
210C 
211 
212C 
213 
214C 
215 
216C 
217 
218C 
219 
220C 

221 
222C 
223 
224C 
225 
226C 
227 
228C 
229 
230C 
231 
232C 
233 
234C 
235 
236C 
237 
238C 
239 
240C 

FINISHED CORES 12.8-mm DIA. 

Fig. 5-3(b). 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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152-mm DIA 

TENSILE 

RADIAL 

COMPRESSION 
RADIAL 

z 
o 

o 
LU 
C/3 

A < 

B S 

C S 

D < 

EDGE CENTER 

B < 

C < 

FINISHED CORES 12.8-mm DIA 

CORE SAMPLES 

25.4-mm COMPRESSION 
1 
3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 

1 
3C 
5 
7 
9 

US 
13 
15C 
17 
19C 
21 
23 C 

25 
27C 
29 
31C 
33 

2C 
4 
6C 
8 

IOC 
12 
14C 
16 
18C 
20 
22 C 

24 
26C 
28 
30 
32 
34S 

76.2-mm TENSILE 

1 
3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 

33 

1 
3C 
5 
7C 
9 

l ie 
13 
15C 
17 
19C 
21 
23C 
25 
27C 
29 
31C 

33 

2C 
4 
6C 
8 

IOC 
12 
14C 
16 
18C 
20 
22C 
24 
26C 
28 
30C 
32 

34C 

Fig . 5 - 3 ( c ) . Core sampling plan of s l ab 1 of grade 2020, log 6799-00; 
r a d i a l (core sampling of s l abs 3 and 5 was the same as for 
s lab 1) 
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254-mm DIA. 

DISCARD 

DISCARD 

Fig. 5-4. Slab diagram for core support post graphite preproductlon 
grade H-440N 
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305-mm DIA 

1143-mmDIA. 

559-mm DIA. 

4.72 rad 

813-mm DIA. 

1067-mm DIA 

DISCARD 
TOP 
51 mm 

DISCARD 

1.57 rad 

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 

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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SECTION AA 

0 rad 

4.72 rad 

Fig. 5-5(c). Center section: AC 
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SfCTION AA 

E55 

SECTION BB 

0 rad 

Fig . 5 - 5 ( d ) . Middle s e c t i o n : AY 



SECTION AA 

1i 

I 

Fig . 5 - 5 ( e ) . Edge s e c t i o n : AE 



6. CONCLUSIONS 

Three grades of commercially available candidate graphites — 2020 for 

core support posts, PCX 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. 
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TABLE A-1 

TENSILE PROPERTIES OF 2020 GRAPHITE 

L'JT NU, 7?« 

Loc NO. feaeu-iio 
SPEC. M A . 
SPfcC. LfeiMGTH 

1 ? , 8 MM 
7 0 , "'" 

Mj j j /H* *J^ 

ATIUJ I I D 
CGPA) S t T s r W A j v ( i p A ) 

_- LPLri tPCTJ 

l A - L b A 
- L « A 

• U l ' i A 

•L V J A 

'L 3yM 
•L3oA 
•L *9A 
« i 4 a A 
•LabP 

I feH 
LSh 

•L12A 
' L \ i f 
•Llii3 
•U1«A 

•L l«£ l 

' L25A 

.«?«*? 

' t . 3 ^A 
• L i ^ h 
• l5 ibA 
• t i «H 
•LM2A_ 

• LaftA 
•Ui48A 

AX 
AX 
AX 
AX 
AJ< 
AX 
Ax 
AX 
AX 
A I 
»X 
AX 
\X 
AX 
AX 
AX 
4X_ 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

i' 0 

f ••'̂  

P N ) 

END 

EMI 

E N P 

ENH 
END 
END 

fc^'P 
END 

1 , 7 8 7 
1 . 7 8 1 
l . 77 t . 
1 . 7 9 2 

1.7«1 
1.791 
1.7Ha 
1.762 
1 ,791 

1 . 7 9 ^ 

7 ^ i 
' . 3 
7 . 1 
/ . « 
7 .J . 
7.U 
7,^9 
7 . b 
7 . 3 
^ 3 
7. jy_ 
7 .a 

. ^ 5 

. U 1 5 

, 0 1 0 
. " 1 0 
, 0 1 ^ 
, 0 1 1 
. 0 1 1 

. ^ 4 i 

. ? 3 1 

.17*5 
, 1 9 6 
.2(17 
, 170 
. 1 5 7 
. 1 7 9 
. 2 1 9 
, 2 2 8 

_ 0 J i ! i i i « 
. 0 1 2 , 2 56 

1 5 . i 
1 " . ! 
1 0 . 7 
1 2 . 6 
12_.b 
U . 3 
U . V 
U . 7 
1 3 . 9 
1 4 . 0 
1 J . 7 
1 5 , 0 
13,Q 
lb,7 
H . « 
U , 0 
l<i..O 
1 « , 5 
l i . b 
l i i . a 

1 5 , 7 
i a ^ 7 
l ^ . " 
U . 6 
1 3 , 7 
1 5 . 3 
1 5 , 8 

1 1 . 7 
1 5 , 5 
1 7 . # 
l a . d 

1 9 , 7 

MEAN 1 . 7 8 7 7 . 3 . 0 1 2 , ? 0 5 1 ^ , 1 
( 1 . 0 * MPS?) ( 2 0 5 1 , P 8 n 

ST(J, OEV. .OOe. , 2 . 002 ,D2H 1.9 
c . 03 ' ^ o s n ( 2 7 9 , p s n 
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TABLE A-1 (Continued) 

LQT NO* 72S _^.,SP£e_^ U l A . _. i2»8.„MM 
LOG NO, 6 « 8 a " 1 1 0 SPEC. LENGTH 7 0 , MM 
t ^ k _ M N l l T Y _ i ^ O i m.l^**l . 

bPECl'^EN ORIENT- LOCA- DENSITY YOUNGS P g H ^ - FRAC- TENSILE 
'JUMBfcp ATIGN TID'Ni. CKG/„M**3lM^QQlJl.US„ANiNT TyRg STRENGTH 

(OPA) SET STRAIN (^'PA) 
_LPtI i_.. .CPC_U 

l A - L7 RAH £ N O 1 ,786 7^7 , » t o _ , 2 | » 15^7 
• L U RAO ENO 1 ,788 7 ,S , 0 1 3 , 2 a i 1 5 . 6 
• L25 WAD END WjrSS 8 , J , 0 1 0 , 2 < l l _ 1 6 , 2 
• LS"* RAO END 1 ,789 8 , 0 , i ) l y , I 8 a 1 3 , 6 

1 1 - J ^ a i j i A j ) i N O __ L , . I 9 1 _ _ „ I ^ ^ U i 0.^ ^ ^ l i l J 6 j „ L 
- Li*7 RAO ENO 1 ,789 8 , 0 ,0()7 , 2 H 1 5 , 1 

1 8 - w.hl '̂ 'AO END U 7 9 g 6^0 _,U08 ^260 1 7 , 8 
• L65 RAO END 1 ,791 8 , 0 ,0i\ , 2 6 9 ) 8 , j 

l A - i,"? RAD END „ 1 6 , 1 
- L9 SAD END 1 7 , 0 

1A-__L13 _RAD E N D 15j_3 
- L23 RAD EW 1 6 , 8 
• L27 RAD END _ _ _ 17,^1 
- L31 RAD E N D 1 3 , 1 

I B - L ^ l RAO END ^ 1 2 , 7 
- Las RAD END 1 5 , 7 
- L«9 RAO _ENO _ 17x2^ 

I B - L59 RAD END 1 5 , « 
• L<>i «AD END _ _ „ _ 16^9 
• L67 RAO E N D 1 5 , 1 

MEAN 1 ,789 7 , 9 , 0 1 0 . 2 3 5 1 5 , 8 
( L L I S _ „ M P s n ( 2 2 9 5 , P S i ) 

8 T 0 , DEV^ , 0 0 2 , 2 , ^ jS>Oi_ j 0 2 6 _ _ U « 
( , 0 3 ^ P 8 i ) ( 2 1 0 . p s n 
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TABLE A-1 (Continued) 

L"T 7^« 
6 iJ h u 1 1 1') 

SPEC, UIA, 12^8 '-'H 
S P t C , LENGTH 7U. H!̂  

LUU u f N & n r i^^ji ^^fiy_M**J 

S P f C I * ^ E N ' l i ^ J f ^1m 

s ' j - i t f p f . AT U N 

« j A - L b a A 

- L S f o A 

- L S « ^ 
• L ' S ^ A 

- L a d A 
- 1 . 7 0 ^ ' 

b H - L 7 rt A 

- L ' i ? ^ 

" L d ^ A 

• L « b A 

- L 9 2 A 
• L ^ a h 

t . A - L 5 " A 
- L S ' I I ^ 

- t . SM*-' 

- L o O A 
• L b D r * 

- L « 5 6 A 

• L & o w 
- L ^ • ^ ^ ' 
* L /OA 
• l , 7 ^ f t 

- L 7 2 H 
o a - t 7Ufl 

• I 7^H. 

- L 7 M B 
• L^ 'TA 

- M U M 

- L 8 U I 1 

• L M f j H 

- L 9 0 A 

• L'^OH 
- L 9 2 h 
• L94A 
-L9 f>A 
• L 9 b H 

A* 
Ax 

AX 

A X 

4 A 
A X 

AA 
AX 

AX 

AX 

AX. 
AX 

AX 

Ax 

AX 

AX 

Ax 
AX 

A X 

Ax 

a X 

Ax 
Ax 
AX 

A * 

AX 

AX 

A X 

AX 

^x 
AX 

AX 
AX 

AX 

A X 

A X 

AX 

a i ( 9 «f |» « 

L U C A -

rxov 

• • • •• • II 
.ML 

- L 
^L 
-^L 

. ^ L 
"L 
^ L 

*'L 
^'L 
"'L 
^ • L . 
^L 
^L 
^'L 
"^L 
• '̂L 

*^L 
" iL 

^ L 
" L 
ML 

-'L 
^L 
I'L 

"L 
i L 

^l 
ML 

ML 
ML 

^L 
ML 

^ L 
'^L 

^ L 
ML 

^ L 

O f N S I T Y 
( > ^ u / M * * 3 ) 

1 . 7 9 5 
1.77*J 
1 . 7 7 5 
l , 7 R a 

U 7 9 i 
1 . 7 9 ? 
1 . 7 9 5 
1 . 7 « 1 
1 . 7 8 1 
1 . 7 9 a 

. i . ' J ' J i 
1 . 7 P 8 

„ 

YOUNGS 
"^QOULUb 
( G P A ) 

-

7 . 0 
0 . 9 

6 » 8 
7 . ? 
7 ^ 2 
7 . 2 
7 . 0 

0 , 8 

6 . 9 

7 , 4 
_ _ _ 7 . 2 

7 . 3 

_ 

* • * 4 . — W , 1 « 

A VENT 
SET 

C P t T ) 

. u i « 
, 0 1 J 

. U ! 1 

. J 1 3 
^ h t l U 

. *•' 1 " 
, u i a 

. ^ 1 2 
, u 1 n 
. 0 1 2 

. y j (' 

. ' M l 

t m m 9t m ^ m 

i IV «* • * ! L 9 *W * * 

P K A C -
TliRE 

S T K A I N 

( ^ C I J 

. 2 0 ^ 

. 2 3 9 

. 2 6 0 
, 2 ; t « 

_ . 2 0 ' * . 
. 2 3 b 
,22(? 
. 2 3 ^ 

. ^ l 7 

. l a S 
. ^25^' 

,22a 

_ 

T feNS lLE 
STRENGTH 

( M P A ) 

) 2 , 7 
U . l 
1 5 . 1 
1 2 . 9 

J J . U 
i « ,e 
1«,3 
i a ,2 
13.3 
9.7 

15,2 
l a . i 
13.5 
1 / , u 
1 5 . 5 
1 3 , u 

iWi 
1 7 . 8 

15.a 
l f i . 3 
1 6 , 6 
1 5 , a 
1 8 , 9 
1 9 . 2 
1 8 , 3 
SOti 

1 6 . 1 
1 7 , 1 

1 8 . 4 
1 4 . 2 
1 5 , « 
1 7 . 2 
1 9 , 1 
1 2 , 3 
1 9 , 6 
1 6 , 5 
1 8 , 1 

ME AN 1,790 7 . 1 . o n ,221 
(1.03 ^^PSI) 

15.8 
(2288,psn 

S T Q , D f -V , , U 0 9 , 2 , 0 U 2 , 0 3 ' J 
C , 0 3 ^ t f ^S l ) 

2 , 4 
{ 3 5 4 , P 3 I ) 
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TABLE A-1 ( C o n t i n u e d ) 

L'lT 
Lfif; 

Ml \ 728 
duS-i'X 1 ') 

S R f r C t ' l A , 12 ,H Mr 
SPF.C, Lfcvf; 1H 7 0 , ^1-

L'lU l )L^;" i IT< l , B ' ! 3 Mf;/ 1 * * 5 

M'|Vfif .kV A T l i ^ 

r A - I 79 
- L " 3 
- 1.^7 

^ A - L I ' '1 
h H - L l 15 

- L l 19 

- L l i 3 
- L l ^7 

f j A . L 7 7 

- L ' * ! 
- LH5 

6 A - L'^S 
- L^<* 
• L l f i 

ft^-Ln3 
- L H ? 

^ H - L 1 2 1 
- L l \\ 
- L l i 5 
• L l i 9 

W A " 

i.v.nf' 

Wtf^ 
li A ii 

H J 6 , T 

i^f lp 

r^AO 

^ A ' l 

'•^AO 

W AC-

WA, ) 

R A O 

f<aO 

RAP 
MAO 
R A O 

RAO 
RAO 
R A I ) 

I * W W W « i 

* « « w w * 
L ' C A -
T I 1 • 

M 

-»L 
"L 
I'^L 

M„ 
" L 
• '̂L 
i iL 
•H 
ML 

IL 
. '1 

f ' l 
ML 
*L 

- 'L 
• ^ 
'•'L 
^L 

• Ml av M w « 

OENSITV 
( A G / ^ * * 3 ) 

1 , 7 P S 
1 . 7 V ^ 
1 . 7 ^ 5 
1 , 7 9 a 
1.7^*? 
1 . 7 R 7 
1 , 7'*P 
l , 7 V b 

» w •» w • • « «l « 1 

V'tiL'^GS 
^ o . i ' J L . ' S 
( ( i t - A ) 

7 . P 

7 . a 
7 . 5 
7 . 5 
7 . 6 
7 , S 
7 . 8 

/ . *> 

« M « i « i « i l « « > i 

Pf K./I, 

A ' J t " T 
bfc l 

( P C I 3 

.'-"n 

. " 1 2 
, u l a 
. ' • M l 

. » i 1 
, '.M 2 
, 0 12 
, ' M 5 

t w A f; -

r u w t 
3 T R A I . 

f pr.T 1 

l25a" 
, 5n() 

.28«^ 
, 30 1 
, 2MS 
. 2 7 M 

. f ' 5 o 

. 2 / 1 

R « « « « W W I B 

TI- ^vSILJ 
STkijr>i(,TH 

(•^PA) 

1 6 , 5 
1 8 , 6 
I f * , " 
1 9 , 2 
) ' < . 2 
1 7 . b 
l o , P 
W . 2 
1 8 , 3 
1 9 . 2 
1 8 , 2 
2 1 . 0 
1 8 , 8 
1 9 , 1 

2 o . 3 
1 7 . 2 

2 1 . 3 
2 o , 7 
2 1 , 5 
1 9 , 7 

^E:AN 1 ,79b 7 , 6 . u l 2 ,?7H 
( 1 , 1 0 M P S n 

5 1 ( 1 , i - £ v , , U U 2 , 1 , 0 0 1 , ( M 8 
( ,0i f^PSI) 

1 8 , 9 
( 2 7 3 5 , P S l l 

( 2 W , P ' ^ i ) 
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TABLE A-2 
TENSILE PROPERTIES OF 2020 GRAPHITE 

SPECIMEN 
NUMBER 

SLAB 1 

LOT NO. 
LOG WO. 648t-
LOG DF:^SITY -

ORIENT- LOtA-
ATION TIOM 

- 2 AX ML 
- 4 AX ML 
- 6 AX ML 
- 8 AX ML 
-10 AX ML 
-12 AX ML 
-14 AX ML 
-16 AX ML 
-16 AX ML 
-20 AX ML 

MEAN 

STD. DEV. 

SPEC 
-137 SPEC 

MG/M**3 

• DENSITY YOUNGS 
(t-'6/M**3 )MODULUS 

(GPA ) 

8. 3 
8. 1 
8. D 
8. 0 

. DIA. 

. LENG 

PERM­
ANENT 
SET 
(PCT ) 

.001 

.301 

.cnt 

.004 " 

8.1 .033 
(1.18 MPSI) 

. 1 
{ .02 MP 

.002 
SI) 

12.8 MM 
TH 70. MM 

'rlTfiC- fENSILE 
TuPE STf^EN'^TH 

STRAIN (MPA) 
(PCT ) 

' 

13.6 
15.8 
16.6 
17.2 
15.8 
14.8 
15.4 
15.1 
14.0 
17.1 

15.5 
( 2251.PSI) 

1.2 
V ( 174.PSI) 

. 
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TABLE A-2 (Continued) 

LOG N 0 \ "64 8 4 - 1 3 7 

LOG D E N S I T Y - -

_SP_E_C_^ 
S P E C . 

D_ IA . _ 
"LE'NGTH" 

_12_.J_ 
7 u . MM " 

M G / M * * 3 

S P E C I M E N 

NUMBER 

O R I E N T -

A T I C N 

L O C A ­

T I O N 

D E i ^ i S I T Y YOUNGS P E R M - F R A C -

J . l l ^ Z ' i * - * ^ ) .M_0 DU LU S A N EN T T U P E 
( 6 > A ) SET S T R A I N 

( P C T ) < P C T ) 

T E N S I L E 
S T R E N G T H 

( M P A ) 

- 1 P̂ AD_ 
3 RAD 
5 _ R A p 
7 P ' A D " 

9 RAH 

1 1 RAD 
M_3__RAn_ 
' 1 5 RAO 

17_ RAn_ 
V9 "RAD 

ML 

ML 

ML 
" M L 
J1L_ 
M"L 
ML_ 
ML 

' M L 

9 ^ 1 

9 . 4 ' 

9 ^ 4 

9 . 4 " 

r,'^ 1 

. 0 0 4 
_ .002_ 
'. cb 1 

5 . 8 

5 . i " 

4 . J 

7'. 1 

7._2^ 

T.9 
9 . 4 _ 

6 . 1 

6 . 0 

"5 . ' 3 " 

MEAN 

S T D . D E V . 

9 . 3 . 0 3 2 

( 1 . 3 5 M P S I ) 

. 0 0 1 . 1 
( . 0 2 K P S l ) 

1 6 . 4 

( 2 3 8 0 . P S I ) 

1 . 5 
( 2 2 4 . P S I ) 
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TABLE A-2 ( C o n t i n u e d ) 

LOT NO. S P E C . D I A . 8 MM 
LOG 
LOG 

NO. 6 4 3 4 
D E N S I T Y • 

1 3 7 SPEC. LENGTH 7 0 . MM 
M 5 / M * « 3 

SPECIMEN 
NUMBER 

O C ' I E N T - LOCA- D E N S I T Y YOUNGS P E K ^ -
A T I O N T ION <MG/M»»3 ) MODULUS A N_E N T 

(GPA ) " S E T " 

(PCT) 

FRAC-
TURE_ 

'STRVIN" 
(PCT) 

TENSILE 
STRENGTH 

(M P A)' 

SLAB 1 -21 TAN 
-23 
-25 
-27 
-29 
-31 
-33 

TAN 
TAN 
TAN 
TAN 
TAN 
TAN 

-35 
-37 
-39 TAN 

TAN 
TAN 

_ML_ 
ML 
ML_ 
ML 
ML 
ML 
_ML_ 
ML 
ML 
ML 

9. 1 004 
9. 4 .004 

9.5 .003 

9.4 .003 

21.1 
21.4 
21.1 
21.2 
J.2J.7 
2 0.5" 
_1^'0_ 
18.1 
19.0 
19.0 

MEAN 9. 3 
(1 

.003 
MPSI ) 

20.2 
2929.PSI) 

STD. DEV. 001 
( .03 MPSI) 

1.6 
« 229.PSI) 
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TABLE A-2 (Continued) 

LOT NO. 
"LOG KO, 64 64-137 
LOG DENSITY --

SPEC. PI A . 12.8 M M 
SPEC. LENGTH 70. MM 

M6/M*«3 

SPECIMEN 
NUMBER 

ORIENT­
ATION 

LOCA- DENSITY YOUNGS PERM- FRAC-
JLLO^L_i "' ̂  /-^l^ 13J !1P '^P •- '-'Jl A N E N T T̂ U R E 

(G>A) ""SET STRAIN 
(PCT) (PCT) 

TENSILE 
STRENGTH 

(MPA) 

SLAB 2 

SLAB 2 

^4 1_ 
4 3 
45 

• I, 7" 

49 
' 51' 
_53^ 
55 
5̂7_ 

-59 

RAD 
"R A D" 
RA^D 
PAD' 
RAD_ 
RAD 
RAD 
RAD" 
J?_Ap_ 
RAD 

ML 
ML 
ML 
M L ' 
ML_ 
ML 
MJ-

'ML'" 

"ML 

_9^5_ 
9". 4 
9. 7 
9. 4 

. G3 5 
j^D2_ 
.00 4 

2 C .7' 
17.2 
18.2 
19.8 
19.6 

14.9' 
15.1 
16.3 

MEAN 17.6 
2553.PSI) 

STD. OEV. 1 uCl 
( .02 MPSI) 

2.0 
( 288.PSI) 
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TABLE A-2 (Continued) 

_ L 0 T N 0 . - - ^ 
LOG N O . " 6 4 6 4 - 1 
LOG D E N S I T Y - -

_ S P t C . 
SP'EC." 

0 1 A . _ 
L E N G T H ' 

1̂ 2 ._8__M M_ 
7 0 i MM 

M G / M * * 3 

' S P E C I M E N O R I E N T - LOCA- D E N S I T Y YOUNGS P E R M - F R A C - T E N S I L E 
_NU_M REP _A T_T ( N_ JTIO N_ ( M_Gy_M « * 3 )M 0 0 U L L[S_A N E N J T URE _ STRENGTH 

( G P A ) " S E T ' S T R A I N " (MPA) 
( P C T ) ( P C T ) 

- 6 1 _ J AN 
•63 TAN 
;6^5 TAN 
-6 7" TAN 
-6 9__T^AN 
-'71 T A N ' 

•73 TAN 
"75 T A N ' 

•77 TAN 
•79 " T A N 

ML 

ML 
ML_ 
ML 

_ML_ 
ML 
ML 

ML 
ML 
M L ' 

1 0 . £ 
"i C. 0 
_i_o. q_ 

1 0 . 3 

_. j jQ6 
. 0 0 5" 

j ^ c o e 
. 0 0 3 ' 

168 
'19'8 
175^ 
161 

J^4_^8_ 
1 6 . 7 

J 4 . 8 
r 4 . ' 7 ' 
1 2 . 0 

13 .C 
1 6 . 1 

"14.8" 
1 4 . 0 

" 1 5 . 6 " 

MEAN I C . 1 . 0 ^ 5 
( 1 . 4 6 M P S I ) 

175 1 4 . 6 
2 1 2 5 . P S I ) 

S T D . D E V . .2 ^C0_2_ 
\D2 M P S " I ) " 

^ 1 6 1.4_ 
' 2 C 1 . P S I ) 
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TABLE A-3 
TENSILE PROPERTIES OF GRADE 2020 GRAPHITE (LOG 6799-00) 

Specimen 
No. 

202 
212 
214 
220 
226 
230 
238 
240 

Mean 
Std. dev. 

3 
6 
11 
14 
19 
22 
31 
34 

Mean 
Std. dev. 

246 
248 
252 
256 
264 
270 
278 
280 

Mean 
Std. dev. 

38 
39 
46 
47 
58 
59 
66 
67 

Mean 
Std. dev. 

Location 
in Log 

End slab 1 

End slab 1 

' 

Middle slab 3 

' 

Middle slab 3 

Orientation 
of Specimens 

Axial 

' 

Radial 

Axial 

' 

Radial 

1 ' 

Bulk Density 
(Mg/m3) 

1.787 
1.784 
1.789 
1.780 
1.788 
1.785 
1.780 
1.781 

1.784 
0.004 

1.778 
1.785 
1.780 
1.777 
1.778 
1.779 
1.783 
1.781 

1.780 
0.003 

1.790 
1.788 
1.790 
1.789 
1.792 
1.791 
1.787 
1.786 

1.789 
0.002 

1.784 
1.783 
1.789 
1.779 
1.780 
1.781 
1.786 
1.785 

1.783 
0.003 

Ultimate Tensile 
Strength 
(MPa) 

19.1 
19.1 
19.4 
19.0 
16.5 
19.4 
18.1 
17.4 

18.5 
1.1 

19.3 
18.4 
20.3 
21.5 
19.3 
17.0 
16.6 
17.7 

18.8 
1.7 

16.2 
18.1 
17.4 
17.4 
17.3 
17.6 
18.3 
17.0 

17.4 
0.6 

18.6 
19.3 
19.8 
19.3 
18.3 
19.3 
17.9 
16.5 

18.6 
1.1 
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TABLE A-3 (Continued) 

Specimen 
No. 

284 
290 
296 
300 
306 
310 
312 
316 

Mean 
Std. dev. 

70 
71 
78 
79 
90 
91 
98 
99 

Mean 
Std. dev. 

Location 
in Log 

End slab 5 

1 

End slab 5 

Orientation 
of Specimens 

Axial 

1 

Radial 

' 

Bulk Density 
(Mg/m3) 

1.801 
1.798 
1.799 
1.798 
1.803 
1.802 
1.803 
1.803 

1.799 
0.005 

1.802 
1.799 
1.805 
1.801 
1.807 
1.805 
1.812 
1.810 

1.805 
0.004 

Ultimate Tensile 
Strength 
(MPa) 

18.1 
18.6 
18.6 
19.0 
17.1 
20.0 
16.2 
17.6 

18.2 
1.2 

19.0 
17.1 
20.1 
20.8 
18.4 
18.6 
18.8 
19.6 

19.1 
1.1 
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TABLE A-4 
FLEXURAL PROPERTIES OF 2020 GRAPHITE 

yUT NUj^TiS SPEC, 01 A, b^ji MM 
cue NO, b48U-110 SPEC. LENUTH b l , MM 
LQ(t,J)fcN8ITY U 8 0 3 ^iff/H»») 

SPECIMEN O H I E N T - LOCA- DENSITY MODULUS Of FLEXURAL 
NUMBER ATIQN TIQN Ci>.0/M«*3) RUPTDRt _mPAl STRENGTH IMPA) 

{UNCORRECTED) (CURRECTED) 

A 2A 
2U 
aA 
aiA 
6A 

AX 
AX 
AX 
AX 
AX 

bS k* 
lOA 
lOii 
12A 
129 
laA 
ika 
IBA 
IBb 
20A 
208 
^2A 
22B 
30A 

A 30B 
32A 
32H 

b 3aA 
ina 
36A 
36B 
aoA 
40b 
UZi, 

AX 
A)l 
AX 
AX 
AX 
AX 
AX 
AX. 
AX 
AX 
AX 
AX _ 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

«2M_AX _ 
4<|A AX 
HiL^ AX 
50A 
SOS 
52A 
52B 
56A 

_ „5Li!L«L 
U SSA 

3flB 
60A 
008 

AX 
AX 
AX 
AX 
AX 
AX 
AX 

-AX 
AX 
AX 

Mfc*N 

END 
i.HU 
ENO 
END 
END 
END 
END 
END 
END 
END 
END 
LfiO 
END 
END 
END 
END 
END 
thO 
END 
END 
ENO 
END 
END 
I N D __ 
END 
END 
END 
ENO 
ENO 

. fiNQ 
ENO 
END 
END 
END 
END 

. tND 
END 
END 
ENO 
END 
END 

..END 

3 « , 3 
3 & . J 
3 a . s 
35^0 
3 5 , 7 
3 t . 7 __ 
3 5 . 8 
3 3 . 5 
1 3 . 5 
2 2 * 2 
3 3 . 9 

_21+JL_ 
3 2 . 1 
IbtO 
3 5 . 4 
3 U 6 
3 3 . 0 

_ _ ^jAa— 
3 2 . 0 
3 3 . 2 
3 2 . 0 
3 8 . 4 
3 2 . 0 
U U i 
3 4 , S 
35.2^ 
3 1 , 4 
32^.1 
3 2 . 2 
3 3 . 0 
3 4 . 8 
3 2 . 9 
3 2 , T 
JSi.5_ 
3 4 , 4 
3 5 . 2 _ 
3 6 . 7 
i^tUl ^ 
2 9 , 0 
3 9 . 3 
3 9 . 3 
3 3 , 9 

__ „ U^JL HPA 

2 5 . 7 
2 f t . 4 
^ 5 , S 
26^0 
ib.Z 
Zii^'L-. 
ib,i 
2 5 . 4 
12 ,S 
1 9 , 1 
2 5 , 6 

jiS^JL 
2 4 , 6 
2fe,.3 
2 6 , 1 
2 4 , 6 
2 5 . 2 
1 5 , 7 
2 4 , 8 
2 5 , 3 
2 4 , 8 
2 6 , 9 
i i 4 ,S 
i 5 , * ^ _ 
2 5 , 8 
2 6 , L 
2 4 , 5 
2 4 , 9 
2 4 , 9 
2 5 , 2 
2 5 , 9 
2 5 , 2 
2 5 . 1 

_ 2 6 . l 
^ 5 . 8 

- « L t * i 
2 6 . 5 

_iJ5.7_ 
2 3 , 3 
2 7 , 1 
2 7 , 1 
1 5 , 6 

2S,Q nPA 
(4814, PSl) (3632 , P i n 

STfia- filV. ^ 1 * J "^P i . „ 2.<t MPA 
( 612 , P 3 n ( 348. PSI) 
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TABLE A-4 (Continued) 

LUT NU, 72«3 
Lut; »»U, b<^8< i " l l0 
LUG DtNSlTV l.faUi MG/M*«^ 

SPfC, DIA, 

SPtC. LtNUTH 51. 

S P t C I ^ l M 
M j M b f ^ 

lA 

1E3 

it} 

• « i « W 1 

ATl^tN 

' V f l * < 

7 
<> 

13 
15 
1 " 
33 
35 
S"? 
at 
lib 
S"* 
bl 
65 
67 
71 
85 
87 
91 
93 
97 

WAU 
KAp 
H A U 

NAU 
M A U 

rsAi; 
«<Au) 
•9AU 
t̂ AiJ 
WAI? 
HAO 
HAL) 
RAU 
WAul 
KAO 
RAO 
RAO 
RAU 
HAD 
RAO 

LUC A . U E N S I T V 

T I U N ( R G / ^ * * 3 ) 

£^D ~ ^ 
fc^O 
EM) 

e.\o 
t NO 
t N p 
£ ^ 0 
tNO 
t ^ D 
fcSD 
LNU 

t'^i) 
t N D 
tNO 
fcNU 
LMD 
t N U 
t'^P 
t-NO 
feNO 

HUPTUWfc (MPA) 
(UNCURRtCTEU) 

32 . o " 
35.9 
35.0 
38,0 

3<J,2 
33 ,8 
35,2 
35 ,3 
35. u 
33.8 
3 ' ' .3 
18,<4 
38 .3 
33 .2 
35.8 
38 .1 
39.6 
3M.7 
36.8 

3<».5 

FLt XURAL 
STRtNUT^i (MPA) 

( C U R K K L T i D ) 

ib,b 

t^y»n 
27,0 
2b ,£ 
2 6 . 7 
^ 6 . 5 
c ; 7 , i 
27 ,1 
2 7 , 0 

do ,5 
2 8 , 6 
28,<• 
2 8 , 3 
26 ,2 
d 7 , i J 
28 ,2 
c i « , 7 
2 6 , 9 
27 ,8 
28 ,7 

Mt AN( 

STO, U£V, 

36,1 MPA 

(5235, PSI) 

( 329, PSI) 

27,a MpA 

t3<»7b, PSI) 

,9 MPA 

C 132, PSI) 
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TABLE A-4 (Continued) 

LUT NU, 
LOG NU. 

U.QG QfcNI 

SPECIMEN ORIENT-
NUMBER ATIQN 

72fl . 8PtC^ PJAj 
646a«llo SPEC, LENttTh 
UTY 1,603 M0/M**3 

LUCA- DENSITY MODULUS ^^ 
-TIUN tKC/M«*3) JIUPTUR£ (MPA) 

(UNCORRECTED) 

fe^a MM 
51, MM 

>LEXURAL 
STRENGTH IMPA) 
(CURRECTED) 

• • • " • ^ • • • • • • • • • • • • • • • - • • • • • • • • • • • • • " • • • • • • • • • • • • • • • • • • • • • • • • • » 

6A 66A AX 
668 AX 
6eA AX 
688 AX 
70A AX 

_70b.Al _ 
7uA AX 
748 AX 
76A AX 
768 AX 
78A AX 
788 AX 
82A AX 
828 AX 
eoA AX 

6A 848 AX 
86A AX 
868 AX 
92A AX 
928 AX 
94A AX 
948 AX 

68 98A AX 
988 AX 

lOOA AX 
1008 AX 
104A AX 
1048 AX 
lObA AX 
L04B AX _ 
108A AX 
1088 AX 
114A AX 
1148 AX , 

68 116A AX 
11^8 AX 
120A AX 
1208 AX 
122A AX 
1228 AX 
128A AX 
IjHU AX 

ML 33.8 
ML J7,0 
ML 34,5 
MU 32.2 
ML 35,8 

_ M L _„_3.<Ufl_ 
ML 34,8 
ML 34,3 
ML 31,7 
ML 32.7 
ML 34.5 

-ML -_- __ 3t.l 
ML 32.7 
ML 3<1.2 
ML 32.9 
ML 34.7 
ML 30.0 
ML 31.6 
ML 31.8 
ML 29.2 
ML 33,0 
ML 35,7 
ML 34,8 
_ ML . „ . _. ilU2 _ 
ML 35,3 
ML 29,3 
ML 37,0 
ML 37.2 
ML 32.7 
ML 34.0 
ML 32.6 
ML 13.6 
ML 31,7 

-_ML __ .„_ _JL1.3 
ML 38,6 
ML 41,4 
ML 34.6 
ML - ^ 3iu9 
ML 34,0 
-ML- 36,2 -
ML 38,1 
ML 3tt,J 

MEAN 34,2 MPA 

25,2 
^*,1 
25,4 
iti.b 
25,8 
-21.J 
25,5 
25-, 3 
2U,4 
24,8 
25,4 
25^6_ _ 
24.8 
25.3 
24,8 
25,5 
23.6 
25*1 
24,a 
23,2 
24,9 
25,8 
25,5 
25^1 
25,7 
23,2 
26,1 
26,1 
24,8 

-__ 25,3 
24,7 
25,1 
24,3 
24.2 
26,4 
26,8 
25,5 
i6.,l 
25,3 

-- ^5^9 
26,3 

_ £5^^. 

25*2 MPA 
(4960 , P8I ) (3655, PSI) 

_ STD*_DtV^ _ Z,-4 MPA _ * a MP1_ ^ 
( 353. PSI) ( 115. PSI) 
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TABLE A-4 (Continued) 

UUT MU, 7(28 
uuc; Nu, 6uHa»uo 
LUG UtN^lTV l,H_t3 

SPtC, DIA. t>,a MM 
SHtC, LtNOTH b1. MM 

H&/M**l_ 

SPECIM6.N 
NUMbf^ 

OA 

6b 

6b 

IIHI t fc N I -
ATIUN 

u i 
U i 
1 1 ^ 
l l - ^ 
I 2 i 
iS7 
n ' ' 
lui 
U b 
i a 9 
I 6 i 
U 5 
lb<» 
171 
J7b 
lev 
191 
19 b 
197 
i>Ol 

KAU 
KAU 
KAU 
HAU 

KAU 
HAU 
KAU 
KAU 
KAO 
KAU 
KAU 
_RAD 
KAU 
RAU 
KAU 
RAU 
RAU 
HA 1.1 
KAU 
RAU 

L U C A , U E N S I T Y 

TION ( K l f / M * * l J 

^ ^ ^ • • ^M ^ ^ ^ ^ ^m ^ IH • • fli iH ^ 
^ ^ iF w ^_5" ?• " S . = K T ^ J»_̂ _T? 

Ml, 
ML 
ML 
f̂ L 
ML 
ML 
ML 
ML 

^L 
1L 
ML 
^̂ L 
ML 
ML 
ML 
ML 
ML 

- ML 
ML 
ML 

MljUULUb uF 
RUPTURE (MPA) 
(UNCLmRfcCrtU) 

' »m ^M ^ ^ a i ^m ^ ^ ^ ^ ^ ^ ^ ^ a 

3R,H 
i«>.6 
3 9 . 5 
3 9 . 7 
a 0 . 6 
3 7 ^ 
3 b . a 
3 3 . ? 
3 S . 3 
3 7 . 0 
3 a . 8 
a o . b . 
3 7 . 3 
3 6 . 9 
3 5 , 0 
3 6 . 1 
3 9 , 7 
39 .5 . 
3 7 , 6 
3 1 . 6 

FUfcXUkAL 
S[KtNt,Th (MFA) 

(CURKECTtD) 

«J7,7 
<i7,9 
^ 7 . 9 
<!7.9 
i H . l 
i 7 . i 
d 6 , 6 
^ 5 , 7 
ib,b 
d7,i 
i 6 , « 

- 2 8 ^ 
^7 ,3 
2 7 , 2 
20 ,5 
26 .9 
27 ,9 
27*9 
27 .a 
25 .0 

Mt AN 

3TU, UEV. 

37,3 MPA 

(baoa, P&i) 

2.5 MPA 

( 367. PSI) 

27,2 MPA 

(3939. PSI) 

,H MPA 

t 122, PSI) 
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TABLE A-5 
COMPRESSIVE PROPERTIES OF 2020 GRAPHITE 

LOT NU, 728 
LOG NU, 6a8a«uo 
L0(5 DENSITY l.«03 M G / M » * 3 

SPEC, OIA, 12,8 MM 
S P E C , LENGTH 25. MM 

SPECIMEN ORIENT* LOCA- DENSITY YOUNGS PERM. f-RAC- CUMPR, 

NUM8E» ATIUN TIUM ( M G / M * * 3 ) M 0 D U L U S ANpNT TURE STRENtiTH 
(GPA) SET STRAIN (MPA5 

(Pen (Pen 

2A 

2a 

2A 

2B 

L02C 
L12C 
L32C 
La?C 

LOIB 
L19B 
L378 
L55B 

AX 
AX 
AX 
AX 

M t 4 N 

STn. 

RAD 
RAD 
RA[» 
RAU 

END 
END 
E'̂ D 
EMO 

DEV, 

END 
END 
END 
END 

9 
10 
10 
10 

10 
( 1 . -

( .1 

10 
8 

10 
10 

.2 

.1 
,6 
,1 

. 0 
U5 

. 6 
09 

, 2 
. 6 
• 8 
.2 

, 0 5 0 
, 0 6 0 
. 0 6 0 
, 0 7 0 

. 0 6 0 
Mpsn 

. 0 0 8 
MPsn 

,060 
.'^70 
.050 
,'>70 

1.621 
1,600 
1,8U7 
2 .08« 

1,838 

,191 

1.619 
1,969 
1.602 
1,922 

76 ,3 
76 ,3 
78 ,7 
83 .0 

78.6 
(11396 , 

3.1 
( 455 , 

77,a 
78 ,8 
77 .2 
80 ,5 

1 

psn 

PSI) 

tmmm 

MEAN 

STD. DEV, 

9,9 ,062 1,828 
(l.«a MPSI) 

.9 ,010 ,163 
( .13 MPSI) 

78,5 
(11363.PSI) 

1,5 
( 223.PSI) 
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TABLE A-6 
COMPRESSIVE PROPERTIES OF 2020 GRAPHITE 

S P I C I M E N 
h JJ4B.£R_ 

I C 

LOT N O , 
LOG K G . 6 4 8 4 -
LOG D E N S I T Y 

O P I E N T -
A T I O N 

2B AX 
4B AX 
6B AX 
8B AX 

lOR AX 

12B AX 
1.4B_AX _ 
16B AX 

.-18B _AX 
20B AX 

MEAN 

S T D . 

1 3 7 
SPEC 
SPEC 

M G / M * * 2 ^ 

L O C A - D E N S I T Y YOUNGS 
llDiLUiRGJJ^jif * 3 i r t 0 Q U LU S . 

<GPA ) 

ML 
ML 

M L _ 
ML 
ML 
ML 

-_ML__ 
ML 

_ML__. 
ML 

OXJL.. 

• — -

8 . 8 
8 . 5 
9 . 0 
R. 1 

8 . 8 
9 . 0 
8 . 8 

. _ . _ 8 . 3 „ 
8 . 8 

6 . 7 
_11..2^6_ MP 

. 3 
( . 0 5 MP 

; . _ D I A . . _ _ I 2 ^ 
. LENGTH 23 

P E R M - F R A C -
ANENT TURL _. 

