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ABSTRACT

Experimental studies were performed on pilot plant equipment, which was
fully instrumented and interfaced to a computer, to determine near-real-
time solutes inventory in pulsed columns. This work was done in support
of in-process inventory safeguards programs at Allied-General Nuclear
Services. ‘ '

The uranium inventory in tested pulsed columns was determined both
analytically and through the computer. Several different methods were
used for the solute inventory determination in the column. The computer
mass rate measurement technique and inventory determination was based on
effluent stream concéntration data, obtained both through chemical
analysis in the laboratory and measurement with in-line instruments
using flow rate data obtained in short-time intervals. Resultant
inventory data from all the above methods are comparable. The computer
‘technique can be applied for the solutes inventory determination in
pulsed columns.



TABLE OF CONTENTS

PAGE

ACKNOWLEDGMENTS
ABSTRACT

1.0 INTRODUCTION ouvvvvsinsnenenneenvnnsnenennsnsssonsnennenenen 1
2.0 SUMMARY .vvvvvvnenennnsnnenennn. T S A PR SR
3.0 EXPERIMENTAL ..\vvuvnenesnnsossnonensnsnensnsncionessssans 5

3.1 Equipment DesScCription ....ieieciecsssssossossasssvosases 5
3.2 Experimental Procedure .....eeeeiesoireasraioisoinsiones 13

4,0 RESULTS AND DISCUSSION ..uiuuvisvosovnsansanssossoanaoasonnes 23
1 Mass-Transfer TestsS .....vivivivevevasssvosasassosnnnnas 23
2 Variables ...iiieiiiiiinitiriciniiosiinanessnenseasssee 23
.3 Uranium Concentration Profiles ......vveveeionivessssas 28
4 Uranium Inventory in Pulsed Columns ......¢.ivevesenvaes 28

5.0 CONCLUSIONS +'v'vevsvunsesoensnsossnanassssosasansasnssensnas 101

6.0 REFERENCES ..vuvuiuosnvenssssansncosossosssssssnossansansses 103

APPENDIX A - COMPUTER PRINTOUTS (Programs and Examples of Typical
Results from Measurement Systems)

APPENDIX B - COMPUTER PRINTOUTS (Column Holdup Program and Test Results)

iv




P-L\J-\-L‘JI\J-\J-\-L\
A\ 00 OV U1

I
o

TR
o ot et
(SN I S

4-14

4-18
4-19
4-20
4-21
4~22
4-23
4-24
4-25
4-26

4~-27

TABLE OF CONTENTS (CONTINUED)

LIST OF TABLES

Planned Test Data . iviiiiiviieivasaeassssssivoicavsesas W ees
2A and 2B Columns Test Condltlons and Data (Tests 2AM—1
2AM-2, 2AM-3, 2AM-4, and 2AM-5) ....... e e e T
3A and 3B Columns Test Conditions and Data (Tests 3AM-1
3AM=2, 3AM-3, 3AM-4, and 3AM=5) ..iieeieeiinieniinaias FEPAPEEEN
Concentration Profile Data (Test 24M-1) ....... v aeaes
‘Concentration Profile Data (Test 2AM-2) ... ivvuswen e
Concentration Profile Data (Test 2AM-3) ......... B e
Concentration Profile Data (Test 2AM=4) . ..vvivviviuennninns
Concentration Profile Data (Test 2AM-5) L. iiivviie i
Concentration Profile Data (Test 3AM=1) . ...iiiviinveeveinas
Concentration Profile Data (Test 3AM=2) ..vvtviviniocasnanen .

Concentration Profile Data (Test 3AM=3) .. ..iiivivnarnasnans
Concentration Profile Data (Test 3AM-4) ....iivvvivrnnonnais
Concentration Profile Data (Test 3AM-5) .......... SR PRI
Flow Ratio and Uranium Concentration Experimental Data .....
Volume and Concentration Data (After Draining the

COLUMND) e oo v evsnnionns e e e e e e e e e e e s e ves
Concentration, Flow Rate and Effluent Mass Rate Data

(Test 2AM=2) ........ues Gl EVATTECETIN B TS i
Concentration, Flow Rate and Effluent Mass Rate Data

(Test 2AM-3) .......... e cievan PR IR PSSR
Concentration; Flow Rate and Effluent Mass Rate Data

(Test 2AM-4) ....... B SO Ceee e i R
Concentration, Flow Rate and Fffluent Mass Rate Data

(Test 2AM-5) ...v. A LS . R R RS ANV (I S
Concentration, Flow Rate and Effluent Mass Rate Data

(Test 3AM=1) . iiviiinivninevnninesanenans Ve T T ce
Concentration, Flow Rate and Effluent Mass Rate Data

(Test 3AM-2) ...v.vvuin. e e e e s e e e
Concentration, Flow Rate and Effluent Mass® Rate Data

(Test 3AM-3) ....... Ve ien e e S e iV e cee
Concentration, Flow Rate and Fffluent Mass Rate Data

(Test 3AM=4) vv'vviviinionsvivansns KRN AN P e N AN
Concentration, Mass Rate ‘and Effluent Mass Rate Data

(Test 3AM-5) ...... v . O P LT A A
Tank Inventory Data (Tests 2AM—1 through 2AM—5) ..... Ceeeae
Tank Inventory Data (Tests 3AM-1 through 3AM-5) ............
Column Uranium Inventory Data (Tests 2AM-1 through

ZAM=5 ) iy i e e n e e e et PN
Column Uranium Inventory Data (Tests 3AM—1 through

BAM=5) iiviiieveiiieeas eesean S T cevsesas

PAGE

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

59




LS S |

i
bt et AOD OO L OV AT BN WO N P L0 DD e

i
el
W N

[ IR BRI I LR
()

£ $~D~$~£~c~¥~ﬁ~#~£~$~#~$~u>u:u:

4~15
4-16
4-17
4-18
4-19
4-20
4-21

4-22

4-23
4-24
4-25
4-26
4-27
4-28
4-29
4-30
4-31
4-32
4-33
4-34
4-35
4-36
4-37
4-38
4-39
4=40
441

TABLE OF CONTENTS (CONTINUED)

LIST OF FIGURES

Pilot Plant Flow Diagram and Instrumentation
Samplers Location at the lA
Pilot Plant Instrument Data

The
The
The
The
The
The
The
The

The:

The
The
The
The
The
The
The
The
The
The
The

2A
28
2A
28
2A
2B
2A
28
2A
2B
3A
3B
3A
3B
3A
3B
3A
3B
3A
38

Column
Column
Column
Column
Column
Column
Column
Column
Column
Co lumn
Column
Co lumn
Column
Column
Column
Co lumn
Column
Column
Column
Co lumn

Councentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration
Councentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration

and: - 1BS

Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles

Uranium Coucentration in the 1A 3nd

2AM~1 through 2AM-5)

ooooooo

Columns ..
Acquisition System .......

Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test

for.
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for

1BS Columns (Tests

o s e s

3880 6 08 e

2AM~-1

2AM-1 ..

2AM-2

2AM-2 ..

28M-3

. e

2AM-3. ...

s

2AM-4

20M-4 . ..
2AM-5 ...
2AM-5 .,
3AM-1 ...

3AM-1

3AM-2 ...,
3AM=2 ...
3AM-3 ...

3AM-3
3AM~4 L

3AM=4 L.

3AM~5
3AM-5

s e e i e e e

oooooo

oooooo

cccccc

oooooo

LI

Uranium Concentration in the 1A and 1BS Columns (Tests
3AM-1 through 3AM-5) ..... W P S P RPN O R A AN .
Uranium Mass Rate Versus Time (Test 2AM-2) .... i ee e
Uranium Mass Rate Versus Time (Test 2AM=3) .......... e
Uranium Mass Rate Versus Time (Test 2AM-4) ve it e e e
Uranium Mass Rate Versus Time (Test 2AM-5) e it e
Uranium Mass Rate Versus Time (Test 3AM-1) RPN . ciee
Uranium Mass Rate Versus Time (Test 3AM-2) ....... . ves
Uranium Mass Rate Versus Time (Test 3AM-3) ........... N
Uranium Mass Rate Versus Time (Test 3AM-4) ............ .
Uranium Mass Rate Versus Time (Test 3AM=5) ..........covunen.
Column Uranium Inventory Versus Time (Test 24AM-2) ........
Column Uranium Inventory Versus Time (Test 2AM-3) ......
Column Uranium Inventory Versus Time (Test 2AM-4) .........
Column Uranium Inventory Versus Time (Test 2AM~5) ..........
Column Uranium Inventory Versus Time (Test 3AM-1) ......... .
Column Uranium Inventory Versus Time (Test 3AM-2) ..........
Column Uranium Inventory Versus Time (Test 3AM-3) ..........
Column Uranium Inventory Versus Time (Test 3AM-4) ..........
Column Uranium Inventory Versus Tim%‘(Test 3AM=5) L.iaea...
Column Uranium Inventory V(col.) e T C(U)f ..... e
Vst

vi

PAGE

19
21
22
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

80



1.0 INTRODUCTION

In recent years considerable interest has developed in advanced nuclear
materials accounting systems for plutonium and enriched uranium in gpent
fuel reprocessing facilities subject to international inspection and
inventory verification.

In support of this need, the Los Alamos National Laboratory (LANL),
Allied-General Nuclear Services (AGNS), and other laboratories are
developing advanced techniques for nuclear materials measurement.‘™®
For example, researchers at the Ames Laboratory, Iowa State University,
under the direction of Dr. L, E, Burkhart, have been developing
theoretical models for pulsed colummn behavior which will predict solute
profiles. This technique, when properly applied with signals coming
from on-line process instruments interfaced to a computer can produce
column. inventories. in near-real-time of sufficient accuracy to be used
for safeguards purposes.

Work was initiated in 1979 at AGNS, under contract to the Department of
Energy (DE-AC09-78ET-35900 Sub-Task 4.1), to carry out experimental
studies on proposed coprocessing flowsheets in which a portion of the
uranium is allowed to remain with the plgtonium throughout the second
and third plutonium purification cycles.-3) This work was conducted in
pilot scale pulsed columns using uranium only. These columns were
equipped with samplers: along the height of the column, from which
samples could be obtained and solute profiles determined.

The work initiated in 1979 was further expanded in 1980 and 1981 to
include ‘solute profile, dispersed phase hold-=up, and column uranium
inventory studies on all Purex purification cycles under coprocessing
conditions. (455) The data from these studies were made available to
LANL and Dr. Burkhart for comparison to the Burkhart model. An example
of this comparison is given in Reference 1, Volume III, Appendix J.
This program was continued and further expanded in FY 1981 in which the
pilot plant equipment was fully instrumented and interfaced to the
computer,

During operation of a Purex Facility, there customarily is a lag-time
between the drawing of process samples and the time when chemical
analyses for these samples are available. = Thus, decisions involving
parameter adjustment during a run must often be made without the benefit
of complete analytical data. Also the manpower and logistical require-
ments for complete and frequent analytical coverage of an entire operat-
ing Purex plant can be a considerable drain on plant resources.

Since the year 1978, there has been an ongoing effort at AGNS to
computerize the Separations Plant data collection system for in-process
inventory (IPI). (6) The results from this program have been utilized in
related fields such as plant process control. The present study, though -
limited to the pilot plant, was able to draw upon some of the expertise
generated by the IPI study and was supportive to other programs under
Task 2 on advanced nuclear material control and accounting.




The program reported herein involved tests conducted in two pilot scale
pulsed columms operating under the second and third plutonium cycle
coprocessing conditions, in which a comparison was made of different
techniques for in-colummn solute inventory determination. A computer was
used for data acquisition and computation of the process data for
purposes of process control and column inventories.




2.0 SUMMARY

Ten mass—-transfer experimental runs were performed on the pilot plant
two—inch diameter pulsed columns (with natural uranium) simulating
coprocessing conditions (7) in the second (24 and 2B columns) and third
plutonium process cycles (3A and 3B columns). The equipment was
instrumented and interfaced to a computer.

The mass—transfer tests were designed to obtain the detailed uranium
concentration profile, operational dispersed phase hold-up, and uranium
inventory in tested columns as a function of the feed rate.

The main thrust of the experimental program was the determination of the
uranium inventory in a pulsed column as carried out through:

(a) Calculations from the experimental concentration profile and hold-
up data.

(b) . Volume and concentration measurements at the end. of each ruun.

{¢c) Uranium mass rate measurements in feed and effluent streams in
short—time intervals (performed analytically).

(d) The uranium inventory in feed and receiving tanks at the end of
each run.

(e) Calculations by use of empirical equations.

(£) Computer program based on mass rate measurements in feed and efflu-
ent streams determined through on~line instruments,

Uranium inventory data from all the above techniques are in good agree-
ment .~ The obtained results indicate that the computerized mass rate
measurement technique will be applicable for the solutes near-real-time
inventory determination in large columns installed in the nuclear fuel
reprocessing plant during startup and transient conditions and for short
(up to several days) periods of continuous steady-state operation. In
addition, it was determined that derived empirical equations, relating
the ratio of the feed streams and solute concentration, can be used to
determine column inventory under steady~state conditions. These tech-
niques have applications in safeguards as well as for process control,
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3.0 EXPERIMENTAL

3.1 Equipment Description

The pilot scale experimental equipment, shown in Figure 3-1, consisted
of two glass pulsed columns, two inches (50 millimeters) in diameter,
and ancillary equipment such as tanks, pumps, and instruments required
for the process control All tanks ‘and piping were made of stainless
steel.

3.1.1 Columms

The 1A dual process column, used for extraction and scrubbing, had a
working extraction (lower) section of 13.6 feet (4.15 meters) and
scrubbing (upper) section of 8.8 feet (2.7 meters). The IBS column,
used for stripping, had a working section of 18.7 feet (5.7 meters).
The 1A column operated with the organic phase continuous, and the
1BS column with the aqueous phase continuous. - Both columns were
provided with stainless steel nozzle plates of a thickness of 1/16 inch
(1.6 millimeters), having 23% relative-free surface area and 1/8 inch
(3.2 millimeters) orifice diameter. The nozzle plates were assembled on
a central 1/4-inch-diameter (6-millimeter) stainless steel tie rod on a
two-inch (50-millimeter) plate spacing. ' Bach column was provided with a
six-inch (150-millimeter) diameter top and bottom disengaging section.
A bellows—type direct pulser was attached to the column bottom dis-
engaging section. The interface in each column was controlled manually
during tests to minimize the effect of the interface fluctuation on
resultant data. Both columns were equipped with instruments (DT, WT)
for measuring continuously the average liquid density within the column.
The density was measured (separately) in each column working section
(DT) and entire column (WT). The columns were provided with several
samplers at different locations -along their working section
(Figure 3-2).

3.1.2 General Description of Ancillary Equipment

The 1AS, lAF, and '1BS=X calibrated feed tanks were provided with a liq-
uid level transmitter (LT), i.e., instrument for measuring continuously
the liquid level in each tank during the experimental run, vent line,
feed line, and a calibrated positive displacement pump (DP). Prior to
test startup, the 1AX, 'and 1BS-X feed tanks were filled with: the
solution from the correspondlng 1900~-1liter feed supply in. the
arrangement shown in Figure 3-1

The 1AW, 1BS-P, and 1BS~W calibrated receiving tanks were equipped with
a dip-tube densimeter (DT), liquid-level transmitter (LT), top liquid
inlet, vent line, drain line, and a bottom sampler. In addition,; both
the 1BS-P and 1BS-W tanks were provided with an air sparger for mixing
the liquid content, if required.



Uranium concentration in the 1AP, 1BS~P, and 1BS-W effluent stream was
measured continuously by the callbrated X-Ray Fluorescence Analyzer
(XRFA) in-line monitoring instrument. Density of the 1AP stream was
measured by Mettler/Parr densimeter (DM). For comparison of different
instrumentation, the 1BS-P effluent stream density was determined
through Mettler/Parr (DM), Dynatrol density transmitter (DE), as well as
dip-tube measurement (DT) in the 1BS-P density pot. 1Its acidity was
determined by the on-line conductivity indicator and transmitter (CIT).
The 1BS-W stream density was measured by the dip-tube densimeter (DT) in
the 1BS—-W density pot. During tests, the temperature of all feed
streams as well as those of the 1AP and 1BS—~P effluent streams was

measured by use of an in-line temperature indicator (T).
At the end of each run, the solution in the 1BS-P and 1BS-W receiving
tanks was transferred by vacuum into the corresponding 1900-liter final

receiver shown in Figure 3-1.

3.1.3 Instrument Measurement Systems

3.1.3.1 Measuremént of Tank Liquid Levels

Tank liquid level and tank density measurements were made by means of

Taylor differential pressure instruments. . The difference in pressure

translates to the weight of the column of 1liquid which is displaced by
the air forced into the lower tube. If the density of the liquid 1is
known, the height of the column and thus the level of liquid in the tank
can be calculated.

Tanks were calibrated by the incremental addition of weighed quantities
of deionized water of known temperature and density. Liquid levels in
the tanks, as a function of readout from Taylor instruments, were then
calculated. Typically, three 'passes' were made for each tank. Based
upon these data, computer progfams were'prepared to interpolate tank
contents (in liters) for any given Taylor dlfferentlal pressure reading
(1n centimeters of water).

Prelimlnary testing indicated that tanks in the pilot plant were
nonlinear, This was attributed to the relatively small size of these
tanks compared to the size of the internal hardware they contain, The
usual method for tank calibration by curve fitting, using regression
analysis, did not appear desirable for these tanks. A search was there-
fore made for some other appllcable method, :

The LaGrange method of curvilinear 1nterpolat10n (8) appeared to be a
promising method for dealing with abrupt changes in tank internal
geometry. By programming the computer to '"look'" at only a limited
number of tank calibration data (a 'window') at any one time, distant
data points, containing possible irregularities, would not be factored
into a given interpolation. By having the window "slide,'" the entire
range of tank calibrations could be covered. '




The computer program used to process the raw calibration data is shown
as Appendix A-1. The X, Y pairs, i.e., the liquid level in centimeters
[LL(cm)] and the corresponding volume in liters, respectively, are
entered as data, starting at Step 295. A printout of this program, for
the given data set, is shown as Appendix A-2. For convenience, the
independent variable [LL(cm)] is normalized by the computer program to
increments of 5 cm (see Column 1, Appendix A-2). This permits a direct
comparison of the various passes so outliers can be rejected and
averages can be made to obtain the final tank calibration. The
"profile' of the tank is linear over the range of 45 cm to 90 cm and in
this range 1 cm height of the tank is approximately equal to 6.33 liters
(Column 3). This uniformity, however, does not exist at other locations
on the tank. Two outliers (i.e., calibration errors) are shown at 95 cm
and 100 cm, respectively. This was established by additional passes
during which these data did not repeat themselves. On the other hand,
the turbulence shown at the top and bottom of the tank profile did show
up in later calibrations and 1is attributed to irregularities in tank
internal geometry.

A program for curvilinear interpolation of calibration data is shown in
Appendix A-3. In the example shown, the first 18 values of the middle
column of Appendix A-2 (chosen to avoid use of the two outliers) are
entered as data. To. illustrate the use of this program, results for
various interpolations 'are shown on the same page.

An equipment breakdown occurred before the calibrations could be
completed. The digital balance that was: being used for weighings became
inoperative. Since repair or replacement was not forthcoming, an
alternate procedure for calibration was devised:

With the aid of the computer, calibrations already completed were used
to calibrate the remaining tanks. A computer program was prepared
whereby a delivery tank of known calibration was used to calibrate a
receiver tank by the dropout method. The program used is shown at the
“top of Appendix A~4. A printout produced by this program is shown at
the bottom of Appendix A-4, Calibration data for the delivery tank were
entered. at lines 1000 . .and 1010 of the program. The resultant
calibration data for the receiver tank (BP tank) are shown in the last
two columns at :the bottom of the page.

A volume history for a typical run is shown in Appendix A-5. The string
of zeros under the heading of BW and BP represent the time required to
fill these receiver tanks up to the tip of the bottom Taylor tube.
Calculations are by the dropout method. The computer program which
produced Appendix A-5 is not shown but is similar, in most respects, to
that presented in Appendix B-1,

3.1.3.2 Tank and Column Density Measurements

The identical procedure, described for liquid level measurements, is
used to obtain liquid densities. The only difference is that both tubes
are immersed in the liquid. The specific gravity of an unknown liquid



may now be determined by comparing the pressure differential for the
unknown liquid with that for water under the same conditions. = In
practice, the distance between the two tubes, determined by callbratlon
with water, is used to make the calculations.

~When both density and liquid 1eve1 are ‘to be determined in the same
tank, the high-side tube is common so that only three tubes are
required. During measurements, the tank is vented to allow the com-
pressed air to escape. Since only pressure differences are read,
changes in atmospheric air or other pressures within the tank have no
bearing on the readout of the Taylor instrument.

In a similar manner, these instruments were used to determine the

.average density within the columns. ' They gave a good indication of the
conditions which prevailed inside. Column upsets, or imminent column
upsets, are easily detected in NRT plots such as Appendix A-6. In the
given example, which represents a relatively smooth run, steady-state
conditions in the A-Col may be detected by following the letter "T."
Near the bottom of the plot, it can be seen that the drawing of samples
from the column caused perturbances in the instrument readings. This is
~due to the fact that the instrument air line and sample line were common
to each other and thus caused a temporary change in the differential
pressure. The computer program which produced Appendix A-6 is not shown
but is essentially the same, in most respects, as that presented in
Appendix A-8.

3.1.3.3  On-Line Densimeter

The Mettler/Paar DMA-45 Digital Density Meter and a Dynatrol
Model CL~-10HY Density Cell were used for on-line density determinations.
Each instrument is based upon the principle that a change occurs in the
natural oscillation frequency of a hollow glass tube when it fills with
liquids or gases of different densities,  For this study, a continuous
flow adapter (Mettler No. 5771) was installed on the DMA-45. The DMA-45
was made to do double duty, monitoring the BP stream directly and the AP
stream indirectly by means of a DPR-412 unit which was plugged remotely
into the DMA-45. Switching from one stream to the other was by
computer. The output from each sensor to the computer was the perlod of
oscillation. This was converted to density by the computer, using a
mathematical formula. The Dynatrol instrument monitored the BP stream.
A detailed description of ‘this phase of the study has been reported
elsewhere. ,

3.1.3.4 Uranium Concentration by X-Ray Fluorescence Analysis (XRFA)

The principle of XRFA is based upon the accurate measurement of charac-
teristic X-rays emitted from atoms after the atoms are bombarded by
radiation. The bombardment radiation used in this study was the 122 keV
gamma from a Co-57 source. The characteristic X-ray from uranium that
was read was the Kyj;. A computerized multichannel analyzer, used in
conjunction with a Ge(Li) detector, made the measurements. = Three XRFA
units were used during this study, one each for the AP, the BW, and the




BP streams. A detailed description of this phase of the study has been
reported elsewhere.(10)

A plot of XRFA data for one complete run is shown in Appendix A-7. The
buildup of uranium in the product stream for each colum can be seen in
this plot, followed by a leveling off at steady-state conditions. These
data offer a quick and convenient method for studying the progress of a
run. ‘

The computer program which produced Appendix A-7 is shown in Appen-
dix A-8. The identical information, shown in the form of a graph in
Appendix A-7, is presented in tabular form in Appendix A-9. (Note:
Densimetric data for uranium, shown for comparison are not considered to
- be as accurate as the XRFA data, with regard to organic phase samples,
since variations in ZTBP introduce errors. - For aqueous phase samples,
the results by the two methods are considered to be comparable.)

3.1.3.5 Acid Determination by Conductivity Monitors

For acidity measurements, the Balsbaugh Laboratories, Inc., Series 1200
Electrodeless Conductivity Monitor, with the 1200~-AT-C in-line cell
attached, was used. The principle of operation is that toroidally wound
coils are used to induce and sample electric currents in solution. The
magnitude of these induced currents 1is proportional to the electrolytic
conductivity, which in turn is a function of the hydrogen ion concentra-
tion. Automatic temperature compensation is provided by use of a therm-
istor temperature sensing element., - The signal output is 4-20 mA DC.
This is digitized and fed to the computer for processing. Additional
details on this phase of the study have been reported elsewhere.

3.1.4 Flow Rate Measurement

To simulate plant operational conditions, the feed flow rate was deter-
mined from liquid volume changes in each feed tank measured in short
time. intervals ‘during the run. ~ The liquid volume discharged from each
calibrated feed tank during the measured time period was obtained by
subtracting the measured liquid volume in the tank from the actual
liquid volume at startup. During experimental runs, the liquid volume
in each tank was determined through the continuous liquid level measure-
ment (LT), by taking into account the liquid density of the feed solu-
tion measured in the laboratory (prior to runs). Calibrated positive
displacement pumps, operating steadily, were used for feeding each
column with the corresponding feed solution. Therefore; due to the
pumps. feed constancy, the average feed flow rate values, determined from
the total liquid volume spent during the process time (total feed time),
were used during analytical evaluation of the solute's feed mass rate
and ‘column inventory.

The intention was to determine also the flow rate of each effluent
stream ending in a receiving tank (1AW, 1BS-P, and 1BS-W tanks) from the
liquid volume measurement in each tank performed in short-term intervals
as described above. Therefore, each receiving tank was provided with




instruments for measuring continuously the liquid level (LT) as well as
liquid density (DT) in the tank. However, the liquid density and volume
were not measured ‘in receiving tanks during experimental runs. The flow
rate of effluent streams, except that of the lAP stream, was determined
from liquid volume changes corresponding to the standard liquid (water)
and measured densities of the corresponding effluent stream. Flow
measurements made from level changes over short-time intervals can be
more accurate when the level change is large in comparison to density
changes over the same interval.

The effluent stream flow rate, however, can be calculated considering

the effect of the solutes concentration and temperature on solution

density. It can be analytically proven that the liquid volume (or

volume rate) change, due to a change in the solutes (U, HNOj3) concen-
~ tration at room temperature of about 23 to 25°C, can be expressed as

. 0.486C, + Cy

B ) * | e (0-486cy - Cp)

(s)

and hence:

i 0.486Cy + Cy
11.8 - (0?486CH + CU)

v 1 eeel

(R) = V(S) .

The expression in brackets is affected little by temperature changes not
exceeding about 35°C during the process. For example, by increasing the
temperature approximately 10°C above the room temperature of 25°C, the
above expression value increases only 0.03%. However, the effect of the
temperature on the solvent volume cannot be neglected.  The effect of
both the solutes concentration and process temperature (up to 55 to
60°C) is described by the derived semi-empirical equation.

0.486 (1+uHAt)CH + (1+aU.At)CU

.3
N |
- 11.8-J0.486 (l+ay.At)Cy + (T+ay.At)Cy ]

V(t) = V(S).(l + C!SAt) 1

In these equations

<3
[

(R) Solution volume (liters), or volume flow rate (liters/minute) at
- room temperature t.

&) T Solvent volume (liters) or volume flow rate (liters/minute) at
room temperature, :

<
~~
|




v = Solvent volume (liters), or volume flow rate (liters/minute) at
(t) process temperature ty not exceeding 60°C.

Chriind Nitric acid concentration (M)

C; = Uranyl nitrate concentration (M)

o = Volume thermal expansion coefficient (l/deg)

At = tp - tg, temperature difference (°c)

All tests were performed at a room temperature of about 24°C.  During

analytical evaluation of experimental data, the flow rate of each
effluent stream (the 1AW, 1AP, 1BS-P, and 1BS-W streams) was calculated
from equation 2 by applying solutes (U, HNO3) concentration determined
through analyses in the laboratory. The 1AP effluent stream flow rates
computed  from equation 2 were used also during the uranium mass rate and
column inventory evaluations by the computer. program.

The flow rate history for a typical run is shown in Appendix A-10.  In
this example, the flow rates, obtained by the dropout method, are
averaged over l6-minute periods. The average flow rate for the run is
shown at the bottom of the page in the above Appendix A-10. The com=-
puter program is not given but is essentially the same, in most
respects,. as that presented in Appendix B-1.

3.1.5 . Uranium Mass Rate Determination

At each measured time increment, the uranium mass. rate in each stream
was . obtained as the product  of the corresponding flow rate and
concentration, ~

The uranium feed mass rate in the 1AF feed stream, entering the
1A column mid-section, was obtained from the known uranium feed con-
centration (analyzed prior to tests) and feed flow rate determined
through volume measurements as described in Section 3.1.4.

The uranium mass rate in the 1AP, 1BS-P, and 1BS~W effluent streams was
determined from the measured uranium concentration and calculated flow
rate data. The effluent stream solutes (U, HNO3) concentration was
obtained (a) by analyzing the stream samples taken periodically in 15-
to 30-minute intervals (all tests, except 1AM-1), and (b) from the XRFA
on-line instrument, monitoring continuously the uranium concentration
(only tests 3AM-3, 3AM-4, and 3AM-5). Each effluent stream flow rate
was calculated from equation 2 using the above.corresponding
concéntration data. Solutes concentration in the 1AW effluent stream,
leaving the 1A column bottom disengaging section, was determined
analytically from samples drawn periodically from the 1AW line. With
the same periodicity, the 1AW flow rate was calculated using the above
solutes concentration data.



3,1.6 - Computer System

A Digital Equipment Corporation (DEC) Decwriter III terminal was con-
nected to the Material Accountability and Process Coordination System
(MACS) as part of the AGNS Computerized Nuclear Material Control and
Accounting System (CNMCAS) network (see Figure 3-3). 11)  Instrument
readings were automatically recorded on the RP04 disc each four minutes
during a run. Concurrently, near-real-time (NRT) readout was provided
at the terminal. The language used for all computer operations was
BASIC-PLUS-2 (V 1.6).

3.1.7‘ Column Uranium Inventory

Of special interest for this study was the NRT determination of the
column uranium inventory during the process. Ordinarily, this deter-—
mination cannot be made during a run, but must await chemical analyses
made after the run is finished. One of the goals of this study,
therefore, was to 'see if this tlme lag could be avoided.

Partial success was achleved, as may be seen in Appendix A-11 which
provides an NRT readout of A-Col uranium holdup. The top half of
Appendix A-11 contains the NRT plot. (Note: This plot was actually
made from recorded data but the procedure is the same, regardless of
whether the data are "live" or recorded.) For comparison, the conven-
tional plot for the same run, based upon data obtained by chemical
analyses and post mortem flow rate determinations, is shown at the
bottom of the page. Although there is still plenty of room for
improvement, “a start has been made in obtaining the NRT plot.

The computer program which printed out the top half is presented in
Appendix B=1l. ' During execution of this program, the various instruments
are read by the computer and calculations made each four minutes, - The
flow rates from the tanks are computed by the dropout method. Among
other subroutines, the program shown in Appendix B~1 uses the empirical
‘equation for calculation of AP stream flow rates (line 602 of the
program), the method for removal of densimetric noise (lines 555, 560,
and 565 of the program) and curvilinear interpolation (starts
line 20, OOO) ‘

Based upon the calculated flow rates and on the uranium concentration in

the AP stream as indicated by the XRFA instrument, the NRT plot at the

top of Appendix A~11 was drawn by the computer. In much the same manner

Appendix A=12 and Appendix A-13 were drawn representing NRT readout of

holdup in the AB-Col (Columns A and B in series) and (by difference) the
B-Col, respectively.

