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SUPERINTENDENT, DWPF LIAISON

DWPF SAMPLING DEVICE DEVELOPMENT
TEST RESULTS AND DESIGN RECOMMENDATIONS

The attached memorandum by M. A. McNeil smmarizes the development
and testing of a sample device for the DWPF sample cells. The clamp
actuated manual Hydraguard valve used in conjunction with the
concentric needle fill device is recommended for use in the DWPF.
This is based on test results which indicate that this sampler is
capable of obtaining samples within 5% of the solids concentration
of the process stream at flow rates from .5 to 3.5 gpm. Additional
work is underway to demonstrate the sampler throughout the full BDR
range. When this work is completed, results will be transmitted.
Any qUr?StiOnS should be directed to Mark McNeil (725-6430).
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&
FROM: M. A. McNEIL, 704-T

DWPF SAMPLING DEVICE DEVELOPMENT
TEST RESULTS AND DESIGN RECOMMENDATION

Summary and Recommendations

Candidate sampling devices were tested in the Sample Loop
Demonstration Facility at TNX. Test results show that the
Hydraguard and Fujikin devices tested are capable of obtaining
samples whose weight percent solids vary no more than 5% from that
of the sample stream when a flow velocity is mainted between .42
and 4.7 fps through 3/4” tube. However, a velocity of up to 10 fps
is allowed in the DWPF basic data. Testing has indicated that with
low rheology slurries (Ty = 130 dynes/cm2) the weight percent
solids of the captured sample decreased with increasing velocity
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I and extrapolation of the data thus far collected indicates that an
error of -10% may result with thin slurries at the maximum 10 fps
velocity. Further work in this area is recommended. The sampling

I
results discovered during high rheology tests suggest that piping
configuration upstream of the sampler affect the performance of the
sampler.

The lighter weight and compact size of the manual Hydraguard has
made it the leading candidate for the sample valve.
Containerization - filling the 15 ml sample vials - has
been demonstrated using a concentric needle device developed
specifically for this application. The unit was used in all tests
and on the rare occasion of pluggage, this could usually be
attributed to deviation from prototypic standard in terms of its
operation or installation. Figure 4 shows the installation
recommended for the DWPF.

Introduction

The program objective was to develop and demonstrate a device
capable of obtaining representative samples of DWPF process streams
using highly reliable equipment with the simplest reasonable
operation. In the DWPF, small 3-10 gpm sample streams are pumped
from each of the canyon vessels to a sample cell using a
recirculating loop centrifugal pump as indicated in Figure 6. In
the sample cell manipulators are used to operate in line samplers
mounted on each process stream coming from the canyon. This report
addresses work done on the development of that device.

The sampling device must serve two functions; extraction - removal
of a volume of material from the process line, and containerization
- the admission of a sample volume into the sample vial. Three
extraction devices were tested and one containerization scheme was
used for all tests. For each series of tests the accuracy and
precision of each device was measured using weight % solids
analysis as the primary basis.

Equipment

Four different extraction devices were tested. However, three of
them were different versions of a single concept. The four devices
tested are listed here:

Extraction Device Tests

1. Commercial Hydraguard (Figure 1) Low Rheology
2. Pneumatic Modified Hydraguard (Figure 2) High Rheology

Manual Modified Hydraguard (Figure 3) High Rheology
2: Fujikin Ceramic Valve (Figure 7) High Rheology
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Hydraguard Valve:

The Hydraguard valve (Unit //1) is a commercially available
device which was modified by shortening the barrel length for
the low rheology tests. The unit was completely redesigned to
make it smaller and easily installed in a tubing system using
Swagelok fittings. The reworked versions were purchased in a
manual and pneumatic format (Units /}2& 3). Unit //4is simply a
Fujikin 2-way ball valve, which is the leading candidate for
on/off valve application in the DWPF. The units were installed
as indicated in Figures 1 and 5.

