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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 concentration 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.
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1.0 INTRODUCTION

In recent years considerable interest has developed in advanced nuclear 
materials accounting systems for plutonium and enriched uranium in spent 
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.^5^) 
For example, researchers at the Ames Laboratory, Iowa State University, 
under the di rect ion of Dr. L. E. Burkhart, have been developing 
theoretical models for pulsed column 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 port ion of the 
uranium is allowed to remain with the plutonium throughout the second 
and third plutonium purification cycles.’--’7 This work was conduct ed in 
pilot scale pulsed columns using uranium only. These columns were 
equipped with samplers along the height of the column, from wh ich 
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 coprocess ing 
conditions,^5-’) 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 wh ich 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 chemica 1 
analyses for these samples are available . Thus, decisions invoIving 
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 collect ion system for in-process 
inventory (IPI). (6) The result s 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 expert ise 
generated by the IPI study and was support ive to other programs under 
Task 2 on advanced nuclear material control and accounting.

1



The program reported herein involved tests conducted in two pilot scale 
pulsed columns operating under the second and third plutonium cycle 
coprocessing condit ions, in wh ich a comparison was made of different 
techniques for in-column solute inventory determination. A computer was 
used for dat a acquis it ion and comput at ion of the process dat a 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 in the second (2A 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 des igned to obt ain 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 run.

(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.

(f) 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-t ime 
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 equat ions , relat ing 
the ratio of the feed streams and solute concentrat ion, can be used to 
determine column inventory under steady-state condit ions . These tech­
niques have applications in safeguards as well as for process control.

- 3 -
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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 Columns

The 1A dual process column, used for extraction and scrubbing, had a 
working extract ion (lower) sect ion of 13.6 feet (4.15 meters ) and 
scrubbing (upper) sect ion of 8.8 feet (2.7 meters). The IBS column, 
used for stripping, had a working sect ion 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. Each column was provided with a 
six-inch (150-millimeter) diameter top and bottom disengaging sect ion. 
A bellows-type direct pulser was attached to the column bottom dis­
engaging sect ion. The interface in each column was controlled manual ly 
during tests to minimize the effect of the interface fluctuation on 
result ant data. Both columns were equipped with instruments (DT, WT) 
for measuring cont inuous ly the average liquid density within the column.. 
The density was measured (separately) in each column working sect ion 
(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 Descript ion of Ancillary Equipment

The IAS, 1AF, and 1BS-X calibrated feed tanks were provided with a liq­
uid level transmit ter (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 start up, the 1AX, and IBS-X feed tanks were filled with the 
solution from the cor res ponding 1900-liter fe ed 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 bot tom sampler. In addit ion , bot h 
the 1BS-P and 1BS-W tanks were provided with an air sparger for mixing 
the liquid content, if required.

- 5 -



Uranium concentration in the 1AP, 1BS-P, and 1BS-W effluent stream was 
measured cont inuously by the calibrated X-Ray fluorescence fnalyzer 
(XRFA) in-line monitoring ins trument . Density of the 1AP stream was 
measured by Mettler/Parr dens imeter (DM), For comparison of di f ferent 
instrumentat ion, the 1BS-P ef fluent 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 , It s ac id ity was 
determined by the on-line conductivity indicator and transmit ter (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 al 1 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 solut ion 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 Measurement of Tank Liquid Levels

Tank liquid level and tank dens ity measurements were made by means of 
Taylor differential pressure instruments. The difference in pressure 
translates to the weight of the column of liquid which is displaced by 
the air forced into the lower tube. If the dens ity of the liquid is 
known, the height of the column and thus the level of liquid in the tank 
can be calculated.

Tanks were calibrated by the increment al addition of weighed quant it ies 
of deionized water of known temperature and density. Liquid levels in 
the tanks, as a funct ion of readout from Taylor ins trument s, were then 
calculated, Typically, three "passes" were made for each tank. Based 
upon these data, computer programs were prepared to interpolate tank 
contents (in liters) for any given Taylor differential pressure reading 
(in centimeters of water),

Preliminary testing indicated that tanks in the pilot plant were 
nonlinear. This was attributed to the relat ively small size of these 
tanks compared to the size of the internal hardware they cont ain. The 
usual method for tank calibration by curve fit ting, using regress ion 
analysis, did not appear desirable for these tanks. A search was there­
fore made for some other applicable method.

The LaGrange method of curvilinear interpolat ion, (-8) appeared to be a 
promising method for dealing with abrupt changes in tank int ernal 
geometry. By programming the comput er to "look" at only a limited 
number of tank calibrat ion dat a (a "window") at any one time, distant 
data points, containing possible irregularities, would not be factored 
into a given interpolat ion. By having the window " s 1 ide ," the ent ire 
range of tank calibrations could be covered.



The computer program used to process the raw calibration data is shown 
as Appendix A-l. The X, Y pairs, i.e., the liquid level in centimeters 
[LL(cm) ] and the corresponding volume in liters, respec tively, 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 calibrat ion. 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 estab 1 ished 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 is 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-l.

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 calibration 
with water, is used to make the calculations.

When both density and liquid level 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 indicat ion of the 
conditions which prevailed inside. Column upsets, or imminent column 
upsets, are easily detected in NRT plots such as Append ix 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 di f ferent ial 
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 Dynatro1 
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 period of 
oscillation. This was converted to dens ity by the computer, us ing a 
mathematical formula. The Dynatrol instrument monitored the BP stream. 
A detailed description of this phase of the study has been reported
elsewhere.^9)

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 KaA 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 column 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 ident ical informat ion, 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 %TBP 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 Conduct ivity Monitor , with the 1200-AT-C in-1 ine cel 1 
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 is proportional to the elect rolyt ic 
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 out put is 4-20 mA DC. 
This is digit ized and fed to the comput er for processing. Addit ional 
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 actua 1 
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). Calibrat ed positive 
displacement pumps, operating steadily, were used for feeding each 
column with the corresponding feed solution. The refore, due to the 
pumps feed constancy, the average feed flow rate values, determined from 
the total liquid vo1ume spent during the process time (total feed time), 
were used during analyt ical evaluat ion of the solute' s feed mass rate 
and column inventory.

The int ention 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 pr ov ided with

- 9 -



instruments for measuring continuously the liquid level (LT) as well as 
1iquid 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 streamss except that of the 1AP 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, HNO3) concen­
tration at room temperature of about 23 to 25°C, can be expressed as

G.486Ch + Cy

11.8 - (0.486Ch - Cu) ...1AV V(R) V(s) V(s)

and hence:

V(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.

1 +
0.486Ch + Cy

11.8 ~^0.486Ch + Cy)

v(t) " v(s),(1 + asAt>
0.486 (l+CtyAt)Cy + (l + CXy.At)Cy

11.8-^0.486 (H-ay.At)Cy + (l+oSy.AtJCyT
.3

In these equations

V
00.

(s)

Solution volume (liters), or volume flow rate (liters/minute) at 
room temperature t^

Solvent volume (liters) or vo1ume flow rate (liters/minute) at 
room temperature,



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

Nitric acid concentration (M)

Uranyl nitrate concentration (M)

Volume thermal expans ion coefficient (1/deg)

tp - tj^, temperature difference (°C)

All tests were performed at a room temperature of about 24 °C. During 
analytical evaluation of experiment al data, the flow rat e 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 rat es 
comput ed 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 Append ix A" 10. In 
this example, the flow rates, obt ained by the dropout method, are 
averaged over 16-minute periods. The average flow rate for the run is 
shown at the bottom of the page in the above Appe nd ix A-10. The com­
puter program is not given but is essentially the same, in most 
respects, as that presented in Appendix B-l.

3,1.5 Uranium Mass Rate Petermination

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

The uranium feed mass rat e in the 1AF feed st ream, ent er ing the 
1A column mid-sect ion, was obt ained from the known uranium feed con­
centrat ion (analyzed prior to tests) and feed flow rate determined 
through volume measurements as described in Sect ion 3.1.4.

The uranium mass rate in the 1AP, 1BS-P, and 1BS-W effluent streams was 
determined from the measured uranium concentrat ion and calculated flow 
rate dat a. The ef fluent stream solutes (U, HNO3) concent rat ion was 
obtained (a) by analyzing the stream samples taken periodical ly in 15- 
to 30-minute intervals (all tests, except 1AM-1), and (b) from the XRFA 
on-line instrument, monitoring continuously the uranium concentrat ion 
(only tests 3 AM-3, 3AM-4, and 3AM-5). Each ef f luent stream flow rate 
was caIc ulat ed from equation 2 using the above corresponding 
concentration data. Solutes concentration in the 1 AW effluent stream, 
leaving the 1A column bot tom disengaging sect ion, was det ermined 
analytically from samples drawn periodical ly from the 1 AW line. With 
the same periodicity, the 1AW flow rate was calculat ed using the above 
solutes concentration dat a.

(t)

H

U

a

At.
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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 
Account ing System (CNMCAS) network (see Figure 3-3). 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 al1 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
minat ion 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 time lag could be avoided.

Partial success was achieved, as may be seen in Appendix A-11 which 
provides an NRT readout of A-Col uranium holdup. The top half of 
Append ix A-11 contains the NRT plot . (Note; This plot was actual ly 
made from recorded dat a but the procedure is the same, regard less of 
whether the data are "live" or recorded.) For comparison, the conven- 
t ional plot for the same run, based upon data obt ained by chemical 
analyses and post mortem flow rate determinations, is shown at the 
bot tom of the page. Although there is still plenty of room for 
improvement, a start has been made in obt a ining the NRT plot.

The computer program which printed out the top half is presented in 
Appendix B-l. 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 comput ed by the dropout method, Among 
other subroutines, the program shown in Appendix B-l uses the empirical 
equation for calculation of AP stream flow rates (line 602 of the 
program), the method for removal of densime trie noise (lines 555, 560, 
and 565 of the program) , and curvilinear interpolation (starts 
line 20,000).

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-l1 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 print s out each 
four minutes, in NRT, an overal1 summary of the run then in progress. A 
typical example is given in Appendix A-15, where readings for a tot al of 
24 instruments (counting the two temperature recorders) were scanned.



The printout of total vo1umea 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 distil led 
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 various 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 is room for improvement, but a start has been made. Information 
such as that shown in Append ix 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
(c) 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 Sect ion 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 determinat ion of the interface pos it ion in the disengaging 
sect ion prior to shut down, then separat ion (sett ling) of both liquid 
phases within the column after closing al1 feed and effluent lines, 
followed by turning off the pulser, and performing measurement of liquid 
volumes within the calibrated column. The dispersed phase hoIdup is 
then determined by dividing the measured volume of the dispersed phase 
by the total liquid volume of the column active sect ion. (^*5) Actual 
holdup data are shown in Tables 4-1 through 4-3.

3.2.3 Solute Inventory Determination in Pulsed Columns

The inventory of solutes (U, Pu, HNO^, etc.) in pulsed columns used in a 
nuclear fuel reprocessing plant is discussed in References 4 and 5. 
Empirically, the solute inventory in a column can be determined us ing 
the following methods:

(a) Concentration profile and actual dispersed phase ho Idup measure­
ment s performed in the column operating under steady-state process 
conditions.

(b) Volume and concentrat ion measurement of each phase at the end of 
each run after draining the column.

(c) Feed and effluent streams mass rate measurement performed in short- 
time 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).

(f) Calculat ion from empirical equations/^ which is discussed in 
Sect ion 5.3

3.2.3.1 Concentration Profile - Holdup Method

The method is comprehensively described in Reference 4. It requires 
determinat ion of both the so lut e concentrat ion profile and di s pe rsed 
phase ho 1 dup within the column, as well as volume calibrat ion of each 
column sect ion. From the solute average concentration obt ained from the 
concentration profile and the dispersed phase holdup value within the 
calibrated column sect ion, the solute inventory in that sect ion 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 IBS strip­
ping 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. '■^) The quantity of a solute in each 
phase is then given by the product of the correspond ing 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 (1AF) is first introduced into the 
1A column. The general equation for the solute inventory in the equip­
ment (column, vessel) has the form

(n)

i=(D
(n-1)

At
2

i=(D

where: am = Solute inventory (grams)

Am = V£• Cf - l(ve»Ce ) = mf “ me

solute mass rate difference (grams/minute) 

v = Flow rate (l/min)

C = Solute concentration (g/|) 

f = Feed 

e = Effluent

Vf»C = solute feed mass rate (g/min)

£(Vg.Ce) = me; total solute effluent mass rate (g/min) 

At - Time interval (minute).
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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 (t0) when the feed solution is first 
introduced into the column. Theoretically, a zero mass rate difference 
(AjefO) 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 anci1lary equipment, 
operating under steady-state conditions, can be determined by measuring 
and comparing the solute's quant ity 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(ti) = AMF>xk> (ti) _ IAMRec. (t^ ...5

where:

AM ^ Solute inventory (grams) measured in time t-j (minutes)

AMp,tk(t•) ” Solute quantity spent in the feed tank (grams) during time 
tx (minutes)

EAMRec (j.. y = Solute quantity accumulated in all receivers (grams)
1 during time t^ (minutes)

3.2.3.5 Computer 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-l.

The mass rate measurement technique, applied either analytically 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

Column:
Feed

Stream: Phase:*
Concen

U
(g/£)

tratio
HNO3
(M)

n:
Others: Flow Rate: (ml/min)

2k & 2B
Columns: Tests at room temperature: 2AM-1 2AM-2 2AM-3 2AM-4 2AM-5

2A Column
1A Column)

2AS A 0.0 1.0 N/A 104 104 104 104 104

2AF A 26.0 3.0 N/A 750 550 550 350 350

2AX 0 0.0 0.0
30%
TBP 280 280 280 280 280

2B Column
(= IBS Column) 2BX A 0.0 0.3 N/A 280 280 280 280 280
3A & 3B
Columns: Tests at room temperature: 3 AM-1 3 AM-2 3AM-3 3AM-4 3 AM-5

3A Column 
(h1A Column)

3AS A 0.0 1.0 N/A 100 100 100 100 100

3AF A 40.0 3.3 N/A 550 450 450 350 350

SAX 0 0.0 0.0
30%
TBP 260 260 260 260 260

3B Column
(=IBS Column) 3BX A 0.0 0.2 N/A 260 260 260 260 260

*A - aqueous; 0 - organic
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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 
experiment al runs. All tests were performed at a room temperature of 
about 24°C.

Uranium extract ion in the lA column was very efficient . In 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). Sc rubbing in the 1A 
column upper sect ion and stripping in the IBS column was as expect ed . 
Uranium concentrat ion in the 1 AP and 1BS-P product streams inc reased 
about linearly with an increase in the 1 AF feed flow rate maintaining 
the other feed flow rates cons tant. It increased in about the same 
manner also with an increase in the 1AF feed concentration at a constant 
1AF/1AX, and 1AF/1BS-X flow ratio, respectively. Compare dat a in Tab le 
4-14 and Figures 4-21 and 4-22.

During tests, the 1A column and IBS column operated about 10 to 13%, and 
25 to 30% below the corresponding upper flooding curverespectively. 
The operational steady-state in the 1A column 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 operat ing with 
the organic phase cont inuous. Both the 1A and IBS columns operated 
under steady-state conditions in approximately 210 to 250 minutes, or 
after about 2.3 to 2.5 exchanges (with the organic phase) of the organic 
phase volume in the 1A column.

As shown in Table 3-1, it was planned to change only the 1 AF feed flow 
rate by maintaining al1 other feed streams constant during experimental 
runs. Actual flow rates measured volumetrical ly during runs are pre­
sented in Tables 4-1 and 4-2. Comparison of data in the above tab les 
indicates deviation in flow rates , although each flow rate was 
controlled by the calibrated diaphragm-type displacement pump. It 
demonstrated the expect ed technical difficuIties in simulating or 
repeating the same runs. For example, during similar 2AM-2 and 2AM-3 
tests, the flow rate deviat ion from the planned value was in the IAS 
stream +1% and +34%, in the 1AF stream +12% and +2%, in the 1 AX 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 balance, mass- 
transfer process, and particularly the solute 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 £V is spent in a feed tank during 
t ime interval At, then the average feed flow rate (in that time 
interval) will be

y = -—• u/min), u/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 t ime 
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- 
t ion of the tank, (b) reliable liquid level read ing, and (c) rel iab le 
liquid density measurement.

The accuracy in tank calibrat ion is affected essent ial ly by the des ign 
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 rel at ions hip between the measured vo 1 ume 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

JSt 1000 AP
PSt

. . .7

where:

Lgt = Standard liquid level (cm)

AP = Pressure differential (kg/cm2) 

p = Standard liquid density (grams/cm2)

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 (Lgt, Vgt), depending on the 
liquid density (p). The dens ity (p) of each feed solut ion was deter­
mined (from samples) prior to startup of tests. The actual liquid 
level in the t ank is then



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

V = V St
St
p

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 IAS 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 1:14 p.m. ), it can be 
shown that the measured volume flow rate of the IAS 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 1 AS 
stream). It can be shown also that the IAS and 1AF flow rates cal­
culat ed from vo1ume readings in 16 to 24-minute time int erv a 1s in 
Appendix B-2, deviate about 9% and 3.0% from the above average flow rate 
values, respectively.

To obt a in more reliable flow rate data, it is recommended to perform 
1iquid volume readings in each feed tank periodically 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 corres ponding 
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

Atl,2 = C2 " h

The liquid level L Volume V p and density p ^ were measured in time t p 
The liquid level Lp volume V2, and density p2 were measured in time 12-

The tank was calibrated with the standard liquid of a density of Pgt , 
for which applies TT n

vst1 -Pst ■ YP1

and

vSt2‘pSt * v2-p2

- 25 -



Taking into account the mass (or weight) change equation

V2-p2 - Vi*p] + AV i s 2 * P 2 ...10

the volume increase measured in time interval Ati,2 in the tank will be

Pi
pI

AV* }2 V2 Vi
pt

V « —t - Vc 
St2 P2 Sti

'St
P2

= AV . 1§1
StU2* P2

. .11

The measured volume increase (AV*,2) is different than the volume of 
the ef fluent stream (AVe] ,2 ) entering the tank during time period 
At 1,2 . The effluent stream density (Pe1,2) is affected by the so lut es 
concentrat ion within the stream. Its value is constant only when the 
column operates under steady-state conditions.

Considering the mass change equation

V2*p2 = vi*P] + AVe 

the actual volume change is

P
AVei 2 AV

*P
12 e>s2

.12

St
Stl 2 P .13

ei 2

The relat ionship between the actual effluent vo 1 ume (Avei ,2.) and 
measured liquid volume change (AV*,2) during time period Ati ,2 is then

P 2
AV - AV? 2*r~ 

el 2 1»^ Pei 2
.14

As shown in this equation, the AVei,2 determination requires, in addi- 
tion to the liquid volume and density measurement in the tank, also the 
measurement of the effluent stream dens ity (P e j ,2 ) in time interval 
Atj,2• Before reaching the operational steady-state within the column, 
the ef fluent stream density is not cons t ant due to changes in the 
solute concentration. In this case, its approximate average value for 
short-time interval Atj ,2 (e.g. , up to ten minutes) can be est imated 
from the equation

P« Pej + 62
el 2 15

where Pe, and Pe2 are ef fluent stream dens ities measured at the 
beginning and end of the time interval, respectively.



To measure continuously the above density required for AVe „ determi­
nation, the receiving tank has to be provided with a densimeter 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 
AVe value, then the average effluent stream flow rate in time 
interval At^,2 can be calculated from the equation

e 1,2

AV
el,2

Atl,2
AV.St1^2 St
A. *Pe. 
tl 2 12

16

The flow rate value depends on the accuracy in reading the volume 
change (AVg^. ) in the tank, and in measuring the effluent stream 
density (pe^9,^) in short-time intervals, as we 11 as on the tank 
calibration. For example, the flow rates of both the 1BS-P (eBP) and 
1BS-W (=BW) effluent streams evaluat ed from vo1ume readings in 
eight-minute intervals in Appendix B-2 (test 3AM-3) are about 6 to 12% 
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 determination of the effluent streams flow rate 
through volume and density measurement s, it is 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 Sect ion 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 1AF 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 s tream (1AX) flow ratio, as expec ted. 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 1AF feed stream, the higher will be 
the concentration in the product streams (1AP 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:

(1) "Concentration Profile - Holdup Measurement" method

(2) "Liquid Volume - Concentration Measurement" method

(3) "Mass Rate Measurement" method

(4) "Tanks Inventory" method

(5) Calculation from empirical equations.

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

(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 s t r e ams monitored by the 
corresponding XRFA instrument in four-minute time intervals.

(c) 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



Tables 4-1 and 4-2, to determine the uranium inventory in tested columns 
through the "Concentration Profile - Holdup Measurement" method.

Experimental liquid vo1ume and concent rat ion data obt ained from 
measurement after draining the columns, given in Table 4-14, were used 
for calculat ion of the uranium inventory in columns during each run, 
which is considered the most reliable method.

Flow rates, analytical concentration data, and effluent mass rate data 
on al 1 tests (except test 2AM-1), determined in 15- to 30-minute t ime 
intervals, are summarized in Tab les 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 were used for anal ytical 
determinat ion 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 1 AW, 1BS-W and 1BS-P 
receiving tanks, and 1AP head pot at the end of the experimental run are 
shown in Tables 4-24 and 4-25. Those analytical dat a were used for 
determination of the tot al 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 vo1ume 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 Sect ion 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 experiment ally through the above 
analytical methods, as shown in Tables 4-26, 4-27 , and as shown 
graphically in Figure 4-41. Plotting result ant inventory data in the 
diagram in Figure 4-41 shows that the uranium inventory in the 1A dual 
process column, simulat ing the 2A and 3A columns performance in the 
plant, can be approximately calculated from the empirical equation:

’)M1a«0.84Vco1-^ • C(D)f -30

when —- • C >55 g U/j,, and from the equation 
vSt (U)f

. .17

. . .18
% vf

M »0.44 • V * —1A col v St
(U).

when —*C ^ <55 g U/Z.
vSt f
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The uranium inventory in the IBS stripping column, simulat ing the 2B 
and 3B plant columns performance, can be calculated from the empirical 
equation:

M = 0.45 M, .. IBS (col)
St

'OIL ,19

In these equations:

M
^(col)
Vf

vSt 
C (U)-

= Uranium inventory in the column (grams),
= Column total liquid volume (liters),
= Feed flow rate (liters/minute),
= Stripping stream flow rate (liters/minute),
= Uranium concentration in the feed stream (grams U/liter).

Equation 18 is identical to that developed for columns operat ing under
HS column process conditions, with the except ion of the vf/vst * C 
range, which is about half of that of the HS Column.

(UV

The above equations 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 dat a 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 tot al liquid volume of 712 liters

M2a * 0.34 V(col) .20

or

M,2A 242 ) . . .21

In the 2B Plant Column of a tot al liquid volume of 425 liters:



In the 3A Plant Column of a total liquid volume of 518 1 iters:

Moa « 0.39 f*3A (col) • v^-30 ,24

or

M3a * 202■ft-”) ,25

In the 3B Plant Column of a tot al liquid volume of 468 liters

M3B * °-265 V(col) ' ^
St

,26

or

M
3B 124 mf

v„. . .27

In the above equations:

M
m^
vf
vSt
C(U>f

" Column uranium inventory (grams U),
- Evf C(u)£ ; uranium feed mass rate (grams U/minute),
= Feed flow rate (liters/minute),
" Stripping stream flow rate (liters/minute),
= 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 condit ions in the plant. As ind i- 
cated, the coefficient in equat ions 20, 22, 24, and 26 are different 
than those equations 17 through 19 due mainly to different column 
dimens ions.

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 result ed in inventories shown in Appendices 
B-4 through B-23, and Tables 4-26 and 4-27. The comput er inventories 
from analytical data are quite comparable with those determined through 
analytical methods.

After sat isfactory recalibrat ion of the XRFA in-line ins trument for 
effluent uranium concentration monitoring, the near-real-t ime 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-l) using 
the XRFA concentration data (Append ices B-24, B-2 5, and B-2 6, 
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) th an 
other inventories 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 al1 feeds to tested columns were 
controlled by steadily operating (calibrated) positive displacement 
pumps.

Al 1 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 IBS column density readings 
through the average column density recorder and weight recorder could 
not be done entirely during experiment a 1 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. Dr awing 
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 mad e under simi1ar 
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 1 AF feed 
stream for about 30 minutes.

Column density 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.



2A AND 2B COLUMNS,
TEST CONDITIONS AND DATA 

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

TABLE 4-1

Column: Stream: Phase:
Concentration: Flow Rate : (ml/min)

U
(g/l)

HNQo
(M)

Test 
2AM-1

Test 
2AM-2

Test 
2AM-3

Test 
2AM-4

Test 
2AM-5

2A Column 
(=1A Column)

2AS A 0.0 1.0 .104 105 140 84 96
2AF A 26.4 3.0 740 614 560 325 333
2AX
(30% TBP) 0 0.0 0.0 275 307 317 298 282

2B Column 
(eIBS Column] 2BX A 0.0 0.3 265 323 321 305 304

2A Column

Pulse Frequency: (c/min) ~ 84 86 85 85 85
Pulse Amplitude: (cm) ~1.8 1.8 1.8 1.8 1.8
Dispersed Phase
Holdup:

(%)

Scrubbing (13.0) (13.9) (13.9) (13.0) (13.3)
Extraction rT23. 2) (21.6) (18.0) (18.4)
Average (Scrubbing
and Extraction) -20.1 18.9 19.3 16.7 17.2

2B Column
Pulse Frequency: (c/min) -60 60 60 60 60
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

2k and 2B
Columns

Temperature: (WC)
~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 ASiD DATA 

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

Column: Stream: Phase:
Concentration: Flow Rate: (ml/min)
U

(g/n
HNOq
(M)

Test
3AM-1

Test 
SAM-2

Test 
3AM-3

Test
SAM-4

Test
3 AM-5

3A Column 
(=1A Col.)