3.1.8 Acquisition and Run Status

A program, given in Appendix A-14, was prepared which prints out each
four minutes, in NRT, an overall summary of the run then in progress. A
typical example is given in Appendix A-15, where readings for a total of
24 instruments (counting the two temperature recorders) were scanned.




The printout of total volume, in mid-page of Appendix A-15 is an attempt
to account for the entire liquid inventory in the system. A "Taylor
volume," as used in this table, is defined as that volume of distilled
water, at a temperature of 25°C, which would produce the given reading
on the Taylor instrument. This is considered to be the most accurate
volume reading possible, with the given instrumentation, since density
measurements are not factored into Taylor volumes. The term "solution
volume' as used, refers to the actual volumes of the various liquids
after density adjustment. Under ideal conditions (i.e., after head pots
and wvarious other auxiliary vessels have reached near steady-state con-
ditions), it was possible to detect a diversion of a few hundred
milliliters (out of a total of approximately 1000 liters) in the
system.

In the next part of this data summary is shown (left to right) the tank
‘identity, liquid level in centimeters, volume in liters at 25°C, flow
rate for the given period in liters per minute, cumulative flow rate,
temperature of the BP stream, density, acidity, uranium content, and
total uranium. Below this, similar information (where applicable) is
listed for the lines and columns.  Finally, the results for a summation
of all the uranium in the system are given as a material balance.

There 1is room for improvement, but a start has been made. Information
such 'as that shown' in Appendix A=15 was used many times by operators
during various runs to detect faulty run conditions in time for needed
corrections to be made. Also the listings for tank liquid levels were
consulted frequently by the operators before; during, and after a given
run.

3.2 Experimental Procedure

The proposed experimental work on pilot-plant pulsed columns comprised
ten mass-transfer tests with natural uranium shown in Table 3-1. The
actual operating conditions are presented in Tables 4=1 and 4=2.,  The
tests included (a) the uranium concentration profile measurement along
‘the tested columns operating under steady-state process conditions, (b)
actual dispersed phase holdup measurement at the end of each run, and
(¢) columns uranium inventory determination performed both analytically
and by the computer.

3,2.1" Concentration Profile

The longitudinal uranium concentration profiles were determined by
taking samples of both the continuous ‘and dispersed phase ‘at each
sampler on the tested column (Figure 3-2) operating under steady-state
conditions. Samples were analyzed for uranium and nitric acid concen-
tration, Resultant analytical data were then used for calculation of
the actual solute concentration at each sampling point. From these
values, the solute concentration profiles were obtained.

The methods for chemical analyses are described in Appendix A in

Reference 3. The model for calculation of the solute concentration
profile, based on chemical analyses, is shown also in Reference 3.
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Concentration profile data of the ten experimental runs with natural
uranium simulating the second ‘and third plutonium process cycles of
BNFP, are summarized in Tables 4-3 through 4-12, as well as Figures 4-1
through 4—-20.  These data are discussed in Section 4.2. :

3.2.2 Dispersed Phase Holdup

The actual dispersed holdup was determined through liquid volume mea-
surements in the tested column at the end of each run. This technique
comprises determination of the interface position in the disengaging
section prior to shutdown, then separation (settling) of both liquid
phases within the column after closing all feed and effluent lines,
followed by turning off the pulser, and performing measurement of Ilquld
volumes within the calibrated column. The dispersed phase holdup is
then determined by dividing the measured volume of the dlszersed phase
by the total liquid volume of the column active section. Actual
holdup data are shown in Tables 4=1 through 4-3.

3.2.3 Solute Inventory Determinatibn in Pulsed Columns

The 1nventory of solutes (U, Pu, HNO 3s etc. ) in pulsed columms used in a
nuclear fuel reprocessing plant is dlscussed in References 4 and 5.
Empirically, the solute inventory in a column can be determined using
the following methods: :

(a) Concentration profile and- actual dispersed phase holdup measure-
ments performed in the column operating under steady~state process
condltlons.

Volume and concentration measurement of each phase ‘at the end of
each run after draining the columm.

(b)

(c) Feed and effluent streams mass rate measurement performed in short-
tlme intervals during the run;
(d) Solutes inventory measurement in feed and receiving tanks.

(e) Computer program based on the mass rate measurement technique in
item (c).
4)

(£) Calculation from empirical equations} which 1is discussed in

Section 5.3

3.2.3.1 Concentration Profile - Holdup Method

The method is comprehensively described in Reference 4. It requires
determination of both the solute concentration profile and dispersed
phase holdup within the column, as well as volume calibration of each
column section.  From the solute average concentration obtained from the
concentration profile and the dispersed phase holdup value within the

calibrated column section, the solute ‘inventory in that section can be




‘determined.  The total solute inventory is then given by the sum of -all
sectional (partial) inventories in the column. The uranium inventory in
the 1A dual process column was determined by using holdup data calcu-
lated from the equation in Reference 5. The: inventory in the 1BS strip-
‘plng column was determined by using actual dispersed phase holdup data,
measured at the end of each run.

3.2.3.2 Volume-Concentration Measurement Method

The technique is based on draining the column after reaching the opera-
tional steady-state, decanting and measuring both the-volume and 'solute
concentration in each liquid phase. (4) The quantity of a solute in each
phase 1is then given by the product of the corresponding liquid volume
and solute concentration.. The total solute inventory in the column is
expressed as the sum of both the organic and aqueous solute quantities,

3.2.3.3  Mass Rate Measurement Method

A detailed description of the method is given in Reference 5. It is
based on the flow and solute concentration measurement in feed and
effluent streams performed in short-time intervals, starting from the
moment when the feed solution (l1AF) is first introduced into the
1A column.  The general equation for the solute 1nventory in the equip-
ment (column, vessel) has the form

(n)
= At § : 3
i=(1)
(n-1) .ol
_ At S
== Am(o) +Amey + 2 ) Amy
i=(1)
where: AM = Solute inventory (grams)

Am = Vf.Cf o }:(Veoce) =“mf - Te

solute mass rate difference (grams/minute)
v = Flow rate (f/min)
C = Solute concentration (g//)
f = Feed
e = Effluent

‘vf,c = mg; golute feed mass rate (g/min)

z(ve.Ce) me; total solute effluent mass rate (g/min)

At = Time interval (minute).



The above equation applies to the (a) single process column, (b) dual
process column, (c) entire process cycle, and (d) entire plant
equipment.

The total solute inventory in a column is determined by measuring the
solute mass rate difference (Am) in short-time intervals during opera-
tion, starting from time zero (t,) when the feed solution is first
introduced into the column. Theoretically, a zero mass rate difference
(Am=0) is obtained during measurements performed under operational
steady—-state conditions in the column, when the feed mass rate equals
the effluent mass rate. If solute's removal (diversion) occurs in any
tank, column or stream, the mass rate difference will be always higher

than zero (Am>0). From measured time and mass rate data, the quantity
of the removed solute, the approximate 'diversion" time, its duration,
as well as its place could be detected by this method. This assumes all
measurement systems are accurately calibrated with minimum systematic
errors.

3.2.3.4 Tanks Solute Inventory Method

The total solute inventory in the columns and ancillary equipment,
operating under steady-state conditions, can be determined by measuring
and comparing the solute's quantity spent in the feed tank with that
accumulated in all receivers during the same time period. In this case,
the solute inventory can be calculated from the equation

AM ¢y = BME TR, (£4) - ZAMRec. (t;)

where:
AM o )T Solute inventory (grams) measured in time tj (minutes)
“i

MMy, tk(ty) = Solute quantity spent in the feed tank (grams) during time
(mlnutes)

LAM . = Solute quantity accumulated in all receivers (grams)
Rec. (tj) : i .
during time t; (minutes)

3.2.3.5 Computér Method

The computer method is based on the mass rate measurement technique
described in Section 3.2.3.3. 'Equation 4 ‘in that section was used for
uranium inventory computation in each column. The developed computer
program is ‘given in Appendix B-1. '

The mass rate measurement technique, applied either analytlcally or by
the computer, requires basically two things: (1) determination of the
flow rate of each stream entering and leaving the column, and (2)
measurement of the solute concentration in each stream, performed in
short-time intervals during the process.




TABLE 3-1

PLANNED TEST DATA

Feed Concentration:

Column: Stream: | Phase:* U HNO3 | Others: Flow Rate: (ml/min)
(g/2) | ()

2A & 2B :
Columns: Tests at room temperature: ZAM-1 " |2AM~2 J2AM-3  {2AM-4 |[2AM-5

2AS A 0.0 1.0 | N/A 104 104 104 104 104
2A Column 2AF A 26.0 '13.0 IN/A 750 550 550 350 350
(£1A Column) 30%

2AX 0 0.0 0.0 | TBP 280 280 280 280 280
2B Column
(21BS. Column) 2BX A : 0.0 10.3 | N/A 280 280 280 280 280
3A & 3B
Columns: Tests at room temperature: 3AM-1-13AM~2 [3AM-3 {3AM-4 |[3AM-5

3AS8 A 0.0 1.0 i N/A 100 100 100 100 100
3A Column 3AF A 40.0 1°3.3 | N/A 550 450 450 1 350 350
(1A Column) 307%

3AX 0 0.0 10.0 | TBP 260 260 260 260 260
38 Column ‘
(£1BS Column) | 3BX A 0.0 [ 0.2 | N/A 260 260 260 260 260

*A - aqueous; 0 - organic




BLANK - PAGE




- S
Q_ i |
1AS
o =
O
S
x i Vent
{— i | @l 2 <| < o ]
L Vent '
* {f ¥cal ¥ |
; by il seal 2 1BS-X Y o z
" R ] U)* ™ N TR
. ol B : |
LT g | ILEL | S @ - airli B |
ol2l 1l 1gle smY E N
e HE N H.E. . I B
e 15 = | : ‘ i H %
o - o n
=10 L ' a B By
T j’ D.P. (4 @ WT : Vent | .
) I | : < E @ = L B
cH 8
b ‘ -*-—'———'——' 3 E f .
" R tsm & Dram | SE @ | e =
Sm & Drain - Vent ‘ wH ~ ' ~ SmE
A POy pgVao | @@ 2k H
O Fl” f Vent ] 8
A el - D /| oo
sm 1S i v i o _ : e
re ey sl 11 .0 SH |
L] & Density |- k] ; . o
bl B from POi - x = OH
§| 2 | Drums 2 8 : 5 <H
1E el 152 |[|22] - ver. h 5 <f
o - [- w e 1BS-P = 4 A 2
3 e ; e8 28| « ge:\sitv a : s H 1AX
o = % = g hult o -- : 2 :
- 2IHHET =] g 3 g B
< r‘?" Jl | at 15 I éDirect z : - émrect
S il 4 m/ (1501) (150 L) m - Pulser 4 Pulser
w_. Sm Sml fs NVHs NVHE" u
- i e (2 aa sta By . r-?-:: B
Drain X X Smﬁf X sm” Sm&} I X
3812.046-19 )

Flow Calibration

Cal
CIT - Conductivity indicator and
Transmitter
DE Dynatrol Density
DM Mettler Parr Densimeter
D.P. D‘isplacement Pump
DT Liguid Density Transmitter
H.E. Heat Exchanger
Ly Liquid Level Transmitter
"NV Needle Valve
R Flowmeter
Sm Sambnng
S. P. . Surge Pot
T Temperature indicator
WT  Weight Recorder Transmit-
ter
XRFA Instrument for On-Line
Uranium  Concentration
Measurement
X Interface

PILOT PLANT FLOW DIAGRAM
AND INSTRUMENTATION

FIGURE 3-1

_1‘9-






(a) (b)

1A Column 1BS Column
1AS I
O—3 ;
N 1BS-X
1AP l
\Y4
== T 1BS-W
~20" TEDT
A1 : i ¥ 1% ~23"
25" ~18"
12 plates
A-3 12 plates. - 2;3" a7
2‘5 ir 18 plates
A-4 12 plates { BS-Q ? ‘
12 plates 25" ar”
A
1AF O—Ai 4.5 plates g'n 18 plates 4
A-6 : . BS-3
12 plates 2'5” :
A-7 1 49"
12 plates 21? 24 plates l
A-8 ‘ " BS'4
12 plates 2"5 : T
A-9
f ’4911
34"
16.5 plates l 24 plates l
A-10 BS-5
. . T . 24 plates 1
g-z—n—p e 507 '2“" <t 49"
24 plates l l
1ax X1 4 1APBS-6 - 2
=H | .se" ~18" 0=§P:-—~———JT
% f 2 I

[ 1AW [ 18sP

) 80-153-1
Plate Spacing: 2-inches

SAMPLERS LOCATION AT THE 1A AND 1BS COLUMNS

FIGURE 3-2

- 2] -



MACS
Material Accounting and Decwriter 11|
Process Data Process Coordination System : LA 120 Terminal
Base Storage PDP 11/35
,  RDASIMACS LDS/MACS ,
: Communication Link - | . Communication Link :
RDAS , : ‘ ' LDS
Remote Data ' | e Laboratory Data System|
~Acquisition System : : PDP 11/35
PDP 11/35 ' ,
it (ot )( oe @ Gb . SV XRFA

Analog Instrument Inputs ' -Line Analytical Instrument Inputs

Note: For instrument symbol definition, see figure 3-1 : : : ' 3812-046-20

PILOT PLANT INSTRUMENT DATA ACQUISITION SYSTEM

 FIGURE 3-3




4.0 RESULTS AND DISCUSSION

4.1 Mass=Transfer Tests

Flow and operating conditions of ten mass-transfer tests with natural
uranium are presented in Tables 4-=1 and 4-2. They include also the
actual dispersed phase holdup values measured in each column during
experimental runs. All tests were performed at a room temperature of
about 24°C.

Uranium extraction in the 1A column was very efficient. 1In all tests,
the 1AW raffinate contained <0.01 grams uranium per liter, ‘except test
3AM-1, where the uranium content was about 4 grams per liter. (See
effluent stream data in Tables 4~3 through 4~12). Scrubbing in the 1A
column upper section and stripping in the 1BS column was as expected.
Uranium concentration in the 1AP and 1BS~P product streams increased
about linearly with an increase in the 1AF feed flow rate maintaining
the other feed flow rates constant. It increased in about the same
manner also with an increase in the 1AF feed concentration at a constant
1A¥/1AX, and 1AF/1BS~X flow ratio, respectively. Compare data in Table
4-14 and Figures 4-21 and 4-22,

During tests, the 1A column and 1BS column operated ‘about 10 to 13%; ‘and
25 to 30% below the corresponding upper flooding curve {4) respectively,
The operational steady-state in the 1A columm was reached within 100 to
150 minutes after turning on the 1AF feed stream, or in about 1.2 to 1.4
exchanges of the organic phase volume within the column operating with
the organic phase continuous. Both the 1A and 1BS columns operated
under steady-state conditions in approximately 210 to 250 minutes, or
after about 2.3 to 2.5 exchanges (with the organlc phase) of the organic
phase volume in the IA column

As shown in Table;3—1; it was planned to change only ‘the 1AF feed flow
rate by maintaining all other feed streams constant during experimental
runs. Actual flow rates measured volumetrically during runs are pre-
sented in Tables 4-=1 and 4-2. Comparison of data in the above tables
indicates deviation in flow rates, although each flow rate was
controlled by the calibrated diaphragm~type displacement pump. It
demonstrated the expected technical difficulties in simulating or
repeating the same runs, For example, during ‘similar ZAM-=2 and 2AM-3
tests, the flow rate deviation from the planned value was in the 1AS
stream +1% and +34%, in the 1AF stream +12% and +2%, in the 1AX stream
+10% and 14%, and in the 1BS~X stream +16% and +15%, respectively.

4,2 Variables

Essentially variables required for evaluation of the mass balaunce, mass-
trans fer process, and particularly the solite inventory in-a column are
the feed and effluent streams flow rate, and the solute concentration in.
each stream.
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4.2.1 Feed Flow Rate

The flow rate of any feed stream can be determined through liquid volume
measurements in the corresponding feed tank during a measured time
interval. Assuming that liquid volume AV is spent in a feed tank during
time interval At, then the average feed flow rate (in that time
interval) will be '

v = -ﬁ% (2/min), (g&/hr) : ‘...6

‘The accuracy of the flow rate value, as shown, depends on the accuracy
in measuring both the liquid volume change in the tank (AV), and time
interval (At). Generally, measuring the time interval is easier than
- measuring the liquid volume change within the tank. However, the longer
the time interval, the more accurate is the At and AV reading.

The liquid volume measurement in a tank requires (a) a thorough calibra-
tion of the tank, (b) reliable liquid level readlng, and (c) reliable
11qu1d denslty measurement .

The accuracy in tank calibr‘ation is affected essentially by the design
of the tank. For example, a simple cylindrical tank, with no internal
piping, mixer, filling materials and complex baffles, is calibrated
easier than tanks provided with those parts. The calibration of a tank
is made by determining the relationship between the measured volume of
the standard liquid (water of known density) and corresponding liquid
level reading along the tank. The liquid level change in the tank is
usually monitored by the calibrated dip~tube (air bubbler) instrument
measuring continuously the pressure difference between the pressure
within the dip-tube, when air is bubbling into the tank, and air
pressure inside the tank. The measured liquid level is then

= 1000 AP : voud

L
St Pse

= Standard liquid level (cm)
Pressure differential (kg/cm?)
Standard liquid density ’(grams/cmz)

The liquid level instrument indicates always the level corresponding to
the standard liquid used during calibration. At different liquids than
the standard liquid, the actual liquid level (L) and volume (V) will be
different than indicated by the instrument (Lg., Vg¢), depending on the
liquid density (p). The dens:.ty (p) of each feed solution was deter-
mined (from samples) prior to startup of tests. The actual liquid
level in the tank is then




and the actual liquid volume with regard to the callbratlon curve,
indicating the V-L relationship, is

p
St
V = R
Vgpr — .9

All feed tanks in the pilot plant are cylindrical, provided with one
internal dip-tube. It was found through calibration that the calibra-
tion number representing the liquid level change per liquid unit volume
changes little along the tank. ' The average value along both the 1AS and
1AF 380-liter feed tanks is about 0.35 cm/liter, and along the 1AX and
1BS-X 95-liter feed tanks 'is 1.27 cm/liter.

The small values of the calibration numbers affected considerably the
accuracy in reading the liquid volume changes in each feed tank, espe-
cially when performed in short-time intervals and at low flow rates.
For example, the liquid volume readings in eight-minute time intervals
in each tank during 3AM-=3 test are presented in Appendix B-2.
Calculating the flow rate from the above periodic volume readings during
the 284-minute operating time (from 8:30 a.m. to 1l:14 p.m.), it can be
shown that the measured volume flow rate of the 1AS feed stream deviates
about 25% from its average value of 0.106 liter per minute, whereas the
1AF stream flow rate deviates only about 3.5% from the 1AF average flow
rate of 0.435 liters per minute (four times higher than that of the 1AS
stream). It can be shown also that the 1AS and lAF flow rates cal-
culated from volume readings in 16 to 24=minute time intervals in
Appendix B~2, deviate about 9% and 3.0% from the above average flow rate
valués, respectively.

To obtain more reliable flow rate data, it is recommended to perform

liquid volume readings in each feed tank perlodlcally in at least
15~minute time intervals during the run.

4.2,2 Effluent Flow Rate

The liquid volume increase measured in set time intervals in a receiving
tank cannot be used for the precise evaluation of the corrésponding
effluent stream flow rate. For example, consider a usual receiving tank
provided, besides the filling, draining and vent lines, also with the
liquid level monitoring instrument (LT) and densimeter (DT).

Assume liquid volume and density measurements in time interval
At =, = t
1,2 2 1

The liquid level L., Volume vV, and density o, were measured in time t,.
The liquid level L, volume Vz, and density p, were measured in time tj.

The tank was calibrated with the standard liquid of a density of Pgy s
for which applies v SV D
Stl .pSt— 1 1
and
Vst, *Pst = V0P
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Taking into account the mass (or weight) change equation
Vaepp = Vy°p; + AV1 202 & ..l 10

the volume 1ncrease measured 1n time interval At1,2 in the tank will be

P1

* i}
AVy, = Vp = Vp° o

cenll

i AVStl,z P2

‘The measured volume increase (Avl,g) is different than the volume of
the effluent stream (AVeg],2) entering the tank during time period
Aty1,2. The effluent stream density (Pej,2) is affected by the solutes
concentration within the stream. Its value is constant only when the
column operates under steady-state condltlons.

Considering the mass change equatlon
Vs =V‘o +AV D
Voepo 1°P1 e
1’2 e1,2

the ‘actual volume changé is

Pse

AV =V, . 2F |
e1,2 7 Mge 5 Pey o , --:13
]

The relationship between the actual effluent volume (AVel,z) and
measured liquid volume change (AV1,2) during time period At1,2 is then

P2

*
= AVY 5° .14
ey , 1,2%e) 5

As shown in this equation, the AVg1,7 determination requires, in addi-
tion to the liquid volume and density measurement in the tank, also the
measurement of the effluent stream density (Pe;,,) in time interval
Aty,,. Before reaching the operatlonal steady-state within the column,
the effluent stream density is not constant due to changes in the
solute concentration. In this case, its approximate average value for
short-time interval Atl,z (e.g., up to ten minutes) can be estimated
from the equation ,

pel + pez

o < e ‘ .15
€1,2 2

where Pe, and Pe2 are effluent stream densities measured at the
beginning and end of the time interval, respectively.




To measure continuously the above density required for AVel determi-
nation, the receiving tank has to be provided with a densiméter on the
effluent line outside the tank. For illustration, see the arrangement
of both the 1BS-P and 1BS-W receiving tanks in Figure 3~1. Knowing the

AVg value, then the average effluent stream flow rate in time
inte¥val At,,, can be calculated from the equation
ey
velsz - Aty ;_
’ ... 16

BVsey 5, "Pst

ey o8,

. 3 ¥

The flow rate value depends on the accuracy in reading the volume
change (AVS ) in the tank, and in measuring the effluent stream
density (peﬂfa) in short-time intervals, as well as on the tank
calibration. For example, the flow rates of both the 1BS-P (=BP) and
18S-W (=BW) effluent streams evaluated from volume readings in
eight-minute intervals in Appendix B-2 (test 3AM=-3) are about 6 to 127
lower than expected with regard to the solutes concentrations, see
Appendix B-24,  These lower flow rate values resulted basically from
inaccurate volume and density measurements.

For satisfactory détermination of the effluent streams flow rate
through volume and density measurements, it 1s recommended to
recalibrate:

(a) Both the 1BS-P and 1BS-W receiving tanks in the Pilot-Plant

(b) The liquid level measuring instrument (LT) at the 1BS-P and 1BS-W
receiving tanks.

(d) The effluent stream densimeter of both the 1BS~P and 1BS-W density
pots.

The flow rate of each effluent stream containing uranium and nitric
acid can be readily calculated by use of equation 1 in Section 3.1.4.
The equation was applied, e.g., during analytical determination of the
uranium inventory in test columns presented in this report. Its use is
justified through the achieved satisfactory results. The equation
shows the expected increase in solutes (U, HNO3) concentration in the
effluent stream. ‘

The concentration profiles indicate that the uranium concentration in
both the organic and aqueous phase within the 1A column at the lAF feed
inlet does increase with an increase in the 1AF stream flow rate at a
constant flow of other streams, or with an increase in feed (1AF) to
stripping stream (1AX) flow ratio, as expected. The uranium
concentration in effluent streams from both columns is affected by the
2AF flow rate in the same manner. Resultant diagrams from experimental
data in Table 4-13, describing the above effect, are shown in
Figures 4-21 and 4-22. From comparison of data in the above table and
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figures, it can be deduced that, at a given flow ratio, the higher the
uranium concentration within the lAF feed stream, the higher will be
the concentration in the product streams (l1AP and 1BS-P), as well as
within the 1A column around the 1AF stream inlet.

4.3 Uranium Concentration Profiles

Uranium and nitric acid concentrations along the tested pulsed column
were determined through sampling and calculations as described in Sec-
tion 3.2.1 and Reference 3. Resultant profile data from the ten
experimental runs are summarized in Tables 4-3 and 4-12, and are pre-
sented graphically in Figures 4-1 through 4-20. These data were used,

in conjunction with the corresponding dispersed phase holdup values
given in Tables 4-1 and 4-2, to calculate the column uranium inventory
using the method noted in Reference 4.

4,4  Uranium Inventory in Pulsed Columns
The uranium inventory, i.e., its holdup within the pulsed column tested
during each experimental run, was determined both analytically and by

the computer. . :

The analytical methods used for uranium inventory determination in
pulsed columns were as follows:

(l)’ "Concentration Profile ~ Hoidup Measurement" method
(2)  "Liquid Volume - Concentration Measurement' method
(3) '"Mass Rate Measurement" method
(4) '"Tanks Inventory" metﬁod
(5) Calculation from empirical equations.

The computer method, based on the '"Mass Rate Measurement" technique
included: L

(a) Uranium inventory computation using laboratory analysis of U con-
centration in flow ‘samples and average flow rate data.

(b) Uranium inventory computation using average flow rate data and
uranium concentration on effluent streams . monitored by the
corresponding XRFA instrument in four-minute time. intervals.

(¢) Uranium inventory computation using both the flow rate and XRFA
concentration readings in four—-minute time intervals.

The analytical methods in items (1) through (4) were described in Sec-
tions 3.2.3.1 through 3.2.3.4, respectively.

Estimated data from concentration profiles in Figures 4-1 through 4-20
were used, in connection with the dispersed phase holdup values in
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Tables 4~1 and 4~2, to determine the uranium inventory in tested columns
through the "Concentration Profile - Holdup Measurement' method.

Experimental liquid volume and concentration data obtained from
measurement after draining the columns, given in.Table 4~14, were used
for calculation of the uranium inventory in columns during each run,
which is congidered the most reliable method.

Flow rates, analytical concentration data, and effluent mass rate data
on all tests (except test 2AM-1), determined in 15- to 30-minute time
intervals, are summarized in Tables 4=-15 through 4~23. The measured
uranium mass rate versus time relationship is shown graphically in
Figures 4-23 through 4-31. Those data weére used for analytical
determination of the uranium inventory in tested columns through the
"™Mass Rate Measurement' method. The determined relationship between the
measured column uranium inventory and time is presented in Figures 4-32
through 4-40. :

Uranium inventory data on the 1AF feed tank, the 1AW, 1BS-W and 1BS-P
receiving tanks, and lAP head pot at the end of the experimental run are
shown in Tables 4-24 and 4-25. Those analytical data were used for
determination of the total uranium inventory in both columns through the
"Tanks Inventory" method. The uranium concentration in receiving tanks
was determined analytically after completion of each test. Due to
technical difficulties in measuring the actual liquid volume in the
receiving tanks (densimeters did not operate), the liquid volume in each
tank was calculated from the measured average feed flow rate and known
total feed time of the corresponding stream.  The volumes were then
corrected by use of equation 2 in Section 3.1.3.6.

The uranium inventory in columns was also calculated from the empirical
equations described in Reference 4., The calculated inventories
correlate well with those determined experimentally through the above
analytical methods, 'as shown in Tables 4-26, 4-27, and as shown
graphically in Figure 4-41. Plotting resultant inventory data in the
diagram in Figure 4-41 shows that the uranium inventory in the 1A dual
process column, simulating the 2A and 3A columns performance in the
plant, can be approximately calculated from the empirical equation:

VE

M zO.84’V ® - L C *30>
A col <V3t (U)f L.l 17

;hen b S C >55 g U/, and from the equation
Vg (U)f -

: ve
M '~‘30.44'V e T 0 C
1A col  vg, (U)f
when Z§w--C
Vst

<55 g U/ 2.
W,
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The uranium inventory in the 1BS stripping column, simulating the 2B
and 3B plant columns performance, can be calculated from the empirical

equation:

MIBS 0.45 V(col) R C(U)f . .»19

In these equations:

M = Uranium inventory in the column (grams),
V (co1) = Column total liquid volume (liters),

V§ = Feed flow rate (liters/minute);
Vst = Stripping stream flow rate (liters/minute),
C(U)f = Uranium concentration in the feed stream (grams U/liter).

Equation 18 is identical to that developed for columns operating under
HS column process conditions, with the exception of the Vf/VSt : C(U)
range, which is about half of that of the HS Column.

The. above equatlons apply only to the tested pilot plant columns.  The
column design (dimensions) will affect the coefficient value in these
equations. (4) For example, analyzing experimental data from the cold
uranium mini-run on the second and third plutonium cycles in the
plant, (6) the equation for uranium inventory determination will be:

In the 2A Plant Column of a total ‘liquid volume of 712 liters:

M2A ~ 0034 V(col)o ..Hl_f, — 30) .0020
Vst :

or

VSt L..21
In the 2B Plant Column of a total liquid volume of 425 liters:
M, =~ 0.58 v “m
28 " eol) t g ...22
. Vst
or
Myp ~ 246.5 Tf | ...23




In the 3A Plant Column of a total liquid volume of 518 liters:

M3A ~ 0,39 V(Col) .(...___v _30) e 24
st )
or
M3y ~ 202 (f%f— -30) .25
st | |

In the 3B Plant Column of a total liquid volume of 468 liters:

M. =~ 0,265 ‘ : ~
3B 0.265 V(Col) 31 f 6
. . St :
or
M3B ~ 12405, ‘T‘f S 27
St

In the above equations:

M = Column uranium inventory (grams U),

m =1Ive C(y s uranium feed mass rate (grams U/mlnute)

Ve = Feed flow rate (liters/minute),

Vst = Stripping stream flow rate (liters/minute),

C(U)f = Uranium concentration in the feed stream (grams U/liter)

Validity of these equations may be reverified through subsequent mini-
runs performed under about the same conditions in the plant. As indi=-
cated, the coefficient in equations 20, 22, 24, and 26 are different
than those equations 17 through 19 due mainly to different column
dimensions.

Experimental (analytical) data in Tables 4-15 through 4-23 were used
also  for computation of the uranium inventory in tested columns through
the computer program, which resulted in inventories shown in Appendices
B-4 through B-23, and Tables 4-26 and 4-27. ~'The computer inventories
from analytical data are quite comparable with those determined through
analytical methods.

After satisfactory recalibration of the XRFA in-line instrument for
effluent uranium concentration monitoring, the near-real-time uranium
inventory in columns during the last three tests (3AM-3, 3AM-4, and
3AM~5) was determined by the computer program (see Appendix B-1) using
the XRFA concentration data (Appendices B-24, B-25, and B-26,
respectively) and flow rate data (Appendix B-3). Results are given in
Table 4-27, and Appendices B-27 through B-32. They indicate a higher
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deviation from the corresponding uranium inventory determined through
the liquid volume and concentration measurements after draining the
tested columns (considered the most reliable experimental method) than
other inventorjies obtained from the average flow rate values. It was
assumed that the above deviation is mainly due to the inaccuracy in
reading the liquid volume changes in each tank in the noted short—-time
intervals.

