BNF-003-98-0221

Final Report: Pilot-scale Cross-flow Filtration Test - Envelope A +
Entrained Solids

[/
7
I‘t\,lly R. Duignan o 8 %

Westinghouse Savannah River Company : ? /

Savannah River Site
Aiken, South Carolina 29808

B. Skwarek
Point of Contact - 5-9038

DOE Contract No. DE-AC09-96SR18500

This paper was prepared in connection with work done under the above contract number with the U. S.
Department of Energy. By acceptance of this paper, the publisher and/or recipient acknowledges the U. S.
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper, along
with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper.




@ £ s &

Final Report: Pilot-scale Cross-flow Ultrafiltration Test Using a Hanford Site Tank
241-AN-105 Waste Simulant — Envelope A + Entrained Solids

February 23, 2000

M. R. Duignan, 786-5A

N\efn Hommls +1/so

uthorized Derivative Classifier

2/1 o0
Authorized Reviewing Official

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government or any
agency thereof. '

This report has been reproduced directly from the best available copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22161, phone: (800) 553-6847

fax: (703) 605-6900 '

email: orders@ntis.fedworld.gov

online ordering: http://www.ntis.gov/ordering.htm .

Available electronically at http://www.doe.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from:
U.S. Department of Energy, Office of Scientific and Technical Information, P.O. Box 62, Oak
Ridge, TN 37831-0062, phone: (865) 576-8401

fax: (865) 576-5728

email: reports @adonis.osti.gov




Pilot scale X-flow: EnvA+ES Page 3 of 226 BNF-003-98-0221

Revision 0

TABLE OF CONTENTS '_ Page
Summary 4
Acknowledgments 5
Nomenclature 5
List of Figures 6
Introduction 7
Experimental 8
Results and Discussion ; 25
Conclusions : | 47
Recommendations | 48
Approvals ; 49
References k' | 49

~ Appendix A: Experimental Data — Water and Cleaning : 51

- Appendix B: Experimental Data — Low Solids Concentration h 66

. ‘Appendix C: Experimental: Data - High Solids Concentfation ‘134 e
Appendix D: Experimental Data — Washing ' . 145
Appendix E: Analytical Data 166
Appendix F: Measurement Uncertainty a : 202

Distribution o 226




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.




Pilot scale X-flow: EnvA+ES Page 4 of 226 , BNF-003-98-0221
_ Revision 0

SUMMARY

This report discusses the results of the operation of a cross-flow filter in a pilot-scale
experimental facility that was designed, built, and run by the Experimental Thermal
Fluids Laboratory of the Savannah River Technology Center of the Westinghouse
Savannah River Company. This filter technology was evaluated for its inclusion in the
pretreatment section of the nuclear waste stabilization plant being designed by BNFL,
Inc. The plant will be built at the U.S. Department of Energy’s Hanford Site as part of
the River Protection Project.

The filter element under study was recommended by BNFL, Inc. and it was manufactured
by the Mott Metallurgical Corporation in Connecticut. The filter unit contained seven
316 stainless steel sintered metal tubes. Each tube had an inside diameter of 0.375 inch,
an outside diameter of 0.5 inch, a porous length of 40 inches, and a filter pore size that is
classified as a nominal rated 0.1 micron. These dimensions give an active filter surface
area of 2.29 ft2. At the time of this task these aforementioned dimensions were given as
prototypic, therefore each filter tube was considered full size to the filter, which would be
built for the plant. Only the number of tubes was expected to change.

_The filter was tested with a simulated nuclear waste of Tank 241-AN-105, which is
referred to as envelope A waste. The recipe for the simulant was developed by Waste
Process Technology section of SRTC and the simulant was made by TFL personnel
specifically for this task. The supernatant portion of the simulant was non-organic,
alkalinic, pH > 14, and had molarities of sodium, nitrates, and nitrites, of approximately 5

"M, 1.4 M, and 1.2 M, respectively. To the supernatant insoluble solids were added to

simulate those in the real waste. The solids loading began at 0.5 wt% and then was

eventually raised to about 16 wt% during the test. The particle sizes ranged from 0.5 to 5

microns by design. At 25°C, and a solids loading of 0.5 wt%, this slurry had a density of

approximately 1.23 g/ml, a viscosity of 3 cP, and Newtonian rheological characteristics.

However, as the solids loading increased a yield stress was present, but it dropped very

fast to revert to a Newtonian fluid while in motion. The flow conditions for the test

varied: Axial slurry velocities ranged from 3 ft/s to 15 ft/s (1 m/s to 4.6 m/s) and

transmembrane pressures ranged from 15 psid to 70 psid (100 kPa to 480 kPa) at a

temperature of 25°C. '

The results showed a good filtrate flux and separation. Under the optimum flow
conditions of a slurry velocity of 12.4 ft/s and a transmembrane pressure of 42 psid (3.8
m/s and 300 kPa), the observed filtrate flux was consistently greater than 0.10 gpm/ft2
(4.1 Ipm/m2), even without backpulsing for more than 7 hours. However, a backpulse
frequency of 30 minutes would increase the flux to 0.16 gpm/ft2 (6.5 lpm/m2). A filtrate
flux could be maintained above 0.10 gpny/ ft2 as the insoluble solids loading increased to
16 wt% and at no time did the filter plug from a slurry cake build up. To free the filter
surface of the slurry cake, a volume of only 0.036 gal/ft2 (1.17 liters/m2) was needed.
This backpulse volume leads to a lost flux of 0.0012 gpm/ft2 (0.05 Ipm/m2) for a
backpulse frequency of 30 minutes. Finally, for all test runs the measurable amount of
insoluble solids was insignificant in the filtrate.
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NOMENCLATURE
BNFL BNFL, Inc.
DIF Deionized and Filtered (0.2 micron) Water
Sid. Inside Diameter
LAW Low Activity Waste
‘nominal The word “nominal” for a filter rating is a vague term because its meaning

is manufacturer depend. Further, a “nominal” rating does not give an
exact size to a filter medium; but rather an approximation to the expected
performance of a filter. In the case of Mott, a nominal rated 0.1-pm filter
means that approximately 95% of particles greater than 0.1 pm will not

o pass the filter.

RPP River Protection Project

o.d. Outside Diameter

SRTC Savannah River Technology Center

TMP Transmembrane Pressure (the average pressure drop across the tfuckness
of the filter medium — perpendlcular to the slurry flow.)

TR Test Rig

TIR Technical Task Request

A" Velocity of the slurry flow along the length of the filter tubes

WPT . Waste Processing Technology

WSRC Westinghouse Savannah River Company

XF Cross-flow Filter
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INTRODUCTION

BNFL, Inc. (BNFL) has been contracted by the Department of Energy to design a facility
to stabilize liquid radioactive waste that is stored at the Hanford Site. Because of its
experience with radioactive waste stabilization, the Savannah River Technology Center
(SRTC) of the Westinghouse Savannah River Company is working with BNFL to help
design and test certain parts of the waste treatment facility. One part of the process is the
separation of radioactive solids from the liquid wastes by cross-flow filtration. This task
tested a cross-flow filter with a simulated radioactive waste, made to prototypically
represent the waste chemical and physical characteristics.

This technical baseline research and development work was initiated by a Technical Task
Request (TTR) (1) that was issued in October of 1998. This TTR came about from the
BNFL specifications (2, 3) to design and test a pilot scale cross-flow filtration system.
With initial documentation in place (4, 5, 6) the task began by defining a slurry to be
filtered. A recipe for a low activity waste (LAW) slurry simulant, which would contain
entrained solids, was developed by the Waste Process Technology section of SRTC to
represent the waste in Hanford Tank 241-AN-105 (7, 8). This waste is referred to as
Envelope A waste. At the beginning of this task the exact composition of the complex
slurry was not completely defined, however, enough information did exist to begin work
by modifying an existing test rig and getting the appropriate approvals to insure its safe
operation (9, 10, 11). Previous work (12, 13, 14) assisted in guiding the plan of this task.

Envelope A simulant was the first in a series of two that would be used in this task. This
" -report deals solely with this first simulant to evaluate a cross-flow filter. The chosen
filter was manufactured by the Mott Metallurgical Corporation to meet the required
specification (2, 3): .

7 filter tubes with each having an inside diameter of 0.375 inch

40-inch porous length for each filter tube and made of stainless steel

Nominal rated 0.1 micron filter element (the Nomenclature explains ‘nominal’)
and the test rig was modified to meet the required specification (2, 3):

Maximum recirculation flow of 5 m/s (16 ft/s)

Maximum transmembrane pressure (TMP) of 80 psid

Maximum recirculation flow to be achievable at the maximum TMP

Instrumentation to monitor the recirculation flow rate, the filtrate flow rate, the

TMP, and the slurry temperature
All materials to be compatible with 1 M nitric acid solution

All specifications were met or exceeded. A short history of task activities is:
Arrival of the filter from Mott - February 19, 1999

Shakedown activities began — March 1, 1999

Envelope A simulant was defined - March 2, 1999

Simulant was made - April 16, 1999

Permission was received from BNFL to begin testing - May 12, 1999

Test was completed - July 26, 1999 ‘

Preliminary data were sent to BNFL on November 9, 1999 (15)
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EXPERIMENTAL

Equipment

In general, the equipment assembled for this task was done to conform to the Test
Specification (2, 3). To facilitate understanding of the experimental equipment an
explanation of the salient features follows.

Test Rig -

Figure 1 is a schematic of the entire Test Rig (TR) and Fig. 2 is a photograph of the same.
It stood approximately 25-feet tall and was serviced by a two-level mezzanine. The TR
was much taller than the 3-foot tall filter element because it originally was used to test a
10-foot tall filter in 1994 (12). Several modifications were made in order to install the
meter-long cross-flow filter. The entire TR was made of 300 series stainless steel with
the majority being of 304 stainless steel.
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Figure 1. Schematic of the Pilot-scale Cross Flow Ultrafiltration Test Facility
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Figure 2. Pilot-scale Cross Flow Ultrafiltration Test Facility
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The TR is made up of three basic flow loops: '

1. Slurry loop, which contains the filter and its housing and serves as the primary flow
path for circulating slurries. This loop has an internal volume of approximately 20 liters,
excluding the reservoir-tank.

2. Filtrate loop, which begins at the filter housing and allows the separated filtrate liquid
to flow up through the backpulse piston before returning to the top of the slurry loop to
close the circuit. This loop has an internal volume of approximately 6 liters.

3. Cleaning loop, which enables cleaning of the filter in place without having to remove
the slurry from the test rig by correctly orienting two 3-way valves. This loop has an
internal volume of approximately 15 liters.

Two other flow circuits that are subsections of the other loops are the backpulse and the
recirculations loops:

1. The backpulse loop is part of the filtrate loop and stands ready to reverse the flow of
filtrate. A pulse forces filtrate back through the seven filter elements in order to
knock off built-up slurry cake on the inside diameter of the porous tubes. [The
backpulse piston assembly controls the amount of filtrate used for a backpulse. The
maximum piston travel was 2 inches, but it was initially set at % inch to inject 0.041
gallon back through the filter (the piston housing inside diameter is 4.026 inches) to
attain a 0.018 gal/ft2 (the filter inside surface area was 2.29 ft2), as was found in a
previous filtration test (12). However, starting with test run 2.09 on 5/20/99 the
injection volume was doubled to 0.036 gal/ft2 because it showed a considerable
improvement in the filtrate flux recovery. Even with this volume, a backpulse
frequency of 30 minutes would cause an insignificant reduction in the mean filtrate
flux of 0.0012 gpm/ft2.] o

2. The recirculation loop is part of the slurry loop (by using valve V6). This loop.is
used to: better control the slurry flow, increase mixing, and keeps the slurry well-
mixed when the flow through the filter needs to be stopped.

The TR is controlled through a series of valves, which are described below:

V1: Drains slurry from the test rig

V2:  Isolates the slurry reservoir from the pumps

V3:  Controls the slurry (cleaning fluid) flow upstream of the filter and isolates the
slurry loop from the pump

V4:  Allows liquid to be introduced to the slurry reservoir

V5:  Allows slurry to be samples (not used for this test)

V6:  Recirculates slurry to the reservoir

V7:  Directs either slurry (cleaning fluid) to the filter; 3-way valve

V8:  Used for the same functions as V3 but for the cleaning loop

V9:  Drains the filtrate loop

V10: Drains the cleaning loop

V11: Controls the slurry (cleaning fluid) flow downstream of the filter

V12: Directs either slurry (cleaning fluid) from the filter; 3-way valve
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V13: Directs filtrate to the sample port or back to the slurry loop; 3-way valve

V14. Directs filtrate to the to the slutry loop or to the cleamng loop; 3-way valve
V15: Allows air to pressurize the backpulse piston

V16: Shuts filtrate flow from the backpulse piston

V13: Directs either filtrate to the sample port or back to the slurry loop; 3-way valve
V17: Vents the test rig

V18: Allows filtrate to bypass the backpulse piston

V19: Allows coolant flow to the cooling coil in the slurry reservoir

V20: Allows coolant flow through the cooling coil in the cleaning fluid reservoir

To circulate slurries and liquids the test rig and mixing tank were serviced by five
TEEL stainless steel centrifugal pumps: -

Materials
Location Model hp Housing Shaft Impeller-Sleeve Seals
1.Slurry Loop 2P392 3 304SS  304SS  303SS Graphite/Ceramic/Viton
2.Slurry Loop 2P392 3 304SS  304SS  303SS Graphite/Ceramic/Viton
3Slurry Loop 2P392 3 304SS  304SS  303SS Graphite/Ceramic/Viton
4.Cleaningloop 2P392 3 304SS  304SS  303SS Graphite/Ceramic/Viton
5.Mixing Tank 1P701B % 304SS  304SS  416SS Graphite/Ceramic/Viton

Three 3 hp pumps were used in series on the slurry loop to attain the head of 80 psig at 40
gpm (~5 m/s) since one pump is able to produce about 28 psi at 40 gpm with water.

" Cross Flow Filter
The heart of this entire experimental task was the cross-flow filter element that was to be
tested to define its operational characteristics under required flow conditions. There were
several candidates that could have been used for this test but due to availability and past
experience in robust designs a Mott Filter was chosen. The specifications for the filter
unit were:

Material: 316 stainless steel (smtcred mctal)
Porosity: nominal rated 0.1 micron

Length: 40 inches

Diameter: - 3/8-inch LD., ¥2-inch O.D.
Number: 7 tubes

The unit which was received from Mott met the requirements, see Figs. 3, 4, and 5. The
40-inch length was made from two 20-inch lengths that were welded together at the
center. [When subtracting the weldments at the end and middle of the tubes, the actual
active porous length was 39 3/4 inches (1.01 meter)]. The 7 tubes were welded together
with the tube sheets and extra support was made with a central stabilizing plate and
supporting solid metal Y4-inch rods which ran the length of the tube bundle, Fig. 3c.
From the figures it is possible to see that some of the porous surfaces were slightly
marred. Because of the large surface area this marring was not expected to affect results
and no effects were notice during testing. The tube housing, Figs. 4 and 5, was made
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from a 3-inch schedule 10 pipe with two pipes connected at either end to remove filtrate.
For this test the filter unit was oriented vertically in the test rig, see Figs. 1, 2, and 5. The
tube bundle sat in the housing such that the large tube sheet (right side of Fig. 3a) was
secured to the top flange of the housing; this tube sheet also supported the weight of the
assembly. The smaller, lower, tube sheet (foreground in Fig. 3b) was able to pass
through the housing and separated the slurry side of the flow channel from the filtrate
side with an “O” ring between the outer perimeter of the lower tube sheet and the inside
diameter of the filter housing.

Figure 3c. Support plate at the mid-section of the seven-tube bundle
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Figure 5. Cross-flow Filter in Test Rig
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Mixing Tanks
There were two main tanks used for mixing and preparing the slurry solutions:

L.

The slurry reservoir was a 110-liter plastic tank that primarily served as the Test Rig
reservoir. It was also used (along with the recirculation loop) as a mixing tank when
solids had to be added to the slurry and was the location from where slurry samples
were taken. Mixing was accomplished with the recirculation loop by using valve V6.
[The slurry reservoir is shown in Fig. 1 and is the large white tank in the foreground
of Fig. 2.] ,

The mixing tank (MT) was a separate 110-liter plastic tank. It served to make the 75-
liter batch of simulant supernate before the solids were added to complete the slurry. -
Since it was hard-piped to the slurry reservoir it was also used to make the cleaning
fluid (1 M nitric acid) as well as the cleaning solution used to clean the entire test rig
during shakedown activities (1% Alconox solution — phosphate). Mixing was
accomplished with the recirculation loop by using valve V23. [Figure 6 is a schematic
of this tank and can be found in Fig. 2 as the lower white tank behind the vertical I-
beam at the lower right side of the photograph.]

The MT is controlled through a series of valves, which are described below:

V21: Contols the flow to the pump

V22: Drains the MT

V23: Recirculates the contents of the MT

V24: Allows the mixed contents to enter the slurry reservoir
- V25: Allows liquid to be introduced into the MT

Vent r> To Test Rig

Funnel

@ yo4
v25 '
@ v23

Mixing T
Tank

. V21
@ v22
Drain

Figure 6. Main Mixing Tank for the Experiment
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Instrumentation ,
The measurement equipment used for this experiment was:

5 Type E thermocouples with accuracies from* 1.0 to 1.5°C,

6 Variable capacitance pressure transducers with accuracies from* 0.02 to 0.38 psi, and
3 Magnetic flow meters with accuracies from* 0.005 to 0.19 gpm.

*accuracies are a function of the instrument and calibration. The uncertainty introduced
through the use of the 16-bit data acquisition system was insignificant (<0.1% reading)
and was not included in the values above.

Figure F1, Appendix F, shows two tables which list all the instruments and data
acquisition system (DAS) channels for each of the non-thermocouple instruments. The
thermocouples had their own dedicated computer card to interface and convert the
temperatures properly. The calibration of the DAS was checked and that information can
also be found in Fig. F1, which includes tables and graphs that show the results and the
transfer functions used for each channel.

Two instrument changes were made during this task:

1. On 3/24/99, the pressure transducer used for dP2 (No. TR-00532).was recalibrated to
reduce the calibrated pressure range so that the measurement uncertainty was reduced to
0.13 psid from 0.42 psid. Even though the actual experiment did not begin until May of
1999, the pre-3/24/99 calibration was used in obtaining certain shakedown data for water
and thus it is included for completeness.

2. On 7/14/99, another filtrate flowmeter was added (Q3; No. TR-03562). By this date
the experiment was complete, except for the final water run 2.22. This new flow meter
increased the measurable range for filtrate flow from a maximum of 1.2 gpm to 5 gpm, or
the flux from 0.52 gpm/ft2 to 2.18 gpm/ft2, respectively. However, the measurement
uncertainty for the larger filtrate flow rate was larger by a factor of four. This new meter
was only necessary for the water runs, since with slurry, the filtrate fluxes were always
below 0.5 gpm/ft2. o '

From Figs. 1, F1, and F2 the location and the usage of each instrument can be
determined, however the following list will better describe the placement and usage of all
the measurement instruments:

T1 - A thermocouple located in the exit pipe of the slurry reservoir to measure the slurry
temperature on its way to the filter. N

T2 — A thermocouple located in the filtrate line at the end of the upper filter housing
filtrate exit pipe to measure the filtrate temperature as it leaves the filter housing.

T3 ~ A thermocouple located in the cleaning loop at the exit of the cleaning loop pump.
T4 — A thermocouple located at the top of the test rig near valve V13 to measure ambient
temperature.

TS5 — A thermocouple located at the bottom of the test rig near valve V5 to measure
ambient temperature.
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For the 6 pressure transducers also refer to Fig. F2, which indicates, pressure-line
locations as well as their heights. . :

P1 — A gauge pressure transducer located at the beginning of the filter housing to
measure the pressure of the slurry just before entering the filter tubes.

P2 — A gauge pressure transducer located in the filtrate line at the end of the upper filter
housing filtrate exit pipe to measure the pressure of the filtrate as it leaves the filter
housing. -

P3 — A gauge pressure transducer located at the air side of the backpulse piston to
measure the pressure applied to produce a backpulse.

dP1 — A differential pressure transducer located across the slurry side of the filter to
measure the drop in pressure along the filter tubes.

dP2 - A differential pressure transducer located across filter and housing at the filter
entrance to measure the transmembrane pressure at the beginning of the filter.

dP3 - A differential pressure transducer located across filter and housing at the filter exit
to measure the transmembrane pressure at the end of the filter.

[The transmembrane pressure is determined from the average of dP2 and dP3.]

Q1 - A magnetic flowmeter located at the entrance of the filter to measure the slurry
flowrate.

Q2 — A magnetic flowmeter located at the filtrate line between the exit of the backpulse
piston and valve V16 to measure the filtrate flowrate.

Q3 - A magnetic flowmeter located at the filtrate line between the exit of the backpulse
piston and valve V16 to measure the filtrate flowrate.

Measurement Uncertainty

Appendix F has all the pertinent information on the uncertainties. The measurement
uncertainties (at a 95% confidence level) for the important calculated quantities are:

Slurry Velocity in a Filter Tube = \" +8.16 %
Transmembrane Pressure ' = TMP +1.07%
Temperature Corrected Filtrate Flux = Fc +6.72 % -
Permeability = P +6.80 %

These numbers are based on pre- and post-test calibrations of the instruments.

Simulated Waste Slurry

Beside the cross-flow filter, the most important aspect of this experiment was the slurry
used to simulate a Hanford Site waste. The waste that was simulated is referred to as
Envelope A +ES. The Envelope A components include soluble radioactive wastes in
tank 241-AN-105 from the Handford Site and the ES refers to the insoluble Entrained
Solids from that tank. The simulant used for this task was cold (non-radioactive), but
made chemically equivalent to actual waste. The actual simulant development is beyond
the scope of this task and not elaborated here. A recipe for the simulant supernate, Fig. 7,
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|Complete Envelope A Recipe at 5.5 Molar Na |
(valid as of 4/13/99)
{Volume of Feed | 1000 JmL
Needed
_grams
|Fill the container with water 200
Transition Metals and Complexing agents
Compounds Formula Conc., PPM M rams
Boric Acid H3BO3 126 2.43E-03 0.150
Calcium Nitrate Ca(NO3)2.4H20 102 5.13E-04 0.121
Cesium Nitrate CsNO3 10 6.27E-05 0.012
Magnesium Nitrate Mg(NOS)2.6H20 25 1.14E-04 0.029
Potassium Nitrate KNO3 8302 9.77E-02 9.880
Zinc Nitrate Zn(NO3)2.6H20 20 7.94E-05 0.024
Glycolic Acid HOCH2COOH, 70 wi% 719 7.88E-03 0.856
Sodium Chiloride NaCl 6472 1.32E-01 7.702
Sodium Fluoride NaF 181 5.14E-03 0.216
Sodium Sulfate Na2S04 492 4.13E-03 0.586
Potassium Molybdate K2MoO4 88 4.39E-04 0.105
Ammonium Acetate CH3COONH4 221 3.42E-03 0.264
In a separate container mix the following _grams
' |Fill the container with water 300
Compounds _ Formula Conc., PPM M rams
Aluminum Trihydroxide Al(OH)3 49574 - | 7.56E-01 58.993
Sodium Hydroxide NaOH 84956 -~ | 2.53E+00 101.098
Sodium meta-silicate Na2Si03.5H20 922 3.86E-03 1.097
Sodium Acetate NaCH3CO00.3H20 1670 1.46E-02 1.987
Sodium Formate HCOONa 1879 3.20E-02 2.236
Sodium Oxalate Na2C204 401 3.56E-03 0.477
Sodium Phosphate Na3P04.12H20 985 3.09E-03 1.173
Mix thoroughly. Then add this solution to the first solution. Then
--Add - Formula . Conc., PPM M grams
{Sodium Carbonate Na2CO3 9567 1.07E-01 11.385
Mix thoroughly. Then
Add Formula Conc., PPM M rams
Sodium Nitrate NaNO3 90607 | 1.27E+00 107.822
Sodium Nitrite NaNO2 71911 1.24E+00 85.574

Mix thoroughly and dilute to the mark.

The final addition of water wouldbe, needed=[___ 2982 |grams
based upon a density of 1.25 g/ml.

Needed grams

| Final Weight

| 1250 ]

Figure 7. Ehvelope A Simulant: Superriate Only
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and one for the simulant solids, Fig. 8, were obtained from the WSRC Waste Processing
Technology group. ’

Envelope A Entrained Solids

A Approximate Supernate Volume 1000.0 mL

Approximate Supernate Density 125 g/mL
Approximate Supernate Mass 1250.0 grams

At 0.5 wt% solids loading 628 grams

Total Mass Supernate + Solids 1256.3 grams

Compound* Compound  Concentration Needed

Name Formula /1009 solids grams
Alumina Al203 9.20% 0.58
Calcium Oxalate CaC204 5.00% 0.31
Chromium Oxide Cr203 | 26.00% ' 1.63
Ferric Oxide Fe203 1.10% 0.07
 Manganese Oxide MnO2 0.30% 0.02
" Sodium Oxalate =~ Na2C204 52.40% 329
Nickel Oxide = NiO 0.50% 0.03
Silicon Oxide Si02 5.40% 0.34
Total 99.90% 6.28

* All compounds should be sized between 0.5 and 5 microns

Figure 8. Envelope A Simulant: Solids Only - 0.5 wt%

Each recipe is shown on a per-liter basis. The test required a batch of 75 liters, therefore
the quantities shown in both recipes were increased accordingly. (A volume of 75 liters
was chosen to fill the slurry reservoir to the half-way mark, since the test rig proper held
approximately 25 liters and the reservoir tank held 110 liters. The extra space was
needed for foaming if it had occurred.) Along with the recipe for the solids, Fig. 8, the
particle size distribution was specified: all particle should be between 0.5 and 5 microns
based on the actual waste sampling, Fig. 9a. Therefore, all the solids indicated in Fig. 8
were purchased to that specification. Before adding the solids to the 75 liters of
supernate the customer requested to evaluate the actual solids distribution. It was
important to know if the purchased solids were of the correct size, as well as, what the
distribution would be after the simulant was prepared. On 4/16/99 the 75 liters of
supernate was made. On 4/19/99 a sample of 250 mL of the supernate was taken and
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enough solids were added to obtain 0.5 wt%. Then the sample was submitted to
determine the solids distribution. The distribution was obtained by Microtrac, Fig. 9b, on
5/12/99 and sent to the customer by facsimile transmission. On the same day the
approval to begin testing was obtained. Both the actual waste and the simulant show a
relatively small number of particles greater than 20 microns. In fact, for the simulant the
large particles (thought to be soft sodium oxalate) eventually were broken up and do not

show up in later distributions. Run 2.00 (water) began the following day and the
simulant was finalized.

‘Relative Percent
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(a) Solids Distribution in Actual Waste Sample - (b) Solids Distribution in Waste Simulant

Figure 9. Insoluble Solids Distribution -

Specifics about the simulant can be found in Appendix E: Analytical Data, but some
general properties at 25°C were: ’

Slurry Density: ~1.23 g/mL at 0.5 wt% insoluble solids and 30 wt% total solids
Slurry Density: ~1.28 g/mL at 8 wt% insoluble solids and 36 wt% total solids
Slurry Viscosity: ~3 cP at 0.5 wt% insoluble solids and 30 wt% total solids
Slurry Viscosity (washed):  ~2 cP at 12 wit% insoluble solids and 14 wt% total solids
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Slurry Rheology ~Newtonian (at high insoluble solids loadings Bingham plastic
characteristics are present, i.e., yield stress. See Figs, E2 and E3)

Supernate Density: ~1.21 g/mL at 36 wt% soluble solids

Supernate Viscosity: ~1.8 cP at 36 wt% soluble solids

Sodium [Na*] Conc: ~5M

Test Procedure/Matrix

Details of the test matrix and test execution can be found in the Test Procedure (16) and
the accompanying Operational Instructions (17), which are also listed in the task
notebook (4). However, to facilitate understanding of the test’s general operation, the
procedural steps are summarized below:

Daily pre-test activities —

1. Equipment is turned on to warm up if not already on.

2. The equipment was checked for functionality and after each of the four liquid-filled
pressure sensing lines (see Fig. F2; Appendix F) were purged with 5 ml of distilled
and filtered water, the transducers were checked at their zeroes for drift. The zeroes
are recorded for 2 to 3 minutes by the DAS. Those data are included in each day’s
data sheets. :

Daily testing activities for constant solids runs (low and high concentrations) —

3. Begin circulating the slurry in the recirculation loop untll the temperature reached
25°C.

4. Turn on the reservoir cooling coil. ,

5. Allow the slurry to flow through the cross-flow filter.

6. Set the appropriate flow conditions as per the test procedure by 1terat1ng between

~valves V3 and V1.

7. When the slurry and filtrate loops establish steady flows adjust the backpulse plston
pressure to at least 30 psi over the slurry pressure in the filter.

8. Set the DAS to read every minute.

9. Backpulse the filter, hold the piston down for 10 seconds, then allow the filtrate flow
to return. (At times this step had to be repeated so that the flow parameters could be
set correctly. Also, because the filtrate had to refill the backpulse piston plenum, the
filtrate-flow return-time was a function of the filtrate flux. As mentioned in
“backpulse loop” description of the Test Rig section, the volume of the plenum was
0.036 gallon/ft2, therefore the recovery time at 0.5 gpm/ft2 was approximately 0.036 /
0.53 x 60 =4 seconds. A flux of 0.53 gpm/ft2 was taken because that was close to the
filtrate flux right after a backpulse, Fig. 10.)
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BNFL Pilot-scale X-flow Fiitration Test
[Test No. 2.07c: V = 12.3 ft/s, TMP = 41.7 psi, T = 25°C]
Data Taken on 27 May 1999]
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Figure 10. Filtrate flux immediately following a backpulse

10. Allow the test rig to run for approximately 2 hours.

11. Backpulse the filter once again.

12. Repeat from Step 6 for next set of flow conditions or shut down the test rig, if near
the end of the work day. ‘

13. End the test run.

'Daily-testing activitieé for wash test runs —
[Do Steps 3 to 9 from above, but just before Step 6 pour in a volume of distilled and
filtered water equal to the volume of slurry in the test rig (~50 liters).]

10. Switch valve V13 to the open-loop position so that the filtrate is not returned to the
slurry loop, but is collected outside the test rig.

11. Allow the test rig to run until a volume of filtrate is removed that is equal to the
volume of water that was put in.(Slightly more mass is taken out than was put in.
because of the filtrate’s higher density.)

12. Switch valve V13 to the close-loop posmon

13. Backpulse the filter once again.

14. Repeat from Step 6 for each wash run until finished with all wash runs.

15. End the test run.

Daily testing activities for post-wash dewatering/plugging test run —
[Do Steps 3 to 9 from above.]

10..Switch valve V13 to the open-loop position so that the filtrate is not returned to the
slurry loop, but is collected outside the test rig.

11. Continue run until either the ﬁlter or pumps do not allow further operation.

12. End the test run.
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Shakedown

Before beginning test runs with water to evaluate the filter’s hydraulic characteristics, the
test rig (TR) was cleaned to remove any foreign contamination that may have been left
inside the system from past testing or that could have been introduced when
modifications were made. In March of 1999, before the new seven-tube filter unit was
installed, the entire TR was cleaned with 1 wt% solution of Alconox in distilled and
filtered (0.2 micron) water (referred to as DIF water). Fifty liters of this phosphate based
solution was circulated in the TR for several hours at 35°C. This was followed with
several DIF water rinses, until the water returned crystal clear. During the cleaning and
rinsing the filter tubes were soaked in water for 4.days. With the TR clean and the filter
installed, the shurry reservoir was filled with 75 liters of DIF water. Several runs were
done with water to characterize the Mott filter.

A cross-flow filter (XF) is significantly different from a dead-end filter in that the main
slurry flow is not forced through the filter medium. Instead, the slurry flows parallel to
the filter substrate while allowing the filtrate to be removed perpendicularly, as a result of
the transmembrane pressure (TMP). In this way the XF is basically self cleaning as the
turbulent slurry flow tend to shear solids away from the filter wall as they try to adhere.
However, because of this cross flowing stream, there is an added degree of freedom. For
instance, an increase in slurry velocity may, but not necessarily, lead to an increase in
filtrate flux. This is because the slurry system pressure can be made to decrease. That is,
the slurry system pressure can be controlled independently from the slurry axial velocity
and both of these quantities will affect the rate of filtrate flow. With this in mind, the

~ following figures are shown to illustrate the character of the XF with DIF water, which
contains no solids.

Pilot-scale Cross-Fiow Filtration Water Runs
[New Mott 0.1 micron Filter: 3/8-inch 1.D., 1/2-inch 0.D., 316 SS}
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Figure 11. Axial pressure drop vs. axial velocity of water in the cross-flow filter

Figure 11 is the axial pressure drop versus the axial velocity. Those velocities came from
the TR flow settings of 10, 20, 30, 40, and 50 gpm. These obtained results were expected
because a pre-test calculation indicated that the pressure drop at 12.6 ft/s should be close
to 4 psid, and it is. The calculation was not straight forward because to determine an
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accurate pressure drop involves knowing the several contributions to that drop. Figures 1
and 5 show that the pressure taps were located in a diverging/converging plenum region
on either side of the filter housing. Therefore the pressure drop 1s not only the drop along
the porous filter tube, but it also includes the effects of the tube sheet inserts, expansion
and contraction into the plenums, and the diverging and converging plenums themselves
(where the pressure taps are located). A rough calculation determined that the actual
axial pressure drop along just the porous section of tube is between 60% and 70% of the
measured drop. Another aspect of Fig. 11 is the several data points shown for each
combination of pressure drop and velocity. The system pressure at the filter was
increased three fold from approximately 5 to 15 psig which resulted in filtrate fluxes from
approximately 0.1 gpm/ft2 to 0.5 gpm/ft2. The increased pressure had a insignificant -
effect on the axial pressure drop as can be seen from the grouping of point in Fig. 11.

The effect of system pressure on filtrate flux at a fixed axial velocity is apparent in Fig.
12. The lines on the graph are isobars, or better, lines of constant transmembrane
pressure (TMP). These data were obtained by adjusting the valves on the test rig to
maintain a constant axial velocity while changing the system pressure. The highest TMP
measured was at 4.4 psid due to the limitation of measuring filtrate flux to a maximum of
0.53 gpm/ft2. This limitation existed because the expected filtrate flowrate of slurry was
to be between 0.02 and 0.2 gpm/ft2. Therefore, a flowmeter was calibrated to accurately
measure that target range. However, it did limit measurement with water. Near the end
of the experiment another meter was installed to measure up to 2.2 gpm/ft2, so the final
water run (2.22) has higher TMPs.

Effect of Turbulence, BNFL Pilot-scale X-flow
{New Mott 0.1 micron Filter: 3/8-inch L.D., 1/2-inch 0.D., 316 SS]
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Figure 12. Filtrate flux vs. axial velocity of water in the cross-flow filter

What is interesting in Fig. 12 is that for a constant TMP, the filtrate flux decreases as the
velocity increases. A cross-flow filter is really only useful when there is something to
filter. Without solids only the fluid dynamics affect the flow. As can be seen in Fig. 13
the increase axial velocity leads to an increase in the Reynolds number.
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Level of Turbulence, BNFL Pilot-scale X-flow
[New Mott 0.1 micron Filter: 3/8-inch L.D., 1/2-inch 0.D., 316 SS]
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Figure 13. Reynolds vs. axial velocity of water in the cross-flow filter

This is not surprising since the Reynolds number is directly proportional to the velocity,
along with the diameter of the flow stream, and inversely proportional to the kinematic
viscosity. The purpose of Fig. 13 is to show the intensity of turbulence. As turbulence
increases, the laminar sublayer decreases, an inertial sublayer is created and increases,
and the scale of energy dissipating eddies become increasingly smaller (18). What this
means is that increasing the shear environment at the tube wall forces the water to enter
into the main stream more than forcing the water through the thin laminar sublayer which
coats the porous-tube wall.

Finally, due to the added degree of freedom, the filtrate flux cannot be simply determined
from just the axial flow velocity; the TMP must also be specified, leading to the family of
curves in Fig. 12. However, an attempt was made to collapse those curves into a single-
curve to be more useful. Figure 14 show the results of that attempt. \

Pilot-scale Cross-Flow Filtration Water Runs
{New Mott 0.1 micron Filter: 3/8-inch L.D., 12-inch 0.D., 316 SS]
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Figure 14. Normalized TMP vs. filtrate velocity in the cross-flow filter
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RESULTS AND DISCUSSION

General

The different phases of the test matrix that we will discuss are: initial water baseline, low
solids concentration, high solids concentration, slurry wash, plugging, cleaning, and final
water baseline. After a discussion on some of the analytical and washing results, a ‘
discussion of the hydraulic results will follow the chronological order with the exception
of the water and cleaning runs. Those runs:will be given together in order to see any
lasting effect of the slurry on the filter medium and thereby have a clear perspective of
these test runs. The test matrix (3) was:

Test Duration  Slurry Velocity TMP
minutes fi/s . psid

Run

2.00 120 12.2 40 Water

2.01 120 6.6 ) 30 ow Solids Concentration
2.02 120 .66 40 ow Solids Concentration
2.03 120 3.3 30 ow Solids Concentration
2.04 120 6.6 15 ow Solids Concentration
2.05 120 6.6 30 ow Solids Concentration
2.06 120 9.1 20 ow Solids Concentration
207 120 12.2 40 ow Solids Concentration
2.08 120 122 55 ow Solids Concentration
2.09 120 12.2 70 ow Solids Concentration
210 120 a.1 Best ow Solids Concentration
2.1 120 15.2 Best ow Solids Concentration
212 120 12.2 55 ow Solids Concentration
2.13 120 6.6 30 ow Solids Concentration
2.14 120 Best Best igh Solids Concentration
2.15 N/A 122 40 Wash* )

2.16 N/A 12.2 55 Wash*

2147 N/A 122 70 Wash*

2.18 N/A 9.1 Best Wash*

2.18 N/A 15.2 Best Wash*

2.20 N/A Best Best lugging

2.21 N/A : N/A N/A leaning 1 M NaOH

2.22 N/A - N/A N/A Water

“These were to be pre-wash runs but were done as wash runs
Figure 15. Test matrix as stated in the test specification (3)

Test Run Sequence

As will be explained in the following sections, there were some deviations from the Test
Matrix shown in Fig. 15. For example run, 2.10 was done three times and referred to as
2.10, 2.10b, and 2.10c. It was repeated for the Best Permeability and the Best Filtrate
Flux flow conditions, since they were different. After run 2.13, run 2.07 (chosen for the
its flow settings since it had the best filtrate flux results) was repeated too, i.e., 2.07b and
2.07c. At the suggestion of the task léader, and with the concurrence of the customer,
2.07b was a 7+ hour run without backpulsing to see if an asymptotic value for the filtrate
flux could be reached. Run 2.07c was another all-day run but this time there were a
series of different backpulsing frequencies, i.e., 30, 15, and 5 minutes. After run 2.07¢
the test rig had an unplanned pluggage while attempting to raise the solids concentration
in the slurry for run 2.14. This plugging caused some down time to clean the test rig and
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make more simulant. In attempting to unplug the test rig the simulant became slightly
more dilute than required for the test. Therefore, run 2.14 was done as if it already went
through one washing cycle. That is, run 2.17 was left out of the matrix when doing
washing runs 2.15 to 2.19 because of the more dilute starting point. However, time
allowed a repeat of runs 2.14 to 2.19 with a new batch of simulant, therefore those runs
were referred to as 2.14b to 2.19b. Runs 2.20b, 2.21b, 2.22b are not repeat runs but have
a “b” included because they were done after run 2.19b. Finally, runs 2.21b and 2.22b are
‘broken down further as 2.21b1 and b2 and 2.22 b1 and b2 to illustrate different aspects of
the same run.

Analytical Test Results
[See Appendix E for the entire set of data sheets.]

Filter Effectiveness

First and foremost, the task objective was to determine if the nominal rated 0.1-micron
Mott filter could remove all the insoluble solids from the simulant. As already mentioned
in the preceding experimental section of this report, the insoluble solids were made of 7
compounds: 6 metals (Al, Ca, Cr, Fe, Mn, and Ni) with Chromium being the largest
quantity by mass, and Sodium Oxalate, which was the largest single quantity by mass
(Fig. 8). Based on a real-sample analysis (Fig. 9a), the particle sizes purchased for the
solids ranged from 0.5 to 5 microns. Fig. 9b indicates the sizes of solids used were close
to the target values. From Tbl. 1 it is apparent that the filter removed all the solids. Note,
the table shows that the analytical results only indicated the solids present in the filtrate

- were less than values shown (see Appendix E).

Insoluble Solids
Run No. | in Sturry, wi% in Filtrate, wi%
Target (LS) 0.5 0
2.01 0.45 <0.003
213 0.29 <0.003
2.14b 8.2 <0.01*
2.16b .55 . <0.01
2.20b start 5 <0.01
2.20b end 16.2** <0.004
| Target (HS 20 0

*From run 2.15b because a measurement
for 2.14b was not made

**Estimated from remaining slurry volume

"|1.S = Low insoluble solids concentration

HS = High insoluble solids concentration

Table 1. Insoluble solids in the slurry and the filtraté throughout the test

The filter was very effective in removing all the insoluble solids. Furthermore, the basic
sizes of the solid particles did not change during the course of the experiment. Particles
smaller than 0.1 micron could have compromised the filter. Figure 16 shows that the
particle diameter (by a volume distribution analysis) started at approximately 2.5 microns
and remained that size. The standard deviations were on the same order of magnitude as
the particle diameters. This was expected since the purchased solids were requested to be
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between 0.5 and 5 microns. However, the largest number of particles was closer to 1
micron. When analyzing the particles by a number distribution, Fig. 17; the mean
particle size is very close to 1 micron with one standard deviation being 0.4 micron. As
seen in Figs. 16 and 17, one measurement from each had a bimodal distribution. These
bimodal distributions could have been caused by the clumping of particles while samples
awaited analysis, or by agglomerated solids that were not fully broken down when the
samples were mixed before measurements were taken. In general, the particle sizes did
conform to the required sizes and the particle sizes remained basically intact throughout
the experiment. See Appendix E for details on the particle size analyses.
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Figure 16. Particle size based on a volume distribution
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Figure 17. Particle size based on a number distribution
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Washed Slurry

As already mentioned, there were two sets of washing runs: 2.15 to 2.19 and 2.15b to
2.19b. During the first set, run 2.17 was not done because during the concentrating run
2.14 the test rig plugged and in the process of unplugging the rig the slurry was diluted.
The slurry for run 2.14 received enough water that it made the slurry equivalent to an
initial wash run. Therefore, to keep the number of wash runs the same, run 2.17 was
omitted. Further, because of the dilution it was thought best to make another batch of
slurry to redo 2.14, which became 2.14b, which thereby allowed the wash runs to be
repeated. While there are some differences between the two set of test runs, the data are
similar and only those for test runs 2.15b to 2.19b are discussed here (see Appendix E for
all the data).