SET S T R A I N 
( P C T ) (RCT..). . 

. 2 . 0 1 9 
. 0 6 5 2 . 2 8 4 
.LO.65 2 . ^ 5 4 

. 0 7 6 2 . 2 8 4 
•CSS 1 . 9 3 6 

. 0 3 3 2 . 1 2 1 
„ . 0 3 3 „ 2 . 1 2 9 

. 0 5 4 2 . 1 3 6 
. . 0 3 3 2 . 3 1 0 
. 0 4 4 2 . 3 3 0 

. 0 5 1 2 . 1 8 0 
S I ) 

. . . 0 . 1 6 . -133 
S I ) 

8 MM 
. MM 

CGMPR. 

STRENGTH 
(MPA) 

7 4 . 9 
7 5 . 3 

. 7 5 . 1 
7 5 . 1 
7 1 .8 
7 5 . 1 
7 8 . 2 
7 4 . 2 
7 7 . 1 
7 7 . 9 

7 5 . 5 
( 1 0 9 4 6 . P S I ) 

J . 9 
( 2 7 1 . P S I ) 
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TABLE A-6 (Continued) 

I OT ll£L -SPEC. D I A . - a2-.-a_MtL 
LOG NO. 6 4 8 4 - 1 3 7 
t OG HLNSTTY =:=__ 

SPEC. LENGTH 23. MM 
MR/MAJLl . 

SPECIMEN 
_-NUHRFR 

O R I E N T -
A T T O N _ 

L O C A - D E N S I T Y YOUNGS P E R M -
J X Q N _ _ L M B X t l * j O l r t 0 DU LU S_A1J E N i . 

( G P A ) SET 
LBJCJLI. 

F R A C -
-U-Rf__ 

S T R A I N 
( P C T ) -

COMPR. 
iXRELNG-TJJ-

(MPA) 

JLC- IR RAIL J I L -
3B RAD 
5R RAD 

ML 
J1L_ 

7B 
_SLE-

RAD 

Ji.ADL 

ML 

- a * 3 . 0 1 3 L».££-7 Z-2.- 8-
9 . 6 - ^065 2 . 1 1 0 7 6 . 0 

_9-.-i. ^XJJL 2 . 0 3 - 4 Zk . 5 -
8 . 3 

JSL.J1. 
. 0 6 5 

^ -C65 -
2 . 2 4 3 7 6 . 5 

-Z-4-..4_ 
I I B 
13R 
1 5 6 
17R 
19B 

RAD 
PAH 
RAO 
PAO 
RAD 

MEAN 

f i i n -

ML 
Ml 

ML 
Ml 
ML 

npv, 

9 . 3 
9 . 3 

1 0 . 5 
9 . 5 

9 . 3 

9 . 4 
n . 3 f t 

T f> 

( . 0 8 

. 0 6 5 

. n A 5 

. 0 7 6 

. n 6 f t 

. 0 6 5 

. 0 6 4 
MPSI ) 

. 0 1 ? 
M P S I ) 

1 . 9 3 0 
2 - 0 8 1 
1 . 8 9 1 
1 . 9 4 1 

1 . 7 9 6 

1 . 9 8 1 

. 1 3 4 

7 3 . 6 
7 5 . 8 

7 3 . 8 
7 3 . 8 
7 1 . 8 

7 4 . 3 
( 1 0 7 7 8 , P < ; T ) 

1 - 5 
( 2 1 2 . P S I ) 
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TABLE A-6 (Continued) 

LOT NO. 
LOG N O . 
LOG OFNS 

6 4 8 4 - 1 3 7 
TTY - -

SPEC. D I A . 12^-8 
SPEC. LENGTH 2 3 . 

M G / M * * 3 

MM 
MM 

SPECIMEN 
NUMBER 

O R I E N T -
ATTON 

L O C A - D E N ; 
TTON I M R / f 

5 I T Y YOUNGS P E R M ­
I T * U t L Q D U L U S _ A N E M I _ 

( G P A ) SET 
( P f . T ) 

F R A C -
-TURE 
S T R A I N 

JPCT) 

COMPR. 
STRFNGTH 

(MPA) 

I C 2 I B TAN 
2 3 B TAN 
25B TAN 
27B TAN 
?9R TAN 

31B TAN 
. J J 3 „ L A i i _ _ 

35B TAN 
_37B_.T_AN 

3 9 8 TAN 

MEAN 

S T D . 

ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
Ml 
ML 

D E V . 

.9-._3_ 
9 . 6 
9 . 3 
9 . 5 
9 . 9 

9 . 6 
_ J L Q . 2 _ 

9 . 0 
_ 8 . 5 

1 0 . 2 

9 . 5 
( 1 . 3 8_ 

. 5 
( . 0 7 

L O ^ 

. 0 5 5 

. 0 5 5 -

. 0 7 6 

. 0 5 5 

. 0 7 6 

. 0 6 5 

. 0 6 5 
.,_ . 0 4 4 

. 0 6 5 

. 0 6 2 
M P S I ) 

. 0 1 0 
M P S I ) 

1 . 8 7 3 
1 . 8 3 2 

J-.9_4 4 
2 . 0 5 3 
1 . 8 8 1 

2 . 1 3 1 
1 . 9 8 6 _ 
1 . 7 2 6 
1 . 9 2 8 _ 
1 . 8 8 1 

~T."9 24" 

^ J - i i 

7 2 . 6 
7 3 . 0 
7 4 . 9 
7 6 . 0 
7 4 . 8 

7 8 . 2 
- _ I 4 . 9 . . . . 

7 0 . 7 
_ _ - 7 3.8_ 

7 3 . 4 

7 4 . 2 
. ( 1 0 7 6 4 , P S I ) 

2 . 0 
( 2 9 6 . P S I ) 
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TABLE A-6 (Continued) 

-LOT NQ^ =^ SP-£XU._D IA .. __12 ..a_MM-
LOG NO. 6 4 8 4 - 1 3 7 SPEC. LENGTH 2 3 . MM 
LOG cEus-Li-x J:^ nayjut*-3 

SPECIMEN ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC- COMPR. 
— NU-MBER AJlXOti H O N (MS/M»*31M0aULU-S- AN£NT ^Tiii?£ S-UiENGTH 

(GPA) SET STRAIN (MPA) 
(-EX J-J IE C-TJ 

47B RAD ML 
49R R.AD m_ 
51B RAD ML 

-5-3 R RAD M.L-. 
55B RAD ML 

J5-7-B^ J?AD i l l -

_2£ 4 IB RAO m IIL..9. 
43B RAD ML 1 0 . 5 
45R RAD MI LQ.^S 

59B RAD ML 9 . 6 . 0 6 5 2 . 0 3 1 

MEAN 1 0 . 1 . 0 5 9 1 ,999 7 7 , 0 
LL*Ji-7_JlESJJ L m . 6 8 ^ P S L ) _ 

S T n . - £ l i J L . .,5 . D 0 6 . .121 1 . 9 
( . 0 8 MPSI) ( 2 8 1 . P S I ) 
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TABLE A-6 (Con t inued ) 

XQ T_ML. T-. 
LOG NO. 6464.-137 
LOG DENSITY — 

-SELC-
SPEC. 

D I A . _ _ 
LENGTH 

12.8_.MM_ 
2 3 . MM 

MG/M»»3 

SPECIMEN 
NUMBER 

ORIENT­
ATION 

LOCA­
TION 

• DENSITY YOUNGS 
_iil(iy_-M * * 3J no DU LU-S 

(GPA) 

PERM-
A N E_N J_ 

SET 
(PCT) 

FRAC-
_IiJRE._. 
STRAIN 

( P C T l 

COMPR. 
STRFNRTH 

(MPA) 

2C 61B TAN 
63B TAN 

_65.B__TAN_ 
67B TAN 
fe9R T A N 

71B TAN 
_23B_lAN-_-

758 TAN 
I .7B_IAt i - -
79B TAN 

- ML 
ML 
ML 
ML 
Ml 

ML 
—Ml 

ML 
_MI 

ML 

9 . 6 
1 0 . 5 
1 0 . 5 

9 . 6 
i n . 5 
1 0 . 2 
IGL. 2 

9 . 6 
9 . 3 
9 . 9 

__ .C4J4_ 

. 0 5 5 

. 0 6 5 

. 0 6 5 

. 0 6 5 

. 0 5 5 
_.- .05 5 . 

. 0 5 5 
- . . 0 5 5 

. 0 6 5 

_ 2 ^ 1 8 0 -
1 .973 

__2*191 
1 .819 
1 . 9 ? 3 
2 . 106 

_ 2 . 3 3 2 
2 . 0 7 2 
2 . 0 6 2 
2 . 143 

8.1 . 2 
. 7 3 . 5 

8 1 . 2 
7 5 . 0 
7 7 . 5 
8 0 . 4 
8 0 . 2 
7 9 . 8 
7 9 . 9 
8 1 . 5 

MEAN 1 0 . 0 . 0 5 8 2 . 0 5 0 7 9 . 5 
.(1 . 4.5_ MPS I \ . Ll 1 5 3 2 . P S I ) , 

STD. DEV. -._5. ._DOX 
( . 0 7 MPSI) 

1 1 8 -2 .0__ 
( 2 9 2 . P S I ) 

A-22 
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TABLE A-7 
COMPRESSIVE PROPERTIES OF GRADE 2020 GRAPHITE (LOG 6799-00) 

Specimen 
No. 

202 
210 
218 
220 
222 
228 
234 
240 

Mean 
Std. dev. 

3 
6 
11 
14 
23 
26 
31 
34 

Mean 
Std. dev. 

246 
256 
260 
262 
265 
272 
278 
280 

Mean 
Std. dev. 

35 
38 
43 
46 
55 
58 
63 
66 

Mean 
Std. dev. 

Location 
in Log 

End slab 1 

End slab 1 

• 

Middle slab 3 

' 

Middle slab 3 

1 

Orientation 
of Specimens 

Axial 

} 

Radial 

' 

Axial 

Radial 

f 
t 

Bulk Density 
(Mg/m3) 

1.780 
1.780 
1.782 
1.783 
1.791 
1.782 
1.781 
1.779 

1.782 
0.004 

1.774 
1.765 
1.772 
1.767 
1.782 
1.776 
1.779 
1.776 

1.773 
0.006 

1.779 
1.778 
1.782 
1.781 
1.781 
1.784 
1.776 
1.779 

1.780 
0.003 

1.767 
1.765 
1.770 
1.768 
1.772 
1.766 
1.778 
1.770 

1.769 
0.004 

Ultimate 
Compressive 
Strength 

(MPa) 

79.7 
84.8 
85.5 
84.1 
88.2 
82.7 
89.8 
82.0 

84.0 
2.5 

83.4 
80.7 
83.4 
80.0 
84.1 
83.4 
82.7 
77.9 

82.0 
2.2 

80.7 
80.7 
79.3 
79.3 
79.3 
80.7 
77.2 
82.7 

80.0 
1.6 

81.4 
78.6 
83.4 
84.8 
80.7 
82.7 
76.5 
81.3 

21.2 
2.7 
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TABLE A-7 (Continued) 

Specimen 
No. 

290 
292 
298 
300 
302 
318 
322 
326 

Mean 
Std. dev. 

71 
74 
79 
82 
87 
90 
95 
98 

Mean 
Std. dev. 

Location 
in Log 

End slab 5 

1 

End slab 5 

' 

Orientation 
of Specimens 

Axial 

Radial 

1 

Bulk Density 
(Mg/m3) 

1.784 
1.779 
1.784 
1.787 
1.787 
1.786 
1.786 
1.785 

1.784 
0.003 

1.790 
1.784 
1.790 
1.789 
1.793 
1.790 
1.800 
1.800 

1.792 
0.006 

Ultimate 
Compressive 
Strength 

(MPa) 

83.4 
81.0 
85.5 
88.2 
84.8 
89.6 
88.2 
82.7 

85.4 
3.0 

80.0 
87.6 
93.1 
89.6 
91.7 
88.9 
91.7 
88.2 

88.9 
4.1 
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TABLE A-8 (Continued) 

L A S . ' Jn . «'i-?<(R 
SAHPLEi b a s a - i t " ?(>2') I 6i.H S R i P 

RfPORT T ' i i Gt FN FMGIE 
''-il"'-y--Cl M i l l H i 2 ? m a 6 0 0 S ^ f^JL i iT IONi 

ELF- '^^ ' - 'T rONCF l .TOATI )!• , PPM F L E M F W T 

1 , 0 0 0 0 

CnNCFMTRATInN, PPM FLtMENT 

n»TF« 8-J-76 
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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. 
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TABLE B-1 
TENSILE STRENGTH AND MODULUS OF ELASTICITY DATA FOR GRADE H-440N 

LOT NO. S P E C * D I A . 1 2 . 8 HH 
LOG NO. 6««8U-81 S P E C . LFNGTH 7 ! : . MM 
LOG D E N S I T Y — M G / M * * 3 

SPECIMEN O R I E N T - LOCA- DENSITY YOUNGS P E R M - F R A C - T E N S I L E 
NUMBER ATION TION ( M G / M * * 3 )MODULUS ANENT TUPE STRENGTH 

(GPA) SET S T R A I N (MPA) 
( P C T ) ( P f T ) 

S L A B I A - L - fcA AX END 1 . 7 U 7 7 . t . 0 1 8 . 2 2 1 12 .< • 
- 8A AX END 1 . 7 5 2 6 . 5 . 0 1 6 ,?m 1 1 . 9 
- 1 0 8 AX END 1 . 7 4 3 6 . 7 . 0 1 7 . 2 6 5 1 2 . 8 
- I I A AX END 1.7'4i4 7 . 2 . 0 2 0 .2«4'^ 1 2 . 9 
- 2 0 A AX END 1 . 7 ' * 1 _ 7 . 3 . . O J C . 2 6 5 1 3 . 7 
- 2 2 B AX END 1 , 7 3 7 7 . 1 . 0 2 0 .2*4 1 1 2 . 5 
- 68 AX END 1 1 . 3 
- 8B AX END 1 1 . 1 
- 1 2 A AX END I C . S 
- 1 2 B AX END 9 . 9 
- l ^ B A X END _ _ _ , 1 1 . * • 
- 1 8 A AX END 7 . 2 
- 1 8 8 AX END 1 0 . 1 
- 2 n P AX END 9 . 3 
- 2 2 A AX END 6 . 9 
-2«*A AX END 9 . 7 
- 2 4 B AX END __ _ _ _ _ _ _ _ 10._? 

S L A B 1 B - L - 3 0 A AX END 1 . 7 U 8 7 . 6 . 0 1 7 . 2 0 ? 1 1 . 3 
-3*»B AX END 1 . 7 5 1 6 . 9 . 0 1 6 , 2G6 1 1 . 0 
- 3 6 A AX END 1 . 7 U 6 6 . 7 . L 2 5 . 2 m 1 2 . 2 
- 3 8 A AX END 1 . 7 4 6 7 . 3 . 0 1 7 . 2 C 9 1 1 . 5 
-t»£«A AX END 1 . 7 5 0 7 . 1 . 0 2 0 . 2 0 9 1 1 . 0 
-* t6B AX END 1 .7 i»8 7 . 2 . 0 2 0 .2*40 J 2 . 4 
-3'OB AX E N D " ~ - - - j ^ - ^ ^ j -

- 3 2 A AX END I D . 2 
- 3 2 B AX END 1 0 . 5 
- 3 6 B AX END ^ 1 C . 9 
- 3 8 B AX END 1 0 . 6 

SLAB1B-_L_-'«2A AX „ E N D _ _ _ _ __ 1 2 . 2 
" - ' • 2 E AX " E N D ' " " ' ' 1 2 . 6 

-*•*•? AX END _ 1 2 . 6 
-«f6A AX END 1 1 . 0 
-«*8A AX END _ _ _ 1 1 . 3 
- U 8 B AX END ' 1 1 . 7 

MEAN" ~" l .Ti46 7'.1 . 0 1 9 " ~".23'l ~ f l . 2 
_ 1 1 . 0 3 MPSI)_ ( 1 6 2 1 . P S I ) 

S T D . D E V . .CO** . 3 . CLtl3 . 0 2 2 1 . 5 
( . ':;5 M P S I ) ( 2 1 1 . P S I ) 
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TABLE B-1 (Continued) 

LOT N O . 
LOG N O . 6 ' » e ' » - 8 1 
LOG D E N S I T Y — 

S P E C . 
S P E C . 

O I A . 
LENGTH 

1 2 , P 
7 0 . 

MM 
MM 

MG/M**3 

SPECIMEN ORIENT-
NUMBER ATION 

SLAB6A-L-54A 
56A 
5SP 

SLAB6A-L-62A 
68A 

-L-70P 
-50A 
-SOB 
-5<4B 
-56B 
-6C1A 
-60B 
-66A 
-66B 
-68B 
-7aA 
-72A 
-72B 

SLAe6B-L-78A 
-82B 
-84 
-86A 
-92A 
-94B 
-74A 
-74B 
-78B 
-80A 
-SOB 
-84B 
-86B 

SLAB6B-L-90A 
-90B 
-92B 
-9'4A 
-9SA 
-96P 

-

AX 
AX 
AX 
AX 

- AX 
AX 
AX 
AX 
AX 
AX 
AX_ 
Ax" 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

AX 
AX 

LOCA­
TION 

-

ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 

"ML 
ML 

- DENSITY 
(MG/M«*3 

1 .726 
1 .673 
1 .676 
1.737 
1 •fc 7j6_ 
1.742 

_ „ — 

1.724 
1.671 
1.676 
1 .718 
1.735 
1.725 

- '— 

YOUNGS 
)MODULUS 
(GPA) 

6.7 
5.3 
5.6 
8.3 
_ 5. C_ 
6.7 

„ 

6.0 
5.0 
5.2 
6.1 
6.5 
6.3 ' 

_ 

- -

-

PERM­
ANENT 
SET 

.(PCT) 

.019 

.03 5 

.030 

.005 

. C O 

.022 

— 

.019 

.030 

.026 

.019 

.021 
~ .'02 3 

-~ 

-

-

F R A C ­
TURE 

STRAIN 
(PCT) 

. 176 

.180 

.241 
,lb<^ 
.275 
.231 

.19'^ 

.237 

.228 

.23n 

.194 

.268 

TENSILE 
STRENGTH 

(MPA) 

-

9.4 
7.4 

10.0 
11.4 
10_..0 . 
11.7 
10.4 
10.2 
12.5 
9.9 
9.8 

11.2 
11.3 
11.7 
8.4 

11.5 
11.7 
10.6 
9.3 
9.0 
9.3 

11.0 
9.7 

12.3 
11.6 
12.6 
11.2 
11.3 
10.7 
10.1 
12.7 
12.0 
12.6 
10.5 
12.0 
13.5 
12.1 

MEA_N 1 . 7 0 6 6 . 0 . 0 2 3 . 2 1 ? 
( . 8 8 MPSI) 

1 0 . 9 
( 1 5 7 9 . P S I ) 

STD. DEV. . 0 2 9 1 .0 .COS . 0 3 6 
( . 1 4 MPSI) 

1.3 
( 1 9 4 . P S I ) 
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TABLE B-1 (Continued) 

LOT NO. 
LOG NO. 6484-81 
LOG DENSITY --

SPEC. 
SPEC. 

MG/M*«3 

DIA. 
LENGTH 

1 2 . P 
70. 

MM 
MM 

SPECIMEN ORIENT- LOCA- DENSITY YOUNGS PERM- FRAC- TENSILE 
NUMBER ATION TION (MG/M**3 )MODULUS ANENT TURE STRENGTH 

(GPA) SET STRAIN (MPA) 
(PCJ) (PCT) 

SLABIA L-

SLABIB 

7 
11 
25 

-29 
- 5 
- 9 
-13 
-23 
-27 
-31 

•L-43 
-47 
-61 
-65 
-41 
-45 
-49 
-59 
-63 
-67 

RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 

END 
END 
END 
END 

.END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 

.F-ND_ 
END 
END 
END 

1 . 7 3 3 
1 . 7 4 2 
1 . 7 4 5 
1 . 7 3 7 

1 . 7 4 8 _ 
1 . 7 4 9 
1 . 7 3 8 
1 . 7 2 9 

7 . 9 
9 . 0 
8 . 2 
8 . 2 

7 . 6 , 
7 . 9 
8 . 5 
6 . 7 

. L 1 5 

. Q I C 

. 0 1 5 

. 0 1 6 

. Q19. 

. 0 1 5 

. 0 1 5 

. C 1 8 

. 2 2 3 

. 2 2 3 

. 2 1 0 

. 7 1 3 

. 2 3 9 

. 1 9 5 

. 2 6 5 

. 2 5 1 

1 3 . 0 
1 5 . 0 
1 3 . 0 
1 2 . 8 
1 2 . 5 . 
1 4 . 1 
1 3 . 5 
1 1 . 0 
1 2 . 7 
1 2 . 3 
1 3 . 5 . 
1 1 . 9 
1 5 . 8 
1 2 . 4 
1 3 . 0 
1 3 . 0 

I2iii__ 
1 3 . 1 
1 3 . 5 
1 4 . n 

MEAN 1 . 7 4 0 8 . 0 . 0 1 5 
( 1 . 1 6 MPSI ) 

227 
( 

1 3 . 1 
1 9 0 5 . P S I ) 

S T D . DEV. , 0 0 7 . 7 _ . _ . .GD3 . 0 2 3 
( . 1 0 M P S I ) 

. 1.1 
( 1 5 3 . P S I ) 
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TABLE B-1 (Continued) 

LOT NO. 
LOG N O . 6 4 8 4 - 8 1 
LOG D E N S I T Y - -

SPELC. 
S P E C . 

D I A . 
LENGTH 

1 2 . ' 
70 , 

MG/M**3 

MM 
MM 

• v ^ ^ ^ a * ^ ^ * * ^ ^ ^ •" 

SPECIMEN ORIENT-
NUMBER ATION 

-

SLAB6A L-79 
-83 
-97 
101 

SLAB6A-L-77 
-81 
-85 
-95 
-99 
1L3 

SLAB6B L115 
119 
133 
137 
113 
117 
121 
131 
135 
139 

RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
"PAD 
RAD 
RAD 

LOCA­
TION 

-

ML 
ML 
ML 
ML 
?fL 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 

"ML 
ML 
ML 

" — — ^T"" ~" 
- DENSITY 

• " " " • • " * " • • • • • ' 

YOUNGS 
(MG/M«*3 )MO.0ULUS_ 

-

1 .720 
1 .714 
1.720 
1 .713 

1 .684 
1.678 
1.686 
1.688 

(GPA) 

- --- -

7.2 
8.5 
7.2 

6.4 
6.2 
6.7 
6.5 

PERM­
ANENT 
SET 

-(-PCT ) 

.C16 

.015 

.018 

.019 

.015 

.016 

.020 

FRAC­
TURE 

STRAIN 
(PCT) 

.J40 

.189 

.149 

.169 

.193 

.204 

.170 

.218 

TENSILE 
STRENGTH 

(MPA) 

-

8.5 
10.8 
9.8 
9.7 

11.8_ . . 
12.5 
U . 9 
13.3 
11.2 
10.3 
9.9 

10. 3 
9,3 

11.0 
9.9 
8.6 
.9.3 
9.3 

10.2 
10.1 

MEAN 1 .700 7 . 0 . 0 1 7 . 1 7 9 
( l . n i MPSI) 

1 0 . 4 
( 1 5 0 6 . P S I ) 

STD. DEV. . 0 1 8 . 8 .Cir'2 . 0 2 7 
( . 1 1 MPSI) 

1.3 
I 1 8 2 . P S I ) 
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TABLE B-2 

FLEXURAL STRENGTH DATA FOR GRADE H-440N 

LOT NU. 
Hid vu, ftaau-o) 
1 DC Ot^'SlTy --

SPEC. OIA. 
SPtC. LEMGTh 

M C / M * * 3 

h . U MM 
51 . MM 

SPfClMFiNl i H I f M T - LIJCA- i i f rNSITY 
J U M R F P A l l f l N T I H N ( ^ ' ( , /M* * ] ^ ) 

MUDULUS* (.IF 
BUPTUl^t (MPA) 
(UNCUP«fcCTEO) 

f-LFXUKAL 
STP tNCTh (MPA) 

( C i l R W t C T t O ) 

"^LAnl A 

S L 4 B U 

SL411H 

SLAHfB 

?A 
^ti 

<JA 

>5A 

«H 
I IIA 

I iiH 
1«?A 

l ^ H 

1 -tA 

I H A 

t 8 H 

<JOA 

<^^A 

30A 

3> '̂H 

J<?A 

3 ' U 
3«B 
3oA 
36H 
aOA 
ai'B 
a^A 
^?B 
4aA 
uafl 
SUA 
5̂ ;B 
S^A 
5?B 
boA 
5f>H 
5>HA 
5«H 
ftOA 

4A 

Ax 
Ax 
AX 
AX 
Ax 
Ax 
4X 
AX 
AX 
4X 
AX 
AX 
Ax 
4X 
Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 
Ax 
Ay 
AX 
Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

tM) 

t ' J I ) 

t rwi ) 

L N D 

t N U 
t ^ L ' 
tKO 
tun 
(• Wl) 

t N U 

t M ) 

tNP) 

t M . ) 

t -Jl) 

t N l J 

t M U 

t M t ) 

L N D 

END 
tNO 
fcNt) 

t N U 
tNf; 

E"NO 
tNl) 
END 
tND 
END 
two 
END 
EMU 
EMU 
tNO 

END 
tNO 

"ENO 
tND 
tNO 
tNO 
ENfj 

2 6 . 5 
^ 3 . 9 
ib,b 
^ 1 . 4 
^ b . a 
2 4 . 6 
2 -^ ,3 
2 2 . b 
2 ^ . 3 
2 '4 ,B 
2 ^ . 0 
2 2 . H 
2 7 . 2 
ib.6 
2 b . 7 
2 7 . 1 
2 2 . V 
2 3 . 2 
2 H . 7 
it^.i 
^b.i 
2 a . 3 
2 5 . 7 
2 3 . S 
iit.O 
2 6 . 6 
2 3 . 5 
23.5 
2 0 . 7 
2 4 . 9 
2 3 . 5 
2 4 . 9 
2 4 . 6 
2 4 . 1 
2 3 . 8 
2 6 . 2 
2 6 . 8 

" ? 0 . 4 
2 4 . 1 
2 4 . 4 
2 5 . ^ 
2 5 . 2 

? a . 6 
( 3 5 7 2 , 

l . r t 
( 2 5 o , 

Mf>A 

P S I ) 
M P A 

P S I ) 

2 1 , 7 
2 0 . 1 
2 1 . 7 
l e . ' j 
2 1 . 7 
2 0 . 6 
20,<4 
1 9 . 2 
2 0 . 4 
2 0 . 7 
2 0 . 1 
1 9 . 4 
2 2 . 1 
2 1 . 3 
2 1 . K 
2 2 . 1 
1 9 . 4 
1'^.7 
2 2 , « 
2 0 , 2 
2 1 . 5 
2 0 . 3 
2 1 . 2 
1 9 . 8 
2 0 . 1 
2 1 . 7 
1 9 . H 
l " . ? 
1 7 . 9 
2 0 , 7 
l -J .H 
J O , 7 
2 0 . 6 
2 0 . 2 
2 0 . 0 
2 1 . 5 
2 1 , 6 
1 7 . 7 
2 0 . 2 
2 0 . 0 
2 1 . 3 
2 0 , P 

2 0 . 5 MPA 
( 2 9 7 6 , P S I ) 

1 ,1 MPA 
C 1 6 2 , P S I ) 

MEAN 

sTB."oIv, 
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TABLE B-2 ( C o n t i n u e d ) 

LUT M t , 
LOG 'vlil, 6 4 8 4 - * * ) 
Li lb OFNSITY - -

SPfcC. 
SPf-C, 

D I A . 
LENGTH 

MG/M**3 

6 . 4 
S I . MM 

SPECIMFN 
MUMhtR 

S L A H I A 

SLAHlb 

SLAHlb 
StAHltt " 

ilWltMT-
A' 

/ 
V 
13 
IS 
19 
35 
35 
3Q 
«1 
4S 
S9 
01 
OS 
67 
7] 
rtS 
91 
93 
97 
87 

r (oiv, 

kAi)_ 

par. 
WAO 
r^AD 
RAO 
•VAu 

RAD 
hvAO 

k A iv 
f«AO 
KAD 

mo 
WAD 
WAO 
PAD 
RAD 
WAD 
WAD 
WAD 
WAD 

L U C A - i)tMSITY 

Tin>J (-IG/M**31 

tN[) 
tNO 
fcNO 
END 
tND 
END 
LND 
tNiJ 

tND 
tND 
tND 
tND 
tNO 
tND 
tND 
ENO 
END 
tNO 
tNu 
'tNO 

MLU;ULUS UF 

WUPTUKt (̂ -PA") 
(UNCOPWfeCTtD^ 

^J'.S 
^b.O 
a3.u 
22.a 
2S.S 
24.9 

2*̂ ,1 
27.0 
22.2 
23,6 
2a.3 
2S.4 
27,^ 
26,b 
29.0 
20.2 
29,4 
26.3 
26,0 
2b. 1 

FutXUWAL 
STf<eN(;TH (MPA) 
(Cl)WWtCTF.D) 

21,b . 
21,4 
20, u 
19.S 
21.7 
21.3 
24.0 
22.7 
19.4 
20.4 
20,9 
21.6 
,>2,h 
22.5 
23.9 
22.1 
2a,^ 
22.2 
22,0 
ii,\' 

'tAl^l 2 5 . 7 MPA 
( 3 7 3 3 , P S I ) 

2 t , 8 
( 3 1 0 5 . 

MPA 
P S D 

STD. DFV, 2 , 1 MPA 
( 29 7 . P S I ) 

J , 4 MPA 
( 1 9 7 . P S I ) 
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TABLE B-2 (Continued) 

Ll lT N i l . 
LOr, M i l . b 4 H 4 - H 1 
L d i j n t ' - J b l l Y - - M G / M * * 3 

S P t C . U I A . 6 . U MM 
SPEC. LENGTH 5 1 . MM 

5PFCT^*eM ' i w i f - r j l - L D C A - D E M S I I Y 

MJMbtO A lT f iM TION ( M G / M * * 3 ) 
M lOULU.S OF 

KUPTURE (MPA) 
(UNCDRSECTEO) 

F L t x n w A u 
STRENGTH (MPA) 

( C L ) R W E C T ( - 0 ) 

S1.AH6A 

SL AH6A 

S l -4 t i6b 

SLA466 

ohA 
66h 
nH4 
nftn 
70 A 
70B 
7UA 

76A 
7hH 
7hA 
7')rt 
f<2A 
H 2 B 

HUA 

Hun 
rt&A 
P>f>H 

92A 
92H 

'jaA 

9»A 

100 A 

luofi 
104A 
104» 
106A 
106b 
1 IJHA 
lo8b 
1 14A 
1 14H 
1 16A 
1 160 
120A 
IPOb 
122A 
122b 
1?HA 
12'irt 

AX 
Ax 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 
Ax 
Ax 
AX 
AX 
Ax 
Ax 
AX 
4X 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
Ax 

"A~X 

AX 
AX 
AX 
Ax 
AX 
AX 
AX 
AX 
AX 
AX 

M f A N 

ML 
ML 

ML 
ML 

ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 

" L 

ML 
ML 
ML 
ML 
•̂ L 

ML 
ML 
ML 
•IL 
i-lL 
ML 
ML 
ML 
ML 

ML 

ML 

ML 
ML 
ML 
ML 
ML 
"ML" 
ML 
ML 

ML 

ML 

Slo." OFV. 

2 4 . 5 
2 4 , 9 
25 .0 
2 4 . 5 
2 4 . 3 
2 6 . 0 
1 6 , » 
1 9 . 6 
2 1 . 6 
1H.4 
19.0 
i n . 4 
2 4 . 5 
2 4 . 3 
2 4 . 9 
2 4 . 4 
2 7 . 4 
2 5 . 1 
2 7 . 3 
2 5 . 1 
2H,0 
2 5 . 9 
2 5 . 5 
2 5 . 1 
2 3 . 5 
21 . a 
19 .5 
17.V 
1H.6 
18 .8 
17 .9 
I ' * .3 
2 4 . 1 
2 4 . u 
2 6 . 5 
2 5 . 7 
2 3 . 2 
2 3 . 1 
2 1 . 2 
2 1 . 6 
20.>i 
2 2 . 9 

2 2 . 9 
( 3 3 1 « . 

3 . 0 
( 4 4 1 . 

MPA 
PSI ) 
MPA 
PSI ) 

19 .b 
19.H 
1 9 . ^ 
19 .5 
19.5 
2 0 , 3 
14,7 
16 ,6 
l » . o 
15 .9 
16 ,2 
15,« 
19 ,6 
I'^.'i 
19 ,6 
19 .5 
eo.'^ 
19 .9 
2 0 , 9 
19 .9 
2 1 . 2 
2(1,3 
2 0 . 1 
19 .9 
19 ,0 
\fi.\ 
16,6 
15 ,5 
16,0 
16 ,1 
1S,S 
) 6 , 4 
1 9 , 3 
19 ,3 
2 0 , 6 
20.? 
18.9 
l r t , 8 
17 ,7 
17 ,9 
17 .4 
16 ,7 

18.5 MPA 
( 2 6 8 9 , p s n 

l . S MPA 
( 2 6 0 . P s n 
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TABLE B-2 (Continued) 

LOT N i l . 
L l iG N J . o a 8 « 4 - 8 1 
LOG DEMSTTY - -

S P E C . 
S P t C , 

O I A . 
U E M i T H 

M Q / M * * 3 

b,a 
5 1 , 

MM 

MM 

SWFCIMEN 
NUMBtP 

SLAtJOA 

SLAHOH 

SLAribb 

UP IF NT-
AT ION 

111 
1 13 
117 
119 
123 
137 
139 
1̂ 3 
1«5 
\U'^ 
J63 
lo5 
109 
171 
175 
18«> 

191 
195 
197 
201 

WAO 
wAD 
WAO 
WAD 
WAD 
WAD 
WAD 
HAP 
WAD 
WAO 
WAO 
WAO 
WAD 
RAD 
KAU 
RAD 
WAO 
RAD 
RAO 
WAD 

LUCA- OEMSITV 

TION (Ma/M**3) 

-

ML 
»L 
•-IL 

ML 
Ml 
"'L 
'IL 
ML 
ML 
L̂ 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
Ml 
ML 
ML 

• W W W W «•<•>«> •»«»«>«• War 4 

MODULUS UF 
RUPTURE (MPA) 
(UNCORRECTED) 

2a,7 
25,a 
20,7 
20,2 
25,1 
27,a 
28.1 
20,3 
25,7 
27.1 
22,3 
23.a 
2a.0 
2J,9 
21,0 
21,1 
21,2 
20,3 
21,8 
20,0 

FLFXUHAL 
STRENGTH (MPA) 
(CURRECTEO) 

20,5 
21.0 
21.7 
21.a 
20,7 
22.1 
22,5 
21,5 
21,1 
21.9 
18,9 
19.7 
20,a 
18,7 
18.5 
18.1 
18,2 
17.0 
18.6 
17,8 

MEAN 2 a . 1 
( 3493 , 

MPA 2 0 , 1 MPA 
P S I ) ( 2 9 0 8 , P S I ) 

S T D , D E V , 2 . 5 M P A 

T o ^ 7 P'S~I)" 
1 , O MP A _ 

C 2 3 1 , ' PSI) 

B-9 



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

L . T N O . 
L (5 N O , 6 4 8 4 - 8 1 

L . 0 C E N S I T Y - -

S P E C . 

S P E C . 

MG/M**7 

D I A . 
L E N G T H ^5 

MM 
KM 

S P f C l M E N O ^ I F r . T - L O C A - D E N S I T Y YOUNGS 

NUMPER ;. T I O N T I O N ( MG / M * * 3 I M O D U L U S 

(GPA ) 

PERM- FRAC-

ANLNT TUPE 

SET bTRAl^J 

(PCT) (PCT) 

COMPP. 
STRENGTH 

(MPA) 

1 A L 6 ' 
L fc ' 

L l ^ ^ 
L l 4 f 
L3 ; ,L 
L 3 2 ( 
L 3 6 f 
L3HL 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

END 
ENP 
END 
ENO 
ENn 
END 

END 
END 

6 . C 
5 . 2 
6 . 1 
6 . C 
6 . G 
5 . 3 
5 . 5 

. 1 5 C 2 . : ' 8 4 

. 18C 

. 1 1 0 

. 15C 

. 1 8 0 

. 1 6 3 

. 1 8 " 

. 2 D J 

T ,? fe9 
2 . 1 7 6 
7 . lu i+ 

3 . 4 C 4 
3 . 4 6 4 
3 . 2 3 8 

4 7 . u 
5 3 . 8 
4 8 . 7 
5 3 . 4 
5 2 . 4 
5 4 . 7 
5 4 . 8 
5 3 . 1 

KEAN 5 . 7 . 1 6 4 
.^3 M P S I ) 

2 . 9 5 7 
( 

5 2 . 2 
7 5 7 4 . P S I ) 

S T D . D E V . . 4 . 0 2 8 
?5 M P S I ) 

. 5 4 4 2 . 9 
( 4 1 4 . P S I ) 

l A 

IB 

L 5 ' ' 
L9 

L 1 7 . 
L 2 7 
L 4 i . 
L 4 5 t 
L 4 9 ' 
L 5 9 " 

RAD 
RAD 
PAD 
RAC 
RAD 
RAD 
RAO 

RAD 

END 
END 
END 
END 
END 
END 
END 
END 

6 . 7 
6 . 9 
7 . 4 
7 . 2 
7 . 9 
7 . 1 
6 . 9 
7 . 2 

. 1 3 0 

. 1 3 0 

. 1 2 C 

. i 4 C 

. 1 3 0 

. 1 3 0 

. 1 4 C 

. 1 2 0 

2 . 345 
2 . 186 
1 . 6 b 9 
1 . 8 3 6 
2 . ' 1 1 
2 . 1 7 8 
1 . 9 5 6 
1 . 7 7 8 

5 2 . 6 
5 3 . 6 
4 6 . 6 
4 8 . 3 
5 2 . 3 
5 0 . 0 
4 8 . 1 
4 7 . 2 

MEAN 7 . 2 . 1 3 C ? . r 3 2 
( 1 . 0 4 M P S I ) 

4 9 . 4 
( 7 1 6 8 . P S I ) 

S T D . D E V . . 4 . 0 0 8 . 2 5 7 
( . 0 5 M P S I ) 

2 . 3 
( 3 3 3 . P S I ) 
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TABLE B-3 ( C o n t i n u e d ) 

L ' T NO. 
LTG NO. 64 8 4 - 8 1 
L :C D F N S I T Y - -

S P E C . 
S P E C . 

D I A , 
LENGTH 

1 2 . 

M G / M * * 3 

MM 
MM 

SPECIMEN C" 
NUKPER 

f-A 

6D 

i-» 

L 5 'J ̂  
L54 C 
L56:. 
L6o 
L74 f 
L78 -. 
L80: 
LS4 

lENT-
TION 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LOCA­
TION 

ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 

• LENSITY 
(KG/M 

YOUNGS 
**3)M0DULUS 

(GPA ) 

6,2 
5.8 
4.4 
5.8 
6.0 
5.6 
3.9 
4.3 

PERM­
ANENT 
SLT 

(PCT) 

.16 0 

.l?u 

.i33 

.153 

.17C 

. 16'J 

.129 

.153 

FRAC­
TURE 

STRAIN 
(PCT) 

^.221 
2.99^^ 
2 .087 
3.02^ 
3.461 
7.50? 
2.99 9 
7.043 

COMPR. 
STRENGTH 

(MPA) 

53.6 
52.3 
43.7 
52.C 
55.4 
53.8 
43.1 
43.9 

MEAN 5 . 2 . i " e 
. 7 6 M P S I ) 

7 . 153 4 9 . 7 
7 2 1 2 . P S I ) 

S T O . D E V . . 9 
. 1 3 

. u 2 G 
MPSI ) 

. 2 1 7 
( 

5 . 2 
7 5 3 . P S I ) 

6A 

6 b 

L 7 7 ' 
L 8 1 
L 8 5 • 
L 9 5 ' 

L 1 1 3 t 
L 1 1 7 
I 1 2 1 ; 
1 1 3 1 ' ^ 

RAD 
RAD 
RAD 
RAD 
=>AD 
RAD 
RAD 
RAD 

ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 

5.6 
5.4 
4.5 
6.1 
5.2 
5.0 
5.2 
4.6 

.173 

. 160 

. 180 

.140 

.170 

.1?? 

.100 

.183 

1 .765 
1 .991 
2.214 
1 .638 
1 .9U4 

_ • 
2. 
•7 . 

71b 
167 

39.2 
ai.4 
39.4 
40.8 
37.9 
a2.8 
41.7 
39.0 

MEAN 5.2 .148 P.'̂ feQ 
( .75 MPSI) 

40.3 
( 5843.PSI) 

STD. DEV. .5 .L3C .3.̂ 5 
( .37 MPSI) 

1.6 
( 2 37.FSI) 
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TABLE B-4 
SPECTROCHEMICAL AKALYSES FOR GRADE H-440N 

LA"-. ' " 1 . * ' 1 '? 
<:A>'P| F I H„a , . l-. i .H«-w1-l l^sl bh 

ELE'-'E 'T rc 'Nr i - - T. L T n r . >-PI , E L E M E ! ' T , C l i M i ' T w a n o ' . PPt-

DATEI a - 2 3 - 7 7 
- i ' l J U i - ^ N O . 7 7 « 0 U 

FifWF'- 'T CONCENTRATION! PPM 

1 
»o 

P. A 

( « 

cu 
F J 
HF 
K 

LU 
MO 

Pi 
S'-

T6 
TL 
K 

1 n . f ,-. 

