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ABSTRACT

The pneumatic emplacement of a crushed basalt and bentonite packing mixture (3:1 ratio)
into a simulated long horizontalborehcleéontaining several waste package mockups has
been studied using a dilute phase delivery system. Reasonably homogeneous packing was
accomplished at a density of {.56 g/cc, or 58% theoretical. Ranges of piractical aperating
parameters were developed. Recommendations are made for further development and
upgrading of the equipment and operations, with the object of approaching more closely to
the nominal target density of 70% theoretical. ’

12851:25-2

e



.w;y"-'. .

)
.

o

~ -
X

‘——-‘ ( Ay

-

wWTSD-TME-030
DRAFT

ACKNOWLEDGMENTS

The work described herein was performed as part of Tasks |-7 of Rockwell International
Subcontract CPFF-880. The Westinghouse Project Manager was Dr. James R. Schormhorst
and the Rockwell Project Manager was Mr. William J. Anderson. In addition to the authors,

other contributors to this project were

J. Burkett

. T. Dolovacki
G. V. B. Hall
R. F. Kehrman
G. R. Kilp
F. Knight
D. H. Kurasch
R. Pikuiski
R. Schmidt

The authors are grateful for their assistance, advice and helpful consultations.

12831:25-7

4



2.

TABLE OF CONTENTS

INTROOUCTION

EXPERIMENT
2.1 Apparatus
2.2 Materials
2.2.1 Characterization and Analysis
2.2.2 Basalt
2.2;3 Bentonite
2.2.4 Packaging
2.3 Operations
2.3.1 Preliminaries
2.3.2 Conduct of Tests
2.3.3 Post-test Activities

RESULTS AND DISCUSSION
5.1 Overview
3.2 Data

3.2.]1 System Parameters

3.2.2 Oensity
3.2.3 Mineral Homogeneity

3.2.4 Interactions
3.3 General Observations
CONCLUSIONS

RECOMMENDATIONS

REFERENCES

12831:25-~3

WTSD-TME-030

DRAFT

Page

12
-12.
14
s
1S
17
17
17
21

22
22
22
22
27
28
33
33

35

36

38

LX)



7. APPENDIXES

Appendix A

-

- Appendix B

Appendix C

Appendix D
Appendix £

12831:25-4

WTSD-TME-030

DRAFT

TABLE OF CONTENTS (Continued)

Apparatus

A.l Test Section

A.2 Feed System

A.3 Exhaust System

A.4 Instrumentation _

Analysis of Packing for Basalt Concentration
8.1 Material and Equipment

8.2 Preparation

B.3 Subsample Preparation

B.4 Dilution Procedure

"B.S Filtraticn

8.5 Drying and Weighing
8.7 Calculations

Data and Analysis

C.l Methodology

C.2 Density

C.3 Mineral Homogeneity
C.4 Interactions

Sample Data Sheets
Listing and Sample Output of Computer Program HIERARC2

i

Page

39
40
40
44
a6
a6
56
57
58
59
60
61
62
63
65
66
66
77
84
85
90



Flgure No.

‘CE V@ NN S W N -

— et e e e e e
@D ~N Wb wmN

12831:25-6

LIST OF FIGURES

Title

Assembled Simulator, Rear
Assembled Simulator, Front
Hoppers

System Layout

Load Cell

Load Cell Instrumentation
Instrumentation and Controls
Sample Cylinder

Tap Densltles

Wedge Nozzles, Test 3

‘- Wedge Nozzles, Test 4

Density Distribution, Run 3

Density Diétribution. Run 4

Basalt Concentration Distribution, Run 3
Basalt Concentration Distribution, Run 4
Bentonite Hopper Feed Screw Calibration
Basalt Hopper Feed Screw Calibration
Resolution of Variances

iv

WTSD-TME-030

DRAFT

TN



WTSD-TME-030
CRAFT

The overall objectives of this program are to:

o Determine if a bentonite and basalt mixture can be pneumatically
installed as a packing, in a test configuration dimensionally
representative of the NWRB conceptual design, to achieve a reasonably
homogeneous, installed density equal to or greater than a target value
currently specified to be 70% of the theoretical solid density of the
packing materials. This value is expected to be lower when additional
experimental data become available.

o0 Characterize key process parameters used to achieve these results.
More specific cbjectives were established to meet thesa overall objectives:

o Design and build a test apparatus that simulates the emplacement
hole-canister-packing interface, the packing installation equipment,
and the packing method included in the NWRB conceptual design.

0 Obtain and use actual packing materials.

o Provide the following data:
- starting packing particle size and preparation
- pneumatic system settings, cperating parameters, and
performance
- annulus fill rate
- installed density (average and local)
- installed homogeneity (average and local)

This report discusses the test apparatus and the materials which were combined and
emplaced to formv the packing. Details of the apparatus and its assembly are found in
Appendix A. Test operations are described, and resuits are tabulated and discussed. Again,
details of the analysis and raw data tables and summaries are provided in an appendix.
General observations on the test operation are presented, followed by conclusions and
recommendations.
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2 EXPERIMENT

2.1 APPARATUS
The experimental apparatus is comprised of four major elements:

(1) A test section, essentially a borehole simulator;

(2) . A feed section, including feed hoppers and transport tubing;

(3) An exhaust section, with a pump to produce the required vacuum to
*  drive material transport.

(4) Appropriate instrumentation to follow the deposition rate of the
packing, air velocity, pressures at key points in the system, and feed
rates of the solids.

Details of the- apparatus and its construction, along with engineering drawings, are
presented in Appendix A. The following paragraphs summarize each of the elements above.

The test section, or borehole simulator, shown in Figures | and 2, is a cylinder about a
meter in diameter, and about eight and a half meters long, within which are centered three
waste package mockups, evenly placed along the length. Forty-one sampling ports are
distributed about the simulator circumference, and there are two in one of the end plates.
Five of the circumferential samplers core across the full simulator diameter, and the
remaining 36 core through the annulus around the waste package mockups. One end plate,
opposite that containing the sampling ports, contains openings for admitting packing feed
pipes and an exhaust port for connection with the exhaust system. The object of the
experiment is to fill this test section with packing to the target density, with acceptable

homogeneity of the packing components.

12831:25-10 3
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Figure 1.

Rear View of Assembled Simulator, Showing Sampling Cylinders
"Qut" Posi*‘*on. Note the two end cylinders.(
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Horizontal transfer of aggregate materials was performed pneumatically using dilute phase
procedures and equipment, because the long dellvery span and relatively large particle size
material, especially the basalt, imposad a requirement for relative immunity to saltation
and consequent blockage. In principle, the dilute phase mode, with its provision for
transfer with only a small fracticn of the transfer piping volume filled at any one time
(voidage In excess of 90%), provides this immunity (Reference 3). Accordingly, the feed
system consists of a pair of 100 cu. ft. capacity hoppérs (more than sufficient for the
necessary combined bulk of the components; see Figure 3), a metering system to add solids
from the hoppers to the air stream at the desired rate in the specified proportions, and a
delivery line to carry the pneumatically entrained material to the simulator. This delivery
line breaks into two at a vee-splitter a few meters downstream of the feed hoppers,
creating parallel delivery lines, one for each side of the simulator. These delivery lines
terminate in a pair of feed pipes within the simulator, which can be withdrawn as the
simulator fills. Part of the connection between the vee-splitter and the feed pipes consists
of lengths of flexible tubing, installed to simplify the withdrawal operation.

The delivery system is driven by an exhaust system powered by a pump capable of
delivering 500 scfm at a 15" vacuum, exhausting from the simulator vent via two fines
separators and a cartridge type filter in series, and discharging to atmospheres through a
long fiberglass pipe terminating outside the building. This exhaust system provided the
stream of air at the velocity necessary to entrain the packing components, as described
above.

A schematic layout of the system is presented in Figure 4.

The amounts of material processed at the hoppers, and the amount of deposited packing
actually delivered, were measured by calibrated load cells which supported each leg of
each hopper and which supported the frames into which the simulator was set (see Figure
5). The outputs of these load cells were recorded as a function of time on paper tape.
Other instrumentation included manometers and gauges for reading critical pressures,
tachometers and rotational speed controllers for reading and adjusting the speeds of the
feed mechanisms, and analytical balances for measuring the masses needed for the
calculation of densities and mineral concentrations of samples taken after each run.
Figures 6 and 7 show the ;ystem instrumentation and control panels.

1283L:25-11
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2.2 MATERIALS: BASALT AND BENTONITE
2.2.1 Characterization and Analysis
2.2.1.1 As-Received Materials

Both as-received materials were sampled; most of the samples were stored as library
samples, and a number were devoted to various tests to characterize the incoming
material, principally for moisture content and particle size distribution.

For particle size distribution, an array of standard sieves was used, the exact sieve
numbers depending on the sieve grade standards as set out in the specifications for the two
materials. About two hundred gram samples of material was placed in the uppermost
sieve, and sieving was performed dry, using mechanical agitation. Sieve contents were
weighed, and the distribution of weights was converted into the integral form as a table of

"percent passing”.

Percent moisture was determined for basalt by drying weighed as-received material for a
few hours in a vacuum oven, and re-weighing when cool. Percent moisture was taken as
the fractional weight loss x 100. Percent maisture was not determined for bentonite.

Tap densities were determined for the two materials and for a range of mixtures by placing
the material in a weighed volumetric cylinder (graduate), and tapping firmly with a metal
rod for several minutes until no further decrease in volume could be detected. The
fractional density was taken as the measured density (weight/tap volume) divided by the
theoratical density, which was taken as 2.7 g/cc for both materials.

2.2.3.2 Post Operations Analysis

At the conclusion of operations, after filling the simulator, the sampling cylinders, one of
which is shown in Figure 8, were all driven inward until they seated, as described in
Appendix A. The packing samples thus cored by the cylinders were then emptied into
tared, labelled plastic containers with covers; the lower cylinders were emptied directly,
by gravity, and the upper cylinders were emptied by using a small vacuum cleaner. The
material in the various plastic containers was then analyzed for density and homogeneity as
explained below.

12831:25-12 12
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Densities wera measurasd by weighing the contents of each sample cylinder in its prepared
plastic container, and dividing the mass so obtained by the cylinder volume. The latter was
determined from physical measurements, with a calculated correction for the scallop
volume associated with the inner end of the cylinder (see Appendix A). The weighed
material was then retained for use in the the analytical determination of basailt
concentration. ' '

The measurement 6! basalt concentration is based on the removal of bentonite as a sol,
leaving behind the insoluble basalt fraction. The procedurs, as deyeloped by Westinghouse
during the course of this project, is presented in Appendix B. Several weighed portions of
each well-mixed sample -are .treated successively with portions of water containing a
water-softening agent, and shaken after each addition; after standing until .the solids
settle, excess liquid is siphoned off. The siphonate, after some six treatments, will have
carried off essentially all the bentonite (as well as some basalt fines, for which a
correction is introduced), leaving the basalt behind. The residue is filtered, dried and
weighed. From the weight data, the percent basalt, percent bentonita, and the basalt to
bentonite ratio ¢an be calculated. The homogeneity of the emplaced basalt can be
established, as explained in Appendix C, by a statistical comparison of the basait
concentration, established by the above procedure, at all sampling positions along the
simulator. '

2.2.2 Basalt

The basalt used in all four experiments was cobtained directly from Rockwell Hanford
Operation. This material was crushed basalt having an average particle size distribution as
follows:

Sieve Size Percent Passing
Range Average
4.75mm (i4) 87 - 93 39
1.70  (312) 32 -53 39
1.18  (#l6) 22 - 42 29
710 myu (#25) 12 -29 18
S00  (#35) 9-22 L3
250 (#6D) 5-13 7

12831:25-13
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The moisture content of this material was determined to be 2.86% with a standard

deviation of 0.60%. The material dried quickly in air, and no experimental difficulties

could later be assigned to the moisture level.

2.2.3 Bentonite

Bentonite was purchas;:d from American Colloid according to the provisions of a
specification which demanded natural, high swelling, sodium bentonite, free from foreign
materials, adulterants, or additives. This specification provided sieve grading standards
for coarse, fine, and broad range bentonite, as follows:

Sieve Size Percent Passing.
Coarse Fine Broad Range
3.35 mm (#6) 100 - 100
1.70  (#12) 60-80 - -
850 um (#20) 10-30 - 60-80
600  (#30) 0-10 - -
425  (#40) - 100 -
212 (#70) - 60-80 20-30
106 (#140) - 10-30 -
75 (#200) - 0-10 0-10

Other technical requirements included a2 maximum moisture content (10%), swelling (to
pass test), calcium equivalent (0.70 percent max.), and wet screen analysis residue (4.0
wt.% max.). The vendor certified that all these requirements had been satisfied.

2.2.4 Packing

Tap densities were measured on a series of mixtures of basalt and bentonite mixtures
across the range of composition, using all three grades of bentonite. The results are
plotted in Figure 9 as tap density vs. percent bentonite, and the curves all show a
monotonic decrease in tap density from 1.87 g/ce for undiluted basalt to less than 1.4 g/cc
for undiluted bentonite. As one might expect, the curve for fine bentonite (GPG-90) lies
higher than the one for coarse bentonite (Crumbles) by almost 0.3 g/cc over most of the
range, with the curve for broad range material (C5-40) intermediate. This result suggests
that the GPG-90 material would tend to produce the highest packing density of the three.
All three curves exhibit a brief, almost horizontal, segment in the range 15 to 45 percent

12831:25-14
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bentonite, most pronounced for GPG-90, the fine grade material. This "bump" suggests
that as bentonite is added to the mixture the bentonite must fill interstices between
fragments of the coarser basalt, with little change in packing, before the initial decline in

density can be resumed.
2.3 OPERATIONS
2.3.1 Preliminaries

Before beginning regular experimental operations, a number of preliminary activities were

carried out. These are: _ C

(1) Development of an analytical procedure for determining the
concentration of basalt in a basait-bentonite mixture (Appendix 8).

(2) Performing characterization tests on as-received materials, including
particle size distribution, moisture content, and tap density.

(3) Assembly of equipment, including interconnection of all parts of the
apparatus, hook-up of electrical power, and connection of all
instrumentation. Assembly was carried out to a written procedure.

(4) Loading of hoppers. This operation was performed by using a high-lift .
equipped with a high capacity carrier, pivoted on a horizontal axis;
the carrier could be loaded with nearly half a ton of material at floor
level, lifted, and its contents dumped into a hopper in a relatively easy
operation,

(5) Systematic testing of the system components, including pump
operation, operation of the various gauges and manometers, operation
of the feeder mechanisms beneath the hoppers, and the checking of all
pipe and hase connections and mechanical closures.

(6) Calibration of the feeder mechanisms (see Appendix A).

2.3.2 Conduct of Tests

A program for the conduct of testing operations, involving specific equipment layout,
values of experimental parameters, and experimental procedures had been drawn up in
advance of the first experiment with the help of the designers and suppliers of the
pneumatic transport equipment (Beric Engineering), who, in effect, acted as consultants
during the early stages of testing. Many of the assumptions and provisions of this test plan
were sound and were continued throughout the course of testing; early experience,
however, showed others unsuitable to the present purpose, and these had to be replaced or
12831:25-15
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abandoned. Because of such changes, the first two test series served largely for
shakedown, hence it would be inappropriate to draw conclusions based on the data
generated from them. For example, partial blockages occurred undetected on several
occasions, leading to the deposit within the simulator of unmixed bentonite when there was
a basalt blockage, and vice versa; thus the hamogeneity could not be established. The first
series actually consisted of seven separate runs, each with changed parameters and
variations in configuration. These changes followed the following course: '

(1) Feeders blocked. Response: reseal all system leakage.

(2) Vacuum improved but feeders still blocked, simulator not filled to top.
Response: decrease feed rate, install upward pointed nozzles.

(3) Blockage problem persists; blower discharge hose ruptures. Response:
re-align vee splitter, alter blower discharge configuration and install
fiberglass discharge tube.

- (4) Blockage problem persists. Response: increase frequency of feed pipe
withdrawal.

(5) Loss of flow velocity to below critical level because of filter clogging.
Response: install fines collecter in series ahead of filter.

(6) Filter clogging and high pressure drop problem continued. Response:
introduce second fines collector of improved design in series with first.

(7) Simulater was filled, but filter problem remained unsolved.

The second series was aborted and the simulator emptied at an early stage because of a
side-to-side maldistribution of deposited packing. Therefore, the data from these tests,
with the exception of density data from the first test series, are regarded as
non-representative.

Before discussing the final test procedures, the various steps taken to relieve shakedown
problems and improve the test configuration and operation wiil be enumerated:

(1) The vacuum tightness of the whole system was improved by installing
better seals at all static joints and by using vacuum putty or mastic at

joints frequently disturbed.

(2) The original filter element, designed to trap particles |0 microns and
smaller was replaced with one rated at 50 microns.

(3) A fiberglass discharge line was installed Lo accept the pump discharge,
replacing the original plastic tube.

12831:25-16 18
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(4) The initial vee-splitter arrangement, which created persistent
probiems in causing clogging of one or another of the split feed lines,
was solved by installing the vee-splitter in the first run of feed pipe,
upstream of the right angle bend, instead of in its original location,
just after the first right angle bend. Subsequently, any delivery bias
between the feed pipes couid be rectified by minute changes in the
angle at which the vee-splitter was set.