* Sodium *
One of the major reasons for washmg is to reduce sodium content. Figure 18 shows the
Nat reduction.

Na: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
10.00 = ;

[ ——
2
; t
2 1.00
2 —

0.10
1 2 3 4 5 6 7
Number
[No:1=Target; Nos:2-7 Runs:2.14b, 2.15b, 2.16b, 2.17b, 2.18b, and 2.19b]

Figure 18. Reduction of sodium with successive washings

Point number 1 was the target sodium concentration of 5.5 M. Point number 2 shows the
actual sodium concentration for run 2.14b was 5.2 M. Numbers 3 to 7 show the sodium
level after each batch of 50 liters of water was added to the slurry reservoir that held
approximately 50 liters of slurry. The line of points in Fig. 18 from number 2 to 7 is
fairly straight on the semi-log scale, which was not unexpected. Figs. 19 and 20 show
how the filtrate density and viscosity changed as the sodium level decreased from
approximately 5 M to 0.1 M.
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Effect of Washing on Filtrate Density
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Figure 19. Filtrate density vs. sodium during washing

Effect of Washing on Filtrate Viscosity
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Figure 20. Filtrate viscosity vs. sodium during washing

* Oxalate *

Revision 0

A chemical that may have had an impact on the changes in salids loading was the
chemical compound of oxalate. As seen in Fig. 8, approximately 50% of the “insoluble”
solids that were added to the slurry was comprised of sodium oxalate. Of all the solids
this one was expected to give the largest problem because of it being more readily
dissolved in the simulant than any of the others. However, the simulant was designed
such that the oxalates added as insoluble solids should have stayed undissolved. The
liquid portion of the simulant, the supernate, was to be saturated with sodium oxalate

before adding the solids.
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Figure 21. Oxalate changes in the filtrate during the test
{Note: Except for nos. 1 and 10 all oxalate values are from the filtrate]

Revision 0

Figure 21 implies that most of the oxalates in solid form remained that way. The oxalate
concentration in the filtrate, nos 2 and 3, for the low concentration runs of 2.01 and 2.13,
was approximately 0.005 M. Number 1 is the value of the oxalate concentration from all
its sources in the slurry, 0.03 M, and of this amount 0.004 was already included in the
supernate. This indicates that after the solids were introduced, the liquid picked up about
another 10 % in oxalates, i.e., 0.001 M + 0.004 M = 0.005 M. It is assumed that the
supernate was fully saturated with oxalate at 0.005 M. The value of number 10, i.e., 0.55
M, is the amount of oxalates in the slurry for all test runs starting with run 2.14. The
oxalate values for numbers 4 through 9 are from the filtrate samples that came from the
slurry with this higher oxalate concentration. However, the supernate of the slurry before

>+ washing should have still been saturated at the 0.005-M level. Therefore, the oxalate - ™"~

concentration could only increase as the saturation level increased during the wash runs.
Looking at the results from all the wash runs 2.15b to 2.19b (numbers 4 to 8) the oxalate
in the supernate does increase as more and more water is added but it showed a maximum
of 0.089 M on the third wash. Afterwards, the concentration decreased on the fourth and
fifth wash runs. Note that all 5 wash runs were done in succession, and all on the same
day. The time frame was short between water additions and the oxalate values, i.e., 4 to
8, may not be from a mixture at equilibrium. The oxalate value in the filtrate at the
beginning of run 2.20b is 0.11 M, shown as No. 9 in Fig. 21." This filtrate sample was
taken from the same dilute slurry that gave the result for run 2.19b, no. 8. The only
difference is that run 2.19b was finished at 8 p.m. on one night and the sample for the
beginning of run 2.20b was taken at 11 a.m. on the following day. That is, the slurry sat
for 15 hours. This may indicate that the slurry was not at equilibrium on the preceding
day, but then it was allowed to reach its full saturation level, which may be 0.11 M of
oxalate. In any case, this still left 0.55 M - 0.11 M = 0.44 M of oxalate in the slurry
which probably stayed in the solid forms of sodium oxalate and calcium oxalate.
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Therefore, there seems to be some loss of the sodium oxalate solids into the supernate but
not all. Figure 8 shows that sodium oxalate comprised approximate 50% of the mass of
‘the solids. The data indicate that only 10 to 30% of the oxalate solids was incorporated
into the supernate.

For further information on the concentration of the many species in the simulant slurry,
see Appendix E. All the analytical data taken and graphical results for many of the
chemical concentrations can be found behind Table E1 in that appendix.

Hydraulic Test Results

Water Test Runs 2.00 and 2.22b and the Cleaning Run 2.21b
[See Appendix A for the entire set of data sheets.]

Permission to start the test was received on 5/12/99 and testing began on 5/14/99 with the
first required test: water. As explained in the shakedown section, the filtrate flowmeter
could only measure a maximum of 0.53 gpn/ft2. As can be seen from Fig. 22, for run
2.00, at 0.43 gpm/ft2, the TMP was only 3 psid and therefore the 40 psid requested by the
test specification was not possible. The intention was to repeat the final water run, 2.22,
with the same TMP so a comparison could be made. Figure 22 shows the results.

- BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.00: H20, V = 12.2 fi/s, TMP = 3.0 psi, T=25°C]
[TestNo. 2.22b1: H20, V = 12.4 fifs, TMP = 2.9 psi, T = 25°C]
[Data Taken 5/14/99 (2.00) and 7/9/99 (2.22b1)]
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Figure 22. Water runs before and after the Env. A test

It is clear from the figure that the more than 60 hours of filter operation with slurry took
its toll. The new-filter filtrate flux of approximately 0.43 gpm/ft2 was reduced to 0.16
gpn/ft2. However, there are at least two reasons, which mitigate this significant
difference: 1. new filter and 2. low TMP.
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1. New filter — Since this test started with a brand new filter it is not surprising the filter
would have a reduced filtrate flux after many hours of slurry filtration. The filter was
cleaned for more than 36 hours, as per the test specification, with a 1 M NaOH
solution. Figure 23 shows results of two portions of the cleaning run. Since the flow
parameters were changed several times during the run only two were chosen for this
figure. The different run numbers, 2.21b1 and 2.21b2 only indicate that different
TMPs were used. The slope of those curves in Fig. 23 decrease very slowly with time
indicating that while the filter may be clean some residue remains. There was enough
time to clean the filter twice, so another 20 hours of cleaning was done. The data in
Figure 23 were taken during the second cleaning cycle. 1t appears that further
cleaning would not return the filter to its original state.

BNFL Pilot-scale X-flow Filiration Test
[TestNo. 2.21b1: HNO3, V = 12.3 ft/s, TMP = 2.9 psi, T = 25°C]
[Test No. 2.21b2: HNOS, V = 12.8 it/s, TMP = 11.0 psi, T = 25°C]
[Data Taken 7/6/99]
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Figure 23. Cleaning run

2. Low TMP — A TMP of 3 psid was not easy to maintain for run 2.22b. Backpulsing
was not effective because the filtrate flowrate would not return after a backpulse. To
obtain data the TMP had to be increased until the filtrate flow was established, then
the TMP could be reduced to 3 psid. (This was not the case for the new filter.) The
difficulty to reestablish flow clearly indicated that the filter was not returned to the
same level of cleanliness as when it was new. This dynamic stability could only be
maintained as long as a backpulse was not done at this low TMP. Some of the
smallest solid particles from the slurry must have lodged within the filtrate wall
makings its removal more difficult. However, the intention is to operate the filter

with a TMP of more than 10 times this low-pressure difference, therefore this effect

at the higher operational TMP will be insignificant.
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On 7/13/99 another filtrate flowmeter, Q3, with a larger flow range, was installed on the
test rig, in series with the original flowmeter, Q2, see Fig. 1. This allowed higher filtrate
fluxes to be measured in run 2.22b. Figure 24 show those results.

BNFL Pilot-scale X-flow Filtration: Envelope A + ES
[Test No.2.22b, Water at Temperature = 25°C]
[Data Taken on 14 July 1999]

g 1.0 ; J :
: T 0.8 {= e e

o.

o Ry n 4

X 0.6 5’ N

= &P °

L 04 q*%&,m

o mmttnzﬂrrrqp;h-ru]ﬂ'

a— <o O V=1241tA TMP =163 pxid

©

E 0-2 OV212564 . TMP=103 psid

i-l_-' OV=124{t5 TMP=76psid
0.0 = T T

0 10 20 30 40 50 60 70 80 90

Time (minutes)

Figure 24. Water run at higher TMP using flowmeter Q3

- Low Solids Concentration Test Runs 2.01 to 2.13
[See Appendix B for the entire set of data sheets.]

Included in this series of test runs are 13 planned runs and 4 unplanned runs (.2 07b,
2.07c, 2.10b, and 2.10c). By far, this series of runs comprlsed the largest amount of data
taken.

* Overall comparison *
Figure 25 is an attempt to compare all the low solids concentration test runs together.
Unfortunately, a direct comparison among all the runs is not straight forward because run
times differed for many reasons. Therefore several methods of comparison were chosen.
Figure 25 show three different filtrate flux values: The mean value over the entire time of
the test between backpulses, the value at ¥ hour after a backpulse, and an integrated
value for the first ¥2 hour of filtering. (Note that the numbers on the abscissa of the graph
correspond to the numbers in the table below the graph.)

In general, it appears the integrated value is always larger than the mean or point value.
This makes sense because the integrated value is only for the first ¥2 hour, which includes
the high filtrate flux just after a backpulse. (The period of %2 hour was chosen because
there are only approximately 22 minutes of data for run 2.03 and the largest interval
between backpulses for run 2.07¢ is ¥4 hour.) Now, the mean value also includes the data
near the backpulse, but the mean is taken over the entire time of the test run which
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reduces the weighing of those points. (Run 2.07b is the exception because it lasted 7.5
hours. For that run, the mean value was obtained for the first 2 hours after the backpulse
so that it could be compared to the other runs.) Coincidentally, the point value of ¥2 hour
is generally equal to the mean value, based on approximately 2 hours of data. While this
is an interesting fact, and maybe useful to know, it is only a coincidence. Some other
exceptions are: For number 3 (run 2.03) because of having only 22 minutes of run time
an extrapolation of the data to 30 minutes was done to obtain the Y2-hour value and the
integrated value at 2 hour of the filtrate fluxes. Number 17 (run 2.07c) had backpulsing
every 30 minutes (for 3 hours), 15 minutes (for 2 hours), and 5 minutes (for 1.5 hours),
therefore there is no one-hour value. Therefore, the mean filtrate flux is based on the first
30 minutes, which give a high values and is closer to the integrated value than the point
value at V2 hour. »

Filtrate Flux of Envelope A Simulant + 0.5 WT% Solids
[Point value(after 1/2h), Integrated Value(first 1/2h),
and a Mean Value (entire run}]
0.21 ps 3
% 0.19 1 < _
) A
s 0.17 PR Y ] )
¥ 0.15 G L
3 ' s .
e 013 v ¥ : . o S
o ,
s 0.11 —:‘——&
L~
£ 0.09 %
0.07 | » .
Number (see table below)
: FPoint Fluxatfter 1/2 hour o Integrated Fluxafter 1/2 hour A Mean FluxBetween BackpulsesJ
Time Between| Mean Integrated Values
.| Backpulses |Slurmry Velocity Filtrate Flux(1/2hr)
No | -Run- minutes ft/s gpmv/i2
1 2.01 119 6.5 0.177
2 | 202 120 6.3 -0.149
3 | 2.03* 22 34 0.152
4 2.04 93 6.6 0.143
5 205 9N 6.3 0.172
6 2.06 129 9.1 0.163
7 2.07 100 - 12.3 0.202
8 2.08 83 12.2 0.185
9 2.09 165 12.3 0.203
10 2.10 114 8.8 0.172
11 | 2.10b 144 124 0.164
12 2.10c 134 12 0.169
13 2.11 106 15.2 0.175
14 212 132 12 0.171
15 213 124 6.5 0.126
16 2.07b 446 12.3 0.157
17 | 2.07¢*** 30/15/5 123 . 3 5 0.161
*Mean Flux is based on time between backpulses, except 2.07b. (For 2. averaged over
[120 minutes to compare with the other test runs. The value for the 446 minutes is 0.117 gpm/At2.)
**The filtrate fluxes are extrapolated values from the 22 minutes. 11
***For 2.07¢: the Mean, 1/2-hour, and integrated fluxes were all based on the first backpuise interval of 30-minutes,

Figure 25. Composite of all 17 low solids concentration test runs
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From Fig. 25 it would appear that the flow conditions of either number 7 (run 2.07), 9
(run 2.09), or 13 (run 2.11) could produce the best filtrate flux. Of interest is that for runs
2.07 and 2.09 the axial slurry velocity is the same, 12 ft/s, but the TMP differs by 30 psid.
It would appear that the added TMP is not very effective in increasing filtrate flow. Run
2.11 has the same TMP as run 2.07 but the slurry velocity is higher by 3 ft/s. When
comparing 2.07 with 2.11 it would not appear that the added velocity helps. However,
what needs to be considered is the fact that with time the filter flow is affected by how
the filter becomes dirty and by the size of the solids particles. A look at Fig. 26 shows
the reduction of filtrate flux for similar slurry velocity and TMP conditions.

Filtrate Flux Degradation
[Flux: 90-minute average of filtering]

[Time: Accumulated hours among similar Test Runs]
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Figure 26. Effect of time on filtrate flow
[Filtrate Flux = 90-minute average of filtering]
[Filtering Time = accumulated filtering hours among Runs with the same flow conditions]

The error bars included in Fig. 26 are from the calculated measurement uncertainty of
6.72% for filtrate flux that can be found in Appendix F." Note that time shown is based on
the number of accumulated filtering hours among tests with the same flow conditions,
and not the number of hours of the entire test program. For example, the zero time for
the three tests that had the flow conditions: slurry velocity = 6.6 ft/s, TMP =32 psid, is
the time that the first of those three tests began, etc. As stated, this filtrate flux reduction
is due to the slurry becoming more difficult to filter (smaller particles) or the filter
becoming filled with solids that do not dislodge with a backpulse. While the former
effect did exist, it was insignificant. From the analytical measurements in Appendix E
the measurement of the particle sizes can be found before and after the low solids
concentration runs. Those results are repeated here:

Test Insoluble Avg Particle Avg. Particle
Run  Solids Loading Diam. (by Volume) Diam.(by Number)
201 05wt% 2.59 microns 1.031 microns

2.13 0.3 wt% 2.32 microns 1.027 microns
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A portion of the “insoluble” particles seems to have been lost or dissolved into the slurry
liquid since a measurement of the solids loading indicate a decrease of 40%. Because of
the small quantities of insoluble solids the measurement uncertainty may make this
difference insignificant. However, there did seem to be a 10% decrease in particle size
(by Volume). If particle reduction occurred, some of that reduced mass could have been
lodged within the walls of the porous filters. Still, this possible depth fouling was small
compared to the surface fouling since a backpulse would increase the flux by about four
fold (for example, see the right hand side of Fig. 29 after the final backpulse was made).

Even with filtrate flux degradation occurring, comparisons can be made among the many
test runs to determine an appropriate set of flow conditions to operate the cross-flow
filter. During the first 16 runs only the TMP and the Axial slurry velocity were changed.
(For number 17, run 2.07c, the backpulse frequency was varied.) Therefore, a closer look
at that those changes should elicit the information necessary.

* Filtrate Flux as a function of TMP * :
Figures 27a, b, ¢, and d show a composite of four graphs; each for a constant axial slurry
velocity. Figure 27a is for slurry velocity of 6.5 ft/s and a TMP from 16 to 44 psid.

Pilot Scale X-Flow, Env. A+ ES
(0.5 wi% Insoluble, 28 wt% Total Solids) v

(T =25°C, Slurry Velocity = 6.5 =1 fifs)
05 T ] I I I I
f ORun202: TMP=44psi A Run2.04: TMP = 16 psi ]

Filtrate Flux, gpm/ft2

0 20 40 60 80 100 120 140
Time, minutes

- Figure 27a. Effect of TMP at a slurry velocity of 6.5 ft/s

For all intents and purposes both data curves in Fig. 27a are the same. This indicates that
the filtrate flux is at best a weak function of TMP. In fact, that pattern repeats itself in
Fig. 27b. In Fig. 27b the two curves are practically on top of each other; it appears that
the large TMP increase from 20 psid to 70 psid is just wasted energy.
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Pilot Scale X-Flow, Env. A+ ES
(0.5 wi% Insoluble, 28 wt% Total Solids)
(T =25°C, Slurry Velocity = 8.9 £2 ft/s)

o
T

1 1 1 1 1 i
©Run2.06:TMP =21psi o Run2.10: TMP =72 psi

o o o
E-S

w
.

Filtrate Flux, gpm/{t2

©c © o
o - N
1

20 40 60 80 100 120 140
‘ Time, minutes

o

Figure 27b. Effect of TMP at a slurry velocity of 9 ft/s

Pilot Scale X-Flow, Env.A +ES
(0.5 wt% Insoluble, 28 wt% Total Solids)
(T =25°C, Slurry Velocity = 12.2 +2 ft/s)
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Figure 27c¢. Effect of TMP at a slurry velocity of 12 ft/s-
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Pilot Scale X-Flow, Env. A + ES
(0.5 wt% Insoluble, 28 wt% Total Solids)
(T =25°C, Slurry Velocity = 12.2 =2 ft/s)
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Figure 27d. Effect of TMP at a slurry velocity of 12 ft/s

From Fig. 27c¢, the higher TMP does seem to play a role when the slurry velocity
increases. At a slurry velocity of 12 ft/s there is an approximate 20% increase in filtrate
flux when the TMP is increased from 24 psid to 70 psid. Since the measurement
uncertainty of the filtrate flux is +7% this increase is significant. However, a TMP

~ increase to 70 psid may not be necessary. Figure 27d shows that by increasing the
pressure from 24 psid to 42 psid, the filtrate flux is within 7% of the 70-psid curve, which
is a statistically insignificant difference.

* Filtrate Flux as a function of Axial Slurry Velocity *

Figures 28a, b, and ¢ show a composite of three graphs; each for a constant TMP. Figure
28a is for a constant TMP of 20 psid. At that pressure only two runs were done at slurry

. velocities of 9 and 12 ft/s. The two curves are almost exactly the same, which could
mean that velocity has no effect on filtrate flux but since the TMP is very low and the
velocities are close, more data are needed. Figure 28b doubles the TMP to 42 psid. Here |
there is a significant difference between the curve for a slurry velocity of 6 ft/s and 15

ft/s.

Specifically, the filtrate flux is approximately 60% higher at 15 ft/s than at 6 ft/s.
Moreover, it must be noted that there was approximately 20 hours of filtering between
these two runs, 2.02 and 2.11, see Fig. 15. During that time period Fig. 26 indicates that-
under similar conditions the filtrate flux decreased by about 20%. Therefore, the top
curve (run 2.11) in Fig. 28b could have been 20% higher if data were taken at the same
time as the bottom curve (run 2.02). This means the filtrate flux could have conceivably
been 80% higher at 15 ft/s than at 6 ft/s! Even between the top two curves (runs 2.10¢
and 2.11) there is a 12% increase in the filtrate flux. These two runs were done
consecutively on the same day so there should have been no effect of time. However
this 12% difference is just barely significant.
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Pilot Scale X-Flow, Env. A + ES
(0.5 wt% Insoluble, 28 wt% Total Solids)
(T =25°C, TMP = 20 =4 psi) ,
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Figure 28a. Effect of axial slurry velocity at a TMP of 20 psid

7 Pilot Scale X-Flow, Env. A+ ES
(0.5 wt% Insoluble, 28 wt% Total Solids)
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Figure 28b. Effect of axial slurry velocity at a TMP of 42 psid
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Fig. 28c clearly shows a significant improvement in the filtrate flux (30%) when the
slurry velocity of 9 ft/s is increased to 12 ft/s at a constant TMP of 71 psid. Once again,
these two runs (2.09 and 2.10) were done consecutively so the slurry filter and slurry
characteristics should have been the same. Except for the lowest TMP, 20 psid, the
relationship between filtrate flux and axial slurry velocity appears to be linear. That is,
for a 10% increase in velocity there is approximately a corresponding 10% increase in

filtrate flux.

Pilot Scale X-Flow, Env. A + ES
(0.5 wt% Insoluble, 28 wt% Total Solids)
(T=25°C, TMP =71 =1 psi)
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Figure 28c. Effect of axial slurry velocity at a TMP of 71 psid

Finally, backpulsing clearly improved throughput of filtrate but that improvement must
be balanced against the downtime caused by the increased frequency of cleaning. That is,
excessive backpulsing can be detrimental to long-term performance, depending on the
type filter used. For this task, the filter manufacturer recommends that the-backpulse
frequency be no greater than once an hour; the longer the time between backpulses the
better. Even though the filter elements used had a thick wall (0.0625 inch as opposed to a
thin membrane filter), it is made to function as a surface, and not a depth, filter. The
solids to be removed from the slurry are to remain on the surface of the filter and not
lodged within the filter wall. As the filter cake builds, it itself becomes a filter removing
smaller particles than the fixed filter on which it lies. When a backpulse occurs, most, or
all of the filter cake is knocked off the fixed filter surface, which allows a higher filtrate
flux, but also exposes the filter substrate to smaller solid particles. Over time these
smaller particles will cause depth fouling and a reduced performance that cannot be
improved though backpulsing. Fortunately, the long-term performance, without
backpulsing, still gave an adequate filtrate flux. Figure 29 show the results of a test done
over more than seven hours between backpulses. At the end of the test, the filtrate flux.
was still above 0.10 gpm/ft? and by the asymptotic behavior, the flux appears fairly
constant after 7 hours and possibly could have been maintained for many more hours
without a backpulse. (Note, the sudden drop at the end of the run was caused by taking a
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filtrate sample which involves opening the filtrate flow system, thus causing a reduction
in system pressure.) The mean filtrate flux over the 446 minutes of the test was 0.118

m/ft2 (see Fig. B16 and the accompanying data in Appendix B).
gp g

BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.07b: V =123 fi/s, TMP = 415 psi, T = 25°C}

[Data Taken on 26 May 1999]
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Figure 29. Long term filter operation between backpulses

Even though there are reasons to minimize backpulsing, there was interest in knowing
how increasing the backpulse frequency increases the filtrate flux. Figure 30 compares
the results from 3 runs that had similar flow conditions (see Fig. 25 for the conditions and
actual times): 2.07b (with ~ 7.5 hours between backpulses), 2.10c (with ~ 2 hours
between backpulses), and 2.07c (with 30, 15, and 5 minutes between backpulses; see Figs
B17a and B17b in Appendix B); the increase is significant. That is, by increasing the
backpulse frequency by a factor of 90, [(7.5 hrs /(5 min/60) = 907; the filtrate flux
increased, but only 2 fold, [from 0.12 to 0.25 gpm/ft2]. Many studies (19, 20, 21, 22)

~ clearly show the advantage of increasing the backpulse frequency, even to frequencies of
10 to 20 Hz. However, filters that work well at those frequencies are very thin
membranes where depth fouling is generally not a factor, i.e., a particle that manages to
enter a filter pore just goes right through because of the thin membrane. For thé robust
sintered-metal filter, used in this task, depth fouling cannot be ruled out. Therefore, it
must be reiterated that an increase in filtrate flux may come at the expense of an
increased rate of depth fouhng Figure 26 implies that for runs with approximately a 2-
hour backpulse frequency, the filtrate flux is reduced by 10 to 15% over a 24-hour period
of continuous filtering. Time did not allow evaluation of the long-term consequences on
filtrate flux for other backpulse frequencies, but it seems logical that the steady-state flux
would decrease faster as the frequency increased. Since high frequency backpulsing
means the fixed filter surface remains freer of a filter cake, the smallest solids particles in
the slurry would have more time to challenge the filter wall.
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Effect of Increasing the Backpuise Frequency]
[V=12ft/s, TMP = 42 psi, T = 25°C]
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Figure 30. Filter operation with an increasing backpulse frequency

High Solids Concentration Test Runs 2.14, 2.14a (Pre-wash)
[See Appendix C for the entire set of data sheets.]

Two test runs were done before washing occurred. Originally, there was to be only one
run, 2.14, before washing, but in concentrating the slurry the test rig became plugged. In
. an attempt to free the plug from the test rig the slurry became diluted with water.
Subsequently, the washing runs, 2.15 to 2.19 were done, with 2.14 assumed to be the first
wash run because of the added water. However, time allowed the mixing of another
batch of similant, thus a new set of runs was done starting with 2.14b. While there were
‘two pre-wash runs, the solids loading was never brought above the required 20 wt%
because of plugging concerns. Furthermore, instead of straight dewatering, the slurry
was concentrated by adding solids directly to the slurry after a fixed amount of filtrate
was removed. This method was used to allow for a much smaller starting volume of
slurry. Theoretically, this method was possible because the two quantities, 1.e., supernate
and insoluble solids, were thought not to interact with each other except for physical
space. Unfortunately, after removing 37 liters of filtrate from the 75 liters of slurry,
problems occurred on adding the solids to the supernate. When the insoluble solids
loading was between 10 wt% and 15 wt% the test rig became plugged. In an attempt to
prevent a long shut down and free up the test rig immediately, the 37 liters of filtrate was
- returned to the slurry. The added filtrate did not relieve the plug so three separate
additions of DIF water were added, for a total of 38 liters. Despite the water addition, the
test rig remained plugged and had to be shut down. The majority of the dilute slurry was
drained from the test rig, which was then dismantled to remove the pluggage. [Note:
When the test rig was disassembled the plug was found in the test-rig piping and not the
filter. The pluggage occurred because of the way the solids were incorporated into the
slurry. In pouring the solids directly into the slurry reservoir of the test rig some of the
solids did not have time to become well mixed in the slurry; isolated clumps of solids
were found in the pipes. Those clumps contained dry solids that did not did not mix with
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the liquid and when a clump met a bend in a pipe it stuck, which prevented further flow.
The second batch of simulant was made in a separate tank to make sure the slurry was
well mixed before introducing it into the test rig.]

After the test rig was cleaned, the experiment continued. Run 2.14 was done with the
remaining slurry, which had a calculated insoluble solids content of 9 wt%. A
subsequent measurement showed the solids loading to be closer to 7 wt%. This
difference may have come from some of the solid sodium oxalate dissolving in the more
dilute slurry. :

Based on the low-solids concentration runs, the best combination of axial slurry velocity
and TMP was chosen to be 12 ft/s and 40 psid, respectively. Figure 31 shows that a
relatively high filtrate flux was obtained despite the 7 wt% insoluble solids loading.
However, since the slurry was diluted with water and the sodium level is estimated to
have been close to 3 M, instead of the original 5 M. [Note, that there are two curves in
Fig. 31 because the run was restarted to adjust the TMP, which drifted high.] As already
stated above, since time allowed, the slurry was adjusted to raise the sodium level back to
over 5 M to redo the run, which was called run 2.14b. ' :

BNFL Pilot-scale X-flow Filtration Test Envelope A + ES
[TestNo.2.14:V =12.1 fi/s, TMP =43.5 psi, T=25°C]
[Data Taken on 11 June 1999]
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Figure 31. Run 2.14: 7 wt% insoluble solids; 26 wt% total solids

Figure 32 shows the results of the new run with the sodium level back over 5 M. The
insoluble solids loading was calculated at 11 wt% but a subsequent sample analysis
indicated a value closer to 8 wt%. The filtrate flux over the entire run stayed above 0.1
gpm/ft2 and in fact was very similar to the last low-concentration continuous run, 2.07b
which had very similar flow conditions (see Fig. B16 in Appendix B). This indicates the
added insoluble solids had an insignificant effect on filter operation. From this
experience higher pre-wash slurry concentrations are possible and maybe even reaching
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and surpassing the target 20 wt%. However, because of the aforementioned
circumstances there are no quantitative data to make a more definitive statement.

BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.14b: V = 12.5 ftfs, TMP = 41.3 psi, T=25°C)
[Data Taken on 16 June 1999)
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Figure 32. Run 2.14b: 8 wt% insoluble solids; 36 wt% total solids

Wash Test Runs 2.15-2.19 and 2.15b-2.19b
[See Appendix D for the entire set of data sheets.]

There were nine different wash test runs. Test runs 2.15-2.19 were repeated when a new
batch of slurry was made to repeat run 2.14. The new tests are referred to as 2.14b-2.19b,
with the first wash run beginning with 2.15b. From all these runs the hydraulic aspects
are best illustrated by run 2.15, Fig. 33.

BNFL Pilot-scale X-flow Filtration Test: Envelope A + Eé
{Test No. 2.15: A,V = 12.4 ft/s, TMP = 34.5 psi, T = 25°C)
[Data Taken on 11 June 1999}
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Figure 33. Typical wash test run
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Figure 33 shows two different characteristics: 1. A descending curve, typical of a cross-
flow filter curve for slurry after a backpulse, and 2. a relatively flat curve that lasted
approximately twelve minutes. This flat curve occurred when the filtrate system was
opened to remove 45 liters of filtrate. (These numbers match the data in Fig. 33, because
451./3.785 L/gal / 12 min. / 2.29 ft2 = 0.43 gpm/ft2, which is close to graphical result
shown.) That is, to dewater the slurry, so that the next charge of washing water could be
~ introduced into the test rig, the filtrate system was opened using valve V13 in Fig. 1; the
filtrate was collected and sampled. While the filtrate was collected, the open valve
allowed the pressure in the filtrate loop to drop since it was not forced back to the slurry
loop. This reduced pressure caused the flow parameters, i.e., slurry velocity and TMP, to
change. Therefore, the initial flow conditions were set so that when the filtrate valve was
opened the flow conditions came close to the test specification requirements. It was not
always easy to set the correct flow and therefore many of the data sheets for the washing
runs show quite a bit of adjustment before the filtrate was actually drawn from the test

rig.

During the washing runs there was a concern about the filtrate flux increasing above the
measurable limit of 0.53 gpm/ft2. Because of the water additions, the filtrate flux was
expected to increase as the slurry became successively more dilute. As mentioned, run
2.15 was considered the second wash run since the slurry for run 2.14 was already diluted
with water because of the test rig pluggage. In Fig. 33, the first couple of points after the
backpulse are above the calibrated range of the filtrate flowmeter and are therefore
meaningless. As a backup measurement, a bucket and stopwatch technique was used to

- verify the filtrate flux when filtrate was drawn. Fortunately, the portion of the curve
when the filtrate was being drawn was always below the threshold of the filtrate

- flowmeter for all test runs.

Dewatéring/Plugging Test Run 2.20b
[See Appendix C for the entire set of data sheets.]

Figure 34 shows the result of this relatively short test of 50 minutes from the backpulse.
The goal was to dewater/concentrate the post-washed slurry to the point that filtration
was no longer possible, due to either the filter plugging or for some other operational
reason. Starting with approximately 80 liters of slurry in the test rig, the slurry was
dewatered by removing filtrate in batches of approximately 7.3 liters. After each batch
removal, the density of the slurry was measured and samples were taken three times to
have information on the slurry as it approached possible plugging. A total of 6 full
batches of filtrate were removed before stopping during a 7" batch, which reduce the
slurry volume to less than 35 liters. (The actual final volume was closer to 30 liters.) The
filtering never stopped and while the filtrate flux decreased throughout the test, at the end
it still was filtering at 0.25 gpm/ft2 when the insoluble solids loading was estimated at
approximately 16 wt% [see Table 1 (page 26), run 2.20b end].
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo. 2.20b: V = 10.7 fi/s, TMP = 44.4 psi, T = 25°C]
{Data Taken on 17 June 1999]
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Figure 34. Dewatering/Plugging test run

Figure 35 shows how the density of the post-washed slurry increased after each of the 6
batches of filtrate was removed. Included in Fig. 35 are three measurements of solids
loading that were made. The middle set of numbers (at 65 liters of slurry remaining) has
no reading for insoluble solids because the analytical measurement was in error and had
to be discarded. Finally, in attempting the 7™ batch the test rig was stopped when flow

- could not be maintained. The test rig needed 26 liters to keep it liquid solid and the extra
4 liters of the remaining 30 liters of thickened slurry were not sufficient to maintain the
pump suction pipe full. The slurry was spread around the tank such that a good sample
could not be taken, therefore a final densuy was not obtained

Dewatering/Plugging Test Run 2.20b
[Data Taken on 17 June 1999]
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Figure 35. Dewatering/Plugging test run with post-washed slurry /
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CONCLUSIONS

The following conclusions are for the nominal rated 0.1 micron Mott cross-flow filter
which was used under the conditions stated herein at a slurry temperature of 25°C.

Filter Effectiveness

1. There was no measurable quantity of insoluble solids in the filtrate under any
circumstance from the filtered slurry that had a solids loading from 0.5 wt% to greater
than 16 wt% and for particle sizes measured as small as 0.76 micron.

Slurry Wash

2. Using 4 equal quantities of distilled and filtered water (each quantity equaling the
volume of the slurry to be washed), the sodium molarity of the filtrate decreased from
5.2 M to 0.29 M, while the dynamic viscosity decreased from 1.8 cP to 1.1 cP and the
density decreased from 1.214 g/mL to 1.015 g/mL. For a fifth wash those numbers
decreased to 0.13 M, 1.01 cP, and 1.0095, respectively.

Hydraulic Characteristics

3. Water flux through a used cleaned filter may be as low as a third that of a new filter.

4. Surface fouling of the filter is the dominant mechanism of fouling.

5. Higher slurry velocities and higher transmembrane pressures lead to higher filtrate

fluxes. However, the increase in filtrate flux is strongly affected by the slurry

veloc1ty but only weakly by TMP.

Slurry velocities for steady-state operation should be 12 ft/s or thher

A TMP of 40 psid or 55 psid, with the velocity in conclusion 6, will give close to the

best filter flux performance. Increasing the TMP to 70 psid will increase the filtrate

flux slightly but that small increase may not justify the larger energy expenditure for
the higher pressure..-Also, the lower TMP will increase the life of the cross-flow filter
due to a lower cleaning frequency. ’

8. For a low concentrations of insoluble solids (0.5 wt%), based on conclusion 7, run
2.07, shown in Fig. 25, gave the best overall filtrate flux of 0.20 gpm/ft2 at the
conditions of a slurry velocity of 12.3 ft/s and a TMP of 42 psid. This flux is based
on an integrated value of the measured flux for the first one half hour of operation.
Even for the run that lasted more than 7 hours without backpulsing (Fig. 29), the
mean filtrate flux was still 0.12 gpm/ft2, and it appeared that this flux could be easily
sustained for many more hours.

9. For high concentrations of insoluble solids (8 wt%) the filtrate flux remains above
0.10 gpm/ft2 for at least 2 hours after a backpulse.

10. The cross-flow filter still functions satisfactorily for an insoluble solids loading of 16
wt%; the post-washed slurry had filtrate fluxes better than 0.2 gpm/ft2.

11. An average filtrate flux of 0.12 gpm/ft? can be maintained for at least 7 hours without
backpulsing. It can be increased to 0.16 gpm/ft2 with a backpulse interval of 30
minutes.

N o
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12. In all the test runs the filtrate flux was never lower than the River Protection Project
waste treatment plant design basis of 0.037 gpm/ft2, and typically it was above three
times that value. ,

13. A backpulse filtrate volume of 0.036 gal/ft2 with a filter overpressure of 30 psi was
found to be sufficient to knock the filter cake off the filter element. A backpulse
frequency of 30 minutes leads to a filtrate flux loss of 0.0012 gpm/ft2 rate, which is
only a few percent of the lowest steady-state filtrate flux measured of 0.05 gpm/ft2.

RECOMMENDATIONS

The following recommendations are for the nominal rated 0.1 micron Mott cross-flow
filter when used for an Envelope A slurry at a temperature of 25°C.

1. Use a slurry axial velocity of at least 12 ft/s. Lower velocities significantly reduce
filtrate flux. »

2. Use a transmembrane pressure of 40 to 55 psid. Lower pressures significantly reduce
filtrate flux and higher pressures do not increase the filtrate flux significantly.

3. Backpulse the filter twice to three times in a 24-hour period of continuous use to
maintain an average filtrate flux of 0.1 gpm/ft2 and to minimize filter cleaning.

4. Backpulse the filter every 30 minutes during continuous use to increase the average
filtrate flux to 0.16 gpm/ft2.

5. Use a backpulse of 0.036 gal/ft? to minimize the loss of filtrate flux.
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APPENDIX A

EXPERIMENTAL DATA: WATER AND CLEANING

Appendix Contents

1. Nomeclature sheet for data tables
2. Experimental data:

Fig.

Al
A3
A3
A4

Run Solution Done on

2.00, Water ~ 5/14/99

2.22bl Water ) 7/9/99

2.22b2 Water 7/14/99 (added filtrate flowmeter, Q3)
2.21b, 1 M NaOH Cleaning 7/6/99

General Note: For measurement uncertainties see Appendix F

Special Notes:

a.

b.

The data for every test run are h1ghhghted with two graphs: Filtrate Flux vs. Time and
Permeability vs. Time. Those graphs include all the data taken during the run period.
The beginning and end of the data for most graphs show large deviations from the
overall series of points. Those deviations were caused by backpulsing the filter that
temporarily stopped the flow of filtrate. -
All columns of data, in all the tables, are ended with several statistical values of that
column, i.e., Average, Maximum, Median, Minimum, Standard Deviation, and
Number of Points used (in calculating the 5 statistical quantities.

To calculate those quantities mentioned in item c, only those data points that start
from the end of a backpulse to just before the ending backpulse were included. This
is the reason why the quantity of Number of Points Used was given.

The data for the graphs, and all the data taken for the-individual test run that the= »=:
graphs represent, immediately follow the specific figure.
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(See Figure 1: Main Test Rig - Pilot Scale Cross Flow for the instrument Location)

Column
A=
B=
C=
D=
E=
F=
G=
H=
|=
J=
K=
L=
M=
N=
O=
P=
Q=
R=

Heading *
DATE
TIME
SOLENOID
FLTRT (de
CL LOOP (g
SL LOOP (g
UP AMB (dd

BOT AMB {
6 (deg C) §
BOT DP (pd

FLTH (psig)
FLTR OP ()
TOP DP (p
FLTRATE (4
PISTON (p
SLELOW (i
FLTR FLO
V&

[ I I I I

wonowonoan

Hon

Full Heading
DATE

TIME

SOLENOID

FLTRT (deg C) T2

CL LOOP (deg C) T3
SLLOOP {deg C) T1
UP AMB (deg C) T4
BOT AMB (deg C) T5
T6 (deg C) SPARE
BOT DP (psid) dP2
FLTR (psig) P1

FLTR DP (psid) dP1
TOP DP (psig) dP3
FLTRATE (psig) P2
PISTON (psig) P3

SL FLOW (gpm) Q11
FLTR FLOW (gpm) Q2

Explanation

Day the test was done

Time data entry was made

1=yes, 0=no: for the pressure to the backpuise piston

Filtrate Temperature in Fitter at exit of the Filter Housing

Temperature of Liquid in the Cleaning Loop

Temperature of Liquid in the Slurry Loop at the Reservoir Tank

Ambient Temperature at the top of the Test Rig - 3rd level

Ambient Temperature at the bottom of the Test Rig - 1st level

Spare Thermocouple - Currently Not Being Used

Differential Pressure between the Filter Slurry Entrance and the bottom Filtrate Exit
Gauge Pressure at the Filter Slurry Entrance

Differential Pressure between the Filter Slurry Entrance and Exit
Differential Pressure between the Filter Slurry Exit and the Top Filtrate Exit
Gauge Pressure at the Filter Filtrate Exit

Air Gauge Pressure Applied to Backpulse Piston

Flow Rate of the Slurry Flow

Flow Rate of the Filtrate Flow

Spare Channel Not Used

The following columns are calculated results based on the appropriate columns

Number
Vel, ft/s
[TMP, PSI
[TMP, bar
[GPMFT2
GPM/FT2
IPERMIABILITY
x 1000
PERMABILITY

Number

Vel, ft/s

TMP, PSi

TMP, bar

GPMWFT2

GPMW/FT2 at 25°C
PERMIABILITY (gpvit2lpsi)
PERMIABILITY x 1000
PERMIABILITY {m«ay/bar)

Data number which is equivalent to 1 minute since this was the acquisition frequency
Axial slurry velocity = [Column P]/ 7.48 gal/ft2 / 60 sec/min / flow area (=0.005369 ft2*)
Transmembrane Pressure = {({Column J] + [Column M])/2

{Column U] / 14.504 bar/psi

[Column Q} / inside. diameter filter surface area (= 2.29 ft2**)

Test Spec. correction factor: [Column W] x exp(2500 x ((1/(273+[Column T}))-(1/298)))

[Column Y] x conversion factor ( = 851.0145 m/day/bar / gpm/ft2/bar)

*Axial slurry flow area is based on 7 porous tubes with an inside diameter of 3/8 inch: 7 x pi/ 4 * (0.375 inch / 12 inches/fty\2 = 0.005369 fi2
**Inside diameter filter surface area for 7 tubes with an inside diameter of 3/8 inch, 40-inches long: 7 x pi x (0.375 inch) x 40 inches / 144 in"2/f1"2 = 2.29 fi2

Ex

1. For Run 2.21b (Cleaning); This run was carried out over a three different periods on three days therefore there are two NUMBER COLUMNS: S & T.