Mechanically, all units performed well. The manual Hydraguard
did not seal completely against water although no leaks were
noted in slurry service. This could have been the result of
damage inflicted as the unit was modified for installation or it
may be that the force of the spring does not create a tight
enough seal. This problem led to the development of a manual
Hydraguard with a clamp type closure mechanism (Figure 4) which
allows the user to supply significantly more closure force.
Both a manual and a pneumatic Hydraguard were tested. NO

difference in results were anticipated since the process flow
paths of both units were essentially identical. The Hydraguard
valve is easily installed using a standard 3/4t!Swagelok tee. A
complete manual Hydraguard installation is 5/)lighter than the
Fujikin valve (see Appendix A).

Fujikin Valve:

The Fujikin valve is a simpler device than the hydraguard and
has the advantage of already being used elsewhere in the sample
cell. This valve is the leading candidate for on-off valve
service in the sample cell and has performed well as a sampling
valve. In this valve, sealing is accomplished by a ceramic ball
forced by line pressure against a ceramic seat. The use of
A1203 ceramic makes the valve far less susceptible to frit
erosion. However, the valvefs sealing ability under low line
pressures is suspect.

The chief mechanical disadvantage of the Fujikin valve is the
requirement of flange and gasket use due to its sandwich type
construction. It also does not lend itself as well to
installation in a vertical run of pipe. Figure 5 shows that a
longer length of vertical pipe is required for installation. A
pneumatic version of the Fujikin valve was used but no
difference is anticipated using a manual valve.

Using pneumatic actuation for either type sampler can simplify the
sampling operation as electronic controls could then be used to
open the device, allow recirculation for a set length of time and
then close the device - all with the “push of a button”. The
pneumatics would however add complexity and additional
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tubing to an already overcrowded condition in the sample cell. The
problem of additional pipe could be avoided by using a solenoid
actuated hydraguard. However,
tested.

one Of this type has not been

Containerization Device:

The containerization device used is a modification of a
concentric needle device currently in use at Oak Ridge National
Laboratory and is indicated in Figure 8 and detailed in Figures
9, 10, and 11. The chief concern with the use of this device
centered around the size of its flow paths which are as small as
.0825”. Despite this, the unit performed quite well plugging
fewer than 10 times out of more than 270 times that samples were
taken. In all but three instances the plug could be freed by
either forward or back flushing. Only forward flushing is
available in DWPF. In three instances the device had to be
rodded by inserting a probe through the flow path of the smaller
needle. This was easily accomplished and it is conceivable
that this could be done by a manipulator if necessary.

One characteristic of this device is that with high rheology
slurries the sample vial was routinely not completely filled
with slurry. In essentially every case approximately 25% of the
volume of the vial was air. This turned out to be advantageous
from an analytical standpoint. With low rheology slurries the
sample bottles would be completely filled making it difficult to
rehomogenize in the lab. The absence of air in the vial made it
difficult to “shake-up!t the sample and if a spatula or stirring
rod was inserted, some of the sample would spill over. This
difficulty was reflected in that the standard deviation of the
wt% solids analyses for the low rheology 15 ml samples was 10
times that for the low rheology dip samples where approximatley
100 ml were collected in 200 ml bottles.

The sample vials will be equipped with dual sceptum caps. AS
depicted in Figure 8, the outer most sceptum will have a
circular hole which will allow tight sealing of the bottle when
mounted on the needles. The inner sceptum will be slit to allow
the needle to pass through however when the vial is removed this
sceptum is expected to seal the bottle. One such sceptum was
available for testing. In low rheology slurry no leaking was
evident during sampling and sealing was complete when the bottle
was removed. There was, however, a small residue of slurry on
the outer surface of the inner sceptum after the vial was
removed. Also a fairly large amount of force (>5/))was required
to remove the vial from the needles.
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The two design constraints for the sample device were that (1)
there must be a means of containing the vial in case of rupture
or shatter due to operating pressure and (2) to provide a
positive hold on the vial so that it cannot be forced off the
needle by line pressure. Item /)1was accomplished by providing
a Plexiglass shroud for the vial as detailed in Figure 12. The
schroud totally encloses the vial except where the concentric
needles enter. To accomplish Item 2, a !VU1lclamp was attached to
the concentric needle device as indicated in Figures 10 and 11.
A letter from M. A. McNeil to D. G. Kilpatrick dated 2-6-84
summarized all design constraints for the sampling device. Both the
Hydraguard and the Fujikin valve configured as indicated above can
meet essentially all requirements.

