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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:

" experimental data

" error and uncertainty analysis of the experimental data

* post irradiation examination

* data analysis of the many separate effects addressed by these experiments

" improved mathematical models developed from the data and analysis

i i~i
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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 lack of well-characterized data

for fuel irradiated throughout the normal operating power range of commercial

nuclear power plants.

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 I-1. HBWR Operating Data at 12 MW

Coolant Pressure

Heavy Water Saturation Temperature

Plenum Inlet Temperature

Thermal Neutron Flux

Fast Neutron Flux ( >1 MeV)

Average Fuel Power Density

3.45 MPa (500 psi)

240°C (464°F)

237°C (459°F)

'\-3 x 1013 n/cm 2-sec

5 x I0II n/cm2 -sec

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

fuel modeling. The organization is therefore based upon

sequence of events describing the design and fabrication

blies as follows:

data analysis and

a chronological

of the fuel assem-

Section 2.0,

Section 3.0,

Section 4.0,

Section 5.0,

Section 6.0,

Section 7.0,

Section 8.0,

Test Rationale - justifies the tests based upon the under-

standing of fuel safety problems as of July 1974.

Fuel Rod Design - describes the six rods in each assembly.

Fuel Assembly Design - describes the assembly hardware.

Pretest Predictions - provides computer code predictions

made with the GAPCON-THERMAL-2 and FRAP-S codes before the

assemblies were built and charged.

Fuel Pellet Fabrication - details the fabrication process

for the selected fuel types.

Fuel Pellet Pre-irradiation Characterization - provides data

of most importance to future data analysis and fuel rod

modeling.

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 attempting 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 limited 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 licensing codes, the NRC Division of

Technical Review maintains several computer codes, among which are the

GAPCON-THERMAL( 1 ' 2 ) and FRAP-S(3) series for stored energy calculations.

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

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:

* 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.

* There was no data available to describe the effects of densification upon

fuel temperatures.

" 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

" assure a densification-resistant fuel,

" provide a density typical of 1974 vintage fuel designs, and

" 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 (0.001.5 in.) , even larger initial gaps could be expected.

Prior to the availability of data from the Edison Electrical Institute/

Electric Power Research Institute (EEI/EPRI) densification program, (5,6) the

Halden program, 7) and individual fuel vendor programs, instantaneous

densification was assumed.(4) That is, a 0.0406 cm gap (for the example

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

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

technique that will be used is based on the conductivity integral8"8)

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:

o Cohen et. al( 9 ' 1 0) reported no apparent effect of the gas atmosphere

within the rods. Rods having diametral gaps of approximately 0.0076 cm

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

* Horn( 1 1 ) 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.

* Lawrence et. al( 12 ) reported that a He-41% Xe mixture had no apparent

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

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

low-density, stable fuel. Results of recent experimental work(5' 13 ) provide

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, 1 3 ) have 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 Halden,( 7 ) terminal densities derived from the

EEI/EPRI studies,(6) and resintering tests conducted at PNL (Section 7.4).

Data from rod 6 will be used to verify NRC densification models( 14 ' 1 5 ) and

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 lower 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 examination (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 variables,( 16 ' 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 swelling.(') 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-life 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

least 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 little 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.( 2 2) 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

accomplish 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 models, (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 tfe

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 lower thermocouples. This arrangement allows the determination of
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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-irradiation 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 0 C. The thermal conductivity of the fuel as a function of

temperature was then determined from information obtained on the diffusivity,
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heat capacity, and density.( 2 5 ) Use of this thermal conductivity data,

rather than the Lyons (26) 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 (6) 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 i'V Rod Dynamic
Rod Number Size Relocation Eccentricity Stability Composition Density Power Pressure Temperature

I(9-He-95-5)(a) X X X X X X

2(15-He-95-5) (b)(c) X X X

3 ( 2 -He-95-5)(b)(c) X X X X

4(9-Xe-95-5)(b) 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 l(9-He-95-S): I 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 rod geometry 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. All pellets

have flat ends, were enriched to 10 wt% 2 3 5 U, and were fabricated by com-

pacting and sintering UO2 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-B353-71(I) 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 duriing 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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FIGURE 3-1. Stack Arrangement for Rod 4 with Xenon Fill 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). All of the temperature sensors are thermocouples,

except for one ultrasonic thermometer which is located in the upper region of

rod 2, IFA-432.

S
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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)

Diameter
Rod Pellet
No. in. mm

Cold
Diam tWal

Gap a Fill
in. mm Gas

1

2

3

4

5

6

0.4205

0.4145

0.4275

0.4205

0.4205

0.4205

10.681

10.528

10.858

10.681

10.681

10.681

0.009

0.015

0.002

0.009

0.009

0.009

0.229

0.381

0.051

0.229

0.229

0.229

He

He

He

Xe

He

He

Fuel
Density

% TD

95

95

95

95

92

92

Instrumentation
Fuel Burnup Temperature Cladding

Type(b) MWd/MTM Upper Lower Pressure Length

Stable 4,000 TC(c) TC PT(d) ES(e)

Stable 4,000 TC TC -- ES

Stable 4,000 TC TC -- ES

Stable 4,000 TC TC -- ES

Stable 4,000 TC TC PT ES

Unstable 4,000 TC TC PT ES

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

1

2

3

4

5

6

7

8

9

0.4205

0.4145

0.4265

0.4205

0.4205

0.4205

0.4145

0.4205

0.4225

10.681

10.528

10.833

10.681

10.681

10.681

10.528

10.681

10.732

0.009

0.015

0.003

0.009

0.009

0.009

0.015

0.009

0.007

0.229

0.381

0.076

0.229

0.229

0.229

0.381

0.229

0.179

He

He

He

Xe

He

He

He

He

He

95

95

95

95

92

92

95

95

95

Stable

Stable

Stable

Stable

Stable

Unstable

Stable

Stable

Stable

20,000
4,000(f)

4, 000 (f )

4,000(f)

20,000

20,000

16,000

16,000
16,000

TC

UT(g)

TC

TC

TC
TC

TC

TC

TC

TC

TC

TC

PT

PT

PT

ES

ES

ES

ES

ES

ES

(a) Cladding for all rods has an OD of 0.5035
Diametral gap is cladding ID minus pellet

(b) With respect to in-reactor densification.
(c) TC = Thermocouple
(d) PT = Pressure Transducer
(e) ES = Elongation Sensor
(f) Removable rods replaced by Rods 7, 8, and
(g) UT = Ultrasonic Thermometer

in. (12.789 mm) and an ID of 0.4295 in. (10.909 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

HBWR IV CORE LOADING NO. 19 DATE:NOV 1975

CONTROL ROD (CS 19) 29

O INSTRUMENTED FUEL ASSEMBLY (IFA-431) 49

G 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:

" 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.

* 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

STEAM SAMPLER A-A
00 2400 mm WATER LEVEL 0 OUTLET THERMOCOUPLES ND4

'~2278 mm
-,OUTLET TURBINE VELOCITY METER 6 0 0 1

50 2

GUIDE TUBE ND6* 0 0 9 ND5

4 3

ALUMINUM FLOW TUBE B-B

* ND1
60 01.

3 PRESSURF TRANSDUCERS 50 0 2
6 FUEL RODS ND3e 0 0 9 ND2

1y 1008 mm 6 FUEL CENTER THERMOCOUPLES 4 3
1008mm 3 VANADIUM NEUTRON DETECTORS

_ 804 mm 1 COBALT NEUTRON DETECTOR

[1 _T 586 mm * 3 VANADIUM NEUTRON DETECTORS
_V 517 mm- 6 FUEL CENTER THERMOCOUPLES

6 CLADDING ELONGATION SENSORS
_- 285 mm

INLET THERMOCOUPLES
NATURAL CIRCULATION 7 INLET TURBINE VELOCITY METER

NORMAL OPERATION• , CALIBRATION VALVE
/ _V 0 mm __ CORE BASE PLATE

FORCED CIRCULATION - CALIBRATION ONLY

FIGURE 4.2. Schematic of Instrumented Fuel Assembly - IFA-431
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" 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.

" 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

12

S10

'- 6

2

0

- - - UPPER THERMOCOUPLE

(ULTRASONIC THERMOMETER
- \ 1.ROD2, IFA-4 32)

LOWER THERMOCOUPLE- -

VANADIUM

-7 'NEUTROI
- - - ~DETECTORS_____

I COBALT FLUX PROFILE

NEUTRON DETDCTOR T-

FUEL

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
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5.0 PRETEST PREDICTIONS

Pretest predictions for both IFA-431 and IFA-432 were made with the

GAPCON-THERMAL-2(I) (9-1-1974 version) and FRAP-S(2) (MODOOI-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.

2500

'4

z
'4

n

C-,

0~

z

z
(4

1500

1000

1500

IFA-431 ROD #I

FILL GAS * HELIUM
PELLET DENSITY = 95% TD
COLD GAP = 0.009 in.

GA PCON -THERMAL- 2

-- FRAP-S

/
/

/
/

A

A

Aloll
loo

300

250

E

150

100 Z

50

0

500

A
U

0 2 4 6

HEAT RATING, kWlft

8 10 0 2 4 6 10 12

BURNUP, MWDIMTM (x 10-3)

FIGURE 5-1. Predictions for IFA-431, Rod 1 (100% He, 95%. TD-S UO2
0.0229 cm cold gap)
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z

z
C,

250

200 -

150

100

50

0

-0.8185

500
- GALPCO-IHERMAL-2

-- FRAP-S

n I i I

0 0 2 4 6 8 10 12 14 16
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0 5 10 15

BURNUP x 10 3. MWDIMTM

FIGURE 5-2. Predictions for IFA-432, Rod 1
0.0229 cm cold gap)

(100% He, 95% TD-S, UO2

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 is 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

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

Rod Peak Temperature
Number Difference, oC(a)

1
2
3
4
5
6

+ 810
+1120
+ 130
+ 570(b)

+ 760

- 510,c)

Peak Pressure
Difference, atm(a)

+113
+175
- 4
+11 2 (b)
+105
+ 33(c)

Rod Peak Temperature
Number Difference, 'c(a)

1

2
3
4
5
6

+700

+800
+200
+700(b)
+70 0-400(c)

Peak Pressure
Difference, atm (a)

+210
+130
+ 40
+120(b)

+165
Very similar(c)

(a)(FRAP.S) - (GAPCON-THERMAL-2).
(b)FRAP-S did not contain a xenon option, argon was

used as a fill gas.
(c) Difference due to no densification model in FRAP-S.
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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. All pellets met the

specified tolerance of + 0.0005 in.

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

Weight: All 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 liquid 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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I. U02 ISOTOPIC BLEND AND CONVERSION

nlolffl • •STEP I I

[ENR I CHED U 02R

1-1 1-2 1-3
RECEIVlING DIS SOLUTION PRECI PITATI ON

DEPLETED U02 BLEND F I LTRATI ON

11. CALCINATION-REDUCTION ADU--- UO2  7 8 HOLD PO
6

CALCINE STABLIZE GRANULATE BATCH QUALITY LOT BLEI
REDUCE POWDER SIEVE VERIFICATION AND RELE

III. POWDER PREPARATION HOLD POINT

rn-n 3 1-2 111-3 STP V 1 S I Nil
STE Iy 2 T

U02 GRANULATION ELUPBE 2 TESTS
SLUGGING SIEVE BLEND

IV. PELLET FABRICATION

PELLET PELLET ]IV-3 C E N S EPRESSING SINTERING GRINDING STEP

V. PELLET INSPECTION- STORAGE AND SHIPPING

BATCH SAMPLE COMPOSITE SAMPLE

4

-V-2 V-3
PELLET 6 LOT SHIP

INSPECTIONRELEASE 7 RELEASE

FIGURE 6-1. Pellet Fabrication Process Flow Chart
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0 -VISUAL INSPECTION

O - DIMENSIONAL INSPECTION

O- DENSITY DETERMINATION
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GO -URANIUM ANALYSIS

FIGURE 6-2. Powder Quality Assurance Flow Chart
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TABLE 6-1. Pellet Requirements According to Rod Number
and Assembly Number

Required Number of Pellets

Fuel Rod Archive Overage Grand Total

No. 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 0.4205- 27 . 14(ýa 45 3 3fc1_ 5 3 31c_ 5 33 20 59
-1.4275.. 0 4b1 (b) -b) 6

5 92 stable 0.4205 33 12 45 7 3 10 (d) 3 2 5 43 17 60

6 92 unstable 0.4205 33 12 45 7 3 10 (d) 3 2 5 43 17 60

2 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 14(a) 45 3 3(c 5 3 3(c) 5 33 20 59
0.4265 0 -4$b 1 (b) 1%-b) 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 q2 unstable 0.4205 33 12 45 - - - 3 2 5 36 14 50

(a) Hole diameter in 8 pellets = 0.063"; four drilled on center, 4 drilled 0.005" off center.
(b) 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)lncludes archive pellets for Assembly 2.

POWDER LOT RELEASESEE CHART I I -A I

PELLETPLLE BATCH PROELLTLOSINPLLTDEST
B 

T 

PELEADAMTE
C 

E 

PELELENT

PROCESS PARAMETER FIRST BATCH E

CONTROL 6P PROCESS F
WR ITTEN PROCEDURES

I2
SAMPLE TES TS

L• [__ I NS PECTION DESCRI PTIONS

SFINAL RELEASE[ D -DISH DIMENSIONS

PELLET BATCH JjE - END SOUARENESS

FIGURE 6-3. Pellet Quality Assurance Flow Chart
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Pellet Defects and Cleanliness: All 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: Microstructures of representative pellets of each fuel

type (95% TD-S, 92% TD-S, 92% TD-U) were examined. Discussion of observed

structures, and microphotographs will be found in Section 7.0.

The pellets were specially packaged and handled during shipment. 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). These cans were then sealed with plastic tape and shipped in DOT-

approved fissile material containers.
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7.0 FUEL PELLET PREIRRADIATION CHARACTERIZATION

Fuel pellet precharacterization included the following:

" analytical measurements (to determine if the physical characteristics and

impurity content of the pellets met PNL specifications)

" density measurements,

* microstructural analysis,

" 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, as 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.1O, Appendix C lists the specification

limits.

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,(1) 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 liquid immersion techniques.

Geometric Density Measurements

Pellet densities were based on specified measurements: diameters - to

within +0.0001 in. at three locations on each pellet, lengths - 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

calcul ations.

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. All 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.

Wl

p- (W2_W3)/pZ

where3
P =-pellet density, g/cm3

W I = dry weight, g

W 2 = saturated weight, g

W 3 = suspended weight of saturated pellet, g

Pk = liquid density, g/cm3

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% TD

" 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
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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 pm 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 pm 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:

" selection of specimens

" specimen preparation

" perform microscopy

" take quantitative measurements

" 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-

men. Previous studies of this type(3-5)' have shown that these quantitative

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-plane 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 om A10 2 polishing agent contained in a

2% chromic acid bath.

SURFACE STRUCTURE

0 LONGITUDINAL PORE

DISTRIBUTION

0

TRANSVERSE PORE0
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 vim. Examination of pores smaller than 2 pm 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

size.(2-5) For grain-size measurements, a chemical etch (H2 02 - H2 So 4)

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 light microscopy and electron microscopy. A Zeiss "Ultraphot"

light microscope was used to prepare micrographs at 9, 31, and 125-100OX mag-

nification, covering the entire pore and grain-size range above a diameter of

2 Pm.

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 15,0OOX 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 resulting set of

micrographs, ranging in magnification from about 31X to approximately 15,00OX,

covered the entire pore population in sizes ranging from 0.05 pm to more than

300 Pm in diameter. In addition, the roughness of exterior pellet surfaces

was examined by SEM at magnifications of 50-100OX.
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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 100-100OX 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 image 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 spherical

pores of equal cross sectional area. In the case of severely elongated poros-

ity, the pores were treated as a chain of interconnected smaller pores. These

inter-connected pores were "separated" at each constriction within the long

pore and the resulting individual measurements were used as reasonable

estimates of the overall volume of the elongated pore. Based on previous

studies, 3-5) 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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three-dimensional results had been developed previously. (69,7• These

mathematical methods were incorporated into a computer program called

LINEST-II which is an extensive updating of the earlier LINEST program. 8 )

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 lo 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(9)

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
(g)

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 Pm is assigned to

reported grain sizes of less than 10 pm in diameter; an uncertainty of + 5 Wm

is assigned to reported grain sizes of greater than 20 pm 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 largest volume of pores

having diameters smaller than 1 pm, the 92% TD stable contained the largest

volume of pores greater than 10 pm, and the 95% TD stable fuel contained the

largest volume of pores between 1 and 10 pm. 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

lowest porosity at mid-radius positions and highest porosity in the central

locations.
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92% TD Unstable Fuel Pellet

92% TD Stable Fuel Pellet

50X 95% TD Stable Fuel Pellet 50oX

FIGURE 7.7. As-sintered and Ground Exterior Surface Structure
of the Three UO2 Fuel Types
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FIGURE 7.8. Coarse Porosity Characteristics of Fuel Type
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92% Unstable Fuel

7-12



Periphery Mid-Radius Axis 1 000OX

FIGURE 7.9. Typical Fine Porosity Characteristics of 92%
Unstable Fuel at Radial Positions (Magnifi-
cation for Entire Row)
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FIGURE 7.10. Coarse Porosity Characteristics of 92% Stable
Type Fuel (light micrographs)
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Periphery Mid-Radius Axis 1 O000X

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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Typical Fine Porosity Characteristics of 95%
Stable Type Fuel at Radial Positions (Magnifi-
cation for Entire Row)

FIGURE 7.13.
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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% TD 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 wm 5.6 7.7 6.1

Pores >10 pm 2.7 6.7 1.8

Pores <1 pm 3.5 2.0 0.6

Pore Diameter, vm

Median, all 1.8 21 5.1

Median, <1 pm 0.6 0.3 0.6

Median, >1 pm 8.5 36 5.1

Median, <10 jim 32 36 32

Maximum 220 89 100

Pore Population, no./cm
3

All Pores 1.9 x 1012 7.0 x 1012 2.4 x l01l

Pores >1 pm 1.2 x 1010 1.2 x 109 6.3 x 109

Pores >10 ýim 5.6 x 106 1.1 x 107 4.5 x 106

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

Radial Location Peripheral Mid-Radius Axial

Porosity Volume, %

All Pores 9.0 8.3 9.8

Pores >1 jm 5.0 4.9 6.4

Pores >10 pm 2.5 2.1 3.2

Pores <1 pm 4.0 3.4 3.4

Pore Diameter, Pm

Median, all 1.4 1.4 3.0

Median <1 vm 0.6 0.6 0.6

Median >1 pm 8.5 8.5 11

Median >10 jm 41 32 32

Pore Population, no./cm
3

All Pores >0.865 pjm 2.3 x 1012 1.8 x 1012 1.7 x 1012

Pores >1 pm 1.2 x 1010 9.7 x 109 1.4 x 10I0

Pores >10 ijm 3.7 x 106 3.7 x 106 8.7 x 106
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TABLE 7-3. Pore Distribution in 92% TD Stable Fuel Type

Radial Location

% Porosity Volume

All Pores

Pores >1 pm

Pores >10 km

Pores <1 pm

Pore Diameter, pm

Median, All

Median <1 pm

Median >1 pm

Median >1 Pm

Pore Population, no./cm
3

All pores >0.04 pm

Pores >1 pm

Pores >10 pm

Peripheral Mid-Radius

8.4

7.5

6.3

0.9

28

0.4

28

36

10.2

7.5

6.4

2.7

21

0.3

36

36

Axial

11.9

8.8

8.2

3.1

21

0.3

28

36

2.0 x 1012

1.8 x 109

9.7 x 106

1.0

9.9

9.1

x

x

x

1013 1.4 x 1013

108 9.5 x 107

106 1.7 x 107

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

Radial Location

% Porosity Volume

All Pores

Pores >1 pm

Pores >10 pm

Pores <1 pm

Pore Diameter, pm

Median, all

Median <1 pm

Median >1 pm

Median >10 pm

Pore Population, no./cm
3

All Pores >0.065 pm

Pores >1 pm

Pores >10 Pm

Peripheral Mid-Radius Axial

6.5

5.7

1.6

0.8

3.9

0.6

5.1

41

5.8

5.6

1.9

0.2

6.6

0.8

6.6

32

7.7

7.0

1.8

0.7

5.1

0.8

5.1

24

3.8 x 1011

8.3 x 109

6.8 x 10
6

3.0 x

5.8 x

1.1 x

i0II

109

106

1.4 x I0
11

4.5 x 109

5.2 x 106
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Specific characteristics of each fuel type are as follows:

92% TO Unstable Fuel

The median pore diameter of this fuel type is 18 Pm. The maximum pore

size observed was 220 vm. 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 Pm 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 vm (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 limit the densification achievable during

resintering.

92% TD Stable Fuel

The median pore diameter of the 92% TD-S fuel is 21 vm. The maximum pore

size observed was 89 vm, which is appreciably less than the 200 pm 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 vm

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 pm, the volume of sub-

micron pores is less than 10% of the total pore volume, and the maximum pore

diameter observed was 100 Pm. The additional small volume of pores which are

larger than 10 Pm (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 low total 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

All 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 Pm at the pellet periphery to 7 pm at the

pellet axis. Randomly distributed localized areas of approximately 60 Pm 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 Pm 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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FIGURE 7.18. Microstructure of
As-sintered 92% TD
Unstable Pellet. Trans-
verse section.

Periphery 1 00OX

Mid-Radius 1000X Axis O00OX
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Peripheral 500X Mid-Radius 1i00X

a. Pellet exhibiting coarse grain size at pellet periphery. Trans-
verse section.

Peripheral 250X Axis 250X

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 Pm near

the edge to approximately 70 pm 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 U4 09 . However, the 95% TD stable

fuel is stoichiometric (O/U ratio = 2.000) and U4 09 is probably not

present. It was finally concluded through X-ray orientation studies that the

plates were not U4 09 ; the plates occur on the (100) planes while U4 09

grows on the (111) planes in U02 . (10,11) 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.( 12 ) By using elec-

tron microscopy, Chalder showed that the plates had no finite width, and con-

cluded that the plates were "faults" in the U02 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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FIGURE 7.20. Microstructure of
As-sintered 95% TD
Stable Pellet. Trans-
verse section.

Periphery 250X

Mid-Radius 125X Axis 125X
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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, pm Section Size, pm Section Size, pm

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% TD Peripheral Trans. 18 Trans. 17 Trans. 30
Stable Midradius (a) Trans. 20 Trans. 14

Axial (a) Trans. 15 Trans. 15

Peripheral Long 14

Midradius 11

Axial (a)

95% TD 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 Om.
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 17000 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 7.21. Microstructure of 92%
TD Unstable Pellet
After Resintering at
1700'C, 24 hr. Trans-
verse section.

Periphery 250X

Mid-Radius 250X Axis 250X
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FIGURE 7.22. Microstructure of 92%
TD Unstable Pellet
After Resintering at
1600'C, 24 hr. Trans-
verse section.

Periphery 500X

4

*
Mid-Radius 500X Axis 500X
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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 1.m, while during the 1600 C test (Figure 7-24), grain size increased to 14 pm

In contrast, the grain size at the peripheral position did not increase during

the 1600'C test, but doubled during the 17001C 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) pellet 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

UO2 fuel types in the EEI/EPRI program.(3) Grain-size and pore-size dis-

tributions have not been independent variables in any of the reported cases.
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FIGURE 7.23. Microstructure of 92%
TD Stable Pellet After
Resintering at 1600 0 C,
24 hr. Transverse sec-
tion.

Periphery 500X

Axis 1 OOOX
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FIGURE 7.24. Microstructure of 92%
TD Stable Pellet After
Resintering at 1700'C,
24 hr. Transverse sec-
tion.

Periphery 250X

Mid-Radius 250X Axis 250X
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FIGURE 7.25. Microstructure of 95%
TD Stable Pellet After
Resintering at 1600 0 C,
24 hr. Transverse sec-
tion.

Periphery 250X

Mid-Radius 250X Axis 125X
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FIGURE 7.26. Microstructure of 95%
TD Stable Pellet After
Resintering at 1700 0 C,
24 hr. Transverse sec-
tion.

Periphery 250X

Axis 250X
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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 pm 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 Pm

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 and Halden

Reactor studies(13) 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

irradiation-induced densification model derived by Marlowe( 14 ) and to serve

as a supplemental means for assessing fuel operation temperatures during

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 0C. The 1700 0C, 24 hr test condition was selected since it was in
compliance with the proposed NRC guideline for predicting maximum irradiation

density changes based on resintering test results.( 1 5 ) The 1600 0 C, 24 hr

condition was selected as a less severe test condition. The 1700'C, 48 hr

test consisted of selected 1700 0C, 24 hr pellets which were resintered for an

additional 24 hr to determine whether the 1700 0 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 0C,

7.8-hr test should be equivalent to those of the 1600 0C, 24-hr test. Pellets

were heated at the 1700 0C, 4 hr condition in order to gain a more complete

definition of densification kinetics at 1700 0C.

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 Z/hr (2 ft 3 /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 linear intercept method.(9)

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
(3)Fuel Densification Program , 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
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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 large

number of pores bigger than 1 pm. 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 pm) 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 0C, 7.8-hr test would be expected to yield density changes

comparable to those of the 16000 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 16001C 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.

Marlowe, (14) Stehle and Assmann, (16) and Hastings and MacEwen( 17 )

have derived models to describe irradiation-induced densification in fuels.

(a) Calculated times are based on the diffusion coefficient, D = 2.32 x
0-5e-82000/RTcm2 /sec, used by Marlow( 14 )for similar calculations.
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TABLE 7-6. Results of 1600 0 C, 24-hr and 1700'C, 7.8 hr
Resintering Tests

a

Type

92 Unstable

1600°C/24 Hour
Initial Density

Density, % TD Change, % TD

91.68 2.91
91.71 2.64
92.21 2.61
92.79 1.96

1700°C/7.8 Hour
Initial Density

Density, % TD Change, % TD

91.42 3.29
91.89 3.34
92.42 2.79
92.50 2.69

92 Stable

95 Stable

91.24
91.54
91.83
92.09

95.34
95.54
95.65
96.05

-0.03
0.13
0.20
0.08

0.06
0.01
0.03
0.05

91.11
91.22
92.18
92.63

95.38
95.49
95.68
95.75

-0.93
-0.88
0.55
0.55

0.27
0.27
0.24
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

stage sintering model that Coble( 18 ) had derived. Grain growth was assumed

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

G3 0 G0 + At (1 a)

(lb)G3 = At for G>>G.

where: G = grain size as a function of time, t

Go = initial grain size m cm

A = a diffusion coefficient dependent constant
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Based on these assumptions, Marlowe derived the following equation to describe

irradiation-induced densification.

(--densification

0

MD0 r Firr
3 0

G3 + ADO rFt0 irr
(2a)

where p

t

G
0.Do

irr
A

t'

G

D

M

AP

= pellet density, % TD

= fission rate, fission/cm 3-sec

= irradiation time, sec

= initial grain size, cm

= 1.27 x 10- 29 cm3 /fission

= structural constant defined by G3 = G3 + ADt'

= thermal test time, sec

= grain size as a function of time during thermal tests, cm

= thermally activated diffusion coefficient, cm 2 /sec

= constant defined by Ap = ý In ( G1 + ADt

= change in density during thermal tests, % TD

(2b)

Equation 2 was then combined with Equation 3 which describes irradiation-

induced swelling to yield Equation 4 which describes pellet behavior during

irradiation.

\ -t/welling
- -ps0 (3)

p=poexp(-SFt)+ T exp I-S A 2G3\ AD ir + Ft)ln + irr (4)
G. G3

where: p. =
S=

pellet initial density, % TD

fractional volumetric fuel swelling rate, assumed

to equal 0.5 vol% per 1020 fissions(14)
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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.

In the derivation of his final stage sintering model, Coble( 18 ) assumed

that Equation lb describes grain growth. The resultant equation predicts that

during final stage sintering, thermally-induced density changes are propor-

tional to ln(t). As Figure 7-28 shows, observed density changes for 92% TD-U

pellets are approximately proportional to ln(t). Variations from a strict

ln(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.

(INITIAL DENSITY, % TD)
(91.89) (91.57)

>-- 4 - (9.4 (91.57)

(92.16) o(91,70
=: 12.40)1

_Z __ R (92.40)
(92.08/92.50 (92.50) (9.72)

2- (92A42)~(92.65)

0 1 2 3 4 5

LOG e TIME, hr

FIGURE 7-28. Change in Unstable 92% TD Pellet Densities at 17000C as a
Function of Log e 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:

APthermal = B ln(l + 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 ratioM A
in Equation 2b while C replaces the ratior- In Equation 4, the same

substitution can be made for-o3 and--ý resulting in:

o e[_F 1 ot]l rrt 6
P . exp(-SFt) + B exp S + Ft) In (1 + CDO 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 16000 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( 17 )

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 regulations, (1)irradiation-induced densifi-

cation is related empirically to thermal resintering test results by the

following expressions:

For AP thermal <4% TD at 17000C, 24 hr:

AP irr 0 O< BU< 20 MWd/MTM

A rr =m log(BU) + b 20s BU< 2000 MWd/MTM (7)
APir thema BUŽý2000 MWd/MTM

For "~thermal i0

Airr=0

Data from the 1700 0C, 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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FIGURE 7-30. Fuel Behavior Predicted Using Proposed NRC
Resintering Guide

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 Marlowe( 14 ) and the NRC guideline,( 15 )

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% TO.

THERMAL DIFFUSIVITY AND THERMAL CONDUCTIVITY

The purpose of this study was twofold:

* to determine the thermal diffusivity and thermal conductivity of the

three fuel types

* 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 0 C. This method, which has been reported in detail(19),

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

liquid 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 Al2 03 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 0 C against a Pt/Pt-l0%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 + 31C.

The thermal diffusivity apparatus was calibrated using ARMCO iron( 2 0 )
(a)

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 0C

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 0 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 1600-16501C 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 0 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(cm 2/sec), was calculated from the relation-

ship

tc d2
- t1/2

where t 1/ 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 sample 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

expressi on

d = do (1 + AL/L 0 )

where AL/Lo is the fractional thermal expansion at temperature T, and do is

the sample thickness at room temperature. The assumed temperature dependent

expression for AL/L (19) was

AL/Lo = -2.0701 x 10-4 + 8.4051 x 10-6 T

+1.6502 x 10- 9T2 + 2.6128 x 101 3 T3

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

16-2500 0C.

The thermal conductivity, (W/cm °C), was calculated for each thermal

diffusivity data point from the relationship

A = 4.186 aC pP

where C (cal/g-C) is the heat capacity and p(g/cm ) is the sample den-

sity. The polynomial expression assumed for Cp(19) was

C = 5.4662 x 10-2 + 9.2506 x 10- 5T - 1.9890 x 10-7T2
P

+ 2.5575 x 10- 1 0T3 - 1.8582 x 10-13 T4 + 6.9070 x 10- 1 7T 5

- 9.7477 x lp- 2 1 T6

where T is in °C. This relationship is valid for the temperature range

27-25270 C. A density correlation was calculated from the expression:

(1 + AL/L)
3

where pois the density at room temperature and AL/Lo 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 P. values present after heat treatment.

Results and Discussion

The thermal conductivity results, expressed as thermal resistivity (1/k),

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 U02 thermal conductivity reported by Godfrey

et al.(21) and Lyons' (22,23). Appendix G contains the tabulated data for

measured thermal diffusivity, calculated thermal conductivities and thermal

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 0 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 0C (Cycle 2), or 1533 0C (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 0C (Table 7-7). The 1.2%

increase in density after 4.5 hr at 1605 0 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 0 C (Cycle 1) or above

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

Fuel Type
Disc No. Cycle No.

95% TD Stable
1 1

1 1

1 2
1 3
2 4
2 4

92% TD Unstable

1 1
1 1
1 2
1 3

2 4
2 4

92% TD Stable
1 1
1 1

2 2
2 3

3 4
3 4

Test Conditions
Temperature, Hold Time,

°C hr

Change in
Thickness,

Change in
Resistivity,

Change in
Density,

100-1305
1305-203

516-1628
134-1533

455-1605
1605-1428

40-1336
1336-175
262-1641
156-1602

499-1599(c)
1600-591

105-1415
1415-288

152-1616
131-1606

5016 1606(a,b)
1604-604

None

4.5

4.5 0.0%

None

4

None

None

None

None

None

None

None

-40%

-30%

+0.4

+1 .2

-1.6

+0.7

Initial Density,
% TD

95.6(d)

95.6(d)

94.6(e)

92.2(d)
92.2(d)

91.7(e)

92.2(d)

91.6(d)

90.7(e)

5 -0.6%

None

5.5 +3.2% -4.7

-2.44.5 +2.8%

a. Extensive microcracking, grain boundary separation, and pore migration.
b. Sample bowed and was fragile.
c. No change in microstructure.
d. 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.
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FIGURE 7 34. Thermal Conductivity of Halden U02 Type Fuels from Second
Order Fit of Pata and Comparable Thermal Conductivity for
Godfrey et al(19 ) and Lyons(22,2 3)

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 0C 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 0C.

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 0C for 5 1/2 hr and exhibited a 40%

decrease in thermal conductivity, a 3.2% increase in thickness, and a 4.7%

7-54



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 0 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 0 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:

" 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.

* By assuming that the change in density of the 92% TD-U fuel at 1600 0C

follows a ln time-dependency, and by extrapolation of the data to 4 hr, a

change in density of 1-2% during the diffusivity measurements at 1600 0 C is

predicted. However, a change of only +0.7% was measured on a disc.

* 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 0 C. However, density decreases of

-4.7 and -2.4% were measured following the diffusivity runs.
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FIGURE 7.36. Microstructure of 92%
TD Stable U02 , Transverse
Section, Axial Position,
Before and After 1605 0 C
Hold for 4.5 Hours

As Fabricated lOOX

10OX After 16051C Hold 200X
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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 low 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 temperature,

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 U02, 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,

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

sic nature of the fuel did not change but cracking or porosity occurred.

All 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, thel -versus-T
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curve is slightly "S" shaped; X-1 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 U02 measured by

Godfrey( 21) (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 U02 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 little change in the U02 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 = C + DT + 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( 2 1)

and Lyons.( 22' 23 ) The thermal conductivity of the 95% TD-S fuel is higher

than that of the reference U02; 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 16000 C; the thermal conductivity for the three fuel types was calculated

from this data. The effect of heat treatment near 1600 0 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 0C, 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 0C heat treatment.

The thermal conductivity from 20-1600 0 C for each of the three fuel types

is best represented by the following equations:

95% TD Stable Fuel

X1 = 11.7 + 1.50 x 10-2T + 4.50 x 10-6 T 2 cm- 0 C/W
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92% TD Unstable Fuel

X-I = 13.3 + 1.75 x 10-2T - 2.80 x 10-6T2, cm-C/W

92% TD Stable Fuel

A-1 = 13.3 + 1.90 x 1O- 2 T + 3.57 x 10-6T2, cm-°C/W

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 latter is a tracer-

type instrument that uses a stylus tracer (tip radius of 2.5 pm) and electri-

cal amplification. The roundness measurements are accurate to at least O.13pm

the surface roughness to at least 0.025 Pm.

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 pm for the fuel pellets, and from 5.1-10.2 Pm 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

y 1 O X=d
1.0 y I dx
d dfX=O

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 D IAMETER

NOMINAL PELLET DIAMETER

FIGURE 7-37. Fuel Pellet Roundness at Three Locations.
Each Division = 0.0001 in. (2.54 pm)

Pellet 739.
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NOMINAL CLADDING DIAMETER

CLADDING PROFILE

,NOMINAL CLADDING DIAMETER

-CLADDING PROFILE

FIGURE 7-38. Cladding Roundness at Two Locations.
Each Division = 0.0001 in. (2.54 pm)

Sample 18-C.

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

those for the cladding ranged from 0.4 - 0.7 pm. 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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-1

AXIAL

CIRCUMFERENTIAL

FIGURE-7-39. Axial and Circumferential Fuel Pellet Surface Roundness -
Pellet 739. Each minor division = 50 p in. (1.27 um)
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AXIAL

CIRCUMFERENTIAL

FIGURE 7-40. Axial and Circumferential Cladding Surface Roundness -
Sample 18. Each minor division = 20 p in. (0.51 pm)

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

Roundness Deviation
pm pin.

6.4-14.0 250-550

5.1-10.2 200-400

Surface Roughness
Axial

pm pin.

2.0-2.8 80-110

0.4-0.7 14-29

- Arithmetic Average
Circumferential

pm pin.

1.8-2.6 71-104

0.4-0.6 16-24
Pellet

Cladding
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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: 00 and 900. 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

900 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:

* fuel centerline thermocouples

* pressure transducers

" elongation detectors

0 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% ThO 2

sensor and transmission line. The sensors are 8.13 cm long and 0.076 cm in

diameter; the transmission line is 11.68 cm long 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 pressure. 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.

1. Alloy Composition

The chemical composition and impurity limits for grade RA-I (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 in. or better.

5. Hydride Orientation Ratio

The hydride orientation ratio shall not exceed 0.30.
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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 9CG

2 4B 5C

3 6C 12B

4 12A 25A

5 27A lOC

6 7C 20B

7 7A

8 20A

9 23C
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Sandvik Special M~etals Corporation
P.O. B0X 6027 KENNEWICK, WAShiNGTON 99336 PHONE 1509)1586-4131

PLEASE REMIT TO: [IXSandvik Special Metals Corporation
P.O. Box 6027, Kennewick. Wa. 99336

L Sandvik Special Metals Corporation

P.O. Box 360524 M, Pittsburgh, Pa. 15230

Invoice No. 4304

Invoice Date December 17, 1974

Your Order No. B5Y777-23524

Vendor Code No.

Terms Net 30 days

Service charge of 1% per montt
after__ days from date of invoic

Routing CONSOLIDATED FREIGHITAYS

Shipped Via Truck

S LD
TO

Shipped To
BATTELLE PACIFIC NORT}1WEST LABORATORIES

P.O. Box 999
Richland, WA 99352

BATTELLE
C/o ARCHO

1116 Building
Richland, WA 99352

L
ATTN: Accounts Payable

•Xollecl'
Date Shipped December 17, 1974 Freight [ Prepaid

Item Quantity Unit Amount
Price U.S. Funds

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. Pcs. Length

473-001 9AF36 7 162" each
9AF36 59 50" each

PACKING LIST & CERTIFICATION OF QUALITY INSIDE BOX

Gross: 101 lbs.
Tare: 48 lbs.
Net: 53 lbs.

xC: JE Rnsberry/Battelle A-3 SSM-473



SANDViK SPECIAL METALS CORP.
P.O. BOX U42? KLNNLWCICK. WA•I4INGION ,VJJJG PoIONE I!012 '.UG 4131

CI'-RTIFICATION OF QUALITI

TO:
P. 0. NO:
SPEC. Nu:
DWc. NO:
TYI'E:

DIMENSIONS:

Battelle I'ac1fic Northwest Laboratories
BSY-777-23524
AST11 B353-71 with exccptions

Sandvik Zircaloy-2 Tubes

ID: 0.4295" + 0.0005"
OD: 0.5035" + 0.0010"
Length: . 59 pCs @ 50" + 1/4"

7 pcs 0 162" + 1/4"

CERT NO:
LOT NO:
SS:1 140:
INGOT NO:
Annealed:

SIr:IIPE:NT DATE:
QUAN•TITY:

74460
9AF36
473
393566Q
918*F, 4 Hrs.
12/17/74
66

4

TENSILE PROVERTIES
Room U1s, psi:

0.22 YS, psi:
Elong. 2 in., %:

7L 0 F UTS, psi:

0.2% YS, psi:
Elong. 2 in., X:

105,300
80,700
22

64,100
46,500
26.0

BURST TEST With Mandrel Open End

104,200
80,200
23

62,600
46,000
28.0

17,400
48.0

.10

.11

.09

Circ. Elong.,%:
Circ. Elong. %:

hYDRIDE ORIE'NTATION
OD:

Fn: Mid:
ID:

17,300
50.0

.06

.04

.01

CORROSION T}E:ST 3 days Etched
Sample 1Wt/dr.2: 17 15

Color: Lustrous Black
Std. Wt/din2 :

Std. No:
Post-Caging Inner Surface Sample

Color: Lustrous Black ID

ClIEMICAL ANALYSIS
Hlydrogenu:
Nitrogen:
Oxygen:
Carbon:

17
21
1200

SURFACE ROUCHNESS
OD,pjS , microinch:
1D* R S 9 microinch: 20 20

18 18

DIMhENSIONS, STPAIGI!ITNESS, U/T FLAW &
FREE P'ATH TEST:

GRAJIN SIzE?
Long., ASTM: 11.0
Trans., ASTM: 11.0
Recrystallization Data: 1250*F, 45

11.*0
10.5

minutes

We. SAN16VIK SPCCIAL METALS COfPOnf(.TION. cenily %hot
P u wct Vso ,,I.,e N ,,. 3 3 y -

Mon.•, e,• ;C.,,4S, Ap.a'*erc. L

I

oll tubes-dolv.ed in this lot conform to the reQuirements of your

oUIoIlow ContooI Fieursoseiv•oII

svA1c or WVASHINGTONt

fi.tTY OF ULN1O Sulascistbj and sworn to before me this day of

NtiueV reu, .u llc .,. *ot lot Sis- * u' l U| to % hI18|Ui *I0.sdO.g at
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ADDRESS
Sandvik Special Hetals Corporation
P. 0. Box 6027
Kennewick, WA 99336

"7 TELEDYNE
WAH CHANG ALBANY

P.O.. BOX dGO

ALBANY. OREGON 9732I

MOW3) 926-4211 TWX 1510) 595-0973

ATTENTION OF: Don Darsow

.IN REGARD TO YOUR PURCHASE ORDER NO 7238
ITEM NO 1B

* DESCRIPTION Zircaloy- 2 Trex
0IMENSIOtjS 1.750" O.D.x.300" wall x 12'nom.L
SPECIFICATIONS SSM 1021-1 (dtd. 5/4/72) & 1'. 0.

THE TEST REPORT FOLLOWS:

*Rotary Forged, Extruded & Rocked - Unannealed

INGOT ANALYSIS
COM•OSITION 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 C.05-0.15 0.10 0.12 0.10
NJ 0.03-0.08 0.06 0.06 0.05

)10 L r+Ni 0.18F-0.38 0.31 0.34 0.28
Zr BALANCE

IMPURITIES IN PPM
Al 75 40 43 41
B 0.5 0.2 0.2 0.2
rd 0.5 <0.2 <0.2 <0.2
fa 3X <10 <10 <10
U 270 120 130 230
C 20 <5 <5 <5
Q. 20 <10 <10 <10
Cu 50 12 13 12
III 100 65 66 69

25 <5 <5 8
130 <50 <50 <50
20 <10 <10 <10

H4 50 <25 <25 <25
t; 29 28 34

7o0 <50 <50 <50
8.0 <25 <25 <25

100 <25 <25 <25
3.. 1.6 1.1 0.8

90. 1146 1190 1130 1350
1 12( <50 <50 <50
1, 50 <25 <25 <25
" 200 "<100 <100 <100

50 <25 <25 <25
- 20 <10 <10 <10

DATE

DATE SHIPPED

QUANTITY SHIPPED

PRODUCTION ORDER NO

HEAT NO

July 1, 1974
Ref. P.L./ 3
136 pcs. 6332.0 lbs.
B 3203
393566Q Zr-2

TUBE SHELL'ANNEAL
Intermediate vacuum anneal

2 hrs @ 1200 UF.

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. 01 11.5
Long.02 11.5

TUBE SHELL ULTRASONIC TEST RESULTS
PS-U10-Rev. 1 (0.012" defect level)

Results - Acceptable

TREX IDENTITY
Per attached layout shecet

7r.,:OT IIARDNESS, M1IN
r -. s-(200 wax) 1("3 - 172

(187 max) 168

kij'ct t,,tfltains 77.7 % Sponge.
Spcc. min: 4UZ

ANALYSIS "" P / 6 "''"

A-5I . uDIIY.. ..... .... . t•11 II ...
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TO

ADDRESS
Sandvik Special Metals Corporation
P. 0. Box 6027
Kennewick, WA 99336

'A TELEDYNE
WAH CHANG ALBANY

P. 0. BOX 460

ALBANY. OREGON 97321

(503) 926.4211 TWX (510) 95-0973

Cýý

ATTENTION OF: Don Darsow

.IN REGARD TO YOUR PURCHASE ORDER NO 7238 DATE July 1, 1974
ITEMNO 1B DATE SHIPPED Ref. P.L.# 3

* DESCRIPTION Zircaloy.- 2Trex OUANTITY SHIPPED 136 pcs. 6332.0 lbs.

DIMENSIONS 1.750" O.D.x.300" wall x 12 1norm.L PRODUCTION ORDER NO B 3203
SPECIFICATIONS SSM 1021-1 (dtd. 5/4/72) & P. 0. HEAT NO 393566Q Zr-2

THE TEST REPORT FOLLOWS:

*Rotary Forged, Extruded & Rocked - Unannealed

Fe+C

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
Ni 0.03-0.08 0.06 0.06 0.05
r+Ni 0.18-0.38 0.31 0.34 0.28
Zr BALANCE

IMPURITIES IN PPM
Al
B
Cd
Ca
C
Cl
Co
Cu
Hf
H
Pb
Mg
Mn
N
Si
Ti
W
V
0
Cb
Mo
Ta
V
Na

75
0.5
0.5

30
270

20
20
50

100
25

130
20
50
80

200
50

100
3.5

900-1400
120

50
200

50
20

40
0.2

<0.2
<10
120

<5
<10

12
65
<5

<50
<10
<25

29
<50
<25
<25
1.6

1190
<50
<25

<100
(25
<10

43
0.2

<0.2
<10
130

<5
<10

13
66
<5

<50
<10
<25

28
<50
<25
<25
1.1

1130
<50
<25

<100
<25
<10

41
0.2

<0.2
<10
230

<5
<10

12
69
8

<50
<10
<25

34
<50
<25
<25
0.8

1350
<50
<25

<100
<25
<10

TUBE S11ELL "ANEAL
Intermediate vacuum anneal

2 hrs @ 1.200UF.

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. #i1 11.5

Long.#2 11.5

TUBE SHELL ULTRASONIC TEST RESULTS
PS-U1O-Rev. 1 (0.012" defect level)

Results - Acceptable

TREX IDENTITY
Per attached layout sheet

- I

INGOT
Range
Average

ITARDNESS BMIN
(200 wax) 1b3 - 172
(187 max) 168

Ingot contains 77.7 % Sponge.
Spec. min: 40%

ibAN A LVS I qI• 4•1' in/
rlb cA ,,T6 r,, o,,Y . . ...... ..f-.4 1 t
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NUCLEAR ENERGY

DIVISIONGENERALL ELECTRIC

GENERAL ELECTRIC COMPANY ........ .. VALLECITOS NUCLEAR CENTER IfIIADIATION I'IO(U;rSSIN(; oi'rIiA

VALLECITOS ROAD. PLEASANTON. CALIFORNIA 94566, Phone (415) 052-2211

REACTIV'ITY TEST CERTIFICATION Page 1 of 1

Customar iane Sandvik Sccilal Metn11c Corp. Service Order#l 1C 5419
Customer P.O.T/ -OCJ Date Sentember 4, 197Li
G. E. r, eq ui s i t o n/ 'I! :•-S 3 ~ ""

1.0 Certificntion Record
This is to certify that the listed samples wcre Reactivity Tested at the General
Electric Nuclear Test Reactor per specification None
No determination was made for acceptability or rejectability of the samples.