< 4.f 1 
< I.' 1 

< 21'. 0) 
h.fn. 

< .50 
< 1 .llO 
< 6 0 . n 

< « . (1 0 

< inn.no 
< 40.PC 
< 20.nil 
< 40,00 

AL 

ro 

OY 
FE 
40 
1 A 

MA 
vl 
PR 
SC 

T9 
TM 
Yrt 

< in.oa 
< 4.n'. 
< 20,00 

7n.ni 

< 10,00 
< )ft,f)n 

?0.0<i 
< *ft,nn 
< 4.00 
< *, ,1, n r 
< I.on 
< A.no 
< 40.00 

< 10.00 

e 
fii 

CE 
CS 
ER 
GD 
IN 
1 I 

NR 
P 
RR 
SI 
SR 
TI 
w 
ZN 

< 
< 
<__ 
< 
< 
< 

< 
< 
< 

< 

< 

2.00 
i.nn 

80.00 
1 o.on 
6.00 

10,00 
1.00 
.•to 

1.00 
4>tOO 

600.00 
<>,00 

80.00 
40.DA 
40,00 
40.00 
10,00 

ZR 4,01L 

COlJCF'lTS.TTIOi» 'JASEO O'J OR&I.iAL SAMPLE BEFORE DILUTION »iITH niUUENT 
> "EA^S GRE«TF'' THAN 
< ̂ E«'''S 
RESULTS 

LtSS ThAv THF SE^''lTJVIT1'0f THF SPFCTPOGHAPnIc PROCEDURE USEO 
APE CORRECT l>ITHÎ  A F^CTOH uF 40* t lOKE STANDARD DEVIATION) 

http://inn.no


S f t - P l E l H 4 4 ' ' - . » . a R 4 - n l - L H I >'W .• P _ . P t ^ n J E C I -

TABLE B-4 ( C o n t i n u e d ) 

f . - l . r 

ELEi-<ENT r.p »ir:fe' r w a i I J N , PP„. 

"•^p 1-iT T n i 

— 1 2 2 4 1 4 6 " Lib 

ELE-ME i l 

. 11,,'T I'V 1 LtfliUiii-

C U J C L I - Ti.A.H.)tvi P£_^l_ _ 

DATEI 2 - 2 3 - 7 7 
P| flTF N O . 7 7 - 0 ) 4 

ELEMEkl CQfCEjMTKAIIQNi PPM 

bd 
I 

CO 

AG • •ill 
- i f i .nr 

1 .0 ' ) 

Cli 

HF 
J ! 

Sti 

.Jt 4 . '1 (1 
< 1 .0 ' ' 

_< ?oo.r .n 
2 n . n '1 

L ' I 
• " ) 

NO 
pn 

t 5 " 
1 . OJl-

' J O . O O 

6 . n j _ 
< b . ft 11 

- i iPQ.no 

s 
- f l j -

2 , 0 0 
1 .00 

10 . rm 

2 0 . 0 0 
gn.nn 
1 0 . 0 0 
i n . n n 
10.ou 

< 4 . 0 0 

< l . oo 
_S 6.CO 

MN 

p 

SI 
-5fi_ 

80.00 
10.00^ 
6.00 

1Q,JUL 
1.00 

mSL. 
1.00 
6.00 

600.00 

80.00 
40,00 

TA 
JLL. 

_ZR-

< 4 0 . C O 
< ? n . n ^ 

4 0 . 0 0 
2 . 0 0 

T8 

va 

4 0 . 0 0 
4 . 0 0 

1 0 . 0 0 

TI 

ZN 

40.00 
40.PO 
1 0 . 0 0 

CONCENTRiTIO^i dASEO ON O P G I N A L SffPlt c^EnRE DILUTION * I T H 0ILUE^^1 
> MEA'--.S G P E P T E R THA •̂ 
< I^EAIJS LESS T-iAN THE SE^^SI T IVITYOF THE S P E C T H O O R A P H I C PROCECIURE USEn 
RESULTS ABE CO-^RECT W I J H I N A F A C T O ^ 3 F 408 • (ONE STANOARD DEVIATION) 
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TABLE B-4 (Continued) 

LAB. NO. 46.111? 
SAHPlEl H44n j » .aR4-r t l - l <.̂ ^ aw.iii_ 

• t P JHT T I ) I 5 f RLI-
. PRgjF ^ T — U . . 4;'PAi4mnrs r. I I ' T T O N I 1 .UiiOt) 

DATEI 2-23-77 
PI ATE NO. 7 7 - O U 

ELEMENT rONCE.^TRATtUNt PP" .EojLilEiJL. XOiiC£'JTUATtON. PPw ELEMENT CQNCENTRATIOHi PPM 

1 

1 

Ar, 
PA 

CO 
CU 
FU 
HF 

LU 
"0 
NO 
PB 
SB 
SM 
TA 
TL 

ZR 

< .SO AL 
in-no HE 
bO.OO CD 

< 4.00 CH 
< l.oo OY 
< ?on.nn FF 
< 20.00 HO 

fl.nn I A 
« .50 M6 
< 1.00 NA 
< 60,00 Nl 
< IS.00 PR 
< 8.00 SC 
< 100.80 SN 
< 40,OT Tfl 
< 20.00 TM 
< 40.00 YB 

2.00 

< 
< 
< 
< 
< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 

1.00 
,nn 

10.00 
4.0'! 

20.00 
1ft.00 
10,00 
lOfOn 
10.00 
»n,nn 
4.00 

#10,00 

1.00 
6,00 

40,00 
4,00 
10,00 

a 
RI 
CE 
CS 
ER 
OD 
IN 
IT 
MN 
NB 
P 
RB 
SI 
SR 
TI 
V 
2N 

< 
< 
< 
< 
< 
< 
€ 

< 
< 
< 
< 

< 

< 

2.00 
1.00 

80.00 

6,00 
10.00 
1,00 

1,00 
6,00 

600,00 
6,00 

80,00 
40.00 
40,00 
40,^00 
10,00 

COMCENTHATION BASED OH CRRINAL SA'^PLE "BEFORE UIL'JTION WITH 
> MEANS GREATER THAN 
< MEANS LESS THAN T-te 
RESULTS A»E CORRECT X 

PILUENT 

SENSITIVITTOF THE SPtCTROGRAPMIC PROCEDURE USED 
ITHIN A FACTOP OF 40« . (ONE STANDARn OFVIATIONI 



TABLE B-4 (Continued) 

t A r i . Ni... * b 0 t 2 
SAMPLE » » 4A I" ^a.<4->i1-l -.9 j i i i ^ 

FLFMEIvT ^riNrF. T.^ATin-. . P P " 

J ' S O J U L - . -

i-K'' i»<T r "'I I-
oi l 'LUl-

FLE-lLUL 

U l iULL-

CL'NCEa=Xi-'JLT I Of ; , pp 4 

UATLI 2 - 2 3 - 7 7 
P i ^ l E . tiO, 7 7 - O U 

ELEf<£Nt_ CQNCEhiTRATIQNt PPM. 

bd 

M Gi! 
- - ' 

AO 
FtA 
CA 

c u 

HF 
K 
LU 
MG 

PM 
s y 
SM 

TA 
TL 
M 

< . 6 J 
1 n . r T 
6 0 , 0 . ) 

< 4 . r,.) 
< 1 . 0 0 
< 2 o n . o o 
< 2 0 . " > l 

H .nn 
< . 5 n 
< i . n n 
< 6 0 . n o 

< h.OO 
< 1 0 0 . O J 
< * 0 . 0 0 
< 2 0 . q o 
< 4 0 . 0 0 

AL 

UY 
FF 
MO 

I A 
MG 
•JA 

MI 
Pri 
sc 
SN 
TB 
Tii 
rs 

< l . o c 

< 1 0 . m 
c A , n r 
< 2 0 . 0 0 

? f t , n o 
< 10 . (- 0 

1 0 . 0 0 
< 4 0 , 0 0 
< 4 , 0 0 

< l . o n 
< fc.Oft 
< 4 0 . 0 0 
< 4 . 0 0 
< 1 0 . 0 0 

B 
» I 
CE 
c s 
ER 
00 
I N 
L I 
MN 

P 
RR 
S I 

T I 
V 
ZN 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

< 

2 . 0 0 
1 . 0 0 

8 0 . 0 0 
1 0 , 0 0 
6 . 0 0 

1 0 , 0 0 
1 .00 

I . 0 0 
6 . 0 0 

6 0 0 . 0 0 

eo.oo 
4 0 . 0 0 
4 0 . 0 0 
4 0 . 0 0 
1 0 . 0 0 

_ZR_ g.OQ-

COKCENTf 
> "E4NS 
< MEANS 
RESMLTS 

NATION ^ASEO 0»" C P U I ^ J A L SAMPLE REfORE O I L U I I O K 
flPEATE-^ THAfJ 
LESS ThA' l THE S f M S I T I V I T Y O F T^E PPECTR06PAPHTC 
tfit CO*<»ECT WlTHI t - A fACTO« OF 4 0 * t (ONff STAN 

" i ITH OILUENT 

PROCEDURE USED 
OAHn DEVIATION) 

http://60.no


TABLE B-A (Continued) 

|.A%. ^ 0 . 4-.no2 
SA-ipi f I tA&Ll ftAP4-Hlfl P? SJhi.P fn , ; m „>; iiJ.^«.iAii(jjs_ "111 T I O K I i .ot iou 

OATtJ 2-23-77 
fLAIE-Hfl.-J77-0lA 

Ft FMFMT rfiMrFMTa«TT )t.i. PP» FLE'.E if ril^CFNTRATin'Ji PPH ELEMENT fONirENTHATItlN. PPM 

1 

1 . 

AG 

CA 
r.o 
C 1 
F ) 
HF 
K 
L U 
• •J 
NO 
p i 
S " 
S"i 
TA 
T L 
Kf 

< 

< 

. S O 
1 n • n 11 
' j O . O O 

4 . ( ' 1 
l . O i 

? ( ) n . n n 
2 0 . m 

4 . n i l 

l .no 
fto.oo 

fr.on 
8 . 0 0 

1 0 0 . 0 0 
4 0 . 0 0 
2 0 . n u 
4 0 . 0 0 

AL 
riF 
CO 

DY 

H i 
1 A 
HG 
NA 
41 

PR 
SC 
SN 
TR 
TM 
YB 

j t 

i . ro 

1 0 . r 1 

2 0 . 0 0 
1 n . o n 
J O . O ' i 
l O t O " 
1 0 . 0 0 
4 f l , n f i 

4 . 0 0 
ftO.OO 

1 . 0 0 
fe.OO 

4 0 . 0 0 
4 . 0 0 

1 0 . 0 0 

R 
•4 * 

CE 

ER 
fiO 
I N 
1 T 
MN 
NR 
P 
RB 
SI 
SR 
TI 
V 

ZN 

< 
< 

< 
< 
< 
« 
< 
< 
< 
< 

< 

< 

2.00 
1 «<>0 

eo.oo 

6.00 
lO.oo 

1.00 
r * 0 

1.00 

600.00 
ft,00 

eo.oo 
4 0 ^ 0 0 
10.00 
P O . O O 
10.00 

_z^ ?.P0 

M ORGINAL SAMPLE REfORE OlLOTIOrJ .^ITH OILUE^'T CONCENTRATIO-l dASEf" ' 
> MEA'iS GREATER THAN 
< MEAiJS LFSS THAN THE SE .ISITIVITYOF THE SP E C T R O G R A P H I C pî rtCEDURE USED 
RESULTS ARE CQRRCCT WlTHIH A FACTOR OF A0» . <ONE STANOAffO OEVIATION) 



TABLE B-4 (Continued) 

L A b . .JU. 4 6 0 0 ? DATEl 2 - 2 3 - 7 7 
P L A I L NO. 7X-JUjtL-

ELFMFHT _tir-'JCE^TPATKL'_j_>-'e.ii _ ...ELEilE -IT CC:i£f L -TK i l i iD tU- £Pi-j__ ELE'-IENT - -JQNCENTRAIIQNt PPK. 

AG 
HA 
CA 
rn 
CU 

-,. EU 

< 

* 
< 
< 

.SO 
i r . r n 
6 . 1 . o i i 

4.(11' 
1 .00 

? o o . n n 
HF 20.00 

— 4.01 

AL 
- HF 
CO 

or 
^FE 
HO 

-LA 

1,0' 

< 1 0 , 0 >•> 
--< 4.l|f| , 
< 20.00 

20.OQ 
< 10.00 

_JC 10.00 

e 

CE 
_XS 
ER 

2.00 
l.QO 

IN 
JJL 

< HO.00 
-< -^10.00 
< 6.00 
_< lO.OiL-
< 1.00 
_S aSfl-

LU 
_M(2_ 

I 

Nu 
pa 
SH 

.50 
1.00 

M6 
NA 

< hO.nr; 
--* 6. Oi. 
< 6.00 
« 100.On 

NI 

-SB.. 
SC 

_Sit-

4 0.00 
_* AX1*JH)_ 
< 4.00 
_< bO.OO 

MN 

P 
J8fl_ 

1.00 

6.on 
SI 
-SB_ 

1.00 
6.00 

600.00 
6*J[U»_ 

BO.OO 
40.00 

TA 
_lt_ 

< 40.00 
Ji 20tX!ii_ 

TB 
J>L 

*0,0P 
—4.00 

TI 

40.00 
2.00 

Y8 10.00 ZN 

40.00 
40.00 
10.00 

CONCE^^TRATION BASEL' ON ORDINAL 
> MEANS SkEATER THAN 

SAMPLE PEFOKE DILUTION WITH DILUENT 

< MEAf.iS 
RESULTS 

LESS T.HAh THE SE''SITI VITY1K THE SPtCTftOSRAPHIC PPOCEUUPE USED 
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t i l -Pn iJT T , , . (. F M - , L F 

of.iri.T •-: . .v?4i t f "i.s '.<n, ' 

f l , FME'T C ' . C E n l f i 

AL < 
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CU < 
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FE 
HO < 
1 A < 

M<3 
NA < 
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l . o n 

1 0 . 0 0 
4 , 0 1 1 
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. - I C O O _ ... 

1 0 . 0 0 
1 0 , 0 0 

1 0 . 0 0 
4 0 . 0 0 

4 . 0 0 
. 6 0 . 0 0 

l . P O 
6 . 0 0 

4 0 , 0 0 
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1 0 . 0 0 
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CS 
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4 0 . 0 0 

1 0 . 0 0 
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TABLE B-4 (Continued) 

L A B . N C . 46002 t»tO'>pi T m b t'J(<Le 
SAPPI E l I- AtON 6 4 * < 4 - B ; - I 3 N I - (1P por, )FCT 11 . l>>?4l4feO(^S I I i i iT IO j l L.JlJ.Cji_ 

OATEI 2 - 2 3 - 7 7 
PLATE NO. 7 1 - a i * _ 

ELEriENT CQl^'CEMTPftTIO . PP' -EL£!iEliI_ . X O i i n - IPAJLLQi i PPf' ELEMENT CONCENTRATION, PPM 

CO U 

A (5 

CA 

_ca-
cu 

_EiL 
HF 

20 .0 .1 
6.1 , n 1 

4 . 0 0 
1.00 

2 0 0 . 0 0 
2 0 . 0 0 

fi-.Ofl 

AL 
.•BF 

1,00 

CO 

CY 
_E£_ 

< 1 0 . 0 0 

2 0 . 0 0 

- P .no 
HO 

JUk-

1 0 , 0 0 
10.011 

B 

CE 
J C S 

ER 
. .aiL 

IN 
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2 . 0 0 
1 . 0 0 

< 8 0 . 0 0 
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_4 
6 . 0 0 

1 0 . 0 0 
1.00 

.SO 
LU 

NO 
PB 

. 5 0 
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b . l ' O 

MS 

NA 

NI 

1.00 
-*. AO.nc 
< 4 . 0 0 

_< 6 0 . 0 0 

MN 

P 
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< 
< 6 0 0 . 0 0 
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00 
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: «.00 
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t 40.00 

2.0 ) 

SC 
BN 
TS 
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YB 

__ 
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10.PO 

SI 
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TI 
V 
ZN 

< 

* 
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40.00 
10,00 
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TABLE B-4 ( C o n t i n u e d ) 
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Rb 
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.._PLAIE^ tiHt 
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< 
< 

< 

< 
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< 
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< 

< 
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6 . 0 0 
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1 .«10 
6« ,Q 

6 0 0 . 0 0 
6 . 0 0 

eo.oo 
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CONCENTRATION dASEQ C- OPfalNAL S A N P L E BEFORE DILUTION WITH DILUENT 
> MEANS fiPFATFR THAU 
< H E A M S L E S S THAN THE SE^fSlTIVITYOF THE SPECTROGRAPHIC PROCEOUBE USEO 
RESULTS ARE CORRECT .^!THI^ A FwCTOP OF 40« . (0^^F STAwOARr, DEVtATlON) 
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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. 
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TABLE C-1 
TENSILE PROPERTIES OF PGX GRAPHITE 

LOT NU, f^OS^J SPEC, f^lA, l i , e MM 
LOG 'JO. busuml^^ s P f C , IENIGTH O J , MM 

LL'G nfc,N;JiTY 1.7a .MG/M**3 

SPECT^'FN 
NlUf i f ^P 

' " l I c - E -

t H C - t -

idc»e-

• W i B I B W f l V l B l 

r iHiE^^T-
ATION 

K m _ fn 4 

111 A 
1?A 
2?A 
a^A 
OfeA 
06 A 
1(1B 
12B 
If lA 
20 B 
2 ^ 

' 2 « H 
106B 
108H 

9«B 
9hB 

112 * 
l o a t j 
106 A 
t08A 
flOA 
92H 
9ilA 

•9~6A 

• flP OT W 4V 1 

AX 
AX 
AX 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

AX 
Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LOCA­
TION 

" t c 
t c 
tc 
tc 
t c 
fC 
fC 
EC 
EC 
FC 
t.C 
EC" 
tC 
EC 
EC 
EC ^ 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 

• • • • • . • l a . 

DENSITY 
( M e / M * * 3 ) 

-

" " ' " B J ' " " 
1 , 7 « 7 
l.7ee> 
l . 7 « 5 

1 ,777 
1 .778 
U 7 7 6 
1 . 7 7 ^ 

VIJUNGS 

^OQi ' Lua 
(GPA) 

-
, . . . . . o - . 

«>,5 
7 J 
«>,5 

6 . a 

6 , 3 
b .S 

1 • a ai«) ai a «a 

PERM­
ANENT 

SET 

tPXti 

' . 0 2 0 
. 0 2 7 
, v 2 ' i 
, 0 3 0 

E " 2 5 

, 0 2 0 
, 0 2 2 

f W •» » «|l « *• W 

F»AC-
TU^E 

S T W A I N 

(PCT) 
' S IV <• M W W IB 

, 2 0 5 
. 2 1 5 
, l b 3 
. 2 1 2 

. 2 1 9 

. 2 1 0 

. 2 l B 

T t N S I L t 
STRtNG^H 

(HP A) 

1 0 , 0 
1 0 | 5 

9 , 2 
1 0 , 3 
1 1 , 9 
1 2 , 0 

n,« 
\i,(^ 

9 , 9 
l O . b 

7 . 3 
12 .P 
1 0 , b 

3 . 3 
1 0 , 8 
1 1 . 7 
J . 2 . 
1 1 , « 
1 1 , " 
i i . 3 
1 2 , 0 
1 J . 5 
1 1 , 6 
V2 ,0~ 

^tAN 1.781 6 ,S ,02« .207 10 ,5 
( ,94 Mpsn t 1525,PSD 

STO, OEV. .005 . 3 ,00a ,020 2 .0 
T roil~^I^STT ~ " ' * "" ~ r 296,PSD 
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TABLE C-1 (Continued) 

LOT .Jt), 805-3 
LOG NO, 6 a 8 a . l l 2 
LUG OENiSn^ 1.78 M.G/M**3 

SPEC, DlA, 12,8 MM 

SPEC. LENGTH 63, MM 

SPFCIMEN ORIE'^T-
Mi^^Ht^ ATjON 

-

j A C - f - 31 
• 27 
• 11 
• 07 

_ - 05 
m 09 
- 23 
• 2S 
- 29 
- 03 

I H C - f - 1 1 3 
- 1 1 7 
• 1 3 3 
• 1 3 7 
• 1 1 1 
- 1 1 5 

1bC-fc-119 
• 1 3 1 
.13«5 
• 1 3 9 

(i\0 
RAU 
RAU 
RAD 
RAO 
RAJ 
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PAD 
RAD 
I4AD 
RAO 
RAO 
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RAH 
RAO 
« A O 
RAD 
R"A 0 " 
RAU 
RAO 

LOCA-
THJN 

EC 
EC 
EC 
EC 
ELC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
fc 
EC 
EC 

' UENSITY 
CMQyM**3) 

-

1»779 
1 .779 
1 . 7 7 9 
1 ,784 

U 7 7 0 
1,>72" 
1 ,772 
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» « i * P V « « l * W » > i 
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M O Q U L U S 

(GPA) 

-
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, 0 2 2 

W « « I * < K « » « 

FRAC-
TURt 

STRAIN 
. (^CT) 

, 1 6 0 
, 1 8 0 
, 1 7 4 
, 1 8 7 

. 1 8 5 

. i<»2 
, 1 7 S 
, 1 5 3 

1 «i » « « •» 4P « 

TENSILE 
STRENGTH 

(MPA) 

SS* 
" , 3 

1 0 , 2 
9 , 7 
9 * 8 
9 . 3 
9 , 9 
7 , 8 
8 , 3 
9 , 6 
9 , 6 

1 0 , 0 
9 , 6 

1 0 , 6 
9 , 5 

1 0 , 1 
9,6. 
8 , 4 

1 0 , 3 
1 0 , 2 

l̂EANi 1,776 6 .7 ,021 ,176 
( ,97 H P s n 

8TD, OEV, ,p06 ,2 ,0U2 , 0 l 3 
( .03 Mpsn 

9 ,6 
( 1 3 6 9 , p s n 

.7 
( 102 ,PSD 

C-3 



TABLE C-1 (Continued) 

IUT NU, 8 0 5 - 3 
LUG NU, 6 4 8 4 , 1 1 2 
LUG UENSITY I , 7 3 _HU/M**3 

SPEC. niA, 12,8 MM 
SPEC. LENGTH 63, MM 

SPECIMEN r i H I E w T -
N'JMHfcR ATJUN 

I A Y - E * 3 O B 
- 34A 
• 46B 
- 5aA 
- JdA 

• 3 4 6 
- 42A 
• 4?H 
- 4hA 

• 5 4 3 
m Y - f - U < * B 

- 1 i 8 A 
- 1 3 0 B 
- 1 3 8 A 
- U 4 A 
- U 8 B 

1 B Y - E - U 6 A 
- 1 2 6 ^ 
• I 3 0 A 
• 1 3 8 B 

• H W 411 Ml 1 

AX 
AX 
AX 
AX 

AX 
AX 
AX 

Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

AX 
AX 
AX " 
AX 
AX 

LOCA-
T l i l N 

E"̂  
EM 

t ^ 
E M 

EM 
EM 
F M 

EM 
EM 
EM 

.V\., 
EM 
EM 
EM 
EM 

E*̂  
EM 
EM 
EM 
EM 

. . <• « • « !• « « • 
DENSITY 

( M G / M * * 3 ) 

, _ 

1 , 7 7 1 
1 . 7 7 2 
1 , 7 7 4 
1 , 7 6 9 

.U771 
1 . 7 7 3 
1 . 7 7 8 
1 . 7 7 9 

<mmmmm^9f>mm 

YOUNGS 

if^OPULUS 
( & P A ) 

| < B W I W W « B W I | | | 

fe.2 
6 , 4 

. 6 , 0 
6 , 0 

- . 6 . 3 
6 , 4 
6 . 3 
6 . 4 

> « « « • , * « i 

PERM­
ANENT 

SET 

(PrT) 
, 0 2 5 
, 0 2 9 
, 0 2 6 
. 0 2 3 

, 0 2 0 
, 0 1 9 
, 0 2 5 
, 0 2 5 

• • w !• « at •• 

> « < • • « t « ) « «p 

F R A C ­
TURE 

S T R A I N 
i P c T ) 

. . . . . . . 

. 2 2 3 

. 2 2 2 

. 2 3 1 

• ^ ' ! ! 
. 2 3 ^ 
, 2 2 6 
. 2 2 7 

^mmwimm^w 

T E N S I L E 
STR&NGTH 

( M P A ) 

. " - - ^ - -

1 0 , 6 
1 0 , 3 
1 0 , 6 

iU<^ 
1 1 , 0 
1 0 , 7 
1 1 , 4 
1 1 , 0 
1 1 . 4 
1 1 . 7 
U . 7 
1 1 . 0 
l l . f 
1 1 , 6 
1 0 , 5 

1 0 , 3 
1 2 , 3 

1 1 . 3 
1 2 , 0 

MEAN 

STO, DEV, ,003 

1.774 6,2 ,024 .230 11.1 
^ '̂ l ^PalJ „ -- t 1614,PSI) 

,2 ,003 ,007 
1 .03 MPsiT 

,5 

( 79,Psn 

C-4 



TABLE C-1 (Continued) 

LOT NU, 8 U 5 - 3 
IOG NU. 6 4 8 4 - 1 1 ? 
LOG OE'̂ ^SITY 1 ,78 MG/*^**3 

SPEC. D I A , 1 2 , 8 
SPEC, LENGTH 0 3 , 

MM 
MM 

SPEC I ̂ F̂ * 
Nll(*'9̂ R 

ORIENT- LUCA- DENSITY YuUNGS PgRM- F R A T - TENSIUE 
ATjUN TjON (MQ/M**3)M(juULUS AN^NT T U R E STRtN(,TH 

(GPA) SET STRAIN (MPA) 
(PCT) iPCT) 

lAY-f-- a5 
• 4|9 

- 63 
• 67 

• «3 
- 47 
- 51 
- 61 
• 65 
- 69 

ItiY.f.fSS 
-157 
-171 
•175 
-151 
•155 

If Y-E-159 

-l69 
-173 
• 177 

RAU 
RAO 
RAD 
PAU 
RAD 
RAO 
î AO 
RAO 
RAO 
MAD 
»A0 
RAr> 
RAO 
kAO 
RAO 
RAO 
RAO 
RAD 
RAO 
RAU 

FM 
E" 
EM 
Ê-
fe.. 

E^ 
EM 
EM 
EM 
EM 
EM 
fM 
£M 
EM 
EM 
EM 
E 1 
EM 
Ev. 
EM 

1 . 7 7 2 
1 , 7 7 2 
1 , 7 7 5 
1 , 7 7 6 

1 ,774 
1 . 7 7 3 
1 ,776 
1 .775 

6 , 3 
0 , 5 
7 , 2 
7 , ' ' 

7 , 1 
7 , 0 
6 , 8 
6 , 8 

, 0 1 8 
. 0 2 1 
, 0 1 6 

.•n5 

t-^l« 
. 0 2 1 
, 0 1 8 
,02<' 

. 1 9 3 
, 1 8 6 
, 1 3 0 
, 2 0 1 

, 1 5 9 
. 2 0 9 
. 1 9 1 
, 1 8 ^ 

9 , 8 
9 , 7 

1 0 , 6 
1 1 , 3 

9 , 3 
9 , 3 
8 , 3 

1 0 , 3 
1 1 , 0 
1 0 , 0 

9 , 2 
1 1 , 3 
1 0 , 5 
1 0 , 1 
1 1 , 0 
1 1 , 0 
1 0 , 2 
1 0 , 9 

9 . 9 
9 , 7 

^EAN 1,774 6 , 8 , 0 1 8 , 1 8 2 
( . 9 9 Mps i ) 

STO. OEV. . 0 0 2 . 3 . 0 0 2 , 0 2 5 
( . 0 4 MPSI) 

1 0 , 2 
( 1 4 7 5 , P S D 

. 8 
( 1 1 5 , P s n 
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TABLE C-1 (Continued) 

LOT NO, « n 5 - 3 
LOG NO, 6 4 8 4 - 1 1 2 
LOG OENSITY l j 7 8 MG/M**3 

SPEC, niA, 12.8 MM 
SPEC. LENGTH 63. MM 

SPFCIMEN U R I E N T -

NgMBER A' 

lA^-E- 60B 
- 64A 
- 76B 
• 84A 

- 048 
- 7?A 
- 7?B 
• 7feA 
- B4B 

lBE-E-144'ti 
• 148A 
•160B 
-168A 
• 1 44A 
-148B 

IHE-E-156A 
-156tt 
-160A 
•168B 

fI,.M 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 
AX 

Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LOCA. 
Tl'iN 

-

EF 
EE 
EE 
EE 

it 
EE 
EE 
EE 
ft 
EE 
EE 
EE " 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

' DEN.SITY 

(MG/^i**3) 

-

1,773 
1,795 
1,782 
1,786 

lj785 
1,825 
1,792 
1,781 

Y0U,\JGS 

'̂ OU(jl,gs 
(GPA) 

-- -

6.1 
6,3 
6.1 
6.3 

.- 6,4 
6.8 
6.4 
6.2 

I — . — — . . . 1 

PERM­
ANENT 
SET 

-CPCLT). 

,028 
,020 
.020 
,022 

.J)20 
•,0 24 

,027 
,027 

' •• av w *• w m 

FRAC-
Tuwe 

STRAIN 

(''CT? 
' • W fli V M Ml V 

.250 

,223 
.219 
.219 

,259 
,240 
,254 
.247 

TENSILE 
ST«tNGTH 

(MPA) 

11,4' 

11.0 
10,8 
10.7 

11,3 
10,3 
11 ,8 
U.O 
12,0 
10,7 
12,3 
12,2 
11.9 
11.5 
12,0 
11,9 

. 11.7 
11,C 
10,7 
11,6 

MEAN 1,790 • 6.3 .023 .239 

L.91 P̂SI.) 

STO. OEV, ,nU _ .2 .003 ,016 

( .03 MPsn 

11.^ 
(_ 1654,PSD 

,6 

( 85,PSD 
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TABLE C-1 (Continued) 

LOT NU, 8 0 5 - 3 
LOG NU, 6 4 8 U . 1 1 2 
MJG DENSITY ] , 7 g MG/M**3 

SPEC, DIA. 12,8 MM 
SPtC. LENGTH 63, MM 

SPECI'̂ ÊN O H I E N T -
'•JUMH^R ATJON 

UE-f- 85 
- 81 
• 99 
•103 
• 79 
• 83 
• 87 
• 97 
•101 
-105 

Ibe.ff.-lHg 
•193 
• 207 
-211 
•187 
•191 

1BE^E^195 
-205 
•209 
•213 

RAO 

RAD 
RAD 
RAD 
»AU 
RAO 
RAT) 

RAU 
RAO 
RAO 

RAD 
"RAD 

RAO 
RAO 
RAO 
»A0 
RAD 
'RAD 
RAO 
RAO 

. . . . . I 

LOCA-
TinM 

-

EE 
EE 
EF 
EE 
EE 
EE 
Efe 
EE 
EE 
EE 
EE 
EF 
EE 

\E 
EE 
EE 
EE 

'EE 
EE 
EE 

• DENSITY 
(MG/M*<k3) 

- -

1,787 
1.787 
1,789 
1.788 

ltJ9*< 
1.792 
U769 
1.789 

YUUNGS 
MCDOLOS 
(GPA) 

7.r 
7,3 
7,4 
7,5 

.7,2 .... 
7.3 
6,7 
7,2 

i « « M « W « « » 1 

PERM­
ANENT 
SET 

.rPCD 

*.0l8 
.021 
,0 12 
.022 

,021 
,015 
,020 
,020 

» tt «i «» w w « 

tmmmmmmmn 

FRAC­
TURE 

STRAIN 
(PCD 

..-.-., 

,198 
,175 
.196 

^201 
.176 
.180 
.195 

f W t|* IP fll «• 4119 1 

TENSILE 
STRENGTH 

(KPA) 

-
-..-... 

11.3 
10,9 
11.4 
10,9 
11,0 
10,8 
10,4 
10,9 
11,5 
11.3 
10,7 
10,0 
11,0 
11.9 
11.9 
10,4 
9,4 
11,1 
10,6 

MEAN 1.790 7,2 ,ni9 ,1Q0 

(l.«5.^PSU 

STO, OFV, .J02 ,2 ,003 .011 

( ,03' MPSD 

10.9 
( 1586,P8D 

.6 

( 88.PSD 
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TABLE C-1 (Continued) 

I UT 
LUG 

NU, 
NO. 

805-3 
6484-112 

LOG DENSITY 1 ,78 MG/M**3 

SPEC^ D I A . 1 2 , 8 MM 
SPEC, LENGTH 6 3 , MM 

SPECIMEN 
NyMRfcR 

6 A C - W -

6tfC«'^-

6BC-M»: 

iP«fR«>M««Wa 

nRiENT-
ATIUN 

• M ^ V 1 
w w ^ ^ * 

lOB 
12B 
22A 
24A 

IQA 

08B 
06B 
12A 
18A 
20A 

SS» 
248 
94B 
96A 
98A 
I04B 
106B 
92A 
94A 
96B 
98B 
106A 

It fli " W M ' 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
• — — — — • 

LOCA. 

T I U N 

<^uc 
MLC 
L̂C 
MLC 
'̂ LC 

L̂C 
MLC 
t-LC 
'̂LC 
MLC 

•̂LC 
'̂ LC 
WLC 
MLC 
^̂ LC 
MLC 
L̂C 

ML£" 

MLC 
MLC 
MLC 
MLC 

DENSITY 
(MG/M**3) 

1.785 
1.781 
1,792 
1.784 

1,769 
1,771 
1.780 

1,770 

YUUNGS 
MOOoLuS 
(GRA) 

-

6.3 
0.1 
ft.3 
6.5 

6,0 
5.8 

6.3 

6,0 

1 — • — « . . — . 

PERM­
ANENT 

SET 
jpcn 
B • W • W • " 

.019 
,024 
^024 
.021 

,023 
,017 
,0 19 

. -Jii.i2 

t » « B « M W V 

> « «i « » * ft W 

F R A T -

T.jRF 
3 T W 4 I N 
(PCT) 

.181 

.227 
,192 
.174 

,215 
.20« 
.220 

,218 

1 Ml # •« « W O « i 

T E N S I L E 
S T R E N G T H 

(MPA) 

9.4 
10,8 
9,8 
9.1 

10.7 
9,9 
9,9 

9,7 
9,2 
10,1 

n.j . 
9,9 

10,3 
10,1 
10,9 

9,5 
10,6 
11,o" 

9,« 
10,0 
10.1 
8,5 

MEAN 1,7^9" 6 , 2 "" , " 6 2 1 ' ; 2 0 4 
S , 9 0 MP8J)_ 

STO, oEV, ,1)08 , 2 , 0 0 3 , 0 2 0 

f . 03 MP8D 

10,0 
( 1451,PSD 

.7 
( 9 8 , P S D 
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TABLE C-1 (Continued) 

LOT NO, 805^3 
LOG NU, 6 4 8 4 - 1 1 2 
lOG f)E^J8lTY 1 ,78 MG/'1*#3' 

SPEC, DIA, 12,8 
SPEC. LENGTH 63. 

MM 
MM 

S P E C I n p N O R I E N T -
NyMdEf ATION 

. -_ 

6 A C - M - 07 
- 11 
• 25 
- 2 9 

- 09 

- 13 
- 2 3 
• 27 
- 31 

6 e C - M - ' i i 5 
- 1 1 9 

6 B C - M . 1 3 3 
• 1 3 7 

• 1 1 3 
• 1 1 7 
• 1 2 1 
- 1 3 1 
- » 3 5 
- 1 3 9 

RAO 
kAO 
HAD 
RAO 
RAO 
R A U 

PAD 
RAD 
RAO 
R A O 

RAD 
RAD 
^AO 
RAO 
PAD 
RAO 
f̂ AO 
RAO 
RAO 
RAO 

LOCA-
T I f u j 

^-LC 
MLC 
Ml̂ C 
MLC 

"tc 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
^LC 
M^C 
MLC 
MLC 
MLC 
Mî C 
MLC 
MLt 
MLC 

0 E N 8 I T Y 
( M G / M * * } ) 

-

J , 7 « 2 
1 . 7 8 4 
1 , 7 8 1 
1 . 7 7 9 

U 7 7 9 
1 . 7 7 1 
1 , 7 7 5 
1 . 7 7 3 

1 — — — — • — • ! 

YuUNGS 

MODULUS 
(GPA) 

' 7 , 0 ' 
6 . 9 
7 , 5 
7 , 3 

7 , 1 
7 , 2 ' 
7 , 0 
7 , 0 

l a i W f l t o i i i ^ i 

PERM­
ANENT 

SET 
( P c T ) 

. 0 2 1 
,o^^^ 
, U 2 ) 
, 0 1 9 

, 0 2 0 
, l>24 
, f>17 

, f U 7 

F R A C ­
TURE 

S T R A I N 
( P c T ) 

t m mm m w^ mt' 

, l < i 6 

,ltil 
. 1 6 2 
, 1 3 0 

, 1 4 1 
, 1 5 6 
, 1 7 7 
, 1 9 0 

* mf^^^mwm 

T E N S I L E 
STRENGTH 

( M P A ) 

8 , 6 

8 . 2 
9 , 7 
8 , 1 

1 0 , 1 
8 , 8 
8 , 7 
9 , 2 
7 , 6 
9 , 9 
8 . 4 
8 , 9 

1 0 , 0 
1 0 , 7 

9 , 3 
8 . 4 

9,7 
9 , 5 

1 0 . 1 

9 , 3 

MEAN 1,778 

STO, DEVj, _,nO_5 

7,1 ,020 ,156 
(1.0 3:: MPSD 

.2 ,002 ,020 
( .03 MPS!) 

9.2 
( 1329.P8I) 

( 116.P8I) 
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TABLE C-1 (Continued) 

I UT >J0, flf)5«5 
I ut. NCI, feMMu.na 
iUG 'JtNSJTY J,78 MG/M**3 

8PFC, DIA. U , « MM 
SPfC. L6M&TH 63, MM 

S P E C I ^ F ^ O R I E N T -
fJU'^BtW A T I O N 

^ ^ ^ ^ ^ i M ^ M i ^m ^ _ ^ a 

tjAY«M« 3oH 
• 3aA 
- abb 
- 9?# 
- 50A 
- 3«H 
• a?A 
• a?B 
- a^A 
• 5?B 

feRy.y.)lyB 
• 1 U A 

6«Y.M»12«H 
• n^A 
- 1 2 / l A 

- 1 2 ' J H 
b a Y - M - i a s A 

AX 
A X 
AX 
AX 
Ax 
AX 
AX 
AX 
AX 
AX 
AX 
Ax 
AX 

AX 
AX 
AX 
AX 
AX 

L U C A . 
T I ( 1 N 

-

MLM 
MLM 
MLM 
••H M 
MLM 
KLM 
MLM 
MLM 
MLM 
ML^'• 
K ^ V 

MLM 

MLM 
MLM 
M^M 

M^ M 

MLM 
MLM' 

DENSITY YUUNGS 
(M( i /M**3 )Mu0yLU8 

1 ,7«2 
1 , 7 8 3 
1 .778 
1 .775 

1 .781 
I . 7 A 2 
1 ,781 
1 ,779 

(GPA) 

• W < ^ W W < i W W < 

b,a 
< J . 3 
b,« 
6 , 3 

b ,7 
6 . 5 
0 , 5 
6 . 7 

> • < • • • • • • • « 

PE«M-
ANfcM 

SET 

• • • W • • V " 

, 0 2 1 
.o^5 
, 0 2 2 
, r .? l 

, 0 2 6 
, 0 2 1 
L 0 2 6 

. 0 2 2 

FRAC­
TURE 

STRAIN 
(PCT) 

1 W W 411 W M V 

, 2 0 0 
. 2 2 5 
, 2 1 1 
. 2 2 a 

, 2 0 8 
. 2 1 0 
, 2 4 2 
. 2 0 7 

'WMI • ! V 9 4 I « 1 

TENSILE 
STMtNCTH 

( M P A ) 

1 0 , a 
1 0 . 8 
1 0 , 8 
1 1 , 3 
i t . i 
1 2 , 0 
1 0 , 6 
1 1 . 9 
1 1 . ? 
1 0 , J 
1 0 , 7 
1 0 , 8 

n.7 
1 0 , 5 

9 , « 
1 2 . 0 
1 0 , 5 
1 1 . 0 

^̂ EA*̂  1.78'C; 6.5 ,023 ,217 
( .9a MPsn 

STO. UEV. .003 _ .2 ,002 .013 
( .<52 M^sif ' 

10,9 
( 1587,psn 

,7 
( 99,P8I) 
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TABLE C-1 (Continued) 

IUT NU, 8D5-3 
LOG MU, b a 8 a . i i 2 
LUr, DENSITY 1,78 MG/̂ '**3 

SPEC, DIA, 12,6 ^̂M 
SPEC. LENGTH b3, MM 

bf-'ZLl ''P^ OR I t N T -

• j i i ' ^ B t P A 

b A Y - M - y 5 
- U9 

- 6 3 
• 67 

• as 
• a? 

