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SUMMARY

This report is a resource document for future analytical and experimental
work conducted for the Experimental Verification of Steady State Fuel Codes
program as well as other reactor safety research and related industry safety
programs. The test rationale, design, fabrication, and pre-irradiation char-
acterization data are included in extensive detail to ensure that all perti-
nent information on the fuel assemblies will be available for future mathe-
matical modeling and data reduction. The information is necessary to quantify
the uncertainty in thermal stored energy and thus reduce restrictions on
commercial power plant operation.

Subsequent topical reports describing the irradiation and data analysis
will be issued by Pacific Northwest Laboratory (PNL). The topics to be
addressed by these reports include the following:

e experimental data

e error and uncertainty analysis of the experimental data

e post irradiation examination

o data analysis of the many separate effects addressed by these experiments
o 1improved mathematical models developed from the data and analysis
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1.0.  INTRODUCTION

The thermal stored energy in a fuel rod is the driving function for the
severest postulated nuclear energy-related accident, the loss-of-coolant-
accident (LOCA). Because of this, the final acceptance criteria for emergency
core cooling systems requires calculation of the stored energy and gap con-
ductance of a fuel rod, both for normal operation and for the duration of the
LOCA. Although these calculations are used in the regulation of commercial
nuclear power plants, uncertainties in them have caused temporary derating of
many power plants and delays in the startup of additional plants. Many of
these uncertainties can be attributed to the Tack of well-characterized data
for fuel irradiated throughout the normal operating power range of commercial
nuclear power p]ants. -

Due to this lack of well-characterized data, some computer-coded mathe-
matical models that have been developed to simulate fuel rod behavior over a
wide range of postulated conditions are inadequate. These factors together
contribute substantially to the stored energy uncertainty. Specifically, the
effects of fuel densification and fission gas on the fuel-cladding gap con-
ductance are difficult to quantify, primarily because the applicable data are
extremely sparse. As a result, although the total conductance of the fuel rod
must be considered in stored energy calculations, the largest uncertainties in
those calculations are associated with changes in the gap conditions and their
concomitant effects on the gap conductance.

To focus on these uncertainties, two instrumented fuel assemblies have
been designed and are being irradiated in the Halden Boiling Water Reactor
(HBWR). The fuel assemblies have been designated : IFA-431 - this assembly
has a design power of 330 W/cm (10 kW/ft)(a) with a goal burnup of 4000
MWd/MTM; IFA-432 - this assembly has a design power of 490 W/cm (15 kW/ft) and
a goal burnup of 20,000 MWd/MTM. General operating parameters for HBWR are
given in Table 1-1.

(a) The first time a measurement is given in this document it will be in
metric units and followed by the standard equivalent in parentheses.
Thereafter, it will be written only in metric.
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TABLE 1-1. HBWR Operating Data at 12 MW
Coolant Pressure : 3.45 MPa (500 psi)

Heavy Water Saturation Temperature 240°C (464°F)
Plenum Inlet Temperature ' 237°C (459°F)
Thermal Neutron Flux ~3 X 10]3 n/cmz-sec
Fast Neutron Flux ( >1 MeV) ‘ 5 x 1O]]'n/cm2-sec
Average Fuel Power Density - 14.8 W/g

These instrumented fuel assemblies will provide well-characterized experi-
mental data under conditions that realistically simulate light water reactor
(LWR) operations. The data will be used to verify United States Nuclear Regu-
latory Commission (NRC) fuel codes; and it will provide benchmark data for
commercial fuel licensing codes submitted by nuclear fuel vendors.

This report is intended to serve the needs of future data analysis and
fuel modeling. The organization is therefore based upon a chronological
sequence of events describing the design and fabrication of the fuel -assem-
blies as follows: ' v

Section 2.0, Test Rationale - justifies the tests-based upon the under-
standing of fuel safety problems as of July 1974.

Section 3.0, Fuel Rod Design - describes the six rods in each assembly.l
Section 4.0, Fuel Assembly Design - describes the assembly hardware..

Section 5.0, Pretest Predictions - provides computer code predictions
made with the GAPCON-THERMAL-2 and FRAP-S codes before the
assemblies were built and charged.

Section 6.0, Fuel Pellet Fabrication - details the fabrication process:
for the selected fuel types.

Section 7.0, Fuel Pellet Pre-irradiation Character1zat1on - pr0v1des data
of most importance to future data ana1ys1s and fuel rod
modeling.

Section 8.0, Fuel Rod And Assembly Fabrication - describes the final
assembly stages conducted by the Halden project staff.
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Appendices, The analytical results, fabrication details, precharacteri-
zation data, and certifications which support establishment of
the initial conditions are given in the appendices to ensure
availability of all information on the test assemblies.
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2.0 TEST RATIONALE

It is common practice in éttempting to simulate the conditions in a
nuclear fuel rod, to group a series of mathematical models (based on first
principles and/or empirical correlations) into a computer code. It is this
code that is used to predict the response of the fuel rod to a wide range of
conditions postulated during an evaluation of reactor fuel safety. The
results of such codes must be applied with caution, though, for if the code is
based on first principles, some Timited extrapolations may be made; but if the
code is based upon empirical correlations, it should only be used for interpo-
lation. In either case though, well-characterized data is needed in order to
test code predictions and quantify the uncertainties in the predictions.

To evaluate applicants' fuel Tlicensing codes, the NRC Division of
Technical Review maintains several computer codes, among which are the
gApCON-THERMAL (1+2) and Frap-s(3)
During the initial development of GAPCON-THERMAL, an extensive amount of data
was reviewed in order to select that which was appropriate in either assisting

series for stored energy calculations.

in model development or aiding in verifying the code. As a result of this
review, deficiencies were found in the data base for several areas of fuel
performance. Several items are of particular concern:

e Fuel rod temperature data, used for calculating stored energy, consisted
largely of estimates inferred from microstructural changes such as melt
radii or grain growth radii. This process of temperature determination
is subject to substantial uncertainties.

e There was no data available to describe the effects of densification upon
fuel temperatures.

e Well-characterized data was sparse for fuel life-times of greater than a
few days. Thus, very little data existed which described the effects of

burnup upon fuel performances.
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Therefore, in July 1974 the decision was made to develop a test program
that would provide well-characterized data for the dual purposes of model
development and code verification. The goal of the current program is to
provide the desired information using two instrumented fuel assemblies of six
fuel rods each. Specific design considerations are discussed in the following
sections.

FUEL ROD THERMAL DESIGN PARAMETERS

Rod 1: Contemporary Rod

A major objective of the program is to provide internal cross-correlation
of the data and a means of extrapolating these tests to U.S. commercial
nuclear fuel with as many tie points as possible. Accordingly, rod 1 was
selected as the standard rod. Its specifications are 95% theoretical density
(TD) stable fuel, a 0.0229 cm (0.009 in.) initial diametral gap, helium fill
gas, and Boiling Water Reactor -6 (BWR) dimensions. As the BWR pellets are
larger, they tend to reduce perturbations induced by thermocouples and
minimize the difficulty of extrapolating the data from the Halden tests to
commercial plants. Since atypical cladding dimensions are difficult to obtain
from commercial sources, cladding procurement problems were minimized by using
these typical size pellets. The 95% TD fuel density was selected to

e assure a densification-resistant fuel,
e provide a density typical of 1974 vintage fuel designs, and

e provide a tie point to previous thermal conductivity measurements on
unirradiated fuel.

Rod 2: Instantaneous Fuel Densification

The major impact of fuel densification(4) has been the assumption that
the fuel undergoes isotropic shrinkage directly proportional to the difference
between the fabricated and terminal densities. For example, a 93.5% TD BWR
fuel pellet, 1.24 cm (0.488 in.) diameter, would be expected to shrink 0.0124
cm (0.00488 in.) if the NRC criteria of 96.5% TD terminal density were
applied. Most BWR fuel rods of this pellet size may be expected to contain an
initial diametral gap of 0.0279 - 0.0305 cm (0.011 - 0.012 in.).
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Consequently, the shrinkage induced by densification would create a diametral
gap of 0.0381 - 0.0432 cm (0.015 - 0.017 in.). When considering tolerances

i.e. 0.0038 cm (0.0015 in.) , even larger initial gaps could be expected.
Prior to the availability of data from the Edison Electrical Institute/

(5,6) the

Electric Power Research Institute (EEI/EPRI) densification program,
Halden program,(7) and individual fuel vendor programs, instantaneous
(4) That is, a 0.0406 cm gap (for the example

above) was assumed to exist as soon as the plant reached full power.

densification was assumed.

Accordingly, rod 2 was designed with a 0.0381 cm (0.015 in.) diametral gap
to simulate instantaneous densification. The 0.0381 cm gap in the BWR-6
geometry (1.0909 cm cladding inner diameter) yields a gap-to-diameter (G/D)
ratio of 3.6% which approximates the G/D ratios typically postulated for
densified fuel in either the older BWR or pressurized water reactor (PWR) fuel
designs.

Rod 3: Internal Reference

Rod 3 was designed primarily for an independent check of rod powers. It
also provides an upper bound for gap conductance and can be used to simulate
high burnup rods where the initial gap has been closed by various fuel reloca-
tion mechanisms. This rod contains 95% TD stable fuel with an initial diame-
tral gap of 0.0051 cm for IFA-431 and 0.0076 cm for IFA-432 (0.002 and 0.003
respectively). These gaps were chosen to provide good fuel cladding contact
at power and yet minimize the potential for cladding failure that might be
induced by mechanical interaction. The small gap should be closed at power,
thus producing high gap conductances, minimizing the temperature drop across
the fuel-cladding interface, and providing a good check of the effective
in-reactor thermal conductivity of the fuel. Since thermocouples will
indicate the fuel centerline temperatures and cladding temperatures may be
calculated, it will be possible to check the rod powers in the assembly. The

(8)

technique that will be used is based on the conductivity integral.

Rod 4: Effects of Xenon Fill Gas

Experimental irradiations have indicated that the apparent gap conductance
in either Xe-or Xe-Kr filled rods is better than the values calculated by
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accepted analytical codes. Those experimental irradiations may be summarized
as follows:

(9,10) reported no apparent effect of the gas atmosphere

o Cohen et. al
within the rods. Rods having diametral gaps of approximately 0.0076 cm

showed no apparent difference between He and He-25% Kr mixtures.

. Horn(]]) indicated mixtures of He-38% Xe and He-60% Xe resulted in
approximately the same gap conductance as 100% He. Horn's tests were
conducted at high heat ratings with initial diametral gaps of approxi-
mately 0.0152 cm.

e Lawrence et. al(]z)

effect (relative to 100% He) on the experimentally determined gap conduc-

reported that a He-41% Xe mixture had no apparent

tance. These tests consisted of irradiating U02-25 wt% PuO2 rods
that had initial diametral gaps of approximately 0.0279 cm to powers of
790 W/cm (24 kW/ft).

To aid in understanding the reported anomalous thermal behavior of Xe-filled
rods, rod 4 contains 95% TD stable fuel, a 0.0229 cm diametral gap, and 100% Xe
fill gas.

Rod 5: Verification of Fuel Density Stability

New fuel designs under consideration for commercial reactors will use

(5,13) provide

low-density, stable fuel. Results of recent experimental work
the technology required to fabricate low-density (e.g. 92% TD) fuel with the
various degrees of stability or resistance to irradiation-induced densifica-
tion that are required for these new commercial reactor designs. Rod 5 con-
tains 92% TD stable fuel with an initial gap of 0.0229 cm, and should provide
one means of verifying recent fuel fabrication technology with regards to the
effects of fuel structures on irradiation temperatures. This rod will also be

cross-correlated with rod 6.

Rod 6: Densification Kinetics

Rod 6 contains 92% TD unstable fuel and a 0.0229 cm diametral gap.
Earlier studies(5:13) paye indicated that fuel with a similar structure
underwent significant densification during irradiation. Thus, densification
models were developed to simulate time-dependent densification using kinetic
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information obtained from Ha]den,(7) terminal densities derived from the
EEI/EPRI studies,(s) and resintering tests conducted at PNL (Section 7.4).

(14,15) and

Data from rod 6 will be used to verify NRC densification models
to provide a check of applicant-supplied models. Although appropriate data is
not currently available, dimensional changes in the unstable fuel and the

concomitant effects on the gap conductance are probably not as large as those
calculated using 1974-vintage licensing criteria. Further, relocation mecha-
nisms, such as cracking and unrestrained swelling, may mitigate some densifi-

cation.

ASSEMBLY POWERS AND BURNUPS

The assembly heat ratings were selected to bracket the peak rod powers for
the newer generation plants. These plants have incorporated smaller diameter
rods and Tower rod heat ratings by using larger rod arrays. For example, BWR
assembly designs have gone from 7 x 7 to 8 x 8, 9 x 9, and 11 x 11 rod arrays
while PWR assemblies have been modified to increase the 14 x 14 rod array to
15 x 15, 16 x 16, or 17 x 17 arrays. The design power of 330 W/cm (10 kW/ft)
for IFA-431 and 490 W/cm (15 kW/ft) for IFA-432 will be representative of
commercial fuel rods.

Design assembly burnup for IFA-431 is set at 4000 MWd/MTM to ensure
complete fuel densification, minimize fuel volume changes induced by fission
product swelling, and retain the option of post-irradiation examinationv(PIE)
that confirms gap closure data obtained from previous low burnup rods.
IFA-432 has a design burnup of 20,000 MWd/MTM to obtain information on
extended burnup effects. So that a direct comparison may be made between
IFA-431 and IFA-432, rods 2, 3, and 4 of IFA-432 are removable (and can be
replaced with new rods). If this option is exercised, it will occur at
approximately 4000 MWd/MTM.

FUEL RELOCATION

The stored thermal energy in a fuel rod depends primarily on the rod
power, the fuel thermal conductivity, and the conductance across the
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fuel-cladding gap. Although the gap conductance is dependent on many inter-

related variab]es,(]5,21)

the basic components are the effective gap size

and the gas thermal conductivity. In other words, if the heat flux is known,
gap conductance can be calculated by defining the effective gap width and the
conductivity of the gas in the gap. Unfortunately, these two variables are
interdependent and difficult to quantify. For example, the large gaps (+0.038
diametral) postulated for densified fuel produce higher calculated fuel
temperatures than gaps of size 0.023 cm diametral, and enhance the release
fractions of fission gas. When additional fission gases, with their low
thermal conductivities, are released, the gap conductance is degraded. This
degradation, in turn, further raises the fuel temperatures. This calculative
process then proceeds until an equilibrium temperature is reached (based on
the power history of the rod). Concurrently, the gap dimensions are
constantly changing due to the contribution of fuel and cladding thermal
expansion, cladding creepdown, and fuel relocation. Fuel relocation includes
contributions from fuel densification, fuel cracking, crack healing, fission
product swelling (restrained and unrestrained), and pellet column eccentricity.

The BOL fuel relocation effects have the largest impact on the thermal
stored energy. The effects of densification are postulated to be largely
mitigated by BOL gap closure induced by fuel cracking and crack healing com-
bined with unrestrained swe]]ing.(]) The calculated effects of fuel reloca-
tion almost completely overwhelm second and third-order parameters such as
fuel or cladding surface roughness.

Although the cracking behavior of oxide fuel has been studied in both
laboratory and in-reactor tests, the mechanisms are poorly understood. In
addition, there exists very little well-characterized data tying fuel reloca-
tion directly to fuel temperatures. Reliable prediction of the amount of fuel
relocation (a function of heat rating, gap size, burnup, and fuel temperature)
will heavily impact the quantifying uncertainties involved in the calculation
of gap conductance, and thus stored energy. The data will also be applicable
to understanding later-in-1ife pellet-cladding mechanical interaction (PCMI).
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The effects of changes in gap size will be inferred from the readings
obtained from the two fuel centerline thermocouples and cladding elongation
sensor contained in each rod. If the fuel relocation mechanisms are rapid,
the degradation induced by fission gas in the gap should be minimized (at
Teast in IFA-431, 330 W/cm peak power) and the rod temperatures should ini-
tially decrease to an equilibrium temperature. Degradation of the initial
fill gas thermal conductivity caused by release of adsorbed gases may, how-
ever, mask the effects of gap closure at some heat ratings early in life.
Confirmation of gap closure is expected to be obtained by detecting the onset
of PCMI through the use of the cladding elongation sensors, and possibly, by
destructive PIE of selected fuel pin cross sections. However, the elongation
sensors will not pinpoint the point of interaction and pellet chips trapped in
the gap could bias the results.

Most of the evidence available when these tests were designed suggested
that no measurable cladding strain would occur when the fuel was initially
relocated, unless the gap was extremely small. That is, little cladding
strain is expected at low burnups provided the rod powers remain relatively
constant and the gap is sufficiently large to accomodate differential thermal
expansion. However, rapid changes in power after the fuel has contacted the
cladding should produce cladding strain. The postulation of Tittle cladding
strain is based on a number of PIE cladding measurements on various fuel
types where the gap was entirely closed by fuel relocation. Since rods 1
(0.0229 cm gap), 2(0.0381 cm gap), and 3 (0.0051 cm gap for IFA-431 and 0.0076
cm gap for IFA-432) will span the range of gap sizes in commercial plants,
they should provide the data necessary to develop an improved gap closure
model.

The effects of variations in gap geometry have been briefly investigated.
As an example, one study was an analytical investigation of fuel pellet eccen-

tricity.(zz)

The results suggest that fuel eccentricity could significantly
lower the fuel centerline temperature. Thus, the fuel column of rod 4 is
designed to aid evaluation of the relative effects of eccentricity. To

achmp]ish this, the upper fuel region has been mechanically constrained
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(within tolerance limits) to a concentric orientation, and the lower fuel
region constrained to a fully eccentric orientation.

Because the gap size as well as the gas composition within the gap will -
vary with time, the data from rod 4 will be particularly valuable in evalua-
tion of the gap closure. This is because Xenon has such a low thermal con-
ductivity that the release of fission gases should have little effect on the
gas thermal conductivity. Therefore, any changes in the fuel temperatures of
rod 4 should be a direct consequence of changes in the gap size.

FUEL ROD GAS PRESSURES

Pressure transducers are installed in rods 1, 5, and 6 to help evaluate
various NRC fission gas release mode1s,(23’24) helium solubility or entrap-
ment, and to check the algorithms used to calculate internal rod pressure.
Since the gap dimensions and gas compositions are critical in any gap conduc-
tance model, and are interdependent, the various parameters must be sepa-
rated. (For example, changes in fuel temperature are induced by changes in
both dimension and gas composition.) These pressure transducers will also
check the capability of various codes to calculate initial rod pressures.
These calculations depend on correct summation of internal void volumes, the
temperature associated with the void volumes, and the moles of gas within the
pin. Data from the initial startup will be the best checkpoint for rod pres-
sure calculations because neither the moles of gas or the void volumes will
have undergone substantial changes. Plenum, gap, internal fuel void volume
temperatures, and differential thermal expansion will have the largest effect.

Helium entrapment within the fuel is postulated to occur within a few
weeks after startup. The amount of entrapment could be a critical parameter
for several design or safety situations. For example, PWR rods are now
typically prepressurized to preclude cladding collapse and to offset PCMI
effects. If sufficient He is trapped in the fuel, the actual operating pres-
sure will be lower than that designed. If a significant amount of helium
becomes entrapped in BWR or nonpressurized PWR fuel, the gap conductance could
be severely degraded if low conductance, indigenous gases are released to tife
gap volume.
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An important objective of these tests is to verify fission gas release
models and to improve the fission gas release data base. Release of Xe and Kr
to the gap causes rapid degradation of the gap conductance and consequently
raises the stored energy in the fuel rods. Thus, significant inaccuracy of
the gas release models will severely distort the thermal calculations. Most
fission gas release models are based on a release fraction rather than a
release rate. These tests should provide data for development of empirical
release rate equations and, subsequently, more mechanistic models.

Besides providing fission gas release data, the pressure transducers may
provide a means of following changes in void volumes that are induced by
densification. Rod 1, with its 95% TD stable fuel, will provide a reference
for rods 5 and 6. Thus, comparison of rod 1 with rod 5 (92% TD stable fuel)
will allow correct compensation for stable low density fuel while comparison
of rod 5 with rod 6 (92% TD unstable fuel) will allow inference of void volume
changes that may be caused by densification.

CROSS-CORRELATION EFFORTS

These tests were designed to ensure that the data could be cross-
correlated, provide as many independent checks of data validity as possible,
ensure against instrument failure, ensure at least internal consistency on a
relative basis, and provide some tie points to commercial plant designs as
well as other fuel research programs. One of the basic premises for the test
design was to provide a systematic approach that would allow adequate inter-
polation and extrapolation with computer codes. The first step in this
approach was the decision to design IFA-431 and IFA-432 as identical assem-
blies. The use of identical designs enhances the ability to interpolate over
a range of power and also replicates initial conditions. For example, it will
be possible to duplicate the data from the first power ramps of IFA-431 with
the first ramps of IFA-432. Also, the use of identical assemblies reduces the
uncertainties associated with assembly and rod power distributions.

The power profile in HBWR (see Section 5.0) was also considered during the
design of the tests. It was decided the top of the rods would be placed at
the peak of the axial neutron flux profile, which forces the bottom of the
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rods to operate at 70-80% of the peak rod power. To take advantage of this
power distribution, thermocouples are placed in the top and bottom of each
rod. Although no previous tests had been run in HBWR with thermocouples
penetrating both endcaps, Halden staff members were able to develop a workable
design. This placement of thermocouples in both ends provides an opportunity
to check the ability of various codes to interpolate over a short power range
within the same rod. If a code cannot adequately perform these calculations,
the temperature distribution calculations over a four-meter (13-ft) fuel
length are also suspect. Two thermocouples per rod will allow modelers to
interpolate between approximately 230 W/cm and 490 W/cm (with internal check
points at approximately 330 and 400 W/cm) while single thermocouples would
have provided data only at 330 and 490 W/cm. As a result of reactor cycling,
data will be obtained over the range of 0-525 W/cm which should span most of
the anticipated normal operating powers in commercial plants.

In addition to the selection of assembly powers, additional tie points
with commercial plants and other fuel research programs included selecting the
BWR-6 fuel geometry and procuring commercial quality tubing. Some of the
cladding obtained for this program was shipped to Aerojet Nuclear Company (now
EG&G Idaho, Inc.) for use in their Halden tests. Both programs also used the
same starting fuel powder for fuel fabrication, which was obtained from the
Power Burst Facility (PBF). The length of the rods in both IFA-431 and
IFA-432 was designed to be compatible with PBF test trains, as well-
characterized irradiated fuel is needed for a number of tests in the PBF
program. Some of the fuel structures produced during fuel fabrication were
similar to those investigated in the EEI/EPRI UO2 fuel densification study
and will therefore provide a tie point to a much larger structural characteri-
zation program.

To assure the best possible thermal data, it is extremely important to
correctly assess rod powers and the power distribution within the rods. To do
this, seven neutron sensors are placed in each assembly. One sensor is
located in the center of the assembly, three are located in the plane
containing the upper thermocouples, and three are located in the plane con-
taining the Tower thermocouples. This arrangement allows the determination of



neutron flux profiles in the assemblies in both the axial and radial direc-
tions. In addition, rod 3 (0.0051 - 0.0076 cm diametral gap) is included as
an internal power standard. The small gap in rod 3 will be closed at power
and thus the temperature gradient across the gap will be minimized. Since the
coolant temperature and fuel centerline temperatures will be known, it will be
possible to obtain an independent check of rod power at both the top and
bottom planes in the assembly. It will also be possible to compare rod powers
and fuel temperatures in both assemblies to assure consistent data.

Fuel and Cladding Pre-irradijation Characterization

Physical properties and geometric data for fuel and cladding must for fuel
and cladding be extensively precharacterized to improve power calibration and
thermal distribution calculations.

Establishing the initial dimensions and void volumes within the pins is
also essential for assessment of all thermal calculations. Consequently, the
lengths and diameters were measured for each fuel pellet, as well as the clad-
ding for each rod. Each pellet was then identified with a unique number for
the purpose of tracing pellet types and position, within the rods. This
information will enable determination of the axial distribution of gap volume
and the plenum volume. Pellet and cladding roundness profiles were also
obtained to illustrate the departure from the ideal co-axial cylinders which
are used in most computer code models.

Geometric densities were determined for all pellets, and immersion den-
sities for a significant fraction of the pellets. A correlation was developed
relating immersion density to geometric density. This density data will be
used in two ways: correcting rod power discrepancies caused by differences in
mass distribution, and verifying NRC resintering models used to characterize
fuel's propensity to density. Section 7.0 discusses resintering tests con-
ducted on each fuel type.

Thermal diffusivity measurements were taken for each fuel type to a tem-
perature of 1600°C. The thermal conductivity of the fuel as a function of
temperature was then determined from information obtained on the diffusivity,



heat capacity, and density.(zs)

(26)

Use of this thermal conductivity data,
rather than the'Lyons conductivity equation as used in the pretest pre-
dictions, is expected to improve the post-test analysis. In addition, the
thermal diffusivity data will reduce the uncertainty associated with calcula-
ting gap conductances from the experimental data.

The EEI/EPRI UO2 densification program(s) demonstrated the importance
of pore-size distribution measurements in characterizing the stability of
various fuel types. During this test program an objective is to assure that
95% TD-S(a) fuel types will indeed be stable, while also expecting that the
92% TD-U fuel will undergo large amounts of in-reactor densification. Both
fuel densities and pore-size distribution can be measured during PIE, should
it prove necessary to verify the relative stability of the fuel types.
Archive pellets from each fuel type are being retained to provide a means of
reducing variances associated with potential differences in examination
techniques used in the pre-and post-test measurements.

Dynamic Temperature Measurements

During the test program planning, PNL requested a series of controlled
power cycles for each assembly. As a result, there will be three cycles in
each series consisting of a 66 W/cm (2.0 kW/ft) linear drop in power over a
60-second time interval. These tests will yield transient gap conductance
data for comparison with pseudo steady-state measurements. Data from the
transients should provide a cross-check on the steady-state data and a data
base for developing and verifying portions of the transient gap conductance
models needed to satisfy the Final Acceptance Criteria for the emergency core
cooling system (ECCS).

Summary of Cross-Correlation Design Aspects

Table 2.1 illustrates the amount of cross-correlation that will be pos-
sible. In addition to the rod-to-rod comparisons, top-to-bottom comparisons
can be made in each rod and separate effects as a function of burnup and power
can also be evaluated. Also, design considerations will make possible
comparison of these tests to other test programs and commercial operation.

(a) 95% TD-S: The S indicates stable fuel type; U refers to unstable fuel.
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TABLE 2-1. Cross-Correlation Matrix

Gap Fuel Fuel Fuel Gas Fuel Rod ¥ Rod Dynamic
Rod Number Size Relocation Eccentricity Stability Composition Density Power Pressure Temperature
1(9-He-95-5)(2) X X - X X X X
2(15-He-95-5) (D) () X X
.3(2-He-95-5) {03 (c) X X X X
4(9-xe-95-5) (%) X X X X
5(9-He-92-5) X X X X X
6(9-He-92-u) X X X X
7(15-He-95-5)
8(9-He-95-5)
9(7-He-95-5)

(a) Example 1(9-He-95-S): 1 identifies the rod, 9 is the nominal diametral gap in mils, He is the fill gas, 95 is
the fuel percent theoretical density, and S indicates stable (s) or unstable (u) fuel.

(b) IFA-432 rods which may possibly be removed at 4000 MWd/MTM and be replaced by rods 7, 8, or 9.

(c) Rod 3 of IFA-432 is fabricated with a 0.0076 cm diametral gap.
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3.0 FUEL ROD DESIGN

The BWR-6 fuel rodlgeometry was selected for relevance to contemporary
LWR's, BWR-6 pellets are also larger than PWR pellets, which therefore tends
to reduce perturbations caused by instrumentation.

Fuel and Cladding

Each fuel rod used in these tests nominally contains 45 fuel pellets, 1.27
cm (0.5 in.) long, for an active cold fuel length of 57.15 cm. A1l pellets
have flat ends, were enriched to 10 wt% 235U, and were fabricated by com-
pacting and sintering U02 powder to the required density (see Section 6.0
for further description). Dysprosium oxide pellets are located at each end of
the pellet column to smooth out the flux profile, and a helical spring,
located in the plenum, maintains a compact fuel stack. The cladding for all
rods is annealed, seamless Zircaloy-2, with an outside diameter of 1.2789 cm
(0.5035 in.) and an inside diameter of 1.0909 cm (0.4295 in.). The cladding
for both assemblies was purchased by PNL from Sandvik Special Metals
Corporation in Kennewick, Washington in accordance with ASTM-8353-7](]) and
supplementary PNL specifications (see Appendix A for quality certifications
and supplementary specifications).

Fuel Density

A reference fuel density of 95% TD was selected to assure a densification-
resistant fuel and to provide a density typical of current fuel designs.
Since new designs being considered for commercial reactor fuels will use
stable, low density fuel, fuel pellets of 92% TD with stable and unstable
structures are included in these tests. The stable fuel will be compared
directly with the unstable fuel to obtain information on the effect of densi-
fication,

Geometry

Initial cold, diametral fuel-cladding gap sizes of 0.0051, 0.0076, 0.0178,
0.0229, and 0.0381 cm (one fuel size per rod) were selected for these tests.
A He-filled rod with an initial diametral gap of 0.0229 cm (rod 1) was the
selected test standard. The rods with 0.0381 cm gaps (rod 2) will provide an
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upper limit for the postulated effects of densification, and will simulate
instantaneous densification. Although they are poorly understood, gap closure
mechanisms are expected to quickly reduce the gap. Conservatism is thus
expected to be reduced in the future for this, one of the most adverse cases
used in licensing. The small-gap rods, 0.0051 and 0.0076 cm (rod 3), are
designed to produce fuel-cladding contact at power, which will ensure a high
gap conductance relative to the other rods. This provides an internal stan-
dard to which data from the non-zero hot gap rods can be normalized.

Fill Gas

Five of the six rods in each assembly are backfilled with He at atmos-
pheric pressure. Because of fission gas release, these rods will experience
gas thermal conductivity degradation during irradiation. To eliminate the
variables of changing gas composition and thermal conductivity, rod 4 was
backfilled with Xe at atmospheric pressure. As Xe has the lowest gas thermal
conductivity, contamination with fission gases should not affect the thermal
conductivity. Therefore, the gas thermal conductivity for rod 4 should remain
constant with irradiation. Rod 4 is considered a lower bound to gas thermal
conductivity while the He-filled rods at BOL may be considered upper bounds.

Uniqueness of Rod 4

Rod 4 of each assembly has two design features which are not incorporated
into any other rod in the test series. First, it is backfilled with Xe ‘gas.
Second, through the use of oversized fuel pellets and molybdenum rods, an
upper region of the fuel column is concentrically constrained while a lower
region of the fuel column is eccentrically constrained (Figure 3-1). These
design features allow, first of all, a comparison to other experimental

irradiations(2-4)

which have indicated that the apparent gap conductance in
Xe and Xe-Kr-filled rods is better than that calculated by accepted analytical
methods. Second, comparison of the relative gap conductance between the
eccentric and concentric portions of the rod may confirm analytical data
suggesting that gap eccentricity may enhance heat transfer. The use of Xe
fill gas will aid in this analysis by providing a constant gas thermal
conductivity throughout the irradiation. Thus, changes in gap size will be

the primary determinant of changes in gap conductances.
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THERMOCOUPLE

BOTTOM

FLATS

: TYPICAL OF OVERSIZE PELLETS
THERMOCOUPLE

FIGURE 3-1. Stack Arrangement for Rod 4 with Xenon Fil1l1 Gas (1 atm)

Instrumentation

Because of the heavy influence of gas mixing and resulting conductivity
changes, there is uncertainty as to the accuracy of coupling axial nodes of
4-meter long commercial rods. Therefore, each fuel rod in this test is
instrumented with two temperature sensors that are located upon the fuel
centerline. One sensor penetrates the fuel stack from the top; the second
from the bottom. As a result of this arrangement, the fuel centerline tem-
perature is measured at two axial positions. This data may be used for two
different checks: temperatures at two axial nodes provide a check on global
models of the fuel rod, and a comparison is provided between the low-power
position of a high-power rod (IFA-432) and the high-power position in a
low-power rod (IFA-431). A1l of the temperature sensors are thermocouples,
except for one ultrasonic thermometer which is located in the upper region of
rod 2, IFA-432.
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Additional rod instrumentation consists of cladding elongation sensors for
all rods to detect the time and extent of pellet-cladding interaction. Rods
1, 5, and 6 are equipped with pressure transducers to monitor internal fuel
rod pressure.

Table 3-1 lists the design parameters and instrumentation for IFA-431 and
IFA-432. Figure 3-2 shows details for each fuel rod type.

TABLE 3-1. Design Parameters and Instrumentation for IFA-431 and IFA-432
IFA-431 Peak Power - 10 kW/ft (328 W/cm)

Cold
Diameter Diam?tgal Fuel Instrumentation
Rod Pellet Gapta Fill Density Fuez Burnup Temperature Cladding
No. in. mm in. mm  Gas % 1D Type MWd/MTM_ Upper Lower Pressure Length

.4205 10.681 0.009 0.229 He 95 stable 4,000 Tc¢‘¢) ¢ pr(d) es(e)

1 0

2 0.4145 10.528 0.015 0.381 He 95 Stable 4,000 TC TC -- ES
3 0.4275 10.858 0.002 0.051 He 95 Stable 4,000 TC TC -- ES
4 0.4205 10.681 0.009 0.229 Xe 95 Stable 4,000 TC TC -- ES
5 0.4205 10.681 0.009 0.229 He 92 Stable 4,000 TC TC PT ES
6 0.4205 10.681 0.009 0.229 He 92 Unstable 4,000 TC TC PT ES

IFA-432 Peak Power - 15 kW/ft (492 W/cm)

1 0.4205 10.681 0.009 0.229 He 95 Stable 20,000 TC TC PT ES
2 0.4145 10.528 0.015 0.381 He 95 Stable 4,000(f) UT(g) TC -- ES
3 0.4265 10.833 0.003 0.076 He 95 Stable 4,000(f) TC TC -- ES
4 0.4205 10.681 0.009 0.229 Xe 95 Stable 4,000(f) TC TC -- ES
5 0.4205 10.681 0.009 0.229 He 92 Stable 20,000 TC TC PT ES
6 0.4205 10.681 0.009 0.229 He 92 Unstable 20,000 TC TC PT ES
7 0.4145 10.528 0.015 0.381 He 95 Stable 16,000 -- -- -- --
8 0.4205 10.681 0.009 0.229 He 95 Stable 16,000 -- -- -- --
9 0.4225 10.732 0.007 0.179 He 95 Stable 16,000 -- -- -- --

(a) Cladding for all rods has an OD of 0.5035 in. (12.789 mm) and an ID of 0.4295 in. (10.909 mm) .
Diametral gap is cladding ID minus pellet diameter.
With respect to in-reactor densification.

Thermocouple

Pressure Transducer

Elongation Sensor

Removable rods replaced by Rods 7, 8, and 9.

UT = Ultrasonic Thermometer

e
© o QaoO o
e e e
-
—
non u
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CLADDING LOWER THERMOCOUPLE RODS 1,5 AND 6
l Z [ | — L L /.
LEAD WIRE UPPER THERMOCOUPLE * LEAD WIRE
163 5 20-—5»-————('1?6(:)7—-4 5 o [T P

ﬂ— 627 40,1

RODS 2,3AND 4

POISON THERMOCOUPLE

THERMOCOUPLE PLENUM CLADDING
PELLET (S} JUNCTION

l | J | l FUEL PELLETS \
e [ :

LEAD WIRE oo soJPmﬂ(Sl LEAD WiRE
ey 118403
Cheine NON-INSTRUMENTED
rae A FUEL PELLETS poison R[PLlAl(;[AA'AAE;g ROD
R fimm
Sl T LT T T T T T T T i
b
(73]
i T s "
1 R

PM - PRESSURE MONITOR

TS - TEMPERATURE SENSOR

- ULTRASON! C THERMOMETER IN ROD NO. 2 OMLY - IFA-4R
ALL DIMENS |ONS ARE MILLIMETERS

FIGURE 3-2. Schematic Arrangement of Fuel Rods for IFA-431 and IFA-432
(Dimensions are in mm)
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4.0 FUEL ASSEMBLY DESIGN

Each fuel assembly contains six instrumented fuel rods equally spaced
around a central cable tube. The two assembly designs are identical except
for an ultrasonic thermometer in the upper end of IFA-432, rod 2. The two
assemblies are to be irradiated separately and in different reactor channels;
IFA-431 in channel 6-14 and IFA-432 in channel 3-8 (see Figure 4-1).

FUEL ROD FLOW TUBE
6-6 6-7 6-8 6-9 6-10 6-11 6-12 ///
® O
IFA-431
® @
® G
IFA-432
@ @
® @
® G

HBWR 1V CORE LOADING NO. 19 DATE:NQV 1975

CONTROL ROD (CS 19) 2
GD INSTRUMENTED FUEL ASSEMBLY (IFA-431) 49

(S)  STANDARD THIRD CHARGE ASSEMBLY 32

FIGURE 4-1. Core Positions of IFA-431 and IFA-432
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Fuel rod parameters to be measured during reactor operation include
central fuel temperatures (at two axial locations for all rods), cladding

elongation for all rods, and internal rod pressure for rods 1, 5, and 6. The
arrangement of IFA-431 in the flow channel is shown in Figure 4.2.

The following fuel assembly parameters will be measured during
irradiation:

e fuel channel flow rate (during calibration) - Turbine velocity meters are
used to measure the flow rate at the inlet and outlet of the fuel channel.

e coolant temperature rise in the channel - Chromel/alumel thermocouples
with insulated junctions are located at the inlet and outlet of the flow

channel.
__~SEAL GLAND
& FAILURE MONITOR
oo , STEAM SAMPLER AA
oo . ° =
488 ’\' 2400 mm WATER LEVEL ( ’ H/ OUTLET THERMOCOUPLES o ND4
[ e
- 2278 mm 2 OUTLET TURBINE VELOCITY METER 6 O O !
5 O O 2
- .
GUIDE TUBE ND6e O O e NDS
a 3
| ALUMINUM FLOW TUBE 8.8
e ND1
’ 6 O O 1.
////3PRESSURFTRANSDUCERS 50 o2
XA 6 FUEL RODS D3e e ND2
o oY 1102 mm Jgd— N Q ? N
My 1008 mm T35 — 6 FUEL CENTER THERMOCOUPLES
| ____ 3 VANADIUM NEUTRON DETECTORS
Sy 804 mm | 1 COBALT NEUTRON DETECTOR
A ¥ 586 mm o T{i"=— 3 VANADIUM NEUTRON DETECTORS
U Wy 517 mm |5 6 FUEL CENTER THERMOCOUPLES
‘ 6 CLADDING ELONGATION SENSORS
_ ] v 285 mm
s @ INLET THERMOCOUPLES
NATURAL CIRCULATION [2=)——— |NLET TURBINE VELOCITY METER
NORMAL OPERATION ||/ CALIBRATION VALVE
v O mm

—— CORE BASE PLATE

“~ FORCED CIRCULATION - CALIBRATION ONLY

FIGURE 4.2. Schematic of Instrumented Fuel Assembly - IFA-431
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e neutron flux - Self-powered beta neutron detectors are used for axial and
radial neutron flux measurements. Each fuel assembly has six vanadium
detectors (used for steady state measurements) and one cobalt detector
(used for transient measurements). The vanadium detectors are equally
spaced with three each on two planes. Because each vanadium detector
measures the flux over approximately 10 cm, the axial centers of the
detectors, for each plane, are located at the axial position of the tips
of the thermocouples (see Figure 4.2). The cobalt detector is located in
the assembly's middle region.

e fuel rod integrity - Integrity is monitored by analyzing fission product
activity in steam samples taken from the flow channel.

Figure 4.3 shows the arrangement of the temperature sensor, neutron
detectors, and fuel, relative to the reference axial thermal neutron flux

profile.

14
P
UPPER THERMOCOUPLE

2 N—| (ULTRASONIC THERMOMETER
% \\m ROD 2, IFA-432)
= I
Z 10 |- LOWER THERMOCOUPLE ,/ N
=
2 ¥/—F vANADIUM )
=28 // NEUTRON}
= : ; T DETECTORS _* T \
e / L REFERENCE AX AL THERMAL\\
o 6 —t— FLUX PROFILE
g / COBALT A\
= NEUTRON DETECTOR \
5 \
2 9

2 ,

FUEL
0

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
ELEVATION ABOVE CORE BASE PLATE - mm

FIGURE 4.3. Arrangement of Temperature Sensors, Neutron Detectors, and

Fuel Relative to Reference Axial Thermal Flux Profile,
IFA-431 and 432






5.0 PRETEST PREDICTIONS

Pretest predictions for both IFA-431 and IFA-432 were made with the
6APCON-THERMAL-21) (92121974 version) and FRAP-52) (MODOOT-EXPROO4-MATPRO
MODO03) codes; the input used for these simulations is summarized in Appendix
B. The major difference in input for each code was the lack within FRAP-S of
1) a xenon fill gas option, and 2) a fuel densification model. Post-test
predictions using actual conditions are planned once the data have been
processed.

The predictions for a contemporary rod (rod 1: 95% TD-S fuel, 0.0229 cm
diametral gap) from each assembly are presented in Figures 5-1 and 5-2.

INTERNAL GAS PRESSURE, atm

3000 0
IFA-431 ROD #1 _
FILL GAS = HELIUM
PELLET DENSITY = 95% TD
2500 20 |- COLD GAP = 0.009 in. .
IFA 431 ROD #1
~——GAPCON -THERMAL-
FILL GAS = HELIUM o MAL-2
PELLET DENSITY = 95% TD o ——=FRAP-S
2000 - COLD GAP = 0.009 in. £ mof 00 == {20
fout -
© < -~
e, —— GAPCON-THERMAL-2 s -~
& a P
> L ~=—FRAP-S 5 _-
£ 1w TR 4 150
= POWER RATIO LTC/UTC =0.80 7 E
@
2 5 N L
E o} S 1000 e - 100
Z u- /
8 /
= 7
2 s/
P
500 |- 500 I~ 7 41 50
7
-
/ r—»
0 1 1 L 1 o e I 1 1 0
0 2 4 6 8 10 0 2 4 6 8 0 12
HEAT RATING, kW /ft BURNUP, MWD/MTM (x 10)

FIGURE 5-1. Predictions for IFA-431, Rod 1 (100% He, 95%. TD-S UO2
0.0229 cm cold gap)
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3000 30
FA -432 ROD #1 ——— GAPCON-THERMAL-2
FILL GAS : HELIUM  ——<FRAP-S
PELLET DENSITY = %.0%TD
20| COLDGAP = 00088 in, 1 20
Y
IFA - 432 ROD #1 — ;
| [&]
BO0 "¢ (1L gas < HELIUM yd < aof 1m0 =
PELLET DENSITY = 5% TD / & / ui
COLDGAP - a0os8in. 7 2 M 2
& / x5 £
¥ a0 / 3 1ol / 1 150 §
z E / g
@ x §
& ‘E £
- 1500 |- S 000 // {100 2
2 POWER RATIO LTC/UTC - 0.8185 //
%0 |- L i
—— GAPCON-THERMAL-2 i / »
———FRAP-S / Z/
1 i 1 i 1 1 i 1 //
0 0 i 1 1 A 0
D 2 4 6 8 10 12 WM 1 0 5 10 15 x
HEAT RATING, kW /ft BURNUP x 10°, MWD/ MTM
FIGURE 5-2. Predictions for IFA-432, Rod 1 (100% He, 95% TD-S, UO2
0.0229 cm cold gap)
Similar results for the remaining rods may be found in Appendix B. Tables

5-1 and 5-2 summarize two basic predictions for all six rods in each assembly.
As can be seen from these tables, FRAP-S generally predicts higher centerline
temperatures and gas pressures, with the exception of rod 6 which contains

unstable fuel that 1is prone to densification.

However, comparisons between

the two codes for rods 4 and 6 are invalid because the compared version of

FRAP-S lacked fuel densification and Xe fill gas options.
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TABLE 5-1. A Comparison of GAPCON-
THERMAL-2 and FRAP-S Pretest
Predictions for IFA-431

Rod Peak Temperature Peak Pressure
Number Difference, °C(a) Difference, atm(a)
1 + 810 +113
2 +1120 +175
3 + 130 - 4
4 + 570(b) +112(b)
5 + 760 +105
6 - 510:€) + 33(¢)

(a) (FRAP-S) - (GAPCON-THERMAL-2).

{(b)ERAP-S did not contain a xenon option, argon was
used as a fill gas.

(¢)Difference due to no densification model in FRAP-S.

5-3

TABLE 5-2. A Comparison of GAPCON-
THERMAL-2 and FRAP-S Pretest
Predictions for IFA-432

Rod Peak Temperature Peak Pressure
Number Difference, °C(a) Difference, atm (a)
1 +700 +210
2 +800 +130
3 +200 + 40
4 +700(b) +120(b)
5 +700 +165
6 -400(€) Very similar(c)
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6.0 FUEL PELLET FABRICATION

Fuel pellets for the test assemblies were fabricated from 10% enriched
UO2 powder. This powder was prepared from 18% enriched U02 supplied by
Aerojet Nuclear Company and depleted UO2 obtained at Hanford from Atlantic
Richfield (ARHCO).

The starting materials in the fabrication process were dissolved, solution-
blended, and converted to UO2 powder. Conversion was by precipitation of
ammonium diuranate followed by hydrogen reduction, using technology developed
for preparation of fuel for the PBF programs. Figure 6-1 summarizes this
fabrication process. Figure 6-2 details the powder quality assurance program.

The pellet fabrication requirements for each rod type are listed in Table
6-1. These requirements were considered in process development tests to
determine the final process parameters. Figure 6-3 shows the in-process
pellet quality controls and the final inspection requirements. Appendix C
contains the process parameters, green pellet data, and summaries of the final
inspection process.

Upon completion of fabrication, the pellets were subjected to the follow-
ing inspections:

Diameter: Measurements to the nearest 0.0001 in. were made on all pellets
at three positions; near each end and at the center. A1l pellets met the
specified tolerance of + 0.0005 in.

Length: A1l pellets were measured for length at two locations.

Weight: ATl pellets were weighed to the nearest 0.001 g.

Density: Geometric density for all pellets was determined from the
measured weight and average length and diameter for each pellet. A
selected number of the pellets underwent a Tiquid immersion technique to
determine their density. Water was the suspension medium used in this
evaluation. Densities based on geometric measurements are expected to be
lower than immersion densities, due to the effects of surface roughness
and slight chips.
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FIGURE 6-1. Pellet Fabrication Process Flow Chart
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®
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FIGURE 6-2. Powder Quality Assurance Flow Chart
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Assembly
No.

1

2

TABLE 6-1. Pellet Requirements According to Rod Number

and Assembly Number

Required Number of Pellets

Fuel Rod Archive Overage Grand Total
Rod Density Fuel Pellet
No. % Type Dia.in. Solid Drilled Total Solid 'Drilled Total Solid Drilled Total Solid Drilled Total
1 95 stable 0.4205 33 12 45 3 2 5 3 2 5 39 16 55
2 95 stable 0.4145 33 12 45 3 2 5 3 2 5 39 16 55
3 95 stable 0.4275 33 12 45 3 2 5 3 2 5 39 16 55
4 95 stable 0.420 27 14(a 45 3 3(c 5 3 3(c 5 33 20 59
475 T 0 )4(5) (o) ’1(Jb’) -
5 92 stable 0.4205 33 12 45 7 3 TO(d) 3 2 5 43 17 60
6 92 unstable  0.4205 33 12 45 7 3 100 3 2 5 43 17 60
1&8 95 stable 0.4205 78 12 90 8 2 10 8 2 10 94 16 110
2&7 95 stable 0.4145 78 12 90 8 2 10 8 2 10 94 16 110
3 95 stable 0.4265 33 12 45 3 2 5 3 2 5 39 16 55
4 95 stable  0.420 27 14(a) 45 3 3(c 5 3 3(¢) 5 33 2 59
Pl - -
oo o 1 “Tib] 6
9 95 stable 0.4225 45 0 45 5 0 5 5 0 5 55 0 55
5 92 stable 0.4205 33 12 45 — — — 3 2 5 36 14 50
6 ' a2 unstable 0.4205 33 12 45 — — — 3 2 5 36 14 50

(?)Hole diameter in 8 pellets = 0.063"; four drilled on center, 4 drilled 0.005" off center.
(bj Hole diameter = 0.063"; three drilled on center, three drilled 0.005” off center.

{c)Hole diameter in 2 pellets = 0.063" on center and one 0.005" off center. Hole in third pellet = 0.067-0.071".

(d)Includes archive pellets for Assembly 2.

POWDER LOT RELEASE

SEE CHART 11-A
A
PELLET BATCH PROCESS ING @
- (5)
PROCES S PARAMETER @ FIRST BATCH g
CONTROL — o S U hrocess | (8
WRITTEN PROCEDURES %
(D)
®
COMPOSITE BATCH ,| CONFIRM_SINTERABILITY
C SAMPLE TESTS
©,
© _ _jég INSPECTION DESCRIPTIONS
PELLET BATCH PELLET LOT
A -
INSPECTION > INSPECTION PELLET DENSITY
- PELLET DIAMETER

FINAL RELEASE - DISH DIMENSIONS
PELLET BATCH ~ END SOUARENESS

h 4

B

i C - PELLET LENGTH
D
E

FIGURE 6-3. Pellet Quality Assurance Flow Chart
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Pellet Defects and Cleanliness:

A11 pellets were inspected for chips and

cracks. The PNL visual standard for UO2 fuel pellets (shown in Figure

6-4) was used as an inspection aid.

The pellets were cleaned in an ultra-

sonic alcohol bath and dried in a forced air oven at approximately 100°C.

Chemical Purity:

Appendix C contains a summary of the chemical analysis

for both the composite pellet lots and the individual pellet batches.

Microstructure:

type (95% TD-S, 92% TD-S, 92% TD-U) were examined.
structures, and microphotographs will be found in Section 7.0.

The pellets were specially packaged and handled during shipment.

Microstructures of representative pellets of each fuel

Discussion of observed

They

were first placed in a flexible plastic sleeve and separated from one another

by staples to prevent chipping.

Then, they were placed in secondary contain-

ers (metal cans that contained a dessicant (Drierite) to prevent moisture

pickup).

approved fissile material containers.

CRACKS

RADIAL CRACK

N
\Cl RCUMFERENTIAL
CRACK

AXIAL CRACK

SURFACE CRACKS SHALL NOT EXCEED
THE FOLLOWING LIMITS

1. END RADIAL CRACKS > 25% OF DIAMETER
2. CIRCUMERENTIAL CRACKS 180°

3. AXIAL CRACKS SHALL NOT EXCEED 25%
OF PELLET LENGTH

4. MICRO CRACKING IS ACCEPTABLE

FIGURE 6-4.

END CHIPS

SINGLE CHIP

(-

CHIP DEPTH

TOTAL ALLOWABLE
CHIP AREA

END CHIPS SHALL NOT EXCEED THE
FOLLOWING LIMITS

(SAME LIMITS ON NON-DISHED
PELLETS)

1. SINGLE CHIP < 10% OF LAND
AREA

2. TOTAL CHIPING < 25% OF LAND
AREA

3. CHIP DEPTH SHALL NOT EXCEED
0.020"

INSPECTION SHALL REJECT ANY "BORDER-LINE" QUESTIONABLE PELLET
PNL Visual Standards for U0

2
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These cans were then sealed with plastic tape and shipped in DOT-

CIRCUMFERENTIAL CHIPS

SINGLE CHIP

CHIP AREA

CIRCUMFERENTIAL CHIPS SHALL NOT
EXCEED THE FOLLOWING LIMITS

1. SINGLE CHIPS SHALL NOT EXCEED
3% OF SURFACE AREA

2. TOTAL SURFACE OF CHIPS SHALL
NOT EXCEED 10% OF SURFACE AREA

3. DEPTH 0.020"

Fuel Pellets






7.0 FUEL PELLET PREIRRADIATION CHARACTERIZATION

Fuel pellet precharacterization included the following:

e analytical measurements (to determine if the physical characteristics and
impurity content of the pellets met PNL specifications)

¢ density measurements,

* microstructural analysis,

e resintering characteristics,

® thermal diffusivity/conductivity measurements,

® surface characteristics of pellets and cladding.

ANALYTICAL MEASUREMENTS

The fuel pellets were analyzed for weight percent uranium, ratio of
oxygen to uranium, isotopic composition, off-gas and ppm carbon,Aas well as
nitrogen, flourine, chlorine, water, and trace impurities. Appendix D
contains the results of the analysis, as well as a summary of the analytical
techniques (Table D.1). Table C.10, Appendix C lists the specification
Timits.

The only impurity found to exceed the specifications was the carbon con-
tent for the 92% TD-S (fabricated with pore formers) sample pellets. Though
the carbon content is controlled because carbon tends to reduce the stability
of UO2 in hot water,(]) carbon contents of up to 350 ppm were found in
these samples. However, because the tests will be operated in the failure
mode, the high carbon content is not expected to adversely affect them.

DENSITY MEASUREMENTS

As indicated in Section 6, fuel pellet densities were determined through
both geometric and 1iquid immersion techniques.

Geometric Density Measurements

Pellet densities were based on specified measurements: diameters - to
within +0.0001 in. at three Tocations on each pellet, Tengths - to within
+0.0001 in. at two locations - weights to within +0.0001 g. Because of sur-
face roughness and chips on the pellet edges which result in higher apparent
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volumes, densities based on geometric measurements were expected to be less
than the true bulk values. Measurements were made for all pellets; Appendix E
lists dimension and weight measurements and calculated densities for each indi-
vidual pellet. Figures 7-1 - 7-5 give frequency distributions of the density
calculations.

Liquid Immersion Density Measurements

The saturation liquid immersion technique was used to determine the bulk
density of a selected number of pellets. Water was used as the suspension
medium in this evaluation. Single measurements were made on approximately
one-third of the 95% TD-S and all of the 92% TD-S pellets. A1l 92% TD-U
pellets were measured twice. Archive pellets have been retained in case addi-
tional measurements are needed. |

This immersion technique is a modification of that described in ASTM
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Standard C—373-72.(2) For this technique, three pellet weights are required
to determine the pellet density:

® the dry weight,
®* the weight of the saturated pellet in air,
® the weight of the saturated pellet, suspended in water

" The following equation is then used to calculate the immersion densities.

W
o 1
o7 (w2-w3}/pl
where 3 )
p = pellet density, g/cm
w] = dry weight, g

=
]

2 saturated weight, g

=
]

3 suspended weight of saturated pellet, g

1iquid density, g/cm3

o]
<
n

Appendix E contains the measurements and corresponding results.

Density Correlations

The following correlations were developed to relate the immersion densi-
ties to the geometric densities.

® Solid Pellets
Immersion density = 1.017 x geometric density - 0.1367 % TD + 0.25

Total number of pellets = 245
Bias: 0.75% TD at 95% TD
0.71% TD at 92% 1D
® Cored Pellets
Immersion Density = 1.040 x geometric density - 0.2931 %TD + 0.33
Total number of pellets = 91
Bias: 0.98% TD at 95% TD
0.86% TD at 92% TD



MICROSTRUCTURE CHARACTERIZATION STUDIES

Results of recent irradiation studies(3'5) indicate that fuel pellet
stability toward densification can be correlated with the microstructural
characteristics of the fuel. It has been demonstrated in fuel types which
have a combination of small pore sizes, a large amount of porosity in pores of
less than 1 um diameter, small grain sizes, and low densities, that the fuels
densify during irradiation. The volume fraction of porosity contained in
pores of less than 1 um diameter pores plays a major role in irradiation-
induced densification because it has been observed that, during the process,
the volume fraction of porosity in this size range decreases.

The present study included a detailed pre-irradiation microstructural
characterization of the three fuel types. This was performed for two
reasons: so that observed densification behavior could be related with the
initial pellet microstructures, and to serve as a basis for evaluating micro-
structural changes induced by irradiation. It has been demonstrated that the
techniques used in this evaluation are amenable to the subsequent study of

irradiated fuels.(3-5)

Quantitative descriptions of the pore size distributions, the pore volume
distribution, and grain size were developed for each of the fuel types, as
described in the following sections.

Experimental Procedures

The quantitative microstructural characterization procedure comprised
five separate, but related, tasks:
e selection of specimens
e specimen preparation
® perform microscopy
* take quantitative measurements
e perform computation

Selection of Specimens

Specimens for microstructural evaluation were selected on the basis of
their bulk density. This was done to ensure their representativeness of the
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pellets to be irradiated and resintered. It was concluded that the number of
pellet cross sections and individual sites examined were sufficient to ade-
quately assess microstructural homogeneity, including the radial distribution
of porosity for each pellet type.

The precision of this examination technique depends on the microstructural
homogeneity within the pellets and the number of pores in any single speci-

(3-5) have shown that these quantitative

men. Previous studies of this type
microscopy procedures have a computational uncertainty of approximately + 6%
for pore volume fraction determinations and about + 11% for pore size/number

determinations (based on 16 observation sites).

Specimen Preparation

Grain size and pore distributions were evaluated on polished surfaces of
pellet cross sections in this study rather than on fracture surfaces because
the former was judged to yield more accurate results. As shown in Figure 7-6,
16 sites were examined on one pellet of each fuel type. These sites were
located on transverse mid—plané and longitudinal sections of the pellets. The
pellet surfaces were polished in a series of steps, ultimately utilizing a
Syntron vibratory polisher with 0.3 um AlO2 polishing agent contained in a
2% chromic acid bath.

SURFACE STRUCTURE

N

LONGITUDINAL PORE
a DISTRIBUTION

o
-

TRANSVERSE PORE
DISTRIBUTION AND
GRAIN SIZE

FIGURE 7-6. Pellet Sectioning and Sites Examined for
Microstructure Studies
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The as-polished surfaces were used for optical examination of pore sizes
down to 2 um. Examination of pores smaller than 2 um was performed by
scanning electron microscopy (SEM) and required the removal of surface
smearing and polishing‘agents entrapped in pores. Chemical etchants that are
normally used for surface cleaning markedly change the pore size and shape.
But brief vacuum cathodic etching in a controlled manner is highly effective
in cleaning the smallest pores of debris without changing pore shape or

(2-5)

size. For grain-size measurements, a chemical etch (H202 - HZSO4)

was applied to the transverse section in a separate preparation step.