To verify the above assumption, the uranium inventory in columns was
computed during the 3AM-3, 3AM-4, and 3AM-5 tests also from XRFA
concentration readings (Appendices B-24, B-25, and B-26, respectively)
performed in four-minute time intervals by using the average flow rate

values determined from data in Appendix B-3. Resultant inventory data
are shown in Table 4-27, and in Appendices B-33 through B-36. They
correlate well with the corresponding uranium inventory evaluated
through the '"Liquid Volume - Concentration Measurement' method as
indicated in Table 4-27. In this case, the use of the average flow
rate values is justified because all feeds to tested columns were
controlled by steadily operatlng (callbrated) positive displacement
pumps . :

All ten tests evaluated in this report were performed smoothly as
indicated through the corresponding weight and density recorder
readings at each column. These readings obtained during the 3AM-3,
3AM-4, and 3AM-5 tests are presented in Appendices B-37, B-38, and
B-39, respectively, as examples. The 1BS column density readings
through the average column density recorder and weight recorder could
not be done entirely during experimental runs due to the upper limit
setpoint on the above instruments (1.02 and 1.04 grams/cm3, respec-—
tively). All readings on the 1A column indicate smoothness in the
corresponding run performance, as well as the approximate time when the
column started to operate under steady-state process conditions. From
that time on, all readings remained about constant. 'Drawing
concentration profile samples for the 1A column, which started about
12:10 to 12:20 p. m., resulted in discernible changes (drops) in density
readings as shown in Appendices B-37 through B-39. Column density
readings can follow any process upset within the column during
operation. For example, an additional run made under similar
conditions as that of the 2AM-1 test, with the exception of the pulse
velocity which was about 13% higher, resulted in the 1A column
flooding. Density readings are shown in Appendix B-40. The column was
flooded twice, i.e., at 10:00 a.m. and 12:20 p.m. In both cases,
reversal of phases occurred. The recovery from these upsets was slow
when only the pulse frequency was reduced (of about 30%). Therefore,
after each flooding, it was required to shut down also the 1AF feed
stream for about 30 minutes.

Column~den31ty readings are indispensable for the process control in
the pulsed column. They can be used effectively as an early warning
system for undesirable process conditions which may be building up in
plant column. ‘
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TABLE 4~1

2A AND 2B COLUMNS,
TEST CONDITIONS AND DATA

(Tests 2AM-1, 2AM-2, 2AM-3, 2AM-4 and 2AM-5)

, Concentration: Flow Rate : (ml/min)
Column: Stream: Phase: U ' HNO3 Test Test Test Test | Test
' (g/2) (M) 2AM-1 | 2AM-2 | 2AM-3 | 24M-4 | 2AM-5
2AS A 0.0 1.0 104 105 140 84 96
24 Column 2AF A 26.4 3.0 740 614 560 325 333
(1A Column) 2AX
(30% TBPY O 0.0 0.0 275 307 317 298 282
2B Column
(=1BS Column 2BX A 0.0 0.3 265 323 321 305 304
Pulse Frequency: (c/min) ~ 84 86 85 85 85
Pulse Amplitude: (cm) ~1.8 | 1.8 1.8 1.8 1.8
2A Column " "Dispersed Phase | Scrubbing (13.0)} (13.9)7 (13.9)} (13.0) (13.3)
Holdup: Extraction (23.2)7 (22.7)] (21.6)| (18.0)] (18.4)
(%) Average (Scrubbing ‘
and Extraction) ~20.1 | 18.9 19.3 16.7 17.2
Pulse Frequency: (c/min) ~60 60 60 60 60
28 Column Pulse Amplitude: (cm) ~1.9 1.9 1.9 1.9 1.9
Dispersed Phase .
Holdup: (%) ~7.5 7.6 7.8 7.0 6.6
ZA and 2B Temperature: °c)
Columns ~ 24 24 24 24 24
NOTE: Holdup data in parenthesis were calculated from the equation shown in the report

AGNS-35900~2,5-124, 1981 (Reference 5)



TABLE 4~2

TEST :CONDITIONS AND DATA

3A and 3B Columns

(Tests: 3AM-1, 3AM-2, 3AM-3, 3AM-4, and 3AM-5)

Concentration: Flow Rate: (ml/min)
Column: Stream: | Phase: U HNO; | Test Test | Test | Test | Test
~ (g/1) (M) | 3AM-1] 3AM-2 3AM—4 3AM-4] 3AM-5
3AS A 1:0.0 1.0 1 ~100 107 106 106 1 105
3A Column 3AF A 40.13 3.2 536 452 435 325 321
(1A Col.) 3AX -0 0.0 0.0 1 258 260 262 260 265
3B Column ; ‘ o i \
(1BS Col.)} 3BX A 1 0.0 0.2 302 278 267 275 277
1 Pulse Frequency: (c/min) ~ 85 84 | 84 85 85
| Pulse Amplitude: (cm) .70 1.7 | 1.7 [ .7 [ 1.7
3A Column | Dispersed Scrubbing (11.5)](11.2) [(11.2) [(11.6) K11.6)
Phase ; :
Holdup;: Extraction (18.4)](16.9) #16.7) £16.0) K15.9)
(%) Average (Scrubbing : ‘ ‘ ‘
and Extraction) ~16.0 | 14,8 114.7 114.5 {14.0
Pulse Frequeny: (c/min) 61 60 60 62 | 62
3B Column Pulse Amplitude: (cm) 1.9 1.9 1.9 1.9 1.9
Dispersed Phase S |
~ Holdup: (%) ~7.7 8.0 7.4 8.3 | 8.5
3A and 3B Temperature: (°c) ~ 24 24 241 24 24
Column

NOTE: Holdup data in parenthesis wére calculated from the equation shown in the
report AGNS-35900-2.5-124, 1981 (Reference 5).
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TABLE 4-3

CONCENTRATION PROFILE DATA
(Test: 28M-1)
2A Column: (= 1A Col.) 2B Column: (= IBS Col.)
Aqueous: Organic: Aqueous: Organic:
Sample: U HNO3 U ~'HNOg Sample U HNOg U HNO4
(g/2) (M) (g/2) (M) (g/2) (M) (g/2) (M)

End (2A8) (2A8) (2AP) (2AP) | End (2BX) (28BX) (2BW) (2BW)

Stream | 0.0 1.0 ~71.0 ~0.115 | Stream 0.0 0.30 ~22.9 <107°

A-1 ~6.0 ~1.0 72.4 0.115 B-1 ~9.7 0.28 27.6 <10°3

A2 : B-2 22.7 0.29 40.4 <1073

A-3 34.9 1.14 86.9 0.125 B-3 31.9 0,29 50.2 0.007

A=-4 e ‘ B-4 39.7 0.30 61.6 0.012
2AF A-5 42.9 1.62 95.6 0.137 B=5 48 .4 0.29 68.1 0.018

A—6 38.0 2.70 91.7 0.175 B~6 49.7 0.31 70.8 0.055

A7 5.9 2.92 40.8 0.40 End (2BP) (2BP) (2AP) (2AP)

A-8 , Stream | ~49.8 ~0.39 71.0 g.115

A—-9 <0.01 2.87 <0.01 0.52

A-10

A-11 <0.01 2.75 <0.01 0.44

End (2AW) (2AW) (24AX%) (24%)

Stream { <0.01 2.71 0.0 0.0




TABLE 4-4

CONCENTRATION PROFILE DATA

(Test: 2AM-2)
2A Column: (= 1A Col.) 2B Column: (= 1BS Col.)
Aqueous: Organic: Aqueous: Organic:
Sample: U HNO4 U HNO3 Sample: U HNO U HNO3
(g/2) (M) (g/2) () 1 (g/2) (M) (g/2) (M)

End (2a8) | (2as) (2AP) (2aP) | End - (2BX) (2BX) - (2BW) (2BW)

Stream | 0.0 1.0 ~51.6 ~0.115| Stream| 0.0 0.3 ~14.9 <1073
A= — e 53.8 0.115] B-1 ~6.6 0.28 18.7 <1073

A—7 ~ B-2 15.4 0.29 227.5 0.01

A-3 ~17.6 1.19 66.5 0.121] B-3 21.5 0.30 36.0 0.01

Al B—4 26.6 0.29 41.2 0.014

A-5 2.20 69.8 0.26 B-5 33.0 0.31 47.1 0.03

A-6 2.71 65.9 0.40 B-6 34.9 0.33 51.2 0.06

A-7 2.85 5.1 0.40 | End ~ (2BP) (2BP) (2AP) (2aP)

A-8 Stream | ~35.4 ~0.40 51.6 0.115

A=9 2.82 <0.1 0.51

A=10 :

A-11 2.73 <0.01 0.34

nd (2AW) (2AX) (2AX)
“IStream 2.69 0.0 0.0




TABLE 4-5
CONCENTRATION PROFILE DATA
(Test: 2AM-3)
2A Column: (= 1A Col.) 2B Column: (= 1BS Col.)
Agqueous: Organic: Aqueous: Organic:
Sample: U HNO3 U HNO5 Sample: [i] ! HNO3 U HNO,
(g/2) (M) (g/2) (M) (g/2) (M) L (g/) (M)

End (2A8) (248) (24p) (2AP) | End (2BX) (2BX) (2BW) (2BW)

Stream | 0.0 1.0 ~46.0 ~0.115 | Stream 0.0 0.30 ~15.6 <1073

A1 ~8.9 ~1.0 50.0 0.115{ ‘B-1 ~7.,9 ~0.29 16.8 <1073

A-2 - : ~ | B=2 14.9 0.29 28.6 <1073

A-3 17.3 1.21 66.8 0.118 | B-3 20.9 0.30 36.4 0.012

A-4 - - , B~4 24.3 0.29 41,7 0.027
IAF A-5 18.4 2.16 69.6 0.23 B-5 29.4 0.30 45.1 0.035

A~6 18.1 2,73 65.6 0.37 B—6 30.3 0.34 45.4 0.06

A-7 0.35 2.81 4.5 0.39 End (2BP) (2BP) (2AP) (2AP)

A-8 Stream | ~30.5 ~0.41 46.0 0.115

A-9 <0.01 2.80 <0.01 0.50

A-10

A-11 <0.01 2.77 <0.01 0.36

End (2AW) (2AW) (2AX%) (2AX)

Stream | <0.01 2.74 0.0 0.0




_8£..

TABLE 4-6
CONCENTRATION PROFILE DATA
(Test: 2AM-4)
2A Column: (= 1A Col.) 2B Column: (= 1BS Col.)
Aqueous: Organic: Aqueous: Organic:
Sample: U HNO3 i3] HNO4 Sample: U HNO4 U HNO3
(g/e) (M) (g/2) (M) (g/g) (M) (g/2) (M)

End (2A8) (2A8) (2AP) (2AP) | End (2BX) (2BX) (2BW) (2BW)

Stream 0.0 1.0 ~28.5 ~0.114 | Stream 0.0 0.3 ~8.9 <10-3

A=1 ~5.4 21,0 30.6 0.115 B-1 ~5.4 0.28 11.0 <1073

A=-2 ‘ B-2 10.3 0.29 16.8 <1073

A=3 10.1 1.20 41,3 0.150 B=3 13.4 0.29 21.2 0.011

Al b e e e = B-4 15.6 0.30 25.8 0.018
IAF A=5 7.0 2.37 38.4 0.36 B=5 17.0 0.30 27.8 0.023

A-6 6.2 2.70 35.5 0.42 B-6 19.1 0.34 28.4 0.06

A-7 1.1 2.90 4.2 0.46 End (2BP) (2BP) (2AP (2AP)

A-8 Stream | ~19.2 ~0.40 28.5 0.114

A-9 <0.01 2.84 <0.01 0.49

A-10

A=11 <0.01 2.60 <0.01 0.40

End (2AW) (2AW) (2AX) (2AX)

Stream | <0.01 2.54 0.0 0.0

e ® ® ® { ] ®




TABLE 4-7

CONCENTRATION PROFILE DATA

(Test: 2AM-5)
2A Column: (= 1A Col.) 2B Column: (= 1BS Col.)
Aqueous: “Organic: Aqueous: Organic:
Sample: U HNO; U HNO; Sample: U HNO3 U HNO3
(g/2) (M) (g/2) (M) (g/1) (M) (g/2) (M)
End (2A8) (248) (2AP) (2aP) | End (2BX) (2BX) (28W) (2BW)
Stream| 0.0 1.0 ~31.0 ~0.115 | Stream 0.0 0.30 | ~10.4 <1073
A-1 ~5.6 1.0 33.0 0.115 | B-1 "~5.3 0.29 10.6 <1073

A-2 ——= - 1 B-2 10.1 0.30 17.7 0.006

A-3 9.5 1.20 39.6 0.140 T B-3 14.3 0.29 22.6 0.01

A~4 e 1 B4 15.2 0.30 27.1 0.016
o 2AF A~5 6.6 2.4 33.9 0.40 B-5 16.9 0.31 30.2 0.021

A-6 5.9 2.6 31.4 0.45 B-6 19.1 0.35 30.7 0.05

A-7 0.9 2.87 1.3 0.53 End (28P) (28P) (2AP) (2aP)

A-8 — Stream| ~19.2 ~0.40 31.0 0.115

A-9 <0.01 2.85 <0.01 0.54

A-10

A-11 <0.01 2.58 <0.01 0.42

End (2AW) (2AW) (2AX) (2AX)

Stream | ~<0.01 |~2.43 0.0 0.0




" TABLE 4-8

CONCENTRATION PROFILE DATA

(Test: 3AM-1)
3A Column: (= 1A Col.) 3B Column: (= 1BS Col.)
Aqueous: Qrganic: Aqueous: Organic:
Sample: U HNO3 U HNO3 Sample ] HNO; U HNOg
' (g/2) (M) (g/2) (M) ; (g/2) (M) (g/2) (M)
End (3A8) (3A3) (3AP) (3AP) | End (3BX) (38X) (3BW) (3BW)
Stream 0.0 1.0 ~71.5 0.114 | Stream 0.0 0.2 ~6.8 <1073
A-1 ~9.4 1.0 72.1 0.114 ;- B-~1 ~5.1 0.19 9.0 <1073
A=2 B=2 9.9 0.19 14.5 0.007
A-3 39.4 1.30 80.8 0.12 B-3 15.2 0.19 20.5 0.010
A=4 - B=4 24 .4 0.20 34.8 0.017
A-5 49.5 2.0 98.2 0.19 B=5 38.6 0.20 51.0 0.020
A-6 47.6 2.82 97.8 0.25 B=6 54.9 0.22 70.7 0.060
A-7 48.3 2.95 98.3 0.27 End (3BP) (3BP) (3AP) (3AP)
A-8 Stream|{ ~55.4 ~0.28 7L1.5 0.114
A-9 40.1 2.93 85.8 0.35 ‘ ~
A-10 : '
A-11 6.6 2.87 10.7 0.34
End (3AW) (3AW) (3A%) (3A%)
Stream | ~4.0 ~2.80 0.0 0.0
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TABLE 4-9
CONCENTRATION PROFILE DATA
(Test: 3AM-2)
3A Column: (= 1A Col.) 3B Column: (= 1BS Col.)
Aqueous: Organic: Aqueous: Organic:
Sample: U HNO; U HNO3 Sample U HNO3 U | HNO3
(g/2) (M) (g/2) (M) (g/2) (M) (g/2) RS )]

End (3A8) (3AS8) (3AP) (3AP) | End (3BX) (3BX) (3BW) (3BW)

Stream 0.0 1.0 ~67.9 ~0.09 Stream 0.0 0.2 ~12.6 <1073

A-1 ~8.1 1.0 69.6 0.10 B-1 ~7.0 0.19 14.1 <1073

A-2 —— - B-2 12,7 0.19 19.8 1770.008

A-3 30.6 1.21 84.9 0.12 B-3 T 21.4 0.20 29.6 0.012

A~b4 ] e e e e B-4 1 30.7 0.19 41.0 0.013
IAF A-5 36.3 2.20 92.1 0.23 B=5 41.5 0.20 52.2 0.016

A-6 34,7 2.80 93.4 0.27 B-6 51.9 0.22 67.1 0.029

A—~7 33.3 2.95 89.7 0.27 End (3BP) (3BP) (3AP) (3AP)

A-8 ) e - Stream| ~52.4 ~0.25 67.9 0.09

A-9 12.1 2.91 43.2 0.38

A-10 —

A-11 <0.01 2.80 <0.01 0.36

End (3AW) (3AW) 3ax) | (3A%)

Stream| <0.01 2.74 0.0 { 0.0




TABLE 4-10

CONCENTRATION PROFILE DATA
(Test:  3AM=3)

3A Column: (= 1A Col.) 3B Column:

1BS Col.)

Aqueous: Organic: Aqueous: Organic:

Sample:

U
(g/2)

HNO5
(M)

v
(g/2)

i
(g/2)

HNO5
(M)

U
(g/e)

HNO
)’

End. -
Stream

(3A8)
0.

(3A38)
1.0

(3AP)
~64.7

(3BX)
0.0

(3BX)
0.20

(3BW)

~12.7

(3BW)
<1073

A-1

~4b,

1.0

66.1

~6.1

.19

14.7

0.004

A=2

13.3

.20

20.1

0.009

A-3

29.

74.4

1907

31.3

0.011

A=4

31.3

0
0
0.20
0.20

40.9

0.013

A=5

35.

717.6

40,2

0.20

51.5

0.013

A=6

71,0

51.3

0.23

64.1

0.040

A=7

7102

A-8

(3BP)
~51.9

(3BP)
~0.26

(3AP)
64.7

(3AP)
0.01

A-9

26.1

A-10

A-11

20.01

End
Stream

(3A%)
0.0
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TABLE 4-11
CONCENTRATION PROFILE DATA
(Test: 3AM-4)
3A Column: (= 1A Col.) 3B Column: (= 1BS Col.)
~Aqueous: Organic: Aqueous: Organic:
Sample:} U HNO; U HNO3 Sample: U HNO3 U ‘ HNO,
(g/2) (M) (g/2) (M) (g/2) (M) (g/2) (M)

End (345) (3AS) (3AP) (3AP) | End (3BX) (3BX) (3BW) (3BW)

Stream 0.0 1.0 ~49.1 ~0.10 Stream 0.0 0.20 ~7.3 <1073

A-1 ~4.0 1.0 50.6 0.10 B-1 ~4.9 0.19 8.5 <10-3

A-2 : e | B=2 6.7 0.20 11.6 0.004

A-3 29.3 1.11 60.6 0.12 B=3 11,0 0.19 - 14.9 0.010

A-4 B4 16.9 0.20 24,8 0.016
o 2AF A~5 33.6 1.97 63.2 0.18 B-5 27.5 0.20 35.6 0.020

A-6 34,2 2.80 61.9 0.24 B-6 39.4 0.22 48.6 0.042

A-7 19.1 2.91 52.7 0.29 End (38P) (38P) (3AP) (3AP)

A~8 : Stream'| ~39.9 ~0.,25 49,1 0.01

A-9 0.6 2.93 4.5 0.38

A-10

A~-11 <0.01 2.80 <0.01 <0.33 |

End (3AW) (3AW) (3A%) (3A%)

Stream <0.01 ~2.72 0.0 0.0




TABLE 4-12

CONCENTRATION PROFILE DATA
(Test: - 3AM-5)

3A Column: (=

1A Col.)

3B Column: (= 1BS Col.)

Aqueousﬁ

Organic:

Sample:

=
(g/2)

HNO3
(M)

U
(g/2)

HNO3
(M)

Sample:

Aqueous:k

Organic:

HNO,
(M)

U
(g/2)

HNO3
(M)

End
Stream |

(3A8)
0.0

“(3AS)

1.0

(3AP)
~47.5

(34P)
~0.10

End

“Stream

I TN

Wil
N N

(3B
0.20

1 (3BW)

~7.6

(3BW)
<1073

JA-1

~5.0

1.0

49,1

0.11

B-1

0.20

'8‘

— <103

A=2

B-2

0.19

10.

0.010

A=3

60.4

0.11

B-3

[

0.19

16.

0.010

A

Bh

o
Kopl 150 Koot 16551 Kon IIUSY (o10]

Nl OO o

1

0.20

25§

0.013

A=5

61.

B-5

e te

0.20

36.

0.017

A=6

61,

B=6

worh
~disd
0} oo

0.23

46.8

0.040

1A=7

49,

A-8

End

Stream

(3BP)
~0.26

(3AP)
47.5

(3AP)
0.10

A-9

3.

'A"‘IO

A-11

End
Stream




TABLE 4-13

FLOW RATIO AND URANIUM CONCENTRATION EXPERIMENTAL DATA

Flow Ratio: Uranium Concentration: (gU/¢)
Test: 1A Column: 1BS Column: 1A Column: 1BS Column:
At 1AF Inlet:
1AP 1BS-P 1BS-W
1AF/1AX 1AF/1BS-X Org. Aq. stream stream stream
28M-1 2.69 2.79 | 95.6 | 42.9 71.0 49.8 22.9
j { 91.7 | 38.0
i :
2AM-2 2.0 ? 1.90 | 69.8 | 18.9 51.6 35.4 14.9
3 65.9 | 18.6 ;
i i
2AM-3 1.77 1.75 69.6 | 18.4 46.0 © 30.5 i 15.6
65.6 | 18.1 ! ;
2AM-4 1.09 1.07 38.4 ' 7.0 28.5 | 19.2 8.9
35.5 6.2 |
2AM-5 1.18 1.10 33.9 | 6.6 3.0 19.2 10.4
: 31.4 | 5.9 ;
3AM-1 2.08 1.78 98.2 i 49,5 71.5 | 55.4 6.8
97.8 | 47.6 ;
| |
3AM-2 1.74 1.63 92.1 | 36.3 67.9 . 52.4 | 12.6
93.4 | 34,7 |
3AM-3 1.66 1.63 77.6 | 35.4 64.7 51.9 12.7
77.0 | 34.3
3AM~4 1.25 1.18 63.2 | 33.6 49.1 39.9 7.3
61.9 | 34.2
3AM-5 1.21 1.16 61.6 | 36.0 47.5 38.7 7.6
61.1 | 35.2

- 45 -




~ VOLUME AND CONCENTRATION MEASUREMENT DATA

TABLE 4-14

(after draining the column)

Organic Phase: Aqueous Phase: Uranium
Test: Column: Inventory
Volume 4} Volume U in Column:
(L) (gu/1) (§3) (gl/2) (grams 1)
2AM-1 2A (=1A) ~20.5 49,2 10.1 3.5 ~1045
2B (=1BS) 3.6 57.2 27,0 31.4 1055
2AM-2 2A ~19.9 32.7 10.7 2.9 680
2B 3.5 36.3 27.1 21.0 695
2AM-3 2A ~19.5 32.6 11.1 2.6 665
2B 3.8 135.9 26.8 19.0 645
2AM-4 2A ~22.0 16.6 8.6 1.2 375
2B 3.9 13.7 26.7 14.3 435
2AM-5 2A ~22.2 17.2 8.4 1:3 395
' 2B 3.2 13.5 27 .4 13.2 405
3AM-1 3A ~24.9 |53.9 5.7 | 12.8 1415
3B 3.3 14.5 27.3 30.7 885
3AM~-2 3A ~23.8 1 40,2 6.8 6.6 1000
3B 3.4 23,0 27.2 31.3 930
3AM-3 3A ~23.6..138.2 7.0 6.2 945
| 3B 3.5 24.6 27.1 30.4 910
| 3AM-4 3A ~24.1 |26.8 6.5 5.9 685
3B 3.4 13.6 27.2 23.2 680
3AM-5 3A ~24.,3 | 25,4 6.3 5.3 650
3B 3.5 13.0 27.1 22.9 665
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CONCENTRATION, F

TABLE 4-15

LOW RATE, AND EFFLUENT MASS RATE DATA

(Test 2AM-2)
2A Column (= 1A Col.) 2B Column (= IBS Col.) |
Sampling U Conc. (g/2) Flow Rate (%/min) Effluent U Conc. (g/2) Flow Rate (£/min) ‘Effluent Mass
Time: 2AP | 2AW 2AP 2AW Mass Rate: 2BW 2BP 2BW 2BP Rate:  (gU/min)
(min) stream { stream stream | stream - (gU/min) stream | stream stream | stream 2BW 2BP Total:
15 <0.01 %(0.0l ~0.307 {~0.715 ~0.0 <0.01 <0.01 0.307 10.323 0.0 0.0 0.0
: ;

30 9.2 %(0.01 0.308 i 0.715 2.83 <0.01 <0.01 0.307 0.323 0.0 0.0 0.0
|45 30.9  <0.01 0.311 | 0.715 9.60 <0.01 : 1.0 0.307 | 0.323 0.0 |~0.32 | 0.32 ]
L 60 45.8  1<0.01 0.313 ' 0.715 14.34 1 <0.01 | 6.2 | 0.307 | 0.324 0.0 2.0 2.0

75 49.8 ' <0.01 0.314 | 0.715 15.64 0.9 :10.9 ' 0.307 |0.324 0.27 | 3.53 : 3.8 |

90 ; 3.8 14,8 0.307 0.325 1.171 4,81 5.98 |

R ; :
120 51.7 1 <0.01 0.314 | 0.715 16.23 9.1 24,7 ( 0.308 | 0.326 2.8 8.05 10.85
{
150 51.8 <0.01 0,314} 0.715 16.26 11.8 29.3 0.310 0.326 3.66 19,55 13,21
!
180
2
210 51.4 <0.01 0.314 | 0.715 16,14 14.9 35.5 0.310 | 0.327 4,62 11.6 16,22




TABLE 4-16

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 2AM-3)

2A Column (= 1A Col.) : 2B Column (= 1BS Col.)

Sampling U Conc. (g/2) Flow Rate (&/min) Effluent U Conc. (g/2) Flow Rate (2/min) Effluent Mass
Time: 2AP 2AW 2AP 2AW Mass Rate: 7BW 2BP 28w | 2BP ' Rate: (gU/min)
(min) stream | stream stream’| stream (gU/min) stream | stream stream| stream 2BW 2BP Total:

15 ~1.0 1 ~0.7 4 ~0.317 {~0.697 ~0.8 | ~0.0 ~1.0 ~0.317 ~0.321 ~0.0 1~0.32 1 ~0.3

30 0.7 0.7 0.317 4:0.697 : 0.71 0.0 1.6 0.317 1 0.321 0.0 0.51

45 19. <0.01 .319 | 0.697 6. : ) 317 | 0.321 i .71

60 42. <0.01 321 0.697 13, . i 317 | 0.321 . .71

75 by, <0.01 .322 .697 14. . . , .317 2321 . .48

90 45. <0.01 .322 .697 14, . . .317 .322 . .67

46.0 10,01 .322 .697 14, . «3 317 <322 . 6.54

45, <0.01 .322 .697 14, . ‘ 2318 .323 . .25

45. <0.01 <322 .697 14. . . ‘ .319 .323 . .37

.319 .323 . .79

2319 .323 . .85
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TABLE 4-17

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 2AM-4)
2A Column (= 1A Col.) 2B Column (= 1BS Col.)
Sampling U Conc. (g/8) Flow Rate (%/min) | Effluent U Conc. (g/e) Flow Rate (% /min) Effluent Mass
Time: 2AP 2AW 2AP 2AW | Mass Rate: 2BW 2BP 2BW 2BP Rate:  {gU/min)
{(min) stream| stream stream |stream é (gU/min) stream ‘stream stream| stream 2BW 2BP Total:
| 15 <0.01 <0.01 ~0.298 {~0.410 ; ~0.0 <0.01 | <0.01 : ~0.298 ~(,305 0;0 0.0 0.0‘(
!
30 6.1 <0.01 0.299 0.410 : 1.83’ <0.01 <0.01 0.298 1:0.305 0.0 0.0 0.0
% 45 16.9 <0.01 0.300 0.410 5.07 <0.01 0.3 0.298 0.305 0.0 ~0.y1 0.1
% 60 23.3 <0.01 0.301 0.410 7.0 <0.01 1.8 0.298 + 0.305 0.0 0.53 6.55
% 75 27.8v <0.01 0.301 0.410 8.37
% 90 28.5 <0.01 0.301 0.410 8.58 1.3 5.6 0.298 0.306 0.39 1.71 2.1
| 120 28.5 | <0.01 0.301 | 0.410 8.58 5.6 | 10.2 0.298 | 0.306 1.67] 3.12 4.79
150 8.2 | 15.1 0.299 | 0.307 2.45 | 4.64 | 7.09
180 8.0 17.1 0.299 0.307 2.39 5.25 7.64
210 8.9 19.2 Q.299 0.307 2,66 5.9 8.56
240 9.1 18.7 0.299 ,.0.307 2,72 5. 74 8.46




“TABLE 4-18 -

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 2AM-5)

7A Column (= 1A Col.)

7B Column (= 1BS Col.)