2.0 Sample Identification Test Values Error Limits

2.1 356G-Al & 2 37.652 PPM BEO None

2.2 3133-BI-6 36.334 PP1I EEO Nlone

2.31 3129-CI-6 37.885 PPM BEQ None

2.4i

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.13

2.14

2.15 SbL" 9 ". 4

3.0 Date of Test 9/3/74 U.4V= SPC. L,•J

4.0 Reactor Run No. 6194

5.0 Standards Used for Test: See ECIow f] 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

.. pnerlar l-tElvI i c ;.iicaI~.r kc,.utL; ICac tot . A p',, p )
-JA)IA1ION ,SEIIVICL.; AND IIAL'IOISO'TOI'S rOI RIEnEARcH ANO INDUSTRY -

IM)t
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-o Sandvik Special Metals Corporation
ADDRESS P. 0. Box 6027

Kennewick, WA 99336

ATTENTION OF: D. W. Darsow

IN REOARD TO YOUR PURCHASE ORDER NO 0042
ITEM NO 1

'¶?TELEDYNE
WAH CHANG

P. 0. (lOX 460

ALBANY, OREGON 97321

ALBANY

503) 926-4211 TWX (510) 595-0973

DATE

DATE SHIPPED

DESCRIPTION Chemical analysis of Grad RA-1 Zr2OUANTITY SHIPPED

DIMENSIONS samples per ASTM B353-71 PRODUCTION ORDER NO

SPECIFICATIONS --- HEAT NO

THE TEST REPORT FOLLOWS:

September 20, 1974

C 8955

C
0
N
H
Hf

Cb
Ta
Sn
Fe
Cr
Ni
Cu
Al
B
Cd
Co
Mg
Hn
Ho
Pb
Si
Ti
U
V
W
Cl

ANALYSIS
AB-30

120
1220

26
8

50
<50

<100
1. 4 6Z
1240
970
51d

12
35

0.2
<0.2

<10
<10
<25
<25
<50
<50
<25
1.0
<25
<25
<5

IN PPM
AC-30

130
1220

32
9

48
<50
<100
1.527.
1330
1050

510
12
38

0.2
<0.2
<10
<10
<25
<25
<50
<50
<25
1.1
<25
<25

<5

AF
*100

1150
22
12
60

<50
<100
1.49%
1390
1090
".560

12
42

0.2
<0.2

<10
<10
<25
<25
<50
<50
<25
1.4
<25
<25

<5

RECEIVED

SEP ,1 1974
8"oadk ,pedal M.•a..

r'7---.

ANALYSIS

kbu ity Asurec n
0 Acting Quality Assurance Manager

0
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Zircaloy-2 Tubinq 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.

IDlI- XO-l- OD .... ....... .... . -------ID20D

xxx7 0D 0 1 0 D 2  003

Identification

Tube OD1 OD2 O03 DID ID2 LengthIdent.

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 12,781 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

12B 12.771 12.779 12.779 10.894 10.904 1269.5

20B 12.779 12.779 12.776 10.902 10.897 1269.7

5C 12.784 12.781 12.784 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

IOC 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
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PRETEST PREDICTIONS FOR IFA-431 AND IFA-432

Pretest predictions for both fuel assemblies were performed at PNL using

the codes GAPCON-THERMAL-2( 1 ) (9/1/1974 version, developed by PNL) and

FRAP-S(2) (MODOOl-EXPROO4-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-l through B-4, and

the assumed axial profile is presented in Figure B-l. 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.
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TABLE B-I. Input for GAPCON-THERMAL-2 Pretest Predictions for IFA-431

Rod Type

Variable

DFS
FRIDEN
FRACHE
FRACXE
VPLENZ
LFUEL
LVOIDZ
IDENSF

1

0.4201
0.95
1.0
0.0
0.108

22.59
22.59

0

2

0.4145
0.95
1.0
0.0
0.118

22.63
22.63

0

3

0.4275
0.95
1.0
0.0
0.080

22.89
22.89

0

4

0.4205
0.95
0.0
1.0
0.125

23.82
23.82

0

5

0.4203
0.92
1.0
0.0
0.109

22.84
22.84

0

6

0.4204
0.92
1.0
0.0
0.095

22.68
22.68

1

Common to all rods

ATMOS
DCO
DCO
DTEMP
FR35
EXTP
IPEAK
IRELOC
DVOIDZ
NCLAD

1
0.4293
0.5032

10.0
0.1

500.0
0
1
0.0685
0

NCON
NFLX
NPOW
NPRFIL
NTIME
ROUF
ROUC
TINLET
ZCLAD
IT

0
9

10
1

15
0.3 x 10-4

0.12 x 10-4

457.0
-1
0

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

PSEUDO 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 ,

TIME 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
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TABLE B-2. Input for FRAP-S Pretest Predictions for IFA-431

Rod Type

Variable 1 2 3 4 5 6

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
DCI 0.4293 IN 11
DCO 0.5032 NT 11
DE 0.0 P2 15 x 1050.0
DSPG 0.350 RDISN 0.0
DSPGW 0.039 ROUGHF 0.3 x 10-4
ENRCH 10.0 ROUGHC 0.12 x 10-4
FGPAV 14.7 TOTL 1.8825
GO(a) 15 x 0.0 VS 8.0
HDISH 0.0 FA 2.0
HPLT 0.5 ICOR 4.0
1CM 2.0 NOPT 0
IM 15.0 NSP 1
IQ 0.0 PPMN2 0.0
IPLANT 2.0 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

TW 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.
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TABLE B-3. Input for GAPCOW-THERMAL-2 Pretest Predictions for IFA-432

Rod Type

Variable 1 2 3 4 5 6

DFS 0.4205 0.4143 0.4264 0.4204 0.4203 0.4203
FRDEN 0.95 0.95 0.95 0.95 0.92 0.92
FRACHE 1.0 1.0 1.0 0.0 1.0 1.0
FRACXE 0.0 0.0 0.0 1.0 0.0 0.0
VPLENZ 0.123 0.139 0.108 0.139 0.120 0.135
LFUEL 23.50 23.24 23.46 23.24 23.53 23.42
LVOIDZ 23.50 23.24 23.46 23.24 23.53 23.42
IDENSF 0 0 0 0 0 1

Common to all rods

ATMOS 1,0 NFLX 9
DCI 0.4293 NPOW 10
DCO 0,5032 NPRFIL 1
DTEMP 10.0 NTIME 15
FR35 0.1 ROUF 0.3 x 10-4

EXTP 1050.0 ROUC 0.12 x 10--
PEAK 0 SIGHF 2.5 x 101

IRELOC 1 TINLET 464
DVOIDZ 0.0685 ZCLAD -1
NCLAD 0 IT 0
NCON 0

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

PSEUDO 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

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

Rod Type

Variable

DP
DEN
IDXGAS
CPL
TOTL
x

Common to all rods

DCO 0.4
DCO 0.5'
DE 0.0
DSPG 0.3
DSPGW 0.0
ENRCH 10.0
FGPAV 14.7
GO(a) 15 x
HDISH 0.0
HPLT 0.5
1CM 2.0
IM 15.0
IQ 0.0
IPLANT 2.0

1

0.4205

95.0
1.0

0.9143
1.958
0.0

0.1958
0.3916
0.5874
0.7832
0.9790
1.1748
1.3706
1.5564
1.7622
1.9580

2

0.4143
95.0
1.0
1.0250
1.937
0.0
0.1937
0.3874
0.5811
0.7748
0.9685
1.1622
1.3559
1.5496
1.7433
1.9370

3

0.4264
95.0
1.0
0.8106
1.955
0.0
0.1955
0.3910
0.5685
0.7820
0.9775
1.1730
1.3685
1.5640
1.7595
1.9550

4

0.4204

95.0
5.0

1.0250

1.937
0.0
0.1937

0.3874
0.5811
0.7748
0.9685
1.1622
1.3559
1.5496
1.7433
1.9370

5

0.4203'
92.0
1.0
0.8935
1.961
0.0

"0.1961

0.3922
0.5883
0.7844
0.9805
1.1766
1.3727
1.5688
1.7649
1.9610

6

0.4203
92.0
1.0
0.9972
1.952
0.0
0.1952
0.3904
0.5856
0.7808
0.9760
1.1712
1.3664
1.5616
1.7568
1.9520

293
032

50
39

0.0

JDLPR
JN
NT
P2
RDISH
ROUGHIF
ROUGHC
VS
FA
ICOR
NOPT
NSP
PPMNZ
RC

1.0
11.0
11.0
15 x 1050.0
0.0
0.3 x 10.
0.12 x 10-4

8.0
2.0
5.0
0.0
1.0
0.0
0.03425

QF

QMPY

TIME

T

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

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

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

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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FIGURE B-I. Axial Flux Profile Used on Pretest Predictions for
IFA-431 and IFA-432

B-6



2500

U-
0

I-

w~

"4

(-

1500

1000

500

0
0 2 4 6 8 10

HEAT RATING, kWift

3200

2500

(-4
0

I-

"4
0~

"4z
-4

"4
I-

"4
(-4
-4
"4

1500

IFA-431 ROD #1

FILL GAS = HELIUM
PELLET DENSITY = 95% TD

_ COLD GAP = 0.009 in.

- GAPCON-THERMAL-2

-FRAP-S

/
/

/
/

/
-I

A

- "'r"=••., . IA

300

250

V))

150

C)

100 E:

50

0

l000

500

0
0 2 4 6 8 10 12

BURNUP, MWD/MTM (x 10-3)

FIGURE B-2. Predictions for IFA-431,Rod I
(100% He, 95% TD-S U02,
0.0229 cm cold gap)

B-7



3000

4.

0

C)

n

2000

1500

1000

500

0
4 6

HEAT RATING, kW/ft

10

3000

25001

CL

14i 1500

1000

IFA 431 ROD #2

FILL GAS z HELIUM
PELLET DENSITY 95% TD
COLD GAP = 0.01t in.

-G-------THERAL--

-

//
//
/

/

/
/

/

-- / -GAPCON -THERMAL-2 -
/

• --- FRAP-S

-

300

250

50

0*
0

0
2 4 6 8 10 12

BURNUP, MWD/MTM (x 10-3

FIGURE B-3. Predictions for IFA-431,Rod2
(100% He, 95% TD-S UO2,
0.0381 cm cold gap)

B-8



300

C-,

0~

z

C-,

1500

IFA-431 ROD #3

FILL GAS HELIUM
PELLET DENSITY = 95% TD
COLD GAP = 0.002 in.

- GAPCON-THERMAL-2

-- FRAP-S

POWER RATIO LTCIUTC 0.80

I If

1000

500

0
0 2 3 4

HEAT RATING. kW/ft

5 6

AnnI

25 -

IFA431 ROD #3

FILL GAS HELIUM
PELLET DENSITY 95% TD
COLD GAP 0.002 in.

-GA PCON -THERMAL-2

-- FRAP-S

0~

z
C-)

250

2w0

150

z

1500 I-

1000 j

- 500 - 50

0 [ I= I ...... I , 0
0 2 4 6 F

BURNUP, MWDIMTM (x 10-3
10 12

FIGURE B-4. Predictions for IFA-431 Rod,3
(100% He, 95% TD-S UO2
0.0051 cm cold gap)



2500

Q 0 ---- FRAP- S

cr 2000

1500 XENON F I LLED
NARGON 

F 
I 

LLED

500

POWER RATIO LTC / UTC 0.80

0 1 1 1 1 I

0 2 4 6 8 10

HEAT RATING, kW ft
3000 300

IFA-431 ROD#4

FILL GAS XENON
PELLET DENSITY 95%o TD,

2500 COLD GAP 0.009 in. 250

RGON F I LLED
e -0 200

200 -.. - -- ---

XENON FI LLED
50 ARGON FI LLED5

- GA PCON -THERMAL-2

rg 1I00 100z2
-- FRAP-S "le

A,-AR GON FILLED

5 XENON F I LLED

- IARGON F ILLE

0
0 2 4 6 8 10 12

BURNUP, MWDIIMTM (x 10-3)

FIGURE B-5. Predictions for IFA-431, Rod 4
(100% Xe, 95% TD-S U02,
0.0229 cm cold gap)

B-1 0



0

-- FRAP-S2000oo

POWER RATI 0 LTCI UTC =0.80

1500

z
L)

1T000

500

0 I i

0 2 4 6 8 10

HEAT RATING, kW/ft
3000 300

IFA-431 ROD #5

FILL GAS - HELIUM
PELLET DENSITY - 92% TD

2500 COLD GAP - 0.009 in, 250

-GAPCON-THERMAL-2
°•~ -- FRA P- S

•" 2000 . . . . . .. 200

S 15007 .... 150

C)~J

500 le 50
0

0 2 4 6 8 10 12

BIURNUP, MWDtMTM (x 10-3

FIGURE B-6. Predictions for IFA-431 Rod 5
(100% He, 92% TD-S U02
0.0229 cm cold gap)

B-11



3000

PELLET DENSITY = 92% TD
2500 COLD GAP = 0.009 in.

- GAPCON-THERMAL-2

2000 -- FRAP - S

El

POWER RATIO LTCIUTC 0.80

1500

i-5

~1000

500

0II I
0 2 4 6 8 10

HEAT RATING, kWlft

3000 300

IFA-431 ROD#6

FILL GAS HELIUM
PELLET DENSITY 92% TO

2500 COLD GAP 0.009 in. 250

S2000 -200~

1500 150 Q_
Z

- GAPCON-THERMAL-2

1000 -- FRAP-S "00

500 50

0 0
0 2 4 6 8 10 12

BURNUP, MWDIMTM (x 10"3 1

FIGURE B-7. Predictions for IFA-431, Rod 6
(100% He, 92% TD-U U02,
0.0229 cm cold gap)

B-1 2



IFA -432 ROD #1
2500 FI LL GAS = HELIUM

PELLET DENSITY 95% TD
COLD GAP = 0.0088 in.

C)

0~

La

z

z
C)

1500

POWER RATIO LTC I UTC = 0.8185

-- GAPCON-THERMAL-2

FRAP-S

0 I J I I

0 2 4 6 8 10 12 14 16

HEAT RATING, kW/ft

3000

2500

C)

0~

I-z
C)

2000

1500

IEA - 432 ROD #1 - GAPCON-THERMAL-2

FILL GAS = HELIUM --- FRAP-S
PELLET DENSITY = 95.0% TD
COLD GAP = 0.0088 in,

/ -

//, /
///

250

E20)
200 z_

aO

Ck,

2-

100

50

0

.500

0 5 10 15 20

BURNUP x 103, MWD/MTM

FIGURE R-8. Predictions for IFA-432,Rod 1
(100% He, 95% TD-S U02
0.0229 cm cold gap)

B-13



7

7

2500
IFA - 432 ROD #2

FILL GAS HELIUM
PELLET DENSITY 95.0% TD

20D0 COLD GAP 0.015 In.

1500

1000

POWER RATIO LTCIUTC -0.8185

500GAPCON-THERMAL-2

--- FRAP-S

0 2 4 6 8 10 12 14 16

HEAT RATING, kW/ft

a

C)

z

3500

150D

500

0

350

300

250

200

150

10

50

E

0 5

FIGURE B-9.

10 15

BURNUP x 103, MWDIMTM

Predictions for IFA-432,Rod 2
(100% He, 95% TD-S U02
0.0381 cm cold gap)

B-14



0

LU

I-

Ul
0~

LU

-J

LU
I-

LU

1500

1000

500

PELLET DENSITY = 95.0% TD //
COLD GAP = 0.0029 in.

GAPCON-THERMAL-2 /

-- FRAP-S /

POWER RATI 0 LTC / UTC :0o.

IFA -432 ROD #3
Fill ('AS :HELIUM

8185
v 8185

i I I I I I I

0
0 2 4 6 8 10 12 14

HEAT RATING, kW/ft

16

La

wU

LU

2500

2000

1500

1000

IFA -432 ROD #3

FILL GAS = HELIUM
PELLET DENSITY = 95.0% TD
COLD GAP = 0.0029 in.

-- GAPCON-THERMAL-2

FRAP-S

250

200

E

LUd

150
Lu

100
I-

50

0

500

0
0 5 10 15

BURNUP x 103, MWD/MTM

20

FIGURE B-10. Predictions for IFA-432,Rod 3
(100% He, 95% TD-S UO2
0.0076 cm cold gap)

B-15



IFA - 432 ROD #4

PELLET DENSITY= 95,0%,TD
COLD GAP =0.0089 in.

w

F5

1500 r

FILLGAS =ARGON

POWER RATIO LTCIUTC =0.8185
t0 r

500 I GAPCON-THERMAL-2

FRAP-S

0
0 2 4 6 8 10 12 14 16

HEAT RATING, kWlft

2

2
z-

1500

Mll

E

0
10 15 20

BURNUP x 103, MTMIMWD

FIGURE B-1I. Predictions for IFA-432, Rod 4
(100% Xe, 95% TD-S UO2
0.0229 cm cold gap)

B-16



2500
IFA -432 ROD #5

FILL GAS = HELIUM
PELLET DENS ITY = 92.0% TD

2000 -ULU GAP 0 U.09 If0. 0

. //
• 1500

1000 POWER RATIO LTCIUTC =0o8185

500 -/ GAPCON-THERMAL-2

-- FRAP-S

0
0 2 4 6 8 10 12 14 16

HEAT RATING, kWlft

3000 300
IFA -432 ROD #5

FILL GAS HELIUM
PELLET DENSITY 92.0% TD

2500 COLD GAP 0.009 in. 250

2000 200~

0v)

'a15005
w GAPCON-THERMAL-2 <

L)1000 / 100~

looo ///o,/

//

0 Z -0
0 5 10 15 20

BURNUP x 1O
3
, MWDIMTM

FIGURE B-12. Predictions for IFA-432,Rod 5
(100% He, 92% TD-S U02 ,
0.0229 cm cold gap)

B-17



2500

- ,/
415O004

0~ 1

HEAT RATING, kW i Ot

3000 300

•~ ~ FA0 lE- 432 ROD #6 (UTC)/- "
c= FILL GAS - HELIUM w

PELLET DENSITY 92.0% TD
cLCOLD GAP :0.009 in,

C,:

50- GAPCON-THERMAL-2

FRAP-S

00

0 5 10 125 20

BURNUP x 103, MWDIMTM

FIGURE B-13. Predictions for IFA-432,Rod 6
(100% He, 92% TD-U UT21
0.0229 cm cold gap)

B-18



REFERENCES

I. C.E. Beyer, C.R. Hann, D.D. Lanning, F.E. Panisko, and L.J. Parchen,
GAPCON-THERMAL-2: A Computer Program for Calculating the Thermal
Behavior of an Oxide Fuel Rod, BNWL-1898, Battelle, Pacific Northwest
Laboratories, Richland, WA, November 1975.

2. J.A. Dearien, G.A. Berna, M.P. Bohn, D.R. Coleman, P.E. MacDonald, and
J.M. Broughton, FRAP-S: A Computer Code for the Steady State Analysis of
Oxide Fuel Rods, Volume 1, FRAP-S Analytical Models and Input Manual,
INEL Report 1-309-1301, January 1975.

B-19



r



UO, PELLET FABRICATION PROCESS CONDITIONS AND CERTIFICATION

The procedure followed in the fabrication of fuel pellets for IFA-431 and

IFA-432 is 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 are from a single furnace run. All pellets

are from the same starting UO2 powder lot; lot number 2. For IFA-431 and

IFA-432, the 10% enriched, UO2 pellets were pressed, sintered, and inspected

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

identifies each pellet as to power lot number, pellet batch number, and

parameter sheet number.

The parameter sheets list 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 summarize

those results for each batch. Table C.8 lists the chemical analysis results

for each pellet batch.
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TABLE C.I. UO2 Powder Properties, IFA-431 and IFA-432

UO2 Powder Lot

ANC 18% Enriched UO2 Blend No.

Weight Percent 2 3 5 U/Total U

Weight Percent U

Oxygen/Metal Atomic Ratio

Surface Area, M2 /gm

ppm Cl

ppm F

ppm C

ppm N

ppm H 20 @ 400 C

EBC

2

27 (97.7%)

26 ( 2.3%)

10.06+0.05

87.23

2.057

2.056

4.1

10

5

75

10

1750

4.20
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TABLE C-2. Pellet Specifications and Identifications

Pellet Identification

Pellet Specifications
Halden - Gapcon Thermal Test
Memo, R.K. Marshall to D.W. Brite
dated November, 1974

Items 1-1, 1-4, 2-1, 2-4

Parameter
Sheet No.

5

Powder
Lot No.

2

Items 1-1, 2-2

C', Items 1-3, 2-4, 2-5

4

6

7

8

2

2

2

2

Pellet
Batch No.

Pellet Serial
Numbers

4

1 - 293

758 - 777

4

294 - 461

5

462 - 635

5

778 - 900

6

636 - 757

Items 1-5, 2-6

Items 1-6, 2-7



UO2 POWDER CERTIFICATION OF COMPLIANCE
r

Quality Control Release No. 2

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, 1973.

Review of Analytical Data

The analytical data for the U02 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

* Al = 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, 1973.

Review of Analytical Data

The analytical data for the U02 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 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 11-25-74

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

Pellet Specifications: Table I - For Halden Gapcon-Thermal 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* .+ gm/cm3 Slug Size ' 100 gramsControl Chart Req'd

Granulation: -20 + 100 mesh with nu -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 17000 C Time 8 hours

Cooling RateFurnaceI 2 Flow IOCFH Purge Argon
(4uantity

Comments: Dia. TD 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
42U5 16*

Item 1-4 Z 95.0 stable 6-* 35 57 3
4205 57 3

Item 2-4 4265 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 .081" dia. hole green

.063 Hole in 4 of the 16 total - 2 off enter 2 or center to give .063" sintered
balance of holes to be .067 - .071 dia. .089" dia. green to

C-6 give .069" dia. sintered



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 + .1 Slug Size 1 100 grams

Granulate 2582 -20 + 100 mesh 650 NA -100 mesh Re-slug

Lubricant 0.2 w/o sterotex 7.524 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+ + 155 3

Green Density 5.1 - .05- Green Length 645 .015 Quantity pus9

(See control chart attached) 1383 (pellets 1-293) (Less Sterotex)
Pellet Sintering: Furnace Run No.1 3 8 5 (pellets 758-777) Date 11-25-74

Time 8 hours Temperature 700°C Pyrometer 1715 N.C. Davis

Average Pellet Diameter % .430 Batch Weight 3627 plus

Operator N.C. Davis

Pellet Grinding:

Batch Weight

Specified Diameter (See batch 4 pellet disposition sheet)

Operator

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

at 1000C 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__3 .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 Density 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 Ba

Heat Rate 200 per Maximum Tenhour

Cooling Rate R H2 Flow 1'

Comments: DIA. TD

Item 1-2 0.4145 95% stable

Item 2-2 0.4145 95% stable

tch No. 4)

rperature 1700%C Time 8 h

OCFH Purge Argon

Drilled Not Drilled Total

16 39 55

16 94 110

ours

Extras

3

5

(Green pellets drilled .089 diameter)

Prepared by

Approved by

N. C. Davis

D. W. Brite

Date

Date

11-25-74

11-25-74
(Green pellets drilled .089 diameter)
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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:

Slug Density 4.3 + .I gm/cm3 Slug Size 1 100 grams

(Control chart attached)
Granulate 1594 -20 + 100 mesh 572 grams -100 mesh NA Re-slug

Lubricant 0.2 w/o sterotex 4.352 grams 2166 grams U02

Blend 20 Min. Operator Lee Sims

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

and blend 20 min: (twinshell)

Pellet Pressing: Batch

Green Density 5.10 + .05 Green Len
(See control chart attached)

Pellet Sintering: Furnace Run No.

Time 8 hours Temper

Average Pellet Diameter • .430

Pellet No.
No. 4 Identification 294-461

gth .645 Quantity 2088 gm

(Less sterotex)

1383 Date 11-25-74

ature 1700 0 C Pyrometer 1715 N.C. Davis

Batch Weight 2058

nnarfnr N. C. Davis

Pellet Grinding:

Batch Weight

SDecified Diameter (see attached batch 4 pellet disposition sheet)

Operator

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

- 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, Pellet Batch 5 Date 11-25-74

Project BNW-Hal Lot Number 2 Enrichment 10.0% 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)

0

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 1 00 gramscontrol Chart Req'd

Granulation: -20 + 100 mesh with n 20% -100 fines

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

B. Pellet Pressing:

Green Density 5.15 + .05 gm/cm3 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

Cooling Rate R H2 Flow IOCFH

Comments: Dia. TD Dril

1700 0 C Time *8 hours

Purge Argon

led Not Drilled Total Extras
(.069A& dia.)

Iter

Iter

ms 1-3 .4275 95% stable 16 39 55 3

ns 2-4 .4265 95% stable 16 39 55 3

Items 2-5 95%.stable 55.4225 55 3

Prepared by_

Approved by

N. C. Davis Date

D. W. Brite Date

11-25-74

11-25-74
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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 1 100 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 UO2

Blend 15 Min. Operator Lee Sims

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

Pellet Pressing: Batch No. 5* Identification462-635

Green Density 5.15 + .05 gm/cm 3Green 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

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

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.
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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 U02 1513

A. Powder Preparation:

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

Slug Density_4.2 + .1 gm/cm3 Slug Size 1 100 gramtontrol Chart Req'd

Granulation: -20 + 100 mesh w/ % 20% -100 fines

Lubricant 1.2 wt% Sterotex (computed and weighed to 0.001 gram)

B. Pellet Pressing:

Green Density 5.0 + .05 g/cm3 Green Length .640 + .015 Control Chart Req'd

Press Tooling: 540 Tooling w/ Flat Face Punch

Bubble Test Req'd

C. Pellet Sintering:

Heat Rate_ 200 Max Maximum Temperature 1700 + 250C Time 8

Cooling Rate Furnacqj 2 Flow IOCFH Purge Argon

Comments: * Prior to slugging blend 1.0 s/o sterotex to -100 mesh U02

Dia. TD Drilled Not Drilled Total Extras

Items 1-5 0.4205 92% stable 17 43 60 6

2-6 0.4205 92% 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 Follower Data Sheet

Items 1 - 5 and 2 - 6 Date 11-27-74

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

Powder Preparation: (Powder Batch 4)

Slug Density 4.3 + .1 gm/cm3  Slug Size l00 grams

Granulate 1112 -20 + 100 mesh 400 -100 mesh NA Re-slug

Lubricant 1.2* w/o sterotex 15.0 3.014 grams 1512 grams UO2
18.014*

Blend 20 min Min. Operator Lee Sims

Comments * 1% sterotex w/ -100 mesh uO2 + 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

Pellets No.
Pellet Pressing: Batch No. 5-* Identification 778-900

Green Density 5 . 0 + .05 gm/cm Green Length .640 + .015 Quantity 1501

(See control chart attached) (Less sterotex)
Pellet Sintering: Furnace Run No. 1385 Date 12-2-74

Time 8 hours Temperature 1700 + 25 0 C Pyrometer 1715

Average Pellet Diameter 431-428 Batch Weight 1470

Operator N. C. Davis

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

Batch Weight

Operator

Pellet Cleaning & Drying: alcohol-ultrasonic cleaner and dry 1000C -- 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 * Batch 5 also includes powder batch 3 + .063 dia. off center hole

pellet for batch 1 Inspection data on romPuter lists.
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Parameter Sheet #8, Pellet Batch 6 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.

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)

Slug Density 4.3 ± .1 gm/cm3 Slug Size - 100 gramlontrol Chart Req'd

Granulation: -20 + 100 mesh with n 20% -100 fines

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

B. Pellet Pressing:

Green Density 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 M

Cooling Rate R H

Comments: Dia.

aximum Temperature 1575 0 C Time 1 h

2 Flow 1OCFH Purge Argon
Quantities

TD Drilled Not Drilled Total
(.086" dia.)

92% unstable 17 43 60

92% unstable 14 36 50

our

Extra

I ten

I ten

I1-6 .4205

2-7 .4205

6

5

Drill 37 w/ .086 hole

Prepared by

Approved by.

N. C. Davis

D. W. Brite

Date

Date

11-25-74

11-25-74
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Pellet Fabrication Follower Data Sheet

Item 1 - 6 and 2 - 7 Date 11-26-74

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

Powder Preparation: Powder Batch No. 5

Slug Density 4.3 g/ + .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 UO2

Blend 15 Min. Operator Lee Sims

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

Pellet Pressing: Batch No. 6 Identification 636 thru 757

Green Density 5.0 ± .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

Time 1 hour Temperature 1575 0 C 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 u 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
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TABLE C-3. Pellet Batch Disposition

Batch Number 4 Lot Number 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

I tem

1-1
1-1 D
2-1
2-1 D
1-4
1-4 A
1-4 B
1-4 C
2-4
2-4 A
2-4 B
2-4 C
1-2
1-2 D
2-2
2-2 D

Density
%TD

D
D
D

D
D
D

95.0
95.0
95.,0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

Ground
Diameter

0.4205
0.4205
0.4205
0.4205
0.4205
0.4205
0.4205

04275
04205
04205
04205
04265

0.4145
0.4145
0.4145
0.4145

Cleaned

/
/
1/

/
/

/
/
/

V

39
16
94
16
35
8

12
6

33
8

12
6

39
16
94
16

40
16
95
16
33
8

12
6

33
8

12
6

40
17
95
20

Quantity
Req'd Fab.

Weight
Grams

475
187

1138
186
395

93
140

72*
395

94
139

72*
464
189

1101
223

S = Stable
D - Drilled
* est. wt. Pellet Sides Ground

4
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TABLE C-4. Pellet Batch Disposition

Batch Number 5 Lot Number 2 Release 2

Sintering Run 1385 Time 8 hours remperature 1700%C

Quantity Green 3730 Sintered 3677

Identification Powder Batch 3-Pellets 462-635

Powder Batch 4-Pellets 778-900
Density

%TD
Ground

DiameterItem

1-3 D
1-3
2-3 D
2-3
2-5
1-5 D
1-5
2-6 D
2-6

Cleaned
Quantity

Req'd Fab.

95.0
95.0
95.0
95.0
95.0
92.0
92.0
92.0
92.0

S
S
S
S
S
S
S
S
S

.4275

.4275

.4265

.4265

.4225

.4205

.4205

.4205

.4205

x
x
x
x
x
x
x
x
x

16
39
16
39
55
17
43
14
36

16
40
20
41
58
18
44
17
43

Weight
Grams

195
500
243
512
710
202
506
192
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 15750C

Quantity Green 1489 Sintered 1471

Identification Powder Batch Number 5 - Pellets 636-757

I tem

1-6 D
1-6
2-7 D
2-7

Density
% TD

92.0
92.0
92.0
92.0

U
U"
UU

Ground
Diameter

.4205
.4205
.4205
.4205

Cleaned

x
x
x
x

17
43
14
36

Quantity
Req'd Fab.

18
44
19
39

Weight
Grams

201
509
201
440

D = Drilled
U = Unstable
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TABLE C-6. Green Pellet Data for Powder Lot No. 2,
IFA-431 and IFA-432

Pellet Batch No. 4
No. 1 - 293 294 - 461

and
758 - 777

5 4

Pellet Batch No. 5
462 - 635 778 - 900

Pellet Batch No. 6
636 - 757

8

5.0 ± 0.05

0.635 ± 0.015

Parameter Sheet No.

Density (gm/cm
3 )

Length (inches)

Density

Density Range

High

Low

Length

Length Range

High

Low

5.1 ± 0.05

0.645 ± 0.015

5.1 ± 0.05

0.645 t 0.015

5.09

5.15

5.03

0.647

0.659

0.630

5.10

5.15

5.03

0.639

0.653

0.630

6

5.15 ± 0.05

0.645 - 0.015

5.15

5.21

5.07

0.650

0.660

0.638

7

5.0 ±0.05

0.640 ± 0.015

5.00

5.08

4.96

0.646

0.659

0.635

5.00

5.06

4.93

0.640

0.659

0.628

S
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TABLE C-7. Final Pellet Inspection Summary

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

S = Solid
D = Drilled 0.069 --t 0.022 in.
7 = Mean

a = Standard deviation

%TD
Item Diameter 7R Geometric Density immersion Density
No. Quantity 100% -+ 0.0005 Length x u Quantity 5 a

Pellet Batch No. 4

IFA-431
1-IS
1-1D
1-2S
1-2D
1-4S
1-4D
1-4D(a)

IFA-432
Rod 1
Rod 2
Rod 4
Rod 7
Rod 8

Rod 1
Rod 2
Rod 4
Rod 7
Rod 8

33
12
33
12
27
6
8

46
46
43
46
46

46
46
43
46
46

0.4205
0.4205
0.4145
0.4145
0.4205
0.4205
0.4205

0.4205
0.4145
0.4205
0.4145
0.4205

Pellet Batch No. 5

IFA-431
1-3S 33
1-3D 12
1-5S 33
1-5D 12

0,5004 94.560
0.5082 94.672
0.5040 94.906
0.5016 94.320
0.5074 94.859
0.5083 94.522
0.5071 94.743

0.5061 94.809
0.5000 94.509
0.5063 94.868
0.5013 94.618

0.5060 94.917

0.5065 94.849

0.5004 94.515
0.5063 94.868

0.5013 94.618

0.5060 94.917

0.5096 95.258

0.5090 94.912
0.5070 91.053
0.5095 91.158

0.5110 95.244
0.5068 90.892

0.5108 95.274

0.5110 95.244
0.5066 90.886

0.5108 95.270

0.5051 91.441

0.5006 91.614

0.332
0.197
0.139
0.125
0.166
0.107
0.232

0.274
0.292
0.244
0.331
0.242

0.257
0.322
0.2441 Remeasured
0.331
0.242)

11 95.266 0.335
4 95.327 0.066

11 95.555 0.092
4 95.073 0.097
9 95.578 0.220
6 95.472 0.140

IFA-432
Rod 3
Rod 5
Rod 9

Rod 3
Rod 5
Rod 9

0.4275
0.4275
0.4205
0.4205

0.4265

0.4205

0.4225

0.185
0.171
0.674
0.501

11 96.151 0.140
4 95.750 0.133

17 91.792 0.547
6 92.145 0.391

45
46
45

45
46
45

0.370
0.497
0.184

0.370ý
0.534 Remeasured
0.187J

Pellet Batch No. 6

IFA-431
1-6S 33
1-6D 12
1-6S -

1-6D

0.4205
0.4205

0.306 33 92.042 0.295
0.209 12 92.012 0.144

- 33 92.030 0.283 Duplicates

12 92.026 0.133 Duplicates

IFA-432
2-6S
2-6D
2-7S
2-7S
2-7S
2-7S
2-7D
2-7D

Rod 6
Rod 6

41 91.708 0.510
17 92.198 0.291
26 92.414 0.212
26 92.378 0.258 Duplicates
12 92.379 0.255
12 92.406 0.241 Duplicates
18 92.094 0.155
18 92.097 0.153 Duplicates

46
46

0.4205 0.5048 91.618 0.479
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
Pellet Batches 4, 5 and 6

and IFA-432

Analysis
% 235U

%U

O/u
C, ppm

Cl, ppm

F, ppm

N, ppm

Gas release

cc/g @ 1600'C

H20, ppm @
4000C

EBC, ppm(b)

Specification
Limits

10.0 ± 0.5

87.6 min

1.990 - 2.020

100

25

5

75

0.050

Batch
4

88.04

2.000

15

<10

<5

<10

0.007

<5

Batch
5

88.07

1.997
240 (a)

<10

<5

91

0.003

<5

Batch
6

88.01

2.000

16

<10

<5

<10

Lot 2
Composite

9.95

88.23

2.000

0.015

<5

7 4.117

(a) 92% TD Pellets, using sterotex pore

1700%C using 200°C/hr heating rate.

(b) Equivalent Boron Content

former, sintered 8 hr,

4

£
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TABLE D-1. Description of Analytical Techniques

Analysis

% Uranium In U02

O/U Atomic Ratio

Technique

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

Thermogravimetry: Sample is assumed to be
stoichiometric after heating to constant
weight at 8000C in H2 -Ar atmosphere satu-
rated with H20 at O°C. The O/U is calcu-
lated from the weight difference before
and after heating.

Reported Accuracy

lo - 0.2% rel.

lo - 0.002 in O/U

Isotopic Coemposition Thermal Ionization Mass Spectrometry:
Thermally ionized metal atoms are elec-
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.

la - 0.25% Rel. of2 35U content

ppm F, Cl

ppm N

ppm C

Pyrohydrolysis: Sample is heated to 1000
0

C F <5; Cl <10
and exposed to water vapor which hydrolyses Can be stated with
the F and Cl. Fluorine is measured in the 95% Confidence
cold trap solution by ion selective elec-
trode measurement and chlorine by precipita-
tion with Aj generated by constant current
coulometry.

Kjeldahl - Spectrophotometric Method: lo - 3% rel.
Sample is dissolved in acid, made strongly
basic, and steam distilled. Ammonia
evolved is collected in weak acid and
measured spectrophotometrically using
Hessler reagent.

Combustion and gas chromatography: lo - 10% rel.
Pulverized sample is heated to vl000C in
a stream of oxygen to remove C as CO2
which is collected and measured with a
gas chromatograph.

Emission spectroscopy: Metallic impurities ±2X
in the sample emit energy in the form of
light when excited in an electric arc.
The light is dispersed in a spectrograph.
recorded on photographic film and concen-
trations of impurities are determined from
measured intensities of the light emission
lines corresponding to specific elements.

Trace Impurities
24 elements

Rare Earths and
selected impurities

Spark Source Mass Spectrography: A high
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
lines formed when the ion beam strike
photographic plates.

Constant Voltage Coulometry: Water
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.

±3X

lo - 20% rel.ppm H2 0

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

DS-/IY"7

Hantford nogneertng
Development taboralory

FUELS AND CONTROL SAMPLE ANALYSIS

L-AU.
S[RIALNo..f(-

I -
a

SAMPLE SUBMITTER

I

ADDRESS

TYPE OF MATERIAL:

Li Pu0 2  U0 2

E MIXED OXIDE: %PuO 2

M B4 C

E OTHERS

SPECIAL INSTRUCTIONS

Pu ISOTOPIC:_ % 240

U ISOTOPIC: El] NORMAL

je.j .___.•% ENRICHED

B ISOTOPIC: EI NATURAL

[] %ENRICHED

NO. OF
ANALYSIS

RESULTS NO. OF

ANALYSIS

I LOSS ON
IGNITION WT %

RESULTS

E-1Pu WT. %

i- DENSITY g/cc

w U WT. % q sr. 0 i- POROSITY SEE SPECIAL REPORT

SSURFACEEl AREA M2 Ig

ELi 24
lAmn ppm

Elli LI PARTICLE SIZE-MSA
(Pu 02 ONLY} SEE SPECIAL REPORT

O/M c2 OUcI

Li PARTICLE SIZE.FISHER SUBSIEVE

17i C ppm /4 L-i OTHERS

Li S ppm Li OTHERS

SPECTROCHEMICAL ANALYSES

flf OFF-GAS / SPARK SOURCE
IT c 09 @ STP f] GENERAL SEE SPECIAL REPORT

CI ppm SPARK SOURCEL R.E. + Ta +W SEE SPECIAL REPORT

GENERAL SEE SPECIAL REPORT

' "ISOTOPIC ANALYSESwD H20 ppm" LiF Pu ISOTOPIC SEE SPECIAL REPORT

Ei N ppm x - L U ISOTOPIC SEE SPECIAL REPORT

Li II B ISOTOPIC SEE SPECIAL REPORT

SOLUBLE C WT% SPECIAL OBSERVATIONS - REMARKS

SOLUBLE • HNO 3L WT % HCI

i~ TOTAL C WT %

REPORT APPROVED BY DATE COMPLETED
TOTAL B WT %

0D.7340 022 (8 74) DISTRIBUTION: WHITE S,-Wnpl i ..... tte, PINK.F uel,, OA
YELLOW Labor~laoy Rcol'd GOLDENROD Origmnator
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SAMPLE IDENTIFICATION LAB.
R 6- 13W4. Hanford Engineering SERIAL 7 -

Development Laboratory NO._ / _ _ _

1PC111e7-- FUELS AND CONTROL SAMPLE ANALYSIS DATE

P2q - / 7 REC. -7y
SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.

( _ -
TYPt OF MATERIAL: SPECIAL INSTRUCTIONS

Pu ISOTOPIC: % 240
Ej PuO 2  1 UO2  U ISOTOPIC: El NORMAL

[-- MIXED OXIDE: %PuO 2  LZ . %ENRICHED

LI B4 C B ISOTOPIC: NATURAL

OTHERS___ _ % ENRICHED

NO. OF RESULTS NO. OF RESULTS
ANALYSIS ANALYSIS

] LOSS ON
IGNITION WT %

DT 
DENSITY 

g/cc

U" UWT. % q'- . 7 POROSITY SEE SPECIAL REPORT

[I SURFACE
AREA M

2
/

LIII 2 4 1
Am ppm D PARTICLE SIZE-MSA

DM" (Pu 02 ONLY) SEE SPECIAL REPORT
O/-1 PARTICLE SIZE.

FISHER SUBSIEVE

W Cppm - . OTHERS

Spm L• I OTHERS

SPECTROCHEMICAL ANALYSES

OFF-GAS 003 S SPARK SOURCE
c cc/g@STP F GENERAL SEE SPECIAL REPORT

CIlppm to SPARK SOURCE
R.E. + Ta + W SEE SPECIAL REPORT

[1 Fppm EMISSION SPEC.
L] GENERAL SEE SPECIAL REPORT

•9q• C- ISOTOPIC ANALYSES
H2_ LI] Pu ISOTOPIC SEE SPECIAL REPORT

Nppm 9( '
--D U ISOTOPIC SEE SPECIAL REPORT

D 0 ppm -" . - F,

1:1' . *' -- ' B ISOTOPIC SEE SPECIAL REPORT

_ SOLUBLE CWT% - " ' [' SPECIAL OBSERVATIONS - REMARKS

D'• SOLUBLE =J HNO

BWT% -- HCI
3

D TOTAL C WT %

REPORT APPROVED BY DATE COMPLETED
TOTAL B WT % ," // , ."

DITIUIN HT Snc/,'Ie PIN Foli GA

80-7340 022 I8 74) DISTRIBUTION: WHlITE S,,n.pleS.U-.Ite, PIN K Fuels OIA
YELLOW Laboratuoy Record GOLDENROD 0r,gwuator
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SAMPLE IDENTIFICATION LAB.
Hanford Eng,•neerng SERIAL
Development Laboratory NO. L

,Pem- T FUELS AND CONTROL SAMPLE ANALYSIS DATE

r•g-/6 REC. 7
SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.

_ _ - _ _. _ _ _ __,_ * 3 L A Y r. _,/ /7 7 5'-

TYPE OF MA"TERIAL: SPECIAL INSTRUCTIONS
Pu ISOTOPIC:_% 240

LI Pu 02  U0 2  U ISOTOPIC: F-1 NORMAL
I MIXED OXIDE: %PuO 2  [' .ý.% ENRICHED

i] B4 C B ISOTOPIC:. F- NATURAL

1:I OTHERS El _I % ENRICHED

NO.OF RESULTS NO. OF RESULTS
ANALYSIS ANALYSIS

[D LOSS ON

] PIGNITION WT %

1111. DENSITY 
g/cc

Ul UWT. % D POROSITY SEE SPECIAL REPORT
SO SURFACE

E]AREA M
2
/ g

D 2 4 1
Am ppm

-- PARTICLE SIZE-MSA
O" (Pu 02 ONLY) SEE SPECIAL REPORT

01 /M PARTICLE SIZE,
[T MFISHER SUBSIEVE

[J Cppm OTHERS

- S ppm OTHERS

SPECTROCHEMICAL ANALYSES

L-j OFF-GAS F- SPARK SOURCE
c c/g @ STP GENERAL SEE SPECIAL REPORT

Clppm 10 [OSPARK SOURCE
EhR.E. +Ta +WI SEE SPECIAL REPORT

F ppm EMISSION SPEC.
D] tcE GENERAL SEE SPECIAL REPORT

j (A aOl ISOTOPIC ANALYSES

L] Pu ISOTOPIC SEE SPECIAL REPORT

W] N ppm ET ,I UISOTOPIC SEE SPECIAL REPORT

SOppm 
r ISOTOPIC SEE SPECIAL REPORT

E] SOLUBLE C WT % SPECIAL OBSERVATIONS -REMARKS

-f-" SOLUBLE = HNO 3
BWT% rJHCI

D TOTAL C WT %

REPORT APPROVED BY DATE COMPLETED

F] TOTAL B WT % DISRIUTIN:WHIE .,. S,,,Ir , -PN Pue- GA"
80-7340-022 IS 74) DISTRIBUTION: W'HITE S, nW.-Sub~l.tte, PINK Fucl, OA

YELLOW Laboratory HRcord GOLUJENROD Originator

D-4



-;AMPLE IDENTIFICATION LAB.
401111.1 "t A/w ,V/A' I ,IA

4
, Hanford Engtneering SERIAL

ii//,7 Devetop•rent Laboratory No ,J
FUELS AND CONTROL SAMPLE ANALYSIS DATE

-/3REC. - -
SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.

TYPE OF MATERIAL: SPECIAL INSTRUCTIONS

- Pu ISOTOPIC: - %_ 240

[] Puo 2  [Uo 2  -P',tbv,65J" 8/.I U ISOTOPIC: El NORMAL

E]MIXED OXIDE: _%PuO02  % TJ5P ., '% ENRICHED

Fj B4C B ISOTOPIC: El NATURAL

El OTHERS__ _ __% ENRICHED

NO. OF RESULTS NO. OF RESULTS
ANALYSI ANALYSIS

LOSS ON
P IGNITION WT %

-' 
LT. DENSITY glcc

[J] UWT.% ( ,. 3  El POROSITY SEE SPECIAL REPORT

D SURFACE

- l 2 4 1 Am ppm 

AREA M2 / g

-D PARTICLE SIZE-MSA
IPu 02 ONLYI SEE SPECIAL REPORT

i/] PARTICLE SIZE,
-- FISHER SUBSIEVE

D C ppm Dl OTHERS

- S pp OTHERS

SPECTROCHEMICAL ANALYSES

c c/g @ STP GENERAL SEE SPECIAL REPORT

D CIppm f-' SPARK SOURCE-I R.E. + Ti W SEE SPECIAL REPORT

F ppm EMISSION SPEC.
GENERAL SEE SPECIAL REPORT

H2 pISOTOPIC ANALYSES

_ _ _ _ _ _ _ L Pu ISOTOPIC SEE SPECIAL REPORT

___ __ ____ UISOTOPIC SEE SPECIAL REPORTD• Oppm D BISOTOPIC SEE SPECIAL REPORT

D SOLUBLE C WT % SPECIAL OBSERVATIONS - REMARKS

SOLUBLE CDl HIND~ pk,,1 ,c'//J 7
D WT% ,HCI ,p,

STOTAL C WT %

REPORT APPROVED BY DATE COMPLETED

TOTAL B WT % -_7"11 'f6 • // .7 I//.