Microscopy

Covering the entire size range of pores present in the fuel types studied
“required both Tight microscopy and electron microscopy. A Zeiss "Ultraphot"
light microscope was used to prepare micrographs at 9, 31, and 125-1000X mag-
nification, covering the entire pore and grain-size range above a diameter of
2 um.

The higher magnification required for observation and measurement of
smaller pores was achieved with a JSM-U3 scanning electron microscope.
Mapping was conducted at each optical microscopy step to assure that identical
areas were examined by both optical microscopy and SEM. The composite mosaic
strips at 31X magnification permitted visual correlation of light and electron
microscopy at each site. The lowest magnification used for the micrographs,
approximately 300X, was chosen to provide an overlapping observation range
with the micrographs obtained by light microscopy. Additional higher
magnifications to 15,000X were selected to record the smallest pores
observable on the pellet surface. |

At least one micrograph of each magnification was taken at each of the
designated sites; two or three micrographs were taken at the highest SEM
magnification to improve the observation statistics. The resuiting set of
micrographs, ranging in magnification from about 31X to approximately 15,000X,
covered the entire pore population in sizes ranging from 0.05 um to more than
300 um in diameter. In addition, the roughness of exterior pellet surfaces
was examined by SEM at magnifications of 50-1000X.
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The electron and optical microscopes were calibrated using several magni-
fication standards, the basic one a certified accuracy calibration grid sup-
plied for the optical microscope by the manufacturer. Cross checks were made
between the optical and electron microscope over their common working range of
approximately 100-1000X and several additional calibration specimens were used
for the higher magnification range in the scanning electron microscopes. The
instruments were adjusted to allow direct reading of the correct magnification
on the optical microscope, while a calibration curve was prepared for the
electron microscope to relate nomimal (meter) magnification values to the true
value.

Pore Measurement and Counting

The primary purpose of the quantitative microscopy was to produce an accu-
rate and representative assessment of the pore-size distribution for each fuel
type. Measurement and counting of the pores was a critical step in this pro-
cess that required high accuracy with reasonable speed. A Quantinet 720 (a
commercially available quantitative ﬁmage analyzer that was controlled by a
Hewlett-Packard 9830 programmable calculator) was used to analyze prepared
prints of the micrographs. The standards used were reference micrographs
measured independently with a Zeiss Particle Size Analyzer. '

Presently, there are no available mathematical models or computational
methods which quantitatively evaluate nonspherical pore structure. Therefore,
the size of irregularly shaped pores was calculated the same as sphericaT
pores of equal cross sectional area. In the case of severely elongated boros-
ity, the pores were treated as a chain of interconnected smaller pores. These
inter-connected pores were "separated" at each constriction within the Tong
pore and the resulting individual measurements were used as reasonable
estimates of the overall volume of the elongated pore. Based on previous

3-5)

studies,( total pore volumes calculated from pore counts generally agree

with those based on density measurements to within 1-3% TD.

Computation of Pore and Grain Characteristics

The pore count and measurement data yielded information describing planes
through the pellet on which pores have been randomly sectioned. The mathema-
tical and statistical methodology for converting the two-dimensional data to
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(6,7) These

three-dimensional results had been developed previously.
mathematical methods were incorporated into a computer program called
LINEST-II which is an extensive updating of the earlier LINEST program.(g)
One LINEST-II feature that is particularly useful in this work is the ability
to directly interpolate data and then tabulate information of particular

interest.

The LINEST-II computer printout includes: a tabulation of the input pore
counting and measurement data; a data summation for each magnification; a
tabulation of calculated relationships between pore size, density, and volume
(each with a 1o standard deviation calculated for each size range); a summary
of calculated and interpolated values for selected pore sizes or volume frac-
tions, and a graphic display of histograms representing the tabulated data.
Separate information was obtained, for all combined data as well as for the
transversely and longitudinally sectioned pellets, by applying computations to
various combinations of the input data. The computations were also applied to
obtain information for the radial positions at the periphery, mid-radius, and
centerline locations of transverse sections.

Pellet grain sizes were evaluated using the linear intercept method(g)
on micrographs taken at peripheral, mid-radius, and centerline positions on
the etched transverse sections of one pellet for each fuel type; 100-200
intercepts were counted at each site. Grain size was calculated for each

(9)

section using:
Grain size = 1.57 x (average intercept length)

The uncertainty for reported grain sizes depends on the measured grain size
and number of intercepts counted. An uncertainty of + 2 um is assigned to
reported grain sizes of less than 10 um in diameter; an uncertainty of + 5 um
is assigned to reported grain sizes of greater than 20 um diameter.

Results and Discussion

Discussion of the microstructural characteristics of the three fuel types
will be concerned with topics of surface structure, porosity characteristics,
and grain size.
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Pellet Surface Structure Characteristics

The exterior surface of one surface-ground pellet of each of the three
fuel types was examined by SEM (Figure 7-7). As expected, the surface of all
three fuel types was rough and showed the circumferential structures and tear-
ing typical of machined dies and surface-ground pellets. Pellet edges were in
reasonably good condition with evidence of only minimal chipping in each
case. Due to the surface roughness, pellet-to-cladding contacts will be
limited to point rather than line contact.

Porosity Characteristics

Two sections of one pellet of each fuel type were examined in detail for
porosity characteristics and size distribution (Figures 7-8 - 7-13). Based
on previous work, no appreciable pellet-to-pellet variations in pore charac-
teristics within a single fuel type were anticipated.

Each fuel type contains unique porosity characteristics. Figures 7-14-
7-17 and Tables 7-1 - 7-4 show that the pore volumes calculated from measure-
ments of all pores agree with the bulk density measurements to within 0.2-2.3
volume percent. In a general comparison of the three fuel‘types (Figure 7-14
and Table 7-1), the 92% TD unstable fuel contained the ldrgest volume of pores
having diameters smaller than 1 um, the 92% TD stable contained the largest
volume of pores greater than 10 um, and the 95% TD stable fuel contained the
largest volume of pores between 1 and 10 um. However, pore populations
(number of pores in each size range) do not follow the same relationships, as
shown in Figure 7-15 and Table 7-1, because of size/volume distributions
within the relatively broad size ranges. Study of the porosity
characteristics as a function of radial position in the polished sections (see
Figures 7-16 - 7-17 and Tables 7-1 - 7-4) shows that the pore distribution of the
92% TD unstable fuel is the most uniform of the three fuel types. The
peripheral region of the 92% TD stable fuel contains less porosity than the
mid-radius and central positions; this is particularly noticeable in the
volume of sub-micron porosity. In contrast, the other two fuel types showed
Towest porosity at mid-radius positions and highest porosity in the central
locations.
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FIGURE 7.7. As-sintered and Ground Exterior Surface Structure
of the Three UO2 Fuel Types
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Pellet Axis Pellet Center

FIGURE 7.8. Coarse Porosity Characteristics of Fuel Type
92% Unstable Fuel




Periphery Mid-Radius Axis 10000X

FIGURE 7.9. Typical Fine Porosity Characteristics of 92%
Unstable Fuel at Radial Positions (Magnifi-
cation for Entire Row)
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Complete Longitudinal Cross Section (8X) Half of Tranverse Section near (8X)
near Pellet Axis Pellet Center

FIGURE 7.10. Coarse Porosity Characteristics of 92% Stable
Type Fuel (light micrographs)
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Periphery

FIGURE 7.11. Typical Fine Porosity Characteristics of 92%
Stable Type Fuel at Radial Positions (Magnifi-
cation for Entire Row)
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FIGURE 7.12. Coarse Porosity Characteristics of 95%
Stable Type Fuel
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Periphery Mid-Radius

FIGURE 7.13. Typical Fine Porosity Characteristics of 95%
Stable Type Fuel at Radial Positions (Magnifi-
cation for Entire Row)
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TABLE 7-1 Summary of Calculated Pore Distributions from all Data
(16 sites) for each Halden Fuel Type

Specimen (Fuel Type) 92% 1D Unstable 92% TD Stable 95% TD Stable
Porosity Volume, %

by Density Measurement 8.7 8.4 4.4
by Pore Measurement 9.1 9.7 6.7
Pores >1 um 5.6 7.7 6.1
Pores >10 um 2.7 6.7 1.8
Pores <1 um 3.5 2.0 0.6
Pore Diameter, um

Median, all 1.8 21 5.1
Median, <1 um 0.6 0.3 0.6
Median, >1 um 8.5 36 5.1
Median, <10 um 32 36 32

Max imum 220 89 100
Pore Population, no./cm3 ’

A1 Pores 1.9 x 10" 7.0 x 1012 2.4 x 10"
Pores >1 ym 1.2 x 100 1.2 x 10° 6.3 x 10°
Pores >10 ym 5.6 x 10° 1.1 x 107 4.5 x 10°

TABLE 7-2 Pore Distributions in 92% TD Unstable Fuel Type

Radial Location Peripheral Mid-Radius Axial
Porosity Volume, %
A1l Pores 9.0 8.3 9.8
Pores >1 um 5.0 4.9 6.4
Pores >10 um 2.5 2.1 3.2
Pores <1 um 4.0 3.4 3.4
Pore Diameter, um
Median, all 1.4 1.4 3.0
Median <1 um 0.6 0.6 0.6
Median >1 um 8.5 8.5 11
Median >10 um 41 32 32
Pore Population, no./cm3
A1l Pores >0.865 um 2.3x10% 1.8x10'% 1.7 x10'
Pores >1 um 1.2x10'% 9.7 x10° 1.4 x10"0
Pores >10 um 3.7 x10% 3.7 x10% 8.7 x 108
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TABLE 7-3. Pore Distribution in 92% TD Stable Fuel Type

Radial Location Peripheral Mid-Radius Axial

% Porosity Volume

A1l Pores 8.4 10.2 11.9
Pores >1 um 7.5 7.5 8.8
Pores >10 um 6.3 6.4 8.2
Pores <1 um 0.9 2.7 3.1
Pore Diameter, um

Median, A1l 28 21 21
Median <1 um 0.4 0.3 0.3
Median >1 um 28 36 28
Median >1 um 36 36 36
Pore Population, no./cm3

M1 pores >0.04 ym 2.0x10"% 1.0x10% 1.4 x10"3
Pores >1 um 1.8 x 109 9.9 x 108 9.5 x 107
Pores >10 um 9.7 x 108 9.1 x10® 1.7 x 107

TABLE 7-4. Pore Distribution in 95% TD Stable Fuel Type

Radial Location Peripheral  Mid-Radius Axial

% _Porosity Volume

A1l Pores 6.5 5.8 7.7
Pores >1 um 5.7 5.6 7.0
Pores >10 um 1.6 1.9 1.8
Pores <1 um 0.8 0.2 0.7
Pore Diameter, um

Median, all 3.9 6.6 5.1
Median <1 um 0.6 0.8 0.8
Median >1 um 5.1 6.6 5.1
Median >10 um 41 32 24
Pore Population, n0./cm3

A1 Pores >0.065 um 3.0x100 1.4 x 10" 3.8 x 10"
Pores >1 um 5.8 x10°  4.5x10° 8.3 x 109
Pores >10 wm 10x 108 52x10° 6.8 x 108
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Specific characteristics of each fuel type are as follows:

92% TD Unstable Fuel

The median pore diameter of this fuel type is 18 um. The maximum pore
size observed was 220 um. The radial distribution of porosity is nearly
uniform across the sections examined as shown in Figures 7-16 and 7-17.

Pores that are smaller than 1 um in diameter comprise approximately 40%
of the total pore volume of this fuel type (3.5 vol% porosity). The unstable
behavior displayed by this fuel during resintering tests (observed densifi-
cation of 2 to 4% TD) is attributed to this volume of sub-micron porosity.

The peak in the pore distribution between 10 and 100 um (Figure 7-14) is
attributed to the addition of 0.2 wt% Sterotex during pellet fabrication.
Previous studies(3) indicate these larger pores exercise a stabilizing
influence on densification, and thus 1imit the densification achievable during

resintering.

92% TD Stable Fuel

The median pore diameter of the 92% TD-S fuel is 21 um. The maximum pore
size observed was 89 um, which is appreciably less than the 200 um pores in
the 92% TD-U fuel.

Of the total pore volume in this fuel, approximately two-thirds (6.7 vol%
porosity) is attributable to pores of diameter greater than 10 m. This dis-
tribution results from the use of 1.2 wt% pore former during fabrication.
Since sub-micron pores account for 2.0 vol% porosity, this results in a high
volume ratio of large-to-small diameter pores and a stable condition. This
stability was confirmed by the small densification obtained in resintering
tests of this fuel type.

Figures 7-16 and 7-17 show that the radial pore distribution in this fuel
type was considerably less uniform than in the 92% TD-U fuel. The most
notable feature is a small volume of sub-micron pores around the periphery,
which is responsible for the lower total pore volume at the pellet periphery.
Also noted was a volume and population decrease in pores of approximately 1 wm
in diameter located in the pellet central region.
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95% TD Stable Fuel

The medium pore diameter for this fuel type is 5.1 um, the volume of sub-
micron pores is less than 10% of the total pore vo1ume, and the maximum pore
diameter observed was 100 um. The additional small volume of pores which are
larger than 10 um (Figure 7-14) is similar to that occurring in the 92% TD-U
fuel and is attributed to the use of 0.2 wt% Sterotex in pellet fabrication.
The near absence of sub-micron pores and the relatively Tow tota1'pore volume
suggests a stable fuel. The nearly zero densification observed during
resintering tests confirmed this.

The radial distribution of pores shows no strong trend, although the pore
volumes are appreciably scattered (Figures 7-16 and 7-17). The center line
pososity is higher than in other regions of the pellet in all pore size
ranges. In general, this fuel type displays a uniform, but coarsely distrib-
uted, porosity pattern.

Grain Size Characteristics

As-Fabricated Pellets

ATl three as-fabricated fuel types exhibited radial gradients in grain
sizes. The 92% TD-U as-fabricated fuel seen in Figure 7-18 is characterized
by a grain size that varies from 2 um at the pellet periphery to 7 um at the
pellet axis. Randomly distributed localized areas of approximately 60 um in
diameter are scattered throughout the pellet and are characterized by greatly
reduced grain size and pore size. These low density regions are believed to
be incompletely sintered powder granules formed prior to pellet pressing, dur-
ing the preslugging and granulation step. '

The microstructure of the 92% TD-S fuel shows two different patterns.
The grain size of most of the pellets decreases gradually from the pellet sur-
face to the center; this type of microstructure is shown in Figure 7-19a. In
one of the four examined 92% TD-S fuel pellets, the grain diameter in the
central portion is about 50-60 um and gradually reduces to approximately
10-20 um near the edge (upper left in Figure 7-19b). One of the pellets was
not examined for pore size distribution but the pore size in its central
portion'is expected to be different than that in the central region of the
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a. Pellet exhibiting coarse grain size at pellet periphery. Trans-
verse section.

b. Pellet exhibiting coarse grain size at pellet center.

FIGURE 7.19. Microstructures of As-sintered 92%
TD Stable Pellets
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other three pellets. These observations indicate that significant varia-
tions in grain and pore size occur from pellet to pellet in this fuel type.
Due to these variations, comparisons between the pre- and post-irradiation
grain and pore sizes must be made with care.

The 95% TD-S fuel pellets show a gradation in grain size from 22 um near
the edge to approximately 70 um at the center (see Figure 7-20). The smaller
grains near the edge are in a band approximately 1000 um wide that extends
over the entire pellet surface. A plate-like pattern appears within the large
grains in the pellet core, apparently oriented only along crystal planes; ini-
tial suggestions were that they might be U4O . However, the 95% TD stable

9
fuel is stoichiometric (0/U ratio = 2.000) and U409 is probably not
present. It was finally concluded through X-ray orientation studies that the
plates were not U409; the plates occur on the (100) planes while U409

(10,11)

grows on the (111) planes in U02. The observed plates were also

found to be similar in size, appearance, and distribution within the pellets

to those described in Chalder's uranium dioxide studies.(]z)

By using elec-
tron microscopy, Chalder showed that the plates had no finite width, and con-
cluded that the plates were "faults" in the UO2 crystal structure rather

than a second phase. That conclusion has also been made here.

The cause of radial and pellet-to-pellet variation in UO2 grain and
pore size observed in some of the UO2 pellets is not fully understood.
However, this effect is believed to be related to variations in oxygen activ-
ity levels within pellets during the initial stages of sintering. It is well
known that diffusion-controlled processes, such as sintering, are highly sen-
sitive to oxygen activity. Consequently, if oxygen activity gradients existed
during sintering, radial variations in grain size and density could develop
within the pellets. If an oxygen gradient existed within the sintering
furnace, variations in microstructure could occur from pellet to pellet. Sub-
sequent sintering studies have used U02 powders prepared by the same process
as that used for this work. In these studies, radial grain size variations
and the plate structure observed in the 95% TD-S fuel were completely elimina-
ted by bubbling the hydrogen gas used as a sintering atmosphere through water
before it enters the sintering furnace.
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Resintered Pellets

The grain size of all fuel types was found to increase during resinter-
ing. As shown in Table 7-5, the amount of increase varied with the
test condition, fuel type, and site location. However, as the influence of
pellet-to-pellet variations in initial grain size on grain growth has not been

assessed, apparent changes in grain size during the tests must be considered
to be qualitative.

TABLE 7-5. Grain size of As-Sintered Pellets and Pellets Following
1600 and 1700°C/24 hr Resintering Tests

After 1600°C/ After 1700°C/
As-Fabricated 24 hr Test 24 hr Test
Grain Grain Grain
Type Position Section Size, ym Section Size, um Section Size, um
92% TD Peripheral  Trans. 2 Trans. 13 Trans. 26
Unstable Midradius Trans. 9 Trans. 20 Trans. 37
Axial Trans. 7 Trans. 15 Trans. 53
92% 1D Peripheral  Trans. 18 Trans. 17 Trans. 30
Stable Midradius (a) Trans. 20 Trans. 14
Axial (a) Trans. 15 Trans. 15
Peripheral Long 14
Midradius n
Axial (a)
95% 1D Peripheral  Trans. 22 Trans. 34 Trans. 25
Stable Midradius 69 Trans. 73 Trans. 88
Axial 70 Trans. 88 Trans. 78
Peripheral Long 22
Midradius 77
Axial 75

(a) Grain boundaries not well defined; grain size estimated to be about 5 um.
Long. = Longitudinal; Trans. = Transverse

The grain size of the 92% TD-U pellets increased by a factor of approxi-
mately 10 in the peripheral position, and a factor of 7 in the central posi-
tion during the 1700°C, 24-hr test (see Figure 7-21). The central-
to-peripheral variation in grain size decreased from a factor of about three
to about two during the tests. Figure 7-22 illustrates the microstructure
after the 1600°C, 24-hr resintering test.
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FIGURE 7.22. Microstructure of 92%
TD Unstable Pellet

O 22T AN ALINT: After Resintering at
SIS TR TN Falr BN LIS 1600°C, 24 hr. Trans-
‘v£%£§§t R O NS I verse section.

L 19 J

‘ s S s
L el

. Y

Mid-Radius

7-32



Due to apparent scatter in the data, it is difficult to assess the amount
of grain growth in the 92% TD-S pellets. For example, during the 1600°C, 24-hr
test (Figure 7-23) the mid-radius grain size increased from approximately 5 to
20 um, while during the 1600 C test (Figure 7-24), grain size increased to 14 um
In contrast, the grain size at the peripheral position did not increase during
the 1600°C test, but doubled during the 1700°C test. The observed variation
in the 92% TD-S fuel behavior during the resintering test may have been caused
by the pellet to pellet variation in pore and grain size. However, regardless
of such variation in microstructure, the 92% TD S fuel displayed relatively
stable density during the resintering rests, due to the numerous large pores
created by the addition of 1.2 wt% Sterotex during pellet fabrication.

The grain size of the 95% TD-S fuel, which had the largest grain size of
the three fuel types, exhibited increases of 10 to 50%. The increase was
dependant upon site location and test conditions. Based on a comparison of
Figures 7-20 (as-fabricated), 7-25 (resintered at 1600°C for 24 hours), and
7-26 (resintered at 1700°C for 24 hours), the number of platelets in the 95%
TD stable fuel appears to have decreased in concentration during resintering.
However, since the pellet to pellet variation of the platelets has not been
determined, this observation is qualitative.

Relationship of Microstructure to Pellet Stability Toward Densification

In the EEI/EPRI Fuel Densification Program,(3) peliet grain size and
pore sizes could be characterized by a unique number. Also, changes in pellet
density during both the irradiaton test and thermal tests could be correlated
with grain size, pore size, and pore volume distributions. In the present
program it is not practical to assign a unique value to grain size because of
radial gradients in grain size. However, even though radial gradients occur,
the micrographs clearly show that the stable 92% and 95% TD fuel types have
larger grains, have larger median diameter pore size and contain a smaller
amount of porosity in less than 1 m diameter-pores than the 92% TD unstable
fuel type. Similar characteristics were observed for stable and unstable
U0, fuel types in the EEI/EPRI progran. (3)
tributions have not been independent variables in any of the reported cases.

Grain-size and pore-size dis-
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Therefore, the effect of grain size and pore size distributions on densifi-
cation cannot be assessed independently.

The use of 1.2 wt% Sterotex in the 92% TD-S fuel has a stabilizing influ-
ence on the densification behavior of that fuel type. The peak in the pore
distribution curve between 10 and 100 um for all fuel types is attributed to
the use of Sterotex. The relative area in that size range under the curves
for both the 92% TD-U and 95% TD-S fuel types (Figure 7-14), in which 0.2 wt%
Sterotex was used, is much less than for the 92% TD-S fuel where 1.2 wt%
Sterotex was used for intentional formation of large pores. This is desireble
for the 92% TD-S fuel because it has been observed that pores in the 10-100 um
size range are stable toward densification during thermal and irradiation
tests. These pores act as sinks for vacancies originating at smaller pores,
and thereby inhibit densification. |

RESINTERING CHARACTERISTICS

Results of the EEI/EPRI Fuel Densification Program(3) and Halden

Reactor studies(]3)

indicate that density changes during thermal resintering
studies can be correlated with densification occurring during irradiation (to
burnups of approximately 4000 MWd/MTM). Based on these results, it appears
that resintering tests are useful for predicting whether specific fuel types

will be stable toward densification caused by irradiation.

For the present program, resintering tests performed on the three fuel
types may aid in two objectives: further confirmaton of correlations between
irradiation induced densification and thermally-induced densification, and
evaluation of grain size changes which occur during resintering. The results
of the densification and grain size study may be used for both input into the

(14)

as a supplemental means for assessing fuel operation temperatures during

irradiation-induced densification model derived by Marlowe and to serve
irradiation. Marlowe has proposed that under both thermal and irradiation
test conditions, density changes should be equivalent when the products of the
diffusion coefficient and time are equal. In order to evaluate this model,
thermal test conditions were selected to meet the required diffusion
coefficient/time product equivalency.
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Test Rationale

Resintering tests were conducted under five test conditions at 1600 and
1700°C. The 1700°C, 24 hr test condition was selected since it was in
compliance with the propoéed NRC guideline for predicting maximum irradiation
(15) " The 1600°C, 24 hr
condition was selected as a less severe test condition. The 1700°C, 48 hr

density changes based on resintering test results.

test consisted of selected 1700°C, 24 hr pellets which were resintered for an
additional 24 hr to determine whether the 1700°C, 24 hr test; resulted in
stable densities. Based on the proposed diffusion coefficient/time
equivalency model of Marlowe, density changes which occur during the 1700°C,
7.8-hr test should be equivalent to those of the 1600°C, 24-hr test. Pellets
were heated at the 1700°C, 4 hr condition in order to gain a more complete
definition of densification kinetics at 1700°C.

Experimental Procedure

Resintering tests on pellets randomly selected from the production lots
were performed in a refractory metal, cold wall furnace in an Ar-8% H2
atmosphere flowing at 56.6 2/hr (2 ft3/hr). Cooling and heating rates of
300°C/hr were used. Temperature during the resintering tests was monitored
using an optical pyrometer which had been calibrated against a W-5% Re/W-26%Re
thermocouple located in the test zone of the furnace. Water immersion and
geometric densities were determined prior to and following each of the resin-
tering tests. Grain sizes were determined on polished and etched transverse
cross sections of selected pellets using the Tinear intercept method.(g)

Grain size measurements were made at three locations on each of the cross sec-
tions, i.e., at pellet center, mid-radius, and pellet edge.

Results and Discussion

Density changes based on water immersion densities and pellet geometrics
are reported in Appendix F. For the calculation of density changes based on
pellet diameter and length, pellet shrinkage was assumed to be isotropic. Due
to irregularities in pellet dimensions and surface roughness, density changes
based on water immersion densities are considered to be more accurate than
those based on pellet dimensions. They are the densities which will be dis-
cussed in this report.
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Figure 7-27 shows density changes plotted as a function of pellet initial
density for all resintering test conditions. As was found in the EEI/EPRI
Fuel Densification Program(3), initial pellet densities of unstable fuel
types affect the amount of densification which occurs during the tests. For
the 92% TD-U fuel, the amount of densification which occurred varied inversely
with the initial density.

For the 92% TD-S fuel, pellets with initial densities of less than 92% TD
exhibited small negative density changes, while those with densities greater
than 92% TD exhibited little, if any positive density change. While the exact
mechanism of the negative density change is unknown, similar results were
observed in stable pore-formed fuels in the EEI/EPRI study. For the 95% TD-S
fuel, variation in initial density had no effect on the resintering behavior.

The amount of densification which occurred in the 92% TD-U fuel increased
in proportion to test temperature and time at test temperature. Based on

92 UNSTABLE 92 STABLE 95 STABLE
17000C/48 hr o o .
4 o ~1700°C/24 hr a o ‘m
a
a _— 1700°C/7.8 hr a a A
L | A 0
= 3 . . 2 o 1700°C/4 hr o ° .
g v ©°v ‘% 1600°C/24 hr v v v
— (o]
£ 2
> v
f—
"_n. —
£
aa a 2
[ ] Amb
O v o 7 v *e "046‘ o
mO ° )
4 as 1 ] | | |
91 R 93 ) 9% 9%

INITIAL DENSITY, % TD

FIGURE 7-27. 1Influence of Pellet Density on Density Change
During Resintering at 1600 and 1700°C
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simple sintering kinetic arguments, such behavior was anticipated. For the
other fuel types, the effect of test conditions on pellet behavior was less
pronounced.

The 92% TD-U fuel pellets were initially sintered at 1575°C. The resul-
tant microstructure had the finest pore and grain size of the three fuel
types, (see Tables 7-1 and 7-5). The instability of this fuel type is the
result of loss of fine porosity by vacancy diffusion during the tests. The
stability of both the 92% TD-S and 95% TD-S fuels is attributed to a Targe
number of pores bigger than 1 um. The large pores in the 92% TD-S fuel type
resulted from the use of 1.2 wt% Sterotex as a pore former. The finer pore
sizes of the 95% TD-S fuel were removed during the initial sintering process
at 1700°C. The remaining pores (greater than 1 um) in this structure contri-
bute to the fuel's stability. The larger grain size of this fuel type also
enhanced stability.

Based on Marlowe's diffusion coefficient/time equivalency model, where
density changes are predicted to be equivalent when diffusion/time products
are equal, the 1700°C, 7.8-hr test would be expected to yield density changes
comparable to those of the 1600°C, 24-hr test(a) (Table 7-6 contains a
summary of these test results). Density changes in the 92% TD-U pellets
during the 1700°C, 7.8-hr test appear to be larger than those occurring during
the 1600°C, 24-hr test. Where positive density changes occur in the 92% TD-S
and 95% TD-S fuels, those which occurred during the 1700°C test appear larger
than those which occurred during the 1600°C test. If an uncertainty of 0.3%
TD is assigned to the reported density changes,(3) there appear to be no
significant differences between the changes which occurred during the two
tests. Therefore, these results are not in conflict with Marlowe's diffusion
coefficient/time equivalency.

(14) (16)

Mar Towe, Stehle and Assmann, (17)
have derived models to describe irradiation-induced densification in fuels.

and Hastings and MacEwen

(a) Calculated times are based on the diffusion coefficient, D = 2.32 x

]0’5e'82000/RTcm2/sec, used by Marlow(]4)for similar calculations.
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TABLE 7-6. Results of 1600°C, 24-hr and 1700°C, 7.8 hr
Resintering Tests

1600°C/24 Hour 1700°C/7.8 Hour

Initial Density Initial Density
Type Density, % TD Change, % TD Density, % TD. Change, % TD
92 Unstable 91.68 2.91 91.42 3.29
- 91.71 2.64 91.89 3.34
92.21 2.61 92.42 2.79
92.79 1.96 92.50 2.69
92 Stable 91.24 -0.03 - 91.11 -0.93
91.54 0.13 91.22 -0.88
91.83 0.20 92.18 0.55
92.09 0.08 92.63 0.55
95 Stable 95.34 0.06 95.38 0.27
95.54 ©0.01 95.49 0.27
95.65 0.03 95.68 0.24
96.05 0.05 95.75 0.19

In his derivation, Marlowe assumed that by substituting the irradiation-
enhanced diffusion coefficients for the thermally-activated diffusion coeffi-
cients, irradiation-induced densification could be described by the final

18)

stage sintering model that Cob]e( had derived. Grain growth was assumed

to follow Equation la during both irradiation and thermal resintering tests.

3

G° = G5 + At (1a)

63 = At for 6>>6, (1b)
where: G = grain size as a function of time, t

G, = initial grain size m cm

-]
n

a diffusion coefficient dependent constant
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Based on these assumptions, Marlowe derived the following equation to describe
irradiation-induced densification.

o
< 30). - M5y F (2a)
ot / densification G3 + AD° Pt
° irr
where p = pellet density, % TD
° . 3

= fission rate, fission/cm”-sec
= irradiation time, sec
G_ = initial grain size, cm
D% = 1.27 x 10727
A = structural constant defined by G3 =G

emS/fission
3 4+ aot
t” = thermal test time, sec
= grain size as a function of time during thermal tests, cm
D = thermally activated diffusion coefficient, cm2/sec
= constant defined by Ap = '% In (1 + éeg') (2b)
Ap = change in density during thermal tests, % TD

Equation 2 was then combined with Equation 3 which describes irradiation-
induced swelling to yield Equation 4 which describes pellet behavior during

irradiation.
<%§> = -pSF (3)
swelling
. 3 AD®.  Ft
p=p_exp(-SFt)+ il exp |-S -—Ji%— + Ftfin {1+ — (4)
° A AD°. ~ 3
irr G,
where: p, = pellet initial density, % TD
S = fractional volumetric fuel swelling rate, assumed
to equal 0.5 vol% per 1020 fissions(]4)
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To predict irradiation-induced densification behavior with Equation 4,
the constants A and M must be evaluated based on the resintering'test results,
However, as described, grain sizes were found to vary by more than a factor of
two across the radius of the pellets. Therefore, it is difficult to define a
unique value for the constant A for these fuel types. In addition, this data
cannot be used readily to verify the grain growth behavior (Equation la)
assumed by Marlowe in the derivation of Equation 4.

(18) assumed

that Equation 1b describes grain growth. The resultant equation predicts that

In the derivation of his final stage sintering model, Coble

during final stage sintering, thermally-induced density changes are propor-
tional to 1n(t). As Figure 7-28 shows, observed density changes for 92% TD-U
pellets are approximately proportional to In(t). Variations from a strict
Tn(t) relationship may be due to differences in pellet initial densities and
sintering which occurred during heating to the isothermal test conditions.
However, verification of the assumed grain growth behavior cannot be made with
current data.

5 T (INITIAL DENSITY, % TD)

N o189 (91.57)
> 4
=
B (92.16) o (91.70)
P (92.40)
= 3 [
- )
3 (92.08192.50) (92.50) (62,72
<< -
5 2 G265 P42

s

0 L : ' I

0 1 2 3. 4 s
L0G, TIME, hr

FIGURE 7-28. Change in Unstable 92% TD Pellet Densities at 1700°C as a
Function of Loge Time
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As Marlowe discussed, and the EEI/EPRI study indicated, Equation 4 does
not predict the observed fission rate and/or temperature dependence of pellet
densification at fixed burnup. Despite this deficiency, Marlowe's approach
can be used with fair success to predict the irradiation-induced densification
the latter study observed in unstable fuel types irradiated at high fission
rates. Since the results of the present program cannot define unique values
of the empirical constants A and M, Marlowe's model cannot directly be used to
predict irradiation-induced densification for the three fuel types studied.
However, a modified approach, which does not require an evaluation of initial
grain size and grain growth behavior, can be used to predict irradiation-
induced densification based on resintering test results.

First, assume that thermally-induced density changes can be represented

by:

APy armay = B Tn(1 + CDt) : (5)

where B and C are empirical constants which can be evaluated based on the
results of two resintering tests. To produce Equation 5,/B replaces the ratio
M in Equation 2b while C replaces the ratio(§3. In Equation 4, the same

A ()

substitution can be made foré—3 and—%—resu]ting in:

o = p, exp(-SFt) + B exp[—S w%—r: + ?t)] In (1+c0% Ft)  (6)
Figure 7-29 shows the results of using Equation 6 to predict irradiation-
induced densification for the three fuel types evaluated in the present study.
For these calculations, the constants B and C were evaluated using 1600°C,
24-hr/48-hr test data. Since two pellets of each fuel type were subjected to
the combined 1700°C, 24-hr/48-hr tests, two sets of B and C values were
calculated for each fuel type. For the 92% TD-U fuel, density changes up to
2.9% TD were predicted using this approach, with density changes remaining
positive for burnups up to 17,000 MWd/MTM. For the two stable fuels, it is
predicted that densities will decrease with increasing burnup.

The models derived by Stehle and Assman(16) and Hastings and MacEwen(]7)
require quantitative pore size distributions of the fuel types as model input.
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FIGURE 7-29. Predicted Fuel Behavior Using Marlowe's Model

Since this data is presently not available, these models cannot be used to
predict irraditaion behavior.

In the NRC densification regu1ations,(]5) irradiation-induced densifi-
cation is related empirically to thermal resintering test results by the-
following expressions:

For APthermal <4% TD at 1700°C, 24 hr:
APs v = 0 0 <BU< 20 MWd/MTM
AD”,r =m Tog(BU) + b  20< BU< 2000 MWd/MTM (7)
APy = Agcherma] BU > 2000 MWd/MTM
For APthermal = 0:
Apirr =0

Data from the 1700°C, 24-hr resintering test were used to calculate anti-
cipated pellet densification behavior during irradiation; Figure 7-30 gives
plotted results of these calculations. They include maximum and minimum
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positive thermal density changes and do not consider fission product swell-
ing. As prescribed by the model, maximum irradiation-induced density
changes are achieved at a burnup of 2000 MWd/MTM.

Conclusions

During resintering tests, the three fuel types examined in this program
exhibited a range of stabilities. The density changes varied with initial
pellet density, resintering temperature, and time at temperature. The amount
of densification that occurred in the 92% TD-U fuel increased with decreasing
pellet density. Lower density pellets of 92% TD-S fuel exhibited negative
density changes while the higher density pellets in the series exhibited posi-
tive density changes. The 95% TD-S fuel exhibited no significant density
changes.

Based on the model proposed by Mar]owe(]4) and the NRC guide]ine,(]s)

it is expected that the 92% TD-U fuel will exhibit irradiation-induced density
changes as large as 3% TD. Marlowe's model predicts the stable 92 and 95% TD
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fuels will exhibit density decreases during irradiation; the NRC guideline
(which does not consider the effect of fission product swelling on fuel
behavior) predicts increases of up to 0.4% TD.

THERMAL DIFFUSIVITY AND THERMAL CONDUCTIVITY

The purpose of this study was twofold:

e to determine the thermal diffusivity and thermal conductivity of the
three fuel types '

e to evaluate the effect of heat treatment on diffusivity and conductivity.

The thermal diffusivity of the fuel types was determined using a laser-pulse
technique from 100-1600°C; the thermal conductivity was calculated from the
measured thermal density, measured density, and known heat capacity.

Experimental Procedures

~ The technique and apparatus utilized in the present study were used
previously to measure the thermal conductivity of "round robin" UO2 at tem-
peratures up to 2500°C. This method, which has been reported in detai1(]9),
consists of heating one surface of a thin sample disc with a short heat pulse
from a 3-7 Joule laser beam that has a pulse width of 1.06 m/sec. The heat
pulse passes through the sample, and the temperature transient on the back
surface of the sample is measured and recorded. The thermal diffusivity is

then determined from the shape of the temperature-versus-time curve.

The temperature transients for this study were optically measured using a
1iquid nitrogen cooled, indium antimonide, infrared detector. The signal from
this detector was displayed on an oscilloscope and recorded on film. Although
corrections were made for heat losses, pulse time corrections were not
required.

The specimens were held in an A1203 holder and heated in a tungsten
resistance furnace with a dry argon atmosphere at a positive pressure of 2-3
psi. Temperatures were measured using a W-5% Re/W-26% Re thermocouple which
had been calibrated to 1650°C against a Pt/Pt-10%Rh thermocouple set in the
sample position. The platinum thermocouple had previously been calibrated
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against a reference platinum thermocouple. The estimated accuracy of the
temperature measurement was + 3°C.

The thermal diffusivity apparatus was calibrated using ARMCO iron(zo)

and Pyroceram.(a) The iron and Pyroceram thermal diffusivity results agree
with the reported values (within experimental error). The data are precise to
+ 3% and the accuracy of the measurements was calculated to within + 5%.

The furnace temperature was raised in increments of 5-10 C/min below 800°C
and 20-25 C/min above 800°C. Thermal diffusivity measurements were then made
after the temperature was stabilized. Each sample was initially heated to
1300-1400°C and measurements taken at approximate intervals of 100°C. On
cooling, measurements were taken at 200-250°C intervals. Subsequently, each
sample was heated to 1600-1650°C and held at this temperature for 4-5 1/2 hr.
Then, measurements were made to compare the thermal diffusivity before and
after heat treatment. The sample was then cooled to room temperature and
again heated to 1530-1650°C with measurements being made at 200-300°C
intervals.

These samples (UO2 discs of 1.04 cm in diameter and 0.08-0.09 cm thick)
were cut from the center of selected fuel pellets. The densities of the whole -
pellets had been measured by the water immersion technique, prior to section-
ing. In addition, the densities of some discs were determined by geometric
and water immersions before and after thermal diffusivity measurements.

Calculation of Thermal Diffusivity and Conductivity

The thermal diffusivity, a(cmz/sec), was calculated from the relation-
ship

2

t, d

ty/2

a =

where t]/2 is the time for the back surface of the sample to reach 1/2 the
maximum temperature, tc is a heat loss correction which is determined from the
shape of the time-temperature curve, and d is the sample thickness.

(a) Pyroceram sampie and thermal diffusivity data were obtained from the
National Bureau of Standards.
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The sample thickness was corrected for sample thermal expansion using the
expression

d

d, (1+aL/L,)

[+]

where AL/L_ is the fractional thermal expansion at temperature T, and d, is

the sample thickness at room temperature. The assumed temperatufe dependent

(9",

expression for AL/L, as

4 6

AL/L, = -2.0701 x 10" + 8.4051 x 107" T

+1.6502 x 10°212 + 2.6128 x 1013713

where T is in °C. This expression is valid for a temperature range of
16-2500°C.

The thermal conductivity, (W/cm °C), was calculated for each thermal
diffusivity data point from the relationship

A=4.186 anD

where Cp(ca1/g-C) is the heat capacity and p(g/cm3) is the sample den-

sity. The polynomial expression assumed for C_(19) Was

p
742

2 T - 1.9890 x 1077

5

C_=5.4662 x 107 ° + 9.2506 x 10

P

13 -4 -17.5

10,3 ™ +6.9070 x 10717

+ 2.5575 x 10~ - 1.8582 x 10~

- 9.7477 x 19721 1°

where T is in °C. This relationship is valid for the temperature range
27-2527°C. A density correlation was calculated from the expression:

P
p=_—'_—"_3“
(1 + AL/L)
where po is the density at room temperature and AL/L_ is calculated -as above.
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For those samples whose density and thickness changed after heat treat-
ment, the thermal diffusivity and conductivity were calculated using the d,
and 0, values present after heat treatment.

Results and Discussion

The thermal conductivity results, expressed as thermal resistivity (1/4),
are shown in Figures 7-31-7-33. For these figures, the temperature dependence
of the thermal resistivity is expressed as first-and second-order equations
calculated from least-squares fits. The density and dimensional measurements,
as well as the related heat treatments, are summarized in Table 7-7. Figure 7-34
includes a summary of the second-order thermal conductivity-versus-
temperature equations for all three fuel types. These equations may be com-
pared with those for U0> thermal conductivity reported by Godfrey
et a1.(2]) and Lyons'(22’23).
measured thermal diffusivity, calculated thermal conductivities and thermal

Appendix G contains the tabulated data for

resistivity of all fuel types.
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FIGURE 7-31. Thermal Resistivity of 95% TD Stable Fuel Before and After
Heat Treatment Near 1600°C (all temperature in°C)
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The thermal conductivity of the 95% TD-S (Figure 7-31) was unchanged after
heating to 1305°C (Cycle 1), 1628°C (Cycle 2), or 1533°C (Cycle 3). Simi-
larly, when a second sample was heated to 1605°C for 4.5 hr (Cycle 4), the
thermal conductivity did not change. No changes in the sample thickness could
be measured after the run, but there were measured increases of 0.4 and 1.2%
in the sample densities after treatment near 1600°C (Table 7-7). The 1.2%
increase in density after 4.5 hr at 1605°C is not consistent with density
changes during resintering determined in another part of this program. When
the measurement is accurate to within *+ 3%, the calculated thermal conduc-
tivities are insensitive to density changes of 1%.

The thermal conductivity of the 92% TD-U fuel (Figure 7-32) also exhibi-
ted no significant change after heating for 5 hr to 1336°C (Cycle 1) or above

TABLE 7-7. Summary of Thermal Temperature and Resulting Changes
in Thickness, Resistivity, and Density

Test Conditions Change in Change in Change in
Fuel Type Temperature, Hold Time, Thickness, Resistivity, Density, Initial Density,
Disc No. Cycle No. °C hr % % % % 1D

95% TD Stable

1 1 100-1305 None - None 95.6(d)

1 1305-203

1 2 516-1628 4.5 - None +0.4 95.6()
1 3 134-1533

2 4 455-1605 4.5 0.0% None +1.2 9.6'e)
2 4 1605-1428

92% TD Unstable

1 1 40-1336 None - None - 92.2(d)
1 1 1336-175 (d)
1 2 262-1641 4 - None -1.6 92.2

1 3 156-1602

2 4 499-1599(c) 5 -0.6% None +0.7 91.7(6)
2 4 1600-591
92% TD Stable

1 1 105-1415 None - None - 92.2(d)
1 1 1415-288

2 2 152-1616 5.5 +3.2% -40% -4.7 91.6(d)
2 3 131-1606

3 4 501-1606(2:P) 4.5 +2.8% -30% 2.4 g0.7'¢)
3 4 1604-604

Extensive microcracking, grain boundary separation, and pore migration.

Sample bowed and was fragile.

No change in microstructure.

Whole pellet density, A density based on whole pellet initial density and on disc density after
the diffusivity run.

e. Disc specimen on which diffusivity was run.

apow
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FIGURE 7 34. Thermal Conductivity of Halden UO2 Type Fuels from Second
Order Fit of Pa&a and Comparable~Thermal Conductivity for
Godfrey et al(19) and Lyons(22,23

1600°C (Cycles 2, 3, and 4). Also, no significant change in sample thickness

was measured. One 92% TD-U disc which was heated to 1641°C for 4 hr (Cycle 2)
decreased 1.6% in density while another disc was heated to 1660°C for 5 hr and
increased 0.7% in density. Qualitatively, the microstructure of the 92% TD-U

fuel appeared unchanged after the heat treatment at 1600°C.

The behavior of the 92% TD-S fuel was substantially different from that of
the 92% TD-U and 95% TD-S fuel types. The thermal conductivity did not change
after heating to 1415°C. However, two disks heated to higher temperatures did
show changes in thermal conductivity as shown in Figures 7-33 and 7-34. The
first disc was heated at 1606°C for 4 1/2 hr and exhibited a 30% decrease in
thermal conductivity, 2.8% increase in thickness, and a 2.4% decrease in
density. The second disc was held at 1616°C for 5 1/2 hr and exhibited a 40%
decrease in thermal conductivity, a 3.2% increase in thickness, and a 4.7%
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decrease in density. In addition, this disc warped during the run and showed
an increase in fragility.

The decreases in thermal conductivity of the 92% TD-S fuel are attributed
to significant changes in the microstructure which occurred during heating for
4-5 hr above 1600°C. The 92% TD-S fuel experienced extensive grain boundary
separation and/or pore migration (Figures 7-35 and 7-36) which was most pro-
nounced near the periphery of the disc. The microstructure of an adjoining
nonheat-treated disc showed a significant microstructural variation from the
axial to the peripheral location. Similar microstructural variations were
also observed for the whole pellet, which was examined in the microstructural
characterization portion of this report. Microstructural examination also
indicated that the center of the disc expanded substantially more than the
outer edge.

When the whole 92% TD-S fuel pellets were resintered in their entirety at
1600°C, the observed density and dimensional changes did not exceed 1%.
Apparently, the higher density region near the exterior surface of the pellet
kept the whole pellet from swelling and fracturing during the 1600°C resin-
tering test. However, the disc that was cut from the center of the pellet was
not restrained and thus was free to swell and fracture. The cause of this
swelling in the discs is not known.

Results of the 1600°C, 24-hr resintering tests can be used to predict the
size of the density changes expected to occur during the diffusivity runs for
each fuel type:

e Based on resintering results, no density change was expected for the 95%
TD-S fuel type during the diffusivity measurements. However, a density
change of +1.2% was measured on one disc.

e By assuming that the change in density of the 92% TD-U fuel at 1600°C
follows a Tn time-dependency, and by extrapolation of the data to 4 hr, a
change in density of 1-2% during the diffusivity measurements at 1600°C is
predicted. However, a change of only +0.7% was measured on a disc.

e For the 92% TD-S fuel, a density change of less than +1% would be antici-
pated during the 4-5 hr hold at 1600°C. However, density decreases of
-4.7 and -2.4% were measured following the diffusivity runs.
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Although as yet undetermined, it is believed that a large uncertainty, per-
haps + 0.5 - 1.0% TD, is associated with the density changes reported for the
small fuel discs used in the diffusivity measurements. This uncertainty is
due to the high surface-to-volume ratio and Tow mass of the discs. Therefore,
reported density changes of up to 1% TD for the discs are within limits of
error for the measurement. The reduction in disc density of 92% TD-S fuel is
considered real and is supported by the measured increase in disc thickness
and microstructural examination.

As mentioned, microstructural change of the 92% TD stable disc is the
cause of the decrease in thermal conductivity for this fuel type. This con-
clusion is supported by a qualitative evaluation of the parameters derived
from the linear relationship of thermal resistivity versus témperature, DL
A+BT. The constants A and B have a qualitative meaning relating to lattice
conduction in solids. Lattice conduction is defined as the transfer of
thermal energy from one vibrating atom to another. In UOZ’ the atoms have a
defined spatial distribution, and heat transfer can be considered to be an
elastic displacement wave moving through the lattice. Any change in the
periodicity of these atoms, will cause these elastic waves or photons to
scatter, resulting in a decrease of thermal conductivity. Such effects may be
caused by inpurities, nonstoichiometry, structural defects (i.e., vacancies,
disTocations), and macroscopic changes (such as cracks, pores, and grain
boundaries). '

The constant A is influenced primarily by the presence of athermal,
extrinsic effects, such as impurities, pores, cracks, dislocations (if
athermal), and grain boundaries. Constant B is an intrinsic term relating
directly to the temperature coefficient of the lattice structure (e.g., lat-
tice parameter, crystallographic structure, phases, or stoichiometry). Thus
for U02,
sic nature of the fuel did not change but cracking or porosity occurred.

large changes or differences in A would be expected if the intrin-

A1l data were fitted to this linear equation, including the 92% TD-S fuel
before and after the decrease in thermal conductivity. The values for A and B
vary depending upon the temperature range since, in general, the,f]-versus-T

7-58



curve is slightly "S" shaped; x'] increases as temperatures increase. This
curvature is most pronounced for the 95% TD-S fuel.

Fitting all the data over the entire temperature range, the B values for
92% TD-S and 95% TD-S agree with values for 95% TD UO2 measured by
Godfrey(Z]) (B = 0.0223 cm/W). However, the B values for the 92% TD-S fuel
are significantly different from those of the other two fuel types. This sug-
gests some possible basic differences in the UO2 lattice structure for the
92% TD-S fuel. The A values for the 92% TD-U and the 92% TD-S fuels before
annealing were approximately the same (A = 11.2 - 11.3 cm-°C/W) which is
nearly the same as that for Godfrey (A = 11.1 cm-"C/W).

The most significant change for the 92% TD-S fuel after heat treatment
above 1600 C is the increase in A (11.3 to 16.3 cm-°C/W); B remained
essentially unchanged (0.0252 to 0.0253 cm/W). These results support the
conclusion that the decrease in thermal conductivity during heat treatment
near 1600 C results from a microstructural change due to increased porosity
and/or microcracking, and with Tittle change in the UO2 lattice structure.

However, the decreased density of the 92% TD-S fuel cannot be used to
account solely for the large decrease in thermal conductivity. Even the den-
sity correction methods, which predict the largest changes in conductivity;
cannot account for the 30-40% decrease in thermal conductivity. Thus, it
appears that, although the increase in porosity may contribute to the decrease
in thermal conductivity, the major cause for the increase in A is the forma-
tion of microcracks with interfaces that act as barriers to heat transport.

Although the first-order equation is convenient for understanding the
changes in heat conduction, a better fit of the data can be obtained using a
second-order equation:

A"l = ¢+ 0T + ET2

where C, D, and E are constants. The data for all the samples is summarized
in Table 7-7 and Figure 7-34, and compared with that reported by Godfrey(Z])
and Lyons.(22’23) The thermal conductivity of the 95% TD-S fuel is higher
than that of the reference UOZ; the 92% TD-U fuel thermal conductivity is

lower at lower temperatures but agrees with that of the reference at higher
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temperatures. Before and after heat treatments the 92% TD-S fuel is substan-
tially lower than the reference data at all temperatures. Because of the
difference in fabrication techniques and resultant microstructures for the
three fuel types, it is not surprising that the thermal conductivity valves
are different for each fuel type and vary from other reported thermal conduc-
tivity data.

Conclusions

The thermal diffusivity was measured from approximate room temperature to
near 1600°C; the thermal conductivity for the three fuel types was calculated
from this data. The effect of heat treatment near 1600°C in argon on thermal
conductivity was measured. The 95% TD-S and 92% TD-U fuel types were
unchanged by the heat treatment. The 92% TD-S fuel was not changed after
heating to 1415°C, but the thermal conductivity decreased 30-40% after 4-5 hr
above 1600°C. This decrease in thermal conductivity is attributed to micro-
structural change as evidenced by a 2.8-3.2% increase in sample thickness and
a 2.4-4.7% decrease in density.

Microstructural, density, and dimensional changes in the 92% TD-S discs
appear related to the removal of restraints that are present in the whole pel-
lets. In the whole pellets, the higher density exterior surface of the pellet
restrained expansion and fracture. However, when the discs were cut, the res-
traint was removed. Therefore, it is probable that the properties of the
unbroken pellet may be more closely related to the thermal conductivity of the
first cycle to 1616°C, prior to the temperature hold. Whether or not similar
microstructures develop during irradiation will dictate whether pellet thermal
conductivities follow that of the discs measured prior to or following the
1600 °C heat treatment.

The thermal conductivity from 20-1600°C for each of the three fuel types
is best represented by the following equations:

95% TD Stable Fuel

-1

=117+ 1.50 x 10727 + 4.50 x 1078 T2, cm-oc/w
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92% TD Unstable Fuel

2 -6,2

A1 21303 4 1.75 x 10727 - 2.80 x 10°%T2, em-°C/W

92% TD Stable Fuel

2 -6,2

A7l 21303 4 1,90 x 10727 + 3.57 x 107572, cm-°c/u

PELLET AND CLADDING SURFACE ROUGHNESS AND ROUNDNESS

Surface roughness and roundness measurements were made on three fuel
pellets and six samples of cladding. Measurements were made on the cylindri-
cal surface of the pellets and the inside surface of the cladding, and were
taken both axially and circumferentially.

The roundness measurements were made on a Moore #3 measuring machine and
the surface measurements on a Talysurf #4 machine. The Tatter is a tracer-
type instrument that uses a stylus tracer (tip radius of 2.5 um) and electri-
cal amplification. The roundness measurements are accurate to at Teast 0.13um
the surface roughness to at least 0.025 um.

The deviation from true roundness at any cross section is defined as the
width of the annular area within which the measured profile is confined. This
varied from 6.4-14.0 um for the fuel pellets, and from 5.1-10.2 um for the
cladding. Figures 7-37 and 7-38 show the results for the pellets and cladding
respectively. The details are provided in Appendix H.

The surface roughness measurements are characterized by the arithmetic
average; a value which the Talysurf machine calculates automatically. The
arithmetic average deviation from the center line is

X=d
Y = lég;/. |y | dx
d 7 o0

where: Y = arithmetic average deviation from center line
y = ordinate of the curve of the profile
d = length over which the average is taken
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NOMINAL PELLET DIAMETER

PELLET PROFILE

Pellet ¢ 739
Top

1 Div .0001

5-23-75

PELLET PROFILE

NOMINAL PELLET DIAMETER

Petlet # 739
Bottom
1 Div =.0001
5-23-75

Pellet # 739
Center

1 Div =.0001

5-23-75

PELLET PROFILE

~ NOMINAL PELLET DIAMETER

FIGURE 7-37. Fuel Pellet Roundness at Three Locations. Pellet 739.
Each Division = 0.0001 in. (2.54 pum)
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NOMINAL CLADDING DIAMETER

CLADDING PROFILE

Top 18-C Tubing
1 Div =.0001
5-19-75

NOMINAL CLADDING DIAMETER

CLADDING PROFILE

Bottom 18-C Tubing
1Div=.0001

\ 5-19-75

FIGURE 7-38. Cladding Roundness at Two Locations. Sample 18-C.
Each Division = 0.0001 in. (2.54 um)

Arithmetic average values for the fuel pellets ranged from 1.8 - 2.5 um and

those for the cladding ranged from 0.4 - 0.7 um. Figures 7-39 and 7-40 show
typical traces for the pellets and cladding; respectively, Table 7-8 summar-
izes the measurements.

The root mean square average for surface roughness is also commonly used.
Roughness measuring instruments, calibrated for root mean square average, will
read approximately 11% higher on a given surface than those calibrated for
arithmetic average.
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Sample 18. Each minor division = 20 u in. (0.51 pm)

TABLE 7-8. Summary of Pellet and Cladding Surface Roughness

and Roundness Results

Surface Roughness - Arithmetic Average
Roundness Deviation Axial Circumferential

um uin. um pin. um uin.

6.4-14.0 250-550 2.0-2.8 80-110 1.8-2.6 71-104
5.1-10.2 200-400 0.4-0.7 14-29 0.4-0.6 16-24
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8.0 FUEL ROD AND ASSEMBLY FABRICATION

The fabrication and assembly of IFA-431 and IFA-432 was a PNL and Halden
joint project. Sections 6.0 and 7.0 describe fuel pellet fabrication and
precharacterization; the responsibility of PNL. Following that work, PNL
arranged the pellets in their stacking order and shipped them to Halden.
Instrumentation was obtained from two sources: the Idaho National Engineering
Laboratory (INEL) supplied thermocouples and Halden supplied all remaining
instrumentation. Fuel assembly and inspection of the fuel rods and test
assemblies was performed at Halden by Halden personnel.

PELLET STACKING AND SHIPPING

Prior to shipping, PNL arranged the fuel pellets in the desired stacking
order (as detailed in Appendix I) for loading into the fuel rods by placing
the ordered pellets in polyethylene tubing. To prevent contact and wearing of
the pellets during shipping, the tubing was stapled between individual pel-
lets. The fuels were then separated into two shipments, IFA-431 and IFA-432,
and sent in DOT-6L containers to Norway via Air West and SAS airlines.

FUEL ROD PRE-IRRIADIATION MEASUREMENTS

Upon completion of assembly at Halden, the fuel rods were subjected to
pre-irradiation dimensional characterization at the Kjeller Hot Laboratory:
this characterization consisted of length, diameter, and profile measure-
ments. The fuel rods were engraved for identification with their rod number
on the lower end plug.

Measurements were made with a vertical profilometer bench; the fuel rods
were inserted with their lower ends down. Dimensional measurements were then
taken at two angles: 0° and 90°. Zero-degree orientation was specified with
an orientation mark on the fuel rod. facing the transducer that was making the
measurements. Ninety-degree orientation was obtained by rotating the fuel rod
90° clockwise. Appendix J contains the resulting measurements.
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INSTRUMENTATION

The following instrumentation was used to acquire the experimental data
for the two fuel assemblies:
o fuel centerline thermocouples
e pressure transducers
e elongation detectors
e self-powered neutron detectors

The instrumentation for IFA-431 and IFA-432 is the same except for rod 2,
IFA-432; it is equipped with an ultrasonic thermometer at the upper end -
instead of a thermocouple.

Thermocouples

The thermocouples were fabricated and calibrated by INEL. The thermo-
couples in both assemblies have grounded junctions with 0.1575 cm outer dia-
meter W/22% Rh sheaths and W 5% Re/W 26% Re seven-stranded thermocouple
wires. The thermocouples in IFA-431 have BeO insulators; those in IFA-432
ThO2 for protection against higher temperatures.

Ultrasonic Thermometer

The ultrasonic thermometer, also fabricated by INEL, has a W/2% ThO2
sensor and transmission line. The sensors are 8.13 cm long and 0.076 cm in
diameter; the transmission line is 11.68 cm Tong and 0.038 cm in diameter.