• ^ 1 
- b i 
- 6 ^ 
- 6 9 

O H V . M - 1 5 3 

- 1 5 7 
- 1 7 1 

• 1 7 5 
• 1 5 1 
• 1 5 5 

b B Y - M - l 5 9 
• 1 6 9 
- 1 7 3 

• 1 7 7 

T j l I N 

RAD 
RAU 

RAU 
KAD 
R A D 

RAU 
RAU 
K A D 

RAD 
RAD 

RAD 
RAD 
R A D 

RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 

L t i C A . 
T l ' l N 

-

MLM 
' ' ^ l . ^ ' 
ML*" 
MLM 
ML ri 

ML f-̂  
MLM 
ML^ 
Ml, M 

MLM 
MLM 
MLM 
MLM 

MLM 
MLM 
MLM 
M|^M 

' M L M 

MLM 
MLM 

D t M S I T Y 

( N G / i - * * ^ ) 

-

1 . 7 8 9 
1 . 7 8 7 

1 . 7 8 3 
1 . 7 8 5 

1 , 7 8 0 
1 . 7 7 8 
l t 7 8 3 
1 . 7 8 1 

YUUMQS 

^ ' 0 0 y L u S 
( G P A ) 

7 . 8 
7 . 2 

7 , 2 
7 . 2 

7 . 0 
7 , « ' 

7 , 3 
7 , ? 

r«ip Hi « « <• IN I 

P t R M -

A N E ' n 
SET 

Af'L'^) 

, 0 2 1 
. 0 2 0 
, 0 2 1 
, 0 2 n 

, 0 2 0 
. 0 1 9 
, 0 2 0 

. " 2 1 

F R A C -
TUR| 

S T R A I N 
( P C T ) 

. 1 5 1 

. 1 6 2 

. 1 6 1 

. 1 5 9 

. 2 1 6 

. 2 1 7 
, 1 8 6 

, l 8a 

) • W W * - a 

T E N S I L E 
S T R E ^ t T H 

( M P A ) 

9 . 3 
9 . a 

9 , 7 
0 . 5 
9 , 9 

1 0 , 3 
1 0 . a 
1 0 , 1 

9 . 9 
1 0 , 3 
1 1 . 7 

1 1 , 5 
! 0 , 7 
1 0 , 5 

9 , 6 
1 1 , 3 

. 1 0 , 3 
1 0 , 5 

1 1 , ' 
1 0 , 7 

MEAN 1,783 7,3 ,020 ,179 
(I., 06 MPSn 

STD. DEV. ,a0a .2 ,001 ,02b 
( .03'MP8I) 

10,3 
( 1 5 0 0 , P s n 

.7 
( 98,P81) 

C-11 



TABLE C-1 (Continued) 

LLJT f>'U, h u 5 - 3 SPEC, n i A . 1 2 . 6 MM 

Li)G NU. bii>iUml\d S P K , L fN tTH 6 3 , MM 
LUG I'E'JSTTY j . 7 « MG/M**^ 

SPECT'^^N H R T E I ' J T - L ' ^ C A - DEN'vSlTY YfjUNGS PEP"^- F-RAC- TENSILE 
^al^«BtR ATiitM TjllN (M(^/M**3)M0DUt US A N ^ N T TiJRf STRENGTH 

( K P A ) S E T S T R A I N ( M P A ) 
(PCT) (PCT) 

— • — • • — • — • • • — • — — — — — • — • — ! • » - — • • • • — — — a - • • — — » • • • - - — • ? • • > • • — - - — • • — • —a«p 

6AE-M- 60B AX MLE 1 ,790 6 . 5 . 0 2 0 , 2 a i 1 1 , 9 
. baA AX MLE 1 .792 6 . 6 , 0 1 3 , 2 0 8 1 1 , 3 
- 76fi Ax ^ L E 1 . 7 9 2 6 . 7 . 0 2 2 . 2 0 6 1 0 . 8 
- SaA AX MLt 1 ,789 6 . 6 , 0 2 0 , 2 0 a 1 0 . 6 
- 60A AX MLE 1 1 , 5 
- baB Ax «Lt 1 0 , 3 
- 7?A AX MLE 1 1 , 3 
• 72b AX Ml E 1 1 , 7 
• 76A AX MLfc 1 1 , 3 
• e a b Ax MLE U . 6 

6 H t - M - i a > « AX MiE 1 , 7 9 2 6 . 7 ^020 , 2 a i 1 2 , 0 
-lUfeA AX MLE 1 .787 6.'7 . 0 2 a . 2 5 8 1 2 , 8 
-15PB AX MLE 1 .796 6 . 5 , 0 1 9 . i 9 8 1 0 , 7 
- i 6 a A AX MLE 1 .78a 6 . a ,o?a , 2 5 a i 2 , o 
- l a S A Ax MLE 1 1 , 6 
- l a b b AX MLE 1 1 , 8 

6ME»'^-15aA AX h l g 1 1 , 0 
- iS 'ab AX Mtfc - - - - - ^^^^ 
-158A AX MLE U i l 
- 1 6 a b AX MLE 1 1 , 7 

"̂ EAM 1 ,796 6 , 6 , 0 2 0 . 2 2 6 1 1 , a 
, ( , 9 6 MPS!) ( I b B b j P S n 

STD, PEV. .oOa . 1 . 0 0 3 . 0 2 5 , 6 
c .02 MpsT) ( ea.PSi) 
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TABLE C-1 (Continued) 

LOT fJU. 8D5-3 
LUG NU. 6 a 8 a - l l 2 
IUG DENSITY 1 ,78 MG/M**3 

SPEC, n i A , 12,8 MM 
SPfeC, LENGTH 6 3 . MM 

SPEClf^E^ fiRlENT-
' DMHLR AT|UN 

6AE-M- 81 
. 85 
- 99 
•103 
r 79 
• 83 
- 87 
- 97 
-10 1 
•105 

rt«E-M-4 69 
-193 
•207 
-21 1 
-187 
•195 

68E^»^"195 
•?05 
•209 
•213 

RAD 
RAO 
RAD 
RAD 
RAD 
ffAD 
KAD 
RAD 
RM^ 

RAD 
PAD 
HAD 
HAD 
RAD 
RAD 
RAD 
WAD 
HAD' 
RAD 
KAD 

• a a a - a 

LOCA­
TION 

* M L E " 
MLE 
MLE 
MLE 
.̂ UE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLF 
MlE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 

W W • B W l» « « t 

DENSITY 
• — a — a a —ai 

YUUNgS 
(Mii/M**3)MuoULU3 

-

"'l'79a" 
1,789 
1.7^0 
1,790 

U79i 
1.789 
U791 
1.793 

a — — a v — — — . 

(GPA) 

. a a - . a a . . 

7,7 
7,5 
7.7 

7,9. 
7.7 
7,8 
7.6 

PpRMa 
AMENT 
SM 

.(PCT) 

",016 
.020 
,018 
.Oil 

,'H3 
.016 
.015 
.020 

wmmmmmw 

' W D W Ni «P W W 

F R A C ^ 
TIIRE 

STRAIN 
(PCT) 

' w V d nv IM v w ' 

,ia9 
,201 
,l<>8 
,18a 

.l«S 

.198 
,189 
,197 

' wiD pfli W V 

TENSILE 
STRENGTH 

(MPA) 

sir 
12:1 
10.3 
11,5 
lUO 
10,6 
10.8 
10.7 
11,6 
11,a 
10,0 
12.0 
11,7 
11,8 
11,6 
9,2 

_. 1U« 
10,3 
12,0 
11.a 

M£AN 

STI^ OEV. , 0 0 2 

1 ,791 7 . 7 . 0 1 6 . 1 7 9 
U A 1 2 , M P 5 J ) 

, 2 .003 .022 
( . 02 MPS!) 

11,0 
( 1598,PSD 

, 9 
( 131,psn 
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TABLE C-1 (Continued) 

LOT Ni). flD5-3 
LOr. NU. 6a8aa' i i2 
IQV, DENSITY l ,7P 

S P E C , 

S P E C . 

O I A . 
LENGTH 

1 2 . 6 MM 
6 3 . ''M 

H G / M * * 3 

SPECIMEN 
NIJMyf. R 

-

1 2 A C - R -

l 2 f * C - P -

l_2 f lC -8 -

O R : l E N T -
A T j I i N 

lOB 
I2fc} 
2?B 
2 a 8 

Q6A 
08*3 
lOA 
1?A 
18A 
20H 
2^A 
2aA 
9aH 

96B 
1 0 6 8 
108B 

96A 

' 9 0 A 
9?H 
9«A 

10?A 

iouB 
1064 
10"8A 

• ^ ^ M M a 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 
AX 
AX~ 
AX 
Ax 
AX 
AX 

Ax 
AX 

• a a — - f 

LOCA-
Tjnh! 

-

EC 
EC 
EC 
6C 

iX 
EC 
EC 
EC 
EC 
EC 
EC 
EC • 
EC 
EC 
K 
EC 
EC 

EC 
EC 
EC 
EC 
EC 
EC 
E C ' 

r a - a a a - - - " 

' DENSITY 
( M G / M * * 3 ) 

1 , 7 8 6 
1 . 7 7 7 
1 , 7 7 1 
1 . 7 7 5 

1 . 7 9 1 

1 . 7 9 5 
1 . 7 8 9 

1 . 7 7 7 

Yui.'NGS 
MUfiULUS 
(GPA) 

- • 

6 , 0 
5 . 7 
7 , 3 
5 . 8 

6 , 3 
6 . 6 
6 , 1 
5 . 9 

i « v i l i « i « w a i a 

vmmmmm* 
PERM­
ANENT 

SET 
. . f P £ T ) . 

P Wl • • * • * * 

, 0 2 5 
. O i l 
, 0 2 ? 
. 0 30 

t.0 31 
, 0 2 6 
, 0 1 9 
, 0 30 

» M V i K R W W 

P R A C ^ 
TDR^ 

S T R A I N 
... C P C T ) . 

. 1 8 8 
, 1 9 7 

. 1 5 2 
, 2 0 9 

, 1 7 1 
. 1 8 8 
, 1 7 0 
. 2 0 3 

T E N S I L E 
S T R J / N Q T H 

fMPA) 

-

8 , 8 
8 , 8 
8 . 7 
9 . 0 
9 , 7 
8 . 2 

1 0 , 0 
9 , 7 

1 0 , 0 
9 , 0 

. . „ 9 , 0 . 
1 0 , 1 

8 , 3 
9 . 1 
8 . 5 
9 . 0 

, 1 0 , 2 
1 0 , 2 

7 , 6 
9 . 6 
6 , 5 
9 . 0 
9 . 2 
9 , 8 

MEAN J.783 6 .2 .027 ,185 
( .90 MP3I) 

S T D . U E V , ,u09 _ ,5 ,005 ,019 
" " ( .08 MPSiT ' 

9 ,1 
I 1317 ,PSD 

( 1 2 7 , PSD 
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TABLE C-1 (Continued) 

LOT NU, 8D5-3 
LOG NO, 6 a 8 a - l l 2 
LUG DENSITY 1,78 MG/M*«3 

8PEC_, 
SPEC, LENGTH 

J LUA. 12,8 
63 , 

MM 
MM 

SPECIMEN OR l E N T -
NIIMy^R AT jHN 

" T 2 A C - B - " " ? 
a 09 
- 27 
• 03 
• (J 7 
• 11 
• 21 
- 25 
• 29 

l 2 b C ^ 8 - 1 1 1 

• M ^ 
l 2 b C - 8 - l l 9 

• 1 2 9 
- 1 3 3 
• 1 3 7 

1 2 H C - 8 - 1 1 3 
. -.117. 

• 1 3 1 
• 1 3 5 

W 4V M W W 1 

RAD 
RAD 
•^AD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 

« 9 •• O N i 

LOCA­
T I O N 

-
• a . - — 

EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 

_&C. 
EC 
EC 

• a a a a — — — < 

DENSITY YOUNGS 
(Me/M*«3)MDoULUS 

w v i i v s a v v v i 
1 . 7 6 9 
1 ,782 
1 .776 

1 ,780 
.. U77 .9 

1 , 7 7 6 
l , .77a 

CRPA) 

( • P a p V M a p V i V l 

7 , 0 
7 . a 
7 , 1 . 

7 . 0 
7 .6 . -
7 , 6 
7 . 7 

• —a — a a a a i 

PfRMa 
ANfNT 

SfT 
(PCT.) 

* * " * 2 6 
. 0 2 0 
, 0 2 3 

. 0 2 1 
..S^^iX 

, 0 2 3 
. 0 1 9 

r « m w a t« «• •• 

F R A C -
TilRg 

S T R A I N 
CP£T) 

' " "Tsb" 
, 1 5 2 
. I S O 

, i a 9 
^!6.P 
, 1 8 7 
, 1 8 0 

TENSILE 
STPEi^GTri 

(MPA) 

-

9"r 
<7 
9 , 3 
9 , 9 
9 . 5 
7 . a 
8 , 8 
8 . 6 
8 , 5 
9 . 1 

1 0 , a 
8 . 7 
6 , 3 
9 , 3 
7 , 5 
8 . a 

_. 9 , 0 
1 0 , 3 
1 0 , 6 

MEAN 1 ,777 
Cl .07 MpsT) 

STD. OEV. .ooa' , 3 ,002 
,05 MP8D 

,160 8 ,9 
( 1292,PSD 

.017 1,1 
( 159 ,PSD 
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TABLE C-1 (Continued) 

LOT NU, 8D5-3 8P^C^ P I A , 12,8 MM 
LOG NU, 6 a 8 a - l l 2 ' SPEC, 'LENGTH" 63 , MM 
LOG oENSTTY 1,78 MG/M**3 

SPECIMEN ORIENT- LOCA. DENSITY YuUNGS PERM- FRAC- TEN8ILE 
NU'̂ BEP ATIUN TIDN ( M G / M « * 3 ) M O D U L U 8 ANfNT TyPI STHgNQTH 

( G P A ) S'ET STRAIN ( M P A ) 
. . (PCT) (PCT) 

1 2 A Y - 9 - JOB AX EW 1.770 5 .7 ,032 ,231 9 ,3 
- 3a'A AX EM 1,767 6 ,0 ,031 .189 8 ,7 
- abB AX EM 1,776 5 ,8 ,02? ,212 9 ,1 
• 5«A AX EM 1,769 5,8"̂  ,030 .186 8 ,a 
• JLOA AX EM 9^J 
- 3aB AX EM 8.8 
• agA AX CM _ 9,a 
• a28 AX E*̂  9 ,2 
• abA AX EM 9 ,6 
• 5aB AX ' EM 9 . 3 

. 1 2 8 1 - « . - U L « « _ A X . _ E M . .. u r n 5 , ^ . a 2 1 _ _ - - a 2 l 0 . . ,_?,_? 
-118A AX EM l , 7 f l 6 .1 .029 .22a 9 ,9 
•110.8 AX EM 1^775 _ 6 ,8 
•138A AX EM 1.782 6.a ,030 ,18a 8 ,8 
- l U A AX EM 9 ,0 
•1188 AX EM 9 ,3 

l2bY-a- t26A AX EM _ _ ? , ! 
•126B Ax E M " 9 ,8 
-130A AX EM 9 ,1 
-1388 AX EM 9 , 1 

MEAN" " r , 773 ~ " 6 . 0 ' ' . T3^ .205" 9 , 1 
. __.. C .87 Mpsn „ _ (. l 3 l 6 x P 8 I J 

8T0, DEVA .005 j 2 j^Opi ,019 ^6 
C .03 MP8D ( 9" j ,^8D 
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TABLE C-1 (Continued) 

LUT NU, 8D5»5 
LUC NU, 6a8a- ' l l 2 
LUG OEr^SlTY 1,78 MG/M**3 

SPEC, 
SPEC. 

OIA. 
LENGTH 

12^6 
63 . 

MM 
MM 

S P E C I M E N flRlE'^T-
MJMf5£P ATllJN 

IJJAV-H- a5 
- uq 
- 63 
- 67 

. • «3 
- a? 
- 51 
- 61 
- 65 
- 69 

12dY-9*153 
-157 
•171 
• 175 
•151 
•155 

l2By-B-15? 
•169 
-173 
•177 

-

RAD 
RAO 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
HAD 
RAD 
HAD 
RAD 
RAO 
RAD 
RA'O 

9AD 
RAU 

mmmmmm 

LOCA­
TION 

_. . 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
E'M 
EM 
EM 
EM 
EM 
EM 
IM 
EM 
EM 

iw — a a . — a —• 

i D E N S I T Y 
• - a — — — — — I 

YQUNGS 
lM5/»/**3)MO0ULU8 

,_ — . 

1.776 
1.77b 
l..77a 
1,773 

»a_775 
1.772 
1.788 
1.782 

> — — . . — — . — • 

(GPA) 

- -

b,8 
b,b 
6,9 
6.9 

' '7.0"^ 
7a2 
7.2 

> — — — — ..., 

• a — — — — * 

ANgNT 
SET 
rPj^T) 

,026 
.026 
,020 
,l'2Z 

•"'.019 
,02a 
,020 

V«»«r<»«« 

F R A C -
TUHg 

S T R A T N 
LPfT) 

" Il79 
.150 
,168 
,159 

.180 
,ia7 
.H7 

' 019 w a w w w 

TENSILE 
STRENGTH 

(MPA) 

9,1 
7.9 
8,7 
8.a 
7.1 
7,8 
8a I 
9.3 
8,0 
8.9 
6. J. 
9,5 
8,0 
8,3 
9,5 
7.0 
9,0 . 
3.6 
9,3 
9,0 

M|AN 1.777 6 .9 .022 ,161 
_- - _ . . M.,01__Mj»Sl) 

STO. DEV, ^005 _ ,2 ^003 j O i a 
( .05 ' MP8D 

8 .1 
( i i e i , p S D 

C 202 ,PSD 
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TABLE C-1 (Continued) 

LUT NU, 8 D 5 - 3 SPEC, D|A, 1 2 , 8 MM 
I UG '̂ 10. 6 a 8 a - 1 1 2 SPEC. LENGTH 6 3 . MM 
I 06 DENSITY 1 ,78 MC/Mj»*3 

SPECIMEN ORIENT- H^CA. DENSITY YU'JNGS PERM- FkAC- TENSILE 
wyMBfcR ATIUN xION (MG/M**3)MyUuLUS ANEJSJT T U « E S T P E N G T H 

( G P A ) S E T STRAIN (MPA) 
._„.fPJLl) CPCT) 

12AF-R* 60b AX EE 1 ,76a 5 , 6 ,oao , 2 0 5 8 , a 
- 6a4 AX EE 1 ,776 5 , 9 , 0 2 5 , 2 1 1 9 , a 
- 768 AX EE 1 ,79b 6 , 1 , 0 2 9 , 2 0 0 9 , 0 
- 8aA AX EE 1,785 6,0 ,026 ,2H 9,8 
_̂a (JQA AX EF _ 9,5 
- baB Ax EP 8,7 
- 72A AX EE 9,3 
- 72H AX EE 9,b 
• 7bA AX EE 9,1 
• saw Ax EE 7.9 

l2HE«B^iaa.d AX EE U7jb9^ 5,_9 ^^025_ ,217 9,b 
•laflA AX EE 1.78b 6.1 ,028 .192 9.0 
•IbOb AX EE 1,785 6,« ,0_2a ,206 9,7 
-168A AX EE 1.780 6.3 ,030 .231 10,0 
-laaA AX EE 9,5 
-iaf«B AX EE 10,2 

l2Bt-H-15„6A AX „EE „ „ J0,..| 
•156H AX EE 9,5 
•160A AX EE _ 10,0 
-168B AX EE 10,0 

MEAN I.7IO 6,1 ;02i ,209 9,a 
( .88 MPSD . _ ...(...J367,p8D 

STD, OEV, ;olO ,2 ^05 ,012 ,b 
( .oa Mpsn (' 88,PSD 
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TABLE C-1 (Continued) 

LOT NU, 8 D 5 - 3 
LUG '^'U, 6 a 8 a - 1 1 2 
LOG.DENSITY 1 ,78 M.G/M*«3 

SPEC, D I A . 1 2 , 8 MM 
SPEC, LENGTH 63',' MM 

S P E C I M F N O W I E N T -

UUMytR A 

12AE-8- 81 
• 85 
a 90 
-103 
- 79 
- 83 
- 87 
- 97 
•101 
•1U5 

12BE-B-f89 

• 193 
-20 7 
-211 
-187 
-191 

12tiE-B-195 

•205 
•209 
•213 

TIUN 

RAD 
RAD 
RAD 
HAD 
HAD 
RAO 
RAD 
RAD 
RAO 
RAD 
RAO 
"RAO" 
RAD 
RAD 
RAD 
RAD 
RAD 
WAD~ 

RAO 
R A D 

a . a a ai 

mmmmmm 
I O C A . 
TJON 

-

EE 
EE 
EE 
EE 
EF 
EE 
EE 
EE 
tE 
EE 
EE 
EE 
Et 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

. D E N S I T Y 
{M(J/M**3) 

-~ --

1 ,771 
1.776 
1.778 
1.778 

U773 
l'.'77'3" 
J.J776 
1.77a 

YUU^'GS 
MUOULUS 
(GPA) 

6.8 
6.8 
7.3 
7.'^ 

6,7 
6.6 
7,3 
6.8 

i*Ma«««aimi 

PERM­
ANENT 
SET 

..(PCT) 

.0 29 

.029 
,026 
,015 

,02a 

^ 0 2 1 ' 
,.02 a 

.025 

FRAC^ 
TUPg 

STRAIN 
(PCT).. 

' • W W W w M V 

,203 
,150 
,177 
.179 

, .*135 
.131 
,180 

.131 

> « « « « waitt 

TENSILE 
STRENGTH 

(MPA) 

10,0 
7.9 
9,1 
9,7 

. - . 9 , 6 
9,3 
9,0 
8,2 
9,5 
9.2 
7,3 
7,3 
9,a 

7,2 
ft.7 
9,3 
7.9 
9,3 
8,9 
«,5 

MEAN 1 ,775 6 . 9 . 0 2 a , 1 6 1 
< 1 , 0 0 . MPSD 

STO. DEV, ,^003 , 3 t.005 , 0 2 8 
( , 0 a MPSD 

8,8 
..I. 1 2 7 0 , p 8 D 

, 9 
( 1 2 a , P S D 
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TABLE C-2 
FLEXURAL STRENGTH OF PCX GRAPHITE 

LOT N O . 8 D 5 - 3 
LOG N O . s u e a - i i ? 
LOG DENSITY 1 . 7 8 

S P E C . 
SPEC. 

M G / M * * 3 

D I A . 
LENGTH 

fc.a 
5 1 . 

MM 
MM 

SPECIMEN 
NUMBER 

lAC 

f 

IBC 

IBC 

1 ORIENT­
ATION 

12A 
12b 
ICA 

13B 
16A 
.16B 
2t«A 

zae 
26A 
26B 
32A 
3_2P 
88A 
88B 
e6A 
86B 
80A 
.8 OB 
96A 
96B 
102A 
102B 
lOHA 
lOHB 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LOCA- DENSITY 
TIDN <M6/M**3). 

EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC. . ._ „.. 
EC 
EC 
EC 
EC 
EC 
EC 

MODULUS OF 
RUPTURE <MPA) 
(UNCORRECTED) 

19. I " 
18.6 
15,6 
\9._I 
18.6 

_21.,JL ., 
17.a 
16,7 . 
ia.6 
18_..7 _ 
16.9 

.... Ut6^„- ̂ .. 
16.9 
L9^.7 . 
16.9 

2 L,_a . 
17.5 

. ... 16,&. . .. 
16.9 

_. 18.8. 
19,1 

. .20.1-
18.9 
16.8 

FLEXURAL 
STRENGTH (MPA) 
(CORPECTEO) 

16.5 
16.1 
la.l 

16.5 
16.1 
17.8 
15.2 
ia.a 
13.2 
16,2 
1«4.9 

l.«.^ 
ia.9 

16.,5 
It.9 

ISjiU 
15.a 

l.H»_6. 
ia,9 
16.3 
16.5 
17^2 
16,a 

.jia.,1^ 

M E A N 1 6 . 1 MPA __ 1 5 . 8 MPA 
( 2 6 2 8 . P S D ( 2 2 8 9 . P S D 

S T D . DEV 1 . 6 MPA 
2 3 7 . P S D 

1 . 2 MPA 
( 1 7 2 . P S D 
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TABLE C-2 (Continued) 

LOT NO. 8 0 5 - 3 _ SPEC. D I A . 6 . 4 MM 
LOG NO. 6 a 8 a - 1 1 2 SPEC. LENGTH 5 1 . MM 
LOG DENSITY 1,78 M G / M * * ' 

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

(UNCORRECTED) (CORRECTED) 

163 
165 
169 
171 
175 
189 
191 
195 
197 
201 

7 
9 

13 
15 
19 
33 
35 
39 
ai 
45 

RAD 
RAO 
RAD 
RAD 
RAP 
RAD 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAO 

EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 

15.8 
15.8 
17.8 
17.2 
11,5 
15.a 
19.7 
15.7 
21.1 
16.3 
16,8 
15,C 
18.8 
18,0 
20,3 
21.8 
la.a 
16.1 
16.6 
17.5 

la.i 
la.i 
15,7 
15.2 
10.7 
13,8 
17.0 
la.i 
18,G 
ia.5 
ia.9 
13.5 
16.a 
15.8 
17.5 
18.a 
13.0 
la.a 
ia.8 
15.5 

MEAN 1 7 . 1 MPA 1 5 , 1 MPA 
( 2 U 7 8 . P S D ( 2 1 8 5 . P S D 

STD, DEV. 2."a MPA " l . fa MPA 
( 3 5 a . P S D ( 2 6 6 , P S D 
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TABLE C-2 (Continued) 

LOT NO. 8 D 5 - 3 
LOG NO. 6 a 8 a - 1 1 2 
LOG DENSITY 1 , 7 8 

S P E C . 
S P E C . 

D I A . 
LENGTH 

MG/M**3 
5 1 . 

MM 
MM 

S P E C I M E N O R I E N T -
N U M B E R 

lAY 

IBY 

IB Y 

A T I O N 

36A 
36B 
38A 
38B 
U2A 
a2B 

asA 
asB 
5QA 
SOB 

1 0 8 A 
insB 
llOA 
HOB 
liaA 
lltp 
120A 
120B 
122A 
122B 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LOCA- DENSITY 
TION (MG/M*«3) 
* 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

MODULUS OF 
RUPTURE (MPA) 
(UNCORRECTED) 

16.7 
22.C 
19.5 
19.a 
17. i 
1.6 . a 
18.9 
19.2 
19.6 
19.a 
19.5 
19.8 
18.'l 
18.3 
17.5 
20.7 
19.5 
17.9 
15.8 
18. C 

FLEXURAL 
STRENGTH (MPA) 
(CORRECTED) 

lU.T 
18.3 
16.7 
16.6 
15.u 
ia.5 
16.3 
16.5 
16.7 
16.6 
16.7 
16.9 
15.7 
15.8 
15.3 
17.5 
16.7 
15.6 
la.o" 
15.6 

MEAN 1 8 , 7 _MPA 
( 2 7 0 7 . P S D 

1 6 . 1 MPA 
( 2 3 3 3 . P S D 

S T D . DEV. 1 . 5 MPA 
( 2 1 7 . P S D 

1 . 0 MPA 
( 1 5 2 . P S D 
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TABLE C-2 (Continued) 

LOT N O . 8 D 6 - 3 S P E C . D I A . k,H MM 
LOG NO. 6 a 8 a - 1 1 2 S P E C . LENGTH 5 1 . MM 
LOG D E N S I T Y 1 . 7 8 M G / M * * 3 

SPECIMEN O R I E N T - L O C A - D E N S I T Y MODULUS OF FLEXURAL 
NUMBER ATION T ION ( M G / M * * 3 ) RUPTURE (MPA) STRENGTH ( M P A ) 

(UNCORRECTED) (CORRECTED) 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

15.2 
17.7 
20.2 
19.9 
18.a 
16,7 
19.5 
19. a 
17.2 
17 ..a _ 
16.6 
1.6 •*• 
la.9 
11..a _ 
13.0 
19.a 
20.0 
19.8 
16.3 
18.2 

13.7 
15,6 
17.5 
17.2 
16.1 
1U.9 
17.0 
16^9 
15.3 
15.a 
ia.8 
ia.6 
13,5 
U,a 
11.9 
16.9 
17.3 
17...2 
16.1 
16, J 

MEAN _ JL7_._5_ _MPA_ 1 5 . 5 MPA 
( 2 5 a 3 . P S I ) ( 2 2 4 3 . P S D 

S T D . D E V . F r F n ' P A 1 . 8 M>A 
J „ J ! 3 2 j . , P S D _ ( 2 5 5 . P S D 

I P Y 

l A Y 

l A Y 

215 
219 
221 
225 
227 
2al 
2a5 
247 
251 
253 
59 
63 
65 
69 
71 
85 
89 
91 
95 
97 

RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
PAD 
RAD 
RAO 
RAD 
RAO 
RAD 
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TABLE C-2 (Continued) 

LOT N O . 8 0 5 - 3 
LOG NO. 6 a 8 a - 1 1 2 
LOG DENSITY 1 . 7 8 

S P E C . 
S P E C . 

M 6 / M * * 3 

D I A . 
LENGTH 

6 . a 
5 1 . 

MM 
MM 

SPECIMEN O R I E N T -
NUMBFR 

l A E 

I B E 

I B E 

ATION 

56A 
5 6 B 
58A 
58E 
62A 
6 2 B 
68 A 
68P 
70A 
70B 

128'A 
128P 
13aA 
13CB 
l 3 a A 
I 3 a p 
l a o A 
l o p B . 
i a 2 A 
i a 2 B 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

L O C A - DENSITY 
T ION ( M G / M * * i ) 

EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
E E 
EE 
EE 

MODULUS OF 
RUPTUPE (MPA) 
(UNCORRECTED) 

1 9 . 7 
1 7 . 5 
1 6 . 7 
1 8 . C 
1 7 . a 

17,,1 
1 8 . 6 
18.3 
1 7 . 3 
J 6 .,8 
1 9 . L 

.. 1 7 , 7 . 
2 0 . 3 
ZSl^i. „ 
2 1 . 1 
1.9 . i , 
1 9 , 6 

_ . L9 , 9. . _ 
1 6 . 8 
1 8 . 6 

FLEXURAL 
STRENGTH ( M P A ) 

(CORRECTED) 

1 6 . a 
1 5 . 3 
114.7 
1 5 . 6 
1 5 . 2 
1 5 . u 
1 6 . I 
1 5 . 9 
1 5 . 1 
I t * . fa 
1 6 . 3 

. . 1 5 . 4 
1 7 . 2 
1 7 . * 
1 7 . 7 
1 6 . 7 
1 6 . 7 

. . _ 17. ; : . . 
i a . 8 
1 6 . 2 

MEAN 18,_5 MPA _ 
( 2 6 8 8 . P S D 

1 6 . u _ MPA 
i2'*2Cm P S D 

S T O . D E V . l . a MPA 
( 1 9 6 . P S D 

. 9 MPA 
1 3 7 , P S I ) 
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TABLE C-2 (Continued) 

LOT NO. 8 D 5 - 3 
LOG NO. 6 a 8 a - 1 1 2 
LOG D E N S I T Y 1 . 7 8 

S P E C . 
S P E C . 

D I A . 
LENGTH 

M6/M**3 

6 . a 
5 1 . 

MM 
MM 

SPECIMEN O R I E N T - LOCA- D E N S I T Y 
NUMBER ATION T ION ( M G / H * * 3 ) 

MODULUS OF FLEXURAL 
RUPTURE (MPA) STRENGTH (MPA) 
(UNCORRECTED) (CORRECTED) 

lAE 

IBE 

IBE 

11 1 
115 
117 
121 
123 
137 
lai 
ia3 
ia7 
ia9 
267 
'271 
273 
277 
279 
29 3 
297 
299 
30 3 
305 

RAD 
RAD 
RAO 
RAO 
RAD 
RAD 
R'AD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 

EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

18,0 
19.8 
16.2 
16.6 
19,C 
19,5 
18.3 
16.a 
17,6 
21,3 
21,2 
18.8 
20,5 
21.C 
19,6 
19.6 
17.9 
15.9 
19.2 
19.3 

18,8 
(2726, 

TV 6 
( 239. 

MPA 
PSD 

MPA ' 
P S D 

16.0 
17,4 
14.6 
14,9 
16.8 
17.1 
16.2 
14.8 
15.7 
18.4 
18,3 
16.6 
17.9 
18,2 
17.2 
17.2 
15.9 
14,4 
16,9 
17.C 

16.6 
(2404, 

1.2 
( 180. 

MPA 
PSD 

MPA 
PSD 

MEAN 

STO. OEV, 
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TABLE C-2 (Continued) 

LOT NO. 8 0 5 - 3 S P E C . D I A . 6 . 4 MM 
LOG NO. 6 4 8 4 - 1 1 2 SPEC. LENGTH 5 1 . MM 
LOG DENSITY 1 .78 MG/M**3 

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL 
NUMBER ATION TION ( M G / M * * 3 ) RUPTURE (MPA) STRENGTH (MPA) 

(UNCORRECTED) (CORRECTED) 

16.8 
19.1 
lb.5 
17.0 
17.7 
19.5 
14.2 
It .9 
18.6 
18.6 
18.9 
18.7 
17.4 
15.1 
17,8 
18.2 
18.2 
16.9 
17.2" 
17.3 
16.9 
18.9 
18.5 
17.0 

14.8 
16.4 
14.5 
14.9 
15.4 
16.7 
12.S 
14.8 
16.C 
16.u 
16.2 
16.1 
15.2 
13.5 
15.4 
15.7 
15.8 
14.8 
15,0 
15.1 
14.8 
16.2 
15.9 
14,9 

MEAN 17^6 MPA 1 5 . 3 MPA 
(255 0 . ' P S D ( 2 ? 1 8 . PSI ) 

STD. DEV. 1 . 3 MPA . 9 MPA 
( 1 8 1 , P S D ( 1 3 3 . P S D 

6AC 

6BC 

oBC 

154A 
154P 
156A 
156B 
163A 
16CB 
174A 
1748 
176A 
176P 
168A 
16^B 
224A 
224B 
226A 
2268 
232A 
232B 
236A 
236B 
238A 
2388 
244A 
244B 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
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TABLE C-2 (Continued) 

LOT NO. 8 0 5 - 3 SPEC_, O I A . 6 . 4 MM 
LOG NO. 6 4 8 4 - 1 1 2 SPEC. LENGTH 5 1 . MM 
LOG DENSITY 1 ,78 MG/M**3 

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL 
NUMBER ATION TION ( M G / M * * 3 ) RUPTURE (MPA) STRENGTH (MPA) 

(UNCORRECTED) (CORRECTED) 

1 3 . 8 
1 9 . 0 
1 2 , 4 

.17_._4 
1 7 , 1 

9 , 7 
1 8 . 6 
I C . l 
1 7 . 6 
17_.7 
1 7 , 2 

J 4 . . 5 . . _ 
1 6 . 3 

J L 4 i l 
1 6 , 6 

1J-JL6 
1 4 . 4 

. 1 7 j J „ „̂ 
1 7 . 6 
1 7 . 7 

1 2 . 6 
1 6 . 7 
1 1 . 5 
1 5 . 5 
1 5 . 3 

9 . 1 
1 6 . 4 

9 , 5 
1 5 . o 
1 5 , 7 
1 5 . 3 
1 3 . 2 
14.fa 
1 3 . 0 
1 5 . 1 
1 6 . 4 
1 3 . 1 
1 5 . 8 
1 5 , 6 
1 5 . 7 

MEAN I5 i . 9 MPA 1 4 . 3 MPA 
( 2 3 1 0 . P S D ( 2 0 7 2 . P S D 

STD, DEV, 2,~7 MPA" '" ~ 2 . 2 MPA 
. .< .396.. _PSD ( 3 2 1 . P S D 

6BC 

6BC 

319 
321 
325 
327 
331 
345 
347 
351 
353 
357 
471 

' 473 
475 
477 
481 
483 
485 
487 
489 
493 

RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 

MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
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TABLE C-2 (Continued) 

LOT NO. 8 D 5 - 3 
LOG NO. 6 4 8 4 - 1 1 2 
LOG D E N S I T Y 1 . 7 8 M 6 / 

SPECIMEN O R I E N T - L O C A - D E N S I T Y 
NUMBER # T I O N T ION ( M G / ^ * * 3 ) 

18CA 
160R 
182A 
182P 
186A 
186P 
192A 
192P 
194A 
194B 
25uA 
250P 
2 5 2 A 
2 5 2 B 
256A 
2 5 6 B 
26 2 A 
2 6 2 P 
26 4 A 
2 6 4 E 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 

MLM 
MLM 

MEAN 

STD. DEV. 

SPEC. CIA. 6." MM 
SPEC. LENGTH 51. MM 

*«3 

MODULUS OF FLEXURAL 
RUPTURE (MPA) STRENGTH (MPA) 
(UNCORRECTED) (CORRECTED) 

1 9 . 6 
1 9 . 8 
1 9 . 3 
1 6 . 2 
1 6 . 8 
1 8 . 4 
1 8 . 9 
1 8 , 1 
l b . 6 
1 6 . 6 
1 8 . 6 
1 7 . 6 
1 8 . 0 
1 6 . 9 
1 7 . 4 
1 8 . 7 
1 6 . 7 
1 8 . 6 
1 7 . 7 
1 9 . 1 

1 7 . J 
1 7 . : , 
1 6 . 7 
1 4 . 4 
1 6 . 3 
1 6 . 3 
1 6 . 4 
15.fa 
1 6 . 2 
1 4 . 7 
1 6 . 1 
1 5 . 4 
1 5 . 7 
1 4 . 9 
1 5 . 3 
1 6 . 2 
1 4 . 0 
16.*; 
1 5 . 5 
1 6 . 5 

16.2 MPA 15.9 MPA 
(2639. PSI) (2300. PSI) 

1.0 MPA .8 MPA 
( 152, PSI) ( 111. PSI) 
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TABLE C-2 (Continued) 

LOT NO. 8 D 5 - 3 SPEC. D I A . 6 . 4 MM 
LOG NO. 6 4 6 4 - 1 1 2 SPEC. LENGTH 5 1 . MM 
LOG D E N S I T Y 1 . 7 8 M G / M « * 3 

SPECIMEN O P I E N T - L O C A - DENSITY MODULUS OF FLEXURAL 
rjUMBER ATION T ION ( M G / M « « 3 ) RUPTUPE (MPA) STRENGTH (MPA) 

(UNCORRECTED) (CORRECTED) 

371 
375 
377 
361 
383 
397 
4 0 1 
4'J 7 
4J7 
4 ?9 
501 
505 
527 
5 1 1 
51 3 
5:?7 
531 
53 3 
537 
539 

RAD 
RAO 
RAO 
PAD 
RAD 
RAD 
RAD 
PAD 
PAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 

MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 

18. 1 
18.7 
14.3 
16.1 
18.E 
18.1 
19.1 
18.2 
12.3 
19.;_ 
17.4 
19.4 
17.6 
16.2 
19,2 
19.3 
16 .4 
17.£ 
17.9 
15.7 

16.1 
16.5 
13.1 
14.5 
16.4 
16.1 
16.8 
16.2 
11.2 
16.7 
15.6 
17.3 
15.7 
16.*. 
16.9 
!7.C 
16.3 
15.7 
15.9 
14.2 

MEAN 1 7 . 6 MPA 1 5 . 7 MPA 
( 2 5 5 7 . P S I ) ( 2 2 7 7 . P S I ) 

S T D . D E V . 1 . 8 MPA 1 . 5 MPA 
( 2 6 8 . P S D ( 7 1 3 . P S I ) 
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TABLE C-2 (Continued) 

LOT N O . 8 D 5 - 3 S P E C . D I A . ft.') MM 
LOG NO. 6 4 8 4 - 1 1 ? SPEC. LENGTH 5 1 . MM 
LOG D E N S I T Y 1 . 7 8 M G / M * * ' 

SPECIMEN O P I E N T - L O C A - D E N S I T Y MODULUS OF FLEXURAL 
NUMBER AT ICN T ION ( M G / M * * 3 ) RUPTURE (MPA) STRENHTH ( M P A ) 

(UNCORRECTED) (CORRECTED) 

2DQA 
2C0P 
20 2 A 
2 0 2 P 
2C'6A 
2C6F 
21 2 A 
212P 
214A 
2 1 4 E 
?70A 
2 7 J P 
272A 
2 7 2 B 
276A 
2 7 6 B 
2 8 I J A 

28QP 
2 8 2 A 
2 8 2 B 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

MLE 
MLE 
MLF 
MLE 
MLE 
MLE 
MLF 
MLE 
MLF 
MLE 
MLF 
MLE 
MLE 
MLE 
MLF 
MLE 
MLE 
MLF 
MLF 
MLE 

1 9 . 2 
1 7 . 6 
2 1 . 8 
1 8 . 1 
1 7 . 8 
1 9 . C 
1 9 . 7 
1 9 . 2 
1 9 , 5 
1 6 . 6 
2 0 . 3 
1 9 . 4 
1 9 . 1 
2 1 . Q 
1 9 . 5 
1 9 . 9 
1 8 . 4 
2 0 . 9 
2 u . O 
1 8 . 9 

1 6 . 6 
1 5 . 5 
1 8 . 4 
1 5 . 9 
1 5 . 7 
1 6 . 5 
1 7 . ^ 
l b . 7 
1 6 . 9 
1 6 . 2 
1 7 . 4 
1 6 . 8 
1 6 . 6 
1 7 . 9 
1 6 . 9 
1 7 , 2 
1 6 . 1 
1 7 . 9 
1 7 . 2 
1 6 . 4 

MFAN 1 9 . 4 MPA 1 6 . 6 MPA 
( 2 8 1 5 . P S D ( 2 4 3 4 . P S I ) 

S T D . D E V . i . l MPA . 3 MPA 
( 1 5 7 . P S I ) ( 1 1 0 . P S I ) 
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TABLE C-2 (Continued) 

LOT NO. 8 D 5 - 3 
LOG NO. 6 4 8 4 - 1 1 2 
LOG D E N S I T Y 1 . 7 8 

S P E C . 
S P E C . 