Samﬁling U Conc. (g/2) | Flow Rate (Z/min) Effluent ,E_Conc. (g/2) Flow Rate (&/min) EffluentkMass
Time: 2AP - 2AW | 2AP 2AW Mass Rate: 2BW | 2BP 2BW 2BP Rate: (gU/min)
{min) stréeam| stream “gtream| stream (gU/min) stream| stream stream| stream 2BW 2BP Total:
20 ~01 ~0;01 ~0,282 '*0,430 ~0.03 ~0.0 ~0.0 V ~0.282 1~0.304  ~0.0 ~0.0 ~0.
35 4.4 <0.01 0.282  0.430 1.2 ‘0.0 0.282 0.304 0.0 0.2 ’ 0.
50 20. <0.01 0.284 | 0.430 5.9 0.1 2.9 0.282 | 0.304 | 0.03 | 0.88
65 27. <0.01 0.285 | 0.430 7.9 1.0 4.4 0.282 | 0.304 0.28 | 1.34
95 31. <0.01 0.285" ;0.430 9.0 hib 8.5 0.282 ’ 0.305 1.24 2.59
30. <0.01 0.285 | 0.430 8.6 5.6 | 14.7 0.282 | 0.305 | 1.58 | 4.48
31. -<0.01 , 0.285 0.430 9.0 7.9 16.2 0.283 0.305 2.24 | 4.94
30. <0.01 0.285 | 0.430 8.6 9.8 |17.9 0.283 | 0.305 2.77 | 5.46-
30. <0.01 0.285 0.430 8.7 10.9 18.8 0.283 0.305 3.09 5.74
30.8 | <0.01 0.285| 0.430 8.8 10.8 | 19.0 0.283 | 0.305 3.06 | 5.80
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"TABLE 4-19

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 3AM-1)
3A Column (= 1A Col.) : 3B Column (= 1BS Col.)
Sampling U Conc. (g/2) | Flow Rate (£/min) | Effluent U Conc. (g/e) “Flow Rate (%/min) Effluent Mass
Time: 3AP 3AW 3AP 3AW Mass Rate: 3BW 3BP 3BW 3BP Rate: (gU/min) |
(min) stream | stream stream!| stream (gU/min) stream| stream stream| stream 3BW 3BP Total::
15 <0.01 <0.01 ~0,258  ~0,628 0.0 <0.01 <0.01 ~0.258"i~0.302 0.0 0.0 0.0
30 <0.01 <0.01 0.258 0.628 0.0 i <0.01 <0.01 0.258 :-0.302 0.0 0.0 0.0
45 20.1 <0.0l 0.261 0.628 | 5.22 <0.01 ;. <0.01 0.258 0.302 0.0 ‘0.0 % 0.0 |
60 49.1 <0.01 0.263 ! 0.628 % 12.91 <0.01 3.02 0.258 | 0.302 0.0 0.912 0.91;
75 65.5 <0.01 0.265 0.628 17.35 <0.01 8.5 0.258 0.305 0.0 2.6 2.6 |
90 69.0 0.9 0.266 ;-0.628 % 18.92 <0.01°116.0 0.258 -+ 0.306 0.0 4.9 4.9
120 . E g <0.01 28.2 0.258 0.308 ’0.0 8.7 8.7
150 71.6 3.9 0.2662 0.630 | 21.5 % 2.6 40.5 0.258 0.309 0;67 1251 13.18
180 72.9 3.3 0.266 0.630” 21 .47 5.6 49.7 0.259 0.310 1.45 1 15,4 16,85
210 71.0 4.2 0.266 0.630 21.53 5.6 52.9 ’0.259 0.310 1.451'16.4 17.85
240 70.3 4.0 0.266 0.630 21,22 6.8 55.7 0.259 0.310 1.76 17.27 19.03




TABLE 4-20

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 3AM-2)

3A Column (= 1A Col.) , 3B Column (£ 1BS Col.)

[Sampling U Conc. (g/2) Flow Rate (2/min) Effluent U Conc. (g/2) Flow Rate (%£/min) Effluent Mass
Time: 3AP 3AW 3aP | 3AW Mass Rate: 3BW | 3BP 3BW | 3BP Rate: (gU/min)
(min) stream| stream stream| stream (gU/min) stream!| stream ~stream; stream - 3BW 3BP Total:

15 <0.01 | <0.01 ~0.260| ~0.550 ~0.0 <0.01 | <0.01 ~0.260 |~0.278 ~0.0 | ~0.0 0.

30 1.5 <0.01 0.260:] 0.550 . : <0.01 <0.01 0.260 | 0.278 0.0 0.0 0.

45 29.7 1 <0.01 | 0.264] 0.550 7. <0.01 | <0.01 .260 | 0.278 0.0 .0

60 52.¢ <0.01  0.266] 0.550 : .01 i 2.6 .260 | 0.278 | 0.0 72

75 59, <0.01 | 0.266| 0.550 | 3 5.6 260 | 0.279 | | 1.56

90 | 61.8 |<0.01 | 0.266] 0.550 2L  0.260  0.279 . .21

64 <0.01 2671 0.550 . . .260 | 0.281 ; .25

67. <0.01 L2671 0.550 6.5 | 39. .260 | 0.282 : 1.17

68. <0.01 .267| 0.550 - 10. .2 | 0.261 | 0.283 | 2. .07

67. <0.01 0.267] 0.550 | 5 | 49.6 .261 | 0.283 : A

.261 | 0.283 : .83
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TABLE 4-21

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 3AM-3)
3A Column (= 1A Col.) 3B Column (= 1BS Col.)
Sampling U Conc. (g/2) Flow Rate (%£/min) Effluent U Conc. (g/2) Flow Rate (£/min) Effluent Mass
Time: 3AP 3AW 3AP 3AW Mass Rate: 3BW 3BP 3BW 3BP Rate: (gU/min)
(min) stream! stream stream| stream i (gU/min) stream| stream stream| stream 3BW 3BP Total:
15 <0.01 <0.0i ~0.262 ~0.537 ~0.0 <0.01 <0.01 ~0.262 [~0.267 ~0.0 | ~0.0 0.0
30 2.3 <0.01 0.262 0.537 0.60 <0.01 <0.01 0.262 0.267 0.0 0.0 0.0
45 25.1 <0.01 i 0.265 0.537 i 6.65 <0.01 2.8 0.262 0.267 0.0 0.75 0.75 ¢
60 55.5 <0.01 é 0.268 0.537 % 14,87 <0.01 5.9 0.262 0.268 0.0 l 1.60 1.60‘
75 59.1 <0.01 0.269 0.537 z 15.90 <0,01 11.3 0.262 0.268 0.0 | 3.03 3.03
90 60.5 <0.01 i 0.269% 0.537 16.27 1.3 | 20.8 0.262 0.269 0.34 5.60 5.94
120 63.4 | <0.01 0.269 0.537 17.06 5.6 32.9 0.263 0.270 1,47 8.88 10.35
150 64.7 <0.01 0.269‘ 0.537 17.40 8.5 42.6 0.263 0.271- 2,24 111,55 13.79
180 64 .4 <0.01 0.269g 0.537 g 17.32 11.5 47.8 0.263 0.272 3.021:13.0 16.02 ¢
210 64 .4 <0.01 0.269 0.537 17.32 12.1 50.3 0.263 0.272 3,204 13,70 16.90
240 65.5 <0.01 0.269 0.537 17;62 12.7 51.9 0.263 0.272 3.371 14,12 17.49




TABLE 4-22

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

...vg_

(Test 3AM—4)
3A Column (= 1A Col.) 3B Column (= 1BS Col.)
Sampling U Conc. (g/2) Flow Rate (2/min) | ~Effluent U Conc. (g/y) Flow Rate (£/min) Effluent Mass
Time: 3AP 3AW 3AP 3AW | Mass Rate: 3BW 3BP 3BW 3BP Rate: (gU/min)
(min) stream | stream stream| stream (gU/min) stredam | stream stream | stream 3BW | - 3BP Total:
15 <0.01 <0.01 ! ~0,260~0.428 ~0,0 <0.01 <0.0l §~0.260 ~0.275 ~0.0 | ~0.0 0.0
30 1.3 <0.01 0.260 0.428 { 0.34 <0.01 <0.01 0.260 ? 0.275 .0 0.0 0.0
45 11.9 <0.01 0.262 :0.428 i 3.10 <0.01 0.3 0.260 ; 0.275 .0 0.08 0.08 :
60 35.1 <0.01 O.264§ 0.428 9.27 <0.01 1.9 V.260 % 0.275 .0 0.52 O.SZi
75 46.5 <0.01 0.265 0.428 12,32 <0.01 3.8 0.260 g 0.275 .0 1.05 1.05
90 48.5 <0.01 0.266 0.428 12.90 1.2 6.2 0.260 0.276 31 1,71 2.02
120 49 .0 <0.01 0.266 0.428 13.03 2.1 22.0 0.260 | 0.277 «55 6.09 6.64
150 49,1 <0.01 0.266 0.428 13.06 6.2 31.1 0.261 0.278 .62 8.65:10.27
180 49.0 <0.01 0.266 0.428 13.03 6.8 35.7 0.261 0.279 17 9.96 11.73
210 7.2 [39.2 0.261 | 0.279 .88 110.94| 12.82
240 7.3 39.9 0.261 0.279 .90 11,13 13.03
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TABLE 4-23

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 3AM-5)
3A Column (= 1A Col.) 3B Column (= 1BS Col.)
Sampling U Conc. (g/1) Flow Rate (£/min) “Effluent” U Conc. (g/&) Flow Rate (£ /min) Effluent Mass
Time: 3AP [ 3AW 3AP 3AW Mass Rate: 3BW 3BP 3BW 3BP Rate: ~{gU/min)
(min) stream! stream stream | stream (gl /min) stream | stream stream | 'stream 3BW 3BP Total:
15 <0.01 <0.01 | ~0,265 ~Of420 ~0.0 <0.01 <0.01 ~0‘265 \0.277 ~0.0 | ~0.0 0.0
30 1.3 | <0.01 ’0.265 0.420 0.35 <0.01" <0.01 0.265 0.277 0.0 0.0 0.0
45 20.3 <0.01 0.268 0.420 5.44 <0.01 <0.01 0.265 0.277 20,0 0.0 0.0
60 40 .4 <0.01 0.270 0.420 10.90 <0.01 1.9 0.265 0.277 0.0 0.53 0.53
75 44 .8 . <0.01 0.270 0.420 12.10 <0,01~ 9.0 0.265 0.278‘ 0.0 2.50 2,50
90 45.6 j <0.01 0.271 0.420 12,36 <0.01 15.0 0.265 0.278 0.0 4,17 4,17
120 47.0 i <0.01 0.271 0.420 12.74
150 47.5  1<0.01 0.271 0.420 12.87 | 5.6 34,1 0.266 0.280 1.49 9.55 11.04
? 180 47.4 E <0.01 0.271 0.420 12.85 7.6 38.0 0.266 0.281 2,021 10.68 12,70
210 47.8 : <0.01 0.271 0.420 12.95 | 7.6 38.7 ‘0.266 0.281 2.02110.87 12,89
240 |




TABLE 4-24

TANK ‘INVENTORY DATA

(Tests 2AM-1 Through 2AM-5)

Total Total Corrected U Fed (+) or U Inventory
Flow Feed Liquid Total Liquid Accumulated (=) in 1A & 1BS
Tank: 4] Rate: Time: Volume: 7 -Nolume: in the Tank: Columns: , VI
(gu/e) | ({/min) (min) (L) (f) , (grams U) (grams U)
1AF. Tk. ~26.4 0.740 ~270 -199.8 e : ~5275 (+)
1BS-W Tk. 14,6 0.275 1 . 275 76,63 77.03 1125 (=) ~2120
1BS=P Tk. 22.3 0.265 <275 72.88 73 .46 1638 (~)
1AP Head Pot 71.0 —— ——— ~5.50 | ———— ~391 (=)
1AF Tk. ~26.4 - 0.614 ~265 162.71 — : ~4296 (+)
1BS-W Tk. 9.0 --0.307 280 85.96 86.23 776 (=) 1415 -
1BS-P Tk. 19.7 0.323 280 90 .44 91,10 1795 (~)
1AP Head Pot 51.6 e m— ~6.0 , e ~310 (-)
1AF Tk. ~26.4 0.560 ~270 151.2 Do , ~3992 (+)
1BS-W Tk, 8.8 0.317 285 90.35 90.63 798 (=) 1275
1BS-P Tk. 17.7 0.321 285 91.49 92.07 I 1630 (-)
1AP Head Pot 46,0 e s ~6.30 o Lo ~290 (~)
1AF Tk. ‘ 0.32 ; 2274 :
I1BS-W Tk, = 4.1 0.298 270 80.46 80.59 330 (=) ; 800
1BS-P Tk. ' 11.8 0.305 270 82.35 82,75 976 (-)
1AP Head Pot 28.5 | -== ——— ~6.0 ——= , ~171 (=)
1AF Tk. ~26.4 0.333 ~280 93.24 — ~2462 (+)
1BS-W Tk. 4.8 0.282 295 83.19 83.33 ] 400 (=) 815
1BS-P Tk, 11.9 0.304 295 89.68 90.06 1072 (=)
1A Head Pot P 3b.00 ] ——s ——— ~5.65 e ~175 (=)
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TABLE -4-25

TANK INVENTORY DATA

(Tests 3AM-1 Through 3AM-5)

Total Total Corrected U Fed (+) or U Inventory
Flow Feed Liquid Total Liquid Accumulated (=) in 1A & 1BS
Test: Tank: U Rate: Time: Volume Volume: in the Tank: Columns:
(gu/2) | (£/min) (min) (1) (2) (grams U) (grams U)
1AF Tk. ~40,13 0.536 ~300 160.8 - ~6453 (+)
3AM-1 1BS-W Tk. 3.0 0.258" 324 83.59 84.02 252(-)
1BS-P Tk. 32.9 0.302 324 97.85 99.80 3283 (~) 2290
1AP Head Pot 71.5 - ——= 6.3 —— 450 (=)
1AW Tk. ~1.0 [ ~0.601 ~300 180.3 180.3 ~180 (-)
1AF Tk. ~40.13 0.452 ~280 126.56 ——— ~5079 (+) '
3AM~2 1BS~W Tk. 6.2 0.260 295 76.70 77.10 478 () 2020
1BS-P Tk. 26.3 0.277 295 81.70 82.40 2167 (~)
1AP Head Pot 67.9 e ———— ~6,1 e ~415 (=)
1AF Tk. ~40.13 0.435 ~300 130.5 —— ~5237 {+)
3AM-3 1BS-W Tk. 7.0 0.262 310 81.22 81.75 572 (=) 1870
1BS-P Tk. 31.3 0.267 310 82.77 83.57 2616 (=)
1AP Head Pot 64.7 L —— ~2.8 e ~180 (=)
1AF Tk. ~40.13 0.325 ~288 93.6 - ~3756 (+)
3AM-4 TBS—W TK. 3.6 0.260 310 80.6 80,9 291 (=) 1340
1BS-P Tk, 21.8 0.270 310 85.25 86.64 1889 (-)
1AP Head Pot 49.1 — - ~4.8 —— ~235 (=)
1AF Tk. ~40,13 0.321 ~290 93.09 - ~3736 (+)
3AM-5 1BS-W Tk. 4.0 0.265 310 82.15 82.55 330 (=) 1305
1BS-P Tk. 22,7 0.277 310 85,87 86.57 1965 ()
1A Head Pot 47.5 ——— ——— ~2.9 o ~138 ()




TABLE 4~26

COLUMN URANIUM INVENTORY DATA

(Tests 2AM-1 Through 2AM-5)

Uranium Inventory in Columns: (grams U)
Analytical: - , By Computer:

Computerized Computerized
Mass Rate Measurement = Mass Rate Measure.
Technique Using - Technique Using
Analytical Concen- .- XRFA Instrument
tration Data Conc. Data:

Profile

and Liquids Holdup

Column:

From Liquids
Volume and
| Concentration
Measurement:
| From Mass Rate
|Measurement :
 From Tanks
H} " Inventory:
rom Equation:
calculated):

3
=
")
©
g
o
Y
F

F
(

(1070) |
(1045)
(2115)
(710) ~715
(690) 760
(1420) 1475
(630) 710
(640) 665
(1270) 1375
(390) 385
(390) 455
(780) 840
(420) 420
(400) 355; 415
(820) 775; 835

N
Frid
[
O
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TABLE 4-27

COLUMN . URANIUM INVENTORY DATA

(Tests 3AM-1 Through 3AM-5)

. Uranium Inventory in Columns: (grams U)
Analytical: , ; By Computer:
o 4 &
5 oo . ; .
N/ i @ . Computerized Computerized
et Q’:‘ = @ g,, o 8,\ Mass Rate Measurement Mass Rate Measure.
Test: Column: w| @ il So ot iy i g Technique Using Technique Using
Pl @9 | 2§28 29 = g4 Analytical Concen- XRFA Instrument
'—6.' S g i RE 9 %‘g & § i § Lg"é' tration Data - Conc. Data:
= & o L E S v =7} g g
Seslaesgl BY Bz BH
(gU) AT - R o - T [ g AN
1A 2550 ~1440 1415 1335 e (1370) ~1330 R L e am e e
3AM-1 188 1927 910 885 900 o (870) 885 e R
1A & 1BS — 2350 2300 2235 2290 (22407 2215 T ——
14 2135 1090 1000 985 e (1020) 1000 0 T e e
3AM~-2 1BS 2000 940 930 320 = {900) 885 TR T et e
1A & 1BS — 2030 1930 {1905 2020 (1920) 1885 e e
1A 2040 960 945 900 e (940) --920 ~925;  800%
3AM-3 1BS 2000 930 910 925 - (900) 850; 880 e 980%*
‘1A & 1BS e 1890 1855 1825 1870 (1840) ~ 17705 1800 —== 1 780%
. 1A 1535 735 685 700 — (675) 705 ' 227103 - 605%
3AM~4 1BS 1453 665 680 670 e (655) 675 650; 870%
1A & 1BS —— 1400 1365 1370 1340 {1330) ~'1380 1360; 1475%
1A 1487 715 650 640 i (655) 655 650; 615%
3AM=5 1BS 1422 655 665 660 —— (665) 665 —— ‘58 5%
1A & IBS — 1370 1315 1300 1305 (1320) 1320 === 1200%

NOTE: Datéa‘mall‘ked with asterisk (%) were obtained from XRFA concentration and flow rate readings in four—minute time
intervals. '
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5.0 CONCLUSIONS

Several different methods were developed and applied to determine the
solute inventory in pulsed columns as follows:

(D

(2)

(3)

(4)

Concentration Profile - Hold-up Measurement Method is usable for

analytical evaluation of the solute inventory only when the tested
column operates under steady-state conditions. The column has to
be provided with several (at least five) samplers for both phases
along its working section. The method is reliable; however, it is
analytically laborious and time-consuming due to the ‘large numbers
of samples which must be processed. - In this study concentration
profiles were determined primarily to benchmark a comfuter program
being developed specifically for pulsed columns (1,2) When the
program is complete, it will have the potential for determining the
column inventory, given the appropriate input data such as the
column physical parameters and operating conditions.

Volume Concentration Measurement Method - Although considered the

most reliable, it can be used for solutes inventory determination
in a column only at the end of the run, by discharging the column
liquid content into calibrated vessels where the above measurements
are performed. The method is suitable for laboratory pilot scale,
and full scale columns; when operated using ''cold” feed. - The tech-
nique is particularly useful for verifying column inventories
determined by other methods such as empirical equations and
computer methods. '

Mass Rate Measurement Method determines the near~real-time solute
inventory 'in a column during the startup and transient conditions
when the measurement points are interfaced to a computer., It
requires periodic measurements of both the flow rate and solute
concentrations in each feed and effluent process stream, . The
method 'is useful for process control and safeguard applications to
identify: inventory changes. However, measurements made on flow
rates and solute concentrations are subject to systematic (bias)
errors.  Therefore, when this method is applied over extended
periods of time (several weeks or months), these errors may
accumulate and lead to sizable errors- in the colum inventory.

Tanks Inventory Measurement Method = Based on the mass rate mea-
surement technique in Item (3), it can be used for the near-real-
time solute inventory determination in equipment (separate columns,
entire process cycle, several cycles) when it 1is provided with
adequate feed and receiving tanks, where the continuous volume ‘and
concentration change can be readily measured. - The equipment solute
inventory, at a given measured time t, is obtained by subtracting
the total solute mass (weight) accumulated in receiving tanks from
that spent in feed tanks during the time t. In the pilot plant
equipment, the quantity of uranium spent in the 1AF feed tank and
that accumulated in the 1AW, 1BS-P, and 1BS~W receiving tanks was

- 101 -



measured only at the end of each test included in this report. The
analytical method is suitable for use in plant equipment, which is
provided with calibrated and well instrumented feed and receiving
tanks.,

Empirical equations were developed for determination of the total
uranium inventory within the column, when the column operates under
steady-state conditions. This method requires the knowledge of the
column volume, solute mass feed rate and flow rate of the stripping
stream,

All of the above methods gave comparable results.




(D
(2)

(3)

(4)
(5)
(6)
(%)
(8)
(9)
(10)

(1)
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APPENDIX A

COMPUTER PRINTOUTS

(Programs and Examples of Typical Results from Measurement Systems)







- APPENDIX A-1

PIP TI7=TKPRO.B2S
5 REM: Tms Prosran rrints a voluse rrofile of a tanks diven calibration data, Internal hardware say be locsted by %
ictions in the profile. The erodras is intersctive excert for DATA and the DI statesent,
10 PRIN T 'TANK PROFILE® \P INT
20 DI X{60)»Y{40)sB(330
30 INPUT ‘NUNBER oF BATA POINTS® P

40 FOR I=1 TO P
28 REAB X(I);Y(I)
70 INPUT *WINDOW WIDTH IN CH°iW
gg INPUT “SCALE FACTOR'5G  MAKE G¥L/CW==1,2

90 INPUT *RANGE :BOTTOH: TOP+ & INCREMENT®iLsUsS

100 §=-
110 PRINT\PRINT\PRINT *LLCCK)* 9 *LITERS®y *L/CH"
120 gg% N=(U-5) STEP 8§

130 FOR J=t
}go IF ABS(X(J)-N)?H THEN 230

160 FOR =110 ¢

170 IF ABSOXCIN-N)oW THEN 200
180 IF I=J THEM 200

185 IF X(1)=X(J) THEN 230

190 T=TEO-XUT )/ (HD-X{T))
200 NEXT I

210 B=RiTEY(J
220 B(N)~INT(B¥IOOO+O 3171000
230 NEXT J :

240 IF K=0 THEN 280

245 I=-8
250 R'INT(((B(N+2)-B(N))iZ)t1000+’J)/1000
260 D=INT(REGS100)

270 IF 1131 THEM 3“131

280 IF K=G THEN K=K11\GOTO 290 R
285 PRINT Nrﬁ(ﬂ):RsTAB(ZOO 075 *%* S TAB(D) § °4°
2%0 gEXT N\PRIﬂT\FRINT\RZSTGRE\GOTB 30

295 AW PASE 3

300 DATA 3,168,105.801,64.258,124, 968,9.263,144 096512,332 :1o3;1‘3:1542581181 907:18:221>200,588:21,122,218,809: 23,991, 237,024

310 DATA 26.811,255,179120,6181272,534132, 4461290, 0415 25,199,207, 412,37, 751+ 323, 448738, 39,327, 856141,634) 347,433, 44,812, 367,722
320 DATA 47,923,387,72,51,005:406, 935154, 0517426,472:57, 0541 445, 3581 60,0181 444, 2261 62,558, 462, 755,65, 835500, 031 68, 6895 518,931 71,48
330 DATA 536.706+74.272,554,333574,983,571,653+79.681,588,546182,3271605,452:84,921 621, 5,4;9?,41?:63?.31?»8?.894:652*902391a?d
340 BATA 664 785:91.873:665 08,94, 851;683 679;97 869:703:824+101+14:723,8:104,145: 743,322,107, 269,762, 4145110, 354,782,

350 DATA 113,317,801.196+118,308+820,021,119,235:838,796:122,197,857,241+123,15:875,77,128.074,893,691,130.813,911, ?04

380 DATA 133.518:929,727+136, 37,947, 356:139 2141964,921,141.821,981.78+144, 693,998,511, 145, 09351000, 15, 147,897,1018.23

g?O DATA 150,56951035.55,153,322,1052, 9,136, 072,1070.07,138, 757, 1084, 24




RUN TKPRO
TANK PROFILE

NUMBER OF DATA PDINTS? 58

HINDOW WIDTH IN CH? 13-

SCALE FACTOR? 0.19.
RANGEBOTTOM; TOP» & INCREMENT? 0,155+3

LL(CH) LITERS L/CH
9 1063.55 3.936
1032.36 6,237

999,754

NUMBER OF DATA FOINTS?

APPENDIX A-2
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. APPENDIX A-3

PIP TI!=PPLL.B
10 DI x(zs).ms;\s-—sw*u
20 READ N»T$
3 Fon 1=1 T0 ME=SHSMD)=S T [
FOR 1=1 TO N\READ Y(I)\NEXT 1
;8 PRINT L) T0 BE TTERPOLATED: “3TSI\INPUT A\B<D
2 %F1A3§(xu)-m>u THEN 140
96 FOR I=1 T0 N

100 IF aBS(X(I)-A)>4 THEN 125
110 IF I=J THEN 125

120 T=TR(A-X(IN/ (X=X
125 NEXT 1

130 B=B+T¥Y(J)

140 HEXT
145 B-IﬂT(BthO%O;S)/IOO
150 PRINT B; LITERS®

160 BOTO 7 '
500 DATA ISyAU TANK:87,92:116. 985 148,635 180,28:211,785243,55: 274,875 306,40+ 337,895 348,98+ 400. 649432, 465844, 11,495,649
510 BATA 327.28+358. 99!590'1')‘?65:.“.0

RUN PPLL
LL(CH) T0 BE INTERPOLATED! AW TANK? 2.5
101,96 LITERS
LL{CH) TD BE INTERPOLATED AW TANK? 10
148,45_ LITERS ‘
LL(CH) T0 BE INTERPOLATED: AN TANK? 10,10
149,29 LITERS :
LL(CK) TO BE INTERPOLATED! AW TANK? 52.5
414,56 LITERS
LL(CH} 70 BE INTERPOLATED: AW TANK?




. APPENDIX A-4

PIP TIt=CATC,B2S

10 DIK X(30)9Y(30)vG(lOO)yB(100)\N—26\S—0\H-13\CHANZi1)-673\CHANZ(2)-677\15“'&“-07006 \B(5)=998.511
20 PRINT ‘CALIBRATION PASS FOR /iT4i' BEGINNING AT 'STIMES(0)i’ ON ‘iDATE$(0)\PRINT

30 PRINT ’4-HIN ADD'sy 'LL(CH)(DEL)’ ‘YOL(L)(DEL)’ s ‘LL(CH) (REC) 'y ’VOL(L)(REC)’:\PRINT

40 FOR I=1 TO N\READ Y(I)\X(I) (SRCI-1)IANEXT 1

50 FOR k=1 70 2\CALL RTPCOK(1 Z:CHANZ(K);RO:Rl:RZ'R31R4:5TATUSZ}

60 RBG(K)=INT(RO%2,548100040.5)/1000

70 NEXT K\IF RDG(2)<0:5 THEN RDG{2)=0

120 FOR J=1 TO M
130 IF ABSIN(J)-RDG(1))0W THEN 210

I={

150 FOR I=1 TO N
160 IF ABS(X(I)-RDG(I))zH THEN 190
170 IF I=J THEN 190

173 IF X()=X(I) THEN 190

igg T-Tt(gﬂﬁ(l)—X(I))/(X(J)~X(I))

190 NEXT
200 B=BHTRY(JI\G(S)=B

215 IF §=0 THEN 223
220 B(S)=INT({G(S~1)-G6(5)4B(5-1))%1000+.05)/1000
223 PRINT SsRDG(1)9G(5)sRDG(2)RIS)

230 S=SHI\SLEEP 240\GOTO 50
DATA 30.48544.62,58,82172,96+87,34,101,25:115,58,129,85:144,1,138,33,172,591 184, 347201.039215.23i229 49,243,73,257.9

1000
1010 DATA 272.1:286.23!300 37:314,6,328, ?4:34..89:35? 15:370,98:385.19
10000 END

RUN-CA
EﬁH?B&Q¥§QN FASS FOR BP-07014 BEGINNING AT 09133 AM OM Dé-Aer-Bl
4-HIN 4D0 LLACHICDEL)  WOLLLYDEL) - LLUCHIERECY - VOLLLYRED)

89,411 285431 g
89033 263.49% 1,832
86,992 2774737 7,394
84,948 araend 74137 134177
B2:955 266»2?5 ; 18.837
8084 240,341 24,791

254,84 :

243,209

243,258

237,044

TGO P e fad el 1 kD>

o o 3
e

185
103 353 13»&31\1
107,929 136,688
; 9.2 112,483 144,209
36,843 135104 117,219 150,027




APPENDIX A~5

RUN_PP1
INPUT WHICH ENGINEERING LAB RUN NO.
(USES LATEST IF NO OTHER) 7 4

THE LAST RECORD IS 102
START WITH ? 2
END WITH 7 88
INTERVAL 7 2

UDLUME RISTORY FOR ENGINEERING LAB RUK NO. 36
STARTS WITH RECORD 2
AND GOES TO RECORD 8B

AS AF ax BX Al i | BP TAY(L)  LOSS(L)  CuM LOSS(L)

2 0Bils aM 289,171 353.189 108.486 109,46 247,094 { !l 129,94 0
4 08138 AM 289,037 333,064 108,477 109:451 247,094 O 0 1129.6 298584 2783584
6 0845 AN 288,522 353,064 96,274 92,673 247,098 0 0 1102.28 27,3208 - 27.6194
B 0834 A 287.803 353.189 78,724 67,381 247,009 0 0 1061.8 - 40,4757 68,0951
10 09302 oM 287,416 353,084 - 70,927 - G914 247,003 0 0 1040.17 - 21,6368 89,7319
122 09110 AM 284,34 349,008 &B.B46 . - 4B.BBH 244916 0 0 1028.84 +321 05
14 10 Al 285,527 344,578 68,393 - 48517 23067 0 0 103645 -8.05591 . 92,9974
16 09124 A 204,777 340,051 48,2 48,354 232,86 0 0 1038.89 -1.99121 - 91.0042
18 09134 MM 283,995 335.53  &B.044 - 4B.212 205,132 2,349 0 1041.8  -2,90625 8B.1
20 09142 MM 3,309 331,193 67,925 0 48,032  239.011  4.602 0 1043,07 -3.26868 84,8313
22 09:50 AN 282,528 326,936 67,789 - 47,892  243.288 9,779 5.21 105211 -7.04492 +7864
24 0FI58 AM 281,778 322,591 . 67,463 - 47,732 247,735 12,897 4375 1055:74 -3.6272 - . 74,1592
26 10106 AN 281,099 - 318:227 67,529 - 47,563 252,73 13,409  9.949 1059.42 :-3.67737 - 70,4818
28 10314 AN 80.254 313,843 62,394 47412 257,964 15,516 12.146  1062.54  -3.12085 - 67,361
30 10122 AM 279,969 309.454 67,249 47,289 . 262,364 - 16,448 14,368 1045.02 -2,4823 +8787
32 10:30 oM 278,736 305,174 -~ 67.134 47,11 267.494. 18,72 16:378.  1068,28 -3.26099  61.4177
3410138 A 278.039 . 300,786 66,999 . 45,96 272.044 21,469 - 18.802 - 1072.34 -4.06274 57,3349
35 10144 AN 277 204,402 - 66,846 44,809 . 22,946 20,763 1074.5% -2,1727% +3822
38 10354 AN s 292,038 66,711 - 48465 281,282 - 24,978 22,346 1077.26 -2,74292  §2,6393
40 11102 AN 275,862 ¢ 287,805 66,597 . 46,3 28649 22,027 - 24,069 108044 ~3.18152 49,4578
42 11310 AM 275,075 283,438 64,481 - 46,34 291,34 28.8 26,03 1083,15 - -2,70381 = 44,752
44 11118 AN . 279,205 46, 46,192 294.214 30,232 © 28,483 108445 -3.30505 - 43.4449
46 11326 A 273,713 274.948 66,214 46,051  301.464 31,745 - 30,845  1090.24 -3.79431 - 39.6526
48 11138 A 272,58 268,532 46,013  45.817  307.782 34297 34479 1094.86 -4.41B16 35,0344
50 11:46 A 271,834 264,27 85,909 45.64%  312.66% 37,931 36,388 099,65 -4,78406 30,2504
52 11304 AN ‘ 259,882 65,775 317,683 - 39,727 - 38,681 - 1102.94 -3.2022 998
34 12002 PH 270,475 255,735 65,653 45.331 0 322,245 A4L.6L 40,773 1105.68 -2.74361 24,2125
56 12410 P 269,761 251,383 - 45.538 - 45.183  327.1B6 - 43,206 42,975  1109.73 -4.0459 20,1646
58 R4 268,984  247.263 43,397 45,033  332.518 44,846 45,093 1112.97 -1.24451 - 16,9221
60 1226 PH 268,112 242:8B1 45,282 44, 336,733 46,761 - 42,251 1116.07 -3.09302 - 13.8291
62 - 12134 P 260,53 238:618 65,147 44716 341477 4B.494 49,107 118,92 -2.84851 10,9804
64 12142 Y 2 234,344 65,017 44,567 345,452 51.384 50,183 1121.82 -2.90344 - 8.07715