Pressure Transducers

The pressure transducers, which measure the internal gas pressure of the
fuel rods, are mounted on top of the rods and consist of a thin platinum mem-
brane barrier which separates the gasses in the fuel rod from an external
helium source with controlled preséure. The pressure balance across the mem-
brane is indicated by an electric contact resting against the membrane. The
fuel rod pressure is taken manually.

Elongation Detectors

The elongation detectors are of the Linear Variable Differential Transfor-
mer (LVDT)-type. The LVDT is an electromechanical transducer that produces an
electrical output proportional to the displacement of a separate moveable
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core. In its simplest form, three coils are equally spaced on a cylindrical
coil form; a rod-shaped magnetic core is positioned axially inside the coil
assembly and provides a path for the magnetic flux linking the coils. Axial
movement of the core produces a voltage output which varies linearly with
changes in core position. As applied at Halden, the fuel rods are fixed at
the upper end and are allowed to elongate in the downward direction. There-
fore, the LVDT's are positioned below the lower end of the fuel rods with the
LVDT's cores spring loaded and contacting the ends of each fuel rod. Axial
elongation of a fuel rod causes the core to move which produces a change in
the output voltage of the transducer.

Self-Powered Neutron Detectors

Each assembly is equipped with seven self-powered beta current neutron
detectors: six of the detectors use vanadium as an absorber material and one
uses cobalt. The vanadium detectors are used to determine the assembly power
while the cobalt detector is used for transient experiments because of its
rapid response.

DATA ACQUISITION

The outputs from the in-reactor instruments, except the pressure trans-
ducers, are connected to a process computer which will scan and log all
instrument signals at 15-min intervals. The recorded data will be stored on
discs for 24 hr and then transferred to magnetic tape for permanent storage,
together with all the information necessary for interpretation of the recorded
data.

The pressure transducer is scheduled to be taken manually six times during
startup and shutdown, and five times during each 24-hr steady state period.
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CLADDING CERTIFICATION

PNL supplemental cladding specifications agreed to by manufacturer.
Alloy Composition

The chemical composition and impurity limits for grade RA-1 (Zry-2) shall
conform to Table I of ASTM B353-71 with the maximum oxygen content not to
exceed 0.14% by weight.

2. Mechanical Properties
A) Tubes shall be supplied in the cold and stress relieved condition with
the following tensile properties
Test Temperature 0.2% Offset Yield Ultimate Elongation in
Room Temperature 60 ksi (minimum) 70 ksi (minimum) 16%
720°F 32 ksi (minimum) 48 ksi (minimum) 16%
B) Minimum burst pressure tests performed using the open end method. The
circumferential elongation measured in the region of failure shall be at
least 16%.
3. Dimensions
Inside Diameter 0.4295 + 0.0005 in.
Outside Diameter 0.5035 + 0.0010 in.
Wall Thickness, minimum 0.034 in.
The ID, OD, and wall thickness shall be measured on a 100% basis on each
tube and a measurement accuracy of 0.002 in.
4, Surface Finish
The tubes are to be finished by an acid etch on the ID surface and belt
polished on the OD surface to 45 1in. or better.
5. Hydride Orientation Ratio

The hydride orientation ratio shall not exceed 0.30.



During the construction of the fuel rods, Halden used the supplied Zry-2
tubing for specific fuel rods as listed below.

Tubing Identification

Fuel Rod IFA-431 IFA-432
1 8A : 9C.
2 4B o 5C
3 6C 128
4 12A 25A
5 27A 10C
6 7C 20B
7 - 7A
8 - 20A
9 - 23C

A-2



Sandvile Special [etais Corporation

P.0. BOX 6027 KENNEWICK, WASHINGTON 99336 pHONE 1509) 506-4131 lavoice No.

4304

PLEASE REMITTO: BxSandvik Spccial Metats Corporation Invoice Date December 17, 1974

P.O. Box G027, Kennewick, Wa. 99336

D Sandvik Special Metals Corporation

- S—y7
Your Order No.(B5Y777-23524 %—

P.O. Box 360524 M, Pittsburgh, Pa. 15230 Vendor Code No.
houting CONSOLIDATED FREIGHTWAYS Terms _Net 30 days
. . Service charge of 1% per mont!
Shipped Via Truck after days from date of invoic
—_—
SOLD Shipped To
TO BATTELLE PACIFIC NORTHWEST LABORATORIES BATTELLE
P.0. Box 999 ¢/o ARCHO
Richland, WA 99352 1116 Building
Richland, WA 99352
l ATTN: Accounts Payable
—
Date Shipped December 17, 1974 Freight 1 pf;‘pe;' d
4 tity Unit Amount
fem Quantity Price U.S. Funds
1 1 lot SANDVIK Zircaoly-2 Seamless Tubes

OD 5035" x ID 4295" x Min. Wall 0.034" (tolerances best
effort only). Spec. ASTM B353-71 & Supp. Battelle Spec.

SHIPMENT NO. 1 & FINAL

Box No. Lot No. = No. Pes. Length
473-001 9AF36 7 162" each
9AF36 59 50" each

PACKING LIST & CERTIFICATION OF QUALITY INSIDE BOX

Gross: 101 1bs,
Tare: 48 1bs.
Net: 53 1lbs.

x¢: JE Rasberry/Battclle A-3 SSM-473
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SANDVIK SPECIAL METALS CORP.

£.0.80x LO2? ALNNLWICK, WASIOINGTON 92336 PHONE (5001 LU0 410
T0: . Battelle Paclfic Northwest Laboratories
P. 0. NO: B5Y-777-23524"
SPEC. Nu: ASTM B353-71 with exccptions
pLRG. NO: .
“TYPE: Sandvik Zircaloy-2 Tubes
DIMENSIONS ID: 0.4295" + 0.0005"

op: 0.5035" ¥ 0.0010"

Length: . 59 pcs @ S0" + 1/4"
7 pes @ 162"+ 1/4"
TENSILE PROPLRTILS : :
Room U1S, psi: 105,300 104,200
0.2% YS, psi: 80,700 80,200
Elong. 2 1in., Z%: 22 23
720°F UTS, psi: 64,100 62,600
0.2Z Ys, psi: 46,500 46,000
Elong. 2 in., %: 26.0 28.0
BURST TEST With Mandrel Open End
Circ. Elong.,Z%: 17,300. 17,400
. Circ. Elong. %: 50.0 48.0
HYDRIDE ORILEWTATION .
: . oD: .06 .10
Fpt Mid: .04 A1
ID: .01 | .09
CORROSION TEST 3 days Etched

Sample Wt/dnl: - 17 15

Color: Lustrous Black
std . Wt /dln H

Std. No: :
Post-Gaging Inner Surface Sample

Color: Lustrous Black ID

CREMICAL ANALYSIS

lydrogen: 17
Ritrogen: 21
Oxygens 1200
Carbon:

CRAIN S12K
Long., ASTM:
Trans., ASTM:
Recrystallization Data:

11.0 11.0
11.0 10.5
1250°F, 45 minutes

$

We, SANDVIK SPECIAL MLTALS CORPON(\TION contily thot el tubes -dellve,

Putchuse Ouder N, B5Y - 7/*23;‘ //'/v /

CERTIFICATION OF QUALIT

CERT NO: 74460
LOT lio: 9AF36
SSi NOo: 473 .
INCOT NO: 393566Q
Anncalced: 918°F, 4 Hrs.
SHIPMINT DATE: 12/17/74
. QUANTITY: 66

SURFACE ROUGINESS

OD. RMS ¢ microinch: 20 20
ID. RMS * microinch: 18 18

DIMENSIONS, STRAIGHTHESS, U/T FLAW &

FREE PATH TEST:

;«1 in this lot conform 1o the requirements ©f your

Desh

A? /71’ 441(1f

Monager-Quenity Assurance

STATL OF WASHINGTON
EQUNTY OF ULNTON “

»

Sulincribed and sworn 10-bofore me this

Qushity Controt Hepresentstive

dey of

Nutery Puulic in any 10 1he Liate ul Wastungion

' Af4

Hosuding ot
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— . “?i“TELEDYNE
. 70 Sandvik Special Metals Corporation WAH CHANG ALBA\JY

ApDRESS P. 0. Box 6027
Kennewick, WA 99336 ¢.0.80X%.460 / / /

ALBANY, ORCGON 97321
{603) 926-421% TWX (510) 6550973
ATTENTION OF: Don Darsow

.IN REGARD TO YOUR PURCHASE ORDERNO 7238 DATE July 1, 1974

ITEM NO 1B : DATE SHIPPED Ref. P.L.# 3

% DESCRIPTION Zircaloy- 2Trex QUANTITY SHIPPED 136 pes. 6332.0 lbs.
DIMENSIONS 1.750" 0.D.x.300" wall x 12'nom.L PRODUCTION ORDEANO B 3203
SPECIFICATIONS SSM 1021-1 (dtd. 5/4/72) & P.- 0. HEATNO 3935660 Zr-2

THE TEST REPORT FOLLOWS:

*Rotary Forged, Extruded & Rocked - Unannealed

INGOT ANALYSIS

COMPOSITION IN PERCERT 3 TUBE SHELL 'ANNEAL
Spec. Top Middle Bottom Intermediate__vacuum anneal
Sn 1.20-1.70 1.56 1.58 1.44 2 hrs @ 1200 °F.
Fe 0.07-0.20 0.15 0.16 0.13
Cr €¢.05-0.15 0.10 0.12 0.10
Ni ¢.03-0.08 0.06 0.06 0.05
PeitriNi 0.18-0.38 0.31 0.34 0.28
Zr BALANCE PRODUCT CHEMISTRY, PPM
. IMPURITIES IN I'PM Element Spec. max: 1 2
Al 75 40 43 - 41 N 80 29 19
B 0.5 0.2 0.2 0.2 H 25 10 16
rd 0.5 <0.2 <0.2 <0.2 .
(a 3G <10 <10 <10
C 270 120 130 230
C 20 ‘ <5 R ¢ <5 .
Co 20 <10 <10 <10 MICRO NO. 00-574
Cu 50 12 13 12 ASTM GRAIN SIZE AVERAGE
1 100 gi 22 63 Spec. max: 6
R 25 Sample ‘ Results
¥ 130 <50 <50 <50 Long. #1 . T11.5
My 20 <10 <10 <10 Long.#2 : 11.5
o 50 <25 <25 <25
13 80 29 28 34
2130 <50 <50 <50 TUBE SHELL ULTRASONIC TEST RESULTS
.0 <25 <25 <25 PS-Ul0-Rev. 1 (0.012" defect level)
100 <25 <25 <25 . Results — Acceptable
3. 1.6 1.1 0.8 '
: 3C. LAG 1190 1130 1350 )
4 12¢ <50 <50 - <50
" 50 €25 5 <25 TREX IDFENTITY
? 200 - <100 <100 <100 Per attached layout sheet
. S0 {25 <25 <25
n 20 <10 - <10 <10

__ IN:0T NARDNESS, BN
rey (200 max) ¢ - 172 ) .
AVCIape (187 max) 168 SRS

upct cuntains _77.7 X Sponge.

Spec. min: 402
ANALYSIS
rlb ,zxu(/ iz 4//
KJ: CLNRTINLLO VY (v ’ "| ( e l]]ll
Yia— _'/,\,/ Qual Hv 'N wranee Hpr,

A-5
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ATTENTION OF:

.IN REGARD TO YOUR PURCHASE ORDER NO

Sandvik Special Metals Corporation
ADDRESS P. :

Kennewick, WA 99336

(TEM NO

* pE

SCRIPTION

DIMENSIONS
SPECIFICATIONS
THE TEST REPORT FOLLOWS:

Don Darsow

0. Box 6027

7238

Zircaloy- 2Trex
1.750" 0.D.x.300" wall x 12°'nom.L PRoDuUCTION ORDERNO B 3203

S$SM 1021-1 (ded. 5/4/72) & P. O.

*Rotary Forged, Extruded & Rocked - Unannealed

INGOT ANALYSIS

COMPOSITION IN PERCENT

Spec Top Middle Bottom
Sn 1.20-1.70 1.56 1.58 1.44
Fe 0.07-0.20 0.15 0.16 0.13
Cr 0.05-0.15 0.10 0.12 0.10
154 0.03-0. 0.06 0.06 0.05
PetCriNi 0,18-0. 0.31 0.34 0.28
Zr BALANCE
— IMPURITIES IN I'PM
Al 75 40 43 41
B 0.5 0.2 0.2 0.2
Cd 0.5 <0.2 <0.2 <0.2
Ca 30 <10 <10 <10
c 270 120 130 230
Ccl 20 <5 . <5 <5
Co 20 <10 <10 <10
Cu 50 12 13 12
Hf 100 65 66 69
H 25 <5 <5 8
Pb 130 <50 <50 <50
Mg 20 <10 <10 <10
Mn 50 <25 <25 <25
R 80 29 28 34
s4 200 <50 <50 <50
Ti 50 <25 <25 <25
v 100 <25 <25 <25
v 3.5 1.6 1.1 0.8
0 500-1400 1190 1130 1350
Cb 120 <50 <50 <50
Mo 50 <25 <25 <25
Ta 200 - <100 <100 <100
v 50 <25 <25 <25
Na 20 <10 <10 <10
INCOT IIARDNESS, BHN

Range (200 wax) 163 - 172

Average (187 max) 168

Ingot contains _77.7 Z Sponge.

Spec. min: 40%
- . rlb

,." v{&—’ ./h///‘

“"TELEDYNE
WAH CHANG ALBANY

?.0.80X 460 // /"’ (/ |

ALBANY, OREGON 9732V

(503) 926-42v1 TWX (510} 6950972
July 1, 1974
Ref. P.L.# 3

136 pcs. 6332.0 1bs.

DATE
DATE SHIPPED
QUANTITY SKHIPPED

HEAT NO 393566Q 2r-2

TUBE SHELL ANNEAL

Intermediate_Vvacuum anneal
2 hrs @ 12060 °F.

PRODUCT CHEMISTRY, PPM

Element Spec. max: 1 2
N 80 29 19

H 25 10 16

MICRO NO. 00-574
ASTM GRAIN SIZE AVERAGE
Spec. max: 6

Sample Results
Long. #1 11.5
Long.{#2 11.5

TUBE SHELL ULTRASONIC TEST RESULTS

PS-Ul0-Rev. 1 (0.012" defect level)
Results - Acceptable

TREX IDFNTITY
Per attached layout sheet

ANALYSIS

ITIFILO 0y e sseher s i

Qu:ll Pty dnuranese Mpr.
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NUCLEAR ENERGY

GENERAL “4'\; ELECTRIC DIVISION

\

GENEHAL ELECTRIC COMPANY . . . ., . . VALLCCITOS NUCLEAR CENTER INBADIATION PHOCTSSING OI'CHATION

VALLECITOS ROAD, PLEASANTON, CALIFORNIA 94566, Phone {415) B8G2-2211
REACTIVITY TIST CERTIFICATION Page‘ 1 of 1
Custoner ilane Sandvik Spccial lictals Cor'p. Service Orderff 1C 5419
Customer P.O.f UJUY Date Sentember 4, 1974

G.E. Requisitionf 23%-r3:25

1.0 Certification Record
This is to certify that the listed samples were Reactivity Tested at the General
Electric Nuclear Test Reactor per specification ione .
No determination was made for acceptability or rejectability of the samples.

2.0 Sample Identification Test Values Error Limits

2.1 3566-A1 & 2 . 37.652 PPM BEO . Mone
2,2' 3133-81—6 36,334 PPM BLO Mone
2,31 3129-Cl1-6 37.885 PPN BEQ None
2.4 .
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

2.13 D ITIILTT
- * . P Gt A 90 o
2,14

2.15

StP gisid

Special Metws
3.0 Date of Test 9/3/7 S -

4.0 Reactor Run lo. G194

5.0 Standards Uscd for Test: See Delow []) N/A [k
5.1 . 5.5 5.9
5.2 5.6 5.10
5.3 5.7 ' 5.11
5.4 5.8 . 5.12

/9 hand \4
L OTX,
/',1,4' //, | / /-.,1_/ g-’ﬂ';‘w

=
Lencral Flecirie baclear Test Reactor “anent
iegacger®

lf?unanon SCAVICL: AND HADIOISOTOPLES FOR RCSCARCH AND INDUSTRY —_—— i e )

b

- A-7
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o' Sandvik Special Metals C ation GUTELEDYNE 24 ~7
Yo . andv pec cetals Corpor P } adg
ADDRESS P, O, Box 6027 WAH CHA{\-G ALBANY
' : Kennewick, WA 99336 #.0.60X 460 .
‘ ALBANY, OREGON 87321
{502) 926-4211 TWX {5101 595.0973
ATTENTIONOF: D, W, Darsow

- IN RECARD TO YOUR PURCHASE ORDERNO 0042 DATE S_éptembct 20, 1974

ITEM NO 1 DATE SHIPPED -
DESCRIPTION Chemical analysis of Grad RA-1 Zr2OUANTITY SHIPPED ———
DIMENSIONS samples per ASTM B353-71 PRODUCTION ORDERNO ¢ 8955 -
SPECIFICATIONS wcw HEAT NO . ew=

THE TEST REPORT FOLLOWS:

. k ANALYSIS IN PPM | I "RECEIVED

AB-30  AC-30 AF
c 120 130 100 SEP 24 1974
0 1220 1220 1150 . - pendvix
N - - 26 32 22 Pty
; H 8 9 12 .
! . HEf 50 48 60
L cb <50 <50 <50
C Ta <00 <100 <100
Sn . L.46% 1.52% 1.497%
Fe 1240 1330 1390
c= 970 1050 109 . ..
Ni : 510 . 510 560 ..
Cu T 12 12 12
Al 35 38 . 42
B 0.2 . 0.2 . 0.2 -
cd <0.2 <0.2 <0.2
Co Q0 <10 <10
Mg <10 <0 Qo
Mn <25 <25 <25
Mo <25 <25 <25
Pb <50 <50 <50
si <S50 <50 <50
TS <25 <25 <25
U ] 1.0 1.1 1.4
v <25 <25 <25
W <25 <25 <25
c1 < <S <

ANALYSIS 26
. CERTIFIED OY ........ 7”"‘)1'_4';’(;‘: Ao s?
'}{c‘;: H., JeReed
Acting Quality Assurance Manaper
- . o . . . Anee - . - . ‘\w - y —

A-8



Zircaloy-2 Tubing Measurements

Zircaloy-2 tubing measurements on the 16 tubes furnished by BNW
for IFA-431 and 432 were made by BNW on December 13, 1974. Outside diameter
measurements were made at three locations, near each end and the center.
Inside diameter measurements were made at each end of the tube. All
measurements are in millimeters.

ID] ,Y‘XX ¥ . = IDo
0] 0D, 005
Identification
¥:gﬁt. 0D, 0D, 00, 10, D, Length
7A 12.779 | 12.781 12.779 | 10.899 | 10.904 | 1269.5
8A 12.779 | 12.779 | 12.779 | 10.902 | 10.904 | 1269.5
12A 12,779 | 12.78] 12.779 | 10.899 | 10.902 | 1269.7
20A 12,776 | 12.781 12.781 10.902 | 10.894 | 1269.7
25A 12.784 | 12.779 | 12.781 10.902 | 10.902 | 1269.5
27A 12.781 12.781 12.779 | 10.904 | 10.904 | 1269.5
4B 12.779 | 12.781 12.779 | 10.902 | 10.902 | 1269.7
128 12.771 12.779 | 12.779 | 10.894 | 10.904 | 1269.5
208 12.779 | 12.779 | 12.776 | 10.902 | 10.897 | 1269.7
5¢ 12.784 | 12.781 12.786 | 10.894 | 10.907 | 1269.5
6C 12.781 12.784 | 12.779 | 10.907 | 10.904 | 1269.5
7C 12.776 | 12.779 | 12.779 | 10.902 | 10.907 | 1269.7
9C 12.789 | 12.784 | 12.784 | 10.902 | 10.909 | 1269.5
100 12.781 12.781 12.779 | 10.904 | 10.904 | 1269.5
19C 12.779 | 12.781 12.779 | 10.899 | 10.899 | 1269.7
23C 12.776 | 12.779 | 12.779 | 10.899 | 10.902 | 1269.7







PRETEST PREDICTIONS FOR IFA-431 AND IFA-432

Pretest predictions for both fuel assemblies were performed at PNL using
the codes GAPCON-THERMAL-Z(]) (9/1/1974 version, developed by PNL) and
FRAP-S(Z) (MODOO1-EXPRO04-MATPRO-MOD-3, developed by ANC). Input, and
results, presented here for each code was based upon planned assembly config-
uration and materials, and in some cases (e.g. fuel and cladding surface
roughness) found later to differ from precharacterization measurements. The
input used for these predictions is summarized in Tables B-1 through B-4, and
the assumed axial profile is presented in Figure B-1. To simulate burnup
effects, three power cycles were assumed with a total burnup of approximately
12,000 MWd/MTM for IFA-431 and approximately 25,000 MWd/MTM for IFA-432.
Figures B-2 through B-13 summarize the predictions.

Two major differences were observed between the GAPCON-THERMAL-2 and
FRAP-S versions used in these predictions. First, FRAP-S did not have a den-
sification model for analyzing the expected densification of the 92% TD-U fuel
in Rod 6. Second, FRAP-S did not have an option for 100% Xe fill gas, thus
necessitating the use of Ar for the Rod 4 predictions. For comparison,
GAPCON-THERMAL-2 was run with both Xe and Ar fill gas for Rod 4.

(a) Input units and definitions are listed as required for input and defined
by manuals.



TABLE B-1.

Variable

DFS
FRDEN
FRACHE
FRACXE
VPLENZ
LFUEL
LVOIDZ
IDENSF

Input for GAPCON-THERMAL-2 Pretest Predictions for IFA-431

Common to all rods

ATMOS
DCi
DCO
DTEMP
FR35
EXTP
IPEAK
IRELOC
bvOIDZ
NCLAD

PROFIL
PSEUDO
TIME

Rod Type
1 2 3 4 5 6
0.4201 0.4145 0.4275 0.4205 0.4203 0.4204
0.95 0.95 0.95 0.95 0.92 0.92
1.0 1.0 1.0 0.0 1.0 1.0
0.0 0.0 0.0 1.0 0.0 0.0
0.108 0.118 0.080 0.125 0.109 0.095
22.59 22.63 22.89 23.82 22.84 22.68
22.59 22.63 22.89 23.82 22.84 22.68
0 0 0 0 0 1
1 NCON 0
0.4293 NFLX 9
0.5032 NPOW 10
10.0 NPRFIL 1
0.1 NTIME 15
500.0 ROUF 0.3 x 10-4
0 ROUC 0.12 x 10-¢
1 TINLET 457.0
0.0685 ZCLAD -1
0 T 0

1.00, 1.07; 1.14, 1.20, 1.25, 1.28, 1.31, 1.34, 1.35, 1.35, 1.34
2.0, 2.0, 4.0, 6.0, 8.0, 10.0, 10.0, 0.0, 10.0, 0.0, 10.0, 0.0, 10.0, 10.0, 10.0
0.0, 0.08,0.2,0.3,0.4, 0.5, 2.5, 3.5, 5.5, 6.5, 8.5, 9.5, 70.0, 140.0, 280.0



TABLE B-2. Input for FRAP-S Pretest Predictions for IFA-431
Rod Type
Variable 1 2 3 4 5 [
DP 0.4201 0.4145 0.4275 0.4205 0.4203 0.4204
DEN 95.0 95.0 95.0 95.0 92.0 92.0
IDXGAS 1.0 1.0 1.0 5.0 1.0 1.0
Common to all rods
CPL 0.7460 JDLPR 1.0
DC! 0.4293 IN 11
DCO 0.5032 NT 1
DE 0.0 P2 15 x 1050.0
DSPG 0.350 RDISN 0.0
DSPGW 0.039 ROUGHF 0.3 x 104
ENRCH 10.0 ROUGHC 0.12 x 10-*
FGPAV 14.7 TOTL 1.8825
Gola) 15 x 0.0 VS 8.0
HDISH 0.0 FA 2.0
HPLT 0.5 ICOR 4.0
ICM 2.0 NOPT 0
iM 15.0 NSP 1
IQ 0.0 PPMN2 0.0
IPLANT 20 RC 0.03425
TIME 0.01, 2.4, 4.8, 7.2, 9.6, 12.0, 60.0, 84.0, 132.0, 156.0, 204.0, 228.0, 1680.0, 3360.0, 6720.0
QMPY 1.481, 1.481, 2.963, 4.444, 5.926, 7.407, 7.407, 0.001, 7.407, 0.001, 7.407, 0.001, 7.407, 7.407, 7.407
™ 476.0, 476.0, 479.0, 481.0, 484.0, 487.0, 487.0, 474.0, 486.0, 474.0, 486.0, 474.0, 487.0, 487.0, 487.0
QF 1.00, 1.07, 1.14, 1.20, 1.25, 1.28, 1.31, 1.34, 1.35, 1.35, 1.34
X 0.00, 0.19, 0.38, 0.56, 0.75, 0.94, 1.13, 1.31, 1.51, 1.69, 1.88

{a) 15 x 0.0 is shorthand for 15 values of 0.0.



TABLE B-3.

Variable

DFS
FRDEN
FRACHE
FRACXE
VPLENZ
LFUEL
LVOIDZ
IDENSF

Common to all rods

ATMOS
DClI
DCO
DTEMP
FR35
EXTP
IPEAK
IRELOC
DVOIDZ
NCLAD .
NCON

PROFIL
PSEUDO
TIME

Input for GAPCON-THERMAL-2 Pretest Predictions for IFA-432
Rod Type
1 2 3 4 5 6
0.4205 0.4143 0.4264 0.4204 - 0.4203 0.4203
0.95 0.95 0.95 0.95 0.92 0.92
1.0 1.0 1.0 0.0 1.0 1.0
0.0 0.0 0.0 1.0 0.0 0.0
0.123 0.139 0.108 0.139 0.120 0.135
23.50 23.24 23.46 23.24 23.53 23.42
23.50 23.24 23.46 23.24 23.53 23.42
0 0 0 0 0 1
1.0 NFLX 9
0.4293 NPOW 10
0.5032 NPRFIL 1
10.0 NTIME 15
0.1 ROUF 0.3 x 10—
1050.0 ROUC 0.12 x 104
0 SIGHF 2.5 x 104
1 TINLET 464
0.0685 ZCLAD -1
0 IT 0
0

1.00, 1.07, 1.14, 1.20, 1.25, 1.28, 1.31, 1.34, 1.35, 1.35, 1.34

2.0, 4.0, 8.0, 12.0, 16.0, 16.0, 0.0, 16.0, 0.0, 16.0, 0.0, 16.0, 16.0, 16.0, 16.0
0.0, 0.1,0.2, 0.3, 0.4, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 50.0, 150.0, 250.0, 350.0



TABLE B-4. Input for FRAP-S Pretest Predictions for IFA-432

Rod Type

Variable 1 2 3 4 5 6

DpP 0.4205 0.4143 0.4264 0.4204 0.4203° 0.4203

DEN ) 95.0 95.0 95.0 95.0 92.0 92.0

IDXGAS 1.0 1.0 1.0 5.0 1.0 1.0

CPL 0.9143 1.0250 0.8106 1.0250 0.8935 0.9972

TOTL 1.958 1.937 1.955 1.937 1.961 1.952

X 0.0 0.0 0.0 0.0 0.0 0.0
0.1958 0.1937 0.1955 0.1937 <0.1961 0.1952
0.3916 0.3874 0.3910 0.3874 0.3922 0.3904
0.5874 0.5811 0.5685 0.5811 0.5883 0.5856
0.7832 0.7748 0.7820 0.7748 0.7844 0.7808
0.9790 0.9685 0.9775 0.9685 0.9805 0.9760
1.1748 1.1622 1.1730 1.1622 1.1766 1.1712
1.3706 1.3559 1.3685 1.3559 1.3727 1.3664
1.5564 1.5496 1.5640 1.5496 1.5688 1.5616
1.7622 1.7433 1.7595 1.7433 1.7649 1.7568
1.9580 1.9370 1.9550 1.9370 1.9610 1.9520

Common to all rods

DCi 0.4293 JDLPR 1.0

DCO 0.5032 JN 11.0

DE 0.0 NT 1.0

DSPG 0.350 P2 15 x 1050.0

DSPGW 0.039 RDISH 0.0

ENRCH 10.0 ROUGHF 0.3x 10+

FGPAV 14.7 ROUGHC 0.12 x 104

Gol() 15 x 0.0 VS 8.0

HDISH 0.0 FA 2.0

HPLT 0.5 ICOR 5.0

ICM 2.0 NOPT 0.0

IM 15.0 NSP 1.0

1Q 0.0 PPMNZ 0.0

IPLANT 2.0 RC 0.03425

QF 0.741, 0.793, 0.844, 0.893, 0.923, 0.950, 0.969, 0.992, 1.000, 1.000, 0.992

QMPY 2.0, 4.0, 8.0, 12.0,; 16.0, 16.0, 0.001, 16.0, 0.001, 16.0, 0.001, 16.0, 16.0, 16.0, 16.0

TIME 0.01, 2.4, 4.8, 7.2, 9.6, 120.0, 144.0, 168.0, 192.0, 216.0, 240.0, 1200.0, 3600.0, 6000.0, 8400.0

T 475.0, 477.0, 481.0, 485.0, 490.0, 490.0, 473.0, 490.0, 473.0, 490.0, 473.0, 490.0, 490.0, 490.0, 490.0

{a) 15 x 0.0 is shorthand for 15 values of 0.0.
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RELATIVE ALUX © /0 0
(=]
o
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ggz PELLET FABRICATION PROCESS CONDITIONS AND CERTIFICATION

.The procedure followed in the fabrication of fuel pellets for IFA-431 and
IFA-432 1is outlined in Section 6.0. This appendix provides a record of the
original specifications, process parameters, and general summary of the final
pellet properties.

The pellets were accumulated at the pellet press into batches, whose iden-
tities were maintained throughout sintering, grinding, and inspection. Pellets
included in each inspection batch ére from a single furnace run. All pellets
are from the same starting UO2 powder Tot; lot number 2. For IFA-431 and
IFA-432, the 10% enriched, UO2
as Pellet Inspection Batches 4, 5, and 6. Following the Powder Certification,
Table C.1 summarizes the initial UO2 powder properties, while Table C.2
jdentifies each pellet as to power lot number, pellet batch number, and

pellets were pressed, sintered, and inspected

parameter sheet number.

The parameter sheets Tist the pellet fabrication process parameters that
were developed and approved for the fuel pellet fabrication. Following each
parameter sheet, the Pellet Fabrication Follower Data Sheet is included.
Tables C.3-C.5 list the disposition of each pellet batch. The green pellet
properties for each batch are listed in Table C.6 and provide a comparison
with the specified properties on the parameter sheets. A final inspection was
carried out for each pellet (as discussed in Section 7); Table C.7 summérize
those results for each batch. Table C.8 lists the chemical analysis results
for each pellet batch.
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TABLE C.1. UO, Powder Properties, IFA-431 and IFA-432

2
UO2 Powder Lot | 2
ANC 18% Enriched U0, Blend No. 27 (97.7%)
26 ( 2.3%)

Weight Percent 23%U/Total U . 10.06+0.05
Weight Percent U 87.23
Oxygen/Metal Atomic Ratio 2.057

' 2.056
Surface Area, M2/gm ‘ . 4.1
ppm C1 ’ 10
ppm F ' 5
ppm C 75
ppm N 10
ppm H,0 @ 400 C ' 1750
EBC ' 4,20
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TABLE C-2. Pellet Specifications and Identifications

Pellet Identification

Pellet Specifications Pellet
Halden - Gapcon Thermal Test Batch No.
Memo, R.K. Marshall to D.W. Brite Parameter Powder Pellet Serial
dated November, 1974 Sheet No. Lot No. Numbers
Items 1-1, 1-4, 2-1, 2-4 5 2 4

1-293

758 - 777
Items 1-1, 2-2 4 - 2 4

294 - 461
Items 1-3, 2-4, 2-5 6 2 5 ,

462 - 635
Items 1-5, 2-6 7 2 : 5

778 - 900
Items 1-6, 2-7 8 2 6

636 - 757



U02 POWDER CERTIFICATION OF COMPLIANCE

Quality Control Release No. 2

Project:_ ANC - BNW HALDEN 10% ENRICHED FUEL PELLETS
ANC - P. O. #S-1558

Powder Lot Identification: 2 Lot Size, kg UO2 21

Sample No. DB-3

Applicable Specifications: P. 0. S-1558 and ASTM Standard Specification for
Nuclear Grade Sinterable Uranium Dioxide Powder, dated December, 1973.

Review of Analytical Data

The analytical data for the UO2 powder lot identified above has been
reviewed and the reported results comply with the chemical and nuclear
requirements of the applicable specifications, with exceptions noted
below.* This material is released for sinterability testing.

Signed

Date

* A1 = 210 ppm, spec = 100 ppm max.
Nitrogen analysis not completed by November 4, 1974. Spec = 200 ppm max.
EBC (excluding N contribution) = 4.18 ppm, spec = 4 ppm max.

Fuels Design and Development Section
Fuels and Materials Department
Battelle - Pacific Northwest Laboratories
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UO2 POWDER CERTIFICATION OF COMPLIANCE

Quality Control Release No. 3

Project: ANC - BNW HALDEN 10% ENRICHED FUEL PELLETS
ANC - P. 0. #S-1558

Powder Lot Identification: 2 Lot Size, kg UO2 21

Sample No. DB-3

Applicable Specifications: P. 0. S-1558 and ASTM Standard Specification for
Nuclear Grade Sinterable Uranium Dioxide Powder, dated December, ]973.

Review of Analytical Data

The analytical data for the UO2 powder Tot identified above has been
reviewed and the reported results comply with the chemical and nuclear
requirements of the applicable specifications, with exceptions noted
below.* This material is released for pellet fabrication based on
oral approval by W. F. Domenico for ANC and C. R. Hann for BNW.

Signed

Date

* Al = 210 ppm - specification = 100 ppm max.
EBC = 4.20 ppm - specification = 4 ppm max.

Fuels Design and Development Section
Fuels and Materials Department
Battelle - Pacific Northwest Laboratories
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Parameter Sheet #5, Pellet Batch 4 Date

Project BNW-Hal Lot Number 2 Enrichment  10% Release )

11-25-74

Pellet Specifications: Table I - For Halden Gapcoh-Therma] Irradiations per memo

from R. K. Marshall to D. W. Brite. Date 11-20-74 (See comments below)

(Revised 11-25-74)

PELLET FABRICATION PROCESS PARAMETERS

A. Powder Preparation:

Maximum Batch Size: 6.2 Kg Blending Time 20 min (Twinshell)
Slug Density 4.3 I gn/em3  Slug Size ~ 100 gramsControl Chart Req'd
Granulation: =-20 + 100 mesh with ~ -100 mesh fines

Lubricant 0.2 wt% Sterotex (computed and weighed to 0.001 gram)

B. Pellet Pressing:

Green Density 5.1 * 05 Green Length 645 = .015 Control Chart Req'd

Press Tooling: 540 punch and die w/ flat ends

Bubble Test Req'd

C. Pellet Sintering: (Pellet Batch No. 4)

Heat Rate 200 Maximum Temperature 1700°C Time 8 hours
Cooling RateFurnacet, Flow 10CFH Purge  Argon
Quantity
Comments : Dia. D Drilled Not Drilled Total Extras
Item 1-1 4205 95.0 stable 16 39 55 3
Item 2-1 4205 95.0 stable 16 94 110 5
%205 6
Item 1-4 4275 95.0 stable 6* 35 57 3
4205 57 3
Item 2-4 265 Ditto Item 1-4
Prepared by N. C. Davis Date 11-25-74
Approved by D. W. Brite _ Date 11-25-74

* 063 Hole 3 each .005 off center + 3 on center total 6
.063 Hole in 4 of the 16 total - 2 off enter 2 or center
balance of holes to be .067 - .071 dia.
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Pellet Fabrication Follower Data Sheet

Items 1 -1,2-1,1-4,2 -4 Date 11-18-74
Project BNW-Hal Lot Number 2 Enrichment 10% Release 2
Powder Preparation: Powder Batch No. 1 |
Slug Density 4.3 g/cm 3 i—.] Slug Size ~ 100 grams
Granulate 2582 -20 + 100 mesh__ 650 NA -100 mesh__ Re-slug
Lubricant 0.2 w/o sterotex /.524 grams 3762* grams UO2
Blend 20 Min. Operator Lee Sims

Comments * 3762 incl. 100 g for - sinter test 3 - mixed sterotex with twinshell

15 min and roll 5 min or ball mill. 252 grams additional prepared on 12-2-74 to

provide 20 extra pellets

Pellet No.
Pellet Pressing: Batch No. 4- Identification - 293
+ + 3655 S 3
Green Density 5.1 — .05- Green Length 645 — .015 Quantity p?us 9%5-7;%
(See control chart attached) 1383 (pellets 1-293) (Less Sterotex)
Pellet Sintering: Furnace Run No.1385 (pellets 758-777) pate 11-25-74
Time 8 hours Temperature 700°C Pyrometer 1715 N.C. Davis

Average Pellet Diameter ~ L 430 Batch Weight 3627 plus

Operator N.C. Davis

Pellet Grinding:  Specified Diameter (See batch 4 pellet disposition sheet)

Batch Weight

Operator

Pellet Cleaning & Drying: Cleaned in alcohol, ultrasonic cleaner and dried ~ 1 hour

at 100°C Operator N. C. Davis

Batch Inspection: 100% Diameter 100% Length NA Dish  100% Density

100% Visual 100% Chips & Cracks

Analytical: X Composite X Isotopic X Chemical

X Oxygen/Uranium X Uranium

Comments Inspection data compiled on compiled on computer sheets
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Parameter Sheet #4, Pellet Batch 4 Date 11-25-74

Project BNW-Hal Lot Number 2 - Enrichment  10% Release 2

Pellet Specifications: Table I for Halden Gapcon-Thermal Irradiation per memo from

R. K. Marshall - D. W. Brite dated 11-20-74. (See comments below) (Revised 11-25-74)

PELLET FABRICATION PROCESS PARAMETERS Total U 2166
A. Powder Preparation:
Maximum Batch Size: 6.2 Kg Blending Time 20 min (twinshell)
Slug Density 4-3 . gm/cm3 Slug Size “100 grams control Chart Req'd

Granulation: =20 + 100 mesh with ~ 20% -100 mesh fines

Lubricant 0.2 wt% Sterotex (computed and weighed to 0.001 gram)

B. Pellet Pressing:

Green Densfty 5.1 % .05 Green Length 645 = .015 Control Chart Req'd

Press Tooling: 540 Tooling w/ flat punches

Bubble Test Req'd

C. Pellet Sintering: (Pellet Batch No. 4)

Heat Rate 200 per Maximum Temperature 1700°C Time 8 hours
Cooling Rate fijii;ﬂz Flow 10CFH Purge  Argon
Comments : DIA. D Drilled Not Drilled Total Extras
Item 1-2 0.4145 95% stable 16 39 55 3
[tem 2-2 0.4145 95% stable 16 94 110 5

(Green pellets drilled .089 diameter)

Prepared by N. C. Davis Date 11-25-74

Approved by  D. W. Brite . Date 11-25-74
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Pellet Fabrication Follower Data Sheet

Items 1 - 2 and 2 - 2 Date 11-18-74
Project BNW-Hal Lot Number 2 Enrichment  10% Release 2
Powder Preparation: '
+ 3
Slug Density 4.3 — .1 gm/cm Slug Size "~ 100 grams
(Control chart attached)
Granulate 1594 -20 + 100 mesh__ 572 grams -100 mesh_ NA  Re-s1ug
Lubricant 0.2 w/0 sterotex 4.352 grams 2166 grams U0,
Biend 20 Min. Operator  Lee Sims

Comments Add 0.2 w/o sterotex -200 + 325 mesh to the granulated material

and blend 20 min: (twinshell)

PeTtet No.
Pellet Pressing: Batch No. 4 Identification 294-461
+
Green Density 5.10 — .05 Green Length .645 Quantity 2088 gm
(See control chart attached) (Less sterotex)
Pellet Sintering: Furnace Run No. 1383 Date  11-25-74
Time 8 hours Temperature 1700°C Pyrometer . 1715 N.C. Davis

Average Pellet Diameter v 430 Batch Weight 2058

Operator N. C. Davis

Pellet Grinding: Specified Diameter (see attached batch 4 pellet disposition sheet)

Batch Weight

Operator

Pellet Cleaning & Drying: Cleaned in alcohol with ultrasonic cleaner and dried 100°C

~ 1 hour Operator N. C. Davis
Batch Inspection: 100% | Diameter  100% Length NA Dish 100% Density
100% Visual 100% Chips & Cracks
Analytical: X Composite X Isotopic X Chemical
X Oxygen/Uranium X Uranium

Comments * Inspection data by pellet No. provided on computer lists
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Parameter Sheet #6, Pé]]et Batch 5 Date 11-25-74

Project BNW-Hal ot Number 2 Enrichment 10.0% Release 2

Pellet Specificétions: Table I for Halden Gapcon-Thermal Irradiation per memo from

R.K. Marshall to D. W. Brite dated 11-20-74 (See ‘comments below) (Revised 11-25-74) -

PELLET FABRICATION PROCESS PARAMETERS (Batch 3 Total 2166)

A. Powder Preparation:

Maximum Batch Size: 6.2 Blending Time 20 min (twinshell)

Slug Density 4-3 % .1 gm/cm3 Slug Size ™ 100 gramscontrol Chart Req'd

Granulation: =20 + 100 mesh with ~ 20% -100 fines

Lubricant 12 wt% Sterotex (computed and weighed to 0.001 gram)

B. Pellet Pressing:

; 3 |
Green Density °-15 * .05 gm/cm”™ Green Length 645 * 0.015 control Chart Req'd

Press Tooling: 540 Tooling w/ flat punches

Bubble Test Req'd

C. Pellet Sintering: (Pellet Batch No. 5)

Heat Rate 200 Maximum Temperature 1700°C Time 8 hours
Cooling Rate R Hy Flow 10CFH Purge Argon
Comments : Dia. TD Drilled Not Drililed Total Extras

-o89"dia. )

Items 1-3 L4275 95% stable 16 39 55 3
Items 2-4 .4265 95% stable 16 39 55 3
[tems 2-5 .4225 95% stable 55 55 3
Prepared by N. C. DaViS Date ]]-25-74

Approved by D. W. Brite Date_  11-25-74



Pellet Fabrication Follower Data Sheet

Items 1 - 3,2 -4, 2 -5 Date 11-22-74
Project  BNW-Hal Lot Number 2 Enrichment__ 10% Release 2
Powder Preparation: Powder Batch No. 3
Slug Density 4.3 + .1 gm/cm3 Slug Size ~ 100 gram in 2" dia.
Granulate 1731 -20 + 100 mesh 435 -100 mesh NA Re-slug
Lubricant 0.2 w/o sterotex 4.332 grams 2166 grams U0,
Blend i 15 Min. Operator _ Lee Sims

Comments Biend sterotex 15 min in twinshell and 5 min in Ball Mill

Pellet Pressing: Batch No. 5* Identification462-635
Green Density 5.15 + .05 gm/cm3Green Length 645 + .015 Quantity 2229
(See control chart attached) (Less sterotex)
Pellet Sintering: Furnace Run No. 1385 Date 12-2-74
Time 8 hours Temperature 1700 + 20°C Pyrometer 1715
Average Pellet Diameter 434-428 Batch Weight 2207
Operator N. C. Davis

Pellet Grinding: Specified Diameter (See pellet Batch 5 pellet disposition sheet)

Batch Weight

Operator

Pellet Cleaning & Drying: Cleaned in alcohol in ultrasonic cleaner and dried

Batch Inspection: 100% Diameter 100% Length NA Dish 100% Density

100%  vyisual 100%  chips & Cracks

Analytical: X Composite X Isotopic X Chemical

C Oxygen/Uranium Uranium

Comments ¥ Batch 5 also incl. powder Batch 4 & 243 gram off center holes for Batch 1

Inspection data compiled on computer lists.
S




Parameter Sheet #7, Pellet Batch 5 Date 11-15-74

Project BNW-Hal Lot Number 2 Enrichment 10% Release 2

Pellet Specifications: Table I for Halden Gapcon-Thermal Irradiation per memo from

R. K. Marshall to D. W. Brite dated 11-20-74 (See comments below) (Revised 11-25-74)

PELLET FABRICATION PROCESS PARAMETERS U0, 1513

A. Powder Preparation:

Slug Density 4-2 % .1 gm/cm3 STug Size v 100 gramgontrol Chart Req'd
Granulation: -20 + 100 mesh w/ ~ 20% -100 fines -

Lubricant 1.2 wt% Sterotex (computed and weighed to 3.001 gram)

B. Pellet Pressing:

Green Densify 5.0 + .05 9/C’“3 Green Length -640 + .015 Control Chart Reg'd

Press Tooling: 940 Tooling w/ Flat Face Punch

Bubble Test Req'd

C. Pellet Sintering:

Heat Rate 200 Max Maximum Temperature 1700 + 25°C  Time 8

Cooling Rate Furnacey, riow_ 10CFH __Purge_ Argon
Comments: * Prior to slugging blend 1.0 s/o sterotex to -100 mesh uo,
Dia. 1D Drilled Not Drilled Total Extras
Items 1-5 0.4205 92% stable 17 43 60 6
2-6  0.4205 924 stable 14 36 50 5

* After granulation add - .2

Prepared by N. C. Davis Date  11-20-74

Approved by D. W. Brite Date 11-20-74
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Pellet Fabrication Fo]]ower Data Sheet

Items 1 - 5and 2 - 6 Date 11-27-74
Project BNW-Hal’ Lot Number 2 Enrichment 10% Release 2
Powder.Preparation: (Powder Batch 4)
3

Slug Density 4.3 + .1 gm/cm Slug Size ~100 grams
Granulate 1112 -20 + 100 mesh 400 -100 mesh_ NA  Re-slug
Lubricant 1.2* w/o sterotex 15.0 3.014  gprams 1512 grams UO

. 18.014* 2
Blend 20 min Min. Operator Lee Sims

Comments * 1% sterotex w/ -100 mesh u0, + 0.2 w/o after granulation blend 100 gram

increments in shaker combine and screen -70 mesh Blend 15 min twinshell - Slug and

roll 5 mins on Ball Mill

. 5% Pellets No.
Pellet Pressing: Batch No. >~ Identification 778-900

3
Green Density 2-0 * .05 gm/cm™  Green Length 640 + .015 Quantity 1901

(See control chart attached) (Less sterotex)
Pellet Sintering: Furnace Run No. 1385 Date 12-2-74
Time 8 hours Temperature 1700 + 25°C Pyrometer 1715
Average Pellet Diameter 431-428 Batch Weight 1470

Operator N. C. Davis

Batch Weight

Operator

Pellet Cleaning & Drying: @alcohol-ultrasonic cleaner and dry 100°C ~ 1 hour

Batch Inspection: 100% Diameter 100% Length NA Dish 100% Density
100%  yisual 100%  Chips & Cracks

Analytical: X Composite X Isotopic X Chemical

X Oxygen/Uranium X Uranium

Comments * Batch 5 also includes powder batch 3 + .063 dia. off center hole

pellet for batch 1 Inspection data on computer lists.
C-13




Parameter Sheet #8, Pellet Batch 6 Date 11-25-74
2 10%

BNW-Hal Release 2

Lot Number Enrichment

Project

Pellet Specifications: Table I for Halden-Gapcon-Thermal Irradiation per memo.

R. K. Marshall to D. W. Brite dated 11-20-74 (See comments below)

(Revised 11-25-74)

PELLET FABRICATION PROCESS PARAMETERS - 1513 grams

A. Powder Preparation:

Maximum Batch Size: 62 Kg Blending Time 20 min (Twinshell)

STug Density 4-3* .1  gm/em®  Slug Size ~ 100 gramgontrol Chart Req'd
Granu]ation: "'20 + ]OO meSh With v 20% -]OO ﬁneS

Lubricant .2 wt% Sterotex (computed and weighed to 0.001 gram)

B. Pellet Pressing:

Green Densify 5.0 + .05 gm/cm3 Green Length 635 + .015 Control Chart Req'd

Press Tooling: 540 tools w/ flat punches

Bubble Test Req'd

C. Pellet Sintering:

Heat Rate 200 Maximum Temperature 1575°C Time 1 hour
Cooling Rate R H, Flow 10CFH Purge___ Argon
) Quantities
Comments : Dia. D Drilled Not Drilled _ Total Extra
(.086" dia.) ’
Item 1-6 .4205 92% unstable 17 43 60 6
Item 2-7 .4205 92% unstable 14 36 50 o)

Drill 37 w/ .086 hole

Prepared by N. C. Davis Date 11-25-74

Approved by D. W. Brite Date 11-25-74
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Pellet Fabrication Fo]]ower Data Sheet

Item 1 -6 and 2 - 7

Date 11-26-74

Project BNW-Hal Lot Number 2 Enrichment 10% Release 2
Powdek Preparation: Powder Batch No. 5

Slug Density 4.3 .9/ * .1 Slug Size ~ 100 grams

(Control chart attached)

Granulate 1150 -20 + 100 mesh__ 363 -100 mesh_NA  Re-slug
Lubricant 0.2 w/o sterotex 3.026 grams 1513 grams U0,
Blend 15 Min. Operator Lee Sims

Comments Blend sterotex 15 min in twinshell and 5 min in Ball Jar.

Pellet Pressing: Batch No. b Identification 636 thru 757
Green Density 9.0 + .05 gm/cm3 Green Length 635 + .015 Quantity 1489

(See control chart attached) (Less sterotex)
Pellet Sintering: Furnace Run No. 1384 Date 12-2-74
1 hour 1575°C

Time Temperature

Pyrometer 1580°C N. C. Davis

Average Pellet Diameter 430-433

Batch Weight 1471

Operator

N. C. Davis

Pellet Grinding:

Specified Diameter See attached pellet Batch 6 disposition sheet

Batch Weight

- Operator

Pellet Cleaning & Drying:

Cleaned in alcohol in ultrasonic cleaner, dried 100°C ~ 1 hour.

Operator
Batch Inspection: 100% Diameter 100% Length NA Dish 100% Density
100% Visual 100% Chips & Cracks
Analytical: X Composite X Isotopic X Chemical
X Oxygen/Uranium X Uranium
Comments Pellet Inspections data compiled on computer list




TABLE C-3. Pellet Batch Disposition

Batch Number 4 Lot Numbek 2 : Release 2
Sintering Run 1383 Time 8 hours Temperature _ 1700°C
Quantity Green 5743 Sintered 5685
Identification Powder Batch Number 1 Pellets Number 1-293
Powder Batch Number 2 Pellets Number 294-461
Density Ground Quantity Weight
Item %TD Diameter Cleaned Req'd Fab. Grams
1-1 95.0 S 0.4205 4 39 40 475
1-1 D 95.0 S 0.4205 Y 16 16 187
2-1 95.0 S 0.4205 v/ 94 95 1138
2-1D 95.0 S 0.4205 v 16 16 186
1-4 '95.0 S 0.4205 v 35 33 395
-4 AD 95.08 0.4205 v 8 8 93
1-4 BD 95.0S 0.4205 v 12 12 140
1-4 CD 95.0S 04275 v 6 6 72%
2-4 95.0 S 04205 v 33 33 395
2-4 AD 95.0S 04205 v 8 8 94
2-4BD 95.0S 04205 a 12 12 139
2-4 CD 95.0S 04265 v 6 6 72*
1-2 95.0 S 0.4145 4 39 40 464
1-2 D 95.0 S 0.4145 4 16 17 189
2-2 95.0 S 0.4145 4 94 95 1101
2-2 D 95.0 S 0.4145 v 16 20 223
S = Stable
D - Drilled
*

est. wt. Pellet Sides Ground
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TABLE C-4. Pellet Batch Disposition

Batch Number 5 Lot Number 2 Release 2
Sintering Run 1385 | Time 8 hours Temperature 1700°C
Quantity Green 3730 Sintered 3677
Identification Powder Batch 3-Pellets 462-635
Powder Batch 4-Pellets 778-900
Density Ground Quantity Weight
Item %10 Diameter Cleaned Reg'd Fab. Grams
1-3 D 95.0 S .4275 X 16 16 195
1-3 95.0 S .4275 X 39 40 500
2-3D 95.0 S .4265 X 16 20 243
2-3 95.0 S .4265 X 39 41 512
2-5 95.0 S .4225 X 55 58 710
1-5 D 92.0 S .4205 X 17 18 202
1-5 92.0 S .4205 X 43 44 506
2-6 D 92.0 S .4205 X 14 17 192
2-6 92.0 S .4205 X 36 43 468
D = Drilled
S = Stable
TABLE C-5. Pellet Batch Disposition
Batch Number 6 Lot Number 2 Release 2
Sintering Run 1384 Time 1 hour Temperature 1575°C
Quantity Green 1489 Sintered 1471
Identification Powder Batch Number 5 - Pellets 636-757
Density Ground Cleaned Quantity Weight

Item % TD Diameter Req'd Fab. Grams

1-6 D 92.0 U .4205 X 17 18 201

1-6 92.0 U .4205 X 43 44 509

2-7D 92.0 U .4205 X 14 19 201

2-7 92.0 U .4205 X 36 39 440

D = Drilled

U = Unstable
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IFA-431 and IFA-432

Pellet Batch No. 4

No. 1
758
Parameter Sheet No.
Density (gm/cm3) 5.1
Length (inches) 0.645

X Density
Density Range
High
. Low
Length
Length Range
High
Low

|

- 293

and

- 777
5

+ 0.05
+ 0.015

+

5.09

5.15
5.03

0.647

0.659
0.630

294 - 461

5.1
0.645

4

TABLE C-6. Green Pellet Data for Powder Lot No. 2,

Pellet Batch No. 5

462

+ 0.05 5.15

+

5.10

5.15
5.03

0.639

0.653
0.630

+ 0.015 0.645

C-18

- 635

6
+ 0.05
+ 0.015

+

5.15

5.21
5.07

0.650

0.660
0.638 -

778

5.0
0.640

- 900

7
+ 0,05
+ 0.015

5.00

5.08
4.96

0.646

0.659
0.635

Pellet

Batch No. 6

636

5.0
0.635

- 757

8
+ 0.05
+ 0.015

4

5.00

5.06
4.93

0.640

0.659
0.628



TABLE C-7.

Diameter, 100% *. 0.0005
Length, 0.500 * 0.015 in.
Density, Batch No. 4 - 95% TD
No. 5 -1-3,95% TD
1-5,92% TD
No. 6 - 92% TD

Final Pellet Inspection Summary

S = Solid

D = Drilled 0.069 > 0.022 in.
X = Mean

o = Standard deviation

% TD
Item Diameter X Geometric Density immersion Density
No. Quantity  100% * 00005 Length X 4 Quantity X o
Pellet Batch No. 4
IFA-431
1-1S 33 0.4205 0.5004 94.560 0.332 1 95.266  0.335
1-1D 12 0.4205 0.5082 94.672 0.197 4 95.327  0.066
1-28 33 0.4145 0.5040 94.906 0.139 " 95.555  0.092
1-2D 12 0.4145 0.5016 94.320 0.125 4 95.073  0.097
1-4S 27 0.4205 0.5074 94.859 0.166 9 95.578  0.220
1-4D 6 0.4205 0.5083 94.522 0.107 6 95.472  0.140
1-4D(a) 8 0.4205 0.5071  94.743 0.232
IFA-432
Rod 1 46 0.4205 0.5061 94.809 0.274
Rod 2 46 0.4145 0.5000 94.509 0.292
Rod 4 43 0.4205 0.5063 94.868 0.244
Rod 7 46 0.4145 0.5013 94.618 0.331
Rod 8 46 0.4205 0.5060 94.917 0.242
Rod 1 46 - 0.5065 94.849 0.257
Rod 2 46 - 0.5004 94.515 0.322
Rod 4 43 - 0.5063 94.868 0.244 } Remeasured
Rod 7 46 - 0.5013 94.618 0.331
Rod 8 46 - 0.5060 94.917 0.242
Pellet Batch No. 5
1IFA-431
1-3S 33 0.4275 0.5096 95.258 0.185 i 96.151 0.140
1-3D 12 0.4275 0.5090 94.912 0.171 4 95.750 0.133
1-58 33 0.4205 0.5070 91.053 0.674 17 91.792 0.547
1-5D 12 0.4205 0.5095 91.158 0.501 6 92.145 0.3
IFA-432
Rod 3 45 0.4265 0.5110 95.244 0.370
Rod 5 46 0.4205 0.5068 90.892 0.497
Rod 9 45 0.4225 0.5108 95.274 0.184
Rod 3 45 - 0.5110 95.244 0.370
Rod 5 46 - 0.5066 90.886 0.534} Remeasured
Rod 9 45 - 0.5108 95.270 0.187
Pellet Batch No. 6
IFA-431
1-6S 33 0.4205 0.5051 91.441 0.306 33 92.042 0.295
1-6D 12 0.4205 0.5006 91.614 0.209 12 92.012 0.144
1-6S - - - - - 33 92,030  0.283 Duplicates
1-6D - - - - - 12 92026  0.133 Duplicates
IFA-432
2-65 41 91.708 0.510
2-6D 17 92.198 0.291
2-75 26 92.414 0.212
2-75 26 92.378 0.258 Duplicates
2-75 12 92.379 0.255
2-7S 12 92.406  0.241 Duplicates
2-7D 18 92.094 0.155
2-7D 18 92.097  0.153 Duplicates
Rod 6 46 0.4205 0.5048 91.618 0.479
Rod 6 46 0.5060 91.668 0.486 Duplicates

(a) Special 0.063 +0.002 in.
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TABLE C.8. Analysis Results for IFA-431 and IFA-432

Pellet Batches 4, 5 and 6

Specification Batch Batch = Batch Lot 2

Analysis Limits 4 5 6 Composite
% 235 10.0 + 0.5 | 9.95
% U 87.6 min 88.04 88.07 88.01 88.23
o/u 1.990 - 2.020 2.000 1.997 2.000 2.000
C, ppm 100 15 240(2) 16
C1, ppm 25 <10 <10 <10
F, ppm 5 <5 <b <5
N, ppm 75 <10 91 <10
Gas release
cc/g @ 1600°C 0.050 0.007 0.003 0.015
H20, ppm @

400°C <5 <5 <5
esc, ppmtP) 7 4.117

(a) 92% TD Pellets, using sterotex pore
1700°C using 200°C/hr heating rate.