(5) The original externally attached deflector nozzles at the feed tube
discharges were replaced by deflector wedges internal to the feed
tubes. These performed satisfactorily (although more development is
needed) and are a first step in improving the feed tube design.

(6) The fine grade of bentonite, designated GPG-90, was substituted in
the later tests for the originally used coarse grade, Crumbles. This
change was supported by the tap density tests described in Section
2.2.4. .

(7) The most expedient and economical method for emptying the
simulator tube after filling it with packing and removing the required
samples was to have it vacuumed by a commercial contractor. This
could be accomplished in less than a day without disturbing the
simulator, the waste package mockups, or the load cells, except for
the temporary removal of the simulator windows.

Preparation for a test series required installation of the feed pipes intg the fully inserted
position, and their connection to the flexible hose which in turn connected to the branches
of the vee-splitter. The sampling devices were set in place in the fully withdrawn position
and properly sealed to retain vacuum. The plastic windows were installed with sealant
along all edges. Filter elements were cleaned, and a 50 micron element installed in the
filter. The apprapriate amounts of basalt and bentonite were introduced into the hoppers.
The readings of all load cells were recorded and averaged, so that the pre-test weights of
each hopper and of the simulator were known and on record. The target feed rates were
set on the feed screw motor counters, using the prior calibration curves. Test purpose and
all initial condition data were recorded on the test data first sheet, a sample copy of which
appears in Appendix D. The data logger was set to record load cell readings at five minute
intervals (during the various shutdowns, the readings would be suspended).

To start the run, the blower was started, after which the two feed screw motors were
turned on simultaneously. The time of day, all manometer and gauge readings and the
tachometer reacings were recorded immediately, and subsequently at short (1 to 4 minute)
intervals, throughout the run (downtimes excepted). These data and incidental comments
describing test progress are recorded on follow data sheets, a sample of which also appears
in Appendix D. Mare detailed comments were recorded orally with a mini-tape recorder.

12831:25-17 19
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As accumulation of packing begins, the profile of the deposit becomes visible at the one
side window, located near the "back"™ end of the simulator. By timing the motion of the
deposit profile, the fill rate of the simulator can be estimated, both at the side window,
where the rearmost waste canister mockup occupies a portion of the simulator volume, and
by cross-sectional area extrapolation, at int.er-mockup spaces. For each test, the rate of
pipe removal is fixed in terms of the fill rate so estimated and the schedule of the
shutdowns for plpe withdrawal is thereby fixed early in the experimental process.

When the deposit profile has advanced to within a few inches of the initial position of the
feed pipe nozzle, as established by calculation from the known fill rate, the feed screw
motors and the blower are shut off in sequence. The nuts aligning the feed pipe exit glands
are loosened, and a light steel cable is extended from.a yocke clamped to the feed pipes to a
winch some 30 meters away (see Figure 2). The winch is used to withdraw the feed pipes
the desired distance from the simulator. The gland boits are then retightened, and the
vacuum putty seal, which is broken by the pipe movement, is remade. Pump and motors
are restarted, and the run continues.

At several withdrawal shutdowns during the run, the feed pipe withdrawal brings the
terminal feed pipe extensions close to the limit of flexibility of the flexible tubing portion
of the transfer tubing. At this point the flexible tubing connections to these extensions are
broken, and the two meter long extension pipes are removed. The flexible tubing ends are
connected to the next extensions in line (or, late in the run, to the feed pipes themselves).
The regular shutdown-startup procedure is then concluded, and the run is continued.

The feed pipes are withdrawn during the test until the nozzies are ultimately flush with the
internal wall of the end plate. The simulator tube never completely fills; the exhaust
connection, mounted high in the end plate (see Figure 2) withdraws material above this
level, leaving a wedge shaped cavity in the simulator bounded by the cylinder walls, the
upper part of the end plate, and the slope of the deposited packing surface profile.
Prolonged operation after this configuration develops simply begins to fill the baffled fines
collectors, next in the exhaust line. Accordingly, the run is terminated when the void
volume appears to be constant. This void, whose volume is difficult to estimate, is a
limiting factor in measuring the overall density of the emplaced packing as the quotient of
delivered mass (from the}oad cell readings) and simulator volume.

12831:25-18
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2.3.3 Past-test Activities

After the final shutdown, final printouts of the load cell readings are obtained
immediately, and the entire taped record remaoved from the logger and stored.

As soon as practicable, the sampling cylinders are inserted into the simulator tube to
isolate the sample material. This is readily done with the 36 shart cylinders and with the
two of intermediate length. The five long, full diameter cylinders were found to be
impossible to force in until they seated against the oppoasite wall; they had to be driven the
last foot or so by sledge impacts through a protective thickness of lumber. The effect of
such impacts on the packing material in and around these cylinders was necessarily ‘severe
enough to render their samples suspect for measuring either density or homogeneity, and
the data from these samplers were largely ignored.

The samples are removed from the respective tubes into tared, labelled plastic containers,
as described earlier, and weighed, to get density data. The material is then analyzed for
basalt content, also as described earlier. When all samples have been removed, the
cylinders are all withdrawn, and cleaned. Most of the windows are unsealed and removed,
leaving the simulator sufficiently open so that vacuum removal of the packing can be done
readily. The filter element is removed from the filter and cleaned. The filter and the two
fines traps are emptied by vacuum at the same time as the simulator tube. After the
simulator is empty, the feed pipes are replaced, and the extensions coupled on in series.
The sampling cylinders are re-installed in the "out™ position, and the windows replaced and
sealed.

12831:25-19
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3 RESULTS AND DISCUSSION

3.1 OVERVIEW

The data of this project consists principally of the results of measurements from which
densities and concentrations can be calculated. There are also experimental logs
describing sequential activities and the chronology of various test parameters. Finally,
there are the test observations as recorded in the test logs or on audio tape. The numerical

results of measurements and the methodology for dealing with them are detailed in

Appendix C, and summarized below. The system parameters under which operations were
carried out are also summarized in this secticn. Finally, some general observations on test

operations are enumerated and discussed.
3.2 DATA
3.2.1 System Parameters

Although optimum system parameters have not been developed, the parameters under
which the system has operated successfully will be presented here. These parameters
include hopper loadings, feed motor settings and tachometer readings, pressures, the rate
of air flow, and the linear rate of fill of the simulator. In this context, the only values
cited will be from the two final Runs, 3 and 4.

The simulator, with a free volume of 2.4 cubic meters (87 cubic feet), sustained a
maximum fill weight of about 3900 kg (8600 Ibs), corresponding to a total weight of about
6800 kg (15000 lbs). To provide this mass at a basalt:bentonite ratio of 3, the basalt was
usually loaded to about 3400 kg (7500 lbs), giving a Lotal hopper weight of about 4300 kg
(95001bs), and the bentonite was loaded to about 1100 kg (2500 lbs), giving a hopper weight
of 2000 kg (4500 lbs).

12831:25-20

22

)

e



wWT50-TME-030
DRAFT

The feed motor speed controls were set to arbitrary scale readings of 179 for basalt and
112 for bentonite, corresponding to calibrated delivery rates of 0.237 and 0.079 kg/s,
approximately one quarter of the rates that would fill the simulator to a density of 75%
theoretical in one hour (see calibration curves, Figures 16 and |7, in Appendix A). During
aperation, these settings produced average tachometer readings which differed between

the two runs:

Setting Tach. Rdq. (rpm)

Run # Basalt Bentonite Basalt Bentonite
3 179 112 19.4 . 6.9
4 179 112 20.4 1.5

It is not clear why the average tachometer readings differed from each other and from the -
calibrated values, 18.5 and 7.1. The differences, which exceed the standard deviation, 0.3
rpm in all cases, do not appear to alter the as-filled component ratio, as will be seen
below, but may be responsible for differences in total fill rate.

The suction pressure at the pump entrance is sensitive to the setting of the bleed vaive,
also located at the pump suction, the pump's internal relief valve setting (set to its
maximum of 15 inches in all the present runs), and to the filter pressure drop. The latter
depends on the filter load, which changes throughout the run, and the density of the filter
cloth (we have used 10 micron and 50 micron cartridges). The filter pressure drop
subtracts from the vacuum available in the system, and therefore affects the rate of air
flow, as reflected in the Pitot tube manometer readings. Because of these variations, the
pressure parameters below will be specified in ranges:

Vacuum at pump suction: 4.5 to 10.6 in of Hg

Vacuum at vee-splitter: 1.4 to 3.0 in of Hg

Filter pressure drop (50 micron) 0.2 to 0.4 in of Hg

Filter pressure drop (10 micron) 1.4 to 11.8 in of Hg

Pitot tube pressure difference 2.6 to 5.8 in of water

Simulator fill rate (at waste pkgs) 20 minutes per meter
12851:25-21
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The range of air velocities corresponding to the extremes of the Pitot tube pressure

difference, according to the manufacturer's calibration, is 150 to 250 feet per second (50

to 75 meters per sacond), or, for the 2.5 inch schedule 40 transfer pipe being used hera,

13,500 to 18000 SCFH (6.4 to 3.5 cubic meters per minute). Empirical calculations show

that, as a rule of thumb, the solids velocity should be about §0% of the air velocity, ie, 90
~ to 150 feet per second (30 to 50 meters per second).

Tests 3 and 4 differed from each other in two significant respects:

(1) For Run 2, the upward directing nozzles attached externally to the
ends of the feed tubes had been removed and replaced by metal
wedges spot welded inside the tube ends. The flat end of each wedge
blocked about half of the exit area. For Run 3, the same wedges were
used, so disposed that exit flow was upward directed from both feed
pipes. For Run 4, the wedges were removed and split vertically
somewhat off the horizontal center; the smaller pieces were
exchanged, feed pipe to feed pipe, and inverted so that, when
remounted in the feed tube ends, the feed flow would be diverted,
somewhat more than half upwards, the rest downwards. This change
was made for two reasons: (1) to try to densify the accumulating
packing by direct impact of packing particles aver the entire surface
instead of just the upper part of the surface, and (2) to ensure that,
although some of the material on the lower parts of the packing
surface profile must originate by sliding down the profile slope after
impacting on the upper part, this material will nevertheless be struck
by particles of the freshly arriving, downward directed feed, be driven
in, and thereby contribute to densification. The difference in nozzle
design is shown in Figures 10 and 1.

{(2) For Test 3, the feed tubes were extracted in two-foot increments; for
Test 4, they were withdrawn one foot each time the deposit profile
advanced one foot. It was decided to withdraw conly one foot at a time
to keep the discharge nozzies at a more or less constant distance from
the deposited packing profile. Obviously, this is impossible to do
exactly without using continuous withdrawal, and aven then, only if
the location of the profile is always precisely known. Thus,
withdrawal a foot at a time was a compromise.

12831:25-22
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Wedge Nozzles Directing Flow Upward, as Used in Run 3

Figure 10.
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Upward and Downward,

Wedge Nozzles Directing Flow Both

as Used in Run 4

Figure 11.
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3.2.2 Density
The results of all four test series are summarized below:
_Density (g/cc)
Run # Source Value Std.dev.  95% Conf. Interval
| Load cells 1.37 - -_— -
Sampling 1.4]) 0.08 1.39 1.43
2 Load cells - - - -—
Sampling 1.59 0.09 - -
3 Load cells 1.56 - - -
Sampling 1.55 0.13 1.52 1)
4 Load cells [.99 - - -
Sampling 1.56 0.10 1.54 1.59

The detailed density data and their statistical analysis are given in Appendix C.

As indicated earlier, the densities from the first ‘two series, because of inconsistencies and
irregularities in test operation, are not regarded as equivalent to the data from Series 3
and 4, to which the full analysis was applied. Nevertheless, the results of the latter, when
compared to the results from the first test show a significant gain. On the other hand,
compared with the desired 70% theoretical, the Series 3 and 4 results show a long way to
go. In the figures above, the sample average is considered more reliable than the load cell
average, because, although the load cell readings are highly precise, the presence of
simulator voids, some observed and others possible, makes the true filled simulator velume
uncertain. Of course a similar bias could exist in the volume of each sample cylinder, but
since the number of samples is large (36), and the associated biases can be of either sign,
averaging will tend to cancel out any effect.

As indicated in the above density results summary, a major increase in observed density
accrued in Runs 2, 3 and 4 over Run L. The only major experimental parameter that was
changed in the same manner as the results varied was the bentonite size distribution. Thus,
these density results are in agreement with the top density results presented in Figure 9 - a
finer grade of bentonite results in a higher overall density.

12831:25-23
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The statistical studies in Appendix C show that while there is no significant difference in
density in either test from side to side or from front to back of the simulator, in both tests
there is a significant difference from top to bottom: the mean density in the top half is
significantly greater than that Iin the bottom half. "Significant® is used here in the
statistical sense: at the 95% confidence level, we believe that this result is not simply due
to chance.

This result may arise from stronger direct impact of solid fragments of depositing material
on the upper part of the packing profile because of the upward deflecting nozzle inserts. In
Run 4 deflections were both upward and downward, but the accumulating mass in the lower
part of the simulator, augmented by material sliding down the planted profile, tended to
block the exit of the down-throwing wedge, choking any densifying action.

The general frequency distribution for density is presented in Figures 12 and 13. These
figures show that while the bulk of the samples had densities in the range about the
average, from 1.52 to 1.685 g/cc, the full range of the data extended from 1.32 to 1.32
g/ce. The lattet: figure is about 67% theoretical, and suggests that, since at least one
region achieved that level, its attainment as an overall average is, at the very least, a
practical possibility.

3.2.3 Mineral Homogeneity

The mean basalt concentration was close to the target value of 75% basalt in both tests;
specifically, the grand average of all samples for Test 3 was 74.13%, and for Test 4 was
75.20%. The frequency distributions for the basalt concentrations in the two tests are
given in Figures 14 and 15, where it can be seen that the overall homogeneity spread is
reasonably narrow, especially; in Test 4, and concentrated in a band between 70 and 80
percent. The detailed concentration data are given in Appendix C.

The statistical analysis of basalt concentration in Appendix C shows that in Run 4 there is
a significantly higher basalt concentration in the upper quadrants of the simulator than in
the lower. The difference is statistically significant, and cannot be reasonably explained as
a result of random error. This difference is the anly large scale inhomogeneity detected
statistically in any of the six studies made (for each test, a contrast of top-to-bottom,
side-to side, and front-to-back). Unlike the case for density inhomogeneity discussed
above, the concentration inhomogeneity is confined to one run.
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However, the statistical studies consistently, in all six runs, indicated that the dominant
component of test variance is associated with the sampling, one sample being associated
with each of the 36 short sampling cylinders. The significance of this finding is that there
is a mid-scale graininess in the inhomogeneity developed by the emplacement configuration
used: The averaging of the sample basalt concentration produces reasonably low variability
when large, several ton, *hatches" are con&asted. and the analysis of sub-samples, three of
which were extracted from each sample, also produced a reasonably low variability; both
are low in comparison with the sample-to-sample variability.' Thus the emplaced packing
is characterized by a kind of "clumped” inhomogeneity, and from the size of the sampling
cylinders and their relative placement in the simulator tube, we can guess the "clump” size
to be from a few liters to a few tens of liters.

3.2.4 Interactions

A large number of possible parameter interactions was investigated, both by plottiné data
and by computation of correlation coefficients, without finding any meaningful
relationships. The various interactions looked at are discussed in Appendix C. Although
some of the interactions considered produced suggestive correlations, It was concluded
that no real correlations exist, and that the appearance of correlation, where it occurred,
was accidental. Actually, the range of basalt concentration measured in these tests is too
short to have an effect on packed density commensurate with the measured density range.
Likewise, it is not clear how the deposited density could be a cause of, or generally
correlate with, the local basalt concentration. It is probable that the two are independent,
and responsive only to the feed ratio and to the local aerodynamic situation at deposition
time, the parameters governing which are not accessible in the present experimental
configuration.

3.3 GENERAL OBSERVATIONS

In general, this test configuration was successful in generating the data it was designed to:
depositing a packing mineral mixture by pneumatic transport, and measuring its density and
harnogeneity. During the course of experimentation it was realized that the further task of
optimizing the density to the desired level could not be achieved by the precess of varying
the accessible test parameters, as originally hoped, but would require alteration of
procedures and some rédesign of hardware. In this section various aspects of test design
and operation will be evaluated in recognition of the present gap in the attainment of the
desired density.
33
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A number of parameters whose effect on emplaced density is uncertain, have not yet been
varied systematically, so that the effects may be estimated. Among these are basalt size
distribution, basalt to bentonite ratio, solids feed rate, solids water content, water content
of transport air, air velocity, and nozzle throw distance. Optimizing this set of variables
would be helpful, but would not guarantee reaching the taxget density.

The present need for a shutdown each time a feed tube withdrawal is made creates a
discontinuity in operations which has adverse effects. Breaking and remaking the vacuum
disturbs the already emplaced packing deposit, causing eddies as air moves first into and
then out of the porous mass, entraining and redistributing particles of the solids. The net

effect is to cause channeling and a general locsening of the deposited material, which can

) easily be seen at one of the windows, where the well-packed pre-shutdown deposit

configuration changes completely, becoming multi-channeled and formless. This effect

undoubtedly contributes to a low density, and is reiterated at each shutdown.