3AS A 0.0 1.0 ~ 100 107 106 106 105
3AF A 40.13 3.2 536 452 435 325 321
3 AX 0 0.0 0.0 258 260 262 260 265

3B Column 
(ElBS Col.) 3BX A 0.0 0.2 302 278 267 275 277

3A Column

Pulse Frequency: (c/min) ~ 85 84 84 85 85
Pulse Amplitude: (cm) 1.7 1.7 1.7 1.7 1.7
Dispersed
Phase
Holdup:

(%)

Scrubbing (11.5) (11.2) (11.2) uTTeT1(11.6)

Extraction (18.4) (16.9) (16.7) (16.0) (15.9)
Average (Scrubbing 
and Extraction) -16.0 14.8 14.7 14.5 14.0

3B Column
Pulse Frequeny: (c/min) 61 60 60 62 62
Pulse Amplitude: (cm) 1.9 1.9 1.9 1.9 1.9
Dispersed Phase
Holdup: (%) ~ 7.7 8.0 7.4 8.3 8.5

3A and 3B 
Column

Temperature: (°C) ~ 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 4-3

CONCENTRATION PROFILE DATA
(Test: 2AM-1)

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

Sample:
Aqueous: Organic:

Sample:
Aqueous: Organic:

U
.....} ....

HNOo
(M)

U
(g/£)

HNOq
(M)

U ^ HNOcj
(g/£) ' (M)“

U ! HNOq
(g/£) ! (M)''

End
Stream

(2AS)
0,0

(2AS)
1.0

(2AP)
-71.0

(~2AP)
-0.115

End
Stream

(2BX)
0.0

(2BX)
0.30

(2BW)
-22.9

(2BW)
<10"3

A-l ~6.0 -1.0 72.4 0.115 B-l -9.7 0.28 27.6 ~ <Io^"
A-2 B-2 22.7 0.29 40.4 ^To"^
A-3 34.9 1.14 86.9 0.125 B-3 31.9 0.29 50.2 0.007
A-4 B-4 39.7 0.30 61.6 0.012
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
A-7 5.9 2.92 40.8 0.40 End

Stream
(2BP)

-49.8
(2BP)

-0.39
(2AP)
71.0

(2AP)
0.115A-8 ——------ ---------------

A-9 <0.01 2.87 <0.01 0.52
A-10 ---------- —--------------- —--------— --------------
A-ll <0.01 2.75 <0,01 0.44
End
Stream

(2 AW)
<0.01 i

(2AW)
2.71

(2 AX)
0.0

(2AX)
0.0



TABLE 4-4

CONCENTRATION PROFILE DATA
(Test: 2AM-2)

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

Sample:
Aqueous: Organic:

Sample:
Aqueous: Organic:

U
(g/l)

HNOo
(M)

U
(gA)

HNOq
(M)

U
(g/£>

HNO
(M)

U
(g/z)

HNOq
(M)

End (2AS ) (2AS) (2AP) (2AP) End (2BX) (2BX) (2BW) (2BW)
Stream 0.0 1.0 -51,6 -0.115 Stream 0.0 0.3 -14.9 <1Q"3
A-l — 53.8 0.115 B-l -6.6 0.28 18.7 <10~3
A-2 B-2 15.4 0.29 27.5 0.01
A-3 -17.6 1.19 66.5 0.121 B-3 21.5 0.30 36.0 0.01
A-4 --------- ----------------—— B-4 26.6 0.29 41.2 0.014
|A-5 18.9 2.20 69.8 0.26 B-5 33.0 0.31 47.1 0.03

18.6 2.71 65.9 0.40 B-6 34.9 0.33 51.2 0.06
A-7 0.56 2.85 5.1 0.40 End ^2bp) ^2Bp) “'"(Tap) ' (2AP)
A-8 — Stream -35.4 -0.40 51.6 0,115
A-9 <0.01 2.82 <0.1 0.51
A-10
pTi <0.01 2.73 <0.01 0.34
End (2 AW) (2AW) (2 AX) (2 AX)
Stream <0.01 2.69 0.0 0.0



TABLE 4-5

CONCENTRATION PROFILE DATA
(Test: 2AM-3)

2A Column: (5 1A Col.) 2B Column: (= IBS Col.)

Sample:
Aqueous: Organic:

Sample:
Aqueous: Organic:

U
(g/£)

KNO'j
(M)

u 1 hno3
(g/£) (M)

U ^
(g/£)

HN03
(M)

U
(g/l)

HNOq
(M)

End
Stream

(2AS)
0.0

(2 AS)
1.0

(2AP) (2AP)
-46.0 -0.115

End
Stream

(2BX)
0.0

(2BX) ; (2BW)
0.30 j -15.6

(2BW)
<io"3

A-l ~8.9 ~1.0 50.0 | 0.115 B-l -7.9 -0.29 16.8 <10'3
A-2 — ---------- ------- ------------- --- j--------------- B-2 j 14.9 0.29 28.6 <10-3
A-3 17.3 1.21 66.8 I 0.118 B-3 i 20.9 0.30 36.4 0.012
A-4 . ..... ..... ...... B-4 24.3 0.29 41.7 0.027
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

Stream
(2BP)

-30.5
(2BP)

-0.41
(2AP)
46.0

(2AP)
0.115A-8 —--------

A-9 <0.01 2.80 <0.01 0.50
A-10
A-ll <0.01 2.77 <0.01 0.36
End
Stream

(2 AW)
<0.01

(2 AW)
2.74

(2AX)
0.0

(2AX)
0.0



TABLE 4-6

CONCENTRATION PROFILE DATA
(Test: 2AM-4)

2A Column: (= 1A Col.)

...... ....... ......... ............ ... ...... ....... ' '1

2B Column: (= IBS Col.)

Sample:
Aqueous: j Organic:

Sample:
Aqueous: Organic:

U
(g/£)

HN03 | U
(M) (g/O

HNO,
(M)“

U
(g/£ )

HNO,
(M)

U
(g/£)

HNOa
(M)

End
Stream

(2AS)
0.0

(2AS) | (2AP)
1.0 | -28.5

(2AP)
-0.114

End
Stream

(2BX)
0.0

(2BX)
0.3

(2BW)
-8.9

(2BW)
<10"3

A-l ~5.4 1.0 [ 30.6 0.115 B-l -5.4 0.28 11.0 <10-3
A-2 .......•........... B-2 10.3 0.29 16.8 <10-3
A-3 10.1 1.20 i 41.3 0.150 B-3 13.4 0.29 21.2 0.011
A-4 B-4 15.6 0.30 25.8 0.018
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

"Stream
(2BP)

-19.2
(2BP)

-0.40
(2AP)
28.5

(2AP)
0.114A-8

A-9 <0.01 2.84 <0.01 0.49
A-10
A-ll <0.01 2.60 <0.01 0.40
End
Stream

("2AWl
<0.01

(2 AW)
2.54

~T2AX)
0.0

(2AX)
0.0............ -■y



TABLE 4-7

CONCENTRATION PROFILE DATA
(Test: 2AM-5)

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

Sample:
Aqueous: Organic:

Sample:
Aqueous: Organic:

U
(g/A)

HNOo
(M)

U
u/o

hno3
(M)

U
(g/4)

hno3
(M)

U
(g/t)

hno3
(M)

End
Stream

(2AS)
0.0

(2AS)
1.0

(2AP)
-31.0

(2AP)
-0.115

End
Stream

(2BX)
0.0

(2BX)
0.30

(2BW)
-10.4

(2BW)
<10'3

A-l ~5.6 1.0 33.0 0.115 B-l -5.3 0.29 10.6 <10^3
A-2 « B-2 10.1 0.30 17.7 0.006
£2 9.5 1.20 39.6 0.140 B-3 14.3 0.29 22.6 0.01
A-4 ———---------- — B-4 15.2 0.30 27.1 0.016
iA-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 I B-6 19.1 0.35 30.7 0.05
A-7 0.9 2.87 1.3 0.53 End

Stream
(2BPl

-19.2
(2BP)

-0.40
(Tap!
31.0

(2AP)
0.115A-8 ——

A-9 <0.01 2.85 <0.01 0.54
A-10
A-ll <0.01 2.58 <0.01 0.42
End
Stream

(2AW)
~<0.01

(2AW)
-2.43

(2AX)
0.0

(2AX)
0.0



TABLE 4-8

CONCENTRATION PROFILE DATA
(Test: 3AM-1)

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

Sample:
Aqueous: Organic: Aqueous: Organic:
U

(g/£)
HNOq
(M)

U
(g/£)

hno3
(M)

Sample: U
(g/O

HNOo
(M)

U
(g/£)

HNOo
(M)

End (3AS) (3AS) (3AP) (3AP) End TSbxI T3BX) (3BW) um~
Stream 0.0 1.0 —71.5 0.114 Stream 0.0 0.2 ~6.8 <10-3
A-l ~9.4 1.0 72.1 0.114 B-l -5.1 0.19 9.0 <10"3
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 71.5 0.114
A-9 40.1 2.93 85.8 0.35
A-10 ----- •------------—
A-l I 6.6 2.87 10.7 0.34
End (3AW5 (3AW) (3AX) (3AX)
Stream ~4.0 -2.80 0.0 0.0



TABLE 4-9

CONCENTRATION PROFILE DATA
(Test: 3AM-2)

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

Aqueous: Organic: Aqueous: i Organic:
Sample: U hno3 O hno3 Sample: U hno3 U HN03

(g/£) (M) (g/£) (M) (g/£) (M) (g/£) (M)
End (3AS) (3AS) (3AP) (3AP) End (3BX) (3BX) (3BW) (3BW)
Stream 0.0 1.0 -67.9 -0.09 Stream 0.0 0.2 -12.6 <10 3
A-l ~ 8.1 1.0 69.6 0.10 B-l -7.0 0.19 14.1 <10-3
A 9 B-2 12.7 0.19 19.8 0.008
A-3 30.6 1.21 84.9 0.12 B-3 21.4 Oo 29.6 0.012

l ZZZZZZI——— B-4 30.7 0.19 41.0 0.013
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 i 0.22 67.1 0.029
A-7 33.3 2.95 89.2 0.27 End ( 3BP) (3BP) C3AP1 (3AP)~

A-8 — — Stream -52.4 1 -0.25 67.9 0.09
A-9 12.1 2.91 43.2 0.38
A-10
A-ll <0.01 2.80 <0.01 0.36
End (3 AW) (3AW) (3AX) (3AX)
Stream <0.01 2.74 0.0 0.0



TABLE 4-10

CONCENTRATION PROFILE DATA
(Test: 3AM-3)

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

Sample:
Aqueous: Organic:

Sample:
Aqueous: Organic:

U
(g/£)

HNOo
(M)

U
(b/a)

HNOo
(M)

U
(g/A)

hno3
(M)

U
(g/A)

HNOo
(M)

End ( 3AS ) (3AS) (3AP) (3AP) End (3BX) (3BX) (3BW) (3BW)
Stream 0.0 1.0 -64.7 0.10 Stream 0.0 0.20 -12.7 <10-3
A-l ~4.7 1.0 66.1 0.10 B-l -6.1 0.19 14.7 0.004
A-2 t B-2 13.3 0.20 20.1 0.009
A-3 29.8 1.18 74.4 0.12 B-3 19.7 0.20 31.3 0.011
k-b B-4 31.3 0.20 40.9 0.013
A-5 35.4 2.24 77.6 0.24 B-5 40.2 0.20 51.5 0.013
A-6 34.3 2.83 77.0 0.27 B-6 51.3 0.23 64.1 0.040
k~i 27.4 2.91 71.2 0.30 End (3BP) (3Bp) (3AP) (3AP)
A-8 Stream -51.9 -0.26 64.7 0.01
A-9 4.3 2.90 26.1 0.37
A-10
A-ll <0.01 2.79 <0.01 0.34
End (3 AW) (3AW) (3AX) (3 AX)
Stream <0.01 -2.70 0.0 0.0



TABLE 4-11

CONCENTRATION PROFILE DATA
(Test: 3AM-4)

i
■p-u>

I

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

Sample:
Aqueous: Organic:

Sample:
Aqueous: Organic:

U
(g/O

HNOo
(M)

U
(g/O

HNO-^
(M)“

U
(g/O

hno3
(M)

U
(g/^)

HNOo
(M)

End "T3AS1 £3as^ C3ap5 (3AP) End (3BX) rrsBxi Him (3BW)
Stream 0.0 1.0 -49.1 -0.10 Stream 0.0 0.20 -7.3 <10-3
A-l ~4,0 1.0 50.6 . O10J B-l -4.9 0.19 8.5 <10-3
A-2 ---- --------------- h-------- — 1 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 ----------- B-4 16.9 0.20 24.8 0,016
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 (3BP) (3BPl (3APl (SAP)
A-8 Stream —39.9 -0.25 49.1 0,01
A-9 0.6 2.93 4.5 0.38
A-10 ...............
A-ll <0.01 2.80 <0.01 <0.33
End (3AW) (3AW) (3AX) (3 AX)
Stream <0.01 -2.72 0.0 0.0



TABLE 4-12

CONCENTRATION PROFILE DATA
(Test: 3AM-5)

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

Sample:
Aqueous: Organic:

Sample:
Aqueous: Organic:

U
(g/JO

HNOo
(M)

U
(g/£)

HNOo
(M)

U
(g/£)

HNOo
(M)

U
<g/£)

HNOo
(M)

End (3AS) (3AS) TmF) DAP) End Dbx) DBX) (3BW) " C3BWT"i
Stream 0.0 1.0 -47.5 -0.10 Stream 0.0 0.20 -7.6 <i0”3
A-l -»5.0 1.0 49.1 0.11 B-l -5.0 0.20 8.6 <10-3
A-2 ----- •------ - B-2 6.1 0.19 10.7 0.010
A-3 32.3 1.12 60.4 0.11 B-3 11.1 0.19 16.9 0.010
A"“4 ■--------- -— ---------— B-4 16.6 0.20 25.4 0.013
A-5 36.0 1.99 61.6 0.20 B-5 27.8 0.20 36.1 0.017
A-6 35.2 2.82 61.1 0.24 B-6 37.9 0.23 46.8 0.040
A-7 20.3 2.93 49.8 0.30 End (3BP) £3BP) Dap) Dap)
A-8 Stream -38.7 -0.26 47.5 0.10
A-9 0.3 2.95 3.4 0.41
A-10 -------------——
A-ll <0.01 2.82 <0.01 <0.35
End DAW) (3AW) Dax) (3AX)
Stream <0.01 -2.71 0.0 0.0

• •



TABLE 4-13

FLOW RATIO AND URANIUM CONCENTRATION EXPERIMENTAL DATA

Test:

2 AM-1

Flow Ratio: Uranium Concentration: (gU/£)
1A Column: IBS Column: 1A Column: IBS Column:

1AF/1AX 1AF/1BS-X

At 1AF Inlet:

Org. j Aq.
1AP

stream
1BS-P
stream

1BS-W
stream

2.69 2.79 | 95.6 i 42.9
i 91.7 | 38.0

| 71.0 49.8 22.9

2AM-2
! : 1

2.0 ' 1.90 | 69.8
| 1 65.9

;
18.9 ; 51.6
18.6

35.4 14.9

2AM-3 1.77 1.75 69.6
65.6

18.4 ! 46.0
18.1 1

5

30.5 ! 15.6

2AM-4 1.09 1.07 38.4
35.5

7.0 | 28.5 ' 19.2 8.9
6.2 j !

2AM-5 1.18 1.10 33.9
31.4

6.6 i 31.0 19.2 10.4
5.9 ! ;

3 AM-1 2.08 1.78 98.2
97.8

49.5
47.6

71.5 | 55.4 6.8

3 AM-2 1.74 1.63 92.1
93.4

36.3
34.7

67.9 52.4 | 12.6

L .

3 AM-3 1.66 1.63 77.6
77.0

35.4
34.3

64.7 51.9 12.7

3AM-4 1.25 1.18 63.2
61.9

33.6
34.2

49.1 39.9 7.3

3 AM-5 1.21 1.16 61.6
61.1

36.0
35.2

47.5 38.7 7.6



TABLE 4-14

VOLUME AND CONCENTRATION MEASUREMENT DATA 
(after draining the column)

Test: Column:
Organic Phase: Aqueous Phase: Uranium 

Inventory 
in Column: 
(grams U.)

Volume
(D

U
CgU/A)

Volume
(A)

U
(gU/A)

2 AM-1 2A (=1A) -20.5 49.2 10.1 3.5 -1045
2B (eIBS) 3.6 57.2 27.0 31.4 1055 1

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 35.9 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 40.2 6.8 6.6 1000
3B 3.4 23.0 27.2 31.3 930

3AM-3 3A -23.6 38.2 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

3 AM-5 3A -24.3 25.4 6.3 5.3 650
3B 3.5 13.0 27.1 22.9 665

- 46



TABLE 4-15

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 2AM-2)

2A Column (= 1A Col.) 2B Column (= IBS Col75--------
Sampling 
Time: |
(min) |

U Cone 
2AP f 

stream i
2AW

stream

Flow Ra
2AP

stream

te (£/min)
2AW

stream

Effluent
Mass Rate: 

(gU/min)

U Cone 
2BW

stre im

. (gM>
2BP

stream

Flow Ra
2BW

stream

te (Jl/min)
2BP

stream

Effluent Ms
Rate: (gU/

2BW | 2BP

LSS

min) 
Total:

15 j <0.01 j <0.01 -0.307 -0.715 -0.0 <0.01 <0.01 0.307 0.323 0.0 0.0 0.0

30 ' 9.2 ! <0.01 0.308 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

60 45.8 <0.01 0.313 0.715 14.34 <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
1

3.8

90 J;i 3.8 14.8 0.307 0.325 1.17 4.81 5.98

120 51.7 <0.01 0.314 0.715 16.23 9.1 24.7 0.308 0.326 2.8 8.05 10.85 j

150 51.8 <0.01 0.314 0.715 16.26 11.8 29.3 0.310 0.326 3.66 9.55 13.21 !

180
|

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 (e IBS Col.)
Sampling 
Time: 
(min)

U Cone
2AP

stream

. (g/I)
2AW

stream

Flow Ra 
2AP

stream

te (£/min)
2AW

stream

Effluent
Mass Rate: 

(gU/min)

U Cone 
2BW

stream

. (g/il)
2BP

stream

Flow Rc
2BW

stream

ite (£/min)
2BP

stream

Eff
Rat

2BW

luent M« 
e: (gU/

2 BP

2SS

'min) 
Total:

15 ~1.0 ~0.7 -0.317 -,0.697 -0.8 -0.0 -1.0 -0.317 -0.321 -0.0 -0.32 -0.3

30 0.7 0.7 0.317 0.697 | 0.71 0.0 1.6 0.317 0.321 0.0 0.51 0.5

45 19.4 <0.01 0.319 0.697
f
1 6.2 0.0 2.2 0.317 0.321 0.0 0.71 0.7

60 42.0 <0.01 0.321 0.697
1

13.4 0.0 2.2 0.317 0.321 0.0 0.71 0.7

75 44.3 <0.01 0.322 0.697 14.3 1.0 7.7 0.317 0.321 0.32 2.48 2.8

90 45.5 <0.01
,

0.322
'

0.697 14.7 2.3 11.4 0.317 0.322 0.73 3.67 4.4

120 46.0 <0.01 0.322 0.697 14.8 6.5 20.3 0.317 0.322 2.06 6.54 8.6

150 45.5 <0.01 0.322 0.697 14.7 12.6 25.5 0.318 0.323 4.0 8.25 12.2

180 45.6 <0.01 0.322 0.697 14.7 15.0 29.0 0.319 0.323 4.78 9.37 14.1

210 15.6 30.3 0.319 0.323 4.97 9.79 14.8

240 | 15.6 30.5 0.319 0.323 4.97 9.85 14.8



TABLE 4-17

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 2AM-4)

Sampling
Time:
(min)

2A Column (- 1A Col.) 2B Column (b IBS Col.) j
U Cone
Tap

stream

. <g/A>
2AW

stream

Flow Ra 
2AP

stream

te (Jl/miri) | Effluent
2AW ; Mass Rate:

stream ; (gU/min)

U Cone
Tbw

stream

(g/Jl)
2BP

stream

Flow Rc 
2BW

stream

ite (&/min)
2BP

stream

Effluent M 
Rate: (gU

2BW | 2BP

ass 1
/min) i

Total:!

15 <0.01 <0.01 — 0.298 -0.410 -0.0 <0.01 <0.01 -0.298 -0.305
; i

0.0 0.0 0.0 i

30 6.1 <0.01 0.299 0.410 1.83 <0.01

------------- 1 !
1

<0.01 ! 0.298 0.305 0.0 0.0 0.0 !

45 16.9 <0.01 0.300 ! 0.410 5.07 <0.01
i i

0.3 i 0.298 | 0.305 0.0 -0.1 0.1 !

60 23.3
|

<0.01 ! 0.301 0.410 7.0 <0.01 1.8

p 1

0.298 i 0.305 | 0.0 0.55 0.55 |

75 27.8 <0.01 0.301 0.410 8.37
1
j
1 !

j

90 28.5 <0.01 0.301
j

0.410 | 8.58 1.3 5.6 0.298 0.306 0.39 1.71
1

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
j

i, 8.2 is.i 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 0.299 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)

2A Column (= 1A Col.) 2B Column (= IBS Col.)
Sampling 
Time: 
(min)

U Cone 
2AP

stream

.Tg/D 1
2AW

stream

Flow Ra 
2AP

stream

te (£/min)
2AW

stream

Effluent 
Mass Rate; 

(gU/min)

U Cone 
2BW

stream

• (g/Jl)
2BP

stream

Flow Ra 
2BW

stream

te (£/min)
2BP

stream

Eff
Rat‘

2BW

Luent M
2: (go 

2BP

ass
/min)

Total:

20 -0,1 -0.01 -0.282 -0.430 -0.03 -0.0 -0.0 -0.282 -0.304 -0.0 -0.0 -0.0

35 4.4 <0.01 0.282 0.430 1.2 0.0 0.0 0,282 0.304 0.0 0.2 0.0

50 20.9 <0.01
'

0.284 0.430 5.9 0.1 2.9 0.282 0.304 0.03 0.88 0.9

65 27.6 <0.01 0.285 0,430

.......... |

7.9 1.0 4.4 0.282 0.304 0.28 1.34 1.6

95 31.8 <0,01 0.285 0.430 9.0 4.4 8.5 0.282 0.305 1.24 2.59 3.8

125 30.0 <0.01 0.285 0.430 8.6 5.6 14,7 0.282 0,305 1.58 4.48 6.1

155 31.8 <0.01 0.285 0.430 9.0 7.9 16.2 0.283 0.305 2.24 4.94 7.2

185 30.3 <0.01 0.285 0.430 8.6 9.8 17.9 0.283 0.305 2.77 5.46' 8.3

215 30,6 <0.01 0.285 0.430 8.7 10,9 ! 18.8 0.283 0.305 3.09 5.74 8,8

245 30.8 <0.01 0.285 0.430 8.8 10,8 19,0■- i I, i 0.283 0.305 3,06 5.80 8,8



TABLE 4-19
CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test; 3AM-1)

Sampling 
Time:
(min)

3A Column (= 1A Col.) 3B Column (= IBS Col.) 1
U Cone
3AP

stream

. (g/£)
3AW

stream

j
!i
j

Flow Ra 
3AP

stream

te (A/min) 
3AW

stream

~T Effluent
Mass Rate: 

j (gU/min)

U Com 
3BW

stream

(g/A ) 
3BP

stream

' Flow Rate (A/min)
3BW j 3BP 

stream! stream

Effluent Mass |
Rate: (gU/min)

3BW | 3BP ! Total:

15 <0,01 <0.01 -0.258 -0.628 | 0.0 <0,01 <0.01 -0.258 -0.302 0.0 0.0 0.0 ,

30 <0.01 <0,01 0.258 0.628 1 0.0 <0.01 <0.01 0.258 0.302 0.0 0,0 0,0 :

45 20.1 <0.01 0.261 0.628 1 5.22 <0.01 <0,01 0.258 0,302 0.0 0.0 ! o.o ;

60 49.1 <0.01 0.263 0.628 : i2.9i <0.01 3,02 0.258 0.302 0.0 0.91 0.91 .