(b) Equivalent Boron Content

¢-20

former, sintered 8 hr,



TABLE D-1. Description of Analytical Techniques

Analysis Technique Reported Accuracy
£ Uranium in UO2 Controlled potential coulometry; U 1s. 1o = 0.2% rel.

converted to U(VI) and selectively reduced
to U(IV) at an electrode held at the
proper potential.

0/U Atomic Ratio Thermogravimetry: Sample {s assumed to be 1o = 0,002 in O/U
stofchiometric after heating to constant
weight at B00°C in Ho-Ar atmosphere satu-
rated with H,0 at 0"8. The 0/U 1s calcu-
lated from tge weight difference before
and after heating.

Isotopic Composttion Thermal Ionizatfon Mass Spectrometry: lg = 0.25% Rel. of
Thermally fonized metal atoms are elec- 235 content
trically accelerated through a magnetic

field and collected at a cathode. Isotopic

ratios are proportional to the ratios of

the ion currents at specific voltages.

ppm F, C1 Pyrohydrolysis: Sample is heated to 1000°C F <5; C} <10
and exposed to water vapor which hydrolyses Can be stated with
the F and C). Fluorine is measured in the 95% Confidence
cold trap solution by fon selective elec~
trode measurement and chiorine by precipita-
tion with Ag generated by constant current
coulometry.

ppm N Kjeldahl - Spectrophotometric Method: Yo = 3% rel.
Sample is dissolved in acid, made strongly
basic, and steam distilled. Ammonia
evolved 1s collected in weak acid and
measured spectrophotometrically using
Nessler reagent.

ppm C Combustion and gas chromatography: 1o = 10% rel.
Pulverized sample is heated to ~1000°C in
a stream of oxygen to remove C as COp
which is collected and measured with a
gas chromatograph.

Trace Impurities Emfssfon spectroscopy: Metallic impurities 22X
24 elements in the sample emit energy in the form of
1ight when excited in an electric arc.
The Tight is dispersed in a spectrograph,
recorded on photographic film and concen-
trations of impurities are determined from
measured intensities of the light emission
Yines corresponding to specific elements.

Rare farths and Spark Source Mass Spectrography: A high +3X
selected impurities voltage RF spark is used to ionize all
the elements present in the sample. Ions
are electromagnetically separated into
beams according to their mass-to-charge
ratios, and their concentrations are esti-
mated from the measured densities of the
Tines formed when the ion beams strike
photographic plates.

ppm HZO Constant Voltage Coulometry: Water lo = 20% rel.
vaporized into a stream of inert gas from
a heated sample is continuously absorbed
and simultaneously electrolyzed on a
phosphorus pentoxide coated electrode.
The total integrated electrolysis current
is proportional to the water content of
the sample.

Sorbed gas release Vacuum Outgassing: Temperature and pres- 1o = 15% rel.
sure of gas evolved at 1600°C are mea-
sured once it has been collected in a
known volume

D-1



SAMPLE IDENTIFICATION anford Eneinecring LAL.
v/, 2 . . g SERIAL :
Br7s L [?A./” /////ﬂ/ﬂ Development Laborafory NO. F’AC’(/S)E‘
/7(//{’/ FUELS AND CONTROL SAMPLE ANALYSIS DATE .
DR -4 » ‘ REC. /o"—é“7“j
SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.
. — 7 -~ /. -
cITPR So7 . _TX/ iy ((~56575
TYPE OF MATERIAL: SPECIAL INSTRUCTIONS
: : Pu 1SOTOPIC: % 240
[puo, X vo, U 1S0TOPIC: NORMAL
[) mxepoxive______%puo, X] 2 % enmicren
[ s si1soTopic: | ) NATURAL
[ ] otHens il % ENRICHED

NO. OF
ANALYSIS

RESULTS

NO. OF
ANALYSIS

LOSS ON
IGNITION WT %

RESULTS

TOTAL BWT %

[

D PUuWT. %
[ I DENSITY g/cc
[:D UWT. % gg ¥ D POROSITY SEE SPECIAL REPORT
SURFACE
AREA M2 /g
[ =tampom
PARTICLE SIZE-MSA
{Pu Oy ONLY) SEE SPECIAL REPORT
m om A cvo
PARTICLE SIZE.
D FISHER SUBSIEVE
[ﬂ C pam /6 D OTHERS
D S ppm D OTHERS
SPECTROCHEMICAL ANALYSES
OFF.GAS 015 ~] SPARK SOURCE ,
cclg @ STP GENERAL SEE SPECIAL REPORT
Cl ppm 70 SPARK SOURCE
- RLE. + Ta»W SEE SPECIAL REPORT
F ppm EMISSION SPEC.
[Z] <9 D GENERAL SEE SPECIAL REPORT
0705 7
&’ T ISOTOPIC ANALYSES
(] reoem s |
' D Pu ISOTOPIC SEE SPECIAL REPORT
m N ppm <10
D U 1SOTOPIC SEE SPECIAL REPOAT
o
B 1SOTOPIC SEE SPECIAL REPORT
D SOLUBLE CWT % SPECIAL OBSERVATIONS — REMARKS
SOLUBLE [ nno
0 #a g
D TOTAL CWT %

REPORT APPROVED BY //
e ;/// \

DATE COMPLETED

e
[-8-29

80-7340 022 (8:74)

OISTRIBUTION:
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. SAMPLE IDENTIFICATION
NBaeh <5~ NG HPLD)

Hanford Englneering
Development Laboratory

légsiAL é 4 Vel
NO. P" / g5

TyYpPE OF MATERIAL:

[ euo,

[ wixeo oxioe:

SPECIAL INSTRUCTIONS

8 I1ISOTOPIC:

Pu 1SOTOPIC:
U ISOTOPIC:

Perler FUELS AND CONTROL SAMPLE ANALYSIS DATE
pPA-~/7 nee. /P~ 7Y
SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.
Lln 1R 368 L TR v \C-5a757

% 240
NORMAL

@ /0 % enricueo
D NATURAL
L]

% ENRICHED

NO. OF RESULTS NO. OF
ANALYSIS - ANALYSIS

LOSS ON
IGNITION WT %

RESULTS

[ rowrs
D DENSITY g/ce
[:D UWT. % ?5/07 D POROSITY SEE SPECIAL REPORT
SURFACE
AREA M2 /g
] zampm
PARTICLE SIZE-MSA
{Pu 0z ONLY) SEE SPECIAL REPORT
0 o
PARTICLE SIZE,
D FISHER SUBSIEVE
m C ppm { I OTHERS
(] som [ ] orens
SPECTROCHEMICAL ANALYSES
OFF-GAS ,003 SPARK SOURCE
ccig @ STP GENERAL SEE SPECIAL REPORT
[I] Cl ppm L to SPARK SOURGE .
RE.+Ta+W SEE SPECIAL ‘REPORT
F pom EMISSION SPEC.
m <5 D GENERAL SEE SPECIAL REPORT
oo 7¢
&ooC ISOTOPIC ANALYSES
s
D Pu ISOTOPIC SEE SPECIAL REPORT
1L UN
L] e Tl 5N
— ——— U ISOTOPIC SEE SPECIAL REPORT
{v~ R ST IR QL
[ o= S
VN ATens B ISOTOPIC SEE SPECIAL REPORT
e .-
D SOLUBLE CWT % Ot N SPECIAL OBSERVATIONS — REMARKS
SOLUBLE HNO
RS
D TOTAL CWT %
REPORT APPROVED BY/ DATE COMPLETED
D TOTAL B WT % . , . B
W ’// P / N

/- Ty I':

BOD-7340 022 (8-74)

DISTRIBUTION: WHITE Sainple Subrmitter

YELLOW Laboratory Record
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SAMPLE IDENTIFICATION
Bpveh Y BN&: 1r1ock

el 7

Hanford Engincering
Development Laboratory

LABH.

i pecog

FUELS AND CONTROL SAMPLE ANALYSIS DATE
Y 27y
SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.
s Trn 3oy £ TR/ 3.7y | C5C
v TYPE OF MATERIAL: ' SPECIAL INSTRUCTIONS
Pu ISOTOPIC:_____ %240
[Jeuo, - ) vo, U ISOTOPIC: NORMAL
MIXED OXIDE: %Pu O, /O % ENRICHED
[ eac ' B1sOTOPIC: . || NATURAL
[ otHens ] % ENRICHED

NO. OF

RESULTS
ANALYSIS A

PuWT. %

NO. OF
ANALYSIS

RESULTS

LOSS ON
IGNITION WT %

UWT. % ?8,07/

DENSITY g/cc

POROSITY SEE SPECIAL REPORT

SURFACE
AREAMZ /g

SOLUBLE [_] uno
BWT % D HCI 3

TOTALCWT %

TOTALBWT %

0 O \O0dg-

241
[ tameom
' PARTICLE SIZE-MSA :
(Pu O, ONLY) SEE SPECIAL REPORT
om
m 2 .0Co PARTICLE SIZE,
D FISHER SUBSIEVE
m C ppm /5/ D OTHERS
D S ppm I:l OTHERS
SPECTROCHEMICAL ANALYSES
OFF-GAS o011 SPARK SOURCE )
cc/g@STP GENERAL SEE SPECIAL REPORT
Cl pom SPARK SOURCE
D] L /0 D R.E.+Ta+W SEE SPECIAL REPORT
F ppm EMISSION SPEC.
Dj X4 ( [:l GENERAL SEE SPECIAL REPORT
) y 01
@’ 4l ISOTOPIC ANALYSES
H0 ppm 45 .
D Pu ISOTOPIC SEE SPECIAL REPORT
N pom A 10
D U I1SOTOPIC SEE SPECIAL REPORT
O ppm '
D B ISOTOPIC SEE SPECIAL REPORT
SOLUBLE CWT % SPECIA

t. OBSERVATIONS — REMARKS

REPORT APPROVED BY d DATE COMPLETED

’}77/ 1-9-75"

80-7340-022 (8 74)

DISTRIBUTION:  WHITE Safnple Submitrer
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| SAMPLE IDENTIFICATION

LAB.
P BN 4 » Hanford Engineering SERIAL 72 ;
(‘oﬂ/d;/ 7/;(; #oRLY A Development Laboratory NO. ﬁ (_7 (} g p)
¢ FUELS AND CONTROL SAMPLE ANALYSIS DATE .
DA~ 15 . rec JA—¢ = 74

SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.
Les Tre Ip0i 2. TRL 3/FY g -8¢ 45 T4~
TYPE OF MATERIAL: SPECIAL INSTRUCTIONS _

é Pu ISOTOPIC: %240
[]euo, 54 vo, 1S~ Py, L,6, 5 m L0822 |uisotoric: [ normaL

] mixeo oxioe: % Pu Oy

[ ] e

5%, ~ A,ls, co, 17t 7'4‘1/; L5408

wﬁ. % ENRICHED
D NATURAL

B ISOTOPIC:

L2 7,
[] otwens 15 /7% ] % ENRICHED
NO. OF RESULTS NO. OF RESULTS
ANALYSIS s ANALYSIS ==
LOSS ON
IGNITION WT %
(] e
D DENSITY gfec
m UWT. % 88 7’3 I:l POROSITY SEE SPECIAL REPORT
SURFACE
AREA M2 /g
[ roumer
PARTICLE SIZE-MSA
{Pu O, ONLY} SEE SPECIAL REPORT
oM .
D] Q 000 PARTICLE SIZE,
D FISHER SUBSIEVE
D € ppm D OTHERS
D S ppm D OTHERS
* SPECTROCHEMICAL ANALYSES
OFF-GAS SPARK SOURCE
¢c/g@STP GENERAL SEE SPECIAL REPORT
D Ct ppm SPARK SOURCE
R.E.+To+W SEE SPECIAL REPORT
D F ppm EMISSION SPEC.
GENERAL SEE SPECIAL REPORT
ISOTOPIC ANALYSES
O] o
[:l Pu ISOTOPIC SEE SPECIAL REPORT
3 v
m U ISOTOPIC SEE SPECIAL REPORT
g o
I:l B ISOTOPIC SEE SPECIAL REPORT
D SOLUBLE CWT % SPECIAL OBSERVATIONS — REMARKS
> 3 3 -
SOLUBLE (] uno, Plesse CKucy Vs 7T T
BWT% [ ug '
S LIAKE Cor1pos5sTC
D TOTAL C WT %
D REPORT APPROVED 8Y - | DATE COMPLETED
TOTAL BWT % _7///), 5 :
e

(2112 /74

80.7340.022 (8:74)
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SAMPLE IDENTIFICATION

D L ppr OFN
sA a/:'///g’fj

DB-19

FUEL AND CONTROL SAMPLE

Hanford Erginesring LA

Development Laboratory

/’ . 4,.7(_}'

DATE RECLIVED

B. SERIAL NO.

- - v
ANALYSIS N L 7 iy )
SAMPLE SUBMITTER ADDRESS PHONE CHARGE CODE'. SAMPLE .OISPOSAL
_ r 75"& DISCARD
. 4 - i = I3 C ~
L 377 o7 L TS | TATY o [ reTurn .
T N 7
KIND OF X uo, (0 ™mixep oxioe: % PuO, U 1SOTOPIC: [ NorRMaAL Yy’
MATERIAL: . G,
] peo, [ soron carsice [_] oTHer T enricheD 4
SPECIAL INSTRUCTIONS: Pu ISOTOPIC: % 240
B ISOTOPIC: (] ~navuraL
[C] enricveD g
NOo. OF NO. OF -
ANALYSIS RESULT ANALYSIS RESULT
LOSS ON IGNITION
D Pu wT. Z wT. %
[:] DENSITY g/cc
[T wwe
D POROSITY- SEE SPECIAL REPORT
:] SURFACE AREA .
PARTICLE SizZE, )
D MSA SEE SPECIAL REPORT
[:l ToTAL 8 WT.Z PARTICLE SIZE,
R FISHER SUBSIEVE
[ vorm e vt L
SOLUBLE .B WT. % D "
HC!
oy (]
SOLUBLE C WT.% E] -
(FREE)
GAS ’
e ]
l = Ccl ppm D SPARK SOURCE SEE SPECI AL REPORT
D F ppm [:] RARE EARTHS SEE SPECIAL REPORT
wo pp@HEC /=<5 ‘w & Ta
2 PP e EMISSION SPEC. SEE SPECIAL REPORT
. -—
2 .
[:] € rem D EMISSION SPEC. SEE SPECIAL REPORT
D N ppm D Pu ISOTOPIC SEE SPECIAL REPORT
D s pon D U 1SOTOPIC SEE SPECIAL REPORT

SPECIAL

SPECIAL OBSERVIATIONS -~ REMARKS:

REPORT APPROVED

DATE COMPLETED

s
< ////é /2 /2 -7

B80-7340.022 (6-72)

.

DISTRIBUTION:

WHITE -L"SAMFLE SUBMITTER
YELLOW - LABORATORY LOGBOOK

D-6
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GOLDENROD~ ORIGINATOR



-

PR

QasnIVIY VoY

} ‘ ‘ . ; tom: Applied Chemistry and Analysis
. . . Lo L . . "', - ) Date s I.)." /3’ 7L/

sebjects JSOTOPIC ANALYSIS OF URANIUM

Hanfor’d Engineering Development Laboratory .

CANALYZED /2- /3= p¢f

T0: - J. L—&Jr&r \ .
et 2 l<e :
M. S.# 'Las-# 'Cusfome} fl'D.' Wt. %:
poda3dtfpeszs | DB-1S 8= 5984t voos
| ' ‘ ' _236= 006: £.003
235 = ID:QO. t. o055
oV osae o4 s
1024330 |pg9esl/ DB-17 ) | 238= 6990 ¢ sns ‘
. P 236 = o.tow s cecl |
- LT T s 9885 T s
| L 23 = o.fn % i)
| e3g= vt
| 236 = s
) et e e | 235 = :
e | 234 = + ..
) L 238 = s
_ 236 = +
IR 235 = :
' |- 534 = * '

Uncertainties are the 95% Confidence Level. Approved:

D-7




Kantord Engineering CCiI SPEC. LAB.
Development Laboratory
ol 9 SPECTROCHEMICAL
ANALYSIS REPORT
MATERIAL 0
vao 1078 Lnriched
SUBMITTED BY . SUBMITTER'S NO. ANALYZED BY DATE REPORTED
J. Lesfer L Coden V1247 T
ELE~ ELE< ELE- / ELE-
MENT MENY MENT MENTY
Ag (L/‘ Hg Re Dy
A |40 In Rb Er
As ’ 1t Ru Eu
Au K |[<ao Sb Gd
B L 2 La Sc Ho
Ba Li < [/ Si K40 Lu
Be KX Mg |</0 Sa ({v0 Nd
Bi Ma |I< /O Sr Pr
o [Kax W </ s Sa
cd 1< 72 Na |« ro00 Th Tb
Ce Nb Ti K a0 Tm
Co |<L | Ni 1< 57 Tl Yb
Cr (lef/ Os u
Cs P v .50
Cu K 20 Pb (/0 v
Fe L3O Pd Y .
Ga ] Pt Zn L RO
Ge Pu Zr
Hf Rb
T TYPE OF ANALYSIS
D QUALITATIVE g SEMIQUANTITATIVE D QUANTITATIVE
SYMBOL| MEANING . l APP'X. CONC. 37“30” MEANING sYMsoL MEANING
13 MAJOR DETECTABLE CONSTITUENT G :::5ENYRAT'°N GREATER Gx CONC. GREATER THAN
DETECTABLE CONCENTRATION wxy | [LESS THAN) CALIBRATED
s STRONG GREATER THAN 1% L | Less THAN WORKING CURVE
MODERATE t% 7O 00§ % -— NOT DETECTED NUMERICAL [__‘l PARTS PER MILLION
T TRACE LESS THAN 0.01 % NUMERICALE PARTS PER. MILLION VALUES [j PERCENT
— | noTcETECTED . PERCENT 1
VALUES
. INTERF ERENCE D 2:22::.’°N +
? DETECTION UNCERTAIN.INTERFERENCE APPR'X.PRECISION : FACTOR é
REMARKS:

LLI9F DB

/15

2 -E5F3

REPORT APPROVED
’(‘-17 o

B sz

LABORATORY INFORMATION /7
SPECTROGRAPHM AND SOURCE SIZE OF SAMPLE METHOD OF ANALYSI!S PLATE NO.
=
. . L. . ¢
ree / )(f(fac/fr‘ =7 /98T

BD-7340-021 (3-73)

D-8




WESTIIGHOUSE HANFORD COMPANY CC: SPLC. LAB
SC 30? - SPARK SOURCE MASS
SPECTROGRAPHIC ANALYSIS REPORT
MATERIAL '/{?//’ /O c'd E A
SUBMITTED BY SUBMITTER'S HO. ANALYZEQ_&X DATE REP?EI;D
T LESTER | PR D= 2
ELE- ELE- ELE- ELE-
MENT MENT MENT MENT
H Fe Sb Os
He Co & 2 Te Ir
Li O Ni 1 Pt
Be Cu Xe Au
8 3 In Cs Or O< H
€ ~ Ga Ba O, -2~ 11
N Ge La Pb
0 As Ce Bi
F Se Pr Po
Ne Br Nd At
Na Kr Pm Rn
Mg Rb Sm c. Fr
Al Sr Eu o, Ra
Si Y Gd <N~ Ac
p 0.7 Ir Tb e Th
S Nb Dy . 8 Pa
T Mo Ho T
Ar Tc Er Np }
K Ru Tm Pu
Ca Rh Yb A
Sc Pd Lu Cm
T3 Ag Hf <O 3
V 7 Cd Ta <G8
Cr In W =2
Mn Sn Re
TYPE OF ANALYSIS
> QUALITATIVE &L SEMIQUANTITATIVE = QUANTITATIVE
NUMERICALS’JPARTS PER MILLION NUMERICAL;grPARTS PER MILLIOHN NUMERICAL;"PARTS PER MILLION
VALUES Ll)PERCFNT VALUES 3 PERCENT , VALUES COPERCENT
) o &)

APPR'X PRECISION + FACTOR

APPR'X PRECISIOH + FACTO

R_S |APPR'X PR

ECISION =

REMARKS :

/

/

[REPORT APPRO

f—
VED Kooy Ko

80 -7340-021 {1=73)

D-9



SAMPLE IDENTIFICATION . LAG. . .
d‘ Hanford Engineering SERIAL T T A
Bvich © 5 gawe pe000 , Development Laboratory ~O. ]7 A
Cle s FUELS AND CONTROL SAMPLE ANALYSIS DATE _
PR-20 - rec. J-2A- 75
SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.
LeEsTrw 3o F L, TR/ 2/8Y 0. sp 575
TYPE OF MATERIAL: SPECIAL INSTRUCTIONS
Pu ISOTOPIC: % 240

[ euo, - B<1 wo,
D MIXED OXIDE: % Pu Oy
[[] eec

[] otHens

B8 ISOTORIC:

UIsOTOPRIC: | D NORMAL

. &%ENRIQHED
(1 naturat
1 % ENRICHED

NO. OF NO. OF .
R T RESULTS
ANALYSIS RESULTS. ANALYSIS _—
LOSS ON
IGNITION WT %
[ e
| l DENSITY g/cc
D UWT. % [:] POROSITY SEE SPECIAL REPORT
SURFACE
AREAM? /g
[ amomn -
PARTICLE SIZE-MSA
(Pu 02 ONLY} SEE SPECIAL REPORT
[ o
R ’ o PARTICLE SIZE.
rEiT R GG 75" LA [:, FISHER SUBSIEVE
C ppm /7 AT 20 D OTHERS
D S ppm D OTHERS
] SPECTROCHEMICAL ANALYSES
OFF-GAS . SPARK SQURCE
cc/g @ STP GENERAL SEE SPECIAL REPORT
D Cl ppm SPARK SOURCE
RE.+Ta+W" SEE SPECIAL REPORT
D. F ppm EMISSION SPEC.
GENERAL SEE SPECIAL REPORT
ISOTOPIC ANALYSES
D H20 ppm . T A
Byt L3I AR D Pu ISOTOPIC SEE SPECIAL REPORT
Bl = 1 PR
3 I = 3 D U ISOTOPIC SEE SPECIAL REPORT
O o
B ISOTOPIC. . SEE SPECIAL REPORT
D SOLUBLE CWT % SPECIAL OBSERVATIONS — REMARKS
. SOLUBLE HNO
O] s Hue
D TOTAL CWT %
REPORT APPROVED, BY DATE COMPLETED
D TOTALBWT % oot / —
i ;o ’ T y .
/‘ /:,' - /j/ /I

80-7340 022 (8 74)

DISTRIBUTION-
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WHITE Sample Submitter
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IFA-431, GEOMETRIC DENSITIES

E-1






IFA-431, Rod 1, .Solid Pellets

LOY GAMPLF DIAMETER LENGTH
NO NO. LINCHES) (INCHES)

D=1 Na2 D=3 L=l L=2
1=1 294 L4204E+00  .4203F00 L4203Evu0 .5030F+n0  ,5020E%00
1=1 295  L4206E*00 L4P0GE «00 4200E400 .5040Ee00  .S030E*00
1=) 300 «4203F*00 «4206F ¢00 4206E%ug «4980E%p0 «4960E %00
1-1 4] e62ns4E*np «4204F %00 «6204E%y0 +4960E%00 +4960E%00
1=1 62 J4Zp4F 0D W4204F 400 «4203E+up .5000E+00 +4990E *n0
1" 343 «4204F %00 «4205E %00 «4204Evuy «4960E%00 +4950E%q0
1=) 364 6204F *n0 +4205E%00 «6204E%0g «4930E400 4960E%00
1-% 247 4204F 400 «AP20AF 0N 24200E 0y .5030F+00 +«Sp20E%00
1=1 350 4204E¢nn L4205F 400 s204E4uy .5020E 400 Sa40E00
1-1 ass «42n3E%0n L4205F400 «4205E440 .5000F400 +5010E*00
1= a6) b2a2F%nn s4208E%gn 26203E%yy «4990F *p0p . 8805.00
11 962  L,4205F400  ,6205Ee0n  ,4205Esun  ,49TqEeqp  ,4990Eeqq
171 366 «6203E%00  .4204F %00 .4206E%ug  L4999Eegg  449T7oE%gg
1=1 365 J42n6F 00 42046400 L4206E+00 L4990E+00 «S010E*00
1= 366 4204F 000 +4205F +0q 4204E4u0 +4990E+p0 «497pE %0
1-1 A75 Le2p4F*ng «6206F e 24293E2uyp «4989E+q0 «4999E+gg
11 ARy «4203E %00 a204E 400 «4203E*ug «4990F ¢g0 «5000F *00
1=1 292 L42n4Fenp 420RE%00n 4205Eeug .5020F*00 +5020E%00
1) 394 W4204F¢00  L4206E¢00 J42p4EevD  ,5000E¢p0  J498nE*qo
1=1 . 3958 W4204F 400 L4203E¢00 W202E%00 S49B0E*00  +4980E¢00
1-1 as? W42n6ESOQ 4206E000 4204E0u0 «5020F +00 «S5n20E%00
1-1 &né 42036400 «4204F+0p «4204E¢uq J49B0F e00 +4980E+gq
¥ =1 405 «4206F%00 <4205F«00 «4203E+up .S000E+00 +4990E¢nn
1 410 ,4205Fs0n  ,4205E+00  ,4204Eev0  ,5020E+00  .S5020E¢00
1-1 415 ,4205F+00 «4205F 00 A2asEeug L49TnE«0n  L4950Eeqq
11 421 L4207F 600 L204F 400 L4204E 000 5020Ee00  ,5020E+00
1-1 423 J4Z2n3Fe00 L6203F00 4202Eeu0 ,5000F00 S020Ee¢00
1= 43n JG4206F 400 J4205F .00 4203Esv0 S040E+00 S030E%00
1=-1 437 .42n6E%00 L4204F 400 4203Eeug .5020E+00 .5030F¢00
1=1 445 «8205F*an 42n04F 40 42n3Eeyy «5050E*qn0 SgonEno
1=1 451 L4203F *00 WG6POSE+0N J4204E500 L6BBQE«90 «4889E00
1= 45A 4201F %00 «4203E%00 «6202E%u0 «52T0E%00 «5280E*ng
11 457 4p04F *an 4205F %00 4203E%yy .5020F %00 «S040E *0p

TOTAL WErBuT nF GRaoup = 3R9,229 GRAxS

WETGHT
(GRAMS)

«11R68E+02
«11R73E+02
«11711E%02
*11732E+92
*tJRDIE®02
v11682E%02
*11674E+02
*11861F*02
«11890F ¢02
+11R33E+02
*11762E*p2
+11T39E+p2
*11753E¢p2
«1181%€+02
»11735E+02
+11762E+p2
#11799E+p2
+11841E402
«11788E 02
¢117S3E+02
«11R41E+02
+11780E+02
«11781E+02
«11R45E 402
«11699E+02
«11860E+02
+11R33Ee02
«11891E+02
211R70Es02
+11785E+p2
+11390E+02
+12301E¢02
*11750E *02

AVERGGE WFTGHT OF GROUP _ 11,7948 GRAMY

AVERAGF NFNSTTY OF gROIP = 94560 PERCENT Tepe

AVEOAGE PFLLET LENGTH 0F GROUP = 5004 TNRHES '

STANNARN DFVIATION nF PELLETY DENSITY = 332

IFA-431, Rod 1, Drilled Pellets
LAT  SAMPLF DIAMETFR LENGTH WEIGHY
NO L NO. {INCHES) (INCHES) (GRAMS)
pel - - = pm2 .. D=3 Lel - L=2

T=1 ? «4203F 400 «4203E900 4202E0u0 5140Ee¢00 «5150E400 «11R20E+02
1=} 10 JH204F 000 24206E 400 J204Eeup W D140E 400 J9150E+00 411958E402
1=1 79 s42064F*00 «4205F+00n a205Evu0 .50%0E+00 «5100E*00 +11698E¢p2
1=1 82 «42p3E*00 «4205E+00 4204E009 .4990E %00 «5000E%00 +11455€¢p2
1= B4 L6201F*00 24203E400 «6202E%u0 +S110E+00 +5080E+00  +11662E+02
1= /R «S201E*00. .. (4203E«0n «4203E+00 S5010E+00 «S020E400 «11492Ee¢p2
1=1 . 182 «4200E*00 «8201E400 «4201Evug «S170Fg0 +5150E*00 +11831E+02
1=-1 153 «4202E 400 «6204E 00 L4204E sV0 .5110E+00 S110E%00 +11708g+02
=1 159 4201800 «4201F¢00 «4200E0v0 +5060E+00 «5060E*00 +11646E+02
1=1 163 +4201E%00 «4203E%09 «4202E¢yy «5060E%00 +5060E*00 +116)13E%02
1 =1 167 «4203F¢400 «42064€400 «4203E400 «S060E*00 25060E400  «11632E+02
1-1 (R4 4200E400 «4203F 400 .6203E+v0 .5030E¢00 50506400 11596E+n2

TOTAL WF{GHT aF GROIIP 3 140,011 GRANMS
AVERAGE WFIGHT nF GROUP = 11,6676 GRAMS
AVERAGE NENSITY OF gROUP = 944677 PERCENT TeDs

aAVERAGE PFLLET LENGTH.OF GROUP .= «60Re  TNCHES

STaNna®n DEVIATION oF PELLET DENSITY = g7

E-3

01a, CENTER
vo10

(INCHES)
o
0
.0
.0
0
*0
o0
.0
0
«0
"0
.0
"0
.0
.0
o0
.0

DENSITY
{6/¢C)

+1039E¢02
+1037E%g2
+1036E%02
v1040E°02
+1039E°02
*1036E%02
*1038E%02
«103B8E*p2
+1039E %02
¢1039E%p2
+1036E%52
v1036E+02
s1038E %02
«1039E+02
«1036E+02
+1037E492
+1038E *g2
«1p3TE*p2
«1039E+02
»1038E*02
+103T7E*02

© 41037492

«1034E4p2
W1037E*g2
+1037E+92
+1039E+p2
v1039E992
«1038E¢52
+1039E+g2
+1031€%02
+1026E492
+1026E%92
+1027€ %02

DtA, CENTER DENSITY

voID

(INCHES)
+6850E-0)
«6850E-01
«6850E=01
«6B50E=0)
+6859E~0]
+6850E=0]
«68S0E=01
«6850E~01
+6850E=01}
+6850E~0)
«6850E01
«6BSQE=0]

(6/CC)

«1038E902
+1041E+p2
+1037Eqg2
#1036E%p2
+1035E%02
+1036E %02
v1037E%p2
«103SE %02
»1041E%92
+1038E*

+1030E 03
+1040E402

DENSITY
(PERCENT T.D.!}

«98T7E%02
¢9459E 402
+9453E%02
+9488E*02
*+9478E*02
+9456E%02
*9468E%02
*9468E¢02
+9480E+02
+9482E¢02
*945qE%92
.965?5032
*9468E %02
v9ATIE02
+9451E402
«9466E%p2
*9471E%02
+9459E+02
094T6E*02
*94T1E%02
29462E02
+9466E402
+9437Ee02
09462E 402
»9458E+02
«94TAEQ2
«9480Ee02
«9473E+02
«F4TTE«Q2
+9408E <02
«9362E402
*9360E 02
*9370E %02

DENSITY
(PERCENT T.0a}

+94T3Esp2
o9494E 402
«9458€E+02
09450E02
09441E492
v945gE +02
«9463E002
s9444E402
29500£402
*946TE* Q2
«94T6E*02
+9490E%02



Ler
MO,

1-2
1-2
1=2
1~?

1=?
1-2
1=?
1?7
12

1-7
1=7
1-2
12
1-2
12
1=»

1=?
1=2

12

z
k=

e e e e e e

RV AVIEVIEVIEVE YRR I URVIEX)

SAMPLE
NO

23

29

4

43

45

S0

56

LT4
109
121
150
201
202
203
206
214
218
22
223
FX)]
P42
25%
261
FLY
269
282
283
78S
286
587

LT}
Zhs
29

YOTA|, WETGHT nF GROUP =
AVERAGE WETGHT oF GROUP =
sVEBAGE NFNSITY OF gROUR =

nal
L4144E400
H144F 00
4144F 400
W814KF 400
«4164F%00
4144F400
«4145F%00
4144E%00
«4145F %00
«4144F%00
P4148E400
«4145E%00
«4145E%00
41836400
«4144E%00
«4164E400
S144E 000
J14SE 00
«4143F %00
.4164F 400
4146E400
S164E¢00
4145F %00
«4146F 00
w166F %00
«6145F*00
e4164E%np
61848500
4165 %00
6165F 00
w144F %00
S144E 00
.klbég,‘nn

AVERAGE OFLLET LENGTH nF GROUP =
STANRARD NFVIATION OF PFLLFTY DFNSITY =

SAMPLF
NG«

an2
303
06
9
mn
kPR
315
N6
n?
N9
329
137

TOTa WE(RHT oF GROUP
AVERAGE WFIGHT nF GROUP -
AVERAGF NENSTTY OF GROUR =

n=1
b144F 00
4144E%00
+4143F%0nN
«4164F %00
«4145F%00
«4145F %00
«4145F %00
-414%F40n
«6143F%an
«4163F%an
2143E%00
.6148E*n0n

9449096

1FA-431, Rod 2,

PIAMETFR
{INCHES)

D=2 D=3
LA145E 00 AH145E 400
.4145F¢00 6146E€ul
ce86144E400 «4143E%00
4186F €0 L4145E+00
J6186F %00 J4168Ee00
«&41645E%00 «4145E400
«4146E400 J6146E500
«4145E400 24165E400
«4186FE %00 «6145€40y
«4148E%00 +4143E%00
4146E%0n «414SE%0g
Te4144E%00 «bY44ES Q0
41468409 «4186E%u0
S4144E 000 e4144Ecu0
«4145E*00 «4145E%00
4YERESON J4186Eeup
A185F 000 L6145E 600
«4145E400 4144E 900
4143E%00 .4163E%00
A14AF 00 J4146E000
W4146E400 «4146E%00
W4165F 400 +6145E%ug
.4165F«np 4165E %0
«4147E¢0q 416TE Sy
4146F %00 w144E %00
W4146F00n  (4145E%0g
L IAL IR SYYLAST
«6165F¢gn  w6144E 4y
«4)45F% 6164E%yg
«4145E+00 «6145E+yp
41455 4gn w186Eeyy
w146F 19 b144E %0
L146F 0 s165E 4y

3R2,511 GRAMS

11.8917 GRAMS

5040

1FA-431, Rod 2,

NIAMETER
CINCHES)
n=2 -
«4145F+0n aY44E%00
41457 ¢0n 4164E%00
«414SE%0n «4144E¢0p
s4146E*00 e4146E%00
«4166F%00  «4145E%00
4146E¢400  e4164E%00
«5146F 400 «4165E4ug
v6145E200 .alasgtuo
rsy4sEe +41645E%00
Saladeegn  lijasEeny
4165F%0n «4145E%9g
4165 ¢0n s4164Fsyq
= 133+796 GRAMS
111497 GRAMS
944320

AVFRAGE PFILLEY LENATH AF GROUP =
&TaMPnARN PEVIATION NF PFLLET DENSITY =

«50lo

Solid Pellets

LENGTH
(INCHES)

Lel L2
.5070E+00  ,5070Es00
L5030E+00  (5040E400
.50B0E+00  5080E*00
.4989E 00 «SonnEoo
5040E+00  +5060E¢00
50106000  .5030E¢00
+«5050E00 «5060E¢00
.49B0E400 «5000E*00
«5000F*00 +5020E°00
+498B0E*00 «5000E%00
.50ToE¢00  +5080E%00
.508nE*00  -5080E*o00
S5090E%00 «50%0E*00
.5040E¢00 +S5040E*00
.5060E+00 «S507T0E*00
5080E¢00 «5090E*00
.5080E+00  ,5080E400
4950E400  ,4950E4n0
+4990E+00 +5000E¢00
.S100E+00 +5090E*00
.5130E %00 S120E%00
S5110E%00  #5130E%00
508000 «S100E%00
5150E%00  «5140E*n0
w960E*00  «4%60E %00
.5020E+00  +5030E%00
+4930E¢90  +4940E%00
«49TgEe00  «4970E %0
+49TgEeqp «498pE%5
+S060E%00 SnToE*00
.5030€ *00 «SpéoE*00
Sg20E%0  «S000F ‘00
S020E%00  +5030F *no

PERUCENT TsDe
INAHES
+129

LENGTH
{INCHES)

- L=l L=
L,4990F+00  JSo10E¢00
5020E%00 +5000€%00
«5040E%00 «5020E%00
«5030E%0n «5030€%0
-4949€400  «4960E%00
+5030E%00  «5040E%00
.5040E%00  «5030E%00
W5050E400 «5050E*00
+5050F*00  *5030f%00
+5010F*00 -Soln:‘oo
-5920E%00 «S020E%0
.agYoEOoo «499pE*n0

PERCENT TeDs
TNCHES
«125

WEIGHT
(GRAMS)

J11639E+02
+11561E+02
W11678E¢02
+11480E¢p2
+11633E402
+11522E+02
+11613E02
+11681E402
»11501E+02
*114T0E*02
«11688E¢02
+11689E¢02
«11700E+02
*11613€402
»11662E902
+11693E+02
+11684E402
#11605E+02
+11504E%02
«11749E 02
e11802E %02
#11778E402
«11697E*02
«11R29E %02
"11604E %02
s11522€+02
011328E%02
*11401E%02
e11452E%02
v11652E402
¢11591E %02
-%}5235°gz
*11561E %2

Drilled Pellets

WEIGHT
(GRaNMS)

+11133E+02

«11133E+02

v11190E%02
*11141E%02
e11020E%02
+11190E%02
*11192E402
*11238E+p2
*11207E%02
e11123E%02
+11158€*02
s11nT1E*02

DIA, CENTER DENSITY

voIlb
(INCHES)
oV
o0
o0
*0
o0
0
0
.0
.0
«0
0
.0
*0
«0
.0
0
«0
°0
0
.0
.0 -
«0
.0
*0
"0
.0
‘0
*0
0 -
*0
‘0
*0
*0

[{<T{43]

+1038E+92
«1038E402
«1040E*02
«1040E%02
«1042E%02
«103AE*02
«1039E+p2
s10641E%02
«1038E%02
*1040E%02
+1041E%02

01043E%02
v1041E%02
«1040E¢02
«1040E¢02
»1042€ %02
«1043E%02
+1063E%02
s1001E%02
s1041E %02
+1039€ %2
'10392:02
"os

53%e02
+1038E%92
«1038E%g2
*1041E%02
-10‘05:02
*1041° 02
'§g~}5’02
1040 E %2

0IA, CENTER DENSITY

vo10o

{INCHES)
+6850E=01
«6859E~0)
+6850E=01
«6850E~0]
«6850E~p)
+6850E%0)
«6859E=01
«6859E~01)
«6857E"0
«6859E~g)
W6BS50E=0)
+6850E=Q1

(c/ce)

+1036E%02
01034E%02
«1035E*g2
*1030E%02
+1035E%g2
+1033E%02
*1033E%02
-10355’02
*1034E°

°i3335'g§
+1034E%02
+1034E°02

-DENSITY
(PERCENT TeDeo?

«94T4E 02
094 TSE02
+9492E+02
«949pE¢02
#9510E%02
«94T2E402
«9483E+02
+9495E+02
«94T1E%02
+9491E%02
«9502E*02
«949BE* 02
+9482E4+02
+9514E%02
+9502E%02
+948TEQ2
«9492E 402
«9509E ¢02
«9512E¢402
«9514E€¢02
«9498E%02
+9494E %02
+9482E%2
*9479E %02
+94B6E*

.926%E0%%
+9475E%52
+9469E 402
+9500E 402
«9493E%92
09499E 45>
9500 %02
9493E %2

DENSITY
{PERCENT T.p.)

«9449E¢Q2
*9439E¢02
«9442E002
*9401E%02
*9443E°02
+9428E402
*9428E%02
«9440E%02
*9436E%02
+%42)E4o2
«9432E492
«9434E4902



LaT
NO .

]
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IFA-431, Rod 3,

Solid Pellets

SAMPLF OTAMETER LENGYH

NO . (INCHES) (INCHES)
n=l n=2 n=3 L=} L2

47T 24277FE*00  .42T4F400  L4274E*u0  ,5100E+00 ,S5100E+00
482 42T4F %00 42T4Fs00 4273Eeyyg S5150E+00 «5150E¢g0
495  L427RE400  L,4275Fe00 - L4R274E¢vu  ,5020E00  .5040E¢00
496 «4273E%00 427S5F 400 «4274Evy0 «5120E+00 «5100E%00
499 42735 %00 4274F 00 «42T4Evug +5050E+00 «S080E*ng
500 «4273E %00 +4275F ¢0p 4274E %09 «5080E 400 +5060E %00
802  +4273F*0n  «42T4Fsqg 42T4E%yp 50606400  JS50T0E%00
503 J6274F¢nn  .4pTaEsan  L4274Evuy ,5020E+00  «5030E%00
Sné «4p73F *0q «42T3F*qyg «a2T4E+yy «5090E %90 «5090E %00
Snb  4pT4E*np «42T5F 40 «42T4E 00 «S110E*n0 «5130E%00
507 .4274Ftnn  w4275Fegn 0427364y " 150800 450998 %0
Sin  .4273F%gn  W4273Eegq  L6373E¢un  L5030F+00  J5050E%00
511 +4273F %0 .4275Feqn  .4275F ey .509%Fp0  «5100E%00
512  J42T4Fe0n  L42T5Ee0p  ,4275Eeuy  ,5120E¢00  (S5110E%00
514 L4275F +0n YL 42T6E+ug .5150E+00 «5140E+n0
51% «4279F %00 «4273F*gn «4273E%yy «5139E*n0 «5120E%00
516  43T3F+nn W42T4E40g 4273 ug .S100E+00 «S100E*00
555 42T4E%nq «42T4E*pg 42784y .5130E*90 «5120E%g9
559 ,4271F+n0  ,4275Fegp  ,4275Esve  ,5050E+00 ,5060E+00
568 42738 %00 «42T3E%00 «42T72E+00 5150E%00 «5150E¢90
572 <4273F +00 .42T4E Q0 J42T4E4u0 LS120E+00 .5100E%00
STR  ,4270F+00  .427S5F+00  ,4275Ee+uu .5110E+00  .5120E¢00
SR L4273E%n0  JepT4Esgp L6274Esuy  .5100E+00  LS100E*00
596 LEATIE SN L42T3FE+0n JO42T1Eeug S100E«00 «5110E+00
598  ,4273Fen0  ,42T73Fe0p  ,4273Eeun  _5120Ee00 ,5130Een0
603 L4R2T1E <00 J42T1E 00 4271E«ug S5120E+00 5120E+00
ank ,4274Fenn L 4272Fe0n  ,4271Eeuy ,5110E«00 ,5130Eeno
607 L,4273F 00 42736400 42T8E wuy S5100€+00 .5100E+00
609 L42TRFenn J4275F+0q 42758 ey S110Ee0n S110E+00
613 4274€%00 42T4aEsqg «4274E4y 4B6gF 00 4B6nEsqq
61k 42T4F ¢an 6pT4Evqq «4pT72Eeyg 5240800 +5250€%00
617 44273F%ng  .4>T3Eegn  .6272Esyu .5120E¢00  .5120E%n0
3L 42T5F %0 «4275F %9 «4276E0yy 50%0F *00 «50%0E*np

TOTAL WrrgRT AF GPOUP = 4100715 GRAMS

aVERsGE YrIGHT NF GRNUP =

1245065 6RAMS

Ver SITY 0O Roup = » PERCENT Tape
A'ERAGF nFNSI F 6 95258 €RCE 0
aVEPAGE BELLET IENGTH 0F GRAUP 2 290 org ot iNrHES
STanpaRn nFVIATION OF PFLLFT DENSITY = +18S

107
ND,

11
1-3
1=3
1=-3
1=3
1=3
1-3
1-3
1-3
1=3
1-2
1=3

IFA-431, Rod 3,

wE1GHY
(GRAMS)

v12526E+02
+12641E+02
+12392€+02
+12560E¢02
v12462E+02
v12657E+02
«12645BE+02
*12333E+02
v12484E%p2
"12589E%g2
v12443€992
«12352E+02
+12528F +g2
«1258gE+02
2126403E002
+12583E%g2
+12512€4902
*12565E402
123826402
«12613F+02
+12499E+02
+12525E402
+12564PE¢p2
J12682E402
«12532E+02
+1257RE «p2
«12557E402
+12530E+02
«125T0E+02
+11892E 402
v1287T7E+q2
*«12532E+p2
+1248BE¢02

Drilled Pellets

CAMPLF DIAMFTFR ' LENGTH

NO. { INCHES) { INCHES)
nel Da? 0=3 Lel L=2

19 JA2TAE00 42T4F 000 42TTE S0 5060E+00 «5080E%p0
521 J42TAE*00 42T6E+0g +4275F+y0 .50%90E+00 +«5100E*00
524 L82T8F+00 «4276E0n L42T7E w0 .5010E+00 +5000E%00
527 APTSEYAN 4PTSE+00 4275E+u0 5070E+00 5070E*00
L] S2THE00 42TAE 90 +6275E %00 «5080E+00 25060E%00
532 «42T5E 900 W4275€00 42T8Eey0 .5100E+00 «5100E¢00
534 «4278E%0n 427SFe0g 42T6Esuo 5090F+00 +5100E%00n
539 JH27RE¢00 L2TSE+00 42TSEsuy S5170E+00 5170E*00
544 «4R2TRE*ND «4275E%00 42TSECn0 .5150E+00 «5150E%00
550 «4RTIE*DN «4275E+0g «42T6Esyg .5130E+00 +5110E%00
86 «4275E%0n «4275F400 «4276E0gg +5080E+00 «S0%90E*00
552  4278E400 «42TSE00 «0275E %00 S040E+00 +5050E %00

TOTA| WFyGuT oF GROYP a 145,607 GRAMS
AVERAGE WFIGHT nF GROUR = 1201339  GRAMS

AVERAGE NENSITY OF GROUP = 944912 PERCENT T.D»
AVERAGE PEILLET LFENGTH oF GROUP = 509U TNRHES
STatpaRn NEVIATION OF PELLRT DENSITY = o171

WEIGHT
{GRAMS)

s12120F%02
«1217BEsq2
+11915E¢02
«12123E402
+12077€+02
+12156E902
+12129€¢02
+12325€02
«12270E02
+12165E+p2
v12129E+02
*12020€%92

DIA, CEnNTER
vo10

(INCHES?
ol
.0
o0
.0
.0
0
.0
0
0
*0
0
0
0
.0
0
°0
0
*0
o0
0
0
o0
0
o0
o0
o0
0
0
0
0
.0
*0
0

DENSITY
(6/CCy

«1045E*qg2
-104‘5002
#1048E902
«1045€E%02
*1087€E492
«1045E %92
«1046E¢92
e1044E492
e1044E %02
*1046E%92
+1041E%92
+1043E%g2
+1048E%92
46E o
hesesg?
v1045€%92
01066E492
+1043E%02
21042E402
v1042E%02
+1041E402
#1042E%02
«104TE¢g2
«1061E492
11061€¢02
21046E 402
21044E002
«1045E 402
01066E992
e1061E492
+1045E%92
«1042E¢p2
«1063E%02

Dla, CENTER DENSITY

vo1o

(INCHES)
«6850E~01
«6850E=0
«685S0E~0)
«6859E=0)
«6BS0E-0]
«6850E=0)
«6859F=0)
+6850E~0]
«6850F=01
«6859F~01
26850E~01
«6BSQE~0)

(6/CCHy

«1043E92
«1043E+92
»1038E+g2
*1043Eg2
«1039E%02
e1040E*g2
«1039E°92
s1040E%02
+1040E%02
01037E¢92
v1041E¢02
*1040E 42

DENSITY
(PERCENT ToDe)

+9535E+02
+9528E+02
+9558E¢02
«953%E 02
*9550E¢02
«95236E 402
*9547Ev02
*9527€+02
+9523E 402
*9541E%p2
«9497E€4g,
«9516E+02
-9551E002
956 2E

RIRT
+9538E¢02
«9526E02
+9514E 92
+9508E 02
+9511E+02
«9494E+02
+9506E02
+9550E+02
+9500E«02
+9494Ee¢02
«9568E 402
«9526E402
«9538Ee02
.9542E402
«9496E ¢y
«9531E492
+9505E4¢2
+9516E402

DENSITY
{PERCENT ToD4)

«9515E+92
+95)13E+02
«94T6Eeg2
+9520E902
+948)1E402
«9490E¢02
«94T9E*g2
+9491E%02
«9486E402
+9464E902
+9495E+02
«9486E+02



LoT
NO.

1=4
1+4
174
1=4
1=4
1=6
1«4
1=4
1=6
174
1~8
1=4
1=4
16
1-6
1=6
1-4
TS
1-8
1=4
1=6
1=4
1=6
1=8
1at
1=4
1a6

IFA-431, Rod 4, Solid Pellets

SAMPLF DIAMETER LENGTH WEIGHT
NO. {IMCHES) {INCHES) (GRAMS)
) 0=2 ] L=l L=2

22 «4202F %00 +4204F 400 «4203E+0g .5090E 00 «5080E*00 +12041E¢02
33 «4206E*00 = «4R06E00  +8206E*u0  J5040E*00  +5030E*00 +11902E¢02
60 24204F*00  +4206€°00 «4204E%un  (5010E%00  «S5020E%0Q <11892E+02
67 «6203E%00  +4204Fv00  «4203E*u0  J5000E¢00 +5020E®00 +1184¢Ev02
9? +4204F %00 «420AE%0N «4203E%uy «S100E%00 «5100E%00 +12031E%02
96 L4203E*00  4204F¢00  «4203E¢v0 J5120F400 .5120E%00 +120B0E%02
102 «6202F*00 «4205F*00 «6202E%ug +5140F*00 *5140E%00 ¢12139E%02
106 «4202F*00 «6202F*00 «4201E%uy +5110E¢00 «B110E%00 +12082E+02
108 «4207F*n0  +6204E¢00  «4202E*uq  ,5180E+00  45189E%pg +12241E%02
i26  +4201F%0  +4203F*00  «4203E%0  +5089E*s0  «5099E%pg -1zngaE°oz
128 «42n1E*00 «4203E400 «4203E%00 2S100E%00 «S110E%00 +12072E*02
130 «4203FE*00 . 4205F%00  «4R03Ecv0  5130Ee00 +5130E%00 +12103E¢02
132 .4202E%00  <4204F¢00  «4204Evuy  JS5090E+00  .5100E%00 +12040E%02
136 4202F*00  W4206E%00  .4202E*00  JS5140E¢00  L5160E%00 «12131E¢02
141 W4202F*00 «4206E 400 «4202E%00 «S000€%00 «5010E¢00 11R29E¢02
147 «42p4FE*00 «4205F %00 24203E%uy +5020E 00 +5020E%00 +11873E+g2
14R 24202E°0N «6204E400 «4203E%yg «5020F*00 «S5020E*00 +11RS0E*02
149 «4203F 00 «4R0SE+00 «6204Ev00 .5060E+00 «504nE*00 +11950E¢02
20R  JA201E*00  L4204F900 «4203E%v0 +5020F¢00  +5040E*00 +11928E+02
217 L4200FE*00  .4201F+0n  .4201Eeud  ,S5090Fe00 ,5080E+00 «11998Es+02
225 .4201E400 42026900 (420200 ,4990E¢00  ,4990Ev00 .11R30Ev02
P29 .4201E400  ,4203Ee00  ,4202FEeup  .5050FEe00 ,5060E*00 +11967E¢02
243 4204F 0N L4207F 00 J420KE U0 +5090E+00 +5090E+00 «12049E402
244 b201F 00 4206E+00 «4204E009 «5110E+00 .SsooE°no *12092E+02
265 A202E600 L6204E400 4205Eeuy L4980F .00 J4960Ee00 L11751E«02
256 ,4203FE+0n  ,4205Ev00  L4203Esun ,S5110Fe00  LS11pE€00 +12070FE«02
259  ,4202E%0n0  ,4204Ee0q0  ,4203Eeup  ,5120Fe00 ,5110E€pp +120T3IEe02

TOTaL WetaWT oF GROUP = 1234857 GRANMS
AVFRAGE WEIGHT AF GROUP = 1149947 GRAMD

AVERAGE nENSITY OF GROUP 3 94+889 PERCENT TeDe
AVERAGF PELLET LENGTH Of GROUP = e5074  [NEHES
STaNpaRn PEVIATION oF PELLEY DFENSITY = las

IFA-431, Rod 4, Drilled Pellets

LOT  SaMPLE NIAMETER LENGTH WEIGHT
NO, NO» {INCHES) (INCHES) (GRAMS)
Nl - p=2 D=3 L=1 L=2

14 1 +4203F 400 4204F 400 J4206E0v0 .5110E+00 .5130E400 +11758E+02
14 11 «4205F*00  .4205F¢00  .42064Esun  ,5130Fe00 .5150E%00 «11792E+02
1-4 3] 42045400 «4205F «0n 4206E0u0 .5060E«00 «5070E%00 s11629E+02
1-4 87 4202F 400 +4203E+00 «4203E900 5050E+00 «5050E°00 +11555E¢02
1=4 165 «4203E 400 «4204E%00 +4205E %00 +5050E*00 «5060E%00 «11588E~g2
1-4 169 A204E400--  L4205F 00 «6205Ee00 +5060E400 «5080E¢00 ¢11640€+02

TOTAL WETGHT oF GRAYP o 69,962 GRAMS

AVERAGE WEIGHT oF GROUP = 11,6603 GRAMS

AVEPAGE PFNSITYY OF gROUP = 944522 PERCENT TeD»

AVERAGE PELLET LENGTM-0OF GROUP = «50R3 TNeHES

STANDARR DEVIATION oF PELLET DENSITY = 107
LOT  SAMPLF DIAMETFR LENGTH WETIGHT
NO, NOW (INCHES) (INCHES) (GRAMS)

n=1 n=2 - pe3 . Lel -2

1=4 179 4205E00  4204E%0p +4203E+u0 .5090E+00  .5080E*00 +11703E+02
1=4 180 «&205F*00 24205E+0p «4203E¢u9 «5060E+00 +5080E*00 +11744E¢02
- A *4204€%0 «4205E°0 «4204E%00 +5040F*00 +5050E%00 +11680E*02
}-: ia; .Aggzﬁ‘n% -A?OGE‘O% +6205E%u0 +5030E+00 +5020E%00 -1161%6‘02
1-4 766 «4204F*00 «6295€ 400 «4204E%v0 «5090E %00 «5090E%00 +11712E%02
1-6 769 «4205F *00 +4205F 400 «4204E¢ug 51T0E+00 25160E%00 «11933E+02
1=4 TTn «4203E*00  «42067%0n  «6206E*ug +S100E+%00  +5120E%00 +11811E¢02
1=4 T72  J4203E*N0  L4203E400  .A203Fsup  .5030F«00  .5020E°00 +11585E+02

TOTAL WETGHT OF GROUP = 91+786 GRAMS

AVFRAGE WEIGHT NF GROIP @  1]1,7233 GRAMY

AVERAGE NENSITY OF gROUP = 944743 PERLENT TuDe

AVERAGE PELLET LENGTH nf GROUP = W5077 INEHES

STANNARN NEVIATION OF PFLLET DENSIYY = 232

E-6

DIA, CENTER DENSITY

voID
(ENCHES)
o0
.0
0
*0
*0
*0
o0
0
0
*0
0
.0
o0
0
0
0
o0
.0
0
.0

(g/cc)

«1042E492
«1039E¢¢2
«1043E%92
*1039€*02
«1037E*g2
+1038E%¢2
+1039E°%p2
o1041E%p2
-10«85:02
«1039E%g

-io«oE‘og
«1037E%q2
«1039€¢g2
+1036E%02
«1040E*02
«1040E%q2
«1038E g2
o 1040E%02
«1043E%2
+1039Ev02
01063E°02
«1042€%02
+1040E 02
*1042E%02
«1040E902
+1039E+g2
«1038€E+p2

DIa. CENTER DENSITY

voro

{INCHES)
«6850€=0]
«68859E=01
«6850E=91
«6850E=01
«68S9E=0y
+6850E=0)

{67¢CHy

«1037E¢g2
«1036E+02
«1037E%p2
«1034E%g2
+1035E%92
+1037E%g2

0IA, CENTER DENSITY
vor

(INCHES)
«6300E~0]
«6300E~01
*6300E~01
»63gnE=0]
«6390E~01
+6300E~01
«6300E~01
«6390E=01

t6/cc)

»1038E%g2
21042E%02
v1041E°

-}0355‘35
«1035E%02
01039E¢02
*1040E%p2
«1037E%92

DENSITY
(PERGENT Tobs)

«9593E*02
«S4T6E%Q2
«95)2E%02
*9483E¢02
*9461E%02
v946TE* G2
*9478E%02
+9495E402
+9488E%p2
*96476E%02
*9493E402
+9468E%02
«9482E%02
«9455E%02
*9486E%02
*948TEY 02
«94T3E*02
*s9492E¢02
«9518E*02
«9480E¢ 02
«9820E*02
«9505E02
«9488E 02
+9503E%02
«9486EeQ2
+9476E 02
«94T2€402

DENSITY
{PERCENT T.0.)