D I A . 
LENGTH 

M G / M * * 3 

6 . 4 
f ' l . 

MM 
MM 

SPECIMEN 
NUMBER 

6AE 

6RE 

6BE 

ORIENT­
ATION 

423 
427 
429 
433 
435 
449 
453 
455 
459 
461 
55' 

'557 
559 
56 7 
565 
579 
583 
585 
589 
591 

RAD 
RAD 
PAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAP 
RAD 
RAD 
PAD 
RAD 
PAD 
RAD 
RAD 
RAD 
RAD 
RAD 

LOCA- DENSITY 
TION (M6/M**5) 

MLF 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLF 
MLE 
MLE 
MLE 
MLF 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 

MODULUS OF 
RUPTURE (MPA) 
(UNCORRECTED) 

18,7 
18.9 
22.8 
18.9 
16.6 
16.3 
20.3 
19.2 
2i.3 
23.5 
18,3 
16,7 
17,8 
?L.6 
18.4 
22.9 
17.1 
2X1 .-6 
19.3 
18,9 

FLEXURAL 
STRENGTH (MPA) 
(CORRECTED) 

16.7 
16.8 
19.7 
16.6 
15.C 
14.6 
17,9 
17.1 
18.7 
20.2 
16.3 
15.1 
16.0 
18.1 
16.4 
19.b 
15.4 
18.1 
17.1 
16.8 

MEAN 1 9 , 5 MPA 
( 2 8 u 6 . P S D 

1 7 , 1 MPA 
( 2 4 8 6 . P S I ) 

S T D . D E V , 2 , 1 MPA 
( 3 C 5 . P S D 

1 . 6 MPA 
( ? 3 0 . P S D 
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TABLE C-2 (Continued) 

LOT NO. 8 0 5 - 3 S P E C . D I A . 6 . 4 MM 
LOG N O . 6 4 6 4 - 1 1 2 S P E C . LENGTH 5 1 . MM 
LOG D E N S I T Y 1 . 7 8 M G / M * « 3 

SPECIMEN O R I E N T - L O C A - DENSITY MODULUS OF FLEXURAL 
NUMBER ATION T ION ( M G / M * * 3 ) RUPTUPE (MPA) STRENGTH ( M P A ) 

(UNCORRECTED) (CORRECTED) 

294A 
2 9 4 P 
296A 
29 6 P 
300A 
30DB 
31CA 
3 1 0 B 
312A 
3 1 2 B 
316A 
316'P 
568 A 
368P 
366A 
366R 
372A 
3 7 2 B 
384A 
3 8 4 P 
382A 
3 8 2 f i 
388A 
3 8 8 E 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 

1 5 . C 
1 5 . 2 
1 3 . 6 
1 7 . 0 
1 7 . 4 
1 5 . 5 
1 7 . 4 
1 7 . 2 
1 6 . 0 
1 3 . 7 
1 7 . 1 
1 5 . 6 
1 4 . C 
1 7 . 1 
1 5 . 3 
1 5 . 5 
1 7 . 8 

2.1 ..3 
1 5 . 5 
1 5 . 4 
1 4 . 2 
1 3 . 1 
1 7 , 4 
1 7 . 7 

13 .3 
13 .6 
^ 2 . 3 
1 4 . 9 
1 5 . 2 
1 3 . 7 
1 5 . 2 
1 5 . 3 
1 4 . 1 
1 2 . 4 
1 4 . 9 
1 3 . 8 
1 2 . 6 
1 5 . L 
1 3 . 6 
1 3 . 8 
1 5 . 5 
1 7 , 6 
1 3 , 8 
1 3 . 7 
1 2 . 8 
1 1 . 9 
1 5 . 2 
1 5 . 4 

MEAN 16_.D MPA 1 4 . 1 MPA 
( 2 3 2 8 . P S I ) ( 2 0 5 2 . P S I ) 

STD. DEV. 1 .8 MPA 1.3 MPA 
J. 26 2 . P S D J J 9 3 , P S D 
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TABLE C-2 (Con t inued ) 

LOT NO. 8 0 5 - 3 
LOG NO. 6 4 8 4 - 1 1 2 
LOG DENSITY 1 . 7 8 

S P E C . 
SPEC. 

D I A . 
LENGTH 

M G / M * * 7 

6 . 4 
5 1 . 

MM 
MM 

SPECIMEN 
NUMBEP 

12AC 

12BC 

12BC 

O R I E N T ­
ATION 

6 0 1 
6 i J £ 

6 3 7 
6 1 1 
6 1 3 
6 2 7 
6 3 1 
6 3 3 
6 3 7 
6 3 9 

' 7 5 7 
7 6 1 
7 6 3 
7 6 7 
7 6 9 
7 8 3 
7 8 7 
7 8 9 
7 9 7 
7 9 5 

RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
PAD 
RAO 
RAD 
RAD 
RAD 
RAD 
RAO 

LOCA- DENSITY 
T ION ( M G / M * * 3 ) 

EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 

MODULUS OF 
RUPTURE (MPA) 
(UNCORRECTED) 

' f 4 . 2 
1 5 . 7 
1 4 . 2 
1 5 . 2 
1 7 . 6 
1 4 . 4 
1 6 . 6 
l o . l 
1 8 . 9 
1 2 . 2 
1 6 . 6 
1 3 . 7 
1 5 . 9 
1 8 . 2 
1 2 , 8 
1 6 , 5 
1 8 . 5 
1 8 . 3 
1 4 . 1 
12 ,1 

FLEXURAL 
STRENGTH (MPA) 

(CORRECTED) 

1 3 . 0 
1 4 . 2 
1 3 . G 
1 3 . 8 
1 5 . 8 
1 3 . 2 
1 5 . 1 
1 4 . 6 
1 6 . 7 
1 1 . 4 
1*».9 
12.to 
1 4 . 4 
1 6 . 2 
1 1 . 9 
1 4 . 9 
1 6 . 4 
1 6 . 2 
1 2 . 9 
1 1 . 2 

MEAN 1 5 . 6 MPA 
( 2 2 6 4 . P S I ) 

1 4 , 1 MPA 
( 2 ^ 4 8 . P S D 

S T D . D E V . 2 . 1 MPA 
( 3 U 6 . P S I ) 

1 . 7 MPA 
( 2 4 6 . P S I ) 
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TABLE C-2 (Continued) 

LOT NO. 8 0 5 - 3 SPEC. D I A . . ^ 6 . 4 MM 
LOG NO. 6 4 8 4 - 1 1 2 SPEC. LENGTH 5 1 . MM 
LOG DENSITY 1 ,78 MG/M**3 

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL 
NUMBER ATION TION ( M 6 / M * * 3 ) RUPTURE (MPA) STRENGTH (MPA) 

(UNCORRECTED) (CORRECTED) 

1 6 , 2 
1 3 . 7 
1 6 . 3 
1 5 , 8 
1 3 . 6 
1 4 , 7 
1 4 . 2 
1 5 . 5 
1 2 . 9 
1 3 . 3 
1 6 . 6 
1 5 . 7 
1 3 . 7 
1 3 . 8 
1 4 . 8 
1 3 , 2 
1 6 . 2 
1 5 , 1 
1 7 . 5 
1 6 . 1 

1 4 , 2 
1 2 . 3 
1 4 . 3 
1 3 . 9 
1 2 . 2 
1 3 . 1 
1 2 . 7 
1 3 . 7 
1 1 . 7 
1 2 . 0 
1 4 , 5 
1 3 , 9 
1 2 , 3 
1 2 . 4 
1 3 , 2 
1 1 . 9 
1 4 . 2 
1 3 . 4 
1 5 , 1 
1 4 . 2 

MEAN 1 4 . 9 MPA 1 3 . 3 MPA 
( 2 1 6 8 . P S D ( 1 9 2 3 . P S D 

STO. OEV, 1 .3 MPA ' 1 .0 MPA 
( 1 9 5 . P S I ) ( 1 4 8 . P S D 

12AY 

12BY 

12BY 

320A 
3 2 0 6 
322A 
3 2 2 9 
326A 
3 2 6 8 
332A 
332 B 
334A 
334B 
392A 
39?B 
394A 
394B 
398A 
3 9 8 B 
404A 
404B 
406A 
4 0 6 B 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
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TABLE C-2 (Continued) 

LOT NO. 8D5-3 SPEC_. D I A , 6 . «• MM 
LOG NO. b ^ J S ^ - l l ? SPEC. LENGTH 5 1 , MM 
LOG DENSITY 1.78 MG/M**3 

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL 
NUMBER ATION TION ( M G / M * * 3 ) RUPTURE (MPA) STRENGTH (MPA) 

(UN ORRECTED) (CORRECTED) 

6 5 7 
6 6 : 
6 6 3 
6 6 7 
6 6 9 
68 7 
6 8 7 
6 8 9 
69 7 
6 9 E 
8 1 7 
8 1 7 
8 1 9 
8 2 3 
8 2 S 
8 3 9 
8*» 3 
8 i * 5 
8»t9 
8 5 1 

RAP 
RAD 
RAD 
RAD 
RAD 
RAD 
PAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

I ' t . O 
16 ._3 
l U .b 
16._6 
1**.9 
l H , ^ 
1 5 . t » 
1 5 . 3 
I'+.e 
m ,H 
1 H . 2 

.17. i . 
1 2 . 8 
1 5 . 7 
1 7 . * • 
1 5 . 0 
1 8 . 8 

. J.l i .2 
1 6 . 1 
U . 6 , 

1 2 . 8 
1 ' * .6 
1 2 . 8 
m.8 
1 3 . 5 
1 2 . 9 
1 3 . 9 
1 3 . 8 
1 3 . 4 
1 3 . 1 
1 2 . 9 
1 5 . 2 
1 1 . 8 
l » » . l 
1 5 . 5 
1 3 . 5 
1 6 . 5 

J i j . g 
1»«.5 
l i t . S 

MEAN 1 5 . 4 MPA 1 3 . 9 MPA 
( 2 2 3 ' » . PSI» ( 2 n i 3 . P S D 

STD. DEV.' 1 . 1 MPA 1 .1 MPA 
( 2 0 9 . P S D (_ 1 6 5 . P S D 
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TABLE C-2 (Continued) 

LOT NO. 8 0 5 - 3 SPEC_. DI_A. 6.«4 MM 
LOG NO. fa48'»-112 SPEC. LENGTH 5 1 . MM 
LOG DENSITY 1.78 MG/M**3 

SPECIMEN ORIENT- LOCA- DENSITY MODULUS OF FLEXURAL 
NUMBER ATION TION ( M G / M * * 3 ) RUPTURE (MPA) STRENGTH (MPA) 

(UNCORRECTED) (CORRECTED) 

I^OA 
3*«0P 
3««2A 
342B 
3i^b». 
3>ibB 
352A 
352B 
35*»A 
35«*B 
U12A 
••128 
mi»A 
«4mB 
<418A 
'•J8B 
a2 tA 
'•^'•B 
••ZSA 
UZbB 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

1 7 . 1 
1 1 . 1 
1 1 . 1 
1 5 . 6 
1 7 . 1 
1 6 . 5 
1 5 . 7 
1 1 . 8 
1 5 . 3 
la. iL 
1 8 . 9 

... .J.5«J» 
1 7 . 3 
M . 5 . 
1 7 . 1 
1 1 . 5 
1 6 . 6 

. lAitfe. 
1 7 . 3 
1 6 . 7 

1 5 . 1 
1 2 . 7 
1 2 . 7 
1 3 . 8 
1 5 . 1 
I ' t . S 
1 3 . 9 
1 3 . ^ 
1 3 . 6 

1 6 . 1 
1 6 . 1 
1 3 , 6 
1 5 . 0 
1 2 . 9 
1 5 . 2 
12..8 
1 1 . 5 

. . 1 . 5 . 9 
1 5 . 0 
1 1 . 6 

MEAN _ _ 1 6 J L 1 MPA 11 .3 MPA 
( 2 3 6 9 . P S D ( 2 0 7 7 . P S D 

STD. DEV. "̂  " r . ' s V P A ' 1 . 1 MPA' 

( 2 2 1 . P S I L - 1 1 6 5 . P S D 
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TABLE C-2 (Continued) 

LOT NO. 8 0 5 - 3 
LOG NO. 6 1 8 1 - 1 1 2 
LOG DENSITY 1.78 

SPEC. 
SPEC. 

D I A . 
LENGTH 

MG/M*«3 

6 . 1 
5 1 . 

MM 
MM 

SPECIMEN 
NUMBER 

12AE 

12BE 

12BE 

O R I E N T ­
ATION 

7 0 9 
7 1 7 
7 1 5 
7 1 9 
7 2 1 
7 3 5 
7 3 9 
7 1 1 
7 1 5 
7 1 7 
8 6 5 

' 8 6 9 
8 7 1 
8 7 5 
8 7 7 
8 9 1 
8 9 5 
8 9 7 
9 0 1 
9 0 3 

RAD 
RAD 
RAD 
RAD 
RAO 
RAO 
RAD 
RAD 
RAD 
RAO 
RAD 
RAO 
RAO 
RAO 
RAO 
RAO 
RAO 
RAO 
RAO 
RAO 

LOCA- DENSITY 
T ION ( M G / M * * 3 ) 

EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

MODULUS OF 
RUPTURE (MPA) 
(UNCORRECTED) 

1 1 . 1 
1 7 . 2 
1 0 . 9 
1 2 . 9 
1 1 . 9 
1 7 . 3 
1 1 . 9 
1 2 . 9 
1 6 . 6 
1 6 . 1 
1 7 . 7 
1 1 . 7 

l i . 6 
1 1 . 7 
1 1 . 2 
1 8 . 2 
1 2 . 8 
1 7 . 6 
1 3 . ' i 
1 9 . 0 

FLEXURAL 
STRENGTH (MPA) 

(CORRECTED) 

1 3 . 1 
1 5 . 3 
1 0 . 2 
1 1 . 9 
1 3 . 5 
1 5 . 1 
1 1 . 0 
1 1 . 9 
1 1 . 8 
1 1 . 6 
1 5 . 7 
1 3 . 3 
1 0 . 8 
1 3 . 3 
1 2 . 9 
1 6 . Q 
1 1 . 8 
1 5 . S 
1 2 . Q 
1 6 . 6 

m ^m ^ tm mum ^^tmmm^mm^^im 

MEAN 1 5 . 0 MPA 
( 2 1 6 9 . P S D 

1 3 . 5 MPA 
1 1 9 5 5 . P S D 

STD. DEV 2 . 1 MPA 
( 3 5 1 . P S D 

1.9 MPA 
I 2 8 0 . P S D 
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TABLE C-3 
COMPRESSIVE PROPERTIES OF PCX GRAPHITE 

LOT M l , 8D*J*3 
tUG NO. b 1 8 1 » n 2 
LOG UENSJTy 1 .78 Mf i /M**3 

S P t C . O I A , li,b MM 
SPEC, L E N C T H a ? , fiM 

speci*<EN o''i [ E N T -

NUMBER ATION 

lAC 

IBC 

12AC 

128C 

W M « ^ « i « i # a 

. 

E bC 
E 8C 
ElOC 
El?C 

t lOgC 
ElO^lC 
E106C 
E108C 

B 6C 
a 8C 
BJ.OC 
«12C 
8 9 Q C 

e92C 
B94C 
B9bC 

AX 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 

M6A^ 

3TU, 

AX 
AX 
AX 

*X 
A i 
Ax 
AX 
AX 

LOCA­
TION 

EC 
EC 
EC 
EC 
tc 
EC 
EC 
EC 

i 

, DEV. 

EC 
fC 
EC 
EC 
EC 
EC 
EC 
EC 

DtNSlTY YtuJNGS 
(MG/M**3)MfiUuLuS 

( G P A ) 

5 . 4 
•5,3 
5 . 5 
5 , 8 
5 . 5 
5 . 6 
6 , 0 
5 , 3 

5 . ^ 
( . 8 1 Ml 

.? 

OFRM-
ANENT 

SET 
tPcT) 

. 1 7 ) 

. 1 9 1 

. 1 7 1 
, 1 5 1 
. 1 6 0 
. 1 7 1 
. 1 6 1 
. ' 7 1 

, 1 6 8 

=»8n 
, 0 1 2 

( . y ? MP31) 

« . 8 
a . 7 
4 , 6 
4 . a 
5 t 0 
5 , 3 
5 . 1 
<*.9 

« w w Waal * W O T W w V M i * w a i l 

. 1 7 5 
, 1 8 0 
, ? 0 0 
, 2 1 5 
. I 8 v 
, 1 8 0 
,18«5 
, 1 8 0 

1 IP M fW IB •• 41 V 

FHAC* 
Tu><E 

STRAIN 
(PCT) 

2 , 0 3 u 
1 ,98b 
1 , 9 5 3 
1 ,936 
1.8S5 
J , 9 3 9 
1 ,709 
i?,0 0^ 

1 ,924 

. 1 0 2 

1 , 8 5 3 
1 .987 
2 . 1 9 2 
2 . 1 7 0 
2 . U i " 
1 ,864 
1 ,897 
1 ,850 

' IK * 0 « « •> UK 

CHMPR, 
ST'*EN&TH 

(C^PA) 

1 5 , 0 
4 4 , 0 
4 4 , 8 
4 6 , 0 
^ 5 . 1 
1 5 , 4 
4 3 , 2 
4 3 , 9 

4 4 , 7 
c 6 4 7 9 , p s n 

. " 
( 130,Pan 

4 0 , b 
4 1 , 7 
4 2 . 3 
« 2 . 7 
^?»b 
4 1 , 8 
4 1 , 0 
4 1 , 0 

MEAN 

STD, D t V , 

4 . 9 , 1 8 7 1 .980 
( . 7 1 MPS!) 

, 2 ,,014 , 1 4 0 
C . 0 4 MPSI) 

1 1 . 7 

C 6 0 5 0 , P S D 

. 8 
( 1 1 3 , P s n 
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TABLE C-3 (Continued) 

LOT NU, 8 ^ 5 - 3 _ SPEC_4 D I A , 1 2 . 8 MM 
LUG \ d . 6 4 8 4 . 1 1 <> ^ S P E C . ' L E M G T H 2 5 , MM 

. 1.0G OENSITY L*76 „ . MGy.M*_*JL. __. _ . . _ 

SPfCTHEN ORIENT- tUCA- DENSITY YQUNGS^"PERM- FRAC-^ COMPH, 
MUf^BEP A7JU^ t lDNi (MG/Mi>«r3)H0DijLU8 AME^T TuRE ^ T R E ^ G J ^ 

( Q P A ) SET STRAIN fMPA) 
LPX.TJ_. LPXT) 

lAC t 3H RAU _ i t _ 5 ^ 7 , _ ^ J 5 J l , J 5 5 . 3 7 , 7 
P 78 «4D EC 5 , 8 , 1 5 1 1 , 9 4 1 4 4 , 8 
E I J B «AP J C _ _5i.4 _ _ A . l 7 t l j | 8 f l 8 41j ,b 
e£3H rfAD EC 5 , 6 , 1 8 1 2 , 0 5 b 4 6 , 7 

18C E J l l h ^ R A D ^ . . 5^4. ^ 1 5 1 - . 1 . 7 9 2 , u j . l 
E115B RAD EC 4 , f t , i b l 2,UbO 4 ? . 6 
fcJlOri RAU EC _ _ 5,_2 _ ^ 1 6 1 l i S b O 4 0 , 8 
E131« «AU EC 5 . 2 . 1 8 1 1 ,9B2 4 1 , 5 

^EAN ' ~ ' 5~,4 ~ ~ " , l b ~ 3 l , 8 b 7 4 2 . 2 
C , 7 8 MPSI) ._.. _. ( 6 1 2 6 , P S D 

3TD. DEV. __ , 3 _ _ _ i p l 3 , 2 2 7 2 , 7 
C . 0 5 HPSD f 3 9 0 , P S n 

UAC B 2B RAD _EC „ _ - ^ 5 , 2 _ _ _ *18.S j » 7 9 5 4 0 , 6 
H 7B RAD EC 5 , 8 , 1 5 0 1 ,779 i 2 , 7 

^ m i B RAD„ .±^ _5_»5 ^IbSL . U i ? 6 8 3 9 , 3 
B 2 l B RAO EC 5 , 7 , 1 8 0 1 ,819 4 1 , 4 

11BC_ 811.1 H 3M . _LC fejiJ OliS Um. -_ 4.0 J 
BII5B RAO EC 5 ,7 .130 l , b 0 4 l 0 , 4 
B l i qBR_AO t ^ _ 6 ^ _ * J 6 _ 9 _ U 3 9 3 38,^3 
B iaqR hAO EC 5 , 7 , 1 5 0 1 ,578 3 8 , 7 

" M£ AN 5,~« ~T59 ~ 1 , b 4 4 ^ u 0 , 2 
( . 8 4 MPSI) _ ( . 5eL31,P8IJ 

8 T0_, _D^Vj^ ^4 ^0 I 8_ . 1 50 1,4 
' ' ( , 0 5 MPSI) " ( 2 0 7 , P S n 
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TABLE C-3 ( C o n t i n u e d ) 

LUT No^ a o s - 3 
tUG NO, 6 4 8 4 - 1 1 2 

XOG D L f i & l T V „ l . I 8 . MG /M * * J 

SPJC_^ J ) i A , 1 2 , 8 MM 
SPEC, LENGTH 2 5 , MM 

SPECI^^rN O R l f ^ T - LOCA* DENSITY Y O O N G S PpRM- F R A C " C ^ ^ ^ P R , 

NUMBfcP ATI ' IN TION CHG/M*»3)MQDULUS AĴ JLNT TURi STR1.NGTH 
(GPA) SET STRAIN (MPA) 

J E C U L . tPClL 

lAV 

Ifly 

| 3 0 C 
E34C 
E4 iC 
E46C 

^ l l i j C 
E U 8 C 
E126C 
E 1 3 0 C 

AX 
AX 
AX 
Ax 
AX 
AX 
AX 
AX 

f M 
it* 
EM 
EM 
tM 
EM 
EM 

5, i 
5 , 1 
5,_o 
4 , 8 

_ ix .4. . 
5 , 2 

_5^4_ 
5 , 8 

_.̂ iei 
. 1 7 1 
„ 2 0 l 
. 1 8 1 

J-LZI-
.171 
,171 
,181 

2 , 1 4 4 
1 ,925 
l j 7 8 0 
1 .736 
2 t L 7 5 
2 , 0 4 4 
2 , 0 9 2 
2 , 1 6 4 

4 4 , 7 
4 2 , 6 
4 0 , 1 
3 9 . 7 
4 6 . 5 
4 5 , 4 
4 5 , 4 
4 6 , 8 

MEAN 

STD, DEV. 

5 , 2 , 1 7 8 2 , 0 0 8 
1 _ . 76 ^ l P i n _ 

. 3 L<^Lo ,nu 
( , 0 5 H P s n 

43 9 
i 6 3b8jLPSI) 

2 . 8 
( 404 ,psn 

12AY 

l 2 f lT . 

eloc AX 
B34C AX 
B4^C AX 
UlbC AX 

.B11-4C-AX_ 

8U8C AX 
B126C Ax. 
B130C AX 

_EM 
E^ 
EM 
EM 

EM 
EM 
EM 

' i i .9 

4 , 4 

4 ,5 
3,3 
« . 6 

^180 
,211 

. 2 0 0 

, 1 8 0 
x 2 0 2 
, 2 0 0 

2^140 
1 , 8 5 3 

1 .887 
J,«>J>7 
1 . 8 8 1 
2 x 1 8 8 
1 .948 

4 3 , 9 
3 6 . 4 
3 9 , 0 

5 9 , 3 
3*»*8 
3 8 , 8 
« 1 . 7 
4 1 , 2 

MtAN 

STD, 

4 , 5 , 1 9 0 l , 9 8 i 
1^6S.J1P3XL_ . 

DEV^_ 

( . 0 3 MPSI) 
_A020 , 1 2 2 

4 0 , 3 

i J838,P_3I? 

( 271,RSI) 
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TABLE C-3 (Continued) 

LOT NO, 8 0 5 - 5 _ _ SPEC. P I A , 12^8 MM 
LUG NO, 6 4 8 4 - 1 1 2 sPEC, L E N G T H 2 5 . MM 
Li^r. i^E'viSLTl L.7tt _ MG/M<t*3 

SPECIMEN OW I t '^T- LOC A- DEN'S f t Y 'YOUNGII ' " P E R M . P 'PAC" C O M P R , 

MljMBtR AT|i)N TlON (^'f;/M»»3)^DnULUS AN -̂NT TUR^ STRtNgTh 
CGPA) SET STRAIN (MPA) 

. . LPi .TL_ tPCT) 

lAY E4J6 R^D EM 4j^8 _ , 1 9 1 1 ,614 3 8 , 3 
F17S RAO EM 4 . 8 , l 7 l ] , 6 2 b 3 7 , 5 
F51B RAU EM _'*JL8__ , 1 7 1 1 ,619 3 8 , 0 
E 6 i e RAO EM 6 . 0 . 1 5 1 1 , 7 7 9 4 4 , 3 

i B t . y . 5 l B R*D_ „EM 3 ^ , J 5 1 _ 2^0.17 . . 4 4 t 3 
E155B RAO EM 5 , 8 ,18C 1 , 7 6 3 4 2 , 4 
E l 5 9 b RAD EM _ 5 , 3 _ A 1 7 1 1 ,841 4 2 , } 
El69tt RAO EM 5 . 5 . 1 8 1 1 . 8 9 7 4 2 , 2 

Mt'AN ^' 5", 3' 7^74 "l,"794 4 1 ,1 
_ _ • _._ ^_jL7JLJ!'P8i).. ( 5966 , PS I ) 

STD, DEv, j^ _ ,012 ,133 2 ,8 
( ,07 MPSI) ( 4 0 7 , F » n 

U A T B « 3 8 RAD__ ,tM _ _ S*3 .199 . 1 , 6 2 6 37,4 
H47B RAD EM 5 ,3 ,189 1,748 39,4 
85 iB RAL)_ _EM_ _ _ _ _ _5,4 _ _ U 9 0 i_,702 39,2 
8618 RAD EM 5 ,5 ,180 1,792 40 ,0 

I ^B Y B 1.̂ 4 8 . iA D_ _ ._.i>1 5 L ^ . I3M UJM - - 39. ,^ 
91558 RAQ t.M 5 ,3 ,180 1,557 37,5 
8L59B RAO 1 M _ _ 5,_4 ,J80 1 ,726 38,8 
B169B RAO EM 6 ,2 ,170 1,634 40 ,5 

MEAN " " " " ~ 5,5" , r 8 3 " T , 6 9 1 " 39,1 
( .79 MPSI) A .566 7,fSJJL 

STD, DEV, j ^ ,009 ^078 J . I 
( .04 M p s n f 1 6 3 , p a n 
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TABLE C-3 (Continued) 

LOT fJu, 8 0 5 - 3 
L U G rJU, ' 6 4 8 4 - V 1 2 
LUG. 1>EN§1T.Y JL^78^ MG/M**3 

SPEC_^ D I A , 
S P E C , ' L E N G T H 

12, t t 
2 5 , 

MM 

MM' 

S P f c I M f N DHTENT- lOCA" DENSITY YOUNGS PgRM- F R A C " C O M P R , 

NUMtitR ATjON TjON (MQ/>>'«n»3)MGQliLUS ANgNT TUR£ S T R ^ N G T H . _ 
(GPA) SET STRAIN (MPA) 

_„ ^LPXJJL. -CPCTJ 

tAE fc6nC Â * e r 5 . 3 , L 8 1 2 , 1 3 6 4 6 , 1 
E64C AX EE 5 , 5 , 2 0 1 2 , 1 0 1 4 5 , 1 
E72C Ax EE ^ S i J , 1 8 1 1 ,973 4 3 , 4 
E76C AX EE 5 , 3 , 1 7 1 2 , 1 4 6 4 4 , 1 

. IH£ tl.4.4C_ AX . . .EE ? i i 5 . . „ . j U J ? 2 , 0 7 9 . _ 4 6 , f l 
E148C AX t€ 6 , 0 , 1 5 1 B,^)'^^ 4 8 , 1 
E156C AX t E _ __ 5 , 4 ,J_71 2 , 2 6 9 4 7 . 0 
E lboC Ax EE 5 . 0 . 1 9 1 2 , 2 2 6 4 4 , 7 

M t A N " ' 5 , 4 , r 7 3 ' 2 , 1 1 7 4 5 , 7 
. .̂  _ , L „ » - 7 ^ - „ ' ' ^ ^ l L . _ „ f_ 6624 ^PS I ) 

STD, L)FV,_ _ . 3 ._020 , 1 0 1 1,6 
" ( " , 0 4 ' MPSI) C 2 3 2 , P S n 

*"l2Afc' H60C"AX " I E " " " """"'"_"a"9'" '" ' 'T90 '21*71 ' " 44"3' 
b64C AX EE 4 , 3 , 1 8 0 l , 9 ? t t 3 « , 2 
B72C Ax EE _ « , 7 J.269 2 . 1 7 0 4 1 , 1 
B76C AX Er 5 , 0 , 2 0 1 2 , 0 0 1 a l , 2 

l2Bf_B. l i lAC._Ax . _._.£i l a i L __ ,±?2 . . 1 , 8 5 1 . . _ J . 0 , b . 
B148C Ax EE 4 , 7 . 1 8 2 1 ,839 3 8 , 7 
B156C Ax EE_ _ _ _ 5 , o , l 9 o l , 6 l 2 3 8 , 0 
BI60C Ax EE 4 , 7 , 2 1 0 2 , 0 3 1 4 2 , 3 

" " M £ 4 N " " "" '~ 4 , 7 "Jt^^ 1 ,975 4 0 , 7 

( . 6 9 M P S n _JL.5?0 '< iPSl ) 

STDj O E V ^ , 2 _,.029 , 1 4 3 2 , 1 
C . 0 3 MPSI) f 3 0 1 , P S D 
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TABLE C-3 (Continued) 
- JI - - - . - • . < !««« •« •mam.-su 

LOT NO, 805-3 SPEC. DiA, 12.8 MM 
LOG NO, b4«4-112 SPEC, LENGTH 25, MM 
(OG ntMSITV 1.78 MG/M**3 

SPECI^E^ ORIENT- LOCA- OENSITV VOUNGS 

C6RA) 

lAt f79B RAU IE . 5.̂ 4 
E838 RAU EE 5.4 
f87b RAO EX 5,4 
E978 RAO EE 5,8 

IBE E187B RAO EE 5.9 
E191B RAO EE 5,4 
tl95b RAD EE 5,2 
E205B RAD EE 5,0 

MtA\ 5,4 
( ,79 

STO, UEV, ,3 
( ,04 

12AE 97»eLRA0._ it„ .„ ..... 5,1 
BBSB RAO EE 5.1 
bSTU RAO EE 5,2 
697^ RAO EE 5.2 

1$BE BI87B RAU fE 5.5 
Bl9ia RAO EE 5.2 
BLfiB RAO.. XL.. .. _ . _. .5a 
B205B RAO EE 5,4 

( .76 

STO. OEV. .1 
( .02 

5 AN£M. 
SET 

lRtT)_. 

.__.*_18J. 
,l6l 
.J6j_ 
.161 
.»6t. 
.181 

__.il.5i. 
,181 

,167 

,012 
MpSI) 

.̂ 180 
.179 
u.Bja-

,170 

.160 

,150 
.170 

MPSI) 

MPan 

' TRAC-
- IJJRE . 
STRAIN 
..LP.CT)... 

-U867 
1.567 
1*767 
1,883 

1,832 
11.890 
2.003 

1,849 

__.... I 37 

1,572 
1,824 

1.482 
. J.<?35 
1.590 
1.615. 
1.889 

1,681 

.149 

COMPR, 
-atR£.NeiH 

(MPA) 

40,9 
40,1 

. «1.7 
43,0 
44,7 
42,6 
43,6 
43,2 

42,5 
( 6li^0jP9l) 

US 
r 219,1181} 

J*t7 
18,9 

. i.?.._9 
36.4 

37.9 
- .3.8,3 

«1.3 

38, j 
( 5559.PSn 

( 256,P8I) 
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TABLE C-3 (Continued) 

IOT NO, 
LOP - I ' l , 
LOG '>t^^ 

SPECIMEN f lRTE^n -
rvyMBfef^ 

6AC 

bMC 

M i « « I W « > « l « l ' 

ATIHN 

-

MlcC AX 
M BC AX 
Mj^^C AX 
MlftC AX 
'^9^C AX . 
^94C AX 
M96C AX 
MQRC AX 

mmmmmmmmmm 

«DS-3 
6 4 f < 4 - n 2 

? l T V _ i . . 7 i L 

SPEC. D I A , 1 2 , 
SPEC, LENGTH i5 

M 5 / . M * _ * ^ 

LOCA- '^ 'ENSITY VOU'JGS 
TIO'- f ^ G / ' 

- - — 

^'U 
•^LC 
Ml C 
'^LC 
t!iQ. 
f-LC 
MLC 
-u c 

— — 

> E R M . 
^ » * 3 ) M ( I D I J L U S AMEf^T 

( G R A ) 

_5.J 
5 . 1 
i . . 4 
4 . 9 
i*iL , 
5 . 0 

.. _ 5 , i L 
5 , ? 

SET 
._1P£T? 

.a-170 
, 1 7 0 
a8p 
. 2 0 0 
, 2 0 0 
, 2 0 0 

. , ± 9 0 
, 1 9 0 

i « « « — » • > " 

FRAC-
T_iiRF 

S T R A I ' ^ 

i^.Ll) 

U58n 
1 ,599 
1^746 
1 .875 
2.. 184 
1 ,952 
2 a l 9 9 

1 «• M Ml » W 4* a* < 

8 MM 
, MM 

- . 

COMPR. 
STRl^GTH 

( M P A ) 

2 9., 5 
3 7 . 7 
4 l i l 
UI ^9 
^S^2 
a1 , 9 
^«.2 
4 3 , 9 

•̂ 11 A ̂ ^ 

ST I ; , DEV, 

5 , 0 , 1 8 7 
J _ . 73 M P s n 

. 3 , 0 1 3 
( . 0 4 M p s n 

1 ,911 4 1 , 7 
. L 6 0 4 6 j _ P 8 I ) 

. 2 5 4 B,3 
( 322,PSn 

OAC 

&BC 

M i B 
M 9B 
M I J 8 
M23a 

M 1 1 7 B 
M 1 2 1 8 
M 1 3 1 B 

RAU 
HAD 
t<AO 
.*AD 
RAD 
WAU 
QAO 
HAD 

MIC . 
MLC 

MLC 

MLC 
MLC 
MLC 

6^ J 
5 , 5 

6 , 0 
JUl. 

_,J30 
,150 

,140 

5 .4 

5 , 2 

. 1 4 0 
j_ l5f 
,170 

1 . 5 1 1 
1 ,268 
U6-19 
1 ,540 

1 . 7 6 3 
1 .363 
1 ,801 

40a2 
35.0 
4J.,0 
41 ,5 
«<U7 
4 1 . 3 
3 9 * 8 
4 1 , 9 

MEAN 

STD,_J)EV, 

6 , 0 , 1 5 5 

. 7 , 0 1 7 
f . 1 0 MPSI) 

i , 5 8 J 4 0 , 2 
__t _5ft£.iii's.n 

,.164 2^i 
( 3 2 0 , P 8 I 3 
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TABLE C-3 (Continued) 

lUT NU^ 8 i?5-3 _ _ SPEC. D I A , l2_j,6_MM 
I UG NiU, 6 4 8 4 - 1 1 2 " SPEC. L E N C T H 2 5 , MM 
LUG Ot.'JSlTY !.,.7H. . M.G/M**3___ _ 

SPEciwpN n P i E ^ - LUCA- Of ^ S l T v 'YOUNGS" " p f ^ l " * F R A C " (,nhpH, 
.•MUMtJt:W ATlU'-. T^nN ('^(,/.M**3)MnQULUS A N E N T T U R E STBt.NGTH 

CGPA) SET STRAIN (N«PA) 
t.PjCLTl„ CPCT).. 

bAY M«3B Ri^lj MLM _ _6^. t . .^170 1 ,587 4 0 , 4 
M«7b RAD MLM b . o . 1 5 0 1 ,723 4 2 , 6 
M51B HAD ML'^ 6,.4 _ , } 5 0 _ U 7 2 7 <43,9 
MfelH RAD ML" 5 , 8 , 1 8 1 1 ,911 a 4 , 0 

6e Y .^ 1 SI'S . .KAt. _.^ t_^ ___ S.,!^.. _. a 80 1 ,.797 ^ al_, 0 
M15SB RAD y,LN 5.5 ,170 1,745 41,6 
Mjc,9B RAO MLM cj.t ,j7o l.,ij57 40.9 
MlbOb WAD MLM 5 , f l , 1 6 0 1 ,786 y O , ? 

ifcA^j •" ~ 5 , 9 ~ ~ , 1 6 9 1 ,742 u T . e 
_ . . ' . . ( . 8 5 MP3I ) _̂  _ ( 6 0 6 9 , P S n _ 

STU. D F v , _ _ j 3 ^ ' 113 , 0 9 7 _ 1,S 
' ' ( . 0 4 " " M P S I ) " ( 2 1 4 . P a n 

6A t wyqj j R/^ M ^ l . -6,jfe__ .,17.0 U 7 9 8 44,.6 
M818 RAO MLE 6 , 4 , 1 7 0 1 ,518 4 1 , 8 
MftjS RAO.., _MU. _ 6 , 4 .._15JQ_. 1 * 5 6 9 _ a i , . i 
M97B RAO MLE 6 . 3 , 1 5 " 1 .876 4 6 . 1 

6i? E J l l 8 7 B. R A 0_ J l L l .̂6.,.̂ i ,.17 Q. ±^A 4. . 41^L .. ._ 
M191B RAD MLt 6 .2 ,170 1.584 41 ,7 

."'1958.RAD_ _M_Le _ .6,.3 * l 5 f i _ .U.590 __. .41,5 
M205B «AD MLE b.a ,150 1.723 44 ,6 

MEAN "67<r 7 l 6 0 1 ,659^ 43" , ! 
( ,92 MPSI) ( 6281 i P S n . 

STD,_DEVi _ _ i J JL.011._ f l 2 6 l j 7 
C .02 MPsn ( 2 4 2 , P 8 I ) 
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TABLE C-3 (Continued) 

LOT NiJj,J*_D5-3 
' L U G NU. 6 4 « 4 - l f 2 

. Ly5. DfeNSl i r . . 1 ^ 8 MG/M**3 

_SPEC_, DJA, 
s R E c , " L E N G T H 

12^8 
2 5 , 

MM 
HM 

S P E C I M E N O R I E N T - L O C A - D E N S I T Y Y O U N G S P E R M - F R A C -

NyMBER ATION H O N f M G / M t ^ j ^ M O D i ^ i j a ANtNT TLLRf. 
( G R A ) S E T S T R A T N 

. _ . . f P £ J I .JPCTJ 

COMPR. 
S.tRJLNGTH 

(MPA) 

6AY 

6BY 

M30t 
M34C 
^^42C 
M46C 

MllftC 

^12-4^ 
"'128C 

AX 
AX 
AX 
AX 
AX 
Ax 
jAx 
AX 

MLM 

MLM 

M|_ M 
MLM 
MLM ' 

5t5 
5,5 
5|..4_ 
5,2 
5,.4. 
5,5 
5i3 
5,3 

._200 
,18C 
,190 
,190 
,J49 
,18<) 

,160 

1,863 
2,164 
1*767 
2,119 
2.xl57 
2,175 
2*271 
1,790 

. ^ 3 , 4 
*"6,0 
4 1 , 7 
4 5 , 0 
«7^2 
4 5 , 7 
4 6 , 7 
4 ? , 6 

MEAfi 

STO, DEV, 

5,i» , 1 8 1 
1 ^ 7 8 M P S n 

f . U I MPS I ) 

2 , 0 3 8 

^198 

4 4 , « 
( „ 6 4 9 8 , P S n 

2 j 0 
( 2 9 2 , P 8 I ) 

6AE 

. f ty i 

M^^OC 
M6<|C 

•'72i: 
•'76C 

!!'!.<12C.. 
M146C 
M154C 
f'lSSC 

AX 
AX 
AX 
AX 

-A_X 

AX 
AX 
AX 

^Lt 
MLE 
^'LEL. 
MLE 

- f'LL.. 
HLE 
MLE 
MLE 

3*^ 
4 , 7 
5 ,^_ 
5 , 5 

5 , 5 
6_,1 
5 . 7 

, 1 7 0 

.20U 

. 1 9 0 
, 1 8 0 

. *17 .g 
, 1 9 9 
* . 1 7 " 
. 1 9 0 

2.*!163 
1 .962 
1»_8_86_ 
1 ,952 
2 * i 9 . 6 
2 , 0 7 1 
2^017 
2 . 0 9 6 

4 6 , 8 
4 2 . 9 
4 3 , 1 
4 4 , 2 

. ^ * L „. 
4 6 , ^ 
4 5 j 6 
4 7 , ? 