. JColumn S is continuous and Column T is continuous but starts over for each period. All the columns to the right of Column S are shifted by one.
" |2. For Run 2.22b (Water); After July 10, 1999 a second filtrate flow meter was added to measure fiow rates from 1.2 to 5 gpm. The final water test
run {(Run 2.22b) has an extra filtrate flow rate column. Column R, the spare column, was made the new flow rate:

A=

Q3, FLTR FLOW {(gpm)

Flow Réte of the Filtrate Flow (above 1.2 gpm), Installed after 7/10/99

also Run 2.22b has two NUMBER cofumns (fike Run 2.21b) so Exception 1 also applies.
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.00: Water, V = 12.2 fi/s, TMP = 3.0 psi, T =25°C]
[Data Taken on 14 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.00: Water, V = 12.2 fi/s, TMP = 3.0 psi, T = 25°C]
[Data Taken on 14 May 1999]
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Figure Al: Test Run 2.00, Deionized and Filtered (0.2 micron) Water
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BNFL Pilot-scale X-flow Filtration Test: Envelope A+ES
[Test No. 2.22b1: Water, V = 12.4 ft/s, TMP = 2.9 psi, T = 25°C]
[Data Taken on 9 July 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.22b1: Water, V =124 ft/s, TMP =2.9 psi, T =25°C]
[Data Taken on 9 July 1999]
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Figure A2: Test Run 2.22b1, Deionized and Filtered (0.2 micron) Water
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BNFL Pilfot-scale X-ﬂowlFiItratiorj: Enveldpe A+ ES
[Test No.2.22b2, Water at Temperature = 25°C]
[Data Taken on 14 July 1999]
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BNFL Pilot-scale X-flow Filtration: Envelope A+ES
[Test No.2.22b2, Water at Temperature = 25°C]
[Data Taken on 14 July 1999]
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Figure A3: Test Run 2.22b, Deibnized and Filfered (0.2 micron) Water
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.21b: Clean, V = 12.5 ft/s, TMP = 3 & 11 psi, T = 25°C]
- [Data Taken on 6 July 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo. 2.21b: Clean, V =12.5 fi/s, TMP =3 & 11 psi, T=25°C]
[Data Taken on 6 July 1999]
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Figure A4: Test Run 2.21b, 1 M NaOH Cleaning



BNF-003-98-0221

EnvA+ES

Pilot scale X-flow

Revision 0

Page 64 of 226

Jr [ o4l [eu0v  [oEBY Jeeyer Jeecoc_ [eve  [ce2 TR I ok 2 i AV IV 101 [6601AV,
J Zo9°0r EIACY 0BT [c600C  [sieoc. [sovye  [S9eec  [890 62  [Btoes  |sos 6z NV (¥ 2101 E_:S ]
P WS €Ly 1o T3 lyeysc [Iooc_ (6L¥9C  lsyZsr  (e8%E _ leeceg 1362 WY oLl
. 1¥O 02 iy 1802 __[ozoc___[viC¥e_J661'9z |Liwee _[vecze  [oeleE NV 00101 ...Sk
i 659°08 257 199 Z8S6L _[vesiz _ [siz0c  [overe  (vevw  lmizwez  [Olc2Z Yo ee WV OY 800t |ecBLAaz [\
. 1$5¥¢ S08TZ__[oy90_ |6eoes [ee0zz_ |IZVOc  ISCE¥T _GULs  |8se Lz [¥SCBE  ISciec WY Or:00°0t_[808
3 78152 SST 6L 'S [seewy  (1eiez [ G Y S92Z |110%e [V OVL600
X Eice ) 1EC _layy§r_[seev  [0600c 'y [ViBSE |9, [evezz_[toviz NV O7'90:0%
i I 90L'ST CL005 [viLs I X R R 7 viose [sziE_ |wizee  |orriz IV Or'S001_|04RIAVE
i L2 BLvrel Civ'oL [ierz __ [c/696 o [.68 oz 8286 |\SvaE_iozez  [281eT WY s5¥0701 (800172
s 9 iz TEE6r_ [16% T (7 X €2 _|6cose  [izeee_ |ovZeg_ |10662_ [0 NV 63001 |6681 AL
3 fE [ 6oLl __[y08'¢ _ ICI9eC _[6c06s __|Z991 100z (viise  [wgoz_ li6rer  [oeied WY 65 Z60L [easi L[ ¥,
i ) (A 62151 __Joc001__[towe  [196'v2 116062 (9c0€z |veasc _ [iivez _[25bee [oeves NV 661001 (0681 /WL
) EEVIE X 'L zves [i%e 2" G loegsz_ [ooe 10108 Joicse W 850004 (8881,
X X €000 0 616 loe8c _[yva oz |gioet_ |299. vZEeT__[vor: Zrer Jevier _ [eeet NV 65858 _|ossiave
i ¥ s o (1§ 1206 [c08'C  |S080¢__IShu Sl V88  l6chTy [vL s  |ic08c  |evize . [eeTeZ v esess _[esel vl
X “Jor X €060 260 2996 [cio" E:« eclel [Ii668__|vel o T T - M X RV 05456 _Jeceimve [e0
K i X e Ry Rsve__l6Le LOCTL_ aveer  (6e0Cz l62cse (2098 leeied  lectes NV OCOES (6a8lare
I X o £zt oigs___leocy_ [6hL" « 10021 |10667 _ [a0ve2 |vecsz__ [1Z09C  |iw0ez _[om e WV oS Jossiae
X Jor X 0 3 5528 € 65408 __|iev el |zve8Z  (¥3ie T T N X LA M
X z X [ T v§5¢ 1P Jec0'iz  [2402L  [91008  [mocz_ [veLss L1092 07 [reiee WY 0CE58_[6681AVE
X 3 0 £y zs9'6_ Js00Y "OZ__|W0LTL [eoeez (w0 [OviSe 295z loMiEz  |verse WY 5256 {se8\IWZ
X X X o 5ot 2500 (o16€ Vas 21 M L 7 2 2 T WVIEi58 [ess
i X X o gor 6126 __[cloy__ [eeo'tz  [towst__[Ivo0c |evied lveosz  [essse  [eeosz  [veLed WY (5058 [eabia,
X X I 0 sl 9196 600y SI9Z1 (29006 Joviee (689 |cose  (ee0cz (60292 WY (5008 [s8 L,
X x X o 0z vese  JZive _ Jeti vz 1lo0gt  |ceheT XU Y G M WV LEOVS_|0ce
X X o 13 6196 jeies_ 11 o« S0ET)__ 1LbL I ve8'yz_ eio'sz  lesocs |weer WV 26278
" X X ) T i TGEY -Su. XM (I w8z e WV 557|008
K i X 0 [}3 = 3253 :-8 E20 @ xd 952 [0 [ziee Wy {C5re 660
0 Jovo: X o I NG X :ﬁ 0¢__lsozz _ [eave _ Jciase- [oioee. |62 WY (EVE_|esim,
al . lavo o €000 0 ERE N I (T X Y T I TTX A T A I I i NV LECPS (8801,
¢ iy 9 () Iz, env's  [si6€ 002 [cs9e)  [L9e0C (V2B LE_ [909vE Jeosse  (6¥02Zz  [Ssi9Z_ [0 [NV IC2VE  [seeMm,
L6, X (1 0 90" 019’8 _ 1500y 90802 |16yt [OyCOC  (¥28'8  (vowwg (608’52 [6v0%z _ lsczoe 10 AV GGLYS leeBlAVL
€ A i T leose Y Bs08 (6200 (2002 Jgi9gt_ [8080C fove iz [vywve_ |e2ase  [evozz _ [sez el v SC:0v'S _ Jeeiu
AN A o o 1T () Sy 0Z__Jovzl _ [ceo0s [y iz [yec e (e0ssz  [8v0zz _[Sezer Wy scats [eesimg I\
o X X o y = 596 €S0y [¥ye 02 [/t el |eeziC (6212 [COTVZ (9080 [G08IE  [SCEOT WY 56966608
X X ; £600 y %% EC A G A X I CT ST [ A I S00'S2Ivo02z__{us1 NV SCI8_[eebvAL
X Jeo. €000 r (R 6rvs 88T 75 20 G2 TR N T > 7 5 T 2 T A £ Y 966|608 1ANL
Vo 1. o ey 6148 [220C__[1o90z (8102t [IvZiG  [c00kz _[qyZ¥e lcsesz_ [96022  [29¢ EEYRIT7R I
MU y 10 3 Ve () S00W_ [S080Z _|occ2s __[zegie (00017 [cozwe  (eie§z 95008 [E92 WYICYER  [essiwe
Xi ¢ [ y 267 3V} v 1i000Z__le1iEr  [osaie  [Ee0'sz [czevz  [esdse  [c102z  IEeR WV 5CESS_|6881AVZ
2¥ (X €090 y 68 vice_[sziv (el v L T Y O N ST R I DT T T X ) — T jAveczes [eesime [vw
Zr . 0 ¥ v’ 6068 122y, PILE_[oecei  [RoIC_ [0ztz _|cezve  |wesse 9902|692 62 NV oCTE8_jesbi/w,
i e0'q F e Tiry__ lzvie lovgdl  (@ze (1290 (80212 eszve_ [ovQez_ (c0ves  6ocee [0 [NV GCOCH (068tAVL
y 260’ vog't . [ove€  [e1ozs _ [L0vy _ [eve s [vse ez _|ecc vz [ovose  lceoee  |vvz ez WV Se68_ 16681WL_ [V
y 190 S A L [ L S T (XX G T M (X WY SToc 8 |s8ianl
3 780’ Sovs __ [458€  [IG9QE [iEF 140716 |¥GZ I | Ve [ovoee (0202 [6er 92 WY SCL26 |o0s1mwe 66
1 ¥ 196" N I ok S TS Y S 0 T T O A T T (T X I Y]
y (1% OoLt__ 1i81¥  [iesEL _Jeccy _ [Gortc  [96riE |eivve_ [000'5Z [ce0¢r |6z ee Y SESE6_|8c8 1L
y 190" L - £ TV (L 2 (7 T i G 2l G I T K X NV Scv2e_locsime [
y 760" €Y't [teb___[1erEl  [ebc ¥ [8223C _ |WELie [08Y¥C_ [wi08s |ecs iz [VeC oL [ MO
X ¥ ZELL Jevey_ [S6L¢L  [Ge5 ¥ [WCONY _ |e8DIZ (9SVYE  |e002 |IBWIT _ |WYEeC Y $5228_ |8b0L AV,
o 260, SeCs __[620% __ [si0Et  [se¥ GUVG_ Ivi0ez Jcoa vz lesi e [si612  [ReTeR Y YEIZE [es8V WL
€000 Y Iy ScCl_ 1600¥  legeL 906V [6Si 06 [o60 2 G T N T NV ¥6026_[e68ivL
50070 2900 (¥ 6ec’s _ [arée _zsel _ lecc¥ _ [ivoe _[sh [ A I o [T ALY MO
o - T900 7y Secs  [tory _ [ccoa  lvevw  IEee OvZ2Z [evove JEiiee_ |oc8 (Z  [S1662 WY FEELE|068L|
6050 20 ¥ 7L lie0w___leval ¥ ___[9010c_|L0¥3Z VeV ¥E ¥ WFIz_ [SIEe WY Y6116 (6681,
koo VSt GCCL_ |Z8VF  |vozey  Jyery  |ves 8z [eYver WYz __ |POL9Z_ (241 _ [SICE NV V018 _|eahLAvL
2900 v 105 lasay _ lzigzy__Tiovy.  [sveez leecez  [oavz  [vales  (wieiz iz a2 WY YCLS (8801
2v0°C 260" Gert Jurly_ [cieer _[covy  [1oz62 l2ib2s  [Seeve  leizez _ [eleiT |z MO
200 S8 Ay €60¥___ [ci9ek [Zovy _ [Zov6Z. [eeYer  [Stave _(¥e0 ez (696 1Z  |19i 92 WY reS16 [860t,
20T (19 SOV [466°C Jerecl ooy [elce2  levcez  [ieve _ Ivilee  leewie  [1zoee WV VYEZLS |essiave
T00 Y P T TR S o A C S M 0 i CE T T SELLS 16e8TAIL
Er00 ¥ 10C} (2686 __ lezver  [sizy _ (ovzez_ Jewier  [ecve  s09c _lewwie  [918SE LM
ZroC SO, SoCL___{se0¥ __1Z102t  [iS¥ X 2otz [ecive  [scesz  vo81Z [ie95e W cc868_|essiwe |1
) Zv00- X3 €ovi___leves _ [lesEL __[voew _ 2001 Sewiz [vsecz _[zi%z _[eseie lworse NV CC00°8_ [68BLW,
ETOA R 0T 16072 69T |210Y 2631 XM ¥E91Z_|ciges  [p06c _lesoiz e INVEE206_|oeti/wi |6l
2r0'C- 390" PE AN G (7T XL 2 X (T I T 6T __|sevse  leseiz _[0005T WV EC0S 688 LAVL |98
200 190" o671 (500 T E AT A A O A A C TR R WV c50%8_|eesiave (¢
200 260 69t’)  [o80y [c/9CL  [¢Es¥  [s000C  |0ThZ_loeves {oisz [eewiT . [1eL¥E Y CC.v08_l8ssimve_[ 91
200 260 () G2y [veiel lwer 1006102118 [oersz _ [849vZ _ (vio1E (12098 Y CCE08 _|068 L/,
Zro¢ 160 [zt SeOV (o [60CY [yiroc jsvsoz _lioveE [sizve  [sevie lwvve WV TC208_Jesivi i
2o 0 %1 l6ezy X BeC06 07 __JLeSCL_ [vsgve__[seuz 18298 Z106_|0081L_[€1
200 40 goc't__ 620! Zigzr liory |29 vog' ZEcy__vecvz [oAetT  8givE AV 28008 _(88ALIV,
660 s iV Syt 1ic0¥ _[aroel  lcevy  [0e0C  [C2LOZ [qyzee  [vezwe 9691 |eiBte [0 |KVIcAse lsss \
[ er00 c2t S N C T T [ X £0C Y ST GO A T Y A O WY eTese_lessive [0t
Jo” 200 & CIN X oL [v8Y 12906 [o¥0 02 [IvE62  [Zscng (98012 |L89CT Y 25250_|0e8imvi
B 200 V80 Vo6 TOE A TE Y 2 N T T R D R A L I X Y 26959 _|BeaL/m
_wquinyy|— 1equing I
€066 (1160 |00 70w [N BI00__[ve0e 10" FE o T Y SULCE_ |BoeiE  |vieiz_ [pa8¢2 [0 AV IZ5v_|6eAL/w
T o 107 S0 ___[2r00 510 2100- {3600 [220] IO [RLIE 1 T T N A AT 2 N WY iZvve [eesimi
M 0 v 560 [290°C 9651 6110 [2000 _[0691-  [Gel 0 [1L006  [L00'LZ _[aivze _|seziz  [g61C _ [62022 |0 IV IZAY9_[s68iAN
...... o 10 $600_[er00 065 1o (2600 [v6g i~ 1006 J1000z__|eiver  (escie. |swiz . l6evez_ |6 . [NV i 00 |68k
T URfRAUG) ) [ 15 ] 2 3. 5, 0, D
=iy Seung ey [T B! idl R HITIDIONT i
nol 1 1% '] o 19 2 N W k) X € ] H ) F) 3 Q. ) [] Y

qigguny ‘v "Aug 1S9 uoleid Moj4-X 8(edS 10|id




BNF-003-98-0221

0

vision

Re

Page 65 of 226

Pilot scale X-flow: EnvA+ES

et
(3 62 33 67 (3 33 62 62 6. 62 (3 [ &2 62 62 OO0 S0 10 19qonN
T = T £ T M ) e WWo___Tove T Teve Tog®  _ (iro 1060 [e¥0 1100 500 [v00 g
[ e %10 I [T} Ve S0 __ies e 012 [57 200 Y 2 X2 ¥ [T
& (XY 1*m £ o O X1} 06 T sve 65 %7 B URpepy
[ ojm b) (1] B AL el e lee2 552 192 ¥~ % inapcey
0 s% 0 15 Ise 0" (553 X1 13 T (X 3 54 T
¥ [6tl X 0% I500 SVZ 2 oy liove __JeoBls (100 [vorve |ovage  [sepee. |oecve  [seier  (96wz  J0 WY SYY501 [eeBimie
e leb X 90015070 a3 050 _ leove JIoeNT T (WG, Joery  JozLer [o2eee . [\eove  [180%E 182 ; WV SYET01 |688
T e i EX ) SYET SIS0 [S\WWe [E6V liweo  Ioyve  (ELLTE leerss 1wy  {Ioieg  (506T
91 ) 900 19600 A 6r0 " Jasto-_ TioaTsr  NiveO 81 e |22Zer _|vieee |59 02_ 20icE . [14062
) 10 900 [9056% 232 6v0 VBT [T IS0 T 6sive . [uieez - |vos oz o102 - [eovee  [e1b68
vi 10 60056200 SITE C250_ [16C0r — [e08l- [IVE0 _Jzicwy I8 TE Ivevee  |WeeZE  [evitz  Jzeiez
<t X} T ) SiET €0 16680~ JVoB1- |\Wg 0 ISEL¥e [YCOSE  (66¥SE _lovewr_ [9W0%T  [29h6T
2 100 1900~ |20209 9127 6¥0__ [ceco-  [togt- [640_ |oy0ve [seice 82992 8z _Jeitez __|eorez
1t £9L0  15se5E  [eozon 2065 6209 |u6% 5060 (6106 Jooa'ec _Jiezcs  [ovgos  [esvez lcice 20063
v (B ©80°s[9654z__[yovon 29999 Sos'ot__19t'¢ 1oIe " [vovl __Jeesce liczee [spgee  [crisz  (5o0ez  |L0262
. v 601 Vi VT v oh BEs 90 P81 IWOVE  [BST19 - [1eLel_ [e0ve _[1gvee  5ve9  (ovaeL _ [e006e LT 6L
3 661 €000 (0601 J0sziz  [¥ov o9 #6020 (7S £ 3 N (T N (TSI 1T 7 N (T i - - L N e T
X (23 20} ) 9oL 50672 [fec 09 SSL99 Y1 [T (698 €Tl JevateJiezse 6 |ereee _ [oes sz |eyreT
X X3 564 E000__ [vilt __[cteze _|z9c09 Vo0 195001408 066719 |SOuTEL - (ehve S [1699Z__ |L006Z . [65682 14562
; oy 501 XN VT TR FT) 901y TN £ TN TN O 'S8 |VITRZ (1998 {1006s |6 Tz (19082
N 6c _Jyol ST Ivecez (L6 00 9oy [ 3T TN £ Y T T T 77 TS Y T X I
0’ ¢ 501 Ezvy__ [2eciz_ [1veon 52149 18¥0L [velt __30Z'% XTI T T LY M 212 A - A
%0’ R CETSN YR 2 LT g SIZTY_[ezTe L9 [L20YL [Zeer  loioez 19262 [926 62 [9160r _ [cZa 62
i 101 CYE N T A ) E5ED) S981L |90 L S T T T 0 YA i O T L1 i T
L oot B121_ 1160¢Z__[40008 YT} ecove " Jeeoe  Irs@(§[CLCi. 164600 [VilwZ [SOZ%E_ [6(66L . [i6¢r . [THTOC
R —_le6 | BRI [Soc6T (1000 2218 S5 [6CCa ' lzeviz  leicee |8l Secor _[16z 202 [Se 06
i 3 BT} Vo562 [500 EIN§Z (12 200 L G TS0 77 0 (7 T (T T A ) 02032 [Vig 0
T s T\00 16T 80y [9319L (I LN T TR A (T T A X T M X
T T . @) Tives _ [vo00 Z9v'08 12vez |t G2 r8BE_Sieec [voovz 10009 I62Z 06 (183 [020C
X T Ise @ITT  [Byzez [v000 0015 59202 [0 69000 [Pro8z_ T\kgee (X o6__Isieer Jooc
o0 CX [ 91Tt [8s 700’0 65905 19858 I AT 7Y T 00 [T X 290", €5°0C  lesssz _[c80le
o or ) 000 [eizt _ |wzee.  |¥000 [958 X2 CL25 A T 9T LIvoiE  (WeL YT T G T N A
o leri (23 Q1T (23761 _[¥000 9LEE LZV2Z_ (91573 55809 |409CE [9oc'in _[e0zZ__ [1L6W [0000C 9102 |ecvie
X g ; 16 (TR T 1Y) SILEC CTTACE O S T 82T vz 1 250 AN [ Y2 N T
o v 08 GiE1 _Jezzet  [2v00- ¥ O A T T MR U YT T 5 G T 2 7 O T R - R 1Y
g vy i ) SiZL__ [6585e Y000 15308 POUZ)  I90T_ TeR0'sY  ICrL8) _(Sobie [E0SL  |6el9y [SYeIC_ (So9ee (A0
620 v 2 X CTE A 7 T T T sl I Y Roris 90 6SI'iS _[s289Z __[yevee  [1EL16 [19%2 _ lci02t
vy 5] €000 (o121 ligwet 8YETE eoet L 0 Y% X CZX N CTE N (TR T G
24 98 €000 19121 (9201 7900 Zo1’cc FTSEY 2 T T ISUIZ_[60°0C __[vOe¥Z _ {62002 |25016  [6s922 _[esvie
S [ 2 N ) (TEA) V§ %500 B2y'sE AU XTIy 201 ZUTE__ 16008 JecddZ  (T0s ek  [Pevis (oesed (SR
. i*mw ) ve 1o CTET S 7N ) 65y 15990 |08 Jocvey  [209i% Isel (L7320 T o 2 - A
P15 GO OIZT 651w (200 73 [¥2] 3 secly [sozze [icos _ [enrve TR CT AT T A C T
¥ 28 o [TEA G 3 &) v2vZi [Zvy 250006 |96 01 __[5o9 LeLve [ovee  [eolic Jesee  [seeit
X ; T 0 9TV lio Y000 1) (5} 0 {88 |Teviy  (vse YOV _ (LOyor 11690 loavse _ [928°0C
- ,Tu:.m TR, N L : 0% 0 (TET r00- [ 985YE e 8L, Ye9LT  J6T0C  [SWPE TieFR oc [1ze2z _[srooe
. (13 for's I [ ) [T¥3) iz ] ] AT v lere sboc Jever — [2zoe
2 ) g ] (] 4 Q N L ] £ ) H ] i F] 9

qlg'g uny 'v "AU3 (1S3 Uoel|ld MOj4-X 8eos Jolid




Pilot scale X-flow: EnvA+ES Page 66 of 226 BNF-003-98-0221
Revision 0

APPENDIX B

EXPERIMENTAL DATA: LOW SOLIDS CONCENTRATION

Appendix Contents
1. Nomeclature sheet for data tables
2. Experimental data:

Fig. Run Solution Done on
Bl 2.01 0.5 wt% Solids 5/17/99
B2 202 0.5 wt% Solids 5/18/99
B3 2.03 0.5 wt% Solids 5/18/99
B4 2.04 0.5 wt% Solids 5/18/99
B5 2.05 0.5 wt% Solids 5/19/99
B6  2.06 0.5 wt% Solids 5/19/99
B7 207 0.5 wt% Solids 5/19/99
B8 2.08 0.5 wt% Solids 5/19/99
B9 2.09 0.5 wt% Solids 5/20/99
B10 2.10 0.5.wt% Solids 5120/99
BI11 2.10b 0.5 wt% Solids 5/24/99
B12 2.10c 0.5 wt% Solids 5/24/99
B13 211 0.5 wt% Solids - 5/24/99
Bi4 212 0.5 wt% Solids 5/25/99
. B15 213 0.5 wt% Solids 5/25/99
B16 2.07b 0.5 wt% Solids 5/26/99
B17 2.07c 0.5 wt% Solids 5/27/99

General Note: For measurement uncertainties see Appendix F

Special Notes:

a. The data for every test run:are- hi ghlighted with two graphs: Filtrate Flux vs. Time and
Permeability vs. Time. Those graphs include all the data taken during the run period.

b. The beginning and end of the data for most graphs show large deviations from the
overall series of points. Those deviations were caused by backpulsing the filter that
temporarily stopped the flow of filtrate.

c. All columns of data, in all the tables, are ended with several statlstlcal values of that
column, i.e., Average, Maximum, Median, Minimum, Standard Deviation, and
Number of Points used (in calculating the 5 statistical quantities). Most of the data
with time were maintain constant, and therefore the statistics are meaningful for
normally distributed data, however Filtrate Flux and Permeability decrease with time
and therefore are not normally distributed.

d. To calculate those quantities mentioned in item c, only those data points that start
from the end of a backpulse to just before the ending backpulse were included. This
is the reason why the quantity of Number of Points Used was given. ‘

e. The data for the graphs, and all the data taken for the individual test run that the
graphs represent, immediately follow the specific figure.
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f. Run 2.03 only has about 35 minutes of data. The run was made for the full two hours
required, but the data acquisition system was accidentally stopped in the middle, and
was not noticed until the run was complete.

g. Run 2.10 was redone twice, Runs 2.10b and 2.10c, because the meaning of “best” run
by filtrate flux and permeability were also evaluated.

h. Run 2.07 was redone, Runs 2.07b and 2.07c, after Run 2.13 to investigate the filter
operation over a longer period than just two hours. Run 2.07b was one continuous
run without interruption from a backpulse and Run 2.07c was done with varying
backpulse frequen01es ’

Nomenclature For Data Sheets
(See Figure 1: Main Test Rig - Pilot Scale Cross Flow.for the Instrument Location) -

Column
A=
B=
C=
D=
E=
F=
G=

Heading

DATE

TIME

SOLENOID

FISTON (pg

SLFLOW (d
FLTR FLOV|

Vs |

Number

Vel, f/s
TMP, PS|

TMP, bar
GPM/FT2
GPM/F T2

x 1000

[PERMIABILITY

L | | | { | S | | N | N | B B

(LI T O I | I (A O {1

Full Heading

DATE ay the test was done

TIME . Time data entry was made

SOLENOID : , 0=no: for the pressure to the backpuise piston

FLTRT (deg C) T2 itrate Temperature in Filter at exit of the Filter Housing

CL LOOP (deg C) T3 emperature of Liquid in the Cleaning Loop

SLLOOP {(deg C) Tt emperature of Liquid in the Slurry Loop at the Reservoir Tank

UP AMB (deg C) T4 bient Temperature at the top of the Test Rig - 3rd level

BOT AMB (deg C)'T5 . Ambient Temperature at the bottom of the Test Rig - 1st level

T6 (deg C) SPARE Spare Thermocouple < Currently Not Being Used

BOT DP (psid) dP2 - Differential Pressure between the Filter Slurry Entrance and the bottom Filtrate Exit
FLTR (psig) P1 = Gauge Pressure at the Fitter Sturry Entrance

FLTR DP (psid) dP1 ifferential Pressure between the Filter Slurry Entrance and Exit

TOP DP (psig) dP3 ifferential Pressure between the Filter Slurry Exit and the Top Filtrate Exit
FLTRATE (psig) P2 . Gauge Pressure at the Filter Filtrate Exit

PISTON (psig) P3 Gauge Pressure Applied to Backpulse Piston

SL. FLOW (gpm) (1 Flow Rate of the Slurry Flow

FLTR FLOW(gpm) Q2 Flow Rate of the Fittrate Flow

Number

Vél, fi's

TMP, PSI

TMP, bar
GPM/FT2 :
GPM/FT2 at 25°C"
PERMIABILITY (gomit2/psi)

PERMIABlLITY x 1000

are Channel Not Used

ata number which is equivalent to 1 minute since this was the acquisition frequency
Axial sturry velocity = [Column P}/ 7.48 galfft2 / 60 sec/min / fiow area (=0.005369 ft2*)
ransmembrane Pressure = ([Column J} + [Column M])/2

 [Column U] / 14.504 bar/psi

Column Q] / inside diameter fitter surfaoe area (=2.29 ft2™)

est Spec. correction factor: [Column W] x exp{2500 x {{1/(273+[Column T]))-(1/298)))
Column X}/ [Column U}

Column Z] x 1000
Column Y] x converscon facter ( = 851.0145 m/daymar / gpmlftzlbar)

*Axial slurty flow area is based on 7porousmbeswiﬂ|aninsidediameterof3/8 inch: 7xpi/4'(0375hchl12 inches/ft)"2 = 0.005369 fti2
**Inside diameter fiter surface area for 7 tubes with an inside diameter.of 3/8 inch, 40-inches long: 7 x pi x (0.375 inch) x 40 inches / 144 iIV2/ft"2 = 2.29 ft2

R=

Exceptions: : : .

1. For Run 2.21b (Cleaning); This run was camied out over a three different periods on three days therefore there are two NUMBER COLUMNS: S&T.
Column S is continuous and Column T is continuous but starts over for.each period. All the columns to the right of Column S are shifted-tly one.

2. For Aun 2.22b (Water); After July 10, 1999 a second filtrate flow meter was added to measure flow rates from 1.2105 gpm. The final water test

run (Run 2.22b) has an extra filtrate flow rate column. Column R, the spare column, was made the new flow rate:

falso Aun 2.22b has two NUMBER columns (like Run 2.21 b) SO Exceptton 1 also apploes

Flow Rate of the Filtrate Flow (above 1.2 gpm), installed after 7/10/99
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.01:V =6.51ts, TMP =32.7 psi, T = 25°C]
[Data Takenon 17 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.01: V =6.5fi/s, TMP =32.7 psi, T =25°C]
. [Data Taken on 17 May 1999]
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Figure B1: Test Run 2.01, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.02:V = 6.3 ft/s, TMP = 44.2 psi, T = 25°C]
0.5 " [Data Taken on 18 May 1999]
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BNFL Pilot—spale X-flow Fjitratioh Test: Envelope A + ES
[TestNo.2.02:V = 6.3 ftfs, TMP = 44.2 psi, T = 25°C]
‘[Data Taken on 18 May 1999]
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Figure B2: Test Ruﬁ 2.02, 0.5 wt% Insoluble Solids Concentration




BNF-003-98-0221

Page 72 of 226

EnvA+ES

Pilot scale X-flow

0

vision

Re

TIvE T ey

'EY 2220 |L8E'SE S$81°0C 1EHE2 €00°$Z ¥2U'ee 20828 1692 [] INY CO6E'0L (8661415158
oF EOV'ST 69LC Z19  [¥eo¥y_ |ios6e  (go5¢z_[oseve  (eoer [serer [sezve [0 WY 905001 [0681/0LA 198
o, 1220 [0St ¥ \TIe 16v0ry (20662 [oe9ce (06205 [wevez  [cvzzs  [seeve 10 AV Y026 01_[8681/01/8
i €120 [€evst Z07_ [ebels _|Zeyr_lice6e__ [ywee . (ccove  Jesess [isizz 1Z¥e 10 [NV E0:9C01 [6881/80/5
oF ¥eZ0__ [corss E AN T L P 775 T2 T VY o T M T ) W CO'5C01 (068118
o ¥T0_|s6r i 9692 |OSViE |esLvy  |38982.  |vereZ  |20rve |wowte  [zsiez  1slive [0 IRV YOS 0L (86817618 | 06
{32 92T0___[versi EX) eer'lg Jaiery |Lc802 eoves Jcesys  [ewsoz  [Loigz _[eLve [0 WY Y008 |6081RL/A
o JEET 6220 [oovsl 59Z SBC'LE_[seury  [9900C  ley8e [eesyz  losts  Ji0Ler  [evo¥E 10 NV 702501 [6681/00/8
X:d S220__Iser st 210 |evuis  |vouy (o006 [SoeeE  (Tvevz  jeeves (IGLEX jEive 10 Ry SOEor [esamiA T
oy €6Z0__|alrst SrSZ _ |ecvis |evewy  |Y2c0C. [lorz  [eeyve. jeebes [l0bEZ Givz _ [0 WV S00C01 (886191
o, 0zz0_[sev’sl vz 16Lss_ Jovryy [oev0e [zoey [1ozvz_ [eeves |lovee [evove |0 [NV Y0820 [68810L/5
T e L XY LWETievig 1009 ¥Y _ Ices0C  [veves  (Lee¥e [zoves _lzotze _levovs_ [0 WV couzL leea\ L LY
o EET0__|L9st 256 Ty 12 L0 _(viger_ [I0CVe . jerces  (9e0%e__evOwe [0 NV CO'ZZ:01 |6681/00/
¥ EZ M X ACO'LE, 2] V%K 012269092 10 WY ¥0'92701 [0661/51A
(X3 vizg (2006t 99T (96805 RE1E ¥ ¥g__|lezce  lzsl: viovE o (WY Y0520 (086114
o VEZ0__[200st Zi8% i) cveic el ez [eezve (IceE_ [elves  [viove [0 NV YOPZ01 (0681415
i3 %0 [Veest vevZ___ (9519 A veZ_|eeee_ |18zl 1661z [viovz__lo NV COSZ01 (8684
er, 1520 [oro'st 7 1rels Gz (91622 [161ve S |Liiez (es0ve [0 WY 03201 [8se
X4 8620 o st 2602 |02005 ory'iC  [YEEZE  [1Zye_ [eeeez  [0602z_ [690¥2 [0 WY YGLZ0L (60618
X ZrT0__ [reost X2 6018 Ve Isives [1ieve  [oet ez [850v2_ [0 WY V00201 [668L AL,
i orz0_[0i9'8) 09" Zveis WoZiE [sicee_ [1izve _[eeccz  weoee_lesove |0 WY'C081 01 (0681178
oF vz 20051 L§T___[96809 EACIE 18172 [ebvez [oc0ez  [650%2 10 NV 509101 (6681 K19
i 2520 |evest 9T [CLT1S i Ricve |62 20028 [v0LvZe |0 [EENCTINI G
oY, €520 __[oowsl T (85019 S5ZIE_[tyree_|oicvz lisvee [10032__{soLvz |0 WV L0910t [08817
oF a5z 0 [eeo'st X [(TY] SIGIE vy 2002 __|2ikce _|vo022_ |servZ 10 WV CO:S10L |8681/SIA YLD
EY coz0 [620°61 Y082 ZLS 4 1e |60 100%_[s9ivz__[o Y Y0100 66811
e A 7% 08 1N 285°V8 10022 Jseive [0 NV FOS1:01 (6881918
i 2920|9526 05T Jsec . SZUVC | Iwez__|aavye |isves |10z _|gerve_ 10 AV YOZV01 [0681/51A | 98
or Zizo__[v89st 609F_J9iacs ELLIC[ivwez_ [(oove lisvee  [iooeg__ lgeeve [0 Wy Y0100 [656100/8
oY 920 __|¥eost EX R EEAL) Ve0'\6__ligaer . |Lss vz |isvee ¥e 1o WY §001°04 0681/54/8
x4 1920 (Vo) IR AT) S107% TN YR TS Y 128As__jsveve 10
Joer, 0920 [osSL ¥e 08, 11§08 £ Zosve__|eayes, [9se Lt [Zvz 10
or $620___ (o025t §20%_ (510" 01908 T |eove leeves  [os64z _[ove [0
X DS 690 VLS I T M L L esetz__ls¥ 10
; §56'ST ETH £6°05 1€106 7. |L0L¥E . [0UCE__ (11812 [SivFe_ [0 |V ¥O500L [868LALA [ 1§
X v651 PR 26008 zevez S T T A (T R R WY Y0001 [8681/51
X 895t T st 06T Zew'vz__(cvece, lsoate (isvvg (0 Y Y0601 |6881/81/
i I SYLT_Jvilos [cog’ez__[Socce A CTE Y I T 2 ) Y ¥0:20°08 [6661/31
X ZE0'0r 6cu'z__ |iosey Ze062_ |socee  [Lovve esice  |ewie _ |ooavz [0
I Ox 60%___[108°6Y Couse 6z ligree  (esicz [losiy  [eeaee_ [0
} see9L zi6T___[eiloy o A TG A L C T TV R (X )
R PRy a7 Jecoer (Y0'0C_[PROCE  1edC¥E  [6COCE (2018 [9ELVT
X ot X3 6y 0006 [vcoee_ [Lebve _(vi0ee _(S221% [ZoLre
K §ize) Ye8T__ (9004F SET0C__[0/L28. [L60PZ _[vi0CE__ [ssuie  [20L¥E
X v69'51 72 [oores A I (YT o A T L M
T X vorg_ . |seacs i3 28 (10 Ve [SLL1E. [700%E
o] 0L99Z €095 [v0ez [cevoe ~ [si6e8_[ouee__ [sibve [s2218 [cv9se
i Oir0E 26VL 126 V6L0C_ [viZeZ_ (686, |VEO¥Z _[SiLLT_ |ovose
e $iiz ¥590 v |6 88118 X2 G N G A TR A G
80 oL 9900 'y, [i6s W0 _ [2ov) T2 |S8EC lolise|vLIE _|e09Se
%9 1007 06,0 |ozovL ooy 2 AT AR I A T
59 ViEY L0 [e00z: __[o2s Z567¢__(vrbez _[veee  [crece. [v0L4E |22l g
e Si§Et i 49 _1L0uLy_ [erit vz VZOYT_|SOTHE[secIz 250 5e
¥ y__[c00st ETE Mk iGvsy[6ezis _lvezes. [120We lsezve WEMN TR
X o1Z'51 o877 JEve |80k lievic  6er2z. [9809Z [co93 _ [SLLE  |L6SE
vorst 950C . |esuts  |utryy_ JRCIE_ (eeves [wove  lovve  [SLIC T
X SS6's1 £ 9125 1G0T eY. |SOr' i [s62Z _ [o00vZ |ev¥Z (699 LZ _ |4eVSZ
o P [CH 90068 IEie iy [ovzie |lever. [eeove  |i5vZ 6994z _ |6eS ST
- 2891 ¥ LI YO G I T I (T T A T A (1Y
62102 i P (77X Y91 I TN T T T 5
AN o8 T Tov__IEives. |0Z1s  [0s9er_ (16 Ve [WOVE [¥iiiZ 33
66701 EE8'Y X Tis R G I TN A 2 X T Y A T X = X
662711 1587 90209 68 [9001E. 3T, (00CYE  [iELvE_ 699 1Z 08092
] ELINT) Si07|_ (96200 [ozgee__lova 0 [ci622 [00cyz_[We0¥s |94 V¢ [eB0S2
) (A7 TN TG Y S X A T A X VA A (T
oSt i I Y72 (77 K M (o T (T
[ Si€ vy [622c [vEcoe _ [eot 2052 (99152 __[vOL Ve 50882
Soves Vo9 lstvi (e [veez _[eeeve  skzsz_ (Vi9le [conse
620¢ Z2v0__lo9el  |eoves 67 1SOvCE |Licve _[IOWYE (65902 JU08 02
SiE 0090 le6res _Iooi Co I A TR R Y 2 (T S A Y
. 3 ¥i9 0, oeL__[2ed0 (e T (T A (1 X (T I IR
[T 9690 Y T T A 90Z'¥z_ [eBL Sz _[8vG e |gsser
] X 1200 69 150 (X A (TS T T T
149'sT T 6 {1oLty _[¥206L 906 eE TC__1Zrise  [es9 LT [9R
€Livi 180 [ysLey__ [096 YOLEE _ [yerer (06867 |2205C 165948 _ [Vl
e =X Tesz__ lorsy  |esoic  [01962 618 6062|2852 lyig iz [C0062
ot . 199" gL Wi} MO 1S RS
L I LG i
T 100|600 71 T [ren €00 (60912 O (T 2 (A (T
190 [e00" ¥200- |10 |vel 0 [996%  (eos g [Pelle  |sL02  [ew01Z_[BLVIZ
100 |s600 200 Y0 [Sro0c  [eegie  aveie  |veRoe  |weOie
T o 1Y 910" YOO [vZ10 __|9use 1[I [S0L0z  leeote  [¥ev
0 |s60d v2g0_[ivo0- [vzi0 62|81z Jeos iz [50202 (800
gD} Wdb di5a 15, [ Be Do D, De S
HE73) MO T hE) v 9Ny JOoT 180 IO
) [ g T o ] k) ] c T ] ) i 3

20’2 uny ‘v "AU3 11S8 | Uojelyid Mojg-X 8[eds 1oiid




BNF-003-98-0221

Page 73 of 226

P_ilot scale X-flow: EnvA+ES

Revision 0

,
gleigleininin|Slo|aiel¢|T

|
wier_|svge  [eevos  lzeewy _liseee  Tiosee ledisz Jerzee vz | [686€R

[veWC[eese__[evzey 128 iv _[1i006 TTToevez  leerse  liocee  [oecez | lveser

EZve Jiges [ieily (Bore jworoe [ic€2 leoosE | 12ezes_ levzz  levete

Seve [voes |szed _Jsezt  [sok  |sogee |oeave  [eveee liezz [690¥E

044 ]
Nd €060 21 - [88s1 1/ [aal|

898 __[0l0C ___[80'ss  lwiciv _|vevoc _|ezics [cveve |evece _lovee _ [S0VE

lceg "ot [sebev_jeelzw  rogoe _ lewm [eveve  lewer feve  [890vZ

IsSeZ8 060 J6owe [ewaus [zeoe 2oz Teerve " Tioier levze ey

ElEIRIEREEE

yewss |§1 [orgu _Jesees [eeoc  [aveer  leoeve llorer _Tivz fesave

B
2|
2

o0vy_ ISz _[oii®e  {iskwr _(wigit |wevexr [eeeve [Zeece  [1ee_ lewdee

Loy ToviE T Tees T Hiever [aveic T TiegeE | leeive liocez T lsigzz  Treovz

ov've[sre laoves | tieler  Tieeie  [Iwze lecrve Tzeeer  Trzz T TelovE

LVyy " [se0e Jvezes  levey leezic llerze | Jeave | Teovee  leeer 1610V

S i) ) e o ] o o ] 3 3 B 2 S ST T R e T R 2 A R R B R B B B3 R
[ Rafhat il & 4 I

|66y J609C _ [Sices ({socor |oevic  [rceee  [easve [elzee  JeeEy (6100

[eoiyy "lecoe” " Ivives esowr llocie  lisvwe  [ovuve | Jeleve  [over | [6iove

!ga
[V vosviTT [6eTALA [55T)
[Fev COSY'Li |6aBLAI/E [¥S1)
PRI 5T

[E2TTTI

o new “iere Tl ve " lewesy ezle Tiviee Televe lileee Teeswe - seive

N2 M R R N B i b R A R R B A e R e o

[\izvy__i607  eeves |e0swy |lscic |zeeee, loesve ewzer [e9¥  JIIWC

leorvy "oz [Sores Ieegwr _Jocvie liwR  lewvz  ewez Iceze l60vE

[EZ€vy " [600Z " eoues [wvzor i6vie_[dvee fearve ez Ieewe  Tiivz

gluﬁiﬁ.mﬁi?%%%:w«

[wY Z00r:L1 166811 [251]
W yosviis leeeiniis [s51]
[WveorriiL lessifeim 1061]

Ei??%ﬁﬁ?%l X700
- EII%EIEIE%%WM.:&

%ﬁ%%ﬂﬁg@ﬁ%ls.&

; X 6300 . LI 7 20 (Y15 T YO 20 (T TR A T 20 (T O T - [T [RY ¥05Z11 [ss8iniA feei]
X X 6800 T Ivevr JZVGE T [veEs- - Jeab ey [0eL06 T (VRL L [etZec eree. - [vOSTE . 80T VE [rev Sose il [eesimig iei]
X " oo [Ccey _Jvouz_1sves  lvoBer  [B/G0C |SYeeZ _[01ZSr _[veuce [v0s2Z  (s9Z¥E AV SOVELL Jseainizg ok
i s 2 Y00 [Voorr " Jto% _[ecies [veser (oes0c _loyee Iveese |zovee lesvz  vewe [NV VOTELL [6aa1ALs 2}
y i K 6800~ vy [igce |occes  |ieo9v  lvevoe [idect lestse |oisee Jesvez  Tveve [V Sozz1t Jess g o2t}
i i g 0 SoEvy [5eae__ [VIO®S [0y 1sh0c _I9cset JeoBse [cover (vever lscevz [0 WV 20uZli 16es1Ans ¥I]
L i X [680°0" TIOvY_[260T_ [820¥6_ [SOTLv__ |4vB8Z I160cy  leotse _|eogce  leeces [6Eve [NV ¥O0ZT 1 [sa81ALS 102t]
| 3 X £60°0- o Jesuey T leow'E “lersEe  [vesey. [rioe " lees'ez Jetisz T Tisvee Trorzz  lseree [NV5081751 (656115 [621)
i ¥ - 200 [B2Ser (oot [ovees [svesr |le00c  |eescy lecose lwevee. [vovez  Tovevz [V £09L'EL [sea11 A Irei)

LY X2 - 2y [ELCr___(opez__ [couey  [seggy |is00c [sovee |use vz |ecsee  (vovee [seeve INVEOLTLT [eseiniss 6
. i X 200 TlecTVr (00T [eL0%G  cwey - [oL00E  [eEEZ - [ci8¥e - [EiS€ - JeseeR [evE INV 500111 [86a 1N/ [eei ]
X X X 6500 [Zeocr _lztee i6eq  [eloer Issvoe | [oiiee leseve  lsecez  lesviz  Jeve NI ()
v i7J X 200 [025€Y__12LZ (91228 [oeosy_ [vecoC —[600€Z JesLve [oise lesvez  lueve [NV EOPII |6881A15 Jo2i]
CI ¥y - Zrio [6ZoCy__foocs _ feowes [losy [vivoc [woee  [esave _[ecier leseee  logvE IRV coTiRL [ss811/g 6]
L X - o [Zeekr _JeouT 40029 low0Wr  [vc  |fel % [eesve  |easve lesver | TevE [NV S0ZiT1 Tesa 1AL/ Bii]
9 XJ X 200 J6SCCY_|222F  leoses  Jive gy [eevo6  IAROTL [SIgvZ  [686E  lescee lwed InvEaiiiny leestais [ETT)
¥ ¥3 ¥ (X [ZAgye 12197 eisee - JRody CTNeos TeivE - [2esve. ISReeE. lesvae  Tlavye N[ U2 THY S CTIYTY )
L0 Xid X FLa [6Cv ___[ioLT __[eewey _[eeaer |oZiic |oiver [eisvz _[esoce  1eSeET _1eCE Ay £050°1 1 Jessimizs 16ii|
L1 .. 7y X 6900 120970V __1609T__ 120129 [IRSSY [400c _[s6cer [egevz [csace  [escez  [oE A O
91 K2 x 6500 vOY'r |oe0g 12evee  [iyagy [vB0TIE[threr - |26eve” leeuce. . [ezeez . 100V [AV ¥O.2071 L Jese 1T [RTT)
L1 - i 2000 vev'Ey [I6LF  l080¢s  [asv _ [vOle  [tvver [LirvE  1060%2 T IeeCIz 1o08vE [NV #0908 1 [e88imig [BL1]
(i i i 2700 [serer[sece  ovges  [scoor  JeLvie  [tvpel  |ssve jeeece lezeer  1S2vvE Wy vosoi T jessimin [iii]
61 X2 i 200 [AY FOvGT1 Jese1ni/s oL ]
Lt k. i oo AV 50071 1 |6a8i LA o0l ]
LA A 3 Y00 [NV ¥020'11 f6esi/an/s [oo1]
44 Y i 640 IV EI611 [eesini A [{oi]
41, 4 X Zro'lr |WY Z0:00°1+ 6681/ thon]
L vy x (L3 [NV S085°01 lscsinig fgol]
9. A 9 s [WY ¥0'B5°1 _16661/91/5 o1 ]
3 i i 500 WV cos01 [sea i [eol]
9 X4 3 690 [ny 095Gt Teasinus [oot;
¢ Lyy. X 20 A os0t JessimigTion]
01 vy e €500 [ vo'rg01_Tecaiin fool]
°. AR g0 WY ¥0Ts 01 [ess1ALAT e8]
o ey v o [ Sogol jesermi g 0]
) 347 ¢ i iy £0°15°01 Jeasimig {s ]
' 534 " [ev00; [ vosor [eesiiing e
) X WG 3 X AV vosvol Jesstnng I
i X Y0 ?mﬁl?nﬁ%ﬁn\l%g‘% 1SVT [Wv ool (eseinipTve]
oY i 8900 G192y _[950F __[s6c19 _ [szLvy_ [6001C _[0ie e Jocive |visce {eieee [1evve WV ¥0'LY01 8e8inA 9]
2 - 2900 jover _leeer  loswls | 6900¢_[0602C _[2e0 ¥z _(viser [eiEez [lerbe WY voorol [sssimA [ 28]
Y, K 890 [Ewozy__loe6T _[oroig | .8:.. i@inﬁ:««« Wy 10 WV cogro (BsEiAVS [16]
oy v 6907 sczy __Jiwe iy | rigez_[oizee [¥ve WY yo'vviol Jeesisi o8 |
€y A 20 E‘Rimﬁimg'ai [CeE [elieE Jsseve [AY SoTvor [eesinis[60]
132 X 890°c [BZE2y_1vea® __[secis _[geevy Jiegoc levier  [cosvz lviscz  [eiFEE  (vve [V 01 Zvo1 Jecsinig oo ]
X2 X 6600 vicey "JRez Jeawiy [ester [ievoc Jviiee  [eveve _Tealte  feziwe | IsEve [V o vol Jseeiaim e ]
¥ ¥ 6800 E?%Enﬁ%mﬂigmﬁw .q« WY $0°0r0s_lessiassg [99]

n -] ) ] v ;

20°Z uny ‘v "AU3 1S9 UOeLI4 MO|J-X B[edS 10id




Revision 0

BNF-003-98-0221

Page 74 of 226

Pilot scale X-flow: EnvA+ES

z 1) % ! (¥ 3} [£1} Ty et 13 [T} )

K Z 3 760" 50 g0 X 1 K e T §0 0 i

'z or 00 o1 07 X 1066 X iy £ 6% ¥4 X

i X2 0 012" 3 K3 ¥ “onq i 025 Z T2 (Y %L

X o ~ ) 169" j 00 oL (2 [ O Y1) IE cZ .