Finally, a number of observations are pertinent to the effect of the feed pipe wedge
nozzies on the déllvery of the packing. It was shown in the preceding sections that there
were no significant gains either in an increased packing density or in simplicity of
operations which can be ascribed to any of the changed features employed between Runs 3
and 4. It follows that the mechanism of direct impact all along the slope of the developing
packing profile, which was indicated in an earlier section as a possible means of increasing
densification, did not appear to work, although the impacts were indeed observed through
the one side window available for this kind of observation. On the ather hand, it was also
observed that the down-throw feature employed in Run 4 was to a large extent
self-defeating, because it led to a rapidly accumulating mass of material at a low level
within the simulator. This mass, augmented by the material flowing down the slanted
profile of the deposit, tended to block the exit of the down-throwing wedge, choking any
densifying action, while the up-throwing wedge continued its normal pattermn. This
situation was probably abetted by the withdrawal schedule; withdrawal for longer distances
at longer intervals might have prolonged the period before the down-throwing wedge was
choked off.
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4 CONCLUSIONS

1. In two successive tests, a 3:l1 basalt and bentonite packing mixture was
pneumatically emplaced in a borehole simulator tube at a density of 1.56
g/ce with reasonable mineral composition homogeneity.

2. A finer grade of bentonite resuited in a higher overall density as predicted
by laboratory scale tests.

3. A slatistical study of the density and homogeneity data from these tests
has been carried out and reveals the following:

(@) In bath tests the density of the upper layer of deposft.ed packing was
significantly greater than in the bottom layer.

(b) In the second of these tests (Test 4), the basalt concentration in the
upper layer of deposited packing was significantly greater than in the
bottom layer.

(e) Analysis of variance shows that the dominant source of variability
within the overall packing material assay lies in the sampling process,
suggesting that an irregular, "clumped®, inhomogeneity exists in the
emplaced material, the clumps having a volume from a few liters to a
few tens of liters.

4, Values of system operating parameters have been developed, which, while
not optimized, are adequate for successful operation of the packing

equipment, and which can serve as an operating basis for future
development and upgrading of system capabilities.
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5 RECOMMENDATIONS
~ The following recommendations for increasing the packing density are appropriate.

s.] WATER ADDITION

Based on the observation that the densities in the upper portion of the simulated borehole
were higher than those in the lower portion and on the hypothesis that this density
difference resulted from impact packing in the upper portior; and from particle flow from
the upper portion to the lower portion, a sticky packing should result in higher overall
density. Since sticky particles shoud not flow, the upper portion density shouild be achieved
over the entire simulated borehole using the upward-downward nozzie design from Run 4.
Thus, an additional run using wet packing components or water addition in the feed stream
is recommended.

5.2 FINER GRADE BENTONITE

As discussed previously the average density measured from Runs 2, 3, and 4 was much
higher than in Run 1. Since the major difference between these runs was the use of a finer
grade of bentonite, an even finer grade of bentonite could produce higher densities. Thus
an additicnal run with a finer grade of bentonite is recommended.

5.3 SLOW VACUUM RELEASE

During the experiemental runs, it was observed that when the blower was stopped and the
vacuum in the test chamber broken the air movements in the chamber caused particle
movements that probably reduced the measured density. Thus, the system should either be
connected to a positive pressure system (which would result in expensive system
modifications and safety problems) or a method of slowly reducing the vacuum
incorporated. A run in which the vacuum is slowly created and eliminated is therefore

recommended.

12831:25-28
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5.4 LOWER BASALT TO BENTONITE RATIO

In addition to the above recommendations, that should result in an increased packing
density, another approach is possible to lowering the packing hydraulic conductivity (the
objective of higher packing density). A lower hydraulic conductivity would result from
additional bentonite in the same volume. Increasing the overall packing density is one
approach. The second is to decrease the amount of basalt, ‘therefore, leaving room for
additional bentonite. Using a basalt to bentonite ratio of 2:1 or 1:1 should significantly
lower packing hydraulic conductivity while still providing sufficient basalt for chemical

buffering.
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APPENDIX A
APPARATUS

A.l TEST SECTION

In the following sections, Weslinghouse Drawing Identification Numbers are given in
parentheses; the drawings are attached.

The borehole simulator is approximately 27 feet long, and contains three waste canister
mockups, and the packing feed pipe supports. This configuration simulates the conceptual
desiyn fur emplacement of Commercial High-Level Waste in the NWRB (References 1 and
2). The beorehele simulator components consist of the main body and cover assemblies and
equipment for support of the packing feed pipes, packing sampling, and viewing of the
packing installation. The main body assembly is comprised of the main body, two flanges,
41 sampling ports, and seven viewing ports. The main body is a 30 inch outside diameter by
0.375 inch wall carbon steel pipe, 27 feet long. The material composition for the pipe is
specified as AISI 1010/1030 for compatibility between the material of the pipe and those
component's to be welded to it, so that they could be joined by inexpensive, conventional
welding. A standard 30 inch, slip-on carbon steel flange is welded to each end of the main
body. This flange is a ring, approximately one inch thick, having an inside diameter slightly
greater than 30 inches and an outside diameter of 38.75 inches. The inside diameter of the
flange pilots over the ends of the pipe. The outside faces of the flanges are located 0.5
inch beyond the end of the pipe. They are secured with twelve short fillet welds between
the ernl #dge of pipe and the inside diameter of the flange plus another twelve short fillet
welds on the outside of the pipe. The spaces between the welds were sealed by caulking.
Each flange contains predrilled holes, .38 inches diameter, on a 36 inch diameter bolt

circle.

The main body assembly contains 41 sampling ports. The sampling ports are 4.06 inch
diameter holes formed by thirty-six (356) 3.00 inch long guide tubes (103E519It3) welded
into the main body and five (5) 6.00 inch long guide tubes (103ES519It9). These sampling

ports are arranged in two functional groups as follows:
12831:25-32
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o Thirty-six sampling ports are located to obtain packing samples from
the annulus between the outside wall and the waste canister mockups.
These are arranged in nine groups of four each. The individual ports are
located at angles of 45, 135, 225, and 315 degrees from the vertical on
the main body circumference. For each waste canister mockup, four
ports are located approximately one foot from each end and the
remaining four at the approximate waste canister mockup midlength.

o Five sampling ports are located to obtain packing samples from the full
diameter of the borehole simulator. There is one near each end of the
main body assembly, outboard of the waste canister mockups, one
between the front and middle waste canister mockups, and Ltwo,
oriented 90 degrees apart, between the middle and rear waste canister

mockups.

o Two sampling ports are located on the back flange (opposite the feed
and exhaust end), one above and to the right of the diametral center
and one below it and to its left. :

The viewing ports are 9 inch by 18 inch openings in the side of the main body pipe. There
are seven viewing ports in the borehole simulator, located to provide visual access to areas
of special interest and of differing cross section within it.

o Two viewing ports are located at the "rear” of the simulator (the end
away from the feed pipes and vacuum vent, the end which fills first),
centered over the end of the rear waste canister mockup; one of these
is an one side, 90 degrees from the other.

o Three viewing ports are located along the length of the simulator, with
one centered over the approximate middle of the rear waste canister
mackup, one centered over the space between the rear and center
waste canister mockups, and one centered aver the space between the
center and froant waste canister mackups.

o Two viewing ports are located on the “front™ of the simulator. One is
approximately centered over the end of the front waste canister
mockup; the other covers the last 18-24 inches of the main body pipe.
This will be the last portion of the mockup to be packed.

Six viewing ports are colinear; the seventh is located at the rear of the mockup, 90 degrees
from the other rear viewing port. In all locations, the 9 inch dimension is an arc-length
measured on the outside of the pipe; the 18 inch dimension of each cutout is in the
direction of the pipe centerline. A 10 inch length of angle with a threaded hole
(103E519 It4) is welded across each end of each view nort. This feature is used to retain
the view port cover. The viewing ports are covered with 0.50 inch thick clear

polycarbonate windows approximately 17.5 inches long by 10.15 inches wide.
12831:25-33
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The end covers are 0.50 inch thick by 38.75 inch diameter carbon steel plates. The
locations of only four of the predrilled holes in the flange were transferred to the end
covers for use In bolting the covers to the flanges. A flange gasket (103E519 H17) is used
with each caover. The rear end cover is comprised of the rear end cover plate (103E519 It6)
and two sampling port guide tubes (103E519 It3). ‘When the rear cover is assembled to the
main body, the axes-of these sampling ports are parallel to the main body axis, and within
the projected envelope of the waste canister mockups. The front end cover plate
(103E519 1t7) contains two large holes for the passage of the packing feed pipes, two sets
of four threaded holes for attachment of the packing feed pipe guides, three threaded holes

for attachment of a dummy cover plate (103£519 H05), and a hole in which a 4.00 inch pipe .

half-coupling (103E519 It16) is placed, and welded to complete the assembly. A packing
feed pipe gland assembly is mounted at each of the two large cover plate holes. Each
consists of a length of 2.00 inch, schedule 40 pipe (103E519 It8), a pair of support angles
(103E519 It9 and I1t10), a bearing plate (103E519 Itll) and a mounting plate (103E519 It12).
The mounting plate is cut ocut to allow passage of the packing feed pipe and its guide
angle. A feedpipe gaskat (103E519 H13) is used with each guide assembly. Each support is
clamped in place using two angles (103E519 H14) and four bolts.

The packing sampling apparatus consists of sampling cylinders (103518 G04, GO0S5, and
G06), piston inserts (103E518 GO7, G08, and G09) and support brackets (103E518 H07, HO8,
and H09). All sampling cylinders are made of 4 inch 0.D., 3.75 inch LD. carbon steel
tubing. There are three different sampling cylinder designs: '

o Thirty six (36) of the sampling cylinders (103E518 G04) are approximately
10.5 inches long with a fully-chamfered 9 inch radius "scallop” at one end.
This 9 inch radius matches the curvature of the ocutside surface of the
waste canister mockups.

o Five (5) of the sampling cylinders (103E518 GOS) are approximately 37.00
inches long and have a fully-chamfered |5 inch radius convex curvature at
one end. These sampling cylinders are for the full diametral sampling ports
where the stopping feature is the far inside surface of the borehole mockup

pipe.

o Two (2) of the sampling cylinders (103E518 G06) are 14.00 inches long and
have a straight chamfered end. These sampling cylinders are for the rear
caver of the borehole simulator where the insertion will be stopped by the
flat plate head aof the rear waste canister mockup.

12831:25-34
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Each sampling cylinder has an orientation line scribed into its outside surface. This line,
matched to a scribe mark on the borehole simulator surface, is used to control the insertion
of the cylinder, to ensure that. its end configuration will properly match up' to its stopping
surface. The short, radial sample cylinders (105E5!8 GO04) are stopped by the cylindrical
surface of the waste canister mockups. The long, diametral cylinders (103E518 GO05) are
stopped by the far inside surface of the borehole pipe.: The axial cylinders (103E518 GO06)
are stopped by the waste canister mockup flat head. Each type of sampling cylinder has an
end configuration which matches that of the solid surface it will hit. This design detail
aids in establishing a known-volume sample. Each sampling cylinder has two handles
(103€519 Iti3), 4.50 inches long, made from 0.38 inch diameter carbon steel rod to aid
insertion. The piston inserts gre also identical, except for the length of the connecting

. rod. They consist of a disk (103E518 It14) machined to hold an "O" ring (103E518 It18) and

welded to a connecting rod (103E518 It15, Itl6, or It17). The support brackets are identical
except for length and the configuration at the inner end. The bolting holes are slotted to
facilitate instailation and removal.

The sampling cylinders are installed in their respective sampling ports together with the
piston inserts and support brackets. The inner ends of the cylinders and pistons are then
essentially flush with the inside surface of the borehole mackup. The cylinders are held in
place by a set-screw in the sampling port guide tube while the support bracket retains the
piston insert with two nuts at the piston insert outer end. The support bracket is secured
to the emplacement mockup by twa bolts. Electricians tape is used to seal the crevice
between the cylinder and quide tube. The piston, inside the sampling cylinder, blocks its
opening during packing and eliminates spillage as the sampling cylinder is pushed into the
emplaced packing. The "0O" ring, installed on the outside perimeter of the disc, provides
reasonable surface-to-surface contact and seals the assembly against atmosphere.

The emplacement mockup contains three waste canister mockups which consist of a pipe
body with flat plate heads. Support hardware for the packing feed pipes is attached to two
of the waste canister mockups. The body of each waste canister mockup is an 18 inch
outside diameter by 0.25 inch walil carbon steel pipe, 7 feet long (103E518 It1). The ends of
the waste canister mockup are flat heads. Each head is 0.58 inch thick carbon steel plate
with an outside diameter sized for a 0.030 inch diametral clearance to the inside diameter
of the as-received pipe. Each head is partially inserted into the canister body and secured

L4
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to it with a 0.12 inch intermittent fillet weld (approximately 6 two inch long welds,
equally-spaced on the circumference). This configuration adsquately seals each waste
canister mockup against filling during.packing testing. One head of each waste canister
mockup has a simulated handling pintle (103E518 It22). This simulated pintle (a 1.5 inch
diameter bolt, 3 inches long) is included as a representative packing obstacle present in the
NWRB conceptual design. It also serves as a test article handling device. Each waste
canister mockup sits on four legs constructed of 6 inch by 2 inch structural tub'mg about 5.5
inches long. The legs, welded to the underside of the waste canister mockup pipe body, are
12 inches from each end of the waste canister mockup and are oriented in pairs at 45
degrees to each side of the vertical midplane. They center the waste canister mockup
within the borehole mockup pipe and prowde support for the packing feed pipe support
brackets.

The packing feed pipe support brackets (103E518 G02) maintain the alignment, position,
and orientation of the packing feed pipes while not constraining their withdrawal from the
borehole mockup. Only thé front and rear simulated waste canister mockups have the
support brackets. This simplifies alignment requirements between brackets while still
providing approximately equally-spaced supports for the packing feed pipes. The support
brackets are fabricated from carbon steel plate One bracket bolts to each of the t‘our legs
of the waste canister mockups. The upper part of the bracket forms a loosely-toleranced
keyway for the structural angle which is welded to the packing feed pipe. A bolt (103E518
It24) and a pin (103E518 It6) provide radial and tangential restraint for the feed pipe
assembly.

The emplacement hole mockup is supported on three wooden pedestals. Load cells placed
under each pedestal are used to determine the weight of the installed packing material

during testing.
A.2 FEED SYSTEM

The pneumatic conveying equipment was designed and built by Beric Engineering of
Pittsburgh, Pa. It is a vacuum, dilute-phase system, capable of carrying, for a horizontal
distance of at least 200 feet, a basalt-bentonite packing mix of arbitrary proportions at a
rate on the order of 5 to 10 tons per hour. The feed section of this system consists of the
following components:
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o Packing materials hoppers

0 Packing transfer tubes

A separate gravity~feed hopper is provided for each packing material. No premixing of the
materials is required. Each hopper has a capacity of approximately 3.5 tons and delivers
material to its own rotating screw conveyor. Each convéyor has a one horsepower, variable
speed drive, which controls the relative quantities of material conveyed to the borehole
simulator. The relative speeds of the two drives are fixed via a prior calibration to
establish the desired 3:1 mixture ratio. A digital tachometer is included on each screw
conveyor as a feed rate indicator. The outlet end of each screw conveyor is connected to
an inlet of the infeed inducer. This chamber forms a transition between the screw
conveyors on each side, atmospheric inlet air upstream.- and the packing transfer tube
downstream. Just downstream of the air inlet a Pitot tube connected to a slant manometer
serves as an air flow meter. Each packing material hopper is supported on a base equipped
with load cells. These load cells provide an on-line measure of input material weight.

The transfer tube line consists of 3 major sections of conveying pipeline arranged in a large
"U" configuration, about 150 feet long. These sections are the fixed conveyor pipeline, a
flexible hose section, and the packing feed pipes. The conveyor pipeline is made of

.multiple lengths of 2.5 inch diameter carbon steel pipe. This pipe run extends from the

packing hoppers to a vee-splitter, where the flow is diverted to serve both barehole
simulator feed pipes; at this point the transfer line diameter changes to 1.5 inches.

Each outlet of the vee-splitter is connected to a 30 foot length of [.5 inch diameter
flexible hose. The flexible sections allow the withdrawal of the packing feed pipes from
the emplacement hole mockup, and are typical of sandblasting hose. They farm a gradual
90 degree return elbow in the packing material pipeline. Each of the flexible hoses is
connected to one of the packing feed pipes. These 1.5 inch diameter pipes are
approximately 80 feet long. The last 25 feet of each feed pipe is initially inside the
emplacement hole mockup. One pipe is positioned on each side of the waste canister
maockups. The outer ends of these pipes are sections approximately 8 feet long. These
sections can be disconnected and removed as the feed pipes are withdrawn from the

emplacement hole mockup.
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The inner ends of the packing feed pipes initially terminated in removable deflector
nozzles to provide directional control for emplacing the packing in the mockup. Later,
non-remavable nozzles, integral with the tube ends, were designed and installed.

This feed section is supported on wooden pedestals, located at discrete points along its 200

foot length. The flexible hose section is supported at the same elevation as the metal A

transfer tubes.
A3 EXHAUST SYSTEM

The \;acuum pump and fiiter system are connected in series with one another and with the
pipe coupling in the front cover of the borehole simulator. The three components are
connected by two 10 foot long sections of 3 inch flexible hose. After some experience with
the operation of the system, a pair of baffled fines traps constructed from steel drums was
interposed between the borehole simulator and the filter.