12150 PH 265,915  230.06 4,903 44,418 350 53,383 - 52,082 112451 -2,68652 . 5,39063
68 - 12158 PH ' 279 4,157 43,398  355.674 12 4,16 12813 -1,62646  3.76418
70 01106 PH 264,33 21,686 62,245 AL.019 359,395 56,831 - 54,316 1125.76 0 375284 4.1394
72 01314 PY 263,676 217,37 - 40,248 38,667 364,898 58,775  5B.491  1126.04 -.277934 - 3.86145
74 013122 PH 262,899 213,103 98,256 36,367  349.426 60,972 - 40.496  1125.14 - .B9B31S - 4.73977
76 (1330 PH 24 968 36,331 34,002 374,947 63,062 62.864  1125.37 -.232036 4.52771

01138 P4 261,458 204,713 54,4 31,658 378,491 20 64,991 1124,57 - 797607 © 5.32332
80 01346 PH 260,549 200,591 52,548  29.24 383,299 45,836 67,035  1123.85 717041 - 4.04234
82 04154 PH 259,899 196,338 50,561 26,814  389.142 47,716 - 69.099 112343 401347 4.44373
B4 02102 PH 209.145 192,086 48,44 24,401 393,832 49,735 J49 0 1122, +63940 08313
86 02110 PH 238,979 190,921 47,797 23,699  394.70R 70,769 71,941 1123.4  -.781616 4.30151
B8 02118 PH 258.979 190,921 47.807  23.72 394,714 70,827 71,957 1123.89 -.0943604 6.20715




APPENDIX A-6

Rk PP2
THPUT WHICH EWGINEERING LAB RUN NO,
(USES LA}%ST IF ko OTHER) 6

DEN AND WT READINGS DARING RUM O, 6
STARTS BITH RECORD 5 AND ENDS WITH RECORD 74

T=A COL DEN(TOP): B=A COL DEN(BOT): Y= COL WT! =B COL DEN? +=B COL 7

RCD TIN o.?o ‘ o.t'zs 0490 o.?s

1.00
|

1:.05
|

2
ik sy ]
w2
=

2 o0

¢ Ve 9% S5 90 0% ﬂ““ﬂ““ “”“““ ﬂ““““““

et

S e b s S e o 45 b e | s e o g e e e e e T -




APPENDIX A-7

RUN PP4
INPUT WHICH ENGIMEERING LAB RUN WO,
(USES LATEST IF NO OTHER) 7 10
H-CONC (G/L) Iﬂ RF FEED? 40:13
THE LAST RECORD IS 83
START liITH 72
END WITH - 773
INTERVAL 7 1
PP URANIUM COMCENTRATIONS (G/L) DURIMG RUN NO. 10
STARTS WITH RECORL: 20 - AND EHDS WITH RECORD 73

F=AF STREAH! P=BP STREAM: A=AP STREAM! W=BW STREAM

Lo
L d
L2
g
o~
<>

RCD  TIHE (l) 10 };.’0 30
‘ ! |

i s

om0 ot S ke 28 a3 e

20 - 0924204
21 09146AH
22 09i50AM
23 - 09154aH
24 091500
2 I0.0ZAH

27 10}
28

- Sl - BN -
©
- =
ES
x>
>
>

-3
k-2

[y d
-3
ol
<
TS T TS TR ee D os
o
2>
-~

ofie

=4

[

ot

=4
|

&

s

pors

]

4
t:c :‘:cz

3

=
e~

L4
&5
ets
Lacd
P
s
<
=
k-4
e
sE
-
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APPENDIX A-8

PIP T1:=PP4,B25
10 REW: THIS PROGRAM FLOTS PP XRFA DATA
80 PRINT ‘INPUT WHICH ENGINEERING LAR RUN NO.’ i
\INPUT * (USES LATEST IF ND OTHER) /3iRN$\R$=RN¢ g
\IF RHSS 7! =3/ {RNE
82 FIL18="HPI L3075 100]ELDT . DAT +RIS
90 ON ERROR GO TO 9200
95 INPUT "U-CONC (G/L) IN AF FEED'§U{(2)
105 HAP (ELDAT) D$>T$:RDG(20)sDHAL(4) s DHALs DIAT1» DMA2, DNAT2: XRFL(3) o XREL$¢3)=20,IYHATRACID H
\OPEN FIL1$ AS FILE 3%, RELATIVE . ACCESS READ, ALLOW KODIFY, WAP ELDAT &
\GET #3s RECORD 1 &
\PRINT ‘THE LAST RECORD IS ‘$RDG(0)
110 INPUT * START WITH “iSIRT
\INRUT ¢ END RITH - ‘3LST
\INPUT ¢ INTERUAL " INTY
\IF INTV=0 THEN INTV=1
300 PRINT TAB(30)3'PP URﬁNIUM CONCEHTRATIUNS (G/L) DIURING Rﬂﬂ ND. ‘3R$
310 PRINT TAB(30)3'STARTS WITH RECORD'$STRT: ' AND ENDS WITH RECGRD’?LST\FRINT
340 PRINT ‘F=AF STREAM: P=BP STREAM: A=AP STREAH: W=BW STREAN'\PRINT STRINGS$(130%y45%)
350 PRINT ‘RCD  TIME’STAB(16)5/0’3TAB(31)5 107 5TAB(46)3 20 3 TAR(A1)5 30 4 TAR(74) 740" s TAB(S1)3 /50"
360 PRINT TAB(16)3 1/STAB(IL)5 1 3TABCAS) s 1 sTABCSLYS 1/ STABCTA)S 173 TAB(T1) 3 17 iTABL104)+ 17§ TAB(12
ggg §E§¥;TSTRINGSt1302r612)

400 GET $3,RECORD I\ PRINT I:TAR(G)IEBIT$(T$:200¢

410 P=INTOWRFLIOYEL, 5416, SINA=INTCXRFL (1) 41,5416, SI\W=INT(XRFL (DKL, 5H16. 5)VF=INT(U(2) §1,5414.5)
422 P(1)=PAP(2)=A\P(D)=W\P(4)=F

424 S4=P(1)

426 FOR K=2 TO M\IF PCK)<SM THEN SH=P(K)

428 NEXT K

430 FOR K=1 TO 4\IF P(K)=GH THEN F(K)=500
431 NEXT K

432 IF SH=P THEN PRINT TAB(P); 'P/i\GOTO 424
434 IF S=A THEN PRINT TAB(A):’A’$\GOTO 424
436 IF SH=N THEN PRINT TAR(W)F W'3\GOTO 424
438 IF SH=F THEW PRINT TAB(F):'F'3\GOTO 424
450 PRINT
500 1=1+INTV

AIF I<LST 60 TO 400
CLOSE 32

\GO T
2200 - IF (ERR~136Z) AHD (ERL=105%) THEN SLEEP 1% \ RESUME 103
9250 - IF (ERR=1337) AND (ERL=4007%) THEM RESUNE 300
2300 gﬁiﬂT 'ERROR'SERR: ' AT LINE'SERL

(R o)

{?g %96)§'60'$TAB(121)9’70'
4

8000




FOR ENGINEERING LAB RUM 10 ON 26-Jun-81
UNIT 1.4.BP STREAN
XRFA

APPENDIX A-9

CALLS

X-RAY FLUORESCENCE DATA HISTORY
COMPARED 1O U

STARTS WITH RECORD 20
AND GOES TO RECORD 73

UNIT 24,.AP STREAN

UNIT 4., B¥ STREAH

AR U CALC XRF-CALC XRFA OR U CALC XRF-CALC XRFA
20 - 0934264 0 8 -8 ¢ 821 -8.21 0 AT 09135 AH
21 09:46AM 0 =168 + 68 1.1048  3.92 -2:82 0 AT 09115 AM
22 09150AN 0 “2:27 .27 12,8264 8288.96 -8284.13 0 AT 09:35 aM
23091 540H 1.4978 . .73 W77 4,2815 6,2 ~1:94 0 AT 09035 MM
24 09150 16835 1,27 W41 7:3009  -4,3 11.8 0 AT 09135 Al
25 1000204 1.6491 1.3 +32 12,0163 14,41 -2,39 0 T 09158 AN
261050608 - 0695 1,52 +99 1644136 - 1671 =3 0 T 09158 Al
27 10:140M 27494 226 49 2121 iB.93 2:28 0 AT 09158 AM
28 101186 2,9082  3.02 =il 23,4532 21,45 2 0 AT 09358 AM
29 101220M 37416 - 349 029 32,0068 26323.4  -26291.4 0 AT 09158 AN
30 10326mM 3:5054  3.87 =36 37,6462 15.66 1,99 0 AT 10122 M
31 1033068 5:3378 4,93 81 40,6479 37,18 347 0 AT 10122 &M
32 10:1340M 8669 572 1.1 42,9022 ' §:34 4 AT 10122 AH
33 1013064 8.8886 8,32 37 44,4975  A1.05 345 9 AT 10122 AM
34 100420K 16,0064 - 9.6 + 36 44,4975 4203 2:47 0 AT 10322 Al
35 1014600 12,4088 12:47 - -.06 45,5235 40.06 3+4é 0 AT 103145 Al
36 101546M 16,1821 15,43 1,05 48.7966 45,37 3,43 0 AT 10145 AN
37 103584 7:475% 17,64 - =16 49,8244 - -20,73 70,35 0 AT 10345 Al
38 113028M 18,8192 312,47 -13.65 8569 20,42 71.08 ¢ AT 10245 AN
39 11206AH 21,3615 21,27 +09 51,0435 47,27 377 9 T 10545 A
40 1131064 1.3615 22,38 . -1.02 52,7757 47,38 543 2:139 AT 11108 4K
41 1131400 13615 AL 2,05 52,7751 405 128 2,139 AT 11108 aM
42 11i18AH 24,6018 : =73 52,7399 . 47.8 4.94 5.0691 AT 11014 AM
A3 1112008 266266 < 2546 =19 51,3247 . 47,8 3,52 5:7926 AT 11:18 aM
44 111260H 26,8254 D2 =119 31.7948 - 47.8 3.99 6,304 AT 11122
45 1113088 28:6026 26 -6 31,8478 47, 7 49781 AT 11324 aH
4 113 29,2541 30,09 -84 51,8478 47.88 3.97 7:5678 AT 11131 MM
47 111384H 29,0009 30,48 - -1.48 321326 48,03 41 7.5968 AT 11135 AM
48 1114208 30,1878 31,28 - -1.09 52,4326 44,76 7.37 8.2635 AT 11139 AM
49 111460H 1.1579 32.24  -1.08 +4073 48,1 4,31 «92997. AT 11143 oM
% U 7137 83 -1.14 6493 - 48,1 355 744444 AT 11148 AN
e G 31,8163 33,67 -2.05 5246292 . 48,26 §:37 8,1983 - AT 11352
u2  11i58aK 33,9843 3.1 -53 31,7918 48,13 3,48 +3681 BT 11156 AN
33 12102PH 33.9843 34,56 -.98 11066 - 44,39 72 7:9842 AT 12100 P
94 12106PH 339701 - 35,45 - -1.18 J2:4936 - 48.41 4,08 «318 AT 12005 PH
95 12310PH 34,4591 35,52 -1.04 33,7469  48.41 534 8.151% AT 12007 Pi
96 12314PH 34,9324 ea? - ~136 81,7378 48,56 3,2 706647 AT 12113 PH
97 12018PH ¢ 192 <3652 33,4825 48, 4,34 2924 AT 12117 PH
58 12:22pH ¢ 36,86 -36,66 93,9478 - 49,09 4.84 7.2924 AT 12117 PH
591202600 35.4161 37,04 - -1.92 45247 - 8947 3.1 6:9397 AT 12122 PH
60 12:30PM 37,1306 37.1%  -.04 926235 49.93 27 7:381 AT 12126 PH
61 12334PH 36,4812 37,56  -1.08 53.294 W3 2,99 7:0105 AT 12331 PH
62 12:38PW 35,0849 37.56 - -1.68 93,2949 +3 2,99 8,988 - AT 12335 PM
63 12342PH 35,8849 37,956 -1.48 33.294% 5043 2,99 6,988 AT 1235 PH
64 12346PH 35.8849 3,71 -1.83 53,1467 - B5687,5 -85634.3 4,988 AT 12135 PM
85 12:50PH 5.8847 38,32 -2,44 33.1467 30 3,13 8.2742 AT 12149 PM
86 12054PH 37.6129 3862 - -1.01 53,9513 48.7% 3.6 8,3565 AT 12154 PH
67 - 12358PM 35,5315 3B.84  -3.31 91.8978 48,03 3.87 8.,3321 47 12957 PH
68 01302PH 37.1043 38,98  -1.88 51,8501  47.45 42 <627 AT 01102 PH
69 01306PH 35,1152« 3936 -4.24 32,3569 47, 5:06 84627 AT 01302 P
70 01110PK 37,3307 - 3943 - -2 939 47.8 5 14 8.8823 AT 01104 PH
71 01014PH 37,1047 39,51 -2.41 32.2639 - -18.82 71.08 9.0885 AT 01111 PH
72 01i16PH 68 3992 -84 53,6751 4841 9.27 9:6737 AT 01115 PH
73 G1122P4 375091 39,83 -2.02 53,6751 48,56 312 9.7002

AT 01319 PH




APPENDIX A-10

RUN PP2 :
INPUT WHICH ENGINEERING LAB RUN NO,
(USES LATEST IF NO OTHER) 7 12

7 90
INTERVAL 7 4

FLOW RATE HISTDRY FOR ENGINEERING LAB RUN ND, #12
STARTS WITH RECORD 32

AND GOES TD RECORD

‘RESULTS GIVEN IN LITERS PER HINUTE? HINUS'DUTFLDU: PLUS=THFLOW

BP HET FLOW
36 10114 AN 114 +314 =278 + 268 +686 ] =203
40 1032 M =il ~ed -+ 268 - 292 1932 +178 0 =292
44 10 48 M "9!22 "'323 b | 2?4 o 289 052 1289 kSi? §321
8 i 24 Al =104 =331 -+ 268 =28 +451 241 232 =058
92 11220 4K =113 =314 ~4278 =278 +423 ' +257 =011
56 FLi36 GH =¢105 =324 >4 26 =274 424 +219 « 266 =054
60 11152 oM -+ 074 ~:324 =4 257 -+ 245 +451 294 267 092
64 12108 P ~+105 ~1324 =+ 262 =297 +379 + 208 +297 =144
68 12124 P =102 =31 -v2b =27 +401 293 W2 ~005
7212140 PH =093 ~+331 =256 =279 +416 +271 y2ai +021
76 12156 PH =089 -315 =4 262 =28 419 +29 +258 17
80 01112 PH =101 -e315 - 259 =28 «404 219 3 -074
84 0128 PH ) -316 =296 -+ 281 2 +247 1292 057
BB 01144 PK -.103 =324 -282 ot + 396 +286 1262 041
2
RUN_PP2
INPUT WHICH ENGINEERING LAB RUN ND,
(USES LATEST IF ND OTHER) 7 12
THE LAST RECORD 15 107
' START MITH ? 48
END BITH
INTERVAL ? 40
- FLOM RATE HISTORY FBR ENBINEERING LAR RUN Nﬂ. §12
STARTS NWITH RECORD 4
AND GOES 70 RECORD 88
RESULTS GIVEN IN LITERS FER MINUTE: NINUS=OUTFLOW, PLUS=INFLON
A8 #F #x 114 Hi BY BF NET FLOW
88 01:44 Pﬁ "5101 ‘ “'32 "a263 ‘0276 »411 026 0254 ‘»035

be




APPENDIX A-11

RUN PPI0

THPUT WHICH ENBINEERING LAB RUN MO,
(USES LATEST IF HO OTHER) * 10

THE LAST RECORB 158

U T ‘? 17

E ? 90
FEED W6/L) MD NDHINAL FEED FLOB(L/MIY 40,1350,339
#-COL HOLDUP, BASED ON XRFA DATA AND INCREMENTAL FLOW RATES (NEAR REAL TINE)
STARTS WITH '%Eggkg %7

B _GOES 10 0
FOR ENGINEERING LAB-RUN 100N 26-Jun-81
(N PREFIX INDICATES NOMINAL FEED FLOW USED (DUE 1D 10% ERRDRY)

PLOT OF TIME(HINY (VERT gCALE) Vs U-OUTFLOW. (G/KIN) (HOR SCAL%"))

! 13 COL ACCUN U(6)
(NOMINAL)FEED FLOW= 13,4 GU/HIN

SO ; 56,8
B3 ~ : 108,4
1 | i i
8 : 86
%% : 319,13
28 ¥ : 5.3
» % : 06,9
k74 ¥ H 44,1
i 40 % : 449,
" ! 3 o 4.1
53 % : 535
54 § : 550,4
s P : 563.6
&4 1 : 574
&8 H : 5834
72 ' : 59,8
N 76
% 580.7
80 & : 540,
84 £ ¢ 564,6
B8 3 567
92 Y 568
9% g : 873.4
¥ 100 0 576.3
i ig8 Py o R
12 X : 595
114 1 597.8
120 % : 047
12 £t 806
1% % 405.8
1% 3 04,9
U ACOL
FLED f(6/L) 8 FEED FLOV (L/W? 40,130,325
UINOOU WIDTH (HIWITES)?
MUKBER OF DATA POINTS?
IENOHINATOR O UERT 8haf TG FacToR 4
TATE OF RUN? 6-28-B1 -
3. FLOU RaNEr LoNTNE 0,265
ENTER ELAPOED T1HE AND GRANS /L FOR PaINT 17 0
P T3
POINT 3 % 45,11,
POINT 4 7 409351
POINT S 7 75:44,5
POINT & 7 90,48.5
PLOT OF TIMECHIN) (VERT SCALE) VS U OUTFLOW(G/NIN) (HOR SCALE) FOR KUH 6-28-81
5 10 15 COL ACCUN U(E)
% . Feed Flow= 13,04 GU/KIN 0,0
A% ‘ : 59,7
8% ) i 108,7
121 : 157,7
14 & : 209,5
20 3 : 262.1
24 : 314.8
2 ¥ ! 3448
Dy : 47,5
A : 466,37
1 8 : 512.7
44 s : §55.7
48 % : 593,64
52 % : 45,1
5% 8 : 49,2
&0 % : 86646
& % : 478:4
&8 % i 886,
72 3 H 491
7% ' £93.5
0 1 £94.2
84 % 493,49
88 P £53.2




APPENDIX A~-12

RUN PP11

INPUT WHICH EWGINEERING LAB RUM No.
(ESES LATEST IF-ND OTHER) 7 11

THE LAST

84
g{ﬁkz UITH ? 11
FEED WB/L) ANB NBKINAL FEED FLOW(L/H)? 40,1350.444
AB-COL HOLDUP, BASED ON XRFA DATA AND INCREMENTAL FLOW RATES (NEAR REAL TIME)
STARTSEHITH RECORB

GOES 10 REC 4
FOR ENGINEERING LAR RUN 11 ON 30~-Jun-B81
(M PREFIX INDICATES NOMINAL FEED FLOU USED (DUE 70 107 ERROR))

PLOT OF TIHE(HIN% (VERT SCALE) VS U-DUTFLON fg/ﬂIN) (HOR SCALE)
. : i ;

15 0.

{NOMINAL)FEED FLOW= 17,82 GU/MIN
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APPENDIX A-13

RUN P
INPUT CH ENGINEERTNG LAB R s
m%us&:g”ﬁﬁTESTle IﬁD OTHER m‘? il

END WITH % 70
FEED U(G/L) AND NONINAL FEED FLOW(L/K)? 40,13,0,444

B-COL ISQETEH;I?'N%H BASED gﬂ XRFA DATA AND INCREMENTAL FLOW RATES (NEAR REAL TIME)
GOES 70 RECDRD 70
NEERING LAB RUN 11 ON 30-Jun-81
(N PREFIX INMCMES NOHINAL FEED FLOW USED (DUE 10 107 ERROR))

PLOT OF TIHE(HIN% (VERT SCALE) VS U-OUTFLOM I(g/nm (HOR SCALE)

13 20 - COL ACCUM W(B)
(NOMINAL)FEED FLOW=.17.82 GU/HIN

[~

e
] 15 ] | : 0
H ‘109
168 » ‘4 -4
H ; 4
% 2 : 5.5
2 3 : 24,7
3 3 : 45,1
0 2 : 6.4
I 8 : 91,4
48 % i 121,8
5 8 : 157,3
54 8 ! 198,
; ! ) i
£ ]
48 3 ! 39,3
;ﬁ 8 ' ! 333’4
N 80 $ ¢ 4799
84 K . ! 5147
Rccgnn 34 NISSING ., \ '
100 3 ! i3
104 H : 495
8, 3 1 7311
{14 % ¥ o 53%»8
120 % ¢ 840,4
124 ' ! 72,2
132 X .o 04
110 ¢ : 976,9
144 " ' . 012,9
148 ¥ g R
152 % . .
: 1067,4
AR b 1074.4
1% % b 1083:2
: 1092,5
168 % ! 101,9
gf ; : 110.9
180 ¥ " s
: 1248
184 % : 1129
%gg ' % : . 1134,5
i%6 } 4 N ¢ iiggo
00 % s 11474
o, o s
242 % : ' 11928
216y 3 1175,2
54 1 ' : iﬁ .
28 : 1145.4
732 % : 1145,5
2% & : 1148,5




APPENDIX A-14

PIP TI3=PILOY.B25

i
ii
8 REW: THIS PRNRM PRINTS OUT BOTH RN DATA oD PROCESSED DATA
10 DATA  LT=1 S LEV 48725
L1-2  o8F LEV = 44735
rAX LEY
sBYLEV
ofH DEN
ol LEY
sB8 BEN
sB LEV
o8P DEN

PILOT PLANT DATA BANIPULATION PROGRAN

P LEV 168
Wl b e 1R
DT-12 sA DEN (B) 483,
BT-13 »4 DEN (T),484»

CIT-6 98P W - 4485,
BE-7. +DYNATROL +686»
6T-2 B COL BR 4687,
Bi-14 +B COL DENyOBB

20 DATA ASoAF sAXsBYAHsBY

S50 DIk lﬂS‘(Z’O)rAP?L"?O)vMZQO);P(ZO):BHﬁ)’E(IS)133(100)N(15)1RB(20)

92 READ IMSSLD) DAPPU(DrCWZ(I) FOR I=1 70 17\C=-1\I7-ECUN=

93 READ THKS(I) FOR Isf T

94 FOR K=1 10 *7\CALI. RTPCOHUZ'CHMZ(K)'RO'RI,RZ!R3’R415TATUSZ)\RB(K)'R0\NEX

100 BAP (ELDAT Mi"ﬂ%(%)rﬁﬁﬁl“h%lvMATleZ:DHATbXRFL(Z),XRFLS(:!)‘QOsBYNﬁTRmCID

102 KaP (VOLLBE) PT,PTS,V0L(40)

105 lPEi! ! W"‘[M?vl QOJELDT.DAT® 48 FILE T4y RELATIUE ACCESS READ,ALLOW READ, MP ELDATAGET #39RECORD 1\REC=RDG(0)

119 GET 83, RECORD REC\PRINT TAB(I0):/PILOT PLANT STATUS AT “;TIMES(0):’ ON '$DATES(O)\PRINT\PRINT

20 HAP (XRUC) SEQ.NOS(4)=6s)RF . THEC4)=20,XRU , CONE (4) « XRU. VAR (4) \UXRF . IU—'W-[ZSO! Q0TNRFA DAT
};g mm%nafign FOR INPUT A5 FILE 85%,SEQUENTIAL FIXED, ACCESS READs MAP XRUC\GET 95

NLEW(E)=(]~1)85 FOR I=1 T0.40
180 P(5)=20,63\P(7)=19,40\P(9)=20,047\P (11)=281 , 75\P{12)=166 . 0\P(13)=115, 75\P (16)=230, 0\P(17)=230,0
181 B(1)=1,0276\D{2)=1 . 1328\D{3)=0,8102\](4)=1, 0038
182 U(1)=0MI(2) =26, 8\U( ) =0\U(4)=0\U(5) =0, 003\U4=8,02
183 H(1)=1,00\H(2)=3. 10\H(3) =0\ (4)=0,32\H(£)=0,04
85 CLOSE 1\C=CH

190 PRINT\PRINT STRINGS(767,45L)\PRINT 'RDG's'INST's ‘APPL’y 'CHAN'+ 'RAW DATA’§TAB(70)7 'PS(IN)'\PRINT STRINGS(76%,612)
191 PRINT Ky INGSCK)oAPPLE(K) (CHANI(K) RD(K) i TAB(70) iP(K) FOR K=1 TO 1 s
192 PRINT\PRINT ‘DHS-45= 'iDHAL3"@'SINAT1S ‘s DPR-412= "iDiA2; "0 SDHAT2S ' DYNATROL BEM = iDYNATRS "¢ €IT-5 ACID = 3ACID
193 PRINY 'XRFA‘I IS';XRFL(O) M’ XRFLS(O) » XRFA-2 185 XRFL(!) AT FIXRFLS(1
194 PRINT ‘4 URFA-4 L(3) FSURFLS(IINCLOSE IT\CLOSE 51
199 B(5)=RB(5)/P(5)\B(6)=RM7)
206 T<K)=DHATl FOR K=1 10 D(?
208 If B(7151,2 THEN DU7)=RDG(9)/P(
210 D(B)=DisA2\ T(8)-MM'2\H(8)‘0.1\0(8)‘XRFL(1)\IF B{7)<§ THEN D{7)=RDG(9)/P(9)
214 UL2Y=XRFL{0I\U{6)=XRF
218 565)=-27'284+24.39946111(5)+2.90571*B(5)XD(5)\H(5) IHT (52210040, 5)/100NM(7)=ACID
400 PRINT\PRINT STRINGS(130%,457)\RG=0
410 FOR K=1 10 7\RG-RB+1\IF R8->5 THEN RB=RGH1
420 LL{K)=RB(RG)/DIK THK
450 FOR 0 7\IK S-Tﬂi'i(K)\LL(K) 2 SASLL COALEVEL=LL (K)\BOSUB 15000\B(K)Y=B\LL(K)=INT{LL(K)%1000+0.5)/1000
454 £(K)=BIK)IDUONEP=ETHEK)
:ﬁ %EXI K\IF C-O THEN EQUT=0\G0TO 466
466 ECUH‘EWEWT\EMS—E?\PRINT
500 FOR K=1 T0 7\IF C=0 THEN GOTO 520
510 R=EC-E(RETINZ=INT(R/DIK) 2100040, 5)/1000\V(K) =INTL 7825040 45)/1000\L L) =0 (K) HUKET ALK =INT (L (K /C8100040,5) /1000
520 ECKED ) =E(RNUCKEZ Y=L (OABCK) = INTUBIK) £100040, 5) /1000
530 REXT D3I CH)-B(lHB(ZHBGHBHHB(SHB({»HB(?)\!’M D3(C+1)-DILCINIF C=0 THEN DA=0
35 PRINT ‘TOTAL TAYLOR VOLUME <L) = ‘3E75
540 PRINT TAB(45)5 'T0TAL SOLUTION VOLUDE (L) = 503UCHD)
343 PRINT ‘4-HIMUTE TAYLOR CHANGE ¢ EOUTS
560 PRINT TAR(AS) & 4-HINUTE SOLUTION CHMGE (L) = "3DANI7=174D4
PRINT ‘CUMLATIVE AYL CHANGE (1) = ‘jECUN;
567 PRINT TABAS) 3 'CUBULATIVE SOLUTION CHANGE (L) = 1477

390 PRINTAPRINT STRINB$(1262:4SZ)\PRIK i &

TANK LL{CK) Vsl FROLZMING - CUN(L/ZMIN)  TUDEG D) BLG/HL) HE(H) UeB/L) U{KG)
400 PRINT STRIN69(1262:611)
&30 K=1 70 S\UL(K)=BLK)RULK)/1000\NEXT K
636 UR(7)—U(7)\D2(7)'0(7)\D(7)=RBG(9)/P(?)\K AGOSUB. 20000\B(7)=D2¢ 2)\UL(7)=B( U
437 UR(6)=U(6)\E=6\G05UB_ 10000NU2(5)=UT8) \ULA)=UR(£) \U2(6)=TNT(U2(6)8B{4))/1000\H(4

K‘l J0.7 \PRINT TNK&(K);TAB(I});LL(K):TAB(Zé)aB(K);TAB(S? $VU(K)§TAB(52) 141K

£50 PRINT TﬁB(?l)rH(K)s TABC104) SUCKISTARCLEZ ) SUL LIONNEXT K
660 02=U2+Ul FOR K=1 10 7\U2=INT(U2 1000*0 5)/1000\PRINT STRINBS(1264, 402)NPRINT \PRINT ‘TANKS:
670 PRINT TGTRL = FSBUIABI2)VER(4) RIS BN 'L ¢ T0TAL ORG = "sB(INBLE) 5 'L iTAB(P2) 3 ’TOTAL U IN TANKS (KG) =
480 PRINT STRINGS(1247,43X)\U3=(1, 72!0(2)*3 963U(5)+6 IltU(8)+3 91tU(6)+5 00!0(7))/1000\U3-INT(U311000+0 9174000
490 PRINT\PRINT LINES: - TOTAL 00 = TOTAL ORG = 12,06 L'+
700 FRINT TAB(90)i ‘U HﬂLﬁ*ﬁP IH LINES iKS) = FUI\PRINT STRING‘(1262;452)\PRINT\PRINT: )

oL DR{B) WR FECL/ZKIN). - SECL/ZHIN) - FD-WCB/L) - LHKE) FI-DUR/ML) !

z;m;(?)\Ul(?) =INTAUL(7)¥B(7))/1000
Pt ) 7TAB(6.:):T(!’)yTAB(?S)rD(K);

7
)
)

ill2




APPENDIX A-14 (CONTINUED)

’ 716 PRINT STRINGS(!%Z;&IZ)