YO'E X1) [} [EEA ' (X3 9 loer ICX K3 ii2 ' ﬁw ¥
73 0 T s 1 © PR ) N T M ] T [

20'g Uny 'V "AUZ 1158 L UOKEJ I MO|d-X 9[EdS Jolid




Pilot scale X-flow: EnvA+ES Page 75 of 226 - BNF-003-98-0221
- Revision 0
BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.08: V = 3.4 fi/s, TMP = 33.5 psi, T = 25°C]
06 - [Data Taken on 18 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.03: V = 3.4 ft/s, TMP = 33.5 psi, T=25°C]
[Data Taken on 18 May 1999]
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Figure B3: Test Run 2.03, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.04: V = 6.6 ft/s, TMP = 16.4 psi, T=25°C]
0.6 . [Data Taken on 18 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.04: V =6.6 ft/s, TMP = 16.4 psi, T =25°C]
' [Data Takenon 18 May 1999]
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Figure B4: Test Run 2.04, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.05:V =6.3 ft/s, TMP = 31.7 psi, T =25°C]
[Data Taken on 19 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No.2.05: V =6.3 ft’s, TMP = 31.7 psi, T =25°C]
: [Data Taken on 19 May 1999]
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Figure B5: Test Run 2.05, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X—ﬂdw Filtration Test: Envelope A + ES
[TestNo. 2.06: V = 9.1 ft/s, TMP =20.9 psi, T = 25°C]
[Data Taken on 19 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo. 2.06: V = 9.1 ft/s, TMP =20.9 psi, T=25°C]
[Data Takenon 19 May 1999]
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Figure B6: Test Run 2;06, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No.2.07:V =123 ft/s, TMP =41.6 psi, T=25°C]
[Data Taken on 19 May 1999}
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No.2.07:V =123 f/s, TMP = 41.6 psi, T =25°C]
‘ [Data Taken on 19 May 1999]
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Figure B7: Test Run 2.07, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.08:V =12.2 fi/s, TMP = 56.9 psi, T = 25°C]
’ ~ [Data Taken on 19 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No.2.08: V = 12.2 ft/s, TMP = 56.9 psi, T = 25°C]
[Data Taken:on 19 May 1999]
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Figure B8: Test Run 2.08, 0.5 Wt% Insoluble Solids Concentration




BNF-003-98-0221

Page 90 of 226

EnvA+4ES

-
.

Pilot scale X-flow

i Sy 3 SYE0 191962 [er00-_ [0919  |50965  Joec® _ |S9c e 1E6s W e |WOET 3 BIT o _Jewste DRLL NI K62y _|6661 8] U
: £rL ’ ¥E'0 6Y562___ (6900~ 162 S08'es _ [qiv'e  |i999 _ |vge s [eeree (IO 'SZ__lec92 (varez |veozz NJ SE4Zy_[668181,
k (22 3 Zy60 _|2iz6z__[2v00- 1629 SEYS _ (1¥9 _ligied  1iee6s  IvE. YOEZ (91452 |60 9C__ |995°6F [¥F] W 9662y (666144,
o K 1K 3 X ZLT6Z__[Ty0 0 [16T9 __ [ovE) ¥ 08 28 ¥ 195 [Y05 9 |iegee (vl de W IPEEY 1
i B i ¥e'0 X 2v0'0- 520 3 o' 1 €z200 (20125 G2 lesr ReY'ET_ VoL LT WJCIZTY_[668 ~
= X (X g SSE0__[MZTEL" 16800 T IRTTE ¥ 99 X e907e__ {96 X A T Y W (CE2Y 116% .-
[} & [N ; [ BYE0 _ |S6E6C o6z i (7] i Z ) X 19962 [¥s5" 16962 y ¥733
7 [ [TIX i 2vE0 _ [L¥3'67 6800|0019 I O S I T X ' 'EZ_ (194 70§’ 17X 60 22 Ti2y, 181,
=< 2 byl X GYE0_|SZ8'6g__[2y00-  [SZ0' 20009 11969 |8ecge  |5eveq  [9ezee Y e yec" 185°€2 713 0Zr_6661 /51 |
> 2 - *oh : : 6560 1956°92__ |6600-_|coc9 696" X ¥2g40  |iob ¥ 960 v ves'ez |1 60622 W (5817|8661,
Q i (TIX i 6YC0 (50162 [ey0O- |2ecy _ [ovy" Z0__ 81T, ; 10828 190S2 (S LY _[6661
R 2 7 _[0s1 X 8580 626000~ 16229 1508 ov'e 96040 |1 £ 19052 9|1 6062 ey \ i
2 .. L9PL j 0 15 1ivez_[evoo le6l's I ¥ ¥ £l §2rec (990 X 16967 (60622 [FEXTEM]
X § () 2560 67__[6600- 13 cor' X i ¥ (73 i 60C 42 SYgly
2 . [eri X [ (60 [elg6z_(2v00-_[66L  Iviees  |stcw_ [ErT: §Zi2e 198t \ o2 _[I89EZ__ [60642 ey \
o i ) Jawv ; €000 0 |iev6z _|Zy00-_l68) 6056 [S1Yo_ [\Z) I 5561 96T |ywse__ [Isvez (et s W YEEV Y )
(X N [TIX ] 980 __[2/r6Z |ov0 0~ 166t Sy9_ [cev 9 [G1649  [L2¥ 8028 \9LST__[WL9E _ [IS¥EZ (60022 NI FETLF (66618
€7 ! 1igi ; €960 [1I¥ 2v0'0- (8918 (LL¥g 9 3 Rog0y ¢ £ (7] i, [Ty 6087, W YEiL LY 181,
€ . X 0510 _ ) € . ' 1960 [6vE'6E  [2v00- 16919 1560 g 60009 Y 69671 199l ge . [19L6Z [¥ey: ISYEZ (68842 Wd WC0L- 6661481
z: X By T [is10. ’ 6560 [1¥v'6z__ 6900 ¥ (X 9 3 rZe6 ¥ 500 19L 92 [1Gyee (60642 g 9C6077_ {66611/
(4 X By E) 3 3 B000 1560 (ptee Y00~ 11619 |gIE] X 160'09 ¥ 69'iC ¥ 1R Y A (oY N Y90y 66818151 1
3 X [IX 951 i 3 4560|926z 6600 {5019 v 9 |[1ve'9R  [9528§  |Ivz2e  1iv0 [1%3 QU __|ooree [k N YEIL0Y, 181,
y . YIS 2900 4 7 1E0 (2268 [2v0Q X 189" L9 - [sec 556'€” 140%, 990" 8L yro2  [igv 68822 W (C0°Y_ (666181
¥ X 251 osto__[o 3 [9B0__[2v262 _[680°0: |90V _[9iL 3 ¥ i 696°1 19962 620" 157z ¥ 06661481
" 20000 _[e5v0 __[sevo_ [0 y 6280 |re69z__ 6600 19 J2or 5809 '49__[a0v'09 18952 __|nl gree |eedZ [0 |AdEr0F 1666t
i X ysl 29107 o 85 126015692 Jov00- 16619 [/60¥S (7069 __ |sszes |6g0te 96zt 189°ST ®°__[Isv 96 L2 YCEOY_|666 184,
¥ X 651 891 X2 ¥ Ivee'0__]is062__[2v00- ) V9 526 '6s__|ovoce _ |99l 1Usz |60 92 A (T Nd (520 )
i o5V (K X ¥ SIT0 (6062 [Zy00 1ichd _ [2e¥s CIW) '08__ 169618 TANR(YTX SZ90z__|IovEY  lesc it Wl 95710y (6661
¥ ) 1651 990" 3 18 . vee0 _ (61162 s L9 Ivel 821 g0 00 26|90 WISz €Z__leoviZ Ng {600y 1668
: 0. 190 _ X ; X ’ B8E0_ [11262 [zv00-  [i6 Y8 1629 __[160" 10' 696"} 3 15¥' 65€ L2 N 8585 ).
v 0 Jost (oI € 74 E Sec'0 190162 [2y00-_ [9019 1 6 9 0Z 199 €20 ISY' 65¢° Nd I695°C_ 668 ]
¥ O (X |891* 'y 25 : ¥eE0 LN 2¥0'0- 1 Zo¥ 9\ 7% 19 EEC MR (A [(EEXT
v PRI X 'y, ¥ y oeg0__ [vE162 0 3 02 1) 29128 [3el i, 0 M ¥ig ITH5C_|6681,
r 0 [59t B XJ S : 50 6Z__[2r00- IS (X 0 i i 92 lIgri 69 [EE 656
X3 0 [49v0 §¢ (X3 85 28 ar. 20v0 (219 €80°0" v (698" 08L(9 . (814 26 112t S (90rEZ 10 9 e i
X3 0 |89t [22 X Lis  _fTel 66 SoF see6z_ 12roer 199t 128°v9 _ 1662 9 _TLiv'es ¥ X 2 92 |wovez [eavi2 WJ LS [6661M
X 0 } € 06E0__ [196 200 19|80 90 [ovr €202 ¥ 95692 ¥ cr ez N 6525 [6681M1.
X 4 B1v'0__ 1062 6500~ 100t 9 [6e 1 990728 |25 GRS 10) LE [TTI] NJO¥ITC |68
X 3 C\vo_ |ezo6z [2v00- Joobe  lovy 65E9 92y 6y _[woiz_ v Y 006792 116 __[eorsZ W 26057 18
(X 5C 60v'0_ (200°6T__ 16800 (261 X 961390 [¥i0es (@103 e [0S looaez (1662 lewsz CBYE (6541,
(X ve (R zi9'6Y 018919 l6le] 6279 98 |98c 6y (¥es 1S IIWOEE 52 [45892 67 [6ar et NJEERE 668181411
% &3 52r'0 ¥ 680" g [62L25 [4roe 50 X ¥e3ie 699" 92 [se56e 713 YrLYE [6661K\,
& 800" 62662 _[2v00-_ |606'S (69829 _ [3¥9 _I1ig: 1ty ¥eR13 |02 1492 105992 [0rEZ_ [605 42 Wd Z€ 658126
¥ [ ° 56z [ev00- [5009 _ |eieeg a5z |VZL 99 16§ |18 228 [T A Y R G d 9CSY'S 1686
X 3 0 \WOBZ  (Zv00- [LC1D _ (9L0WS  Io¥ 2V 1150 YN oL [6599%__looreZ  loev s Wd [SYVS (666!
¥ 62 0 QIS0E__[vO 0 |ces X 5169 12V, BIX 9oL 18 |\ X 90602 528 60522 N Y EVE 1666181,
) [ o v6Z__[2v00- RIZYs_ [IS59 ‘6g__[9e9tc |3 ¥ 006" 92662 (065 L2 NI SEZre_ 666148,
0 & o Ziv Yoo (128 ErE’ 2L [0 X1} 1L 910’ 62 (60542 g OELY: Y]
2 62 [ ¥ 270" X 1% I y VIR T T ZE0VS_|6861/81
I (] 0 [+ 0 18209 ¥ 26 [Iet (1Y% 102 [oovez _ Jeosse Nd YWESS 666\,
_H [ X 1T o[98 1 951 261 ORI 049" 96042 __|00¥ 2z, 68T x] N
X €2 0 X Q15669 [vivva 9 99 [N [ AR G R o I (17 W 'C_[6681/81
4 2z 0 28 X 969 |62t 0509 X g __|2eZ Y% 96022 o N YE9EE 161,
(] [¥] 6766007 (16500 (660~ [129 i [ 9 et 'z, NJ SCSES 668181,
vz [ 62667 |2v0'0-|261°9 1 2099 |ovzoR X VETIE ¥ L IR T A T Nd LEVES _|6681Y
[ (1 18967 __|2v0 0~ [90L9 ¥ 199|941 ¥80' B91C _ |98672 |48 HE3 CX T I Nd SCEEE 1),
2 Ch €os 0 lest” 1e¥g_[oee ClTee leotes  (vigic X 900'SZ__ {100 666 [v60" LPZ0E_ (6661481
v n 2862|260 0. [vEO CEX 1629 59 'S5 1§ (0062 Z05e_ (evese  [s|\cez  [vi0iZ NG OF:IEC_ 1658
¥e 1 67___[7v0'0- leoL9 _ [62L29  [Lvv9 (25199 99 __(v161g (1162 T A N NI 6T0CE_|66615),
(X [ erioc o__[yYiry TC I ) 59199, SSLIC_ [16LE 299790092 [GITEZ _ [¥ES 9T Nd LE62C (6664815
(X vt 62__|6800- 15669 "i§_Jecee  [1eF9 159" [Y4L) X EX TN T N A T d YER2:C 666181,
vz €y 02y9r  [Bvo 0 [2Z29 _|yoLes _ (vo9s _ [9i9" 3 1E9AC S A A 2 (Y Nd [CLTE_(6664/8LS
X i) 1962 80°0- v'9__|€9008 ZI060_[91€" (A 1 £33 92__lscee _ [6re 9 9O |668141,
¥ 1) 26057 [690°0- _|Srv'e 19990} VL9 10219 lsowie 162 SI9SZ_[9eLSe [vezee  [roe2 NJ $C'SZE_[666L8L5 8L
X 0} o€ _[2900- [159 Esa 9t e |s 'Sz |6 16 [sezer  [Z0st 157 [692€ _ [626 ¢ 9CITE_|6651AL
6 LE1E_[2v00- [600%6 SviL  [/60L (9508  [295€0 20916 _|I€E S69'9T__|8lv'§Z__|v06€Z__ [v00°ST N LYEZE |6681 L
52922 16800 [vi¥e (905 VY 1seeee 'S§__JSvZis v S DIEST_ WSz [vELSe TE_ (6661619191
62z |Tv00- [1908 __(yre'lS  |v2CY ) ic b 052 [91€ vOTeZ__|v0u'Se Nd 6512|6868
z80€z_ |2v00_ l6699 _ [1i8'lg (ole¥__ l/eL29 0 | \ 1 O AET ¥ZLSe oc02: 181551
v96'62__ |2r0'0- (681 6oL or ) 1763 |SC2% IC__i810" 1992 __[81G62_ 1Sec 62  [v09SE E6LE 6681815 |21
el |evo0  [Z100@ _leer L |61Z748  [6ce 98 |y2e iy |6ca ez T I A Nd 0r'81S [6e8igLA LY
S21'S R0 |16 [ 1] 6098 |68 AN 0TS 52 [SeEET IvelSe NJ {ELV'E_[6661/8),
€162 |2r00- |98 czyor |20 29v'75. 19994y |64 1% [Bl0ee 'S2___ |242SC__[65¢€C__ |65 52 NJ 2v:91C_[66651/81/8
Y (A A ETC T (Y] EZITMCTY] V1928 3 6LL'1% 02z (696G ST lesyey TRH N OY'SLC (666181,
LT3[ MO IS I y? b 9, Y 0 0Pt IGFDIONTIOS]_ _ _9niL]__3Iv0
_ _ . . SRR NV MESRUY RN S
e 5600- _|igro-Isver 1600 ¥200. 200 (X P TN A G G X A (LA HYE
NSRS S T o 000 [19307_[SU X v20' X ¥210 OF0C _ 122012 _lesz iz |rig [Tat Y
d RIS 7 BIRa/AGH wreul 58 [ % udigieAled)| X [T X v Q198 iz (LT 02 {6WriZ
S i TTidler | weey oo_.tams__m © 2 Y e De
i 3 - il ¥
vy PR MY | X L w1 A o1 _ 1 $ ] ) g o N 21 h] ] 2L ) H. [) F] 3

80°'¢ uny ‘Y ‘AU 119, UoHEAI4 MO|4-X 8[edS Jolid




BNF-003-98-0221

Page 91 of 226

Pilot scale X-flow: EnvA+ES

0

.

ision

Rev

v g [ Trs (7] I I¥ (7] |¥ 1r8 I[7] ] Tre e e 7] fre POS() $1US §0 RQUNN| )
X 0 [X 1010 0 [ X Iz ¥ 0 '0 E) Y to o 0 €0 7S
g ¥ ) 0 €360 i o 8" L (3 ¥ ¥ 91E ¥ [ 652 X 082 [Tty )
6€ 1045 lzeb | 100 __lese0 |6z () 2z Rx] ¥ 99 65 o [y LS 992 X £z =T . 1
Tq. 9§ 21 o 010’1 lgee 00" 10 0 3 €99 by (23 vez [T 2 (7 2 E7H [T R 1
6¢ X 1 0 2950 |vez oIz €Y§ ¢ [ED) '8 ¥ X P 592 §'ce [WE3 SRRAY| |
Y L ot 9990 _[2v06e_ [er00- 2619 9r'§s  [ve09 leer Zer T V20 |918 2952 |¥I09Z  [i09€c 164562 0156661 IR [E21
(¥ 2L 51 6620 _ |959'6Z |2v0C-_ 1199 1055 _[96te 990 169895 _ [1ZL1E (568" 65" ¥I09C__[109°€7_ 64992 60" 181
; X [y 9120|2691z levoo- |eyg¥i  lesvee [Jove (il E2X 2L02C _ [962Z _ |orsSZ  [ee9se i 9% '90'G__|06618LA[IEL
- 51 e1 110'0 [eez sy X Y86 [o9/¢ |09t _ [9R et |esZ6 (656 1S S57___|ve6sz__|10962 64592 20 1/61/5 (021
2l |2l SE0 21882 |2p0°0- (6949 16t 158 [99295_t[620°t9__ [Z1VZE  [918622 4062 [ve6'sZ |10 65°5C '90'_ 66614818 J611
2 1t 2560 [eor62 o 19209 (622 V9. _|1SC9 ~|480°9 1]660°09 CHY 163 _ (1992 |rea'se - [189€z . .[64592 '50'5._|6681, ;
X R TR TS EoY0 1967627 12v0G- [GR¥S -~ leYO¥e 1060 S26y2 " |€E0G9 |91 ek  |SEBZZ |V Se - |¥ee: 109E2__|625%2 YOG 666145 T{1Y
¥ 0180 1950 __|verye _ [2v0 i 69Y'Se__[v09'Y __seuss X 9:7 62z (1992 |reasz_ (10967 6592 60! 81 lor
201801 0. |616°82. [2v00- |989. _|esves [9¢b 0 [6rz 9. |92GLS | |942FE  ISIB. 152 2. |109ee 162592 0 diE20%s jee81AIR151I]
. “logiTion see0 1662__|2v00r_ 16889 l6yS¥S [14€9 « Jevie9 i 96128 '2z__[ersz__ (veeS2  [1o9ce 162592 [0 IWJ K0S 1668LALAIVIY
X ¥ 82r0 __[186°92 _|2¥0'0" (849" I ¥vi'e 150049 Iy 26 [§1622 _ [66 58 ¥ 109eZ__ 164382 10 00 |66518
i y X o 52¢ 1607___[ev00-_ [1629 ¥ 9160998 [LLy B6L2C__vewze  [69SC _(vS952 110952 [BLSR 857y _ 6661818 1ZIL
'y | ; 0 S2¢’0 __ [se9z  |ovo0r 2209 6619 __lcci 99 [v08'09 'le [ceA2r 65z [vey: 1096262902 ¥ CIIi0m
. 3 i i o ¥ZE0__[1868c _ (6600 9|60 12 §00°29__|ige ZL12C (98B 6992 __|¥ea sz [looey 64592 6661615 [0
R A ¥ : 0 8260 |#E6 62 - |Z¥0" ¥ X 91’9 69920 X 96025 22 165" V652 110952 (64592 66618175 1601
X ¥ X €000 [6220 "6z |er00- S 1eSE0  19/0%S 6229 |99 X ¥ 0 'S |¥e6'5z (10962 (64592 6661461/ 1901
4 i [ Y260 |59662 16800 (2269 . (oye¥s 9 [v29.49 109 65648 _ 1§10" 6C_ [¥E6 5 . [12962 69 R 6651813]¢01
I SRR - R 3 6700 |¥ce6C  [2v00- Jese9  [LiPe |66z ® 63| L2 21 661'SZ 16652 905 [Z%X 6681815 [90¢
Y1 2t 66 e6C0  |9990C X "9 [ova vy /92 1 v28'ic__(1g)! 549" 65092 (09562 _ [vOLS2 6681781,
g1 2N I ¥eo__ |10692  [2r00- lesce ook ; 3 Z6 Fc02e 62 (168" vioe2_ 125" 6599 6661615 vOt
7 0Z1 9% ZeE0_ [Y0592_ 12¥0 0. [esee 128 9€L'9  [vi690 |20e: 900" X 19S5z __ 710" 109°62 _ l6EL 92 6681781,
2§ (%73 56 2e0__ |99682  12p00- - [c0c9  [Lo9¥s  16CZ: S 192 TIe €2 [leose |vi0%2 _[ieser  [65992 |0 6651/8)
95, _Joet____|v8 6260|5962 0 |ocD___ |66969 19629 _ [28049 6§ (91 16852 __[rt092_ [129°€2 _|65962 10 1815100
25 2 5 o €260 - [COL62 " 12vg0- [e9C9  [SIg¥S [Giye |8 99 65 (60 1€ 0Cg._ S92 (vI09Z _[1Zges  [6eL92 10 66518
86 Zet 26 0 9260 [24v62 o622 61 €9 12259 £99_ 9106 $6'1E _19/0CZ _ [SL 60 12662 [66292 666181,
6. [E4S F) 18 o X 6vi'62__1680°0- _esE9  [vel§6 |61 0 Y y ¥ 1Zh 962°6Z vS7_loesee [varor 666!
R ) §1) 06 1250 [SeG6  1Zvo ZT9 |99 T MECIX e78" W X 96L" R 'S (yecee 68818
; ros __|zel 66 8280 v'67___[690°0 6221 ¥6825  |IOY9 50049 8 '\S__[920€7 _[9L'ST__ [v6092 _[12967 166492 3
; %5 TIME () see'0_ |1962 |680 X A Zyg9 125199 928" 96126 15062 |9is2 _ [ve0es lieg5c 66492 6681/
; ‘95 Jeet i) 1660 [ggez 200|162 SETES  [64r9  |e0650 649" ¥ Tz l655c__ Ivib 82 12567 (66182 568188
& 95 21 80 0 (X0 92v6Z  [3v00r 1661 28 ore _ [oer s i 12628 [Lyo€z [oizse 61292 7] i 668181,
X 95 21 58 6350 lorgez _ |er00r (622" 17e9 (e 99 e ¥ X 295 |v60B2 [125€7_ 181892
X 95 [zl 8 €ee0 _ |/6y62 o 82e; 9erS ¥ 99 |2ez6d__[ZeLee |96 SiZsZ _l6iz02_ [v95 6y [voeor 666161\
X 95 21 €% EX) i i X ] o 11 8561¢ 6552 [vilH2 |15 [6)092 6681/81
: 95 i) 28 €660 Love (LS99 |eyres  [ceost 189 E AN (A O A (L K 655181,
: 95 Jzel 119 Ze0 S9re 193259 |92e Z9L'Z6 (9627 [969SE  [61292 (98662 _[rr8 9C ces1 A1,
Wm. RTINS ] z cor'e ¥ e $60'; ; WIST__[61292 _ oerer [vreeS 181,
[ 95 I [ 1eo €2re 26 [zeves (20126 X SIL6e 66262 6216 9¢ 666181
1ee_ IS ¥ (A 0 Z 612 ' YgIE [12ice 19129z  86Z92 l99g'e  [rr6 92 18,
o Tlee UIees 20 m see0 68¢ (599 i Z¢[1906C K9G (64892 CC__ Y69 "[686181
SO (R 7 R 7 TN (72 o 5680 6¥24% I £602C__[9g 2z 969, 6,692 [oo5€2_ [v20¢Z [0 668141
6’ 95 13 [ 6680 X X 3 X i (ITX ez [r20¢2 |0 1y
) A 0 1 s 1.4 [3) h] ] r 1 H ) F] 3 Q ) y

80'g uny ‘v 'Au3 1seL c.o_#m:__u MO|3-X 91edg 1olid




Pilot scale X-flow: EnvA+ES Page 92 of 226 BNF-003-98-0221
: Revision 0

BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.09:V =123 fi/s, TMP =70.0 psi, T =25°C]
0.6 [Data Taken on 20 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.09: V = 12.3 ft/s, TMP = 70.0 psi, T = 25°C]
[Data Taken on 20 May 1999]
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Figure B9: Test Run 2.09, 0.5 wt% Insoluble Solids Concentration
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Pilot scélle X-flow: EnvA+ES
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BNF-003-98-0221

Revision 0

BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.10:V = 8.8 fi/s, TMP =71.5 psi, T =25°C]
[Data Taken on 20 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.10: V = 8.8 ft/s, TMP =71.5 psi, T = 25°C]
[Data Taken on 20 May 1999]
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Figure B10: Test Run 2.10, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo. 2.10b: V = 12.4 fi/s, TMP = 23.5 psi, T = 25°C]
: [Data Taken on 24 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: ‘Envelope A + ES
[TestNo.2.10b: V = 12.4 ft/s, TMP = 23.5 psi, T = 25°C]
[Data Taken on 24 May 1999]
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Figure B11: Test Run 2.10b, 0.5 Wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envéiope A+ES
[TestNo.2.10¢c: V =12.0 fi/s, TMP = 42.3 psi, T = 25°C]
- [Data Taken on 24 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No.2.10c: V-120ﬂ/s TMP =423 psi, T= 25°C]
[Data Taken on 24 May 1999]
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Figure B12: Test Run 2.10c, 05 v}}t% Inspluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.11:V =15.2 ft/s, TMP = 39.9 psi, T = 25°C]
[Data Taken on24 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.11:V =15.2 ft/s, TMP = 39.9 psi, T=25°C]
[Data Taken on 24 May 1999]
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Figure B13: Test Run 2.11, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.12:V = 12.0 ft/s, TMP = 55.6 psi, T = 25°C]
[Data Taken on 25 May 1999]
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BNFL Pilot-scale X-flow Filtration Test:Envelope A + ES
[TestNo.2.12:V =12.0 ft/s, TMP = 55.6 psi, T=25°C]
5 [Data Taken on 25 May 1999]
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Figure B14: Test Run 2.12, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.13: V =6.5 ft/s, TMP = 30.0 psi, T =25°C]
[Data Taken on 25 May 1999]
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BNFL Pilot-scalé X-flow Filtration Test: Envelope A + ES
[TestNo.2.13: V = 6.5 ft/s, TMP =30.0 psi, T =25°C]
[Data Taken on 25 May 1999]
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Figure B15: Test Run 2.13, 0.5 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.07b: V = 12.3 fi/s, TMP =41.5 psi, T =25°C]
[Data Taken on 26 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No.2.07b: V = 123 fi/s, TMP = 41.5 psi, T =25°C]
[Data Taken on 26 May 1999]
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Figure B16: Test Run 2.07b, 0.5 wt% Insoluble Solids Concentration
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Pilot Scale X-Flow Filtration Test: Env. A, Run 2.07b

[ [5] H T J 4 [¢)
T PH, 27.503|__ 23164 3, ¥ - 431 0088
¥ PMI 27.583] 28,084 2298 _ 32,162 _44.838 62875 -0.089)
1 M T 6| 27583 23.084 22.08 182 ) 2, 0.088)
0 :08:41 PM 27.628] 23,1684 22.96]__ 32, A4.012] 8157 0089
i 09.41 PM 27.708] 23,164 700 21 ) 1791 0,089
1999] 12:10:41 FM| 27,863 23,164 98] 32.162] 44.10 1.882 - 0.085
186 626/1999] 12:11:41 PM 27.743] " 33.164 X 1 4942 889 -0.089 X
1998] 12:12:41 PM 27.743] 23,164 22.06] . 32.008]  44.136]  51.621 0089 4
[ 19991 12:13:41 PM 27.828]  20.184 .98[ 32241] 29,95 81791 0,088 X
1 T999] 12:14:41 PM| 27.743] 23,164 23041 X] ¥ 52 0.089 4
1998] 12:15:41 OM| _ 27,823 _20.164 23.008]_32.083| 44.363] 2.1 0,089 4
) 1999] 12:18:41 PM 27.823| " 70.184 23,041 .083[ _43.581] 81,602 o0 X
E720/1999( 12:17:41 FM| 27.902] 23164 - 23841 31.969 919 81, 0089 4
1841 M| 27.902]  23.184] 27 23041 32241 44.683] 52,909 0.042) 23
M 2702|2348 27877 23041 7SI A5 2.088| 4
M 27.902] 2821|270 25.921] 29088 31.924] 44.922  62.401 0,089 3
27.823|__23.164] _ 27.178| _ 45.876]  23.041 X 44.136[ 52038 .04 4
M 27.743]20.245] 28.089) 956] _23.121] _32.00 28] 62.098 5,089
PM| 27663 __23.184] _26.778] _ 25058 23.121| 3).924] : 2584 3,089
: 27.603] [ 23.164]  26.664] - 26.081 201 ,003[ _ 44.A18] 52,308 048] 2981|0278 o[
27.489 321]__26.504]__ 26,001 247]_32.207]  44.81 3 0.089)
27.009] 2020 28344 26081 23.24 1 44, 167 0,042
27.229) 21 21 081[_23.247 82003  44.78 .02 0.088)]
27.149] _ 23.21]  26024| 26.081]  25.168]  31089] 44.043| 52,683 20,042
26.944] ; 001| _ 20.327] _32.207] _44.721 401 -0.042]
2883 3321] L 257ed|  20084] 2824 848l 45188l 62798 0042
26.67]  23.28] 25.704| _ 26.181]  20.247| 92.088|  45.035 62503 5089
2659 20.25| 25.624|.  26.001| 2324, 128]__45.221] 52,889 0,089
28.51] "72529] 25508 _ 26.081]  23.027| 32.048] 44 X 0.088]
26.27] _ 23.20] 25.084] 26.048] 28,166 093] 44.384] 61,669 0,088
26.27] _23.3%| 28.269| 26001]  23.468]  3181] _44.508| 51913 0,042
26.155| —20.266]  26.188] _ 28, 9212 _91.731| __ 44.88] 62096 -0.085)
26.075| _ 23.398]  25,100| _ 26.048|  23.24; .0 X 1,78 5,042
25.918] — 23.058] 028 . 128] 23292 _ 9241 531 52.858 -.089
- 25.038]  20.301]  24,660| 20.046}  23.212| 32,014 973 82.128 892] .. -0042
35.768] 20.258] 24,789 048] 23.212| _ 31.005| 45 6234 -0.089|
25.875] _ 23.396] _24.780] . 28.128]  25.213) &1 A4.883] 52,088 — .089]
N 25515] ~23.081] 24 ¥ 23292 32378 44.725]  61.943 20.042]
2548 23338  24.754]  26.172|  28.067) ¥ 4511 51,852 0.042
764 3 y y 0.042 -
-0.042]
-0.089;
0,089
20.042)
6.042] K
0,089 XJI
0.042] 011
2,042 118 :
0.089] ~6.d18 117
-0.089) AAL 112,
-0.042 KREE 15
<0.085 PR RS (115,
5.042 610[ 112
—-0.089 4 117,
20.042 i 116
5,089 3 114
0,042 2 115
3,042 12
~0.042 Xk
0,042 114 ¥
0.042 115 ;q
0,042 ) 3
A <0.042 - -E ' 4
507 -0.089)] 3
X 0.042 3
. 0.042 4
; 446 0,042 3
; ¥ . 20.042 3
X X ; EXTE) )
6.619] 38.907 A4 3.042 A4
¥ .311| 39,065 414 -0.042] 3
Y 0.407| 39.085 45| -0.042] 23|
: e439 39,302 445 ~0.042 .
Y 1 39.133 445 ~0.042, ;
X I €.487] __39.031 448 -0.042) :
431] 23520 20.8 26.479 A4.632[ 81.852] _8.447] 38.097 445 0.042 4
4.23] " 23.67A] _ 20.744| 26,604 45,128 62.15 6.4 39.538 A76) 0.042 3
24.184]  23.574]  23.74k| 26,604 128] _52.684] __ 6.698] 38,704 445 0.042 :
431 2354] 23.69A 26,604 44, §1.821| 6.455] 39.268 445 0,042 X
AZ0]  20574]  20.824] 26,684 A4 B8] 614 A75) __39.065 476 0,089 ’
2451 7363 23.004 28.784 X §2218]__6.558] 38828 476 -0.042] B
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Pilot Scale X-Flow Filtration Test: Eny. A_, Run 2.07b