A 20 horsepower. j-lobe rotary positive vacuum blower, manufactured by the M and D
Pneumatics Co. of Springfield, MO, provides the primary motive force to convey the
packing materials from the packing material hoppers through the transfer and feed tube
system and into the emplacement hole mockup. The in-line filter system is included for
the collection of dust in the effluent air from the emplacement hole mockup. The base of
this freestanding filter system is supported on a platform balance to provide an on-line
measure of trapped material weight.

A.A INSTRUMENTATION

A tatal of 14 load cells is used to indicate equipment weight during packing operations; six
of these load cells are used to support the borehole simulator and four are used to support
each material feed hopper. The load cells are manufactured by BLH Electronics, Inc.
located in Waltham, Mass. The output of the load cells is routed via individual calibrated
signal conditioners, to a data logger, which can be set to scan all input signals and print
out the results at arbitrary intervals. The printed tapes from all tests have been preserved
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1.0

0.8

0.6

04

0.2

Rate in kg/s Versus Feed Screw Controller Setting in Arbitrary Units
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BENTONITE GPG-90 ,
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DESIGN  RATE INDICATOR OMETER BENTONITE FEED RATE
FEED kg/SEC  SETTING RDG. ) CRUMBLES: F =0.0163I - 0.113
- 100 0.316 226 20.2 GPG-90: F = 0.00207 I - 0.1527 _
3 0.237 188 21.8
50 0.158 160 14.4
35 0.111 127 10.0
30 0.0948 120 8.6
25 0.0790 12 71
20 0.0632 104 5.6
— 15 0.0474 97 41 -
10 0.0316 89 2.6 .
BENTONITE CRUMBLES
| PERCENT  FEED TACH- _
DESIGN RATE INDICATOR. OMETER
FEED kg/SEC  SETTING ADG.
100 0.316 263 35.7
75 0.237 214 26.4
50 0.158 166 17.0
| 35 0.1 137 15 -]
30 0.0948 127 9.6
25 0.0790 18 2.7
20 0.0632 108 5.8
15 0.0474 98 39
10 0.0316 88 2.1
| { 1 | ' 1
100 200 300 400 500 600 700 800
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766270-4
Figure 16. Calibration Curve for the Bentonite Hopper Feed Screw Mechanism, Feed

13vda

(£0-L-AS1i

)




0S

- POSTIERTR I -

G AL H B

PRIV AR AL RO Y

o S e 2ot e e peased

Ay e g

AR

L,
\
- b it
QTSRS b 173
. 3
: i :
' H '/'
) ]
[ P - -4
. i) ! \
! :
' i 1LY . \w‘"‘ ARV TPV SV pa v o
r ;s O r OF BLCT Tulihe 5 UL .
H & \ TAV, W WALS 1R D
. i ' A% & A AL
, | i . : T RS ..
.\ | L . 02e2:2.51Q 1 N
».,, ; ¢ f T s ]oar cace s
L | s cannB]
BN | am DAY -
[} YR ] e Y 5"2;}“ )

1St
A e n:..-{ .l had
\

€z t o
Al \ o L

A A C I I PP - ‘e

] lli"; l @ R & o erslas ) ]

SN . L,l . .

@ TACY vl 'J - i

welgr)

QRIS 1D
Ao g
H
3
L — R AL A W NG R Y B VS W
_.;_. IR P TURCI LR IR E O L 3 3 A
b Ny y N e . [l
> U umioe stmamny cACAat vl Ao LY ) ERLLL e L0 ] v [ sanms b af w0 g [ Lo < E| 1eend S e
SR AL T U CURMELR, LR CunERS Sk WAL R 2l ] o verns [ aviicaron Pomem s J5) n saves: I T} x|
- - v ol
are- e 1 7 I 3 I s t 4 | 3 ] 1

. . . L. . . I.“.I' - Y _-_Ay.i. ' 3




( —- - - - - .a -t - . . ( - . - - .
N * )
.
0 | 7 { [ 1 3 4 1 3 1 2
PYXCTRTYE T
RRERIS "{ s
" TR
~ [ Eu ey s
! =
ERTICY ) o e walldl
B l v b
- \ ST Y —1
Vo I‘
. (LSS
X e
G b . '.[ ‘:‘;\: 13)‘1“““\‘ RACTRITRTUSVE VS 3
Ly st
l ' ’
’ ! r . (i{ [CHRCIRTINNTN
' wl ! LYE LT INATN
e, .11 S "
1340 em ) .
Liib)w e L
LAE A8 -
F sl s @ ) { [
' ’ . ! [
t 4 il -
. BU0 R L . .
L ! ) : g
MO PR T AN o 04
" PRSI ’L‘l g T nce I, "I"
[EXx4] ] | o Y
h — N 5.
i - R
€ | L bETW "~ + duml N, ,.,..m‘m
§ Ll B T ok
- Tew Sha . . ., [RTE
. [ N ar .
/ l - rasiv -
o Ay
b .
N i I { BT O
s P
’ VAT SR T - e R o - (Y] Wy
ALmete | i ity R4
o FETI e () (i) oom s | . .
‘ r ,
: |
A R . itk ety ¢
LR A \ o / ; ]
) e T T
.
’ p ’ / ! Z—.-:u»-.u. ) ' }
[ | / ' [ !
Ao n N sl
c () «w o |
. A e 44
¥ ll ) Rl [
e ./’ ‘ ' f - (\h) shie
[ STV RTON i S I
»\ o * " ‘- \1 l* ‘
W Shnd ..\um ua e h i 0 e . .~ TR
wan - .
' I, kAL ko AR AN B Eie ey
[} LS9 T1d
H = Adare K o
-] - | 44 i / i'\‘u).‘: ‘“\'\:\ P\.Im Mk b ~ () (AR -T TG 1y
NP l L, )
\ | ‘{' Gy / / P ] ‘
A . R [T : |
) | « ' . o \', ' .. ( “y ’ . y j [Ty
i . R 7 o \ ; R
&y . DAt N R __/ / X i FEY AR TN «
ST “ (510 k o “ ’ () wny (v oz
- : IR We -
A e &'t:‘-’i’ TS VA YRM -A
: o)® AVRRY CARL
: . Sdald o
3 ORULY -4 e ‘:ﬁ()ﬁ:uh-o Caciel AL E] 14083 “) D
H ! MO CORW O LI o

¥

[}

[ §EE 2




2s

[RArSTAY YYRTSRS

Tameir8g I8 wa

QA7
-aa e tas -|

vt sotin
T::M‘_I-fup W .

‘a ) @nra‘@

(P ,ﬂ;ﬂ;

1 ]
utr I3 ir., '111' f T‘r‘" : 1'1’
JORE- P it o i e Pl sarblmn,’ uu.-uo JoA
@ .
(Garens Gorvatis ) gy 1

§ g e ATED, A Aes A
et et - W ahkul aiiond

B oyl ]

.on IV}
Tvm A mas

[ERE~Tly

1
! -
;r‘ " L 2RI

1'r*.

1 I(: o] A, meetes
1

g

segrir e

BRI

n-wuh.& .

IRRE!

ias:

e

weew- g

i

-




€5

Pl -~ 7 A
o -‘u ) 2 cwlos) Ias
’—&h ﬂu.mu{
EAg N -‘: I ! I ",;]
R PR 1Y
. 0 Y B '
A el Ly ‘a“‘i" L
\ Lo [T » 23 \
g ] Vet N “ e
| /
/ / & 389 U ink
W o e TS R T

Wy
- w11 - 'cl:‘” ol // :"‘u..wv
AN e
L 1] e
‘ ' IR N
- ! '
: N %l u:t.;]
~ : ~
: CEn
i N ! e
. v e rirawarn
o : wl’ l
t b !
| o
: ! | ; oY)

JJ [T ok -l
sutw oAb o

A aa A
- Ki : | 2 uauy
ot l
h LAY i
.. 1 2 '
1 Y ' it
(4]
v
U r
sy N oh “
'
|
-~ oy - . -
oy

Aoy
S

wany,

EOn

- - -———
' \
& i 4
.28 L A T abeed
PTG

BRI VT TLFCXYIA

’
—_——

A
N
et , 7,;

’ t SNt SR
i
RTINS
. 5“‘)
S ¢
' !
[ l
il
i)
-y

AR
LT L A R R
(e

A
R 3+ ORI TN

. )

L




¥S

s | I
H
(3 ) vm ae
[
von
\
* )
Wi
F
{
1
\
[3 " !
; i
\
~ ATy
» =
/ ' \
4 i}
14 ')
Vi)
¢ ~
.
¥ " -
-
\ |
[
e l
V
1
[
LTI
AR
'
A
G . s I
L Ll

| ® { 5 " 4 1L 3 | 2
08g !
) e »)
o
Q ~ N /
. v P e /
. WAl L
3
\
,/ ] - ]
[ Iy 3 -
. . LY --J
ALBLEn Y K
Rt n g
S 3R A
. ’ U
1 ke
[ | ¥ .
Lth L N
P
Letaw
w1
. F
!
I
!
{
bl
AT AR Y
LR - L4 ARV
CHANE LN LY RN Y
e Lo - REF E
l et
! ’ te - (e -
I 3
J B ) o) -
!
| 0
. dH A M Wy B R L LRI}
AR A WAk s e o NwN
[T
~
[ERUaF 3 ) ) \
i asiy
i ‘l t tfl ¢
EX
e
J by . -
ur
¥ & [na® ewi .
y N[l fwt .
ad LY f PRI . P
S [l ewr 8 - .
LB LOYV S 7R E Y O E R S ]
1 S
g 3
. g% - n
‘v Aty Lo onal . INER L) »
- 3t
2 {nan
) g
folefs]
NOZZAT LEVRA  ATR A EWNAY
R I TS IPR N PR R L
3= YORE NLLL LV R 6
¢ WO BE WA TR TN € A
Lo ML GIER WSS AR D HLWAOWE AL Ymne b B e ki —-—;j“""‘—
TURSEL 0l BARA W A AV IRTU TR COMRWL 10 W T, YT B
| . | B + - 4 3 | 2

‘ P




gs

1
)
13
. i 7 | s i L] i 4 1 2 ] = ] LTI
1/ "
" o hax
i / R : !
AT -
- ks “1 e
s | .
1 1 .
. /
7| H
( )} ot
e 1
N /
O / . X —
| \
; F
r fe) .
*
o .
I L o
' ] ' v ' £
E i tw) . [ .
i l . I I i \ "‘ . 3
- A
) T \ v .
- PR ‘ \\, L 3 -
o ey 1) .7/ : B Vo e
149 - A l Ty . " B
t4
¢ | L) (1 |
[ e P S W R ) { {s)
nCpty - — ’| b
b i
s ‘
' .:‘\l\"\‘; }:f::: Lt IRy LT R
! 4) " ' (a4 | (e c
¢ He) /, ” l E r [
Ay 3 ‘.
o 14) -
) b ‘
2 )
AV ) w ) (=) o ?
. ' | ke
’ N ) ! »
w\.\m u\.'u\ .\\“\:‘ -;:\‘q\;.u:uu \ j; 2
8 e ! ARSI Hho o o A 4/ .
) e j
P o
Ry T 1 e -
[T H+ } 3 1
wot |
/ el
A ROV R
’ ks CAVAR 14683 3L
I L TR0 God IUC TN (TALT] o
H

e




WTS5D-TME-030
DRAFT

APPENDIX B
ANALYSIS OF MIXTURES FOR BENTONITE TO BASALT RATIO

The purpose of the attached procedure is the quantitative separation of particulate
bentonite from particulate basalt in a mixture of the two so that by comparison of weights
before and after, the initial mass ratio of bentonite to basalt can be determined. It is
desirable that this ratio be known within about +1%.

The general method of procedure requires extractiocn of bentonite by forming an aqueous
sol, from which the basalt tends to sattle, and siphoning off the unsettled upper portion.
This operation is repeated until the residual bentonite is sufficiently attenuated to permit
filtration of the solids from the remaining liquid. The solids, dried and weighed, represent
the basalt fraction. An experimentally determined correction factor is applied to account
for basalt fines lost in the processing, ang the amount of bentonite is calculated as the
difference between the sample weight and the corrected basait weight.

The foregoing operations are imposed on a set of subsamples from each sample removed
from the packing emplacement simulator after test. There are to be 43 such samples per
test, of which 38 will comprise a volume of about one-liter each, and five will comprise
about six liters each. It is suggested that three subsamples be drawn from each of the
one-liter samples and five subsamples from each of the five liter samples. The enclosad
procedure is written for 3 subsamples, but the adaptation to 5 subsamples is cbvious. The
minirnum of subsamples per simulator run is thus 133.
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B.1
8.1.1
8.1.2
B.1.3
B.1.4
B.1.5
B.1.5.1
B.1.5.2
B.1.5.3
B.1.5.4
B.1.6
8.1.7
B.l.8
B.1.9
8.1.10
8.1.11
B.1.12
B.1.13
B.1.14
B.1.15

Materials and Equipment

Weighing vessels: Porcelain evaporating dishes or Petri dishes
One-liter plastic wide mouth bottles with screw caps
250 ml graduated cylinder

Flexible Tygon tubing, 1/4" ID, about 3 ft. long °
Filtration assembly

Tubing and support manifold

Five receiver vessels

Five stéppers

Five Buchner funnels

Glass fiber filters (to fit Buchners), Whatman 934-AH
Plastic wash bottles, squeeze type

Brushes

Forceps

Scoop

Balance, 0.01g

One-liter volumetric flask

Calgon powder

Two-liter sample vessels, with covers

Labels
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B.2
8.2.1
B.2.2

80203

B.2.4

B.2.5

8.2.6

B.2.7

B.2.8
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Preparations
Obtain three samples. They will be stored in containers to be specified.

Prepare three data sheets, one for each of the samples. Record sample ID, date,
name of operator.

Obtain a welghing vessel with a capacity of 1[50-200 em?, and weigh it to the
nearest 0.01g. Record the weight on each data sheet (line 2). NOTE: If you have
access to an automatic taring balance, make a note to that effect and record the
tare weight as 0.0.

Obtain nine (9) evaporating dishes and number each consecutively, marking them on
their unglazed bottoms. Be sure each is clean. Obtain a tare weight for each to
the nearest 0.01 gram. Assign three (3) to each data sheet. Enter the tare weights
along with the corresponding number of each on the data sheet (line 7).

Obtain nine (9) one-liter plastic bottles with screw caps. Fill one with cne-liter of
water, using the one-liter volumetric flask. Make a horizontal mark at the
waterline using a grease pencil. Make a second horizontal mark exactly 10 cm.
below the first. Pour the water into a second bottle and repeat. Mark all the
bottles in this way. Discard the water.

Obtain four (4) additionai one-liter plastic bottles with screw caps, and in each
prepare one liter of Calgon solution by adding 50 +lg of Calgon powder to =ach,
and filling each with water. Cap and shake to dissolve powder. Label "Calgon
Solution” and set aside.

Set up the filtration assembly, and connect it to a vacuum system (pump or
aspirator). Put a tubing clamp on each manifold side-tube. Place a glass fiber
filter into each Buchner funnel.

Set the vacuum aven to 95°C and turn on the heater power.
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Subsample Preparation

Place the sample into a covered plastic vessel with a capacity about twice the
sample volume (the sample storage containers may be suitable).

Shake the sample thoroughly to get uniform mixing of the basalt and bentonite
components.

Weigh about 100g of sample into the weighing dish, using the scoop. Any weight
between 95 and 105g is suitable. Record the weight (line 1). NOTE: If you
accidentally go over 105g do not try removing small amounts of material from the
weighing dish; return the entire contents to the sample vessel and start over, at
Step 3.2.

Place the weighed sample into one of the empty one-liter bottles from step 2.4.
Label or mark the bottle “[Sample ID]}/Subsample No. [ ]°, inserting the indicated
values.

Repeat Steps 3.2 - 3.4 to obtain two more (total of three) subsamples.

Repeat Steps 3.1 - 3.5 for a second and third sample, to provide a total of 9
subsamples ta be run as a single analytical batch.

Be sure there are entries on the data sheet for each subsample: weight of weighing

vessel, weight of weighing vessel plus sample, weight of subsample (line 3). Be sure

each plastic bottle is properly iabeled.

Set aside the three residual main samples in their containers until analysis is
complete. Do not lose sample identity.
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Dilution Procadure

Using the 250 cm3 graduated cylinder, add 200 cm? of Calgon solution to each of
the plastic botties containing subsamples.

Fill 2ach bottle to the liter mark with tapwater.

Cap each bottle and shake each for exactly one minute. Let each bottle stand
quietly for exactly 15 minutes.

Aftar 15 minutes, siphon off the supernatant liquid down to the lower mark, using
the Tygon tubing. Discard the siphonate. NOTE: During siphoning move the
siphon suction end slowly downward just under the liquid surface so that the lower
levels of the solution undergo minimum disturbance.

Add 100 em3 .of Calgon solution to each bottle and fill to the upper mark with
water.

Repeat Steps 4.3 - 4.5 five times (a total of 6 siphonings). Eliminate the Calgon
solution addition after the fourth and subsequent siphonings, using only tapwater
for refilling. Do not add water after the sixth (final) siphoning.
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Filtration

Introduce a vacuum in the vacuum manifold (pump or water aspirator). Release the
clamp on one of the filter lines. Add, from a wash bottle, enough water to saturate
the filter in each Buchner funnel and observe whether the suction is drawing
properly. Label each funnel with the sample and subsample identity of one of the
plastic bottles.

