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Summary

BNFL, Inc. developed flowsheets for the River Protection Project Waste Treatment Plant that use
caustic leaching and/or water washing to pretreat Envelope D Hanford sludge before vitrifying the
high-level waste (HLW). The pretreatment steps would remove a number of components to reduce the
quantity of HLW generated. The flowsheets also use crossflow filtration to separate the leach and wash
solutions from the solids between each step. The work reported here tested crossflow filtration and
evaluated the washing and leaching characteristics of sludge from Tank AZ-102.

Battelle staff evaluated approximately 400 g of wet Hanford Tank AZ-102 Sludge by the pretreatment
processes of ultrafiltration, dilute caustic washing, and elevated-temperature caustic leaching. The

filterability of diluted AZ-102 sludge was measured with a O.l-pm sintered metal Mott filter using a
24-in.-long, single-elemen~ crossflow filtration system (cells unit filter [CUF]). Before washing and
leaching, a 5. 1-wI% solids(a)slurry was filtered using a matrix of six l-h conditions of varying
transmembrane pressure (30 to 70 psid) and axial velocity (7 to 13 ft/s), with the filtrate being
recirculated. The filtrate flux and backpulse efllciency were determined for each condition. The slurry
was then concentrated to 13.7-wt’?/o solids, a second matrix of six 1-h conditions performed at axial

. velocities ranging from 6 to 11.5 II/s, and data analogous to that recorded in the first matrix obtained.

The low-solids-concentration matrix produced filtrate flux rates that ranged from 0.046 to
0.126 gprdfl?. The high-solids-concentration matrix produced filtrate flux rates that ranged from 0.020 to
0.051 gprrdfl?. In the low solids matrhq the highest filtrate flux was at the first condition (50 psid,
9.5 fds). The initial filtrate flux declined significantly over the next four conditions, indicating filter
fouling or more likely, particle deagglomeration. In the subsequent conditions, the initial filtrate flux
remained steadier, and the highest filtrate flux was measured at the highest axial velocity. In the high
solids ma~ the optimum condition was clearer and was found at the highest axial velocity.

For each ma~ the last test condition was a repeat of the first test condition. In both matrices, there
was a significant decrease in filtrate flux between these two tests. This indicates some filter fouling
occurred during each test matrix that could not be removed by backpulsing alone, although the backpulse
number and duration were not optimized. The nitric acid cleaning performed at the end of the testing
could partially recover the initial fluxes caused by this filter fouling.

Following testing of these two matrices, the material was washed in the CUF by continuously adding
approximately 2.7 L of 0.01 M NaOH and then removing it as permeate by filtration. The purpose of
these washing steps with 0.01 M NaOH was to remove water-soluble components. After washing the
sludge with dilute caustic, it was combined with a concentrated caustic solution to produce a slurry
containing -3 M NaOH, which was then leached in a stirred, stainless steel vessel at 85°C for 8 h. This
leaching was followed by two 0.01 M caustic washes, each conducted in a stainless steel vessel to dilute
remaining soluble analytes from the interstitial liquids. Each rinse was performed at 85°C for 8 h.
Permeate from each of these process steps was removed using the crossflow filter system. Samples of the
permeate from each slurry-washing activity and all intermediate process steps were taken and analyzed

(a) Solidsconcentrationsare generallyreportedon an insolublesolidsbasis. This is done by mathematically
subtractingout the dksolved solids fromthe total solids.
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for chemical and radiochemical constituents. The fraction of each component removed at each step was
calculated. Key results are presented in Table S.1.

The primary components in the initial tank sludge were aluminum, iron, and sodium in roughly equal
proportions. Following washing and caustic leaching, these three components remained the highest
concentrations, but iron became the primary constituen~ more than twice the concentration of sodium and
aluminum. Based on the aluminum + iron + zirconium concentration limits in the HLW glass, the
potential glass volume was reduced by -23-30% as a result of washing and caustic leaching.

The theological properties of the AZ-102 slurries were determined with a Haake viscometer. All
three samples analyzed exhibited yield pseudoplastic and thixotropic behavior. This theological behavior
was expected, as the slurry initially added to the CUF was difficult to begin pumping, yet improved over
time. The initial 5. l-wt% material had a viscosity between 4 and 16 cP. The concentrated slurry used in
the second matrix had a measured solids concentration of 13.7 wt’%and a viscosity between 82 and
100 CP(@33 S-l)during the initial increase in shear’. The viscosity steadily declined for both the
decreasing shear curves ~d with subsequent runs. During the decreasing shear curve, the 13.7 wt%
slurry had a measured viscosity at 33 s-’ of between 25 and 47 cP. The final slurry samples with solids
concentration of 9.2-wt 0/0solids had viscosities at 33 s-’, ranging from 167 to 209 cP. Foaming was
observed in the final pretreated slurry sample (9.2 wt?!osolids), which may have contributed to the higher
observed viscosities for this sludge.

Table S.1. Solubility of AZ-102 Sludge Key Components in 0.01 M NaOH and-3 M NaOH

Fraction Removed in Fraction Removed in Fraction in Solids
Component Water Washes (’%) Caustic Leaches (%) Residue (%)

Al 2.5 61.2 36.3

Cr 44.1 14.2 41.7

Fe 0.006 0.02 99.97

Na 80.2 -nd- 11.2

P 6.7 45-6 47.7

90Sr 0.003 0.007 99.99

‘37CS 61.2 32.7 6.1
-rid- : Not determined due to difficulty in distinguishing leached sodium from added sodium. The
fraction Na in the solids residue maybe that added during the caustic leaching rather than that
initially present in the sludge.

Particle-size distribution was measured on the initial, as-received sludge, on the 13.7 wt%
concentrated slurry, and on the final caustic leached slurry. The initial sludge had a significantly larger
particle-size distribution than subsequent material. Approximately 50V0of the particles (on a volume
weighted distribution) had a peak mode of 24 ym as compared to subsequent steps having >60°/0of the

particles with a peak mode of approximately 1 ~m. Sonication had a larger effect on the particles of the
final caustic leached slurry when compared to the earlier steps. The significant reduction in particle size
due to sonication may indicate that the washing and leaching steps weakened the agglomerate strength.

(a) BNFLselected33 s-’as the referencepoint to compareall viscosi~ measurements.
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Terms and Abbreviations

AEA

BNFL

CUF

DF

DI

DOE-RL

GEA

IZLRF

HLw

IC

ICP-AES

ICP-MS

LRB

MSE

NIST

PID

PMG

PSD

RPL

RPP-WTP

TIC

TOC

TRu

UPA

alpha energy analysis

BNFL, Inc; subsidiary of British Nuclear Fuels, Ltd.

cells unit filter

decontamination factor

deionized water

U.S. Department of Energy-Richland Operations

gamma energy analysis

High Level Radiochemistry Facility

high-level waste

ion chromatography

inductively coupled plasma-atomic emission spectroscopy

inductively coupled plasma-mass spectrometry

laboratory record book

mean squared error

National Institute of Standards and Technology

proportional-integral-derivative controller

precious metals group

particle size distribution

Radiochemical Processing Laboratory

River Protection Project Waste Treatment Plant

transmembrane pressure

total inorganic carbon

total organic carbon

transuranic

Uhrafine Particle Analyzer (Microtac)
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Units

“c

wk-WmL
~Ci/g-pCi/mL

mL
nCi/g
pcilg
Volvo
Wt%

M

degrees Celsius
gram
gram per milliliter
microgram per gram/microgram per milliliter

microcurie per gram/microcurie per milliliter
milliliter
nanocurie per gram
picocurie per gram
volume percent
weight percent
molari~
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1.0 Introduction

British Nuclear Fuels Limited (BNFL) Inc. developed the River Protection Project Waste Treatment
Plant (RPP-WTP) flowsheets, which plan to use caustic leaching and/or water washing to pretreat the
Envelope D(a)Hanford sludge before high-level waste (HLW) vitrification (DOE-RL 1996). These
pretreatment steps reduce the quantity of HLW generated by removing components such as Al, Cr, N%
and P that are soluble either in water or high-temperature caustic and often limit the waste loading in the
glass.

The RPP-WTP flowsheets also use crossflow filtration to separate the leach and wash solutions from
the solids between each step. Unlike traditional dead-end filtration, which has a declining filtration rate
caused by the growth of a filter cake on the surface of the filter medium, in crossflow filtration, the
majority of the filter cake is swept away by the fluid flowing across it. This filtration method is especially
beneficial when there are very fine particles and when system simplicity is required.

The first objective of this work was to test crossflow filtration using actual Envelope D Hanford tank
waste (AZ- 102) in a modified cells unit filter (CUF) filtration rig fabricated at Battelle. Similar to the

. studies done withAW-101, AN-107, and C-104, the permeability of the diluted AZ-102 sludge was
evaluated for both high and low solids concentrations as a fimction of transmembrane pressure (TMP),

axial velocity, and time through a single-element O.l-pm Mott filter (Brooks et al. 1999; Hallen et al.
2000; Brooks et al. 2000). The radioactive tests with the single-element CUF unit will provide
information for equipment-performance evaluation and a design basis for scaling up of the process.

The second objective of this work was to evaluate washing and leaching characteristics of the AZ-102
sludge. The slurried feed was de-watered and then washed multiple times with 0.01 M NaOH to
determine the concentration of water-soluble components. It was subsequently leached with 3 M NaOH
at elevated temperatures to determine the concentration of caustic-soluble components. The chemical and
radiochemical composition of the filtrate and the final leached solids were measured to determine the
efilciency of the filtration, leaching, and washing processes.

This report describes the test apparatus, the experimental approach, the results of the tests, and the
chemical and radiochemical analysis of the sludge from Tank AZ-102 and filtrates generated during the
washing and caustic-leaching steps. ‘) This report also provides a means of transmitting to BNFL the
completed test instruction and raw filtration and analytical data.

(a)Envelopeissuesare explainedin Specification7 of ContractNo. DE-RP06-96RL13308.
(b) Theresultspresentedin this report are based on work conductedunder Test Plans TP-29953-069and TP-29953-
075,test instructionTP-29953-076,and ProcedureTP-29953-020,Rev 1. Some dataare recorded in Laboratory
RecordBook (LRB)#13745. Conditionsfor conductingthesetestswere given in the “AZ-102Dewateringand
CausticLeachTest Specification; TSP-W375-99-014,Rev O.
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2.0 Test Conditions

Small-scale radioactive crossflow filtration, water-washing, and caustic-leaching tests using slurry
samples from Tank AZ- 102 were conducted from 1/10/2000 through 1/14/2000. The work was
petiormed in the High Level Radiochemistry Facility (HI-RF) hot cells located in the Radiochemical
Processing Laboratory (R.PL)facilities. Before testing, the material was homogenized and sub samples
were pulled for analytical work with the as-received sample. A description of the material preparation
and testing are described in the following sections.

2.1 Test Material Preparation

Battelle received samples from Tank AZ-102 from Hanford’s 222-S laboratory on September 13,
1999. This material was received in four -125-mL glass jars. Figure 2.1 lists the sample numbers along
with the mass of material recovered from each jar. A total of 538.9 g of material in the jam was
transferred to a 1-L glass bottle. This bottle was placed on a standard laboratory rolling mill, and mixed
for 29 h and 25 min. The normal temperature in the hot-cell where the mixing process occurred is -30-
35”C.

Following mixing, the material was allowed to settle for slightly less than 4 days. After settling, the
total amount of material was -350-mL, consisting of 300 mL of settled solids and 50 mL of supernate.
Approximately 58.32 g of supemate was decanted from the top of the slurry to a container labeled
AZ- 102 SUP. Three density measurements were made of the supemate and the average density was
determined to be 1.14 g/mL. Other properties measured during this phase of testing and their values are
shown in Table 2.1.

Table 2.1. AZ-102 Composite Initial Physical Properties Data

Property Value
Settled Solids 85.7 VOI%
Centrifuged Solids Avg 75.5 VO1’%0
Supemate Dissolved Solids 28 w-t%
Supemate Density Avg 1.14 g/mL
Approximate Undissolved Solids vvt% 25 Wt%
Approximate Composite wt% Solids 46 Wt%

2.1
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AZ-102 “As Received”Samples
FourJars– Sample#17165-17168

4
lle AZ-102Materialwascombinedina 1-Lglass@rlabeledAZ-102COMP Residualsamplematerialleftinjars
Sample#/ OutsideJarSurface Observations/MaterialMassTransferred accidentallydriedout.
17165 Fairlyclean NoObservationsNoted 153.53g + -32.11gwet=18.26gsolids
17166 Clean Thickerthan17165 134.15g Ilk materialwasdehydratedand
17167 None Thinpeanutbutter 128.85g addedtothe“AZ-102Recovered
17168 SuspectLeak Thickpeanutbutter 145.32-g Solids”jar.

4
AZ-102COMF’(538.9g)wasplacedona standardlaboratoryrollingmill
for29.42h. Itwasthenallowedtosettleforover90h.

+
Aftersettling,the-350mLofmaterialwasvisually300mLsettledsolidsand50mL
supernate.ThesupematewasremovedandputintoabottlelabeledAZ-102-SUP.

4 L

EE=l--l%==n
v

AZ-102SUP SampleAZ-102SUP-MU
58.32gmaterial * 28.23g fromAZ-102SUP

I I I 480.58gmateria,l I I I F

Twosampleswerepulledandcentrifuged
for1hat 1000x-g.Thesamplestotaled
18.77g. Thismaterialwasaddedtothe
“AZ-102recoveredsolids”after
measurementsweremade.Atotalof4.78
gofmaterialwaslostinatransferglitch,
butsomeofthatwentintotherecoveryjar
aswell.

I r-

~

1clSampleAZ-102GL
49.66g fromAZ-102COMP
6.05gfromAZ-102SUP

SampleAZ-102MU(Cm
+ 50.05g fromAZ-102COMP

6.21g horn~-102 SUP I
AZ-102COMP

r-l
SampleAZ-102SUP-B
7.18g fromAZ-102SUP
23.09g fromAZ-102COMP

1 I

t

SampleAZ-102MU(Analytical)
27.3g hornAZ-102MU(Jar)

I I 322.06gweretransferredffomthisbottletotheCUF. I I

AZ-102RecoveredSolids
Allthematerialthatcouldberecoveredbyrinsingequipmentwas
collectedinthisjar. ThefinalmaterialthatwentintotheCUF

Ez%!EElwas-10 VO1”AsettIedsolidsandweighted383.82g. 4
I

MaterialthatWentIntotheCUF
AZ-102COMP

AZ-102GL
AZ-102Mu (CUF)

AZ-102Recove~dSolids E

Figure 2.1. Flowsheet of Initial Compositing

2.2



The slurry remaining in AZ-102 COMP was stirre~ and two -8 mL samples were pulled with a wide-
mouth pipet to verify physical homogeneity by comparing solid/iiquid ratios. The two samples were put
directly into centrifuge tubes and centrifuged for an hour at 1OOOX-G.The two subsamples were found to
be 76.5 and 74.6 vol% centrifuged solids. Given that these results varied by less than 2 VOI%,the
sampling technique was determined to provide representative subsamples. The solids from the centrifuge
tubes were recovered into ajar labeled AZ-1 02 Recovered Solids.

In the original test plan, two composite subsamples were needed for other tasks. The procedure for
making composite subsamples involves transferring a target amount of solids material into sample jars
and then adding a proportional amount of supemate back in based on the ratio of settled solids to
supematant in the original container. This procedure has been determined through previous testing to be
the most consistent way to acquire repeatable representative slurry samples. The two composite
subsamples were named AZ-102 MU and AZ-102 GL. Each had a target wt. of 50.0 g settled solids. The
final compositions were 50.05 g of solids and 6.21 g supemate in AZ-102 MU and 49.66 g of solids and
6.05 g of supemate in AZ-102 GL. Additionally, 28.23 g of supemate was transferred from AZ-102 SUP
to a bottle labeled AZ-102 SUP MU for supematant analysis. After the supemate sample and two
composites were prepared, the remaining supemate was added back to AZ-1 02 COMP, which was slated
for CUF testing.

It was later determined that there were not enough solids to make the required amount of glass
following CUF testing. Therefore, part of the solids from the composite subsamples would have to be
used as CUF testing material. The work for which AZ-102 GL had been prepared was canceled and this
material was used for CUF testing. AZ-102 MU was the sample intended for analytical testing. It was
determined that the analytical work could be completed with less than 50.0 g of solids if extra supemate
was provided. So a new bottle was labeled AZ-102 SUP-B, and 23.09 gofsupematefromAZ-102
COMP and 7.18 g of supemate from AZ- 102 SUP were transferred into it. Then AZ-102 MU was mixed
with a steel scoop, and 27.3 g was transferred into a centrifuge tube labeled AZ-102 MU. From this point
on in the repo~ these will be referred to as AZ-1 02MU(CUF)andAZ-102 MU (analytical),
respectively. AZ- 102 MU (analytical) was analyzed to determine the starting composition. AZ-102 MU
(CUT) was added to the CUF.

The original bottles and all tools were rinsed with 0.01 M NaOH into a bottle labeled AZ-102
Recovered Solids. AZ-102 Recovered Solids was added to the CUF during testing before the second
testing matrix.

2.1.1 Observations

The AZ-102 material that was used for these tests is very cohesive/adhesive in nature. It was hard to
transfer it into separate containers because the material would forma thick clinging layer on all the tools
and sides of the vessels.

The material also forms strong agglomerations when it is allowed to sit for a few days. The first part
of the composite work was finished toward the end of 1 week, and it was decided to pull some samples at
the beginning of the next week. After the weekend when the material was being re-mixed, a couple of
large lumps were observed. They broke apart without too much effo~ and it was assumed that somehow
they had been missed in the original mixing, even though the initial mixiig had appeared quite thorough.

2.3



However, when AZ-102 MU was split after having sat for a couple of weeks, it was filled with hard
grainy agglomerates that had not been present when the sample was pulled. These agglomerates varied in
size, some as large as -1 mm in diameter. These agglomerates were concentrated primarily in the bottom
of the container. Attempts were made to break them apart during there-mixing of the material, including
vigorous stirring and compressing them between the jar wall and the steel scoop, with only moderate
success.

2.2 Overview of Testing

For the AZ-102 crossflow filtration experiments, measurements of filtrate flux as a fimction of TMP
and crossflow velocity were recorded for both a dilute and a concentrated slurry. The dilute feed was 5.1
wtYosolids, and the concentrated feed was 13.7 wt% solidsa. Due to minimum volume constraints in the
CUF and the small quantity of AZ- 102 sludge available, the high solids concentration target of 20 wtYo
solids could not be achieved. The filtrate was recycled back into the feed tank to maintain the steady-
state solids concentration for testing. Each condition was run for 60 min with data taken at 10-minute
intervals. The system was back-pulsed at least twice between each condition, and not backpulsed at any
time during the condition. The slurry temperature was maintained at 25 + 5°C for all filtrate testing.

The filtration test target conditions presented later in Tables 2.2 and 2.3 were based on an empirically
derived matrix to determine the optimum de-watering conditions for the feed slurry. A 5-point matrix
around the center-point at 50 psid and 12.2 Ws tested the conditions of TMP (30 psid, 50 psid, 70 psid)
and axial velocity (9. 1 IVs, 12.2 ftls, 15.2 ft/s). However, the air pressure available and pump capability,
even with the air booster, was insuftlcient to achieve the target velocities and pressures with the AZ-102
material. Therefore, some of the matrix points are at lower velocities.

It was hypothesized that the subsurface filter fouling (that cannot be removed by simple backpulsing)
may have influenced the selection of optimum de-watering conditions as each test was conducted. To
incorporate error introduced by the subsurface filter fouling, and to account for such errors in selecting an
optimum de-watering condition, the center-point was used for the initial testing conditions and repeated
for the final testing conditions.

The initial AZ- 102 material exhibited some unexpected physical properties that affected the testing at
several stages. The AZ- 102 sludge composite was very cohesive and tended to form agglomerates when
it settled. This may have caused problems with material transfer and with plugging and flow fluctuations
in the CUF. It also could have affected the rheology measurements. After all CUF processing was
complete, it was noted that the material entrained air in quantities large enough to increase its volume by
almost a third. This entrained air may have been the result of pumping in the CUF. It is possible that part
of the reason the target flowrates could not be reached during testing was due to these NO unexpected
physical properties, although entrained air was only observed at the conclusion of testing.

Following the filtration tests, the slurry was washed with 0.01 M NaOH at 25°C in the CUF system.
This was accomplished though consecutive additions of the washing solution to the CUF slurry feed tank,

(a) Solids concentrationspresentedin this report are reportedon an insolublesolidsbasis unless specifically
delineated. Insolublesolids concentrationis calculatedby subtractingout the dissolvedsolids horn the total solids. ‘
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followed by the removal of an equal amount of liquid as permeate using the crossflow filter. The filtrate
from these washes was collected in three separate containers, and each was sampled for analysis.

The slurry was then put though a caustic leaching process. The slurry was transferred from the CUF
to a separate leaching container, combined with NaOH to produce a slurry consisting of -3 M OH_,
heated to 85°C, and held with steady mixing for 8 h. The leached slurry was then transferred back into
the CUF, and de-watered. Following leaching, NO 8-h, 0.01 M NaOH rinse cycles were performed at
85°C to reduce the dissolved solids contained in the interstitial liquid.

The available solids and the minimum operating volume of the CUF (800 to 900 mL) limited the
maximum solids concentration that could be attained in the CUF for the second matrix and the final
slurry.

All wash solutions and slurry samples from selected process points were analyzed for chemical and
radiochemical constituents. Additional samples were obtained to determine theological properties and to
verifi the approximate solids loading at specified points. These samples were added back to the system
after completion of the procedure when possible.

The final washed sludge was transferred into a storage container for melter feed theological studies
and HLW vitrification tests.

2.3 Testing Apparatus

Crossflow filtration testing of the feed was conducted on a Battelle-constructed CUF, with the
following specifications:

●

●

●

●

single tube filter module, 24-in. tube; 3/8-in. ID

O.l-pm Mott liquid-service stainless steel filter

re-circulation flow such that 5 nds (15 Ws) maximum linear crossflow velocity could be achieved
with wate~ however, with the AZ-102 slurry, the target velocities (9. 1–15.2 II/s) could not be
achieved.

maximum TMP 80 psid with water.

A process flow diagram of the CUF is shown in Figure 2.2. The slurry feed is introduced into the
CUF through the slurry reservoir. An Oberdorfer progressive cavity pump (powered by an air motor)
pumped the slurry from the slurry reservoir through the magnetic flow meter and the filter element. Three
baffles were installed in the slurry reservoir to prevent vortex formations. The axial velocity and TMP
were controlled by the pump speed (which was controlled by the pressure of the air supplied to the air
motor) and the throttle valve position. An air booster was added outside of the hot cell to increase the
building pressure to the air motor. This was done in an attempt to achieve higher axial velocities during
actual slurry testing. During operation, the air booster created a pulsation at an approximate rate of 1 per
second and a TMP of 5–1Opsig. These pressure fluctuations may have impacted the filtration
characteristics, although a test performed during the C-104 filtration compared this effect and indicated
that it did not (Brooks et al. 2000).

2.5



Deionized (IX) water and dilute caustic (0.01 M NaOH) additions into the CUF were made by adding
pre-weighed volumes in through a chemical addition tank located outside the hot cell. The chemical
addition tank was hard piped into the cell where a long piece of flexible tubing was attached that could be
gravity drained into the slurry reservoir. Concentrated caustic or acid solutions were added to the CUF
using pre-filled polyethylene bottles transferred manually into the cell.

Filtrate that passes though the filter can be either sent to the back-pulse chamber, reconstituted with
the slurry in the slurry reservoir, or removed. The filtrate flow rate is measured by means of a graduated
glass-flow monitor that is fill-and-drain operated. Higher filtrate flow rates can be monitored with an in-
line rotometer. Filtrate samples are taken at the three-way valve upstream from the slurry reservoir. This
is also the point at which filtrate is removed for the de-watering step. Filter back-pulsing was conducted
by partially filling the back-pulse chamber with filtrate, pressurizing the back-pulse chamber with air, and
forcing the filtrate in the back-pulse chamber back through the filter.

During the majority of the testing with the CUF, the slurry temperature was maintained at 25 * 5°C
by flowing cooling water in jackets around the slurry reservoir and through a jacket surrounding the tube
between the magnetic flow meter and the filter. The slurry temperature was measured by a thermocouple
installed in the slurry reservoir and controlled by a 1000-watt chiller. When filtering wash solutions at

- elevated temperatures (85°C), the chiller was turned off and heat tape surrounding the slurry reservoir and
pump inlet tubing heated. The temperature was then maintained using a proportional-integral-derivative
controller (PID) temperature controller.

The elevated-temperature caustic leaches/washes were performed in a large 2-L stainless steel beaker.
The slurry in the stainless steel container was heated on a hotplate while being continuously stirred with a
mixing blade. A thermocouple, immersed in the slurry, measured temperature and fed the data into the
temperature controller. This allowed for automatic temperature control for the 8-h wash cycles. To
minimize evaporation loss, a stainless steel lid with a small hole for the mixer shaft was used.
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The critical test measuring equipment included

a magnetic flow meter to measure slurry re-circulation rate

two flow meters to measure the filtrate flow rate at high and low levels

three pressure gauges to measure the filter module inle~ filter module outlet and filtrate pressures

two thermocouples to measure the slurry temperature in the CUF and in the leaching beaker.

All measuring equipment was calibrated, and the calibration information was recorded in the test-
instruction document.
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2.4 CUF System Verification Testing

Testing to establish a baseline filtrate flux was conducted with de-mineralized filtered water in the
CUF at 20, 10, and 30 psid. The filtrate fluxes for these tests averaged 1.25,0.55, and 1.54 gprn/&,
respectively. These fluxes were lower than the fluxes obtained with water before the start of previous
testing with a C- 104 sample, which averaged 1.59, 0.95, and 2.38 gprnhl?, respectively. This may
indicate that a certain amount of irreversible fouling was occurring in the filter. The water testing showed
very little filtrate flux reduction over the 60-min test time for the 20-psid test and 3O-reintest time for the
10-psid test. However, over the 30-min test at 30 psid, the flux dropped from 1.70 to 1.34. The majority
of this drop was seen over the last 10-minute increment. It was decided that the CUF was sufficiently
clean to begin testing with the AZ-102 sample since attempting to achieve better fluxes would be costly in
both time and budget and the water fluxes were above the required start values.

2.5 Experimental Approach

A flow sheet of the testing is shown in Figure 2.3. The test instruction for this work is found in
Appendix A, and a mass-balance spreadsheet is provided in Appendix B.