[1) [ 3 a T W K M N K2 [d ) R
: 2874|203 ) 1,821 ; X 3 £ ) 203]__ 0. e
24.356] 23874 24.03] _ 26.809 187 381 896 478 5,089 7 0.248 [ -
24436 2384 24.09 800 038 1) 085 £07) 0.042] _ 20.795]__ 0.2 0.003 9,
24.406] " 23.62] 2411 26729 248 458 39099 507 -0.089] 81 0.281] 0
24818] 2364 24491 689 1913] _ 8463 X 8507 0.042| " 29887] 0253 0| @
S8]___ 2354 24191 28729 iX 3] 39268 538 -0.042l —28.783] 0257 [ O
(7} 23.82]__24.206] 26,489 $1.808 56]  38.794[ 807 20.042] 20.764 [ E_,
4808 23.066] 24.271|  26.809) 915 439[ 39,031 838 0.042 ] 0 o
77| 2362 24971 2, 7 168 538 0.042] 29,879 003
4767)  2062| 24.351] 26729 1,913 435]__38 821 838 0.042] 29, 0 N
24.787 1 24.431 1,887 ; 38,967 538 0,042 X 003, f
24.751] _ 29.62]  24.388 884 1. 199 ¥ 0,089 ) )
248 3 4468 764 §2.128 487 X] 530 0.042] "~ 20.825 0
28, 23809] 245 4 . 423] 38794 : 0.042]__ 29841 0 Q
4.906] __23609( __248] _26.718 187 309 828 838 0,042 2981 ] g
4.966]  23.844] 24881 26718 48 3 784 ; 0.042] 20871 0 o
A841[ 23644| 24 26.753 1,943 303 392 . 5, 20.7 0
4.075] 20.479] 24,615 26,788 3 031 568 0.042] 29,841 0 |
’ 25.056| 23598 485| 28.788 1 423 99 668 0.04 9 =
_2501| 28883]" 24604 38883 1.013] 8431 38684 588 +0.042]20.917] " <
28.08| 20.713] _ 24.699 _ 26457 827] 39,031 568 0,043 Z5.871 ; _6.003] :>
25.125] 29.868] _ 24.719 857 1.578 1] 33828 588 0.089]__29.94 . ol
25,125 23668 _24.719] 20607 447] 39,133 568 0.042]__26.825] _ 0.255 0 +
25.16] _20622] 24,754 126 [ _e8727 . 0.042] 29.841 0.28 [
25.24] 23.622] 24, 26,652 187 03[ 38,754 568 0,04 2583  0.288] 0
25.24] 20.867] 24,834 1.847 3| 38828 3 0.042( 29,887 254 0
25.194] 2365 48850 28811 1.689 389 38,662 568 0.086] — 29.671 258 0|
25.375] _ 23.867] 24,889 61.862 3 38,781 599 0.042 29,979 264 0
. 25. 23737 24, 28,688 £2.09% 35,168 683 0.042 517 255 )
M 25275 23.787| _ 24.860] 26,688 187 43138853 596 0,043] 29, 2! [
M 25.355] " 23.657[ __24.949) 431 55[ 38,028 8.559 0.042] 964 ¥l o]
M 25.358| _23.737] _ 26.029] _ 26,848 y Y 69| 0.042] " 25.856 258 0
25.435(_23737| _25.029 721 61.995, . 38727 .83 0.042[_29.671 258 0 ! ~
M| 2543523612 029] 26,848 3 487] " 38,794 .83 0.,042]  29.902 257 2. o
M 25369 _23.737] 25.064] 28,121 €1.964] 831 3022 .63 0.042] 20,85 258 0 ; [\
1 M 25.380]  23.602] 24 28.721 1, (300 623 83 -0.042]  20.617) 264 0 . [¢]
1 102 25315 657 25.108] __26.786] 2] 6.A18) 38784 63 -0.089] 25,887 255 © :
i :08:62 PM 2547 23602 25.109| _ 26.768| 81,6390 6.301 3869 .63 0.042_29.8 258 0 272 2.4 4 .
1909]_2:04:52 25518 23737 25.108] _ 26,608 EIMCETH) X 83| 0.042] 26,839 256] 0. 273 124] ) =
1 -05:52 PM 25818] 23657 25.106]  28.766, 173 & 38,657 8,595 0.042]__ 29.856| .282 ¢ 274|244 114f N
208:32 o 255818 . 788] 25.109) 608 05| 5431 X 6.699 0.042]_28.848) 256 0] 37 12.4 112 N
1959] 2.07:62PM| 95| 23,667 189 688 279) 39,139 ; 0.042[_29.887 258 [] X XES '
E28/1960] 2.08:53 PM 25,595 ¥ 25189 zsssa 1.913 sm 3872 63| 0.042)  29.964 258 [ a1 XX e}
1999] 2:09.53PM 2584] " 23.703]__ 2518 218 38,896 63 0.042] __ 20.81 .259] " 0.003 41 XEL h
1999] 210,53 FM 2564 23,737 285.238| Am €4i7|_392 .63 0,042 933 281 0| a2, R
999 _211:53FM o] 25505 20.783] 25,238 §173] 6 35,183 83 004279048 0.2 [} LK A )
212:89 PM 25.84] _ 23709 2385|  28.872 . 8.401] 99, 6.681 0.042) _ 26841 .253] 0 42, . 110] N
1| 8726719091 2:1 M O __25.43] 23703] _25315] 26 6. 828 8681 0.042[ 29.718, 262 0,004 At 114
v 14:63 BM) 0] 2572] 23703]. 25318 ~26.662 1,689 38,683 X 0.042] 29871 259 9 4. 113 o
1999] 2:15:53 o] 2564 783] — 26.235]__20.672 913 6.407) Xl 83 0.089) .88 [ a8 .\_T_{ B
16:63FM O] 2573] 23709] _78. : 1,791 ; 38.727| 1 20.042) =] 0 4. 112 -
999] 217:54 O @5 73, 18] 26.492 1.621]  6.356] ~ 38984 6,651 0.042 533 o] 3K 114
1999 218,54 FM 7551 23783] " 25349 808 234 6. 39,085 6,63 20,0431 26,633 o 22, XEc) .
1999] 219:54 PM, 25.755] _23.737] 25,340 96,608 6.435] 38862 6,681 0.042) 29,97 a7 1]
SR8 :20:54 PM| 25, 23818 25,304 641 1.943(_6.343[ 38727 63 0,042 29,948 A1
Z21:64FM 25.835] 23818 38| 28.721 1.574 . 38,558 83 -0.042]_ 29,948 A,
52671999 22254 o] _ 2587 ! 384| 26,729 51.943] — 8.361] _ 30.99 ) 0.042) 20,902 ;
1]5/261999] 22854 PM 25.825( 23.807(  25.339) 598 81791 6. 38,893 €3 0.042( 29.964 )
S201000| 224:54 PM 25.505] 23,807 25.410]  26.756 1. 8287] 39065 63 5,042 29.917) i,
S201990| 2:25.54 «_25.859] 23887 25.419| 63 52309 6.423[_ 89,031 €3 0.042| 20,648 420
57280, :26:64 PM 0] 25859 23.762] 25.373]  26.7 } ) 4TS 38,862 6681 -0.042] 25,841 )
SRAR999| 2:27:54 25850] 23.762]  25.408| _ 26.71 .383]  33.023] 44694  61.821]  6311) 38659 €.83| 0,042 ; aiy
SM1909]_ 22856 PM 25854 23.757]__25.408| .7 X 181 44.323] 81882 . 38625 8.881 0.042] 20917, WS
29:85 PM| 25.804] 29, 26408] _26.74% .768] 44, T.7801] — 6.383[ 38 828 83 0.042]_29.51 ik (e
82671999 2:30.55FM 23.761] 25488 7] 22,38, 23] 44.652 004|844 .63 0.042_29.948 418
31:56 PM 25.849] _ 23.877) 443 28. X 188 X & €431] 38696 63 0.042]__ 20.954 220
70} 52871 32 "ol _2seas| _2a7s1[ 28523 X 22 10! ! 1.918] 6. 27 83| -0.042] 25,848 i
) 11 BIBEPM| O]  25.929] 23.751] 35 48] 904 A2 44 48] 8.574] 38,696 83| 0,042 29.017) i
12) /281 900|_2:34: 25645~ 20.761]  26.443] _26. 604 X[ a4, 52.128] 8,471 089 63 0.042] 29,633 ey (o)
A i AEESPM| O] 25029| 23706| 0S443|  2682] _ 22 32.065] 4401|581 455 99,065 6681 0.042]__29.979 at, S
u ERM1990] 296.56PM| 0| 25.929] 23.751| 25620] _ 26.54]  22.004 _ 3179 _ 44, 51.652]__ 6.375] 83 63 0.042]29.994 T, ol
820/1998]_ 2:37:58 FM 25920 29.832] _25823] 2682 22.585] 31.089| 44.787| 52,008 A59] 39,862 .83 0.042] _ 29.902 41, o 1
s| 1999] 230:56 FM 25.928] _ 23,751 43| 26.48] %2.028]_44.18 1.69 . 38.761 .83 0.042| _29.502) FIK 0O
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Pilot Scale X-Flow Filtration Test: Env. A, Run 2.07b
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Pilot Scale X-Flow Filtration Test: Env. A, Run 2.07b
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.07c: V =123 ft/s, TMP =41.7 psi, T = 25°C]
[Data Taken on 27 May 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No.2.07c: V =123 fi/s, TMP =41.7 psi, T=25°C]
[Data Taken on 27 May 1999]
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Figure B17a: Test Run 2.07¢, 0.5 wt% Insoluble Solids Concentration (Entire Run)
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BNFL Pilot-scale X-flow Filtration Test
"[Test No. 2.07c: V = 12.3 ft/s, TMP = 41.7 psi, T= 25°C]
i : [Data Taken on 27 May 1999]
0.6 T ’
P 05 -
s - _
& 0.4 .
3 0.3 = = . a
Lé; 0 2 ':: a n- I g &
2 0.1 ,
0.0 +— 1
20 40-60 80 100 120 140 160 180 200 220
Time, minutes
BNFL Pilot-scale X-flow Filtration Test .
[Test No. 2.07c: V = 12.3 fi/s, TMP = 41.7 psi, T = 25°C]
] [Data Taken on 27 May 1999]
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BNFL Pilot-scaie X-flow Filtration Test
[Test No. 2.07¢c: V = 12.3 ft/s, TMP = 41.7 psi, T= 25°C]
; {Data Taken on 27 May 1999}
0.6 -
o . a o
£ 05 s
% 04 - -
é 0.3 *;; a_g 2l o . -;u, - - ,:" -
% 0.2 a "_7", a -“ 'n“ o ru“:ﬂ“' - n“ %ﬁ a u‘h nn ﬂ!u l‘
£ 0.1 - - : :
[ N = g
0.0 - R - s
330 350 370 390 410 430
' Time, minutes

Figure B17b: Test Run 2.07c, 0.5 wt% Insoluble Solids Concehtration (30, 15, & 5 min. Backpulsing)
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APPENDIX C

EXPERIMENTAL DATA: HIGH SOLIDS CONCENTRATION

Appendix Contents
1. Nomeclature sheet for data tables
2. Experimental data:

Fig. Run " Solution Done on
Cl1 2.14 7 wt% Solids 6/11/99
C2 2.14b 8 wt% Solids 6/16/99
C3 2.20b 5to0 16 wt% Solids  6/17/99

General Note: For measurement uncertainties see Appendix F

Special Notes:

a. The data for every test run are highlighted with two graphs: Filtrate Flux vs. Tlme and
Permeability vs. Time. Those graphs include all the data taken during the run period.

b. The beginning and end of the data for most graphs show large deviations from the
overall series of points. Those deviations were caused by backpulsing the filter that
temporarily stopped the flow of filtrate.

c. All columns of data, in all the tables, are ended with several statistical values of that
column, i.e., Average, Maximum, Median, Minimum, Standard Deviation, and
Number of Points used (in calculating the 5 statistical quantities). Most of the data
with time were maintain constant, and therefore the statistics are meaningful for
normally distributed data, however Filtrate Flux and Permeability decrease with time
and therefore are not normally distributed. '

d. To calculate those quantities mentioned in item c, only those data points that start
from the end of a backpulse to just before the ending backpulse were included. This
is the reason why the quantity of Number of Points Used was given.

e. The data for the graphs, and all the data taken for the individual test run that the
graphs represent, immediately follow the specific figure.

f. Run 2.14 was done after the test rig was cleaned due plugging when the solids
concentration was increased from 0.5 wt% to between 10 and 15.wt%. In an attempt
to unplug the test rig in a hurry the slurry was diluted with water. Therefore, the
slurry for this run had a sodium concentration closer to 3 M instead of the target of
5.5 M. After the wash run another batch of slurry was made and a new run was done
and called 2.14b.

g. Run 2.20b was not a steady-state run like 2.14 and 2.14b, where the filtrate returns to
the slurry to maintain its concentration. Run 2.20b was done to successively make
the slurry more concentrated until the filter plugged. That is why the Filtrate Flux
graph of Fig. C3 appears to have steps. Starting with approximately 80 liters of post-
washed slurry, approximately 7.3 liters of filtrate was removed 6 times and the
remaining 36 liters just barely covered the bottom of the slurry reservoir. The run had
to stop because the cooling coils were totally exposed and couldn’t cool the slurry
which became very hot and the pumps began to draw in air because the thick slurry
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couldn’t supply the suction line with slurry fast enough Fortunately, the filter did not
plug at all.

Nomenclature For Data Sheets
{See Figure 1: Main Test Rig - Pilot Scale Cross Flow for the lnstrument Locatxon)

Column  Heading Fuli Heading
A= DATE = DATE
B= TIME = TIME ’
C= SOLENOID = SOLENOID =yes, O=no: for the pressure to the backpuise piston
D= HFLTRT (deg_;‘ = _FLTRT (deg C) T2 Filtrate Temperature in Filter at exit of the Filter Housing
E= CL LOOP (g = CL LOOP (degC) T3 Temperature of Liquid in the Cleaning Loop
F= SL LOOP (d = SLLOOP (deg C) T1 Temperature of Liquid in the Slurry Loop at the Reservoir Tank
G= UP AMB (ddg = UP AMB (deg C) T4 Ambient Temperature at the top of the Test Rig - 3rd level
H= BOT AMB ( = BOT AMB (deg C) T5 Ambient Temperature at the bottom of the Test Rig - 15t level
i= T6 (deg C) = T6 (deg C) SPARE Spare Thermocouple - Cumrently Not Being Used
J= BOT DP (ps = BOT DP (psid) dP2 Differential Presstire between the Filter Slurry Entrance and the bottom Filtrate Exit
K= FLTR (psig) = FLTR (psig) P1 Gauge Pressure at the-Filter Slurry Entrance
= FLTR DP (| = FLTR DP (psid) dP1 Differential Pressure between the Filter Sturry Entrance and Exit
= TOP DP {pg = TOP DP (psig) dP3 Differential Pressure between the Filter Slurry Exit and the Top Filtrate Exit
= = FLTRATE (psig) P2 Gauge Pressure at the Filter Filtrate Exit
= = PISTON (psig) P3 Air Gauge Pressure Applied to Backpulse Piston
pP= = SL FLOW (gpm) Q1
= = FLTR FLOW (gpm) Q2
A= - .

s=  [Number ] = Number Data number which is equivalent to 1 minute since this was the acquisition frequency
= Vel, ft/s = Vel, f's Axial slurry velocity = [Column P}/ 7.48 gal/ft2 7 60 sec/min / flow area (=0.005369 ft2*)
= TMP, PSI . = TMP, PSI ransmembrane Pressure = ([Column J] + [Column M])/2
= [TMP, bar = TMP, bar Column U] / 14.504 bar/psi

W= GPMWFT2 = GPM/FT2 Column Q] / inside diameter filter surface area (= 2.29 f2**)

X= GPM/FT2 = GPM/FT2 at25°C ‘est Spec. comection factor: [Column W] x exp(2500 x {((1/(273+[Column T}))~(1/298)))
= fPERMABILITY = PERMABILITY (ghrvit2/ps) Column X] / [Column U]

Z=  {x1000 = PERMIABILITY x 1000 Column Z} x 1000

=  |PERMABIITY = PERMIABILITY {milaytban) Column Y] x conversion factor ( = 851.0145 m/day/bar / gpm/it2/bar)

‘Axialskmyflowaxeaisbasedon7porousmbeswiﬂxaninsidediame’teroftilainch:?xpiM'(0375hwl12hdesmv2=0.m53&m
“Inside diameter fitter surface area for 7 tubes with an inside diameter.of 3/8 inch, 40-inches long: 7 x pi x (0.375 inch) x 40 inches / 144 iV 22 = 2.29 f12

Excepﬂons

1. For Run 2.21b (Cleaning); This run was.carried out over a three different periods on three days therefore there are two.NUMBER COLUMNS: S&T.
Column S is continuous and Column T is continuous but starts over for each period. All the columns to the right of Column S are shifted by one.

2. For Run 2.22b (Water); After July 10, 1999 a.second filtrate flow meter was added to measure flow rates from 1.2 10 5 gpm. The final water test
run {(Run 2.22b) has an extra filtrate ﬂowratecolumn Column R, the spare column, was made the newﬂowcate

R= Q3, FLTR =

le‘!he Fﬁme Flow(above 1zgpm) Installed aﬂer7/10l99

L

also Run 2.22b has two NUMBER columns (Iike Run 2 21 b) s0 Exception 1 also applles
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.14:V =121 ft/s, TMP = 43.5 psi, T = 25°C]
[Data Taken on 11 June 1999]
0.5
E 04 .
E I
Q
> 0.3 a ¢
E | i
L 0.2
Q a
Q |
T 0.1
0.0 =
0 20 40 80 100 120 180
Time (minutes)
BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No.2.14: V =12.1 ft/s, TMP = 43.5 psi, T=25°C]
[Data Taken on 11 June 1999]
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Figure C1: Test Run 2.14, 7 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.14b: V = 12.5 ft/s, TMP = 41.3 psi, T = 25°C]
[Data Taken on 16 June 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.14b:V =125 ft/s, TMP =413 psi, T = 25°C]
[Data Taken on 16 June 1999]
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Figure C2: Test Run 2.14b, 8 wt% Insoluble Solids Concentration
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.20b: V = 10.7 ft/s, TMP = 44.4 psi, T = 25°C]
[Data Takenon 17 June 1999] -
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[TestNo.2.20b: V =10.7 ft/s, TMP = 44 .4 psi, T = 25°C]
‘ [Data Taken on 17 June 1999]
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Figure C3: Test Run 2.20b, 5 wt% to 16 wt% Insoluble Solids Concentration
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 APPENDIX D

EXPERIMENTAL DATA: SLURRY WASH

Appendix Contents
1. Nomeclature sheet for data tables
2. Experimental data:

Fig. Run Solution Done on
D1 2.15 First Wash 1 6/11/99
D2 2.16 First Wash 2 S 6/14/99
D3 2.18 First Wash 3 - 6/14/99
D4 2.19 First Wash 4 . 6/14/99
D5 2.15b Second Wash 1 ~  6/16/99
D6 2.16b Second Wash2 - 6/16/99
D7 217b Second Wash 3 6/16/99
D8 2.18b Second Wash 4 6/16/99

D9 219 Second Wash 5 6/26/99
General Note: For measurement uncertainties see Appendix F

Special Notes: :
a. Run 2.17 was not done because run 2.14 began w1th a dilute slurry that was taken as a
. first wash run.

b. The data for every test run are h1gh11ghted with the top two graphs in each figure:
Filtrate Flux vs. Time and Permeablhty vs. Time. Those graphs include all the data
taken during the run period.

c. The bottom graph of each figure is a subset of the Filtrate Flux vs. Time data during -
the period that the filtrate was being removed to prepare for another charge of water.

d. The beginning and end of the data for most graphs show large deviations from the
overall series of points. Those deviations were caused by backpulsing the filter that
temporarily stopped the flow of filtrate.

e. All columns of data, in all the tables, are ended w1th several statistical values of that
column, i.e., Average, Maximum, Median, Minimum, Standard Deviation, and
Number of Points used (in calculating the 5 statistical quantities). Most of the data

~with time were maintain constant, and therefore the statistics are meaningful for
normally distributed data, however Filtrate Flux and Permeability decrease with time
and therefore are not normally distributed.

f. To calculate those quantities mentioned in item ¢, only those data points that start
from the end of a backpulse to just before the ending backpulse were included. This
is the reason why the quantity of Number of Points Used was given.

g. The data for the graphs, and all the data taken for the individual test run that the
graphs represent, immediately follow the specific figure.

h. As second set of statistical values is given for the time period just dunng when filtrate
was removed from the test ri g This is shown as the bottom graph of all the figures as

’ explamed in item



-Pilot scale X-flow: EnvA+ES

Page 146 of 226

BNF-003-98-0221
Revision 0

i. Note, the flowmeter for the filtrate flux, Q2, could only measure up to 0.533 gpm/ft2.
Any data above that value is meaningless. '

Nomenclature For Data Sheets

{See Figure 1: Main Test Rig - Pilot Scale Cross Flow for the instrument Location)

Column
A=

X=

Heading
DATE
TIME
SOLENOID

Full Heading

DATE

TIME

SOLENOID

FLTRT (deg C) T2
CLLOOP (deg C) T3
SLLOOP (deg C) T1
UP AMB (deg C) T4
BOT AMB (deg C) T5
T6 (deg C) SPARE
BOT DP (psid) dP2
FLTR (psig) Pt
FLTR DP (psid) dP1
TOP DP (psig) dP3
FLTRATE (psig) P2
PISTON (psig) P3
SL FLOW (gpm} Q1

FLTR FLOW (gpm) Q2

Number

Vel, ft/s

TMP, PSI

TMP, bar
GPM/FT2
GPM/FT2 at 25°C
PERMIABILITY (gprvic2/psi)

PERMIABILITY x 1000

PERMIABILITY (mdayibar)

Explanation

Day the test was done

Time data entry was made

1=yes, O=no: for the pressure to the backpulse piston

Filtrate Temperature in Fitter at exit of the Fitter Housing

Temperature of Liquid in the Cleaning Loop

Temperature of Liquid in the Slurry Loop at the Reservoir Tank

Ambient Temperature at the top of the Test Rig - 3rd level

Ambient Temperature at the bottom of the Test Rig - 1st level

Spare Thermocouple - Currently Not Being Used

Differential Pressure between the Filter Slurry Entrance and the bottom Fittrate Exit
Gauge Pressure at the Filter Slurry Entrance

Differential Pressure between the Filter Slurry Entrance and Exit
Differential Pressure between the Filter Slurry Exit and the Top Filtrate Exit
Gauge Pressure at the Fitter Filtrate Exit

Air Gauge Pressure Applied to Backpulse Piston

Data number which is equivalent to 1 minute since this was the acquisition frequency
Axial slurry velocity = {Column P]/ 7.48 galfft2 / 60 sec/min / flow area (=0.005369 ft2*)
Transmembrane Pressure = ({Column J} + [Column M])/2

{Column U]/ 14.504 bar/psi

{Column Q} / inside diameter filter surface area (= 2.29 f2**) .
Test Spec. correction factor: [Column W] x exp(2500 x ({1/(273+]{Column T]))-(1/298)))

{Column Y] x conversion factor ( = 851.0145 m/day/bar / gpm/ft2/bar)

*Axial slurry flow area is based on 7 porous tubes with an inside diameter of 3/8 inch: 7 x pi/ 4 * (0.375 inch / 12 inches/ft)A2 = 0.005368 fi2
*“Inside diameter filter surface area for 7 tubes with an inside diameter of 3/8 inch, 40-inches long: 7-x pi x (0.375 inch) x 40 inches / 144 in2/fr2 = 2.29 ft2

Exceptions:

1. For Run 2.21b (Cleaning); This run was carried out over a three different periods on three days therefore there are two NUMBER COLUMNS: S&T.
Column S is continuous and Column T is continuous but starts over for each period. All the columns to the right of Column S are shifted by one.

. For Run 2.22b (Water); After July 10, 1999 a second filtrate flow meter was added to measure flow rates from 1.2 to 5 gpm. The final water test
run (Run 2.22b) has an extra fittrate flow rate column. Column R, hespare column, wa.smadethenewflow rate: i

R=

Q3, FLTR

Q3, FLTR FLOW (gpm)

Flow Rate of the Filtrate Flow (above 12 gpm), installed after 7/10/99

aiso Run 2.22b has two NUMBER columns (like Run 2.21b) so Exception 1 also applies.
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BNFL Pilot-scale X-flow Filtration Test: Envelope A+ ES
[Test No. 2.15: A, V = 12.4 ft/s, TMP = 34.5 psi, T = 256°C]
[Data Taken on 11 June 1999] :
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BNFL Pilot-scale X-fiow Filtration Test; Envelope A + ES
[Test No. 2.15: V = 12.4 ft/s, TMP = 34.5 psi, T= 25°C]
{Data Taken on 11 June 1999}
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Test Run 2.15: Dewatering Period Only: Envelope A + ES
V=1241s, TMP =345 psi, T=25°C] ~~r=xn .
[Average Dewatering Filtrate Fiuc 0.438 GPM/FT2]
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Figure D1: Test Run 2.15, First Wash 1
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BNFL Pilot-scale X-fiow Filtration Test: Envelope A +ES
[Test No. 2.16: V = 11.9 /s, TMP = 59.7 psi, T = 25°C]
{Data Taken on 14 June 1999]
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BNFL Pilot-scale X-flow.Filtration Test: Envelope A + ES
{Test No. 2.16: V = 11.9 ft/s, TMP. = 59.7 psi, T = 25°C]
[Data Taken on 14 June. 1999]
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Test Run 2.16: De;gy%g?\rihg Period Only: Envelope A + ES
- V=11.91s, TMP =59.7 psi, T =25°C]
[Average Dewatering Filtrate Fluc 0.411 GPM/FT2]
0.50 -
% 046 T i - t
o . :
03 042 - qu r
B4 g g
E . L R T
o 0.38 v
s
=
i 034
0.30
0 2 4 6 8 10 12 14 16
Time, minutes

Figure D2: Test Run 2.16, First Wash 2
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.18: V = 8.5 ft/s, TMP = 4_1 .9 psi, T =25°C]
[Data Taken on 14 June 1999}
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BNFL Pitot-scale X-flow Filtration Test: Envelopé A+ES
[Test No. 2.18: V = 8.5 ft/s, TMP = 41.9 psi, T = 25°C]
{Data Taken on 14 June 1999]
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Test Run 2.18: Dewatering Psfiod Only: Envelope A + ES
[V=851fs, TMP =419 psi, T=26°C]
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Figure D3: Test Run 2.18, First Wash 3
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Revision 0
BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.19: V = 15.2 ft/s, TMP = 36.6 psi, T = 25°C}
[Data Taken on 14 June 1999]
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BNFL Piiot-scale X-flow Filtration Test: Envelope A + ES
(Test No. 2.19: V = 15.2 ft/s, TMP = 36.6 psi, T = 25°C]
{Data Taken on 14 June 1999}
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‘T.est Run 2.19: Dewatertihg Period Only: Envelope A + ES
[V =152 fi/s, TMP = 36.6 psi, T = 25°C]
[Average Dewatering Filtrate Flux 0.471 GPM/FT2]
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Figure D4: Test Run 2.19, First Wash 4
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BNF-003-98-0221

Revision 0
BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.156b: V.= 12.1 ft/s, TMP = 42.8 psi, T = 25°C]
[Data Taken on 16 June 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.15b: V = 12.1 ft/s, TMP = 42.8 psi, T = 25°C}
: [Data Taken on 16 June 1999)
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Test Run 2.15b: Dewatering Period Only:Env. A + ES
IV = 12.1 ft/s, TMP = 42.8 psi; T = 25°C])
[Average Dewatering Fiitrate Flux 0.373 GPMFT2]
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Figure D5: Test Run 2.15b, Second Wash 1
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Pilot scale X-flow: EnvA+ES
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.16b: V = 9.1 ft/s, TMP = 36.9 psi, T = 25°C}]
[Data Taken on 16 June 1998)
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
{Test No. 2.16b: V = 9.1 ft/s, TMP = 39.6 psi, T = 25°C]
[Data Taken on 16 June 1999]
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Test Run 2.16b: Dewatering Period Only: Env. A + ES _
[V =9.11s, TMP = 39.6 psi, T=25°C] =
[Average Dewatering Filtrate Flwc 0.385 GPM/FT2]
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Figure D6: Test Run 2.16b, Second Wash 2
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.17b: V = 14.4 ft/s, TMP = 36.4 psi, T = 25°C]
[Data Taken on 16 June 1999]
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BNFL Pilot-scale X-flow Filtration Test: Envelope A +ES
[Test No. 2.17b: V = 14.4 fi/s, TMP = 36.4 psi, T = 25°C]
{Data Taken on 16 June 1999]
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Test Run 2.17b: Dewatering Period Only: Env. A + ES
T T M= 14.4 ifs,"TMP = 36.4 psi, T = 25°C] .
[Average Dewatering Filtrate Fiuc 0.426 GPM/FT2)
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Figure D7: Test Run 2.17b, Second Wash 3
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Pilot scale X-flow: EnvA+ES Page 162 of 226 BNF-003-98-0221
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BNFL Pilot-scale X-flow Filtration Test: Envelope A+ ES
[Test No. 2.18b: V = 13.8 fi/s, TMP = 42.8 psi, T = 25°C]
’ [Data Taken on 16 June 1999}
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BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
[Test No. 2.180,Env. A: V = 13.8 fi/s, TMP = 42.8 psi, T = 25°C]
[Data Taken on 16 June 1999]
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Test Run 2.18b: Dewatering Period Only: Env. A + ES
[V = 13.8 fi/s, TMP = 42.8 psi, T = 26°C})-
[Average Dewatering Fittrate Flwc 0.414 GPM/FT2}
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Figure D8: Test Run 2.18b, Second Wash 4
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Pilot Scale X-Flow Filtration Test: Env. A, Run 2.18b
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Pilot scale X-flow: EnvA+ES Page 164 of 226
BNFL Pilot-scale X-flow Filtration Test: Envelope A + ES
{Test No. 2.19b: V = 10.9 ft/s, TMP = 69.8 psi, T = 25°C]
{Data Taken on 16 June 1999]
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BNFL Pilot-scale Xflow Filtration Test: Enelope A + ES
[Test No. 2.19b: V = 10.9 ft/s, TMP = 69.8 psi, T = 25°C]
[Data Taken on 16 June 1999}
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Test Run 2.19b: Dewatering Period Only: Env, A + ES
sy [V =10.9 fifs, TMP = 69.8 psi, T =25°C]
[Average Dewatering Filirate Fhux 0.405 GPM/FT2)
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Figure D9: Test Run 2.19b, Wash 5
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Pilot scale X-flow
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APPENDIX E

ANALYTICAL DATA

Appendix Contents

1. Eleven pages of Table E1 contain all of the analytical data.

2. Slurry Rheology: Fig. E1, Run 2.13; Fig. E2, Run 2.14b, Fig. E3, Run 2.20b

2. Graphs of selected chemical element concentrations throughout the test by molarity
Figures E4-E17 are Al, Ca, Cl, Cr, F, Fe, K, Mn, Mo, Na, Ni, P, Pb, and Si

3. Graphs of selected chemical compounds concentration throughout the test by molarity.
Figures E18-E20 are: Oxalate, Phosphate, and Sulfate

4. Graphs and tabular data on the particle distibutions throughout the test
Figure E21 is: particle distibution from a real waste sample
Figures E22A, E22B, to E29A, and E29B are for test runs: Pre-test, 2.01, 2.13,
2.14,2.16, 2.14b, 2.16b, 2.

Special Notes:

a. There are no measurement uncertainties listed because the measurement uncertainties
for analytical data are beyond the scope and control of this task. There is reason to
believe that all analytical data can be at least 15% accurate but no quantitative data
are given to this effect. Density and filtrate viscosity are the only slurry property data
that were obtained at the test rig location and the uncertainty of those data can be
stated as:

Density: <0.5% of reading by calibration
Viscosity: 0.34 wt% of reading by manufacturer’s statement.

b. Only three figure, E1, E2, E3 are given for the slurry rheology because the rheology

was similar for all samples. The slurry basically act as a Newtonian fluid but at the
""highest solids loading thereis a small amount of yield stress which drops off very
rapidly after the slurry is put into motion.

c. Each particle analysis was done by a Volume and a Number distribution, thus there
are two figures for each, e.g., 19A and 19B.)

*
<
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Revision 0
A [ B - C D E F
1 |TEST RUN > - Most Recent Entry Date 2.00 2.00
2 _|BNFL Sample ID ------scrmemmmmommmcmeaea >y February/22/2000 Pre-Test Sample BNF-SXF2055-A+ES_01a| BNF-SXF2055-A+ES_01b
R LR L e | e — 3-126787 N 3-127887 3-127888
4 |Type Sampie - slurry . slurry loop slurry loop
5 |Sample Size ------—-- - 125 15 15
6 [Measurement(s) Made ---—>>{(SEE NOMECLATURE TO EXPLAIN LETTERS) SSACP-ES/ANTIC-TOCASEAC-ANIONS | SSACP-ESIAVTIC-TOGASENC-ANIONS
7 jitem Measured Units Analyst Name ! :
8 |Density g/mL Thermal Fluids Lab 1.20 water before test 2.00 water after test 2.00
9 JAI ug/ml Frank Pennébaker 15650 <0.6 <0.6
10}8 ug/mL Frank Pennéebaker 15.7 <0.3 <0.3
11 |Ba ug/mb Frank Pennebaker <0.5 <0.1 <0.1
12 |Ca ug/mL Frank Pennebaker 39.1 <0.4 <04
13 |Cd ug/mb Frank Pennebaker <0.5 <0.1 <0.1
14 |CI ug/mL | Robert Ray/Joyce Cartiedge 3766 N/A N/A
15 |Cl Sample ug/mL { “Robert Ray/Sarah Brown N/A 342.47 N/A
16 {Co ug/mi Frank Pennebaker <05 <0.1 <0.1
17 |Cr ug/mb Frank Pennebaker 329 <0.1 <0.1
18 {Cu ug/miL Frank Pennebaker <0.5 <0.1 <0.1
19 |F (Fluoride) -(only rough rdg) | ug/mt | Robert Ray/Joyce Cartledge - <20 N/A N/A
20 {F Sample ug/mL | Robert Ray/Sarah Brown N/A <1 N/A
21 |Fe ug/mlL Frank Pennebaker 25.1 <02 <0.2
22 {HCOO (Formate) ug/mL | Robert Ray/Joyce Cartledge 1447 N/A N/A
23 K ug/mbL Sarah Brown’ N/A 0.918 N/A
24]La ug/mi. Frank Pennebaker N/A <0.28 <0.28
25 JLi ug/mb Frank Pennebaker <66 <12 <12
26 {Mg ug/mL Frank Pennebaker 6.2 <0.1 <0.1
27 {Mn ug/mb Frank Pennebaker 7.8 <0.1 <0.1
28 {Mo ug/mb Frank Pennebaker - 30.4 <0.1 <0.1
29 {Na ug/mb Frank Pennebaker 98700 14 12
30 INi ug/mL Frank Pennebaker <0.6 <0.15 <0.15
31 |NO2 (Nitrite) ug/mL | Robert Ray/Joyce Cartledge 44946 N/A N/A
| 32 INOS (Nitrate) ug/mL | Robert Ray/Joyce Cartledge 57471 N/A N/A
33 |C204 (Oxaiate) ug/ml | Robert Ray/Joyce Cartledge 743 NA N/A
4P ) ug/mbL Frank Pennebaker 69.3 <2 <2
35 |PO4 (Phosphate) ug/mL | Robert Ray/Joyce Cartiedge 405 N/A N/A
36 |Pb ug/mL Frank Pennebaker <5 <1 <1
374Si ug/mL Frank Pennebaker 126 <1 <1
38 {Sn ug/mb Frank Pennebaker <4. <0.8 <0.8
39 |SO4 (Sulfate) ug/mt. Robert Ray/Joyce Carlledge 343 N/A N/A
40 |Sr ug/mL Frank Pennebaker : <1 <0.1 <0.1
41 ITi ug/ml .Frank Pennebaker <0.5 <0.1 <0.1
42\v ug/mL -_Frank Pennebaker <1.5 <0.1 <0.1
43 |Zn ug/mb Frank Pennebaker 1.1 <0.1 <0.1
44 Zr ug/mlL Frank Pennebaker <15 <0.3 <0.3
45 | Total Organic Carbon ug/mb Robert Ray 1509 35.24 N/A
46 jTotal Inorganic Carbon ug/mL Robert Ray 1924 0.41 N/A
47 |Suspended Solids wi% Beverly Burch N/A <0.003 N/A
48 jTotal Solids wi% Beverly Burch N/A N/A = NA
49 |Mean Particle Size by Volume] micron Don Blankenship 2.4/308 N/A N/A
| 50 |Mean Particle Size by Number micron Don Blankenship : N/A N/A N/A
51 |Kinematic Viscosity cSt__| CONE/TNX-CAPILLARY/TFL N/A N/A N/A
52 {Dynamic Viscosity cP Calculated NA N/A N/A
53 {Comment ; bimodel particle distributior] water before test water after test

Table E1: Analytical - All data, Pagel
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[¢] | H 1 J K L
1 |TEST RUN > 2.01 201 2.01 2.01
2 IBNFL Sample 1D ----wreeensemaccnmasear > Unplanned Sample . BNF-SXF2055-A+ES_02 | BNF-SXF2055-A+ES_03 No Sample Kept
3 JADS Sample ID ---——-vo-coee-—--———>5  TNX Sample/No Number 3-127880 3-127891 No Sample Number
4 {Type Samp! >3 sturry slurry sturry filtrate
5 |Sample Size —---—--~>>] mL 150 50 15 100mL/returned to mixture
6 |Measurement(s) Made ---+--——----—->>| TS/SSMSCOSITY/DENSITY MICROTRAC TS/SS DENSITY ONLY
7 jitem Measured Units - S ; s :
8 [Density g/mL 1.240 1.232 1.232 1.231
9 |Al ug/mb N/A N/A N/A N/A
10]B ug/mb. N/A N/A N/A N/A
11 |Ba ug/mlL N/A N/A NA N/A
12 |Ca ug/mL N/A N/A N/A N/A
13]Cd ug/mL N/A N/A N/A N/A
14 |Ct ug/mL N/A N/A- N/A N/A
15 |Cl Sample ug/ml N/A N/A N/A N/A
16]Co ug/mL N/A N/A NA N/A
17]cr ug/mi N/A N/A N/A N/A
18 |Cu ug/mb N/A N/A N/A N/A
19 |F (Fluoride) -(only rough rdg) | ug/mL N/A N/A N/A N/A
20 JF Sampie " T ug/mL N/A N/A N/A N/A -
21 {Fe ug/mL N/A N/A N/A N/A
22 {HCOO (Formate) ug/mL N/A N/A N/A N/A
231K ug/ml N/A N/A N/A N/A
24 |La ug/mL N/A N/A N/A N/A
251U ug/mbL A N/A NA N/A
26 Mg ug/mL N/A N/A N/A N/A
27 Mn ug/mL N/A N/A N/A N/A
28 {Mo ug/mb N/A N/A N/A N/A
29 |Na ug/ml N/A N/A N/A N/A
30 INi ug/ml N/A N/A N/A N/A
31 JNO2 (Nitrite) ug/mL N/A N/A N/A N/A
32 INO3 (Nitrate) _ ug/mbL N/A N/A N/A N/A
33 [C204 (Oxalate) ug/mL N/A N/A N/A NA
4|P ug/mL N/A N/A N/A N/A
35 |PO4 (Phosphate) ug/mbL N/A N/A N/A N/A
36 JPb ug/mL N/A N/A N/A N/A
37]si ug/mL N/A N/A N/A N/A
38 ISn ug/ml N/A N/A N/A N/A
39 ‘804 {Sulfate) ug/mL [ © N/A N/A N/A N/A
40 |Sr ug/mL N/A N/A N/A NA
411Ti ug/mb N/A N/A NA N/A
421|v ug/mb N/A N/A N/A N/A _
143 12n B ug/mb N/A N/A N/A N/A®
44 12r ug/mL N/A N/A N/A N/A
45 [Total Organic Carbon ug/mL N/A N/A N/A N/A
| 46 |Total inorganic Carbon ug/mlL N/A N/A N/A N/A
ﬂm«m Solids wi% 0.52 N/A 0.4509 N/A
48 |Total Solids wit% 30.57 N/A 28.26 N/A
| 49 {Mean Particie Size by Volume micron N/A 2.59 N/A N/A
50 [Mean Particle Size by Numbe) micron NA 1.05 “N/A NA
51 {Kinematic Viscosity cSt 24 N/A N/A N/A
52 |Dynamic Viscosity cP 3.0 N/A N/A N/A
53 {Comment HAAKE/SPINNING CONE
Table E1: Analytical — All data, Page2
= ¢




Pilot scale X-flow: EnvA+ES  ~  Page 169 of 226 BNF-003-98-0221

Revision 0
M ] N [ o P ‘Q R

1 JTEST RUN 2.01 213 & 2.13 2.13

P L T [ e —————— IBNF-SXF2055-A+ES_04|BNF-SXF2055-A+ES_02b|BNF-SXF2055-A+ES_03b Unplanned Sample
3 JADS Sample 1D —— 3-127889 _ - 3-128290° 3-128291 TNX Sample/No Number
L R L L i ———— 3 - filtrate slurry - slurry. slurry

5 |Sample Size —_ 15 S50 15 150

6 lMeasurement(s) Made - === SSICP-ESANTIC-TOCASEAC-ANIONS MICROTRAC TS/SS TS/SSNVISCOSITY/DENSITY
7 [item Measured Units g g e e e "' : :
8 jDensity g/mbL N/A © 1232 . 1.240 1.256

9 Al ug/mkL 17900 N/A N/A N/A

108 ug/mb 25 : N/A N/A N/A
11iBa ug/ml | . <01 N/A N/A N/A

12 {Ca ug/mbL 0.5 N/A ‘ N/A N/A
13|Cd ug/mb | - <01 - N/A N/A N/A

14|Cl ug/mL 3644 . NA N/A N/A

15 |Ct Sample ug/mL | . 5186.57 N/A N/A N/A

16 {Co ug/mb | <0.1 N/A N/A N/A
171Cr ug/mbL <0.1 N/A N/A N/A

18 |Cu ug/mL <01 : N/A ) N/A N/A

19 |F (Fluoride) -(only rough rag] ug/mlL | 206 N/A N/A N/A

20 {F Sample ug/mL 219 N/A S | N/A N/A

1 |Fe . ug/ml 2.7 NA . | N/A NA

22 {HCOO (Formate) ug/mb 1529 NA N/A N/A

231K ug/mL 3480.6255 N/A N/A - . N/A
24]ta ug/mi | <028 _ NA N/A N/A

251l . ug/mb <12 NA N/A N/A

26 (Mg ug/mb | - <01 N/A N/A N/A

27 {Min ug/mb <0.1 NA . N/A NA

28 [Mo_- ug/mL 35 N/A - NA N/A

29 {Na ug/mb | ¢ 112000 . - NA_ N/A N/A

30 INi ugmL| <0.15 - - N/A N/A N/A

31 INO2 (Nitrite) ug/mb 47422 : N/A N/A N/A

32 INO3 (Nitrate) ug/mb 67777 . N/A ) - NA N/A

33 |C204 (Oxalate) ug/ml | 452 - N/A N/A N/A

34#|P ug/mL 85 N/A N/A N/A

35 JPO4 (Phosphate) ug/mL . 155 N/A N/A N/A

36 |Pb ug/mL <t N/A N/A . N/A

37 1Si ‘ug/mb 93 N/A N/A N/A
38|Sn ug/mL <0.8 N/A N/A N/A

39 |SO4 (Suifate) ] ug/mL| - 304 NA - _NA N/A

40 {Sr ‘ug/mL <0.1 ~ NA N/A

41 1Ti . ug/mL| - _ <01 N/A N/A

42|V ug/mL : <0.1 NA - - N/A

431Zn ug/mL : 58 - NA N/A

44 12r ug/mL <0.3 . N/A - N/A
45 jTotal Organic Carbon ug/mL 1553 N/A N/A

46 {Total Inorganic Carbon ug/mL| = 43835 - NA N/A
47 §Suspended Solids wi% <0.003 . N/A 0.2875
48 | Total Solids wi% N/A . N/A 28.50
49 |Mean Particle Size by Volum| micron N/A 2.32 N/A

50 ]Mean Particle Size by Numb4 micron N/A 1.03 N/A
51 {Kinematic Viscosity ¢St N/A ] N/A N/A .