Pour the contents of the chosen plastic bottle into one of the funnels and wash all
solid material from the bottle using a stream of water from a wash bottle. Do not
exceed the capacity of the receiver; change out the receiver if necessary.

Repeat Steps 5.1 - 5.2 until all the manifolded filter stations are in use.

After filtration is complete, wash the solid material in each funnel several times
with small portions of water from a wash bottle. After the last washing allow the
material to air dry with suction for a few minutes.

Clamp the hose on a filter station for which Step 5.4 is complete, and break the
vacuum. Lift out the Buchner funnel and, using forceps and brush, transfer ils
contents, including filter, into one of the previously tared evaporating dishes (Step
2.48). Perform this operation aver a clean sheet of paper so that material
accidentally spilled can be returned to the weighing vessel. Assign that dish and its
:alre weight to the space on the data sheet corresponding to the subsample just
iltered.

Repeat 5.5 for all the samples in the filter manifold. Set the filled evaporating
dishes aside.

Wash all the Buchner funnels to remave any residues and discard the filtrates. Set
up the manifold once again as in 2.7.

Repeat Steps 5.1 - 5.7 until all samples have been filtered.
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Drying and Weighing

Place the nine evaporating dishes containing moist solids into a vacuum oven
heated to 95°C (Step 2.8). Start the pump, open tha pump valve and close the vent
valve. Close door and hold until vacuum gauge shows a pressure differential.
Leave vessels for a minimum of 3 hours; overnight is acceptable.

Remove the weighing vessels from the oven and allow them to cool to room
temperaturea,

Weigh each vessel and record the weight on the data sheet (line 3).
Discard contents of the weighing vessals.
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Calculations

Subtract line 2 from line | and place the resuit in line 3. This gives the original
subsample weight.

Subtract line 5 from line 4 and place the result in line 6. This corrects for the
weight of the filter.

Subtract line 7 from line 6 and place the result:in line 8. This gives the weight of
basalt recovered.

Adjust the recovered basalt weight to 100g of charge by multiplying line 8 by the
factor (100/line 3). Place the result in line 9.

Add the correction factor in line 10 to line 9 and place the results in line 11. This
gives the corrected weight of basalt recovered.

Subtract line 11 from line 3, and place the result in line 12. This gives the amount -

of bentonite in the original sample.

Divide line 12 by line 11 and place the results in line 13. This gives the
bentonites/basait ratio.

Average the results in line 13, and place the average in line 14. Place the standard
deviation in line 15.
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DATE ;
OPERATOR:
1. Meight:
2. Meight:
3. \Meight:
4. Weight:
5. MWeight
6. MWeight:
7. MWeight:
8. MWeight
9.
10.
n.
12.
13.
(L]
15.

SAMPLE 10_

ANALYSIS OF MIXTURES FOR BENTONITE BASALT RATIO

Sub-Sample humber:

Weighing Vessel + Sub-sample
Weighing Vessel
Sub-sample

Evapaorating Dish + Solids + Filter
Evaporating Dish + Solids

Evaporating Dish
Solids

Adjusted Basalt Weight

Correction Factor

Corrected Basalt Weight

Bentonite Welight, Calculated

Ratio, Bentontte/Basalt

. Ratio, Bentonite/Basalt, Average

Standard Deviatfon of Ratfo

COMMENTS:

1 2 3 4 5
Filter 0.63 0.63 0.63 0.63 0.63
1.16 1.16 1.16 1.16 1.16
Signed:
Date:
Checked:
Date:

: *o»-;
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APPENDIX C
DATA AND ANALYSIS

C.l METHODOLOGY

In analyzing the data on the mixture (basalt-to-bentonite) homogeneity of the packed

material the measurement of interest is the percentage of basalt in the mixture as a
function of position in the borehole simulator; a high degree of homogeneity would be
indicated by minimal variation in this quantity. Other measurables, -.such as percent

bentonite or basalt-to-bentonite ratio, would also serve, but. percent basait is convenient. -

Since in deriving this measurement, a large number of samples is taken from various places
in the simulator, and subsamples of these are ultimately analyzed, the results will reflect
some combination of variability arising from location, sampling, and subsampling/analysis.
To separate the total variability into parts assignable to these various sources, the
so-called hierarchal, or nested, statistical model was invoked (Reference 4).

If n is the true mean of the basalt concentration, the overall error, ¢, will contain three
separate components: ¢ = €g + €5 * £y where ¢ a is the error in analysis, £g is the error
associated with sampling, and £y is the batch error, for our purposes in this application, the
error associated with some gross portion of the emplaced packing, such as top vs bottom,
or right side vs left side. We assume these errors all have zero means, and that they
represent samples from normal distributions having variances o 2 % and Ty Thus a
measurement on each sinale sample would have a total variability related in some way to
these three component variances. But only the batch-to-batch variance is critical in
determining the large scale homogeneity of the emplaced packing; sampling errors and
analytical errors inflate the overail variance randomly, and are, effectively for this
purpase, mere noise. The hierarchal model was therefore invoked in the analysis to resolve
the overall variance into its components so that a statistically sound decision could be
formally rendered on the credibility of the nuil hypaothesis, namely, to accept or reject the
propasition that there is no difference between the true basalt concentration mean of this
region (batch 1) as compared with that of that region (batch 2) in the simulator. A pictorial
representation of the situation is given in Figure 18.

-
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For the hamogeneity relationships considered here, the hierarchal design is made up of 2
"batches”, 18 samples per batch, and 3 analyses per sample, ie, a2 2 x 18 x J design. Thus, a
total of 108 analytical measurements was made for each test series. For each separate
test of hypothesis contrasting differing parts of the simulator, the data were redistributed
to fit the contrast under consideration. Calculations were performed using the computer
program HIERARC2, written for this purpoée_. A listing of the computer program and
sample output are presented in Appendix E. This program was written for the IBM PC.

Density data were handled in a simpler fashion; since there is only one determination per
sample, the design above devolves into a two-level (2 x 18) design, which is better handled
by a simple Student's t-test based on the average for each set of 18 measurements. Again,
the same data were redistributed for the calculation of each contrast considered.

Other statistical assessments of the data were carried out using the statistical computer
pregram PC Statistician, written for the IBM PC by Human Systems Dynamics.

C.2 DENSITY
The density data for all four test series are presented in Table 1. As indicated earlier, the
densities from the first two series, because of inconsistencies and irregularities in test

operation, are not regarded as equivalent to the data from series 3 and 4, to which the full
analysis was applied. The sample average analysis, whose results are presanted in Tables 2
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(A}
BATCH VARIATION SAMPLE VARIATION ANALYTICAL VARIATION
’ | : L/ W: !
. - SAMPLE
r MEAN
—~— ' BATCH MEAN
] )
TRUE OVERALL MEAN n
{8}
: BATCHES 1 CAMPLES
Q0000000 RONR0R000  MODROERRADDDDD DD RANALYSES
766270-1a
Figure 18

(A} Resolution of variances. y, the result of a single measurement, differs
from n, the true mean, by error e, which is the sum of the *hree errors
sfiown, gy + gt €ye Each of these component errors is the deviation from

the mean of the conceptual popuiation that might have been obtained from the
single observation at the next higher lavel, e.g., the conceptual population
of analytical results that might have been obtained by analysis of a single
sample. These conceptual populations are assumed to be normally distributed
with the variances shown, and the hierarchal design calculations are able to
resolve these variances.

(B} A 2 x 18 x 3 hierarchal design.
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TABLE 1. Density Data, Runs | through 4

QUADRANT

’

LN

I~ - S T T T S

AV RS IR L Y - T - T - S - S - Y -

1

1.42

1.53
1.39
1.43
1.48

- 1.50

1.35
l.38
1.64
1.39
1.19
1.36
1.42
1.36
l.14
.30
1.26
1.36
1.22
1.23
1.40
1.38
.4l
1.42
1.32
1.46
1.56
.44
1.43

68

SERIES
2

1.53
1.75
1.57
1.60

1.65
1.58

(%]

1.70
1.66
1.54
1.60
1.66
1.86.
1.40
1.62
1.82
1.83
1.32
1.62
1.57
1.64
1.39
1.73
1.77
1.62
1.39
1.60
1.68
1.58
1.59
1.62
1.66
1.65
1.61
1.47
1.40
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1.64
1.75
1.57
1.81
1.66
1.57
1.44
1.63
1.68
1.62
1.43
1.77
1.66
1.71
1.47
1.59
1.56
1.64
1.36
1.59
1.64
1.57
1.61
1.66
1.63
1.60
1.47
1.42
1.43
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TABLE 1. DENSITY DATA, RUNS | THROUGH 4 (Continued)

UADRANT

NN NN NN NN N W W W W W

1.40
1.34
1.51
1.46
1.40
1.40
1.45
1.36
1.36
1.4l
1.46
1.50
1.40
1.43

[0S

1.64
1.52

SERIES

(A%

1.54
1.48
1.53
1.46
1.43
1.59
1.51
1.55
1.48
1.32
1.37
1.39
1.33
1.37

1

1.51
1.66
1.52
1.55
1.60
1.59
.43
1.34
1.39
1.43
1.50
1.53
1.42
1.51

NOTE: Letters ascend from A at the inert end of the simulators. Facing in the
letters-ascending direction, quadrants run 1, 2, 3, 4 counter clockwise, | and 4

.being upper quadrants, | and 2, being left-hand quadrants.
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TABLE 2. ANALYSIS OF DENSITY DATA, RUN 1 (g/cc)

AVG 1D DEV TD ERR A POOLED VAR

Overall 1.398 0.095 0.01 0.0090 -
Short tube average 1.413 0.077 0,01 0.0059 -—
Top average (1,4) 1.391 0.092 0.02 0.0085 8.0056
Bottom average (2,3) . L4355 2.052 0.01 0.0027 _—
Right average (1,2) 1.430 0.070 0.02  0.0049  0.0058
Left average (3,4) 1.396 0.082 0.02 0.00569 -——
Front average (K.M,N,P) l1.a14 0.051 0.0l 6.0026 0.0057
Back average (C,D,.E.H) 1.412 0.094 0.02 0.0083 —
Upper right (1) 1.44 0.090 0.03 0.0081
Lower right (2) 1.42 0.047 0.02 0.0022
Lower left (3) 1.45 0.056 0.02 0.0031
Upper left (a) 1.34 0.068 0.02  0.0045

DATA COMPARISONS:

PLD ass DEGS OF CALCD TAS8B DIFF

VAR DIFF FREEDOM t t SGNFCNT?
Top/bottom 0.0056 0.044 34 1.76 2.034 no
Right/left 0.0058 0.034 34 1.34 2.034 no
Front/back 0.0057 0.002 30 0.079 1.946 no

Load Cell Density: 1.37
95% Confidence Interval for the true density: Prob [1.391 { n ¢ 1.435] = 0.95
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TABLE 2. ANALYSIS OF DENSITY DATA, RUN 3 (g/cc)

.- AVG STDDEV STDERR VAR PGOOLED VAR

,. Oversll 1.543 0.131 0.02 0.0172 —_—

: Short tube average 1.554 0.127 0.02  0.0i6l -—
Top average (1,4) [.648 0.066 0.02 0.0044 0.0072
Bottom average (2,3) 1.460 0.100 0.02 0.0137 ——

N Right average (1,2) 1.540 0.138 0.03 0.01%0 0.0150

- Left average (3,8) 1.568 0.117 0.03 0.0137 —

, Front average (K,M,N,P) 1.517 0.112 0.03 0.012% 0.0150

z Back average (C,D,E,H) 1.584 0.132 0.03 0.0174 —

f Upper right (1) 1.65 0.07 0.02 0.0050

* Lower right (2) 1.43 0.10 0.02 0.010

! Lower left (3) 1.49 0.10 0.02 0.010

* Upper left (4) 1.65 0.07 0.02  0.0050

; DATA COMPARISONS:

—

!

! PLD 0Bs DEGS OF CALCD TAB DIFF

VAR DIFF FREEDOM t t SGNFCNT?

Top/bottom 0.0072 0.188 34 6.58 2.032 yes
Right/left 0.00164 0.028 34 0.639 2.034 no
Front/back 0.00150 0.067 30 1.12 1.946 yes (borderline)

Load Cell Density: 1.56
95% Confidence Interval for the true density: Prob [1.518 { n £ 1.590] = 0.95

12831:25-54

71

W



TABLE 2. ANALYSIS OF DENSITY DATA, RUN 4 (g/cc)

Overall
Short tube average

Top average (1,3)
Bottom average (2,3)

Right average (1,2)
Laft average (3,4)

Front average (K,M,N,P)
Back average (C,D,E.H)

+ Upper right (1)
Lower right (2)
Lower left (3)
Upper left (4)

DATA COMPARISONS:
PLD

VAR

Top/bottom 0.00502

Right/left 0.0101
Front/back 0.00965
Series 3/4 g.130

Load Cell Density: 1.59

95% Confidence Interval for the true density:

L4
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AVG

1.557
1.564

1.633
1.494

1.558
1.569

1.595
1.532

1.663
1.460
1.529
1.610

08s
DIFF
0.1389
0.0111
0.0656
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STDDEV STDERR VAR POOLED VAR
0.105 0.016  0.11 —
0.099 0.016 0.00988  ——
0.053 0.00880 0.00279  0.00501
0.0851 0.0142 0.00728  -——

‘0.121 . 0.0202 0.01a7  0.0101
0.0738 0.0123 0.00545  ——-
0.0887 0.0222 0.00787  0.00965
0.102 0.0254 0.0103 —
0.0685 0.0228 0.00469
0.0779 0.0260 0.00607
0.0816 0.0272 0.00666
0.0346 0.0115 0.00120

DEGSOF CALCD TAB DIFF
FREEDOM t b SGNFCNT?
34 5.88 2.034 yes
34 0.332 2.034 no
30 1.89 1.986 -
70 0.575  1.997 no

0.ic0

72

Prob {1.536 < n <1.592] = 0.95
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TABLE 3. DENSITY CROSS TABULATIONS

Cross Tabulation  File aaees BMIFILY
Cross Tabulation  File mases DACKFILY

POSITION VS DENSITY, RUx 3
QUARRANTS VS BENSITY

Records reads 34
Missing datar 0 Records reads 4

Unclassifiobinn 0 Wissing data: ¢
Unclasvifiadien ¢

Classification schese
Classitication schese

MSY &+ #-25 2.4-5 §.1-8
s t 1234
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14 Le -1 -1
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Wl 7 1 & 3 48 41w AL ¢ ¢ 0 s 3 2 2 2

Ermme cetre Geuss Aeean anEeE BeEEY TESSE Sowen

total ? i 4 3 ) ] L 3 H

"

14vya

0E0-3h1-0SLh



174

TABLE 3, DENSITY CROSS TABULATIONS (Continued)

Cross Tabulatise  Fily asaes GACKFULA

FORITION v& GENSITY, Kim 4

Records rasls 3
Rissing ditas  ©
Unclassifiadias &

Classification schane

MST ¢ 0~-28 24-3 MNi-8

NS 1 0.0 - L0 LG -8 LS -8 LS - L

.63

B en ot on 0D B P

-1 LN-2

DENSITY, GILL

[ S T R T T AR TR TY7Y

M 41 1 e s 21 e w
Gente (T TR RS U SN TS N TR Y}

FRONT [ | L] 4 ! 1 1 1 12

Cross Tabulativa  File maser BACKFILS
QUABRANIG VS BENSITY, hun 4

Racords rasds 36

Rissing datar 0

Unclassifiablos 0

Classification srheas

b 33234

BENS 3 O-0 LA -G LAY LML LA-LE LA -
L0 LE-LY L2

baastvy, G/Ce
1t 2 3 4.5 & 1 &
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and 3. shows that in both tests, the mean density was the same, about 1.56 g/cc, or 57.8%
percent theoretical. On the other hand, the overall densities for the two tests, calculated
from the total mass deposited and the simulator volume, were 1.56 and 1.59. These
figures, when compared to the results from the first test, 1.41 from the sample average
and 1.37 from the load cells, show a significant gain, but when compared with the desired
70% theoretical show a long way to go. In the figures above the sample average is
considered somewhat more reliable, because, although the load cell readings are highly
precise, the presence of voids, some observed and others possible, makes the true filled
simulator volume uncertain. Of course a similar bias could exist in the volume of each
sample cylinder, but since their number is large, and the associated biases can be of either
sign, averaging will tend to cancel out any effect. .

Density data are separated into contributions from the four quadrants in Table 2: which
also presents the results of the Student’s t analysis of the density homogeneity. The resuits
show that while there is no significant difference in density in either test from side to side
or from front to back of the simulator, in both tests there is a significant difference from
top to bottom: the mean density in the top half is significantly greater than that in the
bottom half. “Significant” is used here in the statistical sense: at the 95% confidence
level, we believe that this resuit is not simply due to chance. This resuit is also evident in
the cross tabulations presented in Table 3, where it is obvious that the the densities in the
first and fourth quadrants, the upper ones, contained only the higher density groups (those
numbered 5-8), while the lower quadrants contained dominantly the lower density groups.