Testing

In all tests the concentric needle containerization device was used in
conjunction with one of the candidate extraction devices. The 15 ml of
material collected by the sampler was compared with a 100 ml reference
sample and measurements of accuracy and precision were made. Accuracy
and precision - as used in this report - is defined as indicated
below: ——

A= x -x R—

‘R

where:

A= accuracy

x= mean value of analyses of
material from sampler

‘R = mean value of analyses
of reference sample

SDEV
P.;

where:

P. precision
SDEV ❑ standard deviation

x = mean value of anlayses
of material
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In all cases, the samples were analyzed for weight percent (wt%)
solids and density at three different flow rates. Due to previous
discussions with DWPF Liaison members, primary consideration was
given to weight percent solids analysis results. Actuation time
for each of the units was typically 3-5 seconds.

The 677-T analysis lab makes two wt% solids measurements for any
sample sent to the lab. In the results these are reported
separately as !!%solids I!!and 11%solids 21!. The first set of
tests were done using the commercial Hydraguard valve only with low
rheology slurry. (TY = 128, rl=13). In the second set, the manusl
and pneumatic Hydraguard valves and the Fujikin valve were tested
using high rheology slurry (T; ❑ 260, ~ = 19). Various differences
between the low and high rheo ogy test set-ups are indicated in
their respective sections of this report. The suinmary of the test
results in graphic and tabular form is included as Appendix C.

Low Rheology Tests:

The test set-up is as indicated in Figure 1. Ninety samples
were drawn using the commercial Hydraguard valve in slurry with
yield stress ❑ 128 dynes/cm2 and consistency . 13 cp. The
pressure at the sampling device varied between 9 and 35 psig.
To expedite the tests a nonprototypic arrangement was used which
was worse than that recommended for the DWPF in terms of flow
path, internal diameter, length, and irregularities. The
location of the flush water was such that the concentric needle
device could be flushed without flushing the hydraguard. This
entire series of tests was conducted without routine flushing of
the Hydraguard valve.

Test results show a strong correlation between the samplerts
accuracy and precision measurements for wt% solids and the flow
rate of the process stream. At .4 gpm flow rate the average
mean accuracy = +1% at 2.2 gpm the accuracy . -1.5% and at
4.4 gpm the accuracy . -5%. For the same flowrates the
precision measurement moves from 4.5% to 6.5% to 9.8%. In the
DWPF slurry streams of this nature will flow at 3 fps. However
the frit water stream may flow as fast as 10 gpm. Extrapolation
of the available data indicates an error of -10% at this rate.
The flow path into the sampler is perpendicular to the main
flow. As the velocity in the process line increases it seems
reasonable that fewer of the suspended particles can make the
turn into the sampler. It may be possible to ‘Itune!teach sample
pump using its variable speed drive and/or main stream
restrictor to provide lower flow rates.
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The accuracy and precision of the density measurement did not
clearly correlate to the flow rate. For each of the 3 flowrates
in increasing order the mean accuracy was +4.7%, -.9%, and -.8%
and the mean precision was 5.4%, 3.6%, and 3.9%.

The weight % solids precision results for dip samples were an
order of magnitude better than the same results from the
Hydraguard samples. Two ml are extracted from a sample volume
to do wt% solids analyses. With dip samples the sample conSi.StS

of a half full 200 ml bottle which the technician shakes to
homogenize the sample prior to taking the 2 ml for analysis.
The 15 ml sampler vials are always completely filled with slurry
making it difficult to homogenize by shaking. The precision of
sampler samples seems to be affected by this inability to
adequately reslurry the material in the vials. This problem
could be solved by using a mechanical shaker or vibrator which
does a better job of reslurrying than shaking by hand.

