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Filterin0 ReDre_iDitated Slurw (U)

1.0 Abstract

As part of the Late WashingDemonstration,InterimWaste Technologyhas filtered reprecipitated
and non reprecipitatedslurrywith the ExperimentalLaboratoryFilter (ELF) at TNX. See Attachment
1. Reprecipitatedslurrygenerates higherpermeate fluxesthan nonreprecipitatedslurry.Washing
reprecipitatedslurrymay requirea defoamer because reprecipitationencouragesfoaming.

2.0 Introduction

TheIn-Tank Precipitation(ITP) Processdecontaminatesradioactivewaste in Tank 48 by
precipitatingCs137 withtetraphenylborateand adsorbingSr90 with sodiumtitanate. Concentrated
tetraphenylborate/sodiumtitanate slurryis then transferredto Tank 49 for storage. Waste
Management will eventuallytransferthe slurryto the Defense Waste ProcessingFacility(DWPF)
for vitrification,but while waste remainsin Tank 49, the [NO2"] mustremainhigh to inhibit

corrosion. Waste with high'[NO2"] complicatesDWPF processes. To avoidcomplications,the

[NO2-] mustbe reducedto 0.01M.

The Late Washing Processhas been proposedto reducethe [NO2"] to < 0.01 M. In Late Washing,

the KTPB slurrywillbe washed to reducethe [NO2-]. Freshwash water dilutesthe nitdteandcross

flow filtrationremovesthe wash water after ithas reached ambient [NO2"].

When slurryremains inTank 49, cesium tetraphenylborate undergoesradiolysis,which allows
some cesium to dissolve,pass throughthe filterand contaminatethe spentwash water.
Reprecipitatingthe dissolvedcesiumpreventscesium fromcontaminatingthe wash water. This
reportcompares the filterabilityof reprecipitatedand non reprecipitated slurries.
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3.0 Experimental

3.1 Equipment

The ELF containsa singlesinteredstainlesssteel filter. Lat_ Washing is beingdesigned to use a
ITP type crossflow filter. The ITP filtercompareswiththe ELF filter inthe followingways:

1. ELF filter internaldiameter = 3/8" ITP filterinternaldiameter :,,5/8"

2. ELF filter length= 16 7/8" ITP filterLength= 10'

3. The ELF has 1 element/housing The ITP filterhas 144 elements/housing

4. The ELF permeate/backpulseline is in thecenter of the housing.
The ITP permeate/backpulseline is near the filterexhaust.

5. ELF filtersurfacearea = 0.138 ft2 ITP filtersurface area ,, 230 ft2

6. Both ELF & ITP filtersare 0.5 IJ.Mott HyPulse filters.

7 The ELF uses a Wilden M2 doublediaphragmpump with Blacohsurgesuppressor.
ITP and probablyLate Washingwill use low shear centrifugalpumps.

Based on surface area the ELF is a 1/1700 model of the ITP filter.

3.2 Cleaning

Performingexperimentsreproduciblyrequiresstartingwitha clean filter. Recirculating1 wt.
% oxalic acidand 1 wt. % caustic cleaned the filter. Testing deionizedwater fluxprior to Experiment
C & G verifiedcleanliness. A water fluxgraph for ExperimentsC & G appears inAttachment 2.

3.3 Simulant

DWPT prepared non reprecipitatedslurryfor ExperimentC and reprecipitatedslurryfor
ExperimentG. The compositionappears inAttachment3. Bothslurrieshad a 2 year equivalent
radiationexposureand containedapproximately9.5 wt. % solids. To irradiateslurriesDWPT exposed
them to 3"108 rad in a 60Co weil. This exposureis equivalent to 2 years selfirradiationduring
storageof slurrycontaining36 Ci 137Cs/gallon.