O•D-7340.022 (8.741 DISTRAI HUI ION: W•HITE Sa~npleS,,nj-teqr PINK F-1ls OA

YELLOW LabOratory Record. GOLDENROD Og,,ator
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SAMPLE IDENTIF ICAT ION Hanford Ergineerinn LAB. SERIAL NO.

, -,,9' A Development Laboratory f 4 c ,' _

•' FUEL AND CONTROL SAMPLE " ATE RECLiVEU

IV ANALYSIS_ / - %-
SAMPLE SUBMITTER ADDRESS PHONE CHARGE CODE -SAMPLE .OISPOSAL

rXDISCARD

- - /L >$ 375 ERE-TURN

KIND OF UOz [ MIXED OXIDE: %h Pu02 U ISOTOPIC: m NORMAL

MATERIAL: ri PuO 2  fl BORON CARBIDE =] OTHER ENRICHED

SPECIAL INSTRUCTIONS; Pu ISOTOPIC: % 240

B ISOTOPIC: NATURAL

E ENRICHED __

NO. OF NO. or
ANALYSIS RESULT ANALYSIS RESULT

Jfl LOSS ON IGNITION
)Pu WT.Z WT.r

L-] DENSITY g/CC

-u•., 
POROSITY SEE SPECIAL REPORT

-- O/M El---1SURFACE AREAM,

- PARTICLE SIZE,

ARCMSA SEE SPECIAL REPORT

El TOTAL B WT.Z [( PARTICLE SIZE,

E] FISHER SUBSIEVE

El TOTAL C WT..% El1
SOL.USLE - B WT. % E

HCl

El---- SOLUBLE C WT.% El
(FRCE)

SGAS'j0El
cc/S § STP

cl Pp E SPARK SOURCE SEE SPECIAL REPORT

E F ppM El RARE EARTHS SEE SPECIAL REPORT

H 0--"W & Ta

m EMISSION SPEC. SEE SPECIAL REPORT

El-C P El EMISSION SPEC. SEE SPECIAL REPORT

El- N pp El Pu ISOTOPIC SEE SPECIAL REPORT

El P El U ISOTOPIC SEE SPECIAL REPORT

E W• El B ISOTOPIC SEE SPECIAL REPORT

SPECIAL. OB0ERVIATIONS - REMARKS:

REPORT APPOVED DATE COMPLETE()

V

90-7340-022 (6-72) DISTRIBUTION: WHITE -L"SAMPLE SUBMITTER • PINK--FUELS OA

YELLOW - LABORATORY LOGBOOK GOLDENROD- ORIGINATOR
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tro-, Applied Chemistry and Analysis
""ate%, UI- / .3- 7 O-(•H€,ISOTOPIC ANAL.YSIS OF URANIIUM.

ANALYZED P- /3-

Hanford Engineering Development Laboratory

• TO:' .. (&t-.e-

Wab
14. S. "# Lab Customer I D. %t

Uncertainties are the 95' Confidence Level. Approved: /7/7/ /-,/. '6L

0

D-7



Hanford Inginw CCi SPEC. LAB.
Developlwhl Lab•alory

s c SPECTROCHEMICAL

ANALYSIS REPORT

MATERIAL

SUBMITTED BY SUBMITTER3S NO, ANALYZED BY DATE REPORTEDCF-, l- es /-e. - - '9 _._d ? I f "
ELE- ELE- ELE-- / ELE-
MENT MENT EENT ENT

A8  H& Re Dy

Al g'/6) In Rb Er
As It Ru Eu

Au K <, -11 Sb Gd

B .,2 La Sc Ho
Bat Li S / si <' Lu

Be 9- Mg S/n s ' Nd

Bi Mn o /e9 Sr pr
cC.a Mo _ _ _ Ts Sm

Cd <-.• Na _ _ __ _ _ Th Tb

Ce Nb Ti I< Tm
Co Ni <( TI Yb

c,~C TI -5'c ; .Os uv___ _

c a P b _ _ w

Fe /_3 0 Pd y

G a Pt c _ _ _ _ fia

Ge Pu Zr
H#Rb _________I __________ __________

T Y PE 0OF A NA L YS IS

LI QUALITATIVE 10 SEMIQUANTITATIVE QUANTITATIVE

SYMBOL MEANING APP'X. CONC. SYMBO MEANING SYMBOL. MEANING
CONCENTRATION GREATER CONC GREATER THAN

55 MAJOR DETECTABLE CONSTITUENT G THAN .R

5DETECTABLE CONCENTRATION ILX} (LESS THAN) CALIBRATED

S STRONG GREATER THAN I • L LESS THAN WORKING CURVE

m MODERATE I % TO 0.01 % - NOT DETECTED
ARTNUMERICALN [] PARTS PER MILLION

T TRACE LESS THAN 0.01 P NM ICAL VALU
NUMERICAL /-- VALUES O ECN

- NOT DETECTED "[ PERCENT
VALUES

INTERFERENCE [] APPR'X.
PRECISION -

? DETECTION UNCERTAININTERFERENCE APPR*X,PRECISION FACTOR

REMARKSI

REPORT APPROVED

L A BOR ATO R'Y" I N FORMalA T 10N

SPECTROGRAPH *ND soA R 0 SIZE OF SAMPLE METHOD OF ANALYSIS PLATE NO.

0O-7340-021 (3-73)

D-8
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WESTI.NGHOUSE HANFORD COMPANY CC: SPEC. LAB

S C - SPARK SOURCE MASS

SPECTROGRAPHIC ANALYSIS REPORT

MATERIAL/

SUBMITTED BY SUBMITTER'S NO. ANALYZED BY DATE REPORTED,
ELE- ELE-' ELE- ELE-

MENT MENT MENT MENT .....

H Fe Sb I Os
He Co . Te_ _ .Ir I _'"

Li NiI I Pt
Be Cu _ _ _ _ _ Xe ... . Au
B Zn Cs I 6, P_ Hq
C Ga Ba - Tl
N Ge iLa I Pb
0 As Cel Bi
F Se Po
Ne Br I Nd I At
Na Kr I Pm 1 Rn

Mg Rb ISm __ Fr
Al Sr j Eu _______," _ Ra
Si Y Gd i __ _____ Ac
P Zr Tb Th
S Nb Dy P a
Cl Mo 1 HoU " _'-U

Ar Tc I. 'Er Ip _l

K Ru ... . TmI Pu _
Ca Rh Yb An

Sc Pd _ _Lu ,__ L
Ti A9 I Hf hI <o, 3
V / Cd I TaI__ __-_ _

Cr In
Mn S n _ _R __e_ _

TYPE OF ANALYSIS

Q- qUALITATIVE 6iý7SEMIQUANTITATIVE I • QUANTITATIVE

NUMERICALL] PARTS PER MILLION NUMERICALýýPARTS PER MILLION NUMERICAL 2--PARTS PER MILLION

VALUES L- PERCENT VALUES LD PERCENT VALUES CDPERCENT

____3 CD c::

APPR'X PRECISION - FACTOR__ APPR'X PRECISION t FACTORS_ APPR'X PRECISION t_

REMARKS:

TREPORT APPROVED r7:",_. 4

9O -7340-021 (1-73)
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SAMPLE IDENTIFICATION LADI.
Hanford Engtneertng SEFRIAL

B•,''c ,, Development Laboratory :0../ .-

PC/icr FUELS AND CONTROL SAMPLE ANALYSIS DATE

-* REC.

SAMPLE SUBMITTER ADDRESS PHONE WORK ORDER NO.

_______________ - , 77 ' 5/- - 7-
TYPE OF MATERIAL: SPECIAL INSTRUCTIONS

Pu ISOTOPIC: %240

-1 Pu O 2  U0 2  U ISOTOPIC: . I] NORMAL

r MIXED OXIDE: %PuO 2  . I _%ENRICHE0

El B4 C B ISOTOPIC: El NATURAL

E] OTHERS _ L % ENRICHED

NO. OF RESULTS NO. OF

,NALYSI ANALYSIS RESULTS

LOSS ONDP . IGNITION WT %

LW. 
DENSITY 

g/cc

D U WT. % Eli POROSITY SEE SPECIAL REPORT

[]SU R4FACE

D 241m p~mAREA M12 / g

LII 241Am ppmD AED- PPARTICLE SIZE-MSA
(Pu 02 ONLY) SEE SPECIAL REPORT

O/ML-I,- PARTICLE SIZE.

_. / s1FISHER SUBSIEVE

3 Cppm /7 .i,,C ?..,, D OTHERS

D S ppm D OTHERS

SPECTROCHEMICAL ANALYSESD OF F-GAS 1 S PARK SOURCE-
C c/g @ STP GENERAL SEE SPECIAL REPORT

' CI ppmpm SPARK SOURCE
R.E. + Ta +W * SEE SPECIAL REPORT

F1 Fppm "1 EMISSION SPEC.
El GENERAL SEE SPECIAL REPORT

ISOTOPIC ANALYSES

Li H20 ppm
INpm " D Pu ISOTOPIC SEE SPECIAL REPORT

f~~ N ppm
El U ISOTOPIC SEE SPECIAL REPORTD ppm f-IOTPI L.J ISOOPICSEE SPECIAL REPORTD SOLUBLE C WT % SPECIAL OBSERVATIONS - REMARKS

r . SOLUBLE r-] HNO3
B WT % i-HCI

D] TOTAL C WT %

m REPORT APPROVED BY DATE COMPLETED
TOTALBWT% .

F_ p -,,,7 / /

80.7340 022 48 74) DISTRIBUTION" WHITE Sa-ple SuLb-ttter PINK F,,elsl CA
YELLOW Laboratory R.(.urd GOLDENROD Oig.nator
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IFA-431, GEOMETRIC DENSITIES

E-1





IFA-431, Rod 1, Solid Pellets

LOT qAMPLF f)IAMETFD LENGTH WEIGHT DIA. CENTER DENSITY DENSITY

ý4O. NO. (TNCHrES) (INCHES) (GRAMS) VOID (G/CC) (PERCENT T.D.)

o-1 0-2 D-3 L-1 L-2 (INCHES)
-1- 394 .420400n0 .4203•FO0 .4203E0*u .5030oF00 .5020E*00 .11868E.02 *u .1039E*02 .9477E*02

1-1 2" .42n4F0nO .4204E0On .4204E.uO .5040E.o0 .S03OE*00 .II73E.02 .0 .1037E*02 .9459E*02

11 3n0 .42030*no .4204FO .420AE*0o .4980E*00 .496nEl00 .1171E-02 .0 .1036E*02 .9453E*02

1"1 341 .42n4E*nb -4204F*00 .4204E0ue .4960E-00 .4960E*00 *11732E-02 o0 .1040E*02 .9488E002

1-1 342 .4?n040nn .4204F*00 .42o3E+uo .5000E*00 .4990E-00 .IIRDIE002 .0 .1039E*02 .9478E-02

1-( 343 .4204F+00 .420SE-00 .-4 04E0uO .4960E*oo .495 0 E 100 .11682E002 .0 .l036E*02 .9456E*02

1-1 344 .42Yn4Fno .4205*010 .4204E0Uo .4930E-o0 .4960E*00 .11674E-02 .0 .1038E*02 .9468E*02

1-1 147 .42W40o .421404*O .4?04E0uo .5o
3
o0o00 .SO2OE*OO .118

6
1E*02 .0 .1038E*02 .9468E-02

1-1 35n .40o4F0nn .420'F.00 .420E40Uw .502oF00. .5040E*00 .blRQOE.oz .0 .1039E*02 .94800E02

1-1 355 .42n30-o0 .4po0F*00 .4?o5EOuo .500000oO .50bE*oo .11833E÷02 .0 .1039E*02 .9482E002

1"1 361 .42npF0no *4204E-On .42•03E*oo *499*OO :5; 0nE*00 :11762E-02 *0 21036E02 *9450*02

1-1 16? .42n5F*on .4005.EO .420SEuo .49IOE*00 .4990E*00 .11739E.02 .0 .1o36E.02 .9451.E02

1"1 364 .4203E*0n .4004F*10 .420(4*00 .499 0 E÷0o .4970En00 :11753E*02 *0 .10380E02 .9468E' 0 2

1-1 345 .42n4F*0O .4R000*00 .42o4Eouo .
4 9 9

0E*00 .So51E-00 .11815E*02 .0 .1039E*02 .9479E*02

1-1 366 .42no40-n .4?205*On .420 4E*uo .4990E-00 .497oE000 .io'35E.O2 .0 .1036E-02 .9451Eo02

1-1 375 , .4004-*n0 .4004F*00 .4203E00o .49800E00 .4990E*00 .T1762E*02 *0 o1 0 37E' 0 2  .9466E-02

1-0 ;l .42o3Eono .00040E*0 .4203E*uo .49€0÷000 .500 0 EOO0 .1179OEo02 .0 .1038E*02 .9471EI02

1- 9 39? .?44F0o .4200E*00 .420O5E~o .So
2

0
F
.Oo .502 0 E-0o .118410E02 .0 .1037E*02 .9459E. 0 2

1-1 394 .420*00no .4204E*O0 .4204E*00 .5o000*00 .498RE*00 .11788E*02 .0 .1039Eo02 .9476E*02

1-1 340 .42n4F0n0 .4?O3E-00 .4?702E0U .49800E00 .4980E*00 .117S3E02 *0 .1038E*02 .9471E*02

(-1 397 .42?AE-00 .4204E*00 .4240E-uo .5o20F-0o 50 20nE*O0 .1141E*02 .0 .1037E*02 o9462E*02

1-1 4n4 .42n03000 .4204-0*0 °4204E0u0 .49800*00 .49BOE000 .117500E02 .0 .1037E*02 .9466E*02

1-1 405 .4204F*O0 .40050*o0 .4203E00o .5000E*00 .49900E00 .117510*02 .0 o1034E*02 .943TE*02

1-1 410 .4250F*0n .4205E.09 .424E0*uo .5020E*00 .5020E*00 .11A45E+02 .0 1037E*02 .9462E002

1-1 41- .42005000 .4p050*00 .4044E*uo .4970E*00 .490E0*00 .11699E002 .0 .1037E*02 .9458E002

1-1 421 .42n1F*0n .*004F*00 .4204E*00 .5020E.00 .5020E-00 .II600E2 .0 .1039E*02 .9478E*02

1-1 4?23 .403F*0o .4?03F000 .42020*u• 0 SoOOOOO .5020E*00 .11933E.02 .0 10390*02 .9480E*02

1-1 43n .4?n0F400 .42050.00 .4203E*uo .5040E000 .5030E*o0 .11E910*02 ,0 .1038E*02 .9473E002

1-1 43? .
4
2Wo000 .42040*00 .4203E*00 .5020E.00 .50300000 .11870E.02 .0 .1039E*02 .9477E*02

1-1 44 .42o5n
0
Io .42040*00 .4203E*o0 .5050E*0O .5000E*00 .11785E002 *0 .I031E*02 .9408E*02

1-1 451 .4200F*00 .4205E*on .42040*00 .4880E000 .40RoE0*0 .11390E*02 .0 .1026E002 .9362E002

1-1 456 .4203F*00 .42030*00 .4202E*u0) .52700*00 .5280E0no .12301E-02 *0 .1026E*02 .9360E*02

1-1 457 .4204F000 .420o500o .4203E*u0j .5020F*o0 So40EO
0

O .11
7
50

0
o2 .0 .1027E*02 .9370E*02

TO
T8
L riFTy6T MF GPORIp . 3A9.229 ORAS

A '
0
0oF WFTGHT OF rnOUP 11.7948 GRAMS

AV0P0GF nFNSTTY OF rROIIP= 9s45A PERLENT T.O.
AVF00AG0 OFtLOT LENGTH OF GROUP * 004 TNrHES
SToNoAmn OFVIeTION OF PELLET DENSITY = .312

IFA-431, Rod 1, Drilled Pellets

LOT SAMPLF DIAMETFR LENGTH WEIGHT DIA. CENTER DENSITY DENSITY

KO. NO. (INCHES) (INCHES) (GRAMS) VOID (G/CC( (PERCENT T7..)

r-I - 0-2 0-3 L-1 L-2 (INCHES)

P-0 2 .4203F*O0 .42030*00 .4202E*uo .5140E*00 .51SoE*00 .11R8E2*02 .68SOE-01 .1038E*02 .9473E002

1-1 10 .4224F*00 .4206E4O0 .42040*00 .514oE-O0 S5i800oEo n1o8S8E*o2 .6850E-01 .1041E*02 .9494E*02

(11 7* .42040-O .4005F0*0 .4200
0

*Uo .5090Eo00 .SlooEnoo .1169RE*02 .68SoE-0o .103TE*02 .94580*02

1-1 02 .42o3E00o .4205Eo00 .42o4E*uo .4990E*00 .Sooo0E*oo .114550*02 .6850E-01 .1036E*02 .9450E*02

1-1 54 .42o1FoOO .4203E•00 .4202E*0o .51100*O0 .5080E+00 .11662E*02 .6850E-01 .1035E*02 .9441E*02

1-1 8A 0 .4201*00-.4003*0on .42n3E0uo .50100Eo0 .50200E00 .11492E002 .68500E01 .1036E*02 .9450E*02

1-1 152 .42no0000 .40lIO0O0 .42010E0u .517oE0oo .51SoE00o .11831E*02 .66600E01 .1037E*02 .9463E*02

1-1 153 .420?F2O0 .4204E*00 .4204EuOo .511OE0*0 .
5

11o0E00 .117080E02 .6850E-01 .103SE*02 .9444E*02

1"1 159 .420(0*00 .4201F00 .4200E0uo .5060E*00 .S0
6

o0E0o .11646E0.2 .6850E-01 .1041E-02 .9500*E02

11 43 .42nlE01o0 .42030E0o .42020Evo .5060E000 :So6oE~oo .11613E*02 .6850E001 :1038E'02 946E*02

11 167 .42ol300 .42040n00 .4203E0*0 .5060E*00 S50600*o0 .11632E*02 .6850E001 .10390*02 .9476E002

1-1 171 .420000-00 .42030400 .4203E0u0 .5030E-00 .5050E*00 .11596E*02 .6850-E01 1040E002 .9490E-02

TOTAL WFTGHT OF GPRI1P . 140.011 GRAMS
OVFPAGE WFIGHT OF POU1P a 11.6676 GRAMS

AV
0

A0G0 nONSITY OF GPO8P * 94.67? PERCENT T.D.
AVFPA0F DFLLET LENGTH-OF GROUP - SO8 TNcHES
ST0A10000 OVIATION OF 0EL.LOT DENSITY = ,1q7
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IFA-431, Rod 2. Solid Pellets

LOT SAMPLE DIAMETER LENGTH WEIGHT DIA. CENTER DENSITY -DENSITY

,*n. NO. (INCHES) (INCHES) (GRAMS) VOID (G/CC) (PERCENT T.D.)

n.l 0-2 O-3 L-1 L.
2  (INCHES)

1-2 ?3 .4144E-00 *4145E.0o .4145E.o0 .50
T
0E.00 .5eoE-oo ii1639E.02 *u .1038E02 .9474E-02

l-2 29 .4144F00O *445F*O O .4146E*ue *5030E.00 .5040E-O0 .11561E.02 .0 .1038E-02 .9475E-02

1-? 34 .4 1 4aF-00 1.4144E-00 .4143EUo0 .5080E.00 .S08E0E0 .11678E-02 .0 .1040E*02 .9492E-02

I-? 43 .414AE*DO0 4••F.00 .4145Eeuo .490S*E00 .SoonE*o0 .1148oE*02 0 *1040E*02 .949oEe02

1-p 49 .4144AF0O .4l'EI00 *1444EUO .5040E-00 .5o6oE*00 .11633E0O2 .0 . 1 0 42E*02 *9510E-02

I-? SO .4144F*1O .4(45E*00 .4145E*ue .S010E.00 .5030E*00 *11522E-02 .0 * 10 3RE-02 .9472EE02

1-2 56 .4149F*00 .4144E*00 .4144E*Ull .50SoEoo0 .5060E*00 .11613E*02 .0 .1039E-02 .9483E-02

"2 6Ap *4144•'nO .4146EOn ,4145E01) .49OE000 ,SOOeE+o0 .1i81E*02 .0 .1041E-02 .9495E-02

1- 100 .4149F'nO .4 1 46FD00 .4 1 45E0u0 .5000P*00 .502eE*0e -11501E-02 °0 o1038E*02 .9471E'02

1)0 121 .4)44E*on .4144F-00 .41 43E0o0 .4980Eo00 .50ooEeO0 .11470E-02 .0 .1 040E:02 :9491E*02

1-P 150 .4145r*n .446NE-On .4145E00 .507oE*00 .5 0 8 0 E*00 .1168AE*02 .0 .l041E 02 .9502E02

1-2 ?21 .414SE-00 "1444Eo0 .4144Eu0 .508O O0 .0So0oEeo )11689E-02 .0 .1041E*02 .949RE*02

1-? 202 .4149E*00 .4146F+o0 .4 1 46E*Uo .509OE*00 .5090E-o0 .117ieE*02 .0 .1039E*02 .9482E-02

I-? 03 .41A3EO1 • .144E00 .41461Euo .50
4
0E-00 .5040E-00 *11613E-02 .0 .1043E-02 .9514E-02

1"2 706 .4144Fn00 :4145E:00 .4145Eu00 .5o60o-o0 .S070E00o .11662E.02 o0 : 1 941E:02 °9502E*02

1-p 21) .414F-E00 .4146E Op .41(46E0uo .50oE*00 .509nE*o0 .11693E.02 .0 .I04g02 .94687E-02
l-• ?I .• 6• *O0 .• •5 *00 .6 65E uo .50 0E 00 oS0 oE -o0 .116 94E -02 .0 .10 40E 02 -9 492E -02

1-2 7)A .41440'00 '.4145F.00l .445E*0o .SOSOE.O0 .0 0E0 *R40Z . oEo .9O92E-o2
1-? P22 .41•45E*00 .4145E-00 .41464Eo .4950E-00 .4950En00 .11405E-02 .0 .10 E2 .9509E*02

1,? 023 .414)F400 .4143E-0D .4143E'u0 .4990F000 .5000Eo00 .11504E*02 .0 °1043Ee02 .9512E*02

1-2 031 .4(IFr00 .41]46F00 .4146E*U0 .S1OOE*00 .5095E-00 .117490E02 .0 .1043E*02 .9514E-02

1 042 .4)6f+4Do .:4146E00 *4146E4uo .51300*o0 .5120E*OO .114o02E*oz .0 1 0 4 1 E*0 2  .94968E02

1-? ?2S .4.44000 4145EC0 0  .4145E*uo .5j1DE-00 .5 1 3 0 E 0o0  .t1T77E*-l O 0 .1 0 1 E*o 2  .94 94E*0 2

1 - 2 ,61 . 4 14 5F*n 0  
: 4 1 45Fr 0 0  . 4 14 5ELuo .5080E*00 .5 1 0 0 E*0 0  .1 1 6 97E*02 *0 . 1 0 3 9E+ 0 2  .9482E*02

(p ?6A .44;F -on..41 47EO- "41.47E Ue .5150Eeo0 .5140E0*0O .1 RA29Eo02 .0 .1039E*02 -9479Eo02

l2 349 ,4 1 46 r 0•0  .4144*00 ,.144Etuo .:4960o00 *496 0 E 0 0  :11 40 4E*:02 0 910.jE02 "9486E*02

1:? 282 :44Fn *4 1 44r.00  .41450*00.So~ oo 5300 152*2 * 3 0
. 2 41-4F ,.4146F*on 0 .41445E0 .SO 02EO0  . 5 oE 0 0  .)1522E 02 .0 *1037E*02 .9 46yE* 0 2

1 2 I .4I44F00 -4('9F00 .4(440*0O 0 .4 97 0E 0 0  .116 0 jE* 0 2 ?0 .1 0 3 8E* 0 2  94 TS9E*0 2
10 286 .41649E00O *41•4uoo . 41 44 E*uo .497oE 00 *4985 E: 00  .11482E*0 *0- "1041E0a .95 00 E* 0 2

1"0 281 .4149r00 .4l49E0O0 .4(450.4O .So60Eoo*0 s 0 ToE.o 0  
.iis5iEooe .0 . 1 0 4 0 E*o 2  

.969 3
Et 0 p

.0 AS .4144F On .41)S40on .4 14 4E-uo .5 0 3 0 E. 0  .5040*E00 .1 15E
0
02 .0 '1031E:02 94699E 0 2

A6 .414El10 .4n 144F•00 .4144E*0o .S970Eon :50000*00 *1152:oE*o2 *0 *1041E 02 9sooE'02

1-? 'o• 41144 - 6Fno .4145E 0 .5020E oo oS03n 
0
no .11561E .0? .0 -1040 E0O2 .949 3 E ' 0 2

TOTAl WFyGHT OF GROuP = 3P2.511 GRAMS
AVERAGE WFrGHT OF GROLIP . ll•,6 GRAMS

AV
0
EAGF nFNSITY rF GP001P 04.906 PERCENT T.D.

AVERAGE OFLLET LENGTH oF GROUP .91040 (NrHES
STANnAPn 1FVIATTON OF PELLE

T 
OFNSITY .139

IFA-431, Rod 2, Drilled Pellets

AIT SAMPLr PIAMETER LENGTH WEIGHT DIA. CENTER DENSITY DENSITY

MO. NO. (INcHES) (INCHES) (GRAMS) VOID (G/CC) (PERCENT T.U.)

n-1 0-P O-3 L-1 L-2 (INCHES)

1" 30? .4144FWn0 .4145Fr*0 .4144E0n .49900>00 .5O10E*oo .11133E*02 .6850BE01 .1036E*02 .9449E*02

1"? 303 .4144E00 .4•45.:On .4144E:00 .502oEo00 .SoooE*oo .11133E*02 .6850E'0i .I134E*O2 .9430E*02

1(2 306 .4(43F0n0 .41 4E9o .41444E*u0 5040E000 .502nE*0 o . 1 1 1
90E*02 .6850E01 "1o35E,02 9442E-02

1- 30Q .4144• 00 .41440E00 .4144E+uo .5030o000 .S3o0E*oo .11141E
0

02 .6850E'01 .1030EI02 .940 1
E*02

(*2 311 44100 °4 1
6r* 0 0  

. 4 1 4
5E*00  

.4964E000 .11020E002 .6850E-0 2  
*9 4 4 3

E*02

1-2 313 . 4 1 4 9 Frn °4 46E0on 414400 .So3oE*00 .5 0 40 E* 0 0  
.11190E*02 .485OE0 0 3 3 E 0 2  

94280*02

1"2 3)11 1 .41491*00 .4)144000 .461SE0uo ,5040Eo00 ,S 0 3 0 E*o 0  
. 1 1

192E*02 .685 0
EA01 .1033E*02 .94 2

8E*02

(.7 31( . 4 1 4 rFnp .4145E0On *4 SE
1

OE .5o5oE0o0 5s0 5 0 E* 0 0  
.11238E002 .6850Eo01 . 1 0 3

5E* 0 2  
.9 4

40E*02

1"? 3)7 " 4 1 4 3 r* 0 2  "1 O "4 ]4 sE~0 0  .SOSOr* 0o .50300>00 . 1 1 2 0 7E* 0 2 °6850E01 1 0 3 4 E: 0 2  .9 4 36E* 0 2

1-2 3)0 "44r3F nn "44lF on .4145>U0E "501OF*O0 *5olnE0o0 1 11 2 3 E*02 "685 0
E- 0 1  

. 1 0 3 3
E 0 2  

"9 4 2 1 E* 0 2

I,? 37?q .44•l• n . no 
4

.S9r
0 0  

* 4 ] 4 sE. 0  
.5 0

20
E0O0 *5 0 2 0 E 0n0  

.11 1
58E*02 .6850E-0 I 1 0 3 4 E: 0 2  

:9432E:02

1"- '33 .4144r*nn .414r00n .4144E 
0

O .4
9

ToE0o0 .q9OE*o0 I ul7
T

IE-o
2  

.6850>E01 :1034E 02 94340Eo02

TOTAL WETGHT OF G0OUP = 133.79h GRAMS

AVFPAGr WFIGHT OF GROUJP 1.1497 TGRAMS

AVE4AGE nrNSTTY OF GROUP C 94.320 PERCENT T.O.

AVFAGr PrFI)LET LE
T

I
M

TH nF GROUP - SoSlo INCHES

lTAonApn 0FVIATTON oF PrLLET DENSITY l?15

E-4



LOT
No.

1-3
"-3

1-3

)--3
1-3

1-3

1 -1

I-fl

1-3

1-q

I -3

,3

1~

1-3

1 -3
1-3

1-31-3

IFA-431, Rod 3, Solid Pellets • .

OAMPLF OTAMETEP LENGTH wEIGHT DIA. CEN
NO. (INCHES, (INCHES) (GRAMS) VOID

n-I n-, D-3 L-1 L-2 (INCHES)
477 .427?F'0o .4274F000 .4274Eu 0 .SlOOo*o0 .51OoE*o0 .12526E002 .U
482 .4274Fonn .4274E-0o .42

7
3E.uo .51

5
000oo .5150E'00 ,12641E02 .0

495 .427RE*00 .4275F000 .4274E.uu .5200E00 .5040F000 .12392E002 .0
4Q6 .4273E000 .4275F000 .4274E*O0 .5120F00 ,5o0OE-O .12560E002 *0

49Q .4273W00n .4274F*00 .4274E-0O .505oE0o0 .SooEnoo .12462E002 .0

Von .*427T foo .42
7
5F000 .4274E0uo .5080E*00 .5060E0oo .1245

7
E-02 ,0

SO. .4°?T73ioo .4274F00 .4274E0UO .°0640000 .5070E0o0 .12458E.02 .0

50o .4274F-0n .4?2?3-00 .4274E.*U .50200E00 .50300E00 .123331E02 "0

9n4 .4?7,V*nn .47730*00 .474E0.0 ,5090E*0o .5090*E00 .12484E002 *0
VnA .42

7
00'oo .42740000 .4274E0oo .5110E00*O .SI oEno .125

8 9
E

0
02 -0

507 *4274F
0

0o .42750400 .4273E000 * " * , 00
51i .4273F'00 .42

7
3FNOo .4273E0(0 .03 0 *3O 505000 G 12352E002 .0

511 .42730*Fo .4275F*0O .42750*uo ,50Oo .900E0o0 .12928F*02 "0
,12 .4274F0.1 .42750.00 .4275E*0u 5120E.00 .51IoE00o .1258RE102 .0
VI4 ..4279F.O .4276E.00 .4?

7
6E.uo .5150a00 Eon .514E0 .12645E. 02 .0

S15 .4270F*On .42T3F0o0 .4273E-uO .5130E€00o :5!20EoO :12583E:02 :0
5.I .42T7F3no .. 27 4?*73 . E273.uo .Sloool0o .5100E0 W .12512E0.2 .0
954 .4?74'00o .4*7.400oo .*)7VE0o .SI30E00o .512nE*00 ,1256

4
E0o2 *0

5ý'0 .4271Fn00 .4P7SF900 .4275E0Uo .5050o0E0 .5060E.00 .12392E002 .0

V68 .42
7

IF*oo .4273E0o .4272E0'o .
5

0O*Oo .5150E:00 :12613EF02 .0
573 .4273F 00 .4274E0on *4274E0u. .5120Eo00 .SIooEoo0 .124990E02 .0

974 .:427nF00 .42
7

5F0*O .4275E0u. .5110E*00 .5120En00 .12525E002 .0
-;R .4273E000 .42740E00 .4274E0UU .5100E+00 .SIooEO0 *1254

8
Ei02 .0

SV6 .42710.00 .42730.00 *42
7

1Euo .51OO0E.O0 .51110.00 .12482E.02 .0

5g9 .4R730.00 .4?730.00 .42?IE7u. .5120E+00 .51300E00 .12532E.02 .0

603 .42710.00 .41710.00 .42710E.u .5120oEo0 .5120E000 .12578F.02 .0

enr .42740*0* .4227E.*o 42710Euu .5110E.00 .51300E00 .12557E.02 .0
60 ..4273F.00 .42730E.00 ,4274E*0 .51000.00 .51000E*00 .12530E.02 .0

6,q .4270F0.0 .4075F*00 .4275E.UO .511iE0o0 .S1Io00o0 .125700.0; .0

613 .4274000 .42740*00 .4274E0u0 .4860F.00 .4860E0*0 .11892E002 .0
61A .477400n .4?T40*00 .4272*0uo .5240E*0o .5250E000 .12877E002 "0
A17 .4?

7
30noo ,4'73E-.00 .4272E0u. .512oE.0o .5120E*00 .12932E*02 .0

AIR .42790400 .42750F00 .4276Estij, . o090r.On .50oEo
0

Eo .1248
8

E-
0

2 "0

TER DENSITY DENSITY
(G/CC) (PERCENT T.D.)

.10450E02 ,9535E002

.1044E002 .95280E02
.•1048E02 .95580E02
.10450*02 .9539E002
.1047E*02 .955OE*02
.l045E*02 .9536E402
.1046E-02 .9547'E02
.10o4E*02 .9527E*02
.1044E*02 .9523E*02
.1046E*02 .9541E002

.1041E*02 .9497E*02

.10
4

3
0

E02 .9S16E*02
.1046E*02 .9541E*02
.1046E*02 .9542E002
.1045E*02 .9531E*02

.1045E'02 .9538E*02
:1044E:02 :9524E*02
.1043E002 .9514E002
.1042E-02 .9508E*02
.1042E:02 .95110402
10410E*02 .9494E.02

.1042E*02 .9506E*02

.I047E402 .95500E02

.lo4E002 .95OOE.02
.1041-0*2 .94940E02
.1046E002 .9548E402
.10440.02 .9526E*02
.1045E002 .95380E02

.1046E002 .9542E.02

.1041E*02 .9496E002

.1045E*02 .9531E*02

:1042E002 .9505E*02
,1043E*02 .9516E*02

TOTAL WFTGHT 0F G0n0P - 412"715 GRAMS

AVERAGE 'EIGH
T 

0F 09(1P l e2'06R 4 rAM5

AVFPAGF 0FNS0T5 OF GROUP * 95.258 PERcENT T.j.

000PA0E DFLLET I0N0TH 0F G~mUP = "so9b INCHES
S

T
A0oARn nFVIoTOIN OF PFLLFT DENSITY = IR

IFA-431, Rod 3, Drilled Peo.lets

I OT ROMPLF OIAMFTER LENGTH wEIGHT DIA. CENTER DENSITY DENSITY

40. NO. (INCHES 1  
INCHES) (GRAMS) VOID (G/CC) (PERCENT T.D.)

.-I 0-2 0-3 L-1 L-2 (INCHES)

I-1 R ,427407.42 0 4 506 00 .5oB0E0oo .12120F-02 .ISOE:01 .10430402 .95150402

1-, s21 .427fF0oo .42T6E7o0 .42
7

5EUoo .5090E000 .51000*O0 .12178E.02 648500-01 .1043E002 .9513E002

1-
3  

2;4 .427VF-00 .4276E0.0 .4277E*00 .50olE-o0 .5000E000 .119150E02 .6
8

5o0E-01 .10380*02 .9474E002

1-3 927 .4?TSE0nn .4270000 .42750*00 .5070E*oo .5070SE00 .12123E*02 .6850E-01 .1043E*02 .9520E*02

13 92q .427fFo0o .4274E'0o .4275E100l .508o0o00 .5040*00 .12077E-02 .6850S-01 .1039E*02 .9481E002

0-3 932 .4275F-00 .4275E.00 .42750*uo .5100*E00 .5IOOE*o0 .12156E002 .6850E-01 .1040E*02 .9490E002

1-3 S34 .427'EVO0 .4270.400 .4274E.o0 .50
9

E0O0 .51OOE*00 .12129E*02 .68500-01 .1039E002 .9479E'02

1"1 939 .4279E000 .42?7r*00 .42750*Uo .5170E*o0 .5170oto0 .12325E-02 .6850E-0- .1040E*02 .9491E-02

1-3 944 .4p
7
VE0no .4275E*00 .4275E-,,o .SlSoEooS0 .5150E'o .12270E002 .68500-01 .1O40E*02 .9486E002

1-3 950 .4273F0'0 .4275E*00 .4274E0vO .5130E*0o .5110E*OO .121650*02 .68500-01 .1037E*02 .9464E*02

1-1 951 .427VE-00 .427F0*00 .4276E000 so8EOBO00 .5O
9

0*oo00 12129E002 .6850E-01 .1041E*02 .9495E*02

0-1 52 .4279EOn .42750Eo0 .4275E0UO .5040E-00 .5o5oE*0o .12020E*02 .6850E-01 .1040E*02 .9486E*02

TOTAL wF01 1T OF GROUP . 149.607 GRAMS
AVoEAGE WEIGHT 0F GROUP = 12.1339 GRAMS

AVERAGE nENSITY OF GROUP * 94912 PERCENT T.D.

AVF
0

AGE PELLET LONRTH OF GROUP * .50gU TNCHES
I0T4l8AR0 00VI0TI0 4 00 PF01LET DENSITY ,171

E-5



IFA-431, Rod 4, Solid Pellets

LOT SAMPI-P DIAMETER LENGTH WEIGHT DIA. CENTER DENSITY DENSITY

ND. NO. (INCHES) (INCHES) (GRAMS) VOID to/CC) (PERCENT TaU.)

0-1 0"2 0-3 L.I L-2 (INCHES)

1-4 22 .420?F*00 .4204E'00 R .403E.uo A5090E*00 .50ROE-oo .12041E-02 .u :1042E02 .9503E02

1'4 33 ,62n6E0o - .4206Ed00 .A20AEAuA So~oE0oo .5030E*00 .11902EE02 *0 . 10 39E 0 2  *9476E*b2

1"4 6n *4204FR00o6E*o .32oAE-uo .SOI5 Eo00 .S02oE-O0 *11892E-02 *0 .1 043E*O2 .9512E*R2

1-4 67 .42I7E*o0 .4204EF00 .42 0 3E0uo .5000E.00 .5020E*0o .1184o0E02 .0 . 1 0 39E*0 2  .9483E*02

1-4 q? .42oAF*Oo .4206EROn .4203Evu .S100E0.O0 o5100E*o0 .12031E02 .0 1037ES02 94g61E-02

1-4 96 .4203E*00 .4?04F*00 .4203E¾VO .5120E00 .512SoE0oo 12o8o0E0-o .0 .1 0 38E-0 2  .9466Ez02

1-4 102 *A42O2E*O S4205F*0R .4202E*uo .S51o0FO0 .5160Eo0R *12139E*02 *0 .1 0 39E' 0 2  .9478E-02

1-4 106 .6ZnPF*00 .420FE*00 .4201E*uu .S11IE*00 .SI]OEo00 .12082E+02 .0 .1041E*02 *9495E-02

l-4 InA .420?En00 .4p04E*o0  .A202E*uo .S1E-0o0 *5 1 80 E*0 0  .12261E-02 .0 . 10 40 E*0 2  .9485E.02

i:4 "620IF:' 0 0  .4 P0 3 Fro0  .4 p03 E.0 0  .508EREoo . 0 9 0 E 0 0  "1 2 0A 3 E*02 0 *1039Eo0 "9476EO02

4 p9 42niEan .42R3E 00 .4203EAu 5S105E 00 .5110E00 '120' 2E02 *0 .1o4oEo2 .9493E*02

1-4 130 .42nlF'On .460SE-00 .*6o3EUo0 .5130E*00 .5130E*00 .12103E-02 .0 .10 37E-0 2 *966sE*02

1-4 132 .42nPFEO0 .4 2 0 4E 0 0  .4204Euu .5090Eo00 S1ooE*00  *12040Eo02 .0 . 1 0 39E* 0 2  .94A8Eo02

1-4 134 .62n2E*on .4204Eo00 .4202EUS .
5
1

4
0E*O0 .5160E*00 .12131E-02 .0 .1036E*02 *9455E-02

1-4 141 .420F*R00 .42064E00 .420oE*uo .SoDOE-oo .5010E*o .11R29E02 .0 .1040EI02 .9486E'02

1-4 147 .4?04Fon .6205F*0o .42o3E-uo .502RE*00 .5020Eo00 .-11T3E-02 .0 .106OE*q2 .9487E'02

1-6 1 4R .2oPE
t

On .4204E*OA .4203EAo .5020oE00 .5020E0oo .IIRo50E02 .0 .1038E*02 *9673E03

1-4 14Q .42?RY*00 .4?0SEG00 .6204E*A0 .50
6

0E.00 .S04nE*00 .11950E.02 .0 1040E*02 *9492E-02

1-4 PAR .4201E-00 .4204E'00 .4203E'uo .5V2IER00 .506RE*00 *11928E-02 *0 .1043E'02 ,9518E-02

1-4 p(7 .4nOE.GO0 .4po)fEon .4201E.UO .S090E.O0 .S080EO00 .11998E.02 .0 .1039ER02 .9480E*02

)-4 226 .*24oE*00 .4702E*00 .420n2E*o .49
9

0E-00 .990oE*o0 ,IIR30E.02 .0 *1043ER02 *9520E02

1-4 Pq .PROiE-oo .6203E-00 .4202E~uo .0SO.EO0 *506oEo00 *11967E(o2 .0 .1042E502 *9g5E202

1-4 243 .*4nAE.on *4 07WFO. .4p426E*uo .50
9

0E.01 .So90E 0o .12069E.o2 .0 .1040E02 .94RSE-02

1-4 p44 .4?IE*0nn .4206E-'0 ,4204E-uo .5110E.O0 .Sp0E-oo .12092E*o0 .0 .1042E+ 0 2 .9S03E*02

1-6 p45 ,426pE.O .4204E.00 .4205E.uo .49
8
0F.00 46 0Etoo .11751E.O2 .0 .104 0 Eo02 .9466E.02

1-4 p56 .43E•0Fon ,4?o051E.o .2 0 3E 5110E00 SloEoo iS
0 E-00 .1zsToE2o .0 .lG39E*o2 .9476TE02

-4 pS?9 .62pE-oo .4204EA00 ,6203E.uo .Si20E.oo .S11oEoo0 .1ZT3E.02 .0 .103RE*02 .9472E-02

TOTAL WrTyHT OF GRgUP 3.3.857 GRAMS

AVFRAGE WEIGHT F GROU(P * 11-9947 GPAMb
AVERAGE DENSITY OF GRO'JP s 948-9 PERLtNT T*D*
A

V
ERAGE PELLE

T 
LENGTH OF GROUP 5074 ONrHE

5

STANDARD DEVIATTON GF PELLET DENSITY .16

IFA-431, Rod 4, Drilled Pellets

(OT SAMPLE DIAMETER LENGTH WEIGHT DIA. CENTER DENSITY DENSITY

NO. NO. (INCHES) (INCHES) (GRAMS) VOID (G/CC) (PERCENT T7D.)

0-I D-2 0-3 L-1 L-2 (INCHES)

1-4 1 .420E-*06 .4204F.00 .4204E.AO .5110E.00 .5130E*b0 .11758E.02 .6850E-01 .1037EO02 .9465E-02

1-4 11 .42nrE00 .4205E*00 .4204EAun .5130E*00 SISEoE0 .11792E*02 .
6 8

SOEd01 .1036E- 0 2 .9450E*02

1-4 R) .4204Fo00 .4P05F0o .4204E*uo .S0
6

0EOn .SRTnE*0o .11629E-02 .68SOE'S1 .103TE* 0 2  *9459E*02

-4 8AT .42OPE*R .42603E*00 .4203E0oo .SGSOE*00 .5050E*oR .11555E*02 .66O0E5o1 . 1 0 34E* 0 2  .9435E02

1-4 165 .4203ERV0 .4204E-00 .A205fEUO .RSORE*O0 .506REUO0 *1158SE02 .6hSOE-i1 .10350E02 .9466ERo2

1-4 161 .64204E*0 - .4?OSEtR .620SE*Ub .S060E*00 o5080E0o0 .11640E.02 .6850E-01 .1037E*02 .9457E*02

TOTAL WEIGHT 0 E GP111P - 6q.)62 GRAMS

AVERAGE WETGHT OF GROUP 11.6603 GRAMS
AVFRAGE DENSITY OF GROU(P 944522 PERCENT T7D.
AVERAGE PELLET LENGTH-OF GROUP - SOR. TNIHES
STANDAPR DEVIATION OF PELLET DENSITY = .1n7

LOT SAMP(F DIAMETER LENGTH WEIGHT 0IA. CENTER DENSITY DENSITY

Nn. NO. (INCHES) (INCHES) (GRAMS) VOID (G/CC) (PERCENT TaU.)