75 65.5 <0.01 0,265 0.628 j 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 I 18.92 | <0.01 16,0 0.258 0.306 0.0 4.9 i 4.9 |

120
|

: <0.01 28.2 0.258 0,308 0.0 8.7 | 8.7 1

150 71.6 3.9 0.266 0.630 j 21.5 ! 2.6 40.5 0,258 0.309 0.67 12.51 i 13.18 S

180 72.9 3.3 0.266 0,630 j 21.47 | 5.6 49,7 0.259 0.310 1.45 15.4 { 16.85 |

210 71.0 4,2 0.266 ! 0.630 ! 21,53 ! 5.6 52.9 0,259 0.310 1.45 16.4
1

| 17.85 |

240 70.3 4.0 0.266 S 0.630 L 21-22 1 6.8 55,7 0.259 0.310 1,76 17.27 1 19-03 1



TABLE 4-2Q

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 3AM-2)

3A Column (= 1A Col.) 3B Column (= IBS Col.)
S ampling 
T ime: 
(min)

U Cone 
3AP

stream

. (g/£) | Flow Rc
SAW 1 3AP

stream j stream

ite (£/min) f Effluent
3AW | Mass Rate:

stream [ (gU/min)

U Cone. (g/£) | Flow Rate (£/min)j Efi
3BW j 3BP i 3BW [ 3BP j Rat

stream! stream | stream! stream 3BW

:luent Mass 
e: (gU/min)

3BP [ Total:
! . '

15 <0,01 <0.01 | -0.260
i ! i 1 i

-0.550 i -0.0 ! <0.01 I <0.01 | -0.260 1-0.278 -0.0
-0.0 | 0.0

30 1.5 <0.01 0.260 0.550 | 0.39 ! <0.01 i <0.01 ! 0.260 ! 0.278 0.0 0.0 0.0

45 29.7 <0.01 0.264 0.550
j i '

7.84 <0.01 j <0.01 j 0,260 j 0.278 0.0 j 0.0 0.0

60 52.6 . <0.01 0.266

--------------------- ---------- " , 11 ; i
0.550 14.0 ! <0.01 | 2.6 0.260 0.278 0.0 1 0.72 0.72

75 59.5 <0.01 0.266
i . } ; ;

0.550 15.83 | 1.8 5.6 0.260 0,279 0.47; 1,56 2.0

90 61.8 <0.01 0.266 0.550 16.44 | 3.2 1 11.5 0.260 0.279 : 0.80 ’ 3.21 4,01

120 64.8 <0.01 0.26? 0.550 17.30 5.8 | 25.8 ! 0.260 j 0.281 1.50 7.25 8.75

150 67.4 <0.01 0.267 0.550 18.0 6.5 39.6 0.260 0.282 1.70 11.17 12.87

180 68,4 <0.01 0.267 0.550 18.26 10.2 46.2 0.261 0.283 2.66 13.07 15.73

210 67.9 <0.01 0,267 0.550 18.13 12.5 49.6 0.261 0.283 3.26 14.04 17.30

240 I 12.6 52.4 0.261 0.283 3.30 14.83 18,13

• •



TABLE 4-21

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 3AM-3)

3A Column (= 1A Col.) 3B Column (= IBS Col.) j
Sampling 
Time: 
(min)

U Con 
3AP

stream

= . (g/Jt)
' 3 AW

stream

Flow Rc 
3AP

stream

te (A/min) 
3AW

stream

Effluent
Mass Rate: 

(gU/min)

U Cone 
3BW

stream

(g/A)
3BP

stream

Flow R< 
3BW

stream

ite (A/min) 
3BP

stream

Eff
Rat

3BW

luent M 
e: (gU

3BP

ass j
/min) I

Total. :|

15 <0.01 <0.01 -0.262 -0.537 -0.0 <0.01 <0.01 -0.262 -0.267 -0.0 -0.0 0.0 j

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 1

45
1

25.1 i <0.01 0.265

-

0.537 6.65 <0.01 2.8 0.262 0.267 0.0 0.75 0.75 ''

60 55.5 <0.01 0.268 0.537 14.87 <0.01 5.9 0.262 0.268 0.0 1.60 1.60 ;

75 59.1 <0.01 0.269 0.537 15.90 <0.01 11.3 0.262 0.268 0.0 3.03 3.03 |

90 60.5 <0.01 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
1

10.35 |

150 64.7 <0.01 0.269 0.537 17.40 8.5 42.6 0.263 0.271 2.24 11.55

jj
13.79 |

180 64.4 <0.01 0.269 0.537 17.32 11.5 47.8 0.263 0.272 3.02 13.0
i

16.02 i

210 64.4 <0.01 0.269 0.537 17.32 12.1 50.3 0.263 0.272 3.20 13.70 16.90 |

240 65.5 <0.01 0.269 0.537 17.62 12.7 51.9 0.263 0.272 3.37 14.12 17.49 j



TABLE 4-22

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 3AM-4)

; 3A Column (= 1A Col.) 3B Column (= IBS Col.) IS
Sampling 
Time: 
(min)

U Cone 
3AP

stream

. (g/A )
3 AW

stream

Flow Rate (A/min)
3AP i 3 AW 

stream1] stream

Effluent
Mass Rate: 

(gU/min)

U Cone 
3BW j 

stream i

. (g/l)
3BP

stream

Flow Rate (A/min)
3BW j 3BP 

stream i stream

Eff
Rat

3BW

luent M 
e: (gU

3BP

ass |
/min) i

Total:!

15 <0,01 <0.01 -0,260 -0.428 -0.0 <0.01 <0.01 -0.260 I—0.275 -0.0 -0.0
0.0 |

30 1.3 <0.01 0.260 0.428 0.34
;

<o.oi ! <0.01 0.260 : 0.275 0.0 0.0 0.0 !

45 11.9 <0.01 0.262 0.428 3.10

i

<0.01 0.3 0.260 ; 0.275 0.0 0.08 0.08 ■

60 35.1 <0.01 0.264 0.428 9.27 <0.01 1.9 0.260 ; 0.275 0.0 0.52 0.52

75 46.5 <0.01 0.265 0.428 12.32 <0.01 3.8 0.260 : 0.275 0.0 1.05 1.05 j

90 48.5 <0.01 0.266 0.428 12.90 1.2 6.2 0.260 j 0.276 0.31 1.71 2.02 |

120 49.0 <0.01 0.266 0.428 13.03 2.1 22.0 0.260 j 0.277 0.55 6.09 6.64 ;

150 49.1 <0.01 0.266 0.428 13.06 6.2 31.1 0.261 | 0.278 1.62 8.65
i

10.27 |

180 49.0 <0.01 0.266 0.428 13.03 6.8 35.7 0.261 | 0.279 1.77 9.96
j

11.73

210 7.2 39.2
|

0.261 ; 0.279 1.88 10.94

i
12.82 |

240 7.3 39.9

1
"•Ml i 0.279 1.90 11.13

!
13.03 |

Kjn



TABLE 4-23

CONCENTRATION, FLOW RATE, AND EFFLUENT MASS RATE DATA

(Test 3AM-5)

3A Column (= 1A Col.) 3B Column ( :. IBS Col 'i• /
------------------- J

1
Sampling 
Time:
(min)

U Cone 
3AP j 

streamj

. (g/it>
3AW

stream

Flow Ra 
3AP

stream

te (£/min)
3AW

stream

| Effluent
Mass Rate: 

(gU/min)

U Cone
3BW

stream

TTgTD
3BP

stream

Flow Ra 
3BW

stream

te (£/m
;3BP

stream

in) Eff
Rat

3BW

luent Mass j
e: (gU/min) j

3BP j Total:|

15 <0.01 <0.01 -0.265 —0.420
r .................... —;

-0.0 <0.01

j
! <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 1 <0.01 0.265 0.277 0.0 0.0 0.0 I

45 20.3 <0.01 0.268 0.420 5.44 <0.01 <0.01 0.265 0.277 0.0 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 <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 <0.01 0.271 0.420 12.74

150 47.5 <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 ! <0.01 0.271 0.420 12.85 7.6 38.0 0.266 0.281 2,02 10.68 12.70
! 210

47.8 <0.01 0.271 0.420 12.95 7.6 38.7 0.266 0.281 2.02 10.87 12.89

| 240 1 ‘



TABLE 4-24

TANK INVENTORY DATA 

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

Test: Tank: U
(gu/O

Flow
Rate:

(i'/min)

Total
Feed
Time: 

(min)

Total 
Liquid 
Volume:

U)

Corrected
Total Liquid 

Volume:
U)

U Fed (+) or
Accumulated (-) 
in the Tank:

(grams U.)

U Inventory
Tn 1A & IBS 

Columns: 
(grams H.)

2 AM-1
1AF Tk. ^26.4 0.740 ~270 ! 199.8 -5275 (+)

-21201BS-W Tk. 14.6 0.275 275 76.63 j 77.03 imTT-....
1BS-P Tk. 22.3 0.265 275 j 72.88 | 73.46 1638 (-)
1AP Head Pot 71.0 | -5.50 [ -391 (-)

2 AM-2
1AF Tk. ~26.4 0.614 -265 ! 162.71 ' -4296 (+)

14151BS-W Tk. 9.0 0.307 280 | 85.96 86.23 ?76
1BS-P Tk. 19.7 0.323 280 90.44 91.10 1795

1AP Head Pot 51.6 -6.0 — -310 (-)

2AM-3
1AF Tk. -26.4 0.560 -270 I 151.2 -3992 (+)

12751BS-W Tk. 8.8 0.317 285 i 90.35 90.63 798 (-)
1BS-P Tk. 17.7 0.321 285 91.49 92.07

_

1AP Head Pot 46.0 — — -6.30 — -290 (-)

2AM-4
1AF Tk. -26.4 0.32 -265 86.13 -2274 (+)

8001BS-W Tk. 4.1 0.298 270 80.46 80.59 330 (-)
1BS-P Tk. 11.8 0.305 270 82.35 82.75 — 976 (-)
1AP Head Pot 28.5 — -6.0 — -171 (-)

2AM-5
1AF Tk. -26.4 0.333 -280 93.24 -2462 (+)

8151BS-W Tk. 4.8 0.282 295 83.19 83.33 1 400 (-)
1BS-P Tk. 11.9 0.304 295 89.68 90.06 roTTTT-
1A Head Pot 31.0 — — -5.65 • —



TABLE 4-25

TANK INVENTORY DATA 

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

Test: Tank: U
(gU/f)

| Total ! Total
Flow i Feed j Liquid
Rate: j Time: j Volume:

(f/min) | (min) j (f)

Corrected
Total Liquid 

Volume:
(f)

U Fed (+) or
Accumulated (-) 
in the Tank:

(grams JJ)

U Inventory 
in 1A & IBS j

Columns: j
(grams U)

3 AM-1
1AF Tk. -40.13 0.536 | -300 ! 160.8 ! -6453 (+)

2290
1BS-W Tk. 3.0 0.258 | 324 | 83.59 802 1 I — 252 (-j
1BS-P Tk. 32.9 0.302 | 324 : 97.85 99.80 | 3283 (-)
1AP Head Pot 71.5 ! — ! 6.3 j 450 (-)
1AW Tk. -1.0 -0.601 | -300 j 180.3 180.3 i -180 (-)

3 AM-2
1AF Tk. -40.13

i !
0.452 i -280 ' 126.56

1
j -5079 (+)

20201BS-W Tk. 6.2 0.260 295 i 76.70 77.10 478 (-)
1BS-P Tk. 26.3 0.277 295 1 81770 82.40 216?Trj
1AP Head Pot 67.9 — I -6.1 -415 (-)

3 AM-3
1AF Tk. -40.13 0.435

----------------- 5

-300 130.5
'

-5237 (+)
18701BS-W Tk. 7.0 0.262 310 81.22 81.75 572 (-)

1BS-P Tk. 31.3 0.267 310 82.77 83.57 2616 (-)
1AP Head Pot 64.7 — — -2.8 — -180 (--)

3AM-4
1AF Tk. -40.13 0.325 -288 93.6 ———. -3756 (+)

13401BS-W Tk. 3.6 0.260 310 80.6 80.9 wTTT
1BS-P Tk. 21.8 0.270 310 85.25 86.64 1889 (-)
TAP Head Pot 49.1 •---- - -4.8 -235 (-)

3AM-5
1AF Tk. -40.13 0.321 -290 93.09 -3736 (+)
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 ^138 ()



TABLE 4-26

COLUMN URANIUM INVENTORY DATA

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

Uranium Inventory in Columns: (grams U)

Test: Column:

m
'w'
u

| u
CO

> !>
i—iou>

(gU)

Analytical: By Computer:

Fr
om

 Co
ne

. Pr
of

ile
 

an
d L

iq
ui

ds
 Ho

ld
up

 
[ D

at
a:

! F
ro

m
 Li

qu
id

s
i V

ol
um

e an
d

C
on

ce
nt

ra
tio

n 
M

ea
su

re
m

en
t:

Fr
om

 M
as

s R
at

e
M

ea
su

re
m

en
t:

i F
ro

m
 Ta

nk
s

(I
nv

en
to

ry
:

Fr
om

 Eq
ua

tio
n:

(c
al

cu
la

te
d)

Computerized
Mass Rate Measurement 
Technique Using 
Analytical Concen­
tration Data

Computerized
Mass Rate Measure. 
Technique Using 
XRFA Instrument 
Cone. Data:

1A 2174 -990 1045 — (1070) — ------ --- ---
2 AM-1 IBS 2328 1030 1055 — — (1045) — ------

1A & IBS — 2020 2100 — 2120 (2115) — -------------
1A 1615 685 680 705 — (710) -715 •----------- -

2 AM-2 IBS 1535 735 695 725 — f690T” 760 -- -----------
1A & IBS — 1420 1375 1430 1420 (1420) 1475
1A 1427 645 655 680 — (630) 710 |

2 AM-3 IBS 1420 660 645 615 (6401 665
1A & IBS — 1305 1310 1295 1275 CmoT” 1375 ------ —---
1A 880 410 375 380 — (390) 385 ---- -—------

2AM-4 IBS 866 420 435 440 — f390l 455
1A & IBS — 830 810 820 800 (780) 840
1A 954 390 395 415 — (42oF“ 420

2 AM-5 IBS 896 420 405 390 — (400) 355; 415
1A & IBS — 810 800 805 815 (8201 775; 835 —------—



TABLE 4-27

COLUMN URANIUM INVENTORY DATA

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

Uranium Inventory in Columns: (grams U)

Test: Column:

M-J/—v
0

O
4J

m-i m 
> >

iHoV. j>

(gU)

Analytical: By Computer:
:

Fr
om

 Co
ne

. Pr
of

ile
 1

an
d L

iq
ui

ds
 Ho

ld
up

 1
D

at
a:

Fr
om

 Li
qu

id
s

V
ol

um
e an

d 
C

on
ce

nt
ra

tio
n 

M
ea

su
re

m
en

t:

Fr
om

 M
as

s R
at

e
M

ea
su

re
m

en
t:

Fr
om

 Ta
nk

s
In

ve
nt

or
y:

: Fr
om

 Eq
ua

tio
n:

(c
al

cu
la

te
d)

Computerized
Mass Rate Measurement 
Technique Using 
Analytical Concen­
tration Data

Computerized
Mass Rate Measure. 
Technique Using 
XRFA Instrument 
Cone. Data:

3 AM-1
1A 2550 -1440 1415 1335 — (1370) -1330
IBS 1927 910 885 900 (870) 885
1A & IBS — 2350 2300 2235 2290 (2240) 2215 ------ -----

3 AM-2
1A 2135 1090 1000 985 — (1020) 1000
IBS 2000 940 930 920 ---- (900) 885
1A & IBS — 2030 1930 1905 2020 (1920) 1885

3AM-3
1A 2040 950 945 900 — "(940) 920 - 925; 800*
IBS 2000 9 30 910 925 — h T900) 850; 880 ----- 980*
1A & IBS --- 1890 1855 1825 1870 08405" 1770; 1800 — 1780*

3 AM-4
1A 1535 735 685 700 — (675) 705 710; 605*
IBS 1453 665 680 670 — (655) 675 650; 870*
1A & IBS — 1400 1365 1370 1340 (1330) 1380 1360; 1475*

3AM-5
1A 1487 715 650 640 —- ' 76557 655 650; 615*
IBS 1422 655 655 660 ■--—" ”7665) 665 585*
1A & IBS — 1370 .1315 1300 1305 (1320) 1320 ----- 1200*

NOTE: Data marked with asterisk (*) were obtained from XRFA concentration and flow rate readings in four-minute time 
intervals.



381

A-9---- | 255 < ^

U Concentration (g/L)

THE 2A COLUMN CONCENTRATION PROFILES FOR TEST 2AM-1

FIGURE 4-1

38
12

-0
46

-2
0



1BS-W

BS-5- 137—

► U Concentration (g/L)
1BS-P

THE 2B COLUMN CONCENTRATION PROFILES FOR TEST 2AM-1

FIGURE 4-2

- 61

38
12

-0
46

-2
1



A-5 —-

■4= 381

U Concentration (g/L)

THE 2A COLUMN CONCENTRATION PROFILES FOR TEST 2AM-2

FIGURE 4-3

38
12

-0
46

-2
2



1BS-W
1BS-X?

U Concentration (g/L)

1BS P

THE 2B COLUMN CONCENTRATION PROFILES FOR TEST 2AM-2

FIGURE 4-4

38
12

-0
46

-2
3



A-5-4

•4= 381

U Concentration (g/L)

THE 2A COLUMN CONCENTRATION PROFILES FOR TEST 2AM-3

FIGURE 4-5

64

38
12

-0
46

-2
4



1BS-W
1BS-X?

BS-5 —

U Concentration (g/L)
1BS-P

THE 2B COLUMN CONCENTRATION PROFILES FOR TEST 2AM-3

FIGURE 4-6

- 65 -

38
12

-0
46

-2
5



A-3-----

A-4-----

A-5-----

•4= 381

E 2550

U Concentration (g/L)

THE 2A COLUMN CONCENTRATION PROFILES FOR TEST 2AM-4

FIGURE 4-7

38
12

-0
46

-2
6



1 BS-W
IBS X?

BS-2 —

BS-3 — o

BS-4—

BS-5 —

U Concentration (g/L)

1BS-P

THE 2B COLUMN CONCENTRATION PROFILES FOR TEST 2AM-4

FIGURE 4-8

38
12

-0
46

-2
7



A-2-----

A-4----

A-5-----
£ 444

■4= 381

A-9---- E 255

► U Concentration (g/L)

THE 2A COLUMN CONCENTRATION PROFILES FOR TEST 2AM-5

FIGURE 4-9

- 68

38
12

'04
6*

28



1BS-W
1BS-X?

■ U Concentration (g/L)
1BS-P

THE 2B COLUMN CONCENTRATION PROFILES FOR TEST 2AM-5

FIGURE 4-10

38
12

-0
46

-2
9



A-4-H-

■4= 381

► U Concentration (g/L)

THE 3A COLUMN CONCENTRATION PROFILES FOR TEST 3AM-1

FIGURE 4-11

38
12

 0
46

-3
0



1BS-W
1BS-X?

BS-1

BS-2 —

BS-4—

BS-6+--

U Concentration (g/L)
1BS-P

THE 3B COLUMN CONCENTRATION PROFILES FOR TEST 3AM-1

FIGURE 4-12

38
12

-0
46

-3
1



A-6 —

•4= 381

U Concentration (g/L)

THE 3A COLUMN CONCENTRATION PROFILES FOR TEST 3AM-2

FIGURE 4-13

72

38
12

-0
46

-3
2



1BS-P

THE 3B COLUMN CONCENTRATION PROFILES FOR TEST 3AM-2

FIGURE 4-14

73

38
12

-0
46

-3
3



A-5 —

•4= 381

U Concentration (g/L)

THE 3A COLUMN CONCENTRATION PROFILES FOR TEST 3AM-3

FIGURE 4-15

74

38
12

-0
46

-3
4



1BS-W
1BS-X?

BS-64--

U Concentration (g/L)
1BS-P

THE 3B COLUMN CONCENTRATION PROFILES FOR TEST 3AM-3

FIGURE 4-16

75

38
12

-0
46

-3
5



THE 3A COLUMN CONCENTRATION PROFILES FOR TEST 3AM-4

FIGURE 4-17

76

38
12

-0
46

-3
6



1BS-W
1BS-X?

BS-4—

U Concentration (g/L)
1BS-P

THE 3B COLUMN CONCENTRATION PROFILES FOR TEST 3AM-4

FIGURE 4-18

77

38
12

-0
46

-3
7



A-2 —

A-5 —-

■j= 381A-7-~-

£ 255<h

U Concentration (g/L)

THE 3A COLUMN CONCENTRATION PROFILES FOR TEST 3AM-5

FIGURE 4-19

38
12

-0
46

-3
8



1BS-W
1BS-X?

90 100

U Concentration (g/L)

1BS-P

THE 3B COLUMN CONCENTRATION PROFILES FOR TEST 3AM-5

FIGURE 4-20

38
12

-0
46

-3
9



U
ra

ni
um

 C
on

ce
nt

ra
tio

n 
(g

/L
)

110 4- (o)fo)Ctf): 1A Column; ratio 1AF/1 AX

(•): 1BS Column; ratio 1AF/1BS-X

100 --

---------► Flow Ratio 1 AF/1 AX and 1AF/1BS-X

URANIUM CONCENTRATION IK THE 1A AND IBS COLUMNS 
(Tests 2AM-I through 2AM-5)

FIGURE 4-21

38
12

-0
46

-4
0



I
oo

URANIUM CONCENTRATION IN THE 1A AND IBS COLUMNS
(Tests 3AM-1 through 3AM-5)

FIGURE 4-22

38
12

-0
46

-4
1



17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

--------- ► Time t (min)

URANIUM MASS RATE VERSUS TIME (TEST 2AM-2)

FIGURE 4-23

38
12

-0
46

-1



m
«;

 m
e 

(g
 U

/m
in

ut
e)

17

----- —► Timet (min)

URANIUM MASS RATE VERSUS TIME (TEST 2AM-3)

FIGURE 4-24

38
12

-0
46

-3



m
f; m

@
 (g

 U
/m

in
ut

e)

m{ - Const.

--------- ► Timet (min)

URANIUM MASS RATE VERSUS TIME (TEST 2AM-4)

FIGURE 4-25

38
12

-0
46

-5



m
f; 

m
e 

(g
 U

/m
m

ut
e)

-► Time t (min)

URANIUM MASS RATE VERSUS TIME (TEST 2AM-5)

FIGURE 4-26

38
12

-0
46

-7



m
f; m

e 
(g

 U
/m

in
ut

e)
Const.

► Time t (min)

URANIUM MASS SATE VERSUS TIME (TEST 3AM-1)

FIGURE 4-27

38
12

04
6-

9



m
f; 

m
e 

(g
 U

/m
in

ut
e)

OO^4

Time t (min)

URANIUM MASS RATE VERSUS TIME (TEST 3AM-2)

FIGURE 4-28

38
12

-0
46

-1
1



m
?;

 m
e 

(g
 U

/m
in

ut
e)

00
00

Time t (min)

URANIUM MASS RATE VERSUS TIME (TEST 3AM-3)

FIGURE 4-2.9

38
12

-0
46

-1
3



(g
 U

/m
in

ut
e)

17

16

--------- ► Timet (min)

URANIUM MASS RATE VERSUS TIME (TEST 3AM-4)

FIGURE 4-30

38
12

-0
46

-1
5



m
f; m

e (
g U

/m
in

ut
e)

m{ = Const.
12.88

--------- ► Timet (min)

URANIUM MASS RATE VERSUS TIME (TEST 3AM-5)

FIGURE 4-31

38
12

-0
46

-1
7



C
ol

um
n 

U
ra

ni
um

 In
ve

nt
or

y 
(g

ra
m

s 
U

)

Steady State 
(~ 210 min.)

1A & 1BS Columns
(head pot included)

1A Column

Steady State 
(~ 105 min.)

200 -

——► Timet (min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 2AM-2)

FIGURE 4-32

91

38
12

-0
46

-2



C
ol

um
n 

U
ra

ni
um

 In
ve

nt
or

y 
(g

ra
m

s 
U

)

19001-

Steady State 
(~ 210 min.)

1A & 1BS Columns
(head pot included)

1A Column

Steady State 
(~ 105 min.)

Time t (min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 2AM-

FIGURE 4-33

- 92

38
12

-0
46

-4



C
ol

um
n 

U
ra

ni
um

 In
ve

nt
or

y 
(g

ra
m

s 
U

)

Steady State 
(-210 min.)

1A & 1BS Columns
(head pot included)

1A Column

Steady State 
(~ 95 min.)

---------► Time t (min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 2AM-4)

FIGURE 4-34

93 -

38
12

-0
46

-6



C
ol

um
n 

U
ra

ni
um

 In
ve

nt
or

y 
(g

ra
m

s 
U

)
Steady State 
(~ 210 min.)

1A & IBS Columns
(head pot included)

1A Column

Steady State 
(~ 100 min.)

---------► Time t(min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 2AM-5)

FIGURE 4-35

- 94 -

38
12

-0
46

-8



C
ol

um
n 

U
ra

ni
um

 In
ve

nt
or

y 
(g

ra
m

s 
U

)

1A & 1BS Columns
(head pot included)

Steady State 
(-250 min.)

1A Column

Steady State 
(- 150 min.)

--------- Time t (min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 3AM-1)

FIGURE 4-36

- 95

38
12

-0
46

-1
0



C
ol

um
n 

U
ra

ni
um

 In
ve

nt
or

y 
(g

ra
m

s 
U

)

1A & 1BS Columns
(head pot included)

Steady State 
(-240 min.)

1A Column

Steady State 
(-170 min.)

0 50 100 150 200 250 300

--------- ► Time t(min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 3AM-2)

FIGURE 4-37

- 96

38
12

 0
46

-1
2



C
ol

um
n 

U
ra

ni
um

 In
ve

nt
or

y 
(g

ra
m

s 
U

)

1A & 1BS Columns
(head pot included)

Steady State 
(~ 240 min.)

1A Column

Steady State 
(-150 min.)

► Time t (min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 3AM-3)

FIGURE 4-38

- 97 -



1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

0

■~1605

Steady State 
(~ 230 min.)

1A & 1BS Columns
(head pot included)

1A Column

Steady State 
(~ 100 min.)

50 100 150 200 250 300

-► Time t(min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 3AM-4)

FIGURE 4-39

98

38
12

-0
46

-1
8



C
ol

um
n 

U
ra

ni
um

 In
ve

nt
or

y 
(g

ra
m

s 
U

)

-1435

Steady State 
(~ 210 min.)