The homogenized AZ-102 samples were added to the CUF along with 0.01 M NaOH to create a
slurry at 5.1-WtO/Oinsoluble solids concentration.

The AZ-102 material plugged the CUF for the first 20 minutes of operation and could not be pumped
smoothly. For several hours after the start of testing, the system continued to show large variations in
flow and pressure, indicating continued plugging. These problems could be either due to agglomerates in
the slurry or just its high solids loading and cohesive nature. Once the flow and pressure readings had
stabilized, it was noted that the target flowrate of 12.2 ilk at 50 psid for the first condition could not be
reached even with the help of an air booster. After several attempts to increase the flowrate, testing of the
first matrix began with the highest flowrate achievable. During the first three hours of testing, occasional
plugging of the CUF throttle valve occurred, resulting in pressure spikes. After that time, steady-state
pressures and velocities were more easily achievable.

The first testing matrix to determine the optimum de-watering conditions for dilute slurry conditions
was run at five combinations of TMP and crossflow velocity with two conditions being repeated to assess
the effect of filter fouling over the course of testing (see Table 2.2). The system was back-pulsed two to
four times between each condition. It was not backpulsed during the l-hour test condition itself. The
cognizant engineer determined the required amount of back-pulses required based on the drop in flux
during the previous condition and on the amount of recovery achieved with the first two back-pulses. The
filtrate flux results are found in Section 3.1.
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Table 2.2. Test Conditions for Low-Solids-Loading Matrix ‘a)

Target Flowrate Average Velocity Target Pressure Average Pressure
Condition # (ilk) (ft/s) (psid) (psid)

1 12.2 9.47 50 49.11
2 9.1 7.58 30 30.00
3 15.2 7.11 70 70.29
4 15.2 7.96 30 30.43
5 9.1 NA 70 NA
6 12.2 8.57 50 51.43
7 13.1(0) 13.13 30~0~ 29.50

(a) Air Booster used to attain required pressure and flow.
(b) Determined to be the optimum condition.

An external air-booster was used originally for the test conditions, requiring both a high TMP and a
high flow rate. However, since none of the targets could be reached with the AZ-102 even with the air-
booster, it was used for all the conditions. Furthermore, Condition 5 was not performed during this
testing matrix because it would have only been a replicate of Condition 3, since higher than 7.1 fi/s axial

-velocity was not possible at 70 psid transmembrane pressure. The test was moved directly to Condition 6.

After completion of the first test matri~ the slurry was de-watered, and the filtrate was collected in a
bottle labeled AZ-102 Filtrate #1. Samples AZ-102 GL, AZ-102 MU and the Recovered Solids were
then added to the CUF. The recovered solids material was approximately 10 vol% settled solids. The
slurry was again dewatered, and the filtrate from the second de-watering processes was collected in AZ-
102 Filtrate #2. Representative samples of these filtrates and the final combined slurry were taken for
analysis. The combined slurry filtered during this second dewatering step contained agglomerates that
plugged the system. The system had to be manually pulsed by repeated stop and starts of the pump for
almost 45 min before steady consistent operation of the CUF was possible. The slurry was allowed to
mix for an additional 15 min before proceeding with this second de-watering step.

This concentrated slurry had an insoluble solids concentration calculated at 13.7 WI%. It was run
through a second test matrix to determine optimum de-watering conditions at these higher solids loading.
Testing procedures for Matrix 2 were identical to the testing for Matrix 1. Since the target conditions
could not be reached for Matrix 1, new achievable targets were decided upon for Matrix 2. The targeted
and actual conditions are shown in Table 2.3. Once again, Condition 5 was not pefiormed due to the
diftlculty in attaining high axial velocities at 70-psid transmembrane pressure.

Twenty minutes into Condition 6, the transmembrane pressure suddenly increased to >100 psid.
Upon adjusting back to the original pressure setpoin~ it was discovered that the maximum flowrate was
up by about 20°/0. While this increase did not bring the flowrate up to the target it was higher than had
been achievable for any of the previous conditions. Therefore, after the completion of Condition 6,
another condition was added with the pressure at 30 psid and the flowrate as high as possible. The sudden
spike in pressure and corresponding jump in maximum attainable flowrate may indicate that a partial plug
may have existed in the system, which was restricting flowrate throughout the previous testing. This plug
may have broken loose 20 min into Condition 6, increasing the flow rate and the quantity of small
particles to foul the filter. It is also possible that during Condition 6, air was suddenly entrained into the
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sample, thus increasing the flowrate and blinding the filter with air bubbles. These hypotheses cannot be
tested, but would be consistent with the previously noted nahye of this material and observation of its
performance in the CUF during the course of the test.

Table 2.3. Test Conditions for High-Solids-Loading Matrix(”)

Altered – Target Average Target
Original Target Fiowrate Flowrate Pressure Average

Condition # Flowrate (ft/s) (ft./s) (ft/s) (psid) Pressure
1 12.2 7.55 7.87 50 51.07
2 9.1 6.39 6.59 30 29.00
3 15.2 5.81 5.96 70 67.74
4 15.2 As High As 8.45 30 30.29

Possible
5 9.1 NA NA 70 NA
6 12.2 As High As 8.98 50 47.83

Possible
7 NA – Added As High As 11.53 30~”J 29.36

Test Possible
(a) Air Boosterused to attainrequiredpressureand flow.
(b) Determinedto be the optimumcondition.

The slurry was washed three times with dilute caustic following the second test matrix. The total
wash volume was divided into three parts and added batch-wise to the CUF. Each wash volume was
approximately 900 mL. After each addition, the system was de-watered into a labeled bottle until a
similar volume was removed. The wash water was added directly into the mixing tank.

After completion of the water-washing steps, the slurry was removed from the CUF and leached at 3
M NaOH in a separate vessel at 85°C for 8 h. To reach the 3 M NaOH target 609.16 g of 7.37 M NaOH
was added the slurry.

To rinse residual solids from the CUF, the slurry was pumped into the leaching beaker, and then the
NaOH was added to the CUF and allowed to mix. This solution was then pumped into the leaching
beaker to mix with the slurry. This resulted in a slurry with a calculated value of 5.9 wt% insoluble solids
in the leaching beaker. The temperature of the slurry was raised to 85 + 5°C and maintained there for 8 h.
The slurry was continuously stirred with a mixer blade throughout the caustic leaching. Approximately
15 min before the end of the leaching period, the heat tape on the CUF was activated to pre-warm the

system so that slurry could be maintained at 85 =!=5°C for the de-watering process. After 8 h, the slurry
was weighed, and the amount of liquid lost through evaporation was determined. The slurry was then
transferred back into the CUF for de-watering back to original solids concentration (-10 wt% solids).
The amount of liquid lost through evaporation was used to rinse remaining solids out of the leach
container into the CUF.

The slurry was pumped around in the CUF and heated to return its temperature to 85 + 5°C before the
de-watering process was started. Filtrate flu~ TMP, temperature, and flow rate data were taken every 10
min during all de-watering steps when possible.
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Following the caustic leaching steps, the solids were washed twice with 0.01 M NaOH. Each dilute
caustic wash was conducted in the same manner as the caustic leach. Dilute Caustic Wash # 1 consisted
of 1390 g of 0.01 M NaOH added to the slurry. This produced a calculated solids concentration of-4
wt% in the leaching beaker. The solution was heated to -85°C and stirred for a period of 8 h, then de-
watered to the pre-wash concentration. Dilute Caustic Wash #2 consisted of 1400.00 g of 0.01 M NaOH

added to the slurry. The solution was heated to 85 + 5°C and held for a period of 8 h, then de-watered at
85+ 5°C to the pre-wash concentration. For both washes, the amount of liquid lost through evaporation
was used to rinse remaining solids out of the leach container into the CUF. After the final wash, an
additional -130 mL of water was added to the system in an attempt to remove all the solids from the
leaching vessel. Duplicate sub-samples of each permeate were taken and analyzed for soluble
components removed.

Approximately 577 g of final washed and leached AZ-102 sludge was drained from the CUF and
collected into a 1-L bottle. The CUF was rinsed once with 500 mL of DI water, and the solids were
collected to be settled and recovered. The CUF was then rinsed four more times with 1000 mL of DI
water, and the solids from these rinse steps were recovered to the extent possible.

It was noted in both the rheology testing and in the final collection of the material that this sludge has
the capacity to retain large amounts of trapped gases (assumed to be air) when mixed in the CUF. The
bottle that contained the “Final Washed Sludge” was visually fill after transfer from the CUF. After
settling ovemigh~ the bottle was a little less than 2/3 fill. This indicates that at the time of transfer, the
material consisted of approximately 33-vo1% entrained air, which was not easily removed in a short
period of time.

The CUF was rinsed multiple times with water to remove all of the remaining solids and to recover
the initial clean water fluxes. To assist in cleaning the filter, the water was added to the back-pulse
chamber and forced backward through the filter. The wash water continued to come out of the CUF

brown in color, indicating the presence of fine particles. An external cartridge filter with a 0.05-pm
rating was attached to the system. Roughly 2/3 of the flow continued through the CUF, and the
remaining 1/3 of the flow was circulated through the cartridge filter in an attempt to remove the
remaining solids. This recirculation continued for several hours while intermittently back-pulsing. At the
conclusion of this cleaning step, the filtrate flux was measured with clean water. The filtrate flux was
significantly below that measured before the AZ-102 tes~ and it was determined that acid cleaning would
be required.

One liter of 1-M HNO~was added to the CUF (about 600 mL of that was back-pulsed in) and pumped
through the system. The nitric acid was then drained from the CUF and found to be very dark and fill of
solids. A second batch of-600 mL of 1 M HN03/.2 M Citric acid was added to the CUF and allowed to
re-circulate through the system. This second batch of nitric acid was lighter, but still brown. The system
was then rinsed until a neutral pH was obtained. The external cartridge filter with a 0.05-pm rating was
reattached and run before attempting to get clean water fluxes.

The clean water flux was measured again at 20, 10, and 30 psid. The resultant fluxes over 20-min
tests showed a decrease in flux with time, indicating that the system was not yet free of fines. The fluxes
averaged 0.3517, 0.2259, and 0.7352 gpm/f?, respectively. Comparing these values to the pre-AZ- 102
water-test values of 1.25, 0.55, and 1.54 gpmhl?, respectively, it is obvious that pre-test conditions were
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not achieved. Since this was the last test planned for the CUF, it was decided not to attempting fi,uther
cleaning. However, it is expected that further cleaning would have eventually been able to achieve about
an 80°/0recovery of pre-AZ- 102 test flux.capacity, based on the C-104 testing. Further cleaning in the
fill-scale plant may be required to maintain a high clean-water flux. In the CUF system, the acid can
darnage the pump stator, so less extensive cleaning is possible.

2.6 Sample Analyses

The samples and associated analyses are shown in Table 2.4. For both permeates and slurry samples,
analyses included

total organic carbon (TOC) and total inorganic carbon (TIC)

ion chromatography (IC) (for soluble anions)

inductively coupled plasma-atomic emission spectroscopy (ICP-AES) (for metals)

gamma energy analysis (GEA) (137CS,241Am)

strontium chemical separation followed by beta counting ~OSr)

alpha emission analysis (AEA) (for 24*Am, ‘9Pu)

total cyanide (cN-).

The slurry samples were prepared by both acid digestion and KOH fusion to obtain complete
dissolution as well as measure the K and Ni concentration.

Tabie 2.4. Samples and Analyses Performed

Sampling Step Sampling Number Sample Type Analysis

Initial Sludge
AZ-102 Mu PSD

Composite
AZ-102 Mu Sludge Physical Properties
AZ-102 Mu Chemical and Radiochemical

Initial Decanted
Supematant

AZ-102 Mu SUP Supematzmt Chemical and Radiochemical

First De-Watering
After Matrix 1

CUF-AZ-102-OO1 Permeate Chemical and Radiochemical

Second De-Watering
Afler Matrix 1

CUF-AZ-102-OO3 Permeate Chemical and Radiochemical

Dewatered Slurry CUF-AZ-102-OO5
slurry

Physical Properties
(Before Matrix 2) CUF-AZ-102-OO6 PSD
Dewatered Slurry
(After Matrix 2) ‘A

slurry Rheology

Water Wash 1 CUF- AZ-102-O15 Permeate Chemical and Radiochemical
Water Wash 2 CUF- AZ-102-O17 Permeate Chemical and Radiochemical
Water Wash 3 CUF- AZ-102-O19 Permeate Chemical and Radiochemical
Washed Slurry CUF- AZ-102-OO7 slurry Chemical and Radiochemical
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Sampling Step Sampling Number Sample Type Analysis
Caustic Leach CUF- AZ-102-OO9 Permeate Chemical and Radiochemical

CUF- AZ-102-O1O
CUF-AZ-102-O11

Chemical and Radiochemical
After Caustic Leach slurry

CUF- AZ-102-O12 Physical Properties

Caustic Wash 1 CUF- AZ-102-O13 Permeate Chemical and Radiochemical
Caustic Wash 2 CUF- AZ-102-O22 Permeate Chemical and Radiochemical

CUF- AZ-1 02-024 PSD
Final Slurry

CUF- AZ-102-O23
CUF- AZ-102-O26 slurry

Chemical and Radiochemical

CUF- AZ-102-O25 Rheolog & Physical
and Final Rheology Properties

Final Decanted
CUF- AZ-102-O27 Permeate

Acid Digest/ICP-AES
Supematant (for Na)

In addition to the above analysis, several additional analyses were performed on the composite
initial and final slurry. For these two slurries, a precious metals group (PMG) fision was also performed
to obtain the Pt concentration in the slurry. The additional analysis for these slurry samples included

●

●

●

●

●

inductively coupled plasma-mass spectrometry (ICP-MS) (for 237Np,12bSn,1291,99Tc,pr, Rb, T% Pt)

extraction and Beta Count for 3H

combustion release and beta count (for 14C)

cold vapor atomic adsorption spectroscopy (for Hg)

ammonia concentration.

In addition to the analysis performed with the permeates, the original sample decanted supematant
analysis included the following:

●

●

●

●

ICP-MS (for 237Np,1291,99Tc)

cold vapor atomic adsorption spectroscopy (for Hg)

separations and beta counting for 99Tc

ammonia concentration.

The physical analyses of the slurries included density, weight percent dissolved and total solids, and
volume percent settled and centrifuged solids. The results of these analyses, along with a fiu-ther
description of the experimental steps, are provided in Section 4.0. The theological work measured shear
stress as a fi.mction of shear rate. The particle size distribution (PSD) measurements were performed for
selected samples using Microtrac X-100 and Microtrac UPA particle analyzers. The results of this work
along with fiu-ther description of the experimental steps are provided in Section 5.0.
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3.0 Ultrafiltration

This section is divided into two subsections:

and Washing Results

crossflow filtration results, and dilute caustic-washing
and caustic-leaching results. The physical property and theological results, and the particle size
distribution results are presented in Sections 4.0 and 5.0, respectively

3.1 Crossflow Filtration Results

Two crossflow filtration matrices were conducted at low and high solids loading. During these
matricies, filtrate fluxes were measured. Filtrate fluxes were also measured during the washing and
leaching steps. These results are presented in the sections below.

3.1.1 Low Solids Loading Matrix Results

The low solids loading matrix consisted of six conditions. All were performed at 5.1-wt% insoluble
solids concentration, and each was 1 hour in duration. The average filtrate fluxes from these conditions
are shown in Table 3.1. As mentioned in Section 2.5, Condition 5 was not performed for this matrix. A

- graph of the filtrate flux as a fimction of time for all seven conditions is shown in Figure 3.1. The high
initial flux rates drop within a few minutes to a lower, more consistent flux rate that slowly decreases over
time. For comparison of test conditions, the flux rate was averaged over the l-h run time, except for the
first 10 min of operation. All the flux data presented in this section have been corrected to 25°C using the
following formula provided by BNFL to correct for viscosity and surface tension changes:

where Flux2j
(l%@. All

F1ux25C= FluxTe25’’QR+J
is the corrected filtrate flq and T is the temperature (in ‘C) at the flux measurement

Ifthe raw data for the filtrate flux measurements are included in Appendix D.

Table 3.1. Average Filtrate Flux for Low Solids Matrix (-5.1 TW?40)

2 7.6
3 7.1
4 8.0
5 NA
6 8.6

Average Pressure Average Filtrate
(psid) Flux (gpm/#)
49.1 0.126
30.0 0.082
70.3 0.046
30.4 0.055
NA NA
51.4 0.071
29.5 0.078i ! I 4

NA = Not performed
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Figure 3.1. Filtrate Flux as a Function of Time for the Low Solids Matrix

The initial condition (49. 1 psid, 9.5 Ills) had the highest average filtrate flux. As with previous
crossflow filtration studies (Brooks et al. 1999; Brooks et al. 2000; Geeting and Reynolds 1997) on
Hanford tank wastes, during each condition and between conditions, the filtrate flux steadily decreases
over time. This was evidenced by the decrease in filtrate flux that was observed in Conditions # 1 and #6
and Conditions #2 and #4. With similar pressure and slightly lower velocity, Condition #6 (51.4 psid, 8.6
13/s)had a filtrate flux 44% lower than Condition #1. Condition #2 (30.0 psid, 7.6 ft/s) and Condition #4
(30.4 psid, 8.0 R/s) were also nearly identical in pressure and velocity. In this case, there was a 32%
decrease in filtrate flux from Condition #2 to Condition #4.

The initial, final, and average filtrate flux results are shown in Figure 3.2. The first four conditions
show a linear decrease in initial filtrate flux in spite of backpulsing and varied TMPs. A similar linear
decrease in average filtrate flux was seen with the first three conditions. This decrease was probably
related more to filter fouling and the influence of particle break-up than from changes in ‘IMP. Thus, no
trend in TMP can be seen from the first three data points over the range of 30 to 70 psid. This result may
indicate the need for higher backpulsing pressure and frequency to prevent this irreversible fouling.
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In comparing the initial, average, and final flux values for all conditions, it can be concluded that after
approximately 2-3 hours of slurry circulation in the CUF, the solids are eroded to a stable finer particle
size distribution (See Section 5.1). The evidence for this assumption is determined by the rate at which
equilibrium is established during one hour of circulation. During Conditions 1 & 2, the flux declines
slowly over time. For Conditions 3-7, the equilibrium flux is reached more quickly. Thus in the later
cases, the resistance of the deposited layer on the membrane surface is relatively unchanged during the
one hour of circulation (Tarleton and Wakeman 1994).

0.2
● Initial Flux ● Average Flux a Final Flux

0.18 ~
●

o I

o 1 2 3 4 5 6 7

Condition Number

Figure 3.2. Initial, Average, and Final Filtrate Flux for Each Condition in the Low Solids Matrix

Conditions #4, #6, and #7 better illustrate the influence of pressure and velocity. The lower pressure
and velocity of Condition #4 (30.4 psid, 8.0 ft/s) yielded a lower filtrate flux than Conditions #6 and #7,
with their higher pressure or axial velocity, respectively. The high pressure and low velocity of Condition
#6(5 1.4 psid, 8.6 flh) appeared to offset the high velocity and lower pressure of Condition #7 (29.5 psid,
13.1 ft/s) for nearly identical average filtrate fluxes. The increase seen between Condition #4 and #6 with
higher transmembrane pressure would indicate a possible small, but measurable, influence of pressure on
filtrate flux.

3.1.2 De-Watering from Low to High Solids Loading

Theslurry was de-watered in two steps, once on the initial slurry containing AZ-102 Comp (the initial
feed), and again on the slurry after it contained all AZ-102 sludge material to be used, including AZ-1 02
IVCU,AZ-102 GL, and the recovexy jar. The initial de-watering removed approximately 950 mL of
supematant at a filtrate flux of 0.094 gpm/fl?. These filtrate flux measurements were performed at 48 psid
and 10.2 ft/s. The results were approximately 30% higher than those seen for similar material during
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Condition #6. The solids concentration varied from 5.1 wt% to approximately 9.2 wEA solids during the
dewatering step. This increase in filtrate flux in spite of the higher solids loading maybe the result of the
higher axial velocity (10.2 IVsvs. 8.6 II/s). The second de-watering step removed an additional 730 mL of
supematant. The TMP was very similar to the first dewatering step, but the average axial velocity was
much lower (5.7 vs. 10.2 Ws) and decreased overtime (from 7.3 to 4.3 ftk). The filtrate flux for this step
decreased from 0.067 to 0.024 gpndfi?. During this de-watering, the solids concentration increased from
an estimated 8.7-to 13.7-wt?/osolids.

3.1.3 High-Solids-Loading Matrix Results

The second filtration matrix was performed after the slurry had been de-watered to a calculated solids
concentration of 13.7 wt’?/osolids. This matrix consisted of six conditions. As mentioned in Section 2.5,
Condition 5 was not petiormed for this matrix. The first and sixth conditions were repeated to evaluate
filter fouling during the course of the testing. The average filtrate fluxes for this matrix are shown in
Table 3.2. The filtrate fluxes as a fimction of time are shown in Figure 3.3. As done previously, each
condition was performed over the course of 1 h with 3 to 4 backpulses between each condition.

Table 3.2. Average Filtrate Flux for High-Solids Matrix (-13.7 wt’Yo)

Average Velocity Average Pressure Average Filtrate
Condition # (ft./s) (psid) Flux (gpm/@

1 7.9 51.1 0.032
2 6.6 29.0 0.028
3 6.0 67.7 0.030
4 8.4 30.3 0.038
6 9.0 47.8 0.020
7 11.5 29.4 0.050

Unlike the previous matri~ ~e highest average flux did not occur at the first condition. Instead, it
occurred at the condition of highest axial velocity (Condition 7). Once again, the average filtrate flux
appeared to decrease over the entire matrix as evidenced in the decrease in filtrate flux that was observed
in Conditions #1 and #6. With nearly identical pressure and increased velocity in Condition #6, there was
a 38°/0decrease between the two conditions. ”Some of this decrease could be associated with a sudden
change that occurred to the testing apparatus 23 min into the Condition. There was a spike in the pressure
and then immediately the flow increased from 7.8 IVsto 10.2 ft/s. The filtrate flux decreased by
approximately 50°/0. It is postulated that build-up of particles somewhere in the system suddenly broke
free, allowing an increase in flow and further coating the filter. This in turn resulted in a decrease in
filtrate flux. A second postulate is that a sudden increase in entrained air in the slurry blinded the filter,
resulting in a decrease in filtrate flmq although entrained air or its effects were noted only at the
conclusion of testing.
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Figure 3.3. Filtrate Flux as a Function of Time for the High Solids Matrix

The first three data points provide some indication as to the effect of TMP at constant axial velocity.
The nearly constant filtrate flux seems to indicate that the filtrate flux was not impacted by TMP over the
range from 30 to 70 psid.

A comparison between Conditions #2, #4, and #7 provides an indication of the effect of axial velocity
at nearly constant TMl?. With increased axial veloci~, there was a significant increase in filtrate flux.
This trend can best be seen in Figure 3.4 where filtrate flux was plotted as a fimction of axial velocity.
The resulting graph is nearly linear. Overall, for the high solids matri~ the optimum condition was
achieved at low pressures and high axial velocities.
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The initial, final, and average filtrate-flux results are shown in Figure 3.5. The initial filtrate flux
for the first condition was significantly higher than all subsequent conditions. Condition 7 also has a
slightly higher initial filtrate fl~ possibly due to the significantly higher axial velocity, which removes
more material during backpulsing. The remaining conditions were relatively constant in initial filtrate
flux.
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Figure 3.5. Initial, Average, and Final Filtrate Flux for Each Condition in the High-Solids Matrix

The filtrate fluxes for this high solids loading test matrix were lower than those seen in the previous
matrix. With the 2.7-fold increase in solids concentration, the filtration flux decreased by an average of
2.3-fold (see Figure 3.6). In the case of Conditions #1, #2, and #6, the differences were larger.

3.1.4 Filtration Results During the Washing and Caustic Leaching Steps

Washing with dilute caustic was pefiormed in three steps. In each step, approximately 900 mL was
added to the CUF, and then an equal quantity of filtrate was removed. During each of the steps, the solids
concentration should increase from approximately 7°/0up to 110/0,assuming minimal solids dissolution
during washing. The average filtrate fluxes for these washing steps are presented in Table 3.3.
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Table 3.3. Average Filtrate Flux for Dewatering During Washing and Caustic Leach

Average Filtrate High T Filtrate
Average Velocity Average Pressure Flux @pm/f?) Flux Corrected

Step (ft/s) (psid) for Temperature
wash 1 7.4 53.2 0.038 (b)
Wash 2 7.3 49.8 0.028 (b)
Wash 3 4.0 48.2 0.014 (b)
Caustic
Leach

8.8 31.0 0.17(’) 0.042

Caustic
Wash 1

8.4 29.5 0.17(’) 0.042

(a) Performed at 85”C. Filtrate flux was not corrected for temperature using Equation 3.1.
(b) Performed near 25°C and corrected for temperature using Equation 3.1.

Each washing step required 20 to 40 min to remove the 900 mL of filtrate. With each washing step,
the average filtrate flux decreased. In the case of Wash 3, this was the highest the pump would operate.

.The larger reduction in filtrate flux for this case was probably due to the significant reduction in average
velocity.

Filtrate flux data were also taken during the caustic leach and first caustic wash de-watering steps.
During these tests, the filtration was petiormed at elevated temperatures. The filtrate flux rates at 85”C,
not corrected for the elevated temperature, are shown in Table 3.3. Overall, the insoluble solids
concentration was increased from -5.9 to -8.3 VVWOsolids in the case of the caustic leach and from -4.0
to -8.8 vW%in the case of the first caustic wash. In both cases, the filtrate flux was much higher than
matrices and de-watering done previously, indicating a possible significant increase in plant throughput as
a result of higher operational temperatures. Elevated temperatures may, however, dissolve some solids
that would reprecipitate in the filtrate after it is cooled. Using the correction in Equation 3.1, the filtrate
flux was normalized to adjust the flux value on the same temperature basis. The resultant flux was
reduced by approximately 75°/0and became more in line with the filtrate flux of Condition #1 in the low-
solids test matrix.

3.1.5 Statistical Analysis

The goal of the statistical analysis is to estimate the error associated with these tests and to develop a
model that adequately predicts the average flux for AZ- 102 over the range of conditions studied.