0-1 . -2 2 -3 . L-I . -
2  (INCHES)

1-4 179 .4PnSEYV .4?04E*0 .42R3Euo ,50gOE*RR ,5080E*00 .i17S3E*02 0A3o0E-0i 1035E02 .94440*02

)-4 IRA .4209FA 0 .A4?pSE-0o .4203E0uo .50
6
0E.00 .5080E*00 .11744E-02 *63001E-O .1042E*02 .950o*o02

14 1 R3 .42D4E0E 20 .5040ER0 .SoSoE:oo .1168%E0(2 .6300ERI1 :1061E'. 0 2  .9499E'02

(4 187 .42AE0VF .A206E0on ,420SE u .5030ERo o 502OE o, 111 AlE*0o 4630oE01 E 103 E 02 .948oE*o2

1-4 766 .42A4E'00 .4Al5FEO0 .4204E*Ro .509AE*00 .59oEoo0 .11712E*02 .6300E'01 ,1035E*02 9644oE-02

1-4 769 .4PSE*R0 .4pOSE.O0 .A2RAEAO .5ToERo0 -no610E*o 
.11933E*o2 .6S.ooE- . 1 0 39E. 0 2  .9477E*Op

1-4 77n *4203En0 ,4po04*O0 .42DkE-,o SIGOEG00 .5I2oE*00 .11811Eo02 .6300E'01 .104 0 E* 0 2  .9486E*02

1-4 77p .4AAE*RV .4603E*oO *.4203EAO0 .
5

0
3

0E*R0 SoZoEVoo I1158SE-02 .6300E-01 .1037E- 0 2 .946SE602

TOTAL WFTHT OF GROLP a 91-7A6 DRAwS

AVEPAGE WEIGHT OF GQRGl1P 11.7233 RRAMh
AVERAGE GENSITO OF GROUP q 46.743 PERLýNT T.DO

AVEPAGE PELLET LENGTH F (JPJOUP - .5071 TNCHES
STANoARn DEVIATION OF PFLLET DENSITY .22•
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IFA-431 Rod 5, Solid Pellets

LOT SAMPLF OIAuETFr LENGTH WEIGHT DIA. CENTER DENSITY DENSITY

HNo. NO. (INCHES) (INCHES) (GRAMS) VOID (G/CC) (PERCENT T.0.)

n-i 0-2 0-3 L-I L-2 (INCHES)

1-8 7R4 .42n0POn .4OSE0On .4n45E800 .s090F.00 .S095E-oo .11633E.42 *u toW-oE*02 .9163E.02

1-5 78A .420h
8
800 .4OSF*00 .4204E0uo .4980,F00 .4960E* 0 0 .113788E02 .0 .1006E-02 .9182E8o2

1-1 787 .4203F800 .4003F*00 .4.n388uo .511E-oE0 J10OOEoo0 .11628E802 .0 .1002E*02 *9141E'02

1-5 789 .42nF-*nO .4004F.00 .42n3E*uo .504OF000 .S040E*o0 .1148;E.02 .0 .1002E-02 .9141E*02
1-S 790 .4204EO00 .4004E800 .42n4E8uo .4970E.00 .4980E-00 .11318.02 .0 .1007F02 .9184E-02

1-5 793 .42086*n0 .42058*00 .42SE*uo .5120E.00 .5OOEO0o .11SO0ES02 .0 .9892801 .9o24E02

1-5 796 .4208E*00 .4?008800 .4206E8uo .5120E800 .5120E-00 .11522F.02 .0 .98R7E*0I .90218E02

1-8 707 .4208E-00 .42058E00 .4?05E8uu .5020E.00 .503oE*oo .11330E*02 .0 .99088E01 .9040E-02

1-5 Aen .42n48*00 .4?00sFOn .4204E*uo .5070F*00 .505Eo0oo .11 586E802 .0 .1006E*02 .9183E802

1-S 81 .4P040÷00 .4206r800 .4204E8uo .5140o.00 .51SOE-00 .11601E*02 .0 .9910E+01 .9042E-02

1-8 802 .42n45,0O .42040>On .4004E0oo .5128 -o0 .o1SoEo00 115981E.02 .0 .9915E*01 .9047E'02

(-8 804 .42048'00 .4204E*O0 .420,S UU .5050E-00 .5070Eo00 .11348E.00 .0 .9858E*01 .8995E02

1-5 An6 .4204500n .4205D80n .4?05E00 .5010E.00 .5020Eo00 .11415E-02 *0 ,lo00E*02 .9128E-02

1-5 Pn7 .4204F*00 .4?00E808 .4200E8uO .5160E800 .S108~o0 .118088.02 .0 .100TE702 .9185E*02

1. 80A .42n0F480 .40"*F00 .4200E>uki .5IOOE00 .SlIojFoo .11653E-02 .0 .1003E*02 .9152E-02

I-, 800 .4205E-0o .4P208O00 .4204Euoo .51608.00 .5170Enoo .11845E402 .0 .1008E002 *9196E-02

1-8 8l1 .4204E800 .4205FO00 .4204E8uo .52108Fo0 .51908E o0 .11ORE*02 .0 .1007E802 .9184E'02
(-8 847 .42n03000 .4204F.00 .4003E8u0 .5050E*00 .5060E*00 .11521E*02 .0 *1002Eo02 .9145E'02

1-5 840 o4204F+00 .4208F*o0 . 4 2 0 5E*u0  .5o308o80 .o030E*o0 *11460E02 o0 *io02E*02 .914 3 Eo02

18r 882 .400n4V0>0 .420n3F-0 .4Ž04808 .S-Eoo S0E0 .5110
8

o0 .11,08C0480 .0 .0059E010 *9o87E-02

1-5 888 .42040*00 .4050800>0 *42pE
8

u0) .5060F.00 .5080.00, *111474E:02 *0 :9946E:01 .9 0 7 5 E+0 2

1-. 888 .404 000 .4?04Eo00 . 4 2 0 3E.uo .506oE8 0 0  . 5 o60 E oo .|11200>02 0 o10 1 0E 0 2  '9213E*02
1-8 •1 .42048 *0 .42048*00 .4203E8u8 .s09oE*o0 .S 0 7 0 E o0 -11448E*02 .0 :99 0 9E- 0 1  "9041E*021-5 868 .4208F+0O .404F0>o00 .4anrE.uo .50208*00 ,50308*00 .11S15

8
00 ,0 . 1 0 0 7E*02 .9 1 86E* 0 2

I-8 860 .42048800 .42006F00 .420888*0 .5o~oE-00 * 5 03 0E~o 800 s.0 5&OE02 0.9 3 11-8 870 "4204800 .4o0E04o0 .4 2 0 3 E.u 1 0  
.5060F-00 .505 0E* 0 0  .11323802 "0 .99•Eq • '945E§0E

1" 8T7 .42043*00 .440O00 .n3E0*00 .50308*00 ,500E8*00 11393E*02 .0 99 01 9114E0
I 5 8T7 .420e38n0 .4004F*0 * 4E. 0  50800 .n5 0 50 E *0 0  .115218+02 .0 .99729E* 0 99E* 2
(-q 8A6 .40048*00 .40040*00 .40038.8 .48408*00 .48600>00 .iooF 1

0 
O0 .0 o99794E01 .9096E0-0

1 87 .4208*00 5.4?040000 .4004850 .Sob*oo .5000*00 1,1318E*802 0 29096E 1  
.g02 gE.02

PAC) .4204F *00 .4;!00E 00 1 .400SE .oo 5050E 800 .5070E *00 i1352E *o * .0 .986 0 E*0 1  .8996E *02

9 800 .44F 20 00 .420o *0 - 42, n5VU .5190 0 .00 5 1 9 09E* 0 0  .1 1 6 4
9E *0 p 0 .. 95 6 5 E * 0 

1 .9 0 0 1 E *02

] 4; 891 .4204F -o .4088E -On .42p4E .o .5101n00 .511 E -o .11848E *0 . .99438E *01 .907 3 E *o2

TOTAL wFTG8 T OF GROUP . 379.836 GRAPS
AVE0AGF WEIGHT OF RO(8 . 11.510p 00A4b
AV0PA0 8 nENSITY OF GPO1IP ' 31 .083 PERLENT TDo
AV00AGF OFI.LET 8ENG(TH 0F GOOUP * °807u INrHES
oTA88. A0 o nEVIATON0 O _ELLET DENSITY = .674

IFA-431, Rod 5, Drilled Pellets

(.OT HAMPLF 01Am0TF8 LENGTH WEIGHT DIA. CENTER DENSITY DENSITY

"0, NO. (INCHES) (INCHES) (GRAMS) VOID (G/CC) (PERCENT T.I.)

n-I 0-0 n-3 L-1 L-2 (INCHES)
1-• 811 .420F8*00 .40038*00 .4202E8u0 .Sn3oW*on .50508E00 .11144E-02 .6850E-01 .9994E*01 .9119E*02

1-" 8Al .42o28F-O .4203E800 .4202E0u0 .5020E-00 .5040oE00 .11149E802 .6850E-01 .1002E'02 .9141E'02

-1S 82n .42045n0 .47051000 .4204E*0u .5040EnO0 .5050E*o0 °1 1121E-02 ,6850E-01 .9954E801 .9o82E*02

1-S 82 .4200E*00 .4004E100 .42048888 .50408.00 .0070E800 .11323E802 .68508-01 .IOIOE*02 .9215E802

(-R 8?A .420npF, 0 .42040>00 .42o2E8*0u .51108800 .5100E00 * 11203E802 .6850DE01 .99183E01 .9049E*02

1-5 827 .42n38*0o .4203F00n .42n3E8uo .5130E-00 .5150E-00 °11311E-02 .68508-01 .00430>01 .90728802
1-! 80. .40n8F*no .40038*00 .4203E*00 .5130F.00 .5180oF00 .114318*00 .6

8
8OE-01 .1002E*02 .9143E802

l-, 836 .42038*00 .4201F800 .4203E*8U .52208F00 .5230oE00 .i1592E*02 .6
8

50E-o1 .1002E*02 .9147E002

1-1 830 .4204F>00 .42048*0n .424E*8*O .51108*00 .5120E*00 "11320E*02 .6850E-01 .9995Es01 .9120E*02

l-r 844 .42030*on0-0*o4
8
'o .40-03E*uo .o507oE*o .5080E800 .111558E02 .6850E01 *99308*01 .90600>02

1-5 84, .4203Fl00 .4?05*01) .4?0SE*8u .507oFo00 .5100E800 .11317E*02 .6850>E01 .100E502 .91698E02

i-1 A4A .420F*00 .4002E0O0 .4203E*8o .50708*o0 .So5nEo0oo HI131E*02 .6850E-01 .9943E01 .9072E'02

T
oaL w48700 OF G400)P = 115.1Q7 GpAMS

AVF8AGF 0 EIGHT OF GROUP * 11.2664 GRAMS
AVE8A00 nENSITY OF GROIP * 31.188 PERCENT T.D.
AVERAGE PFILET LENGTH OF GROUP = .5095 INrHES
STAMO•Ann oVIATTON OF OLL8T DENSITY - .Sm1
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IFA-431, Rod 6. Solid Pellets

LOT SAMPLE DIAMETER LENGTH WEIGHT DIA. CENTER DENSITY DENSITY
pin. NO. (INCNES) (INCHES) (GRAMS) VOID (G/CC? (PERCENT T.O.)

n-i 0-2 D-3 L-1 L-2 (INCHES)
I-6 6AR .42•pEoa0 .43046.00 .4004E6U. .SOO8E0E0 .5090E*00 .11554E.02 .0 .9988E*01 *9113E602
1-4 6A7 .42n2F*00 .4046.On .4203E60u .5020E.00 .

5
020E*00 .11496.E02 .0 .0ooSE+02 .9169E*02

1-6 688 .42oPOO .•63036*03 .4204E6uo .5050E.00 .500oE00oo 19606E.02 .0 .1IooE*02 .9187E-02
1"1 f9O .4204E6M0 .42090EO0 .4204E0UO .50006EOO :5020E60o *11491E*02 *0 .100R6E02 *999E*02
1-C CR3 .42o46*00 .4204EOon .4243E uo .5060E600 .506oEo00 .OISORE*02 .0 .o00E*02 .9124E*:02

1-6 f99 .42046*00 .400E900 .4204E*uO .S040E*o0 .5060E0oO .11S56E.02 .0 .1006E602 .9178E*02
1-6 T7l .4201F.00 .43046*n0 .4203E6.o .S140E-00 .5140E*00 .11673E.02 .0 .9987E*01 .9113E*02
1-6 704 .42n4F000 .4204F-0o .42o4E-uo .5124E.00 .5130EnO .117OIE02 .0 .1004E-02 .9158E÷02
1"6 706 .42o2+*00 .42046*00 .4203EUO .Si1o*Oo0 .51206F00 .117O1E*02 .0 .1006E*02 .9l81E-02
1-- 71n .420o4t00 .4205F.00 .4203EA00 .5100E.o0 .S1lOE-Oo .11711,E02 .0 .1009E*02 .9202E*02
1-6 711 .

4
204F*00 .4?S0F0o .4203E6u0 .50906*00 .5100E*00 .164016E02 .0 .1001E*02 .9133E602 'A

1"6 71? .4203E-no .42046.00 .42o3E6uo .5090E-00 .5090E*00 .11SR9E.02 .0 .1001E.02 .9136E.02
1-( 713 .4246*00 .4206E*00 .4204E+u6 .51OOE.00 .5110E0o0 .116416E02 .0 1o002E*02 .91466E02
1'6 71R .4203F6A0 .4?06E-0o .42o3E*-o .SIOOE*O .SI0E0O0 .11683E602 .0 *IDOE*02 .9190E*02
1-A 719 .4203F600 .4203E60 .42o2E*ou .51IoE*OO .SI20o*OO .116916*02 .0 .OO05E*O2 .9174E*02
(-6 7Tl *42on3F6*0 .42046*00 .4704E*ou .51260*O0 *5I306E*0 .*1680E.02 .0 I0002E*02 -9143E602
1-6 7?, .4204o&00 .4204E600 .4203E*UO .SIOOEO00 .5090E*o0 .11609E.02 .0 .1002E*02 .9141E.02
l'C 7Ž7 .4203F600 .4?'0FIo .42o4E*oO .51000*00 .S09E*O0 .11629E*02 .0 .1003E*02 .9156E*0Ž
1-6 731 .42036o0 .4204F*00 .4202E

6
l0 .4950E*00 "4960E*00 * 1310E*02 .0 : 1 0 0 4 E* 0 2  916 0 EQ 21-6 732 .420P600 .43036*0o .4203E*0u .4650600 .4650*00 *10546E*02 0 49977E:02 .91630E:2

1. 733 .4 2 0 3F* 0 0  .404F*00 .4203E6*o .47906*00 .481OE*0o .1Oqj2E*O6 "0 .9999E*01 .9122E602
)-6 734 .47o36F04 .4204•E00 .. 2 0 4 E 0 o0  .4990E600 .49706E00 "II353E*O

6  
.0 *1002E*02 :9146E*02

1-6 7395 .42n3F*O *4 20 4 *0 n .4294E6u0 .4890F600 .4910E*Oo .1115PE*o2 .0 .1o01E 02 .9136E602
2-6 740 .4n0F204 .4046*•0o0 .4802E'*U .5140E*O0 ,5 1 50 E*0 0  *11741E*02 "0 .1004E*02 .9160E*02
1-6 74P .42o76*oo .4F046*00 .4206*0uo .5120E600 .52306*00 .101

6
A 2 "0 EiOoo2.02 "9124E*02

j-6 747 .42o3Fo .43046.00 .430Ž6*00 .SI:o6~oo .51206*00 ,l685E'o2 *0 . 1 0 0 4 E 0 2  .9159E*02
1-C 74. .42n3

9
700 .404?OFO .4204E6uo ,Silo 

6
oo *lO

6
O0 .119926*02 "0 .9:9756o0 1 9 0

j-h 745 .42o36o .43046.00 .4203E *00 .SE .o o0o .017o3E o2 ,0 .9994601 *911 E*02
-6 746 .400,3*0 .4203*0o0 .4003E*4u .51106F00 *SO1Eo 00 .0 1166E*0 "0 .10016*02 .91326*02

l-A 747 .420•2*07 .4?03E-On .4702E.u6 .5060E*00 .SoSoEoo *114 16*02 ,0 .10006402 .9126E*02
ýOF 74n .42076n .42046*0n .42o3E uO .50506*O0 .50406E00 .11901 E*02 *0 .14003O62 E 9149E*02

7- -745 .4204•n0 .4?05F 0, .42036*uo .50306*00 .SoO2*o0 .11371E*02 0 496*01 .9077E602
1 -6 754 .4202P-00 .42016FO .42ni 0 ,1 0 .S0

4
0E-on .506E no .11443E*02 .0 .9975E 0 .91016 E*02

TOTAL FTyGHT oF GPijo * 380.350 GRAMS
AVEPA0F W6TGHT 6F G0OUP * 11.52•5 GRAMS
AVoPAGE nFNSITY OF rPO1*P 91.441 PERCENT ,.D.
AV4F09r DFILLET LENrTH OF 0COUP - .9505 INrHES
oTaonoAn 6OVIATION OF P6LL6T DENSITY * .304

IFA-431, Rod 6 Drilled Pellets

0.7T SAMPLE MTAMETEsO LENGTH WEIGHT DIA. CENTER DENSITY DENSITY
NO. NO. (INCHESI (INCHES) (GRAMS) VOID (G/CC? (PERCENT T7..)

rI-I 0D? 0*3 L-I L-2 (INCHES?
(-6 64n .42OIF6O0 .4046•-00 .42046'U .4

9 9
o6.00 .50006*00 .11130E*02 .,6850E-O Io06oE02 .9183E602

1-( 641 .6201*O00 .40036*00 .4203E6u0 .50206*00 .5020E000 .11121E602 .6850-E01 .IooiE-02 .9136E602
I-6 647 .4207600 .4?03F.00 .4203E*0o .5020E*00 .50206E00 .111766.02 .6850E-01 .IO06E*02 .9178E602
1"C 645 .4203F00 .4p04"*O0 .4003E*0o .5020Eo00 .5020E*oo .11183E602 .68506E01 .1006E*02 ,9183E-02
1-6 646 .420l6F00 .42036*00 .4203E60o .4960E:00 .49ToE+o0 .11039E*02 .6B50E:01 .10056*02 .9169E602
-A 647 .4201Fon ,40026*0 .4202E*0o .SOIO51 00 .0000 .1118E*02 .685oE01 .1004E 02 .9164E*02

1-6 440 .4"?006- .4304•600 .42f3E*uO .498O0600 .4995q6E0 *11092E602 "68506Eo1 .1005E*02 -9173E*021(6 652 .42046*00 .43040*00 .420SEouo .5020F*oO So03oE*DO .11158E*00 .68S0E-01 *1003E*02 ,9149E'02
(-6 653 .420?F0no .4204E-00 .4703E*00 .4970E*00 .4980E6*o .11033E*00 .68e0SoEo .1002E*02 .9143E*02
(-6 654 .4202F000 .4203F*00 .42046*00 .49606E00 .4Q60E*o0 .11039E*02 .68506E01 .1006E602 .:976E*02
(1 461 .4203FM00 .4204E*0I .4204E*UO .5000E*O0 .SoooEbo0 11120E*0o2 6sSOEoi *1005Eo02 9166E*02
16- 60Q .42nl6-n0 .41036*00 .4?03E*u0 .1OOE-Oo .SlOOEnoo .11274E602 .68506E01 .9992E601 .9117E*02

TOTAL wirGHT nF GOUIJP * 13314A3 GRAMS
AV06AG0 WEIGHT oF GROUP * 11.123+ GRAMS
AVE0AGE nFNSITY OF GROUJP * o|-614 PERPENT TD.
AVER

4
6E 0 .LLET LENGTH nF GQOUP . .500e INrHES

S
T

ANpAPO DEVIATION OF *FI.LET DENSITY * .2A9
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US

IFA-431, Extra Pellets

LO
T  

9NMPLP DIAMETFQ LFNGTH WEIGHT DIA. CENTER DENSITY DENSITY

"0. No. (TNC."ES) (INCHES) (GRAMS) VOID (GI/CC) (PERCENT T,.D)

-1 0-7• n-3 L-1 L-2 (INCHES)

I-1 13 •- n• 2 T? r .4?*0'F.oo *42_ IE.Ul .511oEo0 .51205 Eno .l1711F.02 E 685RE-'0 1  
* 1 3

5E* 0 2  
.9441EE02

1-4 7A .4?n705500 .47OF.O0 .. :4oeSE*qe(0 .SOFGG .0So4nEe0o 1jjqWPF. 0
2 .68ASEe01 * 1 0

35E* 0 2  19445E' 0 2

1"2 'A36 .4144F *n0 .4 144F -on .0 * 44E*4u .So3oEDo *5o30E*no .11 17
M

E*02 o6850E-01 e1034Ee02 "9430E*02

." 9 *4?7r5F0nf *,??SFo :"4?
7 9

tue * SWE-oo .513eEe *i 12Y]RE*OZ :6850E- 0 1  
,104]E* 0 2  :9499E-02

;-6 656 .4?n7FE O. .4?f7F>0n *4?nOE o 4 OE00 .iQ6gE* 0n 1160EeO? .68SoE-01 *I007E0 2  
*9I8sEe02

S-S •33 *,2 n 35 0f .4204E05 *.4?2oE.uu .Si170F0. .5190E*e .11399E-02 .6850E-01 .9943E 0 1  .90T2E.02

TOTA1 WF;DHT MF GRGip A 69.114 GRAmS
AVErAGF WFIGHvT nF G5O01P . 11.N19n GRAMS
A

V
FPAGE FTNSITY OF DPOIP 91.46A PERCtNT T.0.

AVEeArF OFLLET tENrTH oF GROUP = .5074 INCHES
S

T
x•nlro• nFV'ATTON] OF PELI.EJT DENSITY : 1.777

TOTAL Wr'GHT OF Al.t HlIOS 3189.454n GRAM'S

E-9
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IFA-431, IMMERSION DENSITIES

E-1I





IFA-431, Rod 1, Solid Pellets

orl'irT '4T. Dr WT rF FL.ET WT. OF
'r4TfHT SAT1IRATrr) S''SPEY'DED SISPENSION

54'PiF (TPoSI PELLET IN WATER CASE

Nil4AFO (GrA )S) (IRAc ) (rRAMS)

WTAER WATER PELLET PELLET
TEMPEATUEF DENSJTY DENSITY DENSITY

(I)EGC) (GM/cc) (GM/cd (PERCENT T.O,)

1-I
I-I

I ~I

I 1
1 ~l

I ~1
I-i

?Q4
34p

350

364

404

4 56
4r7

,1 P47E,•?
,1Rn;!F n?

.TIVA6F.,1

.117A6FoA2

.11 7440 o2. 7
4 7r.n2

* ¶?31 OE,
0.11 707q0+n2

:;1:64E'n?

,1767F•÷m?
.1174PE np

.1 17rF*q?.1 1 1B

.
1

723?nEn?
.1 1 79AA*n

.1 1454E.?

.1 14R7E. 02
. 57

1
E*np

*1145R4E%;

.~ I 44AE>n?

II 4 4
5E no

.1194¢E'n?

.
1 1

44E5n
.} (43SF o0

Ro" or,40no* 0 5 5 OF', 0

.8o9soF*no

,8oboF:/0 •n

, 80Or *nO

.8orD., o
.eoyb ro-,n
,860ý0r-,O

1940F.02
.1940F.02
.194DE-02
.1940E*O2

,1940E:02
o940E 02
.1940F -n2

.1940E-1)2

.1 940E-fo2

.9983F.)o
,99A3F, o0

.9Sp3ES00

,99R 3 :n00
9RQP3E .0n

.9QR3E oo

.gQR 3 E' 00

.58e 3 E oo

.99q3E.00

.9QR3F'
00

*I o45E+02
*1046E 02

.1026E'o2
,1065E*02

:1045E:02
03 46E 0?f

.1046E*o2
.Ion4E*02

,ln46E'02

.lo37Eo02

.103
4 E*02

953SEo02
:9b*5E* 02
.9543E*

0 2
,95 3 RE* 0 2.9532E*02

*954 E 02
.9541E-O2

.95 4 TE-
0 2

.95A2E-02
o9463E-02
.9456E'02

SAMPLE
NUMBER

294

342

350
361

362
364
381

404
405
456
457

TOTAL WF'yDHT nF ((ROPIP = 130.?20 GDAPS
OVFiODE WIFTGHT oF GOD•JS = 11..38? GWAPb
AVERAGE DFNSITY DF r0DlJP = 05.4,6 PERLENT T.D.

gTANDAnD nFVIoTI
5

N OF PFLLFT DENSITY .335

IFA-43l, Rod 1, Drilled Pellets

'FLI FT OT7 rF MT DF PFLLET WT. OF . WATER
4ryrHT SATUWATED SUSPENDED SISPENSIOD TEMPEATUPE

On"'l.F rG q.S) OFLLF
T  

IN WATER CASE (DEr.C)
M,IIMRFP CA') GGRRMAM DSYI (r0RAS I

WATER PELLET PELLET
DENSITY DENSITY DENSITY

(GM/Cr) (GM/CC) (PERCENT T.0.)

1-l) 7Q .11601Fn2 ,
1
140

4
F.n? .113A6F*Y? .80OVFSD

I-In 48 .11497F-1? *¶14S4E-02 .iI215Eop .Ao'*Dr-no
I-I ID ? I 3,p *11831*,2 

1
(3E' 11|516AE' .R81oOo+no

1-1n (43 .ij6Icr-n2 .1161AFsnr .11319.Op .douuor.no

.I740F.O0 *99R7F.n0 *
1
o45E.o0 .9532E.02

.1760E.02 .RqRTEoo0 .1045E+0o2 .953RE02
*7 • 9TRE4

5
5 .*RR7E'oo *lR44E*oI .9524EI02

.177iF:02 *9R97E'O .104O6E-O0 .9539E-02

SAMPLE
NUMBER

79
88

152
163

TOTAL W;:TryAT nF GOFiiP = 46.63? GA'S
AVFoArFf WIGHT nF rODIJ= 11.650o GRAM4h

A
V

F0An0 DmIS0TY OF 0P011J 05.3,7 EER(IENT T.D.
qTANnAV n DFVIATTON OF OFLLET DENSITY f 0,46

E-13



IFA-431, Rod 2, Solid Pellets

RFLIFT wT. oF WT OF PELLET wT. OF
WVT•H

T  
SATURATED SUSPENOED SUSPENrSION

SdMPLE (GrPMS) PFELLFT IN WATER cAPE
NlIM1FP (GRAM•S) (GRAMS) (GRAMS)

WATER - WATER PELLET PELLET
TEMPEATUPE DENSITY DENSITY DENSITY

(0Er.C) (GM/Cc) (GM/CC) (PERCENT T.Q.(

1-p

1-2

1-;,

(.2

I-2
1-2

1-2

1-2

po

14
45

121
266•
260

2R7
2q6

. I E"*4F 02
.1 -A79Fn2
:I;614F~n24An•F,n2

11 471F n2
"11 7706F n24I1n,ý n2

IS;!AF n?.
6163F:,2

:11 S-nF.1)2

,1 41 F#5epo* 16
7

7E.n?

* l?
7
7E.nP

1 14I E. n2"51;7E n?

: 1 654 E, F.
lRRR•E~o2

I11272E*02
•I373E*n2

*1 3 3
7E. 0 2

Ij 07E. n?

1
66l•E, ,•

:114 n24~o

I1 2 95E, o2

I 126"E.0(2

.WI~eOE,YO

.8oveoF no
13O"7oF.o

Vt0En 0 C)

,8UO•70F•.n'O

O0 oF 1 no
n31 o o

.1950E.02

O1950E.02
195oE.02:19,-OF. 02
I 9oE. 

0 2

I 940E.02
:1940E 

0 2

I floE. 02

1 940E,02

:194OF 02

.9983E.00

.9983E.009983E, 0 0

'9983E. G0"9983E.Do0

"9983E, o0
9963E, 00

9983E.j0O
:9Q*

3
E,

00
99R3E.no

.90R 3 E*00

1 0 47E.
0 2

11048E+02
1 0 48E+

0 2

I 0 47E* 02l046E*02
IoAE, 0a

ID45E: 02

1 0 4RE+02
*0o4RaE.0 2
I1 047E. 02

9549E.02
°9563E.02
9566E,02

"gS56E. 02
9549E.02

*9547E, 02
"9566E. 02

9537E. 02
:9560E-02

9562E.02
9556.E02

SAMPLE
NUMHER

29
34
45
62

121

269

282
287

2 88
290

A'

TOTt WFTqIHT ng GODOuR , 1 7.316 GRAMS
AVFPAGE WEIGHT OF r00(0 = 11.576n GRAMS
AVERAGF OFNSITY OFr GROiP = qR.5NS PERCENT T.D.
STANnApn rFVIATIO" OF PELLET DoESITY I on2

IFA-431, Rod 2, Drilled Pellets

Pr)I FT WT. OF WT nF DFLLET wT.. OF
WE GHT ;ATURATEO 0((PENOEO SUSPENSIOD

On6PLF fGroLS) PELLF
T  

IN WATER cAGE
"I -!RER (GRAMý) (GRAMR) (GRAMS)

(-20 303 .l](40F,02 
1
1143E.nY lIORR4E.n2 *8

0
vY

0
FOm0

1-20 3n6 .1llRAF-W2 1119RF.oP' .ln936F A? .MuoAOE*O
(-pD 309 .1114,• n2 ,

1ii' 1
E.np . 1 0 603E.n? ,80YYO.nO

I-2n 317 .I1216F.12 *l(PIOF .*(oR3E.02 .80990r.40

WATER WATER PELLET PELLET
4 TEMPFATURE DENSITY DENSITY DENSITY

(OFG.C1 IGM/CC) (GM/CC) (PERCENT T.D.)

. :T20E.02 .900RE.n0 1 0 4 1 E.0p 9500E.02

.1720E02 .996REnO0 :104 3 E.02 O518RE.02

* 1 7POF.02 .9q0R$F.o .
1 0

43 E. 0 2  
.9513E.02

.17305.0p .99075F.0 .Io4IE.02 R9498E.02

SAMPLE
NUMBER

303
306
309
317

TOTAl WFIGHT GE GO1(UP - 44.700 GRAMS
AVEFRAGr WFIGHT OF GROLP 11.1750 GRAMS
OVSPOGF nFNSITY OF CROUP 60.073 PERCENT •.D0
STANnAen oEVTATION OF PELLET DFNSITY = .007

E-14



IFA-431, Rod 3, Solid Pellets

Pr) LLT WT. OF WT OF PFL.LET IT OF WATER WATER PELLET PELLET
WFIHT qATIIRATED SIISPE"OEIJ SUSpENSIOD TEMPEATURE DENSITY DENSITY DENSITY

S^MPL.E Gre•S) PEL) FT IN WATER rArE (nEG.C
)  

(GM/cc) (GM/CC) (PERCENT T.D.) SAMPLE
N"rEO (GRAMS) (GRAMS) (rRMS) NUMBER

1'3 489 .ip6A5F*+2 IP645EFnp .l03S2Eon? *$
0

V-.0 0
, o .iBOePoR *99P4E0o0 . 1 0 5 3 E. 0 2  "9605E*02 482I'1 4qQ • ,404Eon2 .124?E

0
7F n2 pO97E-n? . 1 0 0u 0 n5  .*IRAE0.12 .99R4E0o0 ,10*SE.02 .962REo02 499

1"5 Sn7 IP'•4F*I? *xRASEt? M0 76E*nP .bnoO'E0+o O9Eo R E*o
0  . 1 0 53 E* 0 2  .96

1 5E,
0 2  502

1:1 Sn'? "lp444Fnj? °12445g~n; "lp276E~n? *8044AF:A0 :19OOEZO ,9A4¢E:00 .lO53E:02 :961]E:02 507
(¶1 914 .(64qvPp .269 4 u 0n2  .226 1 E0n? 80YmeOF MO .90Fo2e *9984E oo 0I53Eo 02 96l 0EOF 0 514
' -.1 5 .1?S'RF-O2 . 1°9SME+np j22AfR'foP .MOVOE*OA aqo0Eo02 *9994E*oo o1056Et02 .9632E*02 5S51-4 S6 o*•,

1 RF*5
0 .1•5

19F* 01  .o
2 1 4 4E 1

? kd
0
olynFo *

1
9
1
OE-n? *998

4 E 0 0  * 1 0 5SE* 0 2  *963,E 0 2  516
1:3 S73 i?51iF*on2 .*1 pS4F.

2  .IP17PE-0n o80•Aor*O .*910E.oP *99•4E*oo .]053E.A2 .9603Eo02 573
I- 

6
n7 .1(-514F*0 i?4SE.oo .I216AE-n? .5o0vorono ,191AE,2 .994E.0o0 ,1056E-02 .9634Eo02 607

,_1 Ao' I
1 7,

2 F..
2  .12A7SE*O; .1lPflE-? .HOyIOF.nO .IROE.AP .99P4E-0A .105

3 E.02 .9605E.02 609"13 617 ,l S .12*534F-
1  .(215?lRE*rp ,80VYIOF*no *19IoE-o2 .9914E-

0 0  .In5
1
E.o2 .9543E*02 617

TOTAL WFEGHT OF GPp ( 117.970 -GsA.S
AVERPAGE WFIGHT nF 0r4R00 , 12 5427 GRAMS
4VEPAGE nFNSITy OF GPG'(P 96.151 PERCENT T.f).
STA9NAPn DEVIATTON OF DELLFT DENSITY P .140

IFA-431, Rod 3, Drilled Pellets

Rr(.EFT WT. OF WT OF DELLET wT, OF WATER WATER PELLET PELLET
wFtGHT SAT(IRATFD SISPENDFo hi!SSPESION TEMPEATURE DENSITY DENSITY DENSITY

SAMPLE (GOAMS) PELLET IN WATER CAGE Io0E.C) (GM/Cc) (GM/CC) (PERCENT T.O.) SAMPLE
NIIMREP (GRAMS) (GRAIMS) (r.RS) NUMBER

I-10 5RI I ..17$ERlA j.2jqF#0E, *11833E1#2 *1vui.,Onao *ITAEF.02 .9RATE.o0 .In5
2 E-O2 .9544E002 521(10n 124 ,*19SATnO2 .1 92PEPIP .1 157E.5? *

8
o0VoEoo .O 1740F.02 .959E0rAo .1049E02 .9574E-02 524

I-I n 6o .(( HQF no *IP 1 TIF. 2 op ,11iRE.oY .1ueSF no .:1740F.
0 2 .9SRTE.0o *1o48E.02 .9564E.02 550

1"3O 99 ,j
0

n?23Fnj .IA?3ES
2  *1 1 6ARE* 5 7? *A 1 uucn.O .1740Eo02 ,9987E-oo .1

0
49E+02 *9567E*

0 2  552

TOTAL WTGHT oF GADIJP u 4R.pRS GRAPS
AVFRAGE WFTGHT nF GROIJAU 12.n21 GRA'4I
AVERAGE nFNSITY OF oROIIPp * 4S.7n PERLENT T.O.
STANOAST OEVIoT7ON OF PELLET DFNSITY * .113

E-15



IFA-431, Rod 4. Solid Pellets

PF .l.I. FT

W0" rANT

NI MR F
0

WT. OF WT OF PELLET WT. OF

SATURATED SIiSPENDED SUSPENSION
PELIFT IN WATER CAGE

(GRAMS) (GRAMS) (oRAMS)

WATER WATER PELLET PELLET
TEMPEATURE DENSITY DENSITY DENSITY

(DEG.C) (GM/cc) (GM/CC) (PERCENT T.D.)

1-4
1-6
1-4
1.4
1-4

1-4

(-41-4

67
92

10"
I 46

13n
13?
14Q
224

.109F. M2

1 1n PFpn2
1pnn2r 02

. 7Y3Q. 02
11

9
47• n2

175AR n2

12 0 33E, 04
nR23 E.0n2I12010oEn(421n3E 02

((RARE. 0 2

1970Fn2
I 753 E00?

.1 5P2E~n?
I

1 693E.
0 2

1 1
673Enp

1757F~n

'I 643E n?1 44TE n2

.of0VOF.nO
80eF no.0

.8IUAAE.Ao

8
a F. 0n0

O•oF, 0
810 0 E. no

I T70E.021770E.02
1 TToE+

0 2

1 770E 
0 2

1760E,02

1 76 0 E . 02

1 76
0 E,

0 21760E.02

99R7E, 00
99QTE.o0

99R7E*0 0
99)87E. 00:9987E~o0
9987E, n0

99A7E+,
0

:9R9TE.Oo
99REo00

0IA47E.02
*04SE.o2
,1047E.02

,104
5 E.

0 2

R1047E.02

,10 4o 
E * 021 051E.02

°lo52E .02

*9555E.02
*9532E.02955s1E.02

9537E,02
°9539E.02
.S956E.o2
9565E.02

:9589E.021595E.02

SAMPLE
NUMBER

67
92

106
126
130
132

149
229
245

TOTAL WFTOnT OF GROUP . (07.769 GRAMS
AVERAGE WFIGHT OF GROUP 1 1L.9741 GRAMS
AVERAGE nENSITY OF GROUPJ * 95.578 PERLANT T.D.
STAtMAQR nFVIATTON OF PELLET DENSITY .210

IFA-431,.Rod 4, Drilled Pellets

Pr).LFT WT. OF WT OF PELLET WT. OF WATER
WFTGHT 'ATIRA TE) SUSPENDED SUSPENSION TEMPEATURE

S6MPLF (GraMS) PELLET IN WATER cAGE (DEGeC)
NIHIMPR (GRAMS) (GRAMS) (GRAMS)

1-4n I :117662F0 I:1769E:02 *
1
15AAE.q4 .80A70F.00

i-AD 74 0IIAAF+o2 :L4ARTE.02 .140ooERv 
8

Vo0 OEnoO
1-4n A7 * 1 1 563F.YZ .11564E-02 * 1 1 4T 0 E.0 o .AoO4orMO0
(-40 165 lI*. q4F.n2 .9ISq6F.o2 .*1 1 9RgE•0 " do

8
YoEFno

1-40 169 .1164ARF.02 .I169
0
E40 .1

1 34RE.A0  .81000F(.O0
1.4D IR7 .l1616E.n2 .I1617E+O2 .u321E.q2 dIV0AOE-nO

:710E,02

.1710E.02

.IT20E.02

.1710E.02

.1720E+0Z

.9

.9

.9

.9

.9

.9

WATER
DENSIT

(GM/CC)

R9RE. 00
9RRE.nO
•ARE.00
g9RAEo0
RARE.00
9QREO00

PELLET PELLET
Y DENSITY DENSITY

(GM/CC) (PERCENT

i045E:02 9537E.02

:1046E.02 :9547E.02
.1046E.02 .9544E.02
.lOA6E*02 :9S4SE-02
:I046E.02 .5643E.02
.1049E-02 .9567E.02

T.D.) SAMPLE
NUMBER

74
87

165

TO-o. MF T OF GROIJP 699672 GRAMS
AVERAGE WEIGHT OF GROUP 11.612n G(RAMS
AVEPAGE nENSITY OF GrPOJP 95.472 PERLkNT T.D.
sTaNnARn OEVIATTON OF PELLET DENSITY = .104

E-16



IFA-431, Rod 5, Solid Pellets

P0ll ET WT. nF
,IJFIGHT ;ATI1RT•o

SMOPLO (rPAS) PELLET

N110M00 (GrfPA-)

WT OF PFLLET WT. OF WATER

lIOSPq"OEO SUSPENSION T7OPEATURE
IN WATER CAGE (rEG'C)

(G0A000) (GRAMS)

WATER PELLET PELLET

DENSITY DENSITY nENSITY
(GM/CC) (GM/CC) (PERCENT T.D0.) SAMPLE

NUMRER

(.'0

(.ci

1.0

I-c

(-ci
1-0

1-P

7014

7q0

?q7

Ann
407
ROn

847

O 95
A61

R70

R87

A70
A00

I 13?AF~n2

llqnr 0.02

"lIi7pý:n2

:1(4470,n2
.1l191r~n?

.11 4600,0?.

.1 i SponF-no
.jlnlAr~n2
.ll3lnVn2
.113(0F0.?2

.116400.0?

1163ýF0n.
*1 13'oE~o?

11330fF.2

1(4700E.0

11449F:.n?•1 1305E+o2

.11 4710.0?

.11 5??E. ?

.13?n0.17
.I* OP F 0.1 651F np

*110000,07

11254F.02
I 1 456E.p?
11547TF.o0
"II1013E,o?
1 1 143F. n0?

,(111170,0?,
I1 Io7SE no,

*11'144E,.0 2
.11 107F0o?
. j0732EY
.1 10000.02
.1(027093.112030.0?

.81uGooFno
.8luonFnoo

81o(10.nO

*81,q100F 00

"BlutjoEnO°8O0OPo0~o

8'0ovmF.no
.80090F n no
:800900,00
.81 uOoF0 no
.8019OF0.
.81uUOF0
,80440F$m0

08 ovOFno,80•80 I •oo.80YO0-nn

.16200.02

.16200.02

.1630F.02
1630F.02
1630E002
"i66OE,O2

1640Eo2
1640E:0o

.164oEo?

.1640E002

.16500.OR

.1660E002

.1660F0)2
.1660FO.00
.1670F '02

.9990E.00 .1012E.02

.
9 9 9

oE*oo .013E,029
OEo

0
.oo 9993E.01

9990o
0
.oo Io0E.02

"
9 0

.o0o 1014E.02
S990OE.On 1014E.02

099A0E.00 1014E.02
"9989E.00 '10loE:02.109EO0 1006.02

'99890.00 :In002E.02.
9

98
9
Eno . 1005E002

.990q90oo .100;r.02

.
9 9

8
9 0

o00 .Ioo5E020

.99AgEbo0 .1000E002

.
9 0

Q•Eo
0
o .900E6600

.9233E,02

.92400E02
9118E.02
9133E.02'921SE. 02

'9250.E02
9254E, 02

'9214E.02

91610E02

:910.E 02
9197E,02

.9173E002

.9153E,02

.9127E.02
.9111E.07
.
9
o93E002

T84

786
796
79T
800
807

R8O
847
855
861
870
871
879
886

887
889
89o

TOTAL W:tlOT OF 0r0P(1 * (5'3I2 . AnS
AV0 0 A5 F WFIGHT oF 0P 1IIP = 1.6 090 2 G AMS

AVoAGE nFNSlTV OF GROUlP a ql .7q? PERLENT T.Q.
.TAooAoo 1FV0AT0O( 0F PELLET 0ENs1TY .,4o7

IFA-431, Rod 5, Drilled Pellets

PFI.LOT 'T. 0F
1FlA•T O0 TUROATO

WT OF PELLET wT. OF WATER
SULSPFN)Fn SiLSPENSION TLMPEAT(JPE

IN WATER CAnE (DEG.C)
(GRAMS) ( 0pAMS)

WATER PELLET PELLET
DENSITY DENSITY DENSITY

(GM/CC) (GM/CC) (PERCENT T.O.) SAMPLE
NUMBER

I-V)DL-00

I-00

(-00(-00
-g.01

811
020
A23

940
046

.11137F.02

.11201 0..02
.113n03.02
.111PF7,2

:11140Fqp. 2111 n2

.11325E.02

.113060.0?

.111310.0?

.1084SE0.? .
8

0
0

0OF.0O
10831E.02 .9009F-00o

.llOn( .n¢O .8000oF,00

.10837E0.2 .
8
o
0 0

Fn00O

:1690o002
.6900.n2

.1690E.n2

.1690E002

.169OE.02

.16o0.02

9908E0no
.99080E.00
.99880.00
.998E0.00

.99R80.0

.9998F.00

°loo7E:02
.00170.02

.1006E.02

.103E.02

.1007E.02

g192E0o2
,92o10.02
.928lE.02
.91921.02
.9243E.02
.9188E.02

811
820
823
826
845
846

TOTA. WFTr-T no 6POtP . 07.000R GRAMS
AVFDAGo WFTGHT OF OU = 11.P013 0PAMb

AVE.0 AE 0 0 NSITY OF POIP 0P.165 PERLENT T.1,
qThNnanI 0VIATION OF PELLET DENSITY * .391

E-17



IFA-431, Rod 6, Solid Pellets

PFLIET WT. OF WT OF PELLET WT. OF WATER WATER PELLET PELLET

WEIGHT SATURATED SUSPENDED SUSPENSION TEMPEATURE DENSITY DENSITY DENSITY

SAMPLE (GPAMS) PELLFT IN WATER rAGE (DEG*C) (GM/CC) IGM/CC) (PERCENT T.D.) SAMPLE

NIIMREG (GRAMS) .(oRS) (GRAAS) 
NUMBER

1"6 6Rj *1tSSAF-12 *ISA15E*02 .ii22nE*n2 .81uOE.SO .1670E-02 *QRRAE*o0 .1O04E.02 .9163E-02 681

1"6 6A7 *1 1
4A7F*02 .I1469E*02 . 1 1 1 47E#02 HIuUUOF*AO .1670E(12 .999E-oo 0 1012E*o2 .9235E.02 687

I-6 h9R .1¶SA96ýFnf . 1 1565E* 0 2  
fl1234E*n? -8 0 10

5
*qo .167oE-O2 .9oq9EO 0  

. 1 q1 2 E*0 2  *9 2 3
4E*o 2  

688

1-6 6qo .4SPI3FEn2 .l149SEMn7 . 1 1 1 7 1 F:02 . 9 0 no :
1
670E: 0

2 *99R9Eoo :1012Eo02 :9237E*I2 690

I-6 6q3 * 
1

5
0

5En2 *
5 1
5 3

E.n 2  
.1 1 1

31E. 7  
,o80 .E0 o .IA60E 02 ,99A9E* 0  

*lOATE*02 .989E* 0 2  
693

1"6 6q9 . 1 1 565 EM 0 2 .1123n.E l E .A8091O) 0
E .1660CEM0 *98R9E-oo . 1 0 12E*0 2  

.Q231E*02 699

I"6 7n] *i 6
7 6 F' 0 2  

.1 1 67qE*n? ,1 1 3 3 1
E* 0 7  

.61e,1OF*nO *167 0 E*o2 .99R9E*0 0  
° 1 oo7E* 0 2  

.9 19 0 E- 0 2  
7O0

1-6 7n4 ,
1 1

7n
0
Fn2 *II7nSEq2 * 1 1

36 1 E*n? .8 1
uuoE*o 0  

.16RoE*o2 .998e*0oo ,1013E*02 .9243E*02 704

1-6 7n6 . 1 1 699F- 0 2 .
1
1699E 5

7? .II3S6Et7 A81iUGOF-o .1680E*O2 .9989Eflo * 1 0
13EM0 2  

.9243EO2 706

1-6 710 . 1 1 71 Fln2 . 1 1
7 17 E*n 2  

- 1 1 3
649E? E *AVo0*V0 F 0  

. 1 660E.o *989E0E* * oE .9 2 59E* 0 2  
710

1-6 711 * 1 1 59F*0•E . 1
16 0 .3E 0 7 ,1162E'o2 'JlufOE*MO * 1 6QOES0 2 .99agE O0  

. 1 0 0oE* 0 2  
.996E*02 711

1:6 7l .IIS°•%2 .2 1 59 EM1
2 

oI1253E'o? ,•O•0or*?l : 1 66 0
E.0 2  

.99R9E~o 0  
*1007E*02 .9 1 96E 0 2

1"6 7313163 *:eV2 .1j64-E. 0n . 1 1
299E.n# *61oOE no .16OE-02 .

9 9
99E*Oo .1OOREMo0 .9193E o0 71

)-6 71R .()6RRE*02 .169QE-o2 .11349E. 5 2 *AOVAEbMFO .1650E.02 .9989Eo00 .
1
i14EM02 .925SE*oz 718

1-6 7 1q 6IIARRF÷2 *
1
1690FEq2 *1 1

347EnP -.
8

0VeOv*nO .1650E*02 .9989E*oo : 1 013E- 0 2 .9242E*02 719

-1-6 77i .
1 1
679Fn2 *)6A1'E.0 7 *) 1 333Fo. .R80VNOFMDO .1630E.02 *9o90E o0 *

1 0
OpE. 0 2  

.9199E*02 72)

1-6 777 .I6olF.02 *IloE-O7 .I11270oEn2 *RliiiOE~OO .i69oE-02 *999RE.00 *lOOAE-O2 .Q2OoE.O2 722

1-6 7P7 *A6P7F.l? .116?29EVn2 *(123EWnP dov0ForAO .1630E.02 .999oEO0A *ooosE-Oo *917oE-0o 727

1-6 731 .10311.n2 *11314E-n .lIOVn?E÷02 .80AsOF•no .1630E.02 .9qnE.o•o *IooRE.02 *9197E:02 731

1-6 73? *1OSAF.02 l 0949E.oS ,10310X1E,? .81Uuoý.lo .1600E02 *998RE.on .lOOSE002 ,9169E 02 732

t-6 733 l1 n6 lnF.n2 , 1 091 7)?.7 *ln639E-n? ,81ujOE 0o .1690E.o2 .99R8E005 *IO06E.o2 .9182Eo02 733

1-6 734 *((349F.V2 .11351E*G .
1
o
1 0
39E.n? .