1A & 1BS Columns
(head pot included)

1A Column

Steady State 
(-140 min.)

-► Time t(min.)

COLUMN URANIUM INVENTORY VERSUS TIME (TEST 3AM-5)

FIGURE 4-40

38
12

-0
46

-1
8



2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

0

1A Column: (o) ;(■$•)

1BS Column (•); Gfc-)

(o); (®) : From analytical concentration data, XRFA 
concentration readings, and measured 
average flow rates.

(■$■);OfcO : From XRFA concenration and flow rate 
readings in four minute time intervals.

1A Column

1BS Column

1A Column
CM<55gU/L)

V col
'St

■ C(u)f (grams U)

COLUMN URANIUM INVENTORY

FIGURE 4-41

100

38
12

-0
46

-4
2



5,0 CONCLUSIONS

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

(1) 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 sect ion. 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 concentrat ion 
profiles were determined primarily to benchmark a computer program 
being developed specifically for pulsed columns >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.

(2) Volume Concentration Measurement Method - Although considered the 
most reliable, it can be used for solutes inventory det erminat ion 
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 equa tions and 
computer methods.

(3) Mass Rate Measurement Method determines the near-real-t ime so lut e 
inventory in a column during the startup and transient condit ions 
when the measurement point s are interfaced to a comput er, It 
requires periodic measurements of both the flow rate and so lut e 
concent rat ions in each feed and effluent process stream. The 
method is useful for process control and safeguard applications to 
ident ify inventory changes , However, measurements made on flow 
rates and so 1 ute concentrat ions are subject to sys temat ic (bias ) 
errors. Therefore, when this method is applied over ext ended 
periods of t ime (several weeks or months), these errors may 
accumulate and lead to sizable errors in the column inventory,

(4) 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, 
ent ire process eyele, several cycles) when it is provided with 
adequate feed and receiving tanks, where the continuous volume and 
concentration change can be readily measured. The equipment so lute 
inventory, at a given measured time t, is obt ained by subt rac t ing 
the total solute mass (weight) accumulated in receiving tanks from 
that spent in feed tanks during the time t. In the pi lot plant 
equipment, the quant ity of uranium spent in the 1AF feed t ank 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 equat ions were developed for determinat ion of the tot al 
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.

of the above methods gave comparable results.
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APPENDIX A

COMPUTER PRINTOUTS

(Programs and Examples of Typical Results from Measurement Systems)
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APPENDIX A-2

RUN TKPRQ
TANK PROFILE

NUMBER OF DATA POINTS? 58 
MINOON UIBTH IN CM? 13 
SCALE FACTOR? 0.19
RANGEiBOTTON.TOP.i INCREMENT? ib 155,5

LL(CH) LITERS L/CM
155 1063.55 5.936
150 1032.36 6.237 t
145 999.764 6.519 t
140 969.731 6.007
135 938.631 6.22 t
130 906.527 6.421 t
125 874.851 6.335 t
120 843.611 6,248 *
115 811.788 6,365 t
110 779.738 6.41 t
105 748.624 6,223 t
100 714.038 6.917 *
95 685.651 5,677
90 653.87 6,356 t
85 622.196 6.335 %
80 590.61? 6,316 %
75 558.994 6,325 1
70 527,282 6.342 1
65 495.69 6.318 t
60 464.112 6.316 *
55 432,457 6,331 %
50 400,644 6,363 t
45 368.982 6.332 %
40 337,89 6,218 t
35 306.403 6,297 t
30 274,868 6.307 t
25 243.552 6,263 t
20 211.757 6.359 %
15 180.257 6.3 %
10 148,653 6,321 t
5 116,984 6.334 %
0 87,92 5,813

NUMBER OF DATA POINTS?



APPENDIX A-3

PIP Ti:=PPLL.B2S 
10 DIH X(35)»Y(35)\Ss-5\H=13 
20 READ N>T$
30 FOR 1*1 TO N\S=S+5\Xa)=S\}OT I
40 FOR 1=1 TO NXREAD Y(I)\NEXT I
70 PRINT 'LL(CH) TO BE INTERPOLATED! 'JTIiMNPUT A\B=0
90 FOR J=1 TO N
92 IF ABS(X(J)-A)>U MN 140
94 T*1
96 FOR 1=1 TO N
100 IF ABS(X(I)-A)>U THEN 125
110 IF I=J THEN 125
120 T=T*(A-X(I))/(X(J)-Xa))
125 NEXT I 
130 B=B+T*Y(J)
140 NEXT J
145 B=INT<Btl00+0,5)/100 
150 PRINT BJ' LITERS'
160 GOTO 70
500 DATA I81AW TANK»87.92»116(98il48(65»180.24»211.76.243,55»274.87»30A.40»337.89»368.98»400.64f432.46»464,U»495.69 
510 DATA 527,28.558,99.590,62.622,20 
>

RUN PPLL
LL(CH) TO BE INTERPOLATED! AU TANK? 2,5 

101.94 LITERS
LL(CH) TO BE INTERPOLATED! AU TANK? 10 

148.65 LITERS
LL(CH) TO BE INTERPOLATED! AU TANK? 10.10 

149,29 LITERS
LL(CN) TO BE INTERPOLATED! AU TANK? 52,5 
416,56 LITERS

LL(CH) TO BE INTERPOLATED! AU TANK?
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APPENDIX A-5

INPUT WHICH ENGINEERING LAB RUN NO*
(USES LATEST IF NO OTHER) ? 6 

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

VOLUME HISTORY FOR ENGINEERING LAB RUN NO* U 
STARTS WITH RECORD 2 
AND GOES TO RECORD 88

AS AF AX BX AU BU BP TAY(L) LOSS(L) CUN LOSS(L)

2 08114 AN 289.171 353.189 108.484 109,44 247,094 0 0 1129,9 0 0
4 08*38 AN 289.037 353,044 108,477 109,451 247.094 0 0 1129,4 ,298584 .298584
A 08*44 AN 288,522 353,044 94.274 92,473 247.098 0 0 1102.28 27.3208 27,4194
8 08*54 AN 287.803 353.189 78,724 47.281 247.009 0 0 1041.8 40.4757 48.0951
10 09502 AN 287,114 353.044 70,927 52,914 247,005 0 0 1040.17 21.4348 89.7319
12 09510 AH 284.34 349,008 48.844 48.844 244.914 0 0 1028.84 11.3214 101.053
14 09518 AH 285,527 344.578 48.393 48,517 230,47 0 0 1034.9 -8.05591 92.9974
14 09524 AN 284.777 340.051 48.2 48.354 232.44 0 0 1038.89 -1.99121 91,0042
18 09534 AN 283*995 335,55 48.044 48.212 235.152 2,549 0 1041,8 -2.90425 88.1
20 09542 AN 283,309 331.193 47,925 48.052 239,011 4,402 0 1045,07 -3.24848 84,8313
22 09550 AN 282,528 324.954 47.789 47,892 243.284 9,779 5.21 1052.11 -7.04492 77.7844
24 09558 AN 281,778 322.591 47,443 47,732 247,735 12,897 4,375 1055.74 -3,4272 74,1592
24 10504 AN 281.099 318.227 47,529 47.543 252,73 13,409 9.949 1059,42 -3.47737 70.4818
23 10514 AN 280,254 313.843 47.394 47.412 257.944 15.514 12.144 1042,54 -3.12085 47.341
30 10522 AN 279.549 309.454 47.249 47.289 242.344 14.448 14,348 1045.02 -2.4823 44.8787
32 10530 AN 278.754 305.174 47,134 47.11 247.494 18,72 14,578 1048.28 -3.24099 41.4177
34 10538 AN 278,039 300.784 44.999 44.94 272.044 21,449 18.802 1072.34 -4.04274 57,5549
34 10544 AH 277,385 294.402 44.844 44,809 277,244 22,944 20,743 1074.51 -2.17273 55.3822
38 10254 AN 274,404 292.038 44,711 44.45 281.282 24,978 22.344 1077.24 -2,74292 52.4393
40 11502 AN 275,842 287,805 44,597 44,5 284.5 27,027 24.049 1080,44 -3.18152 49,4578
42 11510 AN 275.075 283.438 44,481 44.34 291.54 28.8 24.03 1083.15 -2,70581 44,752
44 11218 AH 274,294 279.205 44.347 44.192 294.214 30.232 28.485 1084,45 -3,30505 43.4449
44 11524 AH 273,713 274.948 44.214 44.051 301.444 31.745 30,845 1090,24 -3.79431 39.4524
48 11538 AN 272,58 248.532 44,013 45.817 307.782 34,297 34.179 1094.84 -4,41814 35.0344
50 11544 AN 271.834 244.27 45.909 45.449 312,449 37,931 34.388 1099.45 -4.78404 30,2504
52 11554 AN 271,057 259,882 45.775 45.499 317.483 39,727 38.481 1102.94 -3.29224 24.9581
54 12502 PH 270.475 255.755 45,453 45,331 322.245 41.41 40.773 1105.48 -2.74541 24.2125
54 12510 PH 249,741 251.383 45.538 45.183 327.184 43,204 42,975 1109.73 -4,0459 20.1444
58 12518 PN 248.984 247,243 45.397 45,033 332,518 44,844 45,093 1112.97 -3,24451 14,9221
40 12524 PN 248.112 242.881 45,282 44.884 334.733 44,741 47.251 1114.07 -3,09302 13,8291
42 12534 PN 247,5 238.418 45.149 44.714 341.477 48.494 49.107 1118,92 -2.84851 10.9804
44 12542 PH 244.44 234.344 45.017 44,547 345.452 51,384 50.183 1121.82 -2,90344 8.07715
44 12550 PN 245.915 230,049 44,903 44.418 350,54 53,383 52,082 1124.51 -2.48452 5.39043
48 12558 PH 245.138 225,792 44,157 43.358 355.474 55,248 54.14 1124,13 -1.42444 3.74414
70 01504 PH 244,33 221,444 42,245 41.019 359.395 54.831 54.314 1125.74 ,375244 4.1394
72 01514 PN 243.474 217.37 40.248 38.447 344.898 58,775 58,491 1124,04 -.277954 3.84145
74 01522 PN 242.899 213.103 58.254 34.347 349.424 40.972 40.494 1125.14 ,898315 4.75977
74 01530 PN 242,09 208.948 54,331 34.002 374.949 43.042 42.844 1125,37 -.232054 4.52771
78 01538 PN 241.458 204.713 54,439 31.458 378,491 44,203 44,991 1124.57 .797407 5.32532
80 01544 PN 240,549 200,591 52,548 29.24 383.299 45,834 47,035 1123.85 ,717041 4.04234
82 01554 PN 259.899 194.338 50,541 24.814 389.142 47.714 49.099 1123,45 .401347 4.44373
84 02502 PN 259.145 192.084 48,44 24.401 393.852 49,735 71.149 1122.81 .439404 7.08313
84 02510 PN 258.979 190.921 47.797 23.499 394.708 70,749 71,941 1123.4 -.781414 4.30151
88 02518 PH 258.979 190.921 47.807 23,72 394.714 70,827 71.957 1123.49 -.0943404 4,20715



APPENDIX A-6
RUN If I

INPUT MICH EHSIIEEW Wl RUN NO*
(USES LATEST IF NO OTHER) ? i

M USTs?g?i|I}S ,f
EMI yiTH ? 74
INTERNAL f 1

MHAjmnnMHbV.

M COL OEN(TOP): B=A COL SENCBOT): PA COL HTt *=B COL UNI t=B COL HT

RED TINE 0.80
1

0.85
1

0.90 0.95
1 1

1.00
1

1.05
1

l HOI B U
T B

t
H 1

F
F

7 08I50AH T B U t F
§ 08I54M T 1 U t F
9
10 S

T ,* y t
u <

F
F

Fli 09106AM T B U 1
12 09H0AM T B U t F
fi Hil» T B U

T B y
t

t
F

F
IS @9122^ T b y t F
u 09124M1 t b y t F
11 SIS t b y

b t y
1

t
F

F
19 09138AH b t u $ F
20 09142AN b t u 1 F
n 09144AM B T <i I f F
22 09:50AM b t y * F
23 09154AM B T y $ F
24 09158AM B T y i F
25
9

10102AM B T y t F
10104AM
10110AM

B T
B T

u
y

tt F
F

28 10114AM B T y t F
29
30

10118AM
10122AM

B T
BT

ii i
y t

F
F

3! 10124AM T y t 1
32 10130AH B T y $ F
33 10134AM T y t F
34 mim

10142AM
T B y < F

35 T B u t F
36 10144AM T B u * F
1

39
illiuS

10158AM
T B
T B
T B

y
y
y

%%
%

!

F
40 11102AM T B y i F
41 11104AM T B u % F
42 11110AM T B y t F
43 11114AM T B y $ F
44 11118AM T B y $ F
45 11J22AH T B u t F
44 initial T B y t F
47 lliBOAH T B y * F
48 11I38AH T B y $ F
49 11142AM T B y % F
50 11144M T B V t F
51 11150AM T B y % F
52 11154AH T B y $ F
53
54

T
T

B
B

y
y

«
«

F
F

55 12104PM T b y I F
54 12S10PM T b y « F
57 12114H1 T b y t F
58 12I18PM T b y t F
59 12I2M T b y i F
40 12124PM T b y * F
61
42 wr »

U T 1
y t

F
I F

43 I2J38PH B U T * F
44 12542PM T B y t F
45
44

T
T g i ! F

F
47 12154PM T b y $ F
48 12158PM T b y t F
% li!S T

T I s ! F
F

71 01110PM T b y F
72 01114PM T i y * F
73 0H18PM T B U « F

>



APPENDIX A-7

m PP4
INPUT HHICH ENGINEERING LAB RUN NO.

(USES LATEST IF NO OTHER) ? 10 
U-CONC (G/L) IN AF FEED? 40.13 
THE LAST RECORD IS 83 

START WITH ? 20 
END WITH ? 73
INTERVAL ? 1

PP URANIUH CONCENTRATIONS (6/L) DURING RUN NO. 10 
STARTS UITH RECORD 20 AND ENDS WITH RECORD 73

F=AF STREAK: P=BP STREAti: a=m> stream: y=DW stream

ROD TINE 0
1

10
1

20
1

"20"”~09:42Ah"’"p
21 09546AN P A
22 09I50AH P A
23 0?:54AH W P A
24 09.58AH W P A
25 10:02AH U P A
26 10:06Afl W P A
27 10$ UAH U P A
28 lOilSAH y p 1
29 10I22AH y p
30 10!26AH y p
31 10.30AH y p
32 10<34AH y p
33 10$38AH y p
34 10.42AH y p
35 10$46AH u p
36 10$54AH y P
3? 10:58AH y P
38 il$02AH y P
39 11I06AH u P
40 11310AH u P
41 111 UAH y P
42 li:i8AH y
43 11522AH y
44 11I26AH w
45 li:30AH u
46 li:34AH u
47 li!38AM y
48 11U2AH y
49 li:46AH y
50 HiSOAH w
51 li:54AH u
52 1H58AH y
53 12J02PH y
54 12:06PH y
55 12510PH y
56 12:i4PH y
57 12J18PH p u
58 12522PH p y
59 12526PH y
60 12S30PH y
61 12J34PH y
62 12:38PM y
63 12J42PH u
64 12546PH y
65 12{50PH y
66 12:54PM y
67 12:58PH y
68 0i:02PH y
69 0i:06PM y
70 01J10PH y
71 0i:i4PH w
72 ouimi y

30
I

40
I
...

F
F
F
F
F
F
F
F
F
F
FA
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

P F

>



APPENDIX A-8

PIP Ti:=PP4.B2S
10 REM THIS PROGRAM PLOTS PP XRFA DATA
80 PRINT 'INPUT HHICH ENGINEERING LAB RUN NO/ I

\INPUT ' (USES LATEST IF NO OTHER) ')RN$\R$=RN$ I
\IF RNIO" THEN RN^'/tRNI 

82 FILil='HPSt307?1003ELDTl.DAT'TRN$
90 ON ERROR GO TO 9200
95 INPUT 'U-CONC (G/L) IN AF FEED'fU(2)
105 HAP (ELDAT) M»T$»RDG(20)»DHA5!(4)»DMA1,BMATl»DHA2»DMAT2>XRFL(3),XRFLt(3)=20»DYNATR»ACID %

\0PEN FILU AS FILE 3Z» RELATIVE f ACCESS READ* ALLOU MODIFY» MAP ELDAT l 
\6ET «3> RECORD 1 i
\PRINT 'THE LAST RECORD IS 'JRDG(O)

110 INPUT ' START HITH 'iSTRT I
\INPUT ' END HITH '5LST l
\INPUT ' INTERVAL ')INTV i
\IF INTM=0 THEN INTV=1

300 PRINT TAB(30)}'PP URANIUM CONCENTRATIONS (G/L) DURING RUN NO, 'iR$
310 PRINT TAB(30)i'STARTS HITH RECORD'JSTRTJ' AND ENDS HITH RECORD'?LST\PRINT
340 PRINT 'F=AF STREAM, P=BP STREAMS A=AP STREAMS H=BH STREAM'\PRINT STRING$a302,455!)
350 PRINT 'RCD TI«'fTAB(16)f'0'»TAB(31)»'10'»TAB(46)»'20'STAB(<S1)j'30'>TAB(76);'40'{TAB(91)j'50')TABa06);'60';TAB(121)i'70' 
m PRINT TAB(16)»'r»TAB(31)»'f'»TAB<4A)»'!'»TAB(61)J'f'»TAB(74)f'l'5TAB(91)j'l'»TAB(106)f'l'fTAB(121)}'l'
370 PRINT STRINGt(130Z'61Z)
399 I=STRT
400 GET #3»REC0RD I\ PRINT I?TAB(6)»EDIT4(T$»2Z)S
410 P=INT(XRFL(0)I1,5+16.5)\A=INT(XRFL(l)tl,5+16,5)\H=INT(5(RFL(3)<i,5+16,5)\F=INT(U(2)I1,5+16,5)
422 P(1)=P\P(2)=A\P(3)=H\P(4)=F 
424 SH=P(1)
426 FOR K=2 TO 4\IF P(KXSN TS€N SM=P(K)
428 NEXT K
430 FOR K=1 TO 4\IF P(K)=SN THEN P(K)=500
431 NEXT K
432 IF SH=P THEN PRINT TAB(P)r'P'5\G0T0 424 
434 IF SM=A THEN PRINT TAB(A5f'A'XGOTO 424 
436 IF SN=H THEN PRINT TAB(H)?'H'»\GOTO 424 
438 IF SH=F THEN PRINT TAB(F)J'F,;\GOTO 424 
450 PRINT500
8000
920092509300
10000
>

M+INTV 1\IF KLST GO TO 400 CLOSE 32 I\G0 TO 10000IF (ERR-1362) AND <ERL=105Z) THEN SLEEP 12 IF (ERR-1552) AND (ERL=4002) THEN RESUME 500 PRINT 'ERROR'?ERR?' AT LINE'I ERLEND

\ RESUME 105



APPENDIX A-9

X-RAY FLUORESCENCE DATA HISTORY 
COHPARED TO U CALCS 
STARTS UITH RECORD 20 
AND GOES TO RECORD 73 

FOR ENGINEERING LAB RUN 10 ON 26~Jun-81

UNIT 1<<«! 
XRFA

BP STREAM
AG U CALC XRF-CALC

UNIT 2...AP STREAM
XRFA OR U CALC XRF-CALC

UNIT 4.. 
XRFA

•BU STREAM

20 09J42AH 0 .8 -.8 0 8,21 -8.21 0 AT 09135 AH
21 09146AK 0 -.68 .68 1.1048 3.92 -2.82 0 AT 09;35 AH
22 09150AH 0 -2,27 2.27 2.8264 8288.96 -8286.13 0 AT 09535 AM
23 09554AM 1.4978 ,73 ,77 4.2635 6,22 -1.96 0 AT 09535 AM
24 09558AN 1.6835 1,27 .41 7.3009 -4.5 11.8 0 AT 09535 AM
25 10502AN 1,6491 1,33 .32 12.0165 14.41 -2.39 0 AT 09558 AM
26 10506AN 2.0695 1,52 .55 16.4136 16.71 -.3 0 AT 09558 AM
27 10514AH 2.7494 2.26 .49 21.21 18,93 2.28 0 AT 09558 AM
28 10518AH 2.9082 3,02 -.11 23.1532 21.15 2 0 AT 09558 AH
29 10522AH 3.7416 3,49 .25 32.0068 26323.4 -26291,4 0 AT 09558 AM
30 10526AN 3.5054 3,87 -.36 37.6462 35.66 1,99 0 AT 10522 AH
31 10530AN 5.3378 4.53 .81 40,6479 37.18 3,47 0 AT 10522 AM
32 10534AH 6.8669 5.72 1.15 42.9022 38,54 4.36 0 AT 10522 AH
33 10538AN 8«8886 8.32 .57 44,4975 41.05 3,45 0 AT 10522 AH
34 10542AH 10.0064 9,65 .36 44.4975 42,03 2.47 0 AT 10522 AH
35 10546AH 12.4088 12,47 -.06 45.5235 40.06 5.46 0 AT 10545 AH
36 10554AH 16,1821 15.13 1.05 48.7966 45,37 3.43 0 AT 10545 AH
37 10558AH 17.4759 17.64 -.16 49.8244 -20.73 70,55 0 AT 10545 AH
38 11502M 18.8192 32.47 -13.65 50.6569 -20.42 71,08 0 AT 10545 AH
39 11506AN 21,3615 21.27 .09 51,0435 47.27 3,77 0 AT 10545 AH
40 1151<NU( 21,3615 22.38 -1.02 52.7757 47.35 5,43 2.139 AT 11508 AH
41 11SI4AN 21.3615 23.41 -2.05 52.7757 47.5 5,28 2.139 AT 11508 AH
42 li:i8AN 24.6018 25.33 -.73 52.7399 47.8 4.94 5,0691 AT 11514 AH
43 11522AN 26.266 26.46 -.19 51.3247 47.8 3,52 5,7926 AT 11518 AH
44 11526AH 26.8254 28.02 -1.19 51.7948 47.8 3.99 6,5046 AT 11522 AM
45 li*30AH 28.6026 28,76 -.16 51,8478 47,95 3,9 6,9981 AT 11526 AH
46 11534AN 29.2543 30.09 -.84 51.8478 47,88 3,97 7.5678 AT 11531 AM
47 1153MN 29.0009 30.68 -1,68 52.1326 48.03 4.1 7.5968 AT 11535 AH
48 11542AK 30.1878 31.28 -1,09 52.1326 44,76 7,37 8.2635 AT 11539 AH
49 11546AN 31,1579 32.24 -1,08 52.4073 48.1 4.31 7,9997 AT 11543 AH
50 11550AN 31,7137 32.85 -1.14 51,6493 48.1 3,55 7,4444 AT 11548 AM
51 11554AN 31.6163 33,67 -2,05 52.6292 48.26 4,37 8,1983 AT 11552 AM
52 11558AN 33,5843 34,11 -.53 51.7918 48.33 3.46 8.3681 AT 11556 AH
53 I2202PN 33.5843 34.56 -.98 52.1066 44.39 7.72 7.9842 AT 12500 PH
54 12S06PN 33,9701 35,15 -1.18 52.4936 48.41 4.08 8.318 AT 12505 PH
55 12ilOPH 34.4591 35.52 -1,06 53.7469 48.41 5,34 8,1519 AT 12509 PH
56 i2ilira 34.9324 36.29 -1,36 51.7578 48.56 3,2 7,6647 AT 12513 PH
57 12I1OT 0 36.52 -36.52 53,4825 48.94 4,54 7.2924 AT 12517 PH
58 12522ra 0 36.66 -36.66 53.9478 49,09 4,86 7.2924 AT 12517 PH
59 12526PN 35,1161 37,04 -1,92 54.5717 49.47 5,1 6,9397 AT 12522 PH
60 12530PH 37.1506 37.19 -.04 52.6255 49.93 2.7 7.381 AT 12526 PH
61 12534PN 36,4812 37.56 -1.08 53.2949 50.3 2.99 7,0155 AT 12531 PH
62 12538^ 35.8849 37.56 -1.68 53.2949 50.3 2,99 6.988 AT 12535 PH
63 12«42ra 35.8849 37.56 -1,68 53.2949 50.3 2.99 6.988 AT 12535 PH
64 12546ra 35.8849 37.71 -1.83 53.1467 85687,5 -85634.3 6.988 AT 12535 PH
65 12550ra 35.8849 38.32 -2.44 53.1467 50 3.15 8,2742 AT 12549 PH
66 12554ra 37.6129 38,62 -1,01 53.9513 48.79 5.16 8.3565 AT 12554 PH
67 12558ra 35,5315 38,84 -3,31 51.8998 48.03 3.87 8,3321 AT 12557 PS
68 oii02ra 37,1043 38.98 -1.88 51,8501 47.65 4.2 8.627 AT 0150? PH
69 0II06PH 35.1152 39,36 -4.24 52.5569 47.5 5.06 8.627 AT 01502 PH70 oinora 37.3307 39,43 -2.1 52.939 47.8 5.14 8.8823 AT 01506 PH
71 oi:lira 37.1047 39,51 -2.41 52.2639 -18.82 71,08 9.0885 AT 01511 PH
72 oiiisra 38.68 39.52 -.84 53.6751 48.41 5,27 9,6739 AT 01515 PH
7i oi:22ra 37,5091 39.53 -2.02 53.6751 48,56 5,12 9,7002 AT 01519 PH



APPENDIX A-JO

RUM PP2
IHPUT HHICH EM6INEERIM6 LAB RUM MS.