52 |Dynamic Viscosity cP N/A N/A N/A 3.0

53 |JComment j HAAKE/SPINNING CONE

Table E1: Analytical — All data, Page 3




Pilot scale X-flow: EnvA+ES Page 170 of 226 BNF-003-98-0221

Revision 0
S [ T u v w X
1 _JTEST RUN >| 2.13 2.14 2.14 2.14
2 JBNFL Sample 1D —--co—reeemmmoocceaes >3 BNF-SXF2055-A+ES_04b No Sample Kept BNF-SXF2055-A+ES_05 BNF-SXF2055-A+ES_06
3 _JADS Sampie ID --- —— 3-128292 No Sample Number 3-129261 TNX Sample/No Number
4 |Type Sample ---+ e —— fittrate filtrate slurry slurry
5 |Sample Size ——— : 15 00mi/returned to mixturg 50 150
6 |Measurement(s) Made --------==-cne-- >>| SHICP-EVANTIC TOCASENC-ANONS DENSITY ONLY MICROTRAC/IC-ANIONS | TS/SS/VISCOSITY/DENSITY
7 {item Measured Units = = L s o e i - o
8 _|Density mL N/A 1.144 1.202 1.186
9 |JA ug/mL 17700 N/A N/A N/A
10}8 ug/mL 28 N/A N/A N/A
11 iBa ug/mL <0.2 N/A N/A N/A
12 [Ca ug/mL <@ N/A N/A N/A
13{cd ug/mL <05 N/A WA N/A
14 ICl ug/mL 4539 N/A 2509 N/A
15 |Cl Sample ug/mlL 5401.07 N/A N/A N/A
16 |{Co ug/mL <0.5 N/A N/A N/A
i71Cr ug/mL 1.1 N/A N/A N/A
18 |Cu mL <0.5 N/A N/A N/A
19 |F {Fluoride) -(only rough rdg) | ug/mL <20 N/A 72 N/A
20 {F Sample ug/mlL © 8148 N/A N/A N/A
21{Fe ug/mL 3.2 - N/A N/A N/A
22 JHCOO (Formate) ug/mL 1724 N/A o991 N/A
23 |K ug/mL 3908.9460 N/A N/A N/A
24|La _ug/mt <14 N/A NA /A
25 JLi ug/mb : <6.6 N/A N/A N/A
26 Mg _ug/mb. <0.5 N/A N/A N/A
27 |Mn ug/mb <0.5 N/A N/A N/A
28 IMo ug/ml 324 N/A N/A N/A
28 [Na ug/ml 101850 N/A N/A N/A
30 INi ug/mbL <0.6 N/A N/A N/A
31 |NO2 (Nitrite) _ . ug/mL 52524 N/A 30508 - N/A
| 32 INO3 (Nitrate) - | ug/mb 72581 N/A 38503 N/A
33 |C204 (Oxalate) ug/mL 469 N/A 10676 N/A
3P ug/mb 780 N/A N/A N/A
35 {PO4 (Phosphate) ug/mbL _161 N/A 234 N/A
36 |Pb ug/mi <5 N/A N/A N/A
37 {Si - ug/mbL 99 N/A N/A N/A
38 |Sn ug/mL 1.2 N/A N/A N/A
39 1S0OA4 (Sulfate) 'mL 317 N/A 207 N/A
a0 Isr - ug/mL <05 NA N/A NA
41 1Ti ug/mL <0.5 N/A N/A N/A
42 iV ug/mL <1.2 N/A N/A N/A
43 |Zn ug/mL 43 - N/A N/A N/A
- - 1L441)2r ug/mL <1.5 N/A . NA - NA o
{45 1Total OrganicCarbon L 2284 : N/A N/A NA o
46 {Total Inorganic Carbon L 0.89 N/A N/A N/A
47 |Suspended Sofids wt% <0.003 N/A N/A 6.87
48 [Total Solids wt% N/A N/A N/A 25.81
49 ]Mean Particle Size by Volume| micron N/A N/A 1.63/4.89/223 N/A
50 [Mean Particle Size by Numbet micron N/A N/A 1.03 N/A
51 |Kinematic Viscosity cSt N/A N/A N/A . 2.1
[ 52 |Dynamic Viscosity cP - N/A N/A “NIA 25
53 jComment. Trimodal partical distribution] HAAKE/SPINNING CONE
Table E1: Analytical — All data, Page 4
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Y 1 z AA AB AC AD

1 |TEST RUN . 2.14b < - 214b ¢ 2.14b 2.14b
P Tl o e — J BNF-SXF2055-A+ES_05b | BNF-SXF2055-A+ES_05¢c | BNF-SXF2055-A+ES_05¢ | BNF-SXF2055-A+ES_06b

3 3-129114 '3-130102 3-130102 TNX Sample/No Number
4 |Type Sampl slurry slurry (diluted&diltered) - Islurry (solids were dissoived) slurry

5 |Sample Size —weee-—e--m->>] mL 50 - 15 16 150

6 JMeasurement(s) Made ----r-ereeee-e> MICROTRAC TS/SSACP-ESAC-ANIONS ICP-ES .| TS/SS/VISCOSITY/DENSITY
7 |item Measured Units 22 oz G ey

8 |Density g/mL 1.281 1.281 1.281 1.275

9 JAI ug/ml N/A 16350 16805 N/A
1018 ug/mb N/A <1.3 - N/A N/A
11 {Ba ug/mb N/A <0.2 6 N/A
12 |Ca ug/mb NA 1420 1513 N/A
13]Cd ug/mL N/A <0.2 <5.1 N/A
14 |Ci ug/mL N/A 3886 3887 N/A
15 JCl Sample ug/mL N/A N/A N/A
16 |{Co ug/mbL N/A <0.5 <13 N/A
17 |Cr ug/mL N/A: 3100 4411 N/A
18 |Cu ug/mL N/A 23 <13 N/A
19 |F (Fluoride) -(only rough rdg) j ug/mL N/A 187 ‘N/A N/A
20 JF Sample ug/mb N/A N/A N/A N/A

21 jFe ug/mlL NA 406 1606 N/A
22 |HCOO (Formate) ug/mL N/A 1481 N/A N/A
23K ug/mb N/A N/A N/A N/A
24 {La ug/mL N/A <1.4 <15.1 N/A
25U ug/mL N/A <7 <25.1 N/A

26 Mg ug/mL N/A 16 <22.52 N/A
27 Mn ug/mL N/A 265 298 N/A
28 Mo ug/mL N/A 37 43 N/A
28|Na ug/ml N/A 120000 119178 N/A

30 |Ni ug/mL NA 73 455 N/A
| 31 |NO2 (Nitrite) ug/mL N/A 45950 N/A N/A

32 |NO3 {Nitrate) ug/mlL N/A 61214 N/A N/A

33 |C204 (Oxalate) ug/mi N/A 10698 N/A N/A
34|P ug/mb N/A 151 <170.2 N/A
35 |PO4 (Phosphate) ug/mb N/A 299 N/A N/A
36 |Pb ug/mlL N/A <5 <151 N/A
37]Si ug/mbL N/A 665 43065 N/A

38 1Sn ug/mt | N/A <4 <65.1 N/A
39 {SO4 (Sulfate) ug/ml N/A 266 N/A N/A
40 }1Sr ug/mbL N/A 3.1 <2.51 N/A
41 {Ti ug/mL. N/A - 1 <35.1 N/A
4231V ug/mb NA <1.2 <3253 N/A
431Zn ug/mL N/A 15 <92.57 oA -
44 12r ug/mL N/A <0.156 N/A N/A
45 | Total Organic Carbon ug/mL N/A NA -N/A NA

46 |Total inorganic Carbon ug/mL N/A - N/A NA N/A

47 |Suspended Solids wt% N/A 8.17 N/A 8.23
48 |Total Solids wt% NA 36.2 N/A 34.48
49 IMean Particle Size by Volume micron, 249 N/A N/A NA

50 {Mean Particle Size by Numbe}micron| 1.028 N/A N/A - - NA

51 |Kinematic Viscosity cSt N/A NA NA -2.4

52 |Dynamic Viscosity cP NA - N/A N/A . A

53 |Comment Acid Diluent affected solids| Solids lnfo for Comparison HAAKE/SPINNING CONE
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AE [ AF AG AH Al AJ
1 |[TEST RUN >, 2.14b 2.15 2.15b 2.16
PR L [ I Lo Y [ e ————| No Sample Kept BNF-SXF2055-A+ES_07 |BNF-SXF2055-A+ES_07b| BNF-SXF2055-A+ES_08
3 {ADS Sample ID ~-—— e3> NO Sample Number 3-129284 3-129117 3-129262
4 [Type Sample =-==s--mmormeoessomemeamaes >3 filtrate filtrate filtrate slurry
5 |Sample Size --—-—--———->>] mL [100mUreturned to mixture 15 15 50
6 IMeasurement(s) Made ------- >>{ VISCOSITY /DENSITY | ssrce-esmamc-rocisercanons | ssnor-esanmo-Tocssenc-anons MICROTRAC
7 Jitem Measured Units ¢ : : = ’
8 _|Density g/mL 1.214 1.080 1.105 1.082
9 JAl ug/mL N/A 5160 7115 N/A
1018 ug/mL N/A 7.6 10 N/A
11 {Ba ug/mlL N/A <0.5 <0.05 N/A
12|Ca ug/mbL N/A <2 0.9 NA
13iCd ug/ml N/A <0.2 <0.05 N/A
14 iCl ug/mL N/A 1255 1773 NA
15 |C1 Sample ug/mbL NA 1336.7 1841 /A
16 {Co ug/mL N/A <0.6 <0.05 N/A
17 {Cr ug/mb N/A 2 22 N/A
18|Cu ug/mL N/A <0.4 <0.05 N/A
19 |F (Fluoride) -(only rough rdg) | ug/mL N/A 46 63 N/A
20 |F Sample ug/mL N/A 53.95 <10 NFA
21 |Fe ug/mL N/A <0.6 0.88 N/A
22 |JHCOO (Formate) ug/mb N/A 532 721 N/A
23 K ug/mL N/A 1076.8566 1594.698 N/A
24}La ug/mL N/A <1.4 <0.14 N/A
2514 ug/mk. N/A <7 <0.7 N/A
26 IMg ug/mL N/A <0.5 <0.03 N/A
27 iMn ug/mbL N/A <04 <0.02 N/A
28 Mo ug/mb N/A 127 18 N/A
29 {Na ug/mL N/A 38550 49000 N/A
30 Ni ug/mL N/A <0.6 0.1 N/A
31 INO2 (Nitrite) ug/mbi N/A 16553 21918 N/A
32 INO3 (Nitrate) ug/mL N/A 25451 35660 N/A
33 |C204 (Oxalate) ug/mL N/A 4383 2969 N/A
341p - ug/miL A 23 63 NA
35 1PO4 (Phosphate) ug/mL N/A 67 272 N/A
36 |Pb ug/mbL NA <0.5 <0.5 N/A
37]si ug/mL N/A - 32 62 N/A
38§Sn ug/mL N/A <0.5 <04 NA
39 S04 (Sulfate) ug/ml N/A 96 154 N/A
40 |Sr ug/mL NA <0.5 <0.05 N/A
41T — ug/mb NA <0.5 <0.05 N/A
42 v ug/mL N/A <1.2 <0.12 N/A
431Zn ug/ml N/A 1.0 2 N/A
44lzr ug/mL N/A <15 <0.15 NA
45 |Total Organic Carbon ug/mL N/A 1998 543 N/A
46 |Total Inorganic Carbon ug/mbL N/A 1774 524 NA
47 |Suspended Solids wt% N/A <0.02 <0.01 N/A
48 {Total Solids wi% - N/A NA N/A N/A
49 |Mean Particle Size by Volume} micron N/A N/A N/A 1.61/4.91/213
50 |Mean Particle Size by Number micron N/A N/A N/A 1.03
51 |Kinematic Viscosity cSt 1.51 N/A 1.33 N/A
52 |Dynamic Viscosity cP 1.84 N/A 1.47 N/A
53 [Comment viscosity done by capilla viscosity done by capillary] Trimodal particle distribution
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AK [ AL}~ AM AN AO AP
1 JTEST RUN 3 216 . 2.16 - 2.16 2.16b
P e I [ R — > Unplanned Sample ‘BNF-SXF2055-A+ES_09| BNF-SXF2055-A+ES_10 | BNF-SXF2055-A+ES_08b
I L R L L 1 e ma———— >} TNX Sample/No Number 3-129288 3-129285 3-128115
4 1Type Sample w—rrevmecmmosssommeoceeeeed slurry. slurry -filtrate slurry
5 |Sample Size -—--—-—-—-->>] mL 150 15 15 50
6 {Measurement(s) Made -----—--—--—-> VISCOSITY ONLY TS/SS SSACP-ESANTIC-TOCASEAC-ANIONS MICROTRAC
7 jitem Measured Units e T S e s .
8 {Density g/mL 1.082 1.082 1.045 N/A
9 JAl ug/mL N/A N/A 2685 .. N/A
10]B ug/mL N/A N/A 37 N/A
11 |Ba ug/mL N/A N/A <0.5 N/A
12 JCa ug/mL N/A N/A <2 N/A
13 jCd ug/mbL N/A N/A <0.2 N/A
14 |Ct ug/mb N/A- N/A 528 N/A
15 |JCl Sample ug/mL N/A N/A 645.4 N/A
16 |Co ug/mbL N/A N/A <0.5 N/A
17 |Cr ug/mLj N/A N/A 0.8 N/A
18 |Cu ug/mL N/A N/A <0.4 N/A
19 |F {Fluoride) -(only rough rdg) |ug/mL N/A : N/A 26 N/A
20 |F Sample ug/mb N/A N/A 11.5 ) N/A
21 |Fe ug/mb N/A N/A <0.6 N/A
22 JHCOO (Formate) ug/mb N/A " N/A 233 NA
23 |K ug/mL N/A N/A - 490.297 N/A
24 |La ug/mL N/A N/A <1.4 N/A
25 |ui ug/mL N/A N/A <7 N/A
26 ug/mL N/A N/A - <0.5 N/A
27 JMn ug/mL| - N/A N/A <0.4 N/A
28 Mo ) ug/fmlL N/A N/A . 6.9 N/A
29 [Na ~ Jug/ml] - N/A N/A 23400 N/A
30 |Ni ] ug/mbL N/A N/A . <0.6 N/A
31 {NO2 (Nitrite) ug/mL| - N/A N/A 7286 ) N/A
32 JNO3 (Nitrate) ug/mL N/A N/A ) 10353 N/A
33 |C204 (Oxalate) ug/ml| N/A N/A 9419 N/A
34 P ug/mL N/A N/A 11 N/A
35 |PO4 {(Phosphate) ug/mL N/A N/A 30 . N/A
36 |Pb ug/ml| . N/A N/A - S <B N/A
371Si ] ug/ml N/A N/A 18 N/A
38{Sn. ug/mL N/A - N/A L <4 N/A
39 ISO4 (Sulfate) ug/mL N/A N/A 44 N/A
40 {Sr ug/mL N/A N/A . <0.5 : - N/A
411Ti ug/mL N/A NAA ot : <0.5 - _NA
42|V ug/mlL N/A NA . <1.2 ~_N/A
43|Zn ug/mL NA N/A 5.1 N/A
44 |Zr ug/mL N/A N/A i<15 N/A
45 |Total Organic Carbon ug/mL N/A - N/A = 3370 N/A
46 |Total Inorganic Carbon ug/mbL N/A : N/A ’ 1124 : N/A
47 {Suspended Solids . wi% N/A 4.85 L <0.02 N/A
48 |Total Solids wi% N/A 10.518: ~ N/A T NA
49 [Mean Particle Size by Volume|micron N/A N/A : N/A I /(]
50 [Mean Particle Size by Numbermicron N/A N/A N/A 1.046
51 [Kinematic Viscosity cSt <1.8 : N/A N/A N/A
52 |Dynamic Viscosity cP : <2 N/A N/A N/A
53 jComment HAAKE/SPINNING CONE bimodal particle distibution
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AQ ] AR AS AT AU AV
1 _JTEST RUN s > 2.16b 2.16b 217b 2.18
A 1= [ T Tk o 1 R ———— ——>] BNF-SXF2055-A+ES_09b| BNF-SXF2055-A+ES_10b| BNF-SXF2055-A+ES_11b | BNF-SXF2055-A+ES_12
3 s 3-129123 3-129118 3-129119 3-129286
4 — slurry filtrate filttrate fittrate
5 >]  mL 15 15 15 15
6 {Measurement(s) Made -~---—--—--w->>| TS/SS SSICP-EFAATIC-TOCASEAC-ANIONS |  SSACP-ESAATIC-TOISENC-ANIONS | SSACP-ESAATIC-TOCASEAC-ANIONS
7 {ltern Measured Units . z i
8 1Density 'mL N/A 1.055 1.031 1.025
9 Al ug/mL N/A 3180 1535 1320
10]B ug/mb N/A 4.9 25 <15
11]Ba ug/ml N/A <0.05 <0.05 <0.5
12 [Ca ug/mL N/A 1.2 3.1 <2
13{Cd ug/mL N/A <0.05 <0.05 <0.05
14 iCi ug/mL N/A 735 295 233
15 |Cl Sample ug/mL N/A 1973 360 319.3
16 {Co ug/mlL N/A <0.05 <0.05 <0.2
17|Cr ug/mL N/A 1.1 0.7 <0.5
18|Cu ug/ml N/A <0.05 <0.05 <0.4
19 |F (Fluoride) -(only rough rdg) | ug/mL N/A 36 18 13
20 |F Sample ug/mt N/A <10 <10 7.35
21|Fe ug/mL N/A 0.31 0.23 <0.6
22 [HCOOQ (Formate) ug/mbL N/A 320 140 96
23 |K ug/mlL N/A 689.5910 303.408 250.207
241La ugimb N/A <0.14 <0.14 <1.4
25 L ml NA <0.7 <0.7 <7
26 {Mg ug/mbL N/A <0.03 <0.03 <0.5
27 [Mn ug/mL N/A <0.02 <0.02 <0.4
28 |Mo ug/mL NA 7.2 33 3.9
29 {Na 'mL N/A 18300 11850 12450
30 |Ni ug/mL N/A <0.06 <0.06 <0.6
31 JNO2 (Nitrite) ug/ml. N/A 9718 4279 3527
32 JNO3 (Nitrate) ug/mL NA 14285 5487 4686
33 JC204 (Oxalate) ug/mL N/A 7057 7755 6325
341P ug/mL N/A 29 13 <9
35 {PO4 (Phosphate) ug/mL N/A 67 36 11
36 |Pb ug/ml N/A - <0.5 ' <0.5 <5
37{si ug/ml NA 30 17 <6
38 {Sn ug/mb N/A <0.4 <0.4 <4
39 {SO4 (Sulfate) ug/mL NA 57 25 23
40 |Sr ug/mL NA <0.05 <0.05 .. <0.5
41 Ti - ‘ug/mL N/A <0.05 <0.05 <0.5
42 v ug/mL NA <0.12 <0.12 <1.2
43 {Zn ug/mL N/A 1 0.2 5.2
44 |Zr ug/mL N/A <0.15 <0.15 <15
45 {Total Organic Carbon ug/mL N/A 966 1039 2492
46 {Total inorganic Carbon ug/mb N/A 208 199 498
47 [Suspended Solids wit% 5.49 <01 <01 <0.02
48 {Total Solids wit% 12.88 N/A N/A NA
49 |Mean Particle Size by Volume! micron N/A N/A N/A N/A
50 [Mean Particle Size by Numbe{ micron N/A N/A N/A N/A
51 IKinematic Viscosity cSt N/A 1.18 1.08 N/A
52 |Dynamic Viscosity cP N/A 1.21 1.11 N/A
53 |Cc¢ t viscosity done by capillary| viscosity done by capillary
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AW [ AX AY AZ BA 88
1 _JTEST RUN % 2.18b 219 2.19b ) 2.20b
2 IBNFL Sample D —---es-rmeeme——--—->1 BNF-SXF2055-A+ES_12b| BNF-SXF2055-A+ES_13 |BNF-SXF2055-A+ES_13b| BNF-SXF2055-A+ES_14b
3 JADS Sample ID >3 3-129120 3-129287 . 3-129121 3-129116
LN R 1 o R e ———— -] - filtrate filtrate filtrate slurry (80-liter starting volume)
5 Sample Size —------x=--seree-- >>] mL 15 15 15 50
6 {Measurement(s) Madg ~-----------—- S>> SSACP-ESANTIC-TOCASENC-AMONS | SSACP-ESANTIC-TOCISEIC-ANIONS | S0P ESIANTIC-TOCASE/C-ANIONS MICROTRAC
7 [tom Measured Units & 2 SoEm s e
8 {Density g/mbL 1.015 1.010 1.0095 from 1.054 to 1.143
9 |Al ug/mL 845 680 367 N/A
10]8 ug/mb 15 <15 0.9 N/A
11 {Ba ug/mtb. ) <0.05 - <05 <0.05 N/A
‘112{Ca ug/mL <0.2 <2 <0.2 N/A
| 13]Cd ug/mL <0.05 <0.2 <0.05 N/A
‘ 141Gt ug/mib 149 127 61 N/A
15 |Cl Sample ug/mb 542 159.3 445 N/A
16 |Co ugimbL ] <0.05 <0.5 <0.05 N/A
17 jCr ug/mL <0.1 : - <0.5 <0.1 N/A
18 {Cu ug/mL <0.05 <04 <0.05 . N/A
19 {F (Fluoride) -{only rough rdg) | ug/mL 11 8 6 N/A
20 |F Sample ug/mL <10 3.05 <10 N/A
21 |Fe ug/mL 0.16 <0.6 0.07 N/A
22 |[HCOO (Formate) ug/mL 76 - 59 37 N/A
23 IK ug/mL ) 159.9815 131.8985 62.0455 N/A
241{la ug/mL <0.14 <1.4 <0.14 N/A
25 jLi ug/mL <0.7 <7 <07 N/A
26 |[Mg ug/mL <0.03 <05 <0.03 /A
27 |Mn ug/mL <0.02 <0.4 <0.02 N/A
28 Mo ug/mlL 1.8 2.7 0.8 ) N/A
29 Na ug/mb 6735 6665 2905 -N/A
30 [Ni ug/mL <0.06 <0.6 ) <0.06 N/A
31 |NO2 (Nitrite) ug/mL 2254 1850 868 N/A
32 |NO3 (Nitrate) - ug/mb 3652 2897 1281 N/A
33 jC204 (Oxalate ug/mb 4294 3888 1564 N/A
34|P ug/mL 7 - <9 3 NA
35 |PO4 hate’ - | ug/ml 19 <10 - 4 - N/A
36 |Pb ug/mbL : <0.5 <5 ) <0.5 N/A
37§si . ug/mL 12 - <6 8.6 N/A
38 {Sn ug/mbL . <0.4 - <4 <0.4 N/A
39 1S04 (Sutfate) ug/mL 13 . 12 - 6 - _NIA
40 1Sr « ug/mlL <0.05 : <05 <0.05 ’ N/A
41 |Ti ug/mlL <0.05 L <05 i <005 - .. 1. N/A
421V ug/mL <0.12 <12 . <0.12 ) N/A
43]Zn ug/mlL 0.06 ‘ <04 <0.03 . N/A
44 \Zr : ug/mL <0.15, - <15 <0:.15 N/A
45 | Total Organic Carbon ug/mi 581 1589 262 N/A
46 | Total Inorganic Carbon ug/mb 143 336 88 N/A
47 Solids wt% - <.01 <0.02 <01 N/A
48 1Total Solids wt% N/A: N/A . N/A N/A
49 {Mean Particle Size by Volume micron N/A - N/A N/A 3.33
50 {Mean Particle Size by Numbej micron N/A N/A : N/A 1.016/2.164
§1 JKinematic Viscosity cSt 1.04 N/A : 1.00 N/A
52 |Dynamic Viscosity cP 1.06 N/A 1.01 N/A
53 |Comment viscosity done by capillal viscosity done by capillary Post-wash De-watering
Table E1: Analytical — All data, Page 9
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BC { BD BE BF 8G BH
1_ITEST RUN ~--semee: ——— > 2.20b 2.20b 2.20b 2.20b
2 _|BNFL Sample 1D -—---—-mm-oeee. ->] BNF-SXF2055-A+ES_15b | BNF-SXF2055-A+ES_16b Viscosity 2 Viscosity 3
3 |ADS Sample ID -—~————-—-mr >3 3-129124 TNX Sample/No Number TNX Sample/No Number TNX Sample/No Number
4 JType Sample Slurry (80-liter starting volumeplurry (80-liter starting volume|  sturry (57.9 liters remain) slurry (43.1 liters remain)
5 {Sample Size -------mc—>>] mL | 15 150 150 150
6 M i(s) Made >>] TS/SS S/SS/VISCOSITY/DENSITY] TS/SS/VISCOSITY/DENSITY | TS/SSVISCOSITY/DENSITY
7_{item Measured Units e ; e
8 jDensity g/mL 1.054 1.053 1077 1.106
9 1Al ug/ml N/A N/A N/A N/A
10{B ug/mL N/A N/A N/A N/A
{Ba ug/mL N/A N/A - N/A N/A
12|Ca ug/mb N/A NA N/A NA
13]Cd ug/mL N/A N/A N/A N/A
4{Ct ug/mi N/A N/A N/A N/A
15 |Cl Sample ug/mbL N/A N/A N/A N/A
16]Co _ug/ml NA N/A NA N/A
17 1Cr ug/mb NA NA NA N/A
18 [Cu ugimt N/A N/A N/A NA
18 |F (Fluoride) -(only rough rdg) | ug/mL N/A N/A N/A N/A
20 |F Sample ug/mb N/A N/A N/A NA
21 |Fe ug/mL N/A N/A N/A NA
22 |[HCOO (Formate) ug/ml N/A NA N/A N/A
23 |K ug/ml N/A N/A N/A N/A
24]La ug/mi N/A N/A NA N/A
25 |Li  ug/ml N/A N/A N/A NA
|26 |M ug/mb N/A N/A N/A N/A
27 IMn’ ug/mL N/A N/A NA N/A
28 {Mo ug/mlL N/A N/A NA NA
29 {Na ug/ml N/A N/A N/A N/A
30 {Ni ug/mb N/A NA - N/A N/A
31 INO2 (Nitrite) ug/ml N/A NA N/A N/A
32{NO3 (Nitrate) ug/mbL N/A NA N/A N/A
33 [C204 (Oxalate) ug/mi N/A NA N/A N/A
3P L N/A N/A NA NA
35 [PO4 (Phosphate) ug/mb. N/A N/A N/A N/A
36|Pb ug/mL N/A N/A NA NA
37 {Si ug/mb N/A N/A N/A N/A
381Sn ug/mb NA N/A N/A N/A
- 1 391804 (Suifate) ug/mi N/A NA N/A N/A
40 |Sr L N/A N/A N/A NA
41T} ug/mL N/A N/A N/A NA
421V ug/mL NA WA N/A WA
43 |Zn ug/mb NA NA N/A N/A
4417r L N/A NA NA N/A
45 |Total Organic Carbon ug/mL NA NA NA N/A
46 |Total inorganic Carbon ug/mt N/A N/A N/A NA
47 |Suspended Solids wi% 5.04 497 N/A 11.69
48 {Total Solids wi% 6.98 7.85 10.79 14.36
439 |Mean Particle Size by Volume| micron N/A WA NA N/A
50 [Mean Particle Size by Numbe{ micron N/A N/A N/A N/A
51 |Kinematic Viscosity ¢St NA 1.6 15 14
| 52 [Dynamic Viscosity cP N/A 16 16 16
53 [Comment Post-wash De-watering HAAKE/SPINNING CONE HAAKE/SPINNING CONE HAAKE/SPINNING CONE
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Bl 1 84 BK BL
1 JTEST RUN > 2.20b Final Concentrate
2 _|BNFL Sample 1D —--cmommooeemmmoeoee s >] BNF-SXF2055-A+ES_17b | BNF-SXF2055-A+ES_18b
R L R o g D ir———r 3-129122 3-130103
4 {Type Sample - ——— filtrate fittrate (~30 liters left
5_{Sample Size --—-----——r-=- >>] mL 15 : 15
6 |Measurement(s) Madg ~----~----~-—--. >>| SSACP-ES/ANTICTOCASENC-ANIONS TS/SS/ICP-ES
7 Jitem Measured Units 7 =
8 |Density g/mbL 1.019 1.019°
g Al ug/mL 705 16.6
108 ug/mbL 14 <0.13
11]Ba ug/mL <0.05 <0.02
12|Ca ug/mL <0.2 33
13|Cd ug/mL <0.05 0.1
14]C ug/mbL 116 N/A
15 JCl Sample ug/mL 145 N/A
161co ug/mL <0.05 <0.02
17|Cr ug/mbL 1 1.5
18 {Cu ) "~ tug/mL <0.05 0.07
19 JF (Fluoride) -{(only rough rdg) | ug/mL 9 N/A
20 {F Sample ug/mL <10 N/A
21 {Fe ug/mbL 0.07 214
22 JHCOO (Formate) ug/mL 60 N/A
23K ug/mbL 131.1485 N/A
24 |La ug/ml <0.14 <0.14
25 |Li ug/ml <0.7 <0.7
26 Mg ug/mb <0.03 11
27 [Mn ug/mL <0,02 0.16
28 |Mo ug/mL 1.5 0.15
29 [Na ug/mL 8475 38.7
30 INi ug/mL <0.06 A2
31 JNO2 (Mitrite) ug/mbL 1817 N/A
32 |NOS3 (Nitrate) ug/mL 2885 N/A
33 |C204 (Oxalate) ug/mb 9453 N/A
34]|P ug/ml 6 <0.9
35 [PO4 (Phosphate) ug/mbL 12 N/A
36 |Pb ug/mbL <0.5 15
37]si ug/mbL 13 1.4
38{Sn ug/mL <0.4 <0.4
39 JSO4 (Sulfate) ug/mL 11 N/A
~40 |Sr - ug/mlL <0.05 - x0.05
414Ti ug/mL <0.05 0.56
421V  |ug/mL <0.12 <0.12
431Zn ug/mt | <0.03 0.33
44 1Zr ‘ ug/mbL <0.15 0.15
45 |Total Organic Carbon ug/mL 1184 N/A
48 [Total inorganic Carbon ug/mbL 163 N/A
47 |Suspended Solids ] wi% <.01 <0.004
48 {Total Solids wi% N/A N/A
49 |Mean Particle Size by Volume | micron N/A N/A
50 [Mean Particle Size by Number| micron N/A N/A
51 |Kinematic Viscosity cSt N/A. N/A
52 |Dynamic Viscosity cP N/A N/A
53 jComment find ‘out remaining sofids

Table E1: Analytical — All data, Page 11
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Figure El. Slurry at 0.5 wt% insoluble solids and 29 wt% total solids: Run 2.13
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Figure E2. Slurry at 8 wt% insoluble solids and 36 wt% total solids: Run 2.14b
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Figure E3. Slurry at 12 wt% insoluble solids and 14 wt% total solids: Run 2.20b
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Al: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate) .
€220
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Ca: Pilot-scale X-Flow, Env. A+ ES
(Concentration in Filtrate)
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Cl: Pilot-scale X-Flow, Env. A+ ES
-~ (Concentration in Filtrate)
140 ' - [o7z0
g 120 S ! L gl Mo
E S I - ppovs
’Lsa # 63Wcsh2
2 60 £ R
E 40 - @ 9INkshS
80 20 * - X 10=2.200
. ® 14ow2.01-2.13
0 ¥ ! - > * « NHigh2.14->
1 2 3 4 5 6 7 8 9 10 11
Number

Figure E4, ES, and E6. Aluminum, Calcium, and Chlorine, respectively
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Cr: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
8 125 ©2=201
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F: Pilot-scale X-Flow, Env. A+ ES
. (Concentration in Filtrate)
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Fe: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
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Figure E7, E8, and E9. Chromium, Florine, and Iron, respectively
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K: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
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Mo: Pilot-scale X-Flow, Env. A + ES
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Figure E10, E11, and E12.Potassium, Manganese, and Molybdenum, respectively
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Na: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
6000 P! - =
g S000 ¥y I o
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Ni: Pilot-scale X-Flow, Env. A+ ES
(Concentration in Filtrate)
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P: Pilot-scale X-Flow, Env. A+ ES
~ (Concentration in Filtrate)
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Figure E13, E14, and E15. Sodium, Nickel, and Phosphorous, respectively
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Pb: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
: 24 : 02201
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Si: Pilot-scale X-Flow, Env. A+ ES
(Concentration in Filtrate)
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Figure E16 and E17. Lead and Silicon, respectively
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C204: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
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PO4: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
o 35
2 309 I—4 + o
% 25 3= :4:21@
£ 20 + - ehane
£ 10 Y s
£ 05 oo
0.0 T o+ 1 g
1 2 8 4 5 6 7 8 9 10 M
Number
SO4: Pilot-scale X-Flow, Env. A + ES
(Concentration in Filtrate)
45 '
g 404 =
R 2
.g\ . =3 & Ssh2
L‘E 2-5 B 7=0ksh3
g 15 . X022
'og- 1 .0 - 01=Lou:;0|-213
0‘5 N HGr214>
0.0 T = ®
i 2 3 4 5 6 7 8 9 10 11
Number

Figure E18, E19, and E20. Oxalate, Phosphate, and Sulfate, respectively
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« Particle Size Info

Source:  “Results of Dilution Studies with Waste from Tank 241-AN-105" by D. L. Herting,
HNF-SD-DTR-046, Rev. 0, 10/10/1997. '
Undiluted whole tank composite sample of 241-AN-105 had as follows:
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Figure E21. Insoluble Solids Distribution from Actual Tank AN-105 Waste Sample
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Particle Size Analysis SR — Da: SO i e |
Summary Paccontlics P Vi

Envelope A + Entrained Solids
Pre-test
Volume Distribution

140.0 | 10% = 1.303 60% = 170.2] 3094 44% 2279
1216 | 20% = 18680 V0% = 246.T| 2396 66% 4321
3.696 | 80% = 2.630 80% = 2266 )
1.624 | 40% = 8.820 80% = 4038
178.2  60% = 8684 85% =449.0

agggd

%PASS ..
100.0 : *‘;‘3_‘},"
20.0 . 13 180
80.0 ) : - g . A 16 0
600 _7[ 120
. ubw - .
800 /L/, T ‘ ‘40.0
408 Y]
<
30.0 . bt 60
. 200 40
. 104 20
| 60 ~ _ - -l 00
0.100 1 10.00 100.0 : 1000
: - Slze (microns) ~ - _
BuE %PASS %CHAN | SZE %PABS  %CHAN | SIZE %PASS %CHAN | SUZE %PASS 3%CHAN
7040 100,00 136 - ’ -
4578 68.84 1646
3620 8319 @271
w v
1245 86.13 Q00 »
€800 6618 0,00
€223 6613 0.00
44.00 56.13 0.00
B g o
g= &n =
TI78 6183 %
8889 ‘40,36 776
2760 3260 11.66
1845 21.04 9.64 .
1376 1140 7.87 .
872 363 2.8
RURTIMG: 30 Seoonds Fiald: WA rE— ASVR Flow Rate: 60
Rn:ahqnberA~u¢w 3 cuns sﬁhdﬂn&acﬁwekuﬂnc N/A © Ulkcasoaic Power NiAwalts

Pactiole! WA Logding Factot: 00174 Uttrasconte Time: N/A soconds
Partiole Transparsicy; - /A - Transmission: . 086 . L 1
Partiole Refractive index: N/A Ahove Residual: ©.00 Tt :
Particle Shape: N/A Below Residual: 000

bage Path: _C \f .08

Figure E22A Envelope A+ES Insoluble Solids Volume Distribution: Pre-test Sample
(125 mL sample of simulant was made prior to large batch)
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MICROTRAC - SRAT150 ver7.01
: .§ 3-126797 Date: 06/07/199 Meaas #: 539
Particle Size Analysis TELAAT Time: 15:64  Pres # 1
g y - g Summary Petoentiles Dia__ Num% Width
Envelope A + Entrained Solids mv = 140.0 | 10% = 0.764 60% = 1.130 | 1.031 100% 0.766
Pre-test . mn = 1-:;? §g‘5’2=0.§26 70% = 1.267
- : ma = 3, = 0.886 80% = 1.444
Nuiber Distribution os = 1.624]40% = 0.951 80% = 1.832
sd = 0,378 | 50% = 1.031 956% = 2.244
%PASS S,
100.0 / ACSOHAN.O
90.0 /’ 45.0
80.0 j 400
70.0 35.0
60.0 300
§0.0 ‘ 25.0
40.0 20.0
300 150
200 100
10.0 5.0
0.0 -t ” 0.0
100 -1.000 10.00 100.0 1000
) = Size (microns] - . i i
SIZE %PASS %CHAN | SIZE PASE %CHAN | SIZE PASS 9%CHAN | SIZE %PASS )éCH
7040 100.00 Q.00
14978 100.00 0.00
352.0 100.00 0.00
2489 100.00 0.00
176.0 100.00 0.00
124.6 100.00 0.00
88.00 100.00 0.00 .
6223 0.00
44.00 100.00 0.00
31.11 100.00 0.00
100.00 0.00
16.66 100.00 0.00
1100 100.00 .02
7778 89.98 0.12
6.600 .86 0.44
3.889 9942 1.48
2760 97.84
1946 91.70 14.71
1376 76.99 33.97
09872 43.02 43.02 -
Distribution: Number Runtime: 30 secands Fluld: WA ASVR Flow Rata: 60
Progression: Standard Run Number Avgof 8 runs Fluid Refractive index: N/A Ultrasonic Power: N/Awatts |
Upper Edge: 704.0 Particle: N/A Loading Factof: 0.0174 - Ultrasonic Time: N/A seconds
Lower Edge: 0.688 Partiote Transparenocy: N/A - Transmisslon: 086
Residuxis: Disabled Particle Refractive index: N/A: Above Residual: - -0.00
Number Of Channels: 20 Particle Shape: NA - Below Residual: —0,00 C~ -
High Resolution: No
Ooa: _ NIA Database R * 1 N\POPSD.DB

Figure E22B.Envelope A+ES Insoluble Solids Number Distribution: Pre-test Sample

(125 mL sample of simulant was made prior to large batch)
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06/10/78Y  IHU 11:v0o fna . e w— SN & § RS R Y DT 8
i 12786 ——————ee VO T 01
Particle Size Analysis 2127830 : Date: 06/10/59 Meas #: 644 |
FL i BNE.SXF2056-A+ES 02 Jimo: 12:01 DPres#: 1 _ |
Summary Peroentites Dla ol%__Width
mv = 3452 1 10% = 1.136 60% = 3.106 X
Envelope A + Entrained Solids mn = 1.264 | 20% = $.474 70% = 3.843 2.693 100% 4.224
Run 2.01 ma = 2,210 | 30% = 1.861 80% = 4.840
Volume Distribution Cs = 2714 | 40% = 2.208 80% = 6.84¢
sd = 2112 | 60% = 2.693 96% = 8.810
%PASS
100.0 HCHAN
| A
80.0 450
80.0 / 40.0
700 -f A 350
60.0 _ / 30.0
50.0 250
400 20.0
30.0 150
20.0 100
10.0 I 5.0
. & - .
00 » ! mm e ]r-l = 00
0.100 1,000 10.00 1000 - 1000
o = Size (microns) - L
?&E m1oooo %CHAN SIZE %PASS ngHAN SIZE %PASS %CHAN | SIZE %PASS %CHAN
] x : ’ : )
4978 100.00 0.00 .
3520 100.00 0.00
248.9 100.00 00
176.0 100.00 0.00
124.6 100.00 0.00
88.00 1060.00 0.00
62.23 100.00 0.00
4400 100.00 0.00
31.11 100.00 0.03
2200 89.97 0.65
16.6¢ 09.42 1.84
11.00 97.68 4.71
1778 92.87 9.19
6.600 83.68 13.16
3.8689 70.63 17.00
2.760 63.63 21.02
1.846 . 32.61 16.24
1376 17.27 11.88
0.972 6.28 6.28 -
Distribution: Volume ~RunTime: 30 seconds Fiuld: NA ) ASVR Fiow Rate: 60
ression: Standard Run Number Avg of 3 runs Fluid Refractive index: N/A Uttrasonio Power: N/Awatts
Upper Edge: 7040 Particle: N/A Loading Facfor: 0.0207 Utirasonijo Time: N/A scconds
Lower Edge: 0.688 Particle Transparency: NI/A Transntission: 0.92
“|Residuatls: Disabled - Particle Refractive index: N/A Above Residuai: 0.00 v
Number Of Channels: 20 Particle Shape: - N/A Below Resldual: 000 -
High Resolution: No
Fliter On: _N/IA Database Path: CAMTWIN\WPDPSD.DB
Figure E23A.Envelope A+ES Insoluble Solids Volume Distribution: Run 2.01
(Low-solids-concentation slurry experienced about 1 hour of circulation)
= P 2
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MICROTRAC - SRAT1T60 \;!:;1 o1
Particle Si 3127890 Date: 06/10/99 Meas #: 644
_ Particle Size AHGIYSiS BNF-8XF2055-A+ES 02 Time: 12:01  Pres#: 1
lark Duignan Summary Percentiles ia __Num Width
1 .767 60% R K 00% O.
Envelope A + Entrained Solids m: : 3',;652 2822:8333 70%: 1}33 1047 1 0.828
Run 2.01 . ma = g:z;:o 30%=0.gg4 80% = 1.600
e s cs = 4 | 40% = 0.962 90% = 1.955
Number Distribution sd = 0,415 | 60% = 1,047 96% = 2.400
%PASS %CHAN
100.0 / 50.0
90.0 7 450
80.0 [ 40.0
700 35.0
60.0 30.0
500 250
4
40.0 20.0
30.0 15.0
20.0 10.0
10.0 50
0.0 - 0.0
0.100 1.000 10.00 100.0 1000
- .- Size {microns) - .
SIZE PASS %CHAN | SIZE %PASS %CHAN | SIZE %PASS %CHAN |} SIZE %PASS  %CHAN
7040 100.00 0.00
497.8 100.00 0.00
352.0- -400.00 0.00
248.9 100.00 0.00
1760 100.00 0.00
124.6 100.00 0.00
88.00 100. 0.00
16223 100.00 0.00
. 44.00 100.00 0.00
3111 100.00 0.00
+22.00 100.00 0.00
16.56 100.00 0.00
11.00 100.00 0.03 ¥
1.778 $9.97 0.14
6.500 99.83 0.67
3.889. 2.09
2760 9717 7.31
1.946 89.! 14.99
1376 T74.87 33.38 -
0.972 41.49 41.49
Distribution:  Number RunTime: 30 seoonds Fluid: WA R ASVR Flow Rate: 60
Progression: Standard Run Number Avg of 3 runs Fluid Refractive Index:’ N/, Uitrasonic Power: N/Awatts
Upper Edge: 704.0 Particle: N/A Loading Factor: 0.0207 Ultrasonic Time: N/A seconds
Lower Edge: 0.688 Particle Transparenocy: NI/A Transmission: 082 ~
Residuails: Disabled Particle Refractive index: . N/A .- Above Residual: 0.00
20 Particle Shape: N/A Below Residual: 0.00 °

Database Path: _ C:\MTWIN\PDPSD.DB

Figure E23B.Envelope A+ES Insoluble Solids Number Distribution: Run 2.01
(Low-solids-concentation slurry experienced about 1 hour of circulation)
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MICROTRAC - SRA150 Ver:7
3128290 Date: 06/10/99 Meas #: 662
. _ Particle Size Analysis BNF.SXF2056-A¢ES_02b Time: 13:45 _ Pres #: 1
fack Duignan - Summary Percentiles Dia__Vol% _ Width
Envelope A + Entrained Solids mv =3 3117 {10% = 1.072 60% = 2.721| 2.321 100% 3.863
Run 2.13 mn = 1.213 | 20% = 1.349 70% = 3.368
. . . ma = 2.029 | 30% = 1.663 80% = 4.463
Volume Distribution cs = 2.968 | 40% = 1.993 90% = 6.381
‘. ‘. sd = 1.932 | 50% = 2.321 85% = 8.141
%PASS %CHAN
100.0 T §0.0
90.0 /‘ 45.0
80.0 // . 40.0
70.0 : 'S
j / 35.0
600 - 30.0
50.0 250
40.0 - 20.0
- 300 15.0
- 200 10.0
: 10.0 y ; 5.0
© 0.0 4 -l-rl 0.0
: 0.100 1.900 i 1000 _ 100.0 ‘ 1000
- ) - Size (microns) - L : :
SIZE %PASS %_ SIZE %PASS %CHAN [ SIZE PASS %CHAN | SZE %PASS  %CHAN
704.0 100.00 :
497.8 100.00 0.00
352.0- 100.00 0.00
248.9 100.00 0.00
176.0 100.00 0.00
124.5 100.00 0.00
88.00 . 400.00 0.00
62.23 100.00 0.00
44.00 100.00 0.00
31.11 100.00 0.00
22.00 100.00 0.09
15.66 99,81 - 169
41.00 98.32 4.06
7.778 94.26 8.16
5.600 86.11 10.72
3.889 76.39 14.76
2.760 60.63 22.16
1.9456 38.48 17.66 2
1.376 20.92 14.33 -
0.972 6.69 6.69
Distribution: Volume RunTime: 30 seconds Fluid: NIA ASVR Filow Rate: 60
Progression: Standard Run Number Avgof 3 runs Fluid Refractive Index. N/A Ultrasonic Power: N/Awatts
Upper Edge: 7040 Particle: N/A Loading Factor: 0.0139 Ultrasonioc Time: N/A seconds
Lower Edge: 0.688 Particle Transparency: N/A Transmission: 0.94
Residuals: Disabled Particle Refractive Index: N/A Above Residual: 0.00
Number Of Channels: 20 Particle Shape: NIA Below Residual: 0.00
High Resolution: No
Filter On: __N/A Database Path: _C:WMTWIN\PDPSD.DB

Figure E24A.Envelope A+ES Insoluble Solids Volume Distribution: Run 2.13
(Low-solids-concentation slurry experienced about 24 hours of circulation)
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Koo3