8
1ulOE*Vo .i69E.o2 .9QRREo0 .1010oE.02 .9216E*02 734

1-6 736 .1ISS.F.2 .IlI61E÷on . 1 0 864E. 0 2  
NAOyboE-no .1640E.n2 .999RE6o0 .10ORE.02 .9194E-02 735

"6 741 * 1 1 744E 0 2 F 1 1 7A:4E: 5 7  1
I31

7
E:,, .Am 0 Or.O 0  : 1 640E: 0  

.9989E*00 * qE. *91 00EE 02  
740

1"6 741 .IRRIt. n2 IlAA7E .1OD .IEOOZ .999RE. 0 0  .1009E602 *92 0 5E. 0 212 51E ? 81,2F oE÷F 202 9R203E 02 74l

: . 1 1 6A9qE:2 :51 65 5
EM4 .n1343E0n2 .80i0Eoo *(6E0 0 2  

.99R9E0 0 0  
:1 0 0

9E. 0 2  
.A206E:02

-6 743 , MR,57 En0  
I 5N4E n2 hl2S7En 7 *A 1 0U 0 nor I .700E D2 .99ARE 0 0  

.1009E-02 .92o9E602 743

1-6 74S .117G6E÷0 2 .1l7TOE'np? *)357TEMn .80AeoEO0o :
1
65 0

E:,2  .99E 0o0  
. 1 0ooE: 0 2  

.9)6E0 2  
765

re 746 . 1 1 6 1 3 E?2 ,*1615Eo*? °I12??Eh*Y AlU3O* 0 
no ?o oEn;o7 .9RRE9no 0

o09E 0 2  
9o03Eo02 746

1-, 747 .
1 1 4

00 0
0
n2 . 1 14°IEOl ,111646*n? .8 1

UOoE*nO .17000*02 *99aREo 0  
*IOAE*02 "9201E*02 747

16 , 74A * 1 1 4QQF 2 .:1154;EM2 .1173E6%? 0
999E%0 . 748

I6 7S .11 37 1
F'o? .n13 E~p .0 10566E02 .dIp? Or*0 0  

.1700E0op .999RE
M

o0  
. 1 0 0 2 E* 0 2  

.
9

143Eo02 755

1-6 756 ,1144iFYn2 .IlA4RE 1? E .E' .1u3OF .
1 

no .1700oE0. .O999E 0 0  
.* 0 0 

E 0  
.9141Eo02 756

TOTA0 WEIGwT OF GPOIIP = 30V3SO GRAMS

AVERAGE WEIGHT OF GPOLIP 1 l.525q GRAMS

AVERAGE DENSITY OF GROUP 02.047 PERLENT T.O.

qTaonARn DEVIATION nF PELLET DENSITY .2q5

IFA-431, Rod 6, Drilled Pellets

PrELFT WT. OF WT OF PELLET WT. OF WATER WATER PELLET PELLET

WrTGHT SATURATED SUSPENDED SUSPENSION TEMPEATURE DENSITY DENSITY DENSITY

YMPLF (GRAMS) PELLET 1N WATER rAGE (OFG'C) (GM/CC) (GM/CC) (PERCENT T.D.) SAMPLE

N'm'FF (GRAMS' (GRAMS) (GRAMS) 
NUMbER

1-6D 640• .lp 7
FEn2 .1113oE%72 lo8R3RES? .8oVeOF'5 O .167OE*o2 .99g9E-oo .1009E602 .9202E*02 640

1"6D 641 -
1 1 1 1

QF*n? .1 1173E%?n2 .bO3IE~o? .8o'W70F*o .1670EO02 *9999E*Vo 1008E*02 .92oIE'02 641

1-A; 647 .3] 1
7
7TEr . 1

1 1
76EE0

2 I * 0 8R0 EMn 2  
.AllOOE0 0o ,)67OE. 0 2  

*9989F 0 0  
.1009E-02 .92n8EOo 2  

642

16nD 64S .11144FE02 .1I1R7E o . 1 0
991

E 0 7  .Oov70F*no .167OE-02 .9989EO00 .1 0 1 0
E* 0 2  

.92 1 3E*02 645

1-6D 646 .11•)39•I' E2 11041E .n7oT57F?. .80VYOEO .16T70EO2 .Q998E-oo .looRE+o2 *9197E'02 646

1'6D 647 .sIIREMYS2 .11lq9E5n2 .I0?76Et2 *OAIOF0o .16RoE-R2 .9989Eb00 .looE*02 .91RSEA02 647

1-6D 649 .lDn9nEAO2 llO94En? .lo8n6Enp? .'JOvOF*O .16ROE. 0
2 .9999ECO 0 

*noooE ,92 0 2E.0a 649

1-6n S? .IlR56EMG2 .)116noE*Y .10864F6%? .8 0 VOF-60  
.1690E*02 .9Q8E9o0 * 1 0

7E* 0 2  
.9 1

9
2
E 0 2  

652

1-6n 653 .I1D,7Fn2 .1130E-n? .bo7A7EooR .A0oVOF-MO .1690E.02 .99R9E*o00 .O08Eo02 .9195Eo02 653

1-6n 654 .11036,F02 .l11396-n2 . 1 0757E-n? .80/OE*nO .16OE6.2 .9999E*oo .IOOE-oa .9212Eo02 654

1-6( 461 ,)111?1Fn
2  

.11123E.o? .15934E.? .AoWYOF-AO .1690E.n2 .988REnO0 .oloE102 .9219E602 661

1-6( 669 * 1 1 2 7 1 -n• 
0  

-I176EMDP *1965E600? .8O~eOE's .1690E.02 .9999E'oo .1004E.02 .9164E602 669

TOTAL WFEGHT OF GROiUP . 133.454 GRAMS

AVFPOGE WEIGHT oF GROuP = 11.1217 GRAMS

AVERAGE DFNSITY OF GROUP 9 92.012 PERLENT T.D.

STANDARD nFVIATION OF PELLET DENSITY n .164
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IFA-431, Rod 6, Solid Pellets.(Second Measurement)

PEL.LFT •'•T. OF WT oF PELLET WT. OF WATER WATER PELLET pELLET

'PTGH
T  

SATORATED SUSPrNoEn ALSPENSIDN TEMPEATURE DENSITY DENSI
T

Y DENSITY

SAMPLE (GRAMS) 0ELLF
T  

IN WaTFR roAF nDFGrC) (GM/CC) (oR/CC) (PERCENT T.D.) SAMPLE

NOlMer (DRPA19) (GRAMS) (GRAMS) 
NUMBER

1"67 6A 4 . 1 1 564E07 * 1(SF+qE .11222inEn• .6e0eeorno ,i7?nE.eon .9RReF+.0 .1004E+02 .9165E+02 681

1"67 (P7 .1)140T'n2 .
1
146qFRnp .11147EenP -BnA/O)*nO .1720E-02 *9RRR•o0 .1012E+02 .9236E02 687

1=7 (Re .l6SeAF-Q2 . 1 (iSt'Mo? *11233Eon? .0AIAOF*no .177UE'eY *9RRRE' 0 O .01lEe02 :9227Eo02 688

i-6n 69n .11
4
931-n2 .u149SE'oY *m(I71F-pd• . /OF+,O .177OER02 .998RER00 *012E*0o *9236E'02 690

1-62 (q'3 *i9S1Fn2 .11Si3E62 *IIIqI-Eq? ,7 *ROA O ES 7YOEA.2 *99R5A.o0 *IOTEO2 .918RTE-02 693

1A2 69'Q .115A6-*n .I#16F+*nI? 11230E÷7 .8eS eFno ,17POE*n? *RRRBEnO0 ,1oI 1
E'Op .9229E-02 699

1-'6 ?n7 . 1 1
676F.0o *

1
1679E'7-2 .]33JE-np .AOVROSO .17?OE.o7 ,99*RE*no .1007E'02 .9102E-02 701

1-A6 7n4 .117n4F-02 .
1
1T06E*o7 .i.341E'nn RO'"OF'nO .17PAE-o2 .R9RRE-o0 .1012E*02 .92q7Et02 704

1(62 7n6 .116)6F9 2 oIIgq9E'A•7 ,((3O5GY °AAMROF*50 .1720EF02 .99RREeO0 *I1;E-o2 .9236E*02 706

1-6 71A *1j7jnEn2 *j(71mnE-n2 o1)30E'G7 Bnv7OFenO .1iTOE+n *9gRREOO .1I014EF02 .92i6Es02 710

162 711 * 1 1 59qE+
0  

*((6G4F*ipn .1126?E0n2 .RAOVOF*e .o77OF÷n2 *RQRRAE'O .1006E+02 .91A2E*02 711

(7AP 71; *((SQA*IEP0 * 1 1594E-o7 *((254E 0
p .oOYRAOF~nO 172.0F.0 2  

.,9RQ Eo 0 0  
,1007E'02 .9187Ee02 712

("67 :13 160 )"F3 n0 
A,(I 4Et02 * -0

7 REF7 7? .0nHon.O .173AEM02 .RRT7E 0
o
0  

* 1 OO 8 E'O 7  
*gl 4

E.0 2  
713

(-67 71q *(6nOR(+57 *AAeqF .,O 1349E34* nO .An]eE.eA 72O.n2 *R9qRE 0 0  
,OISE n2 9

2
96

1
E.

0 2  
T7B

('AT 710 *11snF*on, *:1169Eon :11347E 0
71 .AOYPOE*O . 1 TAOE000 2  

.9QRE* * 0  2 :1013EE00 719

A? 77)1 .)67r7•n? .'I6RIE' 0 p *I334E 0
A *,DS9OF no ,17AE*n2 *99RREo0 0  

:
1 oo•E. 0 2  

*9238E:02 721

1-6; 7727 *16 0 7n*T 2  
.l610O•nP *1 1 2

70 E* 1 2  
.8OegrOF*7 0  

*
1
7OE.0 2  

.RRR7E'0 0  
.1 osEo02 *9 2 0 1 E.0 2  

722

I 67 777 ,:167T'S2 ,I 1 6 7 4A 1 , 2
RRE'0 7  

,AOteF*9 O .17 7 0E' 0 7  
,qOR8FEO 0  

* 5 0 0 9 E+ 0 2  
o92 0 7 E* 0 2  

727

('M 73) .fl31JF*Y? .(i3(4->¶A .1003Eo2 *A09tlOFne .7YAE*ez *998 0 0  
*IoR0:E202 731

1"'7 73? o1NA(';n 2  
.10S4AF:oY - 0

3 1 0
E'

0 7  
A80o'O*nro *

1
730Eop .9987E*no o

1 0 0 6
E'o 2  

.9 1 76 E+0 2  
732

1 62 733 ,1,4 fqlq* n2 *1113FR 5  
o1 0 6 3

9E O ROp'OFno . 1 7 3 0
E 02  .RRR7Eo 01  

. 1 00 6 EA 0 2  
.9 1 76 E'0 2  

733

('7~:01O 7n4 17of +
3 5 12 *1 3 7 E 0  *9 3E 5n .o4F Y )3O'2 *R7E 5  *1009 E . 2 2 0 E02 734

1-67 T7S '
1 1 

SEg7q2 *I I]3E n *Io IaEm, .RoH80oF*O 0 no I 1 oE 0 2  
.99RRE no

0  
. 1 0 6 E 0 2  

*9 1 eEI 0 2  
735

-6P 74n .11744FF* *211A47E,+7? * 1 393E 0 7 ' . .BOrFnO 17 2
0E, 0 2  

.RRRRE . 0 0  
. 1 OOE.On °91c•E '0E 740

1 -6n 741 11*Al F
1 0 

. 1 1 R153?.I 7  
* 1 1 5 1 4E. 0 2  .RF 3 5 E, 0 O 1573O1'.5 *99R7E'SO o10REE0 2  

,9 1ORBE+ 0 2  
741

'-A 742 l 1 6pME +2 : 1 1 6q I **op 1 1 343E' 2  *.AO,90F*AO , 1
7 0 E, 0 2  

*9R98E' ' 0  
* 1 OOqE 0 2  

.9203E'02 742

("67 743 12916F*-, ?
1 1 N94E9 5 7  * 8 1S4E .

0
o

5
0Oe .n74T0.02 .9R7-AT 0 0  

* 1 OIqE 0 2  
*97OSE. 0 2 743

1"69 745 .l1'02 .11 TIRE'7 .11358E*nn2 *"09 1OrF-o I 72OF. ,RRRRE5o 0  
.1 oISE 02 .9193Eo02 745

I f7 746 .1°11 3Er '2 .116) SE oen .1 1274E +; .8 0 fr -o• *174OE ,2 *99R7F -o ,IODRE .02 *92 0 0 E '02 746

1(-6 747 . 14AnF #? .
1
1492E *n• .11163E +np .AO'0 or +no .1740E '2 .RR97E ' 0 0  

*I 00 RE *0 2  
.9 1 q7E ' 0 2  

747

(-6., 74R . 1 144F -n2  .ý 0 1 
En .1ll

7
3E on * -Ao, f OE'on *1 7oE .n .RPkRE %

0
g .1GeGF *2 .9215E .02 748

('An 7N5 .1137?1Fn2 *H135F -n2 .11061E 'onp *8A4E -no .174GE o2 .9987F - 0 0  ,l 0OSE *0 2  
.9146E '02 755

1-67 756 .1 144 1 cr 5 72 .1 14'4Enn? .1H1 1E'nn , 
8
0o'F-o *174OE+0 2 .9987E' 0  

*10 0 2 E* 0 2  
*9 1 3BE- 0 2  

756

TOT0 WFTIHT OF (Snlp = 380.3S0 rA•S
%VFPAGE WFEIGHT OF GrAUP = 11.525 GCRAMS

AVerGE nFNSITY OF GROPP -qo.010 DE/L6NT To.A

S
T
ANnDOG nFVAITTOTI GF PIE.LET DENSITY m .7!3

IFA-431, Rod 6, Drilled Pellets (Second Meosurement)

PEI.( F
T  

WT. OF WT F PELLET WT. OF WATER WATER PELLET PELLET

WETGHT SATURATE) SIJSPFNoED hLSPEOSION TEMPEATURE DENSITY DENSITY DENSITY

ýAnMLF GDA"S) PELLE
T  

IN AoTER rAE (DEGGC) (GM/CC) (GM/CC) (PERCENT T7.0) SAMPLE

KIIIMRFE (GRAMS) (GRAMS) )rPAMS) 
NUMBER

l-An A40 .*I(177%07 :111(3E, 0
2 : 0 839 0E7P 8

0
0
9

F
1
T O (6QOE02 9R98REno , 0 0

9E: 0
2 9206E:02 640

l-'G 64( *l] 1 1)(GFan *(1173E.07 *1nA31F~nn .81A EoI :esor o .9RRRE.o0 :iOO0E*On :9194E 02 641

1-A0 647 .*1 1 1 7 ,Fn2 .*1176E.? .io8RoE.np ,S0VAOFAO 16
9

OE,02 .998RE8o0 .1009E.02 .9207EF02 642

I-An 645 .IIIA4Fn2 .*(((
9

7E'? mn89SFEsn; ,
8

Of0nF.IO i690E.n2 .9RRRE.00 loIoE.02 .9219E02 645

,_An 64A IolRqFEn2 n *ln(4E. 0  
1n757En? *

8
0

9
1OF.nO .16RAE~o2 *RRRRE.o 0  

,IOO*E:(2 92 0 0 E. 0 2 646

l-An A47 o1111F).n2 ,1118E.02 .]AA27E,02 *8O041E(00 1700Eo2 *9RRRFREo *IoO9E(02 :92I0E.02 647

I-An (640 lnnF•OEP .11094E.A? °108R6E*n? ,809e(erno .1700.E02 .9RRRE.oo . 1 0oiEen2 *9211E.02 649

1-60 6R2 o1*fl(16nFnN2 ln6*64E.n2 .0 .AVOFAO .1700E.02 *RR8RE.00 * S
0  

2 *9lq6E.02 652

(-60 693 jjo?7F ,1nn2 * 1 1o31F.n ,10747E.np 0 
60* ov.nn Ai *o7oE~n *90AREO0 , 1 o0TE.02 .9188E.02 653

1-6 654 . 1 1
03nlF.n? oll3lEon? I0o757En? .8A0OFAnO *

1
700E.on *9RRRF.O0 .1009Ed 2 .9210E÷02 654

1-6n 6A6 o1))')E.n2 :;112* E 012 *]nR34En7n *8AACOrEnn o1700E:2 ,99RRE.o0 *(1O 0 E.02 :9218E02 661

(-AD 6AQ ij27 1 F-nn ,21 n7SE.o7 * 1 0
96SE, 0 2 0965n EOFno 170OE+o02 *9RREA * 00 IOOSE 0 2 .9173E,02 669

TOTAL ',ETIHT nF )ROI)P . (33.4S4 GRAMS

AVORAf WAETOHT OF GrODlP = 11(.717 GRAMS

AVEPAGE DFNSITY OF GpOI'P ' 97.026 PERLFNT T°D-

STon 0 0AP nTVIATION OF PELLET DFNSITY ' .13

TOTAL WEIGHT OF ALL GROUPS ?002.7149 GRAMS
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IFA-432, GEOMETRIC DENSITIES
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IFA-432, Rod 1

LOT SAMPLE OIAIIET=R LENGTH WEIGHT 0IA, CENTER DENSITY DENSITY
.NO, NO, CINCHES) (INCHES) (GRAMS) VOID (G/CC) (PERCENT T,DC

0-1 n-2 0-3 L-1 U-2 (INCHES)
1 2-10 4 .4203-00 ,4205-o .4205-00 .4960-0oi .4960-G0 .11369+02 .6

8 5
0-01 .1035+02 ,9444+02

2 2-10 5 .4201-00 .42o3-u3 .4202-00 .5150-0c ,5150-00 .i1840+02 ,6b5Q-0j .1039*02 ,9483+02
3 2-10 6 .4202-00 .

4
2n4-O0 .4204-00 .5130-00 ,5130-00 I1ldn2+02 .6150-01 .1039+02 ,94A3+02

4 2-10 7 .4202-00 ,42n5-0o .4205-00 .4950-00 .4960-00 .11401+02 .6850-0i i1039+02 ,
9 4

8I+02
5 2-10 12 .4202-09 ,42o4-00 .42D3-O0 .5160-00 .5170-00 .l1872+02 .650-OJ .1039+02 ,9476+02
6 2-90 18 .4202-00 ,42r3-0oc .4203-00 .5100-00 .50,90-00 .11655+01 .6850-01 .1035+02 ,9442+02
7 2-1S 25. .4202-00 .4214-00 .4203-00 .5010-0. .5030-00 .11860+02 .0000 ,1039+02 ,941i+02
8 2-is 28 .4202-00 

4
2o4-0, .4202-00 .5050-00 .5U40-00 .12036-02 .0000 .1050+02 ,9576+02

9 2-IS 41 .4203-00 42t4-ol .4204-00 ,530-00 .5030-00 .l9G2+02 ,OCcO ,1.,
4

0+0
2  

,9493-02
10 2-is 66 .4203-00 14204-0r .4202-00 .5010-00 ,5010-00 .11837+02 .0000 .1039-02 ,9482+02
ii 2-"0 71 .4203-00 42C5-03 .4203-00 .5010-00 .501.0-00 .11500+02 ,665C-0-, 1i03702 .9460+02
12 2-10 73 .42o1-00 .42C4-03 .42C4-00 .5010-o 1.5010-00 .11472+02 .

6
85C-0i .1035402 ,9440+02

13 2-90 77 .4203-00 .42C3-00 .42r3-00 .5070-00 .5060-0t) .115
7
4+02 .6850-of ,1033+02 .9421+02

14 2-10 83 .4202-00 4205-n0 .4203-00 .5050-00 .5050-00 .11568+02 .6850-n . 1037*02 .9459+02
15 2-10 85 .4204-00 ,4205-9j .42C5-00 .5410-00 .5030-0e .11557+02 .6550-01 .1039+02 ,94A4+02
16 2-90 89 .4203-00 ,4204-03 .4202-00 5010-0w .5o00-04t .11469+02 ,

6
3

5
0-0 .1035402 - ,9447+02

17 2-iS 99 .4202-00 ,42o3-0j .4202-00 .5090-0t, .5c90-00 .12027+02 C000 .1040"02 ,94A6+02
18 2"15 107 .4204-00 .

4
2o5-0 .4203-00 ,5010-0O .5010-00 .184

3
8+C2 .0000 ,1043+02 .95j8+02

19 2-16 112 .4203-00 142c5-09 .42C5-00 .5010-c0 .4990-11 .11846+02 ,D0000 .1042402 ,95n4*02
20 I-IS 120 .4203-00 

4
2f,4-00 .4204-00 ,5100-0t .5100-CO .19009+132 ,000 .1035+02 ,9447+02

21 2-is 131 .4204-00 
4
21ý4-0o .42C2-00 .511c-00 .5110-00 .12062+02 .0000 .1038+02 ,9472+02

22 2-is 140 .4202-00 ,42D4-00 .420C-00 .5010-00 .5020-00 .11654+02 .0000 .1040+02 ,94s9+02
23 2-.5 144 .4204-00 42n6-00 4204-00 .5000-00 ,4990-00 .11798+02 .0000 .1038-02 ,9472+02
24 2-10 154 .4204-00 

4
2Q7-U0o .4206-00 .5140-00 5130-00 .11761.02 .6650-01 .1034+02 ,9430+02

25 2-10 161 .4203-00 
4
2r)3-oo .4203-00 .4970-00 .4980-00 11422+02 .6850-01. .1037+02 .9465+02

26 2-9D 164 ,4204-o00 
4

205-0j .4204-00 .5020-00 .5030-00 .11549+o2 .650-01 .1038+02 ,9469+02
27 2-20 166 .4205-00 4206-03 .4205-00 .5070o-ot .5070-00 .11650+02 .6050-01 ,O037-02 .94A3+02
28 2-10 168 .4202-00 ,

4
2u5-00 .4204-00 .5040-00 ,5060-00 .11661+02 .6850-01 ,1039402 ,9476802

29 2-10 172 .4202-00 4204-01 .4203-00 ,50o0-0o .5100-00 i1719-02 .6950-01 .1039+02 ,9483+02
30 2-90 173 .4204-00 42o5-0o .4204-00 .5070-00 .5070-00 .11670+02 .6850-01 .1039+02 ,94A3+02
31 2-10 174 .4204-00 .4206-0u .4205-00 .5060-00 .5090-00 .11685+02 .6850-01 .1039+02 ,94"3402
32. 2iS 211 .4203-00 42o5-0) 42C2-0G ,5080-0o .530%-00 ,12016ý02 .00910 .I40+02 .9491+02'
33 2-2S 219 .4202-00 42c3-0O 42C2-0C .5110-00 .5100-00 .12102+02 .0000 .1043+02 ,9517+02
34 2-is 224 .4201-00 :

4
2o4-00 .4202-00 .5070-00 ,5070-00 .12004+02 ,0000 1042+02 .9505+02

35 2-IS 233 ,4202-00 ,4203-09 .4202-00 .5120-00 .5120-00 .12109+02 .000O .1041+02 .9494+02
36 2-is 234 .4233-00 ,

4
205-oo .4204-00 ,5090-00 .5100-00 .120S2+02 .00, , .1043+02 .95f2÷02

37 2-is 246 4203-00 4204-00 .4203-00 .5050-00 .5050-00 .11946+02 .0000 .040*02 ,9492+02
38 2-IS 247 .4202-00 

4
2r4-00 .4204-09 .5060-0 .5070-00 .11998+02 .0000 .1042+02 .95n5+02

39 2-is 257 .4201-00 42C4-00 4202-00 .5120-00 .5110-00 .12062-02 , 00o0 .1039+02 ,94A3+02
40 2-15 258 .4203-00 , 

4
2,5-0o .4203-00 .5120-0O .5100-00 .12108+02 .9030 .1042402 ,95h6+02

41 2-is 260 4202-00 4205-03 .4204-00 .5150-00 ,5150-00 .12190+02 ,r0o0 .1040.02 .946*02
42 2-15 267 4203-00 42o4-0, .42r3-00 .5120-00 .5020-00 .12095+02 .0000 ,1039-02 ,9479+02
43 2-is 272 .4202-00 .4203-03 .4202-00 .5120-00 .5130-00 .12131+02 .OO0 .1041+02 9562+02
44 2-15 275 .4203-00 42:j4-0o .1201-00 .5063-00 .5070-00 .12020+02 ,0000 ,1044+02 ,9525+02
45 2-is 277 .4203-00 42(14-03 .4203-00 .4960-00 .4950-00 .11675+02 .0000 ,10

3
6+02 .9454+02

46 2-IS 278 .4203-00 4206-03 .4203-00 .5040-00 .5060-00 .11928*02 .0000 .2038+02 .9475+02

TOTAL WEIGHT OF GROUP - 543.762 GRAMS
AVERAGE WEIGHT OF GRCUP - 11.820- GRA00
AVERAGE DENSITY OF GROUP 94.89A PERCENT T,D.
TOTAL LENGTH OF PELLET GROLIP= 23.2600INCHES
AVERAGE PELLET LENGTH OF ;RUUP - .5061 INCHES
STANDARD DEVIATION OF PELLET DrNSITY .,274
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IFA-432d Rod 2

LOT SAPPLE CIAMETOR LENGT' WEIGHT DiA. CElTER DEENSITY DESITY
NO. NO. (INOHES) (1140C"45) (0*Am";) VOID (G/cc (PERCENT .6.)

0-1 0-2 0-3 L-1 L-2 (INCHES
1 2-80 9 .4144-00 ,

4
145-00 .4144-00 ,5170-no .5160-00 .1147:302 .6650-01 .1,o33-.2 .9426+02

2 2"80 72 .4145-00 .
4

1
4

5-0n .4144-00 .5030-00 ,5030-00 .it171+02 .6850-01 .1033*02 ,94ý3*02
3 2-80 76 4144-00 ,

4
144-00 .,1

4
5-00 -4940-n0 ,4940-01) .10918+02 .6650-01 .1035+02 ,9439+02

4 2-2S 142 .4143-00 ,4144-00 *4144-07 .5000-o0 .5000-00 .11471+02 .0000 , .103@02 ,0473-02
5 2-SD 160 .4143-on ,4j44-Qn .4144-00 .5000-00 ,4990-0n .111?1+02 .6850-0t .1034+02 .9434+02
6 

2
-8 162 .4145-00 .

4
144-00 .1,44-00 .50

8
0-O0 .5070-00 .11325+02 .6850-01 .1038'02 .9470+02

7 2-25 210 .4145-00 ,4146-j0 .4146-00 .5030-on .5010-no .1173o+02 0000C ,1044-02 .9530+02
S 2-2S 296 .4144-00 ,4144-0o .4143-00 .4980-no .5000-00 .11427+02 .oOO .1036.02 .9455o02
9 2-2D 301 .4143-o0 +,4i43-09 .41A3-00 .498g-00 .5070-07 .110

7
2+02 .6850-01 J.033-02 ,94!2+02

10 2-2D 304 .4142-00 .4142-00 .4142-00 .5050-0n .5250-32 .11208*02 .6650-01 .1033*02 ,9429+02
1i 2-20 307 .4142-00 .4143-00 .41.42-00 .5010-00 .5010-JO .11115+02 .6850-01 .1033-02 .9414-02
12 2-20 308 .4143-00 .4144-0n .4144-00 .Sol-00 .5010-00 .11119*02 .8650-01 .1033.02 .9421+02
13 2-

2  
312 .4142-00 .

4
143-01 .4143-00 .5o•o-co .5330-00 .1164l402 .6B50-21 .1034+02 ,9436-0?

14 2-20 318 .
4
1

4
2-00 ,4143-00 .4142-00 .5030-0n .5030-no .1117

8
,02 .6050-0 .01335+02 .9440+02

15 2-2D 321 .
4
1

4
4-00 14145-00 .4144-00 .499Q-0o .5010-00 .ii%21o02 .6850-01 .1034+02 .9439+07

16 2-2D 323 .
4
1

4
3-00 ,4144-00 .4143-00 .5010-00 .5010-00 .11131+02 .6650-01 .1034+02 .9433+02

17 2-21 325 .4143-00 ,4144-00 .4143-00 .5o10o-a .n0o0-00 .11122+02 .6850-01I .!032+02 *941.6+02
18j2"20 327 .4142-00 ,

4
143-00 .4142-00 .o5040-00 .5050-2-0 .111

7
2+02 .6850-01 .1:31+02 .

9
407o02

19 2-2D 328 .4143-00 ,4144-00 .4i
4
4-0 0- .5000-02 .50OO-O0 .11108+02 ,6850-01 , .134+02 .9431+02

20 2-20 330 .4142-00 *4143-00 .4142-0C .5000-0. .5010-30 .11093*02 .6050-no .1032-02 .941,502
21 2-21 331 .4143-00 ,4143-oo .4142-"n .5030-00 ,5040-Go .11167+02 .6850-01 .1032*02 .941•902
22 2"2o 333 .4143-oo ,

4
143-0o .4143-00 .5010-00 .5020-00 .11140aC2 .6850-01 ,1134-02 ,9433+02

23 2-20 334 .4143-00 ,
4

143-00 .4142-00 .4950-00 ,4.970-00 .ooO991+02 .6850-01 . 130102 .9411+02
24 2-2S 338 .

4
1

4
3-00 ,1444-0o .4143-00 .4970-C0 .4980-i00 , ii142102 .OlO ,IU*1102 .9499+02

25 2-26 345 .
4

1
4
3-00 ,4144-00 .4143-00 ,497o-0c0 ,49

8
0-G .114D8+02 ,0000 .1,138602 9470+02

26 2-2S 346 .4142-00 ,4143-0' .4 1 43-00 .4990-00 .5010-0n .1147o+c2 .3000 .1039-02 ,9476+02
27 2-2S 369 .4143-00 :4143-0o .4143-00 .4930-30 4900-0O .11.25*02 .0000 .1036+02 .9470-02
28 2-2s 38o .4141-00 ,

4
143-0o .4142-00 .5020-0) .5020-OU .1t459+02 .0000 .134*02 .9433+02

29 2-28 383 .4143-00 .4144-00 .4144-00 .5020-00 .5020-00 ,it493+? -.0200 ,1036-02 .9453+02
30 2-2s 384 .4142-00 ,

4
143-00 .4142-00 .4960-00 .4950-00 ,1137o0c2 .0000 .1039+02 .9491-02

31 2-2S 385 .4143-00 ,4144-0 .4 143-0j .4920-30 .4430-0C .11321+0? .0000 .1040-02 .9493*02
32 2-25 386 .4144-00 ,4146-00 .4245-0. .4

9
80-o .4970-Co .11309+12 .0020 .1037+02 ,94S5+02

33 2-2s 388 .4144-00 .
4

143-00 .4143-0!) ,
4 9

8-00 .49R0-00 . 11410-Q2 ,0000 C1337+D2 .94(2+07
34 2-2S 389 .4142-00 ,4143-00o .4142-00 .4990-00 ,49^0-20 , 11413+02 .- 000 .1036+02 .9450+02
35 2-2S 390 .4143-03 ,

4
143-o0 .4142--0, .4990-00 .5000-on .ii451-02 .0000 .1038+02 .9470302

36 2-2S 393 .4143-00 *4144-00 .4143-0!; .5010-00 ,5010-0n .11482+02 .0000 .1037+02 .9444+07
37 2-2a 398 .4142-00 ,4144-0) ,4143-00 .4980-00 .5000-00 .11442÷02 .0Ono .J03b+G2 ,947J+02
38 2-2S 406 .4142-00 ,41

4
2-01 .4:42-OC .4970-90 .4470-00 .11375+02 .0000 .1037+02 .9458+0?

39 2-28 
4

0
7  

.4144-00 ,41
4
5-00 ,4144-Or .5000-00 .5000-on .10400+02 .00,30 .140+02 .9405+02

40 2-2S 414 .4143-00 .4144-0o .4143-00 .4970-oU .4980-00 .11420.02 .0010 .1039+02 ,9419+02
43 2-2S 420 .4143-01 ,

4
1

4
6-0O .4144-00 .4910-00 ,4910-00 .11270+02 -. 000 .1036.02 ,9474-02

42 2-2S 431 .4144-00 4145-00 .4145-00 .5010-00 ,50O3C-00 .115i3+02 .1ooo .1037+02 .9465+02
43 2-2S 437 .4143-00 ,4144-00 4144-00 .4980-OU 5000-0n .11456-02 .0030 .1039*02 ,9479-02
44 2-2S 441 .4142-0( , 4143-00 .4142-00 .4920-00 ,4933-0n .11295+02 .0000 .1039.02 ,9475+02
45 2-26 443 .4143-00 ,4144-00 ,4144-00 ,4980-0n ,4990-OU .11430+02 .0000 .1038+02 .

9
467÷02

46 2-2S 459 .4141-00 .4143-Q0 ,4143-00 *5073-0u .5080-00 .11518.02 .0000 .1028+02 .9377+02

TOTAL WEIGHT OF GROUP = 520.124 G0ýA"S
AVERAGE WEIGHT OF GROUP * 11.3071 GRAMS
AVERAGE DENSITY OF GROUP ? 94.5n9 PERCENT T.D.
TOTAL LENGTH OF PELLET GROUP' 23.OO15INC"•ES
AVERAGE PELLET LENGTH OF GROUP = . .5000 INCHES
STANCARD DEVIATION OF PELLET O-NSITY ..292
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IFA-432, Rod 3

LOT SAMPLE DIAMETER LENGT1 WEIGHT 0IA, CENTER DENSITY DENSITy
NO, NO, (INCHES) (INCHES) (GRAMS) VOID (G/Cý) (PERCENT Tb.)

D-1 232 0-3 L-i L;2 CINCHES)
12-38 476 .4264-00 ,4266-00 .4265-00 .5060-00 1506 -00 .12373+02 .0000 .1044-02 ,9530+02
2.2w3, 478 .4263-00 ,4265-0o .4265-00 .5140-00 .5150-00 .12568+02 .0000 ,1044-02 ,9523+02
3 2-38 479 .4262-00 .

4
2

6
3-0o .4262-00 s5130-00 .5140-00 .12499+02 .0000 .1041+02 .9498+02

4.2-35; 498 .4261-00 .4262-00 .4261-00 .5060-00 .5080-00 .12423+02 .0000 ,1048*02 .,9566+02
5 2-35 501 .4260-00 .4262-00 .4261-00 .506u-00 .5080-Uo '.12385+02 0000 .J045+02 ,9538+02
6 2-36 509 .4262-00 .4263-00 .4262-00 .5150-00 .5160-00 .12343+02 .0000 .1024+02 .9343+02
7 2-3D, 519 .4264-00 .4265-03 .4264-00 .5080-00 .5080-00 .12075-02 .6850-01 .1043.02 ,95i2+02
8 2-3D 520 ;4266-00 ,4265-0o .42V4-00 .5100-00 .5100-00 .12111-02 ,4850-01 .1041÷02 :9500+02
9 2-3g 523 .4264-00 .4264-01 .4263-00 !5100-00 5110-00 .12131+02 .6850-01 U1043+02 

9
5i3+02

10 2-30- .530 .4263-00 .A263-oo .4262-00 .5070-00 .5090-00 .12016+02 .6
8

50-01 ,1038.02 ,9473+02
11 2-30 531 .4261-00 ,4262-00 .4262-00 .5090-00 15100-00 .12118+02 .6850-01 .1045+02 ,9530+02
12; 2-3D 533 .4263-00 ,4263-00 .4263-00 .5070-00 5080-00 .12057+02 .6850-01 .1043+02 ,95ý4*02
13 2-30 535 .4262-00 .4264-00 .4264-00 .500-00 .5120-00 12076+C2 .6850-01 .1041+02 .9499+02
14 2-30 537 .4265-00 .4265-00 .4264-00 .5110-00 .5120-00 .12251+02 .685C-01 .1050.02 .95B3+02
15 2-30 540 .4265-00 .4265-00 .4264-01 .5150-01 .5150-00 .12211+02 .6850-01 .1040+02 ,9487+02
16 2-3D 545 .4263-00 .4264-00 .4264-00. 5120-0o 5140-00 .12185+02 .6850-01 .1042+02 .9568*02
V7 2-30 546 .4262-00 ,4263-00 .4263-00 .5100-00 .5120-00 .12110÷02 .6850-01 .1040.02 .9491.02
18 2-3D 547 .4263-00 ,4264-00 .4264-00 .5130-00 .5160-00 .12210+02 .6850-01 .1041+02 ,9560.02
19 2-30 549 .4262-00 ,4263-00 .4262-00 .5090-00 ,5100-00 .12065+02 .6850-0± .1040.02 ,94R8*02
20 2-3" 562 ,4261-00 .4262-00 .4262-00 .5100-00 .5110-00 .12498+02 , 000 1047+02 ,9556+02
21 2-3s 569 .4261-00 ,4262-00 .4262-00 .5110-00 .5150-00 .125s2+02 .0000 .1049-02 .9574+02
22 2-38 570 .4262-00 ,

4
262-00 .4261-00 ,5150-00 .5150-00 .12569+02 n0OO 1044+02 .9527+02

23 2-38 572 .4262-00 ,4263-01 .,4262-00 ,5110-00 .5120-00 .12491+02 ,0000 .1144*02 ,9529402
24 2-36 574 .4261-00 ,4261-0o .4262-00 .5140-00 ,5150-00 .12561+02 .0000 1045+02 ,.9531+02
25 2-3S 575 .4263-00 .4264-00 .4261-00 .5±0-03 .5180-10 .12646+02. 0000 .144+02 .9525.02
26 2-36. 577 .4264-00 ,4265-00 .4264-00 .5140-00 .5170-00 .12590÷02 .0000 .1044+02 ,9522+02
27 2-3s 583 .4262-00 ,4263-00 .4261-00 .5110-00 .5130-00 .12516+02 10000 .1046402 ,9541+02
28 2-3S 584 .4263-00 ,4264-0o .4264-00 .5150-00 5150-00 .012596+02 .0000 1045+02 ,9538'02
29 2-3s 587 .4263'-00 ,4265-00 .426'4-00 .5100-00 5100-00 .12505+02 .0000 1048+02 ,9561+62
30 2-38 588 .4261-00 .4263-00 .4265-00 .5150-00 5150-00 .12593-02 .O00O .1045÷02 ,9539+02
31 2-3s 589 .4259-00 .4262-00 .4261-00 .5160-00 5170-00 .12612+02 .0000 1045+02 ,9536+02
32 2-33 590 .4261-00 ,4264-00 .4263-00 .5140-00 .5140-00 .12598+02 .0000 .1047+02 .9555-02
33 2-3s 591 .4260-00 ,4261-0o .4261-00 ,5140-00 5150-On .12551+02 .0000 .1044+02 .9527.02
34 2-3S 594 .4263-00 ,4264-oo .42o2-00 .5140-00 5140-00' .12557+02 .0000 .1045+02 ,9530+02
35 2-3S 597 .4263-00 ,4263-oo ,4264-00 .5080-00 .5100-00 .12463+02 ,0000 1047-02 ,9550÷02
36 2-38 599 .4262-00 ,4262-00 .4262-00 .5160-00 .5140-00 .12569.02 .0±00 .1044÷02 ,9525+02
37 2-38 602 .4262-00 ,4263-00 .4263-00 .5080-00 ,5090-00 .12422+02 ,0000 .1045402 ,9531÷02
38 2-3S 605 .4262-00 .4263-00 4263-00 .5070-00 ,50&0-00 .12411+02 ,0000 .1046*02 ,9542÷02
39 2-3a 608 .4264-0u ,4265-00 .4264-00 .5060-00 .5070-0G .1243.9+02 .0000 ,1049÷02 ,9574+02
40 2-35 610 .4261-00 ,4261-00 .4261-00 .5000-00 .5030-00 .12268+02 .0000 ,1047+02 ,9552+02
41'2-3S 611 .4260-00 .4261-00 .4260-00 .4960-00 .4980-00 .120A9-02 .0000 .1041+02 .95n1+02
42 2-38 612 .4264-00 , 263-ol .4263-00 .5070-00 .5080-00 .12398+02 OC00 ,1044+02 ,9529+02
43 2-36 615 .4261-00 ,4262-00 4262-00 .521o-o0 .5220-00 .12722+02 .0000 .1044+02 .9523+02
44 2-3S 619 .4264-00 ,4265-00: .4263-00 .5120-00 .5120-o0 .12512+02 .0O00 .1044+02 .9529+02
45 2-3S 620 .4260-00 .4Z61-00 .161-00 .5010-00 .5010-00 .12255+02 .000 .1047,02 .9553+02

TOTAL WEIGHT OF GROUP 557.213 GRAMS
AVERAGE WEIGHT OF GRCUP - 12.392s GkAMS
AVERAGE DENSITY OF GROUP - 95.244 PERCENT TOD.
TOTAL LENGTH OF PELLET GROUP= 22.9965INC*HES
AVERAGE PELLET LENGTH OF GROUP = .5110 INCHES
STANDARD DEVIATION OF PELLET DENSITY= .370
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OFA-4324 Rod 4

LOT SAMPLE DIAMETER LENGTHf WEIGHT 0)A. CENTER DENSITY DENSITY
NO. NO, (INCHES) (INCHES) (GRAMS) VOID (C/CC) (PERCENT T.b.)

D-1 0-2" 0-3 -1 L-2 (INCHES)
1 2-40 3 .4204-00 .42c4-0o .4204-00 .5140-00 .5160-00 .11846+02 .6850-01 .1039+02 .9418+02
2 2-4S 30 .4202-00 .4204-00 .4204-0e .s1oo-o0 .5100-00 .12058+02 .0000 .1040+02 .94R7+02
3 2-4S 40 .4202-00 .4202-00 .4202-00 .5060-00 .5050-00 .11954+02 .0000 .1041+02 ,9495+02
4 2-4S 44 .4200-00 .4203-of .4201-00 .5040-00 .5060-00 .11961+02 .0000 .1043+02 .95i3÷02
5 2-

4
S 49 .4200-00 .

4
202-Ov .4202-00 .5030-00 5040-00 .11887+02 .0000 .1039+02 .9492÷02

6 2-46+ 51 .
4

201-00 .4202-00 .4201-00 .5030-co 50o0-0o .11878+02 .0000 .1039+02 .9494+02
7 2-4g 57 .4203-00 .4204-00 .4202-00 .5050-00 .5050-00 .11958+02 .0000 .1042.02 .95b3+02
8 2-4D 75 .4205-0u . ,

4
2o5-Oo .4205-00 .5050-00 .5050-00 .1!601+02 .6850-01 .1037+02 .9462402

9 2-4o 80 .4205-00 42n04-o0 .4204-00 .5050-00 .5070-00 .11652+02 .6
8

50-01 .1040+02 .9487402
10 2-40 86 .4204-00 ,4204-00 .4203-00 .5100-00 ,5000-00 .11690+02 .6450-05 .i036+02 ,9456+02
11 2-4S 94 .4203-oo ,4204-00 .4204-C0 .505U-00 .5060-00 .11939+02 .0000 .1039+02 .9475÷02
12 2-4S 95 .4203-oo ,42o2-Co .4202-00 .5110-00 .5120-00 .12099+02 .0000 .1041+02 ,9406+02
13 2-4w 104 .4201-00 .4203-00 .4202-00 .5050-00 .5060-00 .11922+02 .0000 .1038.02 .9469402
14 2-45 111 .4204-00 ,4204-oo .1203-00 .5060-00 .5060-00 .11962+02 .0000 .1039+02 .9484+02
15 2-4S 113 .4202-00 .42n4-00 .42C3-oo ,5010-00 .5020-00 .11911-02 .0000 .1045-02 .9532+02
16 2-48 115 .4200-00 .42n3-00 .4202-00 .5020-00 .5010-00 .11885+02 .0000 .1043+02 ,95i7+02
17 2-46 118 .4202-00 .42n3-oo .42C2-00 15030-00 .5030-00 .1170+02 .0000 .f038+02 .9474+02
18 2-4S, 124 .4202-00 .42c3-02 .4203-00 55090-06 .5080-00 .12003+02 .0000 .1038+02 ,9475+02
19 2-45 103 .4202-00 ,

4
203-00 .4202-00 50o-oa .5130-00 .12138+02 .0000 .1039.02 .

9 4
RO+02

20 2-46 137 .4204-00 ,4204-00 .4202-00 .5070-00 .5060-00 .119So002 .0000 ,1040+02 ,9491+02
21 2-4S 139 .4201-00' ,420-00 .4202-00 .5040-00 .5050-00 .11913t02 .0000 .1039.02 .9461+02
22 2-4o 157 .4207-00 .4207-00 .4206-00 .5110-O .5090-00 .11717+02 .6850-01 .1036+02 ,9455+02
23 2-4D 170 .4204-00 .4204-00 .4203-00 .5040-00 .5050-00 .11612+02 .6300-01 .1035.02 .9446+02
24 2-40 175 .4204-00 ,4204-00 .4204-00 .5060-00 .5070-00 .11672+0? .6300-01 .1036+02 .9456+02
25 2-4D 176 .4204-00 .4204-00 .4204-00 .507o-on .5050-00 .11670o02 .6850-01 .1042+02 .9554+02
26 2-40 181 .4204-00 .4205-00 .4204-00 .5060-00 .5030-00 .11765+02 .6300-01 .104o302 ,9521+02
27 2-40 182 .4205-00 ,4215-01 ,4205-00 .5040-00 .5050-00 .11602+02 63n00-01 .1041+02 .9407+02
28 2-4D 186 .4206-00 .

4
2"5-oo .4205-00 .5050-00 .,060-00 .11718-02 .6300-01 .1042-02 .9556+02

29 2-4s 209 .4201-0o .
4

2o14-00 .4203-00 .5040-00 .5050-00 .11922+02 .0000 .1040+02 .948502
30 2-4S 215 .4201-00 .

4
202-Oo .4202-00 .5070-00 .5070-00 .120C0+02 .0000 .1042+02 .9505+02

31 2-4S 226 .4202-00 .42010o) .4201-00 .4970-00 .4990-00 .11829+02 .0000 .1046-02 ,9540÷02
32, 2-4S 236 .4204-00 .4202-00 .4202-00 .5120-00 .5130-00 .12139+02 .0000 *1042+02 .9567+02
33 2-45 239 .4204-00 .

4
204-00 .4202-00 .5090-00 .5C70-00 .12013+02 .0000 .1040+02 .9489+02

34 2-46 240 .4201-00 ,4253-Jc .4202-00 .5080-00 .5100-00 .12058+02 .0000 .1042+02 ,95i2+02
-35 2-4s 251 .4202-00 .

4
2n3-00 .4201-00 .5100-00 .5100-00 .12051+02 .0000 .1040.02 ,907-02

36 2-4S 252 .4200-00 .42Z2-00 .4202-00 .5200-00 .5180-00 .12253+02 .0000 .1039+02 .94R2+02
37 2-4S 263 .4202-00 .

4
203-00 .4203-00 .5100-00 .5130-00 .12110+02 .0000 D1142+02 .95M3+02

38 2-45 264 .4200-00 ,4203-00 .4202-00 .5050-00 .5060-00 .11969+02 .0000 D1042-02 .9508+02
39 2-4s 274 .4203-00 *4204-Go .4204-00 .5110-00 51CO-00 .12084+02 .0000 .1041+02 ,9497+02
40 2-4D 763 .4204-00 .12U4-03. .4205-00 .5o5o-o0 ,5050-00 .11658+02 .6300-01 .1038+02 .9471-02
41 2-40 764 .4204-00 ,4204-03 .4204-00 .5020-00 ,5010-00 .I1597+02 6300-01 .1040,02 .94a9+02
42 '240 774 .4205-00 .