(USES LATEST IF NO OTHER) ? 12 
THE LAST RECORD IS 107 

START HITH ? 32 
END HITH ? 90
INTERVAL ? 4

FLOH RATE HISTORY FOR ENGINEERING LAB RUN NO. 512 
STARTS HITH RECORD 32 
AND GOES TO RECORD 90
RESULTS GIVEN IN LITERS PER MINUTE: HINUS=OUTFLOWi PLUS=IHFLOH

AS AF AX BX AH BU BP NET FLOH

u 10116 AM -.114 -.314 -.275 -.268 .686 0 0 -.285
40 10132 AH -.111 -.33 -.268 -.292 .532 .178 0 -.292
44 10.48 AH -.122 -.323 -.274 -.289 .52 .289 .519 .321
48 11104 AH -.104 -.331 -.268 -.28 .451 .241 *232 -.058
52 li:20 AH -.113 -.316 -.278 -.278 .423 .293 -.011
56 H!36 AH -.105 -.324 -.26 -.274 .424 .219 .266 -.054
60 li:52 AH -.094 -.324 -.257 -.245 .451 .294 .267 .092
64 12:08 PH -.105 -.324 -.262 -.297 .379 .205 .257 -.146
68 12:24 PH -.102 -.316 -.265 -.27 .401 .293 .25 -.005
72 12*40 PH -.093 -.331 -.256 -.279 .416 .271 .251 -.021
76 12:56 PH -.089 -.315 -.262 -.28 .419 .29 .258 .021
80 0U12 PH -.101 -.315 -.259 -.28 .404 .219 .258 -.074
84 01:28 PH -.104 -.316 -.256 -.281 .402 .247 .252 -.057
88 01J44 PH -.103 -.324 -.282 -.275 .396 .286 .262 -.041

>

RUN PP2
INPUT HHICH ENGINEERING LAB RUN NO.

(USES LATEST IF NO OTHER) ? 12 
THE LAST RECORD IS 107 

START HITH ? 48 
END HITH ? 88
INTERVAL ? 40

FLOH RATE HISTORY FOR ENGINEERING LAB RUN NO. 512 
STARTS HITH RECORD 48 
AND GOES TO RECORD 88
RESULTS GIVEN IN LITERS PER MINUTE: MINUS=OUTFLOH» PLUS=INFLOH

AS AF AX BX AH BU BP NET FLOH

-.101 9 04 ro
 :

-.263 -.276 .411 N
> .254 -.035

>



APPENDIX A-11

RUN PPM
INPUT HHICH ENGINEERING US RUN NO.

(USES LATEST IF NO OTHER) ? 10 
THE LAST RECORD IS S3 

START HITH ? 17 
END HITH ? 50

FEED UfB/l) AND NOMINAL FEED FLOHIL/N)? 4043.0.339

A-COL HOLWH’i BASED ON XRFA DATA AND INCREMENTAL FLOH RATES (NEAR REAL TINE) 
STARTS HITH RECORD 17 
AND GOES TO RECORD SO 

FOR ENGINEERING LAB RUN 10 ON 2A-Jun-Sl 
(N PREFIX INDICATES NOMINAL FEED FLOH USED (DUE TO 102 ERROR))

PLOT OF TIHE(NIN) (VERT SCALE) US U-0UTR3U (6/HIN) (NOR SCALE)
5

4 *

10 15
(NOMINAL(FEED FLOW* 13,6 GU/HIN

COL ACCUH U(G)

56.88 t I 108.4
12 t l 160
14* l 216.220 * l 26624 * i 319.3
28 t 4 365.3
32 t »

» 406.936 * 4 444,1N 40 $ * 2 469.1
N 44 * * 491
48 t 4 516.152
54

t *! 535
* : 550.4

60 * : 563.644 * 57468 * 583.472 * : 596.8
N 74

* 580.7
80 t i 560.984 8 ! 564.688 8 t 56792
96 !J ■ fg.4N 100 8 i 574,3
104 * : 583,2

"tip * >
8 : IF

116 8 ! 597.8
120 * : 604,7124 8 ! 606128 8 605.8132 * 604.9

>
RUN ACOL

FEED U (G/L) S FEED FLOH (L/H)? 40.13.0.325
HINDOO HIDTH (MINUTES)? 35
NUMBER OF DATA POINTS? 6
BENOHINATOR OF VERT SCALING FACTOR? 4
DATE OF RUN? 6-28-81
m FLOH RATE. L/HIN? 0.265
ENTER ELAPSED TINE AND GRAMS U/L FOR POINT 1 ? 15,0

POINT 2 ? 30,1.3
POINT 3 ? 45,11.9
POINT 4 ? 60,35.1
POINT 5 ? 75,46.5
POINT 6 ? 90,48.5

PLOT OF TIHE(MIN) (VERT SCALE) VS U OUTFLOH(G/NIN) (HOR SCALE) FOR RUN 6-28-81
10

11
12 t
a
24 t
28 t 
32 t
36
40
44
48
32
56
60

72
74

Feed F1om=i13.04 GU/HIN
I
I

15 COL ACCUH U(G)

52?7
105.7
157.7 
209.5
262,1
314.8
366.8
111:1
512.7
555.7
593.6
625.1
649.2
666.6

691
693.5
694.2
693.9
693.2

>



APPENDIX A-12

TO PPli
INPUT HHICH ENGINEERING LAB RUN NO.

(USES LATEST IF NO OTHER) ? It 
THE LAST RECORD IS 84 

START KITH ? 11 
END HITH ? 74

FEED USG/L) AND NOMINAL FEED FLOHiL/Hi? 40,13.0.444

AD-COL HOLDUP. BASED ON XRFA DATA AND INCREMENTAL FLOH RATES 
STARTS HITH RECORD 11 
AND GOES TO RECORD 74 

FOR ENGINEERING LAB RUN 11 ON 30-Jun-81 
(N PREFIX INDICATES NOMINAL FEED FLOH USED (DUE TO 102 ERROR))

INEAR REAL TIME)

PLOT OF TIHE(MIN) (VERT SCALE) VS U-OUTFLGU (6/HIN) (HOR SCALE) 
5 10 15 20 COL ACCUH U(G)

4 I
B t 

N 12 I 
16 I 
20 *
24 «
28 t 
32 t 
36 t 
40 t 
44 t 
48 I 
52 ' t
56 »
60 t
64 I
68 t
72 
76 

N 80 
84 
88

RECORD 34 MISSING 
N 96 

100 
104 
108 

N 112 
116 
120 
124 
128 
132 
136 
140 
144
148 ■
152
156 ’
160
164
168
172
176 :
180
184
188
192 '
196
200
204
208 ’
212
216
220
224 '

228 ■
232
236
240
244 ■'
248
252 :

(NQHIKAUFEED FLOW-’ 17.82 GU/HIN
72.1
144
213.3
283.5 
355
426.6 
498
569.1
640.2
706.6
777.2 
846
908.1
973.3 
1038
1095.7
1157.1
1216.3
1271.4
1322.8
1378.7
1422.7

1452.8
1477.3
1522.5
1567.5
1611.1
1656.6
1696.6
1738.7
1778.2 
1817.1
1864.9
1910.7
1945.3
1972.7 
1985
1994.8
mi
2031.8
2042.4
2052.7
2062.7 
2076
2084.9
2102.4
2116.6
2126.5
2131.6
2140.5
2144.8 
2149
2151.6
2157.8 
2159.4 
2162 
2165
2168.3
2175.3
2177.4
2179.8



APPENDIX A-13

RUM PPI2
,"’UT “WHiPU Mf* u
THE !JBT RECORD IS B4 

START WITH ? 11 
END UITH ? 70

FEED U(S/L) AMD NDKINAL FEED F10H(L/HS? 40,13r0.444

B-COL RETENTIONS BASED ON XRFA DATA AND INCREMENTAL FUN RATES (NEAR REAL TIME) 
STARTS UITH RECORD 11 
AND ODES TO RECORD 70 

FOR ENGINEERINS LAB RUN 11 ON 30-Jun-81 
(N PREFIX INDICATES NOMINAL FEED FLOU USED (DUE TO 102 ERROR))

PLOT OF TIME(MIN) (VERT SCALE) VS U-OUTFLOU (6/NIN) (HOR SCALE) 
5 10 15 20 COL ACCUH U(G)

4 t '
8 t

N 12 *
16 S #
20 I ■
24 t '
28
32
36 ■'
40
«
52
56
60
64
68
72
A
84
88

RECORD 34 MISSIN6 
M 96 

100 
104 ;

um
116
120
il
132 -
a ;

144
148 ■ *
152 ' t 
156 t 
160 ' t
164 ■ t 
168 ‘ t
El : l
180 *
184 I
188 *
192
196 ' I
200 . t

(NOHINAL)FEED FLQH= 17.82 GU/HIN

212 
216 I
II
228 * 
232 *
236

0
0

-1.9
-4.1
-4.7
-4.7
5.5 
24.7
45.1
67.6 
91.4 
121.8
157.3
198.5
248.9
300.3
349.3
396.4
440.6
479.9
516.7
553.6

606.1
658.6 
695
767)8
804.7
840.4 
873.2
904.4 
939
976.9
1012.9
1042.1
1059.3
1067.4
1074.4
1083.2
1092.5
1101.9
1110.9
1118.6
1124.8 
1129
1134.5
1144.8 
1158
1167.4
1176.2 
1186.1
1192.8
1175.2
1152.6
1147.6
1145.4
1145.5
1148.5

>
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APPENDIX A-15

PHOT PLANT STATUS AT 11122 AN ON 04-Ausi-81 PP RUN t 13 RECORD I 28

RBG INST APPL CHAN RAU DATA PSilN)
ssssssss: issssssssssrsssssssssssss
i LT-l AS LEV 672 8,11707 0
2 LT-2 AF LEV 673 30,9949 0
3 LT-3 AX LEV 674 29,4189 0
4 LT-4 BX LEV 675 33.1842 0
5 DT-4 AU DEN 676 22,2973 20,63
6 LT-5 AU LEV 677 35.8309 0
7 DT-8 BW DEN 678 15.9186 19,4
8 LT-6 BW LEV 679 12.0465 0
9 DT-9 BP BEN 680 20.7588 20,047
10 LT-7 BP LEV 681 5,69366 0
11 NT-i A COL m 682 203,583 281.75
12 BT-12 A DEN (B) 683 127,094 166
13 DT-13 A DEN CT5 684 114.161 115.75
14 CIT-6 BP H+ 685 41,5649 0
15 DE-3 BYNATRGL 686 -24,7349 0
16 HT-2 B COL UR 687 237,821 230
17 DT-14 8 COL DEN 688 . 230.134 230

BMS-45- 1«0484 § 23.66 » DPR-412= .9012 0 24,18 > DYNATROL DEN = ,9485 ? CIT-6 ACID = ,23
XRFA-1 IS 31,0813 AT 04-Au2-81 11J20 AH » XRFA-2 IS 62.6924 AT 04--ftu<J-81 lltl? AH » XRFA-4 IS 3,2528 AT 04~Ausl-81 11118

TOTAL TAYLOR VOLUME (L) = 1197,3 TOTAL SOLUTION VOLUME CL) = 1133,58
16 -MINUTE TAYLOR CHANGE CL) = ,81958 16 -MINUTE SOLUTION CHANGE CL) = ,601929

CUMULATIVE TAYLOR CHANGE CL) * -1,98254 CUMULATIVE SOLUTION CHANGE CL) = -1,92908

TANK LLCCM) V(25)CL) FRCL/HIN) CUHCL/MIN) TCDEG C5 BCG/ML) IttCM) UCG/L) UCKG)
sssssssssssssssKsrKsssssssss: SS2S2222SS222SS2£2222222222: 5=22222222222222222=2222222:

AS 20.064 85,347 -.122 -.101 C 32 ) 23.66 1,0276 1 0 0
AF 69,498 228,057 -.758 -.76 ( 32 5 23.66 1,1328 3,1 26.8 6,11193
AX 92,229 80,059 -.291 -,302 ( 32 ) 23,66 ,8102 0 0 0
BX 83,802 73,561 -.298 -.303 C 32 5 23.66 1.0058 ,32 0 0
AU 84,205 617.017 .973 ,902 C 32 S 23,66 1.08082 2,43 ,003 ,00185105
BU 37,29 28,158 ,208 .23 ( 32 ) 23.66 .820545 ,04 3,2528 ,124
BP 13,794 21,377 ,332 ,279 ( 32 5 23.66 1,0484 ,23 31.0813 ,485

tanks: TOTAL AQ = 1025,36 L TOTAL ORG = 108,217 L TOTAL U IN TANKS (KG) = 6,723

lines: TOTAL AQ = 13,53 L TOTAL ORG = 12,06 L U HOLD-UP IN LINES (KG) = ,597

COLUMN BRCB) DRCT) MR FFCL/HIN) SFCL/MIN) FD-UCG/L) UCKG) FB-BCG/ML)
ssrssssssrssssss: :S22S22=222S2SS:S222222S222.222222222222222522222222222222222222222222:5222222222

A-07003 ,765627 ,986276 ,722567 -,758 -,291 26,8 1,023 1,1328
B-07004 1,00058 — 1.034 -.299 -.298 62,6924 ,866 ,9012

sssrrsssrsrrss: 22222222=22222:5222222222222222222222=2222:52222222=2

TOTAL U IN COLUMNS (KG) = 1,889 
COLUMN U BY DIFFERENCE (KG) = ,7 

TOTAL U INVENTORY (KG) = 9,209 
STARTING U (KG) = 8,02
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APPENDIX B-l

PILOT PLANT A-COL HOLDUP (NEAR REAL TIME)

pip n;=ppio.B2s 
1!!! I

DATA LT-l .AS LEV ,472. 8
LT-2 iAF LEV *473* 8
Lf-3 *AX LEV ,474, 8
LT-4 ,DX LEV ,475, 8
BT-4 >AW DEN ,474* 8
LT-5 *AW LEV ,477, 8
DT-S
LT-4 :IB S

i
ST-9 ■IP KH ,480, 3
LT-7 *SP LEV ,481, 8
UT-1 .A COl HR ,482* 8
DM2 *A DEN (3)>483* 8
Bi-13 >A BEN (T)*484, 8
CIT-4 ,BP Ht ,485, 8
m ,484*

,487, 1
DT-14 fS COl DEN,488

'IBB
82
90100

105

I

pm 'INPUT WHICH ENGINEERING U8 RUN NO.
MNPUT ' (USES LATEST IF NO OTHER)
\IF BBO" THEN RIB-'i'+RNi 
FILlJ»'HP![307tl003ELBTl.BAT'tRNS 
\FIL2»='M>:O07il00]ELANA.BAT'TRNS 
ON ERROR 60 TO 7200
OIK INSi(20)iAPPU(20)iCHAN7(20)iE(20) !
W (ELDAT) D*»TSiRI)G(2O)!IIHA2(4)iDHA1»BHAT1iI)HA2>DHAT2>XRFL(3)iSRFL<(3)=2Oi0YNATRiACII) 
\HAP (ELANA) TAMBiLNfACiBEiUCiTPiPS I
W (WLiM) PTiPTSiWLiAO) it Fills AS FILE 32* RELATIVE * ACCESS READ* ALLOW KODIFY* HAP ELDAT 
\GET #3* RECORD 1 t
SPRINT 'THE LAST RECORD IS ')RDG(O)
INPUT ' START WITH 'ISTRT t
MNPUT ' END WITH 'ILST 8
\INTV=I

145 INPUT 'FEED U(G/L) AND IMWAL FEED FLOU(L/H)' iC,EH\F=C?EN\6=100/F\PRINT\PRM

no

13
145
170

180

185

REAS Itp|»|*APPl$a>,eH«a) FOR m TO 17
READ TNK4U) 
UNW-13 
\DIH LEV<40) 
\LEVU)=(I-l)tbi

FOR 1=1 TO 3

FOR 1=1 TO 40
\OreN FIL2* AS FILE 12* RELATIVE; 
SFOS 1=1 TO 3 8
S6ET *1. RECORD I 8 
S BFU)=0£
ICXT ISCT=0

SET UP TO CALCULATE DENSITIES FOR LEVEL 
ACCESS READ* HAP ELANA 8

500 PRINT'ritWj'A'A-COL HOLDUP. BASED OH XRFA DATA AND INCREHENTAL FLOW RATES (NEAR REAL TIHE)'
SPRINT TASI45)I'STARTS WITH RECORD'ISTRT 8
SPRINT TAB(45)I'AND GOES TO RECORD'ILST 8
S6ET «* RECORD 2 8
SPRINT TAB(3A)f'FOR ENGINEERING LAB RUN 'iRIGHT(RN«.2Z)l' ON 'IDS 8
SPRINT TAB<25>I'(N PREFIX INDICATES NOHINAL FEED FLOW USED (DUE TO 102 ERROR)('SPRINT STRIN6$(110Z>45Z) 

510 PRINT TAB(S2)I 'PLOT OF TIHE(HIN) (VERT SCALE) VS U-OUTROW (G/HIS) (HOR SCALE)'
520 FOR J=5 TO 55 STEP 5SIF (GSJ-1XM15 THEN PRINT TAB<G4J-l)Ui 
530 NEXT JSPRINT TABUISH'COI ACCUH U(6)'SPRINTSL*IHT(G*F+0.5)
54® PRINT TAB(L-1?)I'(NOHINAL)FE£D FL«l='l<INT(F*100fO,5)/100)!'6U/HIH'SBF=0 
545 I-STRT
^a(l)^RDGaX»(l)SLL(2)=RDG(2)/DF(2)SLL(3)=RDG(3)/DF(3)
540 FOR X=1 TO 3STK*=THK*<X)SLEVEL=2,548LL(K)S!S)SUB 2O000SV(X)=V0LURE 
545 E(N)=V(K)tDF(K)SDIFF(K)=E(Kt7)-E(K)SE(KF7)=E<X)SNEXT K
547 IF CT=0 TIEN CT=1SCNT=!SI=I*INTVSG0T0 550
548 FOR K=S TO 3
570 RATE<K)=(DIFF(K)/DF(K))/(4tINTV)SRATE(K)=INT(RATE!t!)81000t0.5)/1000S)EXT K 
575 E=RATE(2)SIF (A8S(E-EN))/EN>0.1 THEN E=ENSPRINT 'N'i 
577 AX*RATE(3)SF=CtESL=INT(G4FF0.5)
402 X=4»CNTSZ=XRR<l)S2=2M.?25?SW=Z/238,03+0.0484SY=(U/(11.8-W)R)8AX8ZSD=IlfT(rtOt0.5)
404 R=4«F-!¥+8F)/2)SS=S+RSt=!NT(S*10l0.5)/10\BF=Y
404 IF K=(l-1> TIEN PRINT XITAB(D)l'8'ITAB(L)I'I'ITABt122)IQSGOTO 420
408 PRINT_X;TAB<0);'»'iTAB(122))0

SCNT=CNT« i
SIF K=LST THEN GOTO 550 88ww mu

9200 IF (EBi=134Z) AND (ERI.=1052) THEN SLEEP 12 
9210 IF (ERRM552) AMD (ERL=5502) THEN PRINT 'RECORD'
9300 PRINT 'ERROR'IERRI' AT LINE'(ERL
9900 SO TO 30000
20000 FIL31='HPI[307.1001'+mt'.DAT' 1

SOPEN FIL38 AS FILE 52* RELATIVE* ACCESS READ, HAP VOLUME 
SDET *5, RECORD 1 20015 B=0

20020 FOR J=1 TO PT
20025 IF LEVEU0.5 THEN V0LUKE=0 SCO TO 21000
20030 IF ABS(LEV(J)-LEVEL) > UNDU THEN 20110
20050 FOR L*1 TO PT

IF ADS(LEV(L)-LEVEL)>WNDW THEN 20090

S RESUHE 105 
'HISSING'SRESUHE 420

IF L=J THEN 20090
T=T!=T8(LEVEL-LEV(l.))/(I.EViJ)-LEV(L)) 
NEXT L
B=BtTW < J)
NEXT J
VOLUHE-- INI (B»1000 i-0.5) /l 000
RETURN
END



APPENDIX B-2

TANK VOLUME VERSUS TIME COMPUTER DATA: TEST 3AM-3

RUN m
INPUT UNION ENGINEERING LAB RUN NO. 
----------- (UGEG LATEST If NO OTHER) ? 11
THE LAST RECORD IS 84 

START UITH ? 2
--------- TwruiTFr-yir-------------------

INTERVAL ? 2
VOLUME HISTORY FOR ENGINEERING LAB RUN NO.
STARTS UITH RECORD 2

■AND OGES TO RE£flRB-64--------------- :-------------

511

AS AF AX BX AU BU BP TAY(L) LOSS(L) CUH LOSS(L)

4 08114 AH
6 08122 AH
%—

.152.-2A--
157.027
154.36

-2%2tML.
287*566 

• 287.566 
~mir?S¥h

liaJJlSL
110.529 
108.402 
106.-224 •

,110i224-.
110.805
108.488

-Wrrm-

. 256.621. 
796.531 
796.531

-mrm-

0
o

■0—-

.0—
0
0

■+-------

_ 1425.l07_ 
1424*42
1419.68

.0_____
.648804 
4.74548 

tm-m
3.12451 

;8,15308 ' 
1.03894 

=L24572B-. 
.343384 
.941772 
1.12097-

2
.648304
5.39429
nsr
15.7975 

‘7 ."64441' 
8.68335 

_8J37i2- 
8.78101 
9,72278 

•48t8438-
11.2332
11.2126

"12.-0915"
12.5756

-I2i5756_
12.6996
12,542
«rM4

08:38 AH 
08146 AH

"OfffWAR"
09.06 AH 

. 18_ _-09114-AH_ 
20 09122 AH

09530 AH

10
12

'll
16

  XvUTAXT
154,705 282,95 103,979 104,108 722*602 0 0
153.653 279,356 101.903 102,096 715,868 0 0

"1527283' 274 7221 "”987743" 99 ."016 701 .T65" ""47717 5459
151,444 270.621 96,574 96,846 699,514 6,53? 3,372

-150.6S6—267.009—54^85.—24^36.—6981271-8.368____10,379-

22
44-

149,866
149,078 < *0 10.

* 263,3?:.
259,908OEi AOO

92,292
90,181ecL-OO'j

92,231
89,9370“J

700,792
703,638

10.639
12.38111 LflS®

12.39
14,455

147,211
146,425

■ 252,825
249.357

35,77?
83.635

85.593
83,376

yxsytf
709.634
714,026

Xw*TWW
16.453
18.61

18,349
20.385

1412,4
1409.27 

"1417,11' 
1416.3? 

-1416,61. 
1416,29 
1415,35 
1414,23 ■■

26 05546 AH
28 09554 AH

10--tOI-OTAH"--
32 10510 AH
36 105^'AH"

38 10534 AH

-143r646--
144,664

.144.644.-

■2457731-
242,27

-8l7S4r
79,616

.22.414-

-817177"
79.047

-718,721-
722,811

-222.811-

-197836"-
21,75

.21.25—

'227161"
24,277

-24777-

1413,84
1413,86

1412.49
-1411*45.-

,389404 
0205078 

-7878906"" 
,484009 

.ft.
142.93?

• 142.252< *4 4*?fl

235.287
231.663nan

75.488
73.416
7-1-n 1?,^

74.81
72.964

..rM nn-r

731.685
735,618

..TiA. AftT.

'’26.508
28.382

28,116
29,88 _

1412,37
1412,53... tjLl.jf i5.7

,124023
-.157593
..... c/nAin

140.562
139.521

224i793 
221,292

69.254
67.191

/XTV£i3
68,745
66,442

744,663
748,68

32,329
34,038

4 5 Jli
33,617
35*478

1412,22
1411,06

-,256592
1,16199

42
44
46-
48

.50-
52
54

-5A-

10550 AH 
10558 AH

"tntjrwi-
11514 AH 

.-UJHAH- 
11530 AH 
11538 AH

.44444-4#-

-1387771'
137,771

-132.141.

-2177667"
214,175

-210.a2__.

657 nr
63416
ii.05—

-647301'
62.201

.60.084-

"7537465"
756,853

-761.676-

-357041"
38,361

.40.625-

-377152"
39,0?

.41.06._

"1410.78"
1410,35

_14lt,52-_:

7280271" 
.430542 

•1.16907-.

12.8474
14,0094

"1472891
14,7202

.13,5511
136.211
135.463
n* coo

207,337
203,857
nftft CA7

58,92?
56,856

... GJLJXIB. .

57.94
55,73?
ei trc?

765.896
769,14
•gnn nA* .

42,582
44.431

...kl ItLI

43,067
44,95
iU..-34-i- -

1410,15
1409,76

..JUlIA JUlL.