The standard deviation estimate for the overall test was calculated by assuming that the change in flux
with respect to time was constant after the fmt 10 min of each condition and calculating the standard
deviation for each nm. While this is not entirely true since the filtrate flux continues to decline slowly
over time, it does provide a means of estimating the error associated with testing while the process is at
steady-state operation. These individual condition standard deviations were then pooled over all 12
conditions using the formulas:
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Sp= or Sp=r~(n,-1)s;
j=l

~(nj -1)
J=]

(3.1)

where the y’s are the filtrate flux values, s’s are the standard deviations for an individual condition, the n’s
are the number of observations in each run condition, and in our case, k = 12 since there were 12
sludgehun conditions. Using the above formula with all 77 data points taken, the pooled standard
deviation was calculated to be 0.00786 gpndll?.

There were 10 filtrate-flux determinations made for Condition #7 at the 5.1% sludge concentration
level. Of these, 2 were taken at the 41-min mark and 4 were taken at the 60-min mark. In contrast to the
previous da@ these data points should provide a reasonable estimate of the standard deviation with a
reduced effect of decline due to time. A pooled estimate for standard deviation was calculated using these
points and was found to be 0.00681 gpm/f?~

A statistical model can be used to understand the important factors, predict filtrate-flux performance,
and control for the effects particular to the CUF test and equipment that would not be seen in actual
operation (i.e., run number). Four possible factors were evaluated: linear velocity in fth (velocity),
pressure in psid (Pressure), time or run order in hours (Run), solids concentration given as fraction of
insoluble solids (Solids), or any combination of those variables. Since the Conditions for Matrix #1 and
#2 were run in series, the value of “Run” ranges from 1 (Condition 1, Matrix 1) to 12 (Condition 7,
Matrix 2).

A model was developed that incorporated both the low and high solids loading matrix. The
regression analysis was conducted using the average flux of the 12 conditions studied in the high and low
solids loading matricies. Multicollinearities were found among the regressor terms, so model selection
followed an effort to eliminate redundant terms from the model and ultimately establish a model that fit
the data well and provided reliable indicators of the effect of each term remaining in the model. The
model with the best fit with only statistically significant terms took on the following form:

Average Flux = 0.0326+ 0.00734.Velocity (ft/s) – 0.00645.Run (3.3)

For this model, the root mean square error was 0.01364 gprnhl? with an R-square of 0.8079.

The model shows that axial velocity has a positive relationship, and run number has a negative
relationship with filtrate flux. These results were not unexpected since higher velocities remove more
solids from the surflaceof the filter and improve filtrate fluxes while continued operation tends to foul the
filter and reduce the filtrate flux.
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Transmembrane pressure was not included in the model because it was found to be collinear with
velocity and did not contribute to the model. Transmembrane pressure may in fact be significant to the
filtrate flux. Part of the reason for this may also be that no data were taken at high pressures and high
velocities (due to equipment limitations); most of the data were taken either at high pressure and low
velocity or low pressure and high velocity. Thus the two parameters were related in this data set.

Similarly, solids concentration was not included in the model because solids concentration and run
number were also collinear. Since all low solids load data were taken during Runs 1-6 while all high
solids loading data were taken during Runs 7–12, these two effects cannot be statistically separated from
each other.

One of the purposes of these models was to determine the optimum conditions without the effect of
run order for both solids concentrations. In the case of both the low and high solids loading matri~ the
optimum filtration condition was the highest axial velocity. Higher solids loading, of course, reduces
filtrate flu~ although it was not included in the model.

3.2 Sludge-Washing and Caustic-Leaching Results

The chemical and radiochemical analyses obtained from the slurry-washing and caustic-leaching tests
are presented in this section. Slurry samples were taken on the initial feed before the material was added
to the CUF, following the three water washes, following the caustic leach, and at the conclusion of the
tests following the two caustic washes. As discussed in Section 2, a sample of decanted supematant was
taken for analysis before the material was added to the CUF. Liquid samples were taken on all permeates
removed throughout the course of the wash/leach steps. The results of these analyses for non-radioactive
species are shown in Table 3.4. Slurry samples are presented hereon a dry basis and permeate samples
on a wet basis. When a sample is drie~ it is done so by holding the sample at 105°C for 24 hours.

Table 3.4 shows that the primary metals in the initial slurry were, from highest to lowest
concentration, iron, aluminum, sodium, uranium, cadmium, zirconium, nickel, and calcium. Significant
soluble anions present in the slurry were nitrite, sulfate, and nitrate. Comparing the initial sample and
intermediate Sample #1, the initial dewatering steps as well as dilute caustic washing appear to have
removed a majority of the sodium, potassium, and the anions.

During the caustic leaching, aluminum, phosphorus, silicon and chromium were removed, as well as
additional potassium. The concentration of metals in the final slurry remained roughly in the same order as
in the initial slurry (for the top eight components). During the course of washing and leaching, most of the
soluble anions measured by IC were washed from the solids, with small amounts of chloride, phosphate,
sulfate, and fluoride remaining.

The radioactive component concentrations are shown in Table 3.5. Of the major radioactive isotopes,
only *37CSwas significantly removed during leaching and washing. As would be expected, the ‘Sr and
transuranic (TRU) isotopes remained with the slurry.
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Table 3,4. Non-Radioactive Component Concentrations

Water Caustic Caustic
Initial Wash Water Wash Water Wash Wash Wash

Initial Sample Permeate Permeate Permeate Intermediate Caustic Leach Intermediate Permeate Permeate No. Final
Sample(’) Supernate No. 1 No. 2 No. 3 Sample No. 1(’) Permeate Sample No, 2(”) No. 1 2 Sample(n)

Analyte pglg pg/mL pg/mL pg/mL pg/mL j.lglg pg/mL pglg pg/mL pg/mL pglg

Ag 352 <o.61 <0,25 <(3.12 <(j.I 39C <o.62 235 <0.25 <0.25 470
Al 1.25E+5 217 146 108 93. 1.85E+5 1.04E+4 1.01E+5 4.91E+3 2.18E+3 1.07E+5
As <1E+3 <6,1 <2.5 <1,2 <1. <1E+3 9.60 <2E+3 5.80 2.60 <1E+3
B 125 44.6 14.9 15.0 11. 230.0 23.9 250.0 10.00 10.5 225.0
Ba 550 0.260 <o.098 <(),()5 <().() 808 <0,25 521 <().1() <().10 958
Be 13.5 <0.24 <o,098 <().()5 <0.() 20.00 0.250 12.00 <oolc <(),1(J 22,50
Bi <596 <2.4 <o.98 <o.48 <().5 <574 <2.5 <(506 <().99 <0.99 <592

u Ca 7.20E+3 9.30 5.00 4.60 4.2 1.00E+4 14.0 8.15E+3 3.90 4.20 1,IOE+4
L
h) Cd 2,07E+4 <(3,37 <(3.15 <().07 <0.0 2.84E+4 15.0 1.79E+4 0.870 <(),15 3.30E+4

Ce <1E+3 <4.9 <2.() <o.96 <1, 1.30E+3 <4.9 <1E+3 <2,(J <2.0 1,55E+3
co 69,0 <1.2 <().49 <0.24 <0.2 100,0 <1.2 63.0 <().5(3 <().50 120,0
Cr 2.14E+3 826.5 36.3 20.6 11$ 1.58E+3 43.8 969 17.4 8.82 1.64E+3
Cu 306 0.840 <0.25 <().12 <0.I 488 <o.62 301 <0.25 <o.25 585
Dy <298 <1.2 <0.49 <0.24 <().2 <287 <1,2 <303 <().5() <(3.50 <296
Eu <596 <2.4 <o.98 <o.48 <0.5 <574 <2.5 <(io(j <().99 <().99 <592

Fe 1.40E+5 0.685 0.320 0.20C 0.35 1.87E+5 3,70 1.20E+5 1.000 0.810

Hg 19.1
2.21E+5

0.212 na na na na na na na na 26.6
K 6.40E+3 3.74E+3 190 115 69. <1E+4 190 <1E+4 61.0 27.0 <1E+4

La 4.19E+3 <1,7. <().49 <0.24 <().2 6.33E+3 <1.2 4.04E-I-3 <().5() <0.50 7.41E+3
Li <179 <().73 <0.29 <().14 <().1 <172 <().74 <182 <().3() <(),3fJ <177

Mg 805 <2.4 <o.98 <o.48 <().5 1.60E+3 <2.5 1.05E+3 <().99 <0.99 1.95E+3
Mn 3.37E+3 <1.2 <().49 <0.24 <().2 4.50E+3 <1.2 2.90E+3
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Water
Initial Wash Water Wash Water Wasl

Initial Sample Permeate Permeate Permeate
Sample(’) Sur)ernate No. 1 No. 2 No. 3

Analyte -
I 1 I I

pglg ~g/mL pg/mL pg/mL pg/mL
Mo 90.0 61.4 3.00 1.7d 0.970
Na 1,17E+5 7.02E+4 3.71E+3 2.22E+3 1.43E+3
,Nd 2.94E+3 <2.4 <o.98 <o.48 <().50

mi I 9.31E+3] <0.731 <o.2q <().1~ <().15

P 1.25E+3 144 6.60 6,52 6.63

Pb 1,35EI-3 <2.4 <o.98 <<o,48 <().5()

Pd <4E+3 <18 <7.4 <3,6 <3.8

Rh <2E+3 <7,3 <2.9 <1.4 <1,5

,RU <7E+3 <27 <11 <5.3 <5.5

y Sb <3E+3 <12 <4.9 <2.4 <2.5
w se <IE+3 <6.1 c2.5 <1.2 <1.3

Si 4.95E+3 302 33.C 33.7 28,7
Sn <9E+3 <37 <15 <7.2 <7.5

Sr 265 <0.37 <(j.15 <(),07 <o.08

Te <9E+3 <37 <15 <7.2 <7.5

Th 720 <24 <9.8 <4.8 <5.(I

Ti 58.5 <o.61 <0.25 <().12 <().13

Tl <3E+3 <1’2 <4.9 <2.4 <2.5

u 2.70E+4 <48.8 38.0 18.C <lfJ.oo

v <298 <1.2 <().49 <0.24 <o,25

,-,<,

w <1E+4 <49 <2(J <9.6 <10

Y <298 <1.2 <0.49 <0,24 <0.25

,Zn 340 <1.2 <().49 <0,24 0!330

&
Caustic Caustic
Wash Wash

Intermediate Permeate Permeate No.
Sample No. 2(’) No. 1 2

pglg ~g/mL ~g/mL

Final
Sample(’)

pglg
<281 2.301 <3031 L301 2.501 4961

2.52E+4 5.41E+4 2.53E+5 2.06E+4 8.70E+3 8.33E+4

4.46E+3 <2.5 2.83E+3 <().99 <().99 5.22E+3

1.37E+4 <0.74 8.71E+3 <0.30 <().3() 1.62E+4

2.50E+3 163 1.65E+3 69.9 28.4 2.80E+3

1.87E+3 6.10 1,155 2.40 <rj.99 2.25E+3
<4E+3 <19 <5E+3 <7.4 <7.4 <4E+3

<2E+3 <7.4 <2E+3 <3.() <3.() <2E+3

<6E+3 <27 <7E+3 <11 <11 <7E+3
<3E+3 <12 <3E+3 <5.C <5.(I <3E+3
<1E+3 <6.2 <2E+3 <2.5 <2.5 <1E+3

5,50E+3 120 1.63E+4 56.9 45.0 7.10E+3
<9E+3 <37 <9E+3 <15 <15 <9E+3

393 <().37 255 <().15 <().15 473
<9E+3 <37 <9E+3 <15 <15 <9E+3
<6E+3 <25 <6E+3 <9.9 <9.9 <6)3+3
84.OC <o.62 54.50 <0.25 cO.25 185

<3E+3 <12 <3E+3 <5.() <5.() <3E+3

3.68E+4 <49.4 2.32E+4 24.0 <19.8 4.24E+4
<287 1.40 <303 0.70C <(3.50 a96

<1E+4 <49 <1E+4 <2C “ ‘q) <1E+4
<287 <1.2 <3(33 0.50 <().50 310

50C 3.40 475 3.7C 0.980 97C



Water Caustic Caustic
Initial Wash Water Wash Water Wash Wash Wash

Initial Sample Permeate Permeate Permeate Intermediate Caustic Leach Intermediate Permeate Permeate No. Final
Sample(’) Supernate No. 1 No, 2 No. 3 Sample No. 1(’) Permeate Sample No. 2(”) No. 1 2 Sample(

Analyte pglg pg/mL pg/mL pg/mL pg/mL pglg pg/mL pglg pg/mL pg/mL pglg
r 1.70E+3 750 5C 30 2 230 <1(I 590 <25 <25

3 <250 <100 <10 <10 <1 400 890 4. 15E+3 370 370 1.35E

/o* 6.61E+4 4. 17E+4 1.93E+3 1.12E+3 66 5,50E+3 420 1.75E+3 180 180 <

k <250 <100 <10 <10 <1 <27 <10 <25 <25 c25 <

{03 2.14E+4 1.38E+4 740 380 22 1.60E+3 160 <49 100 100 <

‘o~ 569 435 <20 <20 3 960 210 2,05E+3 160 160

10’j 2.93E+4 2.11E+4 1.13E+3 600 35 2.80E+3 220 995 110 110

:204 3.90E+3 3.29E+3 160 130 8 420 30 <49 <50 <50 <

;N 13.5 9.60 3.10 2.40 2.3 8.80 1.70 5.oq 1.80 1.00 8
‘IC 7.99E+3 8.62E+3 790 430 42 560 900 1.12E+ 3.13E+3 645
‘Oc 760 1.07E+3 50

2.87
40 <4 610 <4f3 1.79E+3 580 60

‘c
2.75

8.75E+3 9.69E+3 840 470 42 1.17E+3 900 1.20E+4 3.71E+3 705 5.62
Iote: na = No analysisperformed.
i) Dryweightbasis,
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Table 3.5. Radioactive Component Concentrations

Caustic Caustic
Water Wash Water Wash Water Wash Intermediate Caustic Intermediate Wash Wash

Initial Initial Sample Permeate Permeate Permeate Sample Leach Sample Permeate Permeate Final
Sample(’) Supernate No. 1 No. 2 No.3 No. 1(”) Permeate No. 2(’) No. 1 No. 2 Sample(’)

Analyte pci/g pCi/mL pCi/mL pCi/mL pCi/mL pci/g pCi/mL pci/g pCi/mL pCi/mL pci/g

90Sr 1.64E+4 2.04 3.26E-2 1.30E-2 1.85E-2 2. 17E+4 0.136 1.27E+4 3.42E-2 2.56E-2
239,240pu

2.49E+4

6.33 3.02E-2 3,53 E-5 1.75 E-5 2. 1OE-5 7.63 9.77E-5 4.69 1.67E-5 1.69E-5 9.83

238PU 0.767 3.36E-3 5.15E-5 4.08E-5 5.61E-5 1.21 5.05E-5 0.712 4.45E-5 4.25E-5 1.57

‘6PU <().()5 3.32E-5 <3E-7 <1E-6 <2E.7 <o.06 <1E-7 <0.05 <3E-7 <2E-7 <().3

241Am(AEA) 113 2.09E-4 1.53E-4 3.$lE-5 4.99E-5 135 3.24E-5 90.0 3.36E-5 1,32E-4 175
243,244~m 0.300 2.82E-5 4.90E-5 4.81E-5 6.54E-5 0.25 4.33E-5 <().3 5.30E-5 4.91E-5 0.281

: 242Cm 9.67E-2 <1.5E-5 <2E-7 <2E.7 <2E.7 7.95E-2 <1E-7 <().()7 <2E.7 <3E-7 <o.06

m TotalAlpha 143.3 na na na na na na na na na

60co 4.71 <fjJ?#-3 <4E.4 <5E-4 <4E-4 5.55 <5E.4 2.03 <5E-4 <(jE.4 7.40

10sRuRh na na <lE-l <7E.2 <6E-2 5.71 <9E-2 1.18 <6E-2 <4E-2 11.8

125s~ 24.1 <7E. 1 <6E.2 <5E.2 <4E-2 19,6 <6E.2 11.0 c4E-2 c3E.2 40.3

‘34CS
1.98 1.20 5.29E-2 3.05E-2 1.85E-2 <o.6 4.36E-2 <().1 2. 18E-2 9.95E-3 <7E. 1

137CS 1,80E+3 1.12E+3 48.C 29,1 17.8 546 42.6 160 20.8 9.09 169

154~u 44.7 <3E-2 <3E-3 c2E-3 <2E.3 57,1 c2E.3 19.2 <2E-3 <2E.3 72.8

‘55Eu 83.4 <5E- I <4E-2 <3E.2 c3E.2 105 <4E.2 35.6 <3E.2 <2E.2 134

24*Am(GEA) 126 <5E.1 <4 E-2 <3 E-z c3E.2 156 <4E.2 57.1 <3E.2 <2E.2 203

“C 1.51E-3 na na na na na , na na na na 2.36E-3
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L
m

es

Pr

Ta
237~p

Rb

99Tc

12%n
1271

129~

‘35J37CS

F-ritium

ote: na = N

Initial

Sample(a)

pglg
23.6

481

2.21

103

232

22.7

<().7

20.5

<3.]

0.443

4.09E-2~”J

analysisper

Initial Sample

Supernate

nglmL

20.

na

na

0.141

na

13.[

na

6.34E-:

1.53E-:

0.50:

na

med.

Water Wash Water Wash Water Wash Intermediate Caustic
Permeate Permeate Permeate Sample Leach

No. 1 No. 2 No. 3 No. 1(”) Permeate

nglmL ng/mL ng/mL ng/mL ng/mL
na na na na na

I

na na na na na

na na na na na

na na na na na

na na na na na

na na na na na

na na na na na

na na na na na

na na na na na

na na na na na

na na na na na

+$-l-=-

+

-+--t=-

na
I

na

na I na

Caustic
Wash

Permeate
No. 2

ng/mL

na

na

na

na

na

na

na

na

na

na

na

Final
Sample(n)

I&k
2.3’

79(

20,:

17:

22[

1,5!
<Oc!

19.,

<2.:

0.42

1.61E-2(S

a) Dry weight basis. (b) Tritium is measuredin vCi/g wet sample



Table 3.6. Distribution of Non-Radioactive Analytes in the Wash Steps

Water Wash
00 Caustic ~ach Caustic Wash No. 1 Caustic Wash No. 2Efficiency

Analyte (~O)(W Efficiency (’%) Efficiency (VO) Efficiency (%) Residue (%)

Ag <0 <1 <1 <1 >96.
2.5 59.3 1.9 <0.003 36.3

<12 81.1 18.9 <19

62.5 20.8 <1 16.7 0
a <().1 <0.3 <0.1 <().1 >99.
e a 13.9 <5 <5 86.0

c a 60.4 39.6 <8 <8

c d <0.00 0.66 <().()1 <().()1 99.3
c e <1 a a -Q >92.

c o 4 <1(1 <5 <5 100.
c r 44.1 13.6 <0.1 0.54 41.7
c u <0.4 <1 <0.5 <().6 >97.5

e 0.006 0.02 <().()()1 <().()()1 99.9
80.9 19.1 -Q -Q o

a <().1 <0.2 <().1 <0.1 >99.6

g <() <1 <1 <1 >97.
<0.1 <0.2 <0.1 <0.1 >99.5

0 65.9 11.6 2.9 19.6
a 80.2 nd nd nd 11.
d <0.2 <0.5 <0.2 <0.3 >98.

i <().()2 <0.0 <0.02 <().()2 >99.9

6.7 44.5 <0.2 0.7 47.
b <0.4 3.8 <0.5 <().6 *6.2, >94.

s i 16.1 14.0 <1 4.5 <65.3, >64.7

s r <0.3 <1 <0.4 <0.4 >98.1

i <1 G -Q a >92.0

1.8 <1 1.22 <1 Q6.5, >95.8
<19 93.1 6.9 Go

<1 4 -Q e >90.5

n 0.6 4.3 4.5 <1 -@O.6,>90.
r <().01 <().()4 <().02 <0.02 >99.9

77.5 <12 <4.4 <43 -Q2.5
c 1 e 73.9 0 26.1

02 94.1 . 0 0 5.9
03 87.2 0 4.3 8.5
04 8.5 40.6 21.5 29.4 0

sod 92.5 “o 1.11 6.4 0
C204 100 0 40 <9 0‘
CN 75.5 0.19 20.3 4.2 c
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Water Wash
Efficiency (b) ~aUStiC ~a=h Caustic Wash No. 1 Caustic Wash No. 2

AnaIyte (@b) Efilciency (Yo) Efficiency (?40) Efficiency (%) Residue (?40)
TIc 20.0 9.9 70.1 0 0~
TOC 4.3 <4 81.5 0 <14.2, >10.4
TC 18.0 8.5 73.4 0 0
(a) Accounts for carry-over of interstitial liquid.
(b) Accounts for material removed in the initial dewatering steps.
Note: nd = Not determined due to large amount of sodium added as wash steps.

The removal efllciencies both for the initial dilute washing and the caustic leaching of the non-
radioactive and radioactive components are shown in Table 3.6 and Table 3.7. The results indicate that
80.2’XOof the sodium was removed from the slurry during the water-washing steps. Nearly all of the
soluble fluoride, nitrite, nitrate, sulfate, oxalate, and cyanide were removed during the first water washes.
Chloride and phosphate were the only exceptions, with phosphate having only 8.5% removal, and no
measurable chloride was removed during the water washes. Other non-radioactive components with
significant removal efficiencies during the water wash were boron with 63°/0removal, calcium with 60%
removal, chromium with 44°/0removal, potassium with 810/0removal, and molybdenum with 66°/0
removal.

The TIC and TOC concentrations and removal efficiencies are somewhat suspect. The highest
concenb-ations of TIC and TOC were found in the first caustic-wash solution, where 70 and 82°/0of the
total was removed. It would seem unlikely that both TIC and TOC would be removed in this particular
step. Analytical error was possibly the culprit.

In terms of radioactive components,61 % of the *37CSwas removed during the initial water-wash
steps.

The caustic-leach and subsequent caustic-washing steps were performed at estimated 2.4,0.9, and
0.38 M NaOH concentrations. The leaching efficiencies of these steps are also shown in Tables 3.6 and
3.7. While only 1.9% of the aluminum was removed during the dilute caustic washing, 59.3’XOwas
removed during the caustic-leaching step.
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Table 3.7. Distribution of Radioactive Analytes in the Wash Steps

Water Wash
Efficiency Caustic Leach Caustic Wash No. 1 Caustic Wash No. 2 Residue

Analyte (oA)@) Efilciency (%) Efficiency (%) Efficiency (%) (%)

90Sr 0.003 0.007 0 0.001 99.99

“’a’%% 0.008 0.01 0 0.002 99.98

‘8PU 0.11 0.01 0.03 0.033 99.81

‘lAm (AEA) 0.001 0 0.0002 0.001 99.997

‘3’ 2MCm 0.69 0 0.27 0.20 98.8

60co <0.2 <0.1 <().2 <0.2 >99.4

‘“kuRh -QO <11 <11 G >49.7

125Sb C4 < e e >90.1

134CS 65.2 30.1 3.8 0.81 0

137CS 61.2 29.6 3.0 0.17 6.1

lmEu <().1 <0.04 <().06 <().()6 >99.7

- 15%U <0.8 <0.4 <().5 <0.3 >97.9

‘lAm (GEA) <0.5 <().3 <0.3 <().2 >98.6

[a) Accounts for carry-over of interstitial liquid.
[b) Accounts for material removed in the initial dewatering steps.

The quantity of HLW glass produced tlom the as-received AZ-102 waste would have been limited by
the high aluminum oxide concentration. With a DOE limit of 21% for the AlzOq+ Fe20~ + Zroz and a
mass of 207 g of dried initial sample going into the CUF, 450 g of HLW glass would be produced with
the initial sludge. Even with almost 64% removal of Al from the sample after washing and leaching,
A1203+ Fe203 + ZrOz are still the limiting constituents in the glass. However, with the aluminum
reduction, approximately 100-130 g of dried material would remain after caustic leaching, producing 315-
345 g of HLW glass. Assuming no material was lost or removed during the process, this would be a glass
mass reduction of 23-3 OO/O.

Other non-radioactive constituents significantly removed during the caustic-leaching process were
arsenic, boron, calcium, potassium, and vanadium. Additionally, greater than 500/0of.the aluminum,
chromium, phosphorus, and greater than 75°/0of the sodium, IC measured anions, TOC, and TIC were
removed during the combined washing and leaching steps. Of the radioactive components, only *34CS,
*37CS,and possibly tritium were removed in significant quantities during the caustic-leaching process.

Table 3.8 shows the percentage recove~. The mass recovery is the comparison of the total mass of
analyte recovered throughout the test (what is removed in each process step plus what remains in the
sludge residue) to the mass of analyte present in the initial sludge. The mass recovery can be represented
as

Z Amlytelud,wmh+ A~@erGihe ,100
Recov e~ =

‘m@eini[idsIudge

3.19
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Table 3.8. Mass Recovery

Analytt

Ag

Al

As

B

Ba

Be

Ca

Cd

Ce

co

Cr

Cu

Fe

Hg
K

La

m
Mn

Mo
Na

Nd

Ni

Recovem

819!.

120%

532%

106%

106?40

97%

97%

105%

102%

11670

96%

81%
88?40
107?to
146%
97%

115%
114%

108%

105%

AnaIyte

P

Pb

Si

Sr

Th

Ti

u

v

Y

Zn

Zr

F

cl

N02
NOJ
Pod
Soq

c~o~

CN
TIC

TOC

Recove]

238%

103%

134%

108%

o%

186?40

98%

183%

123%

81%

78%

78’%.

631%

86%

102’%0

674%

269%

455%

TC 285%

Radionuclide Recovery

90Sr

“’u’%%

“%U

24*Am(AEA)

243’‘Cm

242Cm

60co

125Sb

l“CS

137CS

‘WEU

‘5%U

24*Am(GEA)

14C

Tritium

Cs

Pr

Ta

‘7Np
Rb

99Tc
127I

135’137CS

90%

92’%

12~%

92%

54%

1%

91%

97%

79%

88%

95’?40

93?40

94%

88%

95%

6%

93%

517?40

95%
55%

470

53%

54%

This value provides a means of evaluating the closure of the mass balance (i.e., how much of each
component was not accounted for). In general, the recoveries were reasonably close to 10OO/o.There
were some cases where the recoveries were very much larger or much smaller than 10OO/..These
generally occur for analytes at very low concentrations throughout the process. These deviations also
occur when there is significant error in one or more of the analyses (e.g., TOC, TIC). The major
constituent recoveries indicate that very little of the total slurry mass was unaccounted for during the
process.