The general frequency distribution for density is presented in Figures 12 and |3. These
figures show that while the bulk of the samples had densities in the range about the
average, from 1.52 to 1.65 g/cc, the full range of the data extended from 1.32 to 1.82
g/cc. The latter figure is about 67% theoretical, and suggests that, since at least one
region, between the two tests, achieved that level, its attainment as an overall average is,

at the very least, a practical possibility.
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C.3 MINERAL HOMOGENEITY

The basalt concentrations measured in series 3 and 4 are presented in Table 4 and the
results of analysis appear in Tables 5 and 6. The mean basait concentration was close to
the target value of 75% basalt in both tests; specifically, the grand average of all samples
for test 3 was 74.13%, and for test 4 was 75.20%. The frequency distributions for the
basalt concentrations in the two tests are given in Figs 14 and 15, where it can be seen that
the overall homogeneity spread is reasonably narrow, especially in test 4, and concentrated
in a band between 70 and 80 percent. This is also shown in the cross-tabulation of Table 6,
where it can be seen that except for the four VL (very low) sports in test 3, the bulk of the
data lines up in the ML, M, and MH bands.

The cross tabulation for quadrants in run 4 (Table 6) suggests that the basalt concentration
is generally higher in the two upper quadrants, 1 and 4, than it is in the lower quadrants.
The computer runs using the HIERARC2 computer program confirm this inhomogeneity;
the output for this particular case is included in Appendix E, and is summarized in part of
Table 5. The difference ls statistically significant, and cannot be reasonably explained as a
result of random error. This difference Is the only large scale homogeneity detected by
HIERARC? in any of the six studies made (for each test, a contrast of top-to-bottom,
side-to side, and front-to-back).

However, the computer program consistently, in all six runs, indicated that the dominant
component of test variance is associated with the sampling, one sample being associated
with each of the 38 short sampling cylinders. The significance of this finding is that there
is a mid-scale graininess in the inhomogeneity developed by the emplacement configuration
used: The averaging of the sample basalt concentration produces reascnably low variability
when large, several ton, "batches" are contrasted (notwithstanding the top-to-bottom
inhomogeneilty discussed above; even in that case the sample variance was dominant), and
the analysis of sub-samples, three of which were extracted from each sample, also
produced a reasonably low variability; both variabilities are low in comparison with the
sample variability. Thus the emplaced packing is characterized by a kind of "clumped”
inhomogeneity, and from the size of the sampling cylinders and their relative placement in
the simulator tube, we can guess the "clump” size to be from a few liters to a few tens of

liters.

-
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TABLE 4. BASALT CONCENTRATION DATA
: SERIES 3 SERIES 4
SAMPLING

POSITION QUADRANT 1 . 2 3 1 2 3
A - 89.59  90.68  86.36 85.35 81.60  93.32
A - 75.07  77.58  79.47 78.16 86.77  83.87

B - 78.62 7933 8l.la - - -
C l 8§3.70  81.87  83.43 80.19 75.08  77.89
D l 75.81  82.30  88.06 73.85 85.44  76.1!
E l 69.96  75.80  69.74 69.42 72.85  64.45

G - - - - - - -
H | 81.38  74.77  76.59 84.00 85.05  80.79
J 1 69.79  69.95  71.22 84.50 77.61  80.39
K | 60.34  59.66  61.52 75.30 77.30  69.82

L - 79.76 8265  81.27 - - -
M | 71.66 76,50  74.76 75.42 78.89  74.17
N 1 67.05  71.38  69.32 88.42 84.07  87.61
P i 7270 7496  73.83 78.29 75.08  78.40
c 3 " 86.83  B85.54  77.37 83.56 84.58  85.09

R - 71.57  75.05  73.76 - - -
c 3 7171 7060 73.22 73.64 76.31  82.78
D a 79.76  78.50  78.54 73.12 gl.al  75.91
3 a 67.08  69.65  67.61 75.42 69.83  69.59

F - - - - - - -
H a 75.90  74.18  76.60 78.02 79.61  78.59
3 4 70.14  76.82  71.24 81.97 72.84  78.82
K a 60.70  62.15  61.42 74.48 69.92  82.37
M 8 75.33  80.04  76.49 83.22 86.67  76.42
N a 69.30  71.08 7113 81.86 80.59  82.75
P 4 76.51  75.10  75.83 72.29 7229  77.28
c 3 86.83  85.54  77.37 83.56 84.58  85.09
D 3 7838 7022 68.54 73.22 72.37  70.50
E 5 . 60.76 6226  51.38 76.77 7157 78.12
H 3 53.49  50.45  S1.60 75.84 70.35  77.31
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TABLE 4. BASALT CONCENTRATION DATA (Continued)

SAMPLING
PO N GQUADRANT

VZITAULUIMONONODDVZZIARW
NN NN NN RN N KR M W W W W

See note after Table |

12831:25-59

1

73.42
86.91
79.19
78.45
74.86
77.07

76.03

75.12
71.26
71.51
80.23
74.35
74.71
76.28

SERIES 3
2

72.83
81.52
85.10
80.06
77.96
75.52
76.79
79.45
76.25
71.04
81.93
73.71
79.19
75.72

78

71.69
82.24
82.62
81.89
82.28
75.17
76.03
79.30
69.78
71.94
81.08
76.73
77.94
76.29

SERIES 4

75.26
78.49
67.51

76.62

74.63
80.37
63.84
74.42
73.77
66.45
73.46
69.49
65.23
68.87

2

72.45
74.92
69.45
72.73
76.53
78.55
66.15
71.64
7a.58
64.50
70.54
68.95
68.95
69.58

69.34
73.04
68.38
74.19
76.48
78.19
66.62
71.50
76.94
66.17
69.52
65.10
68.95
69.35
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TABLE 5. BASALT CONCENTRATION ANALYSIS
SERIES 3:
GENERAL: Grand average =74.13
Std. deviationof y = 7.32
Std. error of y-bar = 0.70
95% Confidence statement:
Prob { 72.74 ¢ True mean < 75.52 ] = 0.9%
ESTIMATE OF VARIANCE
Analytical Samples Batches
Top/bottom 71.70 47.24 0.0
Left/right 7.70 47.53 0.0
Front/back 7.70 47.82 0.0
BATCH/SAMPLES F-RATIO SAMPLES/ANALYSIS F-RATIO
DE Calcd Tab of Caicd Tab
Top/bottom 1,54 0.646 4.13 34,72 19.41 2.02
Left/right 1,34 0.443 a.13 34,72 19.52 2.02
Front/back 1,34 0.249 4.13 34,72 19.63 2.02
MEAN, m DELTA 2-TAIL DIFF
Batchl Batch2 m_ t—calc DF PROB SGNFCNT?
Top/bottom  73.19 75.08 -1.89 0.803 34 0.432 no
Left/right 74.92 73.35 1.57 0.665 34 0.482 no
Front/back 73.54 74.72 -1.18 0.499 34 0.374 no
12831:25-60
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SERIES 4:

GENERAL:

Top/bottom
Left/right
Front/back

Top/bottom
Left/right
Front/back

Top/bot.tom
Left/right
Front/back

12831:25-61
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TABLE 5. BASALT CONCENTRATION ANALYSIS (Continued)

Grand average =75.21
Std. deviationof y = 5.61
Std. error of y-bar = 0.54
95% Confidence statement:
Prob [ 74.13 < True mean € 76.53 ] = 0.95

ESTIMATE OF VARIANCE

Analytical Samples Batches
8.9!1 17.1 11.4
8.91 23.0 0.0165
B.86 22.6 0.0

BATCH/SAMPLES F-RATIO SAMPLES/ANALYSIS F-RATIO

DF Caled Tab DF Calced Tab
1,54 11.23 4.13 34,72 6.77 2.01
1,34 1.0} a.13 34,72 8.75 2.01
1,30 . 0.258 4.17 30,64 8.82 2.02
MEAN, m DELTA 2-TAIL DIFF
Batch 1| Batch 2 m t—calc OF PROB SGNFCNT?
77.71  72.70 5.01 3.35 34 0.00232 yes
74.35  76.06 ~-1.71 1.01 34 0.322 no
75.80  74.87 0.923 0.518 30 0.286 no
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TABLE 6. BASALT CONCENTRATION CROSS TABULATIONS

Cross Tabulation  File nases BACKFILY
POSITLON VS BASALT CONCENTRATION, RN 3
Records reads 3

Rissing datat 0

Unclassifiables 0

Classitication achese

MST &+ 0-29 24-3 S5a-0

BASAVE: 0 - 42.5 62,51 - 0.3 47.51-788 .51 -5 DLW - 825
82.51 - 8.5 9.3 - 100

PASMLT CONCN, L
w non [ | W tetal

BALK i [ 3 b I | 2 L] 12

CENTE 3 L] 4 3 i ! o 12

FE kX B ]

FRONY 0 L] 2 1 3 L] L] 12

meae —AumE Besse cem-d seAEs s=ewe Susse

total 4 ' t 7 } )

Cross Tabulation  File manes PACKFILY
QUABRANIS VS BASALY CONCH, RUN 3
Records reads 36

Hissing datar 0

Unclassifisbies 0

Classitication schese

QAR 11239

DASAVEY 0 - 0.5 41.51 - 4.5 6751 - 703

02.51 - 1.3 07.31 - 100

BASALT CONCN, 1

a L R ¥y M

1] (O I |

me A | 1 !

e I >TSS

(]1 ] i L IS | 4

o9 ¢ o 2 5 1

i

72.51 - 1.3 11.3 - 82.3

™

summn cemms FaSmw eesee diame wweem eeasw

wnee cwtss BEFes eesde Pusre c=ebE mmmwe

total 4 [} Y

[

7

3

total
L]

?

3
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13v¥d

0£0-3IRL-ASLiH




8

TABLE 6. BASALT CONCENTRATION CROSS TABULATIONS (Continued) :

Cross Tabulation  File nases BACKFILY
PASITION VB BASALT CONCEMTRATION, RUM 4
Records reads 36

Rissing data: 0

Yaclassifiables 0

Classification schese

BIST 1+ 0-23 2.4-3 S-10

BASAVE: 0 - 42.3 42.51 - 40.5 4231 -72.5 LM -3 7050 - 0.8
6.3 - 6.3 0150 - 100

BAGALT COKCN, 1
w o W W total

] { H 3 ¢ 1 ] 1

CenlE 0 ) 1 3 3} ! [} 12

B en = 2 O 9
E

FROWT ] ] L S 2 [ ¢ 1

total ¢ 2 v 13 0 3 0 L]

Cross Tadulation  File mdsas BACKFILA
QUADRANTS V8 BASALT CONCN, RLM 4
Records rmads W

Nissing datar 0

Unclansifinbles 2

Classification schese

GUAD 51234

SasAvEr 0 - 42,5 42.51 4051 -72.3 7251 -70.5 1L - 83
8.3 0.1 - 10

BASALY COnCH, 1
woLoox R BN W tetal
W e 13 3 2 e s
w ¢ o & 2 ¥ 0 0 1

3 o, 06 3 3 & 1t 0 9

- emEDPESE®

L1} o L} 3 3 0 1

reter Buves seaee seves seoes Gmses Seese

total ¢ ¢ v 131 % 3 ¢ N

1440
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C.4 INTERACTIONS

A large number of possible parameter interactions was investigated,both by plotting data
and by computation of correlation coefficients, without finding any meaningful
relationships. Among the trial interactions looked at were the following:

1. Basalt concentration vs density, quadrant by quadrant and overall.

2. Basalt concentration in one quadrant vs basalt concentration in another.
3. Density in one quadrant vs density in another.

4. Density in one quadrant vs basalt concentration in another.

5. Density vs distance along. the simulator, quadrant by quadrant and-
overall. :

6. Basalt concentration vs distance along the simulator, quadrant by
gquadrant and averail.

Some of the .interactions above produced suggestive correlations, ie, correlation
coefficients as large as 0.6. For example, one finds a suggestive correlation between
basalt concentration and density for the run 4 data, using all 36 samples. However, no such
correlation is evident for run 3. Moreover, when the individual quadrant data are plotted in
the same way, none of the curves produced is like any other or like the overall curve. It
was concluded that the appearance of correlation was accidental. Actually, the range of
basalt concentration measured in these tests is too short to have an effect on packed
density commensurate with the measured density range. Likewise, it is not clear how the
deposited density could be a cause of, or generally correlate with, the local basait
concentration. It is probable that the two are independent, and responsive only to the feed
ratio and to the local aerodynamic situation, the parameters governing which are not
accessible in the present experimental configuration.

12831:25-62
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APPENDIX D
SAMPLE DATA SHEETS
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Sheet of

PNEUMATIC BACKFILL EMPLACEMENT
TEST DATA - FIRST SHEET

Test No: Date:

general Purpose:

Test Operator(s):

Conditions:
Component Weights: Basalt Bentonite Simulator
Initial
Final
Net c———t———
Feeder Indices (initial): Basalt Bentonite
Temperature Barometric Pressure
Bleed Valve Tape Record

Other Remarks on Test Conditions:

General Comments on Test Outcome:

Operator Signature:

Date:

———————
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PNEUMATIC BACKFILL EMPLACEMENT
TEST DATA - FOLLOW SHEET
TEST NO. . : :
DATE SHEET oF
JTime of n%gm Gauges Tachometers
Day 1 2 [ 3 4 L R Rasalt  [Bentonite
in. H20 |in, Hg | in. Hg | in. g in. H20 | in. H20 RPM RPM

Operator Signature:
Date:

86

_J

o



HOMOGENIETY DATA - TEST SERIES

“TSD-TME-030
DRAFT

Sampling
Positicn

Basalt Concentration, %

Sample 1

Sample 2.

Sample 3

Mean

Std. Dev.

AS
AS
81
a
)]
3
e -
H1
a
K1
u
M1
M
Al
R1
c4
04
E4
F4
K&
3
ke
M4
N4
P4
c3
03
€3
H3
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HOMOGENEITY DATA - TEST SERIES
{Continued)

SampHng
Position

Basalt Concentration, %

Sampla 1

Sample 2 -

Sample 3

Mean Std. Dev.

J3
K3
M3
Lk I
P3 .
¢
D2
E2
H2
32
K2
M2 .
N2
P

88
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APPENDIX E
Listing and Sample Output of Computer Program HIERARC2
(Written for the IBM PC)
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15148132 ' - 02~-03-1934

10
<0
30
40
SO
40
70
a0

90

100
‘110
120
130
140
130
140
170
180
190
200
210
220
230
240
230
250
270
280
290
300
310

320

T30
340
<30
60
370
380
370
300

d 323353 PROGRAM HIERARC2.BAS 33313

"WRITTEN BY J. M. MARKOWITZ VERSION 2 DECEMBER 09, 1983
* : REVISED FEBRUARY 03,1984
’ HIERARC2 ANALYIES A THREE-LEVEL HIERARCHAL DESIGN OF ANY COMPLEX=-
*ITY AND PRINTS AS OUTPUT THE RESULTING ANOVA TABLE, THE INDIVIDUAL COMP-
*ONENTS OF VARIANCE, THE OVERALL VARIANCE, AND (IN THE CASE OF NO MORE
*THAN TWO BATCHES) A COMPUTED VALUE OF THE 3TUDENT’S T-3TATISTIC FOR THE
*DIFFERENCE BETWEEN THE BATCH MEANS. THE RIGHT TAIL PROBABILITY AREA

*FCR THE T-VALUE AND THE APFROFRIATE DEGREE3 OF FREEDCM ARE ALSO0 FRINTED.
*THE “EQUAL MEANS" HYPOTHESIS IS ASSESSED, BASED ON THE F-RATIOS FROM THE
*ANOVA TABLE AND FROM THE T-VALUE. THE LATTER 18 CALCULATED FROM THE
*SQUARE ROOT OF THE BATCHES/SAMPLES F-RATIO. MANY OF THE INTERMEDIATE

*STATISTICAL QUANTITIES OF POSSIBLE INTEREST ARE ALSO PRINTED. -
] .

v . 233 INPUT 33322

»

’ DATA IS TQ BE INPUT WITH DATA STATEMENTS STARTING WITH STATEMENT
*NUMBER 7010 AS FOLLOWS:

*STATEMENT 7010

* NUMBER OF BATCHES (K)

* NUMBER OF SAMPLES PER BATCH (L)

* NUMBER OF SUB-SAMPLES (FOR ANALYSIS) PER SAMPLE (M)

*STATEMENT 70201

’ ALPHANUMERIC TITLE (30 CHARACTERS MAXIMUM), AND CPERATOR’S NAME.
*STATEMENT 70302

’ Y-OBSERVATIONS IN ORDER, IE, ASCENDING CQRDER OF M WITHIN L

’ SAMPLES, ASCENDING ORDER OF L WITHIN K BATCHES, AND ASCENDING
’ ORDER GF K.