4
205-co .4204-00 .4980-00 .4990-cQl .11462+02 .6300-01 .1034+02 .9432-02

43 2-40 775 .4205-o0 ,
4

2n5-oo .4205-00 .4
9

10-UD .4900-00 .11264+02 .6300-01 .1032+02 .94j9.02

TOTAL WEIGHT OF GROUP - 510.35? G00!I5
AVERAGE WEIGHT OF GROUP 11.8685 GRAMS
AVERAGE DENSITY OF GROUP * 94.8ý8 PERCENT T.D,
TOTAL LENGTH OF PELLET GROUP= 21.7'OSINCHES
AVERAGE PELLET LENGTH OF GPIOUP .5063 INCHES
STANDARD DEVIATION OF PELLET DENSITY .244
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IFA-432, Rod 5

LOT SAMPLE C0IAETM LENGTh1 WEIGHT 01A. CENTER DENSITY DENSITY
NO. NO. (INCHES) (INCHES) (GRAMS) VOID (GICC) (PERCNT N .OD.)

D-1 r)-2 0-3 L-1 L-2 (INCHES)
1 2-6S 779 .4203-00 .4204-0J .4204-00 .509c-00 5090-00 .11631+02 .Q000 .1005+02 ,9168+02
2 2-6S 780 .4202-00 .42o3-00 .42(2-00 .5010-ou .5070-0o .11535-02 .O02O .*J 00+02 .9134+02
3 2-6S 791 .4202-00 ,

4
2r4-0o .42,-0-D .5130-CO .5100-00 .1t1573+02 .0020 .9952+01 ,90AO-02

4 2-6S 792 .420-0o .4203-0.) .4203-00 .5080-0o .5050-00 .11
4

21+02 .0000 ,9918+01 .9049+02
5 2-6s 794 .4201-00 .4204-Q0 .42P2-00 .

4 9 9
0-00 5070-Go 11305+02 .0000 .9958+01 .90A6+02

6 2-6S 799 .4233-00 ,42o3-1c .4204-00 .o507o-o .5090-00 .11598+0? .nO[lo .10(!4+02 .9161O2
7 1-5 812 .4202-00 .42n3-oo .4202-or .5060-00 50O-UD .11200+02 .6350-01 .9;35.01 .O1io+o?
8 2-60 815 .4202-00 4 2ýz-00 4(-00 .5010-00 . 0-00 1107÷0 .6650-01 , 000002 .9126÷02
9 2-6D 816 .4201-00 .

4
2z3-co .42r3-Co .5060-or .560-O 1 .1•06+02 .6

8 0
0-Co .9974+01 .9101+0o

10 2-6D 817 .4203-0 .
4 2

0n3-o0 .4203-on .497'-00 .4980-0o- .11025+02 .6650-01 .1001+62 .9136+02
11 2-60 819 .420-o•0 .42,4-0) .4204-00 .4970-00 .4960-00 .1111.02 .6850-01 .1008+02 .9196+02
12 2-60 822 .4203-00 ,4204-0o .4203-0G ,5o50-o .5070-00 .11252+02 .6650-01 .1005o02 ,9166+02
13 2-6D 824 .4203-00 .42(14-03 .4203-00 .5150-00 .51o0-0o .113

7
2+02 .6850-01 .

0
947+01 .9076+02

14 2-6D 825 .4203-00 .42,3-0o .42zo-0o .50o0-0n .5120-00 .11231o02 .
6 8

50-o' .9944+01 ,9073+02
15 2-60 829 .4203-00 .42o12-0, .4202-00 .5200-Go .5220-1o 1.1490o02 .68S0-n' '9960+01 .90P7+02
16 2-60 830 .4202-00 .42c3-0i .4201-00 .5220-00 .5200-00 .1I453+02 .4650-01 .9938-01 .90A7+02
17 -5" 83j .420-00o .

4
2n3-03 .4204-oO .50So-on .50610-00 .11152+02 .6850-01 .9967+01 .9094+02

18 2-60 832 .4203-00 *42o14-0, .4203-00 .5110-00 .5130-00 113o6+02 .6850-01 .9476-01 .91n2+02
19 2-60 834 .4201-00 . 4203-0i .4202-00 .5150-00 .3170-00 .11393+02 .6850-ci .9973-01 .9099-02
20 2-6D 835 .4203-00 1

4
2oj5-C3 .4204-00 .5u50-00 '5010-00 .11202+02 .6850--j .9979-01 .9105+02

21 1-5 837 .4202-00 ,
4

2(,3-co .
4

203-00 .5070-on .5090-G0 .11206+02 .6850-01 .9971.01 .9007+02
22 2-6D 839 .4202-00 ,

4
2o13-o) .422-00 .5100-00 .5120-00 .10364+02 .6650-01 .1005+02 .9171÷02

23 2-60 840 .
4

203-o00 
4
2o4-0 .:42C3-00 .5170-00 .5170-30 .11391+02 :6850-01 .q954+01 .9092÷02

24 2-6D 841 .4203-00 1
4

2n4-Oo .4203-00 .5130-00 .5140-00 .11328+02 .6650-01 .9966+01 .9093÷02
25 2-60 842 .4201-00 .42r2-01 ,4202-00 .5100-00 .3110-00 .1126o+02 . 6650-,1 . 9N73.0i .9099+02
26 2-6D 843 .4201-00 .42!)2-0,3 .4202-00 .5070-o0 .5090-00 .11237+02 .6650-01 .I0000402 . 9125+0
27 2-65 851 .4204-00 .42-4-00 .42n4-00 .5000-00 .5020-00 .11362+02 .0000 .9970o01 .9007+02
28 2-6S 859 .4202-00 .42C3-00 .4202-00 .4950-00 ,4950-0o .11321-C2 .0000 .10C6+02 .9191+02
29 2-6S 864 .4202-00 .

4
20,3-0o .4202-00 5040-00 .5050-0o .11369+02 .0000 .9j5I +01 .9047+02

30 2-6S 865 .4204-00 .42•4-00 42C3-00 .5000-00 .5600-00ý .11273+02 .0000 .991.4+01 .9045+02
31 2-65 867 .4205-00 .

4
2oi5-0 .4203-00 .5olo-O0 .5040-00 .11421+02 .0000 .9991+0i .911i602

32 2-6S 873 .42.2-00 .4212-0o .4201-00 .4980-00 .490-00 .11268+02 .0000 .99$9-01 090A6÷02
33 2-6S 875 .4203-00 342G3-0j .42G2-00 .So70-o± .5060-O0 1a426ý02 *Onne 0 .99n4÷ot .9037+02
34 2-6S 876 .4202-00 .42r3-0j .4202-00 .5000-00 .5030-00 .11370+02 .0000 ",9975-01 *9 12+02
35 2-6S a78 .4202-00 .424r2-0 G .4202-00 .5060-00 5070-00 11418+02 .0000 .9920+01. .9051+02
36 2-6S 881 .42U2-00 142o4-"0 .4202-01 .5140-00 ,5150-00 .11688+02 .3000 .9994+01 .918+o02
37 2-6S 882 .4204-00 .42C4-00 .*204-00 .5050-00 .5070-00 .1145+02 .0000 .9979+01 ,9105*02
38 2-6S 883 .4203-00 .425-00 .4 204-00 .4950-1i .4V70-00 .11225+02 .00o0 ,9949.01 ,9078+02
39 2-6S 885 .4202-o0 42n5-G] .4253-05 .4950-Go . o950-00 .11169+02 .0030 .9923+01 .9054-02
40 2-6S 888 .4202-00 .42C2-00 .4201x00 .4981-o0 4960-00 .11170o02 .0000 .9892.01 .

9
025+02

41 2-65 892 .4203-00 4214-Oo .4203-00 .5110-00 .5110-00 .1r477+02 .0000 .0977+0i .90T2+02
42 2-6S 093 .4205-00 .42Q34-o0 o 42C3-00 *5100-00 .51,00-00 .11378÷02 .0000 .9608+01 .8949+02
43 2-65 894 .4204--oL 42,.5-o0 *42r4-00 .5070-00 -5050-00, 11363+02 .0000 *9871,01 .9007+02
44 2-6s 895 .4203-00 ,42ý2-00 .4203-00 .5110-00 .5130-00 .11541u02 .0000 .9916+01 .9048+02
45 2-6S 896 .4203-00 .

4
2n4-01 .4205-U0 .5140-00 .5160-00 .11592.02 *0000 .9596-01 .9029+02

46 2-6S 900 *4202-00 .4264-0) .4203-00 .4980-00 .5U20-00 .11254+02 .0000 .9900+01 .9033+02

TOTAL WEIGHT OF GROUP 521.851 GQA9S
AVERAGE WEIGHT OF GROUP * 11.3445 0PA6S
AVERAGE DENSITY OF GROUP 90.892 PERCENT T.D.
TOTAL LENGTH OF PELLET GROUP= 03,3140INCHES
AVERAGE PELLET LENGTH OF GROOP .65068 INCHES
STANDARD DEVIATION OF PELLET DeNSITY .497
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LOT SAMPLE
NO, NO,

I 2-7D 637
2 2-?D 638
3 2-70 643
4 2-7g 644
5 2-71 648
6 2-70 650
7 2-7( 651
8 2-7D 657
9 2-7g 659

10 2-7o 662
11 2-70 663
12 2-70 664
13 2-70 665
14 2-7Q 666
15 2-7D 667
16 2-70 668
17 1-6 670
18 2-70 671
19 2-70 672
20 2-7S 673
21 2-7s 674
22 2-7S 676
23 2-7S 677
24 2-7S 678
25 2-7S 679
26 2-75 680
27 2-75 682
28 2-78 683
29 2-75 685
30 2-75 686
31 2-7S 692
32 2-75 695
33 2-75 696
34 2-75 698
35 2-75 700
36 2-75 702
37 2-7S 703
38 2-75 705
39 2-7s 707
40 2-7s 708
41 2-7S 714
42 2-7S 726
43 2-75 728
44 2-7s 736
45 2-75 738
46 1-5 814

D-1
.4205-on
,4204-0o
.4202-00
.4202-00
.4203-00
.4204-00
.4202-00
.420"0-o
. 4203-00
.4205-on

.4203-00
,4204-o0
.4204-00
.4203-00
.4204-00
,4203-00
.42o2-0o
.4206-00
.4203-00
.4203-oo
.4204-00
,4201-00
.4202-00
.4206-00
.4203-00
.4203-00
.4204-00
.4204-00
.4202-00
.4203-00
.4203-00
,4205-00
.4203-00
,4204-00
.4204-0o

,4202-00
.4204-00
.4203-Go
.4205-0o
.4205-00
,4203-0n
,4203,00
.420±-Do
.4204-00
.4202-Oc
.4202-00

0 1 .MET=R
(I NrCHES)

D-2
.42 4-00
.42n4-o0

.4202-00

.4204-00
-42C5-00
42'4-00

,42o3-0o

42n3-07
,42E.4-00

4205-00
42i)4-00
.420 4- 0
42ri5-00

,421) 4"-00

,4273-00
.4203-0o
14203-00
.4205-0 a
.42D3-00
.4205-00
.,

4
204-01

.4203-00,42n.3-oo

,
4
2r5-•jo

.42Za4-0n

,4203-03
,42n4-00
,42:J5-0.
42(4-00
q202-03

.4204-00
,42cl3-0n
• 42t5-0"3
.4205-00
.4214-07
.42q4-001
. 4Z174-O00.4204-00
,4205-00
4205-01
,4204-00

.4204-00
,42p3-0o
l2o0-03
4205-00

* 4203-0~

0-3
.4203-00
.4204-00
.4203-0G
.4204-00
.4205-00
.4203-07
.4203-00
.4204-00
,4203-00
.4205-00

4203-00
.4203-00
.4204-00
.4203-00
.4202-00
4203-00

. 42n3-00

.4204-00

.4202-00

.4203-02

.4203-00

.42C2-00

.4203-U0
,4204-00
.4203-00
.4203-00
.4203-00
.4204-00
.4204-00
.4202-00
4203-00

.4202-07
, 420.5-0O0
.4203-00
.4202-00
.42G4-00
.4203-00
.4203-00
.4204-00
.4205-00
.42C4-00
.4202-00
.4202-00
,42C4-00
.4204-00
.42C2-00

IFA,432,1 Rod 6

LENGT4 WEIGHT DIA. CENTER DENSiTY DE:NSITY
(INCHES) (GRAMS) VOID (G/CC) (PERCENT T,D.)

L;1 L-2 (INCHES)
.5190-0 .5210-00 .11564-02 .6850-01 ,004+02 .9164+02
.4970-06 .50nO-00 .iio022+02 .6650-01 .99R66-01 9111*02
.4990-00 .51o0-00 .00 o9+02 .6850-00 ,1005*02 ,9171+02
.49

9
0-0{} .5000-OC .1111b+02 .6650-01 .006+02 ,9175+02

•4950-00 .4960-00 .11032.02 .6850-0f ,1005+02 .9173*02
.4980-00 .5000-00 .1100+02 ,6850-01 .1005+02 ,9168-02
.5020-On .5040-00 .11188+02 .6850-01 .1005+02 .9171+0
.4980-00 ,5000-00 .ii101+0V .6850-0t ,1005+02 .9173-02
.4950-00 ,4970-00 .ii033+02 .6850-01 1,005402 .9169+02
.4970-00 .4910-00 .11019+02 ,6850-0i .9998+0i .912202
.4960-00 ,4970-00 .10969+02 .6850-0j ,99si01 ,9167402
.4980-0 0, 4990-00 .i1c38-02 .6850-01 ,1000+02 ,9126+02
.4930-0( ,4930-00 .i0963+02 .6850-01 .1004+02 .9162+02
,5160-00 ,5160-00 .11138+02 .6850-00 .9752+01 .0898+02
.4670-00 .46R4-00 .10813+02 .6850-01 .1002+02 .9144+02
.5050-0n .5070-00 .11220+02 .6850-01 .1002+02 .9142-02
.5100-0D .5110-00 .11322-02 .6850-01 .1002+02 ,9145402
.5110-00 .5120-00 .11349+02 ,6850-01 .1002+09 ,9138+02
.5090-00 .5100-00 .11282+02 .6850-01 .1001-02 ,9131+02
.5060-00 .5070-00 .il597+02 .0000 .1006+02 ,9178+02
.5080-00 .5100-00 .11589+02 .0000 ,1001+02 ,9134+02
.5050-00 .5060-00 .11520+02 .0000 .1003+02 .9130+02
.5040-Q0 .5050-00 .1i508+02 .0000 . .1003+02 .9156+02
,5070-00 15"00-00 .11618+02 .0000 1005+02 ,9170-02
.5110-00 .5110-00 .11663.02 .0000 .1004+02 ,9158+02

35030-00 .5040-00 .11501+02 .0000 .1005*02 .9167+02
.5120-00 .5120-00 .11692+02 .0000 .1004-02 ,9162+02
.5060-00 .5070-00 .1158U+02 .0000 ,1005-02 .9170-02,
.5050-00 .5050-00 .115P4+02 .0000 .1008+02 .91±5602
.5020-00 .. 5040-00 .11529+c2 .0000 .1008602 .9261+02
.5020-noi .5040-00 .J1490+02 .*0000 l005+02 .91s6+02
.4990-0l .501-00 .11445+02 .0000 .1007+02 .91A5+02
,4960-00 .4960-00 .1l362+02 .0000 .1007+02 ,91A7+02
.5090-00 .5100-00 .it633+02 .0000 1I004+02 .9159-02
,5100-00 .5100-00 .11660+02 0000 .1007+02 ,9190+02
.5090-00 .51CO-00 .11692+02 .0000 1.009+02 .92,8+02
.50-O-On .500-00 .1167R-ý2 .0000 J.310+02 ,

9 2
i4+02

.5100-00 .5200-00 .116RO+02 .0000n .0007*02 .9190+02

.5110-00 .5100-00 .11704+02 .OOO ,iu08+02 ,9194+02

.5100-00 .5090-00 .i1660+02 .0000 ,1006+02 .9176+02

.5040-00 .5020-00 .11541+02 .0000 .0009+02 ,9265-02

.5040-00 .5060-00 .11579+02 .0000 .0009*02 .9203+02

.5040-00 .5050-00 .11579+02 .0000 ,1010+02 .9215*02

.5130-01 .5130-00 .1:1710+07 .D000 .0003+02 .9105+02
,5110-00 . .5120-00 .11741+02 .0000 ,i009+02 ,92n9+02
.5070-00 .5V70-00 .11258+02 .6850-01 .1004+02 ,9158+02

a

TOTAL WEIGHT OF CROUP m 024,193 GRANS
AVERAGE WEIGHT OF GRCUFP 11.3955 GrAMS
AVERAGE DENSITY OF GROUP 91.6j8 DERCCNT T.,.
TOTAL LENGTH OF PELLET GROUP= 03.22251NCHES
AVERAGE PELLET LENGTH OF GROUP = .5048 INCHES
STANCARO DEVIATION*OF PELLET DENSITY a .479

Is
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IFA-432, Rod 7

LOT SAPPLE DI.AMET'R LENGTH 'EIGH11 OIA. CENTER DENSITY DEJSIT Y
NO. No. (IhoHES3 (INCHES) (GRAMS) VOID (G/CC) (PERCENT T.O.)

-- n -3 L-1 L-2 (INCHES)
i 2-2s 90 .4143-00 .4144-00 .

4
143-00 .5040-00 .11500-00 .i1533-02 .0000 .1036+02 .9450÷02

2 2-2S 138 .4140-00 14142-0o .4149-00 .5120-00 .5140-00 .1i735+u2 .0000 .1037.02 .9459+02
3 2-25 299 .4144-01 .4146-Co .4 1 45-Qn .49q0-00 .4990-00 .11461+02 .0010 .1i39+02 .9477+02
4 2-2S 339 .4143-00 .4144-01 .

4
1

4
3-uo .4960-00 .4970-00 .1131;0+01 .0000 .1037+02 ,9465+02.

5 2-2S 346 ,4144-00 ,41
4
3-03 .414i3-00 .4950-00 .4960-00 .11403÷02 .0000 .1042+02 ,95h4+02

6 2-2S 351 .4144-00 .4145-03 .4144-on .1990-00 .5000-00 .11462+02 .0000 .1036+02 .947240o
7 2-2S 352 .4145-00 .4145-03 .4144M-0 .4990-00 49•--u0 11442ý02 .0000 .1037.02 .9463÷02
8 2-2s 353 .4143-00 ,41A4-ýa .t43-on .5Q00-o! .'0no-D0 .j11454+02 .000D .1037*02 .9460+02
9 2-2S 356 .4143-00 ,4114-00 .4141-00 .5030-00 .5030-00 .11551+02 .0000 .1039+02 .9482+02
10 2-2S 357 .4143-00 ,4i4i-oo .4143-00 .5030-00 S -OD .11473+02 .000c .1033+02 .9421+02
11 2-2S 358 .4143-00 .

4
14.4-oo .4143-G0 .4920-0 .4940-0O .11322+02 .0000 .1039.02 ,94R4*02

12 2-2S 359 .4143-00 4144-0: .4143-00 .l00 .5010 501-00 .11461+0? .0000 .1035.02 .9447*02
13 2-2S 360 .4143-00 .41'4-On .4143-"O .500c-on 5303-00 .11512÷02 .000u .1039.02 .9440o02
14 2-2S 363 .4143-00 ,4143-00 .

4
1

4
4-00 .5000-0{) .5000-Do .ý1476+1? .0000 .i039*02 ,94R0D02

15 2-2S 367 .4.143-00 .4144-00 .4144-00 .5000-01• 'nO-o0 .11457902 .000 . 1037+02 ,9461÷02
16 2-25 368 .4143-00 ,

4
1

4
3-o0 .4143-00 .499D-01 50u1-00 . 11472-0 .0000 .1079.02 .9477+02

17 2-2s 371 .4141-00 .- 140-02 .4142-0o .5000-00 .5[,-100] .11441*02 .0000 .103502 .,9448-02
1S 2-2S 372 .4145-00 .4116-03 .4144-G0 .5000-o .4990-00 .11473+02 .0011 .1039+02 .Q476+02
0O 2-2s 373 4143700 ,41.3-C, .4143-ofl o4910-00 .5ý0-o3 .11431+02 .0000 .1037-02 .9462+0?
20 2-2S 376 4143-20 .

4
1A4-00 . 4143-00 503u-0ut .5020-00 . 11512+60 .0C00 . 1.37+02 .9461+0?

21 2-2S 379 .4142-0o .41z3-0o .4143-00 .4990-00i .5000-00 .11455+02 .01o .1038002 .9474+02
22 2-2S 3d2 .4143-00 .414

3
-0o .4141-00 .5010-0O .5020-00 .115U0+02? .00V0 .I138.C2 .9473÷02

23 2-2S 391. .41
4
0-00 .4142-0o .4143-C0 .4960-00 .,9n-V000 .11401+02 .0oO .1139.02 .491+02

24 2-26 4ol .4145-00 .'4146-03 .4145-0G .4940-00 .494r,-o .1i132S+02 .CO0 .1037+02 .9461+02
25 2-2O 412 .4144-00 ,

4
0

4
5-00 .4144-00 .4960-ut .4ý60-00 .11437+0 .ro0jo .I139+02 ,

9 4
79+0Q

26 2-2S 413 .4144-00 *4144-01 o4143-OC .4960-0j .4970-or .113Ci+0? .COOG .1037+02 9465+07
27 2-2S 416 .4145-00 ,4146-00 .4145-G0 .4990-01 .4900-0D .11451+02 .01002 .1038602 .9467+02
26 2-2S 4i7 .4143-00 ,4144-0 0  .4143-n0 .4940-0D ,4950-00 .11351+02 .0000 ,1039*02 ,9479+02
29 2-2s 422 .4144-00 ,

4
145-00 .4145-oti .50CO-00 .5010-00 .11512+02 .0100 .1040*02 ,9492+02

30 2-2S 424 .4142-00 .41"3-0o .4144-00 .5020-00 .9030-00 .11546+02 .01O0 .1040.02 ,9492÷02
31 2-2S 425 .4144-00 .4144-00 .144-o0 .5020-0T, .021-00 .I159qf+o? .0000 .1044*02 .9523*02
32 2-2S 427 .4143-00 .4*4

5
-o0 4145-0, .4990-00 .4990-00 .11461+02 .0000 .i039+02 .

9 4
A+0D2

33ý 2-2S 428 .4144-0o .4145-00 .4145-00 .4960-01 .5100-00 .114P2+Q2 .n000 l1C41+02 .9496+02
34 2-25 429 .4143-00 .4143-00 .4143-0C .5040-00 .5050-00 .11589+02 .0010 .104002 494R8+02
35 2-2S 434 .

4
143-00 ,4143-0O .

4
143-o .-5000-O0 .5031-00 .11502+02 .0010 .1038902 ,9473+02

36 2-25 435 .4145-00 .4146-0Q .4145-oC .5032-00 .. 5030-00 .11570+02 .0002 .1040+02 .9408+02
37 2-25 436 .4144-00 .

4
144-00 .4194-0 .5000-OG , 5020-00 .12462+02 . 0000 .1035.02 .9445o02

38 2-2S 439 ,4144-00 .4143-00 .4143-oo .5000-00 5.u0-uO .11445+07 C.DC- .1036+02 .9453+02
39 2-2S 440 .4144-00 ,4144-0o ,4144-00 .5030-00 ,504)-on .11564+02 ,.OLIO ,1039+0? ,9442+02
40 2-2S 444 ;4142-00 .

4
1;3-0, .4143-01 .4980-00 .4900-00 .11441+07 .0000 .i039.02 ,9481+02

41 2-2S 447 .4144-00 .
4

1
4
5-oo .4146-or. a528O-O .9303-Oo .12071+02 .0000 ,1031*02 .940+U02

42 2-2S 449 .4143-00 ,41
4
3-03 .

4
143-oO .5000-00 .5000-00 .11350+02 .0000 1l026+02 .9376+02

43 2-2S 452 .4145-00 ,4145-oj ,4143-00 .5200-00 ,5210-00 .11860+02 ,ooo .1031+02 ,94n+02
44 2-2S 453 .4144-00 .4145-1o .4•44-OC .5040-00 .5040-00 .11478+02 .0on0 .1030-02 .9460*02
45 2-26 455 .4144-00 .4144-U0 .4144-uo .4930-00 .4950-00 .11233+02 . 0000 ,IC29.02 .93A7+02
46 2-25 456 .4142-00 .4143-00 .4142-00 .5060-00 .5060-00 .114730U2 cc000 .1027+02 .9368+02

TOTAL WEIGHT OF GROUP = 528.377 GR00S
AVERAGE WEIGHT OF GROUP - 11.4B65 GRAMS
AVERAGE DENSITY OF GROUP 94.618 PERCENT T.D.
TOTAL LENGTH OF PELLET G;o ;P= 23.055JINCHES
AVERAGE PELLET LENGTH OF GF.OtF .5013 INCHES
STANCARO DEVIATION OF PELLET DENSITY .331
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IFA-43Z, Rod 8

LOT SAPPLE DI4METzR LENGTH WEIGHT DIA. CENTER DENSITY DE'.SITy
NO, NO, (INCHES) (INCHES) (GRAhMS) VOID (G/CC) (PERCPNT T,.D,

0-1 D-2 0-3 L-i L-2 (INCHES)
1 2-1S 24 .4201-00 .42?3-0o .42C2-00 .5 0 9 0 - 0 Ul .50o-o .11988+02 .D00o .1036-02 ,9456+02
2 2-16 27 .4203-00 ,42o5-0o .42r5-00 -5090-00 ,5o

9
o-oo .12030+u2 .0cO0 .1039+02 ,9479+02

3 2-iS 33 .4203-00 ,42G5-0O ý.4203-01 .5060-00 .5040-00 .11955+02 .00O ,0C41+02 ,94Q8÷02
4 1-iS 35 .4203-00 ,4205-0o .4204-00 .5080-00 .501

0
-00 .12041+02 0000 .1042+02 .9568+02

S2-"iS 36 .4201-00 ,42-3-r0, .42CI-OO .5030-00 5040-00 .11948+02 0000 .1044402 .9529+02
6 I1IS 37 .4202-00 ,42o3-0o .42C3-00 .5060-00 5050-00 .11971+02 .00 .1042÷02 ,95o5+02
7 2-is 38 .4202-00 .4204-no .42C2-00 *05-oOn .5050-0o .11937+02 .0000 .1040+G2 .9488+02
8 I"1s 46 .4201-00 ,42,3-0o .4202-00 .5020-00 .5010-00 .11889+02 .0000 .1043+02 ,95i9o02
9 2-is 48 .4203-00 ,42r4-0o .4204-os .5o30-Uo .5050-00 .11941+02 .00O0 .1042+02 .95n5+02

10 2-is 53 .4202-00 ,42o4-0e .4203-00 ,4990-00 .5o0-00 .11813÷02 .0000 .1040+02 ,9491+02
11 2-IS 54 .4201-00 .

4
2i13-s .

4
201-0Q .5060-00 .5060-00 .11915+02 .0000 .1036+02 .9456+02

12 2-iS 55 .4203-00 ,42r4-00 .42o3-00 .4980-00 .4960-00 .11817-02 .0000 .1044+02 ,9521-02
13 2-1i 58 .4202-00 ,4204-C3 .42C2-00 ,5040-00 ,5040-00 .11953o02 .000C .1043+02 ,95iR-02
14 2-is 59 .4204-00 ,42n5-oo ,4203-0I0 .5U70-00 ,5060-0o .11963002 .0000 .1038+02 ,9474-02
i0 2-IS 63 .4202-00 ,4205-io .4204-00 .5050-00 5170-00 ,11973+02 0000 .1040+02 .949R302
16 2-IS 64 .4203-o0 ,

4
205-oo ,4203-OC .5010-00 .5010-00 .11856÷02 .0000 .1041+02 .9494+02

17 2-IS 69 .4202-00 .4203-0o .42C2-00 .5030-00 .5030-00 .11460+02 .0000 .1037.02 .94A6+02
18 2-is 97 .4202-00 ,42r3-03 .4202-00 .5100-oQ .510;0-0n ,12020+02 .0000 .1037.02 .9462+02
19 2-is 100 .4201-00 ,

4
2(14-Cj .4204-00 .5100-00 .5110-O0 .i058+02 .0Osjo .1039+02 .9479+02

20 2-is 103 .4203-00 
4

2o3-0o ,4202-00 .5120-0o .5140-Oo .17175+02 o000 1044+02 .9526+02
21 2-iS 105 .4204-00 ,42n!7-0, .4204-00 ,5030-u0 ,5040-00 ,1i911+02 *90070 .1040+02 ,9488+02
22 2-iS 117 .4201-os ,

4
2c3-0o .42C2-O0 ,5070-00 o5050-00 .11996+02 nO. .042+02 .95ii+02

23 2-iS 123 .4203-00 ,4P.3-00 .4202-00 5505o--0 .o050"00 .11905+02 0000 1038+02 ,9472+02
24 2-is 127 .4201-00 ,

4
2u4-00 4202-00 ?5o4Q-0o .5050-00 .1191ii02 .0oco .1039+02 ,9478o02

25 2-15 128 ,420i-00 ,42o3-0o .4203-00 .5060-o0) .50c-00 ,11961÷02 DOCO 1036-02 ,9452+02

26 2-1s 143 .4201-00 .42154-05 .4202-c: .4970-00 ,4970-0o .1'683+02 n0000 1034402 ,9437÷02
27 1-1S 213 .4202-00 ,42st3-0o .4202-00 5100-01 .5070-00 .12055502 .,000 .1043+02 ,95i7+02
28 2-IS 216 .4204-00 ,42[.6-0 ,4204-O0 ,5030-00 o 5oo0-o- .11060o02 .0000 1038+02 ,9474+02
29 2-iS 220 .4203-00 ,

4
2i4-Or .42r3-00 .5090-so .50o0-oo .12031+02 .000 .1041+02 9494+02

3o 2-iS 221 .
4

202-o0 .42s5-0) .4202-00 .5020-so .5020-0o .11
8 8

0-02 .0O00 * 041+02 ,9497+02
31 2-iS 227 .4202-00 ,4214-Co .4202-00 .4960-or ,4980-00 .11814+02 .0000 .1046+02 ,9541*02
32 2-iS 230 .42s1-0o ,42C4-Cq .4202-0o .51

3
0-oo .5120-OC ,12130+02 .0000 ,1041i02 ,9512+02

33 1"15 232 .4202-00 ,42C2-00 .4202-00 .5060-00 .5070-00 .11998-02 .0000 .1042+02 .95ii02
34 2-15 235 .4204-00 ,

4
2r-.4-0o .42C3-0t .5110-o0 .5120-00 .12107+02 .0000 .1041+02 .9496+02

35 2-iS 237 .4203-00 .42c5-1s .4203-02 .515U-00 .5150-00 .12181+(02 .0000 .1040+0 ,9489+02
36 2-15 249 .4203-00 .

4
2o4-Co .4202-00 .5110-0)! .5100-00 .12060-02 .0000 .1039+02 94Ai-02

37 2-is 253 .4203-00 .42:4-0o .4203-0t .5150-00 .5140-00 .12162+02 .0000 .1040+02 .9485+02
38 2-iS 254 .4203-00 ,42o4-Oo .42C1-00 .5160-00 .5160-00 .12178÷02 .0000 .1038-02 ,9473+02
39 2-is 262 .4202-00 ,

4
2o5-cc .42C3-0C .512o-uo .5120-00 .12098+02 *0000 .1039+02 94A 1 +02

40 2-is 265 .4202-00 ,42;55-0o .4202-0C ,5240-00 ,5230-00 .12317+02 .0000 .1035+02 ,9442+02
41 2-iS 268 .4203-00 ,42n5-0n .4203-0C .5080-00 .5070-00 .12040+02 .00CO .1043.02 ,95ilB02
42 2-iS 270 .

4
203-on .42Q3-0o .4203-0C .5140-00 .5120-00 .12152+02 .0000 .1042+02 ,95M7402

43 2-iS 276 .4203-00 ,420)4-09 .4202-00 .5050-00 ,5050-00 .11929+02 .0000 ,1039+02 ,9490+02
44 I-iS 281. , -,4oi-00 2'-0o ,4202-01 .4950-00 ,4950-00 .11693+02 .000 ,i04o+02 ,94P5+02
45 1-IS 291 .4204-00 .qZ4-00 .4203-0T .4+20-00 .4920-00 .11698+02 .0000 .1045+02 .9539+02
46 I-IS 292 .4203-00 ,42o3-oo .4202-00 .4930-00 .4930-00 .11666+02 .00CO .1041402 .9498402

TOTAL WEIGHT OF GROUP = 550.509 GRAMS
AVERAGE WEIGHT OF GROUP 11.9676 GPAMS
AVERAGE DENSITY OF GROUP 94.917 PERCENT T.D.
TOTAL LENGTH OF PELLET GROUP= 23.2

7
70INC1ES

AVERAGE PELLET LENGTH OF GF2OUP m .5060 INCHES
STANDARO UEVIATION OF PELLET DENSITY .242

E-30



IFA-432, Rod 9

LOT SAOPLE DIAMETER LENGTH WEIGHT 014. CEI:TER DENSITY DENSITY
NO, NO, (INCHES) (INCHER) (GRAMS) VOID (G/CC) (PERCENT T,b,)

D-1 '-2 D-3 L-1 1-2 (ICHES)
1 2-5s 462 .

4
223-Do ,

4
224-00 4223-00 .5080-00 .5t100-00 .I1,29i+2 -0000 .1043+02 ,95PO+02

2 2-5S 463 .4222-00 ,4223-00 .4223-00 .5100-00 ,5110-0C .122453C2 .0000 .1045+02 .9535*02
3 2-5S 465 .4223-00 ,4223-00 .4222-00 .5100-00 .5110-00 12229÷C2 . OrO .1044+02 .9524+02
4 2-5S 466 .4223-00 ,4223-00 .4222-00 .5110-13 .5110-00 i2241+02 .0000 ,104402 ,9524+02
5 2-5S 468 .4223-0o ,4223-Go .4223-00 ,5080-00 ,50 0-00 . 1214102 .0o00 .104+•02 ,9501.02
6 2-5S 469 .4223-00 .4224-00 .4224-00 .5080-00 ,5OD9n- l1217102 .n00 .1043+02 ,95t2+02
7 2-5S 470 .4223-00 ,4224-00 .4223-00 .5110-00 .5120-00 J.2270+C? .020 .0045+02 ,9535+02
8 2-5s 471 .4224-00 ,4223-Co .4223-00 ,5070-0,• .5060-00 .12161+02 0c00 .1046+02 .9543+02
9 2"5S 472 .4221-00 ,4272-00 .4222-07 .5090-00 .5080-00 .128ý0+07 .000 ,J045-02 ,9536+02

10 2-5S 473 .4223-0D ,4223-00 .4223-00 .5170-00 .5180-00 .124f7+02 .0000 i045+02 ,9531+02
11 2-5S 474 .4223-00 ,4223-00 .4223-0 ,5180-00 .5190-un .12424+02 .0000 ,1044+02 ,9525÷02
12 2-

5
S 475 ,4223-00 ,

4
223-Oo .4221-0 .5160-00 .5170-0p .12318.02 .000 .0039-02 ,94R4÷02

13 2-5S 481 .4222-00 .4224-00 .4224-0n ,5150-00 ,.0890-00 .12419+02 .000C lo04302 ,9520+02
14 2-5S 483 .4222-00 .4223-0o .4223-07 .5170-o0 .51

7
0-0o .12

3
Alli

2  
.0000 .1044-02 ,9521+02

15 2-5S 484 .4223-00 .223-03 .4222-0O .5160-00 .5170-00 .123
9

0-0? r 00o 1045+32 .9538+07
16 2-5S 486 ,4222-00 ,4223-0o .4222-0f) .5160-00 .5170-00 .12375+u02 0000 .1044+02 ,9528+02
17 2-5S 68 .4223-00 ,4223-0o .4223-00 .5160-00 .5160-00 .12361+c2 .00o0 .0044+02 .9573+02
18 2-5S '90 .4222-00 .4223-00 .4223-00 .5150-00 .5160-00 .123378+52 .0000 .1043+02 ,9516+02
19 2-5S 491 .4225-00 ,4224-uo .4223-00 .5130-00 .5140-00 .122F6+02 .0000 1042-02 ,95h7+02
20 2-55 492 .4223-o0o ,4223-oo .4223-00 .5150-oo .,5160-00 .1,337+u2 .0000 .1043+02 ,95t4+02
21 2-5s 494 .4223-0O .42203-03 .4222-00 .5200-on .5210-00 .12451÷02 .0000 .1042+02 ,g95si02
22 2-5S 555 .4222-00 422?3-00 .4222-00 ,5110-ob .5130-00 .12260+02 .,000 .oi44+02 ,9512+0?
23 2-56 556 .4222-00 ,4222-00 .4223-00 .5160-00 .5160-00 .12383+02 .0000 ,1046-02 ,9543402
24 2-5S 558 .4222-00 ,4222-03 .4223-Co .5110-00 .5010-00 .12268+02 .0000 .1046*02 ,9547+02
25 2-5S 560 .4223-00 

4
224-03 . .4223-00 .5150-00 .51.30-0G .17329+02 .0000 .1045+02 ,9534+02

26 2-5S 561 .4223-00 ,4223-00 .4222-00 .513o-00 .5)41-00 .123.1+02 .0c00 .1045+02 ,9532÷02
27 2-5S 564 .4223-00 ,422Z-03 .4 2 22 -01 .5100-0)0 .120-0o ,12277+02 .0000 .1047+02 ,9554-02
28 2-58 565 .4223-00 .4224-03 .4224-00 .5130-00 ,5140-00 .12311+n? .o0o0 .1044+0? '9528÷02
29 2-5S 566 .4222-00 ,4223-03 .4223-C0 .5150-00 .5150-00 .12321-02 .0000 ,1043+02 ,95i2+02
30 2-5S 571 .4223-00 ,4224-03 .4223-00 .5140-00 .5170-00 .123R3+02 .0000 .1046*02 ,9548602
31 2-5S 576 .4221-00 142-4-00 .4223-10 .5140-00 .5160-00 ,,o350+02 .0000 .1045*02 ,9534+02
32 2-5S 585 .4224-00 ,4224-03 .4223-00 .5160-00 .5170-00 .12391+02 .- 000 ,1045+02 .9534*02
33 2-5S 60O .4222-00 ,4223-00 .4222-00 .5120-0D .5120-00 .12203+02 .0000 .1046+02 ,9540÷02
34 2-5s 621 .4223-00 ,4224-co .4223-00 ,5070-o( .5090-00 ,12130+02 .0O00 .1040+02 ,9401*02
35 2-5S 624 ,4222-00 ,4223-00 .4223-00 .5000-00 .5010-00 .1?0130n2 .0000 .1046*02 9543+02
36 2-5S 625 .4221-00 ,4223-0o .4222-00 .5000-00 .5010-00 .12050+02 .0000 .1049*02 ,9575+02
37 2-5S 627 .4223-00 ,4223-oD .4222-00 ,5050-00 ,5070-0(0 .12149+02 '0000 .1046+02 .9546*02
38 2-5S 628 .4223-00 .4273-03 .4223-00 .5020-00 ,4990-00 .11962+02 .n000 .1043+02 ,95i7+02
39 2-5S 629 .4223-00 .

4
223-0o .4223-UO .5040-00 .5050-00 .. 081+02 ,0000 .1043+02 95t9+02

40 2-5S 630 .4220-00 ,4223-00 .4223-00 .5020-00 .502U-00 .12022+02 .0000 1044+02 .9525+02
41 2-5S . 631 .4223-00 ,

4
222-Qo .4223-00 -5010"00 .5020-00 .12039+02 .0000 .1046+02 9545+02

42 2-5S 632 .4222-00 .4223-0i .4223-00 .5010-00 .5020-00 .11953+0 .-0000 .1039+02 ,9476+02
43 2-56 633 .4222-00 ,

4
222-00 .4223-10 ,4940-00 .4940-00 .11853+02 .0000 .1046402 .954j+02

44 2-5S 634 .4223-00 ,4224-00 .4224-07 .5070-00 .5070-00 .12193+02 .0000 .1047*02 .9549+02
45 2-5S 635 .4222-00 ,4223-00 .4223-00 .5090-00 .5100-00 .12217+0,2 .0000 *1045+02 ,9534*02

TOTAL WEIGHT OF GROUP 550.863 GRAMS
AVERAGE WEIGHT OF GROUP 12,2414 GRAMS
AVERAGE OENSITY OF GROUP 95.274 PERCENT T0,0
TOTAL LENGTH OF PELLET GHOI'P= 22.9365INCHES
AVERAGE PELLET LENGTH OF GROUP - .5108 INCHES
STAN6ARD DEVIATION OF PELLET DENSITY ,184

TOTAL WEIGHT OF ALL GROUPS 4807.2433 GRAMS
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IFA-432, IMMERSION DENSITIES

E-33





IFA-432, Rod 1, Solid Pellets L
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iFA-432, Rod 1, Drilled Pellets

r_

PELLE7 IT. *I ý1 (IF0 PFOLFO .t* O.F -ATE. ATEP PELLET PELLO 1
.k100. o0OIJ+00*0 SIISPENOEO) S+1PFNSIC'\ TE-P00 'q *0004 TT OF+0130 N0Ii7 S0 "17

SAMPI P (00.4.91 0*1L IF! Iý r, C A00 r00 1)09.31 1 0./Cr. I GVc 11./C I PiCEý0 0.0. SOIPLE

NOJ-HER 10e'1 1304 1000 OuNC I

2-0D ;a n PT0 . 1 qi k00 .11 +0 ? *POQ7F.00 .* 760F#02 *09+7,+AO *I 01bh1+0? II540F02 +0?

tit ýI 11AnF*A? .1150.A ? .llOE0?' *eOj+i~0I .17*F0ý,0 *0997F*00 Q10t3E+02 01rAEO
Ii II iAf .Ilj650.0? .166 F100p .1l3ý.40? 'i .46000 .17107I0+0?. .0+517F+00 I I0.4+0? .0531hF0? 19

2-in 7i 1500 .1 11 500+"? .1.10+0? .1I`A+0+*+O 1760K.02 *.q+7F+.00 .1 00.4+n ."%050+02 7t

a-ifD 73 :114717.0? .11070+0? Itt-E+02 .-0.4*+00 .i7b0F+0p 9000 1+E0.~7.?7

2-i10 AS *i~F0 .1196.+07 itP27E+02 .80+e0*50a *I760E+07 *00p7E.400 .10090.02 .0566j+A? AS

I I I $9 *I'J7i00? 07F1+70. I.I1A0Fl eGF*0E+o0) 714p0.+0? QQ%17E+j0 .I*0Ž .IU-2 0926t-4208

111 160 A *liOO+02 155.4020 I .4600 I .11?E+0 'In 1700E.02 .9997F+00 I. 41!,0E+ 0+0 1 *"50a+E+ 0 2160
2iD I6 hq6F+nO? .1165P+02 .111KE0. *M0+9.4+00 .17600+0? qqp9+7 nn0 .10+60+0? qS5+pf+02 466

2-ill1)7?; *17A O 117 300? ilOo .12097F010 ti76GF+0p 1A7f7,+o0 l.up+en,0 C;Sbmk+0p 172
il 173 . I I 7E, n .1i 471F -2 .11 TE.1700? 1A- .00 ()+0 .i750E+? .q+A70+A0 I .1037E"? ."300*1+0Ž 171

TOOTAL 47iG'T if (SenIle 1 Ž7,003 r"0a'S
*+0000E. kIr,"! IF r.+uO.P 1. S+0Q1 rIA"0
IVFR&Gtp FKSITe OF 0+000 2 95.0EQ OOOCE%0 7.0.

50e'+oeOO OOPViOT~iN 00 PEI LET 01+8100Y .12S

E-35



IFA-432, Rod 2, Solid Pellets

0
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e-2 1012 .I1 Ai .2 .11108,09 .80968.00 .18?E+op .,QF"Eaoo .10 .0p,0 .95•70802 1-2
2-2 3;A Iiu02V+02 .ijapFO 119o2 00Eo,,p0 ~~SO0 .108o .0%65E+0233
2-;_ 369 1 ;15 +)(02 .1 239.0 n2 OgI4n2 .609qq,oo,0 .S1IF408, .

90
89;E+Ol (1-54F *2 .9528F+02 369

2-2 395- .11828.07' .1137E.oo, .11154.O? .81+8+00 *1900(o07 *99
0
8.no .046'*02 .95018,02 189S

a? 386 *IIVO I310 1 139to0 1 IIE.oŽ AtmoFOq0 .IAd6E*OO .9"+1 .1047(60? .9553E+02 186
2- 9 IIAO1F-np 01W .11t3Eon .9Io0ME*1 .10A08602 Pq10qF4jO .10116F+02 .0941F+(12 388I

2-7 300 *11F802 .Ila?8o02 t*I4FA~n .810nF+00 *183Ar+np .0985F~nn InqA6F+Op ,0"1"02 38A9
2-2 390 1lI'J5F.0? .1'1 aE+,Ip *17E.07 .010012+00 .18 iF08*, *Q95F008o .I 056F,-12, .15,17f n2 390

II07G10!n) .19FOP j1PnF02,0 k0nnFOn .1$13nir.0 *.9Qe8tOn .1nA6',0? *O0478+0? 407
?2 441. 1981 l~Eo .1I03E5.12 Anq99o00, .1APIE+02 Q~-F0 *iOd4F+O, .9529E+02 Aol

2-2 o550 .1152#.07 *I19,Fl*; ,12o .A1nnF0nn .18?3F+02 Q09PN0.On .l03bFoo2 .OO54k+0 059

Tr0A0 WEIGHT OrF PCPjp * I?5.4?t 3005
AVAPoGE WFIGT OF 'li'4j . It1."PI (PA&S
fiVPokQ, OFNSIIO inP 0OflPrjP 2 0. PFPCp&TT1 .

7T0000;Qf) OFVIATInN !)F PFLL8) 0 •(8Th : .