720 FOR K=1 T0 4\A(K)=-13A(K)\NEXT x
730 F2=U(2)\U5=U(21\52=0(2)\GOSUB 30000
740 PRINT ‘A-07003'; msuz),km12)/9(12),mme),Rnuz)/ms),mm?),kmu)/Pun,mmszmm,mmsw(z);ma(?s),mz),
TAB(91) K23 TABC104) $D(2)\K3=K3 K2
;53 F%g\ugz-ﬁ?a)\sz:vm\ 30020 ’
770 PRINT 'B-07004" ;TAB(13)3R (17)/?(17)1]‘&8(”6) --/3TAB(39) $RD(16)/P(14) s TAB(S2) 5835 TAB(4S) sV(4) i TAB(78) $U(B) § H
TAB(91) 3K2; TABC104) 1 D(8) \KT=KIHKAKI=INT(K38100040,5) /1000
780 PRINT STRING$(1267:45%)
790 PRINT smmssg12&11612)\mnr\mm
800 PRINT TAB(74)3‘TRTAL U I nwms (K6} = /iK3
810 PRINT TAB(72) COLUMN U mr IFFERENCE (KB) = ,m—uz-us
820 PRINT TAB(77)5/TOTAL U INVENTORY (KG) = '$U2HUTHK
830 PRINT TAB(B4)i’STARTING U m}) =4 umannmmxn.uo,xz-ou I+INTV
990 PRINT\PRINT\SLEEP 240\GOTO
8000 CLOSE 1Y\CLOSE 32\GOTO 31 ooo
9250  IF (ERR=1551) AND (ERL=400%) THEN RESUME 420
9300  PRINT ’ERROR'SERR:‘ AT LINE'JERL
9900 60 T0 31000
10000 REM: ORGU
10010 IF M{K)<0.1 THEN M(K)=0.1
10020 IF M(K)>0.% THEN mm;.
10025 IF T(K)<20 THEN T(X
10027 IF T(K)>28 THEM un.zs
10030 m-unm-zs)xo aoommn(x)
IF 515084295 THEN 101
10050 UiK)= (31-0.31379—0 ezmumxo 00130016
10060 UB(K)= mumxmoow 53/100
10090 GOT0 10110
10100 uuo (81-0, 91442 mozn:mm/a 00131169\60T0 10040
mu IE U(K)<0 THEN
10120 RETURN
15000  FIL3$='MPi[30751001' 4TKS+/  DAT' H
\OPEN FIL3$ AS FILE 5%s RELATIVE, ACCESS READy NAP VOLUNE H
\sg T 45, RECORD 1

15020 - FOR J=1 1O PT
15025  IF LEVEL<O.5 THEN VOLUME=0
15030 %FlABS(LEUiJ)*LEVEL) > WNDW THEN 15110

\BD TO 13130

FOR L=1 10 PT
15660 IF QBS(LE‘)(L)-LEUEL))HP{W THEN 15090
IF L=J THEM 15090

150
15072 IF LEU(J)oLEV(L) THEN 15050
15080 T-T#(LEUEL*LEV(U)/(LEV(J)-LEU(L})

15090  NEXT

15100 vam.u)
15110 NEXT

15130 CLOSE SZ\RETURN

20000 REN3

20010 IF H(K)(O»l THEN HiK)=0.1

20020 IF B(KIX3.5 THEM M(K)=3.5

20025 IF T(K)<20 THEN T(K)“25

20027 IF T(K)>28 THEN T(K)=25

20030 Yi=(WK)-1:767)/1,40056\11=(T(K)-29,96)/4,178783
20040 A1=0,00199196\B1=0, 0497834940, 001685594Y1-0, 00013578471
20050 ©1=1.12670857-D{K)40,04793604%Y1-0,00209437421-0,000501793Y1521-0,00042916%Y14Y1-9,64E 046821021
20060 H4-(BI¥B!-4*M*CI)\IF HKO THEN HA=0

20070 Xi=(-BI1SOR{HA) )}/ (20A1)

20080 UiK)= (30.8898483)(1“8 793328)8D¢K)

20090 DEO)=INTLU(KIZ10040.5) /100

20120 IF ULK)<O THEM D{KX)=0

20130 RETURN

30000 REN: COLAB

30001 IF 82=0 THEN PRINT 'NO STRIP FLOW--ND ENTRY FOR U MADE’\K2=0\GOTO 30080
30002 R2=F2/828US\IF R2>80 BOTD 30004

30004 K2=0,44230,63RZ\EOTO 20040

30004 K2=0.84%30,68(R2-30)\G0T0 30060

30020 IF 82=0 THEN PRINT ‘MO STRIF FLOW--NO ENTRY FOR U HADE'\K2=0\GOTO 30080
30030 K2=0, 45130.&#F2/S2t05\6&70 30050

30040 KZ“INT K240.5171000

30080 RETURN

30200 REN? FLOW RATE FUR B COL FEED

%g%%g gg;géz486§0(8)/238.03\A3=V(3)1(1+A4/(11.8~A4))\A3=INT(A3t1000+0.5)/1000

:3)1000 EnD

i



APPENDIX A-15

PILOT PLANT STATUS AT 11:22 AH 0 04-Aug-81 FF RUN # 13 RECORD ¢ 28 ' . :

AFFL CHAN RAW DATA PELIND

B.41707 0
30,7949 0
29,4189 0
33,1842 0
22,2973 20063
35,8309 0
15,9186 19,4
12,0445 0
20,7588 20,047
549366 N
ACLWR &2 203,583 281,75
ATEN (B 683 127,09 144
ADEN () 4BA 114,161 115,75
BP Hi 485 41,5649 0
DYNATROL 488 24,7349 0
B COL UR 487 237,821 230
B COL DEN B8 730,134 730

[H5-45= 1,0484 @ 23,66 » DPFR-412= 9012 @ 24,18 » DYNATROL DEN = 9485 » CIT-4 ALID = 23
XRFA-1 IS 31,0813 AT 04-Aug-B1 113120 AN » XRFA-2 I5 62,6924 AT 04-aud-B1 11319 AH XRFA-4 18 3.2528 AT 04-Aud-81 11118 af

s s =het Le SR B0 85 100 Lo

TOTAL TAYLOR VOLUME (Ly = 1197,3 TOTAL SOLUTION VOLUME (L) = 1133.08
16 -MINUTE TAYLOR CHANGE (L) = 81958 16 ~MINUTE SOLUTION CHANGE (L) = 401929
CUMULATIVE TAYLDR CHANGE (L) = -1,98254 CURULATIVE SOLUTION CHANGE (L) = -1,72908

LLCH) Vs FRIL/MIND  CUMCLZNIND  T(DEG O) I{G/H.) HE(H) UG/ ULRE)

20,064 85,347 -¢122 .1&1 { 3h 2368 1,0276 i 0 ¢
49,498 2284057 =+758 el ( 3; 2384 1:1338 3d 26:8 411193
8 =391 23466 8102 Y g 0
- 278 23,66 140058 (33 8 i
973 ?0 2368 108082 2:48 003 00183105
0298 1 '}3 65 .SEGEQS 004 3§ a.d{.g ] 124
13:794 “1 377 342 1278 ( 32 }o23.66 1.0484 123 31,0812 +483

TANKS!  TOTAL AB = 102536 L TOTAL ORG = 108,217 L TOTAL U IN TANKS (KB) = 6:723

LINES!  TOTAL AQ = 13,583 L TOTAL ORG = 12,06 L U HOLD-UF IN LINES (KG) = 397

o

COLLRN DR{B} e IR WR o PRI BRALARING o FD=UGG/LY LK) FI-TG/HL)

A-07003 743627 1788278 V722567 =478 =271 2648 o Lom 1.1328
B-07004 1.,00058 == 1,034 =259 -, 298 626924 : 8012

TOTAL U IN COLUMNS (KG)
COLUMN U BY DIFFERENCE (KG)
TATAL U INVERTORY. (KG)
ETARTING U (KDY

1 08 £ N 1 B 1




APPENDIX B

COMPUTER PRINTOUTS

(Column Holdup Program and Test Results)



APPENDIX B-1

PILOT PLANT A~COL HOLDUP (NEAR REAL TIME)

PIP TII=PPL0.B2S
i :

[} §

3]

10 DATA- . LT~ sAS LEV 48725 %
LI-2' oAF LEV 4473+
L1-3 o B LEV - 9804y
LY=4 oBY LEV 4475+

¥I-1 A COL
DI=12 94 DEN-(B)y683s

CIV-6:98P HE - 1685y - &
DE-T- - +DYNATROL 16867 §
COL-WR- 9687y - §

0L DENy 688
80 PRINT ' INPUT WHICH ENGINEERING LAB RUN NOD.”
Al ‘ {USES LATEST IF ND OTHER). ’iRN$
\IE RNSO 7 THEN RNS="3'4RNS
82 FIL14="HP 307 J00JELDTL BAT 1RNS H
NFIL28='HP L3075 100TELANA, DAT ' $RNS
ERROR 20

90 o 6010

100 DIN INSS(20),APPLS (20);CHANL(20)5£(20) 4
\HAP (ELDAT) D$+T8sRDG(20) s DHAY (4)  DNAL o DHAT s DHAZ> DHAT2: XRFL (39 XRFL$(3)=20: DYNATR ACTD §
k%g §s‘lijA) TMKS;LN;QC;BE:UC:TP:PS 1

3 PTPTS VOLL
105 OPEN FILN AS FILE 3%y RELMWE + ACCESS. READ;- ALLOW HODIFYy MAP ELDAT 1
\GET 43+ RECORD 1 2
\PRINT. *THE LAST RECORD 1S *3ROG(D)
110 IRPUY ‘,5TARY HZT '18IR
I MITH V38T i

\I :
145 TMPUT ‘FEED DCG/L) AND HONINAL FEED FLDH(L/H)’vCrEN\F=C$EN\B=IOO/F\PRINT\PRMT

asme

150 READ: INSSC1),APPLEIT) sCHANZ(T) FOR 15170 1
160 A ASeAF s AX
1465 READ THKS(1) FOR: =170 3
170 WNDU=13
\DIH LEV(4 H
LEWI) ‘! ‘)ib FOR I=1 T0: 46
180 SET UF TO CALCULATE DENSITXES FOR LEVEL H

\Wkﬁ FIL2S A5 FILE 12 RELATIVEs ACCESS READs MAP ELANA
\BET Q%x RE&?ORB I ]
A BFLE

185 HEXT X\CT'O

189, CLOSE 1

300 PRINT TAB( 39?:’!&—60&. HOLDUPy BASED. ON XRFA DRTA ANB MCREHENNL FLOW RATES (NEAR REAL TIHE)': H
APRINT TABUAS) 3 STARTS WITH RECORD';
\PR!PH TAB(23) 1 "AND GOES 10 REEDRB‘;LST : 8

\GET §3, RECORD 2 §
\PRINT TAB(M)?’FDR ENGINEERTNG LAB RUN “FRIGHT(RN$s22)1 % DN §D¢ |3
APRINT TAB(Z5)} (N PREFIX INDICATES NOMINAL FEED FLOW USED: (DUE'TO 10% ERROR))’\PRINT STRINGS(110%,451)
10, PRINT TARHZ) PLOT OF TIME(HLID (VERT SCALE) VS U-QUTFLOY. (6/KTH) (HOR SCALE)’
520 FOR J=5 7055 STEP S\IF (6%J~1)<= 115 THEN PRINT TAB(BRJ-1)3J1
33 JAPRINT TAB(118)3 COL ACTUN U(6) /\FRT NT\L-IRT $F10.5)
Mg lx’RINT; TABIL- 197;’(NDHIHAL)F€ED FLOM=/ 3 (INT(F210040, 5)/!00):’GU/ﬁIN’\BF ]
545 J=5

550 GET #3; RECORD. 1 _ ‘ ;
555 LLU1ISRDG(1)/DF (19ALL(25=ROGA25 /DF (2)\LL (3)=RD6(3)/0F ¢3)

550 FOR K=1 T0 I\TKS=TNKE(K)\LEVEL =2, 549LL{KI\GOSUR 20000\V(K ) =V0LUME
545 E(K)=Y(K)RDF(KINDIFE(K)=E (K4 7I-E (KI\EAK$7) =E CK) \MEXT K

§47 IF C1=0 THEN CT=t\ONT=IL=HINTVAGDTO 530

8 K=110 3
570, RATECK)=(DIEF (K)/DF (K))/C4BTNTVI\RATE CK) = INT (RATE (13100040, 5)/1000\EXT K
575 E=RATE(2) NIE (ABSIE-ENY)/EN>MG. 1 THEN E<EN\PRINT- "N’}

=INT(GAF40,5)

402 X=4ENT\Z-XRF L{1NZ=730,9259\=7/238, 03*0 O486\Y /011, 8-H) 4 11 SAXSI\D=INT (Y2640, 5)
604 R‘“(F-(Y&BF )/2)\8 GHND=INT(S81040,5)/
405 IF- D<=(L-13 FRINT XyTAB(B):‘t’HAB(LH"’sTéd(lZ")vO\GDTD 620
S0 PRINT X?TéB(D)i't';TAB(!H)?Q
820 I=1+INTV §

NCNT=CNTHL i

\IF. I<=L8T THEN GOTO 550
8000 - CLOSE 1% - 8

30000
9200 IF (ERR=1367) AND (ERL=1057) THEN SLEEP 11 \ RESUME 105
9210 1F (ERR~155Z) AND: (ERL=5502) THEN FRINT 'RECORD § ¥ *HISSING \RESUKE 620
300 PRINT ERROR’ JERRS ' AT LINE'SERL

0 70 3 0
20000 FIL36="HPI[30751003 4TKe+' DAY/
\OPEM FILIS$ AS FILE 51y RELATIVEs ACCESS READ: W VOLUKE 3
\BET 43, RECORD 1

20020 FOR J={ TH P

20025 IF LEVELCO.5 THEN VOLUKE=0 \GO 7O 21000
20030 xrlAasaavumeveu > BNDY THEN 20310

30050 FOR L

20080 IF Anmzwu LEVEL S SUNDE THEN 20090

20070 IF L=.) THEN 20090

20080 ﬁ{}"t”’“ LED(LY )/ (LEVE J3-LEVILY)

2100 BB

20120 U0LURE< 11 BR1G0030.5) 1000

36000 EWD
>




APPENDIX B-2

TANK VOLUME VERstrs:TmE COMPUTER DATA: TEST 3AM-3

. RINFRL
INPUT HHIDH snszusznxna LAB RUN. no. 3
THE LeST REChR) 15 od i

START WITH

INTERUQL 22

STARTS HIYH RECORD 2
ANB-GHES—TE-REE

fatays) HA
$MLAIAT AR N |

LOSS(L} CUH LBSS(L}u

170k 287ah 1100200 110984 JRRZL 0.0 1 g
TTUUA7.027 287,566 110,529 110,805 794,531 0 0 24,42 448804 “zigi
156,34 287,546 108,402 108,488 794,531 D 0 | 4,74508  5,39429
Ee0s 982,95 103,979 104,108 722,602 O 0 1412,4°  1,0615 12,473
Ss 27995 101903 fo.0pe sisest o 0 409,27 3,245 15,7975
152,268~ 274. 201 BT T TV A T B VTR S G Y L)
15tda 0801 94, ? 872 1418,39 1,038%  8.483%%
50,684 267,009 94,325 54,7 498,71 79 1414,63 - 245708 8T8

; 130,688
' : 3 é?.ﬂéé - 263, 3° 92292 700,792 12.39 1414,29  ,343384
22 09130 éﬂ ; 149,078 259.908  90.181 89 ?3? - 703.638 12,381 14,455  1415.33 941772 9.72278
z q G‘g 38 § LR N %

26 09144 Aﬁ 147,211 350,825 83.779  BS.593 709,634 18,453 18,349 141384 ,389d04 11,731
28 0%iGA AN 146,425 249.357 83,625 83,376 . 714,026  18.41 20,385 1413.86 -,0205078 11,2124
30T AN T1ASTEAE ~T 2450733 TOBLVSEE BN MR TR 5“'"¢¢; ST TTIALZRE O IRTR0Y LN OOME
32 10410 AM S 184,664 . 242,27 79,616 79,047 722,811 21,75 1277 1412,49 ,484009 12,5756
.-35--;8& QH ~oo 144,684 242,27 79.414 . 79,047 722,811 21,73 4LZEL 141249 W@Ludﬂ LR
36 1032 ~ , = 142,939 235,287 73.488 4.8 731,685 "34,508 A 1823 ;124927 1 .&9?6
38 1034 QH : 14a;¢57 231,863 73,416 72964 735,418 28, ;382 29,88 1412¢53 -+ 137593

M% = ra : 5&26
42 10450 ~ 140;4&2 308,793 AD.254 48,745 744,463 32,328 3417 1412,22 -, D54597
v 139,528 221,292 67.4%1 46,442 748488 M4.03B  35.478 0 141106 1 14199 14,0094
138 Tff'_217'657—"35”I3?-_"33 3057 783,465 38,0437 370197 TU1310.78 TUI2B0L7Y T U1A.7ET
S 137,771 214,175 43116 62,201 756.B53 38,381 3909 141035 4830542 - 14,7208
_137.049 210,80 81,05 AD.0B4  7RI.A7E  B0.825 . 4104 1411.52 -1,14907 13,5811
136,211 © 207,337 38929 . §7.94 765,894 42,582 43,047 - 1810.15 01,3739 4.92
%3? 463 g03n85? 56,836  E5,737  769.14 44,431 44,95 1409.74 389771 15,3148

123509 200,502 £4.030 L6129 ons 4k il dhBi4 440 B¢—— 202393 15

13 1705 B8 B 7R 483 8005 HRE g0 15408
132,898 193,552 50722 49,245 782,729 49,516 50,53 140817 1,2887 14,8947
1320 IT 190097 T 28871 A7 02T 785,908 T S20057 T 520374 T 180867 T < 449585 " '
130,180 186,711 46,225 44,977 790,771 54,7B5 54,304  1408.00 603438
BﬂﬁjxwﬁdmﬁmLﬂMLﬂm“ﬁiLﬂﬁﬁA&&

TT129,409 179,858 42,350 40,779 799,03 GR.812 0 USB.272 T 1407.5% T \583i3

28:677 176c49” 40,18 /712802 1633 60,838 60,179 1408.01 -,450806
~ 127774 2 : 807,977 1407, 41 597609
2o i 2 1407,01 ;4014%9

1404.74
19 8589
1405.5¢ -,343872 19,545
A5k, ?:8%

H_ 2 B L3 LYy R s G 1,017 - 22,492 1ABLIRA . 30R0RE  19IRY
T 01‘33 P 134, 36 159.2& 29,83 IBL4T ED30S2 71082 4%.708 1406002 0211182 1940511




APPENDIX B-=3

FLOW RATE VERSUS TIME COMPUTER DATA

RUN_PF2

1R Breu pumgERING 1
(USES LATEST IF N

THE LAST RECORD 13 84
END MITH. 7 84 Test 3AM-3
INTERVAL-. 74

E

N3,
0 HER) 7 {1

ANB GOES 7O RECORD 84
RESULTS GIVEN IN LITERS PER KINUTE! HINUS=QUTFLOW, PLUS=INFLOW

25 oF AX BY o) W ® NET FLOW

. 10.- 08135 M .
14 08:58 AN 3 3
18 09i14 oM -3 -3 S 2B 5 -0l
5 09144 AM S ;) 3 V255 R Jhat
50 10102 A -3 55 I
AR e FP. o
B0 SS9 s3I 1,07 L A% ~.008
BRI JEOS RN 1 ORI+ SR, . S -10 )
45T TLLE06 AN 7NN 1 B+ N Y -
500 11122 AN 26 -t 55 R 49

SRS — oy R SRR - SR |
5 : 1154 AM e 3. 5a3 o M TEI 1
32 12110 P LTRGBS SR Y | RN SN 1 .
BT L ARREEEY TS SRR - SR T RN
7 o S g i
A ihiEa JRE 1Y L1 SR 35 T A )
78 01314 P ST kT M 5 VR Ty B £
B2 01330 PH S E R S 7R L R U L
D e e FLOW- RATE-HESTORY - FOR ENBINEERTHG- LAR-RUN M98 - -~ {

RRTS WITH RECH DRB Z |
RB )

TEST 3aM-4
g "d; """""""
9 -~ 214
000 . L 2N 32 g -ffg‘
209010 AN e ile -~ 2% - 236 -, 298 032 0 [ ~4807
ceie b 074180 050 IR YT C UMY L1 KO, S EIEL Y- -
& 09325 AR ~128 ~322 i27x -273 +385 0 03 - 408
a 39% ~, 358 288 £ S8 002 o4

¥ m
iy . a— %&& S ram—T) :gé’*' :E%é i

IR N
""""""""""""""" S TR+ RN 7 NG/ RRREE
- 287 424 15t 277 -079
Aan . S .9
v2ls i 129 1264 t49
28 .41 voh 26 258
—————————————————— P ERERTEr » P R .
~ 72 1423 i )2 095
-2 1334 1267 212 )
"""""""""""" V2 AT 2 32
20wl 2 2 %’7 378 1228 1294 -075
R Wd;% ] S = s "“"5?* "%‘Eﬂ.- T "“‘&%4 i
76 01134 PH =412 -, 324 ~ 249 V574 1364 PN =00
AAAAA 1B DI P 0= dA L e25Y “,—,373 -9 - »166 176
80- 01150 FH - 099 -,308 - 257 276 1365 n223 203 -,148
OO IR L 2 B ,_‘_Qn___"__o__,__,_MO__M»___,O«.,,.,._°__,_,..,.°.__,,. I . S
U o N 11" BQILHICTOR" fDR ENGINEERING LAB RUM.NO. 512, ..
STARTS WITH RECCRD I
AND GOES 10 R OFu 100
RERHETS-OHEN-TH-LITERS-FER HINGTE - HINIS=OU PO —PLY
o Test 3AM-5
N S - B
V482 1265 7 12
,424 256 24 -034
O T VPSR S
1409 281 '3 - 014
I3 Y.<} 238 =027
[ /-t SN SN A

404 2242 34 .07?




APPENDIX ‘B-4

COMPUTER ‘URANIUM MASS RATE DIAGRAM AND : COLUMN  INVENTORY
FROM ANALYTICAL DATA: 1A COLUMN, TEST 2AM-2

e RUNABBLT -~ n o= e oo
FEED U (§/L} % FEED FLON (L/M)? 24,4050 514
LNDOG WIDTH_ (WINUTES)? 35
- NUWBER-OF ‘DATAFD

DENUHINATOR OF VERT SCALING FACTOR? 3

7.3
FVTER ELAPSED TIME AND GRAKS U/L FOR POINT 1 2 1510
-------- FOIT-2-7 30+82-
© - POINT 3 7 45,30.9
POINT 4 7 40,45.8
7578
POINT & ? 120451.7

Fm’NT 7 ? 150:51.8
TFOINT 8 7 210,51,
""" " "RLOT OF TINECHIND (VERT SCALE) VS U OUTFLOW(G/NIN) (HOR SCALE) FOR RUN 2AH-2
--------------------------- T e - Rt 1 At L)
s . Feed Fimus 18,21 BU/MIN n
5% : 106.8
TN TS O S St e S SR S 59
iz g 210.2
L T el bR TR L e d-ia AT s e e
2 % : 54,5
5% : 400.2
z o : 4,2
---..33 .................... *. ........................................................................... 5 PR e e e _-524,’“_....
% ooy : 8
--_12 __________ —_--——-—-—-—-—--—-———_‘-_i..--__--_....-—--.n_—...._-_._. e e e he e e e e e e e 24 - e e am e e — :1_- .
45 t : AR
48 % e LS
51 N ' 448
54 1 : 9.6
- EFeoe N oo mmmm e frmmmmme e 4884
i N i
A Sk i ettt o et R A AN  REEES M o AN
g N 70
73 X ! 709.8
75 g Vit
.._..Si __________________________________________________________________________________________________ *: _____________________ 71 .3,,“-__»-
8 K 7138
s e e - E
% - a 3
162 3 ot
B L e T et LR R S brmammma e HETF -
§ | i
s st e e b A e e Rt e Aer
i17 ¥ 71614
i) b4 2i4.48
: i it
OIS o e et
¥ i At
e T R e Rty §orTm e mmmmmaen _7,.6.:é_,_
141 i 14:3
144 e 714.8
% et
: 7
%
_________________________________________________ L SN £ 1- 11 o
B4 T R B T GRS N




APPENDIX B-5

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM
ANALYTICAL :DATA: 1A AND 1BS COLUMNS WITH 1AP HEAD POT, TEST 2AM-2

FUN: wB5OL

FEED U (8713 B rEED FLOU iL/H: 26:4000,474

HINDOW WIDTH (MINY

BENONINATOR OF \JERT SCALING FACTOR? 3

NUMBER OF DATA PCINTS?

DATE OF: RUNT 28M=2 s

BY FLOW RATEs L/MIN? 0,307

BP FLOM RATEy L/MIN? 0,325

ENTER ELAPSEDL TIME, BW GU/Ly: AND BP GU/L FOR POINT 1 7 155000
POINT: 2 7: 309040
POINT 3 ? 45405140
POINT 4.7 40+054:2
POINT 5.7 75:0.%:10,9
FOINT & "’ 90 3:3.8:14.8
POl 1209901524,
POINT 8 ? 150711:852%.3
POINT 9 7 210+14,9:35.5

PLOT OF TINE(HIN) (VERT SCALE) VS U DUTFLOW(G/MII) (HOR SCALE) FOR RUN. 24H-2

5 16 15 COL ACCUM UGB

] Feed Flows 16,21 GU/NIH 0.0
% $ 54,9
&% H 13,5
IR $ 147,5
12% : 218,
15 % ; 267,
18 ¢ 3 36,2
IR § t 3542
24 % $ 412,32
7% ! 460.4
0% H 508.9
33% H 5577
T6% ¢ 08,5
9% ! 655,4
42 % 3 7039
454 H 751.8
48 ¥ H 799.1
5k % ! 8454
G4k : 8908
57 1 H 915,1
40 | $ 978,
63 % ! 1020,3
58 ] ! 1041,2
9 % H 11011
72 ¥ ! 1138,
75 ] $ 177,46
78 % f 1214,2
81 H ; 1249.7
84 X : 1284
87 X ! 1317
20 H : 1348.4
93 ] t 13787
% ] H 14072
29 ] H 1434
102 % H 1459
103 % $ 1482,2
108 ¥ ¢ 15044
111 ¥ H 1525.4
114 % : 1544.9
117 ¥ ! 562.9
120 % H 579.7
123 % : 595.1
124 % ! 809.3
129 ¥ ! 422,31
132 § ! 434.2
135 i % : 18452
138 H : 16354
141 X ¢ 445,
144 H ! &75
147 % H 84,2
130 ] H 1693.3
153 X : 702.2
154 H ! 711
159 X : 719.8
162 H : 17285
145 X ! 12372
148 ¥ : 1744,
17 % : 17504
173 ¥ : 17579
177 X H 1763,2
180 ] : 1768:6
183 ¥ ! 1772,7
184 % : 1775.7
189 ¥ 1778.3
192 r ! 1780.5
195 ¥t 1782.3
198 PR 17837
201 %! 1784,7
204 K 17854
207 ¥ 1785.8
210 H 17859

TBubscriet out of range at line 300 in *ARCOL °




APPENDIX B-6

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY
FROM ANALYTICAL DATA: 1A COLUMN, TEST 2AM-3

RIN ACOLTS
FEED U ¢6/L) § FEED FLOW (L/M)? 26:40+0,361

L O

lENONINAT‘R (F VERT SCALING FACTORY 3
DATE OF RUN? 204-3
o FLOM RATE{’ L/MIN? 0,321

ENTER ELAPSED TINE AND BRMS U/L FOR POINT 1 ? 15:1.0
POINT 2 ¥ 30+0,7

POINT 3 7 43+19/4

POINT 4 2 £0,42.0

POINT 5.7 75,443

POINT & ? 90s43.9

ggm 7.7.120046:0

INT 8 7 100+45,5

POINT 9 % 180,45,6

PLOT OF ‘TIME(WIN) (VERT SCALE) VS U OUTFLOM(G/MIN) (HOR SCALE) FOR RUN. 20H-3
5 10 1% COL AT U(B)
Feed Flow= 14.81 GU/HIN

%

o we

H
3
L

L

o

3
b
4
1
|
i
2
2
2

Snd B bt O3 LIUDND
6 26 G000 B B

STUPUESSTHY

o bt %

b ““”zﬁ“*”“ooo. P

-

$G B B 2% 06 DY b 0% DO B0 PO E 68 V0 5 009G 0% 05

posianiyet




APPENDIX B-7

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM

ANALYTICAL DATA: 1A AND 1BS COLUMNS WITH 1AP HEAD POT, TEST: 2AM=-3

RGN 3

FEED-U gll) & FEED FLOW (L/M)? 24.40,0,561
HINDO UIa{H (HINITES)? 35

DENDHINAT

[ 4 vzgr SCALING FACTOR? 3
NIS? 11

WINBER OF DATA POTNTSY
0 FLu B /ety 0,317
1 FLOY RATE, L/MINY 0,322

ENTER

I
i Ll L ad
LN e tric iy
L2 2.

SLSYTH LS H
2 0E I

ST b B

-

APSED TINEs BY GU/Ly AND BP BU/L FOR POI

G ED N O L e Gk N b

POINT 10 % 210+15.4130.3
POINT 117 240:15.6:30.5

PLOT OF TIME(MIN) (VERT SCALE) VS U OUTFLDU(G/HiN) (HOR SCALE) FOR RIBL 2AH-3

5

10 15
Feed Flou= 14.81 GU/MIN

P

o nnos e ene st an

2
o o had
0056
vo 59

*

O 0 980 P 40 T0 22 5 39 0%

COL ACCUR U(B)

0.0
4.2
88.1
131.8
1754

16667




 APPENDIX B-8

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY
__FROM ANALYTICAL DATA: 1A COLUMN, TEST 2AM-4

0% 19 50 TASK ’TTII " TERMINATED
-~~~ #BERTED ViA-DIRECTIVE- OR-MCR -
D HITH F’EQBING 10 REOUESTB

I[lm Y § FEE ¥ Lﬁﬁ (L/ﬁ)? 26.40:0&3”5
NDOW BIBYH (MINJTES)? 35 .
R-BF DaTA-PEINTS?- 7
 DENOHINATOR OF VERT SCALING FACTGR" 3
. DATE OF RUN?