’ THERE MUST BE KiLiM OBSERVATIONS; OTHERWISE THE PROGRAM WILL ABGORT
*WITH AN ERROR MESSAGE. OTHER CASE DATA SHOULD FOLLOW THE SAME SEQUENCE
*AS ABOVE; END EACH CASE WITH STATEMENT "DATA 999999". TERMINATE THE FRO-
*GRAM WITH A STATEMENT "DATA J0000". IF THE PROGRAM ABORTS IN THE LAST
*CASE WITH NO ERROR MESSAGE AND THE LAST ITEM IN THE OQUTPUT "DATA" 15
*30000, TWO CR MORE ITEMS OF DATA HAVE BEEN OMITTED.
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a10
420
430
450

350

360
450
380
460
470
480
490
200
=10
S20
=30
S40
350
S60
70
sgo
90
600
610
&20
&30
540
650
&60
&70
&80
&£%0
700
710
720
730
740
7350
760
770
7680
790
800
810
820
830
840
8350
8&0
870
eso
890
00
910
920
{30
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’ ¥s¥xx OTHER MATTERS £xxx%
’ AMONG THE QUTPUT QUANTITIES WILL BE FOUND (FOR CASES WITH K = 2) A
*BATCH-TO-BATCH COMPARISON OF MEAN, CRUDE SUMm OF SQUARES, CORRECTION

*FACTOR, CORRECTED SUM OF SQUARES. DIRECT ESTIMATE OF VARIANCE, AND SAMFLE

*SUM. THE POOLED VARIANCE AND THE DIRECTLY CALCULATED T-VALUE FOR THE

*DIFFERENCE BETWEEN MEANS ARE ALSO PRINTED. CAUTIONs THE ABOVE QUANTITIES

*ARE NOT USED IN THE SUBSEQUENT CALCUATION OF THE RIGHT TAIL PROBABILITY
"VALUE OF THE T-DISTRIBUTION3 INSTEAD, THE CORRESFONDING VALUES FROM THE
*EARLIER ANOVA CALCULATION ARE USED, BECAUSE THEY, UNLIKE DIRECT BATCH-

*TO-BATCH COMPARISON, TAKE INTQ ACCOUNT THE HIERARCHAL NATURE OF THE BATCH

*ANALYSIS, INCLUDING SAMPLING AND ANALYTICAL VARIANCE. LIKEWISE, THE
*MEANS OF THE TWO BATCHES MUST BE ASSOCIATED WITH THE ANOVA CALCWLATED
*VALUE OF THE VARIANCE OF Y-BAR AND NOT WITH THE VARIANCE CALCULATED FOR
*EACH BATCH OR WITH THE POOLED VARIANCE FROM THE DIRECT CALCULATION.

’ &% LIBRARY OF VARIABLES 2

'K - NUMBER OF BATCHES

'L - NUMBER OF SAMPLES PER BATCH

'M - NUMBER OF SUB-SAMPLES (FOR ANALYSIS) PER SAMPLE :
*J,1,H = RUNNING INDEXES ASSDCIATED RESPECTIVELY WITH K,L,M

'Y - DEPENDENT VARIABLE: Y(H,I1,J) IS AN ITEM OF INPUT

KX =-DUMMY VARIABLE USED TO CHECK INPUT

*EM -~ SUBSAMPLE RUNNING SUM

*SQ - SUBSAMPLE RUNNING SUM OF SQUARES

*SSQ(1,J) - SUBSAMPLE SUM OF SQUAREE WITHIN SAMFLES

’SSM(1,J) - SUBSAMPLE SUM WITHIN SAMPLES

*SBSQ = RUNNING SAMPLE SUM SQUARED WITHIN BATCHESs SAMPLE SuUM OF SQUARES
*TQT - RUNNING TOTAL OF OBSERVATIONS, Y

’CSS - RUNNING TOTAL CRUDE SUM OF SQUARES

*CS5(J) - CRUDE SUM OF SQUARES FOR EACH BATCH = BSQ(J)

’BSM(J) - SAMPLE SUM WITHIN BATCHES

'BSQ(J) - SAMPLE SUM OF SQUARES WITHIN BATCHES

'BEBS@ - RUNNING BETWEEN BATCHES SUM QF SQUARES; EBEATCH SUM OF SQUARES
*CF - CORRECTION FACTOR FOR ALL THE DATA

*CF(J) - CORRECTION FACTOR FOR EACH BATCH

*SYZ -~ CORRECTED SUM OF SQUARES FOR ALL THE DATA

*SY2(3) - CORRECTED SUM OF SQUARES FOR EACH BATCH

'ASQ - ANALYSIS (SUB-BAMFLE) SUM OF EQUARES

?TOT(I) = RUNNING OBSERVATION TOTAL WITHIN BATCHES, EQUALS BSM(I)
*C8S5(J) - RUNNING CRUDE SuUM OF SQUARES WITHIN BATCHES, EQUALE BSQ(I)
"NN(J) - MEAN OF EACH BATCH

NN - OVERALL MEAN

*V(J) =ESTIMATE OF VARIANCE FOR EACH BATCH

PV - POOLED ESTIMATE OF VARIANCE

"BV -~ ESTIMATE OF VARIANCE OF Y-BAR FROM ANOVA CALCULATION

A - ANALYSIS MEAN SQURRE

’S = SAMPLE MEAN SQUARE

P - BATCH MEAN SQUARE

T - CALCULATED VALUE OF STUDENT'S T = TX

*E = INDEX OF CASE NUMEER

'N,P,Q,U,R,Y,Z ~ PARAMETERS USED IN RIGHT TAIL CALCULATION

*D - DEGREES OF FREEDOM (OVERALL)

»
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940
9S50
940
970
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’ 33 CALCULATION 33

*

*INITIALIZE ;

980 OPTION BASZ 1 . - . : !

990

1000
1010
1020
1030
- 1040
1030
1050
1070
1080
.10%90
1100
1110
1120
1130
1140
1130
1140
1170
1180
1190
1200
1210
1220
1230
1240
13250
12560
1270
1280
1290
1300
1310
1320
1330
1340
1350
1340
1370
1390
1390
1400
1410
1420
1430
1340

DEFINT D, E, H-M .
DEFDBL B.B,C.A.P,V.T.N.X.Y.Z U Ry F . ) _ -
= Q .

LPRINT: IF E = O GOTO 10350

LPRINT TAB(32) "333X3END DOF CASEXS3st“”: LPRINT

LPRINT CHR3(12)
E=E+1 y
READ K H
IF K = 30000 GAQTO 10000 . i
READ L, M . :
IF E = 1 GOTQ 1120 : 1
ERASE BSH,TOT,CSS.NN.BSQ,V,CF sSY2 :

ERASE Y, SSM, SSQ " WV
DIM BSM(K), TOT(K) ,CSI(K) 4NN(K), BSQ(K) VIK) ,CF(K),SY2(K}

DIM Y, L), ssntL.K) SSA(L,K)

p——1

READ TITLES,OPERATORS -
LPRINT j
LPRINT
IF £ > 1 GOTO 1210
LPRINT CHRS(14)3 "HIERARCHAL DESIGN ANALYSIS® ~y
LPRINT -%
LPRINT TIMES TAB(63) DATES b
LPRINT
LPRINT CHR$(135)31 LPRINT CHRS(14)3"CASE "3E3*, "jTITLES TAB(SS) OFERATCRS :
LPRINT < !
LPRINT CHR$(18)} 2
LPRINT
LPRINT
LPRINT '
CSS = 0: SBS@ = 0 |

TOT = Os BESQ = Qs CF = O
LPRINT “DATAt K = "3K,"L = "j;L,"M = "3M 3 LPRINT

FOR J = 1 TO K

FOR I =1 TOL

SM = 0 ~
S@ = 0

L

* ACCUMULATE SUMS AND SUM3 OF SQUARES
FORH=1TOM

READ Y(H, 1)

PRINT

LPRINT Y(H,I)3

SM = SM + Y(H, 1)

SQ@ = SQ + Y(H,I2~2

92



1450
1460
1470
1480
1450
1500
1810
1320

-1S30

1950
1560
1270
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1760
1710
1720
1730
1740
1750
1740
1770
1780
1790
1800
1810
1820
1830
1840

T 18%0

1840
1870
1880
1870
1900
1910
1920
1930
1940
1950
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NEXT H
ESM(1,J) = SSM(I,J) + SM
€50(1,J) = SEQ(I,J) + SQ
EESQ = SBSQ + SSM(I,J)~2
TOT = TOT + €M
CSS = CSS + SQ
BSM(J) = BSM(J) + SSM(I,J)
BSQ(J) = BSQ(J) + $SQ(I,T)
NEXT I
BESQ =BEBSQ + BSM(J)~2
CSS(J) = BSA(D)
NEXT J
CF = TOT~2/ (KELEM)
SY2 = CSS - CF
BESQ = (EBSQ/(L3M)) = CF
SBSD = (SBSQ/M) -BBSQ -CF
ASQ = SYZ -BBSQ - SBSQ
LFRINT
LPRINT
READ KX!
IF KX! = 999999! GOTO 1&€0
LPRINT “PROGRAM ABORTS BECAUSE NUMBER OF Y-OBSERVATIONE <> KELIM*
GOTO 10000
*REFINE AND PRINT OUT RESULTS.
LPRINT “THE CRUDE SUM OF SOUARES IS";CSNG (CSS)
LPRINT “THE CORRECTION FACTOR IS";CSNG (CF)
LPRINT
LPRINT
LPRINT “"ANOVA: "
LPRINT L p—— ]
LPRINT
LET DFE = (K = 1)
LET DFS = KE(L = 1)
LET DFA = KXLE(M = 1)
LPRINT *SOURCE", "S5Q*, “DF*, "MEAN SQ*, "F-RATIO"
LPRINT » " 1} " ”.-ll’ " ﬂ’ ~ "
LPRINT
LET B = BBSQ/DFB
LET 5 = SBSQ/DFS
LET A = ASQ/DFA
LPRINT "SYZ",CSNG (SY2),NKELEM -1
LPRINT "B SSQ",CSNG (BES®),DFB,CSNG (B)
LPRINT “S SBEQ@",CSNG (SBSQ) ,DFS,CSNG (S}, "B/S: "3;CSNG (B/S)
LPRINT “A SSQ",CSNG (ASQ),DFA,CSNG (A),"S/Ar "3CSNG (S/A)
LPRINT
LPRINT
LPRINT "ESTIMATE OF ANALYTICAL VARIANCE = *“;CSNG (A)
LPRINT "ESTIMATE OF WITHIN BATCH VARIANCE = “; (CENG (S) ~ CSNG (A))/M
LPRINT *"ESTIMATE OF BETWEEN BATCH VARIANCE = "3 (CSNG (E) — CSNG (S))/ (MEL)
IF (A%0) AND (((S-A)/M)>0) AND (((B-5)/(M2L))>0) GOTO 1990
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1950 LPRINT * (NOTE: NEGATIVE ESTIMATES OF VARIANCE COMPONENTS WILL OCCASIO
NALLY ‘

1970 LPRINT * OCCUR IN HIERARCHAL DESIGN CALCULATIONS. THEY ARE, OF COURSE
;gao LPRINT * APHYSICAL, AND IN SUCH CASES THE ESTIMATE I3 TAKEN TO BE ZERO..
1990 LFRINT o :

2000 IF (D =~ S)/7(MEL) > (S = AI/M) AND ((B - S)/7(MIL) > A) GATO 2030

2010 IF ((3 = A)/M > (B = S)/(MIL)) AND ((S - A)/M > A) GOTO 2030

2020 IF (A > (3 = A)/M) AND (A > (B - 3)/(MIL)) GATO 2070

2030 LPRINT “THE DOMINANT VARIABILITY 13 THAT BETWEEN BATCHES.®

2040 50TQ 2080

2050 LPRINT "THE DOMINANT VARIABILITY IS THAT WITHIN SATCHES (SAMPLING)."
2040 GOTO 2080 .

2070 LPRINT *THE DOMINANT VARIABILITY LIES IN THE ANALYTICAL FPROCESS."

2080 LPRINT .

2090 LPRINT"FROM AN (UPPER 3%) F TABLE, ENTER F(")DFB3","3OFSs") = __ "
2100 LFRINT "IF F-~RATIO B/3 1S LESS THAN THE TABULAR ENTRY ABOVE, THE *

2110 LPRINT *DIFFERENCE BETWEEN BATCHES IS NOT SIGNIFICANT; AND CONVERSELY. "
2120 LPRINT )

2130 LPRINT"FROM AN (UPPER S%) F TABLE, ENTER F("jDF3s","jDFag") = ______"
2140 LPRINT *IF F-RATIO 3/A I3 LESS THAN THE TABULAR ENTRY ABOVE, THE"

21=0 LPRINT “DIFFERENCZ BETWEEN SAMPLES IS NOT SIGNIFICANT3; AND CONVERSELY."
2140 LPRINT

2170 *

2180 BV = (CSNG (B))/(KIL3M) '

2190 LPRINT :

2200 LPRINT."THE QVERALL AVERAGE = "jCSNE (TOT)/(KsLzxM)

2210 LPRINT "STD. DEV. OF A SINGLE MEASUREMENT IS";CSNG (SQR((SY2/ (KEEM=1))))
2220 LPRINT "STANDARD ERROR OF THE MEAN IS"jCSNG(SOR(SY2/ ( (KELEM=1)2KXLIM)))
2230 .

2240 °

22%0 "THIS CONCLUDES THE HIERARCHAL CALCULATION. WE NOW BEGIN THE

2260 °STUDENT’S T CALCULATION, USING DATA FROM ABOVE.

2270 1IF K = 2 50TO 2320

2280 LPRINT

2290 LPRINT *K IS NOT EQUAL TO 2, THEREFORE NO T-TEST IS PERFORMED."

2300 LPRINT

2310 GOTO 1020

220 FCR J = 1 TO X

2330 NN(J) = BSM(J) 7/ (L2M)

2340 CF(J) = BSM(J)~2/ (LEM)

23T0 SY2(JI) =CSS(I) -CFR(D)

2350 VI(J) = SY2(I)/ (LxM=1)

2370 NEXT J

2390 PV = (V(1) + v(2))1/2

2390 T = ABI(NN(1) = NN(2))/SOR( (47 (KILIM) ) IPVY

2400 LPRINT

2410 LPRINT CHR3(12)

2320 LPRINT

2430 LFRINT “PARAMETER"TAB(40) "BATCH 1“TAB(SS) "BATCH 2

2340 LPRINT "_________ " TAB(40) " _______" TAB(ZS) “_______"

248%0 LPRINT

2440 LPRINT “MEAN™ TAB(40) CSNG (NN(1)) TAB(SS) CSNG (NN(2))
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2470
2480
2450
2300
2510
2320
2530
2540
<550
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LPRINT "CRUDE SUM OF SQUARES” TAB(40) CSNG (CSS(1)) TAB(SS) CSNG (CSS(2))
LPRINT "CORRECTION FACTOR" TAB(40) CSNG (CF(1)) TAB(SIZ) CSNG (CF(2))

LPRINT "CORR. SuUM OF SQUARES “ TAB(40) CSNG (SY2(1)) TAB(ESIT) CSNG (SY2(2))
LPRINT "ESTIMATE OF VARIANCE" TAB(40) CSNG (V(1)) TAB(SIZ) CSNG tv(2))
LFRINT “SAMPLE SUM" TAB(40) CSNG (BSM(1)) TAB(SS) CSNG (BSM(2))

LFRINT o . . .

LPRINT )

LPRINT "THE POOLED VARIANCE IS“jCSNG (PWV)

LPRINT *THE DIRECTLY CALCULATED T=VALUE IE "jCSNG (T)3"WITH"j (KSLXM =2);“DE

GREES OF FREEDOM.*

<560
2570

LET T = SQR (B/S)s LET TX = T
LPRINT "THE T~VALUE CALCULATED FROM F-RATIO B/S IS "3CSNG (T)j "WITH";DFS3"D

EGREES OF FREEDOM.™

2580
2290
2600
2610
2620
2630
2640
2650
2680
2670
2680
2690
2700
2710
2720
2730
27

2720
2760
2770

*

*NOW WE COMPUTE THE RIGHT TAIL VALUE OF THE T~DISTRIBUTION FOR THE
*CALCULATED T-VALUE AND THE GIVEN DEGREES OF FREEDOM USING THE
*ALGORITHM FROM THE IBM SET, NO. 57.

D = DFS

LPRINT

X = 1

Y= 1

T = T3T

'COMPUTE USING INVERSE FOR SMALL T-VALUES

IF T < 1 THEN 2740

Umy .

R=D

1 =7T.

GOTO 2770

U=D

Ruy

I=1/T

N=2/9/U

27680 P=Z/9/R

2790
2800
<2810
=820
2830
2840
2830
2860
2870
2880

*COMPUTE USING APFROXIMATION FORMULAS
Q=RBS((1=P) KT~ (1/2)=1+N) /SRR (PRZ~ (2/3) +N)

IF R<4 THEN 2850

X = 25/ (1+4Q%({.196854+08(, 1151F54+0¢% (. 000344+30%.019527))) )4

X=INT (X2100000!+.3)/100000!

GOTO 2EE0

A=Q% (1+,08%Q~4/R"3)

GOTO 2820

LFPRINT .