3.4 Flux Tests

Transmembrane pressure,flowvelocityand reprecipitationaffect filterperformance. To
evaluate these variables two experimentswere conducted(ExperimentsC & G). Each experiment's
designwas a center point witheightpoints located aroundthe center in an ellipse (Attachment4). A
one hourtest was run at each point,manually backpulsingfor approximatelyone secondevery fifteen
minuteswith 90 psi air. The designsequence appears inAttachment5. Each experimentbegan at the
center, 6 fps & 30 psi. Four pointson the ellipsewere then tested and the center point was repeated.
The next four tests occurred at the rsmainingpointson the ellipseandthe final test occurredat the
center point. Ali experimentsused the same testsequence.

Fluxtests operate in total recycle,so concentrationsremainconstant. The large feed volume
requiredprohibitedoperating inonce through,mode. Pumpingand agitationshears the slurry and
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decreases the permeate flux. Sheared slurryprovides a more conservative estimate of filter
performance, because slurrywhichenters the Late Washing Processwill have been sheared during
I'f"
I t Pg

The flux tests recorded permeate flux at 1 minute intervals before and after backpulsing to
determine the effectiveness of the backpulse. The ELF did not contain a backpuise vessel because after
backpulsing this vessel would require significant time to refill. Measuring flux immediately after
the backpulse was essential to determining the backpulse effectiveness and thus the backpulse vessel
was not utilized for these experiments. Operating without a backpulse vessel allowed the the ELF to
be backpulsed with air in addition to permeate. This air probably contributed to foaming. Foaming
leads to changes in filter performance.

3.5 Calibration

The flow meters were calibrated with graduated cylinder measurements usingactual permeate to
accountfor differencesinviscosityand specificgravitybetween water and the simulant.The
calibrationcurves for ExperimentsC and D appear in Attachments6 and 7 respectively.

3.6 Results & Conclusions

The Reprecipitation Graph in Attachment 5 demonstrates that reprecipitated slurrygenerates
higher permeate flux than non reprecipitatedslurry. For simplicitythisgraph showsonly center
points, but at non center points,the reprecipitatedslurry alsogenerated higherpermeate fluxes.
Previouswork1 determinedthe Mott0.5 _ filtercould filter nonreprecipitatedslurryand generate
fluxes exceedingthe Late Washing FacilityDesignrequirements_:. Reprecipitationshouldallowthe
Facility to furtherexceed design requirements.

Reprecipitation's primary disadvantage is that the reprecipitatedslurry foams more readily.
Slurry with 2 year equivalent radiationexposurehas foamed when exposed to heat andagitation.
Since efficientwashingrequiresgood agitationand since agitationencourages foaming, a defoamer
may be necessary to wash irradiatedslurry.500 ppmSURFYNOL® 104 has proven effective,but
lesserconcentrationsmay prove sufficient.

3.7 Error Margins

The ELF usesa diaphragmpump, whichcauses pressuresand flow to fluctuate. The surge
suppressor reduces, but does not eliminatefluctuation. Fluctuatingpressureand flow make reading
pressure and flow gaugesdifficult. Measurementswill have the followingerrormargins:

Measurement Measuring Device T.y..I_,IIJ...V.L[_I Error Margins

Concentrate Flow Flow Meter 1 1.0 - 10.0 gpm + 0.1 gpm
Permeate Flow (High Flow) Flow Meter 2 0.1 - 3.0 gpm + 0.1 gpm
Permeate Flow (Low Flow) Flow Meter 3 10- 250 ml/rain _ 5 ml/min
Feed Pressure PressureGauge 2 15 - 100 psi + 4 psi
Concentrate Pressure PressureGauge 3 15 - 100 psi ± 3 psi
Permeate Pressure PressureGauge 5 0 - 75 psi ± 2 psi
Backpulse Duration Stop watch 1 - 4 seconds + 0.5 seconds
BackpulseFrequency Stop watch 5 - 20 minutes _+0.5 seconds

4.0 Attachments

4.0.1 Attachment1 - Experimental LaboratoryFilterSketch



,=

Page4 of 4

4.0.2 Attachment 2 - Water Flux Tests C & G Graph

4.0.3 Atlachment 3- Simulant Composation

4.0.4 Attachment 4 - Late Washing Flux Test Design

4.0.5 Attachment 5 - Late Washing Flux Test Design Datasheet

4.0.6 Attachment 6 - Irradiated Slurry Calibration Curve

4.0.7 Attachment 7- Reprecipitated Slurry Calibration Curve

4.0.8 Attachment 8- Reprecipitation Graph

5.0 References

5.0.1 Reference 1 - L. O. Dworjanyn & M. F. Morrissey, "initial Technical Basis for the Use of a
Spare ITP Filter in DWPF Late Washing (U)", WSRC-RP-92-766, June 5th, 1992.