Recoveries for the radionuclides also appear reasonably close to 100%, especially with the major
radionuclides. In some cases, analysis was performed on the starting and final material, but not on the
permeate samples removed throughout the washing and leaching process. In this case, the recovery
provides an estimate of the removal efficiency during the washing and leaching. For example, the
recovery indicates that >96°/0of the 99Tc,470/. of the 1271,and only 5% of the tritium were removed during
processing. Without the full data set it is not possible, however, to distinguish poor mass recoveries from
high removal efficiencies.
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l%e insoluble radioactive-component concentrations provide a means of measuring the capability of
the filter toseparate theinsoIuble solids fiomthe liquids. Theisotope 241Amis basically insoluble in
caustic solutions and its concentration was measured for all permeates and slurries so it was used to
measured filter removal efficiency. This can be done in terms of a decontamination factor (DF) for each
step of the process using the following equation:

c
DF = Am,soIi& ‘tO/OsoIi&

Ioocfi,pemeae

(3.3)

where Cb,-@~ is the 241Arnconcentration in a given permeate sample, C~@fi~ is the 24*Am
concentration in the dried slurry taken during that time, and wt!/oslurry is the weight percent solids in the
dried slurry. The 24*~ water-wmh DFs were between 100,000 and 450,000, and the caustic-leach DFs

were 400,000. These high DFs indicate good solid/liquid separations using the Mott O.l-yin sintered
metal filter.
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4.0 Physical-Properties and Theological-Properties Testing

This section describes physical, and theological analyses conducted on samples of AZ-102 slurry.
The physical and theological analyses included density, weight percent (wt%) and volume percent (voI%)
solids, and shear stress as a fimction of shear rate.

Physical measurement samples were taken three times during the course of testing: 1) before the
second filtration test matrix but after the material had been dewatered to approximately 13.7 wt% solids
(concentrated slurry-CUF-AZ102-006); 2) afler the caustic leaching step and the caustic permeate had
been removed from the slurry to approximately 9 wt% solids (caustic leached slurry-CUF-AZ102-012);
and 3) at the end of testing, after washing and caustic leaching the slurry at approximately 9.2 wWOsolids
(final shu-ry--CUF-AZlO2-O25).

Theological measurements were taken three times during the course of testing: 1) after the first
filtration test matrix at approximately 5. l-wt% solids (initial slurry); 2) after the second filtration test
matrix at approximately 13.7 wt?/osolids (concentrated slurry); and 3) at the end of testing, after washing
and caustic leaching the slurry at approximately 9.2 wt?/osolids (final slurry). Each of these subsamples

- were taken directly from the ultrafiltration loop and immediately characterized by shear stress versus
shear rate. Following theological measurements, the material was returned to the CUF for continued
testing, thus no sample number applies for these measurements.

4.1 Physical-Properties Analysis

The above-described AZ-102 physical property samples were analyzed for density of the bulk
slurries, settled solids, centrifuged solids, and centrifuged supematant. The densi~ results are listed in
Table 4.1. The weight percent (wt%) and volume percent (vol%) settled solids (on a wet basis), wt% and
VOlO/Ocentrifuged solids (on a wet basis), and wt%ototal solids (on a dry basis) were measured for these
samples as well. The w-t%and VOIVOsolids results are listed in Table 4.2.

For this testing, a known mass of each slurry was placed in duplicate in volume-graduated centrifuge
“ cones. The duplicates were then allowed to settle for 3 days. The total mass (MB) and vohune (VB)of the

slurry after it was allowed to settle were recorded and the density of the bulk slurry was calculated
(D~=MB/VB). These results appeared to be biased low and had a high relative percent difference,
probably because of entrained gas as well as an inability to clearly measure the total sample volume due
to material smeared on the sides of the centrifuge tubes. Therefore, the bulk slurry densities were
recalculated later in the work using volumes recorded following centrifhgation. Following settling, the
volume of the settled solids (VX) and volume of clarified supematant (V*])were recorded. The VOlO/O
settled solids were then calculated (VOIVO~=VflB x 10OO/O).For previous samples in the BNFL projec~ a
portion of the clarified supematant was then transferred to a graduated cylinder to determine supematant
density. For these samples of AZ-102, there was insufficient liquid to make this determination.

4.1
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Table 4.1. Density Measurements for Samples of AZ-102

Bulk Density, g/mL

Average Values Centrifuged Settled Centrifuged Centrifuged

Slurry Solids Solids Supernatant

Concentrated Slurry

CUF-AZ102-OO6
1.09 1.07 1.36 1.016

Relative YO

Difference
2% 6% 2% 0.1’%0

Caustic Leached
slurry 1.16 1.15 1.35 1.108
CUF-AZ102-O12
Relative %
Difference

1% 2% 1% 4%

Final Slurry
CUF-AZ102-O25

1.05 1.07 1.20 1.040

Relative YO
Difference

o% NA 6% 0%

(a) The relative VOdifference is between the sample and its duplicate and provides a mea
for showing sample variability.

Table 4.2. Wt% and V01?40Solids Measurements for Samples of AZ-102

Wt”k Wt”h VO1’YO Volvo

Average Values Settled Centrifuged Settled Centrifuged WtYo Total
(wet basis) (wet basis) (wet basis) (wet basis) (dry basis)

Concentrated
Sh.uly 95 33 96 26 14.8
CUF-AZ102-OO6
Relative %
Difference

2% 0% 5% 4% o%

Caustic Leached
slurry 96 32 96 28 16.0
CUF-AZ102-O12
Relative %
Difference

1% 3% 3% 4% 39%

Final Slurry
94 30 93 26 9.8

CUF-AZ1 02-025
Relative YO
Difference

1% 3’%0 NA 8% 5%
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The samples were then centrifuged at approximately 1000 times the force of gravity for 1 h. All of
the centrifuged supernatant was then transferred to a graduated cylinder, its mass ml) and volume were

(V,l) recorded, and the density was calculated (Dcl=~,/Vc,). The mass ~) and volume (V=) of the
centrifuged solids were then recorded, and the density was calculated (D==hQIVC~). In addition, the wWO
centrifuged solids (Wt’?/O==~@fBx 10OO/o),and volO/ocentrifuged solids (VO1O/OC1=VC1/VBx 100Y0)were
also calculated.

Before centrifhgation, the supernatant following solids settling could not be removed from the
centrifuge cone without disturbing the settled solids; therefore, the mass of the settled solids (M=) could
not be measured directly. The mass of the settled solids was calculated. This was done by first
calculating the mass of the settled supernatant in the centrifuge cone using the measured centrifuged
supernatant following solids settling density and volume (MS1= DC1x V~l),then subtracting this mass for
the mass of the bulk slurry to get the mass of the settled solids (M==M~-M,l). The density of the settled
solids was then calculated (D.=MflX) as well as the wtOAsettled solids (Wt?/O==M~B x 100V0).

The centrifuged solids and supematants were then each dried at 105”C for 24 h. The mass of the
dried centrifuged supematant (I@Cl)and dried centrifuged solids ~=) were then measured. Assuming
that all mass lost during the drying process was water and not another volatile component the weight

-percent total solids in the bulk slurry was calculated (Wt% total solids= ~m+~CI]/~+h&l] x 100%).

The density of the centrifuged supernatant for the concentrated slurry was 1.016 g/mL. As would be
expected, this value increased to 1.108 g/mL following addition of the 3 M NaOH leach solution.
Following the final water wash, the supematant density was down to 1.040 g/mL.

The wt% settled solids were between 94 and 96% and the VOIYOsettled solids were between 93 and
96% for all three samples analyzed. Similarly, the wt’%and vol% centrifuged solids for all three samples
were between 30 and 33°/0and 26 and 28°/0,respectively. Based on the similarity between the wt??oand
VOlO/Osettled and centrifuged solids over the course of testing,it would seem that the CUF test matrix and
leaching did not significantly effect the solids packing characteristics of this sludge.

An additional calculation was petiormed to determine the wl% solids in the samples, excluding all
interstitial liquid (wt?/oundissolved solids). This can also be thought of as the solids left if all the
supematant could be removed from the bulk slurry. The following equation was used:

Wt% undissolved soIih =

M&c
l–—

l–
MU

. MA.,

[

——
1 M:

M
=x 1000/0

x MB
(4.1)

This calculation assumes 1) that the supernatant and the interstitial liquid have the same composition,
and 2) that all mass loss during the drying of the centrifuged solids was water loss from interstitial liquid.
The results of this calculation are listed in Table 4.3 along with the wt% dried residue from the
centrifuged solids (Solids Residue=~fi x 100V0),and dried centrifuged supernatant (Supematant
Residue= ~C1/MClx 100’XO).
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Table 4.3. Results of Wt% Residual Solids and Undissolved Solids Calculation Following Drying
at 105°C for 24h for SampIes of AZ-102

Wt% Residual wtYo

WtOA Residual Centrifuged Undissolved

Sample Centrifuged Solids Supernatant Solids

Concentrated Slurry
CUF-AZ102-OO6 41.65 1.55 13.6

Average
Relative %
Difference

0.2 6 1
I I I

Caustic Leached
slurry
CUF-AZ102-OI2

37.4 10.45 9.5

Average
Relative %
Difference

1 10 2

Final Slurry
CUF-AZ102-O25 32.6 1.7 9.2

Average
Relative %
Difference

NA NA NA

NA – Not applicable, the centrifuged liquid horn CUF-AZ1 02-025 was spilled so no duplicate
was available. A relative percent difference requires two values.

4.2 Theological and Flow Properties

The AZ-102 initial diluted feed, dewatered slurry (similar to CUF-AZ102-OO6),and final slurry (same
as CUF-AZ1 02-025) were analyzed for shear stress as a fi,mction of shear rate from approximately 0.1 to
500 S-lor 1000 s-]. The slurries were analyzed at 25°C using a Haake M5 measuring head modified for
hot cell operations. An MVI measuring geometry was used on the Haake. A 49.9 CP standard,
Brookfield lot 102298, was used to check the calibration of the instrument before samples were analyzed.

Samples of the initial diluted slurry and the dewatered slurry were collected directly from the
ultrafiltration test loop and immediately analyzed. The final slurry sample was collected in a 125-mL
wide-mouth jar and analyzed approximately 1 day later. Before analyzing the final slurry sample, the
sample in the jar was shaken to combine the separated liquid and solid layers. Shear stress as a fimction
of shear rate data was obtained by measuring the shear stress produced at a specific shear rate.

i.
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As requested by the clien~ samples were allowed to sit in the system for 5 minutes before analysis.
The shear rate was then gradually increased from Oto either 500 S-*or 1000 S-*,generating the increasing
shear rate curve, and then back down to Os-l generating the decreasing curve. For analysis conducted to
1000 S-*,the shear rate was increased to 1000 s-l over 5 min. The shear rate was then held at 1000 S-*for
5 rein, and then decreased to Os-l over 5 min. In general, analyses of this duration can exhibit solids
settling problems. Shorter duration runs from Oto 500 S-lover 2 min followed by a decreasing curve
from 500 to OS-*over 2 min were used to look for settling behavior. As will be discussed, no evidence of
settling in the slurries was observed during these analyses.

Rheograms for the standards, samples, and duplicates are presented in Figures 1 through 15 in
Appendix F. The measured viscosi~ at 33 s-l for both the increasing and decreasing curve are presented
in Table 4.4. The first sample of the initial diluted feed was analyzed from Oto 1000 S-ltwo times
without removing the sample from the instrument. The viscosi~ of the sample was near the lower limit
for the instrumen~ roughly 2 cP. This sample displayed a low viscosity, between 12 and 2.5 cP, between
33 and 430 S-*.A yield point was detected, but below the quantification limit of 1 Pa. A decrease in
viscosity with increasing shear rate above a yield point is referred to as yield pseudoplastic behavior. All
AZ-102 samples displayed yield pseudoplastic behavior. The initial slurry samples showed a decrease in
viscosity between the increasing shear rate curve and the decreasing shear-rate curve as well as between

“runs. This decrease in viscosity with increasing shear history is referred to as thixotropic behavior.

Above approximately 430 S-l, a sharp rise in shear stress with shear rate was observed for the initial
slurry. This represents the onset of Taylor Vortices. Taylor Vortices are the result of a secondary flow
that occurs as the inher cylinder of the concentric-cylinder instrument rotates. Taylor Vortices result from
analyzing a material at too high a shear rate. All data collected above the onset of Taylor vortices is
invalid. Taylor vortices are expected when the following two equations are satisfied:

Re> 41.3 ~z/(Rz-Rl)]ln

Where RI= Radius of Inner Cylinder (0.02004 m for MVI)
R2 = Radius of Outer Cylinder (0.02100 m for MVI)
y = Shear Rate (s-l)
p = density (g/mL)
p = Apparent viscosity (pass)

For the initial slurry, the density was 1.09 g/mL and the apparent viscosity of the slurry at the onset of

Taylor Vortices was approximately 2.5 CP(0.0025 Paos). Applying the above equations, Taylor Vortices
would be expected at 480 S-l. This value of 480 s-l is within 12% of the observed value of 430 s-].
Several analyses of the initial slurry were conducted only to 500 S-lto provide better resolution of the
onset. These analyses show an onset of 460 S-*,which is within 4°/0of the predicted value.
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Table 4.4. Results for Yield Stress and Vkcosity at 33 see-l for Samples of AZ-102 Slurry Along
with Observed Onset of Taylor Vortices

Viscosity (cP)

Yield Upper Increasin Decreasing Taylor
Stress Shear g Curve Curve Vortices

Sample Analysis (pa) Rate (s-j At 33 S-l At 33 S-l Onset (s-j

Sample 1 <1
Initial Slurry Run * 1000 12 BD 430

Sample 1 <1

Run 2
1000 5 BD 430

Sample 2 <1

Run 1
500 16 6 460

Sample 2 <1

Run 2
500 13 4 460

Sample 2 <1

Run 3
1000 11 5 430

Concentrated Sample 1 q

slurry Run 1
1000 100 29 ND

Sample 1 12

Run 2 “
1000 39 25 940

Sample 2 26

Run 1 “
500 82 47

Sample 2 18

Run 2 “
500 58 40

Sample 2 15

Run 3 “
1000 49 35 940

Sample 2 13

Run 4 -
1000 43 32 890

Final Slurry
Sample 1 g

Run 1
1000 172 171 NA

Sample 2 65

Run 1 .
1000 167 189 NA

Sample 2 *

Run 2
1000 205 209 NA

~ —Not df.te.~tf.d mIalVCiC CITIIXJ~nnAi,-tA +fi <nn.-i

NA – Not applicable, onset of Taylor Vortices above limit of viscometer.
BD – Below detection, detection limit for Haake with MVI is approximately 2cP.
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The concentrated slurry displayed yield pseudoplastic and thixotropic behavior. This sample
displayed a yield stress of approximately 2.5-3.5 Pa. The initial sample displayed high viscosity on the
increasing shear-rate curve along with a bump between 700 and 900 s-l. This behavior was not seen
during the decreasing shear rate curve of this sample or any of the duplicate analyses. This behavior was
probably the result of large solids or agglomerates that were broken up at the higher shear rates. The
onset of Taylor vortices occurred at 940 s-l, and 890 s-lfor this sample. Using a density of 1.16 g/mL and

a viscosily of approximately 0.045 Pass, the expected onset was 815 S-l. The expected value of 815 S-l
was within approximately 15’%of the observed values. As with the initial slurry sample, all data
collected above the onset of Taylor vortices is invalid.

The final slurry displayed yield pseudoplastic behavior, but no thixotropy was observed. This sample
displayed a yield stress of approximately 6 – 8 Pa. This sample was removed from the ultrafiltration unit
and stored in ajar for approximately 1 day before the shear-stress versus shear-rate analysis was
conducted. This sample was gently agitated in the jar and loaded into the rheometer. The level of
material in the rheometer was monitored during the analysis. The level of material was observed to drop
during the course of each analysis, -20 min in duration. This level drop appeared to be the result of gas
entrained in the slurry. As the material was sheared, these entrained bubbles were released, decreasing
the level of material in the instrument. The level did not drop sufllciently to cause analytical errors in the
analyses.

The apparent viscosity of the final slurry decreased from approximately 200 to 12 CPover the range
of 33 to 1000 S-*.This appears unexpectedly high compared to the viscosity of the dewatered slurry
which decreased from approximately 50 to 6 CPover the range of 33 to 940 s-l. The concentrated slurry
had slightly a higher solids content than the final slurry, 9.5 versus 9.2 wt% undissolved solids, and 32
versus 30 wtVOcentrifuged solids, respectively. Given the slightly higher solids content one may
anticipate that the viscosity of the two slurries would be similar or that the concentrated slurry would be
higher. The higher viscosity of the final slurry must be the result of a change in the solids properties
beyond just solids content and could be the result of entrained gas bubbles mentioned previously.
Entrained gas bubbles generally increase the viscosity of a slurry. As discussed in Section 5.0, the final
slurry also contained significantly more fme particles. These freer particles could also be responsible for
the increase in viscosi~ of this sample over the concentrated slurry sample.
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5.0 Particle Size Distribution

The PSD of the initial sludge composite (Sample CUF-AZ-102 MU), the de-watered slurry before
Matrix 2 (Sample CUF-AZ-’102-OO5),and the final slurry (Sample CUF-AZ-102-O24) is described below.
The first sample was the initial composite AZ-102 sludge before it was diluted and fed into the CUF
(initial sludge). The second sample was the slurry that was taken after Matrix 1 testing was completed
and the slurry was de-watered (concentrated slurry). The third sample was the final slurry, which was
caustic leached and was caustic washed twice (final slurry). The sample number associated with the
process flowsheet step of crossflow filtration testing is presented in Table 2.3, and the experimental
process is described in detail in Section 2.6.

5.1 Experimental

A Microtrac X-1OOParticle Analyzer and a Microtrac Ultraflne Particle Analyzer (UPA) were both
used to measure the PSD of these samples. The operation of the Mircotrac X-100 and Microtrac UPA
analyzers was checked against National Institute of Standards and Technology (NIST)-traceable standards
from Duke Scientific Corporation. The PSD results of NIST-traceable standards are documented in

.Appendix H.

The Microtrac X-100 Particle Analyzer measures particle diameter by scattered light IYoma laser
beam projected through a stream of the sample particles diluted in a suspending medium. The amount
and direction of light scattered by the particles is measured by an optical detector array and then analyzed
to determine the size distribution of the particles. This measurement is limited to particles with diameters

between 0.12 and 700 pm. The Microtrac UPA measures particle diameter by Doppler-shifted scattered
light. This method is limited to particles with diameters between 3 run and 6.5 pm.

The PSD of these three samples and their duplicates was measured on the Microtrac X-1OOafter
applying a variety of circulation time, circulation flow rate, and sonication treatments. The treatments in
successive order included 1) circulation at 40 mL/s, 2) circulation at 60 mL/s, 3) circulation at 60 mL/s
with 40 W sonication for 90 see, and 4) circulation at 60 mL/s with 40 W sonication for 90 sec for the
second time. For each sample replicate, the PSD was measured three times and averaged. The PSD of the
averaged data on a volume-weighted basis and on a number-weighted basis is reported. The PSD of these
three samples and their duplicates was then repeated using the Microtrac UPA under conditions of
Brownian motion. The results on a volume-weighted basis and on a number-weighted basis are reported.

The suspending medium for these analyses was surrogate supernatants based on the ICP-AES and IC
dati obtained for the applicable AZ-102 supematant. The composition of these three supematants is
reported in Table 5.1.
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Table 5.1. Surrogate Supernatant Composition

Initial Sludge

Component Concentration (M)

SiOz 1.08 E-02

NaNOs 1.27 E-01

NaOH 3.00 E-01

KNos 9.59 E-02

Al(OH)q 8.00 E-03

Na2C204 3.74 E-02

Na2S04 2.19 E-01

Na2HPOd -7 H20 4.58 E-03

NaF 3.95 E-02

NaN02 9.05 E-02

Na2CO~ 7.18 E-01

Concentrated Slurry Final Slurry

Concentration (M) Concentration (M)

1.32 E-03 1.61 E-03

8.18 E-03 1.61 E-03

2.60 E-02 1.78 E-01

8.44 E-03 6.92 E-03

6.04 E-03 8.07 E-02

3.41 E-03 5.68 E-04

1.65 E-02 1.15 E-03

5.26 E-04 1.68 E-03

4.74 E-03 1.32 E-03

8.07 E-02 5.43 E-04

9.25 E-02 5.38 E-02

In Appendix H, the PSD plots for the samples and their duplicates under all conditions measured are
presented in volume-weighted distribution and number-weighted distribution form. The number-
weighted PSD is computed by counting each particle and by weighting all the particle diameters equally.
The volume-weighted PSD, however, is weighted by the volume of each particle measured, which is
proportional to the cube of the particle diameter. In this case, larger particles are treated as more
important in the distribution than the smaller particles. In general, the PSD plots show that under all
conditions the samples were polydispersed, and as a result the mean size of the volume distribution is
much larger than the mean size of the number.

5.2 Particle Size Distribution Results

In Figure 5.1, the averaged PSDS for the initial sludge, concentrated slurry, and final slurry in
cumulative under-size-percentage form are presented for the Microtrac X-100 system. In Figure 5.2,
these results are illustrated in a histogram on the volume-weighted PSD. The reproducibility of the two
replicate PSD plots for the initial sludge and concentrated slurry samples suggest that the slurry was
thoroughly homogenized, and each extracted sample was a representative specimen. A close examination

of the two final slurry replicate plots (Figures 5.1 and 5.2) shows a well-defined peak at 6.5 pm in the
final slurry dupIicate sample occupying 23% of the volume or mass particles. The final slurry sample, on
the other hand, exhibits a less-defined peak at 6.5 pm that occupied 9V0of the volume-weighted
distribution. Despite this slight difference, the overall distribution shape and the location of the peaks for
both final slurry replicates compare very well and suggest that the replicates are reasonably reproducible.
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The cumulative under-sized-percentage plots using the UPA system (see Figure 5.3) show the
samples and their duplicates. Once again the replicates are reasonably reproducible within experimental
error. The PSD analysis (Figures 5.1 and 5.3 combined) of the concentrated slurry and the final slurry
indicate that the large majority (>90°/0)of the volume and number of the particles have diameters greater

than 0.03 and less than 10 pm. The PSD of the initial slurry, on the other hand, indicates that 45 VOof the
volume of particles are greater than 0.1 and less than 10 pm, and 55% of the volume of particles have

diameters greater that 10 and less that 75 pm.

The volume-weighted distribution plots (see Figure 5.2) of the initial sludge show a birnodal
distribution formed from overlapping two Gaussian distribution peaks while the concentrated slurry and
the final slurry distribution plots show a trimodal distribution. The major particle-size peaks along with
the relative volume or number percentage that each peak represents are summarized in Tables 5.2 and 5.3.

Table 5.2. Peak Mode Location for Volume-Weighted Particle Distribution of AZ102 Samples

.

X-1OO (40 mL/see) UPA (Brownian Motion)

Mode Mode

Diameter Diameter

Sample (pm) Vol ‘%0 (pm) Vol %

Initial Sludge

(CUF-AZ102 MU) R=%+ 1“174 100

Initial Sludge Duplicate 24.590 49 5.537 2

(CUF-AZ102 MU DUP) 4.604 51 1.412 98

Concentrated Slurry

(CUF-AZ-102-OO5) H 1“7’4 100

Concentrated Slurry I 6.236 I 27 I 1.683 I 96

Duplicate 1.271 66

(CUF-AZ-102-OO5 DUP)
0.346 4

0.286 7

Final Slurry
6.525 9 2.826 83

(CUF-C104-O24)
1.112 69

0.411 17
0.319 22

I 6.505 I 23 I 1.614 I 89
Final Slurry Duplicate

I I I
1.103 58 0.163 3

(CUF-C104-O24 DUP)
,

0.078 4
0.319 19

0.034 4
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Table 5.3. Peak Mode Location for Number-Weighted Particle Distribution of AZ-102 Samples

X-1OO (40 m.LJsec) UPA (13rownian Motion)

Sample Mode Num “A Mode Num ‘h
Diameter Diameter

(pm) (pm)

Initial Sludge 0.798 100 1.035 100
(CUF-AZ102 Mu)

Initial Sludge Duplicate
0.793 100

(CUF-AZ102 MU DUP)
1.245 100

Concentrated Slurry 0.979 7 1.598 100

(CUF-AZ-102-OO5) 0.241 93

Concentrated Slurry 1.310 20
Duplicate 0.284 100

(CUF-AZ-102-OO5 DUI?) 0.311 77

Final Slurry

(CUF-C104-O24)
0.261 100 0.169 100

Final Slurry Duplicate 0.260 100 0.029 100
(CUF-C104-O24 DUP)

The significant decrease in the volume-weighted distribution histogram from the initial sludge to the
concentrated slurry shown in Figure 5.2 represents the extent of solids de-agglomeration after the solids
were re-circulated in the CUF line for 6 hours at various crossflow-velocity and TMP conditions
described in Table 3.1. The production of freer particles exhibited in the concentrated slurry PSD
confms that particle break-up is a significant factor in reducing filtration flux from Conditions 1 to 7
(see Figure 3.1). A possible explanation for reduction in flux can be described in terms of forming higher
resistance “cakes” (deposited layer on the membrane surface) as the solids deposited at or near the
membrane surface are enriched progressively with finer particles. In crossflow filtration, a slight decrease
in the filtrate flux is caused by the formation of a porous filter cake as the particles are deposited on the
membrane surface. However, as small fine particles begin to plug the filter cake, the filtrate flux could
decrease very rapidly and necessitate back flushing to regenerate the membrane. Upon each backpulsing
and progressive de-agglomeration, the dispersed fine particles are capable of penetrating the pores of the
membrane and reducing the filtration flux fhrther.
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Figures 5.4 and 5.5 compare the volume- and number-weighted histograms of the three samples for
the Microtrac X-100 at 40 and 60 mL/s circulation flow rate. Figure 5.6 and 5.7 compare the
volume-weighted and number-weighted distribution of these samples before and after sonication. It can

be seen from these plots (Figures 5.4,5.5, and 5.6) that after the slurry was caustic leached and caustic
washed, the nature of agglomerate compaction was changed. The final slurry solids are more shear

sensitive and are easier to de-agglomerated compared to the concentrated slurry (same agglomeration
compaction nature as initial slurry) under identical variation in the circulation flowrate and sonication

treatments as the concentrated slurry.
/

Furthermore, the comparison of the volume-weighted distribution plots (see Figure 5.6 and 5.7) of the
concentrated slurry and the final slurry before sonication show that the overall distribution shape and the
location of the peaks in both samples (concentrated slurry and final slurry) are almost the same and
similar, respectively.
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6.0 Conclusions

Based on the testing and analysis performed on AZ-102 sludg; described in this documen$ the
following conclusions have been obtained. They have been divided into categories for clari~.