As several other potential solutions to this ~roblem exists. it
is not considered serious. To be sure that the disparity “’
between the precision results actually was caused by the
difficulty slurrying, both a large and a small - 15 ml -
reference sample was taken for each sampler sample taken
the high rheology material tests.

during

High Rheology Tests:

The test set up is an indicated in Figure 5. Twenty samples
were drawn from each of the sampling devices at each of three
flow rates: .8 gpm, 1.4 gpm, and 3.2 gpm. Twenty large
reference, samples were taken at each of the ~low rates and, for
reasons mentioned earlier, twenty 15 ml reference samples were
also taken during each run. Accuracy was determined with
respect to the large reference samples. The slurry being
sampled had a yield stress of 260 dynes/cm2 and a consistency
of 19 centipoise. The flow path of the material entering the
sampler was very close to that recommended for the DWPF. The
pressure at the sampler was varied between 13 and 40 psig.

The test results show
accuracy or precision
density analysis. In
analysis the accuracy
and sampler precision

no correlation between flow and sampler
for either weight percent solids or
every instance for weight percent solids
of the samDles from the samolers was +2%
stayed below 3%. The preci~ion of th~-’”

large reference sample was .5%. For density analysis the
accuracy and precision of the samples was typically worse than
for weight percent solids analysis. The Fu,jikin valve accuracv
was the worst averaging +6.3%. This was probably due to its “
mounting design whch had the flow entering the branch of a tee
and moving either up through the rest of the sample loop or down
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I into the sampler. It is reasonable that some segregation mav
occur in this set-up with the more dense split m~vi~g downwa~d.
It would also seem that the weight percent solids would be
affected in the same way, however this effect was not observed.

The % solids accuracy of the small reference samples during the
series of tests run at 1.4 gpm averaged 4.5%. Because this
deviates so markedly from the -2% and .6$ accuracy from the
other phases of the test is is assumed that the unusually hgih
figures are the result of operator error.

The average absolute value of the pneumatic HydraEuard!s
accuracy was .3% while that for the manual Hydrag~ard was 1.3%
for weight percent solids analysis. Since the only difference
between these two sampler
material is the location
location of the sampler w
configuration will affect

Follow-up

The folloing additional test
and improve the accuracy and

from the aspect of the process
n the line this result indicates that
th respect to up stream piping
its performance.

ng is recommended to better predict
precision of the Hydraguard sampler.

o Low rheology tests
o Frit-water tests.
o Tests to determine

results.

The above tests would
nearly duplicates the

using a more prototypic arrangement.

if actuation time or line pressure affects

need to be conducted in a facilitv which
in cell configuration of the sample piping.

Such facilities will be available in the full scale mock-up of the
SRAT/SME at TNX.

MAMcN:tks
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FINECEWMIC(ALUMINIUMOXIDE:AQzOa)
BALLVALVES

I Size(lmh) [ Allowabl. Torque
%0 50~.cM {

A

H
1. SUS 316 stainless steel stem is standard.

2. Fine Qramic stems are also available.

3. Torque to tie Fine Ceramic stem should be lower than tie allowable’ values given

i(ntie table above.
4. Fine Ceramic valve seat is standard.

I
Part No. Name of P- Material ~Part No Name of Pti Material

I Socket (I) fine Ceramics I 12 I Teflon Seat Teflon
!

2 Socket (2) Fine &amiu 13 \ Seat Packing Cab Teflon

13 Valve bcdy Fim &am& 14 Seat Packing Teflon

iQ Ball Fim &am& Is O- Ring
15

Teflon

Stem SUS316 ] 16 Packing Gland Teflon
~~ Cylind6f STPG I 17 Gland Nut
17

SUS304

Inlet Flange SS41 / la ‘ Lock Nut

18 Outlet Flange SS41
SUS304

19 Clamping Ring

9

Scs I 3
(

Through ❑olt sus3a4 20 Hex. Bolt

10

SUS304

I Square Nut SUS304 21 Hex. Bolt SUS304

I I OiscII i SUS304
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CONTAINERIZATION DEVICE
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