IFA-432, Rod 2, Drlled Pellets

PEI10 L 1, i 'T UF 4 rV 
T

FFI-FT 4T. OF ATF4 +6T1R .1LLT DELLFT
,'4 TrP T SITGIAR' 5I, 5IIASPENFoF tS19I hII.0 T10F ATORE TI 0 TS ITO TO01 1Y rEfi!1lTV

S2
59

L
8  

(r0QA0S) P851T T714 +ATF1 1011 108cc.r (1,1IC) (PPPCE'T 7.D.) SAMPLE

222 9 ¶lt47F+A2 *IItIF-0P .¶111E+OS .*8100e +O0 .17100E+O) *q97F.no I0a35+0A .537+o02 9

222 76 IO0QF8n? *IOQQE+1? .i07No0?1 *goa78~o0 .I7SIE+OT *9997;.ne .ITAS',02 Q9338IF+02

V?7 1'o0 .1l1'8Tp MnE10+n? .ISAR0 .57E.00 .17408,07 Qqý7g,,o0 *104IS.02.9519E+02 16,0,

a22 ¶62 I1 ?v+02 * ii871.02 *¶IJO5F+MA .8OSIC.10T * I7505.02 Q0AITF.nOI I 0465.01 .931618zf02 162
2-20 101 It117FO8? *I10n1+0? .o10$F+q? .811)75+00 .17t.nEO 0 ,QQA71+nO .1048+A? 95?jIF+02 301

2-20 300 ,IIlIF+02 .1121F.12 E1980) *84o3E.0 * 175O17 .-19871F+00 .1nbA38A2 .05168+02 l304

2720 In37 1 ¶1 +n? . II fE W8,? .*I oF+0, A I09,850+o .17STE*0? qAT *01+nm 104aoop? *O92;Flh0? 107

2-70 3)A ul11PF+02 .¶1119vO7 *iACoE+op p81n2F-0 ,17%OFo? ,qqR97+mA .10041F"? .9521E+O? 318

2-20) 327 111h75a2 0117f+v02 *169lSO? Pl12E+OA tII5nF*0? .9QA71F.A .11044.02 Q%32qE*02 327
2-,0 133 tiIaf7+Aa .014I8i OP *IaqF+A0, .8102F+00 ,17%0÷+07 ,qq*pF+,,n .1042E+O8 .9511F+0) 333
2-20 ISA .1099F*02 . (109O2.02 .10765.0? *AlAAE+ 0 0  .1I75AF,02 .0997F+nn o M .10E910.3c,516F0O 1A

1(1101 ýTHI 38 GlR';IP 70,759 WoO
AVFRAGE -5E11HT i1P GP40J1 11.15AQ rRA'S
0 5AN5A0 8 OEV8'T.10 f OF P0LL3 o2 9 rr5 tin10
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IFA-432, Rod 3. Solid Pellets

OFLEFO ;ýT. 9F .7I nO 0
0

tFl0 WT. 9F8 .0700; W47'4 PaL+ PELLET
'0 ytot O&T'JOAOFn 0 8''' IfPr S'!SFNS1ITIN OF OFF A 71'FE DE"s1 It v + 00170T IT'1Y

*1MPLF (G"M0Sl 
0

VLLET T, *ATE4 CAGE (OFG.C) ("ICE) 0G-/CCl (+RCFT T,0.1 SAMPLE

23 00 j7'4?F+0P *IAUpf+IR AMI)9E+OM IA804'o E0+0? .8000 . 100800 .88100, 4Q5
P-3 562 ,17401.02 *1,.~aF.02 IPIFF80O0 An0qsr0no .1+8000Ilp q.8 aF0n.0 .111,4F+0 .96101,02 562
2?3 Sn 7 56 ,00 1 *F-1 216+n+0 I p I AF+02 P 0 ASOO I 10. 808jARF+n 2 .88uf+O,10 I n 5 F 0;1 .q604F +02 0107
2-3 9177 .1 PSAF +OR2 1 P308+07 .PO l?+eoP A.80F0807 .1000+.00 Q880AE +00 1 I ,2P*OP 06,1 18+0? 977
2-3 5A7 A I P08.0*2 .I)SoF+n? 1 ;101 30.O *+oOqAooo . 18806011, .998P+0,0 .1 009 , P-r 2? "M *0. 0 2 5+7
-2-3 580 .?o~o 122800 S,,i+o *8o)~o F +8o , 0 P8o2o;0 *q? IR1P n¶090K0 Aq+O qu+n i63E.o? .8r0704+o2 98F
2-3 590 t2%22P.02 I,20,,2F*02? .II%85FO .ptoco.11 I 07?OF0"2 .00+01+0 *, f .I0908.02 *l, I5 0p? -190
2-3 5oa *jPSFon MR ¶,2;515Po0; .1 ?1pfoA RAo00EOO *jA+70+o? .00808.,00 .1093E+.02 6 I .+7.0p 080
2-3 679 *i241Ot'p .1?01FI.1p .1200+00p .AnqqF-Mq 1q7oF*11 o0 9RU8Ee0no .'15tf8 2 .q+1AE+0? +05
2-3 &M I *2a3802 I Pa ;; "A .1"If0,0 .8958F+01 .18600+08 .880A8,00O .109880 .659F+002 6508
2-3 610 1*Fl 2208 +(2 1 PI 7 F.++' o A I 819t.+0 2 .900888000 I 8+01 *I1Ž qqq.O8S800 I m005 0? qO,2 PbF0012 610
2-1 61 1 $?10t+0p~2 .1 ;108.0 I 11768+0? FOAE+010 I .168002tl .9885+070 I O0028-f2 qS03bF+02 6 11
P-3 612 *1 ;38Q+?0 . 1230+F0 "? 000, .. t,94Fo00 * () 10QAI0.88 00,0 I 0528.10 *0601 +! 02 61?
21-3 15 IPtR",2002 .*I?7,2F.00 I .13?'F+0P .81880,O0 rO4n .1980 *8Q85F+10 1 *1090+6? q5984P+1P 615

7;A1o WF1(;0T (IF ;ROUj * I 170,513 GRAoS
AVF1;GF ý:FTGHT Or (,P-IJP IP.U, rt) GPAýS

870+10000 EI411TV ,1F G +LL07 Q6.017 I*S103rk TRT0-,14-0 MFVTATINI O.F -FLLFT ;IFýISTTV I ,I ý3

IFA-432, Rod 3, Drilled Pellets

PEI t1T I 0T. 'F 7T OF PFLL7T I., 'IF oIIfo 1.TEQ OF LET -fk'yF
WEIGHT 0ATU0A007 S'3SPENOFI) 5Fý+ -SUFP Tf0078 fN.9 v )fN 0I+)031 VIS¶T V

SAMPLE (0.00001 PiLLFT I,- +0700 c6OE 00+.)01c co.-,rcc 0"/CC1 10+008+0 0.0.1 SAOPLE
N8IJM0FW A0(10 GP001SI ( 1 t10A1+91 N 0 F P

2. 820 12 210F•8008 .12100E0? I1177p+02 *R10AP+ . n17e *I.A7 F'.) P- I .r 2 k o+I÷Q2 0%F+02 520

2*-30 923 .1,2138.02 .?1,? .¶Oqt.Oo? .+io8jF,0o .s700Ou;O A8800F+nfl .Q0*2 .6OaE+02 5,23
,2-ID 530 .1,201P+020 .l20I1+.0 p .1I16 -0F+0,2 .l+10?2E+0n0 .1 7SOF 02, .88871.00 .1 0.,1 F+0 .8"F8 0,08 530
2001 5831 .10008.02 *l?0007.A .11700.7 .103ol A1O1F.O,,2 .8807F000 *17500O2 .QS08L+02 033
a-31) 588 ,1207I>+02 ?nIF+O .1I0 .117 3F+0? .A1 0 3F+7n0 .j7708+7p .Q007F+00 I .081 +0A QSA0+*002 5 35r
2.3)501 *127I7P?002- .12V1F+0? .11861+02 Al8¶3[+O) I .170080? .0807"8,00 1*00¶(+C,2 .00078F.02 541
2-31) 498 .1,2";712 1.00.+!;;7 I.173F.OR .81030000 .7S0800,2 QQA87F+Mn0 . ~l0510 .90981.0,2 90#v

ITOT L oýIGHT OF• (.W•II•P = C,.q G Ar's

AV0P0G* ýF1G0T '1 001110 0 10p.0,870 04A0
AVPE6GF )ENSITY '8F G0'.'P 8.3? mFkC87 T.1.
STANoPRD 0 7VIATI " r03 Pf1_LFT OFSITY a .O
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IFA-432, Rod 4, Solid Pellets

EL.LO *TT. IF T 7 F PELLFT T. OF *ATER9 WATAP PfLLET PELLET
WEIGHT SAT-'ATED S'JSPE1'OT SIISPE',SIOD TEMPEATIJWF DENSITY OFJSITY T FL.ITY

SAMPLE (G104s0 PELLFT IN 'lATER C•AE IDEGCT (GM/CC) (G1/CC) (PERCENT T.,0) SAMPLE

NOIMRVP fG1A3S) (ltAMS) TG3A
T
S1 NUMBREP

2-11 91 *TIA'IP+02 tIQQApQp .lT6I1.0? .o09hE.nq .17T0P,02 *9937E40o ,10117Et? q5593t+O? 911

2-11 tip ,It8l`F+2 *
1
¶A7p+O

2  
.19RE*O0! .Sp9qF.In .l770E,0P *qq87r.OO .10116E,02 .99412E102 TiP

2-11 TI! *lIAP.0? .t2ia1+np Ilyq
9

*np .p0Q8F+0O .1770E+02 *qqpE400 .T1O46E4T? *q,,aTt+O? 131

2-4T 209 *l1 901+2 .1I92E.02 .iIIQE +0 .609e1.00 .T70r,02 rA n .0LT IT11RE* 02 SSQF•5.02 209

2-11 P1S ioO0F*nP .ioPqn+to .IIAT•o2 .AA9QP.10n .1770F+02 Q9AIF+6,0 .l.O9r+02 .9567E+02 215

2-11 216 *iOl•l+oT .129111O2 .IAOie02 .8096100 .1'70E+02 gqF 987E00 .1n4E+0P .*95Q6e02 036
2-"1 239 1201F•F.0, .t1PIEt+o . 116+q 2 .fq08E'0n .1760E.+02 .1q97Tf+O .1 q19E+0? .0571A,02 239
2-11 2P 1107*l20o 2 .1t06'op Ile7?E+pT .HOOIfn00 .1760PF.0;, *99A7Ft00 * 10$9F ,t544F002 210

2-11 2e6 Ihp1o;21Eo .II76Fn,n? .- 009F+T0 .141.2 .987E+O1 *1047F+0? .QSc,3E+0? 263

2-1.1 2641 .1 97F +OF ,I I q7F+ .I1641E+02 *$00F0o . +0;1Io *99F7E.0n I ~OUQ9p~ .9568F+02 P641

TO)TAL 'IS TORT (OF (9.I1JP A i 0.1111 rR0oI0

OVFPAGE FTGHT7 F10 GPille: 10.0103 0+1IS

AVEpAGE FESTYOT rip roo 9So0 P0RT=.T T,0,
STANr)OPrl DFVIATTQkN IF PFLL0T NS0TY A0 : 1OP

IFA-432, Rod 4, Drilled Pellets

PELLEFT IT, (IF .7 rIF PELLET wT. (IF CATER eATFW WELLET 011LtET

'EIGhT SATIOWATF[ StIOPl&TE0. SUSPPNSItlk TEPPEATLIRE FTEL'SITO DF14iTYl0 OTOSOTO

SAMPLE GOAPAIST ) PLLP 7 ! TI ATER r.ATE (T)EG.CT IGM/CCI 0G.1ctl IPRETLIT T .0.1 SAMPLE

NLIM4ER 10
4

A-1T TOPAM3T5 TRAOS NiH8E

2-AD 1 *111F*A00 ilaEn .114f.0 .lSPEt0? .R100V1100 .1771OF-02 .0937E,00 .I0apF+GP .9s601*Op

2-AT 7t *1iq49F+mP .1010 .11AA30120 4t,,MVA00 .17716L02 .O997EA-ii lT0qhE+,", ,9511M102 75

2-a10 0n .¶A%* .1169E1102 1I30;E#02 .8100E+00 .1ITT0E,0? .99R7E400 . I016F+AP Q5U5oE+0P go

2-4D ITO *1161K4op Si0l3? 121ok 010.o0 .17701,02 .99p71*00 ,IOATIAO2ý .0556E+02 170

2-110 TAT .1176E.0)2 S$,,.0 .11%A2 MiOF.06 .1760E+02 .991712$00 ,00"91302 .9511F4,02 161

2-110 1S2 01.TFl~eO .IINPETD .TIIAE,00 ,60240 *IPOAT .0900 .1"q19P,2 Q9572E-02 182

2-AD 775 *li2hF6E2 .lL02 .1T09q.00 AlplF+*00 .I7IbovAOP qQA7F#0O .101151402 .951611102 275

2AEF 901 *InQUF40p .i0941+O0 .0?1EO? Ro0qnF.Ohi J770Ee00l q087F.00 .OU11+OA0 .057T0Et02 901

2-4FP 90 0
0QE0 .100411+02 .10 711,0? .0q'TEWoO .17b01t02 .q197Enn jj011F1nP .1S70E-02 90I

2-ArFQM 90? .I201s? 0l1;P1 P."? .1003+11? AO94P.1 I0 .TTOF+02 .049071.00 .101161.72 .041171,*02 902

2-41V 9001 .1 1 1 t1P1 IF -00 ,l01%E+12 AMqilF.00 .I760E000~ .9QPTt +no .10117E4<? *W5111113T 902

24ISE 9Q06 .11%14S 0,- .1114AE400 .1 17V,02 AOQ E+TT .i770E+00 ,9937E.00 inab1F+m0 .95511E-02 906

2APF 006 .IIUSE-OP? .1l11*TP .1117+!? .FIT9TEWO .1760110? .90g2E,00 .l047F-ýi1 . q59l1F qP 906

2-ISF Q12 j1nF+,0P WITTL.02 .10301.+02 .8090E*TT .1770E402 .9987E+O0 t0A3F#OP .,4518E+02 t

24AV 9T? .11 07F+02 .1107140. ? .1I0322.0+O .An9IO .1o I76T1FA02 Q99R7Fnl' .T015V110 .0S19"12 912

TO0TA L Wf
1
64T 'IF GROUP0 . 171%72? 001113

AVEROOP EMIGHT liE GIR(i, 11.38114 04403
AVERAGE OP'3170Y -'PF rPile S 94,900 PERCFIT 7.0.

S714ANIPOC fFVIATli`IN !P PFLJ40 DFNSlTo I7?!
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I Rod 5, Solid Pellets

PFLL9 I -T. '0 .I 11F PFLLT .T, OF' 0ATP1 ýATFW 'ILLFT E FLlET
.F TGHT SAl',ATU(09 0iP1 I SRIISPENlIlN TF0PEAT99 OPIET.TY 0 D 401ITY 0 F':'S1 TY

SAMRL9 (G1&V9S) PELLE7T 1", .ATE7 CAGE (097.01 1G'/0) 109I71 (1'9CEIT T.O.) SAmPLE
NtJMRF P r(;+A'I rGQAMOI (GRAMS) NUMBER

2-6 770 ,II+
9
9.0 .'I1 F .02 *i1099,o2 ,89979+00 .19?O7 , lq709+O? 9A2- .1n+0 .OOQ79F÷0n 779

246 7+0 1 ,199 1 SIP191+1+02 r +0?Veo Jo.909F9oo .1970F+02 *09R2F.00 i nI0009nP .9,l OF .02 7800
2-6 Tat .tl$''F,2 .1 790P + 11,5;01 1 oo13F00 .ITIE+O, 1*719 F .9O9 .l0-I.o? ,•*O +02 791
2-6 7q2 Fl I0I U'*0?I .l01E0 +1101,0 .90517F-00 .176t*07 *90029+731 I n,'129990 79?
2A6 7q0 *1I1I10,0? I.I1oe7-102 n.IO .IR7 AOQE0o9910700 qWA In9~o I0'h1 . ~l001+0? .4I9M-02 791,
2-6 700 ,l90e192 .1190+'r-2 I I ;OE f2 .979q89+00 J1q7Of,+7 .*R9,p+29+T7 0 .172E+Pr .9233E+021 799
2-6A r I9 ,I11#ý+p? 1I I+9F+02 .1IC1ap ,0, p0a7E.OO .19q70f +nR Qm02F+ýO .1 607F .0;? ass+0 5
2.'s 909 *1I10?pr-? .I I qE+0? .I II 0? AA07F.O()0 .¶ROl+ep q9AE.0nO . I0161o+n2 2.Q2F+9O2 959
2-A 9+0a .1rA7F+0. ilW"9+? AOol~ 4969*00 .I17'lE#0p *00979+00 .1002E+,12 .991daE+286
?-b 000; :11 ;7F9+02 I I7+0 1 MQA9.0? AA707+*0oo 1070E+31? .9QA2F.On 1 00291 *2 .l01LIT 1 4oP PBs
2-A 1017 , II I+'7 .1 R k ?4ll)? I1 I~+0 .0F V A07F9,F,)0 ql779+0C2 *9099?F+70 .100+9.(0 .41l79E+02 86t
2A6 971 21?1 .o7Pn .117E+02 .169+902 .400+907n .1

9
70fe02 aqA?+n9,) I )n09F, .9165F.02 973

2.A 17.5 *I'i?9eF 02 .1 1001F+A2 I.1099D0 .AI00E.00 .17109+ 0? *909'f+n+0 I *192ý0290 .91'43E+02 875
2-6 All 97 ,II+E+02 .IA9p+,,;, I? .110+.02 Finq7F+'10 I1970F +02 .Q9F?2()o I1090 .91++t'402 R76
2-6 979 ilIal 1 .n? i 11 if 1+(2 1 1 lap9+02 .8,1979+00O I 1 701 OP7 .Q9-"9+o0 1 0+09.i .91 +7P.02 878
2-+4 I 9 I .I1Ra¼1.2? .I,1+0?AF+O .110,I; Al"0+1707 .1 97OP-OP .99;+29+10 .10 1p,!P .92l1PE"? eel
2-6 -pp 109. I .9-p I UF-+02 .1 1 1 q ;,o AI007F+OO . 10709 +09 .499'?k+00 .1 M I F+ ,41 .01)17 90 E+2 8R?
2-+ RR9 ll?;-E+o2 .I0?2F'0!? .knq,0 .979+00 .19)709+,0? *qqF2FpA .onu0092 .9I5SRE+02 8el
2-6 881; *1liA9+I? .lf-127 .1091e+02 .9l0o9+On .1970F-oR qqp979+n'1 .1049,02 .-I07E9O2 Pies
2-6 899 II kp1 .0?7 .111 0F7++0? 2 1 A #,E + '? .ýn * 70 m .1t7 10F+ 1)? q*9A+oO9 a7 *9979, 1 .' . aI 2 o0 2 99 R8
2-, 8997 pnQTF? l070 *l3~0 o0797) t.IO40EeO .09R?9,n0 .qQ7?E+01 .qng9t.0p 892
2A6 893 I I 'll'o2 I iilk1r,2 .I 1001 '7? A( 94F+00 *¶080E -002 *900794,1 .097091a ql71 OH02 893
2-6 A o I9 10900 .3 90)2 .1 101k .. 2 .Ro0+F.O00 JQ.19009+0 QQAP7E0nO Q.00F709,I0 lot +02 9901
2-A A059 *f5149+? .1 159uF02.I1oll+1O .909%9-00 .171 ý 09+0 aQFA+OrE,0 Q4A7F.,', .91 12002 gas
2-+ 89 q l9, + .I911E+0? .1090? .7990 .o171,1+6O l9lnf+6p .Q975f01 .

5
ln'E+02 896

2-A 900 .1 1099.7 -2 .1 1 9% .02 t 10931I.0? .9094+07 .19800. oQq.0090 *93p +01 091 17L+02 900

TOTA ýFT110 U9 NQ., 0 799 h .09 00
AV+10GF 91TGHT OF9 4rPP 0 b 10'kO G00879

STAN5ARO f)fVT^I'7ll'.', PFLLFT 19'99 STTY . .003

IFA-432, Rod 5, Drilled Pellets

PF0.99FT IT. 'T 9F 099FT I., 1JF +ATF1 .Tlr PFIIFT PF'LlET

WEIGHT 90T,"+0+ U9IRPEYIE!9 5101PFlSTVI 1P9 R T9£1109 11F97TTY 9F%1TT7 $IN 0100
SA•plE frpa- l -F 'L,F I IN •ATFý (,G A (DFtf-rr) r( 4/ cIC r. w IC C (PFRCFNT T?,•,) 5 A tPL F

N9941R (44470, 51 r(A?+a70 1 G(Q0++)031-F

99i 912 .102 10n9 .179I2F + m +FO .. 978 +7V .1 nI Q 1 + , .)R P92-9s+0? R17
2-A0 9 1 19 nq *¶ol02 .111190?C .10619E.0 .9005 900 .17 19, O 904940 a.10099+7o 2 .92071+0? 91 r
2-.6 1) t iIf 19+02 I.II7 o- I 4l~!+i'? .*010+1'00j tO +17 09,9 . q99RR900(1 19799. .OR 9991E 02 916
2.4r Al 917 OP p I190 .1 + 0 ? .n11790 fm 9040 +1, nqF+O 171192 IF9A? 999a+00 I*1 lIF.0? ;- 923014+02 m17

2-Al Ala I*I10 -p+I? .1190F.0 n¶l;9+0 *O 9.099000n .171 OF+1? .99909+00 I101-9'9? .02'101 919RAl
P-60 AP? I11092ronp II1)29'e? 10Q9+90 qqqF.0(in *I7l0(Iop .09PAF909 l116++2 .92h79+02 R22

2 920 5E11 1 I I .1El40p0 , .I10I90;FO 9 9+n00 .17 101÷o .09999*00 .IN8AF9P2 .0108l+O? 892
2-60 92 1 . ? -1?+02 .119 7 .t1090' .0I+oP .OQA+00 170,0E.•? RF .0909+0 , F2 .32q00O+"2 925
2-Al 8m 0 f,140.0I .1I79000 .I .IIdII ,Oqo+,on ,170F0+0 2 .9Q0A÷+9+ ,Ill91+• .?0207E12 829

2-60 19 .11015F+6? .I 109.0? .I11 39+i',? S999+0n .1700.0 .99990p70 .9APE+n 0 , 7I9. .1?7+02 910
5"5 91 '1 IlPSFoOO .111E+0? .lngh9+I? .9An"1+00 .179f +0? • .QP97+00 .I0F791 2 .'1100'l? 83t

2A601 9? 11j00F+ 11n2 9÷0? .Ioqq.Op .J1OF+,10 .1700f+02 q9AAF9+P0 .1IO9+92 .02019+02 092
2-AD) 834 .1 139F+02 I.I13R190? .11079+0F~? A9¶n1-on .1700p+0)0 qq0qE+90.Q 10nln-r2 .9?1R 7 e34

2-60 839 .i209+12 .I I?09.00?n- .1091F ,0? AMQAE9 0 .17101F.0?2 +9+907 .000? .ý?3RE+72 809
555 997 F11t20F-n,2 11209'0? .1n09+n .00o+0 .1770r.0? qQP97FtOq . 1909+02 .0191 k+712 63T
2-Al IF 99 *1l1+902 Il119F -0? AGQAE2 99+9+n .1710p+02 *099999+00 .91014.62 .02509+012 839
2-AD 8+0 .IIR'9+72 j139+0 n.17V+O? .890999+1 qQ7010 p.9 +99,0 .q077l.n2 .0A9+240

2-Al601gt *11?9+? I.133F+07 .110 19F,0? p+oqa,+nn . 171OF+0? *099pF+fO *1079999 .91999b+n2 801s

2-60 802 I I1?)if.02 1l2+* 1 2F" 1099. 02 .00""9+0 .1~7107 .908.00 I3l 0 .0210F -? 9.042

2.6Al 8+1 I. P10F9+ 0? .1 12iF? q.A0E91,0? .000+1+70 .171A9+07 q9909+7 10 1m0II+r? 9?l3F`+OZ 9011

711TA81 9'F10IT OF1 r;+3 p 2=)' 0.10 GPA++S
AVF-AGE *Ik•rT OF G 1lJ = 1.25n5 rQA-S

4V+9P0GF r.I.NITY OF G00i33' Q0?@?FI PFrprT 1,0,
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IFA-432, Rod 6, Solid Pellets

'OLLFT '1. ('F 7 14 7 f? (.0 .7,F OF AT7ER 0*T7 PITLLT PELLIT
-77I0CN7 SLT10Wo7E7 S10670000 S00'80571'. 77677+ 77010 A787 T- 07+6))70'sITy PtN I

5+A 14P 7 O (0031 I PLLPFT 1" -*T0R (676 1076*.C1 (110')CC f07CC) (PERCENT 7.0.1 00*71.
NU*$78R fG0**57 CGR0S) (09+037 006087

2-7 679 :I19AF+o? IISQF+O0- i'1pIIo .8090E-00 .17777*0? *99q77000 .111*0 *9ý23502 673
2-7 67m0 li19*.o2 1i199eo9p .I¶25ý+.0? *9098+*0 *)770+07? .9087f+n00 *1100+ý .9212F0*0 67m
2-7 676 t .112E*.2 I11577*0? .I i101-0? .830808.70 1980F *0? I97F1 .1010+07 .92?12+040 676
p.7 h77 ~I li517O? .I 15 1 -0.? 1.1 1PP0 .70400PADE00 .I9801 *0? .99*2P*00 . 10096+10 .90)46E+0? 677
P.7 678 ,116?2F*7? .I 6?F c.I.0 F2 . 81~~? *0090+70 .117700,0 *0q07E*nn .1QI?2 016F+02 67A
a.? 670 j I1660+42? 1 "61`+U? .1 31FŽ.02 *A09*E+00 .17800.0? .~006P.00 .1 010Of +0 .02Pn7,02 679
2-7 It 9o I.119 02.0 .1070*0FP IIIT 4118+0 .A0QQF*10 I17808*0 +n .9t00 I.n II0F0? .- ?20F+0?1 680
2-7 65? .1164F+7? .1169F+0? .1O.p,0700 1690 .9*7P2F*70 .10100,0p .9eI68*02 682
2-7 659 .t1950? .1 1S97*0 .I I 21+o0? P7oor~on .1 7po07+0? .QA6F.00 .IoO0Eop .0?19.0R 681
2-7 6p79 IrA *i1597I0 I .19A+02? 1 .i257.; ? A6077F+00 .19PPF+02 .9972F0*70 .10107.02 .0251E+02 685
2-7. 696 .l%+7 11951F*0? .11270+0? AjnoFenn I?790F*n2 .09+68Ft0 .IP15160'? *Q2b5F*o? 686
2-7 797 ,11u98+0? .1~149F02 i11fE-o? .F070000 .19'oCE*0? .90828*00 .10110.0? .0727F*02 69?
2-7 69q59 ,I1074f* 1 . 11016 1 *IE-n7 .0009r+on .1 7907+0? *99*

0
4F+f' *I7010,0ý .97.97.2 h9I%

2-7 696 *1 1368*+20? II .116E0 .11,5 , pi .91rF+00 .li7q08*"? *908o"e00 .10 I4IF0. .92561F+02 066
2-7 6991 1 *1 O+130? .1 63F -)s II7 R . 7+(,p . P0o1I7F.o .19*00+02 qQA62F+00 .010104,2 q21 3E0a0 698
2-7 700 l10!.AF7 hg*) ;4167.0 . +(I?,0 *A6Q7v+nn l~e7 +r? Q.pF()o T00 .1 80)? .pSI3E0?0 700
2-7 711 P I+80 .1 "1~2 I1607+07 .1 41.? .$1AM000 .17Q'802 .R076F+007 .1701 E+,? .q27IE0np 70A
P-7 709; .l1660+r. jA#? .116970? i1 09.0 .91000*0 .lP00F*0P q.A0' +An0 ln15F+nP .0Ž600+7? 703
?-7 709 t *7l'.*t+0 I * lo+00 .1P IlI0+8.0? .8100.00 I Robonk+p; *997f.0. It1E -,,'? .Q2&5E.vp 705
2-7 707 *Il70k+ý? .1700 .7116+02 .01710*00ilý+o .1*008.Op .9F767n00 *loe .029 +02 7077
2-7 70A ,116p,+O? I.1166100 "? 9ii0 I+900 I.QIFnn 07'P+(? .49920*00 .101PE*0? .9p37+0? 708
2-7 710 .11900.1? l110+()+07 1.112F407 .8oqqF+60 .18077+0? Q9F6F6nI`I .101 6F*07 qpŽ678+0a 716
2.7 796 AT1I77F-n02 I15-P-92? u1098.? P71"iF+00 .1pi108+0? qq9b*60*0 .1011I00 .29,8*f 0a 726
2-7 77* i1157F+P? .119700O? .11?9E+0? P6npE7nI1 .1*10F+0p .9976F+n0 .I0I6,o2 .0P71f+0? 728
2-7 7916 1.11707-0;" .1170F -,? .1110 .61(-F0I10 .17108.0? .9986F+110 .1009 +02? .~0?n'++0? 736
2-7 797 1l700,7? I11708+02.1ý'00400' Pjn1F+0n .1810E+02 .09761-.n00 1I0 'R7hE+'P0? 78

7(1701 -F 77+7 (IF 7ri0l'P 901,J9 40? 7+0'
AV000+07 WF000+7 (0F oPFruo I 150mj3 00+
006+007 D79100IT 04 G*I0,6 - 0,90 ýC'7 0.0.
S57*00460 77V107TVfl1 (10 07(900T 08070 NI -T .?77

IOA-432, Rod 6, Drilled Pellets

PELLET8 T.7 27 07 OF PELLEjT T.7 '7 +0700 WA7ER PELLET8 P7.Lo

SAMPLE 1(.60A*31 P01..0 L 0 .077+ TE CAGE 0000,.C1 10"/C(1 f11/CC) 1040C8'1T T.O.l SA'7LF

2:70 697 *1156+0? ;.167,0? .11Ž70.0 .80960,00 .19+9,0 q096p+7 F10+02 qP.?000*0 617
2-70 6.9* 01107+F -10? 2 .tO7OuE+n2 E o+ 1 07*07 .785000? P A1 .0 *0+ '0 .1180 .9170 1
2-7c) 503 I.11118 11+02 op170? .~3E+o2 .8070 190E+0Ž . 9760 .l1'11.n .9217E0*02 6+3
?:7f)bm I0 *Itllo2 .1117 t .I17727I,0?~n .81 010*00 18507.0Ž q99750*00 .10117+"? .9227E+02 600
2-7D 60* .11007 .11+1F.v? 1775F '02 A1076400~ 17840f .07 qqpcij++'0 .1A00970? .001 608
2:70 69,0 *110PRE0op? .110+0? l0618+.2 A701*0 (1i0t0 Eo9I9*31*0 '4R5 0 i101A8+np .*?I7170.0? 607
?-71 6) h n67Q I .II F 1(,, .E0? Ij7A9+ .0?. .710707 I.816+78+7Ž ,99+08+00' .I 0070+02 .02010t*02 651
2-7D 657 .1109E+02 .11108*0? .inAiEop .81U010*00 IPIJ0F+0? .9975F0+0 .10117+0? .`?2V6.02 657
2-70) 650 *ll0o?F*0Ž I 1017*0? .1075t *0p F1171Fno .1+000007 Q~. 005+00 .1I011I0+0? .??80 659
2-73 662 ,11018F00? .11021*"2 .107+6E02 . .1010*00o .17 *08+ .905F+`)n .10177+07 .9?13E+02 662
2-7t0 663 *10oQF0n;) f10090+02 f.1067.? PŽ 02F.">o tpanE07*0 .9008,0+;0 .101fIF020 Q2IQf#0? 663
2:711 660 ,11090oo? .1109"*17 ,)o6nFtnP .1410117+00 .16+0F40? .998S0.00 inI7F1174 .922uE+0Ž 6641
2 70 66% *jo9h7*0p .Io9qf+DP AlnnE.7+00000 1+80 .0085F+(00 117 .9Ž157+0 665
2:70 6h6 *11180+77p .1i11*8,07 .10APF.IP PIA010+00 .18978+0? ,00A5F+00 .10070*02 .41P90*02 666
2-70 667 .i0A1F0 .19n?0 .1 -097n,7 .64107* 00 .18077F+0? .9905f+I10 t100qE+0? .9~2028+7Ž 667
271) 667 I1700 .l2F*+0;117 9 .01,0?1 .6 1007*0 .178570*0? Q.PS60+0' .1+070+02 Qi186F+40? 666
666 67A I.I1171+0? .1 1 3Ž7+07. I.11101fo +;.7R0908*00 .1 7500`Nn2 097F+*0n I.10077+0?ý .01*674*02 670
2-70 671 1,1j900+O7 .1 1190*02 1(13E ,02 q61nI*0n .189F0740 qq965F+10 .10070.02 .02g00+0? 671
2-70 677 *1126+M7 .11260,+n0) .109q77,02 p81Mn*0q . 18`900+07 . 9985f+00 In0n7F+02 .~19"E+02 672
666 Flu .,1296002 .1125001.? .10051F402 .P0010+00 t7S0F+A7 ,09877+"0 .1ý1l0+0? .92287*02 610

'rOTi WEIGHNT 119 GROUP, - ?Ž?o0 60*
0000*00 671067 00 000117 11,15n 10 .60*6
*084*07 00*917007 OF 111 *PI z 0?.*00 P+.coooT 7,0,
900NOAo0 CFol*OluoI OF*1.7 079100 DEST .156
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IFA-432, Rod 6, Solid Pellets (Second Measurement)

PELLT 4
T  

-T. 00 .4 IF PELLET T., nF' I6TFP wATFR PFILET 
0

ELL4T
IF T SA S*TI+1 D I)5P4,ENFn 1s0S'vsION TF1FO TU044 DENSITY 0N$IY fTESITY

SAMPLE 1G0A03) PELLFT Tr1 4AT1P CAGE O)FLGIC.) (1Dm/C) IGC/CC) (PERCENT T0..) SA0PL4
NUJORFIF (GPA-Sl GAS (UPA•s) NIUJM hER

2?7 673 115 86000O . IIS 1 9 P 1, 1?40 A *91994900 .?A07140,o .90004.00 .I0 ¶4+0Ž *0?Ž6e+07 073
2-7 67d0 ISQ0F+OP .11,9E+OP .11;9E+02 .AQME+Qo0 .?1073Fo2 qqF-,O0 ,I1AOF+np• ?1 23E+02 670
?'4 676 It52FloO;. .i15'4.? ,04.? ., 10O4e09 .20?0E.0? .04814*0O .10104+02 qaŽ12E+Q? 4.76
2.7 677 11151F-PP .11514op0 *111P4.o2 *."hF6.0O .0?0Ž04np .904A00 iE46O ~794 677
?'4 .79A7 .I1+?eFlp .¶II A 1F-62 .I1P.02 ,120.0 ,00Q0n4070p . ?n 0706+ ? .1 qQRP400 .IV1 404tO? Q?17F+O? 6TS
?.~7 679 : .14F.002 t144.4,0?. .II9?4.72 P9qUF+1n1 .?OY.0E+02 ,9090OA+0 .4e04 O+0Ž .9?21E02 679
2.7 A*0 41700I+0? ,159p .11147f+2 *90004+0O .2A&OF*0Ž QQn. no040 I40t14p,2 *o?Ž¶4002 68,,
2.7 69? I 44,9' .0n2 1i+4~ .1 145F+(? R0096F+On .20t2fIF.02 ,99pi~lQD .1011F+02 *0/?14Y0?+ O 68?
2.7 603 I11594.02 II4.44+ ý I 41)0 E40;! .0AO90.rF+110 .20614.0? .*9R0 F4+ 0l .41049IOF112 .q2IYR+02 681
2 -7 695 *4199+0? ,j14+40Y15 ? .I1A?~.-F +0 *909"R"PO .007E 04:0 ,9)99)Ewo+O *~1 nI5F ,o 2 Ž * 6+ P095

2-7 AAA *,~F+0 R I1594.n? 1 12?04,0n? AAQ;?F*,+00 PC, A0E *12 .99A04,00 .lni94-112 *n. 9Pt4ORo 690
P-7 69buQ? '? *4097 .f1t

7
0,0

7
- .+(0P76.0 *?40PO1F02 qq99+OO4, 4.142+v? Q23SF4.02 092

2-7 6005 *1'j'qF.PŽ ,I101444I7II .14.0 *OP fP0qv9 on .?05OE+0Ž *Q919t P+0n0 .I011F4'0 .OR2 ,72fo0 0P 95
2.7 690 II &-n YI13040Ž- I¶560 ,100+O? *FO91F*on .2O504+02 Qq9If*OO .0 *1044+o? q92,7n+02 96q
2-7 69p Y16IF+0?P .11,SF-oŽ AMQ0+0 ,07r+no .Ž0I04Y0? QQRPIF+on .10100,0? .9;l19f+02 099
2-7 700 .,I 1~40Ž~ *4.II"F04e'4 .I J+00 *0P97E+00 .201I(If 02 QQRIE+OA0 . 1(1 1,F+II *q257t+02 700o
2-7 TOP *1040 ,44694.4,7 tq55F.n? RoQ15E-00 p.00pF0p+ .9q01F+O0 *¶oAE104 2 .07704402 70a
P. 70 :1 1A604+? .116-4000 I4F4 n A~s? .OQAE-nO .2fI504.0Ž .09q1Fe00 .1019F404 QpW+9O?0 703
2-7 709 *!I0P4*o? I.44.4690? I*l43ls+op A00gF+On .ŽDSOkYC? q.p9I1f +00.1I0479+0Ž qw" +901+7? 705
2-7 707 *1170'+oo .I1704F00 t .3.+0Ž *Pn094of0 ,?0904F07 .90014,00 .10124.0Ž q237P +(2 707
P2¶ 7nA II 9 F+% I .+1.0 .1)42400 A90QRE*!A RD0104+0Ž qqA1)4~n0 .113F +"a .9Ž23QF+O2 709
P-7 714 1 154"IR .I495&F*? I. 1404.4? .h09q40pO .2o00+04+7 .0081 ~O In0 S +10140? *0?6-4+0?7d
2-7 72A6 : .1 57400Ž. .1139441.I4 .1 )Ž.O? .900-I0.On p.w.;nE.Op Q00F10O0 In04SF -O .- p?494*0!? 7264
?2-7 7Ž9 IjS70.nP .112790 .¶. j.? RVQF4,00 .pn9n4*O? *094490 .0160. .0270+02? 728
2-7 716 0)170 ?of? j; 170400? . 113 36 F+,); A.90 14000 .70504.0P *0QA1F+011 I 0096.0? .9Ž106002 730
2-473 .170P0 .iuool+oP .IIank-02 AO906k+00 dnnFO .0Q9E+00 .164? ,4.02S90~2 738

TOTAL -E I0'4 [19 400110 c 30) .452 06o3-
AV*9aG9 v0IG0T 114 GPI91P s )IIqqQ3 ;r0 S
0VE4AG0 nE0SITY nF GP001jP a 90,490 0E(RCk.T T,,0
5TA701009 04VI)T0014 OF PýUI.LE 0E43ll * .)

IFA-432, Rod 6, Drilled Pellets (Second Measurement)

P4LL F? ýT[ r[1 1T 1F PE4LET .T, [OF .00;4 WAT04 0FLL4 T PELLET
.Ejr.T SAT0IRTF q04 9PF 4 O'n S3'PFNS0I4O3 ; T4'44ATLI4 044.T917 041010TY [14:1SITY

3*991.) G0.0*3 A4.0 19.09T I hF' C*AW: 4040.01 1GM/CC) ID"/CC) (PERCENT 7,0,) 3009CR

2-73 6l7 *1 146F40? .1456.07~n .100? I*I0094+001 RAQQE+49O I An9944QR%+0o .1000460? .9(20aE+n? 937
2-70 63A I•M02F+R• i ,102F+O2 ,17aE+0p .8"6E+06 .19"F4+02 .9903F4+p .101OF400 ,0?154+2 638

2-7n 603 si14l4.DŽ .1i11490? .tOA3E.0p k.997E:O0 .19100.02 .9493FO0 1OIOF+PP P?2Ž0E+02 003

2-7D 600 *,1140 I )I1l4. + I Ip" .I0974,0? *897F4o00 .19000F+02 q90R34+Oo .1I010400? .92194:902 6004

2-7D 60A ,1t03F07 .44O700? .I07•p.00 FnQ6F+OM j .104E00? .09FE4400 ,bO1(t"? ,?IkF÷02 608

2-70 b6n *144QE+0 1 jMA+I? ol09lE+0? .9809o4o0D .1q94oE02 .0A034t0 ,0nroý÷0 .9211o+02 650

2-70) 634 1 o¶100.4?) I tIl'REl"? .1 0904:90? .909)7F00 .1IQUO40+2 qQAA34+0G .onq9p,' Q?ŽOS4*02 651
2.70 057 Al*04+O? .I4I0+0?+n? .106E+0? R90#IF90n .1400E+02 .9QPWIE÷O 40)O400? qp219E+02 657
2-70 650 t ný ? .11 0240 .140044? * 0794 O97 Iqlinf0/ +R000 .94631E.900 .10)14~' ,OŽ2.o0 059

2-7b 06? *nr0luo2 .1101,0+? .1070E+O .6O07E'+90 ..19504•+p .9oklE405 l.11060? .?1647F0? 662

2-73 661 *IOQE94+2 .1099490? .106AE+0Ž .89007+00 iQ950F+02 q00p34+ro .1011F+02 .020E+002 663
2-70 660 .ti0F402 .110(4002 1n0n0+n0? ,9006E+00 .1950F+02 q993F+o0 .1011F402 Q02ŽF+02 660

2-70 6h% .tnl6F1n? .10111+*0? .40qR4.0? (F.0000 .1qSO+02 *09313+o0 .InI1+002 .02?5E+n2 665

2-70 666 .4119400?n .I I4I9 -2 I*40RE+0490 .0A0090F.00A . I9o4,() +0? 0Q0SI+00 .1 0071 ,o? .01904.02 666
2-70 667 *10FtF40• opl , f0402 ,I104041 .91000 .1940n ,1SOE+O .99;F+(440 ,InpAFO7 .0?004+02 067

2-70 66k .4$1i4.2p• 4102 ? 090091k00 .S1,,MF4A M90q3s+0n .1A074,02 QjpgE+0266 8

2-10 674 *lI 3 ,0402 . ,4I454:11Ž . 1134 n +0n9AE+OA, . 1450E03? q*9IF+00 ,Ip"7+o02 91654F+O2 671

2-70 o72 .1 fkf+Op .412949? Io7F0? A)574O7 ;00900 .1050E4o0? q09SlF+0A l~.o .9)974+02 7

T0T00L 4I0IC- rF rP411 0 200,"9 D+A'S
AV040o04 If 1097; 04F 09111)P I. 1,17 0+000S
*V04:G0 " rF4S3Ty 'IF 4,r01JP j 01.O9 P4P4F4T T,0,
3T7N*5*9 OEVTATI40 N (IF PELLET 0FNITY .152
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IFA-432. Rod 7, Solid Pellets

PFLLET Wt. O6F- WT F" PELLET T. 11 4*TC? WAT0P PFLLFT +8LLRT
WEIGHT SAEtISATED SI!SPFv'F0 SIOSPFNSIO6! TFOPEATUPE IOENSITY OpNSITY DENSITY

SAMPLE CGPA5I PELLET IN -ATER CAGE (£00G.C)1 (G C o/CCI (GEPCE0T T.M.) SiMPLf

2-) 90 ;1 190F+n? ,lI508+0E? *I ?E.O? *0q7F+O0 AI70E+0. .9818+0rmm I04J604 *4,OhF*+O2 90
2-2 2) 1 *llUAF+02 .lI06Fe02 .1I+0.? .8098E+00 .1860F+02 .00+PE5+ ým .In0F+?2 *0%7f+02 258
2-2 34A €1IIDl+02 *l+ 18W.2 .IIIIF+O?. A1OnF+O0 .1960F+02 Q9RFF+0An .1+O96+02 .- 68E6+02 3c8
P22 157 1 1070+02 .I r +o÷2 I .1I3IE+o? .81n0F+0A I.ISL+602 .8QQ6F+40 .10W6FWn2 .0603;+02 357
2-P 35 I Al112E+n.2 I 1 120.2 I IOEW02 .looE.+00 .1860F+02 .9SoE+00 . IOc6E.nO ,q5461+02 358

2-2 55%9 t IA60 ub4D . I Io+6.o? I I At.0Ž *90990+O0 .1A5n6t0? *qqASF+ro .00060.02 *0%5W7F+02 1139
2-2 163 at117F+02 .11A7E+02 .I1 IE+s0 .099qF+00 .1I506+02 q*AS5.+0m .(1007F+n2 .9,504+02 361
2-2 371 tljoar+o? .11006*02 .i1E+0o .8100F+O0 .150p5F+? *q985+00 ,1005f+02 q516E+02 371
L)2 391 '11•E+n2 .11,6E+02? *1I)F+eO? .8100E+,0 .15l3f+02 *5955%+00 *1046+•91*E#,06e02 301
2?7 U16 .10U5F+02 .II96FO? I 1 17f1+01 Aj100.+00 .18101.02 .0Q85F+.0 .1060r+-) .9s00E+RO 016
2- t I iF+2 01 113S0.o? I¶I390 +t0+1.7 A81nnF+Oo .A i0t+90 *99P5F+10 .1007f*0P 0596 +•$2 c17
2-2 426ý - I110I 4 I 14jo041.oŽ *II3O+02 *+0956+)00 .124N66+? Q.1F+9+01' .1047?020 .935~+0? 026
?2- 03Q o1117F+ *II0E2OF .illIFFOa .8100F+00 .1820F+1) .50+91+00 .IOMF+0? .0555+02 039

2? 005- A135r+np ,1 138E+0A .I1I07O? . 81n0F+O0 .A206E+o2 .P5P•F+00 ,100+n2 .41A7F+02 4c9
2-2 5? 1106042 .IIP?6c+0 ,I1516.02 .81l00F00 .180A+0? .qPSF+"o0 .10n3+02 .9466E+02 52

2? 051 3 1 14F+0? .Iti1F+0) ,I I1qE+0p *Ajnnr+o0o .18p0p+0n .9585F+00 .In0TF+0? .0464F+02 453
2-P 058 .1100+0?! .1862 .1116I RE+0? .RIOIF+OA .1+R2060? .Q9q55+00 I m 06F+f)? Qasj+D1p0 058

TOTAL *EIGHT 0 F 6PO1IP I 80,1 r°P0A5S
0+00008F EIGHT0 OF6 0.00)3 11.0616 r0*05
AVERAGE 0)6N01TY (IF r,')k'P e£,29 PFRCENT T.0.
9TANOa+.R DEVIATION OF +6LLfT 06N60T0 3 .60

IFA-432, Rod 8, Solid Pellets -E

PELLET .1, OF 0 ('IF PFLLFT T., (6F cATER cAYT PELLFT PELLET
FIGHT S07L0*6TE0 SRISPFNOEO So+PENSION T06013ATO;E 060310+ FFN1TTY O(NS1V

SAMPLE 0040.-5) -FLLI-E TN ATEQ CAGE 100.rl I/CC) (rhiCC) f8666040 0,.1. SAMPLE
NUMPF8 1GPAý0) (15001 (""6+S) NUMBER

2- 37 ;1197F+02 .1197E+0? tit(F4+0P R00hF+00 .17700O02 .9587E+00 * 1P83+02 *PSo3E+n2 37
2-tI 5i *18EW+02 .I182f+r2 .11500 .80546+00 .1770k1..2 .09/70+0 .1008f+02 .0eb165? 53
2-I SU A11528.02 .11 2F+O .lOE.0? A0arO +o0 .1770V+02 .00+97F00 .Io005+0? qs',Sf7+02 54
2-1 98 *i1IE40? .118A11.0 .isolon .P0QsFevO .1770F+02 .q7p0F+*00 .009+02 .os0.4io. 55
2-1 90 *115+F+0? .9l6`F409 .l l of4n2 A('C5F+o0 l1770c+0o .Q9+87.00 .I05F+."? 09532f+0? 59
2-1 6d Ilr8'6Wn2 .1 lA18k+02 .1151.02 .80996E00 .1770F+02 .05