5.0.2 Reference 2 - D. L. Fish & L. F. Landon, "Initial Technical Bases - DWPF Late Washing
Facility (U)", WSRC-RP-92-773, June 15th, 1992.







[ Attachment. 3 I

IDWPT first ble..nded the salt solution prese.nted, below. J

Salt Solution ....
• Comoound ......:..... Mass Added: Molecular Welaht Moles ........... Molarlty Concentration

H2.O 6,178.35 aram_ 18.00 q/tool 343.2417 moles 53.9784 M 952,560 ppm
K2c_o3 3.45 qrams 138.20 q/mol 0.025.0 moles 0.0039 M 532 ppm
KNO2 268,95 qrams 85.10 q/mol 3,1605 moles 0.4970 M 41,466 ppm

CsNO3 6.72 qrams 194..91 q/mol 0,034.5 moles. 0.0054 M 1,036 ppm
KNO3 ..... 25.02 qrams 101.10 q/mol 0.247.5 m.oles 0.0389 M 3,858 ppm
KCI 0.24 qrams 74.55 q/mol 0.0032 moles 0.0005 M 37 ppm
KF 0.13 (]rams 58_10 a/moS 0.002:_ moles 0.0004 M 20 ppm

. Na2S.O4 2.87 qrams 141.98 q/tool 0.020_ molel 0.003_ M 442 ppm
K2CrO4 0.09 qrams 194.19 q/mol 0.0005 moles 0.000t M ..... 14 ppm

Na2SIO3*9H2..O 0.16 qrams 284,07 a/tool 0,0006 m.oles 0.00Q1 M .... 25 ppm
K2MnO4 0.01 qrams 197.13 q/tool 0.0001 moles .0,0000 M 2 ppm

C2HSB(OH)2 0.06 qrams 94.00 q/mol 0.0006 moles 0.0001 M 9 ppm

L ::Total! :M_ss i!::i!!J 6,486.05 ,qrams j [_: Total:: Yalume. :1_6.359 liters I

_WPT then added salt solution to NaTPB solution, sodium titante slurry & diphenyl mercury ..... I

Slurry..........,........................................................
i ii_i.i.Comoound_!::._i_.ii::|;i!:z._i_!Massii.Add_l_d.i::ii_:_:i;,;_: Molecular _.W.$tght ;i;.;::i.; Mblarit_i ".....::_concentratt_n

salt Solution 3,243.0:_ gram_ N/A N/A N/A .. N/A
NaTPB Solutio n 3,534.90 grams 34"!.79 a/tool 1.7375 moles 0._532 M .... 504,986 ppm

NaTI205H Slurry 152.50 orams 453.73 a/mot 0,0309 moles 0.0045 M 21,786 ppm
(C6H5)2Ha 22.07 grams 476,18 a/mol 0.0462 moles 0.0067 M . 3,153 ppm

H20 47,50 qrams 18,.00 q/mot 2,6389 molest 0,3845 M 6,786 ppm

[:;_iiii::iTotar:!Ma_si_iiiiiii!iiiii!ii7,000.00 grams I L! T_aliiii:iVblum_:_ill 6.8.63 liters 1

Final Slurry Compositlor) ...._....................,..............................,................................................