MEAfJ 

STD. DEV, 

5 , 5 , 1 8 4 
( , 8 0 MPSI) 

( , 0 5 MPSI) 

2 , 0 4 3 

. 0 1 3 . l f ^ 7 

4 5 , 5 
1 . 660 1 ,.P_S I ) 

( 2 7 4 , P S n 
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TABLE C-4 
SPECTROCHEMICAL ANALYSES FOR GRADE PGX 

y L A£,- J i U ^ . 'J-'t971> - _ 
SAMPLE: 6 ' . « i < - M 2 E70H GWAPHUE 

-WtP-Util- lOr—GLE^-t .MbLt 
PROJECT N i ) . i 8 2 ( i l ' i 6 f ) ( i b DILUTILIS: 

ELEf-f NT CONCENTRATION, PPM ELEMENT 

1 . 0 U 0 0 
DATE! 1-17-77. 
Pi Alt NJ. 7b-

CONCENTKATION, PPM ELEMENT CUNCENTKATION, PPM 

_AG- -»^50-

n 
1 

BA 

CO 

EJ 
_ttF_ 

K 

Mf) 

SM 

TL 
h 
ZH 

UU.OO 

u.OO 

1 0 , 0 0 
- 2 0 , 0 0 -

1 0 . 0 0 

1 . 0 0 
_2oo.aa-

6,f>0 
e . Q j i . 

1 0 0 . 0 0 
__ac^iL 

2 0 . 0 0 

. 5 0 

AU-
B t 
CU-
CR 

— DY_ 
FE 

— HO-. 
LA 
MU-

- 8 0 . 0 0 -

NA 
- N I _ 

PR 

SN 
_ t J i _ 

TM 
J t f l_ 

< .SO 
< 1 0 . 0 0 
< 1 0 , 0 0 
< - 2 0 . 0 0 - . 

lOOO.OO 
< 1 0 . 0 0 — 
< 1 0 . 0 0 

1 , 0 0 
< 1 0 . 0 0 

2 0 . 0 0 _ 
< 1 0 0 . 0 0 
< _ _ 1 . 0 0 _ 
< 6 . 0 0 
.< 4.0.0 0 

« , 0 0 
- l i J . i l Q -

u 
61 

. C t 
CS 
Eft 
GD 

-XN 
LI 

_MN 
Nb 
P 
Ra 

- - . S i __ 
SR 
t J 
V 
ZH 

- 2 . 0 0 -
< 2 . 0 0 

-< a o . o o — 
< 1 0 0 . 0 0 
< 6 . 0 0 
< 1 0 . 0 0 

- < 1 . 0 0 -
1 . 0 0 

1 0 . 0 0 — 
< 6 , 0 0 
C_ 1 0 0 , 0 0 -
< uo.oo 
.. 1 0 0 . 0 0 
< « 0 . 0 0 

<IQ.OQ__ 
2 0 , 0 0 

_< ia.iui.. 

-CDMCEi^TRAJIaM dASEJJ-O^LGRGlNAL 
> MEANS GREATER THAN 

. C -MQNS LFS.S—LdA.f4_tM£--
R E S O L T S ARE C O R R E C T W I T H I N A F A C T O R (IF lOX , (UNE STANDARD DEVIATION) 

,tL-REFOREL-CILiJLTIJN K I I H - D l L U i J J t . 

-THE SPECTHOGBAPMC-eHQCElJURE USLDL. 



TABLE C-A (Continued) 

..J it t-atU'llZ BflaB GRAPHITE 
REPORf TOI CLEN ENGLE 

PROJECT NO. 322«146005 .DILUTIONI 

CLi'^lL CONCENTRATION, PPM ELEMENT 

1 ,0000 

CONCENTRATION, PPM 

DATES 1 - 1 7 - 7 7 ' 
P L A I t NO, 7 6 -

ELEMENT CONCENTRATION, PPM 

n 
I 

CX3 

'AG 
BA 
CA 
CO 
CU 
EU 
HF 
K 
LU 
MO 

" N F 
PB 

^r 
SM 
TTT 
TU 

ZR 

.50 
ao.oo 

1 0 0 . 0 0 
«.oo_ 

20,00 
_10 .00_ 

20,00 
ao,oo 

.50 
1.00^ 

T o o , 00 
6,00 

"8,00 
100.00 

20.00 

.50 

AL 
BE 
CO" 
CR 
OY 
FE 
HO 
L * . 
MG 
NA 
N l 
PR 
SC~ 
SN 

" T B ~ 
TM 

foojoo' 
. 5 0 . 

< 1 0 . 0 0 
< 1 0 , 0 0 
< 2 0 , 0 0 ' 
> 1000,00 
"< 10,00 

J. 10,00_ 
60,00 
1 0 , 0 0 
2 0 , 0 0 ' 

100,00 
1,00 
6,00 

~90,Ol>" 
«.oo 

" T o , 00 

COrJCENTl?7STrofrBrSE15'TJN"15 îmJ*ir"5OTPLEnBETOi:frT3Ii;:uriO"N WITH DILUENT 
> MEANS GREATER THAN 
< WEANST:ESS'THATJTHE~SCKSTnvTTYOT~TH'E SPECTRoGRiPTfIC •pROCEOURE~USEe'' 

ESULTS ARE CORRECT WITHIN A FACTOR OF aOX , (ONE STANDARD DEVIATION) 

B 
BI 
CE' 
CS 
ER 
GO 
IN 
LI_ 

"MN 
NB 
P ' 
RB 
SI 
SR 

'Tr 
V 

< 
< 
< 
< 
< 
< 

< 
< 
< 

< 

< 

2.00" 
2.00 

80,00 
100.00 

6.00 
10.00 

" 1.00 
2,00 

"60.00""" 
6.00 

100 ,00 ' 
ao.oo 
ao.oo 
ao.oo 
ao.co 
20.00 
20.00 — 

— 

— 



n 

LAB, NO. 40976 
SAMPLES 6aBa-l' 

ELEMENT 

AC 
BA 
CA 
CO 
CO 
EU 
MF 
K 
LU 
MO 
NO •"• 
PB 
sa 
SM 
TA 
TL 
W 
ZR 

COMCENTRATIdN B. 
> MEANS GREATER 

^ 

12 B124B GRAPHITE 

CONCENTRATION, PPM 

< .50 
«0.00 
eo.oo 

< a.00 
20.00 

< 10.00 
< 20.00 

00.00 
< .50 
< 1.00 
< 200.00 
< 6.00 
< 8.00 
< 100.00 

• • < ao.oo 
< 20.00 
< ao.oo 
< .so 

kSEO ON ORGINAL SAMPLE 
THAN 

TABLE C-4 (Continued) 

RtPORT TOl GLEN ENGLE 
PROJECT NO. 3224146005 DILUTIONI 1.0000 

ELEMENT CONCENTRATION, PPM 

AL 80,00 
BE < ,50 
CO < 10.00 
CR < 10.00 
OY < 20.00 
FE > 1000.00 
HO < 10.00 
LA < 10,00 
HG 20,00 
NA 10.00 
NI 20,00 
PR < 100,00 
SC < 1,00 
SN < 6,00 
TB- - • < 40.00 
TM < 4,00 
VB < 10,00 

: BEFORE DILUTION WITH DILUENT 

DATE! 1-17-77 
PLATE NO. 76-

ELEMENT CONCENTRATION, PPM 

B 2.00 
BI < 2.00 
CE "" < .80.60 
CS < 100.00 
EH < 6.00 
GD < 10.00 

• IN < 1,00 
LI 1.00 
HN - 40,00 
NB < 6,00 

• P - • < 100,00 
RB < 40,00 
SI 60,00 
SR < 40.00 
TI 40,00 
V 20.00 
ZN - -< 20.00 

<T»CAN5~CtSS"ThA"irTHE~S£NSmvrryOP"THE "SPECTROGRAPHIC PROCEDURE USED 
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (ONE STANDARD DEVIATION) 



TABLE C-4 ( C o n t i n u e d ) 

L"AB7TJ0. 44976 7 -
SAMPLE! 6464-112 B154B GRAPHITE 

REPORT T 0 « " G L E N ENGLE " 
PROJECT NO, 3224146005 DILUTIONI 

ELEMENT CONCENTRATION, PPM ELEMENT 

1.0000 

CONCENTRATION, PPM 

DATEl 1-17-77 
PLATE NO, 76-

ELEMENT CONCENTRATION, PPM 

"76 
BA 
CA 
CO 
"CTT 

"HF 
K 

3r 
-"OiOO,. 
1000.00 

a.00 
20.00 
10,00 
20,00 
60.00 

AL 
_BE_ 
CO" 
CR 
DV 
FE 
HO 
LA 

80,00 
.50 

10.00 
10,00 
20,00 

1000,00 
10,00 
10,00 

~~8o,or 
4,00_ 

1 0 , 0 0 

B 
BI 

"ct 
CS 
ER 
GO 
I« 

J.I_ 
MN 
NB 

"P " 
RB 
SI 
SR 

"TI 
V 
2 N — 

2,00 
2,00 

" B O . O M F 
Ĵ OO.OO 

6.00 
10.00 

~ 1 . 0 f f " 
1,00 

TO,eT" 
< 6,00 

"< " 1 0 0 , 0 0 
_< 40,00 

60,05" 
40,00 

< 

< 

< 
< 

soTJnr 
20,00 

< 20755^ 

X(JNCEsrn}ATI0Kr"B«E0^TIfrDRGrNAr^S7SWPLE BIFORE^DILOTION WITH" DILUENT 
> MEANS GREATER THAN 
"<T1E*NS~CES5"T>ISR"THE ^ENSmVTTYDr-THr^SPECTROGRHPHrC PROCEDURE-USED^ 
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (ONE STANDARD DEVIATION) 



TABLE C-4 (Continued) 

LAB. NO. A497« ^ 
SAMPLE! 6464-112 B4B GRAPHITE 

REPORT TOI GLEN ENGLE " 
PROJECT NO, 3224146005 DILUTION! 1.0000 

n 
I 

ELEMENT 

AG 
BA 
CA^ 
CO 
CU 
EU 
HF 
K 
LU 
_M0_ 
ND 
PB 
"Si" 
SM 

TL 
II 
ZR 

CONCENTRATION, PPH 

. 5 0 
4 0 . 0 0 

To^'.oo 
4.00_ 

"Tff.OO 
10.00 

~26760" 
10.00 

.50" 
1.00^ 

T o o , 0 0 
6.00_ 
8.00 

100.00 
~ 8 5 7 5 r 

20,00 
47,00 

.50 

ELEMENT CONCENTRATION, PPH ELEMENT 

AL 
BE 

"CD ' 
CR 
OY 
FE 
H O " ' 

L* _ 
"MG 

NA 
NI 
PR 
SC 
SN 

"TB—-
TM 

""Yfl~ 

6 0 , 0 0 ' 
_ . 5 0 . 

1 0 , 0 0 
_ 1 0 . 0 0 

2 0 . 0 0 
1^000,00 

" 1 0 . 0 0 " 
10,00_ 
40,00 
10.00 
20,00 

1 0 0 . 0 0 
1.00 
6,00 

so,o(r 
4 .00^ 

1 0 . 0 0 

B 
BI 
ct" 
CS 
EK 
CD 
IN 
LI 

~MN" 
NB 
P 
RB 
SI 
SK 

' T r 
V 
ZN"̂  

DATE! 1-17-77 
PLATE NO. 76-

CONCENTRATION, PPM 

< 

< 

< 

2.00-
2.00 
80.00 
100.00 
'6.00 
10.00 
"1.00 - " " 
2.00 
40,00 
6,00 

" " < 100,00 
< 

< 

< 

40.00 
20,00 
40,00 
60.00 
20,00 
20,00 

CENTRTTIQinBA^EinjfnjRUINAL SAMPLnEroRnMLUTION "WITH D I L U E N T 
> MEANS GREATER THAN 
?nnfAwsn:Ess-"THAKr7Hr'SER5rTrri"TYof'-T'Hr'SptcrRocRAPHic" PROCEDURE "USED-
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (ONE STANDARD DEVIATION) 



n 
1 
lO 

LAB, NO, 44976 
SAMPLEI 6484-112 

ELEMENT ( 

CONCENTP 
> MEANS 
< WEATJS" 

RESULTS 

AG 
RA 
CA 
CO 
CU 
EU 
HF 
K 
LU 
MO 
NO 
PB 
SB 
SM 

TL 
w 
ZR 

rATION~S'"ASI 
GREATER Tl 
"LESS^HAN 
ARE CORREl 

1 

B40B GRAPHITE 

rONCENTRATION, PPM 

ED 
HÂ  
T> 
CT 

< 

< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

i£~SE 
WITH 

.50 
40.00 

200.00 
4.00 

20.00 
10,00 
20,00 
10.00 

.50 
1.00 

200.00 
6.00 
8.00 

100.00 
40,00" 
20.00 
40,00 

.50 

IRGINAL SAMPl 

iNSrTTVTTYOF' 
UN A FACTOR 

PROJECT 

.£ BEFORE 

HTHE -SPEC 
OF 40X , 

TABLE C-4 (Continued) 

REPORT TOl GLEN ENGLE 
NO, 3224146005 DILUTION! I,0u00 

ELEMENT CONCENTRATION, PPM 

AL 60.00 
BE < .50 
CD < 10.00 
CR < 10,00 
OY < 20,00 
FE > 1000,00 
HO < 10.OO 
LA < 10,00 
MG 10,00 
NA < 10.00 
NI 20.00 
PR < 100.00 
SC < 1,00 
SN < 6,00 
TB < 40.00 
TM < 4,00 
YB < 10,00 

UILUTION WITH DILUENT 

rROGRAPHIC PROCEDURE USED 
(ONE STANDARD DEVIATION) 

ELEMENT 

B 
BI 
CE 
CS 
ER 
GD 

~ IN 
LI 
MN 
NB 
p 
RB 
SI 
SR 
TI 
V 
ZN 

DATE! 
PLATE 

CON( 

--

-

1-17-77 ^ 
NO. 76-

;ENTRATION, PPM 

2.00 
< 2.00 
< 80,00 
< 100.00 
< 6.00 
< 10.00 
< 1.00 

2.00 
40.00 

< 6.00 
< 100.00 
< 40.00 

80.00 
< 40.00 

40,00 
20.00 

< 20,00 



n 
1 

L A B . N O . 4 4 9 7 6 

S A M P L E ! 6 ^ 8 4 -

ELEMENT 

CONCENT^ 
> MEANS 
< r MEANS' 
R E S U L T S 

AG 

BA 
CA 
CO 
CU 
EU 
HF 

K 
LU 
MO 

NO 
P8 
SB 
SM 
TA 
TL 
W 
ZR 

CON 

iATlDN BASED 
GREATER THAK 

XESS THAN n 
ARE CORRECT 

OB GRAPHITE 

CENTRATiqN,_PPM_ 

< . 5 0 
6 0 . 0 0 

> 1 0 0 0 . 0 0 
< 4 . 0 0 

2 0 . 0 0 
< 1 0 . 0 0 
< 2 0 , 0 0 

2 0 . 0 0 
< . 5 0 
< 1 . 0 0 
< 2 0 0 . 0 0 
< 6 . 0 0 
< 8 . 0 0 
< 1 0 0 , 0 0 
< 10,00 
< 2 0 . 0 0 
< 4 0 . 0 0 
< . 5 0 

ON O R G I N A L SAMPl 

fE"~SENSmviTYOF 
WITHIN A FACTOR 

PROJECT 

.E BEroRX 

- T H T SPETC^ 
OF liOX , 

TABLE c-4 (Continued) — 

REPQCIT TOl GLEN ENGLE 
NQ, 3 2 2 4 1 4 6 0 0 5 D ILUTIONI 1 . 0 0 0 0 

ELEMENT CONCENTRATION, PPM 

AL 2 0 0 , 0 0 
BE < . 5 0 
CO < 1 0 . 0 0 
CR < 1 0 . 0 0 
OY < 2 0 . 0 0 
FE > 1 0 0 0 . 0 0 
HO < 1 0 , 0 0 
LA < 1 0 , 0 0 
MG 4 , 0 0 
NA < 1 0 . 0 0 
NI 2 0 , 0 0 
PR < 1 0 0 . 0 0 

" SC < 1 ,00 
SN < 6 , 0 0 
TB < 4 0 . 0 0 
TM < 4 , 0 0 
YB < 1 0 . 0 0 

DILUTION WITH DILUENT 

TRDGRAPHIC PROCEDURE USED 
(ONE STANDARD DEVIATION) 

— 

ELEMENT 

~ B 
B I 
Cfc 
CS 
ER 
GO 
IN 
LI 
MN 
NB 

P 

RB 
S I 
SR 
T T 
V 
ZN 

DATE! 1 - r 
PLATE NO. 

CONCENTF 

< 
< 
< 

< 

< 
< 
< 

< 

< 

r -77 
7 6 -

?ATION, PPM 

2 , 0 0 
2 . 0 0 

BO.00 
1 0 0 , 0 0 

6 . 0 0 
1 0 , 0 0 

' 1 . 0 0 
1 .00 

4 0 . 0 0 
6 . 0 0 

1 0 0 , 0 0 
4 0 . 0 0 

4 0 0 , 0 0 
4 0 . 0 0 
4 0 . 0 0 
4 0 . 0 0 
2 0 . 0 0 



n 
1 

Ln 

LAS, NO. 4U976 '^ 
SAMPLE! 6 « 8 a - n 2 MlOOB GRAPHITE 

ELEMENT CONCENTRATION, PPM 

AG 
BA 
CA 
CO 
CU 
EU 
HF 
K 
LU 
MO 
NO 
PB 
SB 
SM 
TA 
TL 
N 
ZR 

< . 5 0 
4 0 . 0 0 

2 0 0 . 0 0 
2 0 . 0 0 
2 0 . 0 0 

< 1 0 , 0 0 
< 2 0 , 0 0 
< 1 0 , 0 0 
< . 5 0 
< 1 . 0 0 
< 2 0 0 . 0 0 
< 6 , 0 0 
< 8 , 0 0 
< 1 0 0 . 0 0 
< / t o . 0 0 ' 
< 2 0 . 0 0 
< 4 0 . 0 0 
< . 5 0 

CONCENTR-ATlON-BASED ON O R G l f r e L ^ i M P i 
> MEANS GREATER THAN 
< ^U^S-LESS THAN T H r S E N S n i V l T Y O F 
RESULTS ARE CORRECT WITHIN A FACTOR 

— 

PROJECT 

- - - -

TABLE C-4 (Continued) 

REPORT TOI 
NO. 322414600 

ELEMENT 

AL 
BE 
CO 
CR 
DY 
FE 
HO 
LA 
MG 
NA 
N l 
PR 
SC 
SN 

TM 
YB 

.E BEFORETDILUTION WITH 

TH'E~SPrcTROGftAPHIC PROC 
OF 40X , (ONE STANDARD 

C L E N ENGLE 
5 D I L U T I O N ! 1 , 0 0 0 0 

C O N C E N T R A T I O N , PPM 

6 0 , 0 0 
< , 5 0 
< 1 0 , 0 0 
< 1 0 . 0 0 
< 2 0 , 0 0 
> 1 0 0 0 , 0 0 
< 1 0 . 0 0 
< 1 0 , 0 0 

2 0 , 0 0 
< 1 0 . 0 0 

2 0 . 0 0 
< 1 0 0 . 0 0 
< 1 ,00 
< 6 . 0 0 
< 4 0 , 0 0 
< 4 , 0 0 
< 10,00" 

DILUENT 

EDURE USED 
DEVIATION) 

ELEMENT 

S 
BI 
CE 
CS 
ER 
CD 
I N 
L I 
MN 
NB 
P 
RB 
S I 
SR 

~ T I 
V 

"' Z N ' 

DATE! 1 - 1 7 - 7 7 
PLATE NO, 7 6 -

CONCENTRATION, PPM 

2 . 0 0 
< 2 . 0 0 
< 8 0 . 0 0 
< 1 0 0 . O O 
< 6 . 0 0 
< 1 0 , 0 0 
< " 1 . 0 0 " 

2 . 0 0 
4 0 . 0 0 

< 6 . 0 0 
< l o o . 0 0 
< 4 0 , 0 0 

4 0 . 0 0 
< 4 0 . 0 0 

• 4 0 . 0 0 
2 0 . 0 0 

< 2 0 , 0 0 



n 
1 
Ln 

LAB, NO. 44976 
SAMPLE! 6484-

ELEHENT 

AG 
BA 
CA 
CO 
CU 
EU 
HF 
K 
LU 
MO 
ND 
PB 
SB 
SM 
TA 
TL 
M 

ZR 

112 M122B GRAPHITE 

CONCENTRATION, PPM 

< .50 
40,00 

> 1000,00 
< 4,00 

10,00 
< 10,00 
< 20.00 

10.00 
< ,50 
< 1.00 
< 200.00 
< 6,00 
< 8,00 
< 100,00 
< 10,00 
< 20.00 
< 40.00 
< .50 

PROJECT 

CONCENTRATION BASED ON ORGINAL SAMPLE BEFORE 
> MEANS GREATER THAN 

TABLE C-4 (Continued) 

REPORT TOI CLEN ENGLE 
_N0._ 3224146005 DILUTION! i._0000 

ELEMENT _CONCENTRATION,£PM 

AL 100.00 
BE < ,50 
CO < 10,00 
CR < 10.00 
DY < 20,00 
FE > 1000.00 
HO < 10.00 
LA < 10,00 
MG 1,00 
NA < 10,00 
NI 20.00 
PR < 100.00 
SC < 1.00 
SN < 6.00 
T8 < 40,00 
TM < 4,00 
YB < 10.00 

DILUTION WITH DILUENT 

— — _ 

ELEMENT 

B 
BI 
CE 
CS 
ER 
GO 
IN 
LI 
MN 
NB 
p 

RB 
' ^ SI 

SR 
TI 
V 
ZN 

DATEl 
PLATE 

CON 

1-17-77 
NO, 76-

:ENTRATION, PPM 

2.00 
< 2.00 
< 80.00 
< 100.00 
< 6.00 
< 10.00 

" < 1.00 
2.00 

40.00 
< 6.00 
< 100,00 
< 40.00 

100.00 
< 40.00 

40,00 
20.00 

c 20.00 

1 MEANS LESS^THAN THE SENSITIVITYOF THE SPECTRUGRAPHIC PROCEDURE USED 
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (ONE STANDARD DEVIATION) 



o 
1 

LAB, NO, 44976 
SAMPLE! 6US4-112 

ELt 

CONCENTF 
> MEANS 
< MEA>4S' 
RESULTS 

•MENT C 

AG 
BA 
CA 
CO 
CU 
EU 
HF 
K 
LU 
MO 
ND 
PB 
SB 
SM 
TA 
TL 
w 
ZR 

/ 
M152B 

ONCENT 

__ 

< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

GRAPHITE 

RATION, PPM 

.50 
40.00 
60.00 
4.00 
6.00 
10.00 
20,00 
10.00 

.50 
1.00 

200,00 
6,00 
8.00 

100.00 
40.00 
20,00 
40.00 

.50 

PROJECT 

JTTION BASED ON ORGINAL SAMPLE BEFoRr 
GREATER THAN 
XESS TRAN'THE-SENSITIVITYOF THE SPEf 
ARE CORRECT WITHIN A FACTOR OF 40* , 

TABLE C-4 (Continued) 

REPORT TOI GLEN ENGLE 
NO . 3 2 2 4 1 ^ 6 0 0 5 DILUTION! 1,0000 

ELEMENT CONCENTRATION, PPM 

AL 80.00 
BE < .50 
CD < 10.00 
CR < 10.00 
OY < 20.00 
FE 40.00 
HO < 10.00 
LA • < 10,00 
MG < ,50 
NA < 10.00 
NI < 4,00 
PR < 100.00 
SC < 1,00 
SN < 6,00 
TB < 40,00 
TM < 4,00 
YB < 10,00 

DILUTION WITH DILUENT 

rROGRAPHIC PROCEDURE USED 
(ONE STANDARD DEVIATION) 

-_ 

ELEMENT 

B 
BI 
CE 
CS 
ER 
CD 
IN 
LI 
MN 
NB 
P 
RB 
SI 
SR 
TI 
V 
ZN 

DATEl 1-1 
PLATE NO. 

CONCENTF 

"^ < 
< 
< 
< 

< 

< 
< 

< 

< 

< 

< 

— 

r-77-
76-

iATION, PPM 

' .50 '-
2.00 

80.00 
100.00 
6.00 
10,00 
1,00 
1.00 
1.00 
6,00 

100.00 
40.00 
40.00 
40.00 
40.00 
4.00 

20.00 



— 

o 
1 
Ul ^ 
^J 

LAB, NO, 44976 / 
SAMPLEI 6484-112 M16B 

ELEMENT CONCENT 

AG < 
BA 
CA 
CO < 
CU 
EU < 
HF < 
K 
LU < 
MO < 
ND < 
PB < 
SB < 
SM < 
TA < 
TL < 
w < 
ZR < 

GRAPHITE 

RATION, PPM 

.50 
40.00 
80,00 
4.00 
10.00 
10,00 
20.00 
20.00 

.50 
1.00 

200.00 
6.00 
8.00 

100.00 
• 40.00' 

20.00 
40,00 

.50 

PROJECT 

TABLE C-4 (Continued) 

REPORT TOI 
NO. 3224la«,00S 

ELEMENT 

AL 
BE 
CD 
CR 
DY 
FE 
HO 
LA 
MG 
NA 
NI 
PR 
SC 
SN 
"TB 
TM 
YB 

GLEN ENGLE 
DILUTION! 1.0000 

CONCENTRATION, PPM 

100.00 
< .50 
< 10,00 
< 10.00 
< 20,00 
> 1000.00 
< 10,00 
< 10.00 

10.00 
< 10.00 

20,00 
< 100.00 
< 1.00 
< 6.00 
< 40,00 
< 4,00 
< 10.00 

ELEMENT 

B 
BI 
CE 
CS 
ER 
CD 
IN 
LI 
MN 
NB 
P 
RB 
SI 
SR 
TI 
V 
ZN 

CONCENTRATION BASED ON ORGINAL SAMPLE 
> MEANS GREATER THAN 

BEFORE DILUTION WITH DILUENT 

""C'HEAWSrXESSnTHA"N~TR£-SENSTTrvrrYOF"~THE""SPrCTT50GRAPHlC''PROCEDURE~US£D--' 
RESULTS ARE CORRECT WITHIN A FACTOR OF 40* , (ONE STANDARD DEVIATION) 



TABLE C-4 ( C o n t i n u e d ) 

XAB7"N-07~^4976 7 ~' 
SAMPLE! 6484-112 M408 GRAPHITE 

ELEMENT CONCENTRATION, PPM 

REPORT TOl GLEN ENGL E "' 
PROJECT Nl, 3224146005 DILUTION! 

ELEMENT 

1.0000 

CONCENTRATION, PPM ELEMENT 

DATEl 1-17-77 
PLATE NO. 76-

CONCENTRATION, PPM 

n 
I 

CO 

AG 

J B * . 
CA 

-C0_ 
CU 
EU 
HF 
K 
LU 
MO 
ND 
PB 
SB" 
SM 

~rr 
TL 

"H ' 
ZR 

< . 5 0 
4 0 . 0 0 . 

1 0 0 , 0 0 
_< 4 , 0 0 _ 

1 0 , 0 0 
< 1 0 , 0 0 
< 2 0 , 0 0 

20 . o o . 
< , 5 0 

. < - 1'00_ 
< ' ^ 0 0 , 0 0 

^ 6.00 
< 8,00" 

1 0 0 , 0 0 
~ao,"-0(r 

20,00 
~«o.oo 

. 5 0 

AL 
BE_ 

"CD 
CR 
OY 
FE 
HO 

J.*. 
MG 
NA 

"Nl 
PR 
SC" 
SN 

"TB"" 
TM 

"YB 

8 0 , 0 0 
, 5 0 _ 

1 0 , 0 0 
1 0 , 0 0 
2 0 , 0 0 

1 0 0 0 , 0 0 
1 0 , 0 0 
10 .00^ 

2 , 0 0 
1 0 , 0 0 
2 0 , 0 0 ' 

100,00 
1 .00 
6.00 

JTO.OO' 
4,00^ 

1 0 , 0 0 

B 
BI 
CE 
CS 
ER 
CD 
IN 
LI_ 
MN 
NB 
p -

RB 
SI 
SR 

"TI 
V 
ZN 

2 . 0 0 " 
< 2 ,00_ 
< 8 0 , 0 0 
< 1 0 0 . 0 0 
< 6,00" 
< 1 0 , 0 0 
< i;oo 

2 ,00_ 
1 0 . 0 0 

6 . 0 0 
~< Too .00 
< 4 0 . 0 0 

8 0 . 0 0 
< 4 0 . 0 0 

^ao.ooT 
2 0 . 0 0 

"? 2 0 . 0 0 

"CdiNCENTifTSTIO'N" BASE0'O-N^ORGTWSr'SAMp|:E"^BEroRl"T)lL"OTIi3N''WlTH D I L U E N T 
> MEANS GREATER THAN 

'"<rHEANS~i:ESS T W A K THrS£"-NSTTTTrTYOr"THrSPEirTT?DGRAPHlC PROCEDURr USED-
RESULTS ARE CORRECT WITHIN A FACTOR OF 4 0 * , (ONE STANDARD DEVIATION) 



TABLE C-4 (Continued) 

LA'B7~NO,"""44976 7 REPORT TO! GLEN ENGLE ^ DATEl 1-17-77 
SAMPLE! 6494-112 M70B GRAPHITE PROJECT NQ. 3224146005 DILUTIONI 1,0000 PLATE NO. 76-

n 

ELEMENT C O N C E N T R A T I O N , PPM E L E M E N J ^CONCENTRATION, PPM ELEMENT C O N C E N T R A T I O N , PPM 

AG < .50 AL 80.00 
BA f fOiPO BE < . 5 0 
CA 8 0 . 0 0 CO < 1 0 . 0 0 " 
CO < _ 4 , 0 0 CR < i o , o q _ 
CU 1 0 . 0 0 OY < 2 0 , 0 0 

J U < 10.00 FE 1000,00 
HF < 2 0 , 0 0 HO < 1 0 , 0 0 
K 8 0 , 0 0 LA < 1 0 , 0 0 

Jg LU < ,50 MG 8 , 0 0 
MO <_ 1 , 0 0 _ NA 2 0 , 0 0 
NO < 2 0 0 . 0 0 NI " 20,00 
P B < 6.0 0 P R < 100,00 
SB < 8 , 0 0 SC < 1 , 0 0 
SM < 1^00,00 SN < 6,00 
TI < aO,00 TB < ilO,00'' 
TL < 20.00 T̂M < 4 , 0 0 
W < 4 0 , 0 0 YB < 1 0 . O f " 
ZR < . 5 0 

~ C 0 N C E N T R T n o N ~ B A s E D T ) K r o R G I I « i r T A M P L r " F £ F W E " D l L U T T O r ~ W I T H DILUENT 
> MEANS GREATER THAN 

" ^ ^ H E A N S - C E B S - T R A N THE~SENSlTIVlTY0FnrHrSPECTR0GRAPHlC~PROCEDURE USED-
RESULTS ARE CORRECT WITHIN A FACTOR OF 4 0 * , (ONE STANDARD DEVIATION) 

6 
BI 
CE 
CS 
ER 
GD 
IN 
LI 
MN 
NB 
P 
RB 
SI 
SR 
TI 
V 
ZN" 

~'~ ~ 
< 
< 
< 
< 
< 
< 

< 
< 
< 

< 

T" 

2,00 ~ 
2.00 

80.00 
100.00 
6.00 
10.00 

•• 1.00 — 
2,00 
10.00 
6,00 

100.00 
40.00 
100.00 
40.00 
80.00 
40.00 
20.00 



n 
r o • 
o 

LAB, NO. liH^Tb 
SAMPLES 6484-112 E88B 

ELE 

"CONCENTf 
> MEANS 
< "HEANST 
RESULTS 

HENT 

AG 
BA 
CA 
CO 
CU 
EU 
HF 
K 
LU 
MO 
NO 
P8 
SB 
SM 
TA 
TL 

• W 

2R 

_CONCENT 

< 

< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

ĵ TioN BASED ON C 
GREATER THAN 
XESS^HA"N THE^SE 
ARE CORRECT WIT>' 

GRAPHITE PROJECT 

RATION, PPM 

.50 
40.00 
80.00 
4.00 
10.00 
10,00 
20,00 
80,00 

.50 
1,00 

~2oo,oo 
6.00 
8.00 

100.00 
40.00 
20.00 
40,00 

.50 

RGINAL SAMPLE BEFORE 

NSmVTTVOF THE SPElT 
IN A FACTOR OF 40X , 

_N0 

— 

~D1 

TRO 

JO 

TABLE C-4 (Continued) ~ " 

REPORT TOt CLEN ENGLf 
3224146005 DILUTION: 1,0000 

ELEMENT CONCENTRATION, PPM 

AL 80,00 
BE < ,50 
CO < 10,00 
CR < 10.00 
DY < 20.00 
FE 1000,00 
HO < 10,00 
LA < 10.00 
MG 40.00 
NA 20,00 
NI 20,00 
PR < 100.00 
SC < 1,00 
SN < 6.00 
TB < 40,00 
TM < 4,00 
YB < 10,00 

.UTlON WITH DILUENT 

3RAPHIC PROCEDURE USED 
ME STANDARD DEVIATION) 

-

ELEMENT 

B 
BI 
CE 
CS 
ER 
GD 
IN 
LI 
MN 
NB 
P 
R8 

"SI 
SR 
Tl 
V 
7N 

DATEJ l-I 
PLATE NO, 

CONCENTf 

< 
< 
< 
< 
< 
< 

< 
< 
< 

< 

-

r-77 " 
76-

«ATION, PPM 

2,00 
2.00 
80.00 
100.00 
6.00 
10.00 
1.00" 
6.00 
20.00 
6.00 

100.00 
40.00 
20.00 
40.00 
40.00 
20.00 
20.00 



TABLE C-4 (Con t inued) 

LAB, N07~ir4976 j 
SAMPLEJ 6484-112 E124B GRAPHITE 

ELEMENT CONCENTRATION, PPM 

""REPORT TOi GLEN ENGLE 
PROJECT NO. 3224146005 DILUTION! 1.0000 

ELEMENT CONCENTRATION, PPM ELEMENT 

DATE! 1-17-77 
PLATE NO. 76-

CONCENTRATION, PPM 

n 
I 

AG 
BA 
CA 
CO 
CU 
EU 
HF 

_K 
L U ' 
HO 

'M 
P8 
SB" 
SM 

T I T 
TL 

~» ' 
ZR 

.sr 
JIO.OO 
80.00" 

4,00_ 
^20,00 

1 0 , 0 0 
"20 ,00 
2 0 , 0 0 

1.00^ 
"To 0 . 0 0 

6 , 0 0 
8 , 0 0 " 

1 0 0 , 0 0 
— 3 D 7 e r 

2 0 . 0 0 
-Tn)T50" 

. 5 0 

"AL 
BE 

"CO 
CR 
OY 
FE 
HO" 
LA 
M 6 
NA 
Nl 
PR 
SC 
SN 

"TB 
TM 

"YB 

8 0 , 0 0 " 
< . 5 0 _ 
< 1 0 . 0 0 
< _ 1 0 , 0 0 
< 2 0 , 0 0 

1 0 0 0 , 0 0 
< 1 0 , 0 0 
< 1 0 , 0 0 

1 0 , 0 0 
< 1 0 . 0 0 

2 0 . 0 0 
< 1 0 0 . 0 0 
< 1 .00 
< 6 . 0 0 
< ao,oo~ 
< 4 , 0 0 
< 1 0 . 0 0 " 

B 
BI 

"CE 
C3 
ER 
GO 
IN 
LI 
MN 
NB 
P 
RB 
SI 
SR 
TI" 
V 

" 2 N ' 

~ 2 . 0 0 
_ 2 . 0 0 ^ 

8 0 , 0 0 
100 .00^ 

6.00 
_ J 0 . 0 0 

1.00 
2 . 0 0 

20.00 
< _ 6.0 0 
< 1 0 0 . 0 0 
< 4 0 . 0 0 

8 0 , 0 0 
< 4 0 , 0 0 

ao.(55" 
2 0 . 0 0 

< 20.""016 

Tn3SlCrENTffITION""BA8ED~DfrQRBINAr~rAMPLE"""ffEFoRn5lLTmON^WnH DILUENT 
> MEANS GREATER THAN 

"<~MEAfre~teSS THAN T H f - M R S I T I V n Y O F n u r S P E C T W O G R A P H I C ' P R O C E D U R E USED" 
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (ONE STANDARD DEVIATION) 



n 
1 
to 

LAB. NO, 44976 ' 
SAMPLE: 6484-112 E154f 

ELEMENT CONCE^ 

3 GRAPHITE 

ORATION, PPM 

AG < .50 
BA 60,00 
CA ; 
CO < 
CU 
EU 
HF 
K < 
LU 
MO 
NO 
PS 
SB 
SM 
TA 
TL 
W 
ZR 

> 1000.00 
C 4,00 

8.00 
C 10.00 
( 20.00 
( 10.00 
C .50 
( 1.00 
( 200,00 
( 6.00 
( 8.00 
( 100.00 
< 40.00 
C 20.00 
< 40.00 
< .50 

CONCENTRATION BASED ON ORGINAL SAMPL 
> MEANS GREATER THAN 
< HEA«S""i:eSS~THAN THE SENSrtlVTTYOF 
RESULTS ARE CORRECT WITHIN A FACTOR 

PROJECT 

E~BEF0Rr 

THE" SPEC" 
OF 40X , 

TABLE c-4 (Continued) 

REPORT TOt GLEN ENGLE 
NO. 3224146005 OILUTIONI l.OOOO 

ELEMENT CONCENTRATION, PPM 

AL 100.00 
BE < .50 
CO < 10.00 
CR < 10.00 
OY < 20,00 
FE 600.00 
HO < 10.00 
LA < 10.00 
MG 6.00 
NA < 10.00 
Nl < 4,00 
PR < 100.00 
SC < 1,00 
SN < 6,00 
TB < 40,00 
TM < 4,00 
YB < 10,00 

T)ILUTION WITH DILUENT 

TRDGRAPHIC PROCEDURE USED 
(ONE STANDARD DEVIATION) 

ELEMENT 

B 
61 
Ct 
CS 
ER 
GO 
IN 
LI 
MN 
NB 
P 
RB 
SI 
SR 

" TI 
V 

~ " 2N 

DATEt 1-17-77 
PLATE NO. 76-

CONCENTRATIQN, PPM 

2.00 " 
< 2.00 
< 80.00 
< 100.00 

" < " 6.00 
< 10.00 
< "1.00 
< 1.00 

1.00 
< 6.00 
< 100.00 
< 40.00 

80,00 
40.00 
40.00 
20.00 

< 20.00 



TABLE C-4 (Con t inued ) 

XAB.""NQ7Tnt976 : 
SAMPLEt 6484-112 El6B GRAPHITE 

ELEMENT CONCENTRATION, PPM 

^ "REPORT TO! GLEN ENGLE " " 
PROJECT NO. 3224146005 DILUTIONi 1.0000 

ELEMENT CONCENTRATION, PPM ELEMENT 

DATEl V-U-TT 
PLATENU^Tb-

CONCENTRATION, pp« 

n 
I 

AG 

J * 
CA' 

JO 
CU 
EU 

K 
LU 
MO 

""NO 
PB 

"SB" 
SM 

"TX-
TL 

ZR 

1,00 
4 0 . 0 0 

1 0 0 , 0 0 
4 , 0 0 _ 

10,00 
1 0 , 0 0 

""20,00" 
2 0 , 0 0 

1.00 
"200;00 

6,00 
B;OO" 

1 0 0 . 0 0 
~4o.oe~ 

20.00 
~Ti0,00 

.50 

AL 
BE 

'CO' 
CR 
DY" 
FE 
HO 
LA 

"MG" 
NA 

~Xl 
PR 

"SC 
SN 

" T B " 
TM 

" Y ^ " 

1 0 0 . 0 0 
.50 

1 0 . 0 0 
1 0 . 0 0 
2 0 . 0 0 

1 0 0 0 . 0 0 
"~10.00' 

1 0 . 0 0 
4 0 . 0 0 

_ 1 0 . 0 0 
4 0 . 0 0 

_J_00,00 
1.00 
6.00 

40.00" 
4,00 

10,00" 

B 
BI 
Ct 
CS 
ER 
GO 
IN 
LI 
MN 
NB 
P 
RB 
SI 
SR 
TI" 
V 
ZN 

" 
< 
< 
< 
< 
< 
< 

< 
< 
< 

< 

<r" 

2.00 • 
2.00 

80.00 
100.00 
6.00 
10.00 
I.00 
2.00 

40.00 
6.00 

100.00 
40.00 
40.00 
40.00 
4 0 . 0 0 
20.00 

~20.00 "" 

"CONC£NTR~ST1QN"BASE0"DN ORGINAL SAMPLrBEFDRE:"XilLUTION"WiTH D I L U E N T 
> MEANS GREATER THAN 

"<~MCANSn:iS9"Tn"A>J"TH£"S£NSrnVlTY0r"THE" SPECTROGRAPHIC PROCEDURE USED 
RESULTS ARE CORRECT WITHIN A FACTOR OF 40X , (ONE STANDARO DEVIATION) 



TABLE C-4 (Continued) 

n 
1 
-p" 

LAS, NO 
SAMPLEt 

ELt 

CONCENTF 
> MEANS 
< MEANS 
RESULTS 

44976 
6484-112 E408 GRAPHITE 

•MENT CONCENTRATION, PPM 

AG 
BA 
CA 
CO 
CU 
EU 
HF 
K 
LU 
MO 
NO 
PS 
SB 
SM 
TA 
TL 
W 
ZR 

< 

< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

.50 
40.00 
80.00 
4.00 
10.00 
10,00 
20,00 
60.00 

.50 
1.00 

200.00 
6.00 
8.00 

100.00 
40.00 
20.00 
40.00 

.50 

rSTION BASET) ON ORUTWSir"{rAMp 
GREATER THAN 
"LESS"THAN THE SENSITTVITYOF 
ARE CORRECT WITHIN A FACTOR 

PR 

'.ES 

THE" 
OF 

OJECT 

tfOPiT 

"SPEC 
40X , 

REPORT TO! GLEN ENGLE 
NO. 32241a6005 DILUTIONt 1.0000 

.ELEMENT _ CONCENTRATION, PPM 

AL 80.00 
BE < .50 
CD < 10.00 
CR < 10,00 
OY < 20.00 
FE 1000.00 
HO < 10.00 
LA < 10.00 
MG 10.00 
NA 10.00 
NI 20.00 
PR < 100.00 
SC < 1.00 
SN < 6.00 
TB "• < 40,00 
TM < 4.00 
YB < 10,00 

DILUTION WITH DILUENT 

TROGRAPHIC PROCEDURE USED 
(ONE STANDARD DEVIATION) 

ELEMENT 

B 
81 
CE 
CS 
ER 
GO 
IN 
LI 
MN 
NB 

~ "" P 
RB 
SI 
SR 
TI 
V 

"" ' ZN' 

DATEt 1-17-77 
PLATE NO. 76-

CONCENTRATION, PP-̂  

2.00 
< 2.00 
< 80.00 
< 100.00 
< 6.00 
< 10.00 

" < I.00 
6.00 
10.00 

< 6.00 
< 100.00 
< 40.00 

40,00 
< 40.00 

20.00 
10.00 

< 20.00 



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. 
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TABLE D-1 
TENSILE PROPERTIES OF HLM GRAPHITE 

LOT N U . 3e7 
LUG ^U, fe<4«a. 
LUr, I't'^JSlJV I 

7« 
M O / H * * i 

SPEC, 
S P f C . 