1,373?
,389771

14,925
15.3148

133,777
132.898

197,03
193.552

52,817
50.722

51.4
49,265

f i jli yvj
779.712
782.729

* -fUw
48,354
49,516

48,705
50,538

1409,46
1408.17

,600586
1,2887

15.608
16,8967

58
60

-82-

11554 AH 
12502 PH

--12T10-PH" -1327111 -1907197 - 487471—47712'--7857918"' ' 527257 ' " ' 527374 ~ "" 1408 761'
64 12518 PH 131.188 186.711 46,245 44,977 790.771 54,785 54.304 1408,02
66 , 12526 ltL_......... ._______ 130,467- -183,351_ _44,26-_.._42,213... -253,22- -54, $35...-.56,254......1408,11.
68 12534 PH 129.409 179,858 42.259 40.779 799,03 58,812 58,272 1407,56
70 12542 PH 128,677 176.492 40.13 38,712 802,633 60.838 60,17? 1408,01
72 12550 PH -127.774 172.994 38,062 36.63? 807,077 62,905 62,102 1407.41
74 12558 PH 126,777 169,622 35,962 34.54 812,036 64.942 64,005 1407,01
76 01506 PH 126,209 166,255 33,923 32,472 816,337 66.468 65,905 1406.74

”78" 'URIT PH'""""""' '-"125,W 142,8g2 31,914 30.324 319,367 68,517 67,454 1405,21
80

-82-
01522

-J1530.
PH
.EH-——.—dsm.WL.jfcft-

ii

It®--im. -MSkJt
84 01538 PH 124,36 159.26 29,339 28.143 823,052 71.052 69.708 1406,02

-7449585" 
,603638 

r.126341- 
,58313 

-.450806 
,599609 
,40148? 
,248433 

T, 53259"

'1874471
17,0508 

-16.224.4. 
17,5076 
17,0568 

'17,6564 
18.0579 
18.3263_ 

1978589 
15



APPENDIX B-3

FLOW RATE VERSUS TIME COMPUTER DATA

jR%5WHMW’tTr
THE LAST RECORD IS 84

---------START-HF
END UITH 
INTERVAL

? 84
? 4

Test 3AM-3

!liFLOU RATE HISTORY FOR ENGINEERING LAB RUN I
.STARTS-HUH. REC*B-2________________________ -.........

AND GOES TO RECORD 84
RESULTS GIVEN IN LITERS PER KINUTE! HINUS=0UTFL0H> PLUS=IHFLOU

AS AF AX BX AU BU BP NET FLOU

6 08122 AH10—OaUB-fll-
14 08158 AH
18 09114 AH■' wm-m--23-
26
30

-.056
.-^103.

-.152
-.09?

09146 AH 
10102 AH

-.117 
-.098 
"O'-

0
.289.
346
451
444--
443
442

-.144rj226.
-.327
-.273
-r2A3-
-.275 
-.263 
'0‘

-.156
.-.224.
-.318
-.28-rm-
-.271
-.276

-.006
.*425.

,97
.589as-
.523
.556

'O'

0
.0....

.295

.2283»-
,255
.212

-0".....

0.0. .. 
,404 
,245 

-.256- 
,248 
,259

-r '

-.362 r,46a . 
,325 

-.04 
-rM3-
-.081
■■,052
“0 -

38
-.42.-

46
50

10134 AH
.10150. AS______

11106 AH
11122 AH

-,212
___ . r_iJy£._

-.112
-,i01

-.881
..-,429..

-.445
-.428

-.509
.r-, 26...- 
-.257 
-,256

-.513
--.264..-
-.278
-.264

1.07
...537...

.53

.55

.541 
. ,255.. 

.238 

.292

,496
,25
,235
,256

-.008
-.018
-.089

,049

58 n:54 ah -.105 -.427 ■.252 -1271 ,543 1249 .242 -:k3
62 12110 PH -.104 -.427 -.272 -.268 .529 .242 ,237 -.062

“66 TJf25 ............ .......“'-UOJ -.428’“ -;253 ‘ -’,263 ;4S9“ .^97 ’ “ .245’ ' -.025
70 12142 fH -.112 - ,429 -.255 -.263 ,538 .256 ♦25 -.015
74 .12158 PN. . ... .......... -.—.11? .. ----.42? .. -7,264-. r.26L- -.505- -.255 - ,245 -.066 .
78 01114 PH -.097 -,421 -.253 -.264 .481 .217 ,217 -.118
82 01130 PH -.061 -.226 -.13 -.136 ,307 .153 ,142 ,049

FLOU-RATE-HISTORY FOR ENGL'iEERINGlAB RUN. NOt J12 ..
STARTS UITH RECORD 32 
AND GOES TO RECORD 100

-SBUtTS OIVEN-T-11-LITERS PERH1NUTE1 HINH3=OUTFLOUi PLU
AF AX EX AU BU Test 3AM-5

40-.-lOL32_AB- 
48 11104 AH
"6 11136 AH

" -W-PH---tH
72
80

12140 PH 
01112 PH dTTTFfr 
o:;i5 pm

.112- 
,113 
.105 
Tt~--

2H-r
.103

7-.VI

327 '

32“' 
316

221. 
271

26?' -Tr9

.28. 

.284 

.274

.28 
1278 ’ 
,275

.6

.483
,424

,409
.411
,399“
.404

.089... 0 .
265 .375
256 .26-724?---- rftt-
281 .25
254 
266“
242

.258
“1256“

.234

.an
.128

-.034
-7029-

,014 
,027 
1049 ‘ 
.077



APPENDIX B-4

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

SUN AGSLT_______________________ _
FEED tl (5/L) S FEED FLOW (L/M)? 26,40»0. 
WINDOW WIDTH (MINUTES)? 35

-nuMiEmrwrPoimsT-s---------- ------
DENOMINATOR OF VERT SCALING FACTOR? 3

ii4

... ..... ..... tt uniN? 0.313
ENTER ELAPSED TIME AND GRAMS U/L FOR POINT 1 ? 15,0 

—.......................... —-......................
POINT 3 ? 45,30.9 
POINT 4 ? AO,45.8

---------------------- ----------------------POINT-5-? 75',4978-
POINT A ? 120,51.7 
POINT, 7..?
POINT 8 ? 210,51.4

PLOT OF TIME(MIN) (VERT SCALE) VS U 0UTFL0W(G/MIN) (HOR SCALE) FOR RUN 2AM-2
-------------------------------------------------g.------------------------------------------------------------------------------10---------------------------- '15' 'COt'ACCUK'tftBr

27
30

-33-
3A
39

'42'
45

51
54

-57-
AO
A3

-W"
A9
Z2

AA8 
A79.A 
688,A 
A95.3 
700

70A 
-mr

75
78

-Si-
84
87■TO­
PS

-SA­
PP
102

-165-
108
111

'lu­
ll?

-12(L
123
12A

-429—
132
135

-tw-
141
1M

-n-

-*.*■-
*5

*"r
t

-X-

70P.8
711.?

-71372-
713.2
712.?
712.4
-mj-
713.7 
714.5 

-71573- 
715.9 

. 71Aj2 . 
7IA.T 
71A.4 

—Z1A*A—
71A.5
71A.A

-714.7-
71A.7
71A.7

TrilS"
71A.3

-ZLLS-
i^/
150

—453“
iSA
15?

—152”
1A5

—1A8—
171
174

t
*
*
t

T'
*

-,4
*i
t
t

rr
s:

71A.8 
71A.8 

-71A.-S- 
71A.8 
71A.8 

-715.7' 
71A.7 
.71 A-
71A.7
71A.7

-714,6-
71A.9
717.1
717!s

.zia*

180
133

'ISA'
13?
i£2
i7a
IPS

-201-
2S4
207

'TUT

r,r,
■-«■

*:
'IT'

713.3
718.9 

--719-.2- 
719,A 
720

'72073'



APPENDIX B-5

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

RIJN AECOL
FEES U (S/U 1 FEED FLOU il/m? 26.40.0.4:4
UINDOW WIDTH (HINUTES)? 90
BENOHINftTGR OF VERT SCALING FACTOR? 3
NUMBER OF DATA POINTS? 9
DATE OF SUN? 2AM-2
BN FLOW RATE. L/HIN? 0.307
BP FL0N RATE. L/HIN? 0.325
ENTER ELAPSED TIHE. BU GU/L. AND BP BU/L FOR POINT 1 ? 15,0.0

POINT 2 ? 30,0,0 
POINT 3 ? 45,0,1.0 
POINT 4 ? 60,0,6.2 
POINT 5 ? 75,0.9,10.9 
POINT 6 ? 90.3,3,8,14.8 
POINT 7 ? 120,9.1,24.7 
POINT 8 ? 150,11.8,29.3 
POINT 9 9 210,14.9,35.5

PLOT OF TIHE(HIN) (VERT SCALE) VS U OUTFLOUtG/HIN) (HOR SCALE! FOR RUN 2AH-2

5 10

*
3 4 
6 *
9 t 
12 * 
15 * 
18 S 
21 * 
24 t 
27 « 
30 * 
33 * 
36 t
39 * 
42 t 
45 « 
48 4 
51 i 
54
57
40 
63 
66 
69 
72 
75 
78 
81 
84 
87 
90 
93 
96 
99 
102
108111
114
117120
123
126
129
132
135
138
141
144
147
150
153
156
159
162
165
168
171
174
177
180
183
186
189
192
195
198

207
210

15

Feed Flow* 16.21 GU/HIN 
t 
!

*
t
t**

S
t
t

i1

COL ACCUH U(6)

0.0
54.9
113.5
167.5
218.6
267.9
316.2 

■364,2
412.2
460.4
508.9
557.7
606.5
655.4
703.9
751.8
799.1
845.4 

■ 890.8
935.1
978.2
1020.3
1061.2
1101.1
1139.9
1177.6
1214.2
1249.7 
1284 
1317
1348.6
1378.7
1407.2 
1434 
1459
m
1525.4
1544.9
1562.9
1579.7
1595.1
1609.3
1622.3
1634.2
1645.2 
1655,6
1665.5 
1675
1684.2
1693.3
1702.2 
1711
1719.8
1728.5
1737.2
1744.9
1751.4
1757.5
1763.2
1768.6
1772.7
1775.7
1773.3 
1780.5
1782.3
1783.7
1784.7

TSuDscriet out of ranae at line 300 in 'ABCOL '



APPENDIX B-6

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

Rti mi
FEED tl {S/U i FEED FLOW <l/H)? 2M0r0,5Al

DENONINATOR OF VERT SCALIII6 FACTOR? 3 
DATE OF RtH? 2AH-3

1^>Affi*6RANS U/L FOR ROUST i ? 15ii,0 
POINT 2 ? 30t0«7 
POINT 3 f 4Srl9.4 
POINT 4 ? &M2.0 
POINT 5 ? 7S>44.3 
POINT 6 f 90i4S>5 
POINT 7 ? 120>46.0 
POINT 8 ? 150*45.5 
POINT 9 ? 180*45.6

PLOT OF TIHE(HIN) (VERT SCALE) VS U 0UTFL0U(6/HIN) (HOR SCALE) FOR RUN 2AH-3 

5 10

126
129
11
138
141
144
147
150

159
162
165
Iff
174
177
180

15
Feed Floy- 14.81 6U/HIN

$
$
tt

COL ACCUH U(6>

0.0
43.8
87.1
130.4
172.7 
215
259.3

350.5
396.2 
440.9

if'9
591.2
619.2
m
675.2
684.4
11:1
694.8
696.4
697.9
699.6
701.5
m
705
705.7
706.3
706.7
706.9
707.1
707.2
707.3
707.4
707.7
707.8 
708
708.1
708.3
703.6
708.9
709.2
709.6 
710
710.5
711.1
711.7
712.3
712.9
713.5
714.1
714.7
715.2
715.8
716.3
716.9
717.4

>



APPENDIX B-7

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM 
ANALYTICAL DATA: 1A AND IBS COLUMNS WITH 1AP HEAD POT, TEST 2AM-3

RUN ABUSl
rtO umh.) I F£E> FUN a/Hi?
HIM UIDTH (HINUTES)? 35 Mn&TOR OF V0il SCALU6 FACTOR? 3 
NUMBER OF DATA POINTS? 11 
DATE OF RUN? 2AM-3 
BN FUN RATE> L/HIN? 0.317 BP FLOU RATE. UNIN? 0.322ENTER ELAPSED TINE> DV GU/L. AND BP BU/l FOR POINT 1 ? 15.0.1.0

POINT 2 ? 30.0.1.0 
POINT 3 ? 45.0.2.2 
POINT 4 ? 00.0.2.2 
POINT 5 ? 75,1.0.7.7 
POINT 0 ? 00,2.3,11.4 
POINT 7 ? 120,0.5,20.3 POINT R ? 150.12.0,25.5 
POINT 9 ? 180,15.0.29.0 
POINT 10 ? 210,15.0.30.3 
POINT 11 ? 240.15.0,30.5

PLOT OF TINE(NIN) (VERT SCALES VS U OUTFLONIG/HIN) (HOR SCALE) FOR RUN 2AH-3
5 10 15

Feed Flw 14.81 GU/HIN

SI

105
103111
114
117120
123120
129
132
135138
141
144
147
150
153
150
If!
105
108
171174
177
180
183180
189
192
195
198201
204
207210
213210
219222225
228
231
234
237
240

< !
* I
t !> :11>:t: r, r.iii

t
tt
t

COL ACCUH U(G)
0.0
44.2 
88.1 
131.8
175.4 
219
202.4
305.7
348.8
391.9434.9
477.7
520.4
502.9005.3047.0 
090
732.5
775.1817.3
800.4 
902.3943.1 
982.0
1020.7
1057.5
1092.9
1127.2
1100.7
!i'3
1255.8
1285.4



APPENDIX B-8

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

TASK •TTli 1 TERMINATED 
-AB8RTEB -Vffr iHRE£HVfr flR-HGR 
AND KITH PENDING 10 REQUESTS

.{L/M>? 26*40:0*325u m.
.................. :HINUTES)T 35

- -NUMBER -8P -MA-PSI-N-TS?- •?-------- ----------
DEN0HINAT0R OF VERT SCALING FACTOR? 3

--rfLO^SIrt/HTOr^ioo...............

POINT 4 ? 60:23*3

POINT 6 ? ?0i28*5 
POINT 7 ? 120)23*5

fgPT fiPAI „(H0R SiaLEl^ia-Bya 2AM=A

Feed Flew= 8.58 GIVNIN



APPENDIX B-9

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

L/H)7 26.40i0.325 
FACTOR? 3

ENTER ELAPSED TIHEi BN BU/Li AND BP BU/L FOR POINT 1 ? 15i0>0POINT 2 ? 30.0.0
point j i mi
POINT 5 ? 90.1.3.5.6

POINT 8 t 180.8.0.17.1 
POINT 9 ? 210.8.9,19.2 
POINT 10 ? 240.9.1,18.7

PLOT OF TIHE(HIN) (UERT SCALE) OS U OUTFIONIB/HIN) (HOR SCALE) FOR RUN 2AN-4

COL ACCUN 11(6)

Feed Flou= 8.58 GU/HIN 
!

206.5

J
132
135
138
141
144
147
150
153
156

1
168
171
174
177

201 * :*: s: a
t tttt

818,2
833.5 
847.9
861.4 
874
885.8
896.8 
907
916.4 
925
932.9
939.9
946.3 
952
957.3 
962
966.4
970.4 

4,1 
7,6

984! 6 
988.1
991.4
994.6
997.6

1005.3
1007.3 
10094
1010.5
1011.5
1012.2
1012.6
1012.9 
1013 
1012.9 
1012.6
1012.3 
1012 
1011.8

s
1012.4

TSubscriH out of range st, line 300 m 'ABCOL



APPENDIX B-10

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

m Kan
as
DEXOillMTUt OF VEitT SCaifffi FKf®? 3

U/L FOR POINT 1 T 20>0,i
POINT 2 T 35>4.4 
POINT 3 ? 50>20.P
mum
POINT i T 12Si30.0

POINT 10 T 245.30.9\nS

PLOT OF TIIE(KIN) («RT SCALE) VS U OUTFLONIS/KIN) (HOR SCALE) FOR RUN 2AH-5
S 10 ca ACCUH 0(8)

3 t
11
12 t 
IS t
ii
27 t
30 t

Feed FSoy= 8,79 8U/K1N

247.4

51
54
57aa

75
7881
84
87

n

in

123
124
IS
135
138

147

15
159

m
174

133
13

195
8
207
III
III

231
234

243

$
t

tl

.'i
t * 
t l 
t !« ♦$1

ItII
I

I I I I 
It 

$ :$ t 11
!;
I t 
* t

It
It
It
It
It
It
It
It
tt

422.8

422.8



APPENDIX B-ll

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

(M AKUL
FEED U (B/L) i FEED FUM (L/H)T ?6.«i0.333 

FACTOR* 3
MMER OF DATA POINTS* 10 
DATE OF RUN? 2Alt-5 
N FLOH RATE; L/HIB* 0.282

BU/Li AND » 6U/L FOR POINT I ’ 20>0>C 
POINT 2 ? 3S;0f0

3 * 30i0.1>2.?4 ? 45.1.0.4.45 ? 05.4.4.8.5 
POINT 4 ? 125.5.4.14.7
POINT 7 T 155.7.9.14.2 
POINT f.................. ..POINT 8 ? 185.9,8.17.9 
POINT 9 T 215.10.9.18.8 
POINT 10 ? 245.10.8.19.0

PLOT OF TIHEININ) (VERT SCALE) 05 U 0UTFL0U(G/A1N) <H0R SCM.E) FOR SUN 2SH-5

5 10 COL ACCUH 0(0)

Feed FImf 8.79 60/NIN 0.0

!: :t 1 < !I !< !
!

t i 
I i 

$ I
t

t%
t
tt



APPENDIX B-12

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

MM BCOLT
FEES U (6/Li I FEE® FLOS (L/W? 2i,«r0.333

M1E OF RUHT 2AH-S ’
FACTO®? 3

EKTE» ELAPSE® T(IE> W 8U/Lt IP SU/Li AW AP 8UA. FOR P8ig 1 ?

POIKT S ? nlA.'AfS.'sijl.’s 
------- .---------->|4.7,jr '

m******
pom ? r asiio.?>is.8i».APOIKT U T 2«>10.SiIP.Oi30.8

m

8
7®01
04S?
1!
PAP?

188

B
128

132
133
Ilf
144
i
ISAi168

PLOT OF TMEUUK) (VERT SCALE) VS U SETEKTIDNIB/KIK) (HOR SCALE) FOR MM 2AK-5
S

12
li
24 »
27 t 
30 t

ISO t 
183 t
II!
192 ti t

01
204 I
207 A

U t
:i? t 
52 I 25 $ 228 t 
31

1 t
240 $ m t

19 COl ACOM 0(8)
FMd FImp 8.79 SU/H1Kf !

j
I
:

fy
o.o
12.4
;,4

sols
I!
63.1
62.1
&4
64.8

104.1
118.9

170.9

244.9
m
29A.A
313.5
330,1
m ■
377.9
1-
433.8
»*
4A5.8
474.7

K
504.3
510.4

529.5
W29
548
553.7

573.2
:7A,8

584.1
li
588.5
m
539.3
589.2
589.1 
588.8 
588.5
583.2
gj
587 
584.A
m
585.3
585



APPENDIX B-13

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

RUN RCSLT
FEEJ U (B/L) t FEES FUM (UK)T «.13»0.534 

" I VIDTH (HINUTES)? 75

__ .... i FMTORT 3> ‘
......  I RATHv L/H»?'0.266

U7L IN RP MO M FOR POINT 1 ? ISiOrO 
POINT 2 ? 30i0>0 
POINT 3 ? 43>20.1>0

POINT i T f0>Rf.0>0.»
POINT 7 T 150>71^>3.y

POINT 10 T 240>70.3i4.0

PLOT OF TINE(HIN) (VERT SCALE) VS U 0UTFUM(0/HIN) (HOR SCALE) FOR RUN 3MH
IS 15

36
12 t 
15 t 
18 t

27 t 
30 t
r
39

51
54
8
33M

4tI
75
If
84
87
90

99102

123

135
138
III
147
150

159
132

171
174
s
183
183
in
195
198
K
207210

219222

231

240

20
Fnd FIwf 21.51 6U/NIN

( :
t:

>
t«<
t
t

4?
Si
t:
8

COl. ACCUH U(6>
0.0
58.4

I!
294.9

557.3
322.3
m
B03.7
839.4
Is?:!
E
HR:}
1118.2
1138.1
19.7
1182.7
1194.4
19:1
1224.3
1232.3

1252.3
1257.3 
1232
1238.8p7.j

il:l
1328.3
t§L
1329.4

1329*4
1329.3

1329.7
1329.8
Si
1330.2
1330.3
m
1330.3
1330.3

1330.1
1330
1330
1329.9
1330
1330
m
1330.8
1331.4

>



APPENDIX B-14

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

!«&ie3L
FEES U (B/L) i

DATA I

FUM 49.13tO.53A
' 75 FACTOR? 3

HB
W 6U/L> AND BP 6U/L FOR POINT 1 ? IStOiO 

POINT 2 T 30«0t0mum*
POINT 5 T TStOiS.S 
POINT t T ?9»0»1?.8 
POINT 7 ? 122\2\0i0»33.1 POINT 8 ? 1J0i2.4j48.5 
POINT 9 ? ISOtS.AiSA.S 
POINT 10 T 210t5.A>Al>5 
POINT 11 ? 240(0.8(03.9

i!
9 I
12 t
111
21 t 
24 t 
27 4 
30 I 
33 t 
30 t
8!
45 * 
48 t

00 t
1

PLOT OF TIME(NIN) (VERT SCALE) VS U 0UTFL0M(8/H1N) (HOR SCALE) FOR RUN 3AH-1
5 10 15 20

Feed FlotP 21.51 W^IN
!
i

0?
72757881
84
R
93
90
99192
105
108
i»
117
120
i
129
132

COL ACCUH U(6)
0.0

200.0
200m
459.2
523.3
51.9

710.0 
781.3m
975.0
1039.9
m
1230.1
1292.2

1473
1532.1
1589.5
1045.5
1704.1 
1753

1900.5
1945.8!?8?.l
2070.4
2109.5

2254!!mi2349.9
2378.8

2453.4
2474.5 

94

2543.2
S!:!
2580.9
2591.4

2058.5

I !
l\

%t



APPENDIX B-15

M AC8LT1

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

l/»f 49.13i0.452

KNOW
«TA rowst 10 
: OF VBtT 8CAL1N6 FACTOR? 3

U/L FOR POINT 1 ? 15>0 
POINT 2 ? 30rl.5

•If.?
? fsll

POINT i t fOiil.S

POINT 10 ? 210*67.9

i
11

I
63

1
I
84
87

111

123

135
13

147

15?
16

171

i
183
18

195

i
207
210

PLOT OF TIHEININ) (VERT SCALE) VS 0 OUTFLOW6/HIN) (HOR SCALE) FOR RUN 3AK-2 

5 10 15

3 t
n
12 I
15*

24 I
271

r
3?

20
Feed FImf 18.14 6U/HIN 

5
I

t
*
I
II
t
*
t
t
t

OL AON 0(6)

271.?

j 692.2

m
816.1!

5
I
}
!

ii

878.7
j m1
i

912.3
SI j»

1
:

fill
936.1

!«0)
:

?lf*3
955.4

! 959.4
! ftis
i wii
i
>
!

1 !
9B2‘
984.4

*, 1 m1 i 990.4
t ! 991.9t ! 993.31 • 994.4

»: 995.4
996.11!

r, 997.1
»: 997,5
t: 997,9
i m
t 998,5
t 998.5
i mi
» 998.1
t 998
i m
* 997,9
* 997.9
i m2
* 998.3
* 998.5

>



APPENDIX B-16

COMPUTER URANIUM MASS RATE DIAGRAM AND COLUMN INVENTORY FROM 
ANALYTICAL DATA: 1A AND IBS COLUMNS WITH 1AP HEAD POT, TEST 3AM-2

'TEOTABEDl'.......... .................................................. ..
FE£B U (Bit) $ FEES FUM (L/M? 4C,niO.«2

.....--------------------------------
its rowTW ii

-BWE'UMff-JMM............
‘ FUM RATEi UWK? C.2Mt\i—.... ■ iw g ■—

Mrspm'FsstBisrrriSjrtfl'
POINT 2 1 30i(i0

-PtBT-BF-HN^<IHN>-WBH"SEAfcEHIS-B-flUTFl8Nf6/ltHB-<Htt-S0AtET-FSHIllN—3AN-2--..................................
............ _13_.„.............................20..

Fnd nou° 18.U GU/HIN
COL ACCUH U(S)

-34-
0.0

n
—ilN-—
•II!