«9465E402
*9450E402
«9459E+02
«9435E402
*9446E¢Q2
«945TE+02

DENSITY
(PERCENT ToD,)

v9844E%02
«9504E%02
*9499€%02
«9480E*02
e9440E*02
«94TTE Q2
*9486E%02
«9465E*02



L)

Loy
MO,

1=5
1=8
)-8

IFA-431, Rod 5, Solid Pellets

SAMPLF NIAMETER LENGTH
NO. (INCHES) LINCHES)
nal n-2 D=3 Ll L=2

784 LA20RFe0N LAR0BE400 L4PDSE+UD 5090E«00 «509nEenD
786 L4204F *00 4205F 200 4204E000 4980F 400 «4960E¢00
787 «4203F %00 $4203F+00 4203000 «S5110E+00 «5100E*n0
TR9  ,42n2F+00 24204F 400 L4203Eeuy 5040F +00 +S040E*00
790 J4204E400 J4204E 00 4204E+00 49T0E+00 «498pE 00
793 RYIYIRLU] «4205F¢00 ~420SEeun «5120E+00 +5100E*00
796 L4205F 400 J4205F+00 L4206Eeu0 .S5120E+00 .5120E+00
797 J420SES00 «4205E+00 +4205E+uu .5020€¢00 5030E%00
Rnn  J4204F¢n0  J6205E+0n  ,4204Eevo  .50T0Es00 . .5050E¢00
ROl 42065400 «4206F 00 4206E%00 «5140FE«00 +«5150E00
RN2 4204E 00 4204F 400 42nsteup .5120E+00 «5150E*00
NG «4206Ev00 «4204E400 «4205F*u0 «5050E+00 «5070E*00
a0k «B204F 40N +4205F*0n «4205Eeuy «S010E+00 «5020E%00
An7 $4204F*00 «4205E900 +4205E%u0 .S5160E%00 »5150E%00
anh 4204F 400 +4206F ¢00 4205Ee0y 5100E+00 «5110F ¢a0
809 L420SE*00 +4208F 00 W2n4Evu0 .5160F+00 «S517T0E%00
Aln «4204E *00 «4205F 400 «204Eeuo «5210F +00 «S190E *00

A&7 42035400 «4204E%00 «4203E%u0n «5050E+00 +5060E*00
849 4204 %00 «470SF *0n w4205E%9y «5030E*00 «5030€%00
ago «4204F *n0 «4203F%00n «a2n0E%un «5050€E%00 «5110€%00
55 42045400 «6205F¢00 «5205€400 «5060E%00 «5080E %00

ASA  L4304F %00 «4506E%00  .4203Eeuy  .5060Evg0  «5060E %00
A6y <4204F*np  <4206F*0p  «4203E%0  «50%hE%00  +S070E %00
R6R  .4205F*0n  +4206F*00  .6205E*un  .5020E*0n  «5030E%00
R69  .42naFtnn  +4205E%0n  «4205E%v0  «B0b0F*go  «5050E%an
A7n  <43naf*nn  «4206E%0n  «4203E*uy .5010E*0n  .5020E%00
A7y «4203F*na «s204FE*0p  «4205E%v0 +5030F*00  +S060f oo
RTS  .4203E%0n  esp04F*0n  «4204E¢up  S0R0Eepn  45080F %00
ARE  4206E*gn  6204F %00  w203Esuy  4B69Fegn  .4R60E%0n
RR7 4206E %0p 4206F 400 42048 20 5050F +00 +5000E *00
ARG G204F *00 W205E ¢ 4%205€ 400 S050E *00 SoTn€E*g
A9y 4204F 0 w205F %0 4205 w0 S190Es0  S5190E %o
A9} S204F 00 %205E 400 w204 wn S100E 00 S110E %0

TOTA[ WFYGWT OF GROUP = 379,836 GRAMS
AVERAGF WEIGHT oF GROUP = 11.5102 GRAMS

AVERAGE DENSITY OF gROUP = 91 4053 PERLENT Tepo
AVERAGF SFLLET LENGTH oF GrouP = §07U  INEHES
sTaNpARD NEVIATION NF PELLET DENSITY = 674

107
MO,

1a5
1=5
1=5
1=5
1=5
15
1=5
1-5
| =%
1S
1-5
16

1FA-831, Rod 5, Drilled Pellets

RAMPLE DIAMETFR LENGYH
NO, (INCHES) (INCHES)
nel N=p? N=3 L=1 ) L=2

R1Y L4202F *an «4203F 40N W4202E%00 .5030E+00 «5050E*n0
AyA 26202F %00 «4203E400 «4202E%00 +5020E+00  +5040E*a0
R20 4204F*N0 «4206F%00 «4204E%00 «5040E%00 +5050E*00
R213 «4202E%00 «4P04E*00 4204E0un +5060E+00 507T0Evo0
Rph «4202F %00 «4204F %00 «4202E400 «S5110E+90 «5100E%00
ar7 »42n3F %00 «4203E400 42n3Esuy .5130Ev00 .5150E%00
ApA 4202F %00 42038400 +4203Eu0 .5130F+00 «5180F ¢
A3A 4203F %00 «4203F %00 «4203E%4p «5220F *00 «5230E%n0
R3I%  W4204F %00 «4206F*0n  «4204E%un  S110F%00  +5120E%00
R4s  +4203E%00  <6P04E*0n  «4203Ecug  .5070F*aq  «508nE%aq
ask .4203F *np «6P05F 209 «6p05E%00 «5070F ¢00 «S100E%00
Ask  ea2n2E%0n  es2028%0  «s203E%w0  «5nT0E*0g  +505nE%00

TOTAL WEIRWT OF GROUP = 135197  GPAMS

AVFRAGF WEIGHT AF GROUP = 1le2666 GRAMD

AVERAGF NENSITY OF fROUP = 91e15A PERCENT TeD»

AVERAGE PFILLET LENGTH NF GROUP = «5095 INAHES

STaNpARD NEVIATYON OF SFLLET DENSITY = «5n1

E-7

WEIGHT
(GRAMS)

«11633E402
+11378E¢02
1162BE*02
«11480E902
«11391E+02
»11505E+02
$11522€402
«11330E¢02
«115R6E+02
+11601E402
*115R1E*02
+11348g+02
«11615E+02
+11808E+02
«11653€402
«11R45E*02
+11908E *02
*11521E%02
*11469E %02
«11506€402
*11474E%02
f11620F %02
*1144BE %92
-x15|5;°02
*114092E%02
-}}3335002
*11469E %02
*11521E %02
*11019E *02
»11318€ 402
»11352E %02
+1164%E %2
#1154 8E %02

WEIGHT
{GRAMS)

«11144E+02
«11149E%02
«11121E%02
«11323€¢02
«11203€4+02
«11311E%02
«1]431E+02
«11592E%02
*11320€%02
«11155€%02
*11317E%02
*11131E%02

pIAs CENTER DENSITY

vo1p
(INCHES)

.
o0
0
o0
.0
0
o0
o0
o0
.0
o0
-0
.0
.0
*0
0
o0
*0
0
0
.0
*0
*0
0
*0
*0
*0
"0
*0
*0
*0
*0
L]

(6/¢ce)

+10064E+02
+1006E%02
+1002E%02
»1002E%02
«1007E%02
«9B92E°01
2988TE*p]
+»9908E%01
+1006E*02
+9910E*01
+99})5E°0]
+9B58E°01
«1000E%02
*1007E%02
+1003E%02
«1008E %02
*1007E %02
«1002E°02
s1902E%02
e9959E g1
29946E%0)
s1010€ %02
19999€ *g)
'33075202
.

ReTE
*9994E %5

+9865E %)
9963E %]

DIA, CENTER DENSITY

vorb

{INCHES)
«6B85pE=01
«68509E701
«6850E70]
«6850E=0)
«6850E<01
«6B850E=01
«6880E=01
«6859E~0]
«6850E"g}
«6859E=0)
«6850€E=0]
+68SoE~0]

(6/CCy

+9994E+p]
«1002E%02
*9954E¢0]
«1010E%02
«9918E%()
9943640
«1002E%02
*1002E%02
9995E*gy
«9935E¢

-10055‘3%
+9943E %y

DENSITY
(PERCENT YD)

V9163E+02
+9182E402
«9141E%02
W9161E%02
«9184E+02
v9026€402
29021E402
+9040E*02
«9183E+02
+9042€402
W904TE*D2
+8995E402
«9128E902
+91B5E+02
+9152E402
¥9196E%02
«9184E %02
*G145E%02
*9143E%02
+9987E%p2
*9075E%02
09213E402
+9941E%02
«9186E¢g2
*9a45E¢

~921~E'g§
«9,)9E*

9ad9E <03
«9996E %02
9929E %02
«8996E %5
9001 € %02
“9T3E %2

DENSITY
(PERCENT T,U,)

+9119€+02
«9161E402
«9p82E+02
+9215E¢02
+9049E*02
«9072€+02
e9143E9p2
*9147E%02
':1205102
906

)68 02
«99T2E%02



- " IFA-431, Rod 6, Solid Pellets

LOT  SaMPLF NIAMETER
NO. NOW (INCHES)
nel D=2 ne3

1 =& 6R1 2 4205E+00 «4204E 400 4204E4u0
1-6- 687 42027400 +4204F 400 4203E400

1 =6 6848 «4202F*n0 «4203€40) «8204E%09
1°6 690 «4204E%00 +4205E%09 6204E¢ug
1=f 693 ,4204E%00 W4206E00 «8203E%00
1=6 699 «4204F+00 «4205E+00 4204E400
1=A 701 W4203F 400 46208400 24203Eeu0
1= 706 J4204F *00 4R04F 409 26204E400
1=6 To6 2 4202F 400 «4204F 00 «4203E%u0
V-t 710 4204E400 +4205E+00 L4203E00
1=6 711 «4204F %00 «4205E+00 «42n3E%uy
16 712 L4203E*ND  ,4206E400  ,4203Eeu0
1=6 713 J4204F*n0 W4205E¢00  L4206E%uy
1=6 718 «4203F %00 «420SE %00 »6203E+yy
16 719 «4203F*00 «86203E400 v4202E¢00
176 721 «42n3F*nn +6204E%9n 262n4E%0p
1=6 122 «4204E%00 «4206E%00 +4203Eeu0
1= 727 «4203E*00 «4205F400 «4206Evup
16 733 +6203F *ng «4204F *g9 429028 %00
1= 732 24202F %00 «4203E 400 «4203E sup
176 733 W4201F %00 24204€%00 «4203E%ug
1=F 734 42035 %00 «6204E 99 «204E%0g
16 735 «4203F %00 «4204F 400 ?206E 0y
1°6 740 «A202F %00 «4p04F g 42028000
1 =6 T4y «42n3F 00 a2n06F ¢ 4203E%00
1=6 742 <4203F%00  .42045+00  c4202Ev00
176 7413 «4203F %00 4204 %00 s204E*yg
1=6 745 42035 %00 4204F4gq 4203E+u0
1 =6 T46 w2038 400 «4203F 400 4203€ 4y
1 =h 747 L4202F %00 «4203E+gn W4202E 400
16 748 “202F 400 WH206F ¢ 4203E %y
1=6 755 “204E%00 4205F 400 4203E¢yg
1 =6 156 H202F 00 S201F %00 w2nEwg

TOTAL WFy6WT oF GROUP = 380,350 GRAMS
AVERAGE WETGHT OF GROUP = 1].5253 BRAMS

LENGTH
(INCHES)

L=l L=2
5080€+00 «S090E¢00
S020£+00  JS5020E¢00
«S5050E+00 +5050E¢00
«5000E400 «5020E¢00
«S060E+00 «5060E%00
+S040E+00  +5060E*00
.S140E+00 «S140E¢00
«5120E400 «5130E¢np
S110E¢00  J5120F*00
.5100E+00  ,S110E%00
.5090E+00 «5100E%00
.5090E+00  .5090E%00
5100E¢00 +S5110E*00
+5100£400  »S100E*00
«S110F¢g0 «S120E%00
«5120E%00 «S5130E%00
«5100E+00 «5090E°00
«S100E%00  +50%0E¢0p
«4959E %09 «4960E *g0
S6S0E N0 «4&50E %00
4 790F %00 «4810E%9¢
«4993E g «497gE%gg
+4890F ¢g0 «4910E*p0
«5140E¢00  «5150E %00
+5220F¢00  «5230E%00
5120400 -51205‘00
«S110F* 5 .
ETTEHOC I
S110F ¢ S100E*
SEa0E40)  1BL80E403
S9SaF 4o SosnE gy
«5030F *00 5020E %00
So4qE+n Sn6nE 4y

AVERAGE RENSITY OF gROHP = 910641 PERCENT TeDo

AVERAGE PEILET LENGTH 0F GRNUP = 505 ¢
STANDARD NEVIATION OF PELLET DFNSITY =

IFA-431, Rod 6 Drilled Pellets

1.07  SAMPLF . DIAMETER
NO, D, ( INCHES)
n=1 p=? n+3

1=6 640 L4203E400  L42046F+00  J4204Esun
Y=k 641 WG201F*00  L4203E40n  L4203Esu0
16 642 J203FE%00 L 4202F+00  L4203Eeve
1=6 645 «6203F*00 42045 %00 e4203E¢40
1~A 646 «4201€%00 «42023F 400 +4203E+0u0
1= 647 «4201F*00 «4202E 400 «4202E400
176 649 «4202€%00 4204E%00 4203E¢yy
1 =& 652 «4204F %00 «4204F *0p 28205E*yy
1 =6 653 «4202F*ng  L4204E%0n  J42n3Esun
)6 654 +42n2F*0p «4203F *0g w206F %00
1 6 Ah1 24203F%00  «4204E%00 4204800
16 669 42ME*NG  .4203F%00  W4203Feuy

TOTAL WFTIGHT 0F GPOUP 3 133+483 GRAMS
AVERAGE WEIGHT aF GROIP = 11,1238 GRAMS

INFHES
o306

AVERAGE RENSITY OF gGROUP = 91eb14  PERCENT TuDe

AVERAGE ®ELLEY LENGTH nfF GROUP = 5006
STANRARN DFVIATION OF PFILET DENSITY =

INPHES
209

E-8

LENGTH
(INCHES)

L=1 L=2
«4990E+00  +5000E°00
5020F+00  +S020E*00
.5020E+00n «5020E¢a0
«5020E %00 «5020E%00
«4960E*00  +49T0E%00
S5010F+00  «5000E%00
+4980E*q0 +4999E%0p
«5020F *00 «5030E%00
«49TpE+po +4980E*qq
«4960E*gn «496pE%g
+5000E*00  5000E%00
-+5100E+00 «5100E*np

WEIGHT
(GRAMS)

211556E02
v11469€ 402
v11560E+02
+11491E+02
+11508€E4+02
+11556E+02
v11673E+02
+11701E%02
+11701E902
211711E¢02
+11601E£+02
+11589E+02
111641E402
»116B3E ¢02
»11691E+02
»116B0E+02
211609E«¢02
*11629E %92
*113]10€ %02
*10S46E 02
*10912E ¢02
*11353E¢g2
*1115RE *02
*11741E%02
«11R81Evg2
«11685E¢g2
«11592E+p2
.i}?oBE*uZ
*11616E %92
«11491F 902
11501 € %2
*113T1E 92
11643E¢2

WwEIGHT
{GRAMS)

«11130E+02
#11121E402
«11176E 402
«11183E¢+p2
«11039€+02
*11118E%02
*11092E%02
*11158E+p2
*11033E¢02
*1103%E+g2
*11120€%02
0112T4E*p2

DIa, CENTER DENSITY

voro
{INCHES)
o0
«0
*0
.0
0
«0
«0
' 0
o0
+0
0
.0
«0
»0
0
[X ]
0
0
"0
0
*0
0
0
0
*0
0
*0
0
*0
0
*0
*0
*0

DIa, CENTER
v

010
(INCHES)
«6BS0E~01
«6850E°01
+6850E~01
«6850E"0)
+6850E=01
«6850€~01
«6B850E"0)
+6850E~01
*6850E=0)
+6855E70)
*6850E=0y
«6850E"0)

(G/cC)

«9988E 401
+1005E°02
«1007E*02
+100BE*02
«1000E%02
*1006E°02
«9987E+Q)
+1006E%02
«1006E+02
+1009E402
«1001E¢02
+1001E402
»1002E%02
*100TE %02
+1005€*02
*1002E 492
+1002E402
'1003::02
.

14804 102
-9999?‘01
. *
Hosteles
*1004E%02
«1000E%02
-1304E:oz
.
RESER
"1001E%
-}goég'og
. .,
2483 22
99TSE %y

DENSITY
(6/CC)

«1006E %02
+1001E°02
«1006E°g2
*1006E°92
«1005E*g2
+1004E*g2
*1005E%02
*1003E°92
*1002€%02
21006E%p2
*1005E%02
$9992E%p)

DENSITY
(PERCENT T.04)

W9113E902
«9)169E+02
*9187E+g2
+9199E+g2
-Q{ZQE'OZ
+9178E¢p2
«9113€02
+9]158E+02
+9181E+02
«9202E02
+9133E402
+9136E402
09146E%02
#9190E 402
09174E402
«9143E+02
«9141E¢02
*9156E%02
*9160E *02
*9103E %02
'glzz§°oz
9146E %

o156e 03
*9160E %02
+9126E 402
09159E4¢5
*910)1E*

e
*9132E %02
'9{265‘02
9) 69E

.9},11:0%%
F101E%2

DENSITY
{PERCENT T.D¢)

«9183E%02
«9136E+02
«9178E+02
*9183E+g2
+9169E402
*9164E%02
+9173E%92
99149E*p2
+9143E%02
*9176E%
*9166E%02
*9117€%02



Lot
WO,

1-1
1=4
122
1=3
1-h
1=5

SAMPLF
NO,

13
7R
336
LY
656
a3x

ral
4202Fenn
«4Z2n5F ¢aq
»4144F %00
JAD2TRF %0
4202F %00
4203F 400

TOTA WFIRHT AF GROVP =
AVEDAGE WFIGHT nF GROUP =
AVFRAGE nFNSITY OF nROIP = 93,460

DIaMETFR
CINEHES)
Ne?

W4203F e00
24206F 400
«H145F 400
242T5F egy
«4202F %00
«4204F 400

AVERAGF BELLET LENGTH OF GROUP =
STaMPNARY DEVIATION 0F PpLLET NENSITY =

TOTAL WETAHT OF ALl

A9.114
11.5190 GRAMS

N=3
«4203Esu0
«4P05E eyy
sb144Eeyg
242754y
«4202E 000
4202€000

GRAMS

5074

GROUPS 3189,454n f/RAMS

IFA-431, Extra Pellets

LENGTH
LINCHES)

L-l L2
S110Fe0n «5120E¢n0
«5030F +00 «5040E%0
+S030E*00 «5030E*n0
o5 %nE'oo +5130E %0
«49TnEn0 «4969E*00
.5170F+00 «5190E%00

PERCENT TuaDe

INFHES

1.727

E-9

WEIGHT
(GRAMS)

+11711Fag2
*1164RF4p2
+1117HE*02
»122)8E492
*11060€492
+11399€ 492

DIA, CENTER

voip

{INCHES)
«6BSgE=py
+6850E=pD}
«6850E=01
«6850E =01
+6850E=0]
«6850E=01

DENSITY
(G/ce)

+1035€¢02
»1035E%;2
-10345‘02
*3041E%02
«1007E*g2
+9943E¢g)

NENSITy
(PERCENT TaD4)?

09841 Evgp
*9445E492

+9430E*02

"e9499E ¢y

«9188E4+92
e90T2E+p2






IFA-431, IMMERSION DENSITIES
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IFA-431, Rod 1, Solid Pellets

PRIt e T WT. nF WT AF DFELLET wT, OF WaATER WATER PELLET PELLET
HeyTaHT SaTHRATED SUSPEMDED  SLSPENSION TemPE A TURF DEMSTTY pENSITY DENSITY
QMR F (aRaMS) PELLFT IN WATER cARE (HEGC! tGM/¢cc) (eM/ce) (PERCENT TeDo) SaMPLE
NIMRF & (GRAMS) (GRAMS) {GRAMS) NUMBER
V-1 296 N1RATE,LA?  1196HE.n2  11564Fen2  ,B0¥/0F.n0  ,1940F,02  ,9983F,00  ,1045E.,02 9538E,02 294
T-1 362 1802F,02  (11703F, 02 L114R7€,02  WB0Y¥S0F, a0 L1960F,02  «99R3F,00  .1046E,02 .9945E,02 342
(=1 350 «11894F 02 L11R97E%an  L11571E%0p  «BoYMgFean L1940Eep2 .99B3E¢ap  .1046Eep2  .9563E<p2 35p
1™ 81 o1 TRRF4qa  1TATE*p o 1454E% n  «BgdngFegg «1940E+g2 «9983F % +1045E%02 «953RE¢45, 363
1TY 383 a31767Fenz  q174RESs  11435E 05 WBa¥ngFesn  ,1940E%n  W99R3F4ng .1 945E¢ge  .953E¢); k1T
1" 366 L11T59Fep2 ) 1TRgFen3  L1164TF*np  LBpYboF *a0 21940E +p2 -LLEYRSY 1046E*p2 »9548E 02 364
1 A%y o T9Feqp 1 TISE 5 47004 n W80T pF ey 01940E 452 «3983E ¢y «1046E%g2 +9541E 492 381
1™ ans  +11786Fen2  11757F 400 11445F %05 ByYogFe,, 1%40F 4p2 +9983F ¢qq e1046E®g2 «9547F ey 404
[t} 4p%  .11757F%p2 L1 175BE*R2  #11445E%p>  WJHp¥IpFeap +1940E 402 «9983E %,y +1046E%92  .9582E¢p2 405
11 45F  .1p319Fen2  L1237pF%n2  (11966E¢an  JHgYonrenp  .1940Een2  49983Ee¢gq  .1037€+n2  ,9463Eeqp 456
[Tl 487 117S7F4n2 L1175RF4a2 L1]1435F 42 JBoYenreng #1940E¢n2 «9983F +ng «1036E 402 «9456E492 857
TOTA WFtGHT nF GRONP = 130,220 GRAMS
AVERAGE WFIGHTY nF Goanln - 11,8382 GRAMS
AVERAGE NFNSTITY OF GROIP =3 954266 PERUENT TN
STANPA®RD PEVIATION OF PELLFT DENSITY = .15
IFA-431, Rod 1, Drilled Pellets
wELIFT WTe OF WT OF PELLET wT, OF . WATER WATER PELLET PELLET
AFTanT SATURATED SUSPENDED  SUSPENSION  TEMPEATURE DENSTTY PENSITY DENSITY
§aMOyF 1GRAMS) OFLLFT IN WATER rAGE (DEG.C) tGM/ce) (GM/CcC)  (PERCENT ToDo)  SAMPLE
MIMARFR (GRAMS) (GRAMS) (GRAMS) NUMBER
1=1h 79 _11A01F4n2 _1169%Fen2  11386Fen2 B0o990FenD L1TROF 02 L99ATE«n0 L1045E402  _9532E,02 79
1=1n AR ,11492F+0?2  L116%6E+02 .11206E402  LBoYYnFenp 1760E« Q2 +99RTE+ 0 «1045E402 «9535E+ 02 a8
171D 152 +11B34Fe32 L 1R3REvan 4115)6F 4 WBrunnFeag . 7T0E%p2  W99RTECag  .10%aEdnz  (9524E402 152
110 163 .11615F+n2  L11618FE+n2 4113196402  JBLUUOF +n0 1 7T0F 02 W99BTE *g0 21046E 402 «9539E 402 163
TOTA| WEI6LT nF Gonpe = 46,637  GRAMS
AVFDAGE WFTGHT nF GROUD = 11.6580  GRAMS
AVFRAGE RFMSTTY OF gD = 95327 FPERCENT TaDs
<TaNnaRD NFEVIATTON OF OFLLFET DENSITY = DR6

E-13



OFLLFT wT, OF wT OF PELLET wT, OF WATER WATER PELLET
We1aKT SATURATED SUSPENNDED SUSPENSION  TEMPEATURE DENSITY DENSITY
SiMPLE (GPAMS) PELLFT IN WATER cARE (pEGec) tgM/¢ce) tgM/¢c?
NIMRFR (GRAMS Y- (GRAMS) (GRaMS)
Vep 20 ,115K4F.n2  ,11565E402 ,11272E.02 ,B0o¥doFeno  1950E,02  ,9983E.00  ,1047E.02
12 1 11575F .02 11*79Fo02 J11373E.02 “o*lor.no 19505.02 .9983E400 1048€402
-2 4% ‘1614F,0g *11635E, 02 .113375.02 Bo*ﬂof‘no *1950€, 02 99835.00 10485.02
t-7 A2 1118RaF,02 118R1Ei02 111197€02  [B1ubpE,n0 19505.02 19983E,00  J1047E.02
2 121 T11471F.n2 T11872E.n2 T13188E.n2  (80¥SgF no  11980E,02 (998300 [1047E,02
127 258 t11776Fea2 T11777E(ap T11483E,n2 dg¥eF.ng  1960E,02 | 2983E,00 1046402
a2 260 l1141nF,02 12‘1[5‘02 C11136E,02  BgYegr,a0  11940E,02 19983F, a0 lo~gs,az
L2 282 -11526E,n2 ~11527€,n2 . 11235E,02 .80%T0F,n0 . 1940E,02 19983, 00 . 1085802
125 2AT  L11683F.az  L11856Feqp  S11353Fenz  LBg¥7gFeng  .1940Feg2  J9%R3Ewng L 1048Eep2
1-2 28R _1)15RAF,.na  "]115R9E,n2  .11295E.02 .B0¥MoF.n0  L1940E.02  ,9993E.no  _104AE.q2
1-2 2% 1\56n s02 11560F02  S1126%E.q2  JBo¥sgE.n0  .19@0F.02  ,9983F.00  [1047Es02
TOTAL WFTAHT nF GROIIP o 127+934 GRAMS
AVFRAGE WRTGHT 0F GrONP 2 11 «576n GRAMYS
AVFRAGE NFNSTTY OF GROIP = 954555 PERCENT T.D. N
STANDARN NEVIATIOM OF BELLET DFMSITY = .nq2
IFA-431, Rod 2, Drilled Pellets
PFILET WT. OF WT OF BFLLFT T. OF WATER WATER PELLET
WETAHT SATURATED SUSPENNED  SUSPENSION TEMPFA TURE DENSITY DENSITY
SAMPLF (GRAMS} PELLFT IN WpTeR cAGE DgGec? teM/cc) temM/cc?
MUMAFR {GRAMS) (GRAMS) (GRAMS)
1=20 303 _1)1140F402 11143F4n2  ,10884E4p2  BoY90FnD L1720E,02 L99RBF .00 L1041E402
1=20 a0k -1119Fs02 L11198F+0? .10936Een? .BlugoFeno +17208402 «9988E+ 00 S1043E+02
130 309 L11149F4n2  11151Een2  ,10893E.02 ,B0%90F4n0  ,17R0F,02  .998BFeqp  ,1043Ee02
1=2P N7 J11216F+52 11219F+02 ,10953Feq2 ,BOYY90F+n0 JI1T30EL02  ,9987Eenn  ,10%41E402

TOTAl MFIGKT nF GROUP =

IFA-431,

444700 GRAMS

AVERAGF WETGHT nF GROUP = 11,1750 GRAMS ,
AVEPAGF NFNSITY OF gROUR = 95+073 PERUENT TeDo
STaMNnaPn NEVIATION OF PELLET pFNSITY = «0a7

E-14

Rod 2, Solid Pellets

PELLET
DENSITY

(PERCENT TeD4!}

J9549E,02
95&3E‘oz
9566E,oz
95565.02
*9549E, 02
*9547€,02
19566E, 02
95375.02
956 Ee
*9563E 405
95565.02

PELLET
DENSITY

(PERCENT TeD,)

,9500E.02
J9518€+ 02
29513E402
.9‘985002

SAMPLE
NUMRER

29
38
45
62
Seo
zgz
7
Ze8
2%

SAMPLE
NUMBER

303
306
309
7

».



B Cy by
W MW NN N W

1=3"
1=3n
1=3n
1-30

IFA-431, Rod

3, Solid Pellets

PELLET wy, OF wY OF PFLLEY wr, OF wAtER wATER
WETGHT SATURATED SUSPENDED SUSPENSION  TEMPEATURE DENSTTY
SAMP|E (RAMS) PELLFT IN WpATER ARE {ppGac) teM/ce)
NIMgQE R (GRAMS) (GRaMS) (sRAMS)
4Rp  L)pAAGFa2  L2648Eqa  [2255E%n2  oBg¥/0Fenng  +18%Fe02  J99R4Evqg
499 .13444F 42 L124A7Feqn  4120%7E%*n2  JBluuoFenan «1890E«q2 «9984E 400
Sn2  196A3F*n2  .12664F% s  512093E%2 89/ gE%an  +1890Eeqa  «99R4E¢;,
SnT  +1p464F %52 12465F%nn  «12076E%0p  «Bp¥94E%a0  «1900Fvo2  +99R4ES
S164  s12R69F*R3 L12650E%n2  «12261E%n>  <80YM0F*an «1900E+p2 »9984E¢00
515 «1258AF4n2  .12588E+np  .1220AE%3>  .BoYdoFeag +1900E%02 +998B4E ¢ng
516 +12518F402  (12519F %52 +12164F %0 «B0Y70F*ng  .1910Ben2  29984F4gg
573 .12553F*n2  L12554F %02  L12172E%02 .80750F¢n0  ,1910Es02  ,9984Ee+np
AnT L 1257Fen2  ,12535E+n2  L,12160E+n2  B0oY¥60Fenn  ,1910E4n2  ,9984Eeqp
409 J12573F+n2  ,12573E4n2  .12190E%n>  LBoYT0Fenp  ,1910Eep2  ,9984Eepp
617  «1253RF+p2  12539F¢np  L1215RE¢np  LBQYT0F*np «1910E+p2 +9984E 490
TOTAL WFIGRT AF GRONP = 137,970 @RAMS
AVERAGE WFIGHT nF GROUR L 12,5427 GRAMS
AVERAGE nENSITY NF GROHP = 964151 PERCENT Ta0»
STannaARN DEVIATION OF PELLFT DENSITY = 140
IFA-431, Rod 3, Orilled Pellets
¥
PryLFT wT. OF WT nOF PELLET wT, OF WATER WATER
WETaHT SATURATFD SUSPENDFD  SUSPENSION TEMPEATURE DENSTTY
SAMP)LE (aPAMS) PELLET IN WATER CAGE IpERC? tgM/ce
NIIMRFR (GRAMS) (GRAMS) {aRAMS ) .
521 12178F+n2  L12179€¢n2  .11833E¢n2  81Un0F *n0 «1730F+n2 «99ATE+np
824 411920Fen2  .11922E+n2  .11597E+n2  LB0YY0F eng «1760F 402 «99RTE <00
SR6  «12]149F402  L12171F+02 J118228¢n2 L8iunnFeng J1T40Fe02 «9I9RTEe 00
852  +12022F*02  «12023E%02  «116RBE*n>  JBluynfiag 1T40E¢g2 +9987E %00
TOTAL WEIGHT aF GROUP = 4A,2R9 GRANMS
AVFRAGE WETGHT OF GROUB = 12,n72)  GRAMS
AVFRAGE nENSITY OF GROUP = a5.760  PERLENT ToDe
STANPARN NEVIATION OF PELLET DFNSIYY =2 «132

E-15

PELLEy
DENSITY
tgM/¢ce)

«1053E+92
«1055E+p2
s1054€%92
+1053€+02
«1053E%02
+1056E+02
«1055E+g2
#1053E+02
.1096E+p2
«1053E+p2
«105)En2

PELLEY
DENSITY
{gM/¢c!

«1052E+02
«1049E+02
1048E402
«1049E¢g2

PELLEY
DENSITY
{PERCENT T.D,)

«9695E+p2
«9628E+p2
«9615E+y,
9611E%02
+9610E*02
«9632E402
«9639E+g2
«9603E+02
9634E402
9605E+02
«9%93E %02

PELLET
DENSITY
(PERCENT TeD4)

+9594E 402
W9IST4E 02
+9564Ee 02
I56TE 42

SAMPLE
NUMggR

482
499
502
5p7
514
518
516
573
607
609
617

SAMPLE
NUMBER

521
524
550

8§52



IFA-431, Rod 4,

E-16

Solid Pellets

PEILET wre OF WwT OF PELLETY wT, OF wATER WATER
WwETAKT SATURATED SUSPENDED SUSPENSION TEMPEATURE DENSITY
LI (GOAMS) PELLFT IN WATER CAGE (pEG+C) teM/cc)
NUMRER (GRaMS) (6RAMS) (aRaAMS)
1=6 AT 11P39E.02  L11R81E+02  ,11522E4n?  B0YHOF.n0 J1TT70E,02  ,99BTE.00
1-6 92 |pni?‘.02 ‘12033E,07  ,11693E.02 Bovcor.no T1TT0E, 02 19987E,00
1-4 195 _120"2F,02 |12083F,02 117~oE.n2 Bg909F,np  .1770E,n2  ,9987E,q0
1.4 126 1p007%,02  12010E.02 ‘11673E,02  [80¥B0F,n0  .1770E,02 9987?.00
1.4 130 2121n1F.02 12103602 S11757E.nz  1Blucofeno  [1780E,02  [9987E,00
1-4 132 12039 ,02 [12040Ee0> 117026002 .®1u00E.n0  [1760F,02 9997§ono
- Q 947F 94AF, 629E, 8 99,F, 760E,p2 99A7TE.
R RIS T A S LA SO A S LIS e 100 B HH 45
1.4 245 11752F,n2 _11753E,02 T11447E.02 ‘81u00E.n0 (1760, 02 9987E, 00
TOTAL WEYGHT OF GROYP = 1nTe769 GRAMS
AVERAGE WFIGHT 0F GROUP = 1149743 GRAMS
AVERAGE NENSITY OF GROHP = 954578 PERCENT ToDo
STanna®n NFVIATION OF PELLET DENSITY = 220
IFA-431, .Rod 4, DOrilled Pellets
;
P LFT WY, OF wT OF OFLLET WY, OF WATER WATER
WETBHT SaTURATED SUSPENDEDN SUSPENSION TEMPEATURE DENSITY
GaMBLF t6RanS) PELLET IN waTER CARE bEGeC!? teM/ce)
MIMRFR (GRAMS) (GRAMS) {GRAMS)
- T69E 454E, 80YT0F. 710E,02  ,9988E.00
1280 b sNIREEenz MIRIENNE (1120060nE :e0eedEind L :17106:08  199RmEsds
“1%aD AT L.11563Fen2 L11564E¢02 ,11279Ee0> L B0Y90Fen0 «1710Eep2  ,99AREs(Y
140 165 L1159Fe02  ,11596F¢p2  .11299€402° .Uo’anono .x?goE.oz .99n8£000
1=4D 169 .1]R4RF402  .11650F¢n? L1134PFen2 BlunoFsno  ,1710E.02 . 99RBEspo
V=40 187 ,)1616FEen2 L11617€+n2 ,11321Een2 ,BlUuQE+n0  ,1720E.p2  L99RRE<00
TOTal WFIGHT NF GROUP = 69s572_ GRAMS
AVERAGE WEIGHT NF GROUP = 11,6120 GRAMS
AVERAGE NENSITY OF GROUP = 95 ¢472 PERLENT TaDo»
STaNpARN PEVIATION OF PELLET DENSITY = <104

PELLEY

_DENSITY
(gM/¢e)

L1087E,02
10‘55.02
T1047E, 02
1o~55.oz
T1048E,02
T1047€,02
048E,p2
.i0515202
,1092E,02

PELLEY
PENSITY

tgM/ce)

1045E402
T1046E402
«1046FE+02
«1046E+02
.1046E402
210649E402

PELLEY

DENSI
(DERcENT TeDo}

95555.02
95325002
L9881 g2
95375.02
‘9539E‘02
95565,02
9565E

‘esaqe:gg
L 9595E€,02

PELLET .
DENSITY
(PERCENT TeDs)

9 E

83376203
+9544Ee 02
.95655‘02
.9543E402
«9567E+02

SaMPLE
NUMggR

67

92
106
126
130
132
142
229
245

SAMPLE
NUMBER

71

165
169
187



1-50
=50
=50
1=50
1=80
1=gn

SaMe,
NUMBE

T4
796
796
797
Ana
Qg7
Atn
AsY
LT}
LIS}

ATq
LS

n7Q
ARA
ART
Aag
A9,

SaMp|
MUMARE

411
A20
A23
A2%
A48
A4k

pFy €7

WETGHT
3 {RAMS)
n

L11636F 02
_1‘37u=‘52
115207 02
1137ﬂ7.n2
J115R3F a2
\1Anvr n2
1|°n“‘ n2
1|§Pnr.n?
||h7?’ n2
ll‘“7:502
]11917.07
T11469F .02
«1152nFen?
L1IN1RF A2
«11319%F,02
+1135nFen2
«11AR4GF 482

WT. qF

SATURATED

PELLE
(GRAMS

1161?(.n?
11380E4 072
115925.02
J11330F402
115858F, 47
11R09€ n2
1190F,02
S11527F,a2
11875E n2
‘llbLQE.n;
T11395E4q2
T11871F4q2
111522Fq2
1102nFen2
N1320F .07
W11382F 002
T1651E 40

TOTAL WETGHT AF GROUP 3

¥
)

IFA-431,

wY of of | ET wT.
SUSPENDED  SUSPENS
IN WaTgR canE
(GRAMS) (GRaM
JH1297E,07 BluQOf«nd
L11067E4n2 BluunFaeno

‘111%0Fen> uluuo’.no

T11005E,07  B1uu0F,n0
T11254F .2 '81uagF,n0
11‘56E¢02 S80Y99E, nn
"11547E, 02 Bloqu.nO
S11192€402 808 pF, a0
11143E,02  "Bg¥HoF an

T11117Esaz  $80¥90Fenn

1107%‘»0? Eluuorono

L11184Esn2  85790Fanp
«111ATF442  ,B1uyoF+no
J10T32E402 ,Bo*ﬁos.no
11000F.02  LBpYEQF.n0

110276457
«11293E 452

SHp780F van
IR LET Y

1954312 GRAMS

AVERAGF WFTIGHT nF GRolP = 1144399 GRAMD
AVERAGE NENSITY OF nwQtip = 91,792 PERLENT T.
cfaNnaRD DFVIATION OF PELLET NENSITY = 547
IFA-43
PEILFT WT. NF WY OF PRLLET wT,
W taHT SATURATED SUSPFNNFN  SUSPENS
4 (GPAMS) PELLFT IN WATER CARE
P {ARAMS ) (GRAMS) (BRAM
1137402 (11140667 [ 10845E402  ,80Y70F4n0
S11119F+02  [11122€en2  [10831E¢02 [BOY9NFen0
211322F402  ,11325Fe02  ,11023E+n>  ,80%H0Fen0
«11201Fen2  ,31205Eep2 L, 10903Fen2 .80*'oEono
S11303F.02 0 (11306E4en2  ,11001E402  ,80780Fen0
«11127Fe02 L,11131E+02 ,L30837Een2 ,80YRoFeno
TOTar. WeraHT aF GROUP o ATs70R GRArS

AVFPAGE WETGHT nF GROU®

aAVERAGE NENSITY OF gROtIP =

1l. ?ﬂl?
Pelss

STANNARN DEVIATION OF PELLET DENSIT

GRAMS

Rod 5, Solid Pellets
of wATER WATER
I0n  TEMPEATURE DENSTTY
{hEGsC! teM/cc)
s)

.16305‘02 .99905000
J1620E,02  ,999%0Es00
L1620F 02 9°°oF.oo
1630F.02 99905.00
11630F,02  .999E.00
16305 02 9°°oE.nn
16~o€ 02 9989, g9
11%40Ej02 9989, g0
\ﬁAoE 02 99595.00
16&05.02 9989Eono
16¢9E.02 QORQFoon
1650F,02 9989E000

L1850F.02  +9989F%qq

.1660E.02 _9939E.oo

W1660F,02 «9989E49¢

«1860F+p2 «9989E+p0

«1670F+n2 «9989F 400

De
1, Rod 5, Drilled Pellets
OF WATER WATER
10N TEMPEA TURE NDENSTTY
(DEG.C} 1GM/¢ce)
S)
J1690E402  ,998AREs0p
T1690F .02 +998AE+ 09
_e1690Esn2 «9988E¢q0
.1690E’oz .99585000
L1690E,02 +99RRESOQ
+1690E,02 +9988E+ng

PERLENT Tens

391

E-17

PEL L ET
DENSITY
tgM/¢cc?

J1012E,02
.1013Es02
19993,y
10015.02
J1014€,02
10145.02
J101a€, 92
S101pEs02
10065.02
J1002E402
L1008E4g2

1100RE4g2

+1005E%02

.1003E402

«1000€.02

«9985E+g]

«9964E ¢q]

PELLET
DENSITY
(eM/cc)

.1007E402
+1008€402
«1017€+02
+1006E+02
»1013Ee02
2,1007Es02

PELLET
PENSITY
{PERGENT TaDs)

,9233E,02
,9240E402
1911802

79133E,02
92555,02
92505 a2

) 92565‘02

19218E, 02
‘9161E,02
91615~02
9[915.02
19197E402
19173402
,91535002
9127€402
WI111E02
«3093E+02

PELLET
DENSITY
(PERCENT TaDo)

L9192E

okalerdl

92“15'02
.91“25'02
,9243E402
9188E402

SaMPLE
NUMRER

784
786
196
797
800
807
819
847
85%

SAMPLE
NUMRER

8l1
829
823
826
845
846



1760
1760
1=60
1=&D
178D
178D
1-60
176D
1=6D
176D
1=6Nn
1~aN

SaMP(,
NI IMRE

LB
6R7
ARA
6%,
693
689
Ta
a4
Taé
Tio0
;11
12
713
718
719
721
722
727
3
732
733
738
735
Tay
741
7432
743
745
Ta6
T47
74R
755
754

" MPYL
N!MRF

64qn
LT3
642
645
b4k
647
649
652
653
654
A61
669

eFLLET WT. 0F

WETGHT SATURATED
[ (AP AMS) PELLFT
r (GRAMS)

<11559E+02
«11669E%92
0115656452
211498E 442
#11513F 02
«11562E 42
.11679Eo"?
2117086452
211A99E 402
211712E%52
.116235’03
+11594F
.}}662Eog;
.11690E+p2
«1169qF *n2
«}1AR FE 42
J11610F402
11629E 02
V1314Een2
L10589E 402
10912Fen2
+11351Eep2
«11161E4n2
s117a6E442
+11882E+q
«11691E%qp
.}1593E‘02
«1170RE %>
«)11615E%97
-11“°1E:nz
4115
1398¢.02
«1184RE*p2

+115%54Fen2
W) 14ATF*02
«115&3F *p2
+11493F *n2
*115n9F ¢n2
*11560F *n2
c|]67ﬁF002
+117naF ¢02
«1169AF +02
«11710F *n2
«11599F +42
01159,F*p2
-%}633’~02
«114RAF ¢02
+116RAF+02
«1167AF¢n2
«11607F«02
S LARTE 402
J11311Fen2
J10S8AF 02
«10910F 402
«113649F 402
«11159F+n2
e11764F g2
+11881Fen2
*116R9F 402
#11592F ¢n2
11704F ¢02
*11613F*92
*114%F *n2
*11499F *g2
*11371F*n2
11441F %02

TOT, WeyGHT OF GROUP =
AVERAGE WEIGHT AF GRAUR =

AVERAGE NENSITY OF gROUP 3
STaNnaRn OFVIATION oF PELLET DFNSITY =

PFLLFY Wt. OF

WETGHT SATURATED
£ {RAMS) PELLET
L] {gRAMS)

11130F %02
+31123E %02
11176E 452
«111R7E%,2
+11041E%02
«11119€4n2
«11094E 402
<11160E%a2
«1103pE+n?
L11039€4p2
111238602
112764E¢n7

*11127F %02
*11119F*n?
«11172F *02
e11184F *n2
*11038E %02
*11115F*n2
«11090F w02
*11156F*02
«11027Fen2
«1103AF+02
J1121F402
+11271F 402

TOTAL WETGHT oF GRNONP =
AVFRAGE WETGHT oF GROUP =

AVERAGE NENSITY OF GROVS =
STANDARN NPEVIATTION oF PELLET DENSITY =

IFA-431, Rod 6, Solid pellets
wT oF pELLET wr, of WATER WATER
SUSPENDED SUSPENSION TEMPEATURE DENSITY
IN WATER CAGE lpgGec? taM/cc!
- (GRAMS) (5RaMS) :
«11220E¢n2  «81U00F*n0 +16T0Ep2 «99A%E+ 00
«11147E%92  «BlugoF*ng 216T0E+g2 «9989E€ *00
s11238F %05 +89¥9qFenp  41670Eepa  «9989E%,
. 71F+ «80Y9gF ¢ +1670E« +9989E ¢
S1nIE5 le0wm0Eeng  ReoEeps  .99RSEeqd
211230E%02  «80Y/0F*nn  «1660E+02  «99B9E %00
133 F %> «Brenofeao  «1670E¢pz  «9989E%q,
+11361E402  +81yp0F g  «16R0E*n2  «9989E%gg
11356E %42 «B1000F *n0 +1680E 402 +9989€ *ng
«11389F0p  BgY¥5gF ey 41660Eenn  W99B9E4 g
«11262E%52  +BLunoR*no «1680F %02 »99R9E
011253E* dpegFe «1660E¢ «9989E
.}}EORE032 .53"q8:~28 .{6a85.8§ .99895088
+11349E+92  JHQYeOFeno «1650E402 +9989E+0p
«1134TE*q2  <BpYopFeng +1650E+02  +9989E%00
211333F 402 .Bo¥S0F+n0  L1630Een2  +9990E*00
«11270€+02  PBluun0Feno +1690E+02 +998RE¢0p
«11283E 402 B0Y40F *np «1630E 402 +9990E 400
L1100PEen2  .B0YS0Fen0 JI6I0EL02  ,9999E«nD
L10311Een2  ,91000Fen0  ,1690F,02  ,99AREs0N
10639 ag2  81y10Fen0 J1690E 492 .998AE +0 ¢
211039402 LBluloEen0  .1690Ee02  (99BRE+qQ
«10864E402  MoY¥D0Fen0 1640E4n2 «99RA%E g0
v11392E¢ 8p¥npFe s1640E s «9989E ¢
181803 taluadeend  (1700ri02  losas.fd
«11343€%q2  +Ba¥5qEeqg «1640Esq2 +99A89E vqq
«11257E%02  +BluzaF*ng  +1700Esn2  +998BE¢gg
2113576 %2 «BgYopF*ap  «1650E452  «99A9E ¢,
11275E 45 «Blu3pF*ag «1700E*p2 «99ARF *np
D1184E 707 ':‘32°§:"° -17002:02 -:::g;:oo
. 73E . L] 165 . F
iosee«nd tefuadrend  Ll750Ee03  s9smse 0
+11118€%02  «81u30F*ng  +1700E%p2  «99ABE¢g0
380+350 GRAPS
11.5255 GRAMS
Q2+042 PERUGENT Y.
<295
IFA-431, Rod 6, Drilled Pellets
WY OF PELLEY wy, OF wATER WATER
SUSPENDEN SUSPENSION TEMPEATURE DENSITY
IN WaTER CARE OFGec! (6M/¢cc)
(GRAMS) (aRyMS)
«10838E%432  «BgYooF*so *16T0E*02 *9989E* 00
*10831E% 2 +80¥70F*n0  «1870E%02  <9989E‘*ng
«10880E%n2  L810p0F *np «1670F 492 «9989F %59
#10091E%a2  «80¥70F*n0  .16T70E¢g2  +9989E*go
+10757E+52  +Bp¥9pE*np e1670E¢02  +9989E*ng
«10827E+n2  «80YI0F*n0  +1680E+n2  «9989E*n0
10806Fen2  JPg¥rgFen0  L1680Eep2  ,9999Eeqg
010864F¢qp  «Bp¥ugFeny  L16AQFenz  +9989F*gg
1078TEsn2  ,80Y70Fen0  L16B0Es02  J99RSE+q0
«1075TE+q2  JBoY/0Feng +16RQE¢n2 «99R9E %5
J10B6Een2  L80%990Fan0 J1690E4n2 «99BRE+N0
-1n965E+02  BoYuoFenn  ,1690E+02  +998RE+gg
133.654  GRAMS
11,1212 GRAMS
924012 PERCENT T,D.
J1a6

E-18

PELLET
ODENSITY
teM/¢ce?

+1004Ee02
«1012E402
s1n12E%2
«1012E¢02
01007E 02
«1012E %02
+1007E¢02
»1013E%g2
+1013E¢02
+1015E402
+1007E%02
«1007E492
+100AE g2
«1014E402
«1013E¢q2
»1008E¢02
«1008E402
«1005€402
.1008E 402
L1005Ee02
«1004E 402
«1019Ee02
«100REeg2
. 9E+55
-}8895'82
+1009E+g2
#1009E+g2
+1008E %02
*1009E %02
*1008E%2
«1010E%02
+1002E %02
v1002E402

PELLEY
DENSITY

{gM/¢ce)

«1009€¢92
«1008E%02
+1009€ 402
«1010E%02
«1008E %92
«1008E*p2
1010E 02
«1007E+g2
«1008E+02
«1010E%+02
J1010Ee02
«1004E¢02

PELLEY
DENSITY
{PERCENT T.Ds)

9163E402
«9235E02
-;zaai’oz
+
:9%3;%08%
«9231E*02
+9190E+02
«9263E %02
«9243E%02

" «9259E492

«9186E%02
«9186E¢
.9{93E00%
«9255E+02
«9242E402
«9199E+902
.9200E+02
«2170E%02
9197€E+02
I169E402
9182E 402
+9216E+02
.9194E402
«9295E%g2
«9203E+02
9z2p6E*p2
:9209E002
+9196E %02
+9203€%02
-:zoégzoz
B
2

RPN
+9141E%02

PELLEY

DENSITY
(PERCENT TeDo}

«9202€E%02
«920)1E%02
«92n8E+g2
+9213E%02
«9197E*02
«9198E+02
9212€+02
«9192E4g2
+9195E+02
«9212E402
J9219E402
«9164E402

SaMPLE
NUMRER

681
687
688
69

653
699
701
704
706
710
n
7

7

718
719

T2z
127

132
733
734
73%
74

748
T42
743
745
T46
T47
748

756

SaMPLE
NUMggR

640
641
642
645
646
647
649
652
653
654
661
669



1=62
1767
17h2
1767
1762
1%A2
1-h2
L=h?
1%62
1=62
1762
=67
V6P
1 T2
1762
17h?
1762
142
1762
1762
17h2
1762
1767
1=62
1762
1?2
1 %2
1 =<2
1 =%?
1 "%?
162
1 %2
1*h?

1=AN
1=&0
1-60
1=60
1=-60
1=6D
1=6N
1=6D
1-60
1=6D
1~6D
1=~6D

SaMPL
MIMAF

6Ry

KA
KRR
69a
693
#39
M
Tna
L)
710
m
Tyr>
713
TiR
719
721
122
727
731
732
733
T34
735
Tan
T6)
742

743
745
T46
T47

T4R
765
756

CAMPY
MIIMAF

€40
f4]

642
645
646
fa7
w49
652
653
h54
b6

6a0

IFA-431, Rod 6, Solid Pellets. (Second Measurement)

oFLLFT “Te NF WT OF pEILET wT. ofF WATER WATER PELLEY
WeTaHT SATURATED SUSPENDENR  SLSoENSION  TEMPgATURE DENSITY DENSITY
£ (APaMS) PELLFT IN WATER cAGE ‘DEG.C? (6M7¢cc) tem/sce)
” {GRAMS) (GRAMS) {gRAMS)
11554F 402  L11561F 442  .11222F+02 BoY50Fe+no 1720€ep2 .9988F+00 J1004E002
W1 146TF4A2  JJ14ARE®N2  .11147E4n2  «BaY/0F+n0 «1720E+p92 «99AAK¢ng W1012E¢02
115A3F+02  411565E+02  .11233E*n2  «30Y70F*n0 1 T20E+02 +99RRE*ng «1011E%92
2114936402 L)1495E¢02  L111T1F+02  WB0Y/0F *n0 «1720E+g2 «9988E¢00 s1012E%02
«11609Fen2  L11513E402 L11191F+q2 L RDY¥R0Fenp +1720Een2 +99RBE+DO «.1007E+02
21156nF %02  J11562F¢n2  .11230F*02  «B0%70Fean  .1T20E+n2  49988E*qp 10118402
S116TAF 402  L11679E¢p2  ,11332E+92 LBpYbgceng J1720E+p2 +99BRE 40 .1007E+92
11704F 402  L11T06E4n2  L11361E+02  «BOYSOF *a0 W1720Ee02  J99RBE400  .1012E+02
S11698F 02 L11809E+n2  L11385E+4n2  WJHOYEOF 400 17208402 «99ARE %00 «1012E %02
1171nFen2  L11712E+02  .11369E+p2  WB0YT0F +no 1720E+02 «99RARE 499 «1014F %02
P11599F 402 ,11604F+n2  ,11262E+02 .BQY0(0F+n0 «1720F+n2 «9988E+ng «1006E+02
S11590F 602 L11596E+02  .11256E%02  JB0YH0F*a0  L1T20F+p2  (99A8E¢00  .1007E%02
211619F 602 L11662E40p  411298F 00 WBgY/0Fenp 41730Ee02  «99R7E g «1008E *n2
G 16FRF4N2  L116RAE 0D .11349F 402  LB0Y00Fen0  .1720Fepz  «99RRE*0p  .1n1sEenz
«116ARFen2  11690F 402 11347E%5p  W80%H0F *g0 «1720E+92 «9988F *g0 «1013E%02
«1167AF 402 ) 16R1E€np  .11334E%5p  WBpY00F*np «1720E¢p2 «99ARE ¢ «1009E¢02
S11607F%02  1610F407  e11270E%02  BoYeoFno 41 730Eep2  .9987E%5g  .jp08Esg2
1167276402 41 1629F *gp .1 128RE 55 JBgYugFegg «1720E %92 «99RRE *+ v1009E %02
21311F *n2  L11316E 402 1003E%02 WB0Y¥0F tap  «1720Eenz  4998RE 4, -100“5’02
a1n54aF 202 0S4RFE* s o1p310E%n  Bg7npF A, «1730F 452 «9987E %o «1006E%02
-}2°1n"02 -}n“li"gz -}86595'09 +80Y40% *np -}7105‘22 -9°67F‘og -}gnsﬁ'oz
13897 en2 1355E 455 a1 gIREvny  BoYagEeng G T30Fena  9987E%q  41009E %02
A1159F 12 W)1163E 407 0BRSES)n  WBgPigF v To0Esg2  «99RREYG  1g06E %02
a1764F 602 L11767€enp 411393 4p2  Bp7/0F en0 W1720E402  L99RRE o9 .1008E +p2
1A F 2 a1R83Fenn  11515E 402 MoYIgEeng  730Fep2  J9987E%qp  .1008E*g2
JA16RIFen2 1169 Eenn 1343E 4 B0790F g 1720E 492 G9BAF +qq 1 009E %2
T1599F 402 1159%4Fep2 11256402 B9¥50Fen0  L1740E.n2  99RTE g ,1p09E 2
A1TaRF 2 11T0RE N2 (11358E+52  BpYl0Fenp WA T20F 402 J99RRE +0q J1008E g2
J1613F @02 1181SE e 1274Eema BgtrpFeng a740E42 9987wy «a908E 42
A1490F M2 1492E 42 q1163E%2  WBglepgr ey 9 T40E 42 99ATE 4 s 00RE %2
A1499F 402 11501E %02 1173F a2 BpPToE4np  «1720Een2  W99RAE+5q  .lolpf *02
A1371F 02 L11385F +n2 ) 1061E %02 B0Y40E +4p W1 740E 42 ELES 1Y »1002€ %02
W 1441F 402 L11854F«q2 11 122E*n2  BoYloF 4 «1740E 452 W99A8TE *qg «1002E *02
TOTAL wWEyaqT nF GROYP = 380,350 @RAMS
AVFRAGE WFIGHT NF SRAUB = 1145258 NHRAMS
AVEDAGE nFNSITY OF gROUP = 9p2090 CPERCENT Teps
STANDARN NFVIATYOM OF PELLET DENSITY = Lkl
IFA-431, Rod 6, Drilled Pellets (Second Measurement)
PEiLET wT, OF WT OF PEILLET Y, OF WATER WATER PELLET
weTaHT SATURATED SUSPENDEN  SLSPENSION  TEMPEATURE DENSITY NENSITY
F (rRAMS) PELLET IN WATER CARE (DEGC) tgM/cc) tgm/ce)
L] {6RAMS ) (GRAMS) {rRAMS)
L11127F402  11130F402  ,10838E.qp  ,80%/9F.nn  1690E,02  ,9988E.np [ 1009E.02
JU1119Fea2  J11123F+n2  [10831E+a2  .Blunoreno . 1690Es 92 +998RE+ 0D s1008€402
J11175F402  ,11176E4n2  ,10BR0Esn2  ,80Y90Fen0  ,1690E402 ,998REeng  ,1009E«02
J111064F«n2  _111R7Een?  ,10891Fen2 ,B0Y/0Fenn  ,1690E.02  ,998RE+00  ,10l10Ev02
L11N3RF L2 11061E402  ,10757E4n2  ,BoY/0Fenn .1690E .92 .9988E 499 .1008E402
J11115Fs02  ,11118E402 ,10827€+02 ,B0%708+00 _1700E,02 ,9988Es.n0 ,1009E.02
L11090F 40?7  ,110%E+02  ,10806Een2  JB0%(0F+00  .1700Fs02  .99BBEsqg  ,10laEvn2
J111596Fen2  ,11160Fen2  ,10864Fe02  (B0Y00Fen0 JAT00EL02 L99RBE. g L1008E402
L11027Fen2  1100Een2  (10T87Esn2  ,Bo¥gFapn 1T00E,02  ,998R8E400 .1007Ee 02
J11038Fen?  L11039E¢n?  ,10757E+n2  B0Y80F+n0 .1700F 402 +3988E409 .1009Eeg2
11218402 11124E402  ,10834E402  B0Y/0Fen0 J1700E,02 L998RE.nD L1010Ee02
S1127)Fen2  J11275E+02  ,10965Esn2  L80%/0Fsa0  ,1700E,02  ,998R8Esng  ,1005E.02
TOTAL “FTIGHT afF GRNP = 133454 RRAMS
AVERAGF WETGHT oF GROUP = 11.1212 GRAMS

AVERAGE NENSITY OF gROIP = 924026
STanpaRn NEVIATION oF PELLET DFNSITY

TOTAL WEYAHT nF ALL GROUPS 2002,7148

PERCENT TeDe
0133

GRAMS

E-19

PELLET
DENSITY
{PERCENT TeDo)

9165E+02
«9236E402
«9227E%g2
«9236E+02
9187E+02
29229E+02
L9192E402
$237E+02
+9236E%02
«9256E 402
91826402
«918TE+p2
+9194E 402
292618 +02
«9238E 402
«9202E+02
«9201E402
«9297E+

518e 03
«9176E492
«9176E %52
92,5E ¢

.9?315035
3194E 492
«9198E 492
9203E ¢2
9205€ ¢z
J193E 402
9290E 42
9197 42
J215E 402
9166E 492
«9138E 42

PELLET
NDENSITY
(PERCENT To0a)

9206E,02
J9194Es02
«9207E402
.9219E402
92p0Ee02
+9210E, 02
.9211E+02
.?196E402
.9188E, 02
+9219E402
218E,02
.9173E402

SAMPLE
NUMBER

681
687
688
6%
693
699
701
7104
706
710
71t
712
713
718
719
121
722
127
731
732
733
134
735
Tag
741
T4
743
745
T46
T47
748
755
756

SAMPLE
NUMBER

640
641
642
645
646
647
649
652
653
654
661
669






IFA-432, GEOMETRIC DENSITIES

E-21






~

CONOWVAUNE

Lor

0,

2-1D
2-1D
2~1D
21D
2-1D
2-9p
2-15§

‘2-1§

2-18
2-1§
2-1D
2-1D
279D
2-1D
2-1D
2-90
2-1s
2=18
2-1§
i1~18
2=1§
2~15
2-18
2=1D
2-1D
2%9p
21D
2=1D
271D
2~9p
21D

.2-18

2-1g
2~1is
2~1s
2-1s
2~18
2-15
2-1§
2-1s

T 2-1§

2-18
2-15
2-~18
2=18
2-18

SAMPLE BIAMETZR
NO, ¢ INCHES)
0-1 D=2

4 .4203-00 A205-00 .
5 .4201-00 1 4203-01 '
6 .4202-00 14204-09 .
7 ,4202-00 +4205-00 .
12 .4202-00 4204-09 .
18 4202-00 4203-0c .
25. +4202-00 420400 .
28 ,4202-00 1420403 .
43 .4203-00 420409 .
66 .4203-00 +4204=09 .
73 .4203-00 2 42¢5-02 B
73 ,4261-00 +9204=0) .
77 .4203-00 14203-0p .
83 ,4202-00 4205-09 .
85 .4204-00 +4205-00 .
89 (4203-00 14204-02 .
99 ,4202-00 v42n3-0p .