Yer:7.01
Particle Size Analysi $-128280 Date: OG/10
e Sizo Analysle BNF-SXF2065:A4E8 020 Time: 12:48 "~ Presth 4 -
i Summary Peroentites 12 VAR
Envelope A + Entrained Solids mv = 3417 [ 10% =0.763 60% = 1.126 | 1.027 1:8‘% o'rks’;h
Run 2.13 mn = 1%;3 20%-3.824 70% & 1.255 .
mz = 30% = 0.884 80% = 1.
Number Distribution cs = 2968 [40% = 0.848 §0% = 1.32
sd = 0.381150%= 1,027 86% = 2.268
%PASS
100.0 %CS%N
80.0 / ’ 45.0
80.0 / 40.0
70.0 35.0
60.0 30.0
60.0 25.0
40.0 20.0
30.0 16.0
20.0 100
10.0 50
0.0 u - 00
. 0.100 1.000 10.00 100.0 1000
S - Size {microns) - : . :
SIZE %PASS %CHAN | SIZE %PASS %CHAN | size %PASS %CHAN | SIZE %PASS %CHAN
7040 10000  0.00 ST = TR =
497.8 100.00 0.00
3620 100.00 0.00
2489 100.00 0.00
176.0 100.60 0.00
124.6 100.00 0.00
£8.00 1 0.00
100.00 Q.00
44.00 100.00 0.00
31.11 100.00 .00
100.00 .00
15.66 100.00 0.00
11.00 100.00 0.02
T.778 99.68 0.1
6.600 99.87 0.39
3.889 99.48 1.62
2760 87.96 6.47
1846 9149 14.61
1376 76.98 83.60
0.972 43.48 43.48
Number RunTime: 30 seconds Fiukd: NJA - _ ASVR Flow Rate: 60
Standard Run Number Avgof 3 runs Fluk! Refractive Index: N/A Uttrasonic Power: N/Awatts
704.0 Particle: NIA Loading Factor: 0.0138 Uttrasonic Time: N/A seconds
0.688 - Partiole Transparency: NA Transmission: 0.84
Disabled Particle Refractive Index: NIA Above Residual: 0.00
Number Of Channels: 20 Particle Shape: N/A Below Residual: 000

Database Path: C:AMTWIN\PDPSD.DB

Figure E24B .Envelope A+ES Insoluble Solids Number Distribution: Run 2.13
(Low-solids-concentation slurry experienced about 24 hours of circulation)




Pilot scale X-flow: EnvA+ES

Page 192 of 226

BNF-003-98-0221

Revision 0
MICROTRAC - SRA71560 Ver:7.01
s : : 3-129261 T 10/20/99 Meas #: 1188
Particle Size Analysis bnf-sxf2065-a+es 05 Tlme' 14:16 _ Pres#: 1
ignan Summary centlles ja Vol Width
Envelope A + Entrained Solids mv = 1347 | 10% = 1469 60% = 1716 ] 2226 66% 2173
Run 2.14 mn = 1.218 | 20% =2.266 70% =211.8| 4.886 21% 4.199
* ma = 4702 | 30% = 3.817 80% =2606| 1630 24% 1.266
Volume Distribution os = 1.276 | 40% = 6.661 90% = 346.7
sd = 143.6 | 60% = 118.0 96% = 407.9
%PASS %CHAN
100.0 20.0
0.0 / 180
//
80.0 16.0
70.0 -14.0
60.0 / 120
50.0 s g 100
AT
40.0 // 8.0
30.0 6.0
20.0 40
10.0 20
00 Fl H—ln 0.0
0.100 1.000 10.00 100.0 1000
- Size {microns) -
SIZE %PASS %CHAN | SIZE PASE %CHAN | SIZE %PASS = %CHAN | SIZE %PASS  %CHAN
704.0 100.00 0.68
4978 89.32 8.84
3620 90.48 12.41
248.8 -78.07 17.07
176.0 61.00 10.21
124.6 60.79 3.18
88.00 47.60 1.69
62.23 46.01 0.78
44.00 0.08
31.11 45,16 0.00
22.00 46.16 0.01
16.66 4514 0.41
11.00 44.73 2.51
7.778 6.12
6.600 37.10 8.78
3.889 30.32 6.84
2.760 2448 8.23
1.946 16.26 744
1376 8.81 6.10
0.972 271 271
Distribution: Volume RunTime: 46 seconds Fluld: N/A ASVR Flow Rate: 60
Progression: Standard Run Number Avgof 3 runs Fluld Rsfraoﬂvolndex. ‘NIA Ultrasonio Power: N/iAwatts
Upper Edge: 704.0 Particle: N/A Loading Factor: 0.0192 Ultrasonic Time: N/A seconds
Lower Edge: 0.688 Particle Transparenoy: N/A Transmission: 0.93
Residuals: Disabled Particle Refractive Index: N/A Above Residual: 0.00
Number Of Channels: 20 Particle Shape: N/A - Below Residual: 000 v
High Resolution: No . -
Filter On: _NI/A Database Path: _C:\MTWIN\PDPSD.OB

Figure E25A. Envelope A+ES Insoluble Solids Volume Distribution: Run 2.14
(Slurry after new solids were added: Concentration approx1mately 9 wt%)
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High Resolution:
Fiiter On: N/A

No

Database Path: _C: N\PDPSD.DB

Revision 0
. . MICROTRAC - SRA1 50 - - Ver:7.0
3129261 ~Date: 10/20/35 Meas i: 1188
Particle Size Analysis bnt-sxf2065-ates 06 Time: 14:16  Pres#: 1
aan Summag ~ Percentiles Dia Num% Width
Envelope A + Entrained Solids mv = 134.7 [10% =0.764 60% = 1.129| 1.031 100% 0.746
Run 2.14 mn = 1.218 20%=o.§§$ 70% = 1.265
ma = 4.702 | 30% = 0. 80% = 1.437
Number Distribution cs = 1.276 | 40% = 0.952 80% = 1.812
: sd = 0.373 | 50% = 1.031 95% = 2,230
%PASS ’ %CHAN
100.0 / 50.0
90.0 /’ 450
80.0 / 40.0
700 35.0
60.0 30.0
§0.0 250
[
40.0 20.0
30.0 15.0
20.0 10.0
10.0 ] 5.0
0.0 " - 0.0
0.100 1.000 10.00 100.0 1000
- - Size {microns) -
SIZE %PASS - %CHAN | SZE %PASS CHAN ] SIZE PASS %CHAN { SIZE %PASS %CHAN
704.0 10000 © 000 :
497.8 100.00 0.00
352.0 100.00 0.00
248.9 100.00 0.00
176.0 100.00 0.00
124.5 100.00 0.00
88.00 100.00 0.00
62.23 100.00 0.00
44.00 100.00 0.00
31.11 100.00 0.00
22.00 100.00 0.00
15.66 100.00 0.00
11.00 400,00 0.03
7.778 99.97 0.16
6.600 99.81 0.69
3.889 99.22 146
2.760 97.77 6.78
1.946 21.99 14.77
1376 77.22 34.26
0.872 42,96 42.96
Distribution: Number RunTime: 45 seconds Fluld: WA ASVR Flow Rate: 60
Progression: S8tandard Run Number Avg of 3 runs Fluld Rcl’mcﬁwlndex N/A Ultrasonic Power: N/Awatts
Upper Edge: 704.0 . Particle: N/A Loading Factor: 0.0182 Uttrasonic Time: N/A seconds
Lower Edge: 0.688 Particle Transparency: N/A Transmission: 0.93
Residuals: Disabled Particle Refractive index: N/A Above Residual: 0.00
Number Of Channels: 20 Particle Shape: N/IA | BelowResidual: 000 ~

Figure E25B.Envelope A+ES Insoluble Solids Number Distribution: Run 2.14
(Slurry after new solids were added: Concentration approximately 9 wt%)
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| Revision 0
’ i MICROTRAC - SRA150 I ver01l
: : : $-129262 Date: 10/20/99 Maas #: 1196
Particle Size Analysis baf-sxf2056-ates 08 Time: 14:34 _ Pres #: 1
gnan Summary Percentiles Dia___Vol%__Width
Envelope A + Entrained Solids mv = 162.3 | 10% = 1.617 60%=167.6] 2133 e6% 209.4
Run 2.16 mn = 1.209 | 20% = 2.802 70% = 222.1] 4909 16% 4.009
Volume Distribution ma = 6846 |30% = 6.818 80% =268.6] 1.612 20% 1.240
cs = 1.026 | 40% = 1056.8 90% = 349.3
sd = 146.6 | 50% = 163.2 956% = 408.4
%PASS %CHAN
1000 200
90.0 7/ 18.0
80.0 / 16.0
70.0 14.0
60.0 120
500 10.0
40.0 » 8.0
1 P
30.0 6.0
20.0 - 40
10.0 " 20
0.0 1 r' x 0.0
0.100 1.000 10.00 100.0 1000
- Size {microns) - _
SEZE %PASS %CHAN | SIZE %PASS %CHAN | SIZE %PASS - %CHAN | SIZE PASS %CHAN
704.0 100.00 0.67 1
497.8 99.33 9.07
362.0 90.26 13.82
248.9 76.44 19.95
476.0 56.49 13.66
124.6 4294 4.78
88.00 38.16 1.99
62.23 38.17 0.88
44.00 36.32 0.10
31.11 35.22 0.00
- 36.22 0.00
16.66 36.22 0.23
11.00 34.99 4.77
7.778 33.22 3.99
6.600 29.23 532
3.889 23.91 4.16
2.760 19.76 642
1.946 13.33 6.08
1.376 7.26 8.03
0.972 2.22 2.22
Distribution: Volume RunTime: 46 seconds Fluid: N/A T ASVR Flow Rate: 60
Progression: - Standard Run Number Avgof 3 runs Fluid Refractive Index: N/A Uitrasonic Power: N/Awatts
Upper Edge: 704.0 Particle: N/A ) Loading Factor: 0.0198 Ultrasonic Time: N/A seconds
Lower Edge: ~ 0.688 Particle Transparenoy: N/A Transmisslon: 0.96
‘|Residuals: Disabled Particle Refractive Index: N/A  Above Reskiual: 0.00
Number Of Channels: 20 Particle Shape: N/A Below Residual: 0.00
High Resolution: No .
Filter On: _ NJA Database Path: _CAMTWIN\PDPSD.DB

. Figure E26A .Envelope A+ES Insoluble Solids Volume Distribution: Run 2.16
(Slurry after 2" Wash)
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Revision 0
MICROTRAC - SRA160 . ;,“.'7"6'1 '
; . : 3129262 Date: 10/20/29 Meas #: 1196 |
Particle Size Analysis bnf-sxf2065-ates 08 _ Time: 14:34  Pres # 1
nan Summary Percentiles Num Width
Envelope A + Entrained Solids mv = 162.3 | 10% = 0764 60% = 1.126 | 1.029 100% 0.731
Run 2.16 mn = ;_%22 ?&=g.:§s 70% = 1.249
. ma = = 0.886 80% = 1.426
Number Distribution cs = 1.026 | 40% = 0.951 80% = 1.782
sd = 0.365 ] 50% = 1.029 95% = 2.183
%PASS %CHAN
100.0 /_ - 50.0
90.0 /’ 450
80.0 40.0
70.0 35.0
60.0 30.0
§0.0 250
[
400 20.0
30.0 15.0
200 10.0
10.0 50
0.0 0.0
0.100 1.000 1000 100.0 1000
- Size (microns) - _
BSIZE %PASS = %CHAN | SZE %PASES %CHAN | SEZE %PASS %CHAN ] SIZE PASS CHAN
7040 100.00 0.00
4978 100.00 0.00
3620 100.00 0.00
248.9 100.00 0.00
176.0 100.00 0.00
124.6 100.00 0.00
88.00 100.00 0.00
62.23 100.00 0.00
44,00 100.00 0.00
31.11 100.00 0.00
22. 100.00 0.00
15.56 100,00 0.00
11.00 100.80 0.02
7.778 99.88 0.16
6.600 99.83 0.67
3889 89.26 1.26
2,760 98.00 6.52
1.945 92.48 14,78
1.376 T7.70 34.60
0.972 43.10 43.10
Distribution: Number RunTime: 45 seconds - Fluld: N/A e ASVR Fiow Rate: 60
Progression: Standard Run Number Avg of 3 runs Fluid Refractive Index: N/A Ultrasonic Power: N/Awatts
Upper Edge: 704.0 . Particle: N/A Loading Factor: 0.0198 Ultrasonic Time: N/A seconds
Lower Edge: 0.688 Particle Transparency: N/A Transmission: 0.95
Residuals: Disabled Particle Refractive Index: N/A  Above Residual: 0.00
- {Number Of Channels: 20 Particle Shape: N/A " Below Residual: 000 ~
High Resolution: No
Fiiter On: N/A Database Path: C:\MTWIN\PDPSD.DB

Figure E26B.Envelope A+ES Insoluble Solids Number Distribution: Run 2.16

(Slurry after 2°¢ Wash)
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MICROTRAC - SRA150 .
> : : 3-129114 Date: 07/13/29 Meas #: 723
Particle Size Analysis BNF-SXF2065-A+ES_068 Time: 16:32 Pres#: 1
BUIGNAR Summ: Peroentiles D 1%
Envelope A + Entrained Solids mv = 3.345 | 10% = 1,096 60% = 3.043 21;93 \:%o% v:gg:e
Run 2,14b mn = 1.220 | 20% = 1.398 70% = 3.823
ma = 2,138 | 30% = 1.744 80% = §.072
Volume Distribution os = 2806 | 40% = 2.104 90% = 6.847
sd = 2.198 | 50% = 2,493 95% = 8.442
%PASS %CHAN
100.0 = 20.0
A
90.0 18.0
80.0 16.0
700 140
60.0 12.0
50.0 10.0
40.0 8.0
30.0 3 6.0
20.0 40
10.0 2.0
00 —L 0.0
0.100 1.000 10.00 100.0 1000
: - Size {microns) -
SIZE %PASS %CHAN | SIZE %PASES CHAN | SIZE %PASS %CHAN | SIZE %PASS CHAN
7040 100.00 0.00
497.8 100.00 0.00
8620 100.00 0.00
248.9 100.00 0.00
176.0 400.00 0.00
124.6 100.00 0.00
88.00 100.00 0.00
62.23 100.00 0.00
44.00 400.00 0.00
31.11 100.00 0.00
100.00 0.04
16.66 99.06 1.32 .
41.00 $8.64 6.34 i
7.778 83.30 10.36
65.600 82.96 13.29
3.889 €9.66 14.26
2.750 5540 19.88
1.846 36.62 16.22
1.376 19.30 13.22
0.972 8.08 8.08
Distribution: Volume RunTime: 45 seconds Fluid: NIA ASVR Flow Rate: 60 ]
Progression: Standard Run Number Avgof 3 mns Fluld Reﬁ'acﬂvelndex NIA Ultrasonic Power: N/Awatts -
Upper Edge: 704.0 Particle: N/A Loading Factor: 0.0223 . Ultrasonic Time: N/A seoonds
Lower | : 0,688 Particle Transparency: NIA Transmission: 0.90
Residuals: Disabled Particle Refractive index: N/A Above Resldual: 0.00
' Particle Shape: N/A Below Residual: 000

atabase Path: C:\MTWIN\PDPSD.DB

Figure E27A.Envelope A+ES Insoluble Solids Volume Distribution: Run 2.14b
(Run 2.14 was redone after the slurry Na* concentration was raised above 5 M)
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Revision 0
MICROTRAC - SRAT50 Ver:7.0
" - " 3129114 "Date: 07/13/99 Meas #: 723
Particle Size Analysis BNF-SXF2066-A+ES 068 Time: 16:32 Pres #: 1
DUIGNAN Summary Percentiles Dia___Num% Width-
Eovelope A + Entrained Solids mv = 3.346 | 10% = 0.763 60%=1.127 | 1,028 100% 0.764
Run 2.14b : mn = 1.220 | 20% = 0.826 70% = 1.266
Number Distribution ma = 2,138 | 30% = 0.884 80% = 1.447
: os = 2.806 | 40% = 0.948 90% = 1.848
sd = 0.382 | 60% = 1.028 96% = 2.276
%PASS %CHAN
100.0 A 0.0
90.0 /’ 450
80.0 / 40.0
70.0 350
60.0 30.0
§0.0 250
40.0 200
30.0 15.0
20.0 10.0
10.0 ] 8.0
0.0 - 0.0
0.100 1.000 10.00 100.0 1000
. - Size (microns) - o .
SZE %PASS  %CHAN | SEZE %PASS %CHAN | SEZE %PASS  %CHAN | SZE %PASS CHAN
704.0 100.00 0.00 :
4978 €00.00 0.00
362.0 100.00 0.00
248.9 100.00 0.00
1760 100.00 0.00
124.6 100.00 0.00
88.00 100.00 0.00
62.23 100.00 0.00
4400 100.00 0.00
31.11 100.00 0.00
22.00 100.00 0.00 .
16.66 100.00 0.00
1100 100.00 0.03
7.778 99.97 0.14
6.600 99.83 0.53
3.889 99.30 1.69
2.760 97.71 6.29
1.945 91.42 14.61
1376 76.91 33.47
0.972 4344 43.44
Distibution;  Number Runiime: 46 seconds Fiuid: 'NJA AGVR Flow Rate: 60
Progusslon Standard Run Number Avgof 3 runs Fluid Refractive index: N/A Uttrasonic Power: 20 watts
- jUpper Edge: 704.0 Particte: N/A; . toading Factor: 0.0223 Ultrasonic Time: 1 seconds
Lower Edge: 0.688 Particle Transparency: N/A Transmission: 0.90 .
Residuals: Disabled Particle Refractive Index: N/A Above Reslkdual: 0.00
Number Of Channels: 20 Partiole Shape: N/A Below Residual: -0.00
High Resolution: No
Filter On: _ N/A Database Path: _ C:AMTWIN\PDPSD.DB
Figure E27B .Envelope A+ES Insoluble Solids Number Distribution: Run 2.14b
(Run 2.14 was redone after the slurry Na+ concentration was raised above 5 M)
= 4
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F
! MICROTRAC - SRA160 Ver7.0
" p 3129116 ~ Date: omalss Moas #: 727
Particle Size Analysis BNF-SXF2065-A+ES 088 Time: 16:42  Pres #: 1
SUICRAN — Summary Percentiles Dla__Vol%_Width
Envelope A + Entrained Solids mv = 5656 ] 10% = 1.280 60% = 5.666 ] 6.768 64% 8.380
Run 2.16b mn = 1.271 | 20% = 1.806 70%=7.109| 1.699 36% 1.282
un <. ma = 2.913 | 30% = 2.368 80% = 9.162
Volume Distribution cs = 2.060 | 40% = 3.136 90% = 12.33
sd = 4.336 | 60% = 4.294 96% = 14.91
%PASS %CHAN
100.0 - /ﬁ . 20.0
90.0 / : 18.0
80.0 16.0
/
70.0 - 140
60.0 0 12.0
§0.0 10.0
40.0 8.0
30.0 6.0
20.0 40
100 2.0
4
0.0 . 0.0
0.100 1.000 10.00 100.0 1000
L - Size (microns) - __
SIZE %PASS %CHAN | SZE PASE %CHAN | SPE  %PASS %CHAN | SZE %PASS  %CHAN
704.0 100.00 0.00 ) —
4978 10000  0.00 ‘
362.0 100.00 0.00
2489 100.00 0.00
176.0 100.00 0.00
1246 - 100.00 0.00
88.00 100.00 0.00

Distribution: Voiume RunTime: 45 seconds Fiulkd: NA ASVR Flow Rate: 60
Progression: Standard Run Number Avg of 3 runs Fluid Refractive Index: N/A Ultrasonic Power: N/Awatts
Upper Edge: 704.0 Particle: N/A Loading Factor: 0.0331 - Ultrasonic Time: N/A seoonds
Lower Edge: 0.688 Particle Transparency: N/A Transmission: 0.89

Residuals: Disabled Particle Refractive Index: N/A Above Resldual: 0.00

Number Of Channels: 20 Patticle Shape: N/A Below Residual: 0.00

High Resolution: No

Fiiter On: _N/A Database Path: C:\MTWIN\PDPSD.DB

Figure E28A.Envelope A+ES Insoluble Solids Volume Distribution: Run 2.16b
(Slurry after 2*! Wash; 2™ attempt)
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MICROTRAC - SRA160 ver7.0
- . P 3-128116 — Date: O7/13/99 Meas #: 727
Particle Size Analysis BNF-SXF2065-A+ES 08B Time: 16:42 - Prestte 1
BUIGRAR Summary Peroentiles Dia___Num% _Width
Envelope A + Entrained Solids mv = 6.666 | 10% =0.767 60% =1.160 ] 1.046 100% 0.818
Run 2.16b mn = ;.3"11; 3zg%i=o.83; 70% = 1.286
mas 2. = 0.893 80% = 1.492
Number Distribution cs = 2.060 | 40% = 0.961 90% = 1.939
sd = 0408 | 60% = 1.046 86% = 2413
%PASS %CHAN
100.0 50.0
20.0 /ﬂ 450
80.0 40.0
70.0 35.0
60.0 30.0
50.0 250
‘ .
400 20.0
30.0 150
200 10.0
10.0 5.0
0.0 -+ 0.0
0.100 1.000 10.00 _ 100.0 1000
- Size (microns) - . — :
SIZE %PASS %CHAN SIZE %PASS %CHAN |{ SEZE %PASS %CHAN | SIZE %PASS %CHAN
7040 100.00 0.00
497.8 100.00 0.00
352.0 100.00 0.00
248.9 100.00 0.00
176.0 100.00 0.00
124.6 100.00 0.00
88.00 100.00 0.00
62.23 100.00 0.00
44.00 100.00 0.00
31.11 100.00 0.00
22,00 100.00 0.00
15.66 100.00 0.03
11.00 99.87 0.10
T.778 99.87 .31
6.500 99.66 Q.82
3.889 '88.74 1.89
2.760 96.86 6.76
1.946 90.10 14.98
1376 7512 33.68
0.972 41.64 41.64
Distribution: Number RunTime: 46 seconds Fluld: N/A e ASVR Flow Rate: 60
Progression: Standard Run Number Avgof 3 runs  Fluid Refractive Index: N/A Ultrasonic Power: 20 watts
Upper Edge: 704.0 Pattiole: N/A ., Loading Factor: 0.0331 : Uttrasonic Time: 1 seconds
Lower Edge: 0.688 Particle Transparéncy: N/A ~ Transmission: 0.89
|Residuais: Disabled Particle Refractive Index: N/A  Above Residual: 000
Number Of Channels: 20 Particle Shape: NiA Below Residual: 0.00
High Resolution: No .
Filter On:__ N/A Database Path: C:AMTWIN\PDPSD.DB »

Figure E28B.Envelope A+ES Insoluble Solids Number Distribution: Run 2.16b

(Slurry after 2° Wash; 2™

attempt)
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MICROTRAC - SRAT160 1‘:“,7 o1
- . 3120116 Date: 07/13/59 Meas #: 731
Particle Size Analysis BNF-SXF2066-A+ES 148 Time: 16:49  Pres #: 1
BUIGNAN Summary Percentiles Dia__Vol% Width
Envelope A + Entrained Solids mv = 4060 | 10% = 1.793 60% = 3.816] 3.326 100% 4.320
Run 2.20b mn = ;:g;; mzo%: 2.233 70% = 4.624
ma = = 2.679 80% = 6.858
Volume Distribution cs = 2016 | 40% = 2.934 90% = 7.421
sd = 2.160 | 60% = 3.326 95% = 8.871
%PASS %CHAN
100.0 L — §0.0
,/
$0.0 / 45.0
80.0 / 40.0
. 700 / 350 -
60.0 ,/ 30.0
§0.0 25.0
40.0 20.0
30.0 15.0
20.0 100
100 1 5.0
0.0 L — 0.0
: 0.100 1.000 10.00 100.0 1000
- Size {microns) - -
SIZE %PASS %CHAN | SiZE %PASS %CHAN | SIZE %PASS %CHAN | SIZE PASS CHAN
704.0 100.00 0.00 ’ i
497.8 100.00 0.00
3520 100.00 0.00
248.9 100.00 0.00
176.0 100.00 0.00
124.6 100.00 0.00
88.00 - 100.00 0.00
62.23 100.00 0.00
44.00 100.00 0.00
31.11 100.00 0.00
100.00 0.08
16.66 $9.92 1.69
11.00 98.33 6.71 .
T1.778 91.62 14.46 E
6.500 7747 16.87
3.889 61.30 26.39
2.750 34.91 2234 -
1.945 12.67 7.10
1.376 547 427
0.972 1.20 1.20
I— I _ I
Distribution: Volume RunTime: 45 seoonds Fluld: N/A : ASVR Flow Rate: 60
Progression: Standard Run Number Avgof 3 runs Fluld Refractive index: N/A Ultrasonlc Power: NiAwatts .
Upper Edge: 704.0 Particle: N/A Loading Factor: 0.0230 Uttrasonic Time: N/A seconds
Lower Edge: 0.688 Particle Transparency: N/A  Transmission: 0.83
Residuals: Disabled Particle Refractive index: N/A  Above Residual: 0.00 .
Number Of Channels: 20 Particle Shape: N/A Below Resldual: 000 ¥
High Resolution: No
Fliter On: _N/A Database Path: c:MTWIN\PDPSD.DB

Figure E29A Envelope A+ES Insoluble Solids Volume Distribution: Run 2.20b

(Dewatering after wash test runs: sample was taken before dewatering)
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MICROTRAC - SRA160

S— Y]
Date: 07/13/99 Meas #: 731

H H 3-129116 ]
Particle Size Analysis BNF-SXF2065-A+ES_148 Time: 16:49 Pres#: 1
DUIGNAN Summary Percentiles Dia__ Num% Width
Envelope A + Entrained Solids mv = 4060 | 10% = 0826 60% = 1.561| 2164 4T% 1416
Run 2.20b mn = ;:;; 30%20%':2:3: Zozim 1.6834] 1016 6&3% 0414
3 : ma = 2! = 1. 0% = 2.2986
Number Distribution os = 2016 | 40% = 1171 80% = 2.783
sd = 0.784 | 60% = 1.322 96% = 3.303
%PASS %CHAN
100.0 - 50.0
90.0 /’ 450
80.0 / 40.0
70.0 Z‘ 35.0
60.0 / 30.0
50.0 250
40.0 20.0
30.0 15.0
20.0 10.0
100 5.0
0.0 00
0.100 1.000 10.00 , 100.0 1000
. L - Size (tnicrons) - _
SIZE PASS CHAN | SIZE %PASS %CHAN | SIZE %PASS S%CHAN | SIZE %PASS CHAN
704.0 400.00 0.00 :
497.8 100.00 0.00
3562.0 100.00 0.00
248.9 100.00 0.00
176.0 100.00 0.00
124.6 100.00 0.00
88.00 100.00 0.00
62.23 100.00 0.00
44.00 100.00 0.00
31.11 100.00 0.00
22.00 100.00 0.00
16.66 100.00 0.
11.00 89.89 0.09
7.778 99.80 0.66
6.600 99.36 1.71
3.889 97.64 8.06
2.750 89.68 19.30
1.946 70.28 17.36
1376 52.93 29.62
0.972 23.41 23.41
Distribution: Number RunTime: 46 seconds Fluid: N/A s ASVR Flow Rate: 60
Progression: Standard Run Number Avgof 8 runs Fluid Refractive indeXx: N/A Ultrasonic T 20 watts
Upper Edge: 704.0 Partiole: N/A - Loading Factor: 0.0230 . Uittrasonic Time: 1 seconds
Lower Edge: 0.688 Particle Transparency: N/A Transmission: 0.83
Residuals: Disabled Particle Refractive Index: N/A Above Residual: 0.00
Number Of Channels: 20 Particle Shape: N/A Below Residual: 000 <
High Resolution: No .
Filter On: _ N/A Database Path: _C:AMTWIN\PDPSD.DB

Figure E29B Envelope A+ES Insoluble Solids Number Distribution: Run 2.20b
(Dewatering after wash test runs: sample was taken before dewatering)
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APPENDIX F

INSTRUMENTATION AND MEASUREMENT UNCERTAINTY

Appendix Contents

1. Experimental measurement uncertainty

2. Figure F1. Instrumentation used with their transfer functions
3. Figure F2. Pressure transducer locations

3. Figures F3 to F16. Calibration sheet for the 14 instruments

Special Note:

As mentioned in Appendix E, there are no measurement uncertainties listed for the
analytical data they are beyond the scope and control of this task. There is reason to
believe that all analytical data can be at least 15% accurate but no quantitative data are
given to this effect. ' :

3
-~
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EXPERIMENTAL MEASUREMENT UNCERTAINTY

As always, any measurement made has an attributed error which must be known before a
level of confidence can be attained for the results obtained. This error may come from
one or all of the following: the measurement instrument, the way an instrument is set up
to make a measurement in relation to the experimental phenomenon to be measured, and
the person using the instrument. It is not the purpose of this section to exhaust all
possible avenues of measurement uncertainty, but rather to illustrate the level of
measurement uncertainty in the results presented in Appendices A, B, C, D. (Outside of
density and capillary viscometer measurements taken, the measurement uncertainty of the
analytical data in Appendix E is beyond the scope of this task.) In general, the
measurement uncertainties present here are for a reading or calculation at any instant.
That is, the fluctuations that occur during experimentation are not addressed here. The
magnitude of measurement fluctuations with time that occur during an experimental run
can be seen at the bottom of each data table from the preceding appendices. Each column
of data includes the average value of those data and their standard deviation.

In all the data sheets included in Appendices A, B, C, D there are raw data columns (all
columns to the left of the Number column, which is usually column S) and there are
calculated data columns to the right of the Number column. The uncertainty of a raw
data measurement is the calibrated uncertainty of the individual instrument.

Example to find the measurement uncertainty of a raw data point:

1. Find the data column D in any Appendix A through D.

2. Check the column heading against the Nomenclature, included in the beginning of
each Appendix, to find that the data in column D were obtained by Thermocouple T2.

3. Look up Thermocouple T2 on Fig. F1 in this Appendix to see that the average*
calibrated uncertainty is 1.2°C (95% confidence level**). If a closer look on how that
specific systematic error was obtained is desired, then check the appropriate
calibration sheet. Thermocouple T2 is shown as Fig. F4. (The calibration sheets are in
order of the fourteen instruments that are listed in Fig. F1, with the first instrument T1
shown in Fig. F3 and the tast instrument Q3 shown in Fig. F16.)

[*A pre- and post-test calibration was done on each instrument. For this example, the
measurement uncertainties for T2 were 1.3°C and 1.1°C respectively, see Fig. F1.
The true instrument uncertainty was somewhere between the pre- and post-test
results. For this task each uncertainty was given equal weight, therefore an “average”
of the two numbers was used, i.e., 1.2°C.

**The confidence level comes from the Student’s ¢ dlstnbutlon function used in
determining an instrument uncertainty.]

4. The magnitude of the random error can be obtained from the standard deviation
shown at the bottom of each column of raw data. The standard deviation from the
average value, obtained from a specific instrument for a specific test run, will be a
good indication of random error for all but the filtrate flowrates, Q2 and Q3.
Temperatures, pressures, and slurry flowrates were maintained constant, therefore the
fluctuations around the mean should be normally distributed. The filtrate flowrates
decreased with time, due to the nature of the experiment. Therefore, the random error
for Q2 and Q3 should only be obtained when the filtrate flowrates reach some

I
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asymptote. (In some rare cases, like on Run 2.20b when the goal was to dewater the
slurry until pluggage occurred the temperature could not be held constant, but
increased with time. In these cases the standard deviation will not properly represent
random fluctuations. To facilitate the evaluation of such occurrences each column of
data also has the maximum, minimum, and median values along with the average and
standard deviation. Note that the number of points used to determine these values is
also given. Extreme points, like when backpulsing occurs were excluded. With the
number of data points known the standard error of the mean may be obtained (i.e.
standard error = standard deviation / square root (number of points)) [Ref. 16].

Measurement uncertainties for the calculated results can be obtained by the general
method of the Law of Propagation of Errors (section 4.7 of Ref. 23). The derivation will
not be given here and the following is just one example for one type of relation, albeit a
common relation.

For example, a calculated entity has an uncertainty of da. The entity a is a function of
three measured quantities: b, ¢, and d by the following relationship: a=bxc/dand
these quantities have measurement uncertainties of &b, 8¢, and &d, respectively. The
uncertainty can be shown as:

(52)2 = [(02/0b)8b]? + [(8a/dc)dc]? + [(9a/8d)sd)2,

if the error terms are independent and symmetrical. The term 8a is squared to capture
~ both the negative and positive error terms.

Then for the relation a = be/d the relative uncertainty can be shown to be:

Safa = [(Sb/b)2 + (8c/c)? +(8d/d)21%2. (1)

Using the above the relation (1) an uncertainty for velocity, transmembrane pressure,
filtrate flux, and permeability are determined. The method of determining the
measurement uncertainty of any of the calculated results will the same as the following
analyses. However, only one example of each calculated result is shown below. To
show an example, any specific calculated quantity is sufficient. An arbitrary choice of a
representative group of results is: Run 2.01 at the 120™ minute [The data for Run 2.01
can be found in Appendix B in the first table and the 120™ minute is row 135.]

The measurement uncertainty for the followinbg values will be shown:

V, ft/s TMP, psi Fc (at 25°C), gpm/ft2, P, gpm/ft2/psi
6.4 31.8 0.085%* 0.00267

*actual temperature was 30.6°C but was adjusted to 25°C as per the customer
specification, Ref. 3, therefore Fc means the corrected filtrate flux.

"
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The results of the measurement uncertainties found below at the 95% confidence
level are: " '

Sharry Velocity = v +8.16 %
Transmembrane Pressure = TMP *=1.07 %
Temperature Corrected Filtrate Flux = Fe *6.72 %
Permeability L= P +6.80 %

F1 V'e_locity [V=Q1/ Acrossesection ]

This uncertainty is combination of the instrument, Q1, uncertainty and from the lack of
knowledge of the exact inside diameters of the filter tubes. The instrument uncertainty is
obtained for that instrument’s calibrated uncertainty. An accurate measurement of the
average inside diameter of the filtrate tubes was impossible since it may vary down the
length for each filter tube and may vary from tube to tube. Even measuring the diameter
at the filter tube ends is difficult because of the weldments to the tube sheets. What will
be used is the manufacturer’s tolerances. For a Mott 3/8-inch tube the diameter
tolerances are stated by the vendor to be +0.025 inch and -0.005 inch. The diameter of
the filter tubes can presumably vary anywhere between those tolerances therefore for this
task the diameter uncertainty will be taken as the average tolerance, i.e., +0.015 inch.

The measurement uncertainty estimate:
Calibrated uncertainty (Figs. F1 and F14): 6Q1 = #0.25 gpm
Slurry flow rate: Q1 = 15.54 gpm [Run 2.01, Row 135, Column P: Appendix B]

Filter tube inside diameter: 8d = £0.015 inch
Filter tube inside diameter: d = 0.375 inch

V=Q/A=Ql/(rnd*)

~ Inthe form of Eq. (1): 8V/V = [(§Q1/Q1)2 + 4(5d/d) 21~

[Note the multiplier 4. This results from theden‘vation 0V/od because of the exponent]

Therefore, [(0.25/15.54)2 + 4(0.015/0.375)21"2 x 100% = 8.16 %

- The uncertainty of the example V is: 6.4 +0.6 ft/s

[since 6.4 x 0.0816 ~ 0.52]

E2 Transmembrané;Pressure [TMP=(dP2+dP3)/2]

This uncertainty is will come from two instruments, dP2 and dP3. Also, there is another
uncertainty do to location of the pressure taps. As seen in Figs. 1 and F2, dP2 is located at

the bottom to the filter housing (upstream to the filter) and dP3 is located at the top of the
filter housing (downstream to the filter). Due to the same fluid being in the pressure lines

{
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(water) a liquid-filled system will give the corrected pressure drops, however, the slurry
pressures lost upstream to the filter and gained downstream of the filter are not -
symmetrical and therefore do not cancel out. With this said, this addition to the
uncertainty is small compared to the assumption that true TMP is represented by the
average of two pressures at the ends of a filter. Because the filter is oriented
perpendicular to gravity and the flow causes a pressure and concentration gradient along
the entire tube wall it is not clear what TMP would be representative of the entire filter
unit. On the other hand, the way measurements were taken probably will be similar to
the field use of this filter and therefore a good measurement for design purposes. The
uncertainty is actually the uncertainty of two measurement devices, and nothing more.
Finally, the Law of Propogation of Errors by Eq. (1) does not lend itself to additive
contributions to uncertainties. Fortunately, the two quantities are similar in magnitude
and calibrated uncertainty. Equation (1) will be used as long as it give an uncertainty
larger than the largest calibrated uncertainty for the two pressure transducers.

The measurement uncertainty estimate:

Calibrated uncertainty (Figs. F1 and F12): 6dP2 = +0.23 psi

Pressure drop: dP2 = 33.13 psid [Run 2.01, Row 135, Column J: Appendix B]
Calibrated uncertainty (Figs. F1 and F13): 8dP3 = +0.25 psi

Pressure drop: dP3 = 30.49 psid [Run 2.01, Row 135, Column M: Appendix B}

TMP = (dP2 + dP3)/2
In the form of Eq. (1): STMP/TMP = [(6dP2/dP2)2 + (5dP3/dP3) 2 12

Therefore, [(0.23/33.13)2 + (0.25/30.49)21"2 x 100% = +1.07 %
The uncertainty of the example TMP is: 31.8 0.4 psid
[since 31.8 x 0.0107 ~ 0.34]

F.3 Filtrate Flux [ F= Q2 / Ainner-surface ]

This uncertainty is combination of the instrument, Q2, uncertainty and from the lack of
knowledge of the exact inside diameters and length of the filter tubes. The instrument
uncertainty is obtained for that instruments calibrated uncertainty. The uncertainty of the
inside diameter of the filter tubes has already been addressed in section F.1 and it was
estimated at 0.015 inch. The uncertainty of the length of the filter tubes was estimate
from in-house measurements. The requested tube length from the manufacturer was 40
inches. Because of weldments at the ends and the center (the 40-inch length was made of
two 20-inch tube sections) the active length seemed closer to 39 7/8 inches. However,
since it was difficult to get an exact measurement, not being able to measure inside, the
40-inch length was used to determine the inner surface area and the 1/8-inch difference
will be used for the length uncertainty.

1
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The measurement uncertainty estimate:

Calibrated uncertainty (Figs. F1 and F15): 6Q2 = +0.009 gpm

Filtrate flow rate: Q2 = 0.227 gpm [Run 2.01, Row 135, Column Q: Appendix B]
Tube inside diameter uncertainty: 6d = +0.015 inch (from manufacturer)

Tube inside diameter: d = 0.375 inch

Tube length uncertainty: 6L = +0.125 inch

Tube length: L = 40 inches

F=QA=Q2/ndL
In the form of Bq. (1): SF/F = [(5Q2/dQ2)2 + (5d/d) 2 + (3L/L) 212

Therefore, [(0.009/0.227)2 + (0.015/0.375)% + (0.125/40)21"% x 100% = +5.64 %
The uncertainty of the eiample Fis: 0.085 £0.005 gpm/ft2

[since 0.085 x 0.0564 ~ 0.0048]

F.3.1 Effect of Temperature on the Measurement Uncertainty on F

As per the customer specification the filtrate flux was to adjusted such that it would give
aresult at 25°C. The equation as was stated is:

F = Q2(Temperature) / Area = Q2 x Correction Factor /Area

CF = 6[2500((1/273+Slufry Temperature))-(1/298))]

Only the correction factor’s effect on measurement uncertainty is dealt with here. The
‘equation is accepted as error free, i.e., method, constants, etc. Only the uncertainty of ‘the:
temperature measurement which leads to the correction will be addressed.

Generally, the adjustment to F is small because, whenever possible, the slurry’s
operational temperature was maintained at 25°C which would result in a zero adjustment.
However, the example chosen to show measurement uncertainty had a temperature
difference of 5.6°C. That is, for Run 2.01 at the 120™ minute the slurry temperature was
30.6°C [Initial test runs were only cooled with water cooling coils which were not
sufficient. The temperature was better maintained after the coolant was changed to
ethylene glycol.]. Unfortunately, the fact that a temperature correction is applied means
the temperature uncertainty will effect the calculated result at any temperature. That is,
even if the slurry temperature were 25°C, which would make the correction = 1.0, the
uncertainty of that temperature and thereby the correction, leads to an inherent
uncertainty of value that is being corrected, i.e, F. For this task the slurry temperature
was measured with thermocouple T1, which had a calibrated measurement uncertainty of
+1.3°C [see Fig. F1]. If at 25°C the temperature has an uncertainty of +1.3°C, then the

[
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correction can be either 0.9642 to 1.0374, or approximately +3.66% [i.e., ((1-
.9642)+(1.0374-1))/2 / 1.00 = 0.0366]. To show the measurement uncertainty -
mathematically from the correction equation is beyond the scope of this task, however it
can be shown graphically. For a range of slurry temperatures from 15°C to 40°C, then
the correction can be shown to change from 1.34 to 0.67, respectively. However, with a
measurement uncertainty of +£1.3°C this factor can be in error from approximately 3.9%
to 3.3%, respectlvely, see the Figure below:

Error In Temperature Correction Due To The
Measurement Uncertainty In The Slurry Temperature

4.0%

0
(]
*
4E
.

3.8% — &
*e
3.7% L2
® ¢
3.6% —* o ry
3.6% e,

3.4%

3.3%

orrection Error / Correction x 100

© 3.2%

15 ) 20 25 30 35 40
Sturry Tem perature, °C

Therefore, for the sake of this example the relative uncertainty of the correction factor do
to the temperature will be assumed to be 3.7% since most of the data were obtained at
25°C. Using this constant value is not a bad assumption because between 20°C and 30°C
this uncertainty only fluctuates by approximately 0.1%.