AZ-102 Crossjlow Filtration

. For a slurry at 5.1 wt%oinsoluble solids, the average filtrate flux over 50 min of operation ranged
Ilom 0.046 to 0.126 gpm/f?. The dominant variable affecting the filtrate flux data during the first
three conditions appears to be operating time. During these conditions, there was a steady decline in
filtrate flux. Changes in the TMP appeared to have little effect. For the three subsequent runs, the
axial velocity and TMP may have slightly increased the flux rate.

. For a slurry at 13.7 wt?/oinsoluble solids, the average filtrate fluxes ranged from 0.020 to

0.051 gpmh?t?over 50 min of operation. This filtrate flux is -2.3 times less than the low solids
matri~ and -2.7 times higher in solids concentration. Over the range of conditions studie~ higher
axial velocities improve filtrate flux. Once again, TMPs appear to have little effect.

. The filtrate DFs for 241Arn(ratio of concentrations in the slurry to the concentration in the filtrate)
were between 100,000 and 450,000 for the filtrates collected, indicating excellent solid-liquid
separations.

. A statistical model of filtrate flux was developed and found to be a fimction of axial velocity and run
order. Based on this modeling effo~ the optimum condition for both low and high solids loading is
to maximize the axial velocity. Due to collinearities between pressure and velocity, and run order and
solids concentration in the current data set from a statistical standpoint it is not possible to determine
the effect of TMP and solids concentration on filtrate flux.

. Even after two cleanings with (1 M) nitric acid, the CUF was not capable of recovering the clean
water filtrate flux. In full-scale operation, higher temperatures and longer cleaning times maybe
required. Acid cleaning at temperatures greater than ambient was not possible in the CUF due to the
potential for corrosion of the CUF material.

AZ-102 Wash and Caustic Leach Testing

. Dilute caustic washing removed 80.4°/0of the sodium and >90°/0of the soluble anions, including
nitrate, nitrite, and sulfate. Significant quantities of fluoride and cyanide were also removed. The
only radioactive isotopes significantly removed by washing were 137CSand possibly 99Tc,and 1271.

. The first caustic leach removed 60°/0of the aluminum, but only 1.2°/0was removed during the
subsequent caustic wash steps. Caustic leaching also increased the removal of P as well as the water-
soluble components, such as K and *37CS.

. Fe, Al, and Na were the analytes of highest concentration, respectively, in the final composition of the
final leached/washed sludge.

. The total mass of solids was reduced by approximately 44°/0 during the course of water washing and
caustic leaching, and the mass of HLW glass (assuming Al + Fe + Zr limiting the glass) was reduced
by potentially-27%.
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AZ-102 P@sicaI, Theological, and Particle Size Properties

. The initial slurry exhibited significant plugging in the CUF during the start of operations. After
several hours of operations, the plugging effects were reduced. The final slurry was found to entrain
significant quantities of air that remained in the material for hours. This entrained air may have
impacted the pumpability and filterability of the material, although entrained air and its effects were
only observed on the final slurry.

. The initial dilute slurry, concentrated slurry, and final slurry were found to be yield pseudoplastic and
thixotropic.

. There was a significant decrease in particle size from the initial as-received sludge to the concentrated
slurry. This decrease is attributed to particle deagglomeration during pumping in the CUF. In
contrast there is less difference in particle size between the concentrated slurry and the final washed
and leached material.

. The slurry exhibited increased shear sensitivity after washing and leaching as evidenced by its large
reduction in number distribution after sonication.
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1.0 Applicability

This test instruction is to be used to perform the testing of the Cell Unit Filter (CUF) in the
HLRF A-cell with381 grams of AZ-1 02 slurry, which contains approximately 127.6 grams
of undissolved solids.

2.0 Supporting Documents

This test instruction is not a stand-alone document. It will be used in conjunction with
PN_NL Operating Procedure BNFL-TP-29953-020, which contains the necessary procedural
information for the safe operation of the CUF. It is also linked to PNNL Test Plan No.
BNFL-TP-29953-069, which contains an overall description of the project, ES&H
compliance, emergency response, and the hazards assessment and mitigation.

3.0 Responsible Staff
The sta.ffresponsible for executing this test plan are:
. Task Manager – Kriston Brooks
. SFO Manager – Randy Thornhill
● Test Engineers – Kriston Brooks, Ken Rapp6, Lynette Jagoda
. Hot Cell Technician – Mac Zurnhoff, Ralph Lettau, Don Rinehart
. Radiological Control Technician

4.0 Materials, Equipment, Supplies and Reagents Needed
4.1 Materials Required

●

●

●

●

●

●

●

●

●

●

●

●

●

●

AZ-102 Samples “A,”” MU,” and “GL.” AZ-102 Recovery Jar.
One 250 mL glass jar Iabelled “AZ-102 Initial Feed”
Twenty-seven 20-mL glass scintillation vials for filtrate and slurry samples, pre-
Iabeled as follows:

CUF-AZ102-OO1 through CUF-AZ102-O27.
Two 1-L bottles, labeled “AZ-102 Filtrate#l” and “AZ-102 Filtrate#2° with mark(s)
indicating 970 milliliters.
Two 1-L polyethylene bottle labeled “CUF AZ-102 First Wash.” It should be marked
with a line for 1-L volume.
Three 1-L polyethylene bottles labeled “AZ-1 02 WW permeate#l” through “AZ-1 02
WW permeate#3”. Each bottle should have a mark indicating a volume of 900-mL.
One 1-L polyethylene bottle labeled “AZ-102 CL permeate.”
Two 1-L polyethylene bottles labeled “AZ-102 CW permeate#l” and “AZ-102 CW
permeate#2.”
Two 1-L plastic-coated glass bottles labeled “AZ-102 final sample” and “AZ-1 02
decant.”

Three graduated centrifuge tubes.
Tubing for de-watering mode.
Two 10 liter containers, one labeled for the alkaline rinses and the other labeled for

‘the acidic rinses.
Containers for draining from the bottom of the pump and from the sample valve.
One 2-L bottle labeled “tank overflow container.”
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. Tubing to go from valve V-1 Oto the caustic leaching/washing vessel.

. 10 liters of 0.2-micron filtered DI water for washing the CUF upon completion of
AZ-1 02 processing.

4.2 Equipment
. 4000 gram balance

● Video tape

● pH paper

. Hand held camera. Used for making difficult readings and volume estimations.

. Stopwatch
● Calculator

● CUF Ult.railtration system with 100 mL plug in place
● 1000 watt Chiller

4.3 Reagents Needed

All containers that will be put into the cell should be labeled with “AZ-102” and “CUF testing.”

●

●

●

●

.0

●

●

●

●

●

1-L of filtered, distilled water labeled “start-up water.”
1.62 liters of O.01-M NaOHaq labeled”5 wt % dilution 1.“
TBD mL (837 g – ~ i.d g) of 0.01-M NaOHaq labeled”5 wt 0/0dilution
2.” recow{y J& !lqj.u&

2.7 liters of 0.01-M NaOHaq labeled “water wash solution” split up into three
separate 1-L containers containing 900-mL of solution in each.
NaOHaq labeled “caustic leach solution.” Amount and molarity to be determined.

Will be approximately 600 mL.
100 rnL bottle of 3 M NaOHaq labeled “3M caustic rinse.” Determine mass of
caustic in bottle.
Two containers of O.01-M NaOHaq labeled “caustic wash solution#l” and “caustic
wash solution#2.” Amount to be determined. Will be approximately 1600 rnL of
solution in each container.
1 liter of filtered, distilled water labeled “AZ-102 CUF rinse.”
1 liter of 1-M H_NO~aqlabeled “AZ-102 CUF wash acid.”
1 liter of filtered, distilled water labeled “shut-down water.”

4.4 Other Supplies
1. Workplace Copy of Operating Procedure BNFL-TP-29953-020
2. Extra Copies of Data Sheets 1,2, and 3
3. Laboratory Record Book
4. DAS disk for recording data

5.0 Test Instructions
The laboratory record book (LRB) shall be used to record other testing Morrnation as
required by this procedure and all test conditions not stated by this procedure.
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Cross-contamination between samples and contamination of samples from outside
sources must be minimized at each step. Use new tools and bottles for each sample as
much as possible. Those tools that are reused should be washed and rinsed prior to reuse.

Keep all test materials in sealed containers as much as possible to prevent them from

drying. Due to the shortage of test sample, do not remove any additional slurry other
than what is specifically requested for in this test instruction.

5.1 Pre-start ~

5.1.1 Inventory materials, equipment, supplies, and reagents to ensure all required items
are available. Assure that all materials have been modified for remote handling.

5.1.2 Do the following and initial and date when each item is completed. ~

d Review PNNL Operating Procedure BNFL-TP-29953-020. ~

~ Review the work instructions in this document. ~

5.1.3 Weight AZ-1 02 Sample A and tare weigh the bottle labeled “AZ-102 Initial Feed” ~

AZ-102 Sample A Tare AZ-lO2 Initial Feed
~

Total 7 x~.56 ~ Total 3.77.33 g lw[ cQp)

/
u ‘m? a w Q tlw%.1Ckh?lp

{
p?. @i 3 (“b C@

5.1.4 Trans er 284 g o AZ-102 from AZ-102 Sample A to AZ-102 Initial Feed.
Reweigh both containers. Any solids remaining on the tools used for the transfer
should be saved and will be rinsed into the CUF. ”

No+- ~rFQV3k?0 ● Q% Lf?g , L
AZ-lO2 Sample A AZ-102 Initial Feed

Total 4&\S7 g
5.1.5 Conduct the “0.0 Pre-Start” operations in BNFL-TP-29953-020. Replace the ~

overflow container with the bottle labeled “tank overflow container.”

** Steps 5 1 6 through 5.1.12 have already been completed. They will remain in the instruction. .
for reference purposes only. Operations should begin with step 5.1.13.

5.1.6 Pefiorm”1.0 Start-UD” operations in BNFL-TP-29953-020 with lay-up solution
currently in CUF with one variation: V4 the filtrate control valve should be closed.
Run CUF for 5 minutes between 4 and 6 gallons per minute (gpm).

5.1.7 Conduct the “10.0 Draining the system” operation in BNFL-TP-29953-020. ~

4 I



5.1.8 Perform ”1.0 Start-U~” operations in BNFL-TP-29953-020 with 1.0 liter of
filtered, distilled water.

5.1.9 Perform “6.0 Back-pulsing” operations in BNFL-TP-29953-020.

5.1.10 Shut off the system and conduct the”1 0.0 Draining the system” operation in
BNFL-TP-29953-020.

5.1.11 Petiorrn”1.0 Start-Up” operations in BNFL-TP-29953-020 using the liquid in the
bottle labeled “start-up water”.

5.1.12 Conduct the “3.0 Operation during UltrafHter Recycle Mode” operations in
BNFL-TP-29953-020 using the conditions below. Filtrate flow rate should be
monitored and data collected in the operating procedure. Each test should be
petiorrned for only 20 minutes and the system should be back-pulsed. After each
condition, the test engineer should initial and date the table below.

-1 I I Transnwmbrane I Initial and date I
Condition Flowrate (gprn) Pressure (psig) when complete

1 4.20 30
2 4.20 55
3 4.20 70

5.1.13 Shut off the system and conduct the “10.0 Draining the svstem” operation in
BNFL-TP-29953-020.

5.2 Start-Up
5.2.1 Obtain the following information:

5.2.2 Weigh the jars containing the AZ-102 samples and the”5 wt’%0dilution 1.“
Record their weights below.

5
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AZ-102 Sample MU AZ-102 Sample GL

Total @, 833 g

“5 wtO/Odilution 1“

Total *Lf?R g

5.2.3 Conduct the”1.0 Start-Utf’ operations in BNFL-TP-29953-020 staring with
approximately one-half of the material in “5wt0/0 dilution 1.“ Once that is pumping,
add the contents of AZ-102 Initial Feed. Shake the jar containing the AZ-102 sample
thoroughly before adding it to the slurry reservoir. Use the remaining “5wtV0
dilution” material to recover any solids left in the sample jar that cannot be transferred
by shaking. Pay close attention to the level of material in the CUF.

5.2.4 Record the weights of the empty jars and lids in the spaces provided below.
Calculate the amount of material remaining in the sample jar. If the difference is
greater than -2 g or significant solids are visible, fi.u-ther solids recovery is warranted.
Record the method of recovery in the LRB.

AZ-102 Initial Feed “5wt0/0 dilution”

Record the level in the slurry reservoir.

5.3 Operation

First Test Matrix
5.3.1 Conduct the “3.0 O~eration during Ultrafilter Recycle Mode” operations in

BNFL-TP-29953-020 using the conditions below. Filtrate flow rate should be
monitored and data collected as specified in the operating procedure. Afler each
condition, the test engineer should initial and date the table below.

Transmembrane Initial and date
Condition Flow rate (gpm) Pressure (psig)

1 4.20 50.
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2 3.13 30 yp)du
3 J? 70

8
b% k L/)ofoo

4 N&’ 30 ~q~ I’/;O/==

5 3.13 70 —

6 L 4.20 50 V& t \~ 00

1
7 O~timurn from 1 – 6fi Optimum from 1-6 4&f[c///J/@

““s[tia ‘“” “ - ‘ ‘ ‘

5.3.2 Using the rheometer sample cup, obtain 40 mL of slurry material for theological
b

\&
measurements following “7.0 S1u.rry Sarmiing” in BNFL-TP-29953-020. This may
require as many as eight samplings to obtain this material. Perform theological
measurement per Table 4 in BNFL-TP-29953-069.

Viscometer

Make
Model 5 kv Qc 70
Geometry ~V 1

24.7%

@JJ’$
#’?5.3.3 Tare-weigh the 1-L bottle labeled “AZ-102 Filtrate#l ‘ p

‘b.L3@ Pi /fj: z ‘3=~Weight of empty “AZ-102 Filtrate#l” with lid /0 ~. (~ Z g
‘J( p-s-v ~R [[/

“ ‘-L“$2 5.3.4 Pre-weigh two of the labeled 20-mL glass scintillatioqials and record its ~~~-UUo~@*’z- .~r

\ .1
%

weights. Mid-way through the following step (5.3 .5), obtain two filtrate samples of at

~?
.least 20 grams following “8.0 Filtrate %irrmling” in BNFL-TP-29953-020. If
required, more than two sample vials may be used. Record the weights and sampler
numbers in Data Sheet 3. These will be used for chemical and radiochemical
analyses.

/g! y~ -J ~.[( +- f+ ~&ti:@r;~/9fi-
5.3.5 Conduct the “4.0 Operation durinE UltraFilter De-wateriruz Mode” operations-in -

BNFL-TP-29953-020 using the optimum conditions from step 5.3.1. Fill “AZ-102
Filtrate#l” to the 970 rnL mark, or as hig

M

possible if this mark in unattainable.
/~/6 ,7 fl

&
5.3.6 Replace the lid on the bottle and weigh.

/

Weight of “AZ-102 Filtrate#l” with lid /&o. L@ g

Total weight of material removed in .Sn. ~~ g
~&l.zF$J,h? + 2 g-.~~’

5.3.7 Record the level in the slurry reservoir. d

[J
//

Height L - inches lfl Jo.,@

5.3.8 Weigh the bottle labeled”5 wt% dilution 2“ and the AZ-102 recovery jar.
Calculate the weight of Iiquid/slumy in the recovery jar.
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Tare Weight of”5 wtYo dilution 2“ with lid dh g

Weight of AZ-102 recovery jar ~,5+~zY’~g .
Tare Weight of AZ-102 recovery jar 351.87
Weight of liquid/slurry in recovery jar g $3, gz : T&wp ~ ~D*&~cjo+

5.3.9 Calculate and add the proper weight of O.OIM NaOH to the bottle labeled”5 wt’Yo
dilution 2.”

Weight required to be added to CUF . 837
Weight of IiquiWslurry in recovery jar 333 .gY~ g
Weight needed in”5 wtYo dilution 2“ ~SZ. 18 g

“@?& y,i. 1? g 307. 3)
Actual weight of”5 wtI%o dilution 2 C / %f-. %%’

?(<– )fL ‘ O-x-3’
8

.3.10 Add the remaining slurry material fi-om “AZ-1 02 Sam~$’A”, “AZ-102 Sample
+. - ~L. z /@v3 MU,” and “AZ-1 02 Sample GL” to the CUF. ~.c:b%xq”

5.3.11 Use the AZ-102 recovery jar and 5 wtYo dilution 2 liquids to rinse out the three
AZ-102 sample jars- Pour this material into the CUF. $ ~ i=~ ~ ~ QO g ~

Qhn \o&@c!i ~A c-u 1= no -S)w//
5.3.12 Weigh the empty containers. plou-cfi d+. $4-J+ ?“+

bykks ~ $1 @’&A:[O:[:? yVl@lk&~l> *

Weight of “AZ-102 Sample A“ ~&/o g Go> GloLs. ~f .*:

Weight of “AZ-102 Sample MU” [3 4, YZF g &h
Weight of “AZ-102 Sample GL” 1~~, /6f7 g
Weight of recovery jar *.YO~~ W/y

Weight added to CUF
Weight of “AZ-102 Sample A“
Weight of “AZ-102 Sample MU” $,(~, $~~ ~

Weight of “AZ-102 Sample GL” qb. bLLi g
Weight of recove~ jar ~fl’y ~

5.3.13 Tare-weigh the 1-L bottle labeled “AZ-102 Filtrate#2.” I

Weight of empty “AZ-102 Filtrate#2° with lid / (lo,3b/ g . .’

5.3.14 Pre-weigh two of the labeled 20-mL glass scintillation vials and record its
weights. Mid-way through the following step (5.3. 15), obtain two filtrate samples of
at least 20 grams following “8.0 Filtrate Sarrmling” in BNFL-TP-29953-020. If
required, more than two sample vials may be used. Record the weights and sample
numbers in Data Sheet 3. These will be used for chemical and radiochemical
anal yses.

.
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5.3.15 Conduct the “4.0 Operation during Ultraflter De-waterim Mode” operations in
BNFL-TP-29953-020 using the optimum conditions from step 5.3.1. Fill “AZ-102
Filtrate#2° to the 970 mL mark, or as high as possible if this mark in unattainable

r%. &/o:l-f- 4

5.3.16 Replace the lid on the bottle and weigh.

Weight of “AZ-102 Filtrate#2° with lid 8 [% ~

Total weight of material removed 7X?9. g7{ g

5.3.17 Record the level in the slurry reservoir.

Second Test Matrix
5.3.18 Conduct the “3.0 Operation during Ultrafilter Recycle Mode” operations in

BNFL-TP-29953-020 using the conditions below. Filtrate flow rate should be
monitored and data collected as specified in the operating procedure. After each
condition, the test engineer should initial and date the table below, and check the level
in the slurry reservoir (video-taping periodically, as necessary).

i

Transmembrane Initial and date

Condition Flowrate (gpm) Pressure (psig) when complete

1 4P 2.6 50 +% l/lllm
2 M aa~ 30 I009
3 53 ~ 70

J
1)1100

4 5.23 30

5 3.13 70

v----6 4.20 I _50
J

y w

5.3.19 Obtain two slurry samples of 20 and 10 grams each, respectively, following “7.0
SI SamPling” in BNFL-TP-29953-020 and using the pre-labeled sample vials.
These will be used for physical property and particle size distribution analyses. ~ ~~:4$ ~M
Record the weights and sample numbers in Data Sheet 3.

5.3.20 Using the rheometer sample cup, obtain 40 mL of slurry material for theological
measurements following “7.0 S1UITY%nmling” in BNFL-TP-29953-020. This may
require as many as eight s~plings to obtain this material. See Table 4 in BNFL-TP-
29953-069 for ~ descr ipf-jon 9 f tiispKWMS’. ~; \(p/@

)“”

9
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5.3.21 Adjust the flow to< 2 gpm and the pressure to <10 psig~

@ {1{’

while the rheology of the material is measured. Pour the 40-mL used for theological
measurements back into the CUF. Perform theological measurement per Table 4 in
BNFL-TP-29953-069.

5.3.22 Increase the flow and pressure to its optimal value and repeat step 5.3.20 and
5.3.21 for a second 40-mL slurry sample.

Three Water Washes

5.3.23 Weigh all three one-liter bottles labeled “water wash solution.”

5.3.24 Obtain the tare weight of the three empty two-liter bottles labeled “AZ-102 WW
permeate#l” through “AZ-102 WW permeate#3.”

permeate#l perrneate#2 permeate#3
Empty bottle 100. m g 100.2- g ~g

5.3.25 Add the first bottle of “water wash solution” to the slurry reservoir. ~

5.3.26 Conduct the “4.0 Oueration during Ultrailter De-watering Mode”
lfeg{~~&J

BNFL-TP-29953-020 using the optimum conditions from step 5.3J4Z, cq
measurements periodically. Fill “AZ-1 02 W permeate#l” to the 900-mL mark.
Add the second bottle of “water wash solution”, and begin filling “AZ-102 WW
perrneate#2.” Add the third bottle of “water wash solution” once the 900-mL mark is
reached in the second permeate bottle. Continue dewatering into “AZ-102 water
wash permeate#3,” filling it to its 900-mL mark, or as high as possible if the 900-mL
mark in unattainable. Following each dewatering (after each 900-mL mark is
reached), check the slurry height. Video tape if necessary.

5.3-27 Weigh the three empty one-liter bottles labeled “water wash solution.” ~

Bottle
without solution !& %g %!3

5.3.28 Weight the three one-liter bottles labeled “AZ-1 02 WW permeate#l” through
“AZ-1 02 WW permeate#3.”

10



5.3.29 Obtain the tare weight of a graduated centrifuge tube.

Tare weight of centrifuge tube= h.q~~~ ~

5.3.30 Obtain 1 slurry sample of at least 10 grams following “7.0 Slurrv Sampling” in

BNFL-TP-29953-020 and using the graduated centrifuge tube. Determine the weight
of the sample (Wt-PJ and the total sample volume (VWPJ. Centrifuge for 5
minutes, remove, and determine volume of centrifuged solids (V,O1iJ.

Weight (tube and sample) = \s.~\ !3

‘solids =

v slunyhsnk = ~%~’ (0 6

# ‘!f; and place in5.3.31 Calculate the volume of required leaching solution, Na ~q
“caustic leach solution.” Place a mark indicating this volume on the bottle labeled

“AZ-1 02 CL permeate#l”. V,IuWrepresents the volume of the slurry.

Voh.une of~NaOHaq to be used = . .

3 * ‘shmyhnk * Wsolids 1 ‘sample) = 7$3 ~ *MS y~~$

5.3.32 Record the.level in the slurry reservoir.

Height -/ ~~ ~ inches

5.3.33 Obtain one slurry sample of at least 20 grams following “7.0 S1urrv %nmling” in

BNFL-TP-29953-020 and using the pre-labeled sample vials. mS till be used or

physical analyses. Record the weight and sample number in Data Sheet 3.
d

~; z~p~

I//!/@

Caustic Leach

5.3.34 Measure the Tare of the empty caustic leach container. .~~ j{ & ~~f b+k.

miff. v)
,

Tare container ~

5.3.35 Drain the system of slurry following”1 0.0 Drainiruz the System” with the
following changes: rather than placing a container underneath sample port V1 Oto

11



collect slurry, tubing will be connected to the sample port and flow directed into the
caustic leaching/washing container. - Ri4%-J S~b-+”’@A’ ;WiV c~A.-L ~~ ~ ~

&~yz08 f o& 4 cm ++)

5.3.36 Prepare the FJaOHaq solution. The volume of this solution was determined
above. The concentration is to be sufficient to create a SM NaOH solution above the
centrifuged solids layer.

5.3.37

Volume NaOH solution required= Y93A g
Molarity of NaOH solution = 7.%7

&

Bottle with -M NaOHaq = b? La ‘[~ ‘- fflp~ ‘q’ =)a

g ~a9 B* ~til+ %+$.fj’y

Add the above volume of solution to the slumy reservon- and pump through the
system for five minutes. Drain as described above (5.3 .35)into the caustic-leaching
vessel. Determine tht weight of 3-M 2} }y’ p- S%Qtim,iq

~ &%bwith$>NaO~~~ ‘~ 09. I s-7&JJ%
4by

,.

.1 sba o“~”l> /u’ Level in leaching container
b;>~

r 21 S-V
5.3.38 Begin heating the slurry and set the controller temperature to S5°C. Secure the

top on the leaching/washing vessel along with the attached mixer. Initiate steady
mixing. Wait until the slurry temperature reaches 85°C and note the time. Leaching
WN continue for 8 hours from this time.

Time 85°C is reached

$@

]’o:~ 1////00

@,M+~ Shutdown time (above time plus 8 hours) &: ~ M ~lJZ@

sld- QK; CAM=- 6’3 h ~)~io~
115.3.39 Obtain the tare weight of the empty one-liter bottle labeled “AZ-102 L

permeate.”