"-TIT—
24 *
ft

112.9
168.5

-22M—
278.5 
332.7

-jer.r"
440.9

-Ife549.5
603,9

—658.5—

72
-r

61

1293
414-

%

1389.7
1436.4

-1482-

-mr-
1651.1jmjL.

i|
—lie-m
-ill-

120
123
i*

—«2

«f
-i-

4
144
ir

1762.8 
-l?97r3-
-B-

1921.3
1948.9

--2023v5-

M
2195.2-41324-
2154.3

mh
201



APPENDIX B-l7

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

m m.n
FEES U (B/L) I FEE! FLU (L/H>? 40.i3i0.4M;!f ;

.......................... i FACTOR? 3
DATE OF RUKT »K-3
sw&Knab u/l m

POINT 2 1 30i2s3 
POINT 3 » 45.25.1
ilHii!
POINT 7 ? 120.43.4 
POINT 8 ? 150.64.7
m ioV»
POINT 11 T 240)65.5

PLOT OF TINE(HIN) (VERT SCALE) VS II OUTFLOM(B/NIN) (HOR SCALE) FOR RW 3AH-3 
5 10 15 20 COL ACCUH U<6)

Feed Fl»)= 17.42 6U/HIH
ii

t
t
t
<

t

837.6

! 887.5
( i
1 i
t !

u
1 i 877,3
t ;< ! 
t 1 ii
t 1 705.3$ !
!5 11i 181 708.3

707.1
t: 707.8
t: 910.48! 910.7
t: 711.2
.1 1*
t; 712.2
i:

8 Hill
8! 71316
8! 714.1
II ns*5
8! 715.4
8! 715.7
II8! 717.38! 717.8
8! 718.3
8! 718.7
8! 717.2
8! 717.7
8!
8! ?I:i
8 720.8
8 720.7
8 721
8 721
8 720.7

0.7
0.4
0.1

>



APPENDIX B-l8

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

DUN ASGQL
l U (6/L) t FEES FUM <L/*>T 40.13>0.4U
......VMlSbF.CT.T3

: of sat. ronrrsr uNMER OF SAT. POIKTST U

WA FOR POIKT 1 T 1S>0>0

POIKT i T 90il.3»20.0

POIKT » T IOOiU.S.47.0 
POINT 10 f 210i 12,1 >S0.3 
POINT U T 240>12.7>S1.9

PLOT OF TIiStHIHl IVERT SCALE) VS U <H0R SCALE) FOR RUN 3AN-3
10 15 20

j,* ‘
12 t
lit
21 *
24 t
ii
33 t
3||

48**

ii **
57 *

Feed FlotP 17.42 6U/KIN
I
1
1

I

108
Hi
117

141
144

153
ISA

177
180

204
il213

i!I ! 
t : 
« : s :
** I
t : * : t it i
* i

<:

COL ACM Uifil

i's
147.2
198.2
I:;
355.4 

1.3
1.4

5.4 
617,1

9.1 
818.9
m
963.2

11974

1324.2 
1363.4
1400.9
1436.3 
1469.6
1500.9

1477*.?
1699

1820.7

ivS'i

il!
1924.1

1935.7
7.7

1942.7 
1944
1945.1 
1946
1946.8
m
1948
1948
1947.7
1947.2 
1946.6
1945.8240



APPENDIX B-l9

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

RUt IPgJ
FEED U (6/U I FEEBJU
huwt
NUnCR V MTA POIMIST 11

L/HH 4«.^i0.4» 
FACTMT 3

SpllW 0.23V
m FUM RATE. 0.233
W FUM RATE. L/»I(tT 0.270 
ENTER ELAPSED TINE. W BU/L. BP HIFL. AND AP BU/L FOR ii .3 ■ 

.8.2S.1 
POINT 4 1 30iO>5.fiSS.S

POINT 8 ? 150rB.3>42.3>34.7 
POINT 9 ? 180.11.5.47.8.34.4

PLOT OF TIHEININ) WERT SCALE) VS U RETEHTlONtG/HIN) (HOR SCALE) FOR RUN 3AH-3

3 t 
3 t
ft
18 t
21 «
30 t

42

i
54

VOn
102

114

1
123

138

a
159

132

10 15
Feed Floe* 17.42 8U/HIH

174

183 <

ii
mt

210 *

ii
234 I

fit

20 COL ACCUH U(6>

1.7

b
4.8

a 
10.1 
12.7
M:i
33
51.3

?!:!
128.V

285.’?

443.3 
481.

33
5.3
3V7.1
724.3

774,3

V404

V8V.5
WV.3

1M4.V

1047W

1031.5

1038.V
1070.2
1071.3 
1072.2 
1073

1074.8
1075
m»
1074.3
1074.3
1074



APPENDIX B-20

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

ili§ ^%/L) 1 FED Floy (L/H)? 40.13t0.32S 
yiNDOU UIDTH (HINUTES)? 35 
(UMBER OF DATA POINTS? 9 
DENOHINATOR OF VERT SCALIN6 FACTOR? 3 
DATE OF RIM? 3M-4 
AP F10U RATEt I7HIN? 0.265
ENTER ELAPSED TINE AND 6RAHS U/L FOR P0|NT

POINT 2 ? lit!.3 
POINT 3 ? 45>1!»9 
POINT 4 ? 60t35.1 
POINT 5 ? 75.46.5 
POINT 6 ? 90.48.5 
POINT 7 ? 120.49,0 
POINT 8 ? 150.49.1 
POINT 9 ? 180.49.0

PLOT OF TIHEOIIN) (VERT SCALE) VS U OUTFUNKO/KIN) (HOR SCALE) FOR RUN 3AH-4 

5 10 15 COL ACCUH U(6>

3 t 
6 t 
9 I
12
15
IS
21
24
27
1
36
39

II
48
51
54
57
60
63
66
69
72
3
81
84
87
90
93
96
99
102
105
108
III 
114 
117 
120 
123 
126 
129 
132 
135 
138 
141 
144 
147 
150 
153 
156 
159 
162 
165 
168 
171

IB
180

Feed Flow* 13.04 6U/HIN

I
t
t

t
I
t
t
t
«

$(
t:
t:
i
i
t
i
i

315.2
354.3
392.7
430.3
466.7
501.7
534.9
565.9 
594
618.4

m
668.3
ftl
691.3
695.3

r:i
0.8

701.2
701.7
7^:i
703.3
703.4
703.4
703.4
703.3
703.4 
703.6
703.9
704
704.2
704.3
704.5
704.6
704.8
704.9
705
705.1
705.2
705.3
705.4
705.5
705.6
705.8
705.9
706
706.2
706.3
706.5
706.6



APPENDIX B-21

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

mam
FEED 0 (B/U I FEED FLOH (L/H)? 4943*0,325

NUHKR OF MT* POIHTS? 11 
MTE OF DIM? MM-4 ' 
m FUM RATE* l/BIN? 0,290 
V FUM DATE* L/OID? 0.277 
ESTER ELAPSED TINE* Ml OU/lt ■

FACTOR? 3

BP GU/L FOR POIKT 1 ? 15,0.0 
POINT 2 ? 30,0,0 
POINT 3 ? 45,0,0,3 POINT 4 ? 40.0,1.9 
POINT 5 ? 75,0,3.8 
POINT 4 ? 90,1.2,4.2 
POINT 7 ? 120,2.1,22.0 
POINT 8 ? 130,4.2,31.1 
POINT 9 ? 180,4.8,35.7 
POINT 10 ? 210,7.2,39.2 
POINT II ? 240,7.3,39.9

PLOT IF TIKE(NIN) (VERT SCALE) OS U OllTFLDMIS/HIN) <MR SCALE) FOR RUN 3AH-4 
5 10 15 COL ACM DIG)

FMd Flow* 13.04 MM

94
99102
MS:oa
111114
117120
123
124
129
132
135138
141
144
147 
150
153
154 
159 
192
145
148 
171 
174 
177 
180
183184 
189 
192 
195 198 
201 
204 
207 
210
213
214 
219 222 
225 
228 
231 234 
237 
240

0 I< :t i
* i
t ! 
t ! 
«: t:$i
t

it!!:!



APPENDIX B-22

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

m (mn
FEED IS (B/U l FEED FUM (UK)? 40.i3F0.32t 
UlffiXM BI8TM {HINUTES)? 35 
NUtSES OF MTA POINTS? 10 
BENSHINOm OF VENT SCALINS FACTOR? 3 
DATE OF NUN? Mff-5
tP AON RATEf L/HIN? 0.270 ___
ENTER ELAPSED TINE AW GNAW U/L FOR POINT 1 ? 15.0

POINT 2 ? 30f1.3 
POINT 3 ? 45f20. 
POINT 4 ? 00.40., 
POINT 5 ? 75.44.8 
POINT i ? P0f45.A 
POINT 7 ? 120.47.0 
POINT 8 ? 150f47.5 
POINT f ? 180.47.4 
POINT 10 1 210.47.8

PLOT OF TIHEtHIN) (VERT SCALE) VS U OUTFLOUfS/HIN) (HOR SCALE) FOR RUN 3AK-5 
S 10

Feed FImf 12.08 GU/NIN
3 I
i t
9 $ 12 t 
15 S 
IS *
21 t 
24 t
27 $
30 *
H
39
42
n
51
545?US
aa09
72
75
78
31 
84 
87 
90
93
94 
99 102 
185 
108 
111 
114 
117 
128
123
124 
129 
132 
135 
138
141
144
147 
150
153
154 
159
142
145
148 
171 
174 
177 
180
183
184 
189 192 
195 
198 201 204 
207 210

888
8

COL ACCUH U(6)
0.0
39.1
78.4
117.4
355.7
193.4
ffl
312.3 
351.9
390.4
424.8
440.4
491.4
518.9
m
530.1
593.5
403.4
410.5
415.4
419.4
422.4
425.3(S/,7
430.1
432.1
433.8
435.5
437.2
438.9
440.5
441.9
443.2
444.4
445.4
444.4
447.2 
448
448.4
449.1
449.4
450.1
450.5
454.9
451.3
453.4
451.8
452.1
452.2
452.4
452.4
452.8 
453
453.2
453.4
453.4
453.8
454.1
454.4 
454.4
454.8
8.1
455.2
455.3
-8:3
455.3
455.3



APPENDIX B-23

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

RUN
.1711)? A0.13,0,321 

FACTOR? 3

i m ^. 0.278
BITER EUPSED TINE, Ml 8UA, BP GU/L FOR POINT 1 ? 13,0,0

POINT 2 ? 30,0,0mum,
POINT 5 1 73,0,9.0 
POINT A ? 90,0,13.0
»r?K:ai
POINT 9 ? 210,7.6,38.7

PLOT OF TIHEININ) (VERT SCALE) VS U 0UTFL0U(G/HIN> (HOR SCALE) FOR RUN 3AH-5

5 10 COL ACCUH USB)

t Fssd FIo^ 12.88 SU/mN 0.0
3 1 38,8
6 t | ??>"?
9 t 0

4 m12 *
15 1 t

» 194
18 t } 232.7
21 *
24 * 0« EM
27 8 | 349,2
30 t 5 387.8

Si | l;f

39 » » 503.7
42 « 4 542.3

ill 4 1.6
31 * | 658.1
54 * 4 496.4
57 t
60 1
63 *

\
808.3

66 t 4 844
!? *. 4

4
lif;?
943.878 * 4

78 « | 974.3
81 1 ! 1003,4
84 t i 1031.3
87 1 4 1058.2
90 1 1 1084.6
li $ 4 mi
99 t | 1162.6
102 t | 1189.3
IS * * 4 mi
111 * 4 1261.4
114 t 4 1282,6
117 * : 1303,1
120 » 4 1322.9
123 * i ■ 1340
126 1 ! 1354*5
129 s : 1367,8
132 t t 1380,1
135 i : 1391.1
138 » : 1400.6
IS 8 !t :

1409
1416.5

147 » : 1423.2
150 t : 1429.2
11 * :

* :
1434.4

159 « : 144219
162 * : 1446.2
IS % !

1451.3
171 t : 1453.2
174 t ! 14S4*6
177 t: 1455a^
180 i: 1456*4
183 «; 1456.8
186 < 1457
111 i®

1456.7195 *
198 t 1456.4
1! tt m
207 t 1455.6
210 t 1455.5



APPENDIX B-24

YluoresCENCE DATA “HiSTORY"" '
.. TO |i mtc
aim-i

.... GOES TO : ______
FOR ENGINEERING LAS RUN 11 ON 30-Jun-81

UNIT STREAM UNIT 2...AP STREAM ' UNIT 4...BU STREAM
XRFA AQ U CALC XRF-CALC XRFA OR U CALC XRF-CALC XRFA

THE XRFA URANIUM CONCENTRATION DATA: TEST 3AM-3

12 OS146AM
.J3--0St5QAN-----
14 08:S8AH
15 0SJ02AH

17 OfiiOAM
18 0?:i4AM

-ir-omsAr-
20 09!22AM 

.21--09.124AH-.
22 09:30AM
23 09:34AM

-w-mmm--
25 09:42AM
26 09:46AM 

~27~_09TS0Wr"
28 09154AM
29 09:5RAM _
30 10102AH
31 10:06AH

0
-0._____

.5967

.5967
ir-

.986
'T;6I5r'

1.6151
.0______

3.728 
3.728 

~6t449—
7.7955
7.7955

'10:3517-
10.3617

.14,9681.
18.0645
20.2723

-SFriTT—

.54
--.66—

.54

.93
•iir

i.i-Ym-
2.27

-2,62-
4.25
5.14

-isr¥h~

-.54
—--.66-- 

.06 
6 33
TT

0
-A—

0
0

-.11.--r-
-.65

--2,62-
-.52
-1.41

.39
-.43

'-:3ff"
-2.01

-r,Zl-
.59
1.47
tSI-

1,5201
20.691?

"ZCT.M?'
24,216

--2-4.216--
27.726
39,3069

~3?r3M9-

-1.05 
---^2—-- 
-.52 
-.37

20.38
"Zr.S""

23,2?
-24.43—

33.46
40,29

H8r«-

1,05
-^2-

.52

.37

-12040.
.31

,93
..-,21—
-5.73
-.98
•M-

0
-0—

0
0

“O—
0
0-e—
0
-0-.
0
0 . 

-o—
0
0

TT”
0
.0,-
0
0

AT 08:32 AM 
-AT-08132 AM- 

AT 08157 AM 
AT 08:57 AH 

-t! it
AT 08157 AH 

'AT'09115" AH'
AT 09515 AH 

-AT-02115-AM- 
AT 09!15 AM 
AT 09J32 AM 

-AT"09{32-AM-

33 10114AM 
35 10:22AM 
-si-iorzsfiir- 
37 10J30AM 

JS-lQLim-
39 10!38AH
40 10J42AK 

-41—EW46AM—
42 10S50AM
43 10I54AH 

"44"10T58AM" 
45 11S02AM 
-46—11106AM—
47 11S10AH
48 11 i HAH

22.15
26.5455
27:9677-
27,9672
27,9672.
27,9672
27,9672
■37rW2-

7.41
8.23

"10:74"
12.37

-15,Z-
17.47
18.8

50 11:22AM
51 11526AM 

■52-irr30ftF"
53 11:34AM 

.54--11L38AM—
55 11:42AM
56 11546AH 

-§?—H450AH-

27,7672
27.9672 

" 27.9672
27.9672 

-27,9672
29,3119
41,836?
41,8369

22.42 
26.4 

'27:73" 
30.09 

_3i,13_ 
33,34 
34.23 
35.19-

58 11:54AM
59 11:58AM 

-W'IZf02F?r
61 12506PM 

-i2_-12Um-
63 12:14PM
64 12!18PM 
65' 12:22PM

43,1086 
43.2201 
45:0954" 
45.3513 
43,7169.. 
44.7733 
46,8592 
-45r8t-

37.26 
38.07 

""39". 47" 
40,06 

-40,73- 
41.84 
42.36 

-43t48~

-.27
,15

■".24.....
-2,12

--3,16-
-5,37
--6,26

52.2074
58.864 

■■58:854"
58.864 

-42,0831.
62.8275
62.7728

—63^465?-

52.13 
53.8?

"56:45"
57.13 

_5B,35.
59,11
59.41

.08
4,9?

■2:41"" ■
1,73

.3,73-—
3.72
3.36

AT 09532 AM 
AT 09132 AH 
ffrWJ4?"fflT' 
AT 09549 AM 
It fi?549-AH.. 
AT 09S49 AH 
AT 09*49 AH

66 12:26PM
67 12!30PH
68 12:34PM 
6? 12:38PM 
70-12L42PiL.
71 12546PM
72 12:50PM 
-73—42+54^4—

46.8132
46,7288

'47:742'
46,8044

-47,6612
49,873
47,2779
47,5812

43.92
44.44

-45:33"
45.7

.46,44_
46,82
47,11

-4?r63-

-9,2?
-10,1
"-11:5"
-12,09

.-12,26-
-12.53
-.52

-HbM-

63.2743
64,4511

■'64.7017"
64,7017

.14,7017.
64,7017
64,7017

74 12558PM
75 01502PM

■76"'crro6pr'""
77 Oi:10PM 

.7S„QUL4PM___
79 01.1BPM
80 0i:22PM

50,0399 
48.5613 
48,1033 
48.0795 

-42,6911. 
48.7089 
50,6816 

-5&t?$6-

47,94
48,39

'48:54'
48.69

.48,84.
48.92
49.22

~49t52~

-.81 
-1,22 
-:23" 
-.35 

--2,22. 
-2.05 
-.25 

—4r82-

64.7017
64.7017 

■£4.7017"
64.7017 

..£4,7517...
64.8204
65,0209

-65r0209-

51.5489
51.5489 

'50:097?'
50.952?

.45,2122-
50,6165
50.1241

49,82
50.04

'50:25'
50.47

-50,62-
51.07
51,39

-•51x69-

-1.13 
-1.66 

‘-.8 
-1.89 
-1.18- 

.95 
-1,94 

—1x64—

66,4129
67,596

-'67,6902'
66.7049

.66,5912.
67,2734
65.4518

-65t8?06-

60,25
—irrbs------

3,02
*-----

1,0555 AT lOioi AM
61.46 2,9? 1.0555 AT io:os AM

"fir.92' - -%n—------ 1,0555" "AT TOtOTAM'
62,67 
-62,98- -.

AT
AT.

IQiOS AH
. 10 JOB.. AM.

63,28 1,42 1.0555 AT 10508 Ah
63,43 1.27 1,0555 AT 10:08 AM

-•63x43 ~ —1x27“....—........1x0555- Hff-Wttfl-AH-
63.58 1.12 1,0555 AT 10508 AM
63,66 1,04 1,0555 AT lOtOS AM
63,58’ "....1,12 1,0555 ’ AT loros W
63,58 1,12 1,0555 AT 10:08 AM
A3.51 ...105____ .......  3.3436 AT..111.05. AH.
63,28 1.54 7,4079 AT 11108 AM
63,28 1,74 7,407? AT !i;os AM

-59.-41 — --Sri*------- ...—TfrtiflS- At--!H18-ASf-
63.43 2.98 12.1944 AT li:2i AM
63,43 4.17 12,6748 AT 11*.25 AM

51,69
51,69
5i:i?"
51,6?
.51,69-
51,69
51,69

.22 
-1.48 

'-2:i5' 
-2.39 

--2,93- 
-2,36 
-.71 

—x98—
-,14
-.14

"-r.59'
-,74

--2,48-
-1,0?
-1,57

66.6583 
68.2431 

"£4-,7465' 
65,9462 

-66,8767. 
66,8767 
65,4199 
2413572

"63:58"- 
63,58 

..63,58....
63.74
63.74 

-65r?4—

66,9885
66.6977

"67.1201-
67.0701

-62,621--
67,1265
£7,9105
66x0250

63.89 
63.74 

'63", 74' 
63.58 
.63,43 
63,43 
63.66 

-63r66-

T.ll"
3,12

JS.Ol.
3.53
1,71

~2vi3-"

234.454 
66.5637 

"65,’9984" 
66.8809 

-65,4361..
65.0395
65.0395

64,19 
64.5 

"£5,1 -• 
65,33 

.-65,33-. 
65.1 
64,8 

-64x57-
£4,57
£4.57

"64.57
64.57

-64.57--
£4,57
64.57

2.77
4.5

"ivor
2.37

.3,45.
3.45
1.76

-39x3“
2.8X X

' 2.02" "
1,74

.1,79— 
2.03 
3.11 
■1x46—
169,88
1,99

T,4T"
2.31fj*7

,47

13.2557
13.1597
13,393
12.96
12.96

-St5W4
13.5905
13.8553

T4>T£54
13,4312
12V3468.
12.564
12.6909

-1-3t9932-
15.5165 
16.4798 
17,0927 
16.9117 

.16.6782 . 
16.0948 
15,745 

-65x699?-
15,2287
14.4124

'I4T8009"
14,8009

-14,9021-
13,8963
14,0324

AT'11T29 AM' 
AT 11J34 AM 
SI.11*38. AH. 
AT 11*42 AM 
AT Hi42 AH 
■AT-H446-AM-
AT 11!50 AM 
AT !i:54 AH 
ATfiTSB" SH­
AT 12:02 PM 

-AT 42106-PM- 
AT 12:10 PM. 
AT 12:iS PM 
AT-12-il'9-fjf-
AT 12523 PM 
AT 12*27 PH 
AT '12T32"PH" 
AT 12!3£ PM 
AT-12.140-PM- 
AT i2',44 PM 
AT 12!4? PM 
•AT-12453-PM-
AT 12:57 PM 
AT 0i:01 PM 
srorroSTfl" 
AT 01105 PH 
41-01*00 PM- 
AT 0104 PM 
AT 0108 PM



APPENDIX B-25

THE XRFA URANIUM CONCENTRATION DATA: TEST SAM-4
JtSfflLELLOSE

EiLsKs
mm.ISIHS3L

31HMO MX in RO.URJ) 2 
-A«C-60l5-4fl-REC0Eft.«---------

FOR ENGINEERIKG LAB RIJN SO ON 24-Jun~8i
------------

XRFA AQ U CALC XRF-CALC
-WIT-fc-r,AP-STREMt-....... —

XRFA OR U CALC XRF-CALC
-UNIT'A; rrlif STREAK' 

XRFA

A-rmim- .J4Ux74- -44v3S-

-20-4S442AK
21 09M4AH
22 09}“"'

-AT-0W3i-Aff-
AT §9535 AK
#11-1- 
AT 09135 AM

-28-4«48MM- 
29 10S22AM

32 SC!34AM
MU­

SS SO!44AM
-34-40454AN- 
37 lOiSSAK
-*-«*•

40 13510AH

2.7494
—2r9082— 

3.7414
3.5S54

--arsm-
4.8469

... ..54
12,4088

-U-4S24-
17.4759

-I?:*
21.3615 
U

.21
2?rS533--
32.0048
37.4442

-40r6479—
42.9022
■Wh

45,5235
-48r7966—

49.8244
-S5«-

52,7757

-airis—
24323.4
35.44 

■37rlS—'
38.54
m-
40.04

•45r3?—
-20,73

47,35

••24291.4
1,99

'3r47
4,34

AT 09*58 fill
~A-T~0?4§8-AM~ 

AT 09!58 AM 
AT 10!22 AM 

-trioi22-»- 
AT 10:22 AM

AT 10!45 AM 
--AT-40445-Af4- 

AT 10*45 AM 
AT 10145 AH

~Af1tf45-AM" 
AT 11.08 AM

43 1112
-44—U426AM-
45 11130AM
4-m-

48 11J42AH

--24+8254- —3.99—........ -6JB44-
28.6026 28,76 -.14

a8-k—
51.8478
51.8478

47.95
.M...

3.9
■W...........

7,37

4.9981
_7.5678

irrfJWrr
304878

WiW
31*28

i »oo
-1,09

S2»132« 
52,1324

4b* 03 
44,74 8*2635

AT
-At 41122 J1H 

AT li:24 AM
Mil
AT 1M39 AM

-Sf
S52 AM

-52—44558AM-
53 12:02PM

-IMfffl-
54 12114PM

,41
-31+5843--
33.5843

34,9324

51+7918-
52.1044
m-
51.7578

26
--48.33-

44.39
-M-

48.54
|X4

S52 .
-AT H4S4-AH - 

AT 12:00 PM

AT 12U3 PM

2!26PM 
4a-12430P«- 
61 12534PM 
42 12:38PM 

-43—12T42PM-
44 12!44PH
45 12:50PM
if 1IIS

-68—014 02PM

.1161
-374504-•
34.4812
35.8849
35.-8849-
35.8849
35.8849

m
•3W043-

-3749-
37,56

-38*98------ 1*88-

524255-
53.2949

53 4447 
53,1447
51:1111
5b850t

49.
-49,91 -

50.3
50.3

-50-.3—
85487,5
50

2.5
—24

-47r65--

6.988
-4f988-
6.988
8.2742
1:31

-8>627-

-AT42-424-PS-
AT 12:31 PM

AT 12:35 PM 
AT 12U9 PM
fl m n

-AfO«e2-PM-



APPENDIX B-26

THE XRFA URANIUM CONCENTRATION DATA: TEST 3AM-5

X-RAY FLUORESCENCE DATA HISTORY

------ ------------ ORB "STARTS UITH RECORD 32 
AND GOES TO RECORD 100 

-TCirERSINEERINB'CAFinrK-WT^OOm'
.iKILli.u^-SIREM—.................. _JlNU-2i».*AP-5I8EAN....... ........

XRFA AS U CALC XRF-CALC XRFA OR U CALC XRF-CALC
-STREAM___

XRFA

33 10S64AN
34 10108AN

■-is-ronar-
3A 10U6AH

- .32.-KLL2QA1L-
38 10!24AN
39 10:28AH

™33rSi-----
64318.3
.36

"Tir—
.12

.^03____

~mrW

”7954" 
.7954 

-^2254—. 
0 
0

-S-

769’
.68

.*83-

-.■5955
.5955

..*5955—

-566.83
1.17

'“.63------
2255.42

-JL02—
.05
.24
..-fi.'S. . . .