P I A , 
LENGTH 

12.B 

7 l . 

MM 
MM 

S P t C I ' ^ E ^ C'«IE^'T« L H C A . D t N 3 l T Y YUUNGS P g R M . F R A C - T E N S I L E 
N()MHt« ATIU^J H U N ( ^ i S / " l * * 3 ) M l 0ULU8 ANENT TURg STRENGTH 

( G P A ) SET S T R A I N ( y p A ) 
( P C T ) (PCT.) 

I A C « £ - 1 0 A 
- l ? A 
- 2 ? A 
•?UA 

06A 

10« 
l ? 8 
JMA 
20b 
2?B 

lec- tJOfeB 

9«B 
966 

I02A 
lOttb 
lO^A 

lHCE»t08A 
9nA 
9?H 
9«A 
9feA 

AX 
Ax 
AX 
AX 
AX 
Ax 
Ax 
AX 
AX 
AX 
Ax 
AX 
Ai( 
AX 
AX 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 
AX 
AX 

EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 

l , 7 f l a 
1 ,788 
1 .795 
1 .768 

1 ,780 
I , 7 8 a 
W 7 8 7 
1 .785 

7 ,n 
b , 7 

7 . 0 

,p2o 
. 0 1 8 

, 1 6 1 
. 1 7 5 

, 0 1 6 , 1 5 6 

9 t t 
9 , 6 
8 , 9 
0 . 1 
7 . 2 
9 . 6 
9 , 8 
9 . 2 
6 . S 
5 . 1 
8 , 6 
O . l 
5^0 
3 , « 
^ . 3 
7 , 9 

1 0 , 2 

9 . 3 
8 , 6 
7 , 7 
9 . 7 
9 . 1 
8 . 5 

l̂EAN l ,78i4 6 , 9 . 0 1 8 . 1 6 « 
( 1 . 0 0 ^ P 8 I ) 

STU, DEV, , 0 0 8 _ ._1_ „ 1.002 . 0 1 0 
T , 0 2 " M P 8 " I ) 

7 . 8 
( 1 1 2 4 , P S I ) 

"( 3oa,P8n 

D-2 



i TABLE D-1 (Continued) 

LOT MO^ 367_ 
LOG NU, 6«8a-78 
tOG DENSITY . . MG/M**3 

SPEC,, 
SPEC. 

r i A ^ 
LENGTH 

12^8 
7 1 , 

MM 

MM 

SPECIMEN ORfENT- LQCA- DENSITY YUUNGS PfcRM. FRAC- TENSILE 
i4Uf-BE» ATiriN TION (MQ/M*i»3)^n0ULU8 ANENT TURE STRENGTH 

( G P A ) 8 F T STRAIN ( M P A ) 
(PCT) (PCT) 

lACE- 31 
27 
U 
07 

- 05 
09 
23 
25 
29 

1 B C E - U 3 
- l^f^ 

133 
137 

lBCE-111 
115 
119 
J 31 
135" 
13P 

PAD 

R A D 

RAU 
RAU 
RAL) 
RAD 
RAD 
PAD 
f^A& 
l*AU 
f̂ AO 
HAD 
RAf) 
RAU 
k^D 
RAD 
RAD 
RAD 
RAD 

EC 
EC 
EC 
EC 
t.C 
EC 
EC 
EC 
EC 
EC 
E_C 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 

1.772 
1,773 
1^777 
1.770 

1,788 

1.7841 
lji786_ 

6.7 
0 ,5 
6 .3 
6 .a 

6 .5 

7"; r 
6.5 

. "23 
,021 
,021 
.023 

. 0 3 0 
, 0 1 « 

.266 
,251 
,291 
,299 

,^\5 . 1 9 0 

, 2 1 4 
, 1 6 0 

1 2 . 5 
1 2 . 2 
1 3 , 3 
1 3 . 8 
1 3 . 2 
1 « . 3 
1 3 . 7 
1 2 , 7 
1 2 . 5 

9 , 9 
1 2 . 3 
1 0 , « 

ft.7 
1 2 . 3 

7 , 5 
1 0 . 5 
12x8 
11.7" 
1 1 , 6 

Hg;^\ 1,780 6 ,6 .021 
( .95 MPS!) 

STO,' D E V ; ; a u 7 '",3 , 0 0 5 
( ,U« MPS!) 

,239 

".053" 

1 1 . 9 
1 7 2 a , P 3 I ) 

' 1 . 8 
25ajP3n 
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TABLE D-1 (Continued) 

LOT NU. 367 SPEC. DIA, 12,8 MM 
LUG "JU. fc«8a-78 SPEC. LENGTH 7 I , MM 
LUG. DENSITY • • H6/H«r*i 

SPECIMEN HRIENT- LUCA- DENSITY YQUNGS PERM- FRAC- T E N S I U E 

NgMBER ATIUN TlHN ( M G / M * * 3 ) M Q D U U U 8 A N | N T TU^E STRENGTH 
( G R A ) SET S T R A I N ( M P A ) 

._ . . (PCTJ. . (P t l ) . .._ 

U Y E - 308 AX £ '̂ 1,769 9 .6 
3aA AX EM 1,778 6.7 ,017 ,162 9 ,0 
a6H AX Ê '• 1.77J 7 ,3 ,015 ^Ige 8 ,2 
SaA AX EM 1,785 6 .5 .020 , l 6 l 8 ,5 
30A AX Ê^ 8 ,9 
Sa'tJ Ax EM 9 ,6 
agA AX EM 9 , ^ 
^2b AX e^ 8,8 
a6A AX t" 8 ,6 
5aB AX E*̂  8 .2 

IB^E'I I '^B AX ^» 1,782 6,8 , ^ 0 2 0 ^200 10,3 
UfiA AX EM 1,779' 7,« ,019 ,176 9 ,6 
13uB AX E" 1.761 6 ,9 ^021 ,201 10,3 

18VE.138A AX EM 1,767 7,1 ,015 ,190 10,6 
UaA AX E-̂  9 ,1 
J IftB AX Ê^ 9 , I 
126A jAX EM_ _ ^ 8 ,2 

" yz'l'H AX ' "EH •" "• 9 ,a 
130A AX E^ 11,a 
1388 AX E^ - - - - - ^^-^^ 

MEAN" ' r,77« 7.0 ' Tp r8 ,17a ^ 9,a 
.. „ . „.. J i t Q l tP.ni-. . t 1367_,.P8I) 

STD, DEV, ,008 ,3 _.J02 .026 1,0 
c .05 MPSn" ( iao,p8i) 

D-4 



TABLE D-1 (Continued) 

LUT NU, 367 _ SPEC, D I A , _ 12,8 MM 
LUG NC». 6a8a-78 SPEC, LENGTH 7 1 , MM 
j .06 OENSITY — M0/M*#3 

SPF.Cl^FN ORIENT-
NUMBER ATION 

lATf* as 
a9 
«>3 
o7 
Ml 
a7 
51 
61 
65 
t>9 

1BYE-J53 
157 

I8YE-I7} 
175 
151 
155 

..159 
169 
173 
177 

RAD 
RAD 
PAD 
RAD 
RAD 
'RAO 
RAD 
WAD 
RAD 
KAD 
RAD 
RAD 
RAD 
RAD 
RAD 
HAD 
RAD 
RAD 
RAD 
RAD 

LOCA-
TjfJN 

EM 
EM 
EM 
E^ 
EM 
EM 
EM 
EM 
EM 

£M 
EM 
EM 
EM 
EM 
EM 
EM 
i*̂  
EM 

EM 
EM 

• DENSITY 
. — • • • • — • I 

YOUNGS 
(MG/M«*})MnDui,ua 

— 

......... 

1.772 
1.775 
1.773 

U7_fl3. 
1.787 
lt7«L6 
1.766 

) • • — « • * • • < 

(CPA) 

— -

6,7 
6,3 
6.3 
6.3 

6,1 
6,2 
6.0 
5,9 

» — • — — < • * • • 

• ••I — — — — 

PERM­
ANENT 
SET 
(PCT) 

,020 
,030 
,"26 
,u2a 

,0 26 
,025 
,02a 
,029 

• • — — — — — 

FRAC" 
TURE 

STRAIN 
(P£lJ-. 

"1278" 
,3oa 
,25J 
,276 

t26a 
,2a9 
^2j0 
,2T« 

wa«*w«i — «i 

TENSILE 
STRENGTH 

(MPA) 
-_ 

'""""irr 
12.7 
11.8 
12.6 
10.7 
10,5 
12.7 
12.a 
12.7 
12,0 

U.P 
11.7 
12,0 
11,8 
12.9 
13,1 
U..7 
12,0 
11,0 
11,a 

MEAN 1.77a 6.2 ,025 ,271 12,0 
C .90 MP8I) . _ _. ( l7a5iPSI) 

STO, DEV, .007_ .2 ,0»3 ,017 ,7 
( ,03 MPSn ( 106,PSD 
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TABLE D-1 (Continued) 

LUT N-i, 367 SPEC, D i A , 1 2 , 8 MM 
LUG f^U, 6 a f l a - 7 8 SPEC, LENGTH 7 1 , MM 
LC'G o t ' ^S lTY • . MG/M<k*3 

SPECIMEN PRIENT-
MU'̂ FJEP ATJUN 

lAEE* 60b 
6aA 
7frB 
iiUfi^ 
60A 
6ad 
72A 
7?B 
76A 
8ab 

iBEE-iaab 
URA 
16(!H 
16«A 
laaA 
laftB 
1S<|A 

• 1«69 
160A 
1688 

AX 
AX 
Ax 
Ax 
Ax 
Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
Ax 
AX 
AX 
Ax 
AA 

LUCA-
TIf)H 

EF 
EE 
tE 
fcE 
EE 
EP 
Et 
EE 
EE 
f-E 
EE 
EE 
F.E 
EE 
EF 
EE 
EE 
FE 
EE 
EE 

DENSITY YCUNG3 
(MG/K**3)MODuLu3 

1,769 
1,770 
1.757 
1.771 

1.787 
1.776 
1,767 
1.772 

•• — — • « * • — • 

(G^A) 

7.6 
7.3 
7,^ 
6.3 

~" 7,7 
7.7 
7,9 

> - • * - • • • — — • 

PERM­
ANENT 
SET 
fPCT) . 

,019 
,015 
,015 
,021 

,022 
,019 
,015 

• » « « « » « 

FRAC­
TURE 

S T R A I N 

(PcT) 
' w w •• w s vt • 

,253 
.265 
,S2t> 
.2H 

,2»2 
,276 
.2ai 

TENSILE 
STRENGTH 

(MPA) 

1^.2 
ia,5 
12,6 
10,3 
ia,6 
I''. 3 
13,7 
13,a 
12,a 
11,5 
13,6 
15,0 
1«>.1 
13,9 
ia,9 
ia,8 
ia,7 
ia,7 
l«.l 
H.i 

MEAN 1 ,772 7 , a , 0 1 8 . 2 5 1 1 3 , 8 
( 1 . 0 8 MP3I ) ( 2 0 0 6 , P | I ) 

3TD, DEV, , y f )9 , 6 ^ 0 0 3 , 0 2 5 1 ,2 
( , 0 8 MP51J ( 1 7 8 , P 8 I ) 
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TABLE D-1 (Continued) 

LOT NU, 167 
LUG NO, 6 a e « - 7 8 
lUG DENSITY . . MG/M**3 

SPEC, 
SPEC, 

O I A . 
LENGTH 

1 2 . 8 
7 1 , 

MM 
MM 

St-'ECI^EN IM 
1 UMBER i 

lAEE* 85 
81 
99 
103 
79 
63 
d7 
97 
101 

lAEE-105 
IBEE-J89 

193 
207 
211 
187 
191 
.195 
?05 
209 
213 

M « « • W 1 

<TENT-

MIUN 

• • • • • • i 

RAD 
RAD 
RAD 
RAD 
RAD 
RAU 
RAD 
RAD 
RAU 
RAU 
RAD 
RAD 
PAD 
RAO 
RAD 
RAU 
RAO 
RAD 
RAU 
RAD 

LOCA-
TKJN 

* w a i * * 

EE 
EE 
EE 
EF 
EE 
EE 
EE 
EF 
EE 
EE 
EE 
EE 
EE 
EF 
EE 
EE 
EE 
EF 
EE 
EE 

' DENSITY 
(M(,/M«»3) 

1.768 
1.77(1 
1,765 
1,768 

1,785 
1.783" 
1,766 
1.765 

YOUNGS 
MODULUS 
(GPA) 

6.7 
•̂ .5 
5,6 
5.8 

5.9 

5,6 
5,6 

PERM­
ANENT 
SET 

..(PCT) 

"IcS* 
,f>29 
,039 
,o«;5 

,o3a 

,0 39 
,0 35 

FRAC­
TURE 

STRAIN 
(PCT) 

,293* 
,319 
,209 
,2?a 

,285 

,293 
.29a 

——•————, 

TENSILE 
STRENGTH 

(MPA) 

11,9 
12.5 
8,9 
10,0 
12,6 
11 .a 
* • p 

13,a 
12.0 
12,7 

• f 

' 3.1 
11.9 
1 1,8 
11.6 
11.7 
12.3 
10.6 
12,9 
11,7 
12,8 
12.2 

MEAN 

8TD, pEVj , 0 0 8 

1.771 5 ,8 .033 ,27a 
C .85 MPSn 

,a ,005 , o a i 
'( .06 MPS I ) 

11,9 
C 172a ,P8 I ) 

1.1 
( 155,psn 
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TABLE D-1 (Continued) 

liif " " ' , 367 
LUG MJ , 6*484-78 
LUG ..LNSITY — MG/.M**3 

SPEC, DIA, 
SPEC, LENGTH 

12,6 
71. 

MM 
MM 

SPECIMEN ORIE'JT- LOCA- DENSITY Y()UNG3 PERM- FRAC- T E N S I L E 

NUMBER ATlHN TIUN (MG/M**3)M0DULUS ANENT TURE STRENGTH 
(GPA) SET STRAIN (MRA) 

(PC-T) CPCT) 

6ACM 

6ACM' 

bBCM-

lOB 
12»s 

zzf^ 
2aA 
lOA 
08H 
06B 
12A 
If lA 
20A 
2?e 
'2a B" 
9«8 
96A 
98A 

\(}b^ 
92A 
9aA 
96B 
988 

l o a B 
106A 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

MLC 
^LC 
WLC 
MLC 

MLC 
MLC 
Ml c 
MLC 
MLC 
MLC 
>•'[ c 
MLC' 
Muc 
MLC 
MLC 
MLC 
MLC 
ML(: 
MLC 
MLC 
MLC 
MLC 

1 ,791 
1 .79a 
I .HOJ 
1 ,799 

1 .787 
1 ,795 
U f i o s 
1 .793 

7 . 3 

6 , 7 
6 . 2 

6 . 2 
6 . 3 

, 0 1 9 

. 0 ^ 5 
,02i 

, 0 2 1 
. 0 2 5 

. 1 1 9 

.13<4 

. 1 5 6 

, 1 3 6 
, 1 5 0 

7 . 0 
a,a 
7 . 2 
8 . 2 
8 . 6 
5 , 8 
8 , 9 
6 . 2 
6 , 7 
6 , 0 
6 , 6 
7 , 5 
6 , 5 
6 , 9 
7 . 7 
6 , 2 
5 , 9 . 
6 . 9 

7.5 
6 . 8 
6 , 1 
6 , 5 

MEAN- 1. '796" ' 6 , 5 . '022 . 1 3 9 
( , 9 5 M P s n 

STD, DEV, . 0 0 6 . 5 . 0 0 3 . 0 1 5 
~ ( " . 0 7 ' M P 8 n 

6 , 8 
( 989,psn 

1,0 
( las.psn 
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TABLE D-1 (Continued) 

LOT NO, 367 
LUG NU, 6 a 8 a - 7 « 
LOG DENSITY — MG/M**3 

SPEC, D i A , 12^8 hM 
SPEC, LENGTH 7 1 , MM 

SPECIMEN ORIEMT-
J'IHBEW ATIIJN 

-

bACM 07 
11 
25 
29 

. 05 
bACM 09 

13 
23 
27 
31 

oBCM A 15 
119 
133 
137 
113 
117 
121 
131 
135 
139 

RAD 
RAU 
yt^l) 
PAD 
RAD 
RAO 
WAD 
RAD 
RAD 
RAD 
WAD 
RAD 
RAD 
RAD 
RAD 
WAD 
RAD 
RAD 
RAD 
RAD 

W W — — 1 

lUCA-
TION 

MLC 
MLC 
MLC 
M^C 
MLC 
MLC 
MLC 
NLC 
MLC 
MLC 
NLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 

DENSITY YOUNGS 
(M(,/M**J)MODULUS 

1,8"0 
1.796 
1.798 
1,797 

1,790 
1,79a 
1,797 
1,798 

«• «• «t w • 9 <• « a 

(GPA) 

6,6 
6,7 
7,1 
6.7 

6.3 
6.a 
6.4 
6.5 

• — • — — • — -• 

PERM­
ANENT 
SET 
(PCT) 

,026 
»'^2a 
,029 
,n?5 

,02b 
,027 
,025 
,025 

mmmmmm* 

FRAC­
TURE 

STRAIN 
(PCT) 

,171 
,2aa 
,190 
.lai 

.205 
,243 
,180 
,180 

' w«aiai«« V 

TENSILE 
STRENGTH 

(MPA) 

8"r 
11,9 
9,7 
7,7 

n.7 
8,2 
10,8 
8.3 
10,3 
7,0 
10,0 
11.3 
9,1 
9.3 
10,9 
10,3 
11.0 
9,7 
11,0 
10.2 

MEAN 1 ,796 6 , 6 , 0 2 6 , 1 9 a 
( , 9 6 MPS I ) 

STD, DEV. . 0 0 3 . 2 , 0 0 2 , 0 5 5 
( , 0 4 M P s n 

9 . 9 

( K is i ipsn 

1 . 3 
( 1 9 5 , P 8 I ) 
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TABLE D-1 (Continued) 

LOT i-^U. 36 7 
LOG 'JO, b « 8 4 - 7 8 
LUG DENSITY — 

SPEC. 
SPEC. 

D I A , 
LENGTH 

12,8 
7 1 . 

Mf , /M* *3 

MM 

>.'M 

w w w « at M «1 

SPEClMf 
NM -IBtR 

OAtM 

bAVM 

OBYM 

W « « W « » * 4 

• — ••« —1 

M riR.' lE^T-
ATIUN 

30B 
34A 
46B 
5?* 
30A 
349 
a?A 
428 

46A 
5?S 
113B 
116A 
128B 
134A 
112A 
U6B 
124A 
1248 
128A 
i3aB 

AX 
AX 
Ax 
AX 
AX 
AX 
AX 
AX 
Ai' 
AX 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LUCA-
TIOiJ 

MLM 
Mt M 
MLM 
MLM 
MLM 
MLM 
MLM 
MLM 
ML M 

MLM 
MLM 
MLM 
MLM 
MLf 
ML M 

MLM 
MLM 
MLM 
MLM 

DENSITY 
(MG/M**3) 

1,79J 
1 . ̂^ 0 4 
1.798 
1,H06 

U797 
1.800 
1.792 
1.795 

YUliNGS 
MODULUS 
(G^A) 

6.7 

6,6 
7.6 

8.2 

1 —Ma««aiia< 

PERM­
ANENT 
SET 
(PCT) 

,021 

,.023 
,027 

.020 

•••••«* 

FRAC-
pIRE 

S T R A I ^ 
(PCT) 

,149 

,193 
,166 

,169 

TENSILE 
STRENGTH 

(MP^) 

8,3 
6,0 
5,4 
9.2 
10.2 
8.7 
6,6 
13,0 
9,5 
9,8 
9,3 
5,' 
10,8 
10,0 
9,0 
12.3 
10,7 
11,6 
11,1 

^EAN 3 , 7 9 8 7 , 2 . 0 2 3 , 1 6 9 
( 1 , 0 5 MP8I1 

STD, DEV, , 0 0 5 _ , 8 , 0 0 3 , 0 1 8 
( , 1 1 H P 8 I ) 

9 . 3 

( 1 3 5 2 , p s n 

( 3 1 6 , P S I ) 
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TABLE D-1 (Continued) 

LUT NU, 367 
•UG NU, b 4 « 4 - 7 r t 
LOG DENSITY . . MG/M**3 

SPEC, OIA, 12,8 MM 
SPEC, LENGTH 71, ̂ ,M 

Ny^'HtP 

OA YM 

bAYM 

68 YM 

w««wai«i«B« 

A 

45 
a9 
63 
67 
^ 3 
«7 
SI 
61 
65 
69 

153 
157 
171 
175 
151 
155 
159 
169 
173 
177 

TlUN 

RAD 
RA() 

RAD 
RAD 
RAU 
RAD 
P A D 
RAU 
RAD 
RAD 

RAD 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
RAD 
RAD 
RAD 

1 O C A -

TIf}^ 

ML"* 
^>IK 

MLM 

MLM 
ML^' 
MLM 
MLM 
MLM 
M L f 

MLM 
MLM 
ML'-' 
MLM 
MLM 
ML*^ 
MLM 
MLM 
MLM 
MLM 

D E N S I T Y 
• — — - - • • • I 

YOUNGS 
( M & / M * » } ) M ( ) U u L U S 

1,802 
1.795 
1,800 
l.^"o 

1,79b 
1.788 
1.797 
1.786 

(•»• • • W « l « | 

(GPA) 

'"'6re'"' 
6,7 
6.5 

6,1 
5.9 
6.1 
5.6 

• • • • • • • • • 4 

• • • • • — * • 

P E R M -

ANE'n 
SET 
(PCT) 

" " 2 9 ' 
,0 24 
,026 

.025 

.'•29 

.'>28 
,028 

* • • « • • • 

FRAC­
TURE 

STRAIN 
(PCT) 

,200 
, J89 
,205 

a268 
,270 
,207 
,272 

'•i*#«i w * W 

TENSILE 
STREN&TH 

("PA) 

10,0' 
9,9 
10,0 
«,5 
10.8 
10,5 
11.3 
10.3 
12,1 
13,2 
U,9 
11.7 
9,9 
11,0 
12,0 
11,8 
10,0 
11,1 
10,3 
10,6 

MEAN 1,795 6.2 .r27 
( .,91 MP8I)_ 

STD, DEV, ,006 ,4 ,002 
C ,06 Mpgi) 

,230 10.6 
( 1542,PSI) 

.038 1,7 

( 248,PSI) 
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TABLE D-1 (Continued) 

LUT 'JU, 3O7 

I UG NU, 6484' 
LOG OE^JSITv , 

78 
M G / M * * 3 

SPEC, DIA, 12.8 MM 
SPEC, lENGTH 71, MM 

S P E C I M E ' 
•MUMBER 

bAEM 

bAEM 

bf l tM 

« i at <•> B K P • • • « 

>• O R I E N T -
A T I U ^ 

* W M 9 9 I 

6 0 8 
64A 
7 6 8 
84A 

6 0 * 
64B 
7?A 
7 2 8 

76A 
84B 

1 4 2 8 
146A 
1 5 8 8 
l 6 a A 
i a 2 A 
1 4 6 8 
l 5 a A 
154B 
158A 
164B 

AX 
AX 
AX 
A< 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
Ax 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LUCA-
T U ' N 

M| E 

MLE 
ML^ 
MLE 
MLF 

MLE 
MLE 
MLE 
MLE 

^LE 
MLE 
MLf 
MLE 
ML E 
MLE 
MLE 

.^Lt_ 
MLE 
MLE 
MLE 

DENSITY 
f M G / » ' * * 3 ) 

1 , 7 9 3 
1 , 7 8 6 
1 , 7 9 4 
1 , 8 U 2 

1 , 7 9 4 
1 . 7 9 2 
1 , 7 9 4 
1 , 7 9 4 

YUUNGS 
MfjDyHjS 
(GPA) 

7 , 7 *" 
8 , 8 
7 , 5 
7 , 6 

7 . 0 
7 , 6 
7 , 8 
7 , 8 

1 — 1 . —— W W * 

.<•« — - — • 
P E R M . 
ANpNT 

SET 
f P c T ) 

. 0 1 6 

. 0 1 5 
, 0 1 6 
, 0 2 0 

, 0 2 1 
, 6 2 0 
. 0 2 0 
. 0 2 0 

• «.————" 

PRAC-
TuRE 

S T R A I N 

(PC.T) 

. 2 3 3 
, 2 5 4 
, 1 8 4 

, 1 8 8 

^ 2 6 3 
, 2 4 4 
. 2 4 7 
, 2 4 2 

> i i IW W W W w ' 

T E N S I L E 
STRENGTH 

( M P A ) 

' nir 
1 6 , 2 
1 0 , 8 
1 0 . 7 
1 4 . 3 
1 4 , 9 
1 ? , 7 
1 4 , 4 

8 . 2 
1 2 . 5 
1 3 , 7 
1 3 , 4 
l « . l 
1 4 , 0 
1 4 , 6 
1^.1 
l « , 7 
1 2 , 8 

12,5 

MEAN 1,794 7,7 ,018 .232 
(1.12 MPS!) 

STD, DEV, ,004 ,5 ,002 ,030 
( .07 MPSI) 

13,3 
( 1922,PS I) 

1,8 
( 257,PSI) 
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TABLE D-1 (Continued) 

LUT NU, 367 
LUG ^ 0 . 648a«78 
LOG DtNSITY - - M0/M»*3 

SPEC^ OIA, ****** MM 
SPEC, LENGTH 71, MM 

SrECIifcN n^^lfcuT- LOCA- Dt^.SITY Y U U N G S PER''- FRAC-
•̂ ,j"HtR ATI..N TIO^J (MG/M**^)M(;-jnuLMS ANE^JT T,jHE 

(GRA) SET STRAIN 
(fCI) (PCT) 

85 
99 

103 
79 
83 
87 
97 

101 
105 

6HtM .J 89 
193 
207 
211 
187 
191 

195 
205 
209 

213 bBEM 

R A D 

RAU 
RAU 
RAO 
RAD 
PAD 
PAD 
RAD 
»A0 
WAU 
RAD 
RAD 
WAD 

RAD 
RAU 
RAU 
RAU 
RAD 
RAD 
RAD 

MLE 
M L E 

MLE 
•"Lt 
MLE 

MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 
MLE 

1.798 
1,80 1 

1.8'tO 
1,7P8 

b,ii 

6.2 
6,6 
6.? 

.•'13 

.'27 
,023 

.279 
,289 

.230 

.214 

U 7 9 S 
1 . 7 9 2 
1 .785 
1 .787 

M 
5 , 7 
5 . 8 
5 , 9 

, ' i 2 9 
. 0 2 6 
. 0 3 0 
, 0 2 9 

, 2 7 0 
. 2 9 2 
. 2 S 9 
.301) 

TP^8lLE 

STRENGTH 
(^PA) 

12.6 
12.6 
11.4 
10,7 
12.0 

12,b 
12.5 
12,3 
12,7 
13,7 
U . 9 
12.0 
11.9 
12,5 

13(0 
12,3 
12,7 
14,5 
13,0 
11,8 

MEAN i;79u (,,, ,̂,̂ 5 ^27^ 
C ,89 Mpglj 

STD, DEV, ,006 ,3 ,U06 ,031 

( .04 MPSI) 

12,4 
( 1804,PST) 

.8 

( 116,PSI) 
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TABLE D - 2 
FLEXURAL PROPERTIES OF HLM GRAPHITE 

LOT NO. 3 6 7 SPEC. D I A . 6 . 4 MM 
LOG NO. 6 4 8 4 - 7 8 SPEC. LENGTH 5 1 . MM 
LOG DENSITY - - M b / M « * 3 

SPECIMEN O R I E N T - LOCA- DENSITY MODULUS OF FLEXURAL 
NUMBER A T I C N TION ( M G / M * * 3 ) RUPTURE (MPA) STRENGTH ( M P A ) 

(UNCORRECTED) (CORRECTED) 

12A 
i2e 
IDA 
lOB 
16A 
16B 
24A 
24B 
26A 
26fa 
32A 
3?P 
88A 
8 8 8 
86A 
86B 
SGA 
8 0 8 
96A 
96B 

102A 
102B 
104A 
104B 

AX 
AX 
AX 
AX 
A X 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 

? i . e 
1 9 . 5 
1 9 . 7 
2 0 . Q 
1 6 . 1 
l b . 4 
2 0 . 4 
1 8 . 2 
1 5 . 9 
2 0 . 9 
1 9 . 5 
1 9 . 6 
1 9 . 5 
2 1 . 8 
1 4 . 2 
1 5 . 6 
1 9 . 2 
2 D . 1 
2 1 . 7 
2 0 . 3 
1 9 . 3 
1 1 . 9 
I S . l 
1 6 . 3 

1 8 . b 
1 7 . 0 
1 7 . 1 
1 7 . 4 
1 4 . 4 
1 4 . 7 
1 7 . 6 
1 6 . 0 
1 4 . 3 
1 8 . 0 
1 7 . 0 
1 7 . 1 
1 7 . 0 
1 8 . 6 
1 2 . 9 
1 4 . 0 
1 6 . 7 
1 7 . 4 
1 8 . 5 
1 7 . 6 
1 6 . 8 
1 1 . U 
1 6 . 0 
1 4 . 6 

MEAN 1 8 . 6 MPA 1 6 . 3 MPA 
( 2 6 9 5 . P S I ) ( 2 3 5 8 . P S I ) 

S T D . D E V . 2 . 5 MPA 1 . 9 MPA 
( 3 o 8 . P S I ) ( 2 7 9 . P $ l ) 
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TABLE D-2 (Continued) 

SPFClMfN 
NUMREP 

1A 

1B_ 
4 

»«ia»v«t»wai< 

LOT NO, 
kDG. N0_̂  
LOG DFN 

ORIPNT-
ATlON 

-

7 
9 
13 
15 
19 

"35 
35 
39 
41 
45 
163 

. 165 
169 
171 
175 
189 
191 
195 
197 
201 

• • • ̂  • ' 
RAD RAD 
PAD 
RAD 
RAH 
RAD 
PAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAO 
RAD 
PAD 
RAD 
9AD_. . 
RAD 
PAD 
RAD 

567 SPEC, DIA, 
64_84-7« _ SP^ECJT L E N G T H 

SITY Mf;/M**3 

LOCA- DENSITY MODULUS OF 
TION 

_ _ 

EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
EC 
E'C' 
EC 
EC 
EC 
EC 

^ L C 
EC 
EC 
EC 

(MG/M**1) RUPTURE (MPA) 
_iyNi;^ORRECTE.D) 

19,0 
2«.6 
24,7 
18,0 
25,6 
20.4 
22,8 
22.0 
23.3 
22.1 
18,2 
15,4 
20.7 
22,2 
19,2 
22,0 

_ 2J*6 
22.6 
21,7 
17.3 

6.4 MM 
51, MM 

FLEXURAL 
STRENGTH (MPA) 
(CORRfCTtP) 

16,5 
20,1 
20,2 
15,8 
J_9^5 
17.4 
19.0 
18.5 
19,4 
18.6 
15,9 
13,8 
17.7 
18.6 
16,6 
18,9 
i8.9 
16,9 
18,3 
15.2 

MFAN 

•^TD, DEV, 

2 1 , 2 MPA 
( 3 0 6 8 , _PST) 

2^5 MPA 
( 3 7 0 , PST) 

1 7 , 9 MPA 
( 2 5 9 4 , P S I ) 

1 .7 MPA 
f 2 5 1 . PST) 
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TABLE D-2 (Continued) 

LOT NO. 3 6 7 
LOG NO. 6 4 8 4 - 7 8 
LOG D E N S I T Y - -

SPEC. 
SPEC. 

D I A . 
LENGTH 

M6/M**3 

6 . 4 
5 1 . 

MM 
MM 

SPECIMEN O R I E N T -
NUMBER 

l A 

l A 
I B 

A T I O N 

36A 
36B 
38A 
388 
42A 
42B 
48/1 
48P 
5CA 
5 0 8 

108A 
I D ^ B 
l l O A 
11GB 
114A 
114B 
120A 
1 2 0 8 
122A 
122B 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LOCA- D E N S I T Y 
T ION ( M G / M « * 3 ) 

EM 
EM 
EM 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

MODULUS OF 
RUPTURE (MPA) 
(UNCORRECTED) 

2 0 . 7 
2 1 . 1 
2 1 . 7 
2 1 . 7 
2 0 . 9 
1 5 . 6 
1 5 . 3 
1 7 . 7 
1 9 . 2 
1 7 . 3 
2 0 . 9 
1 9 . 0 
1 9 . 0 
2 2 . 1 
1 6 . 3 
1 6 . 0 
1 7 . 6 
2 0 . 0 
2 3 . 3 
2 2 . 1 

FLEXURAL 
STRENGTH ( M P A ) 

(CORRECTED) 

1 7 . 9 
1 8 . 1 
1 8 . 5 
i e . 5 
1 8 . 0 
1 4 . 1 

1 3 . 8 
1 5 . 7 
1 6 . 8 
1 5 . 4 
1 8 . 0 
1 6 . 7 
1 6 . 7 
1 8 . 8 
1 4 . 6 
1 4 . 4 
1 5 . 6 
1 7 . 4 

1 9 . 6 
1 8 . 8 

MEAN 1 9 , 4 MPA 
( 2 8 1 1 . P S I ) 

1 6 . 9 
( 2 4 4 7 . 

MPA 
P S I ) 

S T D . D E V . 2 . 4 MPA 
3 5 3 . P S I ) 

1 . 8 MPA 
( 2 5 8 . P S I ) 
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TABLE D-2 (Continued) 

LOT MO, 367 
LnG_ NQ._6JL8_4-7P 
LUG DENSITY - - MG/M**3 

SPEC. 
SPEJL. 

D I A . 
LENGTH. 

6 , 4 
5 i . ^ 

MM 
MM 

SPFCIMFM 
MI IMBEP 

1 A 

lA 
.1« 

4 

•••*>«»«<*«>a>«i< 

OPIENT-
A T T O N 

W P> *•* fli 1 

59 
63 
65 
69 
_71 
8S 
89 
91 
95 
97 

-2.13 
, 219 

221 
??S 
227 
241 
1 « 5 
247 
2SJ 
253 

• M •> * • W fl 

RAd 
RAD 
RAD 
RAH 
RAi2_ 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
R'AD 
RAD 
RAP 
PAD 
RAD 
RAp„ 
RAU 
RAD 
RAD 

LOCA­
TION 

EM 
EM 
EM 
EM 

.E_M. 
£M 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

^mmmmwi 

DENSITY 
f MG/M** '^) 

— 

f « w * i « i W f l i V f l i i « « i w < a a f l 

MUDUIUS OF 
RUPTURF (MPA) 

-tUNxaRRECTEDS 

1 9 . 5 
2 3 . 7 
2 5 . 9 
2 5 . 4 

_ „ 2 3 . 6 
2 1 . « 
1 3 . 8 
1 8 . 0 
2 0 . 2 
2 2 . 5 
L 9 . 8 
1 9 . 3 
1 7 . 3 
? 1 . 1 
1 9 . 4 
1 8 , 0 

. - - „ i L U 8 
2 3 . 1 
J 8 , 9 
1 9 , 4 

FLEXURAL 
STRENGTH (MPA) 
_ (CORRECTED) 

1 6 . 6 
1 9 . 5 
2 0 . 5 
2 0 . 2 

_ 1 9 . 2 _ 
1 8 . ? 
1 9 . 5 
1 6 . 0 
J 7 . 1 
1 8 . 6 
1.6,9 
1 6 . 5 
I S . l 
1 7 . 7 
1 6 . 6 
1 5 . 6 
L 8 . 2 
1 8 . 9 
1 6 . 3 
1 6 . 6 

M f A N 2 1 , 2 
L3070, 

MPA 

psn. 
1 7 , 7 

C2- i62 . 
MPA 

Pan 

3TD, DEV, „ _ 2 , 5 MPA 

( 3 6 2 , P S D 
1,6 MPA 

( 2 2 6 , P S I ) 
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TABLE D-2 ( C o n t i n u e d ) 

LOT NO. 3 6 7 
LOG NO. 6 4 8 4 - 7 8 
LOG D E N S I T Y - -

SPEC. 
SPEC. 

M G / M * * 3 

D I A . 
LENGTH 

6 . 4 
5 1 . 

MM 
MM 

SPECIMEN O R I E N T -
NUMBER 

l A 

I B 

I B 

A T ION 

56A 
56B 
5fiA 
58B 
62A 
62B 
68A 
63B 
70A 
70B 

128A 
12 8̂ B 
1 3 0'A 

130B 
134A 
134B 
140A 
14GB 
142A 
142B 

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LOCA- D E N S I T Y 
T ION ( M G / M « * 3 ) 

EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

MODULUS OF 
RUPTURE (MPA) 
(UNCORRECTED) 

2 7 . 2 
2 4 . 8 
2 6 . 3 
2 7 . 9 
2 4 . 5 
2 4 , . 6 
1 9 . 1 
2 1 . 7 
2 3 . 6 
2 4 . J 
2 2 . 7 
2 7 , 9 
2 6 . 0 
2 4 . 8 
2 4 . 8 
2 1 . 9 
2 7 . 8 
2 3 . 9 
2 5 . 5 
2 5 . 4 

FLEXURAL 
STRENGTH ( M P A ) 

(CORRECTED) 

2 2 . 4 
2 0 . 9 
2 1 . 8 

22,8 
2 0 . 7 

2.0,^-
1 6 . 9 
1 8 . 8 
2 0 . 1 
2 C . 4 
1 9 . 5 
2 2 . 8 
2 1 . 6 
2 0 . 9 
2 0 . 9 
1 8 . 9 
2 2 . 8 
2 0 . . 3 
2 1 . 3 
2 1 . 3 

MEAN 2 4 . 7 MPA 
( 3 5 8 4 . P S I ) 

2 0 . 8 MPA 
( 3 0 1 5 . P S I ) 

S T D . D E V . 2 . 3 MPA 
( 3 2 7 . P S I ) 

1 . 5 MPA 
( 2 1 7 . P S I ) 
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TABLE D-2 (Con t inued ) 

LOT NO, 367 
LOG Nin, 6 4 8 4 - 7 8 
LOG nENSITY . . MG/M**3 

SPFC, OTA, 6 , 4 
SPE_t, iENGTH 5 1 . 