Empty bottle
~~~f~~rmeat.e

l?~QSe~ ~ifi+ %& +’
g

5.3.40 Begin heating the CUF at the end of the caustic leach. When leaching is
complete, stop the heating/mixing the caustic leach. Measure weight and level of full
container.

5.3.41 Add the slurry to the slurry reservoir. Pump until the temperature reaches
85+5°C.

5.3.42 Calculate water lost during leaching.

Full container pre-leach ~floo,ol g

12



Full container post-leach %7 ~r ’54( g

Amount of water lost 7J(7-

‘ti+ %S. $3 Q Q(‘%+j~~~~sfer into

5.3.43 Add amount of water equal to that lost into the container, swml
the slurry reservior.

Actual Water Added to CUF P[*VG !3

Note if too many solids remain in the container, rinse the caustic leach vessel with an
additional 100-rnL of 3-M NaOHaq to remove any residual solids on the bottom or sides

and add to the reservoir. Determine the weight of 3-M NaOHaq added.

5.3.44 Pre-weigh two of the labeled 20-mL glass scintillation vials and record their
weights. Mid-way through the following step (5.3.45), obtain two filtrate samples.

5.3.45 Conduct the “4.0 Ot)eration durirw Ultrtillter De-waterirw Mode” operations in
BNFL-TP-29953-020 using the optimum conditions from step 5.3.18. Obtain two
filtrate samples of at least 20 grams following “8.0 Filtrate SamPling” in BNFL-TP-
29953-020. If required, more than two sample vials maybe used. Record the weights
and sample numbers in Data Sheet 3. These will be used for chemical and
radiochemical analyses. Fill “AZ-102 CL permeate” to the mark made in step 5.3.31,
or as high as possible if mark is unattainable.

~w+lc ad
5.3.46 Weight the full one-liter bottle labeled “AZ-1 02 Q+ermeate.”

With permeate
AZ-102 CL permeate

5~b.5f? g

5.3.47 Record the level in the slurry reservoir.
Height tic+ *e inches

5.3.48 Obtain three slurry samples of at least 20 grams each following “7.0 Slurrv
%nmling” in BNFL-TP-29953-020 and using the pre-labeled sample vials. These
will be used for chemical and physical analyses. Record the weights and sample
numbers in Data Sheet 3.

First Caustic Wash

5.3.49 Drain the system of slurry following”1 0.0 Draining the %cstem” with the
following changes: rather than placing a container underneath sample port V1 Oto
collect slurry, tubing will be connected to the sample port and flow directed into the
caustic leaching/washing container.

13
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Level with slurry
13(G _ ,4

I
Volume of slurry =?02.3 rn9

5.3.50 Add sufficient volume of 0.01-M NaOHaq to the slurry reservoir from “caustic
wash solution#l” to make 2400 mL total volume (slurry

%
and pump through the

-+ ~l~p
system for five minutes. Drain as described above (5.3.+4’) mto the caustic-leaching )
vessel. Determine the weight of 0.01-M NaOHaq added. Determine the weight of
full leaching container.

Volume 0.01-M NaOHaq required (2400-slurry voh.une) I~ 00
\ ~b=-&c! ,,

mL
Volume 0.0 1-M NaOHaq added

\.&”\&&f
1400 mL

ntainer with 0.01-M NaO lb

w“

59. %& gk
Level in leaching container z -7@ - ?- 5
mA~s :- [d: ce&~~ 357a. coo

e 20253 %-l:&5

2 45.5.51 Begin heating the urry and set the controller temperature to 5°C. Secure the \
top on the leaching/washing vessel along with the a~ched mixer. Initiate steady
mixing. Wait until the slurry temperature reaches 85°C and note the time. Leaching
will continue for 8 hours from this time. ~

/

Time 85°C is reached I 2:54 AM4@
Shutdown time (above time plus 8 houqs) Q@sf ANf@@

1

4/’5.3.52 Obtain the tare weight of the empty one-liter bottle labeled “AZ-102 CW
perrneate#l .“

permeaje#l

Empty bottle 2 b=? [.x- ~

5.3.53 Begin heating the CUF at the end of the caustic wash. When washing is ~) 00
complete, stop the heating/mixing the caustic wash. Measure weight and level of full
container.

5.3.54 Add the slurry to the slurry reservoir. Pump until the temperature reaches 80”C.

5.3.55 Calculate water lost during leaching.
.

Full container pre-leach
Full container post-leach
Amount of water lost

5.3.56 Add an amount of water equal to that lost into the container, swirl , and transfer
into the slurry reservior.

14



Actual water added to CUF /0s J 2s--- g

../

any solids remain in the container, rinse with an addition
H solution. Pour into the CUF. Determine the amount added.

,-.
~,-

/ Additional Water added to the CUF fiQ+ pdr.~
./ /“

100 mL of 0.01 M

—~

~ 5.3.57 Pre-weigh two of the labeled 20-mL glass scintillation vials and record their
weights. Mid-way through the following step, obtain two filtrate samples.

‘~ 5.3.58 conduct the “4.0 Operation during Ultrtillter De-watering Mode” operations in

BNFL-TP-29953-020 using the optimum conditions from step 5.3.18, recording flux
measurements periodically. Obtain two filtrate samples of at least 20 grams
following “8.0 Filtrate %nmlin g“ in BNFL-TP-29953-020. If required, more than

two sample vials may be used. Record the weights and sample numbers in Data
Sheet 3. These will be used for chemical and radiochemical analyses. Fill “AZ-102
CW permeate#l” to the amount added in step 5.3.%, or as high as possible if mark in
una~nable.

5.3.59 Record the level in the slurry reservoir.

Second Caustic Wash

5.3.60 Drain the system of slurry following”1 0.0 DraininsI the System” with the “
following changes: rather than placing a container underneath sample port VI Oto
collect slurry, tubing will be connected to the sample port and flow directed into the
caustic leaching/washing container.

Tare container 11?!.4] $3
Level with slurry /v&+(aYfvd- w km $-m Lue,ghfq Vdaw&
Volume of slurry Pa+ pOrfw-m+X& w- f+- Wghi- $ Vob.w L&J

5.3.61 Add sul%cient volume of O.01-M NaOHaq to the slurry reservoir from “caustic
wash solution#2° to make 2400 mL total volume (slurry and and pump through the
system for five minutes. Drain as described above (5.3.34) into the caustic-leaching
vessel. Determine the weight of 0.01-MNaO&q added.Determinethew@t of
the fill leach container. =*. I(lya

Volume O.01-M NaOHaq required (2400-sILuTYvolume) /4QQ mL

volume O.01-M NaOHaq added I’lm rnL

Weight of Full Container with O.01-M NaOHaq 16’6(wq9 g
Level in leaching container

~Ql)
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5.3.62 Begin heating the slurry and set the controller temperature to 85°C. Secure the
top on the leaching/washing vessel along with the attached mixer. Initiate steady
mixing. Wait until the slurry temperature reaches 85°C and note the time. Leaching
will continue for 8 hours from this time.

Time 85°C is reached ~: [ s@M ---+ IJ:ls

Shutdown time (above time plus 8 hours) i LISAMfl@

5.3.63 Obtain the tare weight of the empty one-liter bottle labeled “AZ-102 CW
permeate#2.”

perrneate#2

Empty bottle 7~1. 4%2 g

5.3.64 Begin heating the CUF at the end of the caustic wash. When washing is
complete, stop the heating/mixing the caustic leach.

5.3.65

5.3.66

5.3.67

Container w/slurry 323%.~0 - 100,-*
Level & n

Add the slurry to the slurry reservoir. Pump until the temperature reaches 80°C.

Calculate the water lost during heating.

Full container pre-leach 32 5q.2G g
Full container post-leach 3 \3+. 03z g
Amount of water lost I22 ● 2t% g

Add an amount of water equal to that lost into the container, swirl , and transfer
into the slurry reservoir.

Actual water added to CUF Icw.ocj’ $3

Note if too many solids remain in the container, rinse with an addition 100 rnL of 0.01 M
NaOH solution. Pour into the CUF. Determine the amount added.

Additional Water added to the CUF ~~ g

5.3.68 Pre-weigh two of the labeled 20-mL glass scintillation vials and record their
weights. Mid-way through the following step, obtain two filtrate samples.

~OxShti ~l+ti$e Qwy inili~, ddi~, ~d (W ~o~oe # @NdYJ)

5.3.69 Conduct the “4.0 Operation during Ultrailter De-watering Mode” operations in ‘
BNFL-TP-29953-020 using the optimum conditions from step 5.3.18, recording flux
measurements periodically. Obtain two filtrate samples of at least 20 grams
following “8.0 Filtrate %mmling “ in BNFL-TP-29953-020. If required, more than

16



two sample vials may be used. Record the weights and sample numbers in Data
Sheet 3. These will be used for chemical and radiochemica.1 analyses. Fill “AZ-102
CW permeate#2° to the amount added in step 5.3.61, or as high as possible if mark in
unattainable.

5.3.70 Record the level in the slurry reservoir.

Height ~ + cl-a inches

5.3.71 Weight the-two full we-liter bottles labeled “AZ-102 CW permeate#l” anel+&G

permeate#l permeate#2

With permeate Iw%bqg @.JL3&
Tare ‘&7t 63 g ~1 .%”%

Wz’”b L537.33$
Testing Finale

[ CQ/~ ]%.wI- i! kc i$ O.J~~~~~~C~Q~’s. If w!.~, @~@ Q ‘Q~ 9m@e ~ 1~10
+.6 % 372 Using the rheometer sample cup, obtain 40 mL of slurry material for theologicalha .~fl ~ ~

W’$J
measurements following “7.0 S1w %mmling” in BNFL-TP-29953-020. This may

~.+ ●

&\.
require as many as eight samplings to obtain this material.

5.3.73 Adjust the flow to< 2 gpm and the pressure to <10 psig or turn off the pump
while the rheology of the material is measured. The 40-mL of material will be
recovered at a later time. Determine weight of material used.

m y/t
.l@l /@a

5.3.74 Increase the flow and pressure to its optimal value and repeat step 5.3.@an

?/
5.3.6 for a second 40-rnL slurry sample.

3
i
‘ (0 Og

5.3.75 Obtain four slurry samples of at least 10 (1)&20 (3) grams each, respectively,

d

following “7.0 S1urrY %nmling” in BNFL-TP-29953-020 and using the pre-labeled

J sample vials. These will be used for chemical and physical analyses, and particle size

~~~ ~,~distibution. Record the weights and sample numbers in Data Sheet 3.
L, . .

\ L CJ2.s$(q #‘ CS%CCW@)
Draining and Rinsing the Svste~i

J5.4.1 Tare-weigh the Ztibottl labeled “U-102 final sample.”
&

Weight of empty “AZ-102 final sample” with lid s~ ~c 37 g
5.4.2 Drain the system of slurry following”1 0.0 Draining the System” into “AZ-102

final sample.”
Weight of full “AZ-102 final sample” with lid /0 ~~lsg

. . .. .. ...- ..... ~ ., - /., - .,-, , .-z ...-.-.7-- .- ~.. . .. - - -~----r ;<7... .



5.4.3 Add the 1-L of filtered, distilled water in “AZ-1 02 CUF rinse” to the reservoir.
Open V4 and pump through the entire system for 5 minutes.

Weight of full “AZ-102 CUF rinse”

B :2,3

Weight of empty “AZ-102 CUF rinse”
Weight of “AZ-102 CUF rinse”

/5.4.4
?

ack-pulse the system once following “6.0 Back-Pulsing.”

5.4.5 Shut off pump and drain the system following”1 0.0 Draining the SVstem.”
Weight of fill “CUF rinse” “% LRg’ g

5.4.6 Conduct the “9.0 Rinsing the system” operation in BNFL-TP-29953-020 for the
second and third rinses. The second rinse should be done with 2-L of filtered,
distilled water, and the third rinse with 1-L of filtered, distilled water. The second
and third rinses should be collected separately horn the first in the alkaline rinse
storage container. Filtrate flow rates should be checked with the third rinse to
determine if an acidic rinse is required. The acidic solutions, if necessary, should be

\

placed in a separate container.

@ -@c[c + $ ~,-~ >“4 /Zin$ I ,V$fl &Z j>@$2~@ M .

5.4.7 Conduct the “3.0 O~eration during Ultraflter Recycle Mode” operations in
BNFL-TP-29953-020 using the conditions below and the 1-L of filtered, distilled
water in “shut-down water.” Filtrate flow rate should be monitored and data collected
in the operating procedure. Each test should be petiormed for only 20 minutes and
the system should be back-pulsed. After each condition, the test engineer should
initial and date the table below.

Transmembrane Initial and date
Condition Flowrate (gpm) Pressure (psig) when complete

1 4.20 30 ~ J*. -
2 4.20 H 40 1II
3

e Oa
4.20 70

,?
.s,9? J . s&’ -~ /o,2 c?, Zd a. ~ @Z(<q

1

5.4.8 Conduct the”1 1.0 Shutting down” operation in BNFL-TP-29953-020.
7: f/ ~- i7,m

5.4.9 Conduct the “12.0 Lay Up” operation in BNFL-TP-29953-020.

‘fi~~~%~ %Qk”
5.4.10 Allow the slurry to settle in the 2-L bottl~. Analysis of the permeate from the

second caustic wash, “AZ-1 02 caustic wash permeate#2,” will determine if 15.uther
washing is required. If no fhrther washing is required, decant off the liquid on top of

18



the settled slurry into “AZ-1 02 decant” until 1 to 2 inches of liquid remain. Weigh
the amount of liquid removed.

Weight of empty “AZ-102 decant” with lid ~
Weight of full “AZ-102 decant” with lid ~

5.4.11 Remove and weigh all appropriate samples from all permeate bottles.

6.0 Sample Analysis
The point of contact for physical property sample analysis of the slurry samples is Paul
Bredt. The point of contact for the sample analysis of the filtrate, wash, and filtered solids
samples is Mike Uric and Rick Steele.

6.1 Slurry Sample Physical Analysis
The slurry samples taken for physical testing (except for particle size distribution analysis
samples, which will go to Lab 312) will remain in the HLRF. These samples will be used for

- obtaining the following information: bulk density, supematant density, particle size
distribution, volume percent settled and centrifuged solids, and suspended solids loading.
Each of these analyses will be done in duplicate. The viscosity of these samples was
performed previously during testing in Section 5.0.

19



6.2 Chemical and Radiochemical Analysis
The following samples should be transferred to the SAL hot cells for prep work and analysis.

Liquid Samples
● One sample from the first de-watering step.
● One sample from the second de-watering step.
● One sample taken from the bottle labeled “AZ-102 water wash perrneate#l”
● One sample taken from the bottle labeled “AZ-102 water wash permeate#2°
● One sample taken from the bottle labeled “AZ-102 water wash permeate#3°
● One sample taken during the W-102 caustic leach
● One sample taken during the first AZ-102 caustic wash #1
● One sample taken during the second AZ-102 caustic wash #2
● One sample taken from the bottle labeled “AZ-102 decant”

slurry %nmles
● One sample after three water washes
● Two samples after the caustic leach
● Two samples after the final dilute caustic wash

- The following will be performed on these samples: TOC/TIC and IC on the original sample
and acid digestion followed by GEA, Sr-90 analysis, ICP-MS for Tc-99, total alpha and ICP-
AES. See BNFL-TP-29953-069 for further details.

20
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Datdl-iie Description
Vohlme . caustic

Molarity
Undissolved Weight Percent

(InL) ‘=@ F&: ~ SdMs (g) UndissolvedSoJids

10-Jan-00 SampleA 197 315.64 1.60 131.8 41.8%

5wt%dilution#1 1850 1849.86 1.00 0.0 o.o%
TestSample#1 2047 2165.5 1.06 110.4 5.1%

First Teat Matrix
& Dewatering

Rheologyequipmentrinse 30 30.0 1.00 0 0 0.0%0
Dewatering#l 951 957.97 1.008 0 O.ovo
FdtrateSample -001 17 17.18 1.008 0 0 0.0%
FiltmteSample-002 17 16.90 1.008 0 0 0.0%
TestSample#1 1092.3 1203.4 1.102 110.4 9.2%

I 46.664 I 1.60 I I 19.5 I 41.8V0 I

Sample MU 25 40.835 1.60 17.1 41.8%
, ,

SampleGL 29
I

RecoveryJar 384 383.82 I LOO 38.4 10.0%
I

5 wt% dilution#2
TestSample#2 1983.9 2128.0 1.073 ! 185.4 I 8.7%
Dewatering#2 723 I 727.82 I 1.006 I

FiikateSample-003 23

453 453.19 I 1.00 0.010 I o 0%
I

i I o I 0%
! 22.89 1.006 ! o 0 o%

I

Waterformixingassistance 102 102.3 1.00 0 0 0%

1l-Jan-00 Second Teat Matrix
&Water Waahes
WaterWash#1Solution 887 886.53 1.00 0.01 0 o%
WaterWash#2Solution 905 905.42 1.00 0.01 0 o%
WaterWash#3Solution 896 895.80 1.00 0.01 0 0%
WaterWash#l Permeate 871 875.71 1.006 0 0%
WaterWash#2Permeate 877 878.19 1.001 0 o%
WaterWash#3Permeate 956 951.73 0.995 0 o%
TestSample 1287 1409.71 1.10 159.77 11.3%
&@ilu. S.m”l. n~ n 297 1.10 0.00 0.04 11.3%
slum uwplG-u., 110 0.00 2.2 11.WO
SamplePort Rinse D o 0 o%

L---- -—~.. .- .4”,

.. @,....-l- nn7 18 19.378 I ...!
10 10 1.CH

1 I I
1 I. T.”nil lCaIIdi@ Teach I I I I I. . .--”” I ------- —-- I I I I I I I

Itiusdc LeachSolution 483 609.16 126 7.37 0 0’%0

0.00 0 Ovo I

12-Jan40 DIimpellerrinse 26 25.54 1.00 I 0.00 0 Ovo
Evaporation 105 104.66 1.00 0.00 0 I o.o%
DI impellerrinse 81 81.46 Loo

&UStiC Leaeh Permeate 485 529.58 1.092 0 0%
FdtrateSample-008 17 18.708 1.092 0 0 o%

FdtrateSample-009 20 21.285 1.092 0 0 o%
Test Sample 1238 1441.9 1S65 136.98 9.5~o

SlurrySample~10 15 17.011 1.165 0 1.62 9.5%

Sky Sample-011 13 14.846 1.165 0 1.41 g.s~o

; .. . ... . .-—.



Date.Tiie Description

slurrySample412
Dmincontainerrinx

,
12-Jan-00 ICausticWaahea

l@EAcWaah#l Solution I
lTestSample
Evaporation
Wateraddd

13-Jan-00 causticwash #1 Permeate
FdtmteSample-013
FdtrateSample-014
TestSample

CausticWash#2Solution
Evaporation
Draincantainerrinse
Wateradded
&lStiC Wash#2Pexmeare
FdtrateSample-021
FdtrateSample-022
Wateradded

ISIUITYSample -026
II 1

13-Jan-00 lTed Fide

(nIL)

13

10

1392
2598.89

105
105
1435
19
15

1130.6

1400
122
100
150
1508
18
21
201
1048

15
10
15
14

Mass @

15.377
9.50

139223
2796.43

16.274
10.823
15.609
14.472

&
Density

Caustic
Molarity

(@nL) ~

1.165 0
1.00 0.00

--H-t--

=+=

1.040 0
1.040 0
1.123

=

1.00 0.01
1.00 0.00
1.00 0.00
1.00 0.00
1.021

z1.021 0
1.021 0
1.00 0.00
1.050
1.050 0

Undissolved WeightPercent
solids @ Undissolved SMida I

I
I

o o%
o 0.0’70
0 o%
o 0%
o o%
o o%
o 0’%
o 0%

101.2 9.2%
1.50 9.2%
1.00 9.2%
1.44 9.2%

1.33 92%

lTestSample I 1352 1419.4 1.050 12592 88.79’0 1
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Project:
ClienE

Battel/e PNNURPG/inorganic Analysis ...
lCPAES Data Report

29953
K. Brooks

ACL Number(s): 00-0902 through 00-0917
i ---------------------------------—--------------

Client ID: “AZ-102 MU” through “CUI7-AZ-102-O27”
-—-------------------------------—-------------

ASR Numbe~ 5667,5668

Total Samples: 16
------------------------------------------—-----

Procedure: PNLALO-211, “Determination of Elements by Inductively Coupled
Argon Plasma Atomic Emission Spectrometry” (ICP-AES).

Analyst: D.R. Sanders

Analysis Date (Filename): 02-02-00 (A0579) [ALO-115 KOH/Ni fusion]
02-08-00 (A0582) [ALO-128 Acid Digestion - liquids]
02-24-00 (A0586) [ALO-129 Acid Leach- solids]

See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and
Maintenance Records.

M&TE Numbe~ ICPAES instrument -- WB73520
Mettler AT400 Balance -- Ser.No. 360-06-01-029

/)

( L /?%—hA—z-- - 7-00

Revie@d by

4LM!Q

.- -r-.--.-,7-7?-- .,-.,,.z-r-.-,r.-z-f. , ..=-! , .-, -.— -, - ..,- Z.. ,--7;,. .. ,,,. - .,.. ,.mm..- ...,.. .--------



Battelle P/VNURPG/inorganic Analysis .. .
ICPAES Data Report

ASR-5667

Sample AZ-102 MU (ACL# 00-0902) was prepared in duplicate by the Shielded Analytic Lab
(SAL) using ALO-115 KOH/Ni fusion procedure. About 0.19 grams dried slurry sample was
fi.rs.edand diluted to a final volume of 100rnl. Samples dissolved leaving a slightly cloudy
mixture prior to adding 2% hydrochloric acid during dilution. An additional dilution
(11.24-fold) was prepared by SAL prior to ICPAES analysis because of ALARA concerns.
Measurement results are reported in ~g/g dry weight and corrected for all preparation and
analytical dilution.

Sample AZ-102 MU (ACL# 00-0902) was also prepared in duplicate by SALusing ALO-129
Acid Leach procedure. About 0.48g of dried slurry sample was processed and diluted to a final
volume of about 25ml. The prepared samples did not completely dissolve leaving a ‘light-gray’
residue in the bottom of the digestion vessel. The samples were also diluted 11.20-fold because

“of ALARA concerns. ICPAES measurement results are reported as pg/g dry weight. Comparing
results of the fusion prepared samples with the acid leached samples, it appears that aluminum,
iron and zirconium were incompletely dissolve by acid leach procedure. Analysis results should
be based upon the fusion prepared sample data.

Sample AZ-102 M SUP (ACL#OO-0903) was prepared in duplicate, plus matrix-spike and blank-
spilce by SAL using ALO- 128 Acid Digestion procedures for liquids. About 5.1 ml of
supematant was processed and diluted to a final volume of about 25ml. No ALAR4 dilution
was performed prior to ICPAES analysis. Measurement results are reported in pghnl.

Silver recove~ was low in the spiked blank (about 19%) and sample ACL# 00-0903 (about 13%)
because hydrochloric acid was used during sample preparation causing silver to precipitate.

Barium recovery was acceptable in the spiked blank (about 105%) but very low in the matrix
spiked sample (about 5%). The low recove~ of barium in the matrix-spiked sample is mainly
due to high concentration of sulfate in the sample (ACL# 00-0903).

Silver recovery is expected to be low for all samples since hydrochloric acid was used to prepare
all samples. Barium concentration will be low in all samples that have high sulfate
concentration.

4m!Q
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Batielle PNNURPGLinorganic Analysis . ..
ICPAES Data Reporf

ASR-5668

Four &v-slurry samples plus one duplicate and one wet-sl urry sample, CUF-AZ-102-OO7 to
CUF-AZ-102-O26 (ACL# 00-0909 to 00-0916) were prepared by SAL usingALO-115 KOH/Ni
fusion procedure. About O.19g of dried slurry sample (except sample ACL# 00-0912) was iised
and diluted to a final volume of 100m1. Samples dissolved leaving ordy a slightly cloudy mixture
prior to adding 2% hydrochloric acid during dilution. Sample ACL# 00-0912 was prepared using
about 0.95g of wet slurry (18.5% solids) and processed similarly usingALO-115 fision
procedure. Sample weight for ACL# 00-0912 was adjusted for percent solids. All samples were
diluted 11.24-fold by SAL prior to ICPAES analysis because of ALARA concerns. Measurement

results are reported in pg/g dry weight corrected for all preparation and analytical dilution.

Five wet-slu my samples (same ACL##’s as above) were prepared by SAL using ALO-129 Acid
‘Leach procedure. About 1.1 to 1.5g of wet-slurry material (0.48g dry-slurry) was processed and
diluted to a final volume of about 25ml. The prepared samples did not completely dissolve
leaving a ‘dark-brown’ residue in the bottom of the digestion vessel. One ml of concentrated
hydrochloric acid added to the leached samples did not appear to dissolve any of the residues.
Samples were further diluted 11.20-fold because of ALARA concerns. ICPAES measurement
results are reported as pg/g dry weight (wet-slurry sample weights adjusted for percent solids).
Comparing results of the fusion prepared samples with the acid leached samples, it appears that
aluminum, iron and zirconium were incompletely dissolve by the acid leach procedure. Also,
sodium concentration appears higher (up to about 2590 higher) in the wet-slurry leached samples
prepared using ALO-129 procedure than for the same dry-slumy fusion prepared samples except
for sample ACL# 00-0912. This sample was prepared by both.ALO-129 and ALO-1 15
procedure using wet-slurry material. Except for potassium and nickel, all results should be based
upon the fusion prepared sample data. Potassium and nickel concentration may need to be
adjusted based upon sodium concentration between the acid leach and fusion results.

Nine suuematant samples, CUF-AZ-102-OO1 to CUF-AZ-102-O27 (ACL# 00-0904 to 00-0917)
were prepared by SAL using ALO-128 Acid Digestion procedure for liquids. About 5. lml of
supematant sample was processed and diluted to a final volume of about 25rnl. No ALARA
dilution was performed prior to ICPAES analysis. ICPAES measurement results are reported as
pghnl. Supematant aliquot weights were recorded during sample preparation and later used to
convert to volume based upon original sample density information. Measurement results are

reported in pghnl corrected for all preparation and analytical dilution.

4@4m!
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Batielle PNNURPG/inorganic Analysis . . .
ICPAES Data Report

Volumes and weights have been recorded on bench sheets and included with this report. Values

reported earlier have been changed from pg/g to ~ghnl in this report for supematant samples
only. Values reported earlier for acid leached slurries have been changed to reflect percent solids
content of the samples.

For ICPAES analytes of interest (22 analytes) see attached table 3A in ASR-5667/5668.

Quality control check-standard results met tolerance requirements for all analytes except as noted
below. Following is a list of quality control measurement results relative to ICPAES analysis
tolerance requirements

Five fold serial dilution:

(Solid & liquid samples) Results were within tolerance limit of < 10% for all analytes tested
after correcting for dilution except as follows. Potassium was slightly
low in 5-fold serial dilution in sample ACIM 00-0903. Chromium was
very high in the 5-fold dilution of sample ACL# 00-0910. Two other
analytes (not analytes of interest) were similarly high. The discrepancy
is most likely due to pipetting emor during preparation of the 5-fold
dilution. Measurements reported for these analytes did not involve the
serial dilution used for this test.

Du~licate RPD (Relative Percent Difference):

(Solid & liquid samples) All analytes tested were recovered within tolerance limit of < 20%
relative percent difference (RPD) except as follows. RPD for
aluminum and, although not an analyte of interest, zirconium were
very different in sample ACL# 00-0902 and 00-0902-D. Aluminum
RPD for the duplicate samples measured 56% (Zr RPD was 26%).
The original sample had higher concentration for both analytes than
the duplicate sample. The duplicate samples were prepared using
ALO-129 acid leach procedure. Both aluminum and zirconium are
more resistive to acid attack. Aluminum and zirconium in the fusion

prepared sample ACL# 00-0902 was about twice as high in
concentration as the acid leach prepared sample. Less resistant
analytes were similar in concentration for both fusion and acid leach
prepared samples.

4m!x!
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Baitelle PNNURPMnorganic Analysis . . .
ICPAES Data Report

post-SDiked Samples [GroulJ A):

(Solid &liquid samples) Allanalytes ofinterest wererecovered within tolerance of75%to
125% except potassium in the acid digestion (ALO-128) prepared
sample ACL# 00-0903. Potassium recovery ( 134%) was above the
tolerance limit. All other analytes above EQL were within tolerance.
The reason for the discrepancy is not known.