AP FLOYRATES tJ’HW'V'SG
ENTER £I.QPSEII TIﬁE QNB ER#;HS 1 F%)R F‘!}INT i

QINT. 2
o ". NT 3

FOINT 4
-PUINT-5-
F‘OINT 67 ?D:ESN
OIHT 7 ? 12{}1’;&“5

o

PLOT OF TIMECMINY (UFRT STALEY US Il DUTFIAUCR/KINY (HOR SCALE) EOR RUN 2MM-4

u.BL i%uCUﬁ L’ o

P R T

T hes B %
i
B

I
¥
1

EOT R TR RPREEPE S
!

g

s

i
ki
1

b d
Co8 X0 Cod Lad TG L8 02 Cadvadl £ad
OO RO C Gi =l e
Lok ClT a5
P
e o 8

TR L0y
Eant Cabtiad £0d
“

P - S )

i

o
Vo
t

BBl R PO B I ST B e b TS M

CALiqpad 64
b e
s,

&

>
FEY S Y B
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APPENDIX B-9

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM
ANALYTICAL DATA: 1A AND 1BS COLUMNS WITH l1AP HEAD POT, TEST:2AM-4

RUN HRCOL
FEED U:(B/L) & FEED FLOW (L/M)T 26,40:0,325

HENBAAIRE o kTG e o 5

NtMBER OF DATﬁ POI
DATE OF- RUN? 24K-4
BH FLOM RATEr L/HIN" 0.298

FLOW RATEy L/NINT 0,306
ENTER ELAPSED TIHE; 'BW BU/Ls AND BP BU/L FOR POINT 1 7 154040

POINT 2 7 30+0s0

PDINT 37 45:0:0.3

FOINT 4 7 60:0:1.8

POINT 5 7 90s1,3,5.4

POINT 4 ? 12015.4110:2

FOINT 77 150,8,271541

POINT 8.7°18018,0117,1
INT 9 7 210:8,9119:2

PO
POINT 10 7 240+9.118,7

PLOT OF TIME(KIN) (VERT SCALE) VS U OUTFLOU(G/HIN) (HOR SCALE) FOR RUN 26H-4

5 COL ACCUN U(G)
¥ Feed Flow= 8,58 GU/NIN 0.0
It ) 25.9
('3 ' 1.9
(R} H 77.8
12% i 103.7
15 % 1 12944
i ¥ | 1551
2% H 180.8
41 ' 20,5
274 ! 232.2
01 H 37,9
33 ' 2837
W% i 309.4 |
1 ‘ 3351 |
42 % H 340.8 |
451 ! 88,3 |
B3 H 41,7
Si % H 434.8
54 % H 441.7
57 % H 485,3
b0 % 4 5104
83 H 334.5
46 3 H 338
69 ¥ 1 581
72 ¥ | 803.7
75 ¥ H 425.8
78 3 H b47.4
81 1 ' 658, 9
£4 i ! 489.7
B7 Ed H 7092
20 ¥ H 29,7
93 ¥ H 748.8
%4 3 4 78743
99 ¥ H 8%
102 ¥ H 02
103 X ' 818,2
08 ¥ H 833.5
1 1 ¥ £47.9
14 ¥ H 841.4
17 ¥ ) 874
20 ¥ ! 885.8
23 ¥ H 894.8
24 3 H 907
29 X : 916.4
132 [ H 925
133 X ! 93,9
138 X ! 939.9
141 ] H 944.3
:; % ' 952
¥ 1 957.3
30 t H 962
53 b ' 9é6 44
54 ¥ ' 9704
159 X H §74,1
182 b3 : 9774
185 ¥ ' 781.1
148 % ' 984,64
171 ¥ ' 988.1
174 X H 991,4
177 ¥ H 994,46
180 3 H 997,46
183 ] H 1000.4
B ] H 1002,9
189 ¥ ! 1005.3
192 ¥ 1 1007.3
193 3 i 1009.1
198 | S 10103
201 ¥ 1011,5
204 L 3 1012.2
207 ¥} 1012.4
210 31 1012.%
213 1 1013
26 ¥ 10129
249 % 1012.4
222 3 1012,3
225 EH 1012
228 ] 1011.8
231 ¥ 1011.8
234 L4 1011.9
ey} 1 10121
n40 L3 1012.4

PSubscriet out of range st line 300 1n CABCOL °

¥



APPENDIX B-10

FROM ANALYTICAL DATA:

COMPUTER URANIUM MASS RATE :DIAGRAM AND COLUMN INVENTORY
1A COLUMN, TEST 2AM-5

R ACRLTL

FEEB U (B/L) 8 FEED FLOM (L/H)? 26,40:0.333

R A0 ey

!MTM OF VERT: SCALING FACTOR? 3
OF - RIB? 205 -
AP FLN RATEy unm 0.284
ENTER ELAPSED T

i

HE AHD GRAHE U/L FOR PO

PGINT 109 245:30.9\9\9

PLOT OF TINE(HIN) (VERT SCALE) VS U QUTFLOM(G/MIN) (HOR. SCALE) FOR RUN 20K-5

- -
L L2
S HHEY P e
of 54 0S5 b2 03
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B9 0060 60 EH 8D &0 00 3

he mese ot Cans e Serenses 1e foBsLe 0B e es s ne bave BE B

¥
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g
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*
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R 2

a3 90

E- 23

w0 b

.

Feed Flow= 8,79 GU/KIN

= sv a0 o8

10 -COL ACCUN U(6)




APPENDIX B-11

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM

ANALYTICAL DATA:

1A AND 1BS COLUMNS WITH 1AP HEAD POT, TEST 2AM-5

EED U {6/ & FEED FLW (L/)T 26,40+0,333

W ;MH ')ERT ECAL%NG FACTOR? 3
ot DF DATA POINTS? 10

RUNT. 208-5
B FLOW RATEs L/MIN® 0,282
BPFLOM RATEs L/HIN? 0,305
ENTER ELAPSED TIHEs BU GU/L+ AND BP GU/L FOR POINT 1 7 204040
POINT 2.2 350040
POINT 3 7.50+0,142.9
POINY

7
POINT 9 ¥ 215:10,9,18:8
POINT 10 7 245+10,8/19.0

PLOT OF TIME(NIN) (VERT SCALE) VS U DUTFLOW(G/MIN) (HOR SCALE) FOR RUN 264-5
5

L3
1O £l
HRRRBGR?
0% 89,
V0 5 00D 5% DO HDR % BE B¢

BANSELSUTL SHTEEY
"“

o3
zE=
#8
o
-

RIS
£

HERBRUYTZNBES
-

SERELREaY
-

45 b

Feed Flow= 8,79 GU/HIN

PO
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APPENDIX B-12

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM
ANALYTICAL DATA: 1BS COLUMN WITH 1AP HEAD POT, TEST 2AM-5

RUN BCOLT
FEED U {6/L). & FEED FLOY (L/M)T 26,010,333

m 3 g“m}a‘ﬁa FACTOR? 3

FLM R& I.MIM 8y
g 'FE L/IR? 0.%
s L/RINT 0.

TR ELAPSED ST B I, BP 6Ly ND AP GU/L FOR POINT 17 20100050
POINT: 2 7 3500y _1}.‘
pjin £ S0,
M 4 ? 9. P& 0‘

POTHT & 7 $hed. e 59318

Pl 41 %v%’i‘n%‘f%

POINT B 7 185,9:8117.9030,

POINT 9 . 215:10,9+18,8,30.6

POIHT 107 245:10.8/19,0130,8

PLOT OF - TINE(HEN)- (VERT SCALE).-VS- U RETENTIONIG/NTNY . (HOR. SLALEY FOR RUN. 284-5 ‘
] 10 COL ACCHN IB)
% Feed Flove 8,79 SUININ 0.0
H ' 5 i
$ 3 i i
12 3 56,5
i i3
Al R <
243 3.4
g1 3
i 85
u % : 66:8
2 i $ )
45 % 91
@ s 10451
2 ' T
5 3 %5
2 Y e
& % % :E
& ) 24
72 8 24,9
e % 262,4
73 t 979,
81 3 3966
84 # 3135 *
33 z‘ %'3
53 3 %623
377.9
303

seenme we

o e b eevs b bansee




APPENDIX B-13

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY
FROM. ANALYTICAL DATA: 1A COLUMN,. TEST 3AM-]

RUN ACOLT
FEED U. (6/L) § FEED FLOW (L/AD? 40,13+0.834
uxmo UIDTH (NINTES)' 73

m g“HlG FACTOR? 3
TATE G’
® Fl.ﬁ RME: L/HIN" 0 266
BlT’E:k ELAPEEDU!K W GRMS UA IR ﬁ;om 4 FOR H)INT 19 154040
POINT 3 " 45120.110
Fg HT. 4 7 40:49:100

NT 59 75,45.500
POIAT & ? 90169, 010.

INT
POINT & § i dnds 3
POINT 10 7 240:70.3:4.0

PLOT OF TIMECHIN) (VERY SCALE) U5 U QUTFLON(G/HIN) (HOR SCALE) FOR RUM 3aK-1

H i0 5 20 COl ACCUM U(B)
H Feed Flow= 24,51 GU/NIN 8.0
3 H H 8.4
6 § H 112.4
9 8 H 170.3
12¢ H 231,53
15 ¢ } 294.9
%? : : 359.8
+ +
243 H ﬁ.
71 § 557,3
Bt H 62,3
% .8 : %.3
39  § i 8057
2 'y f o
4 H H 957..’!
il ¥ H 998.7
54 § H 0353
97 $ H 047.2
&0 8 ) 094.7
63 4 i 118:2
28 4 ‘ 138.1
' 1.7
75 H 182,
g ! !
84 ] 285.1
87 H H 224.3
90 4 H 1232.4
93 8 H 1240,
9% H H 1246.8
99 3 H 1252.6
1 i LT
108 L 268.8
i P 7
[} ¥
117 2 H 294.3
120 2 H 302.9
o : )
129 2 0
132 H %%4.3
135 b SN 327,3
i y B
144 4 329.2
147 ] 329.4
150 4 1329.5
133 3 1329,5
136 ¥ 1329.4
159 8 329.4
162 3 3293
14 ] 329.3
16 3 329.5
174 ¥ 1329.7
{;74 ; 329.8
180 L %.!
183 2 330.2
{.% 3 PSOJ
192 ; 1§3.4
195 8 1330.3
3 i o
21 4 %.2
207 ¥ 330.1
210 8 330
243 $ 330
214 g 329.9
219 2 1310
222 8 330
225 2 330,2
228 | 3 3304
238 i 330.8
234 L 3] 3314
237 L4 332
240 & 332.8




APPENDIX B—-14

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM
ANALYTICAL DATA: 1A AND 1BS COLUMNS WITH lAP HEAD POT, TEST 3AM-1

FEED FLOW (L/N)T 40,13,0.536

‘&’M : ﬂ" ("W gcmua FACTOR? 3

(l’ MI'APM

mﬁg a{% IN? 0»258
ELAPEED “g B GU/L; AND BP GU/L FOR PO ! %g,grg

£l 480
POINT 10 7 210:5.4081,3
POINT 117 24015,8¢83.9
PLOT OF TINE(KIN) (VERY SCALE) VS U DUTFLOMCG/NIN) (HOR BCALE) FOR RIBN - 3aK-1
5 , 10 15 2 COL ACCUN UIB)

Feed Flov= 21,51 GU/NIN 00
1342
200.4

% 80

0 5. JEOBIEDY

-2




R oLy

APPENDIX B-15

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY
FROM. ANALYTICAL DATA: = 1A COLUMN, TEST 3AM=2

m Hma' Z“W §'§9"3§‘“’”" 10,130,452

INATOR oF WRT SBALING FACTOR? 3

n\PFL
bR

@
BB PFom: pu Do I Bl
SENEnETT Y
0 52 P E0DH S0 B

NERLSURESASYsny

26

!./I!XN’ G286

THE AND GRANS UL FOR POINT 1 7 15:0
L

f&is

POINT 4 7 £0s52:4
POINT- S ? 75:3%:9
POINT & 7 90+61:8
POINT 7.9 120064.8
POINT 8.7 150+67.4
POINT 9 7 1804684

POINT 10 7 2104679

PLOT OF TIME(HIN)Y (VERY SCALE) VS U DUTFLOW(B/HIN) (HOR SUALE) FOR RUM. 3AH-2

5 10 15 ‘ 2
Feed Flow= 18,14 BU/HIN

B8
Eed o

L.
oo e

U 0% 9% 0390 99 09

R X3

COL ACCUN 04G)

8,0
54,9
1104
163.2
218.7
271.9

997.9

998.5



N INVENTORY FROM
0T, TEST 3AM-2

 DATE-6F SUT- T3
E FLOW RATEs L/MINY 0,2600\s

N7 0. !
] ng'@trm'wm*mmnrnmm“"
POINT 2 7 30:0:0

D124
POINT 57 7901 4B:5:85\s
==PORIT -7 -F0rh v it:T
- POINY 7 7:12045.8:25,
%8 7:15014.5: 39
IR0 0.2

F-1RIS: 21 46.7
POINT 10 7 210012,5,40+6
POINT 11 7 248,12.8:50.4

Feed Flows 18,14 GU/MIN

TSUbserirt oub of rande ab line 300 in ABCOL




APPENDIX B-17

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY
FROM ANALYTICAL DATA: 1A COLUMN, TEST 3AM-3

RUM ATOLTL
FEED 4 (6/L) % FEED FLOW (L/K)? 40,13:0,434

mﬁ& [ﬂm kz; FACTOR? 3

AP FL(II RME: L/Imt’ 00268

TIE AND GRANS UAL. FOR POINT 17 15y
POINT 2 7 30:2.3
POTHT 3 % 45,25,
POINT 4 7 40+53.5
POINT 5.7 759591
POINT 6 7 901605
POINY 7 7.120463.4
POINT 8 7 1504847
POINT 9 ¢ 1800644

POINT 10 ¥ 210+44.4
PRINT 11 ¥ 2400655

PLOT OF TIMECKIND (VERT SCALE) V5 U DUTFLOV(G/RIN) (HOR SCALE) FOR RUN 3AH-3

5 1 15 20 L0 AT W)
', Feed Flovs 17,42 GU/HIN 9.0
1] 53
61 : 104.5
AR ! 159,
iz : 2105
18 8 : it
| 28 i w7
| %3 i 2
| 71 : 4
| 7t ; 751
R ; 5265
3 . : 575:3
39 $ : s
2 % ! 7203
i 8 i 7375
48 % § %
54 ' 3 71
5 % : .
] . i 210
W ' s L
8 % i £39,6
& ’ : 844.8
g P %
75 H : .
5 : 58,7
81 ¥ ¢ H gzgo)
s; v 872
7 I 875,
: 8 79,4
3 3 83,1
o : 834,
102 3 ! o
105 g ! 894,
108 T £97.1
] % 899.3
17 : 25
2 1 o
23 ' 705,
2% g 904:
2 g %074
135 N ey
138 3 509,
fa1 H 910
144 H 910,
47 .
z 3 9112
3 a3
3 912’
199 5 912,2
165 8 iy
168 8t §13
71 3 943
74 g 914,
7 8 14,5
80 3 95’
183 8 95,4
184 : X
15 o 9159
158 5 914.4
195 bt R
198 2! 9178
201 8 918.3
204 i )
i) o 918,7
240 4 ot
93 8 20,2
218 8 :
219 1 Lo
223 3 930,
39 1 %1’
228 3 921
231 8 920,
23 2 928,7
5% 8 936.4
Sio 8 90,1




APPENDIX B-18

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM

ANALYTICAL ‘DATA:

1A AND 1BS COLUMNS WITH 1AP HEAD POT, TEST 3AM-3

RN ABCOL
FEED U {6/L) 8 FEED FLOW (L/M)Y 40,13,0.434

ST o TSRk The Facront 3

WIKBER OF DATA POINTSY 11

B ik B Dl 00

ENTER ELAPSED TINEs B9 GU/L» AMD 3P GU/L FOR POINT 1 ¥ 1500+0
POINT 2 7 300010
SRy N
POINT § 7 75r0e11.3
POINT § 7 90,1.3:50.8
i 1 e
POTHT 9 7 180115047

1
POINT 10 % 210112.1:50,3
POTHT 11 1 240012.7:51.9

PLOT OF TIMECHIN) (VERT SCALE) VS U GUTFLOMC(G/NIND (HOR SCALE) FOR RUN '3AH-3

§ 10

wow™
-
%
¢e

60 SD0G 35 58 5060 85 BOCF VD P

RS REIINSTUS UL E S TR LeNBNERS
o

omthpar

SHHBRNBIEEBET
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Feed Flows 17,42 BU/NIN
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APPENDIX B-19

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM
‘ ANALYTICAL DATA: 1BS COLUMN WITH 1AP HEAD POT, TEST 3AM-3

RUM BORLY
w (B/L) & FEED FLOM (L/H)Y 40.:3,0.434

o B e racrn 3

DATA POINTS? 1

DAt Rlllﬁ?
ELWR& 9L/ mom
ﬂFLGiIRM’E:LMN? 263
P FLON RATE, L/HINY 0,270
mumrm,wm.wm,m»mmm{ﬁ

Y

1011!.3159 i
20 §
: 5?3,3595?6 %

pobet § 1 13
L1S 150'80574206'“0
WY 1801 1%.5:47 '“o‘

bt
IOl 107 bR LR

FLOT OF TIME(HIN) (VERT SCALE) VS U RETENTION(G/MING (HOR SCALE) FOR RN 303
§ 10 13 20 COL ACCUM U(B)
Feed Flou= 17,42 BU/NIN 050 ’
4 &

L2
D gt b s ol €9 Ed
R L 5 2
-
“d

BERIINSE LYY IR RS USSR TS
0 .60.00 50 60 00

ﬁ e~
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TEEoHRBEREEESRSEras
oG
>
P
S

g gnsrgue gasn
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30—
BB S S0 55 0P 0% 828540 SO G0 9030 B9 LI 8D

28
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R mapais o
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APPENDIX B=20

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY
FROM ANALYTICAL DATA: 1A COLUMN, TEST 3AM~-4

FE?‘ M/L) § FEED FI.DU (L/K)T 40,13+0.325
UINW UIDTH éﬁ% ? 35
mmm 0F VERT SCALING FACTOR? 3
MTE RUNT JAH-4

AP FLOW RATE, L/MINT 0,28
ENTER ELAPSED TIIE AlD GRMS U/ FOR gg

* PLOT OF TIMECHIN) (VERT SCALED VS U QUTFLOW(G/NIN) (HOR SCALE) FOR RUN 3AN-4
5 : : 10 15 COL ACCUM U(B)

Feed Flow= 13,04 GU/HIN 0;05

7944

119

158 -
%96;8

“““”ﬁ“““““

o
E

L4

b 4

3
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2
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APPENDIX B-21

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN  INVENTORY. FROM
ANALYTICAL DATA: = 1A AND 1BS COLUMNS WITH lAP HEAD POT, TEST 3AM-4

RUM ABCOL

ﬁ% (‘iﬁ)} Eﬁq&?&:ﬁ/m’ 40.1350,325
M4 FACTOR? 3
WR 0F DaTa POINTSY 11
ﬂ Flog S‘A’T.E' %:N" §.260
4] '+
P FLW RATEs L/HIN? 0,277
ELAPSED TIMEy BY GU/Ls MMD P GU/L FOR PMNT 17 15000
CINT 2.7 30:090
POIHT 3.9 4540103
POINT 4 7 609011,
POINT § ¥ 75+0:3,8
POINY & 7 9001421602
POINT 7.7 12012.1»22.0
POINT 8 7 130+4.2+31.1
POINT 9 ¥ 18016. 35,7
POINT 10 7 210+7,2539.2
POINT 11 7 24657,3539.9
PLOT OF TIHE(NIN) (VERT SCALE) VS U OUTFLOW(B/NIN) (WOR SCALE) FOR RUM - 3AM-4
5 : 10 15 COL ACCUE W6y
H Feed Flow= 13,04 BU/HIN 9.0
3¢ § 39.8
62 1 80.1
9% i 119.9
12% H 159.3
15 % H 198.5
188 b 2314
218 1 276.5
2 : 354
27 H 54,5
0 § 393,85
33 I 432.7
368 H 471.9
ki ] H gli
428 H 30,1
438 ' 589.1
483 1 427.8
51 H &4644
54 H 2044
97 H 742.6
40 } 280.3
63 % H 8127
44 H 854.8
gg 3‘ 3 8;5.?
B H H 64,3
78 L H 000
gi ¥ 1 035:4
: 3 § 070.1
% e i :
e % H 30:4
102 3 3 42,1
105 3 ! 290,2
108 8 H 3168
111 ) H 3417
114 ¥ H 3451
117 H i 386.8
120 s 1 408
123 $ $ 425,3
126 b H 442,2
129 H H 457.7
132 § ¢ 471.8
135 H H 484,9
138 H H 4978
141 8 H 508,
44 3 ¢ 518.8
47 g : 2.3
30 § H 537
% s : 3.2
5 3 : 58,9
&2 8 H 543
45 3 H 50,7
48 H H 526,
7t H H 381,
74 H H 388,
77 H ¢ 590,
80 H H 594,
83 § H 598,
86 H $ 801,
89 H : 604,
92 ] H 807,46
25 8 H 609.9
98 8 611.9
201 L B 6134
204 L S 14,
207 §: 15,
210 8! 14,
213 4] 14,
214 ] 16,9
219 3 17
222 % 414,9
225 14.8
228 § 14.6
231 ¢ 1644
234 § 18:2
237 t 16
240 b 1615.8




APPENDIX B-22

COMPUTER URANTIUM MASS RATE DIAGRAM AND COLUMN - INVENTORY
FROM ANALYTICAL DATA: 1A COLUMN, TEST 3AM-5

% #{h %HIH!TEF';QU {L/H)? 40.13;0 kv)

mmm IF UERT SCM.ING FACTOR? 3
#.uil B, Thi-o.20
: ¥
ﬂT&WTI’EMHﬁEMFR%IW%; 15;0]
3041,

POINT 10 9 210,478

PLOT OF TIMECHIN) (VERY SCALE) VS U OUTFLOM(G/MIN) (HOR SCALE) FOR RN 3aM-3
5 10 COL ACCUM U(G)

Feed Flow= 12,88 BU/HIN 0,0
: 0

78,4

1176
1357
193,46

hed

I RIS b e O
foeTey

S B 0o O LI Y
PP 06 SO0 0% 60

SR SHSTE

L. 4
PO DRSS AP SR

Red
L 2R 2 X2
o6 0% 0%
2606 85 hod

|-

b bedobebobibotod

85 B 3% 8% D8 O 20 B SO

B OF PHEGBE 5 BEIE bb Pevern s o sssans oo 0G0 P s roas oo
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APPENDIX 'B~23

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM
| ‘ -~ ANALYTICAL DATA: 1A AND 1BS COLUMNS WITH 1AP HEAD POT, TEST 3AM=5

FEED U (G/L) ! FLOG: (L/H)? 40,130,321

&ALRG FACTOR? 3

W MT& PUINTS‘?
£ OF AUN?

PATE

B FLOY RATE L/H TN 0,265

B FLOW RATE, L/MINY 0,278

ENTER ELAPSED TINEs BY BU/Ls AND BP GU/L FOR %gg 17 15:050

POINT 3 7 45010

POINT & % 4010419
POINT 5.7 75:0:9,0 :
POINT & ¥ 90+0:15.0
POINT 7 ¢ }50;5.6134 i
POINT 8 7 180+7.4138.0
POINT 9 7 21077 §338.7

PLOT OF TIMECHIN) (VERT SCALE) VS U GUTFLOM(G/NIN) (HOR SCALE) FOR RUN. 3AH-3

5 0 COL ACTIRE U(6)
% Feed Flows 12,88 GU/MIN 0.0
3% ¢ 8.8
68 H 777
93 116.4
12t 55,3
152 194
o B
241 310,
278 H 49,
H | ik
k7% 1 445.1
9t 503,
i3 i
481 299.6
518 H 458,
S48 59,4
L1 8 734
402 7714
638 808,
&6 § H D44
99 H 78.3
S 11,
H 43,8
78 4 74,3
81 4 003.4
¥ 0313
87 H H 058.2
% ¥ f0.d
94 2 136.5
99 3 H {142,4
e 'y | i
168 % : 1t
111 b4 H 1261.4
14 t 282,46
17 ¥ 303,14
N 20 i 322.%
23 ¥ H 1340
% Yy ot
32 b 380.4
B 4 391,14
38 $ 400.4
41 4 409
44 | 418.5
147 3 H 1423.2
53 Y o
. % 4389
159 % H 442.9
i n
168 £ 451.3
171 § 3 1433.2
174 t 454,
177 %4 455,48
180 | H 456.4
183 | 1434.8
it : 1871
lgg § 1456,9
® : oy
198 .
201 4 1456.1
304 e 1455.8
207 % 1455.4

1435.5

s

P

<
-




APPENDIX B-24

THE XRFA URANIUM CONCENTRATION DATA:

TEST 3AM-3

ORESCENCE DATA HISTORY
PARED T0 U CaLre

Ll
AND GOES T0 RECORD B0
FOR ENGINEERING LAB RUN 11 ON. 30-Jun-B81

UNIT 1,,,BP STREAN UNIT 200 08P STREAN
XRFA AQ U CALC YRP-CALC XRFA UR U CALC HRF-CALC

UNIT 4., BU STREAH
ARFA

4 340K 3,798

T2 702
120422 ~12040,7
”0 a8 i

Fuy
= g
e
b
e
G

-

IR CHHCHF EI LTI

+93

PRGNS o 18 S

=573

3
£
3
ey
3
i
Sk
disse 01
!
1
!
ot
=
;
i
!
1
i
1
i
1
T
£

33 46

39,3069 40,29 -.98

X 2T
142 7,995 7.4
R Bz
10:3617
10,3617
1.9681
1840545
20,2723 18,8

- ﬂQTaﬁﬁy'—4ﬂ»1x Fvi
52.2074 32443 4039

= towls Lo ot

38,844 53.3?

58,864 57, 13
52,0837 583 Sn,w_31
62,8275 3941 372

<

AT 09349 A

22,15 99,42
26,5455 36,4

27 9672 30 09 =2.12

by RS By R X POV Y
27 §672 33, 34 =537
27,9672 38,23 5426

27,9672 33,26 5,39
37,9672 38,07 10,1

10542AH
01 S0AK '

e
§ 29,3119
1i140M 41,8369 0 42,34

1i22nH 43,1088 43,92
43,2201 4448

44,7733 44,82
46,8092 0 47441 - -,20

46,8132 47,94 1,13
46,7288 48,39 -1,8b

114680
13548K
10

44,8044 ~1,89
2;6&1&
49,873 . 48,92 +95
IBPH 47,2779 049,22 1,94

2526PH1 50,0299 49,80 ;22

2.30?“ 48,5613 50, 04~~_

AR I0TT T E02S :7

48 079550447
47,4213 50,42

43,7087 51, 07

5044818

48,49
48,8

72 izfsopﬁ

R

£ 78T, Fa P R B LLIVL SRR ROy E B T )

S8 AAB28T.