This increased uncertéjﬁty to the filtrate flux is then a combination of two uncertainties
already calculated above for F and the correction factor. The analyses still follows Eq.
(1) therefore:

The measurement uncertainty estimate:

Filtrate flux relative uncertainty: 3F/F = +5.64% [section F.3]
Correction factor relative uncertainty: 3CF/CF = £3.66% [section F.2]

Fcorrected =F x CF
In the form of Eq. (1): 8Fc/Fc = [(SF/F)? + (3CF/CF) 212

Therefore, [(5.64)2 + (3.66)2]"2 = +6.72 %

"
Y




‘Pilot scale X-flow: EnvA+ES Page 209 of 226 BNF-003-98-0221
Revision 0

The uncertainty of the example Fc is: 0.085 £0.006 gpm/ft2

[since 0.085 x 0.0672 ~ 0.0057]

F4  Permeability [P=F/TMP ]

This uncértéinty is combination of two uncertainties already calculated above, in section
F.2 and F.3. The analyses still follows Eq. (1) therefore:

The measurement uncertainty estimate:

Filtrate flux relative uncertainty: 0Fc/Fc = +6.72% [section F.3]
TMP relative uncertainty: STMP/TMP = +1.07% [section F.2] -

P =Fc/TMP
In the form of Eq. (1): 8P/P = [(§Fc/Fc)? + (STMP/TMP) 212

Therefore, [(6.72)2 + (1.07)2]"2 = +6.80 %

The uncertainty of the example F is: 0.0026’7 +0.00018 gpm/ft2/psi
- [since 0.00267 x 0.0680 ~ 0.000182]

F.5 Second-Order Effects to Measurement Uncertainty

There were other effects on the measurement uncertainty which are not included because
they are thought to be of second order. For example, since the test rig was very tall,
approximately 30 feet, it was subjected an ambient temperature gradient. Ambient
temperatures at the bottom of the rig were usually less than at the top. For the example
used in this section, [Run 2.01, Row 135, Columns G and H: Appendix B], the
temperatures were 26.1°C and 27.3°C, respectively. This gradient varied hourly and
daily for several reasons and it larger or smaller. Most importantly, the 1.2°C
temperature variation shown in this example is on the same order of magnitude-as the
calibrated uncertainties for the thermocouples. Further, the slurry in the loop generally
flowed fast, so the residence time in any one section of the rig was small. For Run 2.01
the flow rate was, Q1 = 15.5 gpm. The loop volume was approximately 5 gallons so a
fluid particle traversed the loop every 5/15.5 x 60 ~ 19 seconds. [Note that the slurry
flow rate for Run 2.01 was one of the slowest.] In this example, the slurry temperature
was measured to be 30.6°C, from one thermocouple located in the suction line of the
pumps. While it is certain that the ambient temperatures had an effect on the slurry
temperature it was small and at steady state the effect is incorporated in the slurry
temperature. The same is true for the ambient temperature gradient but to a lesser extent
and therefore not considered.

H
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INSTRUMENTS USED ON THE BNFL PILOT-SCALE CROSS-FLOW FILTRATION TEST (PRINTED: Match 9, 2000)
Model Calibrated Range : Uncertainty : Uncertainty. Curve Fit
(post-test™)
0 ta J00C 4C
010 100C .1¢ =0.00463 + 17.040918 x mY - 0.224284 x mV~2 + 0.005038 X m
0 10 100C .2C = 0.00483 + 17.040318 x mV - 0224284 x m¥"2 + 0.005038 x m
Q10 100C 14
8to100C .4C ®
ransdu St 100PSIG | 0. 8218816 PESIG)=5.211 x mA - 24835
. Transducer Rosemount . =10 10 90 PSIG 0.17 PSIG PPSIG) = 6293 x mA - 35524
P3 Pres. Transducer Rosemount - Oto 150 PSIG 5 :0.41 PSIG P(PSIG) = 8.422 x mA - 37.712
dP1 Pres. Transducer Rosemount 010 26 PSID 0.088 PSID P(PSID) = 1.6249 x mA - 6.4930
ransducer Rosemount 1151 APSE22M3B1P1 0 to 250 PSIG NA P(PSID) = 15.648 x mA - 52.400
ransducer Rosemount 010 100 PSIG 0.33 PSID P(PSID) = 6.314 x mA - 26.227
. Transducer Rosemount 010 100 PSIG 0,30 PSIO P(PSID) = 6.698 x mA - 37,854
70 50 GPM 0.33 GPM Q(GPM) = 3
03 scher-F 100147SENOIPF2IMIZCACZ ¢ D10 1.2 GPM 0.019 GPM Q(GPM) =0.075 x mA - 0.298
TR-03562 _Fischer-Porter 10D1475CNB1 1B8L1 0105 GPM 0.01 GPM QGPM) =0.311 x mA - 1.237
DAS Channel Instrument DAS Calibration Notes from mA te Volis
& P1 2.4844 x V- 24 895
"""""" 7 7] =12616x V- 35561
[ P3 37.750
8 dP1 .267 x V- 6503
10 dP2 52.463
10 dP2(valid after 3/26:recalibrated an 3/24/99)
11 4P3 ’
12 o]
13 G2 ' ‘Chan .
14 Q3 :Added on 7/14/1999:Chani4 = D.4988mA +
Current Channel 6 _|Channel 6 | |Channel 7 {Channel 7 |[Channel8 [Channel8 |[[Channel9 |Channel 9 {{Channel 10 |Channel 10
mA V, meas. |V, calc. V, meas.  {V, calc. V, meas. V, calc. V, meas. V, calc. 'V, meas. 1V, cak.
4 1.99 1.99 2 .00 99 98 2 .00 1.99 1.99
.98 3.98 .99 .99 .99 .99 .99 .99 .98 3.98
97 5.97, .99] 99 98 :98 .99 .99 .98 5.97,
.96/ 7.961 7.98] .98, .97 7.97 7.98, .98]] 7.96 7.96]
20 9.95 9.95 9.98 5.96 9.96) 9.96] 5.98 9.98]] 9.05 995
Il
Current | {Channel 11 [Channel 11 { {Channe! 12 |Channel 12 {jChanne! 13 [Channel 13 [[Channel 14 |Channel 1
mA V, meas. {V, calc. V, meas. |V, calc. V, meas. |V, calc. V, meas. |V, caic.
4 2 2.00 2 2.00 2 .00 2 .00
.99 .99 4, 4.00 .99 .99 .99 .99
5.98 - 5.98 5.99 5.99 5.98 98] .99 .99
7.98 7.98 7.99 7.99 7.97 ﬂl .98 .98
20 9.97 897 898 9.98 2.96 9.96 0.98' 9.98|

o V%agegut%st SIagal @ K;

NERRRERNRERNNRRRRRRRRNREN

DAS mA to Voltage Conversions

. .Chan06 =0.497SmA - SE-15

an07 = 0.4988mA +0.003
an0g = 0.498mA + 0.002

an 09 = 0.4988mA +0.003
an10 =0.4975mA + 0.002
ani 1 = 0.4983mA + 0.005

12 = 0.4988mA + 0.007

ARRRRRRRRRRRERNRRRNNRRRE

2 6 10 14 18 22
Current input Signal (mA)
T T i | I | 1 1 1T ]
i I {1 I 1 1 i 1 Ii 1

Figure F1. Instrumentation Used with their Transfer Functions
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UNCERTAINTY ANALYSIS TR-2925 page ____of ____
REF. WSRC-TR-91-106 calibration date
Calibration Data .
. Calculated
[ Temperature Standard Voltage Temperature
Medium Temperature Output (eq. 1) Error
©) (mV) (€) (©)
Boiling Water 100.70 6.338 100.28 : -0.4
Boiling Water 100.70 6.357 100.56 -0.1
Boiling Water 100.70 6.345 100.39 -0.3
Boiling Water 100.70 6.340 100.31 -0.4
ice Point 0.00 -0.023 -0.39 -0.4
ice Point 0.00 -0.017 -0.28 -0.3
Ice Point 0.00 -0.009 -0.16 -0.1
lce Point 0.00 -0.018 -0.30 -0.3
Room Temp 23.80 1.404 23.50 -0.3
Room Temp 23.80 1.428 23.90 0.1
Room Temp 23.90 © 1.495 25.00 1.1
Room Temp 23.90 1.466 24.52 0.6
T (C) =0.00483 + 17.040918* mV - 0.224284*mV/2 + 0.005038*mVA3 (eq. 1)
(Limited Curve Fit, 0-100 C. From N.1.5.T. Reference Tables)
Uncertainty of the Standards: Temperature Curve Fit: +/- 0.010 C
Thermometer: +- 040 C
lce Bath: +/- 010 C
Multimeter: +/- (  0.0045 % RDG + 0.0005 mV)
=+- 0012 C @ 6.36 mV
Accepted Tolerance: +/- 17 C
Statistical info.
. Xbar Sxx SEE .MSE
a b n T ©) (cr2) (cr2) (cr2)
-0.05 1.00 11.00 2.262 43.12 21815.1 1.809 0.2010
Calculated Uncertainties:
standard curve-fit fixed total
uncertainty uncertainty uncertainty uncertainty
©) © © _ (©)
0.41 1.13 0.24 1.2

PASS CALIBRATION? YES

Figure F3. Pre-test Calibration Data of Thermocouple T1
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UNCER'I;'AINTY ANALYSIS
REF. WSRC-TR-91-106

Temperatﬁré
Medium

Boiling Water
Boiling Water
Boiling Water
Boiling Water
ice Point

lce Point

Ice Point

lce Point
Room Temp
Room Temp
Room Temp
Room Temp

Standard
Temperature

)
100.70
100.70
100.70
100.70

0.00
0.00
0.00
0.00
24.50
24.40
24.70

24.70°

TR-2926

Page 213 of 226

Calibration Data

Calculated
Voltage Temperature
Output (eq. 1)
(mV) ()
6.350 100.46
6.349 100.45
6.345 100.39
6.348 100.43
-0.026 -0.44
-0.012 -0.20
-0.022 -0.37
-0.015 -0.25
1.466 24.52
1.448" 24.23
1.565 25.98
1.498 25.05

T (C) =0.00483 + 17.040918*mV - 0.224284*mV"2 + 0.005038*"mV~3 (eq. 1)
(Limited Curve Fit, 0-100 C. From N.L.S.T. Reference Tables)

Uncertainty of the Standards:

BNF-003-98-0221
Revision 0

page of

calibration date

Error
©)
-0.2
-0.3
-0.3
-0.3
0.4
-0.2
-0.4
-0.3
0.0
-0.2
13
0.3

0.0045 % RDG + 0.0005 mV)

Accepted Tolerance: +/-
Statistical Info.
a b n

-0.05 1.00 11.00

Calculated Uncertainties:

standard curve-fit
uncertainty uncertainty
©) (C)

0.41 1.26
PASS CALIBRATION?

Temperature»Curv‘e Fit +~ 0.010 C
Thermometer: +/- 040 C
Ice Bath: +/- 0.10 C
Multimeter: +/- (
=+- 0012 C @
1.7 C
Xbar Sxx
T ©) (Cr2)
2.262 43.31 21735.2
fixed total
uncertainty uncertainty
©) (€)
0.18 1.3
YES

6.35 mV

SEE MSE
(C2) (€2
2.225 0.2472

Figure F4. Pre-test Calibration Data of Thermocouple T2
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UNCERTAINTY ANALYSIS TR-2929 page _____of ____
REF. WSRC-TR-91-106 calibration date
Calibration Data
i Calculated
Temperature Standard Voltage Temperature
Medium Temperature Output {eq. 1) Error
© (mv) ©) ©
Boiling Water 100.70 6.350 100.46 -0.2
Boiling Water 100.70 6.352 100.49 -0.2
Boiling Water 100.70 6.349 100.45 -0.3
Boiling Water 100.70 6.350 100.46 -0.2
lce Point 0.00 -0.026 -0.44 -0.4
Ice Point 0.00 -0.023 - -0.39 -0.4
Ice Point 0.00 -0.019 -0.32 -0.3
lce Point 0.00 -0.021 -0.35 -0.4
Room Temp 21.10 1.211 20.32 -0.8
Room Temp 21.30 1.178 19.78 -1.5
Room Temp 21.30 1.182 19.84 - 15
Room Temp 21.30 1.188 19.94 -1.4
T (C) =0.00483 + 17.040918*mV - 0.224284*mVA2 + 0.005038*mVA3 (eq. 1)
(Limited Curve Fit, 0-100 C. From N.LS.T. Reference Tables)
Uncertainty of the Standards: Temperature Curve Fit: +/- 0.010 C
Thermometer: +/- 040 C
lce Bath: +/- 0.10 C
Multimeter: +/~- ( 0.0045 % RDG + 0.0005 mV)
=+- 0012 C @ 6.35 mV
Accepted Tolerance: +/- 17 C
Statistical info.
Xbar Sxx SEE MSE
a b n e T (C) (Cr2) (C2) (cr2)
-0.73 1.00 11.00 2.262 4241 22130.7 2.000 0.2222
Calculated Uncertainties:
standard curve-fit fixed total
uncertainty uncertainty uncertainty uncertainty
(©€) (C) ©) (C)
0.41 1.18 0.73 1.5

PASS CALIBRATION? YES

Figure F5. Pre-test Calibration Data of Thermocouple T3
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UNCERTAINTY ANALYSIS TR-2930 - page of
REF. WSRC-TR-91-106 calibration date

Calibration Data

Calculated
Temperature Standard Voltage Temperature
Medium Temperature Qutput (eq. 1) Error
(C) - (mV) (C) (©)
Boiling Water 100.70 6.350 . 100.46 -0.2
Boiling Water 100.70 6.360 100.61 -0.1
-Boiling Water 100.70 6.365 100.68 0.0
Boiling Water 100.70 6.348 100.43 -0.3
Ice Point 0.00 -0.015 . -0.25 -0.3
Ice Point 0.00 -0.009 -0.15 -0.1
Ice Point 0.00 -0.003 -0.05 0.0
lce Point 0.00 -0.009 -0.15 -0.1
Room Temp 23.80 1.416 23.70 -0.1
Room Temp 23.80 1.442 24.13 0.3
Room Temp 23.90 1.501 25.09 1.2
Room Temp 23.90 1.475 24.67 08

T (C) =0.00483 + 17.040918*mV - 0.224284*'mVA2 + 0.005038"mVA3 (eq. 1)
(Limited Curve Fit, 0-100 C. From N.I.S.T. Reference Tables)

Uncertainty of the Standards:  Temperature Curve Fit: +/- 0.010 C
Thermometer: +/- 040 C
lce Bath: +~ 0.10 C

Multimeter: +/- ( 0.0045 % RDG + 0.0005 mV)

=+- 0012 C @ 6.37 mv
Accepted Tolerance: +/- 17 C
Statistical info.
. i Xbar Sxx SEE MSE
a b n T {C) (C2) (Cr2) ({Cr2)
0.09 1.00 11.00 2.262 43.12 218151 1.724 0.1916

Calculated Uncertainties:
standard curve-fit fixed total
uncertainty uncertainty uncertainty uncertainty
© © ©) ©)
0.41 1.1 0.09 1.2

PASS CALIBRATION? YES

Figure F6. Pre-test Calibration Data of Thermocouple T4




Pilot scale X-flow: EnvA+ES Page 216 of 226 BNF-003-98-0221

Revision 0
UNCERTAINTY ANALYSIS TR-2927 , page of
REF. WSRC-TR-91-106 calibration date
Calibration Data
. Calculated
Temperature Standard Voltage Temperature
Medium Temperature Output (eq. 1) Error
©) (mV) € ©)
Boiling Water 100.70 6.348 100.43 -0.27
Boiling Water 100.70 6.351 ‘ 100.48 -0.22
Boiling Water 100.70 6.352 100.49 -0.21
Boiling Water 100.70 6.349 100.45 -0.25
Ice Point 0.00 -0.011 -0.18 -0.18
Ice Point 0.00 -0.001 -0.01 -0.01
lce Point 0.00 -0.006 -0.10 -0.10
Ice Point 0.00 -0.002 -0.03 -0.03
Room Temp 24.50 1.465 2450 0.00
Room Temp 24.40 1.460 24.42 0.02
Room Temp 24.70 1.547 25.85 1.15
Room Temp 24.70 1.511 25.26 0.56
T (C) =0.00483 + 17.040918*mV - 0.224284*mVA2 + 0.005038*'mVA3  (eq. 1)
{Limited Curve Fit, 0-100 C. From N.1.S.T. Reference Tables)
Uncertainty of the Standards: Temperature Curve Fit: +/- 0.010 C
Thermometer: +/- 040 C
lce Bath: +/- = 0.10 C
Multimeter: +/- (  0.0045 % RDG + 0.0005 mV)
=+- 0012 C @ 6.35 mVv
Accepted Tolerance: +/- 170 C
Statistical Info.
Xbar Skx SEE MSE
-a b n T (C) (Cr2) {Cr2) ) {CA2)
0.12 1.00 11.00 2.262 43.31 21735.2 1.413 0.1570
Calculated Uncertainties:
standard curve-fit fixed total
uncertainty uncertainty uncertainty uncertainty
© (C) ©) ©
0.41 1.00 0.18 1.10
PASS CALIBRATION? YES
Figure F7. Pre-test Calibration Data of Thermocouple TS5
= L4




Pilot scale X-flow: EnvA+ES  Page 217 of 226

UNCERTAINTY ANALYSIS
REF. WSRC-TR-91-106, REV. 0

Calibration Data

Nominal Applied Gage
Pressure = Correction  Pressure  Reading
{psig) (psig) {psig) (mADC)
0.00 0 0.00 4.01
21.00 -0.71 20.29 7.28
41.00 -0.71 40.29 10.49
61.00 -0.71 60.29 13.71
81.00 -0.71 80.29 16.93
100.00 -0.71 99.29 20.00
0.00 0 0.00 4.01
21.00 -0.71 20.29 7.28
41.00 -0.71 40.29 10.49
61.00 -0.71 60.29 13.71
81.00 -0.71 80.29 16.93
100.00 -0.71 99.29 20.00
0.00 0 0.00 4.01
21.00 -0.71 20.29 7.28
41.00 -0.71 40.29 10.49
61.00 -0.71 60.29 13.71
81.00 -0.71 80.29 16.94
100.00 -0.71 99.29 20.00
0.00 0 0.00 4.01
21.00 -0.71 20.29 7.28
41.00 -0.71 40.29 1048
61.00 -0.71 60.29 13.71
81.00 -0.71 80.29 16.94
100.00 -0.71 99.29 20.00
Standard Uncertainties: Multimeter: +/- (

Dead Weight Tester: +/-
Statistical Info:
a b n T
4.0083° 0.1610 24.00 2.07

Calculated Uncetainties:

standard curve-fit
psig psig
0.11 0.07
Accepted Tolerance: +/- ‘ 2
PASS CALIBRATION? YES

TRANSFER EQUATION PSIG =

TR-2917

Q.04
0.1

Xbar

psig
50.08

fixed
psig
0.00

psig

6.211

Curve
Fit
{mADC)
4.01
7.28
.10.50
13.72
16.94
19.99
4.01
7.28
10.50
13.72
16.94
19.99
4.01
7.28
10.50
13.72
16.94
19.99
4.01
7.28
10.50
13.72
16.94
19.99

% RDG +
psig
Sxx

2
psig

27719.23

*mA

Error
(mADC)
-0.002
-0.005
0.005
0.0086
0.006
-0.005
-0.002
-0.005
0.005
0.006
0.006
-0.005
-0.002
-0.005
0.005
0.006
-0.004
-0.005
-0.002
-0.005
0.005
0.006
-0.004
-0.005

0.0001
SEE

mADG?
0.0005

psig
0.13

BNF-003-98-0221
Revision 0

page___of __

cal. date:

Error
{psig)
-0.01
-0.03
0.03
0.03
0.04
-0.03
-0.01
-0.03
0.03
0.03
0.04
-0.03
-0.01
-0.03
0.03
0.03
-0.03
-0.03
-0.01
-0.03
0.03
0.03
-0.03
-0.03

mADC)
MSE

" mADC?
0.0000 -

Total Uncertainty

-24.895

Figure F8. Pre-test Calibration Data of Gauge Pressure Transducer P1




Pilot scalc X-flow: EnvA+ES

UNCERTAINTY ANALYSIS
REF. WSRC-TR-91-106, REV. 0

Calibration Data

Nominal Applied Gage
Pressure  Correction  Pressure Reading
(psid) - (psid) (psid) (mADC)
-11.00 0.71 -10.29 4.01
0.00 0 0.00 5.65
11.00 -0.71 10.29 7.28
31.00 -0.71 30.29 10.46
" 51.00 -0.71 50.29 13.63
71.00 -0.71 70.29 16.81
91.00 -0.71 90.29 20.00
-11.00 0.71 -10.29 4.01
0.00 0 0.00 5.65
11.00 -0.71 10.29 7.28
31.00 -0.71 30.29 10.46
51.00 -0.71 50.29 13.63
71.00 ,-0.71 70.29 16.81
91.00 -0.71 90.29 20.00
-11.00 0.71 -10.29 4,01
0.00 0 0.00 5.65
11.00 -0.71 10.29 7.28
31.00 -0.71 30.29 10.46
51.00 -0.71 50.29 13.63
71.00 =0.71 70.29 16.81
91.00 -0.71 90.29 20.00
-11.00 0.71 -10.29 4.01
0.00 0 0.00 5.65
11.00 -0.71 10.28 7.28
31.00 -0.71 30.29 10.46
51.00 -0.71 50.29 13.63
71.00 -0.71 70.29 16.81
91.00 -0.71 90.29 20.01
Standard Uncertainties: Muitimeter: +/- (
Dead Weight Tester: +/-
Statistical info:
a b n T
5.6454 0.1589 28.00 212
Calculated Uncertainties:
standard curve-fit
psid psid
0.05 0.08
Accepted Tolerance: +/- 2
PASS CALIBRATION? YES

TRANSFER EQUATION: PSIG =

TR-3109

0.04
" 0.01

Xbar

psid
34.45

fixed
psid
0.00

psid

6.293

Page 218 of 226 BNF-003-98-0221

Revision 0
page___of____
cal. date:

Curve
Fit Error Error
(mADC) (mADC) {psid)
4.01 0.000 0.00
5.65 -0.005 -0.03
7.28 0.001 0.00
10.46 -0.001 -0.01
13.64 0.007 0.05
16.82 0.006 0.04
19.99 -0.006 -0.04
4.01 0.000 0.00
5.65 -0.005 -0.03
7.28 0.001 0.00
10.46 -0.001 -0.01
13.64 0.007 0.05
16.82 0.006 0.04
19.99 -0.006 -0.04
4.01 0.000 0.00
5.65 -0.005 -0.03
7.28 0.001 0.00
10.46 -0.001 -0.01
13.64 0.007 0.05
16.82 0.006 0.04
19.99 - -0.006 -0.04
4.01 0.000 0.00
5.65 -0.005 --0.03
7.28 0.001 0.00
10.46 -0.001 -0.01
13.64 0.007 0.05
16.82 0.006 0.04
19.99 -0.016 -0.10

% RDG + 0.0001 mADC)

psid
Sxx SEE MSE
psid® mADC* mADC*
33771.99 0.0008 0.0000

Total Uncertainty
psid
0.09

*mA - -35.524

Figure F9. Pre-test Calibration Data of Gauge Pressure Transducer P2




Pilot scale X-flow: EnvA+ES Page 219 of 226 BNF-003-98-0221

Revision 0
UNCERTAINTY ANALYSIS TR-2145 page___of___
REF. WSRC-TR-91-106, REV. 0 cal. date:
Calibration Data
Nominal Applied Gage - Curve .
Pressure Pressure Reading Fit Error Error
(psig) . . (psig) (mADC) (mADC) (mADC) (psig)
0.00 0.00 4.01 3.99 -0.016 -0.15
31.00 31.00 7.28 7.28 -0.003 -0.03
61.00 61.00 1044 1045 0.014 0.13
91.00 91.00 13.61 13.63 0.021 0.20
121.00 -121.00 16.80 16.81 0.008 0.08
151.00 151.00 20.01 19.99 -0.025 -0.23
0.00 0.00 4.01 3.99 -0.016 -0.15
31.00 31.00 7.28 7.28 -0.003 -0.03
61.00 61.00 10.44 10.45 0.014 0.13
91.00 91.00 13.61 13.63 0.021 0.20
121.00 121.00 16.80 16.81 0.008 0.08
151.00 151.00 20.01 19.99 -0.025 -0.23
0.00 0.00 4.01 3.99 -0.016 -0.15
31.00 31.00 7.28 7.28 -0.003 -0.03
61.00 61.00 10.44 10.45 0.014 0.13
91.00 91.00 13.61 13.63 0.021 0.20
121.00 121.00 16.80 16.81 0.008 0.08
151.00 151.00 20.01 19.99 -0.025 -0.23
0.00 0.00 4,01 3.99 -0.016 -0.15
31.00 - 31.00 7.28 : 7.28 -0.003 -0.03
61.00 61.00 10.44 10.45 0.014 0.13
91.00 91.00 13.61 13.63 0.021 0.20
121.00 121.00 16.80 16.81 0.008 0.08
151.00 151.00 20.01 19.99 -0.025 -0.23
Standard Uncertainties: Multimeter: +/- ( 0.04 % RDG + 0.0001 mADC)
' Dead Weight Tester: +/- 0.1 psig
" Statistical Info: ~ " Xbar Sxx SEE  MSE
a b n T psig psig2 mADC2 mADC2
3.9939 0.1059 24.00 207 . 7583 63603.33 0.0063 0.0003 7

Caleulated Uncertainties:

standard curve-fit fixed Total Uncertainty
psig psig psig psig
0.13 . 035 0.00 0.38
Accepted Tolerance; +/- 3 psig
PASS CALIBRATION? YES
TRANSFER EQUATION PSIG = 9.442 *mA -37.712

Figure F10. Pre-test Calibration Data of Gauge Pressure Transducer P3




Pilot scale X-flow: EnvA+ES Page 220 of 226 BNF-003-98-0221
Revision 0
UNCERTAINTY ANALYSIS TR-3495 page___of___
REF. WSRC-TR-91-106, REV. 0 cal. date:
Calibration Data
Nominal Applied Gage Curve
Pressure Pressure 'Reading Fit Error Error
(psid) - (psid) {mADC) (mADC) (MADC) {psid)
0.00 0.00 4.00 4.00 -0.004 -0.01
1.00 1.00 4.61 4.61 0.001 0.00
6.00 6.00 7.69 7.69 - -0.002 0.00
11.00 11.00 10.76 10.77 0.005 0.01
16.00 16.00 13.84 13.84 0.003 0.00
21.00 21.00 16.92 16.82 0.000 0.00
26.00 26.00 20.00 20.00 -0.003 -0.01
0.00 0.00 4.00 4.00 -0.004 -0.01
1.00 1.00 4.61 4.61 0.001 0.00
6.00 6.00 7.69 7.69 -0.002 0.00
11.00 11.00 10.76 10.77 0.005 [eXa}
16.00 16.00 13.84 13.84 0.003 0.00
21.00 21.00 16.92 16.92 0.000 0.00
26.00 26.00 20.00 20.00 -0.003 -0.01
0.00 0.00 4.00 4.00 -0.004 -0.01
1.00 1.00 4.61 4.61 0.001 0.00
6.00 6.00 7.69 7.69 -0.002 : 0.00
11.00 11.00 10.76 10.77 0.005 0.01
16.00 16.00 13.84 13.84 0.003 0.00
21.00 21.00 16.92 16.92 0.000 0.00
26.00 26.00 20.00 20.00 -0.003 -0.01
0.00 0.00 4.00 4.00 -0.004 -0.01
1.00 1.00 461 4.61 0.001 0.00
6.00 6.00 7.69 ) 7.69 -0.002 0.00
11.00 11.00 10.76 10.77 0.005 0.01
16.00 16.00 13.84 13.84 0.003 0.00
21.00 21.00 16.92 16.92 0.000 0.00
26.00 26.00 20.00 20.00 -0.003 -0.01
Standard Uncertainties: Multimeter: +/- ( 0.04 % RDG + 0.0001 mADC)
Dead Weight Tester: +/- 0.01 psid
Statistical Info: Xbar Sxx SEE MSE
a b n T psid psid*® mADC* mADC*
3.9959 0.6154 28.00 206 157 .- --2374.86 0.0003 0.0000
Calculated Uncertainties:
standard curve-fit fixed Total Uncertainty
psid psid ) psid psid
0.017 0.011 0.000 0.020
Accepted Tolerance: +/- 0500 psid
PASS CALIBRATION? YES

TRANSFER EQUATION: PSID = 1.6249 *mA -6.4930

Figure F11. Pre-test Calibration Data of Differential Pressure Transducer dP1




Pilot scale X-flow: EnvA+ES

UNCERTAINTY ANALYSIS
REF. WSRC-TR-91-106, REV. 0

Calibration Data

Nominal Applied Gage
Pressure Pressure Reading
(psid) ~°  (psid) (mADC)
0.00 0.00 4.00
21.00 21.00 7.32
41.00 41.00 10.49
61.00 61.00 13.65
81.00 81.00 16.82
101.00 101.00 20.00
0.00 0.00 4.00
21.00 21.00 7.32
41.00 41.00 10.49
61.00 61.00 13.65
81.00 81.00 16.82
101.00 101.00 20.00
0.00 0.00 4.00
21.00 21.00 7.32
41.00 41.00 10.49
61.00 61.00 13.65
81.00 81.00 16.82
101.00 101.00 20.00
0.00 0.00 4.00
21.00 21.00 7.32
41.00 41.00 10.49
61.00 61.00 13.65
81.00 81.00 16.82
101.00 101.00 20.00

Standard Uncertainties:

Statistical info:

a b n T
3.9956 0.1584 24.00
Calculated Uncertainties:
standard curve-fit
psid psid
0.11 0.07
Accepted Tolerance: +/- 2
PASS CALIBRATION? YES
TRANSFER EQUATION: PSID=

Page 221 of 226

Muttimeter: +/- (
Dead Weight Tester: +/-

207 %5083 28403.33

Revision 0
TR-532 page__ of
cal. date:
Curve
Fit Error Error
(mADC) (MADC) (psid)
4,00 -0.004 -0.03
7.32 0.002 0.01
10.49 -0.001 0.00
13.66 0.007 0.04
16.82 0.005 0.03
19.99 -0.008 -0.05
4.00 -0.004 -0.03
7.32 0.002 0.01
10.49 -0.001 0.00
13.66 0.007 0.04
16.82 0.005 0.03
19.99 -0.008 -0.05
4.00 -0.004 -0.03
7.32 0.002 0.01
10.49 -0.001 0.00
13.66 0.007 0.04
16.82 0.005 0.03
19.99 -0.008 -0.05
4.00 -0.004 -0.03
7.32 0.002 0.01
10.49 -0.001 0.00
13.66 0.007 0.04
16.82 0.005 0.03
19.99 -0.008 -0.05
0.04 % RDG + 0.0001 mADC)
0.1 psig
Xbar Sxx SEE MSE
psid  _ psid® mADC? mADC?
0.0006 0.0000

fixed ‘ Total Uncertainty
psid , psid
0.00 '. 0.13
psid
6.314 *mA 25227

BNF-003-98-0221

Figure F12. Pre-test Calibration Data of Differential Pressure Transducer dP2



Pilot scale X-flow: EnvA+ES Page 222 of 226

UNCERTAINTY ANALYSIS
REF. WSRC-TR-81-106, REV. 0 .

Calibration Data

Nominal Applied Gage
Pressure Correction  Pressure Reading
(psid) - (psid) (psid) (mADC)
-11.00 0.71 -10.29 3.99
0.00 0 0.00 5.48
21.00 -0.71 20.29 8.43
41.00 -0.71 40.29 11.34
61.00 -0.71 60.29 1424
81.00 -0.71 80.29 17.13
101.00 -0.71 100.29 20.01
-11.00 071 -10.29 399
0.00 0 0.00 5.48
21.00 -0.71 20.28 8.43
41.00 -0.71 40.29 11.34
61.00 -0.71 60.29 14.24
81.00 -0.71 80.29 17.13
10100 -0.71 100.29 20.01
-11.00 0.71 -10.29 3.99
0.00 0 0.00 548
21.00 -0.71. 20.29 8.43
41.00 -0.71 40.29 11.34
61.00 -0.71 60.29 14.24
81.00 -0.71 80.29 17.13
101.00 -0.71 100.29 20.01
-11.00 0.71 -10.29 3.99
0.00 0 0.00 5.48
21.00 -0.71 20.29 843
41.00 -0.71 40.29 11.34
61.00 -0.71 60.29 14.24
81.00 -0.71 80.29 17.13
101.00 -0.71 100.29 20.01
Standard Uncertainties: - Multimeter: +/- (
Dead Weight Tester: +/-
Statistical Info: . »
a b n T
5.4875 0.1450 28.00 2.12
Calculated Uncertainties: .
standard curve-fit
psid psid
0.11 0.16
Accepted Tolerance: +/- 2
PASS CALIBRATION? YES

TRANSFER EQUATION: PSID =

TR-3115

0.04
0.1

Xbar
psid

41.59 .-

fixed
© psid
0.00

psid

6.898

Curve
Fit
(mADC)
4.00
5.49
8.43
11.33
14.23
17.13
20.03

20.03
4.00
5.49

. 843
11.33
14.23
1743

20.03

% RDG +
psid
Sxx

psid®
. 40678.85

*mA

Error
(mADC)
0.006
0.007
-0.001
-0.012
-0.013
-0.003
0.016
0.006
0.007
-0.001
-0.012
-0.013
-0.003
0.016
0.006
0.007
-0.001
0.012
-0.013
-0.003
0.016
0.006
0.007
-0.001
-0.012
-0.013
-0.003
0.016

0.0001

SEE_
mADC?
0.0026

psid
0.19

BNF-003-98-0221
Revision 0

page___of

cal. date:

Error
(psid)
0.04
0.05
-0.01
-0.08
-0.09
-0.02
0.1
0.04
0.05
-0.01
.08
-0.09
-0.02
0.1
0.04
0.05
-0.01
-0.08
-0.09
-0.02
0.11
0.04
0.05
-0.01
-0.08
-0.09
-0.02
0.1

mADC)

MSE )
mADC*
0.0001

Total Uncertainty

-37.854

Figure F13. Pre-test Calibration Data of Differential Pressure Transducer dP3




Pilot scale X-flow: EnvA+ES Page 223 of 226
UNCERTAINTY ANALYSIS TR-20350
REF. WSRC-TR-91-106

Calibration Data

Meter Water Water Time Mass
Output Temp  Weight Duration Flow
(mA} () (Ibs) {min) (Ibs/min)
3.977 21.40 4] 0.50 0.0
7.115 21.40 1228 15.00 81.9
10.434 21.80 1682 10.01 168.1
13.535 22.00 1246 5.00 249.0
16.807 22,00 1679 5.01 335.3
19.889 21.50 2078 5.00 415.5
19.887 2140 2079 5.00 415.6
16.740 21.00 1664 5.00 ‘332.6
13594 20.90 1254 5.00 250.6
10.325 20.80 1652 10.00 165.2
7194 2070 1257 15.01 83.8
3.978 20.70 0 0.50 0.0
7.216 20.80 1264 15.00 84.3
10.379 21.30 1669 10.01 166.8
13.628 21.90 1258 5.00 251.5
16.724 21.70 1663 5.00 332.6
19.813 20.80 2070 5.00 413.9
3979 2090 O 0.50 0.0

Density: 0=62.441-1.374E-3*T - 271.818E-6"T2 + 194.093E-9*T"3

7.4805 gallons = 1 fiA3

Uncertainty of the Standards: Weight+/- 7.0
Temperature: +/- 0.40
Density: +- 0.06
Time: +/-( 0.20
Accepted Tolerance: +/- 050 GPM
Statistical info. Xbar
a b n T (GPM)
3.988 0319 1800 2120 25.00
standard
Calculated Uncertainties: uncertainty
(GPM)
0.17
PASS CALIBRATION? YES
TRANSFER EQUATION GPM = 3.137 mA

Ibs
C
Ibrm/fth3
sec +

S 8xx
(GPMA2)
5231.96

curve-fit
uncertainty
(GPM)
0.09

-12.509

BNF-003-98-0221
Revision 0

page of
calibration date

Calculated Data

Water
Density
(Ib/ftr3)
62.29
62.28
62.28
62.28
62.29
62.29
62.29
62.30
62.30
62.30
62.30
62.30
62.29
62.29
62.28
62.29
62.30
62.30

500.00

Volume Volume Curve Fit

Flow Flow Ouput
(ft"3/min) (GPM)  (mA)
0.00 0.00 3.99
1.31 9.83 712
2.70 20.19 10.42
4.00 29.91 13.52
5.38 40.27 16.83
6.67 49.90 19.90
6.67 49.90 19.90
5.34 39.94 16.72
4.02 30.09 13.58
2.65 19.83 10.31
1.34 10.06 7.19
0.00 0.00 3.99
1.35 10.12 7.1
2.68 20.03 10.37
4.04 30.21 13.62
5.34 39.95 16.72
6.64 49.70 18.83
0.00 0.00 3.99
Osec/sec)

SEE MSE
(mA”2) (MmAr2)
0.0023 0.0001

fixed total
uncertainty uncertainty
(GPM) - (GPM)
0.00 0.19

Figure F14. Pre-test Calibration Data of Magnetic Flowmeter Q1
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! Pilot scale X-flow: EnvA+ES Page 224 of 226 BNF-003-98-0221
Revision 0
UNCERTAINTY ANALYSIS TR-20353 . page ____of __ _
REF. WSRC-TR-91-106 calibration date
Calibration Data Calculated Data
Meter Water Water Time Mass Water Volume Volume Curve Fit
Output Temp  Weight Duration Flow Density Flow Flow Ouput Error Error
{mA) ©<) {ibs) {min) (ibs/min) (IbfftA3)  (ftA3/min) (GPM)  (mA) (mA) {GPM)
4.00 15.50 0.00 0.00 0.00 62.36 0.00 0.00 3.99 -0.01 -0.001
8.21 156.50 13.25 5.03 2.64 62.36 0.04 0.32 8.21 0.01 0.000
1218 1630 2548 5.00 5.09 62.35 0.08 0.61 12.16 -0.03 -0.002
16.17 19.50 37.83 5.00 7.56 62.31 0.12 0.91 16.13 -0.04 -0.003
20.18 2250 50.38 5.00 10.07 6227 0.16 1.21 20.15 -0.03 -0.002
20.18 23.00 50.44 5.00 10.08 62.27 Q.16 1.21 20.18 0.00 0.000
16.12 23.10 3794 5.01 7.58 62.27 0.12 0.91 16.16 0.04 0.003
1228 2280 2595 5.00 519 6227 0.08 0.62 12.31 0.04 0.003
8.09 22.90 12.83 5.00 2.56 62.27 0.04 0.31 8.10 0.0t 0.001
4.00 22,90 0.00 0.00 0.00 62.27  0.00 0.00 3.99 -0.01 -0.001
4.00 22.90 0.00 0.00 0.00 62.27 0.00 0.00 3.99 -0.01 -0.001
8.15 22.90 12.95 5.00 2.59 62.27 0.04 0.31 8.14 -0.01 -0.001
12.02 23.00 2512 5.00 5.02 62.27 0.08 0.60 12.05 0.03 0.003
16.05 25.20 37.63 5.00 7.52 62.24 0.12 0.90 16.07 0.03 0.002
20.05 25.20 49.98 5.00 9.99 62.24 0.16 1.20 20.03 © -0.01 -0.001
Density: {=62.441-1.374E-3'T - 271.818E-6*TA2 + 194.093E-9*T3
7.4805 gailons = 1 fir3
Uncertainty of the Standards: Weight:+/~- 0.1 lbs
Temperature: +/- 040 C
Density: +/- 0.06 bm/ft"3
Time: +/- ( 0.20 sec + 500.00 [sec/sec)

Accepted Tolerance: +/- 001 GPM
Statistical Info. Xbar Sxx SEE MSE
a b n T (GPM) (GPMA2) {MmA~2) (mA~2)
3.987 13.366 15.00 2.160 0.61 2.72 0.0087 0.0007
standard curve-fit fixed total
Calculated Uncertainties: uncertainty uncertainty uncertainty uncertainty
(GPM) (GPM) (GPM) (GPM)
0.003 0.005 0.000 0.005
PASS CALIBRATION? YES .
TRANSFER EQUATION: GPM = 0.075 mA -0.298

Figure F15. Pre-test Calibration Data of Magnetic Flowmeter Q2




Pilot scale X-flow: EnvA+ES

UNCERTAINTY ANALYSIS

REF. WSRC-TR-91-106

Meter
Qutput
(mA)
3.97.
7.97
11.96
16.08
19.98
3.98
8.01
12.00
15.97
20.03
3.98
8.11
12.04
15.99
20.05
3.98
7.97
11.96
15.97
19.92

Calibration Data

Water
Temp
©)

24.60
25.60
25.20
25.40
25.70
25.90
25.90
25.90
25.90
25.90
25.70
25.70
25.80
25.80
21.70
23.00
23.00
22.90
22.70
2270

Water
Weight
(lbs)
0.00
51.79
103.40
125.52
124.58
0.00
52.35
103.82
124.28
124.64
0.00
53.48
104.44
124.75
125.64
0.00
6§1.92
103.69
124.62
124.36

Time
Duration
(min)
0.00
5.00
6.00
4.00
3.00

TR-3562

Mass
Flow
(los/min)
0.00
10.36
20.87
31.36
41.48
0.00
10.47
20.75
31.05
41.55
0.00
10.69
20.87
31.13
41.87
0.00
10.37
20.73
31.13
4143

Density: (= 62.441-1.374E-3'T - 271.818E-6*TA2 + 194.093E-9*T"3
7.4805 galions = 1 fi"3

Uncertainty of the Standards:

Accepted Tolerance: +/-

Statistical Info.

a
3.982

b

3.208

n

15.00

Calculated Uncertainties:

PASS CALIBRATION?
TRANSFER EQUATION:

Weight:+/- 0.1 lbs
Temperature: +/- 040 C
Density: +/- 0.06 bm/ftr3
Time: +/-( 0.20 sec +
0.05 GPM
Xbar Sxx
T (GPM) (GPMA2)
2.160 2.50 46.80
standard curve-fit
uncertainty uncertainty
(GPM) (GPM)
0.007 0.02
YES
GPM = 0.3113 mA -1.2370
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calibration date

Calculated Data

Water
Density
{lb/ftr3)
62.25
62.23
62.24
62.23
62.23
62.23
62.23
62.23
62.23
62.23
62.23
62.23
62.23
62.23
62.29
62.27
62.27
62.27
62.27
6227

500.00

Volume Volume Curve Fit

Flow Flow Ouput
({t"3/min) (GPM)  (mA)
0.00 0.00 3.98
0.17 1.25 7.98
0.33 2.48 11.85
0.50 3.77 16.07
0.67 4.99 19.98
0.00 0.00 3.98
0.17 1.26 8.02
0.33 2.49 11.99
0.50 3.73 15.96
0.67 4.99 20.01
0.00 0.00 3.98
0.17 1.29 8.11
0.34 2.51 12.03
0.50 374 15.98
0.67 5.03 20.11
0.00 0.00 3.98
0.17 1.25 7.98
0.33 2.49 11.97
0.50 3.74 15.98
0.67 4.98 19.85
gsec/sec)

SEE MSE
(mAr2) (mMAA2)
0.0056 0.0004
fixed total

uncertainty uncerainty
{GPM) (GPM)
0.00 0.02

Figure F16. Pre-test Calibration Data of Magnetic Flowmeter Q3

Error
(mA)
0.01
0.01
-0.01
-0.01
0.00
0.00
0.01

-0.01 -

-0.01

Error
(GPM)

0.002
-0.002
-0.002
-0.001
0.001

0.003
-0.004
-0.005

0.001

-0.001
-0.002
-0.004
0.020
0.001

0.003

0.003
0.009
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