107 .4204~00 «4255-09 .

112 ,4203-00 +4203-00 .

120 ,4203-00 +4204-00 .

131 +4204-00 A204-00 .

140 14202-00 14204-09 .

144 1420400 +4206~03 '
154 +4204-00 1 4207-00 .
161 .4203-00 . 92n3-02 .
164 ,4204-00 «4205-02 .
166 ,4205-00 14206-00 .

168 +4202-00 «4205-09 .
172 «4202-00 1 4204-00 .

173 .4204-00 4205-00 .
174 .4204-00 $4206~0y .
211 .4203-00 14205-09 .
219 +4202-00 4203-00 .
224 .4201~00 «4204~09 '

233 v4202-00 d203-00 .

234 «4203-00 +4205-09 .
246 ,4203-00 +4204-00 .
247 ,4202-00 v4254-03 .
257 ,4201-00 4204-01 0
258 ,4203-00 4205-00 .
260 ,4202-00 14205-09 .
267 ,4203~00 «4204-09 .
272 .4202-00 .4253-00 .
275 ,4203-00 14204-09 .
277 ,4203-00 14264~03 .
278 ,4203-00 4206-03 - .

TOTAL WEIGHT OF GROUP =  543.762 ¢
AVERAGE WEIGHT QF GRCUP = 11,8202
AVERAGE NENSITY OF GROUP = 94,80y

AVERAGE PELLET LENGTH OF 3RUUP =
S§TANDARD DEVIATION OF PELLET DINSITY

0-3
4205-00
4202-00
4204-90
4205-00
42p3~00
4203-00
4203-00
4202-00
4204-00
4202-00

203-00
4204-00
42r3=00
4203-00
4205+00
4202-00
4202-00
4203-g0
42c5-00
4204~00
4202-03
4201~00
4204-00
4206-09
42n3-00
4204-00
4205=-00
4204-00
4203-00
4204-00
4205-00
4202-06
4202-06
420200
4202-00
4204-00
42033-G0
4204~00
4202-00
4203-00
4204~00
s2r3-00
4202-00
42061~02
4203-00
4203-00

RAMS
GRAMS

IFA-432, Rod 1

LENGTH
{ INCHES
L-1
+4960-00
«5150-00
+513¢-00
+14950-00
1516G-00
»5100-00
«5010-ud
+5050-00
+5030-00
+5010-~00
+5010-00
+5010-00
+5070-00
+5050-00
+5010-00
1501001
+5090~00
+5010-90
»5010-G0
»5100-00
+5110~00
+5010-00
+5000-00
«5140-00
14970-00
«5020-00
1507000
+5040-00
+5090~00
2 5070-00
+5060-00
+5080-00
+5110-00Q
+3070-00
+5120~00
+5090-00
»5050-00
+5060~00
+5120-00
+5120-G0
+5150-00
+5120-00
15120~00
15065-00
+4960~00
+5040-00

. PERCENT T,0,
TOTAL LENGTH OF PELLET GROUP= 23, 2605INCHES

+5061

ING

HES

274

E-23

)
L-2

2 4960-00
,5150-0C
+5120-00
+4960-00
W5170-00
5080-00
+5030-00
,5040-00
L5030-a¢
v5010-00
,5010~-00
,5010-00
.5060-00
«B3050~00
,503d-~00
5000~00
.5090-0n
.8010-00
,4990-0G0
,3100-C0
,5110-00
302900
14990-00
,5133-00
,4960-00
,5030-00
,5070-00
,5060~-00
.5100-00
+5070-00
.5090~00
,5550~00
.5100-00
+5070-00
,5120-00
,5100-00
L85050-00
.5379~-0C
,5119-00
,5100-00
1515000
,5120-00
,5130-00
,5070-G0
,4950-00
.5960~-00

WEIGHT
(GRAMS)

11369402
+11840+02
»11802+32
+11401402
«11872+p2
+11655+02
-11860+02
»12036+02
L11902+02
L11837+402
.11500+02
211472402
.11574+02
+11568+02
+11557+02
+11469+02
+12027+402
.11838+02
,11848+02
£ 12009402
.12062+02
+11854+02
+11798+402
«11761+02
+11422+C2
e11549+02
\11650+02
111611402
211719402
£11670+02
+11685+02
12016402
.12102+02
+12004+02
+12108+02
»12082+02
2119464072
.11998+02
.12062+02
+12108402
12100402
+12095+02
$12131402
+12020+02
11675402
.11928+02

DIA, CENTER
voin

(INCHES)
+6850-01

- 6850-01

L6850-01
VA850-01
6850-03
,6850-~01
.0000
«H000
»OCGO
anoco
665001,
L6850-01
685n-01
L4850~-01
6850-01
16850~04
0000
20020
0000
+ 0000
Lo0on

&B50-01t
+00nn
<0000
0000
0000
«noce
0000
£0000
0G0
«0000
000D
0000
00N
«0000
.0000
«000g

DENSITY
(6/cc)

.1035+02
L 1039402
+1539+02
$1039+02
11039402
1035402
11339%02
+1050+02
11040402
1039402

+1037+02

+1035+02
+1033%02
1037402
+1039«02
11035402
11040%02
11043402
+1042+02
1035402
1038402
11040402
11038402
11034402
1037402
+1038«02
+1037402
+ 1039402
1039+02
11039+02
11039402
1040+02
«1043+02
1042402
1041402
+ 1043402
+1040%02
11042+02
11039402
1042402
1040402
1039402
11041402
»1044+02
1103602
.1038+02

DENSITY |
(PERCENT T.0.}

19444402
19483402
194R3402
19481402
19476402
19442402
19481402
19576402
19493402
19482402
9460402
,9440002
9421402
9459402
19484402
19447+02
«94R6+02
19518402
19504402
19447402
19472402
194r9402
19472402
19430402
19465+02
19449402
13443402
19476402
19483402
19483402
19423402
19491+02 "
19547+02
19505402
19494402
(9592402
19492402
19505402
19483402
19506402
9405402
+9479+02
19582402
19525402
19454402
19475402



VR NP ABUN

Lor
NO,

2=8p
2-8p0
2-8p

- 22D

2-29

2-2p
2-20

2-25
22§

2-2g
2=2§

2-2s

TOTAL WE{GHT OF GROUP
AVERAGE WEIGHT OF GROUP 2 3
AVERAGE DENSITY OF GROUP = 34 533

SAMPLE
7O,

9
72
76

142
160
162
210
298
Jo1
304
307
3g8
312
318
321
323
325
327
328
330
334
333
334
338
345
346
369
380
383
384
385
386
88
389
390
393
398
406
407
414
429
431
437
441
443
459

0-1
,+4144~-00
.4145-090
,4144-0Q
.4143-00
.4143-00
,4145-00
.4145-00
.4144-p0
,4143-00
.4142-00
«4142-00
«4143-00
.4142-00
.4142-00
4144-00
,4143-00
,4143-00
.4142-00
4143-00
«4142-00
.4143~00
4143-00
14143-00
+4143-00
.4143-p0
,4142~00
4143-00
.4141-00
L 4143~00
,4142-00
,4143-00
«4144-00
,4144~00
.4142-00
,4143-00
,4143-00
,4142-00
.4142-00
,4144-00
.4143~00
,4143-00
.43144-00
+4143-00
,4142-01
,4143-00
.4141-00

ClaMETZR
CINCHES)
-2
+4145-00
+4145-07
+4144-0p
,4144-00
1414409
+4144-00
+4146-00
19144-0p

9143-09

,4142-00
24143-0g
414409
+4143-01
14143~00
14145-0p
»4144-00
+4444-0n
+4143-00
14144-0
14143-13
14143-09
14143-09
+4143-00

Vi144-09

14144-09
+4143-07
14143-09
+4143-00
W4144-0p
+4143~0p
1414407
14146-00
.4143-99
+4143~09
14143-03
y4144-07
y4144-07
$4142-07
+4145~03
414400
v4146-010
14145-03
14144-00
,4143~09
14164-3p
2 4143-0)

520,124
11.3a71a

TOTal LENGTH OF PELLET GRQUP=
AVERAGE PELLET LENGTH OF GRQUP =
STANCARD DEVIATION OF PELLEY DZINSITY =

o-3
.4144-00
.4144-90
. 4145-G0
L, 4144-90
,4144-00
,4144-G0
L8146-00
£ 4143-00

4142-02
,4144-0C
L4143-09
.4143-00
LAE42-00
,4144-00
,4142-00
LA142-02
.4143-C0
. 4142-00
.4143-00
A143-00
,4143-00
,4143-00
.4142-00
,4144-00
,4142-00
414300
,4345-09
L4243=-00
L4142=00
L4242-01
,4243-00
L4143-00
,43142-G0
J4144-00
,4143-00
,4144-00
L 4145-00
LA4144-00
L4142=-00
(4144-00
,4143-02

GRAMS

GRAMS

.5000

IFA~432, Rod

LENGT:"
CINCHES
L-1
«5178~00
+503p-00
S4940-00
+»5000-00
+5000-20
+5080-~00
+5080-00
+498p-~90
+4980-09
»5050-00
+5010-00
«5010-00
+5020~00
-5¢30-00
+4990-00
+5010-00
+5010-00
+5040-00
+5000-00
+5000-09
+5030-00
«5010-00
+4950~00
“4970-00
1 4970~00
«4990-00
+4930-00
+53C020-00
+5020-00
«4960~-30
2 4920-00
+4960~20
VA98G-0D
. 4990-00
«4990-0)
+5010-00
»498p-00
«4970-00
-5000-00
V4970-00
+4910-00
+5010-00
«4980~-00
«4920-00
+4930~00
+5073~00

PERCENT T.D.
23,0015INCHES
INCHES
292

E-24

2

)

L-2
,5160-00
15030-00
,4940-00
.5000-00
,4%90-3n
,5070-00
.5080-00
.59C0-00
«5000-00
.5050-00
+5310-00
,5010-00
5030230
.5039-06¢C
.5019-30
«3010-00
302005
,3080-50
.5000-00
.5010~00
#5040=00
.5020-00
,4970-00
,4960-00
1 4980-00
JE5010-00
4300-00
.502¢0~0u
.5020~00
,4950-00
L4930-00
4497009
,4930-900
(425000
.5000-00
,5010-00
.5900-00
L4270-03
,5000-00
,4980-00
.4910-00
L503C-00
,5000-00
+4930-00
,4990-00
,5080-00

WEIGHT
(GRAMS)

$11473+02
v11171402
+109688+02
211471402
«11101+02
+11325+02
11736402

$11427402°

.11072+02
.11208+02
+11115+02
11119402
L11164402
+11178+402
11121402
«11131402
+11122+02
$11172+02
+11108+02
+11093+02
V11167402
+11140+C2
110991402
£11421402
11406402
£11470+C2
$11235+02
.11459+02
+11493+02
«11370+02
211221402
.11389+C2
111410402
+11413+02
L11451+02
.11482+02
£11442+02
+11375+C2
+11499+02
.11420+02
£11270+Q2
11513402
1 11456+02
211295402
»11430+02
211518432

DIa. CENTER DENSITY

VOID
CINCHES)
«6850-01
+685p-01
L6850-01
- 0000
.6850-01
,6850~01
.00ce
.a0n0
£ 6850~01
«6350-01
«6850~01
.6850-01
J6B50-931
L6550~01
. 685p0-01
JOBSD-01
6850-01¢
., 6850-91
«68950-01
+6850-01
L6850-01
J6850~01
JEE50-0y
el
0000
«0000
+0000
. 0000
«0300
» 0000
« 0000
+0000
+ 0000
.000C
« Q000
.0d00
«00np
- 0000
» 0000
.0030
- 00430
+«2300
«2090
« 0G0
+N000
-2000

(gseed

11033402
11033402
11035402
$1038+02
£1334+02
+1038+02
+ 1044402
1036402
+ 31533402
1033432
11033402
1033+02
1034402
11335402
«1y34+02
.1034+02
+1032+02
1031402
1034402
1232402
1032402
$ 1034402
21031402
11041402
JA038e02
1038402
1038402
L An34402
y1036+02
»1239+02
+1040+02
»1337+02
+1037+02
W1036+02
.1038+02
1037402
«1038+02
«1937+02
+1040402
L 1036+02
V10368402
L1037+02
W 1039+02
1339402
«1038+02
1028402

DEVSITY
(PERCENT T.D.)

19426+02
19423492
19439452
10473402
19434402
19470402
+9530+02
19455402
22422402
19429402
29424402
19421402
13438402
9440+n02
49439402
9433402
19416402
2 94n7402
+9431+02
19415+02
19449402
$9423402
(9411402
19465+02
1947002
12476402
18470402
19433402
,9453402
29401402
19493+02
19445+02
«9442+02
+9480+32
19470402
9444+02
9471402
19458402
+9435+402
,9479402
19474+02
19455+02
«9479+02
29475402
19467402
19377402

¥



CBNGWA UL

IFA-432, Rod 3

AVERAGE WEIGKT OF GRCUP 3 12,3825 GKAMS

AVERAGE DENSITY OF GROUP = 95,244 PERCENT T.D,
TOTAL LENGTH OF PELLET GROUP=  22,9965INCHES
AVERAGE PELLET LENGTH OF GRQUP = 15110 INCHES
STANCARD DEVIATION OF PELLET DENSITY = +370

LOT  SAMPLE DIAMETER LENGTY
NO, NO, ( INCHES) CIMCHES)
D~-1 D2 D=3 L-t L=2
2=38: 476 ,4264-00 4266-~0p L4265-00 15060-09 ,5060-00
2738, 478 ,4263-00 14265-00 .4265-00 +5140-00 ,5150-00
2-3s 479 ,4262-07 14263-0p  © ,4262-00 +5130-00 ,5140-00
2-3§; 498 ,4261-00 1426200 ,4261~00 15060=00 .5080-00
2=3§ 801 ,4260-09 ,4262-09 ,4261-00 15068-00 .5080-00
2=3§ 309 . 4262-00 1426300 . 4262-00 +5150-00 .5160-00
2«30 519 ,4264-00 14265-09 ,4264-00 +5080-00 ,5080-00
2=3D 520 14266-00 14265-g10 , 426400 +5100-00 ,5100-00
2=3p 523 ,4264-00 14264-05  ,4263-00 +5100-00 .5110-00
2=3p 330 ,4263-00 14263-0p .4262-09 +5070-00 ,5090-00
2-3p 534 ,4261-00 14262-00 ,4262~00 +5090~00 ,5100~-00
; 2%30 533 , 426300 14263-00 ,4263-00 +5070-00 ,5080-00
2=3p 535 .4262-00 1426409 ,4264-00 +5080~00 ,5120-00
2-30 537 ,4265~00 14265-~0n ,4264-00 ,511¢-00 ,5120-00
2=30 840 L 4265~00 +4265-00 . 4264-00 +5150~06 ,5150-~00
2-3p  'B45 .4263-00 14264-09 ,4264-00. +5120-00 ,5140-00
2=3p 546 ,4262-00 14263-09 ,4263~00 15190-00 .5120-00
2-3p 547 .4263-00 4264400 L4264-0D +5130-00 ,5160-00
2-3p 549 .4262-00 1426300 ,4262-00 »5090-00 ,5100-00
2=3§ 862 ,4261-00 (4262~00 ,4262-00 15100-00 .5110-00
- 2=3§ 869 +4261-00 14262-09 ,4262-60 +5110-00 ,5150-00
2-38 370 ,4262-00 14262-00 .4261-00 1515000 .5150-00
2=3§ 872 +4262-00 1426300 ', 4262-00 +5110-00 ,5120-~00
2=3§ 374 14261-00 14261~09 ,4262-00 +5140-00 ,5150-00
2-38 875 ,4263-p0 ,4264-00 ,4261-00 +5180-00 ,5180-00
2-35. 877 .4264-00 14265-09 ,4264-00 +5140-00 15170-00
2-3§ 583  ,4262-00 +4263-00 ,4261-00 15110~00 ,5130-C0
238 584 ,4263-00 +4264-00 ,4264-00 +5150-02 ,5150-00
2=35 887 ,4263-00 14265~00 ,4264-00 +5100-07 ,5150~00
2=38 588 ,4261-00 +4263-00 ,42565-00 +5150-~00 ,5150-00
2-3s 889 .4259-00 14262-09 ,4261-09 +3160-00 ,5170-00
2«35 390 1426100 +4264~00 ,4263-00 +5140-00 ,5140-00
2-35 594 .4260-00 «4251-0p L 4261-00 +5140-0D ,3150-00
2738 594 +4263-00 14264-0p ,4262-00 +5140~00 ,5140-00
23§ 597 1426300 14263-09 +4264-00 .5080-00 ,5100-00
2~38 899 .4262-00 «4262-00 ,4262-G0 +5160-00  ~,5140-00
2=3§ 602 ,426200 14263~00 ,4263-00 +5080-00 ,5090~00
2=35 603 ,4262-00 14263-09 ,4263-00 +5070-00 ,5080-00
2-3§ 608 ,4264-00 14265~00 ,4264-00 15060-00 .5070-00
2»3§ 810 ,4261-00 14261~00 .4261-00 15000-00 ,5030~00
2-38 611 ,4260-~00 14261-00 ,4260-00 +4960=00 ,4980-0C
" 23§ 612 4264-00 +4263-03 ,4263-00 +35070-00 +5080-00
2=3g 615 ,4261~00 ,4262-00 . 4262-00 .8210~00 ,5220-00
2-3§ 619 ,4264-0¢ 9268-00; L, 426300 15120-00 ,5120~00
2-38 620 +4260-00 V4261~00 L42h1~00 +5010-00 ,5010-05
TOTAL WEIGHT OF GROUP = 557,213 GRAMNS

E-25

WEIGHT
(GRAMS)

12373402
+12568+02
.12499+402
+12423+02

7 .12385+02

,12343402
112075+02
112111402
L12131402
12016402
112118+02
12057402
.120764C2
L12281402
+12211+02
.12185+02

.12110+02

.12210+02
12068402
112498402
«12582+02
112569+02
©12491+02
+12561+02
12646407
,12590+02
+12516+02
.125%6+Q2
112505402
112593402
12612402
.12558+02
+12551+02
.12557+02
+12463+02
12569452
112422402
12411402
«12439+32
.12268+Q2
< 120R9+02
. 12398402
.12722+02
$12512+02

112255+02

DIA. CENTER DENSITY

voID
( INCHES)
» 0000
+0000
. 0000
.0000
+0000
+0000
16850-01
1 6850~-01
«6850~01
,685p0~-01
«6850-01
,6850-01
16850-01
,6850~01
+6850-p01
«6850-01
«6850-~01
«6850-01
«6850-01
+000D
+0000
«N00D
0000
0000
+0000
»0000
yNOCD
«0000
+0000
«0000
.0000
»0000
«0000
«N00N
+000C
«0G0g0
+0080
+0000
+ 0000
0000
.0000
+0C00
000D
«0000
«0000

(Gsecey

1044402
«1044¢02
11041402
1048402
,1085402
,1024402
11043402

11041402 .

11043402
1038402
11045402
»1043+402
» 1041402
+1050+02
21040402
«1042+02
.1040+02
41041402
+1040+02
1047402
«1049+02
1044402
1344402
. 1045402
1044402
+ 1744402
1046402
11045402

. +1N48402

«1045+02
+1045402
+1047402
1044402
1045402
+1047402
~1044+02
11045402
L 1046402
11049402
11047402
(1041402
+1044402
1044402
1044402
+1047#02

DENSITY |
(PERCENT T.5.)

19530402
19523402
19498402
19566402
+9538%02
19343402
19572402
19500402
195{3+02
19473402
9530402
19574402
19499402
19583402
19487402
19508402
19491402
19540402
19488402
19556+02
19574402
19527402
19529402
19531402
19525402
19522+02
19541402
19538402
19561402
19539402
19536%02
19555402
19527+02
19530402
19550+02
19525+02
19531402
19542402
19574402
19552402
2 9501+02
19529402
19523402
19525402
19553+02



CPIC VR LN

2-40
2-4g

2-45

245
2~4g

2=45.

2=4g
2=4p
2=4p
2+4p
2~4g
2=48
2e43
2=43
2=4g
245

“gedg
2vdg.

2=4g
2=4§
2~48
2~4p
2~4p
2=4p
2~4p
2=4p
2=4p
2=4p
2=4g

2=4g

2~48

- 2=4g

2-4g
2=48
2r48
2=4g
2-4g
2745
2=4g
2-4p
2=4p

2=4p

2~4p

TOTAL WEPGHT OF GROUP =

AVERAGE WEIGHT OF GRCUP =
AVERAGE DENSITY OF GROUP =
TOTAL LENGTH OF PELLET GROUP=

LOT SAMPLE
N N

763
764
774
775

D-1
.4204-00
,4202-00
,4202-00
,4200~00
+4200-00
1420100
.4203~00
,4205~00
,4205-00
,4204-00
,4203-00
«4203-00
+4201-00
14204-00
,4202-00
.4200-00
,4202-00
.4202-~00
,4202~00
,4204-00,
,4201-00
«4207-00
+4204~00
.4204~00
,4204-00
14204-00
,4205-00
.4206-00
,4201-00
,4201-00
+4202-00
.4204-00
,4204-00
,4201-00
.4202-00
1420000
+4202~00
,4200-00
,4203-00
.4204-00
.4204-00
,4205-00
,4205-00

IFA-432; Rod 4

)

L-2
+5160-00
+3100-00
.5050-00
+5060-00
+5040-00
«5030-00
+5050-00
.5050-00
.5070-00
,5090-00
»3060-00

.5120-00

+3060-00
.5060-00
.5020-Q0
.5010~C0
.5030-00
.5080-C0
,5130-00
.5060-00
«5059-00
.5090-0¢C
»5050-08
,5070-00
,5050-00
»5080-00
.5050-00
+3060~00
«50%0-00
.5070-00
.4990-00
/5130-00
.5070-00
,5100-00
,5190-00
,5180~00
,5130-00
.5360~00
,3100~0¢
.5050-00
,5010-0¢
,4990-00
.4900-09

DIAMET=R LENGTH -
(INCHES) ( INCHES
0~z D=3 -1
+4204-09 .4204~90 15140-00
+4204-019 .4204-00 «5100-00
14202-00 .4202-00 +5060~00
1420309 ,4201-00 +5040-00
«4202~09 .4202-00 15030-00
+4202-00 ,4201-00 +5030-00
+9204~09 .4202-00 +5050-02
1420500 ,4205-00 +5050-0n
+42n4-09 ,4204-00 +5050-00
+4204-00 ,4203-00 +5100-00
+4204-00 ,4204-C0 +5050-00
+4202-Ca .4202-00 .5110~00
+4203-00 ,4202-00 +5050-00
1420400 ,4203-00 +5060-00
vA4204-00 ,4203-00 +5010-00
«42n3-00 ,4202-00 +5020-00
«42n3-00 ,4202-00 +5030-09
,4203-00 ,4203-00 +5090-00
+42n3-00 .4202-00 +5150-00
14204-00 - .4202-00 «8070-G0
+4203-09 .4202-02 +5040-00
A4207~0g .4206-00 «5110-00
142n4-09 ,4203-00 +5040-00
1420400 .4204-00 +5060-00
14204-00 ,4204-00 +5070-00
+4205~-00 .4204-00 1506000
+4205~02 ,4205-00 +5040-~00
+4205-00 ,4205-00 +5050-09
4204-00 W A203-00 +5040-00
14202-03 .4292~00 +5070-00
+4201-09 ,4201~00 +4570-02
v42r2-07 ,4202-00 +512p-00
+4204-09 .4202-00 +5090-00
14203-02 .4202-0C «5080-00
,42n3-00 ,4201-00 15100-00
142n2-00 ,4202-00 +5200~00
+4203-00 .4203-00 »5100~00
+4203-03 .4262-00 +5050-00
,4204-09 L4204-00 +5110-00
+4204-09. ,4205-00 +5050~00
1420409 ,4204-00 +5020-00
,4205-00 ,4204-00 +4980~00
+4205-01 .4205-00 4910~y
510,352 GRAMS
11,8684 GRAMS
" 94.848 PERCENT T.D,
21,7705 INCHES
(5063 INCHES

AVERAGE PELLET LENGTH OF GRQUP =
STANCARD DEVIATION OF PELLET DzZN3ITY =

244

-E-26

WEIGHT
(GRAMS)

L11848+02
.12058+02
.11954+02
1 11961+02
.118872+02
11878402
+11958+02
211601+02
1 11652+02
+11690+02
11939402
«12099+02
211922402
+11962+02
«11911402
.11885402
«11870+02
.12003+02
12138492
+11980+02
$11913+02
211717402
11612492
111672402
«11670+02
211765402
«11602+02
«11718+02
+11922+02
.120C0+02
«11829+02
212139402
+12013+02
.12058+C2
112051402
.12253+02
+12110+02
211969402
.12084+02

411658402

+11897402
+11462+02
«11264+02

DIA, CENTER
vorio
( INCRES)
+6850~01
«8000
+0000
.0000
+0000
.0000
+0000
+6850-01
16850-01
.6850-01
0000
+0000

“+N000

0000
.0000
«0000
«0009
«q0o00

© 0000

«GO00
0009
«6850-01
+6300-01
«6300-01
+685p-01
+6300-01
+6300-01
$6300-01
«0000
0000
0000
+0000
0000

" .0000

+N0C0
+0000
+0000
~0000
10000
+6300-01
16300-01
,6300-01
+6300-01

DENSITY
(crsee)

11039402
.1040+02
+1041402
+1043+02
+1039+02
. 1039402
11042402
.1037+02
»1040+02
+3036+02
«1039+02
,1041+02
.1038+02
,1039+02
+1045+02
,1043+02
1038402
,1038+02
L 1539402
+1040+02
1039402
(1035402
11035402
21036402
1042402
+ 1043402
21041402
11042402
1040402
11042402
1046402
«1042+02
,1040+402
,1042402
, 1040402
+1039+02
1042402
1042402
.1041+02
«1038+02
1040+02
11034402
11032402

DENSITY
(PERCENT T

9478+02
194R7402
19495+02
9513402
19482402
9484402
+9583%02
2462402
19487402
19486+02
19475402
9406402
19469402
«9484+02

B

19532+p2-

+9517+02
19474402
19475402
19480+02
19491402
+94p1402
19455492
19446402
19456402
19504402
19521402
19497402
19536402
19485402
+9545+02
19540402
19557402
19489402
195{2+02
19487402
19482402
19513402
19508+02
19407402
19471402
+2489+02
19432402
94(9+p2



VDNV A LN

2~6g
2~6%

2-6%
2-68
2-6g
2~6g
2~68
2~68
268
2-68
2~68
2-68§
2~68
2-68
2~6§
2~68

SAMPLE CIAMETZR
NO, (INCHES)
b-1 n=2 0-3

779 .4203-00 (4204-02 ,4204-00
780 - .4202-00 +4203-090 L4202-00
791 .4202-00 +I264-09 ,4203-00
792 .4203~-00 2 4203~-049 .4203-00
794 «4201-00 4204-00 J42p2-00
799 ,4203-00 y4203-L2 .4204-00
812 .4202-00 1 4203~09 ,4202-00
815 °  ,4202-00 v4202-30 L4z02-00
816 ,4201-00 W4203-09 LA203-00
817 .4203-00 1420300 L4203-04
819 .4203-00 v42u4=09 L4204-00
822 .4203-00 A204-010 ,4203-0C
824 ,4203-00 14214~-0p .4203-00
825 . 4203-00 14203-035 L4201-60
829 +4203-00 2420209 L4202-00
830 ,4202-00 »4203-Ca ,4201-00
834 .4203-00 «42n3-y3 L4204-00
832 ,4203-00 14204-03 .4203-00
834 ,4201-00 4203-09 L4202-00
835 14203-00 v4205-c3 +4204-00
837 .4202-00 vd203-00 .4203-30
839 ,4202+00 +4203-00 ,4202-00
B4g ,4203-00 4204-02 .4203-00
841 ,4203~00 (42n4-00 ,4203-00
842 ,4201-00 L4202-00 ,4202-00
243 .4201-00 +4202-02 4202-00
851 ,4204-00 odes4-ga o ,4204-00
859 .4202-00 «4203~00 ,4202-00
864 ,4202-00 +4203-09 .4202-00
865 ,4204-00 «4204-09 ,4203-00
867 , 420500 ,4305-01 ,4203-0n
873 .4202-00 Wi252-09 ,4201-C0
875 14203-00 1420307 L4202-00
876 .4202-00 4203-00 L4202=-00
a7a .4202-00 42n2-0n .4202-00
881 4202-00 14204-02 ,4202-00
882 ,4204-00 . A204-00 ,4204-00
883 ,4203-00 ,4205-00 (4204-00
885 .4202-00 14205-01 ,4263-08
888 .4202-00, 4202-03 4201700
892 ,4203-00 ,4204~09 . 4203-00
493 ,4205-00 ,4204-00 ,4203-02
894 ,4204-00 424,503 ,4264-20
895 ,4203-00 42n2-09 L4203-00
896 ,4203-00 ,42n4-01 L4205-00
900 ,4202-00 ,4254-07 4203-00

TOTal WEIGHT OF GROUP 521.851 GRAMS

AVERAGE WEIGHT OF GRCUP = 11,3444 CRAMS

AVERAGE DENSITY OF GRQUP = 90.8%2

TOTAL LENGTH OF PELLET GROUP=
AVERAGE PELLET LENGTH OF GROUP =
STANCARD DEVIATION OF PELLEY DzIN3ity =

15068

IFA-432, Rod 5

LENGTH
CINCHES
L-1
«509C-00
+5070-00
+5130~00
+5080-00
+4990-00

+507G-00

+B5060~00
+5010-00
»5060-00
497000
«4970~00
+5050-00
+5150-00
+5090-0n
+5200-00
+5220-00
+5054-0n
+5119-00
+5150-0n
+5050-00
+5070-00
+5100-00
«5170-00
+5130-00
«510G-00
+3070-00
«206C-00
»4950-0n
+5040-00
+5000-00
.5010-00
.4980-00
+5070~00
«5000-00
+5060-00
+5140-00
+5050~00
«4950-G0
+4950=-00
+498C-00
+5110-00
+5108-00
15070-00
»5110-00
+5140-00
«4580-00

FPERCENT 'T.D.
23,31401INCHES
INCHES
497

E-27

)

L-2
,5090-00
.5070-00
510000
.5050-00
,5000-00
,5090-00
+5080-02
,5L30-00
,5660-09
.498g-pn
L4980-00
.5070-00
,51R0-07
,5120-00
.5220-00
.5200-0¢
,5060-00
J6135-00
,3170-00
.5U90-00
.50%0-00
,5120-00
,5170-90
514000
V3120=-00
,5090-80
,50G20-00
«495@-00
.5050-03
,5000-0C
,5040-00
N 49&0-00
J56ED-0C
.5030-00
.5070-00
«5150-00
,5070-00
,4970-0[}
. 4950-00
,4960~00
(5110-C0
,5100-00
,5¢50-00
,5120-00
(5162-03
,502%=-00

WETGHT
(GRAMS)

+11631+02
211535402
+11573+02
.11421+02
«11305+02
.11598+02
£11200+02
L11107+02
L11166+02
.11025+02
(11171402
.11252+02
.11372+02
2112314072
+124R0+02
«11453+02
+11152+02
.11306+402
J113R3+02
+11202402

.11208402

v11364+02
£11391+02
«11328+02
«11260+02
L 11237402
«11362+02
<11321402
+11369+02
+11273+02
«11421+02
11268402
«11426+07
+11370+07
+11418+02
v11688+02
+11485+402
.11225+02
«11169402
111170+02
11477402
V11378402
11363+02
11541402
«11592+02
.11254+02

14, CENTER ODENSITY

voin
CINCHES)
8000
-0000
.00c0
.CocDo
«600g
0000
«6350-01
6850-01
6850=-03
NLELERES
1 6850-01
«6850-01
J685n-(1
L6485p-01
6850-01
1$B50-G1
+685p0~-01
+6850-01,
1 6850~C1
+5850-01
+6850-01.
H850-01.
»6850-01
«6850~01,
$6850-035
«6850-01
«0000
+0000
20000
+0G00
+N00p
0000
+ 0000
.0000
0000
+20GD
0000

- «QQng

10000
+0000
-Q200
+ 8000
+n0J0
+Q000
+0C00
«0000

(s/ccC)

»1005+02
«J00n1+02
15952+01
«§918+01
1 9958+01
11004402
19935+01
«1000+02
(9974401
.1301+02
1008402
.1305+02
» 9647401
19744401
V9360401
.9938+01
L 9767+01
,9976%01
19973401
,9979+01
,9971+01

«1005+02 -

19554401
L9566+01
19973401
,1000+02
9970401

«1006+02

19515+01
,9914+01
«9991+01
9559401
L 99n4+01t
9975401
9920401
19994401
. 9979401
894801
L 9923+01
19892401
,9877401
19608401
1 9874+01
4 9916+01
9896401
19900+01

DENSITY
(PERCENT T.D.)

19168402
19134402
190R0+02
9049402
19086402
9161402
+9110402
19126402
Olni+4p2
9136402
19196402
19166402
+9076+02
19073402
+ 9007402
+90K7+02
19094402
91p2+02
19099402
«9105+02
19007402
19171402
19082402
19093+02
19099+02
19125402
19097402
19181402
9047402
19045402
19116402
190R6+02
9037402
91n2+02
19051402
19148402
1 9105+02
19078402
19054402
19025+02
19042462
18949402
29007+02
9048402
19029402
+9033+02



VENOWMBSUN -

SAMPLE O1aMETER
NO, (INCHES)
D~1 ! £-3

637 ,4205-00 ,4203-00
638 .4204-00 +4204-00
643 ,4202-00 .4203-0G
644 +4202-00 .4204-00
648 +4203-00 420500
650 +4204-00 , 420332
654 .4202-00 ,420G3-00
657 .4201-00 ,4204-00
659 +4203-00 ,4203-00
662 .4205-~00 .4205-00
663 .4203~00 L 4203-00
664 .4204-00 .4203-00
665 420400 .4204-00
666 ,4203-00 .4203-0C
667 ,4204-00 ,4202-00
668 .4203-00 .4203-00
67g .4202-00 .4203-00
674 +4206-00 4204-00
672 .4203-00 ,4202-00
673 .4203-00 +4205-09 .4203-03
674 +4204-00 +4204~01 +4203-00
676 +4201-07 «4203-00 .4202-00
677 .4202-00 4203-00 A203-00
678 .42n06-00 24205-un ,42n4-00
679 .4203-00 +4204~0n ,4203-60
680 .4203-09 »4203-0) .4203-00
682 .4204-00 4 ,4203-00
683 .4204-00 .4204-00
685 .4202-00 «4204-00
686 ,4203-00 ,4202-00
692 .4203-09 . 4203~00
695 ,4205-00 ,4262-00
696 +4203-00 J4205-00
698 .4204-00 . 4203-00
700 ,4204-00 +42n4-07 .4202-00
702 ,4202-00 +42n4-01n L4204-00
703 ,4204-00 .42n4-0p ,4203-00
705 +4203-00 ,4204-03 ,4203-00
707 +4205-00 4205-09 .42¢4-00
708 .4205-00 "  ,4205-0a ,4205-02
714 +4203-00 «3204-39 420400
726 ,4203-00 v42n3-09 ,4202-00
728 .4201-00 14203-00 .4202-60
736 +4204-00 11205-01 ,4204-00
738 4202-00 +4205-00 «4204-02
814 .4202-00 +3203-00 .4202-09

TOTAL WEIGHT OF GROUP 5240193  GRANS

AVERAGE WEIGHT OF GRCUP = 11,3955 GRAMS

AVERAGE DENSITY OF GROUP = 91.618

TOTAL LENGTYH OF PELLET GROUP=
AVERAGE PELLET LENGTH OF GROQUP =
STANCARD DEVIATION OF PELLET DsNSITY =

15048

IFA=432{ Rod 6

LENGTH
{ INCHES
L-1

+5190-00
«4970-00
«4990-00
+4930-00
= 4950-00
+498¢-00
»5020-0n
+4980-00
«495p-00
+497p-00
+4960-00
+4980~00
+4930-50
+5160-00
+4870~00
+5050-0n
«5100-00
+5110-00
«5090~00
+5060-00
+5080-20
+5050~-00
»5040-10
+3070-00
+5110-00
+5030-00
«5120-00
+5060-00
+5050~00
+5020-02
+53020~02
.4990-00
+4560=0n
+5090~00
+5100=00
+5090-00
«5080~0n
+5100-00

- »5110-00

+5100-90
+5040-00
+5040-00
«5C40-00
+5130-00
+5110-00
+507¢-00

PERCENT T.D.
23.2225INCHES
INCHES
479

E-28

)

L-2
,5210-00
.5010-00
,5010-00
.3000-00
4960-00
,5000-00
,5040-00
+5000-00
+4970-00
.4980-00
L, 4970-0¢
,4995-00
,4930-00
+5160-00
. 688p-00
.5070-00
,5110-00

,5120-00

,5100-00C
,5370-00
.5100-00
» 508000
+5250-00
.5090=-00
.511p0-00
J5040-00
.5120-00
.307¢-00
.5060-00

..5040-00

564000
.5010700
+4960-00
«5100-C0
.B3160-00
\5150-00
+5090-00
,5100-00
1510000
,5096-00
1502000
+5060-00
.5050-00
,3130-00
+5120~00
5070-00

WEIGHT
(GRAMS)

21156442
«11022+02
+11119+02
$311118+02
.11032+02
+11100+02
+11188+02
+11101+02
£11033+402

11019402

.10969+02
411038402
£10963+02
.11138402
10813402
11220402
11322402
111349402
£11282+02
L11587+02
+11589+02
+11520+32
«11508+02
. 11618402
11663442
211501402
+11692+02
+1158p+02
+115R4402
«11529+02
©11490+02
L11445402
11362402
211633+02
L 11680+02
+11692+02
V11678402
«116304+02
11704%02
+11660+02
.11541+02
«11579+02
+11579+02
$12710402
211741402
111258402

DIA, CENTER DENSITY

voIn
(INCHES)
.6850-01
L6850-01
16850-01
. 6850-p4
+6850-01
+6859-p1

.6850-01

,8850-01
«6850-01
.6850-01
+6850-01
685001
.6850-073
. 6850-01
«6850-01
«6850-01
6B50-01
,6850-01
+6850-01
«0000
+0000
+00nD
«00nn
.0000
oLne
+0000
»0000
.0000
+0C00
0000
«000g

. +0020

6850-01

(G/cc)

11304402
,9986+01
, 1005402
+1006402
11005+02
11005422
,1005+02
11005402
11005402
9998401
(9981401
,1000+02
11084+02
9752401
$1002+02
«1002%02
.1002+02
11002402
+1001+02
1006402
+1001402
+1003+02
,1003+02
+1005+02
10064402
11005402
,1004+02
,1005+02
+1008+02
1008402
.1005+02
.1007+02
+1007+402
21004%02
,1007+02
,1009+02
11310+02
+1007+02
+L008+02
1006402
21009492
,1009+02
+1010+02
11003402
J1009+02
21004402

DENSITY
(PERCENT T

19164402
19111402
9171402
19175+02
0 9173%02
19168402
19171402
19173402
19169492
19122%02
9147402
19126402
19162%02
+8808+p2
19144402
19142402
19145402
19136+02
19131402
19178402
19134402
19130402
19156402
,9170+02
19138402
19147402
19162402

1B

«9170+02°

19195402
19201+02
19168402
9185402
9187402
19159402
19190+02
+9248+02
19214402
19190+02
$9194+02
-e9176+02
19205402
$9203+02
19215+02
19155402
19279402
19158402



C®YOMAUNE

LOT SaMPLE BIAMETZR
NO, NO, ( INCHES)

0-1 12 r-3
2-2s 90 ,4143-0C +4144-00 J4143-00
2-28 138 ,4140-00 14142-00 . 4149-08
2-2s 299 ,4144-00 4146-Cn . 4145-0n
2-28 339 L4143-00 v 4144-01q 4143~00
2-2g 348 A144-00 14143-07 +4143-03
2-23 354 ,4144-00 ,4145-97 ,4144~00
2-25 352 ,4145-00 .4145-7) L4144-00
2-2s 353 .4143-00 414409 414308
2-28 356 (4143-00 (4144-03 ,4144-00
2-25 357 .4143-00 ,4143~07 ,3143-g0
2-28 358 .4143-00 +4194-00 (4143-00
2-25 359 ,4143-00 WA144-01 ,4143-00
2-2g 360 .4143-00 G1e4-nn .4143-00
2-2g  .363 1414300 1414300 $4143-G0
2-2s 367 ,4343-00 y4144-03 JA144-00
2~2s 368 .4143-00 +41443-09 .4143-g0
2-25 371 «4141-00 s 4142-02 «4142-00
2~25 372 ,4145-00 J4L16-07 4144-71
2-2g 373 , 414300 VA143-07 W4143-qn
2-2s 376 ,4143-00 414403 ,4143-00
2~2s5 379 4442-00 J4143-01 ,4143-00
2-25 382 +4143-00 14143-00 14142-00
2-28 391. +4140~00 «4142-00 ,4143-010
2-2¢ 401 L4145-00 JAt48-00 L4145-05
2-25 412 ,4144-00 14145-09 (4144-00
2-25 413 ,4144-0p 1 4144=00 .4143-¢0
2-25 416 L 4143-00 14146700 2 4145-(¢
2-25 417 L 4143-00 (4144-07 4143-00
2~28 422 .4144-00 14145-00 414500
2-2g 424 ,4142-90 . 3143-00 L4144-00
2~28 425 ,4144-00 14144-01n L4144-00
2-2% 427 ,4143-00 ,4145-09 ,4145-00
2-2g 428 L 4144-00 14145-02 ,4145-00
2-2s 429 ,4143-00 ,4143-02 . 4143-0C
2-2§ 434 .4143-00 (4143-09 4143-50
2-25 435 ,4145-00 +4146-00 L4146-0C
2-25 436 14144-00 (4144-09 14144-00
2-2s 439 L4144-0q 4143-023 ,4143-50
2-2s 440 4144-00 (9194-00 (4144-00
2-28 444 14142-00 +4143-30 ,4143-00
2-28 447 ,4144-00 +41¢5-00 LA4146-00
2-2§ 449 14143-00 +9143-03 (4143-0C
2-28 452 ,4145-00 (4145-27 ,4143-00
2-25 453 (4144-p0 141459 J4144-00
2~28 455 +4144-00 13144-0n L4144-00
2-25 458 ,4142-00 14143-00 .4142-00

TOTAL WEIGHT OF GROUP 528,377  GRAMS
AVERAGE WEIGKT OF GRCUP % 11.4B65 GRAMS
AVERAGE DENSITY OF GROUP = 94.618

YOTAL LENGTH OF PELLET GROlipz 23,0585 NCHES
AVERAGE PELLET LENGTH OF GHQUF = W5013

STANCARD DEVIATION OF PELLET DaNSITY =

1FA-432, Rod 7

LENGTH

PERCENT T.D

INCHES
331

~ (INCHES)

L-1 L-2
+5040-00 +5040-00
+5120-00 +5149-00
499000 .4999-00
14969-00 .4970-00
14950-00 ,4960-00
1 4990-00 ,5000-00
+4990-00 L 4990-un
500006 .5000-0n
+5030-00 ,5030-00
+5030-00 .5030-00
.4920-00 ,4949-00
+5016-00 .5010-00
+5000~00 ,5030-00
«5400-00 500000
+5300-00 ,5000-0n
1 4990-09 L 5010-00
.5000-00 W5010-00
5000700 .4990-00
L495D-00 .5500-00
2503000 .5020-00
+4990-00 .5000-00
551000 ,5020-00
«4960~00 ,4980-00
+4940-00 14945-00
+4980-01 ,45560-00
14960700 L4870-00
14990700 $4590-00
14940-00 1495{-00
+5000~00 ,5010~-00
+5020-00 ,5030-0¢
+8020-00 .520-00
14996700 ,4990-00

" 1 4980-00 ,5003-00
+5040-00 LBC50-00
+5000-00 .5035-00
+5030-00 "5630-00
+5000-0C ,5020-00
+5000~00 ,SUd0-00
+5030-00 (2040-00
.4980-00 ,4970-00
.5280-04 .5319-00
»5000-00 S5090-00
520000 .5210-60
,5040-00 ,5040-00
14930-00 +4%50-00
+5060-00 .5060-00

E-29

WEIGHT
(GRAMS)

.11533+02
£11735+y2
11461402
.11360+02
«11403+02
.11462+07
«11442+02
.11454+02
211551402
111473402
V11322402
V11461407
11522402
. 11476462
L11457+02
$11472+02
L11441+02
.11473+0C2
.11431+402
011512402
+11455+02
.11500+07
»31401+02
11326+002
L11437+02
(11361402
+11451+02
£11351+02
,11512+072
. 11545+02
.13580+02
$11461402
L11402+0g2
11589402
.11502+02
211570+02
«114062+02
411445402
11564402
©11441402
012071402
.11350+02
11260402
L11478+02
+11233+02
, 11473402

N1A, CENTER DENSITY

VoID
(INCHES)
0000
L0000
«N0D
0000
. Q000
+NO0Y
» 0000
0001
. 0000
.none
LO0GE
» 0000
000U
<0000
QLoc
L0009
Jecoop
Nl
<00nce
cueg
0000
L0000
S [a0p
»0CU0
M)
0000
00D
0000
0000
0GNG
L1000
00N0
0000
L0030
0000
.0000
0000
2 GOCQ
08000
JN0G0
000N
.00600
00720
.0000
«a00a
:CCNo

t6/ce)

L1036402
.1037+02
11039+02
+1037402
.1042+02
+1038+02
L1037+02
1037402
+1039+02
2 1033+02
L 103%8+02
,1035+02
,1039+02
L 1039%+02
1037402
,1039+02
11035402
,1039+C2
L 1037402
1037402
, 1038402
L10384C2
L4539+02
11037+C2
L1079402
1037402
11038402
+1036402
L1040%02
,1040+02
1444402
+1039+02
W1G41+02
1040402
(3.038+02
+1040+02
»1035+02
+1036+02
(1039402
11039402
,1031402
1026402
11031402
+1030#02
11629402
«1327+02

DENSITY
(PERCENT T.D4)

19450402
9459432
9477402
9445402 -
«9504+02
19472402
29483402
+9480+02
9482402
19421902
L94R4+02
W9447+p2
19480+02
(94npr02
19461402
19477402
9448402
Q478402 .
19462402
9461402
19474402
19473402
(9431402
9461402
19479402
194465402
19467402
19473402
19492402
,9492+072
19523+02
1 94R0%02
9496402
19488402
19473402
194R8402
19445402
19483402
9482402
19481402
19407402
19376+02
19405402
(94A0402
19387402
19368+02



VONOVI AN+

IFA-432, Rod 8

E-30

SAMPLE D1iMETZR LENGTH
NO, (INCHES) CINCHES)
D=1 B=2 (-3 L-1 L-2
24 «4201-00 +4203-00 ,4202-00 +5090-00 .5690-0u
27 ,4203-00 205-00 .4205-00 «5090-00 .5090-00
33 ,4203-06 +4205-00 1, 4203-00 15060-00 .5040-00
35 ,4203-00 4205-00 .4204-00 +5080-00 ,5050-00
2-18 36 ,4201-00 3-¢n .4261-00 +5030-00 +5040-00
: 37 ,4202-00 3-0z .4203-00 +5060-00 ,5050-00
2-1§ 38 , 420200 4-0; , 420200 +5050~00 .5050-00
46 ,4201-00 +4263-09 L4262-00 «5020-00 .5610-00
48 ,4203-00 14264-03 L4204-00 «5039-00 .5050-00
53 .4202-00 14204~09 .4203-00 14990-00 ,5000-0n
54 .4201-00 L4203-09 4261-00 +5060-00 ,5060-00
55 ,4203-00 d204-03 ,4233-00 +4980-00 ,4980-00
58 ,4202-00 19254-02 .4202-00 15040-00 ,5040-00
59 ,4204-00 ,4203-03 ,4203-00 +5070~00 ,5060-00
2-1§ 63 ,4202-00 1 4205-09 .4294-00 .5050-00 ,5G70-00
64 .4203-00 1 4205-03 ,4203-00 .5010-00 ,5010-00
2-18 69 14202-00 14293-C0 4202-00 +5030-00 +3030-00
97 .4202-00 v4203-02 .4202-00 1510000 510000
2-1g 100 ,4201-00 42pn4-C) L4204-00 »3100-00 ,5110-00
2-1§ 103 .4203-00 ,4203~03 ,42n2-00 +5120-0n .5140-00
1085 ,4204-00 v4205-po J4204-00 +5030-00 ,5040-00
117 ,4201-00 420300 .4202-00 +5070~00 ,5650-00
2-1§ 123 ,4203-00 420300 A202-00 15040-00 ,50539-00
127 ,4201-00 4204-09 L4202-00 +5040-00 ,5050-00
2-1§ 128 ,4201-00 1420300 ,4203-00 +5080-00 50A0-00
2-18 143 +4201-00 ,4214-00 ,4202-C0 +4970-00 14970-00
1-18 213 ,4202-00 L4208-00 ,4202~00 +5100~00 507000
216 ,4204-00 (420600 ,4204-00 «5030-00 501000
220 ,4203~-00 ,4204-C0 ,4203~00 509000 ,5080-00
221 L4202~00 A208-00 J42n2-00 +5020~00 ,5020-006
227 ,4202-00 142154-Co J4202-00 +4960~-0C ,4980-00
230 .4201-00 y42n4-0n .4202-00 +5130-00 ,5120-00
1~1§ 232 .4202-00 14202709 ,4202-00 +5060-00 ,5070-00
235 ,4204-00 14204-01 .4203-00 +5110-00 ,5120~00
2718 237 .4203-00 2 4205-40 , 420300 +5150-00 +5150~00
2-18 249 .4203-00 ,4214-02 JA202-06 .5110-00 .5106-00
2-1§ 253 .4203-00 A204-00 ,4203-00 +5150-00 +5140-00
2-18 254 ,4203-00 14204-1p .4201-00 +5160-00 ,5160-00
2-1§ 262 .4202-00 ,4208-00 ,4203-0¢ +5120-00 ,5120-00
2-18 265 . 4202-00 ,4205-0n ,4202-0C 15240~00 ,5230-00
2-1§ 268 ,4203-00 +4205-09 .4203-0C +5086-00 ,5070-00
270 ,4203-00 J42n3-09 ,4203-06 +5140~00 .5120~00
276 .4203-00 ,42n4-00 .4202-00 +5050-00 ,5053-00
281, .4201-00 4203-00 .4202-00 «4950-00 4950-00
291° ,4204-00 14204-09 ,4203-02 14920-00 .4920-C0
292 +4203-00 +42n3-09 .4202-00 14930-00  .4930-00
TOTAL WEIGHT OF GROUP =  550.509 GRAMS
AVERAGE WEIGHT OF GRCUP = 11.967s GFAMS
AVERAGE pENSITY UF GROUP = 94,947 FERCENT T.D.
TOTAL LENGTM OF PELLET GROUP=  23,2770INCFES
AVERAGE PELLET LENGTH OF GHOUP = 5060 INCHES
STANDARD DLEVIATION OF PELLET DENSITY = P42

WEIGHT
(GRAMS}

V11988402
.12030+02
+11955+02
12041402
.11948+4902
L11971+02
+11937+402
.11889+02
L11941+02
+11813+02
111915432
211817402
.11953+32
+11963+02
$11973+02
112856+02
111860+02

112020%02°

«120358+02
« 12175402
111911402
L11986+02
.11905+02
.11911+02
111961402
L11683+02
.12(055+02
,11860+02
.12031+02
+1188p+02
211814402
+12130+02
v 11598+02
+12107+02
£12181+02
.12060+02
£12162+402
.12178+02
.12098+02
V12317402
+12040+02
+12152+02
11929402
111693402
«11698+02
11666+02

DIA, CENTER
vern
CINCHES)
.0C00
.nCoo
0060
.00C0
0000
0600
000
<0000
.00c0
0000
.0Ca0
0000
.003C
0000
000G
,0000
0020
o000
000D
0000
10090
0050
0000
.00C0
00660
0000
0000
,0000
,6G00
G000
L0000
/0000
Q0G0
0000
6000
.00CE
10000
0000
0000
.00C0
.G0co
0000
0000
.800¢
.00C0
100G

DENSITY
(gsce)

11036402
1039+02
11041402
11042402
+1044+02
1542+02
+140+G2
1043402
+1042+02
v1240+02
1036402
104402
.1043402
11038402
11040402
11041402
+10374%02
+ 1037402
21039402
11044402
«1040+02
«1042402
»10368+02
1039402
103602
,1034#02
11043402
,1038+02
1041+02
»1041+02
1046402
11041402
1104202
1041402
2 1040+02
1039402
11040+02
.1038+02
11039402
.1035+02
1104302
.1042+02
1039402
1104002
£1045+02
11041402

DEXSITY
(PERCENT T,D.}

19456402
19479402
+19408+02
19508402
19529+02
19506402
9488+02
19549402
19505%02
19491402
19456492
195214092
19519+02
19474402
19493402
19494402
19486402
19442402
19479+p2
19526+02
19488402
19511402
19472402
19478402
19452+02
19437402
19547+02
19474402
19464+02
19407402
19541402
19502+02
19541402
19496402
19489402
19481402
19485402
19473402
194R1+02
19442+02
195418+02
19507402
19480402
+34R5+02
19539402

194984902



V®NOWD LN

LoT
NO,

2-5%g

2-58
2~5g
2-5g
2-5g
2+55
2-5§
2~58
2-~5§
2-5s
2»58
2~5§
25§

SAMPLE
N

462
463
465
466
468
469
470
471
472
473
474
475
481
483
484
486

88
190
491
492
494
555
556
558
56
561
564
865
566
574
576
585
600
621
624
625
627
628
629
630

631
632
633
634
635

n-1
,4223-00
,4222-00
.4223-00
4223-00
+4223-00
.4223-00
. 4223-00
«4224-00
422100
.4223-00
,4223-00
,4223-00
,A4222-00
422200
+4223-0C
,4222-0C
.4223-00
,4222-00
,4225-p0

+4223-00.