MM 
MM 

SPFCIMFN 
^JllMRER 

1 A 

\^ 
0 

• i W « B M « « i « f l B < 

ORIFNT-
A T T O N 

1 11 
l i s 
117 
121 
123 
137 
141 
143 
147 
149 
267 
271 
?75 
277 
279 
?93 
?97 
299 
505 
505 

• • • • • • • 
RAO 
RAO 
RAD 
RAO 
SAP 
RAH 
PAD 
RAD . 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
R40 
RAO 
RAD 
RAD 
RAD 

• — — — • • " - • • • • • « « » • 

LOCA- DENSITY 
TION (MG/M**X) 

- -

EE 
EE 
EE 
EF 
IE 
EE 
EE 
EE 
EE 
EE 
EF 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

MODULUS OF 
RUPTURE (MPA) 

_(UNCQ_RRECTED) 

izS' "" 
1 9 . 3 
1 « . 5 
2 2 . 0 

_2.0_.6 
2 0 . 7 
2 2 , 1 
1 9 . 0 
18.M 
2 0 . 9 
1 7 , 9 
2 3 . 6 
2 2 , 1 
1 5 . 7 
1 9 . 8 
2 0 , 7 
1 7 , 0 
1 6 . 3 
1 8 , 9 
2 0 , 5 

vwwwflwarwwwvii i i f lp* 
FLEXURAL 

STRENGTH fMPA) 
. K P R . R E f T E D ) 

l B , l ' " 
1 6 . 5 
1 5 . f l 
) 8 . n 
1 7 . 1 
1 7 . ? 
1 8 , 0 
1 6 . 1 
1 6 . 0 
1 7 , ^ 
1 5 , 3 
l f l , 9 
1 8 , 0 
1 5 , 8 
1 6 , 6 
1 7 . 2 
) 4 . f l 
1 4 . 2 
1 6 , 1 
1 6 , 9 

MfAN 

8TD. DEV^ 

1 9 , 8 
_1?1.75, 

MPA 

psn 
2 . 1 MPA 

( 3 0 6 . PST) 

1 6 , 6 MPA 
( 2 4 0 7 , P S I ) 

1,4 MpA 
( 1 9 f l . PST) 
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TABLE D-2 (Continued) 

LUT MO, 367 
LOG NO. 6 4 f l 4 - J H 
LUG DFNSITY — MR/ 

SPFCTMFN ORl£NT- LUCA- DEN*?ITV 
NUMRFR A T T O N TIn^J (MG/M**-^) 

6A 154A 
154H 
156A 
1568 
1.6.0 A 
160P 
174A 
174R 
176A 
176R 
168A 
16^8 

6B 224A 
??4H 
2?6A 
226B 

- 2 32A 
?32B 
?36A 
2 56H 
238A 
?38B 
244A 
?4"4H 

AX 
AX 
A< 
AX 
-A" 
AX 
AX 
AX 
AX 
AV 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AV 
AX 

MLC 
MLC 
MLC 
Ml C 

MLC. 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC. 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MIC 
MLC 
MLC 

MEAN 

STD, OEV^ 

SPEC, OIA, 6.4 MM 
SPEC* LENGTH 51. MM 

**3 

MODULUS OF FLEXURAL 
RUPTURE (MPA) STRENGTH fMPA) 

_ (UNCOHRLC-TEP> (CORRECTED) 

18.0 
17.8 

11." 
14.5 

20,.l 
18.5 
12.4 
18,9 
15.7 

8,0 
17,1 
17.0 

l=ia6 
15.7 
13,2 
12.9 
19^4 

16.8 
8.9 

19,n 

17,6 
17,6 
15.Q 
11.5 

15,6 MPA 

15.fl 
15,6 
11.0 
13.0 

n.i 16,1 
11.4 
16.4 
14,0 
7.6 
15.1 
15.0 
14,0 
14,0 
12.0 
11.8 
16*7 
14.9 
8.4 
16.5 
15.4 
15.5 
13.5 
10.6 

15,8 MPA 

3 J MP4 2,6 MPA 
( 475, PST) ( 378, PSI) 
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TABLE D-2 (Continued) 

LOT MO. 367 
kOG .MQ. 6/*8"*78 
LnG OFMSITY --

SPEC, 
SFJJC. 

OIA. 
LENGTH 

Mr;/M**3 

6.a 
!5J. 

MM 
MM 

SPF C I H F N 
MiMHf R 

-

feA 

6B 

feH 

riRlEf^T-
ATTOM 

. ._ 

V^ 
321 
32S 
327 
.Ul 
3«S 
3.a7 
551 
353 
357 
7̂-1 

,a73 
a75 
a77 
«ei 
a83 
nfl5 
a87 
a89 
093 

* M Ml * W 1 

RAD 
RAO 
RAD 
PAD 
PAD 
RAH 
RAD 
CAD 
R_AD 
RAO 
,RAP_ 
RAO 
RAD 
RAD 
RAD 
RAD 
RAD 
PAD 
RAD 
RAD 

LOCA- DEM5JTY 
TIHN (MG/M**T) 

— - - — 

MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MJ.C 
MLC 
MLC. 
MLC 
MLC __ _ 
MLC 
MLC _ _ 
MLC 
MLC . . . 
MLC 
MLC 
MLC 

MODULUS OF 
RUPTURE (MPA) 

.-CÛ JCH-SPErTEDi 

2«.9 
16.7 

- l^it? 
15.U 

-. .--.25.b 
21.1 
22al 
22.7 
18.1 
19.9 
21^? 
22.7 
21^3 
23,6 
18,.3 
23.7 

. 2l»Q 
16,2 
22^3 
15.a 

F L F X U R A L 
STPfNiGTH (MPA) 

(CURRECTED) 

2P.3""" " 
ia,8 
16,7 
13.8 
20.8 
18.0 
18.6 
IR.O 

15,9 
17.2 
18.1 
19,0 
18., I 
19,6 

16..0 
1R.6 
17*9 

in,a 
18.7 
15.8 

MEAN 

STD, DFV, 

20,6 MPA 
JL2.98«a ps_n_ 

3._1 M P A 
( UUb, PST) 

17.5 MPA 
(2539, P3T) 

2,1 MPA 
( 308. P8I) 
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TABLE D-2 (Continued) 

LOT 
LHR 
LOG 

MU, 367 
M O , 6^8^-7,8 
^F^STTY --

SPEC. 
SPEC. 

M R / M * * 3 

OIA, 
LEWGTH 

6,a MM 
.51, MM 

SPFCIMFN C1RI£MT-
\nMHtP ATfnN 

6A 180A 
180H 
182A 
182P 
196A 
1968 
186A 
1868 
1 9 2 A 

102H 
19<aA 
19«« 

6R 250A 
25(»H 
?5?A 
252B 
?56A 
?56B 
262A 
262R 
26aA 
?6«R 

AV 
AX 
AX 
AV 
A* 
A< 
AX 
AX 
Ay 
AX 
AX 
AX 
AK 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

LOCA. DEMSITV 
TION rMG/M**3) 

- -

Ml M 
Ml M 

MLM 
Ml M 

M^M^ 
MLM 
Ml M 
ML M 
MLM 
MLM 
Ml M_ 
Ml M' 
Ml M 
MLM 
MLM 
MLM 
Ml M 
M U M 
Ml M 

MLM 
MLM 
MLM 

MODULUS OF 
RUPTURE (MPA> 
fUNCpRREXTlOj 

" 19'2"" "" 
23.6 
17.b 
19,7 
2_1 a2 
21.0 
l^^'? 
18.6 
21.« 
20.7 
16,6 
18,3 
17,5 
19.0 
20,7 
21.2 
20,1 
2".6 
241 ,.7 
2«,3 
25,2 
21.2 

FLEXURAL 
STRENGTH (MPA) 
(CORRECTED^ 

16,9 
20,0 
15.7 
17.3 
1 f t . . " 
18.2 
17,6 
16,a 
18.5 

18.0 
1 «,9 
16,2 
15,6 
16.7 
18.0 

18.3 
17.6 
20.6 
20.7 
20.a 
21,0 
18.3 

MEAN 2 0 , 8 MPA 
( 3 0 1 2 , PST) 

1 8 . 0 
( 2 6 0 f l , 

MPA 
P S ! ) 

STO. DEV, 2 . 5 MPA 1.7 MPA 
( 3 5 8 . PST) ( 2 5 2 , P S I ) 
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TABLE D-2 (Continued) 

L(iT NO. 367 
LfiG NO, 6 4 8 a - 7 8 
LOG DENSITY . . MG/M**3 

SPEC. D I A , 
S P F C , _ L F N G T H 

6.« MM 
51, MM 

SPFCIMEN ORIENT- LUCA- DENSITY 
NUMBER A T T O N TION (MG/H*»3) 

•MODULUS OF FLFXURAt 
RUPTURE (MPA) STRENGTH (MPA) 
(UNCORRECTED) (CORHECTEP) 

6A 

6B 

371 
37S 
377 
381 
ift5 
3<»7 

aoi 
a03 
4̂ 0 7 
aoR 
501 
SOS 
507 
51 1 
513 
527 
531 
533 
S37 
539 

RAD 
PAD 
RAD 
RAD 

J?*G.. 
RAD 
RAD 
RAD 
RAD 
PAD 
RAD 
R'AD 
RAD 
RAD 
RAD 
RAD 
PAD 
PAD ' 
RAD 

RAD 

MEAN 

ML,M 
MLM 
MLM 
MLM 
.MLM 
MLM 
MJ M 
Ml.M 
MLM 
MLM 
MLM 
M'CM 
MLM 
MLM 
MLM 
MLM 
M_LM 
MLM 
MLM 
MLM 

STO. DEV. 

17.2 
20 .5 
23 .1 
22 .1 

.i?^a.O 
15,3 
16.5 
18.6 
21 ,3 
1^,3 

_..23,3 
21 .7 
19.6 
23 .1 
20 ,3 
17.6 
20_*?. 
22 .0 
23 ,2 
22 .5 

20 ,6 
(2989^ 

2 . 5 
( 365 , 

MPA 
PST) 

MPA 
PST) 

15.0 
17.4 
19.0 
18.« 
19,5 
15,7 
14.5 
16,0 
17,R 
16,5 
19 .1 
18.1 
16.8 
19,0 
17,2 
15.3 
17,6 
18 ,3 
19 ,1 
18.6 

17.4 
( 2517 , 

1,7 
( 245 , 

\ 

MPA 
PSI) 

MPA 
PSI) 
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TABLE D-2 (Continued) 

LOT MO, 367 
LOG MQ, 6 4 8 4 - 7 8 
LOG H E N S I T V mm M f ; / M * * 5 

SPEC, D I A , 6 , 4 MM 
SPFC. _LE.NGTH _ 51 . MM 

SPFCTMFN ORipNT-
NUMRER ATTI^N 

W * > W M * > * f p W W M i " W I 

6A ? 0 0 A 

2008 
202A 
2028 
20_6A 
2068 
21.2A 
212R 
214A 
214B 

6H 270A 
2 7 aw 
272A 
2728 
276A 
376R 

. - 2 8 0 A 
280R 
278A 
278B 

H M W W •> < 

AX 
AX 
AX 
AX 

_A.X 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AV 

-AX 
AX 
AX 
AX 

L O C A ­
T I O N 

-

MIE 
Ml F 
MLE 
MLE-
MLE. 
Ml t 
MLE 
Ml E 
MLt 
MLE 
MLE:. 
Ml E 

MLE 
MLE 
MLE 
Ml E 

M L £ _ 
MLE 
MLE 
M L E 

mmmmmm 

DFNSJTY 
f Mf ; /M**3 ) 

- ~ 

— — — W — W W — » * 

MOnULUS OF 
RUPTURE (MPA) 
(UNCflRRECT.ED) 

2 3 , 4 " " 
2 7 . 9 
2 7 . 5 
2 5 . 0 

. ._. 2 5 , 1 _ 
2 5 . 1 
2 4 . 3 
2 4 . 1 
2 5 , 9 
2 1 . 8 
2 2 J ^ 
2 3 , 1 
2«.i_ 
2 4 , 2 
2 1 . 6 
2 « . 2 
2«_..9 
2 7 , 4 
2 2 . 7 
2 0 . 4 

FLFXURAL 
STRENGTH (MPA) 

CCDRRECTFD) . 

20,_1 
2 3 . 1 
22^8 
2 1 , 2 
21 .« 
2 1 , 3 
2 0 . 9 
2 0 , 6 
2U8 
1 9 , 0 
19^7 
1 9 , 9 
2 3 . 5 
2 0 , 7 
1 8 , 9 
2 0 , 7 

. iU2 
2 2 , 7 
19.^6 
1 8 , 0 

1 •»««»«» M M Mi f B a i W M l f l l W a 

Mf AN 2 4 . 5 MPA 
( 3 5 5 4 j _pSn 

2 0 . 8 MPA 
(3o2_2, p s n 

<?TD, OEV. 2^2 MPA 
( 3 1 3 . PST) 

1,4 MPA 
( 2 1 0 , P S I ) 
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TABLE D-2 ( C o n t i n u e d ) 

LOT NO, 367 
i^lG NQ, 6 4 8 4 - 7 8 
LOG DENSITY - -

SPEC, 
SPJC, 

DIA. 
LEN(?TH_ 

MG/M**3 

6.4 
51. 

MM 
MM 

SPECIMEN ORIENT- LOCA- 0EN5ITY MODULUS QF FLEXURAL 
NIIMBFP ATTON TJDN (MG/M**3) RUPTURE (MPA) STRENGTH (MPA) 

„ _ . (UNCnRPfCTEO) _ CCQRRE.CTEO) 

6A 423 RAD M_LE 25^7 lo,2 
427 RAD MLE 20.3 17,1 
429 RAD MLE JJ*.0 19,4 
433 RAO MLE 18,5 16,0 

. ._ 415 RAD ilLE. . .J«.5_ _ 19_,7. 
449 RAD MLE 20,8 17,5 
453 RAD MLE ^ _ 23,2 18,9 
455 RAD MLE 23,0 16,8 
459 QAD MLE 21,7 18,0 
461 RAD MLE 21,5 17.9 

68 _ 553 RAD MiJ _ „ 2l_t5 17,9 
. 557 PAD MLE 18,8 16,2 
559 RAD MLF 25,9 20,3 
563 RAD MLE 19,1 16,4 
565 RAD MLE 22,6 18,6 
579 RAD MLE 21,0 17,6 

„ 5J3 RAD ,ML,E „ _ _ 19,4 .L6.5 
585 RAO MLE 20,9 l7,5 
S89 RAD MLE 18,7 16,1 
591 RAD MLE >2,0 18.2 

MEAN 

STO,_DEV, 

21,6 
(3126. 

i 301, 

MPA 

P5n. 

MPA 
PST) 

17.9 
(2_593, 

MPA 
PSD 

1.5 HPA 
185. PSI) 
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TABLE D-3 
COMPRESSIVE PROPERTIES OF HLM GRAPHITE 

LOT NU, 367 
LOG NU. 6484 . 

. .LQG..P£NaiTY m. 

SPECI'^EN ORIENT- L0CA» 
NUMet« ATjON TION 

----- - - -

lAC t tZ AX tC 
F eC AX EC 
I IOC AK EC 
E12C AX EC 

-_lBC.e.iil2C_Jk?J_ . _EC.̂ .-
E104C AX EC 
£106C AX EC 
Close AX EC 

MEAN 
— 

3TD, DEV^ 

UC . E 9a -RAD -EC 
E23B RAt) EC 

. . _E?5B_gAQ.- JL£_ 
E29B RAO EC 

„_ l a C X l X l A RA.Q--- EC. 
EUSb RAO EC 

_ t l l 9 B l?AO_ ZC _ 
E131B RAO EC 

— .. — 

8TD, DEVj 

• • •^**»«»*a-«»."* • • • • . • • • * ! 

8P EC,_01A, 12.6 
78 SPEC. LENGTH 25 , 
• .. . M.6/M_ttJ 

DENSITY YOUNGS PERM. 
( M G / M » * 5 ) M 0 D U L U 9 ANENT 

(QPA) 
- -

nr 
«.7 
« ,9 
5 .5 

- 5.^1 
5 .5 
^ .5 
5,1 

" 5 , 1 
. f. , 7 4 , 

.« 
( .05 

5^8 
6 ,3 
^ 3 -
6 .2 

- .... J 6 ^ . 
5,2 

- -5^7-
5 ,8 

• * " " • - ' 5 " ; 

SET 
_fPJCTJ_ 

•200 
,229 
.210 
,200 

- • 1 0 0 
,200 
,230 
.200 

,208 
MP 811-

.013 
MP8I) 

.180 
,180 

- - , 2 0 0 
,190 

-..•190 
.180 
•120. 
.210 

,T9« 
„ _ C.*S6 M J L i l l - . 

aJ 
( ,05 

,^015 
Mpsn 

FRAC­
TURE 

STRAIN 
(PJCT).. 

2 .371 
2 ,552 
2.5S9 
2.148 
2 .201 
2 ,551 
2.377 
1,965 

2,310 

.199 

2 ,370 
2,327 
i ^ 2 5 i 
2 ,073 

_2*.a<tB -
2 ,253 

-2^179 
2,288 

2,224 
- - - -

a^l l * 

MM 
MM 

--

CQMPR, 
STRENGTH 

(MPA) 

37I9" 
38,9 
38,7 
37,a 

. .38 ,-1 
38,4 
38,7 
36.2 

38,1 
{ 5 5 2 4 , p U ) 

. 9 
( 133,PSI ) 

- 4 4 , J 
44 ,5 

_ 4 4. , ! 
42 ,5 

- - .42- , l „ . 
41 ,9 

. -42»1 
42 ,8 

43 ,0 
t.<}241.J>8I) 

- 1 .1- -
( i s a . p s n 
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TABLE D-3 (Continued) 

L01 r NO, 367 
LOG NU, 6484 . 
LOG DENSITY -

SPECIMEN ORIENT- LOCA. 
NUMBER ATIDN TION 

-

lAY E30C 
E34C 
142C 
E46C 

18Y -EliiLC 
E i i e c 
E126C 
E130C 

JT 

lA-Y E4.5B 
E47B 
I S l B 
E61B 

- tai_xtsia 
E15SB 

- E-U9B 
E169B 

- -

AX EM 
AX EM 
AX EM 
AX EM 
AJL. £M-
AX EM 
AX EM 
AX EM 

MEAN 
- - - -

STO, DEV, 

RAU CH 
RAO EM 
RAI?_ - -EiL-
RAO EM 
HAQ..- £W. -
RAD EM 
RAO_ L^ 
RAO EM 

SPEC, OIA, 12,_8 
76 SPEC. LENGTH 2 5 . 

. M6yM««3^ 

DENSITY YOUNGS PERM. 
iMG/M**31MODULUS AN£NT 

(GPA) SET 
tPCT.)-

_ 5 ,0 ,210 
5 ,6 ,190 
5 ,1 _ , i 8 0 
3.9 ,210 

- 5 * 1 ,.200 
5 ,7 ,180 
5 ,2 ,200 
4 .5 ,200 

5,0 ,196 
_. _._.(. .7.3 MP&I1 -

.6 ,012 
C .08 MPS!) 

6 ,1 - , 160 
5 ,9 .190 
5 ,5 ,200 
6,5 ,170 
5 ,6 ,220. . 
5 ,5 ,210 

„ -- - . 5*5 ,iCL0 
5 ,5 ,210 

-

FRAC­
TURE 

STRAIN 
CP.CTI -

l , 89J 
1,735 
2«010 
2.157 
Ufi52-
2 ,102 
1,891 
2,015 

1,957 
-

,140 

2»234 
2.154 
2*i4a4_ 
1,770 

-£«i43 -
2 ,276 
i^^ae*-
1,812 

MM 
MM 

-

CQMPR, 
STRENGTH 

(MPA) 
— 

34.6i 
35,0 
36«7 
35 .6 
11 ,8 
37,1 
34., 5 
32 ,9 

35,0 
-C t0784-P8I) 

1.5 
( 2 1 2 . P S I ) 

41 ,6 
41 ,7 
42*4. 
40 ,2 
- 4 U 1 .. , 
41 ,7 
39 » • 
37,7 

-

• . • » » » « - » « » . . i 

MEAN 

1T0-. OEV, 

5 ,7 ,195 
- - . _ - . ( • B l - t t P A I l 

- - - - _ , 4 -+521 
( , 06 MPSn 

2,114 

»242 

41 ,0 
- ( sMUft in 

1 ^ 
( 265 ,psn 
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TABLE D-3 (Continued) 

LOT NO, 367 
LOG NU, 64841 

XQG-DeNaiTY J 
78 

.Mlt/.M**i 

SPEC, 
SPEC, 

O I A , 
LENGTH 

1 2 , 8 MM 
2 5 , MM 

SPECIMI FN ORIENT-
NUMBER ATION 

lAE 

IBE 

lAE 

IBE 

- -

E60C AX 
E64C AX 
E72C AX 
E76C AX 

&144C.ii( 
E148C Ax 
E156C Ax 
E160C AX 

MEAN 
£ -

STO, 

L79B RAD 
E83B RAD 
E87B RAD 
E97B RAO 

E187B RAD 
E191B RAD 
E195B RAD 
E205B RAD 

I . . . . . 

LOCA­
TION 

1 0 ff w V I M 

EE 
EE 
EE 
EE 

J.£-._ 
EE 
EE 
EE 

1 V W W W V 

1 

-

DEV, 

EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

DENSITY YOUNOS 
(MC/M**3)MuDgLU8 

_ _ 

W V t V V M V S i f l l f l 

-

(GPA) 

• • i ^ f l l M M k ^ M i 
P l P W " ^ W w 1 P ' 

• • • W f i W i 

( . . 9 1 . M l 

,3 

PERM­
ANENT 

SET 
x P r t ) 

' , 2 0 0 
,180 
.175 
,160 

- . . 180 . 
.170 
,190 
,170 

,178 
9An . 

.012 
( .05 Mpsn 

5 . 6 
5 . 2 
5 . 1 
5 . 5 
5. 4 
5 . 5 
5 . 6 
4 . 6 

. 2 1 0 

. 1 9 0 

. 2 2 0 

. 1 6 0 

._20_Q 
, 2 0 0 
. 2 0 0 
. 2 0 0 

FRAC­
TURE 

STRAIN 
CPCT) 

. - • . . ^ . 

1 , 8 4 6 
1.617 
1,543 
1.907 
1,878 
1,931 
1,661 

^ W W W fl fli V ' 

1 , 7 6 5 

, 1 4 6 

2 . 3 3 8 
2 . 4 8 8 
1 . 8 0 1 
1 .877 
2 . 6 5 0 
2 . 4 7 1 
2 . 4 6 6 
2 . 4 5 6 

COMPR, 
8T8EN6TH 

(MPA) 

— 

. • • . . . . • 

41 ,0 
37 ,7 
39,8 

-40,-4 
4 2 , 3 
40 ,0 
39 ,2 

39,8 
C -5777,PSI) 

1.9 
( 2 1 1 , P t n 

4 1 . 6 
4 1 . 8 
3 7 . 3 
3 9 . 1 
4 4._5 
4 2 . 7 
4 4 . 2 
4 1 . 6 

MEAN 5 . 3 . 1 9 7 2 . 3 1 8 
( . 7 7 MPSI) 

4 1 . 6 
t 6 0 3 3 . P S I ) 

STO. DEV. . 3 . 0 1 7 . 3 0 9 
1 . 0 5 MPSI) 

2 . 4 
( 3 5 2 . P S I ) 
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TABLE D-3 (Con t inued) 

LOT NO, 367 
LOG NO, 6484-78 
LOG DENSITY — Me/M**3 

SPEC, OIA, 12,8 MM 
SPEC, LENGTH 25, MM 

SPECIMEN ORIENT-
NUMBER ATIUN 

6AC 

W V*<* Wf 

• • • • • • i 

6AC 

6BC 

- - - . - • 1 

-
1 W • • M • <i 

MIOC 
M 8C 
MjjC 
^18c 

..-M.92C 
M94C 
M96C 
M98C 

.' 

i — . . . . • 

M 5B 
M 9B 
M13B 
M2SB 

MlUB 
M117B 
M1218 
M1518 

P • (P " W • 

AX 
AX 
AX 
AX 
AX . 

Ax 
AX 
AX 

MEAN 

STO, 

RAD 
RAD 
RAD 
RAD 
RAH. 
RAD 
RAD 
RAD 

LOCA. 
TIQN 

) M V W M • 

MIC 
MLC 
MLC 
MLc 
M.LC 
MLC 
MLC 
MLC 

1 

DEV, 

MLC 
MLC 
MLC 
MLC 
-MUC . 
MLC 
MLC . 
MLC 

DENSITY YQUNGS PERM-
(M6/M**3JM00ULU8 ANENT 

(GPA) SET 
-- .-...tPCT) 

5,4 ,180 
6,5 ,060 
.4,7 ...200 
4,7 ,200 
5.7 ,040 
5,0 ,189 

5,5 ,148 
( .77 MPSI) 

,6 .070 
( ,09 Mpgi) 

6,4 ,180 
5,9 ,180 

- . - 6,4 ,150 
6.0 .170 
5.7 .210 
6,1 ,170 
5.5- .180 
5.4 ,190 

FRAC­
TURE 

STRAIN 
(PCT) 

1,609 
1,787 
1.996 
1,906 
2,290 
1,807 
1,277 
1,350 

1,750 

,558 

1,917 
1,898 
1.-929 
1,822 
2».230., 
1,794 
2.146 
1,735 

I . . . . . . . 

COMPR, 
STRENGTH 

(MPA) 

- *•••••-

33,5 
37,5 
38,3 
37,3 
34,9 
55,4 
32,4 

. . . . . . . 

( 5123,PSI) 

2.2 
( 318,PSI) 

41,8 
41,0 
41,8 
39,9 

... 41,5 
39,9 
4.1,0 
36,9 

MEAN 

STO, DEV. 

5,9 .179 1,934 
(-.86. MPSI) 

,4 ^017 ^171 
( .05 MPSI) 

40,5 
( 5a7o,P8n 

1.6 
( 235,PSI) 
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TABLE D-3 (Continued) 

LOT NO, 367 
LUG NO, 6484-78 
LUG DENSITY . . MG/M**3 

SPEC, DIA, 
SPEC. LENGTH 

12,8 MM 
25, MM 

. . . . . . 4 

SPECIMI 
NUMBER ATION 

6AY 

6AY 

6By 

— . . . . . 1 

-

M30C 
M34C 
M^ac 
M46C 

M112C 
M116C 
M124C 
M128C 

JT 

M4ja 
M47B 
M51B 
M61B 

-

AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 

MEAN 

STO, 

RAD 
RAO 
RAD 
RAO 

M l S l J JJAD 
M155B 
M159B 
M169B 

. . . . . . a 

RAO 
RAD 
RAD 

LUCA-
TinN 

-

MLM 
MLM 
MLM 
ML*̂  
MLM 
MLM 
MLM 
MLM 

1 

DEV, 

MLM 
MLM 
MLM_ 
MLM 

JILM 
MLM 
MLM 
MLM 

DENSITY YOUNGS PERM. 
(MGyM«*3JM0DULU8 ANENT 

(GPA) 

5 . 6 
6 , 1 
5 , 2 
4 , 4 
6 . 1 
5 , 3 
5 , 8 

""sir 
( . 8 3 

, 8 
f . 1 2 

sir 
6 . 3 
5 . 9 
6 , 1 

- . 5 , 6 
5 , 1 
5 . 6 
5 , 8 

SET 
- fPCT) 

, 1 6 0 
, 1 8 0 
. 1 6 0 
• iBo 
, 2 2 0 
, 1 8 0 
, 1 9 0 
, 1 8 0 

MPSI) 

, 0 1 9 
MPSI) 

, 1 8 0 
, 1 6 0 
. 1 8 0 
. 1 7 0 

- .2iJ0 
. 2 0 0 
, 2 1 0 
, 1 7 0 

FRAC­
TURE 

STRAIN 
. ( P ^ I ) 

1 , 910 
1 ,347 
1 .658 
1 ,946 
1 , 4 8 6 
1 , 7 4 9 
1 , 4 0 6 
1 , 4 6 9 

1 , 6 2 1 

, 2 5 0 

2 , 3 4 6 
2 , 4 2 6 
2 , 4 0 4 
1 , 8 6 6 

2,au 
2 , 7 3 1 
2 , t 2 7 
1 , 9 4 1 

I • W IP 4P B V m 

COMPR, 
STRENGTH 

(MPA) 

4 0 , 1 
3 2 , 8 
3 6 , 7 
3 7 , 8 
3 1 . 6 
3 7 , 2 
3 2 , 2 
3 4 , 6 

" • • ' • • ; • ; • • • " 

( 5 1 3 0 , P S I ) 

3 . 1 
( 4 4 « , P 8 X ) 

. . . . . . . . . 

4 4 , 4 
4 4 , 5 
4 1 , 9 

- 4 0 , 5 . 
4 2 , 8 
4 2 , 6 
4 0 , 8 

MEAN 

STD^ DEV^ 

5,8 ,184 
( .85 Mpan 

,018 
( ,06 MPsI) 

2,269 

,298 

42,6 
C 6175,MI) 

1.5 
( 216,PsI) 
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TABLE D-3 ( C o n t i n u e d ) 

W • • <• IW 'W ( 

SPECIMI 

LOT NO, 
LOR NO, 

567 
6484. 

kOG DENSITY. • 

EN ORIENT-
NUMBER A T I Q N 

•• W • <• ii • ̂  

6AE 

6B4 

• • P * V ̂ P 1 

6AE 

M6QC 
M64C 
M72C 
W76C 
M142C 
M146C 
MiSaC 
M158C 

P ̂  W W • * ' 

^ 

IP ̂  W V 9 V V 

M79B 
M85B 
Ma7B 
M97B 

AX 
AX 
AX 
AX 
AK 
AX 
AX 
AX 

MEAN 

8TD, 

RAO 
RAD 
RAD 
RAD 

- 6BE MtB79 RAD ._ 

•••••*( 

-

. . 9 . . . I 

Ml9iB 
M195B 
M205B 

-

* — . . . . < 

RAD 
RAD 
RAO 

MEAN 

-

8TD, 

L O C A . 
TION 

MLE 
MLE 
MLE 
MLE 
-̂i-t 
MLE 
MLE 
MLE 

-

DEV, 

•1 W W w 

MLE 
MLE 
MLE 
MLE 
-ML£.-
MLE 
MLE 
MLE 

---

OEV. 

SP 'EC. DIA. 12. 
78 SPEC, LENGTH 25 
. M0/M«*3 

DENSITY YOUNGS 
' V W s w s w w V 

1 PERM. 
(MG/M**3)MUDULU8 ANINT 

(GPA) 
-

Jir 
8.6 
7,2 
6,9 

- - 6,7 
7,3 
6,9 
7,0 

" 7*1" 
(1.03 

,7 
( ,10 

Jir 
5.8 
5.9 
6.1 

--i*i.. 
5.7 

_ - .6*1^ 
5,8 

............... 

SET 
XPCT) 

,180 
.110 
,150 
.150 

_ ,170 
,180 
.180 
,200 

........ 

MPsI) 

,028 
MPSI) 
WF —w IB. IP W ^ ^ ^ 

.200 

.200 

.180 
,180 

FRAC­
TURE 

STRAIN 
(PCT) 

2ll42" 
1,656 
1.659 
1,978 
2,012 
2,0 50 
1.714 
1,712 

1,861 

.200 

vp WV W W W 

2,7U 
2,479 
2,410 
2,380 

,180 2,677 _ 
,210 
*190 
,220 

- . ( - . 8 5 >iRai) 

,2 
( ,02 

- .015 
MPSI) 

2.624 
2,21.8 
2,498 

2,500 

,166 

8 MM 
, MM 

COMPR, 
STRENGTH 

(MPA) 

. . . . . . . 

43,6 
38,8 
42,4 
1̂2,1 
41,9 
36,6 
39,9 

41,1 
( 5958,PsI) 

( 261.PSI) 
......... 

44,3 
4ii,7 
45,7 
45,9 
44,5 
42,7 
44,3 

44,7 
-. ( 64eS,PSI) 

1.0 
( 151,PtX) 
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LAB, NO, aumi 
^AABfkiL fifiiP.nilE j><*J<i-7H.«.E70B 

EUE»'EkiT 

TABLE D-4 
IMPURITY CONTENT OF HLM GRAPHITE 

LOG NO. 6484-78, SPECTROGRAPHIC ANALYSIS 

REPURI TLi| C t N t L t 

C O H C E ' " T H A T I D N > PP»" ELE"'t^T C O N t t N T R A T l u * i f PPM 

A6 
.fl i 
CA 
CO -

cu 
tu 
MF 
K 

LU 
. . _ . M a -

NO 
- B 8 - - - . 

»B 
BM-
TA 
ru- -
N 

t^ 

< 

- < „ 

- < -

--. -C. 

^ .-K-

..<_ 

. 5 0 
u i . u u 

« 0 0 i 0 0 
tt.OO 
1 . 0 0 

la .QO 
2 0 . 0 0 

- « « » * 0 
. 5 0 

- 4 f « 0 
2UC.00 

-i*AS) 
6 . 0 0 

lop.OO 
" 0 . 0 0 
2 0 , 0 0 
« 0 , 0 0 

- ^ 0 -

AL 

at 
CO 
CH 

or 
Ft 
M(j 
LA 
M6 
NA 
Nl 
BN 
8C 

M . 
TB 
Til 
vb 

c 
< 

< 

< 
< 

< 
< 
C-
< 
< 
< 

6 0 . 0 0 
*Sfl 

lU.OO 
1 0 . 0 0 
2 0 . 0 0 

1 0 0 0 . 0 0 
1 0 . 0 0 
Ifl.OO 

2 . 0 0 
10*00 
2 0 . 0 0 

10Q.^0« 
1 . 0 0 

- 6*0i) 
UO.OO 

4 . 0 0 
1 0 . 0 0 

o 
I 

K3 

L*B. NOi <t42«7 
SAMBLEl gftAPHlTt f,aafl»7B»FflpB 

REPURT TOI G ENCLC 
PROJECT NO. H?fliflfcOP< taUi.TlDi!(X_ i<oaoo 

ELCMEKI CxiwC EN T* *JJiuo. PP(L- ELEMENT CO*iClNTRATlON» PPH. 

. 

. 

AG 
BA 
CA 
CO 

LV 
HF 

. .A 
LU 
MO 
ND 
PA 
SB 

_a« . . 
TA 
T L - _ -
H 

IB 

< .50 
UO.OO 

200 .00 
X. «»(m 
< 1.00 . 
< 10»i)0 -
< 20 .00 

1 1 1 * 0 4 - . - . . - -
< . 50 
< t .Ofl 
< 200 .00 
< 6 ,00 
< a.BO 
.C_ 100,0i> . - . . . 
< «o,oo 
C . i O . O D 
< « 0 , 0 0 

• (UttO. 

AL 
a t 
CO 

xi 
OT 
Ft -
HO 

-..iJi.-
Mb 
M . 
Ni 
PR 
SC 
JBN . 
TB 
TM_ . 
VB 

c 
< 

- . . . 
( 
> 
< 
< 

60 ,00 
. ;o 

to .oO 
20+Ofl 
2 0 , 0 0 

iooa.iii) -
10.00 
IfivfiO _ 

6 .00 
1 0 , 0 0 
«0 ,0d 

1U0.JIO 
1,00 
6..afl. . 

4 0 , 0 0 
4^00 

10 .00 

CONCe*< THAT ION BASED ON UKCINAL SAMPLE BEFORE DILUTION HITH DILUENT 
>..(lEatt» fiHlMCH JHAM . -
< HEANB LESS THAN THE SEN8ITIWITYUF THf SPECTROGRAPHIC P«OCEUURE USED 
R E S U L T S AR^ xORRfcct H I T H I N A FACTUR at 4ot . CDN^ sTAooArc D t v i A i i u M ; 

P t * T t '^U, T6«06 , . 

tl.E'^t^T C0^^.E^THA1JQ^, ppn 

» 
tl 

ct 
cs 
EH 

Cu 
I N 
LI 
MN 
NU 
P 

. . HB . 
SI 

. . »M.. . _ 
TI 
» 
I N 

< 
< 
< 
< 
< 
< 
X -

< 
< 
< 
1 

< 

( 

2 . 0 0 
-2»U0. 
BO.OO 

t o o . 0 0 
6 , 0 0 

1 0 . 0 0 
1 . 0 0 

- l . i l O 
t.OO 
6.(11) 

lOO.'OO 
4 0 . 0 0 

1 0 0 . 0 0 
. 4 0 , 0 0 . 

6 U . 0 0 
(tO.OD 
2 0 . 0 0 

OATfcl 6»2l«T6 
gUll-NOU. T6"066— .-

.iLtHtNT _ ;ONCSllTH*rItliii,_^ppM 

a 
. J i -

CE 

ca._ 
EH 
60 
IN 
i l 
MN 
NB 
P 
RB 
• I 

- . l . » l . 

Ti 
V . 
I N 

. C . 
< 

^ < 
< 
< 
< 

t 

< 
<. 

< _ 

< 

2 . 0 0 
2 .O0 

BO.'OO 
1004OO-. 

6 . 0 0 
lOiOA -

liOO 
. -UB.O. 

4 , 0 0 
* * 0 0 

1 0 0 , 0 0 
_40»O0-
^ 0 . 0 0 
4 0 . 0 0 
4 0 . 0 0 

.4B*tfl. 
2 0 . 0 0 



L A B , N[ i . U < J 2 U 7 

S A H P u t i U R A P M i n ( , i i 6 n - 7 » - f . ifct-

f LE"t <T 

TABLt D-4 (Continued) 

HtPU'i 1 T jl f. E\r.|.F 

CuvCE J t ' * * ! I d ' , PPf HF^E'-T Ci >-C t \ T x 4 I I ^ ^ , UP'' H.E"t ' ' 

I >• 1 f I t ' - c ' l - ^ r 

Ab 

BA 
C* 
CU 
CU 

tu 
H» 
&-
UD 
WO 
NO 
PB 
SB 
S M . 
TA 

TL 
w 

< 
to 

£.1(1 

< u 
< 1 
< lu 
< 20 

10 

< 1 
< 200 
< 6 
< 8 
< 100 
< 40 

.Su 
• Ou 
1 on 

,Ulj 
QU 
.00 
.00 
lOu 
,50 
,00 
00 
,00 
,00 
• 00 
00 

< 20.00 
< <*o 00 
< .50 

«L 
n t 
CiJ 
CX 
3Y 
• t 
HU 
L* 
Hi, 
NA 
M 
PH 
SL 

TB 
Tn 

< 
< 

< 
> 
< 
< 

< 
< 
< 
< 
( 
< 

e u , Qi 

ibo 
10.00 
20,00 
£ U , (< U 

1000,UW 
10,OU 

10.OU 
2,00 

10,00 
"0,00 

100,Ou 
1.00 

O.QV 

«0,00 
4,00 

10,ou 

b 
b l 
C t 

c;> 
in 
Ciu 

IIV 

L l 
MN 
NB 
P 
Kb 
81 
8N 
t i 
y 

< 
< 
< 
< 
< 
< 
( 

< 
< 
< 

< 

< 

£u,00 

2,00 
bO.OO 

100,00 
6,0U 

10,00 
1.00 
1.00 
4.00 
6.00 

luO.OO 
40,uO 
60,00 
4O_,O0 
40,00 
40.00 
20,00 

LAB, NO. 44247 
SAMPtEl 5RAPMJTE 6484-r9«EBBb 

ELEMENT 

REPURI l O l G ENCLE 
PROJEJCT NO, J522414490 .5 - O J t U T I O N J 

CQMCENTRATION* PP^' ELEMENT 

i.«O0V 

CDNCtNiTRATlONf PPM ELEMENT 

OAttI 6»2l"76 
PLAJE NO, 76»«_66 

C O N L E N I W A T I O M P 

AG 
BA 
CA 
CO 
CU 
Eu 
MF 
K 
LU 
MQ 
NO 
PB 
Sd 
SM 

TA 
TL 
M 

< 

< 
< 
< 
< 

< 
< 
< 

< 
< 
< 
< 
< 

.50 
40.00 

200.00 

4.00 
1.00 

ID.00 

20.00 
60,00 

.50 
1.00 

200.00 
200,00 
60,00 

lOQ.OO 

40.00 

20.00 
40.00 

• so 

AL 
Bt 
CO 
CH 
D» 
Ft 
rtO 
LA 
Ml, 
NA 
NI 
PK 
8L 
SN 
TB 
TM 
rb 

< 
< 

< 
> 
< 
< 

40,00 

.5i) 
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AS 
BA 
CA 
CO 
CU 
Eu 
MF 

Lu 
MO 
NO 
PB 
SB 

in 

TA 

TL 
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4 u , 0 D 
bO.OO 

4 . 0 0 
1.00 
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SA 
CA 
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LU 
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TA 

TL 
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< 
4.0 
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.50 
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• OO 
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< 8 
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