Post-SPiked Sanmles (Group B):
(Solid & liquid samples)

Blank Spike:
(Solid & liquid samples)

Matrix Spiked %.nmle:
(Solid & liquid samples)

All analytes of interest were recovered within tolerance of 75% to
125%.

A blank spike is not require for fusion prepared samples. AU analytes
of interest in solid and liquid prepared samples tested were recovered
within tolerance limit of 80% to 120% recovery except w follows.
Silver in the blank spike prepared using ALO-129 and ALO-128
procedure produced low recovery (27% and 19% respectively) because
hydrochloric acid was used during sample preparation, causing silver
to precipitate from solution.

A matrix spike is not require for fusion prepared samples. All analytes
of interest in solid and liquid prepared samples tested were recovered
within tolerance limit of 75% to 12570 recovery, except as follows.
Arsenic in the matrix-spiked sample ACL# 00-0909, prepared using
ALO-129 procedure, produced low recovery of 22%. The reason for
the low arsenic recovery is unclear but maybe related to a high sulfate
concentration in the sample. Silver and barium in the matrix-spiked
sample ACL# 00-0903 prepared using ALO-128 procedure were both
low (13% and 5% respectively). Silver recovery is low because
hydrochloric acid was used to prepare the sample. Barium recovery is
low most likely because of high concentration of sulfate in the sample,
which will precipitate barium from solution.

4f.M!Q
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Battelle PNNURPGllnorganic Analysis . . .
ICPAES Data Report

Oualitv Control Check Standards (solid and liauid sanmles):

Concentration of all analytes is within tolerance limit of + 10%
accuracy in standards: QC_MCVA, QC_MCVB, and QC_SSTMCV.
Calibration Blank (ICP98.0) concentration is acceptable, less than two
times IDL.

High Calibration Standard Check (solid and liauid samties):
Verification of the high-end calibration for all analytes is within

tolerance limits of A 5% accuracy except for potassium. Potassium
was slightly high (6% to 8%) during analysis of solids prepared using
ALO-129 acid leach procedure.

Process Blank:

(solid and Iiauid samules) All analytes of interest were within tolerance limit of < EQL or < 5%
of sample concentration in the prepared samples.

Laboratow Control Standard (LCS):
(Fusion prepared samples) All analytes measured at a concentration equal to or greater than EQL

were recovered within tolerance limit of 75% to 12596. SRM-2710
Montana Soil was used for the LCS inPNL-ALO-115 fusion

preparations. Calcium was the only analyte that exceeded tolerance
limits. Without blank correction calcium recovery was about 140%.
With blank correction calcium recovery was too low, about 28%.
Typically a blank correction is applied for calcium determination in the
SRM-271O usingALO-115 KOH/Ni fusion procedure since there
calcium is known to be present in the KOH reagent. If a sample
contaminated the fusion blank it would lead to low recovery, which
may have occumed in this case.

Please note bracketed values listed in the data report are within ten times instrument detection
limit and have a potential uncertainty much greater than 15%.

4@m
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Battelle PNNURPG/inorganic Analysis . ..
ICPAES Data Repoft

Comments:
1) “FinalResults”have been correctedfor all laboratorydilutionperformedon the sampleduring

processingand analysisunless specificallynoted.

2) Detectionlimits (DL) shownare for acidifiedwater.Detectionlimits for othermatricesmaybe
determinedif requested.

3) Routineprecisionand bias is typically&15%or betterfor samplesin dilute,acidifiedwater (e.g.
2% v/v HN03 or less) at analyteconcentrationsgreaterthan ten timesdetectionlimit up to the
upper calibrationlevel. This also presumesthat the total dissolvedsolidsconcentrationin the
sample is less than 5000 pg/mL (0.5 per centby weight).

4) Absoluteprecision,bias and detectionlimitsmaybe determinedon eachsampleif requiredby the
client.

5) The maximumnumber of significantfiguresfor all ICP measurementsis 2.

4!zm
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Battelle PNNLLRPGAnorganic

Process

Det.Limit

(ug/mL) i:HzL_I.._.....__._E—..-...............................

Analysis . . . ICPAES Data Report ‘age10f2

0.025 Ag

-EE

[340]

0.060 AI [510] 130,000

0.250 As—.._ ----------------- -—.- .—----
0.050

.. ..... ........... . .
B

0.010 Ba [560]

0.010 Be. . .. ...... . . . .. ... . .“”..”—- ... ...” .........................
0.100 Bi

0.250 Ca [14,000j p,300]
0.015 cd 21,100.. . ............. ... .. .. . .. . .. . .. . . . ....
0.200

.. .......... ...........
Ce

0.050 co

0.020 Cr 2,200-———-...-—. —----- ..- —..”.. —.-, . .. ... .. . . . .
0.025 Cu [270]

0.050 . Dy

0.100 Eu—. —.-—-. .--—”.—
0.025

.- ....”--------
Fe [350] 142,000

0.050 La 4,180——..--.——. .. ... . ...—.——
0.030

—...-—... -....<
Li

0.100 Mg [1,600] [950]

0.050 Mn 3,400——.-.. -”-------- .... . .. . .. .
0.050

—..-..”..- ..-..-
Mo

0.150 Na [2,400] 105,000
0.100 Nd--———-..—— [2,900]

0.100 P [1,200]

0.100 Pb—...-—....-.---..——- [1,400]~---.—_-_ .—.-.- .....- ~.e
0.750

0.300

1.100 W+ =

2[5,000] ......... . . ............

-w-l

——..-..--.—-.
0.500 Sb

0.250 se ‘-””-”--”--

0.500 Si.—.--. . . .... . .... ... .. . ... .
1.500 Sn

0.015 Sr

1.500 Te—.-—- ....-. _..-—---- .....—..-- ...-<
1.000 Th

0.025 Ti

0.500 n——-........... -.”-...

@m

.- ............”-”.-
2.000

.. ...... . ..... .... ...
u [27,000]

0.050 v

2000 w—. —.-. ———.-—.. ....... . ...--.”
0.050

—a-”. ... .. ....
Y -.

0.050

0.050 H++- 11%%1

Note: 1) Overall etror greater than 10-tfmes detection Iin

m
W0902-DUP-Ni mm

cul=Azlo2- cuF-Azlo2-
42102 MU 007— ~

moo 212100 212100

S---”----W-”-”
=“-”---m----”m”

I l-l l-l

3---------B-”--R
I 1- 1 1- 1

3--”--B--”-R
=1......”.........-.E=L-.....--.W--------
w----------w-------------
a----------a-----
+------w---”-”--H-”
-=4 w

=--------=”””-”-=
ti------M----””H---””””
-=---i t---+

[310] [500] [440]

15,800 21,800 14,300

!is estimated to be within+/- 150A.

2) Values in brackets U are _ 10-times det~”on limit uith errors likely to exceed 15%.

3) “--indicate measurement is -w detti”on. Sample detection limit maybe found by

multiplying “det.limiF (far left column) by ‘multiplied (top of each column).

Data (1) from .A0579 KP.Brooks ASR-5667,5668 (ALO-1 15) J.Wagner ASR-5691 ,5692,5693 ICP98 hi.XLS 4/4/00 @ 3:47 PM



Page 2 of2Batielle PA/NL#?PMnorganic ICPAES. . .

Multiplier=

ALO#= r6372.2
00-00912-Ni

CUF-AZ102-

QW%?L
S!!i@

212100

r5711.4

00-00915-Ni
l===

-“..... .“.—D.F......
00-0091f+Ni

cuk=Azlo2-
026—

22/00k
clJl=Azlo2-
@

moo

u dry... .. . . .. . .. .. .
[460]

.108,000

Client 10=

Det. Limit Run Date=

(uq/mL)

=

(Analyte) u dry. ..”...”. . ..................... ..”. ....
0.025 Ag [230]

0.060 Al 108,000

..-..-- ......”.JSW!L

k=
[450]

106,000

0.250 As. .. . . .... . .. . .... . . . .. .
0.050 B

* l==936 “-”---B-0.010 Ba

+

[490]

0.010 Be. . .... . . . .. . ............... . .. ....
0.100 Bi 1- 1-

0.250 Ca

E

[8,700]

0.015 cd 16,600. . ... .... ....... . . .. .. .... .....
0.200 Ce

0.050 co

0.020 Cr [1,000]——.—” . ...”. ”..”— ... ...”....
0.025 Cu [300]

k[11,000]

31,000. . .. .....—.——k=
31,600... . . ...”.”. ”.”....
[1,800] F

E-E..--..”.-... “- . ..-.

—.— .——...

——

-E1,650..””’-... . ...
[620] -1=1,620.... .... .. ...

[550]

0.050 . Dy

0.100 Eu— . . . . .. ...-”.-.--.”
0.025 Fe + 117,000

E
...........

219,000

6,670.-—.

[1,900]

5,350.—..

--”-E
.“ . . . . . ..—.—

223,000

6,870.—0.050

&

La 3,440—.—..........”..........——
0.030 Li

0.100 Mg [1,100]

‘ 050 Mn [3,000]0..-...-”...
.050 Mo

. . .. .. .

,“.... ”-----1=[2,000]

5,410. . . .. .. . ----RI----I=
0.150 Na

E

240,000

0.100 Nd [2,400]. .. —.-.....”... .... ..... ... . .. .
0.100 P [1,400]

0.100 Pb [1,300]. . .. .. .. . ... . . . . ...... . 1=
87,500

[4,800]

[3,500]

[2,300].—... ”—

&i&
E=

[2,100]

[2,200],—- .. . ,.....-””” . . . .

—........””—

0.750 Pd

0.300 Rh

1.100 Ru—.....—.
-“%500 Sb E -----–--w---””+=–-”----~

1-
t+---0.250 se

0.500 Si
k

[4,500]. . . . ...-......”.-.-...”......”..

1-

—... “1=-“----l’-!- E
17,200]. . . .

[480]

1.500 Sn

0.015 Sr

E

[240]

1.500 Te. . . . . . . . . . ..
1.000 Th

0.025 l-l

——

aE
—“—

—— ——
1=

———,
[180]

I . .. . ...

... ...———0.500 TI—-—.” . .. . . . ..
2000 u

=

[21,000]

0.050 v k
[39,000] Pm

1-—-..—. . .

E[310]

[980]

o be within +/- 15Y0.
I 34,800

Note: 1) Overall error greater than 10-times detection limit is estimatec

2) Values in brackets 0 are _ 10-times deteti”on limit with errors likely to exceed 15%.

3) ‘- “indicate measurement is ~w deteti”on. Sample deter%on limit maybe found by

multiplying ‘det. limiF (far lett column) by ‘multiplier (top of each column).

Data (1) from ‘A0579 KP.Brooks ASR-5667,5668 (ALO-1 15) J.Wagner ASR-5691 ,5692,5693 ICP98 hi.XLS 414100 @ 3:47 PM
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Battelle PNNLf7?P@?norganic Analysis ... ICPAES
Muftiplie= 585.6

ALO#= 00-0902-PB1

L
Process
Blank #1
d~ solids

Client ID= _

Det. Limit Run Date= 216100

(ugimL) (Analyte) u dry... .... .. ... .......... .. .. ........
0.025 Ag

0.060 Al

E

[44]

0.250 As. . . .. ......... . . .... .. .. . ..
0.050 B [53]

0.010 Ba
0.010 Be-.—._”- ........._---.. ”-”.”_
0.100 Bi
0.250 Ca plo]

0.015 cd... . ....... . .... .... . ...... ..... .
1.500 Ce

0.050 co k
0.020 Cr. .... .. ... .... ... .. ... .. . .
0.025 Cu

E

[19]

0.050 Dy
0.100 Eu. . ................ .. .. . . . .
0.025 Fe [18]

2000 K

0.050 La..—. —.. —..-.. ——
0.030 Li

E
1.500 Mg

0.050 Mn.—..—— . .....-——
0.150 Mo

0.150 Na

E

[120]

0.100 Nd......... .. ..-....-”
0.030 Ni [22]

0.100 P

0.100 Pb. . ........ ... . . . . ....
1.500 Pd

0.300 Rh

1.250 Ru. . . . .. ... ... . . . .... . .
0.500 Sb

0.250 se E

“.—-_- ......._._..x.”.._0.500

4.000 Sn

0.015 Sr E
1.500 Te-..”—-......-_-”.”—_
1.250 Th

0.025 Ti

0.500 . n.. .. . .. . .. . . . E
2000 u

0.075 v

2000 w... ....... .. ... E

579.8

00-0902-PB2

IProceaa
Blank #2
[drv solids

!?!?!&l

2/8100

Uglg dry

[39]

PO]

t-

1-5-.. . . ..

.... ....E
1-

l--+--
1-

P+-

,...”....-. l=
,.-”.”

,.- . . ..-

.“. . . . . .

. . . . . .

576.9

00-0902

AZ102MU
[dw solids)

218100

~afa ~epe~ page I Of3

n583.9

004902-DUP

AZ102 MU
{dw solids)

218100

---w----

EtE
4,600 4,350

20~oo 19,900.... ... .. . . -.-...” “ .. ... ... ... ....

Ul] [671

2,170 2,110.... ...... ... ....... . .... .... . .... .........
318 293

::B:”M::
__. ...la_-.la.... ..........
-“---B----------

I---+-+++
...............t=Ki ....... ..I==l ..................

1- Im

Ella
t720]

[61] [56]

. . ... . .. . .. .. .. . . ... .. .. . . ...
27,400 26,100

..... ....... .. ..- ..—. .. . .. . . ....

[180] [160]

8,630 6,620 I
Note: 1) OvetzM error greater than 10-times detection limit is estimated to be within +/- 15%.

2) Values in brackets Dare _ 10-times detection limit with errora likely to exceed 15%.

3) “-=.indicate measurement is ~w detection. Sample detection limit maybe found by

multiplying “det. limit* (far left column) by ‘mukiplie~ (top of each column).

Data (1) from ‘A0582 ASR-5567,5568 K.Brooks AZl 02 (ALO-129) ICP98 hi.XLS 4/4/00 @ 3:30 PM



Battelle PNNM?PMnorganic Analysis ... fCPAES Data

ALO#= 00-0909-PB1

k
Process
Blank #1
wat SIU

Client ID= eWIiK]

Det. Limit Run Data= 218100

(ug/mL) (Analyte) u dry... ...........-.”. ”.”...”.””...........”
0.025 Ag

0.060. Al [120]

0.250 As“.....”....”— .. .. ... . .
0.050 B [140]

0.010 Ba

0.010 Be. . ... .. .. ...... ... .. . . . . ...
0.100 Bi

0.250 Ca
E

[1,900]

0.015 cd. ...... .. . . .. ......... . ... ...... .. ...
1.500 Ce

0.050 co E
0.020 Cr.... ... . . .... . ....... . .... .
0.026 Cu k [51]

0.050 Dy

0.100 Eu. ...... .. .. .......... .. — ....
0.025 Fe

E

[49]

2.000 K

0.050 La.......”. ...-””.. ...... . .. . . .......
0.030 Li

1.500 Mg

0.050 Mn........”. —...” — —“..”
0.150 Mo

0.150 Na [330]

0.100 Nd. ..... . .. . ..
0.030 Ni [60]

0.100 P

0.100 Pb.....”.”. — . . ..”—. . ..-.
1.500 Pd

0.300 Rh

1.250 Ru. .... . . .. .... . . . ..
0.500 Sb

0.250 se

0.500 s... .... . . .. ...... .... . . ... ...
4.000 Sn

0.015 Sr

1.500 Te-... . . . . . . . .... .
1.260 Th

0.025 l-i

0.500 m.. ..-—.--.....
2.000 u

0.075 v

2.000 w.. . . . .. . ......... . . . ..... .
0.400 Y

0.050 Zn [81]

b0909-PB2 100-0909uProcess
Blank #2
wet SIU

Szf!M
218100

u dry—. . . . . .

[100]

cuFJlzlo2-

WW!?z
-

218100

J!$!@!K
[390]

142,000

tab=
---M-”--EZ
-----H”-”-”=
“-i-t-”-i=
E+-
-—“.....”

—..

s[310]

[51] -

-- . . ..

187,000

6,330

4,500

25200

4,460

13,700

1,870

l-+-i t+---

---B----i=

----B------E
[330]

7,900

1097.7

00-0911

cuF-Ai?io2-

L?lW!@
S!!&Yl

216100

1064.4

00-0912

Cxh=Azlo2-

~
S!WYl

218100

---kF—----m-””--”

-EL..--
--”m----la---
---lzl---Et

l-+--l
––m ! ! ---2,840

kiiclkd

-E ‘:~—“.. .

[3,000]— [1,600] “.— .. ...

–EL-–---EL-----
1- 1 1- 1

. . w ..”—-..—

22,900 23s00

[290] [300]

7,170 8,5400.050 Zr I
Note: 1) Overall error areater than lo-times deteti.on limit is estimated to be within +/- 15%.

2) Values in brackets U are _ 10-times detectiin limit w“therrozs likely to exceed 15%.

3) ‘-0. indicate measurement is -w deteti-on. Sample detection limit maybe found by

multiplying ‘det. limiY (far left column) by “multiplie~(top of each column).

Data (1) from .A0582 ASR-5567,5568 KBrooks AZ102 (ALO-129) ICP98 hi.XLS
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Battelle PNNL/RP&7norganic Analysis ... ICPAES Data Report

Da

“=E7mnnDet. Limit Run Date=

Page 3 of 3

(ug/mL) (Analyte) W@ ~w.. . . ... ....... . . .... . . .... ugg dw. .... .. . ..—.-.. -.-.., ......
0.025

...”....”...-...-”. .--— - .....-----
Ag [480] [480]

0.060 Al 44,600 44,600

0.250 As.. . . . . . . .. . . ...”— .—... —.”..-...
0.050

...... . .... ...
B

.. . . . .... . .. .
[260] [190]

0.010 Bs 937 979

0.010 Be [22]-— — _________ .“...- [23].. . ... .. . .. . ... . . .. .-——- ......-
0.100 Bi

.. ............ ........

0.250 Ca 8,970 9,000

0.015 cd 32~00 33,700-.- ....-_ -.._” ----------- .. .... .... .— ----------- - ..”..—— ..... ..-
1.500 Ce

... . ..... ..............

0.050 (xl [120] [120]

0.020 Cr 1,500 1,570.. .. . . .. .. .. . . . .. . . .
0.025

.........-”..—.
Cu

. . ... ..-”. .--....
562

.. .. .. . .... . ........
586

0.050 Dy

0.100 Eu..--—— ..---.-”
0.025

. ....... ... .... .. .... . ..”...”..-..-.
Fe 215,000

...... .. ..... .. ........
225,000

2.000 K

0.050 La 7,240 7,560.. . . ... . . ... . . .. “.-.. .. .. . ... . ........ ... ..... ----- ... .........
0.030 Li

..-” -------------

1.500 Mg

0.050 Mn 5,240 5,460... . . . . ... . . .. .... . .. —..-.. .- .....-.” ....-... - -. —-..--”-.”..
0.150 Mo

.—..” ...”....__.

0.150 Na 84,500 82,000

0.100 Nd 5,030 5,340. . ....... ... .. . . ... ..
—0.030 -w

. .. .. ....... .... . .
15,800

. .. . .. . ...—.
16,500

0.100 P -- -.
0.100 Pb 2,080— 2,170—. ). . ..-. -...—.-
1.500 ‘. Pd

. . . ..-”.. ”... . . .... .... ..

0.300 Rh

1.250 Ru..—- . . . . ..—
0.500

.-.”” -.”.”._ .- .........—
Sb

—.-.. .. ... . .

0.250 se

0.500 Si [3,700]—— . . . [3,500]..... ..- ,-.. . ............. .
4.000

-..--””. “-.
Sn

-... ”.,.... ..... .

0.015 Sr 462 483

1.500 Te. . ..-.. ”..”.“— ,-—-.
1.250

. . ...... . ... ... . . — .—.
Th

.--.””... -...--”

0.025 l-i [100] [110]

. 0.500 l-l—— ——... . .... .... .. . .. . . ..... .
2000 u 41,400

...-—. .“..-.
43,400

0.075 v

2000 w..--——___ . ..... ... .......--- .....-..”.
0.400

. . . . .. .. ..
Y

...“—”... ”.......

0.050 Zn [870] [880]

0.050 Zr 18,100 18,600

Note: 1) Ovemll error greater than 10+!imes detection limit is estimated to be within +/- 15%.

2) Values in brackets flare - lo-times detection limit with errors likely to exceed 15%.

3) “- ‘indicate meaaurament is ~w detadon. Sample deteti.on limit maybe found by

multiplying “det.limit=(far left column) by ‘multiplier (top of each column).

.ta (1 ) from ‘A0582 ASR-5567,5568 K.Brooks AZ102 (ALO-129) ICP98 hi.XLS 4/4/00 @ 3:30 PM
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. —

m#8

Multiplieti

ACL#=

Cifent iD=

Det. Limit Run Date=

24.5

00-0903 @5

24.3 I 9.8

00-0903-DUP @5 00-0904 @2 ‘L
9.8

00-0905 @2
ctJi=Azlo2-
003—

2i24100

u mL. ..—”

00-0903-PB
Process
-k

2/24/00

AZ102 M
~P

AZ102 M
~P

2i24100

cui=Azlo2-
001—
I 2/24/00

E
224/00

u mL“.— ....... .... .

214

. ...”.”””—..... .
43.3

[o.2q

ugfmL. ..... ... ..... . . –b
(uq/m~ (Analyte~

E

u mL— .. . ..... .. ... . .. ..”. .
0.025 Ag

0.060 Al 4.50

,——-—

W E 164

E=
163

——
13.5

0.250 :k. . ...................
0.050

.———.

0.010 Ba

0.010 Be. .... .. .. ... ........... ............ . .
0.100 Bi

0.250 Ca [4.8]

0.015 cd....-.........”......”.””.”.”..
moo Ce

0.050 co

0.020 Cr. . . . ... ...... .......... .. . .....
-%.025 Cu

0.050 Dy

0.100 Eu—— .. . .. . . . . .
0.025 . Fe [0.18]

2.000 K

0.050 La. . . . . .. . ....
0.030 Li

0.100 Mg

1-

E
[6.1]

66.9—.

l-%
““-””””--H-”-= -- . ..——

.-——“E822.. ...... . . ..
[0.84]

1-

[0.671 [0.251

3,630 325
1

—. l=[o.2q

329

——

k=
[0.70]

3,650

‘“-”-- ———.

1-

—“-”-+--e0.050

750

E
5.12

6,020

——

pq

. . . . . .E61.0

87,600 ---”-1=1=
—.—.—.

I50 Na

E

15.7

0.100 Nd. .......—-....
0.030 Ni [o.351

0.100 P

0.100 Pb—“ . ...”.—-..
0.750 Pd

0.300 Rh

—“—...-.

1-

.EL-..J= k--F= 1-—---+-”-b1.100

0.500

E[371——

l-+-- ----EL---E0.250

+

se

0.500 Si [21]. .. .....
1.500 Sn

0.015 Sr

---”—--u= . . ..—.”—

. . . . . ..-———-.. IZ-E..... “—..—

[23]

––---=”--1.500

1.000

E[29]

. . . .

l-=-0.025 l-i

0.500 l-i.. ..”......--”....
2000 u

0.050 v

2000 w. . ... .
0.050 Y

0.050 Zrl B

— ——

——

1-

1-
1-

0.050 Zr I 1 1 I
Note: 1) Ovemll error greater than lo-times dete&”on limit is estimated to be within+/- 15%.

I

2) Values in brackets I are m lo-times detection limit with errors likely to exceed 15%.

3) ‘- ‘indicate measurement is -w detection. Sample detection limit maybe found by

multiplying ‘det. limit’ (far left column) by ‘mukiplie? (top of each column).

Data (1) from ‘A0586 ASR-5667,5668 K.Brooks AZ102 (ALO-128) ICP98 hi.XLS
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“Multiplier= 9.8 4.8 5.0 24.7 9.9

ACL#= 00-0906 @2 00-0907 00-0908 00-0910625 00-0913 @2
cuf=Azlo2- cuF-Azlo2- cfJF-Azlo2- . cul=-Azllz?- clJt=-Azlo2-

Client ID= =5 =7 019— 009 013
Det, Limit Run Data=

—
21WO0

—
2124100 2/24/00 2124100 2/24/00

(ug/mL) (AnaIyte) ugfmL—-.. —.. . . ... .. .. uglmL ug/mL... ..... .... ... ... ug/mL. . ........ .... ....... ug/mL

0.025 Ag
... ............. . . . .... . ... .. .. .. . .. ..... .......... ......

0.060 Al 146 108 93.8 10,400 4,910

0.250 As—..—...-.-.-...”.- . . .... ... . ... ... .-.. -.---....”.- ,....”..”..-..-. [9.6] [5.8]

0.050 B 14.9 15.0
“..——.

11.3
.. ..... ........ ... ..

23.9 10.0

0.010 Ba

0.010 Be——- ..........-.. .-.__ ..----- --. . ...... ... . .. ..... . .. ..... . ... .... ..... . ....... [0.25]

0.100 Bi
....... ................. ..........................

0.250 Ca [5.0] [4.6] [4.2] [14] [3.9]

0.015 cd—— ---- .__- ..-- ...._-_ --- ......--—-. .. ... .. ... .. .... . 15.0... . .. ... ..... ....... [0.871

0.200 Ce
.......... . .. .......... .. .......... ............

0.050 co

0.020 Cr 36.3 20.6——--------------- 11.8—-—.---, . .. ... .. . . . . . 43.8 17.4

0.025 Cu
.. . .... .. ...........- .-... -—.- ...----- .. .. ....... . .. ......

0.050 Dy

0.100 Eu———___ . ... . . . . . .. .. -.-.” ----------
0.025 . Fe [0.32]

..... .. ... . . . . .. .“.””...”........”-
[0.20] [o.3!q

..........................
[3.71 [1.0]

2.000 K [190] 115 [69] [190] [61]

0.050 La——... ___________ ..-... —-—-
0.030

.. ...... . .... . . . ...
Li

..---.. --.--..”. . .......... . ... ..... ............ . ..........

0.100 Mg

0.050 Mn—— ------ . ....- —-..... ,. ...-..............”.”
0.050

.- ....-”” ..-...-.
Mo [3.0]

. .... ...... ..-.. ””....< .... ....... . .. .. .
[1.71

.................. .......
[0.97’I [2.3]” [1.3]

0.150 Na 3,710 2,220 1,430 54,100 20,600

0.100 Nd—— .. .._________ ..—-—-..
0.030

. .. .... . . .. .. —. —......-- .. .. . . .. .... .
Ni

.. ......... . ...........