.4223-~00
. 4222-00
422200
,4222-00
.4223-00
+4223-00
.4223-00
422300
.4222-00
,4223~00
422100
.4224-00
.4222-00
.4223-00
,4222-00
,4221-00
,4223-00
.4223-00
.4223-00
.4220-00
.4223-00
L A222-00
,4222-00
. 4223-00
.4222-00

TOTAL WEIGHT OF GROUP
AVERAGE WEIGHT OF GROUP =
AVERAGE pENSITY QF GROUP = 95,274
TOTAL LENGTH OF PELLET GRQUP=

AVERAGE PELLET LENGTH OF GROUP =
STANDARD DEVIATION OF PELLET DzNslty =

CIaMETZR
(INCHES)
\\-2
14224-02
14223-00
,4223-00
1 4223~05
14223-03
14224-0p
14224~00
1422300
14222-00
,4223-0p
v4223-p0
+4223-00
422409
v4223-00
«4223-00
(422300
.4223-07
»4223-09
14224-09
14223-01
+9223-0)
2 4223-02
14222-00
»4222-02
14224-03
1 4223~00
»9202-02
1 4224-02
14223-09
,4224-03
v4224-00
W4224-~09
 4223-n17
4224-02
4 4223-0p
+4223-03
+4223~03
.4223~00
,4223-07
+4223~01n
14222-03
WA223~09
A222-00
1 4224-00
1422300

550,863
1Z,2414

n-3
L 4223-00
4223700
,4222-00
L4222-00
,4223-02
422400
.4223-00
,4223-G0
.4222-00
,4223-00
L4223-00
L4221-00
L4224~00
,4223-00
4222700
.4222~-00
,4223-00
.4223-00
,4223-0C
,4223-00
.4222=00
J4222-00
.4223-00
,4223-00
,4223-00
L4222-00
LA222-00
L4224-00
,4223-00
,4223-00
,4223-00
.4223-00
,422z2-00
,4223-00
422300
4222-00
,4222-00
L. 4223-00
,4223-00
.4223-00
.4223-0n
,4223-00
422300
422400
.4223-00

GRAMS

GRAMS

,B108

TOTAL WEIGHT OF ALL GROUPS 4807.2433 GRAMS

IFA-432, Rod

LENGTH
(INCHES
L-1
+5030-00
+5100-00
+5100~00
+5110-00
«5080-00
+5080~00
«5110-00
507000 -
«5090-00
+5170-00
«518¢-p0
+5L60-00
+5180-00
«B170-00
+S160-00
+5160-00
15160-00
+2150-00
+5130-00
«5150-00
+5200-00
+5110-00
+5160-00
+5110-00
.5150-00
+5130-00
+5100-00
+513p~00
+5150~00
»5140-00
»5140-00
«5160-00
.512¢-0n
+5070~00
«5000-00
+5000~00
+5050~00
+5020-00
»5040-00
+5020~00
+5010-00
+5010-00
+4940-00
+5070-00
»5090~00

PERCENT T,0,
22,9365 INCHES
INGHES
1184

E-31

9

)

L-2
L5100-00
.5110-00
WH11n-00
,%110-00
«5080-00
J5n96-0n
.5120-00
,5060-00
.5080-00
,5180-00
,5190~yn
.5170-00
.5190-00
,5170-00
,5170-00
,5170-00
,516¢-00
L5160-00
,5140-00
H160-00
.5210-00
.5130-00
,5160~00
.5410-C0
+5130-00
+5145-00
312000
,5140-00
.5150~00
.5170-00
(5160-00
5176-00
,5120-00
,5090-00
«5C10-00
,5010-00
«5070~G0
,4990-00
,5050-00
.5020-00
«H020-00
»5020-00
. 4940-00
«5070-00
.5100-c0

WEIGHT
(GRAMS)

12194402
.12243+C2
112229402
«12241+02
112141402
$121714 2
«1.2270+C2
112161402
+12190+02
12407402
.12424+02
«12318+02
£12419+02
L 12384402
y12390+02
.12375+02
»12363+02
L12338+52
.12286+02
1233742
112451402
«12260+0%
V12383402
.122468402
.12329402
$12311+02
12277402
L12311402
L12321+02
+12383+02
+12350+02
112391402
,12283+02
112130402
£12013+02
+12050+02
12149492
+11962+02
.12061+02
.12022+02
.12039+02
111953+92
L11453+02
12183432
.12217+02

D14, CENTER DENSITY

vVCIiD
CINCHES)
-00C0
. 0000
UL
«800e
0000
» 0006
+000¢
0C00
0000
L0000
0000
.0oo¢
«00Ng
0000
A ehh]
»N00G
« 0000
+0000
+ 0030
» 0000
+0000
+2000
0000
» 0000
0000
«0foc
0000
+ 2000
«3000
.0000
«0000
«2000
.000¢
0000
«0000
.poeg
«0000
.0000
»0000
«0000
0000
<0000
0000
Blhid
.000o

(G/CC)

21043402
11045402
» 1044402
1044+02
+1041+02
1043402
11045402
11046+02
11045402
1045402
1044%02

.1039+02

V1043402
'1044+p2
,1045+02
1044402
11049402
1043402
(1042402
11043402
, 1042402
y17444D2
11046402
+1046%02
+1045+02
,1045402
2 1047%02
+1C44402
1043402
L1046402
11045402
+1045+02
+1046402
11040402

.+1046+02

+1049%02
1046402
21043402
1043402
+1044%02
+1046+02
+1039+02
+1046+02
21047402
11045402

DENSITY -
(PERCENT T.D,)

19520+02
19515402
19524402
19524402
19591+02
19542+02
19535432
19543+02
19536402
19531402
19525+p2
194R4¥DD
1 9520+02
19521402
19538+072
19528402
19523402
19576+02
19507402
19514402
19511+02
19522402
19543%02
19547402
19534402
19532402
19554402
19528402
19512402
79548402
19534402
19534402
19540+02
19401402
19543402
19575402
19546+02
19517402
9549402
:9525+02
19545402
19476402
19549402
19549402
19534402






IFA-432, IMMERSION DENSITIES

E-33






2=1
2=1
2=1
2ey
2=1
2=
2=1
2=
2=
2=t
2=1

2=10
1m
11
2=10D
2=1b
2=10
1
111
2=1D
2w10
1

SaMPL
NUMAE

41

LL]
107
112
o0
104
22u
Pt
2h0
2v2
T

SaMP|
NUMBE

]

t8
4!

Ag
"9
14
145k
172
173

1FA-432, Rod 1,

Solid Pellets

PELLET LT, OF BT OOF PELLET =T, OF “alER waTER PELLET
“ETGRHT SaTHURATEN SUSOFNDED  SUSPENSIDN TEMPEATURF DFuSTITY NEVSTTY
¢ (GPA4SY PELLET IN xaTER CAGE (DE6,0) teH/CC) (G/0C)
L] (RRANS) (RRA4S) t6EANS)
JA100F 402 L113NEe02 JA18TE4RD LRO0YE+ND JITTORS02 LQIRTE4NN L 1050F+07
ALEIXLY] PREEE LR WH181E4D2 JROFLESDN 17706407 LI9RTF 40N s 1NU8Fen?
J11RRFen2 CVIRRE 402 JH1ShESN2 SANBKESTD JATT0ECDD L9ORTF 4NN L108TEE02
S11RSE 402 W1188E407 BELYLRF] JAN9RFe0n 17708403 LQORTELON WIRS1ESDR
JIPALFRD2  I2ME+02 L {IRTEL0D  (ROGTESAN L 1770Fend Q027400 L |00dE+n2
NRRALELY C1179F 4012 BEPLISY ¥ LROOKESOD JATTOF 02 L98RYF4ON JINURF SRR
21200F 52 WD1200E80P JUVATESN? JANIAF 400 JITTCE4ND WIIRTE4ON StNS0ES0R
2120RE+02 J120RF 02 f11TUESN2 WJARTAEHGD JITTORS0R 29987400 JABNREe2
212175402 WI21TF 402 J11B2E 402 JAROAFSOD BRALIET CQGRTE 40N JINUAE+ND
REIRLELY EXE IR JH1TRESDP JHOOKF 40D JNTT0ECDP RCLES 2 ) JINURELN2
J11ARF402 JI1BRE4ID IRERY. 1P JAROQAELNN JATTOF4D2 ' LA8RTE4NN J10ulFeN2
TNTa) XEYGHT (F PR 2 131,310 GOamM§
AVFRAGF WNFIGHT NF GROUF 2 11,9377 GRpds
AVERAGF REMRTTY NF GROUP =2 95,595 PERCFNT T,.h,
STANPARN DEVIATION NF OFLFT NFASTTY = L1098
IFA-432, Rod 1, Drilled Pellets
PELLET “t, 0F w1 (F PFLLET w1, [F wATER whTER RPELLET
“ETGHT SaTUNATHD SHUSPEKNDED  SISPENSTDN TE¥PFATIGE DENSTTY DENSTTY
[ (GRASY PFLLFTY Iy waTER CARE {DFG.C)Y (GM/00) tsa/CCy
R (GRavS) (HRAMS) (nRAvSY
L1tiTEen? SRR RENLIZY ] JBAATF40N JATHDESDR L99RTEe00 JAAUREROD
1 1ANFan2 BERELLES VS J11u0Fs02 BOKIFHO0 «1T40F 402 2998 7F400 +10UARE4D?
1 165Fen2 1 1ANE S0P JI138F402 CRARIEL)N BREXTIXY ] COQRATESO0 W OUSESD2
21150F 402 s11G0F+N2 11215402 «B0QRF«J0 C1THNESN? JIORTF 400 J1QUBE$D?
11075492 2110702 11109802 WAGRRF400 «1THNE+V? LOOGRTH NN s 10UREIQR
21 166E402 «V186E402 $11P7Ea02 «BO9KF400 o 1TH0E+DD 29Q87E490 +1049Fen2
211478402 WITUTEEND a111RE&02 JBBEUESOD J1TUNE4NR WIGRATESNO JJOUUpen?
2 115%5€402 2115858402 s1126F¢02 WANR2FeNN W1T60Es02 «99RTFHOD +10GAE4N2
:|qsﬁron? n1148E+02 J11IREGGD JHOCIFEON +1780E¢02 «9FATE N0 DADUARF4D?
o1172F402 WIHT2E 402 d14REan2 JE00TFe0A «1760E402 «QRTE4ND JIDURFeN2
L1InTEE02 W 11ATE+52 f1{8TE 402 JANONF 0D ATENEHDD LOQRTESAD LINGTESRD
TOTAL #FJGHT 1if GROUP = 127,303 GRKawS
AVFRAGE wBIGHT (F LRUIP s 11,5821 Gl AMS
AVERAGE DEMSITY 0OF GROUP = 95, 08U PERCENT T,.0,
STANDASD DEVIATINN OF PEILFT DFNSTTY = 125

E-35

PEILET
NENSITY
CPERCENT Tol

«9576E 422
P9558E 402
A5 4R 402
fQHABESQ2
LOLPHEeN2
«9889E402
JISHPEA0R
«9I5n1E+02
WISRIF NP
«3%hiEe02
£ 9524E402

PELLET
DENSTTY

(PERFCENT T,0,) -

RLYTA XN P
19563402
L95T6E 402
$OhaGEen2
SISUTF+02
2 O5hET 402
295268402
2 I504E4G2
«RSuBfec2
WA560E+02
«98%4F 402

SAMPLE
NUNMRER

41

LYy
197
1e
124
oL
224
234
260
272
277

SAMPLE
NYMBER

18
T
73
AS
LL}
164
166
112
173



2=2

2=2
2=2
2=2
2=2
2=2
2=2
2=2
2e2
2=2

222
222
222
222
2=20
2=20
2020
22D
2=20
2=3D
2=20

SAMD
NUMRE

ta2
bAL
340
31588
384
LY
3Re
399
any
449
4849

SAMBPY
NUMBE

9

T
tao
162
L
Y040
307
Y14
27
313
334

IFA-432, Rod 2,

PELLFY “t, OF T NF PELLETY w1, OF
WETGMT SATIRATEN  QUSPENDFD SUSPENSTON
E (GRA“S) PELLET 1% NATFR CAGE
Q@ (GHANS) (GRamS) (GRAYS)

Solid Pellets

WATER WATER
TEVPEATHRE DENSITY
(UEG.CY tem/cC)

SH1ATES02 114TFe0?  (1119E402  _B00KE4N0  ,1B87NE4N2  ,902U4E4nA
11828402 W 11828402 «11185E402 JBloncenn JIBB0ELDR AL TN
11236402 J112%F402  [1097F4n2  ,R000FeN0  ,IRSNE40R  ,9985E4n)
f1182Fs02 AR FIXLE] LiI10BEen2 LEINNESND JtRUBE 4O LQ9RSF AN
21130F402 11308402 [ {111E402  L9100E431  ,{R4NE402  ,99RSE4Qq
2 1181F402 SH141F 80D 11136402 BLONEenn RLULIXY T JP988E490
g1142Fe02 «1142E02 JALIGES0D  LA1HNEA00 L1B3AF432  ,99RGE4an
11456402 (1105E402  411TE408 LA100%e00 J1B30E$02  ,99R5F4qnp
211497402 S1149F402 L 1120F+02 RIELIZYL] JARZNFL02 L9985F400
21 130F 40?2 St130E402 JA103Een2 LRNGIELON JAR2NES02  JG9RKE 400
<1152Fen? 11525402 JH1PPESNR JALANESON VRZNELDR LQ9ANE 40D

TOTAL WETGHT OF RGP o 125,428 GR4&%S
AVFRAGE WEIGHT OF 53n)p s 11,4021 GRaMS

SVFRAGE DFNSITY Db GRONP = 95,380 PERCERT T,n,
STANDARN DFVIATION OF PFLLFT DEMSTTY = 306

IFA-432, Rod 2,

PELLET WY, UF T NF BELLET 4T, 0F

“ETGHT SATURATED SUSPENNER  SUSBENSIAN
3 (GEAMS) PELLFT TN WATFHR CAGE
R (GPAMSY (GRMS) (ARAMS)

Drilled Pellets

“ATER WATER
TEMPF ATURE DEMKRITY
fNEG, 0 taM/CC)

;1iu7f‘na CI14YFe02 +L1119E+02 LBDO0F400 J1TB8E+02 «QCGRTEsNG
2 1099F 402 «10Q9E 402 21075E402 SRORTFN0 17308402 908 7Fsan
2111NE+N2 s1liNnEsne 10956402 «BRRTELDO W 1750E402 JIFRTIE 490
21132802 11326402 JH108Fena JB0RYEAND +1750Fe02 +998TEeng
L11NTFe02 INTEeN2 «10RPF 402 «BINRE4DD «1TSNESQ? «QQ9BTE 4NN
21121E402 11218492 «1094E 40> «B103Ee00 «1T7S0F402 «A9BTESON
PERRRERY: T WH11tE4D2 «10BAF+H2 JA1OEE+ON «1T50E802 «99RTE4ON
211 1RFeD2 RARELX 1] J1082E402 WBEN2Feny 1750002 «99RTE+0N
g1 117402 A111TF 402 J1021E402 «AL{N2E400 «1780F402 2 AGATESNA
a1 14F 402 WH114E802 +10R8E4NY «B102F+0) #1THNESDD «IGRTFeNg
L1899E402 1099F 402 J10T8E 40D «R103E400 J1750Fs02 L99ATE+AD

TNtay “EIGHT OF GRAHP o 122,748 foavg

AVFRAGE «EIGHT 0F GROUP = 11,1589 G(RAMS

AVERAGE RFNSTTY AF Ranue 2 95,251 PFRCFNT T,.0,
STANDARD CEVIATINAN (IF PELLET DENSITY @ S0

E-36

PFLLET
CEYSTYY
tGr/ee)

«10UGF N2
«1NUACeND
W 10UUESNR
e1046F402
SINUTES(2
W10UbE+02
s 1NUBF S0P
2 10UBESIN2,
v104RE402
ICUUF+0?
«1036F+02

PELLEY
NENSTTY
(GU/eC)

1OURESOQ
«1N4ASPEO02
s1043Ee402
JINUBF 0D
BRI A LT
JtOUIFeC2
S 10UUESLD
si08UESN?
«1044F+02
«1042E402
RLLEIZLES

RELLET
DEMSITY
(PERCENT T,0,)

«ISTOE+02
95656402
+9528E¢02
W954IECNR
295536402
«O541E4N2
LI501E402
JO5uTERN2
2 95uTE+02
«9529F¢02
«4SUEe02

BELLFT
TENSITY
(PERCENT 1,0,

«O53TE402
«9S3BESNR
s 9HE9E NS
V9515802
295216402
W9516F+02
+9522F 4072
95216402
W 9529E402
«9511F¢0>
95166402

SAMPLE
NUMBER

tu2
338
369
189
186
388
X89
390
407
4aq
4s9

SA“DLF_
NUMBER

76
160
162
301
304
307
318
321
333
334



2~3
2«3
2~3
23
2=3
2«3
23
2=3
2=3
2=3
2=3
2=
2e3
2=3

230
2-30
2-10
2+30
210
2=30
2=30

S4MPL
NtIM&E

9k
S62
ST
577
%a7
San
$90
Say
LLA]
anA
610
3R]
as2
618

gamPL
NUMAE

820
323
539
53%
518
Su7
540

Rod 3,

1FA-432, Solid pejlets
PELLFTY WY, OF XY 0OF PELLET ¥r, 0OF wATER whr R PELLET
“ETGMT SaTHRMTER SUSPENTEDR  SURPENSTON TEVPEATURE DEVSTITY RENSITY
£ (GEavS) SELLET T~ wWaTER CA4GE (0FG,CY (rm/CC)y (G~/¢CH
» (RRAMS) (GRAYS) (ERAMSY
LIPURFHD2 L 12u2F4R2 L1206E 402 LAN9RELNA L, 1RROE40P «99RCFa00 L10568e02
12498402 V124aF 02 SEARITLY] LA0FGE4B0 JJRAGE+DD LFAKUE 40N RLLY IR
S 125AF 492 W1256F 403 J1R18F02 fR1DDFe0N BELLLEYE] «99RLE+ 0D 10538402
2128RF 40?2 21258402 L1220E40? JARGRE4NN JIRANESHD «9984E 400 L 1NG2E407
s125084n2 TL1750E¢02 JIPI3ESD2 2ROQAF &N +JRBOESDD s GQRUF N0 $1055Ee02
21250F 442 212305402 W1PR21R402 «B10AEeND «1RTOE$02 JO9RUF 4NN »1053Fen)
at252Fs02 WH2NRFeN2 JIPtNFL0R H1a0EsaN W1RI0F N2 WPORUEGN ctNSUESCD
112556402 «1255F 903 JA21TE402 CROGQE400 W1RTOF 02 JO0RUESNO «1083E402
Q12015407 L1201F40D  L13068F402  RAG9Fe0D L JRTOE402  99R4EeND  ,1aSUfFen2
a1283F 402 J120%6 402 J1P0TH402 JANSRESON +1R60F4G2 WIORLELNC INSOF402
s1PP6F 402 1PRTE0D 11918602 JROGRE#NN W18h0E02 4 9985F 400 P 1055 ¢02
$1210F 402 J1210E 803 JIITHE SN2 JRNBAESOD C1BADESND £ 9985E4+00 BELYIEY T
A 1P39E 402 «1230F 402 $1202Fen2 2RO9RESNN $1RROF402 299AKE 00 CHOR2E4N2
12725802 L1ATREe0R W1232F 402 WAA99E¢00 JIRSOF4ND AL a1 «1OS0F¢67
TOTal, WEIGHT OF GROYE = 174,588 GRAMS
AVFRAGF KFTGHT OF GRIIP = 17,0689 GRAMS
AVERAGE RENSITY OF GROLD ¢ R&a, 185 PERCENT T,
QYAMDARD REVTATION UOF PFLLET NFMSTTY = 123
1FA-432, Rod 3, DOrilled Pellets
PELLSY AT, OF 2T DF PFLLET *T, OF “ATER »ATER PEILET
WETGHY SATURATED SUSPENNEN  SUSPENSION TEVDFATIRE NENSTTY DENSTTY
E (GFAME) BELLFT I waTER CoGE (JE5,C) (Ge/6CH (GH/CCH
w [GLELES ] (GRAWmSY (GRAMS)
J1210F402 12106407  L11TTE402  (R100E4ND  17S0Fs0D  ,99RTFa0n (1AS2E4N2
12138402 LIPIRESGD JU1T79E 602 JBLOF400 LETENEeQ2 «PGRTE4ND tan3Fen2
212016402 12017402 JU16RERAR CBIB2E4N0 ATSUE DD «99RTIFenN RELITXF
12008402 J120uEs0? 11708 0P JRI0TFe00 17508402 «99RTE 40N AN52F 02
312075402 WI20TFE 02 «1173F 402 2R103F+00 J1T780F 40P JOGRTFeO0 «10B1E+n2
Q12204402 J1221F+02 S11R&E4N2 JRINIE+AD BRATI LT L9887€400 W V0BLELCR
J120AESND FLYIEY Y W1 173Fe02 HB10YFen0 s 17508402 JO9RIFeND WIDSLEsN2
TATHL SETGHT OF GO 2 A4, 600 GIA4S
AVERAGE «ETGHY NF GRIOUD = 12,0870 £2avR
AVFRAGF SENSITY OF GRNIP o 98,932 CERCENT T,p,
STANNARD DEVIATION NF PEILFRT OFRNSTTY = LY

E-37

PELLETY
DENSITY
(FRRCFANT T,0,)

ORI3ESD2
WIBIUESNZ
SO60UFE0R
WIRDLESDR
$9APSEE02
WOrnTienp
LRI R 2
WGeNTES02
R18EE02
«965BE+02
JOBPEESND
$OS9LESN2
KIY YT
JOSBLF 402

PELLET
DENSTTY
(PERCENT T,0,)

JOhasE a2
JRhOak+Q2
WONR6F 02
«O5Q9E402
+95RAF 402
2 0GATF402
«O593F 402

SAMPLF
NUMBER

4o
562
874
517
SRY
S8R
s90
594
605
608
610
bt}
632
&15

SaMBLE
NUMdFR

520
523
530
533
538
sS4y
Su9



2=4
2=
2=
2=4
2~u
2=4
2«4
2=4
2=4
2=4
2=4

2=4D
2=aD
2=4D
2=Ud
2=40
2=4D
2=4n
2=uF
2=uF
2=uF
2=4f¥
2%4F
2=uf
2=uF
2-uF

OFLLFY
wEIGHY
BAMPLE (GRAMS)
MUMBFR
a4 J119khEe02
94 2 1194E+02
118 211A7Fen2
133 g1214F 02
209 L1192F+02
218 «1200Fen2
234 f1R210Fe02
239 L1201F+02
240 s1200E402
263 L 1211F%02
264 <1187k 402

SAMPL
NUMBE

3
7%
LXi]

170
181
182
778
901
901
en2
Q02
CLY Y
LEYS
912
912

TOTAL wETGHY fF

wt, nE

SATURATED
PELLFT
{GRAMS)

L1106F402
S1190F402
C11RTE4RD
«1294F407
$1132E402
«1200F¢0?
W121UFEe02
JI201E802
«120KF 402
J1211Ee0D
«1197F402

CRMIP o

IFA-432, Rod 4, Solid Pellets

=T NF PEL
SUSPENS
IN waT
(GRAMS)

J1163E402
W1161ELn2
11556402
«1179E402
«1189E402
JI168Ee02
S11A0EL02
»1168E402
U1 T2E 402
JA1TEF 02
1 1b6UESQ2

112,110 6R

LFT wt, OF

ED  SUSPENMSIDN

ER CAGE
(GRAMS)

Brasfens
+800aFEeNG
BNOGELAN
«ROGAE+NO
«RANGAE+OD
JRNOGEeNN
JBN9sFe00
R0GBENN
2R097E400
L900QF 400
JROQAFsON

avs

AVERAGF WETGHT OIF GRAUP ¢ 12,0103 GRAMS
AVERAGE NFENSTITY 0F GRNAUR 2 98,608  PERCENT T D,
STANDARD DEVIATION OF PFLLET DENSTTY = 102
IFA-432, Rod 4,
PELLET wT, 0NF <Y NF PFLLETY WY, UF
“EIGHTY SATIHRATED SUSPFANREDR  SUSPENSION
E (GPAMS) PELLET T “ATFR CARE
R (GHAMSY (GREMS) (GRANS)
SUIRUFSA2  11BUE4N2  ,1152E402  ,RIPAFenn
21189F+02 «11569F 02 «1180F402 ALANFe00
«11ASF40R s11ASE402 «t135E402 «BinnES0D
at1h1Ee? 1th1F 402 JH181E402 H1R0ES00
s 1178F 402 JJ1TRESO? «1188Esn? JBINQFeND
L H14BF 402 e1168F4n2 I18REG02 oBLORESND
att26Fen2 e 1126F402 «109%E4+02 JAIRIES0D
L1 MOUESN2 «1094E40? LEAREY P JRDa0Fenn
21084Fe02 1N 8F 402 Jta7tesa2 «ACRAES00
SN120F402  L11218402  (1095E402  LR0GUE40D
al1208en02 S 121E402 BRUELITTY «ROQIF40D
Ta1145F 402 e11UAESDND 11178602 JANQRE4NY
+11USE+N? s 1145E+02 RERRAX Y] JRO9NF$Q0
2 180TF 402 «1177k 402 «10R2E402 «B0GOESOQ
«1107Fen2 «110TF 402 210A2E#02 +ROQIESON
TATAL WEIGKT NF GROUP 3 170,722 GRAMS™
AVERAGF wEIGHT NF GRUIP & 11,3814 GRAMS
AVERAGE NFASITY NF GFALP = 95,500  PERCENT T,0,
STANPARD DEVIATION OF PELLET NFNSITY = 172

E-38

wATER ®ATER
TEMPEATURE DENSITY
(DEG,CY (GM/CC)

JATT0ES02  L99RTFeN0

$1770F402 +99RTEeND
«1TT0ES02 «998TF+00
«1TT0E402 JOABTE+ND
«1770F402 290RTE4ND
C1TT0Fe02 LO9RTIE4ND
+1770E402 +QARTESOC
$1TROE 402 «I9RTE4OD
«1760F«02 «99RTFI00
a1 THOES0? W F9RTES+ON
«1THOE40D J9GRTESDN
Drilled Pellets

wATER WATEK

TFMPEATURE OFHSTTY
(NEG.CY (GMsCCY

JATTOFG2 JIIRTF 400
V17700402 JOVATESOD
«1TT0Fe02 «QORTE4ND
«17T0E402 JF9RTE 40D
17K0E402 WO9RTEH00
REIIELE] «I3B8TE400
«1TH0E+02 «9QRTE¢Q0
ITTOESO2 «998TESOD
HTHCES02 «I9RTE4ON
ATT0F02 «F9ATE400
ITHNESND JG9ATEEOD
«1TT0E$D2 «99ARTF+N0
«1TANE4OD JQ9RTENN
o1T770E40P «9987F+00
L1T760E402 LQ9RTESDD

PELLET
NFNSTTY
(GM/CC)

2 1049F 402
JINUTE+OR
1DUBESO2
+s10UME®DD
CINURAEIOP
«1040F4n2
W1DUDE4)?
W 1DH9E D2
L10UGF D2
INETEHO2
+10UQE4ND

PELLET
CENSYITY
tGMsrey

S100RE+0R
v10URESND
W 1046F 407
J100TE402
LINUGERND
W 1049F 02
W1045€402
«10U9E$03
BLILLEY P
J10UBE4ND
J1NUTEDD
REYTIRY Y]
A08TE402
10U3ER02
W 1N83F 4D

PELLET
DESSTITY
(PERCENT T,0,)

+9569F 402
29553402
«9SU2E+N2
WI5UTEYO2
»9559F+02
1 956TE$02
295698902
JOSTIE+02
«9IGHRE+02
9553002
«I0ABE+O2

PELLEY
PEASTITY

(FERCENT T,0,)

$9560E402
950RE4Q2
«9565E402
JO856E 402
35716402
$9572E402
95 14E 402
BRAYLIXT P
$9870E402
«95UTE 402
LAGUUE 40D
9541E+02
«I551E402
«7S18E+02
95195402

SAMPLF
NUMRER

44 -~
94
118
133
209
2198
236
239
240
243
264

b

SAMPLE
NUMBER

s

80
170
181
182
715
901
901
902
802
906
906
42
912



2=6
2%4
2%6
2=6
2°h
2=6
2=6
2=5

2=6
2%6
2=6
2=6
2=s
2°6
2=6
2%6
2%6
2=k
2+6
2%4

226
2=k
2=4
P=h

558

2=40
2460
2%4N
2e60
2=60
2%aN
260
2~60
2%40
5S¢

2=6D
2«60
2=6D
555

2%6D
2%50
2%60
2%60
2=40

PELLET ST, 0F
WETGHT SATHRATEDR
SAMPLE {Grang) PELLET
NUMREPR PGRAMSS
779 JU1R3E402 L 1161Fe02
TRa .\151?602 J11S%F 402
791 1157F402 1S TE 402
792 11418432 LUVUESND
TOU L1180F402 L1130E¢N2
79Q  J1159F402  L1)S5Qke02
L] 21 136E402 RERTIZYF]
859  L1132F402 Jt182E402
LY 11376402 J1137FeN2
LLL S11PT76402 «1127F 402
A7 L1102Fe02 L1142k 402
ary 211PTEen2 S1127Een2
15 L114PF4n2 NEYEI XYY
87h  L118AF402 REETIZ L
RTA ° L1141Fen? c11UtFe0R
BRY¢ Wi 1ARESAD «tioRFen2
ARY L1 faRFen? L 11dRES02
Aay c1122Fe02 W11 P2F 40D
AAas at11AF4n? REREIEN.Y
ARR ot11AF402 et11pF402
892 s410TE 42 «11UTEEND
A93 211376402 W V18TE 02
L] s113AFe0? ERLIETF]
RO&  [44SAFe02 L 1150F402
A9k L1150k 407 C11872E402
9ne L11256402 S112%E402
TITAL wF TRy BRI
AVERAGF ~FTGMY OF GE7P =
AVERAGE NFASTTY N GROUP 2
STANDARD NFVIATINN
PFILFT T, OF
WETGHT SATURAYFN
SAMPLE IGRAMSY PELLET
NUMHER (GRAFSY
B12  L1100F402  ,1109F 402
A15 L 1109k+n2 ERE LR
Ath  L111AF402 SA1ITERD2
RIT  ,1102Fa02  ,1102F402
aLe RELLIRYF RERRLETF]
R22  L1125F4nd  L1125F402
824 11878402 11378402
828 SHI22F02 L 1123F402
L) LI14TESND C11UTE402
AN [1145F407  L1105Een)
(311 g1 115E+02 NEREIES Y]
833 L 11I0Fen?2 11306400
B34 L113RFe02  ,1138E402
A3S J1120F+N2 11200402
A37 (11208402 J1120Fe02
a9 g11%hE 402 ERTY AP
AUN L 1139F402 11396402
84y 1 132Fa02 «1133F407
842 1125402 W1t 26E402
LUA «112%F+02 S1323E402
TATAL “FIGHT F HRAYP =

AVEDRAGE “WETARKT N GRMMO

AVERAGE RENSTTY IF GRyUP g
STANMARD DFVIATION

~T 0OF PELLET
SUSPENDEN
TN WATER
(GRAMS)Y

L1120E402
St120k002
«t1123Fen2
11096402
RELLISV )
3 1PhESNQ2
f11NGF 02
«11PYEs)?
W1104Es02
BRELLIRY P
PERREI YV
«1996E402
L1108t en2
«1104E402
«11N%F 402
T IENT

WORFLLET DENSTTY =

OF PELLET DENSTTY 2

, Rod 5,

wt,

SISPENSTION

CAGE

{GRAMS)

LBrQTE4ON
+ROKE+0D
JR0O99E 0N
JB09TE+QD
<RNQQE4ND
<ANGRESDD
JRGATE+D0
WJANQTF400
LROGKFHOQ
JRNOTEL0Q
JRO0TESND
«409mE+D0
+RINOE+ND
JADITFENY
JH09TFs00
JRAQEF4ID0

BEELIXY.F JANATFDO
10938402 JHKNGTE4O0
L10R6Een? JRLIDOE4ON
J1NARKEEND 2ANGTF40D
J1113Fe02 SANATES0Y
«1108EsD2 WRE9RESNN
110k 402 SRNYRESOD
W1120FE402 «R0GRE+NN
J1124F¢02 JROQOE OO
MELEI Y. P +BAGAFION
POk URE GRS
11,6088 GRAMS
Q1,676 PEHCENT T,.D,

Juu3

IFA-432, Rod 5,

«T OF BELLFY wt,
SUSPENTEDN  SUHAPENSTON
IN WATFw CAGF
(RRar5y (GRAMS)
JN0RPES02 LANGGE400
R WJANIBEDD
J10RTERND «ANQAES0Q
J10TRFeA2 «ROGGF 400
«1082E402 JBOGAF 0N
L109hE402 «PNOAE 0D
RERLIPNF] JRNORE4NN
21098k 452 +ROQRE+VO
«1116F 402 LCELEL L]
STT13Fe0? «BN9RESON
ANBRELND JREQRE4ON
1099t e0? SALDOF4DD
11076602 R AL
BELT N CANQRE U
L1N90F 402 ROQBE SO0
S 11058402 «BOGRESDD
L1107Fs02 280095400
AR XY LR0QaFEnn
<1095F «02 CJEOI9ESD)
J109TE4D2 LA003F400
225,010 GRAUS
11,2505 GRAS
92,218  PERCENT 1.0,

$ 325

Solid Pellets

WATHR waTER
TEMPEATURE GENSTTY

(DEG,C) (GM/ee)
L1970Fs02 «I9R2F 4NN
J19T0F 402 WIIR2F 0D
«1T10F 402 .9588F 400
REILIRY Y] RLEFIFNT]
J1710F402 AL LT
«197DESD2 «9982F 400
19708402 «99R2E 400
«1970E+02 +I9RPEON
W19T0E402 #9982k 400
«1870F402 WA99R2F+0N
$1970E4G2 9982F 400
19708402 «F9RDF 40N
J1T10F402 LTV EY.
J19T0E 402 «Q9R2F N0
21970 «02 299K 2F 400
J1970F 407 WB9R2F420
JOT0F 402 W« 99828400
JA970Fe02 «39RZF4ND
«1970F 402 IRALEIE I
1T10F 402 2 9QARF 00
W10R0Fen2 «902F ¢00
s 1QBOES02 JO9A2E 400
«1980ES02 «9982E+00
«i1T10ESN2 JA9RAFLOR
1T10F 402 J90RAF4NG
«1980F402 20QR2EEND
Drilled Pellets

wATF® WATER

TFMREATIIRE DESSTTY

(DFG,0) [ Vidq]
217508402 JOGHTF¢ON
JT10Es02 LO0RRF+00
JiTI0E 40D «IIRRESQN
JITINF402 «99RBF$N0
«1710F 402 «99R8F+00
17108407 «S9RAF+NG
J1T10E02 «BIBRFHQ0
J1TO0E#D2 +998AE 400
SITINF 402 «99RACHNO
1700F402 «99ARAELND
WITROF4D2 +9947E400
JATeNF 402 «99RRE+OQ
«1700F 402 WIBRESND
«1T10E+02 «99RAFsA
+i1780F 402 «9QATF+00
17108402 S QIRBELDO
L1710E402 JOQRRESNY
JATIOB G2 «Q9ARF G0
S1710E402 «FIAREHDO
D1T10ES02 «DQREE 4AQ

E-39

RELLET
DENSLTY
(GresCC)

L1009F N2
W 108QF N2

RLLRLE R
«10NYESOD
W 1012F#n2
S106TE402
e 1018k 4N2
210028402
10028 60D
c1OAbESE2
120584062
«10B2E402
s 1008F402
s1003Een?
10198 e02
JANNEF 40D
«1008F 02
s1DuEE 402
W99 TR 4N
WAQT2F 40
«QQTUE MDY
$«9974F 40
JO0HTEL Y
W R97SF 4Ny
«9993ks01

BELLFT
DEANSTTY
tGv/CC)

L1019F 802
J1NNGF 4N
ST LIRY T
AR T RN
10188402
10165402
f100RE4N2
10095402
s 1N09F N2
WNATEN2
e1N0RE&N2
JINDBF G2
LA ALY
BERR XY P
W08 402
J1014F 02
L1NRTEen2
LIONAF4D2
LINLGESND
J1010ESDD

HELLET
SERSTTY
(PESCENT T,n,)

292076402
W9210F+02
«21908402
09129k 402
+ 91 87L*02
«7233E402
sQ1BUE 40P
«9220F#02
WFlUUE+Ce
QLU en2
«21T70E+02
»F1868E402
«9143E402
9tOUE$02
W91aTHeG2
2321RE¢02
«917RE402
W91S58EQ2
«9157E402
«R122E4D2
RLELIZY ¥
PFI0IES02
W31008 402
29112F+02
WBIntEr02
WRITEO2

PELLETY
DENSITY
(PERCENT T,0,)

0205402
92078407
WG208E%02
9239402
Q298402
P926TE40P
017802
$I20UESN2
«920TE+D2
«O10PE¢02
199402
«Q270E402
WJUPITESQ2
«B2I9E+02
9199k 402
92G4F 402
JGIRTESN2
«I198E4+02
$«0219E 402
«9213F402

SAMPLE
NUMBER

7179
780
791
792
194
79¢
851
859
8oy
889
347
873
87%
876
878
aay
882
88%
A%
#as
892
893
894
895
896
900

SAMPLF
NUHBER

ae
815
834
A7
819
A2z
a2u
829
829
a3ye
831
RY2
A%4
438
837
839
Ayn
aay
aq2
843



SAMP(

NUMEE
2e7 673
27 674
2=7 874
227 477
?=7 878
2=7 ntQ
2=7 LY
2=T 882
2=7 83
2=7 6R%
2=7. (L1
2«7 492
2=7 698
2=7 5%
2=7 [ L1}
2= 700
2=1 102
2=7 701
2=7 708
2=7 107
2=7 70k
2=7 T4
2=7 138
2=7 72R
2=7 kAT
2=7 738

SAMPYL

NUMBE
2=70 637
270 438
2=70 #nuy
2=70 piu
2=7D  s4R
2=710 650
2=7D A%y
2=7D %7
2=7D 459
21D 682
2=70 463
2=70 bkl
2=1D  s6%
2=10  bb6h
2=TD 66T
2=70 4R
866 870
2=70 &7
2=7D 477
666 814

1IFA-432, Rod 6,

Solid Pellets

PELLFTY “t, OF wT OF PELLETY wt, OF wATER wATF2
FEIGHT SeTIRATED SHSPENDED  SUSPENSTNAN TEMPEATIRE NENSITY

E (GRAS) PELLET IH wATER CAGE (DEG,CY Gr/c0)

R (GRAMS) {GRA%S) (GRAMS)
“115RF 402 J1189F 40 «V125E#02 2BOQUESOND 17708402 «9987F+ 0D
21159 02 J1159E402 «1125F 402 -LALIE 1 J1TT0FS02 +9987F 400
NELEIZ Y JUL52Ee02 S1119F02 LBORUESNA «I19ROF 402 «9982F NN
s 1191F w02 JIE51E®2 PERRRI XY 4 WBORUESQD «1980F +02 +9982F 600
2 1162Fe02 11628402 +112RE 402 «3099F+00 RRANILED Y] JOGATESDN
W11ABFe02 CI1REF 402 11328402 JA09SESON A 1TROF$02 «9946F+00
211808402 W1t80Fen? JAt11TESN2 WROSGF4NN «1T80ESG? +998RFE00
21 149F 402 «f1695402 1134Fen2 CARRIF4NN C{9ROFeC2 WAGRIF 40N
21188k402 «115ARE4N3 a1120F 402 WBinarenn JATEOE4C L99ARLF 400N
s115RFe02 CItS5REXG2T L1125E407? «BOTTECOO «19PNF 402 +9982F400
L115PE 402 W 1153F402 W 1120F802 JRINIFANN «1760F402 W 99RAF 0O
1149k 4n2 Wt1UQE 402 «1116E402 «ROBNF+D0 «19R0E+02 +F9R2F+00
L1048k 602 REFTIZYY] SHUEPESDD JROGOF4ON 17906402 99RRESOD
s11368402 «113BESRR 13056402 JA100F400 L1700 +02 RCLEYY YL
21 163Fen2 21863F 402 21120F 40P JBOB1FHOD «1980F 402 »FOR2FHON
2114RF402 JI1ARESQD «1138F 402 A30Q2F 40N 2+ 10808402 «99B2F 400
L11A9Een2 «t169E40D SU13RF402 ° LALNOF4Q0 L1790k 402 +9QBBF40Q
21148Fer2 Wt1hRF4N2 U1RUELND «Ai00F40D «{ROOF¢D? LIQRRELON
st14RF02 1168402 W1 134Ee02 JB1OCE+00 JHRGORE4OR W9QRAEMND
at170ken? ERARE Y ¥4 o1 136F 40P JRIN1EeND +1830E+02 «B9RKERQN
f118hF 40P WV 1hRE4AD 11326402 SARGIF AN J1990F+02 «9982F+00
21154F 497 RELY LY «1122F40p JRO99F+GD +180DF+02 «98LF 4NN
2 1167Fen2 2 11SRE4N2 «11256402 RiICIESDD +IRI0E 402 +998bE 0D
«1157E402 #1157F+02 «1128E402 «RYIAPE4DN S1R{OF402 «99RLF4N0
JALT0FR4D2 S1170F 402 J113RFan? «RIDOF400 « 1810402 BALEIRLL]
JTUESRR LU1T4END L1008 407 JRINIF400 JIBICESN2 «O9RAF SO0

TOTAL WETGHT (IF GBR{MIP 301,952 [RAMS

SVERAGF WEIGHT DF RENLP 3 11,5943 GEAMS

AVERAGE DEMSITY NF GROUR = 92,380 WERCENT T,n,

STANDARD NEVIATION OF PFLLET DENSYTY =z P27

1FA-432, Rod 6, Drilled Pellets

PELLET T, OF wT ¥ PELLE

wFIGHT SATLURATED SUSPENUED
3 tGRAVS) PELLFT IN WwATER
L (GRav8)Y (Gravs)

s11ShLe02 J1196E¢02 JA183Fe02
$1102E402 A102F802 J1070E402
S1I11E$N2 JI111E+02 W10R3E402
PERARERL Y 111 1Ee02 «10RPEsRD
21103F &2 ft103Fen «1075F 402
a1100E402 L1110E402 W10R1E4G2
2111RF402 f1118E422 «10A9E 402
a1109E+02 11108407 J10R9E402
21102k e02 211036402 A1075E402
a1161F+02 J11N2FeN2 J10T0Ee02
2 1(1QUES0D JtOOKES 02 1ChREeR2
g1108Fen2 «1108Fe02 «10R0F¢p?
2109AF 402 10984 ND «10K9F 402
21 LLAFSAD MAREIEY. VI0RREeND
21081F4n2 f1081EeN? «1NSSE4n)
a1121F 402 S1122F 002 W1N91E4np
Jt32Ee0? S1132E407 WH101E 402
L 1130F 402 LV135Ee02 J1103E402
aV12RE+02 «112RF 40D W10978402
Z1125F 40D J1125F %02 J1008E 402

TOTAI WEIGHT DF GROUP gz 222,400 GRAM
AVFRA&GF WETGHWT NF GRNUP g 11,1800 R

T LA
BUISPENS
CAGE
(GRA

+BOIRF DO
RADLIZL L]

«E10anE+nD -

WB101FegD
JR10PE40D
WBlOtE4DD
JRIDPESND
«BIGGF+00
«B101E4DO
R IETIEY Y
WRE02Een0
WRIOIE 400
RALLIZYT
BI01ESQ0
Rtants00
R1QONECO0
«RO9QE+0Q
LAtn1Es0D
NALLIZY L]
ROQIF400

K]
AMS

0F WATF® WATER
108 TEMPEATIURE DEMSTTY
(DFG.0) (oMsC0)

$)
1940F402 «OGRIESON
«1850F 402 2 QQRGF N0
«IRS0E402 «99R%ES00
+1RS0E+02 «OAGRSESO0N
LIBE0F 402 «99RKEeND
JI1BUDESOR LTI RN A
«JBUDESD2 A LU 204
S1RUNF 402 «99RAGF4N0
JLBUOF 402 +98AKE 40N
JIRLQE4OQ L9QRGE4ND
JHRUNESGD W FQBNE40O
J1BUOF402 »9985F 00
«1BUCESOR #RQASE+00
+18UNFen2 W 90RGF4NN
+1B50F N2 R LELIELTY
»1AS0F 402 «IRSEH G0
«1750F+02 2 9GRTF 400
LIRSNF402 RALLIZ AT
«§1BSNESOP «99B5E+00
S1TS0ES0D «FGRTF 400

AVERAGE RENMSTTY riF GROLP = 92,008 PERCENT T,.0,

STANDARD GFVTATION OF PFLEET DENSITY =

156

E-40

PFLLFT
DENSTTY
fGvereey

10f1feng
«1010E+02
s 1010F+02
$1NOCE+DD
«101RESND
A010E¢02
W1011F402
W1O01OF+0D
«101CE+n?
fI0TUFeRR
W10182 402
WAN1IEeG2
s1014F 402
el01dEs02
«1010F¢02
»1015F¢02
W101EE+D2
INISE+S7
1N13E402
s101PE+02
10128402
I016F+2
s 1015402
W1O1EF N2
21008 +02
«101BF&02

PELLET
DENSTTY
(Get)

«100BF+02
I010F402
J1009F N2
JANTIE#+6P
BLYLIYE
JHO1AFe02
BLPLIZYY]
«1011E402
101 1F 802
«JO10E4N2
WdO11Fe02
W101IERG?
101PEe02
«1007F402
P 1509FE 402
SIAOTE4O2
WJURRESCD
s1007F402
21067F402
INTIFS02

PELLEY
GENSITY
(RPERCENT T,0,1)

2922302
$3012F 202
192128402
92066402
«9216F402
«QA220E02
«Q220F+02
9216f 402
1 9219F 402
92536402
«9265E402
W9P27F 402
RETTIZT T
292G6E+02
+9213E 402
«9P9BE+02
WSR2TIEYDR
0260F 402
«P2U5E+02
«9234E 402
«IPYTE402
«F26TE+02
«9250F+02
$IPTIFH02
LO200E 402
WORTNESED

RPELLET
GENBITY
(RERCEST T,0D,)

s92008402
W9212F¢07
W9210ES02
«9227E¢02
WRR0%E 402
AP1TESN
«920NE402
BR27E402
«AR20F 492
«9213E4062
WF22uE %02
2208402
«9235F¢02
JU1RGES02
.9202€402
«91B6E40?
1 Q6ES02
LOIRAF402
JI190E402
«F228E 402

SAMPLE
NUMBE R

673
(311
876
877
678
679
680
682
681
645
686
692
h9Y
694
698
700
702
703
708§
707
708
714
726
728
736
734

SAMPLE
NUMBER

637
(1]
YR
64U
LLL]
A50
£5)
657
659
662
663
(YT
6865
666
847
b68
670
679
672
(3T



2=7
2=
2=1
2=
2%7
2e?
2e7
2=7
297
2=7
2=7
2wy
2«7

- 27

2=7
2=7

=7
2=7
2=7
2=7
2=7
2=7
2=7
2n7
2~7

2=70
2=70
2=70
2-70
27D
2«10
2=70
2=7n
2=70
2«70
2=70
2«10
2=70
2=70
2=70
2=170
2=10
2=70

SAMPL
NUMBE

673
674
676
677
K78
579
ARA
682
4A%
68%
LLYY
692
ho%
696
69P
Y00
Y02
703
708
707
b L]
T4
72h
728
134
3R

SAMPL
NitMag

637
43R
huy
bus
bun
650
851
657
650
LY}
66%
bbi
LY.}
LYY
667
bR
871
812

1FA-432, Rod 6, Sotid Pellets (Second Measurement)

PELLEY wt, F vY NF OPELLET w7, OF vaTER waTER PFLLET

AFIGHT SATARATEL SUSPENDED  SISPENSIAN TF+PEFATURE DENSTTY DENSITY
2 (GRar§) PELLFY T w&TEP CaGE {LEG,C) tGr/) (6u/seCH
] (GRANMSY (GRA%S) (GRAMS)

:1!55%00? a1189F 402 J1128E402 JBORGESOA W20TDE 402 «9QRAF 40N JIBI1E4N2
21159F 402 W 1159E 402 JH125E402 JAQONEe0N R070F402 998nFs00 CINTO0E4ND
s 11828402 el 152F¢02 s111QFe0? LAI0NFeNn 22020E402 «OGRIE4 00 1010Fe02
s1151Fe0? 11515402 L111AF 402 CHRNQAKES(GN 2 2020F 402 «GORIEAND +1010Fn2
:!1h?Fon> st183F 062 C112RFan2 JB00NE 40N ROTNESOS +9GRADF4OC «1010E$N2
116AEs02 WUlhAFe02 J11EPFen? JBN9GEeNN 2060Eeq2 L9ORAEeND WANL0EeQ2
L11RAF 402 11508452 «111T7Fen2 «ANALREHO0 «2060F+02 2 Q9RAE«ND 1eLTFeR2
211E9F 402 s11869F4n2 «1185E402 RO96F+ON W2N20F 802 «99R1Fe0D s1N1IF N2
«1188F+p2 W H1GRE$DD RETIIFY Y] JROQUFEN «2DANESDP W QQBNEeND J1AL0F SN2
2 115RE+02 f1ISAFeND S112%F 402 JREGRE MDD +2N2RESN2 «99R1F&nD 2 IN1ISFen?
21 182F 402 2 1153F 402 «1126Fen2 JROQ2E40D PNB0ESGD «99RNESND WIB1SES02
f118OFen2 7 (4 1U9F 402 «J117Fen> CEOUTESDO WPO20F402 COFRIF4nG WiN12Fen?
o1 1H4Fs02 «1184F 402 V112Een? JRNOTESON «PN50E 40P «IIBLIE NN WINIRESNQ
211346F4n2 ot1136F#02 J110REan2 ROQTF40D «2050F 402 «99R1ELNO I OISESDR
21163F 402 AL I XY +1129F 402 #»RNBTF400 «2010F402 $QORLESON +1010E407?
L11ARE$ND A 1ARESN? 113UFs02 WJAMQTE+ND «2010F402 WOGRIE4QN JIO1RFen2
21189F+02 1 169E40D JL13SFe02 JROGSE4CD «2050E402 W9981E40¢C WIP1AEeN2
2116RE4N2 «116RFe02 134 en2 JROGKESND «2NS0F+02 «99R1Fen0 WINISFen2
PRALLIZ LY RRLLLE ] J1130E40? JBOOKESON 20500402 AL LR 14 113K 402
RRRLLES S J1170Fs0p J113RFs02 WADOSF N WPNSHELND LOUR 1 Esnn JAN12F402
PRRLLIESY Jiimnter? J152Ee02 POGRE 4NN $2010F 402 «99RYF a0 21013 402
c1184Fen2 1154Fen2 o 1172E402 «BO9SFe00 20508407 JO9B1EenD SIN15E4N2
JAISTEeN2 J1ISRF4R2 «1125E 807 JBO0AFsnN 20808407 9Q81F 40N J101SEe02
JIU87F+02 JI18TE+N2 L1128F 40?2 CANOSFA00 JAPKOF4D2 2 Q981E400 WENTAES02
211705402 «11T0E4N2 JI136F4N2 JEO8YE4DO JPO5NF402 +Q99R1E4 00 1009402
NERZITYLYS J11THE$OD «t1ahEen2 ROIKESOD «PNS5NF402 +9981E400 J1016E4E2

TOT4L ~EIGHT 1IF GROUP g 301,482 (FaMg

SVERAGE WPIGRT OF GRIUP ¢ 11,5903 RKAMS
AVERAGE NENSITY OF GRIWP 3 Q2,390  BERCENT TN,
STANDARE DFVIATINN DF PHILLET DEASTTY = 21.

1FA-432, Rod 6, Drilled Pellets (Second Measurement}

PELLET AT, DF AT NF PELLET wT, OF LATER WATER DELLET

WFIEMT SATURATER SUSPENDEN  SUSPENSION  TEMPEATURF NENSTTY DENSTTY
F (602M8) RFLIST IN waTFR CAGE. (ee6, 0 (GM/CC) (57700
R [IYTI (GRAMS)Y (GRaMS)

SH1GaEen? LT1%6E402 1228402 LROQOE 40D JIBSOESGR «P9RSEL00 JIN0GE#D2
2 11N2F 402 «1102F+02 SANTUESC2 JBNOKESNN «1QUBE+0D BLLEI X2 WIGLOE#D2
a1111Fe02 s1111F402 JHOR3ES(R JHURTESDO «10uNE+02 «9983F+n0 W1010E402
MEERLXY Y] SERRLE TP L1OHPEL02 JBROTESNN W1900E+02 29983F +00 10L10EG02
s1103F402 JNIDRESOD S107SE+02 JBNTEEHON 19408402 J0G83E400 S101CE+02
:10005002 1110t 402 JIN81Es02 JBU9RF QD +1940E402 «9GRA3F AL WIN10Fe0N2
21 11°Fe02 f11IRESCR «10ROF402 JRO9TE+ON 1940k 402 JORTF400 W1009F 4R
L1100F 802 JAE10E 402 J1QKIESG2 BNGRF4ON S104DE402 AL )] W10J0E402
RELFIZY T REELAIES Y L107SEan3 SANISELDD 1950402 LA9BELAG LIS
RELIETLE] W1101E402 s1070E40? JBOITEHOD <1950F4G2 9QRTESID JdetoF+0?
s 109UE+92 «1095F+(2 J10KRESD2 SBOOTE+ON «1950E+02 L99R3E+C0 W1C11E402
J11GRESQZ NELLIZYP) SANBNELND LREOsE+00 «1950F+02 J99RIES DO JHO11F*02
L100AF402 L109AF 402 JUR9F 402 SBOQRE40D C195CF¢02 +99A%EF 400 WtNTIF 402
;cllﬂf¢02 «1118Fec2 «INRRESD2 #AOGRF 4N «19S0E402 W9983F+r 0 2100TFe02
21 OR1E40? «3CBIE4ND L1 08RFs02 JRIDOF OO L1950E4+02 JI9BTF 400 «1DPRESD?
s1121E40? WD11226 402 J1091E402 JGtANESND <1950F+0? J9ORIE4AD S100TF4A2
;11!ursnz ERLT XYY RELEIXY:F) «ROGRESQN «195%0£402 «I99RTE U0 JINNTEeR2
+1128F+02 “112RE+02 «1097E+02 VANOGE 400 «1950E+02 L9983F+00 D103TESCR

TOTAL wFIGWT [F GRILP 200,NPR GRAVS

AVERAGFE «ETGKT 0OF GROUP = 11,1127 GRAMS
AVERAGE NFNSITY NF GEDUF = 92,090 PEPCENT T,D,
CSTANDARN DEVIATION 0F PELLEY DFNSITY = 152

E-41

PELLET
rEARSTTY
{PERCENT T,0,)

W 92226402
92136402
V92128402
W9715F402
W9217F 407
$9220€402
W9271F402
WN2PIF N2
eF210F402
222598 40D
e9Ak4EIN2
«Q235E902
WIPURESN2
«Q287E402
9219402
9257 %02
JOPTRESNR
L9759F 407
WGRULE #02
L923TEs02
9239402
«I20GEH02
W0258F 492
LQ270F 402
+9210k+02
WQ268E+02

PELLET
DENSITY
(PERCENT T,N,Y

2 9204E+02
$021%E402
«9220f 402
$Q21BEFD2
WOP1REXD2
92198 ¢02
19205€402
OP19E602
$9225€e02
WR216E4N2
$022TE402
«0221F¢n2
W C22BE®N2
O1RUESG2
s QP00E402
91RAE+Q2
+91A5F+02
«9187Fe02

SAYPLF
NUMHAER

673
b74
3L
677
678
&79
hAan
682
683
685
686
692
X1
696
594
760
702
703
7098
707
708
T14
726
728
736
738

F

SANMPLE
NUMBER

537
(311
6ud
64y
648
650
551
657
659
b62
(T3]
Aol
668
664
b67
668
671
672



IFA-432, Rod 7, Solid Pellets

PFLLET wt, (IF €T NF PELLET wT, 0F WATFR WATER PFLLFY
WEIGHT SATURATEL SUSPENDED  SUSPENSION  TEMPEATYRE DENSITY BENSITY
SAMPLE (GRAMS) PELLEY IN WaTER CAGF (0FG,0 tam/sce) (GurseCy
NUMBER (GRAMS) (GRAMS) (GRAMS)
2e2 90 S1156EeN2 JN1SUE+0? J1128Ee02 LB097£400 JABT0E402 «998UF 40N ANUAFEO2
2=2 299 at1UNESD2 Wt 1UhFen2 s11 18402 +809RE+00 +1B60F+02 WG9AGE NN c10UBESD2
2°2  ZUA L1 1U1E+02 REXTLEY P 1113E402 JRLONESOO «1B60F+02  ,99A5E400 W1049E 402
2=2 %7 JVLUTES02 S1VATE+D2 +1119€407 BINOFs0N «1BBOEL02 «99ASE4NC 2t OUKF N2
2=2 358  L1{32t402 «1182E+02 L 1108Ee02 .B100E+00 «1B60F402 «OGRSESND VIDUBESDR
2=2 339 1166F 402 elflibELOD MERLITY ¥ JRO9OESOD «1A5NE+D? +FIREF 400 $100hENN2
2»2 361 211876402 «11UTESN? RETLITYF) +B090F 400 +1R50€+02 «9988¢ 40N L100TFeN2
2=2 371 cl1ulren? REYTLYYF] JA11RESN2 JB160F400 L1BUNESD? «99BBE400 JI0USERN2
2=2 19y s1140E+02 L1140E+02 SHII1PE4N2  JRI0DESOD «1830F402  L998%E4(0 P10UBE4D2
Fid 4 urh L1108F402 L11U5Fs02 NERRIXTE JA100Fe00 183002 2 90AGE+ND s1006F402
2=2 417 £1135F 02 «1138F+02 J110RE402 +BINNE+00 «1RYOES02 «O9RARE4 00 f100TFe02
2= 4287 L1108Fe02 RETLY Y. 11208402 LA080E400. ,1820F402  J29RRF4Q0 L10478402
2%2 839 L g1UTE402  L114GESN2  L1117E+02  LB100F400  L1B20F402  L99RKE4N0 10URE4N2
2.2 409 11357402 «1135E407 S110TE402 JBYINDESON »JR20E40P JIGRKE4N0 WINLOESNR
22 452 J11RAE+02 SIIRTESOD 11536402 JBICOE400 C1B2NE4G2  L99R%E¢n0 JINBRES02
2e2 45y p11UBFe02 BETLI I «1119E402 RAGLLE X 1820402 +99RGF+00 W1 N8TF 402
2=2  48A SJJ1UAES02 L1 URESN? JI11RES02 BLO0E+NA S1R20E402 L 9985F400 LIN3RFE0D
TOTSL »EIGRT NF GROWP & 190, ,AR) GRAMS
AVEPAGF aEI1GHY NIF GROUP & 11,4676 GRAMS
AVERAGE NENSITY NF GROUP ¢ 85,299 PBFERCENT T,0,
STsMDaRN DEVIATION OF PELLET DENSITY = o360
IFA-432, Rod 8, Solid Pellets
PELLET w1, DOF ~T OF PFLLET =T, OF WATER wATER PELLFT
WETGHT SATURATED SHGPENDED  SUSPENSION  TEMPEATURE BEMSTTY DENSTTY
SAMP(E (GRAMS) PELILEY IN «AYES CAGE (DFG 0 (6M/LCY (6M/7CC)
NUMBF & (GPANSY (reAS) (GRAMS)

2 37 [1407F402  ,1197E402 L 1164F402  ,B00AFe00 1770402  L99RTE4N0  ,104BE40R
2=t S% LV1B2Fe02 c11BE4N2 «1190E402 «B09&E40D 3770R402 «9987E400 J100BECD2
2=1 sa 11925802 «1192F402 J11RCEsDD JROOUESON ALY F] +9QRTE4ON «1NU0E4NP
=1 54 a1181ES02 BRLILE LY 11506402 JRNAUESCD ATINESO2 «99R7F 400 «1049E 402
2=t 30 L119AF#N2  L1196F02 J1162F402  JRGSE400 JITTOESCD  L,9987Fe00 «10USE+N2
2=1 64 2 11RRF02 «1{ARE$ND «1153Ee02 LBCORESND JITTOE402 LOQRYELEN CNOUTESN2
2= 97 at2n2eec? 12028402 J11bRECD2 B09eESON 17706402 3987400 BULLIE AT
2=y 123 211908402 A100F+02 «198RE+02 BO96FE0N «1770Ee02 «99R7F+00 W 1OURESD2
2ey 14%  L1167E+02 W1167F402 L 137Es02 LBO9KESOO +1770Fs02  L99ATF4ND W1OUTE4ND
2=y 221 < 11BRE+02 s11R0F 402 AISKESD2 +BOGKESOD 1770402 «A9BTF+N0 f1049k+92
2= 227 P1181F402  J11RIF+02 J1160E402  LB097Ee00 17708402 9987E400 10516402
ELH] 237 7 L1218F 402 LI2EREF02  L11A3F402 LA09BF40N JETTOESO2  L99RTF400 L104BFH02
2eq 249 L1206F 402 S1206F402 (11728402 JRO9TE+N S1TTOES02  L9%RTF4+00 JABUTES02
2mq 27¢ 21218€402 L1218k 402 «11R0E«0? JROORESO0 «1TT0E402 «998TE4OD s10URE+N2
2w 278 21192Fen2 211926402 1159402 JRO9TESND S1TT0E40R «GIBTESND J10UTE402
2=1 291 d1169F 402 SH1T70E402  (1139E402 JRNARELON JITTOEG02  G998TE+00 S1049F+N2
ELY 292 L116TE40?  L1167E40? 11376402 LROGTF+00 JITTRR402  JQ9ATE4CN SANUGESN2

TNTA( WEIGHT NF GROIP a 202,277 GRAvS
AVERAGF WFIGHT NF GROUP = 11,R984 fPAMS
AVERAGE DENSITY NF GRUUP = 85,618 PFRCENT 1,0,
STANPDARD GEVIATION NF PELLFT DENSTTY = $130
IFA-432, Rod 9, Solid Pellets
PELLETY wY, UF wT NF PELLEY «7, DF “ATER WATER ELLET
WEIGHT SATURATED SHSPENOED SUSPENSION  TEMPEATHRE DENSITY CENSTTY
SAMPLE (GPAME) PELLFT TN WATFR CAGE (PEG,CY InM/€C) tGv/eey
NUMBER (GRamS) (GRAMS) (GRAMS)
25 4hY  [122%F 402 12288402 LU1RAE$02 JHreoEe0n BLEII XOT] SF9REF 400 P1A5402
2e5 472 41270Fe02  ,1220b+02 (1 1ASE402 L AINNES0D  L1RGAR402  JO9RBEM00 L i050¢402
28 U470 1242402 L1287E¢02  ,1206E+02 «BLOOE+00 J1B80E402  L,Q9AGF4N0 INS0E N2
2=% urs 21232k402 12326402 W 1196Fan2 JA1N0E+0D +IRS0E+02 +99REE+00 «10S1E+N2
2°5 4By Lt239Fe02 JAPY9FHN2 (1PN2E02  LBINDES0D «1BLOE+02  ,QORSF 440 10825002
2=8 44 L12%9F¢02 12396402 [1203F402  ,2100E400 18506402 «QGARE4N0 210535402
2=8 LYY 212385402 2172388402 J1201Ee02 JAIANFA0Q «1850Ee02 LI RN t0N2Fe02
2=5 4a9n 1234k 402 21234E402 J119RE 02 PLEYI T «1BR0Ee02 s QORRF4OC W 1058F+n2
2% 492 1234k w02 «1234E402 #1198F+02 JAOORE+ND S1BUDFenD «IGRGESNN 10528402
28 494 21 PURF 402 «12AGE 40D JAPNRESD? JAOQRESNN +1RUOE 41D «998KF 40N f10N1F 402
2e8 G858 12ATF402 12278402 L1192E+02 JAO99F 400 1AUNES02  L99RBF 400 10538402
2=8 St ;|>3IE¢02 1231402 119586402 JANQAE400 «18U0ESC2 «99RBE4ND 105302
2«5 %64 L1220p402 42288402 41936407 LB0QAE+QQ 18406407 AL sl0hbEe02
Ll Shb a1232k407 W1232E402 «1197F 402 JAt0aFenn WIBU0ESDR «FORSE+ND «JO54E+N2
2=8 a1 2121%Fe02 12136402 «1170E 402 JRINUESDY JIRUNFS0? «T9RKE4C0 W 1AS0F 02
2°5  #28  ,1198:402 1198402 J1168E402  ,An09Fenn J1A30E402 JQORGESND L 1NGE 402
2=8 630 129%F4n2 W 1203E402 S11T0Fe02  LPINOFeND +1B80F402 2 9986E400 LT 24T
2«5 6% L1PNUESD? «1P0UF+02 J1171F+02 JFLONFP4ON «1R3NFe92 +9985F¢n0 $1056F+02
2=% 634 J1219Fen2 2 L219E402 JH18aF402 T  B10nFe0N «1BINES02 JQ9RSES (D 10558402
208 8%%  [1227Fe02  ,1222F402  ,1{RRE$0? JB10NESDD «1RINE4C2  ,9085E400 21057F¢02
TATAL WETGHY OF GRAWP 2 245,238 GRAMS
. AVERAGF WETGWNT OF GRAUP = 12,2619 GRAMS
AVEPAGF- RFNSITY Of GROUP = Qh,072 PERCENT T,.0,
SYANRARN PEVIATINN OF PELLEY NENSTITY ¢ REd!