H20 6,216.22 araml 18.,00 q/mol 345,3454 moles 50,3218 M 888,031 ppm
Na 41.13 arams 22.99 a/tool 1.7891 molal 0,:_607 M 5,876 DDm
K 66,75 qrams 39.10 a/tool 1,7072 moles 0,:_488 M 9.536 ppm

CO3 . 0,75 qrams_ 60.00 q/tool. 0,0125 moles 0,0018 M 107 ohm
NO;_ 47,41 (]rams 30,00 q/mol 1,5802 moles 0.2303 M 6,772 _0om
NO3 6.48 qrams 46,00 cl/mol _. 0,1410 moles 0,0205 M 926 ppm
Cl 0.06 arams 35.45 g/mol 0,0016 moles 0.0002 M . 8 ppm
F _ 0.02 ara_Is 20.00 almOl 0,0011 moles 0.0002 M 3 ppm

SO4_ 0.97 grams 96.06 a/mol 0,0101 moles 0,001_ M 139 ol0m
CrQ4 0.03 arallls 116.00 a/tool 0.0002 moles 0.0000 M ..4 ppm
8103 0.02 arams 76.0_) qlmol 0.0003 moles 0.0000 M 3 ¢)Dm
MnO4 0.00 orams 118.94 a/mol 0,0000 moles 0,0000 M .0 pom

C2H5BtOH)2 0.03 orallls 94,00 a/mol 0,0003 m.ole_. 0,0000 M 4 pp..m
TPB 593,86 grams _41.7_) q/tool 1,7375 moles 0.2532 M 84.838 DDm

TI2OSH 5,46 gram_ 176.80 q/mol 0,002.8 molal 0.0004 M 779 ppm
(C6HS)2Ha 22,07 ¢lrams 478.18 cl/mol 0,0462 mole_l 0,0067 M 3.153 ppm

_.,,_i_:T_ta_iii_.M:_s_iiiii:,i':iiii!'.iiii!l7,000,00 qrams I li!ii:.i:.::!i:.T6t_iliiiii.Y6t:_:;':iiiiii_i_l6,863 liters [
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A_tt._aa.chment5 Late Washlnq Flux Test Deslqn Datasheet

Test :_ FIcon¢..il. _ - ....i!!:V!i flow_:__i Pileed ;: I TII:.... P cone F perm P oerm P trans P flux

1 2.06 qpm t_ fDS 30 p_l
2 2.75 al0m 8 fPS 40 PS1 ............
3 0..69 apra 2 fDs 30 PSI__

4 2.06 aom 6 fos 15 psi ..._ __

5 2,75 qpm 8 fDs 20 PSI
6 2,06 aDm 6 fp_ 30 PM
7 1.38 qpm 4 fPS 40 psl
8 2,06 qpm 6 fps 45 psi ..
9 3.44 pDm 10 fp$ 30 psi ........

!0 1,38 qpm 4 fps 20 psi
1 1 2,06 qpm 6 fps 3Q =)sl .

2 Hour Statl¢ Interval

ii!ii!i_ToSti_iii,liii_.iiii_ii?'_!_n_iiiiiiii_iiii!iiii_ii!:_!_:fi_i!i_iiii-i!_ii!!i_!i_i_ii!_:iii: i_p:Vansi/_ _p flux _
12 2.06 qpm 6 fDS 30 PSI
13 2.75 apra 8 fDs 40 psi
1 4 0.6_) qPm 2 f_)s 30 P_I
1 5 _,06 aDm 6 fPS. 15 P_tl
1 6 2,75 qPrq 8 fDs 20 P_! ....
17 2.06 aDm 6 fDs 30 PSI

18 1.38 aDm 4 fDs 40 Dsl
1 _) 2.06 aDm 6 fDs 45 Dol .
20 3.44 apm 10 fps 30 Dsl ......
21 1,38 qpm 4 fps 20 P_l
22 2.06 (]Dm 6 fos 30 Dst ....

24 Hour Qtatlc Interval

23 2,06 apm 6 fDS 30 p_.l
24 . 2.75 (]Dm 8 fps 40 Psi
25 0.69 apra 2 fps 30 psi
26 2,06 apra 6 fPS 15 PSI .......__

27 2.75 apm 8 fDs 20 psi ....
28 2,06 aDm 6 fps 30 D_I
29 1,31} ODin 4 fos 40 P_l
30 2,06 apra 6 fps 45 p81 .....
31 3.44 .qP_1 10 fps 30 Dsl
32 1,38 qpm 4 fps 20 psi .....
33 2.06 opm 6 fDS 30 psl ......
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