LPRINT "BASED ON THE LATTER VALUE OF T AND ITS ASSOCIATED DEGREES OF FREEDQ

M, THE RIGHT TAIL PROBABILITY VALUE OF THE T-DISTRIBUTION IS “jX

2850

LPRINT
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2900 IF X < .023 GOTO 2940
2910 LPRINT "GIVEN THAT THE MEANS ARE EQUAL, A T-VALUE OF “jCSNB(TX);*IS THEREFO
RE NOT A RARE EVENT (TWO-TAILED PROBABILITY > 0.05). WE CONCLUDE THAT THE DATA
DO NOT CONTRADICT THE HWYPOTHESIS THAT THE BATCH MEANS ARE EQUAL.™

2920 LPRINT “THE DIFFERENCE BETWEEN MEANS IS NOT SIGNIFICANT.*

2930 GOTO 2950

2940 LPRINT "GIVEN THAT THE MEANS ARE EGUAL, A T-VALUE AS LARGE AS "jCSNG(TX)j"I
S THEREFORE A RARE EVENT (TWO-TAILED PROBABILITY < .05). WE CONCLUDE THAT THE D
ATA CONTRADICT THE HYPOTHESIS THAT THE BATCH MEANS ARE EQUAL,"

2950 LPRINT “THE DIFFERENCE BETWEEN MEANS 1S SIGNIFICANT."
2960 LFRINT

2970 LPRINT

2980 GOTO 1020

2990 °

7000 *

7010 * $2 DATA 2%

7020 DATA 2,18,3

7030 DATA SERIES 4 HOMOGENEITY TCP VS BOTTOM, MARKOWITZ

7040 DATA 50.19,75.08,77.89,73.83, 23. 44, 76. 11, 49. 42, 72. 55, 64, 45
7050 DATA 84.00,8%.0S,80.79,84.%0,77.61,80.39, 75,30, 77.30, 49,82
7050 DATA 7%.42,73.89,74.17,88.42,84.07,37.41,73.29,73.08,78.30
7070 DATA 73,64%,74.31, 82.78,73.12,81. 41,75, 91, 75. 42, 49. 83, 49. 59
7080 DATA 78.02,79.51,78.59,81.97,72.34, 73.82, 73. 38, 69. 92, 82. 37
7090 DATA 83.22,86.47,76.42,81.36,30.5%9,82.75, 72.29,72.29.77.28
7100 DATA B83.36,84.50,85.09,73.22, 72. 37, 70. 50, 76. 77, 71,57, 78. 12
7110 DATA 7%.84,70.35,77.31,75.26,72.45,49. 34,73, 49, 74,92, 73.04
7120 DATA &7.51,69.4%,48.38,76.62,72.73,74.19,74.63,76.53, 76.48
7130 DATA 80.37,79.5%,78.19,68.84,656.1%,64.62,74.42,71.64,71.%0
7140 DATA 73.77,748.%8,75.94,56.4%,44.%0, 86,17, 73. 46,70.54, 59.52
7150 DATA &9.49,48.9%, 45. 10, 65. 23, 68. 95, 63. 7%, &8. 37, 49. 53, &9. 33, 999999
7150 DATA 2,18, 3 _
7170 DATA SERIES 4 HOMOGENEITY RIGHT VS LEFT, MARKOWITZ

7190 DATA 80.19,75.08,77.89,73.8%,83.434,74.11,4%. 42, 72.55, 64, 45
7190 DATA 94.00,83%.0S,30.79,84.50,77.561,80. 39, 75.30,77.30,59.82
7200 DATA 73.42,78.89,74.17,58.42,84.07,87.41,78.29, 75.08, 78. 40
7210 DATA 80.37,79.55,78.19,48.83, 56,15, 56.42,74.42,71.54,71.%0
7220 DATA 73.77,78.%8,76.98,66.43, 64.%0,86.17,73. 46, 70. %4, 69,52
7230 DATA &9.49,48.95,4S. 10, 65.23, 48. 95, 68. 95, 48. 37, 49.29, 67. 35
7280 DATA 73.68,76.31,82.78,73.12,581.41,7%. 91,75, 32, 67. 3%y 69.59
72%0 DATA 78.02,79.41,78.59,81.97,72.84,78.82,74. 48, 49.92,82.37
7260 DATA 83.22,86.467,76.42,91.86,80.59,82.7%,72.29,72.29,77.28
7270 DATA 83.54,34.%8,8%.09,73.22,72.37,70.%0,76.77.71.%7,78. 12
7280 DATA 7%.84,70.3%,77.31,7%.26,72. 45, 69.34,78,.49,74.92,73.04
7290 DATA 57.51,69.4%,68.38,76.562,72.77.78.19,74. 87,76, %2, 74. 48, 999999
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7300
7310
7320
7330
73480
7330
7360
7570
7380

390
7400
7410
7420
74820
7440
7830
74&0

- 7870

7480
7490
7300
7510
7520
7530
7540
7550
7560
7570
7380
7590
7600
7610
7620
7630
7640
7&50
7640
7670
76E0
7690
7700
7710
7720
7720
7730

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

2,16,3

SERIES 4 HOMOGENEITY BACK VS FRONT, MARKOWITZ

80.1%, 75.08, 77.89, 73. &4, 76. 31, 82. 78, 3. S&, 84. 5, 8S. 09
€0.37,786.55,76.19,68.83, 4. 15, 6. 62,73.65,83.44,76. 11
73.12,61.41,75.91,73.22, 72. 37, 70. 50, £9. 42, 72. 8%, 64 . 45
75.42,469.83,69.59,76.77,71.57,76.12,74.42,71.44,71.50
73.77,74.58,76.94, 84, 00, ES. 05, 80. 79, 78. 02, 79. 61, 78.59
75.€4,70.35,77.31

76.29,7%.08, 78. 40, 72. 29, 72. 29, 77. 28, 74. 3, 76. 53, 76. 48
68.87,6%.58, 69. 35, 65,23, £8. 95, 68. 9%, 76. 62, 72. 73, 74. 19
€g.42,84.07,87.61,61.86,80.59,82.75, 75. 42, 76.69,74. 17
83.22,86.67,76.42,67.51,69. 45, 58, 38, £9. 49, 68. 95, 65. 10
73.46,70.%4,69,52,78.4%,74.92,73.04,75.30,77.350,6%.82
74.48,69.92,€2.37

9999599

2,18,3

SERIES 3 HOMOGENEITY TOP VS BOTTOM, MARKOWITZ
€3.7,61.67,83.43,75.81,82.3,88. 06, 69. 96, 75.8, 9. 74
81.38,78.77,73.61,6%9.79,69.93, 73.95, 60, 38, 59. 66, 64. 56
71.66,76.5,76.12,67.05,71.36,65.54,72.7,74.96, 76.67
71.71,70.60,77.355,79.76,78.3,77.55,67.04,65. 65, 66. 15
75.9,74.18,79.72,70. 14, 74,82, &6.75,60.70,62.15,61.97
75.33,80.04,74.09,49.5,71.04,73.27,76.51,75. 2, 75. 89
84.83%,85.54,77.57, 74,34, 70. 22, 68.54, 60, 76, 2. 26, 61. 38
$3.49,50.45,51.4,73.42,72.93,71.69,86.91,91.52,682.24
79.1%9,65. 10, 82. 62, 78. 45, 50.04,81.89, 74.86, 77. 96, 62. 26
77.07,7%5.52,75.17,76.03,76.79, 76.03,75. 12, 79. 45, 79.3
71.26,76.25,469.76,71.51,71.04,71.54,80.2%,61.93,81.08
T4.35,73.71,76.73,78.71,79. 19, 77. 94, 76. 28, 75. 72, 7&. 29
999959

2,18,3

SERIES 3 HOMOGENEITY RIGHT VS LEFT, MARKOWITZ
g3.7,61.87,83.43,75.61,82.3,68. 06, 4%.98, 75.8,69.74
€1.38,74.77,73.61,69.79,69.93, 73. 9%, 60. 34, 55. &6, 64. %6
71.66,76.%5,76.12,67.0%,71.38,49.54,72.70,78.96,76.67
77.07,7%.52,75.17,76.03, 76. 79, 76. 03, 75. 12, 79. 45, 79. 30
71.26,76.2%,69.78,71.51,71.04,71.94,80.23,81.93,81.08
78.35,73.71,76.73,74.71,79.19,77.94, 76,28, 75. 72, 76. 29
71.71,70.60,77.35,79.76,78.30,77.5%,67.04, 9. 65, 6. 15
75.90,74.18,79.72,70.14,76.62, £6.75,80.70, 62. 15, 61.97
75.33,80.04,74,09, 69,30, 71.04,73.27, 76. 51, 75. 10, 75. 89
§6.8%,6%.%4,77.37,74.38,70.22, 8. 54, 60, 76, 62.26,61.38
53.49,50. 45,51, 460,73, 42, 72. 9%, 71. 69,86.91,91. 52, 82.24
79.1%,65. 10, 82. &2, 78. 45, 80. 06,81. 89, 74. 86, 77. 6, 82, 28
999999
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7750 DATA 2,18,3
7740 DATA SERIES 3 HOMOGENEITY BACK V3 FRONT, MARKOWITZ

7770 DATA 83.70,81.87,83.43,71.71,70.40,77.33,34.83, 85.54,77.37

7780 DATA 77.07,75.52,75.17,73. 81, 82.30, 5304, 79. 75, 73. 30, 77. 53 !
7790 DATA 73.38,70,22,58.53,75.035,76.79,75.03,59.78,7%.80, 49.74 {
7800 DATA 47.03,49.45, 54, 1%5,50.75,52.258,51.38,75. 12, 79. 4%, 79. 30

7810 DATA 81.38,74.77,73.561,75.90,74.18,79.72,53. 49, 50. 45, 351. 60

7820 -DATA 71.258,756.25,469.78,73.42,72.93,71.49,73.51,71.04,71.94 o !
7830 DATA 57.79,59.93,73.9%,70.14,748.82, 44,753, 50.33,59. 64, 44.58 :
7840 DATA 40.70,42.15,41.97,856.91,91.52,92.24,580.23,81.93,81.08

7830 DATA 71.44,74.50,76.12,7%.33,80.04,74,.09,79.19, 85. 10,82, 62

7850 DATA 74.3%,73.71,76.73,47.05,71.33, 49.53, 69.30,71.04,73.27

7870 DATA 78.45,80.06,081.89,78.71,79.19,77.94,72.70,74.96,78.57

7880 DATA 756.51,7%.10,75.89,74.84,77. 9s,82.28, 75..5,73 72,746.29

7850 DATA 999999

7900 DATA 2,18,1

7910 DATA SERIES 4 DENSITIES TOP VS BOTTOM, MARKOWITZ

7920 DATA 1.51,1.566,1.37,1.463,1.568,1.52,1.77,1.564,1.71 .

7930 DATA 1.59,1.%6,1.53,1.59,1.468,1.57,1.81,1.66,1.63 . N\
7930 DATA 1.60,1.47,1.42.1.43,1.31,1.66.1.32,1.35.1.60

79%0 DATA 1.59,1.43,1.34,1.39,1.43,1.%0,1.53,1.42,1.51,999999

7940 DATA z.xa.

7970 DATA SERIES 4 DENSITIES RIGHT VS LEFT, MARKOWITZ

7980 DATA 1.61,1.86,1.57,1.63,1.6851.62,1.77,1.68,1.71

7990 DATA 1.59,1.43,1.34,1.39,1.43,1.50,1.53, 1.42,1. 51 A
8000 DATA 1.59,1.56,1.64,1.59,1.563,1.57,1.61,1.86,1.43 ° $
8010 DATA 1.40,1.47,1.42,1.43,1.51,1.56,1.%2,1.55,1.40, 799999

8020 DATA 2,18,1

8030 DATA SERIES 4 DENSITIE3 FRONT VS B3ACK, MARKOWLTZ

3040 DATA 1.61,1.59,1.50,1.59,1.66,1.56,1.47,1.33 |
80%0 DATA 1.57.1.44,1.42,1.38,1.63,1.59,1.43,1.34 . :
8040 DATA 1.71,1.63.1.60,1.51,1.42,1.55,1.564,1.54 “
5070 DATA 1.77,1.61,1.%52,1.53,1.50,1.58,1.42,1.57,999999

8080 DATA 2,18,1

8090 DATA SERIES 3 DENSITIES TGP VS BATTOM, MARKOWITZ ;
8100 DATA 1.50,1.56,1.588,8.62,1.82,1.63,1.62,1.57,1.44 |
8110 DATA 1.73,1.77,1.62,1.40,1.48,1.53,1.59,1.42,1.56

9120 DATA 1.465,1.61,1.47,1.40,1.34,1.49,1.53,1.36,1.43 '
8130 DATA 1.59,1.51,1.55,1.48,1.32,1.37,1.39,1.33,1.37,999999 ;
8130 DATA 2,18,1 !
81%0° DATA SERIE3 3 DENSITIES RIGHT V3 LEFT, MARKOWITZ Uk
8140 DATA 1.40,1.46,1.46,1.82,1.82,1.43,1.42,1.57,1.44

8170 DATA 1.359,1.51,1.5%5,1.48,1.32,1.37,1.39,1.33,1.37
8180 DATA 1.73,1.77,1.52,1.60,1.48,1.%8,1.57,1.52,1.54 i
8190 DATA 1.45,1.51,1.47,1.30,1.34,1.48,1.53,1.46,1.43,999999 .
8200 DATA 2,14,1

8210 DATA SEZRIES 3 DENSITIES FRONT VS BACK, MARKOWITZ

8220 DATA 1.59,1.60,1.73,1.65,1.66,1.77,1.61,1.51

8270 DATA 1.44.1.42.1.47,1.5%%,1.462.1.60,1.40.1,48

8240 DATA 1.43.1.%8.1.48,1.37,1.62,.1.%59,1.53,1.39

8230 DATA 1.57,1.62.1.48,1.33,1.64,1.66,1.43,1.37,99999%, 30000
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° 10000 LPRINT @ LPRINT : LFRINT TAB(30) "z3ix%x END OF PROGRAM xzsxg”
10010 END
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r s12¢x END OF PROGRAM 3238
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HIERARCHAL DESIGN ANALYSIS
13112148 02-03-1984
CASE 1 , SERIES 4 HOMOGENEITY TOP VS BOTTOM MARKONITZ

DATA: K = 2 L = 18 Ma 3

80.19 73.08 77.89 73.83 83.44 74.11 49.42 72.83 b64.45 B3 g5.03
80.77 B84.3 77.581 B80.39 73.3 77.3 4&9.82 75.42 78.89 74.17 88.42
84.07 87.463 78.29 73.08 78.4 73.464 74.31 82.78 73.12 B81.41 735.91
73.42 49.83 69.39 79.02 79.41 78.39 81.97 72.84 73.82 73.38 6%9.92
B2.37 83.22 86.587 75%.42 081.86 B0.39 B82.7%5 72.29 72.29 77.28 83.5%
84.38 B83.09 73,22 72.37 70.3 74.77 71.37 78.12 7%.84 70.3% 77.31
73.25 72.4F 69.34 78.49 74.92 73.08 467.31 4£%.43 48.38 746.62 72.73
73.19 78,43 756.53 746.48 B0.37 78.35 78B.19 &8.88 646.1% 66.42 73.42
71.64 71.3 73.77 74.58 76.78% 45.4T 4£4.5 466.17 73.468 70.34 49.52
4£9.49 48.95 45.1 43.23 48.93 563.93 68.87 469.58 49.23

THE CRULE SUM OF SQUARES IS 414225.4
THE CORRECTION FACTOR IS 4610837.1

ANQVAs

SOURCE . ssa DF MEAN SQ F~RATIO

sya 3I3468.223 107

B SS@ &77.1713 1 &77.1712

S S5@ 2049.832 34 60, 23977 B/Ss 11.27194
A S5@ 641.2017 72 8.903579 S/7A1  6.7498B88

ESTIMATE OF ANALYTICAL VARIANCE = §.9035379
ESTIMATE OF WITHIN 3ATCH VARIANCE = 17.13806
ESTIMATE OF SETWEEN BATCH VARIANCE = 11.42373

THE DOMINANT VARIABILITY I3 THAT WITHIN BATCHES (SAMFLING).

FROM AN (UPPER S%) F TABLE, ENTER F( 1, 34 ) = £,43
IF F-RATIO B/S 1S LSSS THAN THE TABULAR ENTRY ABOVE, THE
DIFFERENCE BETWEEN BATCHES IS NOT SIGNIFICANT: AND CONVERSELY.

FROM AN (UPPER SX) F TABLE, ENTER F( 33 , 72 ) = 2,08

IF F-RATIO S/A IS-LESS THAN THE TABULAR ENTRY ABOVE, THE
DIFFERENCE BETWEEN SAMPLES IS NOT SIGNIFICANT; AND CONVERSELY.

THE QVERALL AVERAGE = 73.20495
STD. DEV. OF A SINGLE MEASUREMENT IS J.46103%2
STANDARD ERROR OF THE MEAN IS .339879S
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PARAMETER BATCH 1 BATCH 2

MEAN 77.71093 72.70296

CRUDE SUM OF SQUARES 327519.S 286705.9

CORRECTION FACTOR 326105.4 285429

CORR. SUM OF SQUARES 1414.126 1276.912 -

ESTIMATE OF VARIANCE 26.68162 24.09268

SAMPLE SuM 4196.39 3925.96

THE POOLED VARIANCE 18 2T5.38713 .
THE DIRECTLY CALCULATED T-VALUE IS S.164593 WITH 106 DEGREES OF FREEDOM.
THE T-VALUE. CALCULATED FROM F-RATIO B/S IS 3.351409 WITH 34 DECREES OF FREEDOM.

BASED ON THE LATTER VALUE OF T AND 1ITS ASSOCIATED DEGREES OF FREEDOM, THE RIGHT
TAIL PROBABILITY VALUE OF THE T-DISTRIBUTION 1S .0011é

GIVEN THAT THE MEANS ARE EQUAL, A T=VALUE AE LARGE AS T.351409

IS THEREFORE A RARE EVENT (TWO-TAILED PROBABILITY < .0S). NWE CONCLUDE THAT THE

DATA CONTRADICT THE MYFOTHESIS THAT THE BATCH MEANS ARE EQUAL.
THE DIFFERENCE BETWEEN MEANS IS SIGNIFICANT,

SETXIEND OF CASEXxX%3xX
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