TOTAL WEIGHT OF A(L CRAUPS IPSA 2705 GRAMS

E-42

PRLLET
OENSTYY
(PEREENT T,0,)

Q5URFI02
«9547F¢02
JOSHBECDR
«OSU3ESQ2
2 9S4BFO02
LORLTEC2
+9950FR N2
19536Ee02
G5UIke02
J9SUUE+Q2
L955IE402
»9556F 402
5598402
JUATE+OR2
LGUABELDR
SQUBUERNR
JQUs3E 402

PELLET
DENBITY
fPERCENT T,D,)

s95603E402
O561E+D2
WUSnTEE02
L9578k 402
2 INE2E 02
+A8G6EN2
$954tEs02
«95599E¢02
J9556E402
2 9573E402
«9SROE+0R2
«9559E¢02
295STFe02
29556F402
9852E402
9572802
«ORATESOR

PFLLET
DENSTITY
(PERCENT T,D,)

35928402
R UF40?
+95R5E+02
1 9585Fe02
9598402
W960UES(R
5996 ¢ 07
s605F402
Qanik+n?
$9501F 4G
«O812E402
JOB1DE+D2
36330402
J9619F402
29583 402
2 95IAE402
f6186E402
$I631F 402
L9821F¢02
WO6UBECDR

SAMPLE
NUMBER

90
299
sus
357
358
159
363
37
394
uge
uy?
a8
u39
[TL]
as2
453
us8

SAMPLE
NUMRER

37
53
Su
s8
59
&4
97
123
143
221
227
237
249
270
276
291
292

SAMPLE
NUMBER

463
472
4Ty
4715
483
urg
ule
490
492
4%y
558
S61
Sed
S66
LT3
628
630
631
414
&35

-



TABLE F-1.

Results of :Resintering Tests

1600°C/24 hr Length Diameter . Density
Type  Pellet Pre,  Post, -3al/igld) Pre, Post, -3aD/D(3) Pre,  Post, ae/p
Id. in In. % in. In g O 21D 21D 10
923 T2 1-6-752 0.5058  0.501) 2.79 0.4204 0.4168  2.57 91.71  94.13 2.64
Unstable 1-6-750 0.5118  0.5068 2.93 0.4203  0.4166 2.64  91.68  94.35 2.91
2-7-675 0.5125 0.5077 2.8 0.4205 0.4171 2.43  92.21  94.62 2.61
2-7-716 0.5104  0.5069 2.06 0.4205 0.4182 1.64 92.79  94.61 1.96
92270 1-5-788 0.5129 0.5124  0.29 0.4205 0.4203 0.14 91.24 91.21  -0.03
Stable 1-5-884 0.5059  0.5055 0.24  0.4203 0.4202 0.07  91.54  91.66 0.13
2-6-857 0.5051 0.5046 0.30  0.4204 0.4201 0.21 91.83  92.01 0.20
2-6-880 0.5071  0.5066 0.30 0.4202  0.4202 0.00 92.09 92.16  0.08
953 TD 2-2-411 0.4888 0.4885 0.18  0.4144 0.4144 0,00  95.34  95.40 0.06
Stable 2-1-116  0.5071  0.5066 0.30 0.4203  0.4203 0.00 95.54 95,55 0.01
2-1-207 0.5060 0.5059 0.06 0.4203  0.4202 0.07 95.65 95.68  0.03
2-5-679 0.5178 0.5174  0.23  0.4225 0.4225 0.00 96.05  96.10 0.05
1700°C/7.8 Hr. :
92% T0 1-6-754 0.5088  0.5030 3.42 0.4208  0.4160 3.14 91.42  94.43 3.29
Unstable 691 0.5112 0.5054  3.40  0.4204 0.4162  3.00  91.89  94.9  3.34
2-7-684 0.5043  0.4998 2.68  0.4207 0.4171 2.57 92.50  94.99 2.69
-694 0.5026 0.4978 2.87 0.4204 0.4168 2.57 92,42 95.00 2.79
92% 10 "1-5-803 0.5109 0.5114  -0.29  0.4205 0.4217  -0.86 91.11  90.26  -0.93
Stable
2-6-805 0.5111 0.5131  -1.17  0.4204 0.4209  -0.36 91.22  90.42  -0.88
1-5-785 0.5127 0.5118 0.53  0.4205 0.4198 0.50 92.18  92.69 0.55
2-6-854 0.5036  0.5030 0.36 0.4205 0.4196 0.64 92.63  93.14  -0.55
95% TD 2-2-400 0.4968  0.4965 0.18  0.4145 0.4143 0.14 95.38  95.64 0.27
Stable 2-2-370 0.5015  0.5010 0.30  0.4144 0.4141 0.22 95.49  95.75 0.27
2-1-293 0.4947  0.4947 0.00  0.4203 0.4201 0.14 95.68  95.91 0.24
2-1-205 0.5059  0.5057 0.12 2.4204  0.4202 0.14 95.75  95.93 0.19
1700°C/4 Hr.
92% TD 1-6-744 0.5075  0.5030 2.66 0.4204 0.4168 2.57 92.08  94.49 2.62
Unstable
1-6-723 0.5083 0.5027 3.3 0.4202 0.4164 2.n 92.16 94.78 2.84
2-7-720 0.5115  0.5070 2.64 0.4204 0.4171 2.35 92.50  94.93 2.63
2-7-724 0.5087  0.5044 2.54 0.4204 0.4174 2.35 92.65  94.73 2.25
gL 1-5-783 0.504) 0.5082  -0.06 0.4204  0.4202 014 91.34 9113  -0.23
€ 2-6-863 0.5044 0.5048  -0.24 0.4203 0.4205 -0.14  91.67 91.27  .0.83
2-6-853 0.5019 0.5013 0.36 0.4203  0.4200 0.21 92.85  93.03 0.19
2-6-856 0.4967  0.4962 0.30 0.4204  0.4201 0.21 93.01  93.19 0.19
95% 1D 2-2-354 0.4989  0.4986 0.18 0.4145 0.4144 0.07  95.37  95.46 0.09
Stable 2-2-402 0.4972 0.4971  0.06  0:4144 0.4143  0.07  95.46 9553 0.07
2-1-65 0.5013  0.5010 0.18 0.4205 0.4203 0.14  95.59  95.72 014
2-5-489 0.5139 0.5138 0.06 0.4224  ©.4223 0.07  95.97  96.01 0.04
a.)If shrinkage is isotropic, -3aL _ -3aD _ ap
° % ) "q

b.)Laminations observed after resintering
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1700°C/24 Hr.

92% 10 1-6-751
Unstable .
-753
-749
2-7-15
92% Tp 1-5-897
Stable
-872
2-6-866
1-5-898
95% 1D 2-1-250
Stable
2-2-408
2-5-582
-604
1700°C/48 Hr.
92 4TD 1-6-751
Unstable 1-6-749
92% TD 1-5-897
Stable 2-6-866
95% TD 2-1-250
Stable 2-5-582

0.5061

0.5009

0.5285

0.5090

0.5135

0.5050

0.5032

0.4976

0.5123

0.4986
0.5145

0.5127

0.5061
0.5285

0.5135
0.5032

0.5123
0.5145

TABLE F-1.

0.4996
0.4953
0.5231
0.5038
0.5144b)
0.5043
0.5028
0.4967
0.5116

0.4978
0.5139

0.5126

0.4993
0.5230

0.5139
0.5021

0.5114
0.5135

.85

.35

.07

.06

-0.41

.42

.24

.54

i

.48
.35

.06

.03
12

.23
.66

.53
.58

[=]

4204

o

.4204

o

4204

=)

. 4206

0.4204

0.4205

0.4204

0.4205

0.4203

=3

L4145
.4224

=)

0.4225

=3

.4204
.4204

o

o

.4204
0.4204

o

4203
0.4224

F-2

=]

=]

o

o

=3

=)

o o

o o

o o

(Cont)

.4154

.4162

.4164

.4166

.4210

4208

.4204

.4202

.4199

ALY
4222

4223

4151
.4160

4212
.4200

.4198
.4220

3.57

3.00

0.29

0.29
0.14

0.14

3.78
3.14

-0.57
0.29

0.36
0.28

9

9N

92.

92.

9

91,

92.

92,

95.

95
96

96.

91.
92,

9t

95.
96.

.57

.70

72

.21

04

09’

65

.45
.0

13

40

.21
92.

04

65
01

95.

94,

95.

95.

90.

91

92.

92.

95

95.
96.

96.

95.
.49

95

90.
92.

96

32

53

.36

47

36

.90

29

38

64

01
96.

40

3.85

.3,

3.

-0.

-0.

IS

-0.
.65

o

45

16

.03

56

n

.47

.26

.27
28

.16
.34

55

.38
4



TABLE G-1. Thermal Diffusivity, Conductivity, and

Resistivity of 95% Stable TD Halden UO2

Thermal Diffusivity Thermal Conductivity Thermal Resistivity
Temperature, °C cmé/sec watt/cm °C cm °C/watt

Disc #1, Cycle #1

100 .0282 .0766 13.00
.0281 .0763 13.10

190 ‘ .0234 .0681 14.68
.0236 .0687 14.55

279 .0199 .0604 16.57
.0211 .0040 15.63

423 .0174 .0547 18.28
: .0176 .0553 18.07

562 .0151 .0484 20.66
.0155 .0497 20.13

662 : .0139 .0450 22.21
.0134 .0434 23.04

764 .0123 .0401 24.93
.0122 .0398 25.14

870 0113 L0371 26.97
0111 .0362 27.63

989 .0102 .0336 29.72
.00984 .0325 30.81

1090 .00888 .0294 34.01
.00928 .0307 32.55

1197 .00826 .0274 36.47
.00826 .0274 36.47

1305 .00758 .0253 39.50
.00773 .0258 38.73

1052 .00910 .0301 33.24
.00918 .0303 32.95

879 .0107 .0351 28.48
.0109 .0358 27.95

642 : .0152 .0492 20.34
.0145 .0469 21.33

403 0177 0555 18.03
.0175 .0548 18.23
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Table G-1 (cont'd)

Thermal Diffuéivity Thermal Conductivity Thermal Resistivity

Temperature, °C . cml/sec watt/cm °C cm °C/watt

203 .02 .0619 16.15
.0223 ' .0654 15.28

Cycle #2
516 .0153 .0488 20.49
.0161 .0514 19.47
838 0114 .0373 26.78
011 .0364 27.50
1110 .00866 .0287 34.87
.00873 - .0289 34.59
1415 : .00682 . .0230 43.51
. .00687 .0232 43.19
1510 .00640 .0219 45.70
.00644 .0220 45.42
1628 .00016 .0216 46.25
.00616 .0216 46.25
1630 .00621 .0218 45,83
.00621 .0218 45.83

Cycle #3
134 .0237 .0665 15.03
.0233 . .0654 15.28
327 .0173 .0533 18.76
.0179 .0552 18.13
535 .0143 .0458 21.85
.0147 .0470 21.26
777 .0112 .0366 27.35
.0115 .0375 26.63
966 .00956 .0315 31.76
.00974 .0321 ‘ 31.17
1124 .00859 .0285 35.14
.00863 .0284 35.18
1310 .00735 .0245 40.73
.00738 .0246 40.57
1533 .0649 .0223 44 .90
.0623 .0214 46.77



TABLE G-2. Thermal Diffusivity, Conductivity, and

Resistivity of 92% TD Unstable Halden UO2

. Thermal Diffusivity Thermal Conductivity Thermal Resistivity
Temperature, °C cmé/sec watt/cm °C cm °C/watt

Disc #1, Cycle #1

40 .0249 L0611 16.37
.0245 .0601 16.64

.0245 : .0601 16.64

160 .0221 .0610 16.39

.0221 L0610 16.39

.0221 L0610 16.39

279 .0180 .0529 18.90

' .0178 .0521 19.19

» .0181 .0529 18.90
462 .0147 .0449 22.27

.0145 .0443 22.97

.0148 .0452 22.12

587 .0129 .0400 . 25.00

.0130 .0403 24.81

.0126 .0391 25.58

691 : .0115 .0361 27.70

0117 0367 27.25

0116 .0364 27.47

800 .0108 .0341 29.33

.0105 .0329 30.40

.0106 .0332 30.12

911 .00997 .0316 31.65

.00979 L0311 32.15

.00992 .0315 31.75

1026 .00905 .0288 34.72
.00893 : .0284 13521

.00901 .0287 34.84

1140 .00842 .0269 37.17
.00812 .0260 38.46

.00835 L0267 37.45

1242 .00776 .0249 40.16
.00759 .0244 40.98

.00765 .0246 40.65
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TABLE G-2. (cont'd)

Tﬁermal Diffusivity Thermal Conductivity Thermal Resistivity

Temperature, °C . cml/sec watt/cm °C cm °C/watt

1151 .00787 .0252 39.68
.00787 .0252 39.68
902 .0102 .0323 30.96
.0102 .0323 30.96
696 .0127 .0398 0 25.13
.0127 .0398 25.13
420 .0163 .0494 20.24
.0166 .0503 ) 19.88
175 .0220 .0613 16.31
.0212 .0591 16.92

Cycle #2
262 .0196 . .0570 17.54
.0201 .0584 17.12
508 .0150 .0461 21.69
.0150 .0461 21.69
796 0117 .0369 27.10
0115 .0363 27.55
1045 .00916 .0292 34.25
.00908 .0290 34.48
1256 .00771 .0248 40.32
.00760 .0244 40.98
1360 .00709 .0229 43,67
.00706 .0228 43.86
1502 .00658 ‘ .0217 46.08
.00645 .0212 47.17
1593 .00635 .0213 46.95
.00633 .0212 47.17
1641 .00608 .0207 . 48.31
.00612 .0208 48.08
1630 .00624 ) .0212 4717
.00624 .0212 47.17



N

TABLE G-2 (cont'd)

Thermal Diffusivity Thermal Conductivity Thermal Resistivity

Temperature, °C . cmt/sec watt/cm °C cm °C/watt

Cycle #3

156 .0226 .0622 16.08

.0227 .0625 16.00

.0225 .0619 16.16

289 .0186 .0546 18.32

.0186 .0546 18.32

.0183 .0538 18.59

454 .0149 .0454 22.03

.0158 .0482 20.75

.0158 .0482 20.75

655 L0131 .0410 24.39

.0129 .0403 24.81

.0128 .0400 25.00

822 .0109 .0344 29.07

.0106 .0335 29.85

976 .00969 .0308 32.47

.00939 .0299 33.44

1126 .00862 .0275 36.36

.00838 .0268 37.31

1243 .00788 .0253 39.53

.00765 .0246 40.65

1381 .00698 .0226 44,25

.00686 .0222 45.05

1515 .00678 .0223 44 .84

.00669 .0220 45.45

1602 .00628 L0211 47.39

.00628 L0211 47.39

Disc #2, Cycle #4

499 .0143 .0437 22.89
.0147 .0449 22.27

847 .0108 0340 29.40
.0108 .0340 : 29.40

1075 o .00871 L0277 36215
' .00871 .0277 36.15
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TABLE G-2 (cont'd)

Thermal Diffusivity Thermal Conductivity Thermal Resistivity

Temperature, °C . cmé/sec watt/cm °C cm °C/watt
1252 .00801 .0256 T 39.04
.00797 .0255 39.23
1428 .00688 .0223 44 .82
.00681 .0221 45,28
1599 .00614 .0206 48.66
.00614 .0200 48.66
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TABLE G-3. Thermal Diffusivity, Conductivity, and
Resistivity of 92% TD Stable Halden UO2

Thermal Diffusivity Thermal Conductivity Thermal Resistivity
Temperature, °C cmé/sec watt/cm °C cm °C/watt

Disc #1, Cycle #1

105 .0256 .0670 14.93
.0262 .0686 14.58

.0251 .0657 15.22

215 .0194 .0548 18.25
.0191 .0540 18.52

.0205 .0580 17.24

338 .0169 .0500 20.00
.0167 .0494 20.24

.0163 .0482 ) 20.75

465 .0139 .0422 23.70
.0142 ‘ .0431 23.20

591 L0124 .0382 26.18
.0124 .0382 26.18

.0118 .0364 27.47

732 .0107 .0334 29.94
.0108 .0337 29.67

.0108 .0337 29.67

814 .0102 .0320 31.25
.0102 .0320 31.25

.0100 .0314 31.85

935 .00915 .0288 34.72
.00915 .0288 34.72

.00896 .0283 35.34

1005 .00872 .027¢6 36.23
.00858 .0271 36.90

.00878 L0277 36.10

1116 .00774 .0245 40.82
.00780 .0247 40.49

.00765 .0243 41.15

1219 .00711 .0227 44 .15
.00714 .0227 43.96



TABLE G-3 (cont'd)

Thermal Biffusivity Thermal Conductivity Thermal Resistivity

Temperature, °C - cm”/sec watt/cm °C cm °C/watt
Cycle #3

131 .0182 .0462 21.64
.0190 .0482 20.73

277 .0150 .0412 24.26
.0152 .0418 23.94

516 .0120 .0347 28.81
L0121 .0350 28.57

736 .00981 .0290 34.51
.01011 .0299 33.48

943 .00830 .0248 40,32
.00818 .0244 40.91

1099 .00742 .0223 44 92
.00742 .0223 44,92

1254 .00642 .0194 51.52

) .00645 .0915 51.29
1440 .00590 .0181 55.28
.00590 .0181 55.28

1606 .00552 .0175 57.20
.00552 L0175 57.20

Disc #3, Cycle #4

501 .0146 .0433 23.11
.0148 .0439 22.80

.0145 0430 23.27

878 .0104 .0324 30.84

.0103 .0321 31.14

.0104 _ .0324 ) 30.84

1198 .00803 .0262 38.22
.00814 .0257 38.98

.00793 .0250 40.0

1374 : .00698 0222 44,98
.00717 .0228 43,79

1497 .00639 .0207 48.38
.00639 .0207 48.38



‘.

TABLE G-3 (cont'd)

Thermal Diffusivity Thermal Conductivity Thermal Resistivity

Temperature, °C cmé/sec watt/cm °C cm °C/watt
1415 .00583 .0188 53.19
.00552 .0178 . 56.18
.00583 .0188 53.19
1202 .00728 .0232 43.11
.00739 .0235 42 .47
.00718 .0229 43.71
983 .00886 .0280 35.73
.00886 .0280 35.73
778 .0107 .0335 29.88
.0103 .0322 31.04
545 .0124 .0381 26.26
.0129 .0396 25.24
288 .0184 .0536 18.66

.0182 - .0530 18.86

Disc #2, Cycle #2

152 .0216 .0589 16.96
.0216 .0589 16.96

304 .0176 .0516 19.39
.0178 .0522 19.73

516 .0142 .0434 _ 23.06
.0143 0.437 22.90

695 .0119 0.370 26.99
.0114 .0355 28.18

908 .00996 .0316 31.69
.00969 .0307 32.58

1066 .00866 .0275 36.43
, .00862 .0273 36.60
1287 .00742 .0237 42.16
.00737 .0236 42.44

1443 .00663 .0215 46.54
.00658 .0213 46.89

1616 .00576 .0193 51.78
.00574 .0192 51.96

1614 .00540 .0172 58.31
.00542 L0172 58.09
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TABLE G-3- (cont'd)

Thermal Diffusivity Thermal Conductivity Thermal Resistivity

Temperaturé, °C cmé/sec watt/cm °C cm °C/watt
1606 .00576 .0191 52.40
.00555 .0184 54.39
1604 .00557 .0180 55.67
.00547 .0176 56.69
1483 .00599 .0188 53.13
.00649 .0204 49.04
1382 .00670 .0208 48.07
.00670 .0208 48.07
1112 .00751 .0230 43.53
.00751 .0230 43.53
830 .00957 .0290 34.52
.00967 ' .0293 34.16
604 .0114 ‘ .0340 29.44

.0155 .0343 29.18

G-10



FUEL PELLET AND CLADDING SURFACE ROUGHNESS AND ROUNDNESS MEASUREMENTS

Three fuel pellets, one from each fuel type, were used for the surface
and roundness measurements. Cladding samples were taken from three tubes
identified as 10-B, 18-C, and 23-B which were taken from the same lot as the
tubing used for the fuel rod cladding. Six half-sections of tubing were used
for the surface roughness measurements, and three full sections for the
roundness measurements.

Fuel Pellet Measurements

A1l pellet measurements were made on the cylindrical surface; no measure-
ments were made on the pellet ends. The following measurements were made:
e Axial Surface Roughness - Three measurements_spaced approximately 120

apart.

¢ Circumferential Surface Roughness - One measurement near the center of
each pellet and one measurement approximately 0.3 cm from each end of the
pellet.

Tubing Surface Roughness Measurements

The six samples of tubing used for the surface roughness measurements
were 7.5 cm long half-sections of tubing; the following measurements were made:

¢ Axial Measurements - One measurement was made at the 0° position and one
each approximately 60° from the 0° position on each half-section of

tubing as shown below:
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e The measurements started approximate1y 0.3 cm from the end of the tubing
section.

¢ Circumferential Measurements - One measurement was made near the center
of each section, and one measurement approximately 1.25 cm from each end
of each segment. The measurement extended at least to within 0.15 cm of
each edge of the section.

Tubing Roundness Measurements

The three samples of tubing for these measurements were pieces of tubing
15 cm long. The roundness of the inside surface of the tubing was measured at
a location approximately 5 cm from each end of the tubing.

Results

The results of the measurements are shown in Tables H-1 and H-2 and in
Figures H-1 - H-19.

TABLE H.1. Roundness Measurements for Pellets and Tubing

Roundness Deviation, In.

Pellet Type Top Center Bottom
95% TD Stable 0.00030 0.00030 0.00040
92% TD Stable 0.00025 0.00030 0.00030
92% TD Unstable 0.00035 0.00035 0.00030

Tubing No. Top Center Bottom

10-B 0.00025 Not 0.00025
18-B 0.00035 Measured 0.00025
23-B 0.00020 0.00020

H-2
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TABLE H-2. Surface Roughness Measurements

for Pellets and Tubing

Arithmetic Average - u in.

Axial Radial

Pellet Type N 3 Top Center Bottom
0° 90° 0° 90° 0° 90°
95% TD Stable 80 95 80 83 81 71 114 91 88
92% TD Stable 83 100 110 107 106 91 97 93 94
92% TD Unstable 110 80 95 100 104 86 91 96 96
Arithmetic Average - p in.
Axial

Top Bottom Circumferential
Tubing No. 60°-Left 0°-Center 60°-Right 60°-Left 0°-Center 60°-Right Top Bottom
10-B1 14 33 23 16 24 17 19
10-B2 17 26.2 27 18 28 15 22 21
18-C1 22.5 14 22 16 29 18 21 22
18-C2 25 22 24.5 21 23.5 16 22 19
23-B1 24 19 21.5 21 N 18 16 18
23-B2 18 17.5 15 24.5 26 21.5 19 21
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FIGURE H-1. Fuel Pellet Roundness at Three Locations for One 95% TD Stable
Fuel Pellet (No. 228). Each Division = 0.0001 in.

H-4



FIGURE H-2. Fuel Pellet Roundness at Three Locations for One 92% TD Stable
Fuel Pellet (No. 781). Each Divisipgn = 0.0001 in.

H-5



" FIGURE H-3. Fuel Pellet Roundness at Three Locations for One 92% TD Unstable
Fuel Pellet (No. 739). Each Division = 0.0001 in.
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FIGURE H-4. Cladding Inside Surface Roundness at Two Locations
Cladding Number 10B. Each Division = 0.0001 in.
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FIGURE H-5. Cladding Inside Surface Roundness at Two Locations
Cladding Number 18-C. Each Division = 0.0001 in.
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FIGURE H-6. Cladding Inside Surface Roundness at Two Locations
Cladding Number 10B. Cladding Number 23-B. Each
Division = 0.0001 in.
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Fuel at Three Locations 120° Apart.

Fuel Pellet Axial Surface Roughness for 95% TD Stable

Division

*AA = Arithmetic Average
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50 u in.

Fﬂel Pellet Axial Surface Roughness for 92% TD Stable

Fuel at Three Locations 120° Apart.
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Fuel Pellet Axial Surface Roughness for 92
Unstable Fuel at Three Locations 120° Apart.

Minor Division

*AA = Arithmetic Average

FIGURE H-9.
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‘ - 62CM |
g

l——* PO1SON PELLETS POSITI/ON NUMBERS ' POISON PELLETS Al

WF%B [TT I ]
MI2[3Ta]5]e [71819 lotifiz]13)1a 16117/ 18[19 20121 {22 |23 |24 {25 126 {27 |28 (29 {30]31]32 |33 13413536 {37]38 {39 |40|4] 142]43[44]4

; : l-4—750M——1
<———IZCMC—T .
50 CM

| 1
T0p BOTTOM
TOTAL NUMBER OF PELLETS IN EACH STACK - 49
NUMBER OF FUEL PELLETS - 45 32SOLID, 13 DRILLED - 0. 175 CM + 0.005 CM (0.069 0,002 (NCH) FURNISHED BY BNW
NUMBER OF POISON PELLETS - 4 DRILLED - .175 CM +0.005 CM (0.069 + 0.002 {NCH) FURNISHED BY HALDEN
PELLET DIAMETER
FA-431 \FA-a32  FUELDENSITY FILL GAS
ROD NO. CM tinch) CM Linch) % 1D FUELTYPE  1ATM
1 1.0681(0.4205 10681 (0. 4205) % STABLE  HELIUM
6 10681 (0.4205) 10681 (0. 4205) 92 UNSTABLE  HELIUM
FIGURE I-1. Stacking Arrangement for Rods 1 and 6
'4 e 2 M
! ——— TUNGSTEN SHEATHED THERMOCOUPLE
? PO1SON PELLETS POISON PELLETS
; POSITION NUMBERS
B
21318 1516 171819 (10| Wiz2{13]1a]15}16] 17 18] 19| 20| 23] 22(23 (24 25| 26| 27| 28] w30 31 [ 32 | 33) 34| 35| 36|37 38) 39\0 | AT m B M 5
1.5CM —»
, 12CM l——17.5cm
| E— — - S0CM
TOP BOTTOM

TOTAL NUMBER OF PELLETS IN EACH STACK - 48
NUMBER OF FUEL PELLETS - a“
NUMBER OF POISON PELLETS - 4

32 SOLID, 12 DRILLED - 0.175 £ 0.005 CM (0.069 + 0.002 INCH) FURNISHED BY BNW
DRIULED - 0.175 £0.005 CM {0.069 + 0.002 INCH) FURN{SHED BY HALDEN

PELLET DIAMETER

IFA-431 IFA-432 FUEL DENSITY FILLGAS
ROD NO. CM tinch) CM tinch % 1> FUELTYPE 1ATM
2 1.0528 (0. 4145 - % STABLE HELIUM
3 1.0858 (0. 4275) 1.0833 (0. 4265 95 STABLE HELIUM
5 . 1.0681 (0. 4205) 1.0681 (0. 4205) 92 STABLE HELIUM

FIGURE I-2. Stacking Arrangement for Rods 2, 3, and 5

I-1



r POISON PELLET

62 CM

ULTRASONIC THERMOMETER

TUNG STEN SHEATHED THERMOCUPLE

POSITION NUQABERS

POISON PELLETS

a

B [ 1 4 W 1} [ B
MIz2[314]15]16 [7 [8]9 [10]N]12]13[ 14] 15]16 | 17] 18] 19] 20{ 21{22 23| 24[25 | 25| 27| 2829 |30 |31|32 |33 [34|35|36| 37| 38| 39| a0[a1T42] 43] 24] 45)
i 7.5 CM —>|
19.1C™M 42.8 Cm
TOP 80TTOM
TOTAL NUMBER OF PELLETS IN EACH STACK - 48
NUMBER OF FUEL PELLETS - 44 32 SOLID, 12 DRILLED - 0. 175 £0.005 CM (0.069 + 0.002 INCH} FURNISHED BY BNW
NUMBER OF POISON PELLETS - 4 DRILLED - 0.175 £ 0.005 CM {0.069 + 0.002 INCH} FURNISHED BY HALDEN
PELLET DIAMETER
IFA-432 FUEL DENSITY FILL GAS
ROD NO. CM(INCH) % 1D FUEL TYPE 1ATM
2 1.0528 (0.4145) 95 STABLE HELIUM

FIGURE I-3.

Stacking Arrangement for Rod 2, IFA-432

PELLETS

FLATS
@/wmcu OF OVERSIZE

r POISON PELLET!

62 CM

TUNG STEN SHEATHED THERMOCOUPLE —\

MOLYBDENUM ROD. I1FA-431
TUNGSTEN ROD, 1FA-432

POSITION NUMBERS

/7
/

. POISON PELLETS
. R

ToP

JAEL T T 1 LT T/ ] / .
VI z 13714 {5 [e]zid8 [9 Tl uiyzlizlaalis el a1 a8l 19| 20] 21| 22] 23] 24| 25126 [27] 28] 29130 |31 |32 33 |34] 35|36 [37[ 3835 40 41 42] 43[ 2
[ L<—
lzcm 4.2CM (mini 7.5 CM—
‘ | — e - e S0CM — -
10.16 CM — —]
I 11.43 CM | I‘_ BOTTOM
TOTAL NUMBER OF PELLETS IN STACK - 48
NUMBER OF FUEL PELLETS - 44 27 SOLID, 17 DRILLED (FURNISHED BY BNW}, 95% TD, STABLE
NUMBER OF POISON PELLETS - 4 DRILLED - 0.175 £ 0.005 CM (0.069 + 0.002 INCH) (FURNISHED BY HALDEN)
FILLGAS - 1 ATM XENON
PELLET DIAMETER
PELLET {FA-431 |FA-432 HOLE DIAMETER 0.0127 CM (0.005 INCH
POSITION CM tinch) CM (inch} CM (inch} ON CENTER OFF CENTER
12-38 1.06810.4205) 1.0681 (0. 4205 -- -- -
35 0.175 £ 0.005 .
252 1.0681(0.4205) 1.0681 {0.4205) 0.069 £ 0.002) YES
7-10 1.0681(0.4205) 1.0687 (0. 4205} 0.160 + 0.005 YES --
{0.063 £ 0.002}
40-43 1.0681(0.4205) 1.0681 (0. 4205 0.160 +0.005 -- YES
{0.063 1 0.002)
6, 11, 1.0858 (0.4275) 1.0833 (0. 4265 0.160 £ 0.005 YES --
39, 4 10.063 £ 0.002
FIGURE T-4. Stacking Arrangement for Rod 4

I-2



62 CM

ELLET FO
l-— POISON PELLETS POSITI(}N NUMBERS . ISON PELLETS—L

!

B Al
lll23 A{5 161718 ]9 {10]11)12]13[14715]16(17[18)19{20)21{22|23]24{25]2}27[28{29(30]31{32)33[34]35(36(37| 38]39{ 40 41|42 [43]44]45]46

‘ e 1.5 cM—]
I - 60CM
ToP BOTTOM
TOTAL NUMBER OF PELLETS IN EACH STACK - 49
NUMBER OF FUEL PELLETS - 45 FURNISHED BY BNW
NUMBER OF POISON PELLETS - 4 FURNISHED BY HALDEN
PELLET DIAMETER
FA-432 FUEL DENSITY FILLGAS
RODNO. _ CM(INCH) % 1D FUELTYPE 1AM
1 1.0528 (0. 4145) % STABLE  HELIUM
8 1.0681 (0. 4205) % STABLE  HELIUM
9 1.0732 (0. 4225) % STABLE  HELIUM

FIGURE I-5. Stacking Arrangement for IFA-432
Replacement Rods 7, 8, and 9
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HALDEN TEST-FUEL COLUMN DATA - IFA-431

Rod No.: 1

Fuel Column Weight: 529.240 grams Exclusive of poison pellets

and replacement pellet

Fuel Column Length: 22.590 in.

Pellet Pellet Pellet Pellet
Position  Ident. Remarks Position Ident. Remarks
1 ., 21/2 poison pellet-top 25 432
2 167 26 364 I.D
3 10 27 355
4 158 28 300
5 171 29 342 1.D
6 84 30 366
7 163 I.D 31 375
8 152 1.D 32 457 I.D
9 381 1.D Replaced 33 394
10 395 34 295
1 344 35 405 I.D
12 294 I.D 36 445 '
13 392 , 37 347
14 451 38 350 I.D
15 456 | 39 397 I.D
16 410 40 365
17 415 L 361 I.D
18 404 1.D 42 88 I.D
19 343 43 79 I.D
20 430 44 153
21 341 45 2
22 362 1.0 46 82
23 423 47 2x1/2 poison pellet
24 421 . Extra 13 used in pos. 9



HALDEN TEST-FUEL COLUMN DATA - IFA-431

Rod No.: ?

Fuel Column Weight: 516.307 grams Exclusive of poison pellets

and replacement pellets

Fuel Column Length: 22.630 in.

Pellet Pellet Pellet Pellet
Position  Ident. Remarks Position Ident. Remarks

1 1x1/2 poison pellet-top 25 50

2 329 26 288 I.D

3 337 27 218

4 315 28 206

5 302 29 287 I.D

6 316 30 23

7 306 1.D 31 202

8 317 I.D 32 34 I.D

9 282 1.D Replaced 33 261

10 203 34 109

11 222 35 62 I.D

12 255 1.D 36 289

13 56 | 37 214

14 201 38 269 I.D

15 121 1.D 39 242

16 43 40 223

17 286 41 45 I.D

18 29 I.D 42 303 1.D

19 231 . 43 309 1.D

20 150 44 313

21 266 45 311
22 290 1.D 46 319

23 283 47 2x1/2 poison pellet
24 285 Extra 336 Used in pos. 7
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HALDEN TEST-FUEL COLUMN DATA - IFA-431

Rod No.: 3

Fuel Column Weight  558.322 grams Exclusive of poison pellets
and replacement pellet

Fuel Column Length 22.890 in.

Pellet Pellet Pellet Pellet

Position Ident. Remarks Position Ident. Remarks
1 1/1/2 poison pellet-top 25 616
2 528 26 514 I.D
3 551 27 555
4 539 28 603
5 534 29 507 I.D
6 544 30 477
7 521 I.D 31 559
8 552 I.D 32 617 I.D
9 482 I.D Replaced 33 504
10 618 34 496
11 568 35 607 1.D
12 573 I.D 36 503
13 500 ~ _ 37 512
14 596 38 515 I.D
15 516 I.D 39 506
16 576 40 606
17 613 41 502
18 609 I.D 42 550
19 580 43 524
20 511 44 518
21 598 45 527
22 499 I.D 46 532
23 495 47 2x1/2 poison pellet
24 510 Extra 548 Used in pos. 9
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HALDEN TEST-FUEL COLUMN DATA - IFA-431

Rod No.: 4

Fuel Column Weight 533.608 grams Exclusive of poison pellets
and replacement pellet

Fuel Column Length 22.82 in.

Pellet Pellet Pellet Pellet
Position  Ident. Remarks Position  Ident. Remarks
1 2x1/2 poison pellet-top 25 217
2 11 removed 26 245 I.D
3 81 27 60
4 87 I.D 28 225
5 165 1.D 29 106 I.D
6 178 30 244
7 183 31 147
8 180 32 67 I.D
9 179 33 259
10 187 I.D 34 22
11 188 35 126 1.D
12 229 I.D 36 141
13 243 37 148
14 208 38 132 I.D
15 149 I.D 39 184
16 134 40 770
17 129 41 772
18 92 I.D 42 769
19 102 43 766
20 96 44 177
21 108 45 169 I.D
22 130 I.D 46 ] I.D
23 256 47 2x1/2 poison pellet
24 33 Extra 78



HALDEN TEST-FUEL COLUMN DATA - IFA-431

Rod No.: 5

Fuel Column Weight: 515,033 grams Exclusive of poison pellets

and replacement pellet

Fuel Column Length:  22.840 in.

Pellet _ Pellet Pellet Pellet
Position  Ident. Remarks Position Ident. Remarks
1 1x1/2 poison pellet-top 25 889 1.D
2 836 26 804
3 844 27 886 1.D.
4 827 28 868
5 828 29 871 I.D
6 811 30 802
7 846 <] 855 1.D
8 820 I.D 32 852
9 810 Immersion Density 33 887 I.D
replaced
10 869 _ 34 809
11 800 I.D 35 786 I.D
12 787 , 36 808
13 797 I.D 37 847 1.D
14 789 38 858
15 784 I.D 39 796 I.D
16 849 40 801
17 807 I.D 41 890 I.D
18 806 42 826 I.D
19 870 I.D 43 845 I.D
20 891 44 823 I.D
21 879 1.D 45 818’
22 793 46 838
23 861 I.D 47 2x1/2 poison pellet
24 790 Extra 833 Used in pos. 9



HALDEN TEST-FUEL COLUMN DATA - IFA-431

Rod No.: 6

Fuel Column Weight: 513.833 grams Exclusive of poison pellets

and replacement pellet

Fuel Column Length: 22.680 in.

Pellet Pellet Pellet Pellet
Position  Ident. Remarks Position Ident. Remarks
1 2x1/2 poison pellet-top 25 722 I.D
2 647 I.D 26 731
3 646 27 681
4 652 28 699
5 653 29 721
6 661 - 30 690
7 641 31 791
8 649 32 733
9 710 Replaced 33 741
10 734 34 735
11 706 35 742
12 718 36 687
13 745 _ 37 713
14 712 38 746
15 748 39 704
16 743 40 740
17 755 41 688
18 727 42 ' 640
19 701 43 645
20 693 44 669
21 756 45 642
22 747 46 654
23 732 47 2x1/2 poison pellet
24 711 Extra 656 Used in pos. 9
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 1

Fuel Column Weight: 532.151 grams

Fuel Column Length: 22.75 in.

Pellet Pellet Pellet Pellet
Position  Ident. Remarks Position Ident. Remarks
1 poison pellet-top 25 99 1.0.
2 5 I.D. 26 131 I.D.
3 12 I.D. 27 112 I.D.
4 83 I.D. 28 28 I.D.
5 73 I.D. 29 247 I.D.
6 154 I.D. 30 234 1.D.
7 7 I.D. 31 - 25 I.D.
8 85 I.D. 32 211 I.D.
9 4 1.D. 33 224 1.D.
10 6 1.D. 34 233 I.D.
11 18 I.D. 35 144 1.D.
12 164 I.D. 36 219 I.D.
13 173 I1.D. 37 272 I.D.
14 77 I.D. 38 140 I.D.
15 89 [.D. 39 120 I.D.
16 41 I.D. 40 258 1.D.
17 275 I.D. a1 107 I.D.
18 277 I.D. 42 166 1.D.
19 278 I.D. 43 71 I.D.
20 267 I.D. 44 161 1.D.
21 66 I.D. 45 172 I.D.
22 246 I.D. 46 174 I.D.
23 257 I.D. 47 poison pellet

24 260 I1.D.
Extra 168
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Rod No.:

Fuel Column Weight:

—2

HALDEN TEST-FUEL COLUMN DATA - TFA-432

509.021 grams

Fuel Column Length: 22.49 in.

Pellet Pellet Pellet Pellet

Position  Ident. Remarks Position Ident. Remarks
1 poison pellet-top 25 384 I.D.
2 321 1.D. 26 - 398 I.D.
3 318 1.D. 27 369 1.D.
4 308 I.D. 28 383 I.D.
5 307 I.D. 29 431 I.D.

"6 331 I.D. 30 386 I.0.
7 312 I.D. 31 437 I.D.
8 333 1.D. 32 345 I1.D.
9 304 1.D. 33 142 I.D.
10 9 I.D. 34 406 I.D.
11 162 I.D. 35 388 I.D.
12 72 I.D. 36 298 I.D.
13 160 1.D. 37 407 1.D.
14 76 I.D. 38 210 I.D.
15 323 I.D. 39 459 I.D.
16 390 I.D. 40 380 I1.D.
17 420 1.D. 41 441 I.D.
18 385 I1.D. 42 327 1.D.
19 443 I.D. 43 301 I.D.
20 338 I.D. 44 325 I1.D.
21 346 1.D. 45 334 1.D.
22 414 I.D. 46 328 I.D.
23 384 1.D. 47 poison pellet
24 393 I.D.

Extra 330
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Rod No.:

Fuel Column Weight:

HALDEN TEST-FUEL COLUMN DATA - IFA-432

545.103 grams

Fuel Column Length: 22.46 in.
Pellet  Pellet Pellet Pellet
Position Ident. Remarks Position Ident. Remarks
1 poison pellet-top 25 619
2 545 26 587 I.D.
3 535 I.D. 27 620
4 540 28 569
5 530 1.D. 29 605 1.D. ‘
6 519 30 570
7 523 I. 31 509
8 520 L. 32 588 I.D.
9 562 I. 33 589
10 476 34 489 I.D.
11 611 I[.D. 35 597
12 591 36 612 I.D.
13 610 I1.D. 37 599
14 584 38 594 I.D.
15 574 I1.D. 39 602
16 478 40 608 I.
17 590 I.D. 41 549 I.
18 572 42 547 I.
19 583 43 537
20 615 I.D. 44 533 I.D.
21 501 45 531
22 479 46 poison pellet
23 577 I.D.
24 575
Extra 546
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 4

Fuel Column Weight: 519.625 grams

Fuel Column Length: 22.24 in.

Pellet Pellet Pellet Pellet
Position  Ident. Remarks Position Ident. Remarks
1 poison pellet-top 25 251
2 75 I.D. 26 40
3 176 27 133 1.D.
4 3 I.D. 28 124
5 906 I1.D. 29 30
6 181 I.D. 30 264 1.D.
7 175 31 113
8 170 I.D. 32 274
9 182 I.D. 33 240 1.D.
10 912 I.D. 34 104
11 215 I.D. 35 44 I.D.
12 139 36 226
13 239 1.D. 37 209 1.D.
14 1AR 38 901 I.D.
15 118 1.0. | 39 775 1.D.
16 95 40 764
17 115 41 763
18 263 I.D. 42 774
19 252 43 902 I.D.
20 57 44 80 I.D.
21 236 I.D. 45 157
22 51 46 poison pellet
23 49 Extra 137 solid
24 94 I.D. Extra 186 on-center -(0.063)
Extra 86 on-center (0.061)
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Rod No.:

Fuel Column Weight:

HALDEN TEST-FUEL COLUMN DATA - IFA-432

510.600 grams

poison pellet

Fuel Column Length: 22.78 in.
Pellet Pellet Pellet Pellet
Position Ident. Remarks Position Ident. Remarks
1 poison pellet-top 25 893
2 842 I1.D. 26 864
3 834 I.D. 27 881
4 815 I.D. 28 873
5 843 I.D. 29 895
6 830 [.D. 30 896
7 841 I.D. 31 878
8 829 I.D. 32 799
9 816 I.D. 33 882
10 835 I.D. 34 780
11 839 I.D. 35 859
12 819 I.D. 36 885
13 812 I1.D. 37 888
14 831 I.D. 38 883
15 837 I.D. 39 876
16 892 I.D. 40 875
17 900 I.D. 41 867
18 865 I.D. 42 840
19 779 I.D. 43 824
20 851 I1.D. 44 832
21 791 I.D. 45 817
22 894 I.D. 46 822
23 792 I.D. 47
24 794 I.D.
Extra 825
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Rod No.:

Fuel Column Weight:

HALDEN TEST-FUEL COLUMN DATA - IFA-432

512.629 grams

poison pellet

Fuel Column Length: 22.67 in.
Pellet Pellet Pellet Pellet
Position  Ident. Remarks Position Ident.  Remarks
] poison pellet-top 25 726
2 671 I.D. 26 686
3 668 I.D. 27 728
4 672 I.D. 28 680
5 663 I.D. 29 703
6 643 I.D. 30 673
7 666 I.D. 31 738
8 657 I.D. 32 676
9 659 I1.D. 33 700
10 670 I.D. 34 705
1 814 I.D. 35 674
12 650 I.D. 36 696
13 665 I1.D. 37 685
14 638 I.D. 38 708
15 651 I.D. 39 736
16 698 I.D. 40 707
17 679 I.D. 41 714
18 695 I.D. 42 662
19 683 I.D. 43 664
20 692 I.D. 44 667
21 702 1.D. 45 664
22 677 I.D. 46 648
23 682 1.D. 47
24 678 I.D.
Extra 637
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Rod No.:

Fuel Column Weight:

HALDEN TEST-FUEL COLUMN DATA - IFA-432

516.642 grams

Fuel Column Length:  22.53 in.
Pellet Pellet Pellet Pellet
Position Ident. Remarks Position Ident. Remarks
1 poison pellet-top 25 449 I.D.
2 435 26 427
3 339 27 447
4 424 28 417 I.D.
5 458 I.D. 29 440
6 376 30 425
7 363 I.D. 31 357 I.D.
8 434 32 356
9 358 I.D. 33 444
10 372 34 439 I.D.
11 452 I.D. 35 367
12 422 36 413
13 351 37 299 1.D.
14 90 I.D. 38 352
15 373 39 391 1.D.
16 353 40 382
17 416 I.D. 41 348 I.D.
18 429 42 368
19 360 43 453 I.
20 371 I1.D. 44 455 I.
21 412 45 428 I.
22 436 46 401
23 359 I.D. 47 poison pellet
24 379
Extra 138
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Rod No.:

Fuel Column Weight:

HALDEN TEST-FUEL COLUMN DATA - IFA-432

538.192 grams

117

Fuel Column Length: 22.73 in.
Pellet Pellet Pellet Pellet
Position  Ident. Remarks Position Ident. Remarks
' 1 poison pellet-top 25 37 I.D.
2 46 26 220
3 59 I.D. 27 103
4 258 28 276 I.D.
5 54 I1.D. 29 268
6 105 30 36
7 38 31 221 I.D.
8 64 I.D. 32 262
9 213 33 58
10 35 34 53 I.D.
N 143 I.D. 35 24
12 216 36 48
13 235 37 55 I.D.
14 291 I.D. 38 117
15 232 39 292 1.D.
16 33 40 127
17 227 I.D. 4 270 1.D.
18 100 42 27
19 230 43 249 1.D.
20 97 I.D. 44 128
21 69 45 237 1.D.
22 281 46 63
23 123 I.D. 47 poison pellet
24 254
Extra 265



HALDEN TEST-FUEL COLUMN DATA - IFA-432

1

Rod No.: 9

Fuel Column Weight: 538.672 grams

Fuel Column Length: 22.45 in.

Pellet Pellet Pellet Pellet
Position  Ident. Remarks . Position Ident. Remarks

1 poison pellet-top 25 556

2 484 I.D. 26 571

3 585 27 558 I.D.
4 474 I.D. 28 565

5 555 29 560

6 631 I1.D. 30 472 1.D.
7 491 31 600

8 630 I.D. 32 486 I.D.
9 469 33 576

10 635 I.D. 34 490 I.D.
11 632 35 470

12 494 I.D. 36 475 I.D.
13 633 37 625

14 564 1.D. . . 38 628 I.D.
15 627 39 48]

16 561 I.D. 40 492 I.D.
17 624 4] 465

18 634 I.D. 42 621 I.D.
19 468 43 473
20 629 44 566 1.D.
21 483 1.D. 45 466
22 488 46 poison pellet
23 471
24 463 I.D.

Extra 462
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PRE-IRRADIATION LENGTH, DIAMETER, AND PROFILE MEASUREMENTS
COMPLETED FUEL RODS

The following techniques were used to provide pre-irradiation dimensional
measurements of the comp1eted.fue1 rods for IFA-431 and IFA-432.

Length Measurements

These measurements were made using V-grooves that machined into the fuel
rod end plugs for that purpose. The transducer support was brought to the
axial position on the lower V-groove which gave the minimum reading on the
digital voltmeter (DVM), thus indicating that the 0.2 cm diameter sapphire rod
forming the "knife-edge" is centered at the exact axial V-groove position.

(In practice this is done by manually stepping the transducer support upwards
until, after passing the minimum, the first increase in DVM reading is
obtained. One step corresponds to 0.001 cm.) The axial position is then read
off a scaler that counts the pulses going to the stepping motor. This proce-
dure is then repeated at the upper V-groove. The difference in the two axial
positions is the required distance between the two grooves.

Diameter and Profile Measurements

These measurements were obtained by driving the transducer support upward
along the rod at a constant speed (0.2 cm/sec). Two freefloating parallel
slides with knife edges are drawn into contact with the rod by connecting
springs. A built-in transducer (coil in one slide, core fixed to the other)
measures the distance between the knife edges, and thus the rod diameter.
Another transducer measures the transverse position of the right-hand slide
relative to the bench structures, and thus the rod axial profile. The DC out-
puts from the two transducer units are fed to a two-channel stripchart
recorder and, in parallel, to two DVM's. The paper transport on the
stripchart recorder is accomplished by a stepping motor fed by the same oscil-
lator controlling the movement of the transducer support on the profilometer
bench. By choosing an appropriate ratio on a frequency divider, the scale on
the original recorder chart can be 1:1, 1:2, 1:4, or 1:8. For these
measurements a scale of 1:1 was chosen giving 1.0 cm/scale division on the



reproductions. The produced plots have the Tower end of the rod to the left
and the upper end of the rod to the right. Due to the mechanical con-
struction of the two-pen recorder there is an axial displacement of approxi-
mately 0.4 scale divisions between the diameter and profile plots.

The sensitivities of the diameter and profile signals were adjusted by
using a calibration sleeve (desiginated IFA-411) as the lower support for the
rods. This sleeve has two precisely ground regions with accurately measured
diameters of 1.2269 and 1.2505 cm. The input sensitivities of the recorder
channels were adjusted in such a way that a sensitivity of 10 um/scale divi-
sjon was obtained for both the diameter and profile curves. The recorder zero
of the diameter channel was set to produce the 1.25 cm diameter on the 30
scale division 1ine for IFA-431 and on the 40 scale division line for IFA-432,

~ Tables J-1 and J-2 summarize the rod Tength measurements in both the 0°
and 90° orientations for IFA-431 and IFA-432, respectively.

J-2



TABLE J-1. Pre-Irradiation Length Measurements for IFA-431

Pin No. Orientation Upper (mm) Lower (mm) L (mm)
1 0 645.72 .000 645.72
1 90 645.64 .000 645.64
2 0 645.38 .000 645.38
2 90 645.33 .000 645.33
3 0 645.56 .000 645.56
3 90 645.60 .000 645.60
4 0 645.49 .000 645.49
4 90 645.47 .000 645.47
5 0 645.65 .000 645.65
5 90 645.59 .000 645.59
6 0 645.60 .000 645.60
6 90 645.59 .000 645.59

J-3



TABLE J-2. Pre-Irradiation Length Measurements for IFA-432

Orientation

Groove Position

Pin No. Upper (mm) Lower (mm) L (mm)
1 0 645.29 .000 645.29
1 90 645.27 .000 645.27
2 0 645.29 .000 645.29
2 90 645.29 .000 645.29
3 0 645.53 .000 645.53
3 90 645.53 .000 645.53
4 0 645.25 .000 645.25
4 0 645.26 .000 645.26
5 0 645.42 .000 645.42
5 90 645.54 .000 645.54
6 0 645.75 .000 645.75
6 90 645.74 .000 645.74
7 0 645.42 .000 645.42
7 90 645.44 .000 645.44
8 0 645.47 .000 645.47
8 90 645.48 .000 645.48
9 0 645.65 .000 645.65
9 90 645.63 .000 645.63

J-4
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FIGURE J-29. IFA 432, Pin 9, Orientation 0°
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FIGURE J-30. IFA 432, Pin 9, Orientation 90°
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