-.05
-.24

■ Af

0
0
A

5013
.17
in,if. 7 ■

.32
*0/

-*32 1.1659 ICkS '
1.24

.23 -.23 1.1659 3.23

■■-.03------
-2254.82

.-j45____
-5013.38
-.17

~r&3------
-.07
-2,06

--.•SI-—
-.33
-±»A3___

.-0.___
0
0

—
0
0

-g—- 
0

_0—
0
0

-0------
0
0
0‘“....
0

.0—... 
0
0

-0------

_-At 10118-AM- 
AT 10118 AH 
AT 10118 AH 

-A-WOM&tW-
41 10136AH 0
42 10140AK 0

•-Ttr-ior44fir----------tr
44 10148AH 0
15—iOL52AM._______0-
46 10156AH 0
47 11100AH 0

—m-nmm------------#-

--.21------------ '4-.7112—T.-sr-
-.35 12.5451 12.88

..-*34_________ 15,1123—17^78-.
-.88
-1.01

19.4123
26,5145

24.12
27.61■9T jfJS

-4.71
-1.1.‘‘I 4 4■"'rrlST"’"""""'’"'

.01
-.89

---STTutTW'”
39.3275
39.3275

39,3
40.67

2TTTX
,03

-1,34

AT 10118 AH 
AT 10118 AH 

-firmrafr 
AT 10141 AH 

-AI-LOHLAH. 
AT 10141 AH 
AT 10141 AH 

-AWHflS-M-
49 11108AH
50 11U2AH 

■■ST'lUfiSilSr
52 11120AH 

.53—1U24AH.-
54 11128AH
55 11132AH

2.7151
2.7151

’Y.W"
7,4047

-JU1865-
11.4723
12.9552

15.9829 
18,558 

‘ 1877597" 
20.1825 

.22,0036.- 
22,7655 
24,1406 

■24,5213-

'W.IBOl*
45.672

48,8785
48,5854
■48r9886r~

"42,T
43,25
.41*61-
44.69
44,92

■45t37~

■ '1767 -
2,42

-_1*69---
4.19
3.67

-*■62—
4.25
4.1

-4-1)?“'
4,16

-1,53-...
2,99
3.67

-*35—
4,56
4.12

’T.TS"'
4,56

—4,52— 
4.49

AT 11103 AH 
AT 11103 AH

■arnroraTr
AT 11103 AH

- 61.11120. JUL- 
AT 11120 AH 
AT 11120 AH

-AT-ttttf-AK-
AT 11132 AH 
AT 11143 AH

"STTrrcrw*
AT 11143 AH 

-AI-tilSfLAN— 
AT 11155 AH 
AT 11155 AM 

-#Ht2«8-PH-
AT 12108 ?M 
AT 12106 PH 

'ATTTTITFfl"" 
AT 12119 PM 

-AI-15ii5.2a- 
AT 12131 PM 
AT 1"131 PH 

-AT-llH't-FH
AT 12143 PH 
AT 12143 r'H

- T J F,n~“

57 11140AM
58 11144AH 

■59"irr48fiF"
60 11152AM 

-61-1L156AM-
62 12100PM
63 12104PM 

-64"t£t98PH-

15.97 
17.08 

‘19723■ 
20.26 

.22*18. 
23
24,62

49.616
49.616 
'47,3652'
49,7602
49*5102-40,-ngi
49.8033 
49,7773 •

45.37
45.52

"45",3"
45.6

-45,48-
45.75
46,13

-46rr43-

,7531- ”7^T,---
if taivJ.

11.0036
22.0036 

-24-,5213-
24.5213
24.5213 

'27844—
2.844

-2.844-
v

MS 0*54?!

65 12112PM
66 12116PM 

'~S7"IZ?2Wfr
68 12124PM 

—49—12128PM—
70 12132PM
71 12136PM 

—TS-KHOPN-

24.5213
26.0503

'2770608"
28.0473

-28,5141-
28.5075
29,4782

25.95 
27 'J

■27772
28,83

.29*25
29,77
30.96 

"3+r4~

51.3007
51,6921

■51'.89B3"
52,822

.82,7461-
52,7461
52.4836

46,74
47,57
'47,95'
48.26 
-4848-
43.26 
47,8 

-4?r35 , ^../I
ft *!*) ** * tiiH.
4.13

■*■9256-
8.036
3.036-rj'i-etTf-
To

73 12144PM
74 12148PM 

"75'T2'f52PTi
76 12156PM 

-77-OUMM—
78 01104PM
79 01108PM

81 01116PH
82 01120PN
S3''0Tr2W“" 
84 01128PH 

>85—01122PM.___
86 01136PM

31.2844 
31.2344 

'IZTJTIT' 
33.33 

-12,9626- 
34,0447 
32,8582 

-38*8502-
34.9972
33,5317

“3376353"'
33,9331

.25*6139..
35.3997

50.5298
50,558
■47.9999'
.24Sl-

46,51
46.43

'"43.13
46,36

—44,42-----
46.43
46.59 4,07

•■■*54"
5.03
4.55

'T.3T"
3,63

-4^A-
4,13

9.0574
“tr?343-

AT 01107 PH 
1 AT-6W0-fH

51.1386 46,59
TC.^'^TYIT' 
50.2224 46.59

-51*226—46*59- 
50.9376 46.81

8.0154 AT 01115 PH 
8,5215 AT 01119 PH

"TiBTflT'aronzTTT"
7.8559 AT 01527 PM 

-2,2296—il-OitH-PM— 
8.2898 AT 01135 PM

67 01140PH 35.4972 36.29 -.79 50,6019 46,89 3,71
..

8.0772 AT 01140 PM

89 01548PH
nnr“M” -iis w X 1 /vwW

31,5505 4749 4*36 9,4233
fit UI*SVTf.""
AT 01144 PH

90 01152PH 35,238 36,69 -1.43 51.5746 4749 4,38 9413 AT 01148 PM
■‘fr'ffrrsspi—“"”357OT““■33792""”-1735......... -—sGMsr- "fi.TT"" "47Tn ------ 87282”' 'arcrrsTTTr-

92 02100PH 34.9889 37 -2,01 524527 46.81 5.34 8.3258 AT 01157 PH
.*93-02i04PM-,-.-----36,5338- -3746---,43......................... ------.524527- 4644—-544——---------------£,8329- -•AT-02104.-PM—

94 02108PM 36.0701 37.24 -1.T7 50,6354 46.74 3.9 9.2757 AT 02105 PM
■ 95 02112PM 36.8934 37,34 -.45 50.9031 46«66 4,24 94152 AT 02109 PH
■94 02116PN ■'■•-• .......33.0996- 37,5 -2,4 49,4121' 46.74 - 2,67 8.2309 AT 02113 PH
97 02120PM 35.0996 37,99 -2.89 52.1825 46,74 5,44 0 AT 02519 PH
t-pim____

52528PM
100 02132PM

-1
.0996

35.0996 38,73 -

--1*38-.
3,63
3,63

.^1825-
52.1825
52.1825

.4ib74-..
46.74
46.74

1.-44-
5.44
5.44

jumoH-
AT 02119 PH 
AT 02119 PH



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) ? 11 
THE LAST RECORD IS 84 

START WITH ? 14 
END WITH ? 63

FEED U(G/L) AND NOMINAL FEED FLQW(L/M)? 40,13 
? 0,444

A-COL HOLDUP? BASED ON XRFA BATA AND INCREMENTAL FLOW RATES (NEAR REAL TINE)
WH SI 3

FOR ENGINEERING LAB RUN 11 ON 30-Jun-81

PLOT OF TIME(HIN) (VERT SCALE) VS U-OUTFLOW (G/MIN) (HOR SCALE)
5 10 15 20 COL ACCOM 0(05

4 *
8 «
12 I 
16

(NOMINAL)FEED FLQW= 17,82 SU/MIN

28
32

a
44
48
52
56
60
64
68
72
76

NO DATA 
84

92 
1
104
108
112
116
120
124

136
140
144
148
152
156

168
172

184
188
192
196

! 696,1

t !

.* !

72,4
144.5 
216,1 
277,3
329.2 
379,9
423.8
470.6
508.9
535.5
559.6 
573,8
580.2
592.6
604.6
615.6
618.5
637.5
644.7

668,1
676,9
685.8 
684
692.5
696.8
706.1
714.4
718.7
728.6
738.4
743.8
754.1
758.2 
761
761.3
765.3
770.5
m
778.5
787.6
m
799,2
799.8
795.9 
795,1

>



APPENDIX B-28

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

RUN PR12
INPUT WHICH EN3INEERINS LAB RUN NO,

(USES LATEST IF NO OTHER) ? 11
1HE last«i!sh f !i

END WITH ? 74
FEED U(G/L) AND NOMINAL FEED FL0W(L/H)? 40.13r0.444

B-COL RETENTION. BASED ON XRFA DATA AND INCREMENTAL FLOU RATES (NEAR REAL TINE) 
STARTS WITH RECORD 11 
AND GOES TO RECORD 74 

FOR ENGINEERING LAB RUN 11 ON 30-Jun-81 
(N PREFIX INDICATES NOMINAL FEED FLOW USED (DUE TO 10Z ERROR))

PLOT OF TIHE(MIN) (VERT SCALE) VS U-OUTFLOW (G/MIN) (HOR SCALE) 
5 10 15 20 COL ACCUM U(G)

4 I
5 *

N 12 *
U t
20 *
24 t
28
32
%
44 
48 
52 
56 
60 
64 
68 
72 
76 

N 80 
84 
88

RECORD 34 MISSING 
N 96 

100 
104 
108 

N 112
lit
124
128
132
136
140
144
148 *
152 *
156 *
160 t
164 t 
168 I
172 t
176 *
180 t 
184 t 
188 t
192

(NOMINAL)FEED FLOW* 17,82 GU/MIN

204
208
212
216
220
224
228
232
236
240
244
248
252

0
0

-1,9
-4.1

5.5 
24,7
I?5:!
91,4
121.8
157.3
198.5
248.9
300.3
349.3
396.4
440.6
479.9
1:1

606,1
i*6
731.1
767.8
83:!
873.2
904.4 
939
976.9
1012.9
1042.1
1059.3
1067.4
1074.4
1083.2
1092.5
1101.9
1110.9
1118.6
1124.8 
1129
1134.5
1144.8 
1158
1167.4
1176.2 
1186.1
1192.8
1175.2
1152.6 
1147,6,
1145.4
1145.5
1148.5 
’157 7hsO
1157.3

4 1248,5



APPENDIX B-29

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

RUN PPfO
INPUT WHICH ENGINEERING LAB RUN NO.

(USES LATEST IF NO OTHER) T 10 
THE LAST RECORD IS 83 

START WITH ? 17 
END WITH ? 50

FEED U(6/L) AND NOHINAL FEED FL0W(L/H)? 40,13.0.339

A-COL HOLDUP. BASED ON XRFA DATA AND INCREHENTAL FLOW RATES (NEAR REAL Tift) 
STARTS WITH RECORD 17 
AND GOES TO RECORD 50 

FOR ENGINEERING LAB RUN 10 ON 26-Jun-81 
(N PREFIX INDICATES NOHINAL FEED FLOW USED (DUE TO 102 ERROL)

4 *
8 t
12 t 
16 t 
20 *
24
28
32
36

N 40 
N 44 
48 
52 
56 
60 
64 
68 
72 

N 76

80
84

96
N 100 

104 
N 108 

112
m

PLOT OF Tlft(HIN) (VERT SCALE) VS U-OUTFLOW (G/HIN) (HOR SCALE) 
5 10 15

(NOHINAL)FEED FLOW- 13.6 GU/NIN

I 580.7

124
128
132

COL ACCUH U(G)

56.8 
108.4 
160 
216.2 
266
319.3
365.3 
406.9
444.1
469.1 
491
516.1 
535
550.4
563.6 
574
583.6
596.8

560.9
564.6
567
568 
573.4 
576,3 
583.2
587.9 
595 
597,8
604.7 
606
605.8
604.9

>



APPENDIX B-30

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

RUN PM1
INPUT WHICH ENGINEERING LAB RUN NO.

EtD WITH T 80
FEES U(6/U m NOHINM. FEED FL0N<L/H)T 40.13r0.339

AS-COL HOLOUPr BASES ON XRFA BATA AND INCREHENTAL FLOW RATES (NEAR REAL TINE) 
STARTS WITH Kim 12 
AND GOES TO RECORD 80 

FOR ENGINEERING LAS RUN 10 ON 24-Jun-Bl 
(N PREFIX INDICATES NOHINAL FEES FLOW USED (BUE TO 10X ERROR))

PLOT OF TIHE(KIN) (VERT SCALE) VS U-OUTFLOW (G/HIN) (HOR SCALE) 
5 10 IS

(NOHIHAL)FEEB aOW= 13.A GU/KIN

COL ACCtM U(6)

<e
07.9

158.9
210.7
247.5
315.2 
357
408.1
444.8
514.5
573.1
424.3

774.2
825.4
873.2
921.4
948.8
1014.3
1057.4
1099.4 
1145
1175.4

01.5
1244.2
IL.
1354.3
1379.3
1399.3
1419.1 
1433.8
1454.7
1449.8 
1482.5
1494.4
1505.1
1512.7
1518.9
1524.9
1535.3
1542.8
1547.9
1412.1
1439.5
1444.5
1457.4
1444.7
1472.9
1484.4
1703.5
1715.2
1715.9
1712.2
1709.8 
1711,4
1727.1
1744.9
1744.3
1775.2
1772.4
1744.4 
1748
1791.4 
1813
1823.9



APPENDIX B-31

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

RUN PP10
INPUT UHICH ENGINEERING LAB RUN NO.

(USES LATEST IF NO OTHER) ? 12 
THE LAST RECORD IS 107 

START UITH ? 36 
END WITH ? 73
INTERVAL ? 1

FEED U(G/L) AND NOHINAL FEED FL0U(L/H)? 40.13?0.321

A-COL HOLDUP» BASED ON XRFA DATA AND INCREHENTAL FLOU RATES (NEAR REAL TIME) 
STARTS WITH RECORD 36 
AND GOES TO RECORD 73 

FOR ENGINEERING LAB RUN 12 ON 02-Jul-Si

PLOT OF TINE(MIN) (VERT SCALE) VS U-OUTFLOW (G/MIN) (HOR SCALE)
5 10

4 *
8 % 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 
104 
108 
112 
116 
120 
124 
128 
132 
136 
140 
144 
148

(NOMINAL)FEED FLOU= 12.88 GU/MIN

*!

COL ACCUH U

tJiH
107.9
154.3
211.3 
262.2
312.9
361.7
404.9
440.6
473.4 
508
529.8
539.5
549.5
557.9
563.7 
573
576.6 
580,4
580.4
585.2
594.5
599.2
597.3

605.7
608.9
m

613.1
607.6
607.8
607.9
609.2
615.8 
613,5



APPENDIX B-32

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

Me.ICH ENGINEERING LAB RUN NO.
(USES LATEST IF NO OTHER) ? 12 

THE LAST RECORD IS 107 
START HITH ? 35 
END UITH f 92

FEED U(6/L) AND NOHINAL FEED FUNKL/H)? 40.13r0.322

4 t
8 I 
12 I 

N 16 $
N 20 t

24 $
IS

36 *
40 t 
44 t 

H 48 I
52 I 
56 t

‘ I
68 

N 72
U

»°$! 
96 
100 
104 

N 1'
11 
116 
120 
124 
128 
132 
136 
140 
144 

N 148 
152 
156 
160

N 164
168
172
176
180
184
188
192

204
208

220
iS

AB-C0L HOLDUPi BASED ON XRFA DATA AND INCREHENTAL FLOU RATES (NEAR REAL TINE) 
STARTS UITH RECORD 35 
AND GOES TO RECORD 92

FOR ENGINEERING LAB RUN 12 ON 02-Jul-81 r.inninm i 
(N PREFIX INDICATES NOHINAL FEED FLOU USED (DUE TO 10Z ERROR))

PLOT OF TIHE(KIN) (VERT SCALE) VS U-OUTFLOU (G/HIN) (HOR SCALE)
5 10

(NOHINAL)FEED FLOU= 12.92 GU/NIN

* 1285.3

$ 1250.1

IS

COL ACCUH U(6)

51.8
103.5
160.4 
212
263.7
315.3
367.1 
419
470.8
522.5
574.3 
626
677.7
723.3
772.4
819.9 
865 
908
948.8
987.4
1019.7
1055.7
1088.3
1119.6
1144.6
&
1178.9
1188.5
1191.5
1192.1
1202.5
1218.1
1238.7
1256.9
1274.4 
1290.2 
1297.1
1306.8

1235.1
1244.7
1255.2
1265.1
1274.7 
1283.9
1294.2
1299.3
1306.6
1306.8
1311.9
1317.3
1323.6
1326.1
1334.1 
1336

>



APPENDIX B-33

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

RIM PPA
input wnc

II
ICH EN6INEERIN6 LAB RUN NO.
(USES LATEST IF NO OTHER) ?

THE LAST RECORD IS 84 
START HITH ? 14 
END HITH ? 70

FEED U (6/L) AND FEED FLOU <L/H>? 40.I3j0.444 
AX FLOH RATE* L/HIN? 0.206

A-COL HOLDUPj BASED ON XRFA DATA 
STARTS HITH RECORD 14 
AND GOES TO RECORD 70 

FOR ENGINEERING LAB RIM 11 ON 30-Jun-81

4 $ 
8 t 
12 t 
U I
20
24
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76

88
n
f
104

116
120

12 
132 
136 
140
iii

152
156
18
168
172
176
180
184
188
192
196
200
204

216

24
228

PLOT OF TIHE(MIN) (VERT SCALE) VS U-OUTFLOH (G/HIN) (HOR SCALE) 
5 10 15 20

FEED FLOIIs 17.82 GU/HIN

COL ACCUH l!

I I

71.3
142.5
213.8
284.3
344.5 
395.2
444.1
491.2
536.6
574.3 
606.2
631.5
646.8
658.7
670.5
680.8 
689
696.8
704.3
711.5
718.3
724.2
730.1 
736
741.8
747.7
753.6
759.4
765.3
771.2 
777
782.9
788.7
794.3
799.9
804.7 
808.2 
811
814.3 
818.1
821.7
825.8
830.7 
835 
838 
842
847.2
851.3

1:1

914.2
917.8
921.2
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

RW PM
INPUT UHICH EM6IMEEKIN6 LAB RUN i

(USES LATEST IF NO OTHER) > - 
THE LAST RECORD IS 83 

START UITH ? 17 
END UITH ? 50

FEED U (G/L) AND FEED FLOU (L/H)f 40.13f0.33? 
AX FLOU RATE* L/NIN? 0.248

A-COL HOLDUPi BASED ON XRFA DATA 
STARTS UITH RECORD 17 
AND GOES TO RECORD 50 

FOR ENGINEERING LAB RUN 10 ON 24-Jun-81

4 i 
8 I
12 I
14 « 
20 I 
24 : 
28 
32 
34 
40 
44 
48 
52 
54 
40 
44 
48 
72 
74 
80 
84 
88 
92 
94 
100 
104 
108 
112 
114 
120 
124 
128 
132 
134

PLOT OF TIHE(MIN) (VERT SCALE) VS U-OUTFLOU (G/HIN) (HOR SCALE) 
5 10 15

FEED FLOU= 13,4 GU/HIN

t
t
I

t
I
t
t
$
*

COL ACCUH U(G)

54,4
108.8
143.2
217.7
gV5

374,9
423.5
448.3
sr
574.1
402.8
ii'1

449.2
459.4

484.4
488.8
492.3
495.2
494.9
497.8 
498.7
700.4
702.5
704.4
704.2
707.9
709.5
710.9
712.5

>



APPENDIX B-35

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

m m
INPUT UHICH ENGINEERING LAB RUN NO.

(USES LATEST IF NO OTHER) ? 10
■"JBMA

END UITH ? 83

N FLOU RATE* L/NIN? 0,24?
IP FLOU RATE, L/NIN? 0,263

B-COL

12 i 
16 $
8'.
28 I

40
44
48
52
56
60
64
£
76
80

92
f
108

124
128
ia
140
144
148
152
156
160
IIS
172
176

188

204

220
224

SMSW
AND GOES TO RECORD f

XRFA DATA
7

FOR ENGINEERING LAB RUN 10 ON 26-Jun-81

PLOT OF TIHE(KIN) (VERT SCALE ) VS U-RETENTION IN B-COLUNN (G/HIN) (HOR SCALE) 15

FEED aOU* 13.6 GU/NIN

t
t

236 I
240 «ir,
252 t 
256 *
iSS S

COL ACCUH U(G)

47
2

-15.4
15.9
•15.4
-13.4
10.6
-6,5
1,4
13.6
30
49,3

139.7
175.5

280.2
313
^•2
407.5
m

511.8
530.1 
546.7
561.6
576.2 
590

626.4

665*1
674.3
701.8 
749.1 
778.6
787.8

814
m
839.3
846.2

870.4
875

186.7
887.8
SP:S

890.6
892



APPENDIX B-36

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

RUN m
INPUT MUCH ENGINEERING LAB RUN N0<

(USES LATEST IF NO OTHER) ? 12 
THE LAST RECORD IS 107 

START WITH ? 36 
END UITH ? 73

FEED U (G/L) AND FEED FLOU <L/H>? 40,13*0*322 
AX FLOU RATE* L/HIN? 0.265

A-COL HOLDUP* BASED ON XRFA DATA 
STARTS UITH RECORD 36 
AND GOES TO RECORD 73

_ FOR ENGINEERING LAB RUN 12 0N_02-Jul-81

PLOT OF TIHE(HIN) (VERT SCALE) VS U-OUTFLOU (G/HIN) (KOR SCALE)
5

4 t
8 $ 
12 ' 

16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56
i!

68
72
76

84
88
n
100
104
108
112
116
120
124
128
132
136
140
144
148
152

10
FEED FLOSf= 12,92 GU/HIN

COL ACCUH U(G)

51.4
102.5 
153.9
205.6 
257.3

58.9
407.7 
450.9
486.7
519.1 
548
570.8
587.1
599.5
609.6
616.4
621.5
625.1
627.9
630.8

637
638.8
640.8
643.3
645.6
647.4
648.4
648.5
648.2
647.4
646.2
m
643.2
643.5

>



APPENDIX B-37

------------------------------------
INPUT WITH ENSINEERING LAB RUN NO.

_________ -UiSES.L&IESL IE-NO JIHEBIA -11 _
THE LAST RECORD IS S?

START UITH ? 2
----------------ENB-UWH—

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

INTERVAL 1
PP COL DEN AMD NT READINGS DURING RUN NO. 11 

“ "STARTS inWRECORirT'AND TNUTVlTtniECORirGA'

. JrB_CQL J.EWIBE II JL=A. SOL JERIMI) 1 -N=A TDL-SIL A-B. CDL i^B.CGL .ML

RCD TINE 0.85
—j._

0.90 0.95 1.00
—

1.05—I—
2 OSJOSAMWB 

"3 OSnOAMB"

0812
7 08!26AHUS
8 OSISOANNB
9 08.34ANUB
10 08138AHUB 
H—08T42W 
12 08MAANWB 
13-J8J50AM—
14 OS.'SSAN
15 09S02AM 
■tt—99«AAH—
17 09!10AM
18 09114AM 
ir"09riBAM"

0912

.1-

T
T

4
'■'T'

*
i....

M-
BN

B U 4 +

-J-

22 09130AM
23 09!34AM
24 09138)*
25 09142AM
26 09146AM 

-27-~09T5W-
28 09154AM

ffl9:5A6H 
10102AM" 
31 10106AM

—m-ms-

-f------ B-ih-
B U

T B U
—T-----B-0-

T B U
___T----S--U-

T B U
T B U

$ I
$ P

—T------ ---T
t +

--------------- 1-----------

T
T B 
-7"' 

T
-l-

T

-rr
B U
U

3 U
.J-IL...

3 «
B W

—BHH

-I-

t
$

4-
+
P

-4—
p
p
p
p

-4-
P
P

~f
P
P

"f
P

-4-
P
P

-t-
P
P~~r
p

-4-
P
P

-+-
P
P

33 10114AM
35 10122AM
36 IOT26AM'
37 10130AM 
38-.J3R34AM-
39 10138AM
40 10142AM 

-4L—rnmn-
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APPENDIX B-38

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

RUN PP3
’ INPUT WICH TlffilNEERIItB ITOr WBCIff,'' 
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APPENDIX B-39

AVERAGE COLUMN DENSITY READINGS BY
DT AND WT INSTRUMENTS: TEST 3AM-5

>RUN PP3
THPDTlWICH'EKGrREERIIlG'CffF'RUN'RO;
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APPENDIX B-40

AVERAGE COLUMN DENSITY READINGS BY DT AND WT
INSTRUMENTS: ADDITIONAL TEST FOR UPSET READING

RUN PP3
INPUT WHICH ENGINEERING LAB RUN NG.

(USES LATEST IF NO OTHER) T 
THE LAST RECORD IS 65 

START WITH ? 2 
END WITH ? 65
INTERVAL ? 1

PP COL DEN AND JT READINGS DURING RUN NO. 13 
STARTS WITH RECORD 2 AND ENDS WITH RECORD 65
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1 1 1
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1
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5 09!50ANUB 7 t *
6 09!54ANWB T t +
7 09!58AKWB * + T
8 10202AHUB i > T
9 10!06AHWB * 1 T
10 lOaOAHWB t 4 T
11 10S14ANWB t 4 T
12 lO'ISANWB i T
13 10S22AHWB t T 4
14 10.26AKUB * T 4
15 18S30AHWB * T 4
16 10.,34ANUB « T 4
17 10'38AMWB 1 T 4
18 10S42AKWB T « 4
19 10146ANWB T * 4
20 10150ANWB T * 4
21 10<54ANUB T t 4
22 10S58AKHB T * 4
23 11S02ANUB T » 4
24 11106ANUB T * 4
25 ll'lOANWB T « 4
26 11U4ANUB T t 4
2? llilBAKWB T * 4
28 li'22ANUB T * 4
29 11!26AHWB T t 4
30 11<30ANWB T t 4
31 11!34ANUB T 1 4
32 il.38AKWB T « 4
33 11'42AHWB T $ 4
34 11146ANyB T 1 4
35 11S50ANUB T 1 4
36 11.54AHWB T 1 4
37 11S58ANUB T 1 4
38 12102PHWB T t 4
39 12S06PHWB T t 4
40 12:iOPHUB T t 4
41 12il4PHWB
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* T
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4
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51 12J54PH T B U 4
52 12.58PH T B u * 4
53 01502PH B t u 4
54 01!06PH T B i y i
5b 01J10PH T E t w
56 01!14PH T B t • 4U
57 Ol'ISPH T B i ■ U 4
58 01!22PH B T I U 4
59 01.26PH B T t ■ y 4
60 01J30PH T B t y 4
61 01J34PH T D t U 4
62 01!38PM T B t y 4
63 01!42PH T f; t U 4
64 01!46PM I B i y 4
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