62,7728 59,41
434457 58,04

83,2743 40,25
64,4511 6146 1,0555 AT 104

44,7017 267 2,03 1,0555 AT 10i08 AN
44,7017 43,98 172 1.&55 110808 &4
64,7017 63,28 1,42 1,0555 ~ AT 10108 AN
E4,7017 63,43 1.7 10535 AT 10100 AN
BT rAG — o g B e oo 1 BGEE- AT 0108
3,58 112 {185 AT 10106 AN
3,36 1,04 1,0555 AT 10108 AK
5 TUUULomy AT Ios o
W AT 11105 A
70079 AT 11308 AX
7,4079 AT 11102 &M
rHB3- AF-HHHE M-
ERCTRN R
12,6748 AT 1133

9555~ -
1.0555. AT 1008 AH

54,7017

20170 65,81
64,8204 63,28
65,0209 - 6128

45020050 bt —
£6,4129 83,43
£,56 6341 A7 i

V6902 BEERT AL T35S AT
46,7009 63,58 3.2 13,1597 AT 11334
54,591 . BT e
67,2734 1114

6374 3,53 12:96

53,4318 . 63,74 1 12.96 AT 11342 AW
Hé-Al-

6446583

- Brtd -1
83,69 2,77 13,5905 AT 11150 AN
48,2431

WW,W4

83,74 4.3 13,8553 AT 11
TT1A0T65%  ATHIT
13 4312 81 ,

12,3488 AT
12,564 AT
12,6909 AT 1

i3 AT P

19:5165
16,4758
1750977

16:9117

782

65,9462

53,58 ~037
XY X IR VY L

44,8787 4143 3,45
85,4199 63 g 1 7é

&6, ?GSS &4, 19
66 6977 64 5

BAPITINS

§ RT3

o
g6 k]

g

it

DG ‘Do

i

74 13150FH
73 01 2P

75

77 01 10PH
780114
79 - 01218FH
B0 DLI22FH

91,5489

51,49 [
50.1341 5144890 -1.57

AP TI I FIPIT

it 'b-ﬁ'b-bid

1

14, 41”4 AT 01
14,8007 AT 01
14.BO0% AT 01105 PH
2o 14,9071 AT 01110 PR
13,8243 AT 01114 PH
14,0324 AT 01318 PH

5T Ay
.57 47

55,0395
55,0395




APPENDIX B=-25

THE XRFA URANIUM CONCENTRATION DATA: TEST 3AM-4

ggHPARED 10 i CAkCS

ARTS HITH RECORD: 2
-------- - RECORD 82— -~
FOR ENGINEERING LAB RUN 106 ON. 26-Jun-81
~BNEF 40P SIREM - e mem e HNET 2 AP STREMN -= ===~ ---=-—- UNTT- 4o v Bl STREMN -—-
( YRFA 4B U CALC XRF-CALC RFA
5 53 1 111,
0 3425 i 1.;

4. 0838 1183
5 0822{2,23 133.74

- "'83“ S0t e = 10802
8 08‘545’&3 1392 wwem
;u 85 tggg” [ 4 R bttt : 063
i1 09i060H T 14469 4,69 s S St

~33-093108H « TR ¥ EnE e BV LE RN ) S 1Y SN R
J 09i14MM «78 ~+78 5459 4,84 ~4:2% :

4. 09:18aK 1 2283 .96 027 0 4,84 ~4:84

0 B0 1 s b s Rl L 1 o s
i6 09326AK 12571 1.07 <19 0 4,92 =4,92

il 7 H § 604 0 4;64 “‘4084

¢ s =l 0 1.52 4,92
09! 3844 10178 B 14 0 4,92 -4.92 AT 09135 AM

B 47 1 S fiiiiiiis i 8o liiliiill Qi 8,21 -8.2L oo AT-09335-44 -
210904440 g -+ 68 B8 11048 - 3,92 -2:82 0 #T 594 3 W
22 0915084 ¢ i =3e2] 2527 2.8264 - B268:94 -8284,13

~23-- 0 AN -~ O Iy ¢ i S T St YL £ -
24 - 09ia8AM 1¢6935 1.27 A1 7.5009 =40 1.8 ¢ QT 55135 A
28 O~M 1.«%2 R 120185 14,41 LXKy 0 AT LT 8
2B D:0aAl 2675 j ) ;Sg 1541348 16.71 ~id i AT A8IEE AV
&7 10314k 207894 226 o1 2421 1392 2.2 0 AT 09158
BT SERTATT /T O 203080 -3 o oo Tl SN TR SRR SRR Bomannn AT 09358 -Ak-
2910312241 7416 0 349 ] SEOO0EE- DEE23 4 2829144 0 AT (9158 AH
30 10t 26K 3.9084 3,87 i 36 1778482 35444 157 9 AT 10122 &

3 e T SARE ST P SRS | 1YY ey 1 S Pr. 3 ety L |y 10 22”%”
32 :10134aM 6:8587 - 572 148 42:9022 38,54 4:36 0 AT 10302 A
KBRS g.22 %Y 44,49 H
34 104 ! s gl 44,49 42,0 Y Tl
35 1004608 12,4088 12 47 =06 45,5235 4008 G464 9 AT-10:345 AN

36 A0IGARM o e e 48,7966 - 45,32 - T AF o ieoas SR ST
3710 SBQH 12:475% 106 ~:1é 49 8244 20,73 7.5 0 AT 10145 AN
381130 18,8192 32447 ~13:63 506549 0 ~20,42 71,08 g AT 10045 AN

-39-H1igeam- -+~ T s Py sz LR A7 St [ et S G L (L
40 113100H 21.3615. 022,38 -1.02 77u/ 47,35 343 2,139 AT 11308 AN

1:1 : 23.4 =3 : 9.98 2:139 a7 11108 gﬁ_
131 244 Setedd ~vdd 474 4,94 Se0671 AL 1l
43 1312200 26,266 - 26,46 0 -19 51,3247 47.8 3.2 37926 AT 11:18 a4

e o Tl S, 2682542800 o=l B i oinn 5147948 o408 k5 L EREE 69046 - AT 11322 40 -
45 110308 2846026 28,76 - -i1b S1.8478 - 47,99 3.9 46,9981 0 AT 11326 0K
46 111340 - 29,2543 30,07 . -84 51,8478 . 47.88 3,97 79678 AT 11131 MH

47 - 118N - 2910008~ -50788 - ~-=F oo -~ 5231326 - 4870341 oo 75940 AT 11435 -
2? 1%3429’1 3041878 31,28 -§.g§ 52 1326 44‘.?6; Zagi g";’ggg 2}' 11339 A

-30 - 11ia0a i 4%137 32:85 ¢ ~1.14 51’ 6493 48,1 385 744444 AT 43 [
51 111540H A1.6163 33,87 -2,05 52,6292 48,26 4:37 B.1983 AT 11152 ad

<52 4435GAN - onno Gy STV THET R+ SR 51,7918 48,33~ -~ Fudbe o mmon -B,3681- AT 1154 Ak -
Bl am M M me e GRdad aen

<55 4210BH -~~~ Kl it 55— iidle 41 15105 B0
56 12014PH 34,9324 346,29 -1.% 31,7578 48,34 3.2 7+6647 - AT 12013 PH
T = | IO R
97 12:24PH 35.1161 32,04 - -1,92 34.9717 49,47 Jed 8:9397. &7 12022 PH

A0 A2430PM. . 324504 3248 o= B 52,8255 - 49,93 n D F oo 70381 - -AT 12304 PH-
65 12134PH 36,4812 37,56 - ~1.08 932949 50,3 2:99 7.0155 - AT 12131 P
82 123380H 35.8849 . 37.36  -1.48 33‘2949 0.3 2:99 5,988 . AT 12125 PH
63 - 434 42PH - - B84~ -37 50 -~~~ Figg oo 12949 -~ 5003 - 2399 - £5958 - -~AT 12135-PH-
b4 12 A6PH 35.8849 3774 1,83 83,1467 - 85487.5 -B5434.3 6.988 AT 12335 PH
thwm  gsrws ER o mae g R boe nEEA
29 i 5358pH J3.3313° 18.84 - -3.31 91,8998 - 48,03 3.%7 g 32? AT 13157 py
48 - DI4QIPH - - 3740433698 - ~be - 54,8501 - 47565 - Ay2--n oo Be627- - AT 01102 -PH-
&9 01306PH 351152 3936 -4.24 52,5569 403 §.06 8627 AT 01102 PH
70 QLii0PH 37,3307 39.41  -2.1 92,939 47.8 3:14 8.,8823 . AT 0 o06 i

THCOAPR 37107 ‘37.51 AT 5312830 -=18:87 -~ V108 - G.0885 - AT O1TIPH
72 ﬁ'ﬁm 38,68 39,52 -84 33.6731 - 48:41 527 9:6727 - AT 01315
73 03120PH 37,5091 39,53 -2.02 53,4751 48,56 3s12 9,7002 AT 01119 ?’g

B TS CRLT EVIY I T N S 51,7476 =413 - 52,85 - .. 10,2448 - AT-01223 P
75 0LI50PH 36,349 43,52  -4.97 52,4243 -1.28 53,7 11 $722 AT 01128 P
76 01334PH 38,4222 139.5 -1.08 31.4777 . 48,03 1,45 4 2 AT 011 '32];5_
77 - 01 3P -~~~ Bhv0057 3058 -2 527290 - 4795 -~ §idk - 155058 -ar- ot i35
;g 0!§:§$§ 36,6057 gz.gg -3625 31,3599 48,03 2.33 11? 4176 AT 0 ‘41 PH
i) gmn %Ef%?%é R0 S W W8 4.§§ 10, '

81 - OLIS4PH 347 3989 472 32,4416 48,41 4,03 10,7395 AT 01949 PH




APPENDIX B-26

THE XRFA URANTUM CONCENTRATION DATA: TEST 3AM-5

X-RAY FLUORESCENCE DATA HISTORY

 STARTS WITH RECORD 32
AND GOES TO RECORD 100

~~"FOR ENGIREERING™CAB RUN" 120N U2=J0I-8T

UNIT 1401 BP. STREAM AINIT_2...AP BTREAN
XRFA AR U CALC XRF-CALC ARES OR U CALL XRF-CALD

uu

643183
36

5.
4 704047

9,48 8,57 .43,
11.4723 11 : 48,8785 44,
12,9552 12 48,3854 44.23

15,9829 15, 49-616 45,37
8_&558 ol 1/_08 45052
187507 193

20,1825 20, 26

JZ 0 2241

(AP 8 B « S,

22,7658 .13 o i g
gf,HOe 24,62 49 8033 4643 .47

LY.,M 1'

B4.5513 25,0 E10007 46,74 4158
560501 90 L6990 475 A2
Shaan s 5 3933 o

T I e 559501
28,5075 29,77 361 4304 £,
9.4787 30196 S2.0886 18 4 5925

31 .2844 12,29

Fr‘?

05 B 44,4
79 01108PH 32.858'7 34‘74 7188 50‘6636 46.59

3 r <
81 01'16PK 34,9972 I, 27 21.6187 46'59
82 01120PH 33,5817 35,43 - 5151386 46,59
30T 33.6353’ VI ~2’09 b B e (Y R
28P0 +9331 35»8 -1 50,2204 44,59
.321“11.-,.*--“-35 b1 3 , ..29 51228 . 8RS0
3ePH 254 w97 36013 =73 50,9374 468
40PN B W9 -1 50,6019 4,89

W ‘T o WAAE) APt

4B a5 5322 3.4 =108 51,5905 0 42,19

Hauy | 33,258 36448 ~1043 i ____40
R PRTR R B B 0588 (95 1
24,9889 - 17 =201 843
35;533&«-13‘1&-”-463 ,""4.55’3 AhaTho . ELAL
360701 0 37,24 - -1 17 46,74 3.9
36,8934 37,34 - 48 g :

330896 37,5 =24
3506?96 37w99 ’2089

: S5:0298 3848 . -3.00
35,0996 38,73 -3,

100 02¢ 32PM v 35,0998 3BV 73 0 3083 1825 46,74 5044




APPENDIX B-27

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM XRFA
. ' CONCENTRATION DATA: 1A COLUMN, TEST 3AM-3, MEASURED FLOW RATES

RUN PP10
INPUT WHICH ENGINEERING LAB RUN NO.
(USES LATEST IF NO OTHER) 7 11
THE LAST RECORD IS 84
START WITH % 14

END WITH 7 43
sEgD‘Hgﬁ/L) AND NOMINAL FEED FLOW(L/K)T 40,13

A-COL HOLOUP» DABED BN X&FA DATA AND INCREMENTAL FLOW RATES INEAR REAL TINE)

STARTS HITH REEBR
AND GOES TO RECORD é&

FOR ENGIMEERING LAB RUN 1108 30- Jun—81
pLOT OF'TIHE(Hlﬂé {VERT SCALE) V5 U-~OUTFLOW %g!ﬂlﬂ) (HOR- SCALE)

26 COL AUCIY UiB)
{NOHINALYFEED FLOW= 17,82 BU/MIN

41 o 72,4
8% S : ~ : H 144.5
i2% , H R I
16 % H 2773
20 1 ! 129,72
24 ] ! 79,9
28 i H 423,85
32 ] } 4706
14 ¥ H Z08.9
40 % H §I5.5
44 ¥ H 5594
48 ] ! 573.8
2 % H 580.2
56 H H 592,
40 X H 404,4
64 ¥ H $15.4
48 H ! 618.5
73 ] : 637,5
H 444,7

ﬂggnam
% ! 694,

88 , S 468.1
92 % } 676.9
24 ¥ $ 6858

160 ¥ 484
104 H H £92,5
i1 ‘R SR
116 % : 4
%gg % . H 78,7
H 728.4
128 ¥ H 738.4
132 % H 43,8
iio Py ol

144 b 3 761
148 % 761.3
152 ] H 745,3
i P P
3 vl
§§§ S 774,7
¥ H 778.5
172 X ' 787.6
176 B .
it P A
184 L S o 7992
188 ] 799,8



APPENDIX B-28

COMPUTER URANIUM MASS RATE DIAGRAM AND: COLUMN INVENTORY FROM:XRFA CONCENTRATION
DATA: 1BS::COLUMN WITH 1AP HEAD POT, TEST: 3AM-3, MEASURED FLOW RATES .

RUN PP12
INPUT WHICK ENGINEERING LAB RUN NO.
(USES LATEST .IF MO OTHER) 7 11
THE LAST RECDRD I8 B4
START ¥ITH ? 11

END BITH
FEED U{B/L) AND NUHINAL FEED FLOW(L/M)? 40.1350,444

B-COL RETENTION, BASED ON XRFA DATA AND INCREMENTAL FLOW RATES (NEAR REAL TIME)
STARTS WITH RECORD 11

AND GOES-TD RECORR 74
FOR ENGINEERING LAB RUN 11 ON 30-Jun-81
(N PREFIX INDICATES NOMINAL FEED FLOW USED (DUE TO 10% ERROR))

- PLOT OF TIHE(NIN% (VERT SCALE) VS U-QUTFLOW {g/ﬁlﬂ) (HOR SCALE)

20 COL- ACCUK U(B)
(NOMINALIFEED FLOU= 17,82 GU/MIN

4% :
8 & ‘ : 0
NL}’?’)& A : H ; -g,g
it g 47
28 X : 5.5
3 X g 24,7
% % : ’ IR
44 X : 91,4
48 X ! 121,8
5 X ! ; 157.3
56 ¥ ! 198,5
50 X ! 28,9
&4 X 3 00,3
68 Y : 9.3
72 X N 394.4
76 X ! 40,4
N B0 ¥ ! 479,9
X : ' ity
4 13
nggkn 34 MISSING
£ 1 4051
1 ; i g
108 X : 731,1
N 112 X ! 767.8
114 % : 804.7
120 X ! 840, 4
124 X ! 8717
%%g ¥ X . ! ggg4
135 i IREE: 975,9
130 X : 1012,9

-

A e i *

-

Aol e R R B = SR e Ta s KRl 6 RUNSER o v ) |

10
18
24
29
34
44
a8
&7
74
1156
93
79
&2
47
1145
43
48
82
o8
57

s

3
e
(8]




APPENDIX B-29

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM XRFA
CONCENTRATION DATA: 1A COLUMN, TEST 3AM-4, MEASURED FLOW RATES

RUN_PPE0
INPUT HHICH ENGINEERING LAB RIM NO,
(USES LATEST IF NO 1710
THE LAST RECORD IS 83
START UITH 7 17

IR ) 730
FEED U(BE?) AHB NONINAL FEED FLOW(L/M)? 40.1350,339

A-COL HOLDUF» BASED ON XRFA DATA AND INCREMENTAL FLOW RATES (NEAR REAL TIME)
STARTS WITH RECORD 17
AND GOES TO RECORD 50
FOR ENGINEERING LAB RUM 10 OM 26-
(N PREFIX INDICATES NOMINAL FEED FLOW USED (BUE TG 10% ERROL)

PLOT OF TIME(HIN) (VERT gCALE) V5 U-OUTFLOW (G/HIN) (HOR SCﬁtfé

15 COL ACCUM U(G)
(NOMINALFEED FLOW= 13.é BU/ZHIN

41 56,8
R $ 108.4
12¢ ! 160
16 % H 216,2
20 % ! 266
24 % : 319.3
28 ] ! 365.1
12 % : 406.9
3% % ! 44,1
M 40 % ; 4691
N 44 ¥ : 491
48 H H 516.1
52 H 3 515
56 ] H 5504
40 X H 5636
&4 H : 574
N 74
$ 580.7

80 % 3 560, 9
84 SR 564,4
88 L %1 367
92 HH 548
96 % ! 573.4
o oo 5
N 108 B 587.9
i oo ¢

, : 597.8
120 H ¢ 4047
124 LI 406
128 H 605.8
132 t 04,9




APPENDIX B-30

COMPUTER URANIUM MASS RATE DIAGRAM AND: COLUMN .INVENTORY 'FROM XRFA CONCENTRATION
DATA: - 1A AND '1BS COLUMN WITH l1AP. HEAD POT, TEST 3AM—4, MEASURED FLOW RATES ‘

nu PP
INPUT WHICH ENGINEERING LAB RUM HO.

THE LAST‘ %ﬁgs‘l#l’ H0 OTHER) ? 10
g I : 2

. END BITH % 80
FEED U(G/L) AMD NOMINAL FEED FLOW(L/M)Y 40.13,0.339

-L0L HOLDUP, BASED DN XRFA DATA AMD INCREMENTAL FLOM RATES (Eﬁk REAL TINE)
9‘“«‘&%"% HEERD 8o
HE LAB RUN 10 ON 25~
(N PREFIX INDIEATES NOHIML FEED FLOR USED (ME TD 10% ERROR))

PLOT OF TIME(KIN) (VERT gCALE) Vs -U-DUTFLOM (G/HIN) (HOR SCAI.;&

15 COL ACCUN U(B)
(NONTHAL)FEED FLOM= 13,6 BU/MIN

¢
¢

L2 g
E 2

ST SEREEEES
T 0000 0% SIS B8 SR BHDE

SBEBINSo =

28

L
o
BE e ew s

ST B WG
e

e« AR

18239




APPENDIX B-31

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM XRFA
( .s S  CONCENTRATION DATA: 1A COLUMN, TEST 3AM-5, MEASURED FLOW RATES

RUN_PP10 |
INFUT WHICH ENGINEERING LAB RUN MO,
(USES LATEST IF NO OTHER) 7 12
THE LAST_RECORD 15”107
START WITH 7 34
END WITH 7 73

INTERVAL % § - ok
FEED U(B/L) AND NOMINAL FEED FLOW(L/M)? 40.13:0.321
A-COL HOLDUP, BASED ON XKEA DATA AND INCREMENTAL FLOW RATES (NEAR REAL TIME}
- ETARTS HITH RECDRB 26
AND GDES TO RECORD 72
- FOR ENGINEERINB LAB RUN 1200 02-Jul-81
PLOT OF TIME(KIN) (VERT SCQLE) YS U-DUTFLOW (G/HIN) - (HDR SCALE} i

©COL ACTIM U7B)
G | (NOMINALJFEED FLOV= 12,88 GU/MIN ~
B R ‘ ) ! ‘ ?’1’52

L
W9
12% I ! 154,73
14 % ! 1.3
20 % - , ¢ 22,2
24 ¥ : 13,
28 % ! 2417
% * 1 : W
4 ] ! 473,4
gg S : 508
% : £29.8
92 H H £39.5
54 % : 549.5
32 % : 557.9
% ! 43,7
48 ] ! 573
72 X : 578.4
76 % : 580.4
80 % 580,4
84 r 585,2
88 % ! 504,
92 % ! 599,2
96 % 597.3
100 X ! 400,5
104 ¥ ' 08,3
108 % 4057
112 S 08,9
116 ¥ Bl
120 ¥ ) 4128 |
%gg . % 413,1
; 8074
132 ] 407.8
134 £ 507, \
140 S 409,2 |
144 X ! 415,8
148 % 813,5




APPENDIX B-32

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM XRFA -CONCENTRATION
DATA: . 1A AND 1BS COLUMNS WITH 1AP HEAD POT, TEST 3AM-5, MEASURED FLOW. RATES .

I%P&ﬁm ENGINEERING LAB RUN
‘ (USES LATEST IF MO OTIER) %12

THE LAST RECORD 15 107
START UITH 2
D WITH - ¢

EN 7
FEED U(6/L) AND NONIMAL FEED FLOW(L/M)? 40,13:0,322

-COL HOLDUPs BASED OM YRFA DATA AND INCREMENTAL FLOW RATES (NEAR REAL TINE)
STARTS WITH RECORD 35
MD 6OES 10 RECORD. 92
RING LAB RUM 12 ON 02-Jul-81
(N PREFIX INBICMES NOKIML FEED FLDY USED (DUE T0 10Z ERROR))

“PLOT OF TIME(KIN) (VERT SCALE) VS U-OUTFLOW (G/HIN) (HOR SCALE)
5 :

10 COL- ACCUN-W(B)
(MONINAL)FEED FLOW= 12,92 GU/HIN

} f e
N ! 52314
: 3 [}
28 8 i 7
e : 0
433 : : 47g.g :
Y 65;213
g% Y s ; %;’,
30 s ’ : 77,4
248 ; 8199
80 % i 97,4
: * 8 i
% 7) : 1088.3
9% : 1119:
i R s
N 108 % g’ 1172.7
112 ! 1178,9
114 % s 1188,5
120 31 11915
194 8 1192:1
198 : 1203.5
132 : 1218.1
134 : 1238.7
140 : 1286,9
144 , i 12744
N 148 ! 1290,2
152 ¥ : 1267.1
156 s : 1306:8
% 1285.3
N 164
% 1250,1
148 , ¢ 1235.1
172 : 1244,7
1% Y 5 IR
184 1 : 1274,7
188 $ : 1283.9
19 o : 12002
N 200 8 ! 1306.4
i o s
71 8 s’ 13173
N 315 % ; 1
R v . 13261
558 ! ! 133




APPENDIX B-33

COMPUTER 'URANIUM MASS RATE DIAGRAM' AND COLUMN. INVENTORY FROM XRFA
CONCENTRATION DATA: 1A COLUMN, TEST 3AM-3, AVERAGE FLOW RATES

RUN PP“?

INPUT WHICH ENGI&EERING LAB RUN D, ‘
(USES LATEST IF NO OTHER) ? 11

THE LAST REC!R I8

84
T WITH ? 14
ENB HITH ?2 70

FEED U (6/L) AND FEED FLOW (L/N)? 40,13,0,444

AX FLOW RATEs L/NINT 0.2 ‘
O RATE 4 A-COL HOLDUP» BASED ON YRFA DATA
STARTS ITH RECTRD 14

GOES TO RECORD 70
FOR ENBHEERING LAB RUN 11 ON 30-Jun-81
PLOT OF TIHE(HIN% (VERT SCALE) VS U-QUTFLON ;g/nm) (HOR SCALE)

15 20 COL ACCUM U(

FEED FLOW= 17,82 GU/NIN ‘
7.3

413 H
b ; it
163 H 234:%
20 : 344,35
24 § S 3195.2
o H : e
32 % H 491
35  § : 536:6
40 b § H 574.3
a4 . | § 408,2
48  § H 431,35
52 % H 646.8
56 | H 638.7
80 - £ H 4670.5
&4 H 480,
&8 | H 489
72 | £96.8
76 ¥ 704,
806 1 7115
88 $ § 18,3
% : o
100 ; ;35
104 E H 741.8
108 | 747,7
112 | 7536
114 | 799:4
124 R s
128 77
132 | 782.9
13 P 7.7
i ! 1943
148 ¥ 304.7
152 S 808.2
156 ] 811
160 | 814.3
164 H 818,
1 T 21,7
172 | 825.8
174  § 830.7
i | 81
164 B 838
188 £ 842
192 847:2
194 ¥ 8543
200 | H 854.9
204 H : 903
208 £ H 503
142 4 H 9210:4
214 % H 914.2
220 ¢ H 917:8
224  § H 921,2
228 3 923.5



APPENDIX B—34

COMPUTER  URANIUM MASS RATE: DIAGRAM AND COLUMN INVENTORY FROM XRFA
CONCENTRATION DATA: 1A COLUMN, TEST 3AM-4, AVERAGE FLOW RATES

RUN PPS
- INPUT WHICH EﬂGIiEERING LAB RUM 1
(USES LATEST IF NO BTOER)
THE LAST RECORD IS 83
START WITH ‘? 17
END MITH 7 30
FEED U (6/L) AND FEED FLOW (L/N)? 40.13:0,339

X FLOW RATE, L/MINY 0,268
A-COL HOLDUPs BASED ON XRFA DATA
STARTS MITH %CDRD 17

AND GOES TD RECORD 50
FOR ENGINEERING LAB RUN 10 ON 26-Jun-81
PLOT OF THE(HIN) (VERT ‘SSCALE) VS U-OUTFLOW (G/MIN) (HOR SCALE())

15 COL ACCUM U(B)

FEED FLOW= 13.6 GU/MIN

94,4
108.8
163

2477
324

3749
423.5

P et Qe ol
Eﬂgcubhizn
o DO

308.4
344

32
3
X
44
A8
8
5
80
84
gg;
76
80
84
88
2
%
00

N,S...
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APPENDIX B-35

COMPUTER URANIUM MASS ‘RATE DIAGRAM AND COLUMN INVENTORY FROM XRFA CONCENTRATION
DATA: 1BS COLUMN AND 1AP HEAD POT, TEST 3AM-4, AVERAGE FLOW RATES

BUN PP8
INPUT WHICH ERGINEERING LAB RUN MO,
-(USES LATEST IF ¥O OTHER) 7 10

CORD IS B3
START WITH 7 17
FEED U ((Ei’ln.)ugg FEE? 8l~§LGH (L/W? 40,13+0,339
H e8PV
AX FLOY RATESL/KIN? 0,248
BJ FLOU RATEs L/NIN? 0,249
BP FLOY RATE» L/NIN? 0,263
B-COL RETENTIONs. BASED ON XRFA DATA
STARTS WITH RECORD 17
AND BOES TO RECORD 83
FOR ENGINEERING LAB RUM 10 ON 26-Jun-B1

PLOT OF TIME(HIN)Y (VERT gCALE) US U-RETENTION IN B-COLUMN (G/%N) (HOR SCALE)

15 COL ACCUN U(G)
FEED FLOM= 13.6 BU/HIN ‘

4% H =347
83 : -11.2
12 H ~15.4
B
24 3 -13.4'
%g H -goés
36 3 1.4
40 3 13,6
44 $ ' 30
2 * : A
[3
96 H 104.8
60 § H 139.7
23 : 1755
L]
i s B
76 8 H 280,
80 & : 313
84 £ H 45,2
] ¥ H ;
92 | $ 407,5
] | 434,4
00 | 463,
04 3 4912
08 t H 511.8
12 ' 55%2.1
20 % 941.4
124 ‘ ¥ : 333.2
32 ] %
" 3t
iﬁ’ ¢ : 2§23
148 % 444
152 2 635:4
154 3 H 6431
160 ¥ H 674:3
164 % : 701.8
148 ] : 749,
7 S S ‘ 788
180 ¢ 793,
184 b 804.3
188 % $ 814 -
192 % §23.3
196 3 831.9
200 $ 839.3
204 | H 8442
208 ¥ 852.1
212 | 858,53
216 L] 845.2
220 H . 8720.4
24 ¢ 875 ¢
228 . 879.7
232 % 883.8
23 % ' 886.7
2 & 0.4
248 € 88%.%
252 8 : 890.4
B | 2
268 - % H 898,



APPENDIX B~-36

COMPUTER. URANIUM MASS RATE DIAGRAM AND: COLUMN INVENTORY: FROM XRFA
CONCENTRATION DATA: 1A COLUMN, TEST 3AM-5, AVERAGE FLOW RATES

RUN PPE
JINPUT WHICH ENGINEERING LAB RUN HO.
YT’E LAST URESE?R%ATSST IF W0 OTHER) ¢ 12
STAR;I%HTH ? 36

FEED U (6/L) AND FEED FLDN (L/K)? 40,1350.322

AX FLOW RATE» L/NINY 0,245
A-COL HOLDUPs BASED ON XRFA DATA
STARTS WITH RECORD 3a
AND GOES TO RECORD 73
FOR ENGINEERING LAB RUN 12 ON 02-Jul-81

PLOT OF TIME(HIN) (VERT SCgLE) VS U-OUTFLON (G/MIN) (HOR SCALE) 10

COL ACCUM U(G)

FEED FLN=’12.92 GU/KIN

43 514
iy %
16 ¢ 205,
2 i
281 58,9
32 407,
36 % : 450,9
40 484,7
44 % 519.1
48 H 548
52 ] : 570.8
54 % 587.1
b 599,
H 609.6
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APPENDIX B-37

AVERAGE COLUMN DENSITY READINGS BY
e e DT AND WT INSTRUMENTS: TEST 3AM-3
INFUT WHICH ENGINZERTNG LAB RUN NO.
_________ (USES LATEST IE_NO OTHER) 7.1
THE [AST RECORD. 1S &4

START UITH

TTERAL
PF.COL DEN AND WT READINGS DURING RUN.WO..11.
""""""""""""""""" "GTARTS WITH RECORD 2~ AND EADS WITH RECORD 84~ ~"°7°7
_J=A_COL DENCTORYS B=a LOL DENCBOT)S M=A DL WTD %=B COL DENS #=B QOLMI. ..o o looio i ilo o iliiioiodies loiiiiiiioiiil

RCD TIHE 0.90 ‘ 0.!,35 0.?0 0.95 : 100 1405

i
r2
S04
84
71

7
15 0910288 ‘ T B ¥ +

090kl ¥
17 09 1084 T B

R 09130 T

30AM T By
%g (734204 : ERg T Bou

Q9LG8AK. .
028M T W
31 10i0caH T

23 10114AK ; T 4
35102060 798 ¥ 1

2

¥
'
4
o
1
1
B
1
i
i
¥
i
1
i
¥
1)
)
i
1
i
k2
1
2
2
)
]
H
i
i
i)
1
1
1
1
1
1
1
I
¥
¥
i
1
1)
i3
i
1
1
¥
H
1
1
i
1
i
1
1
i
¥
I
il
i
¥
it
1
1
i
wepbr
1
Ef = =1
H
'
h
t
.
i
1
+
i
'
¢
f
I
!
b
i
1
1]
¥
¥
e

T
40 100424 ‘ T
H

R { W 3 4 it

42 100008 . T

AR LOEAAM e L e AR

T TIOTIENR T ]

45 1150288 T
L1040K

11064

Lo
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s St e
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¥

R
s
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t
i
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S6 - 111468H 1
57 1M ¥ ¥
a8 11354 T B
59 111508 T 8

'
i
]
'
t
3
i
1
i
1
1
1
4
t
¢
i
'
§
1
1
!
1
'
¢
'
1
1
1
1
i
t
'
'
'
¢
¢
'
’
'
'
'
1
f
‘
'
‘
i
'
T
H
'
t
w3 oIy
- 1
EIED

0t B B B 8GPE
s e o

v | i

B L t
R R P R GRS SR
W ¥

Y-
S126PH T

Tt oy e e e g

B/ SR b E . TR ORI SR __,.-A,4__-,.----,_,.J*&-__,._-_,

A G
B e

,~
=
-+

B L4
R T S I Rl S
B

80 QI:QQFH T BY %
W T T .

82 011 30RM B
83000 34PH B




APPENDIX B-38

AVERAGE COLUMN DENSITY READINGS BY
DT AND WT INSTRUMENTS: TEST 3AM=-4

RUN # 3
“INPUT WHICH ENGINEERIHG LAF RUA NG, =
(USES LM‘EST IF HO OTHER) 7 10

ﬁuﬁ"a’uu ik
X1

T READINGS DURING RUN NO, 1
57&%% a?%hA%Cm 2”95639531;5 HITiRi RECORD 82

T‘h COL DEN(TOP)S B‘A COL DEN(BOT) S H=A COL WY =B COL DEN: 4’=B COL &7

TR TR o.?b o.?!
: e R RU R CN T
08! 304M4B 1
08 34AK0B 1
A 38K
:Azmm

081 54ANGE
{58

21 30PN :
1506?)1

72 01i1apH
73 D200
70 oL
75 01130PN
Tt
77 01L3PH

8 onisopﬁ :
81 Di154EH




APPENDIX B-39

AVERAGE COLUMN DENSITY READINGS BY

DT AND WT INSTRUMENTS:

TEST 3AM-5

SRUN_FF3 B
~INPUT "WHICH ERGINEERTNG CAB RUN N0, ™~

(USES LATEST IF NO OTHER) 7 12
THE_LASTRECORD 18 107 .~~~ ..

START WITH 7 32

END WITH 7 100

TNTERVAL— 24

PP COL DEN AND WT READINGS DURING.RUN WO, 12

STARTS WITH RECORD 32 - AND ENDS WITH RECORD 100

A COL WT %=B COL DEN:

+=B COL W7

; 12404
34 111280H

55 113360M
57 111400M

T89  12:28PK

70 12330PH
~F—4243P

72 12140P8
L 23.  12:44P
S48

78 0 04P§

—79—0H08PH
80 - 01312PH B H
Bl O1i14PH B
B2 T TOLT20PR
83 O 124PM
01128P¥

-84,
85  01332PK
B&  01:i36PH
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APPENDIX B-40

AVERAGE . COLUMN DENSITY READINGS BY DT AND WT

INSTRUMENTS: ADDITIONAL TEST FOR UPSET READING

RUN PF3
INPUT WHICH ENGINEERING LAB RUN NG.
{USES LATEST TF NO OTHER) 7 13
THE LAST RECORD 18 - 63
START WITH 7 2
END BITH - 7 45
I 21 PP-COL DEN AMD 4T READINGS DURING RUN NO. 13
: 4 e 1
STARTS WITH éECOﬁD 2 AND ENDS WITH ﬁECQRB &9
T=A COL DEN(TOP)$ B=A COL DEN(BOT)! W=A COL WV? #sp COL DE¥I 4=B COL 4V

RCD- TINE 0.?0 ' 0.?5 0.?0 9.?5 1,30 1.?5

J4aHUB
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