0
7F+0n .10470.'? .9566+n0 60

2-1 97 *1?0?+-0 .l?02o+0p j*6pk8.0? So5hf+nn .17706+0? .M987pno0 10061 +I? .95.16+0? 97
2j1 13 A 11OF0+0p .IIQnF+.p .II+SE+O2 A096r+no .1776OW02 .5976F+000 104A1+02 .003,5+02 121

2-I 1 11 01167E+02 .1167+02Ž ,117E+OP .80560.00 .1770+.02 *59A7F+00 .10070,0? .95066+0? 103
2"I 221 .I1888.02 .IIAQF+o .1196+0+2 F8096n+0D .1770E+0P .Q987F+MO .1009F+9P .9573F+0? 221
2-1 227 *1181F+02 .11e1F+02 .1150E+02 .80Q70+00 .17706+02 .•957F+D0 .1081+q? .95P0+02 a27

21 237 "12196 .12F+0 1 , AE+0? I+13P0? Po08F+O0 .I170*0n .598,7F+00 .1046+02 .95596+0? 237
21t 240 I?0(1F+n2 .1?AF+8+P .1172kW)0) A.07F+64 .177nE+00 *Q957F+M0 .I71TF+0? .597F1402 240
2-t 270 '1219F+02 .1p196+02 .IlA+0F.0 .0QA8+00 .1770m+02 .99876+00 .10086+02 .05666+02 270
2-1 p76 .119,F+n0? .110?F+.0 ,I16+0+? .8097E+00 .1770f+02 .99+7F+o0 1007F +02 .52E-02 276
2-t 2Q1 II 69F+02 .1170.o0 I *IIF +p> .8059E+00 .1770F+0? .9987E+80 I10F+01? .9572E2+02 251
2.I 252 .116p+o7 ? .11671+n0 .1137f0.0 .00?F+00 .17708+02 .99+7F+00 .nu9Fr+Ž2 .9867P+02 292

TOTAL. WEIGT OF 0G703 P p- ,a?277 FAW'0
0+66008 +010+1 (06 0sMIP . 1 1 .58 A9 OPA'S
AVERAGE 086300TY nF G08U0 X Q9.l65 P0+CFL0 1.0.
8T+I6000 FFVIATIfN OF PPLLFT DE06STT ,11n

IFA-432, Rod 9. Solid Pellets ZT

PFLLET WT. IP -T1 [IF PELLE? -1. D; .A T7 6• 0 +708 E, T PELLET

,EIGHT SATURATED 7 3 SP6•0 '0IuP0 E'TO1N IF PPF A TI)E 0E81TY TV CFSITV DE 01iTV
SAMPLE (GPARS) PELLFT IN 0ATF6 CAGE (oFt.C) ("-/CC) 0'/CCI (P1ECE0T T.0.) SAMPLE
NUw49Rr (GRAcs) (1+m0) (n+A09) NUMBER

2-5 06l .12ŽF+0? .121i:0+?2 .116A0+0? AI*0E6+0(• A .15002 ."? q60,O0 .l 051"i? Qsq9f.0o 063
P-5 07?p *1??06*0? .1 22n +'? It.11+96+0 *ImnEW0n .185'Eoo? .55006.00 .104000?2 .9" 1fW0?0 472
2"5 070 .12026+0? l1dlE+o0 .1206t.02 .81006F+00 .18300.02 .QQ+A500 ,invE+?2 .555E+0? 076
2-5 075 A123l+?P .1232E+02 .1196F-02 .,i10E+n0 .1850E+0? .QqSF+010 ,10s1E+0? Q.p5F#602 075

?-5 0183 *l?35E+0 . I;129F+-? I1002E+02 AtpnF0001 I15506+0' Q.RS0+9050 .1I03208'? .5955+602 4835
2-5 48+ II 210Fs02 .1 2;99+0? I1Ž030.0? RI100E+0n .18506+02 Q09566onp 10S3F+02 .96nuE+02 0804
2-1; 06 'I • 2386+0n . 138t+fs2 1201o 6.n? * 0 0 i 1850E+60 ,QQ+SFCn .* .1025F+02 qsqqE*Op? ORO
2-19 41f 1?3W1+0p .12306E+O .lQRE+n2 .0106F+60 .189OE.02 .Q0RqF+6P .1051F+12 .460-F+02 690
2 5-+? 49 1Q30+.02 .1I230E+0 . 195F+.o .A0OQE+no .18W0f+02 .Q9ASE+60 .1052k+"2 q.nt61+r? c92

?25 59a jp1qŽ0200 .12p6+ AF.1 0'60 A0QAE.()C .1A006,l? .09886F+!0 .131 .95011+02 0504
29 598 .1227F+0 .1 207t+02 .15q2E+0? ,An09F+00 .18+06+0? .9985F+00 .1 0,3F+"? .612E+02 558
2-q 561 'Ip31F+02 i.3iF+02 .1I56+0? .A09qF60n .1840E+02 .99+5r+00 p .1005+ . 6Qb10E+02 561

2-5 960 a0 7210 * . Ž2•+6+0Ž .11q0F+0, .008E+00 . leP0 *'? .q09+5+Q0 .1 056F+0? .46011 +02 S6c

1-5 966 a1237E+0? .1?ŽE+02 .I107F+0? .AlooF+00 .184n0+02 .5059E+10 .10,5F+12 .9+19F+02 566
2-5 6AI .1I110+02 .1213+n2 .117O+0p' .10)(,E+00 .18W06+O? .0I51+00 .n•105+02 .9585i+02 621

25S 6?5 *119p+0? .I19+-E60 ,I1bqE+0? .0'0QF+nn I13mF+)? .OQ0+56AO tn02k,+2 .'5Q80+02 628
29q 630 I1209+0 .1209n6E002 .1171+0? .FIOOF+n0 18SAF+02 Q .Qq098+0o .I0506+0? .9616F+02 630

2-5 61 *IŽ'F0!+0 .1•04F+02 .1171FW0? +P100+F0 .IA30F+,P .U989F+00 .1096F+'2 .9631+0? 631
2-S 630 .1215OF+nA t120E+0Ž .1 iaF+op :81 O 6O+00 .181e6+02 .A8F0('0 .,1055F-1? .9621f+02 610

259 619 .1Ž06.0 .12002 .ItA+O;)0 81.00E+n0 tIgInF+C2 .Q58s6.00 .10176+0? .96366+0? 635

TOTAL '1 10'T 1F GRO+UP v PO2.238 G0+00
A. VEPAGF 0T10T 06F G0U0 + 12.p6lq G0A50
AV6A0GF. 1F9-1•TY OF 0O[J0 1 06.072 PE6CE6T T.D.
50TANMAn (0EVIATTON 0F PFLIET nENSTTY x .171

TOTAL 6F1GHT OF At L 0P+10)$ 1288.P759 GRAMS
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TABLE F-I. Results ofUResintering Tests

1600'C/24 hr Length Diameter Density
Type Pellet Pre, Post,-3AL/Lo.(a) Pre, Post, -3AD/Da) Pre. Post. p/pio

. . 1n. In. n In. In Z T D %T

92% TO 1-6-752 0.5058 0.5011 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 2.81 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

92%TD 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

95% 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
2-5-579 0.5178 0.5174 0.23 0.4225 0.4225 0.00 96.05 96.10 0.05

1700*C/7.8 Hr.

92% TD 1-6-754 0.5088 0.5030 3.42 0.4204 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 94.96 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% TD 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 ).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 3.31 0.4202 0.4164 2.71 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

92% TD 1-5-783 0.5041 0.5042 -0.06 0.4204 0.4202 0.14 91.34 91,13 -0.23Sthble
2-6-863 0.5044 0,5048 -0.24 0.4203 0.4205 -0.14 91.67 91.27 -0.43

2-6-853 0.5019 0,5013 0.36 0.4203 0.4200 0.21 92.85 9303 0.19

2-6-856 0.4967 0,4962 0.30 0.4204 0.4201 0.21 93.01 93.19 0.19

95% TO 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 95,53 0.07

2-1-65 0.5013 0,5010 0.18 0.4205 0.4203 0.14 95.59 95.72 0.14

2-5-489 0.5139 0.5138 0.06 0.4224 0.4223 0.07 95.97 96.01 0.04

a.)If shrinkage is isotropic, -3AL -3AD = Ap

b.)Laminations observed after resintering
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TABLE F-I. (Cont)

1700lC/24 Hr. 
ft

92% TO 1-6-751 0.5061 0.4996 3.85 0.4204 0.4154 3.57 91.57 95.10 3.85
Unstable

-753 0.5009 0.4953 3.35 0.4204 0.4162 3.00 91.70 94.86 .3.45

-749 0.5285 0.5231 3.07 0.4204 0.4164 2.85 92.40 95.32 3.16

2-7-715 0.5090 0.5038 3.06 0.4206 0.4166 2.85 92.72 95.53 3.03

92% TO 1-5-897 0.5135 0 .5141b) -0.41 0.4204 0.4210 -0.43 91.21 90.70 -0.56
Stable

-872 0.5050 0.5043 0.42 0.4205 0.4208 -0.21 91.46 91.36 -0.11

2-6-866 0.5032 0.5028 0.24 0.4204 0.4204 0.14 92.04 92.47 0.47

1-5-898 0.4976 0.4967 0.54 0.4205 0.4202 0.21 92.09 92.36 0.29

95% TO 2-1-250 0.5123 0.5116 0.41 0,4203 0.4199 0.29 95.65 95.90 0.26
Stable

2-2-408 0.4986 0.4978 0.48 0.4145 0.4141 0.29 95.45 95.71 0.27

2-5-582 0.5145 0.5139 0.35 0.4224 0.4222 0.14 96.01 96.28 0.28

-604 0.5127 0.5126 0.06 0.4225 0.4223 0.14 96.13 96.29 0.17
1700'C/48 Hr.

92 %TD 1-6-751 0.5061 0.4993 4.03 0.4204 0.4151 3.78 91.57 95.38 4.16
Unstable 1-6-749 0.5285 0.5230 3.12 0.4204 0.4160 3.14 92.40 95.49 3.34

92 % TO 1-5-897 0.5135 0.5139 -0.23 0.4204 0.4212 -0.57 91.21 90.71 -0.55
Stable 2-6-866 0.5032 0.5021 0.66 0.4204 0.4200 0.29 92.04 92.64 0.65

95% TO 2-1-250 0.5123 0.5114 0.53 0.4203 0.4198 0.36 95.65 96.01 0.38
Stable 2-5-582 0.5145 0.5135 0.58 0.4224 0.4220 0.28 96.01 96.40 0.41

A.
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TABLE G-1. Thermal Diffusivity, Conductivity, and
Resistivity of 95% Stable TD Halden UO2

Thermal Diffusivity Thermal Conductivity
cm2/sec watt/cm 'C

Thermal Resistivity
cm °C/wattTemperature, 'C

Disc #1, Cycle #1

100

190

279

423

562

662

764

870

989

1090

1197

1305

1052

879

642

403

.0282

.0281

.0234

.0236

.0199

.0211

.0174

.0176

.0151

.0155

.0139

.0134

.0123

.0122

.0113

.0111

.0102

.00984

.00888

.00928

.00826

.00826

.00758

.00773

.00910

.00918

.0107

.0109

.0152

.0145

.0177

.0175

.0766

.0763

.0681

.0687

.0604

.0040

.0547

.0553

.0484

.0497

.0450

.0434

.0401

.0398

.0371

.0362

.0336

.0325

.0294

.0307

.0274

.0274

.0253

.0258

.0301

.0303

.0351

.0358

.0492

.0469

.0555

.0548

13.00

13.11

14.68

14.55

16.57

15.63

18.28

18.07

20.66

20.13

22.21

23.04

24.93

25.14

26.97

27.63

29.72

30.81

34.01

32.55

36.47

36.47

39.50

38.73

33.24

32.95

28.48

27.95

20.34

21.33

18.03

18.23
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Table G-I (cont'd)

Temperature, 'C

203

Cycle #2

516

838

1110

1415

1510

1628

1630

Cycle #3

134

327

535

777

966

1124

1310

1533

Thermal Diffusivity
cm2 /sec

.0211

.0223

.0153

.0161

.0114

.0111

.00866

.00873

.00682

.00687

.00640

.00644

.00016

.00616

.00621

.00621

.0237

.0233

.0173

.0179

.0143

.0147

.0112

.0115

.00956

.00974

.00859

.00863

.00735

.00738

.0649

.0623

Thermal Conductivity
watt/cm °C

.0619

.0654

.0488

.0514

.0373

.0364

.0287

.0289

.0230

.0232

.0219

.0220

.0216

.0216

.0218

.0218

.0665

.0654

.0533

.0552

.0458

.0470

.0366

.0375

.0315

.0321

.0285

.0284

.0245

.0246

.0223

.0214

Thermal Resistivity
cm °C/watt

16.15

15.28

20.49

19.47

26.78

27.50

34.87

34.59

43.51

43.19

45.70

45.42

46.25

46.25

45.83

45.83

15.03

15.28

18.76

18.13

21.85

21.26

27.35

26.63

31.76

31.17

35.14

35.18

40.73

40.57

44.90

46.77
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TABLE G-2. Thermal Diffusivity, Conductivity, and
Resistivity of 92% TD Unstable Halden U02

Thermal Diffusivity
cm2 /secTemperature, OC

Disc #1, Cycle #1

40

160

279

462

587

691

800

911

1026

1140

1242

Thermal Conductivity
watt/cm *C

Thermal Resistivity
cm 'C/watt

.0249

.0245

.0245

.0221

.0221

.0221

.0180

.0178

.0181

.0147

.0145

.0148

.0129

.0130

.01'26

.0115

.0117

.0116

.0108

.0105

.0106

.00997

.00979

.00992

.00905

.00893

.00901

.00842

.00812

.00835

.00776

.00759

.00765

.0611

.0601

.0601

.0610

.0610

.0610

.0529

.0521

.0529

.0449

.0443

.0452

.0400

.0403

.0391

.0361

.0367

.0364

.0341

.0329

.0332

.0316

.0311

.0315

.0288

.0284

.0287

.0269

.0260

.0267

.0249

.0244

.0246

16.37

16.64

16.64

16.39

16.39

16.39

18.90

19.19

18.90

22.27

22.97

22.12

25.00

24.81

25.58

27.70

27.25

27.47

29.33

30.40

30.12

31.65

32.15

31.75

34.72

35.21

34.84

37.17

38.46

37.45

40.16

40.98

40.65
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TABLE G-2. (contt'd)

Thermal Diffusivity Thermal Conductivity
Temperature, 'C cm2 /sec watt/cm °C

1151

902

696

420

175

Cycle #2

262

508

796

1045

1256

1360

1502

1593

1641

1630

.00787

.00787

.0102

.0102

.0127

.0127

.0163

.0166

.0220

.0212

.0196

.0201

.0150

.0150

.0117

.0115

.00916

.00908

.00771

.00760

.00709

.00706

.00658

.00645

.00635

.00633

.00608

.00612

.00624

.00624

.0252

.0252

.0323

.0323

.0398

.0398

.0494

.0503

.0613

.0591

.0570

.0584

.0461

.0461

.0369

.0363

.0292

.0290

.0248

.0244

.0229

.0228

.0217

.0212

.0213

.0212

.0207

.0208

.0212

.0212

Thermal Resistivity

cm °C/watt

39.68

39.68

30.96

30.96

25.13

25.13

20.24

19.88

16.31

16.92

17.54

17.12

21.69

21.69

27.10

27.55

34.25

34.48

40.32

40.98

43.67

43.86

46.08

47.17

46.95

47.17

48.31

48.08

47.17

47.17

F
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TABLE G-2 (cont'd)

Thermal ýiffusivity Thermal Conductivity Thermal Resistivity
cm /sec watt/cm 'C cm °C/wattTemperature, 'C

Cycle #3

156

289

454

655

822

976

1126

1243

1381

1515

1602

Disc #2, Cycle'#4

499

847

.0226

.0227

.0225

.0186

.0186

.0183

.0149

.0158

.0158

.0131

.0129

.0128

.0109

.0106

.00969

.00939

.00862

.00838

.00788

.00765

.00698

.00686

.00678

.00669

.00628

.00628

.0143

.0147

.0108

.0108

.00871

.00871

.0622

.0625

.0619

.0546

.0546

.0538

.0454

.0482

.0482

.0410

.0403

.0400

.0344

.0335

.0308

.0299

.0275

.0268

.0253

.0246

.0226

.0222

.0223

.0220

.0211

.0211

.0437

.0449

.0340

.0340

.0277

.0277

16.08

16.00

16.16

18.32

18.32

18.59

22.03

20.75

20.75

24.39

24.81

25.00

29.07

29.85

32.47

33.44

36.36

37.31

39.53

40.65

44.25

45.05

44.84

45.45

47.39

47.39

22.89

22.27

29.40

29.40

36-.15

36.15

1075
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TABLE G-2 (cont'd)

Thermal giffusivity
Temperature, 'C cm /sec

1252 .00801

.00797

1428 .00688

.00681

1599 .00614

.00614

Thermal Conductivity
watt/cm 'C

.0256

.0255

.0223

.0221

.0206

.0200

Thermal Resistivity
cm "C/watt

39.04

39.23

44.82

45.28

48.66

48.66

tý

G-6



TABLE G-3. Thermal Diffusivity, Conductivity, and
Resistivity of 92% TD Stable Halden UO2

Temperature, °C

Disc #1, Cycle #1

105

215

338

465

591

732

814

935

1005

1116

1219

Thermal Diffusivity
cm 2/sec

Thermal Conductivity
watt/cm 'C

Thermal Resistivity
cm °C/watt

.0256

.0262

.0251

.0194

.0191

.0205

.0169

.0167

.0163

.0139

.0142

.0124

.0124

.0118

.0107

.0108

.0108

.0102

.0102

.0100

.00915

.00915

.00896

.00872

.00858

.00878

.00774

.00780

.00765

.00711

.00714

.0670

.0686

.0657

.0548

.0540

.0580

.0500

.0494

.0482

.0422

.0431

.0382

.0382

.0364

.0334

.0337

.0337

.0320

.0320

.0314

.0288

.0288

.0283

.0276

.0271

.0277

.0245

.0247

.0243

.0227

.0227

14.93

14.58

15.22

18.25

18.52

17.24

20.00

20.24

20.75

23.70

23.20

26.18

26.18

27.47

29.94

29.67

29.67

31.25

31.25

31.85

34.72

34.72

35.34

36.23

36.90

36.10

40.82

40.49

41.15

44.15

43.96
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TABLE G-3 (cont'd)
"6

Thermal giffusivity
Temperature, OC cm /sec

Cycle #3

131

277

516

736

943

1099

1254

1440

1606

.0182

.0190

.0150

.0152

.0120

.0121

.00981

.01011

.00830

.00818

.00742

.00742

.00642

.00645

.00590

.00590

.00552

.00552

.0146

.0148

.0145

.0104

.0103

.0104

.00803

.00814

.00793

.00698

.00717

.00639

.00639

Thermal Conductivity
watt/cm 'C

.0462

.0482

.0412

.0418

.0347

.0350

.0290

.0299

.0248

.0244

.0223

.0223

.0194

.0915

.0181

.0181

.0175

.0175

Thermal Resistivity
cm °C/watt

21.64

20.73

24.26

23.94

28.81

28.57

34.51

33.48

40.32

40.91

44.92

44.92

51.52

51.29

55.28

55.28

57.20

57.20

Disc #3, Cycle #4

501

878

1198

1374

1497

.0433

.0439

.0430

.0324

.0321

.0324

.0262

.0257

.0250

.0222

.0228

.0207

.0207

23.11

22.80

23.27

30.84

31.14

30.84

38.22

38.98

40.01

44.98

43.79

48.38

48.38

4
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TABLE G-3 (cont'd)

Thermal ýiffusivity
Temperature, OC cm /sec

Thermal Conductivity Thermal Resistivity
watt/cm °C cm 0 C/watt

1415

1202

983

778

545

288

Disc #2, Cycle #2

152

304

516

695

908

.00583

.00552

.00583

.00728

.00739

.00718

.00886

.00886

.0107

.0103

.0124

.0129

.0184

.0182

.0216

.0216

.0176

.0178

.0142

.0143

.0119

.0114

.00996

.00969

.00866

.00862

.00742

.00737

.00663

.00658

.00576

.00574

.00540

.00542

.0188

.0178

.0188

.0232

.0235

.0229

.0280

.0280

.0335

.0322

.0381

.0396

.0536

.0530

.0589

.0589

.0516

.0522

.0434

0.437

0.370

.0355

.0316

.0307

.0275

.0273

.0237

.0236

.0215

.0213

.0193

.0192

.0172

.0172

53.19

56.18

53.19

43.11

42.47

43.71

35.73

35.73

29.88

31 .04

26.26

25.24

18.66

18.86

16.96

16.96

19.39

19.73

23.06

22.90

26.99

28.18

31 .69

32.58

36.43

36.60

42.16

42.44

46.54

46.89

51.78

51.96

58.31

58.09

1066

1287

1443

1616

1614
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TABLE G-3 (cont'd)

Thermal ýiffusivity
Temperature, 'C cm /sec

1606

1604

1483

1382

1112

830

604

.00576

.00555

.00557

.00547

.00599

.00649

.00670

.00670

.00751

.00751

.00957

.00967

.0114

.0155

Thermal Conductivity
watt/cm °C

.0191

.0184

.0180

.0176

.0188

.0204

.0208

.0208

.0230

.0230

.0290

.0293

.0340

.0343

Thermal Resistivity
cm °C/watt

52.40

54.39

55.67

56.69

53.13

49.04

48.07

48.07

43.53

43.53

34.52

34.16

29.44

29.18

4

4

4

G-1 0



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 IO-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

All pellet measurements were made on the cylindrical surface; no measure-

ments were made on the pellet ends. The following measurements were made:

" 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 00 position and one

each approximately 60' from the 0* position on each half-section of

tubing as shown below:

A
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* The measurements started approximately 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.l. Roundness Measurements for Pellets and Tubing

Pellet Type

95% TD Stable

92% TD Stable

92% TD Unstable

Tubing No.

1 -B

18-B

23-B

Top

0.00030

0.00025

0.00035

Top

0.00025

0.00035

0.00020

Roundness Deviation, In.
Center

0.00030 0

0.00030 0

0.00035 0

Center

Not 0

Measured 0

Bottom

.00040

.00030

.00030

Bottom

.00025

.00025

.000200

b
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TABLE H-2. Surface Roughness Measurements
for Pellets and Tubing

Axial

1 2 3Pellet Type

Arithmetic Average - v in.

Radial

Top Center

00 900 00 900

83 81 71 114

107 106 91 97

100 104 86 91

95% TD

92% TD

92% TD

Stable

Stable

Unstable

80

83

110

95

100

80

80

110

95

Bottom

00 900

91 88

93 94

96 96

Arithmetic Average - , in.

Axial
Top

Tubing No.

l0-Bl

l0-B2

18-Cl

18-C2

23-Bl

23-B2

60°-Left

14

17

22.5

25

24

18

Top
QO-Center

33

26.2

14

22

19

17.5

60 0-Right

23

27

22

24.5

21.5

15

60 0-Left

16

18

16

21

21

24.5

Bottom
QO-Center

24

28

29

23.5

11

26

60 0 -Right

17

15

18

16

18

21.5

Circumferential

Top Bottom

19

22

21

22

16

19

21

22

19

18

21

H-3



4W

*

FIGURE H-I. Fuel Pellet Roundness at Three Locations for One 95% TO Stable
Fuel Pellet (No. 228). Each Division = 0.0001 in.
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FIGURE H-2. Fuel Pellet Roundness at Three Locations for One 92% TO Stable
Fuel Pellet (No. 781). Each Divisipn = 0.0001 in.
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Fuel Pellet Roundness at Three Locations for One 92% TO Unstable
Fuel Pellet (No. 739). Each Division = 0.0001 in.

FIGURE H-3.
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FIGURE H-4. Cladding Inside Surface Roundness at Two Locations
Cladding Number lOB. 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 1OB. Cladding Number 23-B. Each
Division = 0.0001 in.
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62CM

12 CM

TO P

50 CM

BOTTOM
TOTAL NUMBER OF PELLETS IN EACH STACK - 49

NUMBER OF FUEL PELLETS - 45 32 SOLID. 13 DR ILLED - 0. 175 CM ± 0.005 CM (0.069 ± 0.002 INCH) FURNISHED BY BNW

NUMBER OF POISON PELLETS - 4 DRILLED - 0. 175 CM ±0.005 CM (0.069 ± 0.002 INCH) FURNI SHED BY HALDEN

ROD NO.
1
6

PELLET DIAMETER
IFA-431 IFA-432 FUEL DENSITY FILL GAS

CM (inch) CM (inch) 96 TD FUEL TYPE I ATM

1.0681 (0.4205) 1.0681 I0.4205) 95 STABLE HELIUM
1.0681(0.4205) 1.068110.4205) 92 UNSTABLE HELIUM

FIGURE I-I. Stacking Arrangement for Rods 1 and 6

12 CM

TOP

TOTAL NUMBER OF PELLETS IN EACH STACK - 48

NUMBER OF FUEL PELLETS - 44

NUMBER OF POISON PELLETS - 4

ROD NO.

2
3
5

PELLET DIAME
IFA-431

CM I inch)

1.0528 (0.41451
1.0858 (0.4275)
1.068 1(0.4205)

32 SOLID. 12 DRILLED - 0. 175 ±0.005 CM (0.069 ±0.002 INCH) FURNISHED BY BNW

DRILLED - 0. 175 ±0.005 CM (0.069 ±0.002 INCH) FURNISHED BY HALDEN

TER
IFA-432 FUEL DENSITY FILLGAS

CM linch) % TD FUEL TYPE I ATM

-- 95 STABLE HELIUM
1.0833 (0.4265) 95 STABLE HELIUM
1.0681(0.4205) 92 STABLE HELIUM

FIGURE 1-2. Stacking Arrangement for Rods 2, 3, and 5
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62 CM

TUNGSTEN SHEATHED THERMOCU PLE

F POISON PELLET
ULTRASONIC THERMOMETER

POSITION NUMBERS ,POISON PELLETS --

WBI I I I I W
IF11 3141 1 7 181 10 11113 11Is1 11111120 12213 215 2 171212 3 11321I 1M 151637313970 4

19.1CM 42.8 CM
7.5CM -

TO P BOTTOM

TOTAL NUMBER OF PELLETS IN EACH STACK - 48

NUMBER OF FUEL PELLETS - 44

NUMBER OF PO I SON PELLETS - 4

32 SOLID. 12 DRILLED - 0. 175 ± 0.405 CM (0.069 ± 0.002 INCH) FURNISHED BY BNW

DRILLED - 0. 175 ± 0.005 CM (0.069 ± 0.002 INCH) FURNI SHED BY HALDEN

PELLET D IAMETER
IFA-432 FUEL DENSITY FILL GAS

ROD NO. CM(INCHI % TD FUEL TYPE I ATM

2 1.0528 (0.4145) 95 STABLE HELIUM

FIGURE 1-3. Stacking Arrangement for Rod 2, IFA-432

PELLETS

62 CM -

TUNGSTEN SHEATHED THERMOCOUPLE

MOLYBDENUM ROD. IFA-431
TUNGSTEN ROD. IFA-432

12CM - ----- 4.2CM (min)

TOP 11.43 CM-------

50 CM

DO. 16 CM

TOTAL NUMBER OF PELLETS IN STACK - 48

NUMBER OF FUEL PELLETS - 44

NUMBER OF POISON PELLETS - 4

FILL GAS - 1

27 SOLID, 17 DRILLED (FURNISHED BY BNW), 95% TD. STABLE

DRILLED - 0.175 ± 0.005 CM (0.069 ± 0.002 INCH) (FURNISHED BY HALDEN)

ATM XENON

PELLET
POSITION

12-38

3- 5
45-46

7-10

PELLET D IAMETER
IFA-431 IFA-432

CM (inch) CM (inch)

1.0681)0.4205) 1.068110.4205)

1.0681(0.4205) 1.0681(0.4205)

1.0681(0.4205) 1.0687B0.4205)

HOLE DIAMETER
CM (inch)

0.175 ± 0.005
(0.069 ± 0.002)

0. 160 ± 0.005
(0.063 ± 0.002)

0.160±0.005
W0.063 ± 0.002)

0. 160 ± 0.005
(0.063 ± 0.002)

0.0127 CM (0.005 INCH)
ON CENTER OFF CENTER

YES --

YES --

40-43 1.0681(0.4205) 1.0681(0.4205) YES

6, 11,
39, 44

1.0858(0.4275) 1.0833 (0.4265) YES

FIGURE 1-4. Stacking Arrangement for Rod 4

a
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62 CM

POISON PELLETS
POSITION NUMBERS

POISON PELLETS • T-

R 11213 1415 1617 8 19 11 111121131141151611718119120211221231241251261212829131321331I343s3613713839l44ll42143145146

TOP
TOTAL NUMBER OF PELLETS IN EACH STACK - 49

NUMBER OF FUEL PELLETS - 45

NUMBER OF POISON PELLETS - 4

60 CM

FURNISHED BY BNW

FURNISHED BY HALDEN

ý 7.5 CM--

BOTTOM

ROD NO.

B
8
9

PELLET DIAMETER
IFA-432

CM (INCH)

1.0528 (0.4145)
1.0681 W0.4205)
1.0732 (0.4225)

FUEL DENSITY
% TD

95
95
95

FUEL TYPE

STABLE
STABLE
STABLE

FILLGAS
I ATM

HELIUM
HELIUM
HELIUM

FIGURE 1-5. 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
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

21/2

167

10

158

171

84

163

152

381

395

344

294

392

451

456

410

415

404

343

430

341

362

423

421

Remarks

poison pellet-top

I.D

I.D

I.D Replaced

I.D

I.D

I.D

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Extra

Pellet
Ident.

432

364

355

300

342

366

375

457

394

295

405

445

347

350

397

365

361

88

79

153

2

82

2xi/2

13

Remarks

I.D

I.D

I.D

ID

I.D

I.D

ID

I.D

I.D

poison pellet

used in pos. 9
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HALDEN TEST-FUEL COLUMN DATA - IFA-431

Rod No.: 2

Fuel Column Weight: 516.307 grams Exclusive of poison pellets

and replacement pellets

Fuel Column Length:

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

lxl/2

329

337

315

302

316

306

317

282

203

222

255

56

201

121

43

286

29

231

150

266

290

283

285

22.630 in.

Remarks

poison pellet-top

I.D

I.D

I.D Replaced

I.D

I.D

I.D

I.D

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Extra

Pellet
Ident.

50

288

218

206

287

23

202

34

261

109

62

289

214

269

242

223

45

303

309

313

311

319

2x1/2

336

Remarks

I.D

I.D

I.D

I.D

I.D

I.D

I.D

I.D

poison pellet

Used in pos. 7
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HALDEN TEST-FUEL COLUMN DATA - IFA-431

V.

Rod No.: 3

Fuel Column Weight 558.322 grams Exclusive of poison pellets

and replacement pellet

Fuel Column Length 22.890 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

1/1/2

528

551

539

534

544

521

552

482

618

568

573

500

596

516

576

613

609

580

511

598

499

495

510

Remarks

poison pellet-top

I.D

I.D

I.D Replaced

I.D

I.D

I.D

I.D

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Extra

Pellet
Ident.

616

514

555

603

507

477

559

617

504

496

607

503

512

515

506

606

502

550

524

518

527

532

2x1/2

548

Remarks

I.D

I.D

I.D

I.D

I.D

poison pellet

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
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

2xi/2

11

81

87

165

178

183

180

179

187

188

229

243

208

149

134

129

92

102

96

108

130

256

33

Remarks

poison pellet-top

removed

I.D

I.D

I.D

I.D

I.D

I.D

I.D

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Extra

Pellet
Ident.

217

245

60

225

106

244

147

67

259

22

126

141

148

132

184

770

772

769

766

177

169

1

2xi/2

78

Remarks

I.D

I.D

I.D

I.D

I.D

I.D

I.D

poison pellet
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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 -

Position

1

2

3

4

5

6

7

8

9

Pellet
Ident.

lxl/2

836

844

827

828

811

846

820

810

Remarks

poison pellet-top

I.D

Immersion Density

repl aced

Pellet
Position

25

26

27

28

29

30

31

32

33

Pellet
Ident.

889

804

886

868

871

802

855

852

887

Remarks

I.D

I.D.

I.D

I.D

I.D

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

869

800

787

797

789

784

849

807

806

870

891

879

793

861

790

I.D

I.D

I.D

I.D

I.D

I.D

I.0

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Extra

809

786

808

847

858

796

801

890

826

845

823

818"

838

2xi/2

833

I.D

I.D

I.D

I.D

I.D

I.D

I.D

poison pellet

Used in pos. 9
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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
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

2x1/2

647

646

652

653

661

641

649

710

734

706

718

745

712

748

743

755

727

701

693

756

747

732

711

Remarks

poison pellet-top

I.D

Replaced

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Extra

Pellet
Ident. Remarks

722 I.D

731

681

699

721

690

791

733

741

735

742

687

713

746

704

740

688

640

645

669

642

654

2xi/2 poison pellet

656 Used in pos. 9
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 1

Fuel Column Weight:

Fuel Column Length:

532.151 grams

22.75 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pel 1 et
Ident.

5

12

83

73

154

7

85

4

6

18

164

173

77

89

41

275

277

278

267

66

246

257

260

Remarks

poison

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

pellet-top

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Pellet
Ident.

99

131

112

28

247

234

25

211

224

233

144

219

272

140

120

258

107

166

71

161

172

174

168

Remarks

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

poison pellet

v

Extra
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 2

Fuel Column Weight:

Fuel Column Length:

509.021 grams

22.49 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

321

318

308

307

331

312

333

304

9

162

72

160

76

323

390

420

385

443

338

346

414

384

393

Remarks

poison

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

pellet-top

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Pellet
Ident.

384

398

369

383

431

386

437

345

142

406

388

298

407

210

459

380

441

327

301

325

334

328

Remarks

I.D.

I.D.

I.D.

I.D.

I.D.
I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.I.D.

I.D.

poi.0. ele

Extra 330
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 3

Fuel Column Weight:

Fuel Column Length:

545.103 grams

22.46 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

545

535

540

530

519

523

520

562

476

611

591

610

584

574

478

590

572

583

615

501

479

577

575

Remarks

poison pellet-top

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Pellet
Ident.

619

587

620

569

605

570

509

588

589

489

597

612

599

594

602

608

549

547

537

533

531

Remarks

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

poison pellet

I.D.

w
Extra 546

I-I 2



HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 4

Fuel Column Weight:

Fuel Column Length:

519.625 grams

22.24 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

75

176

3

906

181

175

170

182

912

215

139

239

ill

118

95

115

263

252

57

236

51

49

94

Remarks

poison

I.D.

pellet-top

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Extra

Extra

Extra

Pellet
Ident.

251

40

133

124

30

264

113

274

240

104

44

226

209

901

775

764

763

774

902

80

157

137

186

86

Remarks

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

poison pellet

solid

on-center (0.063)

on-center (0.061)
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No. : 5

Fuel Column Weight:

Fuel Column Length:

510.600 grams

22.78 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

842

834

815

843

830

841

829

816

835

839

819

812

831

837

892

900

865

779

851

791

894

792

794

Remarks

poison

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

pellet-top

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Pellet
Ident. Remarks

893

864

881

873

895

896

878

799

882

780

859

885

888

883

876

875

867

840

824

832

817

822

poison pellet

825
w

Extra
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 6

Fuel Column Weight:

Fuel Column Length:

512.629 grams

22.67 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

671

668

672

663

643

666

657

659

670

814

650

665

638

651

698

679

695

683

692

702

677

682

678

Remarks

poison

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

pellet-top

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Pellet
Ident. Remarks

726

686

728

680

703

673

738

676

700

705

674

696

685

708

736

707

714

662

664

667

664

648

poison pellet

Extra 637
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 7

Fuel Column Weight:

Fuel Column Length:

516.642 grams

22.53 in.

Pe I et
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

435

339

424

458

376

363

434

358

372

452

422

351

90

373

353

416

429

360

371

412

436

359

379

Remarks

poison pellet-top

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Pellet
Ident.

449

427

447

417

440

425

357

356

444

439

367

413

299

352

391

382

348

368

453

455

428

401

Remarks

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

poison pellet

w

Extra 138
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 8

Fuel Column Weight:

Fuel Column Length:

538.192 grams

22.73 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

46

59

258

54

105

38

64

213

35

143

216

235

291

232

33

227

100

230

97

69

281

123

254

Remarks

poison pellet-top

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Pellet
Ident.

37

220

103

276

268

36

221

262

58

53

24

48

55

117

292

127

270

27

249

128

237

63

Remarks

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

poison pellet

Extra 265
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HALDEN TEST-FUEL COLUMN DATA - IFA-432

Rod No.: 9

Fuel Column Weight:

Fuel Column Length:

538.672 grams

22.45 in.

Pellet
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Pellet
Ident.

484

585

474

555

631

491

630

469

635

632

494

633

564

627

561

624

634

468

629

483

488

471

463

Remarks

poison

I.D.

pellet-top

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I. D.

I. D.

I.D.

Pellet
Position

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Pellet
Ident.

556

571

558

565

560

472

600

486

576

490

470

475

625

628

481

492

465

621

473

566

466

Remarks

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

I.D.

poison pellet

I.D.
w

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 completed fuel 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

J-1



reproductions. The produced plots have the lower 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 pm/scale divi-

sion 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 line for IFA-431 and on the 40 scale division line for IFA-432.

Tables J-1 and J-2 summarize the rod length measurements in both the 00

and 900 orientations for IFA-431 and IFA-432, respectively.

J-2



TABLE J-1. Pre-Irradiation Length Measurements for IFA-431

Pin No.

1
1

2

2

3

3

4

4

5

5

6

6

Orientation

0

90

0

90

0

90

0

90

0

90

0

90

Upper (mm)

645.72

645.64

645.38

645.33

645.56

645.60

645.49

645.47

645.65

645.59

645.60

645.59

Lower (mm)

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

L (mm)

645.72

645.64

645.38

645.33

645.56

645.60

645.49

645.47

645.65

645.59

645.60

645.59
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TABLE J-2. Pre-Irradiation Length Measurements for IFA-432

Pin No.
1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

Orientation

0

90

0

90

0

90

0

90

0

90

0

90

0

90

0

90

0

90

Groove

Upper (mm)

645.29

645.27

645.29

645.29

645.53

645.53

645.25

645.26

645.42

645.54

645.75

645.74

645.42

645.44

645.47

645.48

645.65

645.63

Position

Lower (mm)

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

L (mm)

645.29

645.27

645.29

645.29

645.53

645.53

645.25

645.26

645.42

645.54

645.75

645.74

645.42

645.44

645.47

645.48

645.65

645.63
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Pre,-Irradiation Profile and Diameter
Sensitivityi 10 p/sc.div.
Axial Scale: 10 mm/sc.diy. E
Reference Diameter: 12.5 mm on 30 sc.div.

FIGURE J-1. IFA 431, Pin 1, Orientation 00

Pre-Irradiation Profile and Diameter
Sensitivity: 10 p/sc.div.
Axial Scale: 10 mm/sc.div.
Reference Diameter: 12.5 am on 30 sc.div.

FIGURE J-2. IFA-431, Pin 1, Orientation 900
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Pre-Irradiation Profile and Diameter
Sensitivity: 10 u/sc.div.
Axial Scale: 10 mm/sc. div.
Reference Diameter: 12.5 mm on 30 sc.div.

FIGURE J-3. IFA 431, Pin 2, Orientation 00

Pre-Irradiation Profile and Diameter
Sensitivity: 10 I/sac. div.
Axial Scale: 10 mm/sc.div.
Reference Diameter: 12.5 mm on 30 sc.div.

FIGURE J-4. IFA 431, Pin 2, Orientation 900
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Pre-Irradiation Profile and Diameter
Sensitivity: .0 p/sc.div.
Axial Scale: 10 mm/sc.div.
Reference Diameter: 12.5 mm on 30 sc.div

FIGURE J-5. IFA 431, Pin 3, Orientation 0'

Pre-Irradiation Profile and Diameter
Seasitivity: 10 V/s/c.div.
Axial Scale: 10 u/ac.div.
Reference Diameter: 12.5 Mm on 30 sc.div.

FIGURE J-6. IFA 431, Pin 3, Orientation 900
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Pre-Irradiation Profile and Diameter
Sensitivity: 10 I/ic.div.
Axial Scale: 10 mm/sc.div.
Reference Diameter: 12.5 amon 30 ac.div.

FIGURE J-7. IFA 431, Pin 4, Orientation 0*
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Pre-Irradiation Profile and Diameter
Sensitivity: 10 p/sc.div.
Axial Scale: 10 mm/sc.div.
Reference Diameter: 12.5 mm on 30 sc.div.

FIGURE J-8. IFA 431, Pin 4, Orientation 900
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Pre-Irradiation Profile and Diameter
Sensitivity: 10 t/sc.div.
Axial Scale: 10 ms/sc.di';.
Reference Diameter: 22.5 mm on 30 sc.div.

FIGURE J-9. IFA 431, Pin 5, Orientation 00

• ilil II

4-LL

-!FM TI
FI I1!: I[. iII''..!

.1 H
12J

B,--

a----

i * , f i• 1 I~ -
ft~~I

II

[I Ii

ft12
I II I

i_1LI -

II2
Fi Hil

IlI/Il Il ! F. I'l , }

t
Pre-Irradiation Profile and Diameter
Sensitivity: 10 W/sc. div.
Axial Scale: 10 mm/sc.div.
Reference Diameter: 12.5 mm on 30 sc.div.

FIGURE J-10. IFA 431, Pin 5, Orientation 900
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Pre-Irradiation Profile and Diameter
iSensitivity: 10 U/sc.div.
Axial Scale: 10 am/sc.div.
Reference Diameter: 12.5 mm on 30 sc.div.

FIGURE J-11. IFA 431, Pin 6, Orientation 00
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Pre-Irradiation Profile and Diameter
Sensitivity:- 10 V/sc.div.
Axial Scale: 10 mm/sc.div.
Reference Diameter: 12.5 mm on 30 sc.div.

FIGURE J-12. IFA 431, Pin 6, Orientation 90'
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Pre-irradiation Profile and Disc
Sensitivity: 10 o/sc. div.

Axial scale: 10 m/sc.dliv.
Reference diameter: 12.5 ran on

Figure J-13. IFA 432, Pin
110 sc.div.

1, Orientation 0*

Pre-irradiation Profile and Diameter
Sensitivity: I0 ,/sc.div.
Axial scale: 10 mm/sc.div.
Reference Diametcr: 12.5 rm on IM sc.div.

FIGURE J-14. IFA 432, Pin 1, Orientation 900
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4-

Pre-irradiation Profile and Diameter
Sensitivity: 10 V/sc.div.
Axial scale: 10 mm/sc.aiv.
Reference diancter: 12.5 mm on 40 sc.div.

FIGURE J-15. IFA 432, Pin 2, Orientation 00

Pre-irradiation Profile and Diameter
Sensitivity: 10 V/sc.div.
Axial scale: 10 mm/sc.div.
Reference diameter: 12.5 mm on hO sc.div.

FIGURE J-16. IFA 432, Pin 2, Orientation 900
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Pre-irradiation Profile and Diameter
Sensitivity: 10 0/sc.div.
Axial scale: 10 mun/sc.div.
Reference diameter: 12.5 mi on 40 sc.div.

FIGURE J-17. IFA 432, Pin 3, Orientation 0'

Pre-irradiation Profile and Diameter
Sensitivity: 10 v/sc.div.
Axial scale: 10 m•a/sc.div.
Reference diameter: 12.5 mm on h0 sc.div.

FIGURE J-18. IFA 432, Pin 3, Orientation 90'
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Pre-irradiation Profile and Diameter
Sensitivity: 10 V/sc.div.
Axial Scale: 10 mm/ac.div.
Reference diameter: 12.5 i•s on h0 sc.div.

FIGURE J-19. IFA 432, Pin 4, Orientation 00

Pre-irradiation Profile and Diameter
Sensitivity: 10 5/sc.div.
Axial scale: 10 mm/sc.div.
Reference diameter: 12.5 mm on 40 sc.div.

FIGURE J-20. IFA 432, Pin 4, Orientation 900

AO
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Pre-irradiation Profile and Diameter
Sensitivity: 10 u/sc.div.
Axial scale: 10 scs/nc.chv.
Reference diaevter: 12.5 mm on 40 sc.div.

FIGURE J-21. IFA 432, Pin 5, Orientation 00

Pre-irradiation Profile and Diameter
Sensitivity: 10 V/sc.div.
Axial scale: 10 nm/sc.div.
Reference diameter: 12.5 mm on 40 sc.div.

FIGURE J-22. IFA 432, Pin 5, Orientation 900
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i

Pre-irradiation Profile and Diameter
Sensitivity: 10 u/ec.div.
Ayial scale: 10 mm/sc.'aiv.
Reference dianeter: 12.5 rc on h0 sc.div.

FIGURE J-23. IFA 432, Pin 6, Orientation 0'

Pre-irradiation Profile and Diameter
Sensitivity: 10 p/sc.div.
Axial scale: 10 mjn/rc.div.
Reference diaenter: 12.5 %m on 40 sc.div.

FIGURE J-24. IFA 432, Pin 6, Orientation 900

I
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Pre-irradiation Profile and Diameter
Sensitivity: 10 u/s,.di,.
Axial scale: 10 mm/ý:c.div.
Reference diamctcr: i2.5 im on 40 sc.div.

FIGURE J-25. IFA 432, Pin 7, Orientation 0°

Pre-irradiation Profile and Diameter
Sensitivity: 10 P/zc.div.
Axial. Scale: 10 rra/;c.div.
Reference di=m.2tcr: 12.5 imi on 40 se.div.

FIGURE J-26. IFA 432, Pin 7, Orientation 90'
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Pre-irradiation Profile and Diameter
Sensitivity: 10 It/sc.div."
Axial scale: 10 r/sc.div.
Reference diamcter: .2.5 -,n on )10 sc.div.

FIGURE J-27. IFA 432, Pin 8, Orientation 00

Pre-irradiation Profile and Diameter
Sensitivity: 10 p/rc.div.
Axial scale: 10 mm/sc.div.
Reference diametcr: 12.5 rmsoil 40 sc.div.

FIGURE J-28. IFA 432, Pin 8, Orientation 90°
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Pre-irradiation Profile and Diameter
Sensitivity: 10 a/sc. ?'iv.
Axial scale: 10 mn/zc.div.
Reference &iam,,tcr: 12.5 inm on 40 sc.div.

FIGURE J-29. IFA 432, Pin 9, Orientation 00

Pre-irradiation Profile and Dianeter
Sensitivity: 10 W/zc.div.
Axial scale: 10 =i/sc.div.
Reference diameter: L2.5 eM on )10 sc.div.

FIGURE J-30. IFA 432, Pin 9, Orientation 90'
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