0.100 P [6.6] 6.52 6.83 163 69.9

0.100 Pb——... -..._... _.._. .- ..... ... .. ..... . .. . .. . .. ...... [6.1] [2.4]

0.750 Pd
. . .. .......... . . . . .—... ”......-.” . . .......... .......

0.300 Rh

1.100 Ru— . . . ..-”. -.....- ... .. .. ..“----- .......... .............. ,.. . . ....... . . .
0.500

.....-.-”.”-”””
Sb

.. .... ..................

0.250 se

0.500 Si [33] 33.7———- .-— 28.7.. . .. .. . . . . . . . ......... [120] 56.9

1.500 Sn
. . . .. ... . . . . . .. .... . ... . .. ................ ......

0.015 Sr

1.500 Te—.....—— .-—-----
1.000

. . . . . .. . . .
Th

-------- .— ----------- .. ............ . ... .. .

0.025 Ti

0.500 n———.— .... ..——., --..... —----- .--—.”..—.
2.000

.“—.———
u [38]

. ...................”..
[18] [24]

0.050 v [1.4] [0.70]

2.000 w. ... . .. .. ... . . . ... ..... . . . ...
0.050

.. ...... ... . .
Y

..... . .. ...... .. . . ..... .. .. . . . .. .. .... ..................

J

0.050 Zn [0.33] [3.4] [3.7’l

0.050 Zr

Note: 1) Ovetall error greater than lll+imes detection limit is estimated to be within +/- 15%.

2) Values in brackets \ are _ 10-tfmes detection limit with errors likely to exceed 15%.

3) “-= indicate measurement is ~w detection. Sample detection limit may be found by

multipl~.ng “det. limit’ (far Ierl column) by “multiplie~ (top of each cwlumn).

Data (1 from ‘A0586 ASR-5667,5668 K.Brooks AZ102 (ALO-128) ICP98 hi.XLS 4/4/00 @ 9:54 AM
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k.—..
-.—..””

r9.9

00-0914 @2
cuF-Azlo2-
~

2f24100

Multiplieti

ACL#=

Client ID=

Det. Limit Run Date=

9.6

00-0917 @2
CUF-AZ102.
027—

2f24foo

..”_...............b@L.l..__..”. ......(ugfmL) jAnalyte)—- ....”... .......... ....... ....... .“.!
0.025 Ag

0.060 Al

0.250 As—- ... . ... .. .. .. . ..... .... .... ....
0.050 B

0.010 Ba

0.010 Be. . . .. . . . .... .. . . .. . ... .........
0.100 Bi

0.250 Ca

.. . . . . . ...””....-.”..

. . . . . . . . . . . .

—.......”— .“.

. . . . . . . . . . .

-.- —.---” .

—-. ——..

. . . . ..-...”...-.

- . . . ..” . . ..—.—

——-——-.

. . . . . . . . . . . . . .

--—....——

. . . . . . . .—-

. . . —. —....

. . . . . . . . . . . .

..--. --..—.—.

El1,790

.. . ....””.....”....” ..”...”......-”.”.
16.0

2,180

[2.6]

10.5
.. .“——

.-—” .-“. .“”... -..

El
“... .“”” . .. .. ...”..

[3.9]
l-=

[4.2]

—“.— -E0.015 cd——— .. ... .. .. . . .......
0.200 Ce

e

——..

l-l0.050 co

0.020 Cr

E

8.82. . .. .. . .......
0.025 Cu

0.050 Dy

--+-l -----

---”--l=–--””-+--k0.100

0.025
—“—.

I ... . . . . . ——

.—..

I I
2000 K

E

[271

0.050 La.“”.... ... .. ... .. .. . .....
=30 Li

0.100 Mg

0.050 Mn— .. . .. ........ .. .. . . . . . ....”...
150 Mo [2.61

..150 Na 8,700

t+--.. .. .... .

H
................... ........... 1-

1-

I-

H
[2.1]

7,110

-....—— . . . ..0.100 Nd——.........”.....””.
0.030 Ni

0.100 P e
28.4

—.

—-—a38.5

-— . ...”..-.<

. .. . .. . —“— . ..-.

0.100 Pb. . . ... .. . ... .. .
0.750 Pd

0.300 Rh

1.100 Ru. . .. . .. .......... .. .... ..
-x500 Sb

0.250 se

0.500 ‘i [451. . .. .. . ...... . .. .....
-“Z500 Sn

0.015 Sr

1.500 Te—.—... . ... ... . . .. ..
1.000 Ttr

0.025 Ti

0.500 n. . . . . ............. ........
2000 u

0.050 v

2.000 w. ... ... .. .. .... . . .... ..
=50 Y

0.050 Zn [0.98]

0.050 Zr
Note: 1) Over

1-

“-----”is--”--- .—

——...t=
l-l

........ . .

El
-.———.

......———-......— ——

-. —..... El -...—....-...- —.

w
1 I

Yerror greater than 10-times detection lit is estimated to be within+/- 15Y0.

2) Va\uas in brackets Dare @&r 10-times datetion limit wfth errors likely to exceed 15%.

3) ‘- ● indicate measurement is -w detection. Sample deteotion limit maybe found by

multiplying “det. limit’ (far left COhJmn)by ‘multiplied (top of each column).

Data (1) from ‘A0586 ASR-5667,5668 K.Brooks AZ102 (ALO-128) ICP98 hi.XLS
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Battelle PNNlfRPG/inorganic Analysis --- IC Report

Client:

ACL Numbers:

Analyst:

K Brooks Charge Code/Project: W45577129953
00-0902 to 00-0916 ASR Number: 5667 and 5668
MJ Steele Analysis Date: 2/1 1/00 and 3/15/00

Procedure: PNL-ALO-212, “Determination of Inorganic Anions by Ion Chromatography”

M&TE: IC system (lVD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

Final Results:

The AZ-1 02 as received samples (ASR 5667) and the AZ-102 CUF samples (ASR 5668) were
analyzed by ion chromatography (IC) for inorganic anions as specified in the governing ASR.
The final results are presented in Tables 1 through 3 below. Table 1 presents the slurry anion
results in pg/g on a dry weight basis (i.e., corrected for weight percent solids) and Table 2

presents the liquid samples (supematant, filtrates, washes, and leaches) in pg/ml. Although not
requested by the ASR, Table 3 presents the slurry concentration in pg/g of wet slurry. All
sample were diluted at the IC workstation to appropriate levels to ensure that all anions reported
were measured within the calibration range. The diluted slurry samples were analyzed (after
filtering) on February 11 and the liquids on March 15.

TabIc 1: Slurry Results on a Dry Weight Basis solids Wt% F c1 N02 Br N03 Po, so, C20,

LabID SasupIeID DilFctr Solids ssg/g w& %x3 SSgg WA %& Wg ‘lw
00-00902PB ProcessBlank(equivDil) 103.3 41.8 <2j 41 <50 <25 <50 <50 <50 <50

00-00902 AZ-102 MUAsRecSlurry 103.0 41.8 1,400 <250 63,300 <250 20,400 660 27,400 3,500
00-00902Dup AZ-102MUASRecSlurrydup 103.6 41.8 2,000 <250 68,800 <250 22,300 470 31,100 4,300

RPD 35% n/a 8% nfa 9% 34% 13% 21%0

Matrix Spike True @lOx 0.4 0.4 1.2 0.4 1.2 1.2 1.2 1.2

00-00902 MS AZ-102 As Rec Shiny MS Rec 121% 205% -48% 87% 6% 97% 85% 93%

Matrix Spike True 4.0 4,0 12.0 4.0 12.0 12.0 12.0 12.O

00-00902 PS AZ-102 As Rec Shy PS Rec 107% 104% 114% 95% 110% lo~% 98% 106%

00-00902 BS AZ-102 As Rec SIuny BS Rec 103% 195% 95% 96% 105% 82% /04% 98%

00-00902 BS AZ-102AsRec Slurry BSRec 106% 197% 98% 94% 105% 10I% /09% 106%

00-00909VB D]i Blank -(equiv.DIIAW%) 13.9 13.3 <30 <30 <60 <30 -=60 <60 <60 <60

00-00909 CUF-AZ-I02-007Shiny Wash$3 12.6 11.3 230 400 5,500 <30 1,600 960 2,800 420

00-00911 CUE-AZ-102-010S1unyCausticLeach 17.9 18.0 590 4,200 1>500 <250 <500 2,200 1,000 <500

00-00912 CUF-AZ-102-O11SlurryCausticLeach 18.0 18.5 <250 4,100 2,000 <250 <500 1,900 990 <500

00-00915 CUF-AZ-102-023FinalSlurry 11.0 10.4 300 1>500 <550 <300 <550 850 690 <550

00-00916 CUF-AZ-I02-026FinalShsrry 11.5 10.7 <300 1,200 <550 c 300 <550 870 <550 <550

00-00916Rep CUF-AZ-I02-026FinalSlurryRep 11.5 10.7 < Soo 1>200 <550 <300 <550 970 <550 < 55rJ
,

I I RPDI n/a I 070 I n/a da n/a Ilvo nla nfa J
RPD = RelativePercentDifference(betweensample~d duplicate/replicate)
MSRec = MatrixSpike Standard Y. Recovery,PS Rec= Post Spike ‘Y. Recovery,BS Rec = BkmkSpike Standard‘%. Recovery

ASR 5667-8Brooks.doc



Batte//e

Table 2: Liaud Samtk

PNNURPG/inorganic Analysis --- IC Repoti

I F c1 NO~ Br N03 P04 S04 C204

Lab ID Sample ID ug/ml uglml uglml ug/ml ug/ml ug/ml ugjml utjml

00-00903 AZ-102(MSup)AsReceived 720 <100 41,600 <100 14,000 440 21,300 ~890

00-00903D AS-102(MSup)AsReceivedDup 780 <100 41>700 <100 13,600 430 20,800 3,690

RPD 8% nla o% nla 3% 2% 2V0 24%

00-00903MS AZ-102 (MSup) As ReceivedMS Rec 98% 94% 99% ]~()% 118% 106% 101% 106%

00-00903MS AZ-102 (MSup) As Received MS Rec 108% 109% 105% 107% 106% 105% 106% 105%

Woring Spike Recovety 98% 9494 98% 118% 119% 106% 101% 106%

Woring Spike Recovery 109% 109% 105% 107% 106% 106% 106% 105%

00-00904 CUF-AZ-I02-001Filtrate1 90 <25 3,820 <25 1,080 <50 1,630 25o

00-00905 CUF-AZ-102-003Filtrate2 90 <25 3,710 <25 1,030 <50 1,580 300

00-00906 CUF-AZ-102-015Wash1 50 <10 1,930 <10 740 <20 1,130 160

00-00907 CUF-AZ-I02-017Wash2 30 <10 1,120 <10 380 <20 600 130

00-00908 CUF-AZ-102-OI9Wash3 20 <10 660 <10 220 30 350 80

00-00910 CUF-AZ-102-OO9CausticLeach <10 890 420 < lr) 160 210 220 30

00-00913 CUF-AZ-I02-013CausticWash1 <25 370 180 <25 100 160 I10 <50

00-00914 CUF-AZ-102-O22CausticWash2 <25 370 180 <25 100 160. 110 <50
RPD = RelativePercentDifference(betweensampleand duplicatelreplicate)
MS Rec = Matrix SpikeStandard ‘Yo Recovery,PS Rec= Post Spike ‘+’. Recovery,BS Rec= Blank Spike Standard?4. Recovery

Table 3: Slurry Results on a Wet Weight Basis

Lab ID SampleID

00-00902PB ProcessBlank(equivDllasslurries)

00-00902 z425-102MUASWC skry

00-00902DUP AZ-102MUAsRecShinydup

00-00909PB ProcessBlank(equiv.D]lasslurries)

00-00909 CUF-AZ-I02-007.$]urryWash#3

00-00911 CUF-AZ-102-010SlurryCausticLeach

00-00912 CUF-AZ-I02-011ShinyCausticLeach

00-00915 CUF-AZ-102-O23FinalSlurry

00-00916 CUF-AZ-102-O26FinalSlurry

00-00916Rep CUF-AZ-102-026FinalSh.rrryRep

Dil Fctr W4z
103.3 <10

103.0 600

103.6 820

13.9 <4.0

12.6 30

17.9 110

18.0 <50

11.0 30

11.5 <30

11.5 <30

c1 N02 Br NO, P04

Ugig W& w w% Uglg

17 <20 <10 c 20 <20

<100 26,400 <100 8,500 280
<100 28,700 <100 9,300 200

<4.0 <7.0 <4.0 <7.0 <7.0

50 620 <3.0 180 110

750 280 <50 <90 400

750 360 <50 <90 350

160 <60 <30 <60 90

120 <60 <30 <60 90

120 <60 <39 <60 100

so,
ug/g

<20

11,400

13,000

<7.0

320

190

180

70

<60

<60 :

Wk
c 20

1,500

1,800

<7.0

50

<90

<90

<60

<60

<60

~.C. Comments for Slurry Analyses (February 11, 2000):

Duplicates: Duplicate samples were extracted from the AZ-1 02 as received slurry sample
(00-0902) and diluted in the hot cells. These dilution were than transferred to the IC Workstation
and treated as duplicate for the IC analysis. At the IC Workstation, the CUF-AZ-1 02-026 final
slurry sample (00-091 6) which was diluted in the hot cell was split and analyzed in replicate.
For anions above the estimated quantitation level (EQL; i.e., the lowest calibration standard), the
Relative Percent Difference (RPD) is within the acceptance criteria of 20%, except for fluoride,
phosphate and oxalate on the duplicate processed in the hot cell. Oxalate is not an ana.lyte of

ASR 5667-8 Brooks.doc page 2 of 4
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Battelle PNNL/RPG/inorganic Analysis --- lC Report

interest stated on the ASR and the phosphate results are just marginally above the EQL.
Intefierences from suspected organic anion significantly affect the ability to accurately quanti~
the fluoride peak and the fluoride results should be considered qualitative.

Matrix SPike: A matrix spike of the AZ-102 as received sample (00-0902) were prepared in the
hot cells. Unfortunately the spiking level was instilcient to recover the spike after the required
analytical dilutions at the IC Workstation. Recoveries are reported for this MS; however, the
spike level is right at the EQL following dilutions. Since no Matrix Spike results could be
obtained, the sample was post-spike at the IC Workstation. All post-spike recoveries were
within the spiking acceptance criteria of 75°/0 to 125°/0.

Blank SDike: A blank spike was prepared in the hot cells. Except for chloride which has a
recovery about double (i.e., 195°/0) that anticipated and phosphate which recovered low

(i.e., 82%), the blank spike recoveries were within the acceptance criteria of 90% to 11OVO. The
reason for the phosphate low recovery is unknown. Since all verification standard phosphate

- recoveries are acceptable, it is unlikely that the low phosphate recovery is due to. column
degradation. The high chloride results are suspected to be from a chloride contamination
introduced during processing in the hot cell. Reanalysis of the blank spike produced good
recovery for phosphate (i.e., 101‘%o),but produced the same high chloride recovery (i.e., 197Yo).
Since the source of the blank spike contamination can not be determined, the reported chloride
results may be higher than the actual chloride sample concentration.

Svstem Blank/Processing Blanks: Four system blanks were process during the analysis of the
slurry samples. No anions were detected in the system blanks above the estimate quantitation
level.

C)ualitv Control Calibration Verification Check Standards: Four mid-range verification
standards were analyzed throughout the analysis runs. Except for two chloride, one nitrite, and
one nitrate result, the reported results for all anions of interest were recovered within the
acceptance criteria of 90°/0 to 110°/0for the verification standard. For those result outside the
acceptance criteri~ no results had recovery less than 88°/0, and therefore these results should have
little, if any, effect on the reported slurry sample results.

Q.C. Comments for Liquids Analyses (March 15, 2000):

Duplicates: Although there is only one AZ-102 as received supematant sample (00-0902), two
samples were extracted from the supematant sample in the hot cells and transferred to the lC
workstation for analysis. The samples were treated as duplicates. The RPDs for the measured
anion are less than 10°/0and are well within the acceptance criteria of 20°/0.

Matrix Spike: Two matrix spikes were prepared from the AZ-102 as received sample (00-0902)
after the sample was delivered to the IC Workstation. No attempt to spike the supematant in the

ASR 5667-8Brooks.doc page 3 of 4



Batte/le PNNURPG/lnorganlc Analysis -- IC Reporf

hot cells was made. All anion recoveries for all anions were within the 75% to 125% recovery
acceptance criteria.

Blank Srike: No blank spikes were prepared in the hot cells. However, the working spike (i.e.,
the spike solution used to prepare the matrix spike samples) was measured at the same time as
the Matrix Spike samples. One working spike analysis produced higher than expected
recoveries for bromide and nitrate. Repeating the working spike analysis produced recoveries
within the acceptance criteria of 90°/0 to 110°/0recovery.

Svstem Blank/Processing Blanks: Thirteen system blanks were processed during the analysis of
the liquid samples. Other than three oxalate system blanks, no anions were detected in the
system blanks above the estimate quantitation level. The low level of oxalate detected in the
system blank has not affect on the reported oxalate values.

@aliN Control Calibration Verification Check Standards: Eleven mid-range verification
-standards were analyzed throughout the analysis runs. For most of the anions recoveries were
within the acceptance criteria from 90°/0 to 110°/0for the verification standard. Two nitrite
results, two phosphate results and one fluoride result recovered below the 90°/0 lower limit;
however these recoveries were all greater than 85%. A single fluoride result recovered at about
60%, well below the acceptance criteria. In general the reported fluoride results should be

\ considered qualitative. Not only do the samples appear to adversely tiect the column, there
appears to be significant intetierences in the fluoride region of the chromatograms (possibly from
organic anions).

General Comments:

● The reported “Final Results” have been corrected for all dilution performed on the sample
during processing or analysis,

. The low calibration standards are defined as the estimated quantitation limit (EQL) for the
reported results and assume non-complex aqueous matrices. Actual detection limits or
quantitation limits for specific sample matrices maybe determined, if requested.

. Routine precision and bias are typically+15% or better for non-complex aqueous samples
that are free of interference and have similar concentrations as the measured anions.

at+!
Analyst: 2/ L@

/

Date .3 7Z 6’~

Archive Information:
I Files: ASR 5667-8 Brooks.doc ASR 5667-8 Final.xls

ASR 5667-8 Brooks.doc page 4 of 4
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Battelle PNNURPG/inorganic Analysis --- TOC/TIC Report

Client: K. Brooks Charge Code/Project: W45577 129953
ACL Numbers: 00-0902 to 00-0916 ASR Number: 5667 and 5668
Analyst: MJ Steele Analysis Date: April 5 and 7,2000

Procedure: PNL-A.LO-381, “Direct Determination of TC, TOC, and TIC in Radioactive Sludges
and Liquids by Hot Persulfate Method”

M&TE: Carbon System (WA92040); Balance (360-06-01-023).

Final Results:

Slurry Samples

Wt TIC TIC RPD TOC TOC RPD TC TC RPD

Lab Number Sample ID ~ pg Clg 70 pg Clg 0/0 ~ Clg 0/0

00-0902 Dup AZ-102 MU (As Received)Dup 0.1254 7,240 760 8,000

- 00-0902 AZ-102MU (As Received) 0.2004 8,740 19 760 1 9,500 17

00-0909 CUF-AZ102-OO7 0.1875 560 610 1,170

00-0911 CUF-AZ102-010 0.1041 11,200 780 11,980

00-0912 CUF-AZ102-OI1 0.1368 lost 2,790 da

00-0915 CUF-AZI02-023 0.1441 2,910 2,710 5,620

00-0915MS CUF-AZI02-023 MS 0.1150 94.4% 96.2% 95.l~o ‘I

00-0916 CUF-AZ102-026 0.1663 2,820 2,790 5,610

Liquid Samples

VO1 TIC TIC RPD TOC TOC RPD TC TC RPD

Lab Number Sample ID ml yg C/ml 0/0 wg C/ml %0 wg C/ml %

00-0903 AZ-102 M Sup (As Received) 0.10 8,670 1,200 9,870

00-0903Dup AZ-I02 M Sup (As Received)Dup 0.20 8,570 1 930 25 9,500 4

00-0903MS AZ-102 M Sup (As Received)MS 0.10 99.4% 87.6’%0 93.7%

00-0904 CUF-AZI02-001 FiItrate1 0.50 1,070 120 1,190

00-0904 Dup CUF-AZ102-001 Filtrate 1Dup 0.30 1,070 0 <60 nla 1,070 11

00-0905 CUF-AZ102-003Fitrate2 0.50 1,100 140 1,240

00-0905 Dup CUF-AZI02-003 Fitrate2 Dup 0.30 1,120 2 60 nla 1,180 5

00-0906 CUF-AZI02-015 Wash 1 0.50 790 50 840

00-0906 @l CUF-AZ102-015 Wash 1Dup 0.20 510 42 <90 nfa 510 48

00-0907 CUF-AZ102-017 Wash2 0.50 430 40 470

00-0907Dup CUF-AZ102-O17Wash2 Dup 0.30 430 1 <60 nla 430 9

00-0908 CUF-AZI02-019 Wash3 0.50 420 <40 420

00-0908Dup CUF-AZI02-019 Wash3 Dup 0.18 430 2 <100” nla 430 2

00-0910 CUF-AZ102-009 CausticLeach 0.50 890 <40 890

00-0910Dup CUF-AZ102-009 CausticLeachDup &~() 910 1 < 9(3 nla 910 1

00-0913 CUF-AZ102-013 CausticWash 1 0.50 3,090 570 3,660

00-0913Dup CUF-AZ102-O13CausticWash 1Dup 0.10 3,160 ~ 590 nla 3,750 2

00-0914 CUF-AZI02-022 CausticWash2 0.50 640 50 690

00-0914Dup CUF-AZ102-022 CausticWash2 Dup 0.30 650 3 70 nla 720 5

RPD= RelativePercent Difference(behveensampleand duplicate/replicate);calculatedfromunroundeddata.

ASR 56675668 Brooks.doc page I of 3



Battelle PNNURPG/inorganic Analysis --- TOCfllC Report

The analyses of the samples submitted under ASRS 5667 and 5668 were performed by the hot
persulfate wet oxidation method. The hot persulfate method uses acid decomposition for TIC and
acidic potassium perstdfate oxidation at 92-95°C for TOC, all on the same sample, with TC being
the sum of the TIC and TOC.

The table above shows the results, rounded to two to three significant figures. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
corrected for average percent recovery of system calibration standards and are also corrected for
contribution from the blank.

Q.C. Comments:

The TIC standard is calci~ carbonate and TOC standard is. cz-Glucose (the certificates of purity are
attached). The standard materials were used in solid form for system calibration standards as well

- as matrix spikes. TIC and TOC percent recovery are determined using the appropriate standard
(i.e., calcium carbonate for TIC or glucose for TOC) in either solid or liquid form.

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type.

April 5,2000 QC ***** ***** **+** ****+ ~+x+**x~*

Calibration Standards: The QC system calibration standards were all within acceptance criteria of
90V0to 110%, with the average recovery being about 95’XOfor TIC and 95% for TOC.

Calibration Blanks: The four calibration blanks run at the beginning, middle, and end of the
analysis run were acceptable, averaging about 11 pgC TIC and 33 pgC TOC. These
calibration/system bkm.ks are considered good and the standard deviations for the TIC and TOC

blanks is within the historical pooled standard deviation used to establish the method detection
limits.

Duplicates: The precision between the duplicates, as demonstrated by the Relative Percent
Difference (RPD), is acceptable. The RPDs for sample 00-0902 (AZ-102 as received) are within
the acceptance criteria of 20%. However, the relatively high RPDs (i.e., 19% for TIC and 17% for
TOC) most likely indicate difficulties in obtaining representative “slurry” samples.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. A matrix spike was prepared from sample 00-0915 (CUF-AZ102-O23)- The
matrix spike demonstrated recoveries of about 94°/0 for TIC and 96°/0 for TOC; well within the
acceptance criteria of 75°/0 to 125°A recovery.

April 7,2000 QC ***** *%***k**&%****%kk****k**

Calibration Standards: The QC system calibration standards were all within acceptance criteri~
with the average recovery being about 99°/0 for TIC and 97°/0 for TOC. This is well within the
acceptance criteria of 900/0 to 11OO/O.

Calibration Blanks: The four calibration blanks run at the beginning, middle, and end of the

analysis run were acceptable, averaging about 18 pgC TIC and 58 pgC TOC. These

ASll 56675668 Brooks.doc page z of ~
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Batfelle PNhL/RPG/inorganic Analysis --- TOCYTIC Reporf

calibration/system blanks are considered good and the standard deviations for the TIC and TOC
blanks is within the historical pooled standard deviation used to establish the method detection
limits.

Duplicates: The precision between the duplicates, as demonstrated by the Relative Percent
Difference (RPD), is very good except for sample 00-0906 (CUF-AZ1 02-01 5). The RPDs for most
samples are within the acceptance criteria of 20°/0. Sample 00-0906 demonstrated an KPD of 42%
to 48?40. Other than sample heterogeneity or undetected analysis error, no explanation can be
offered for the poor precision.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. A matrix spike was prepared from sample 00-0902 (AZ-102 as received).
The matrix spike demonstrated recoveries of about 99% for TIC and 88% for TOC; well within the
acceptance criteria of 75°/0to 125°/0 recovery.

. General Comments:

●

●

●

●

The reported “Final Results” have ,been corrected for all dilution performed on the sample
during processing or analysis.

Routine precision and bias are typically +15% or better for non-complex samples that are free of
interferences.

The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times
the MDL have higher uncertainties, and RPDs are not calculated for any results less than 5 times
the MDL.

Some results may be reported as less than (“<”) values. These less than values represent the
sample MDL (method detection limit), which is the system MDL adjusted for the volume of
sample used for the analysis. The system MDL is based on the attached pooled historical blank
data. The evaluation and calculation of the system MDL is included in the data package.

Report Prepared by: VA’ d12 9/)/=’

Review/Approval by: QL~---*.- Date 1+./~ / m

Archive Information:

I Files: ASR 56675668 Brooks.doc ASR 5644566756685744 Li@Solids.xls I

ASR 56675668 Brooks.doc
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Cvanide Results for As Received AZ-102
Samples and CUF-AZI 02 Samples

Table 1: Slurry Samples
(wgcNI g slurry) RPD Rec. ug CN I g dry solids

Lab # Client ID Sample Dup Rec (%) (%) Sample DUP

00-0902 CB Hot Cell Blank <0.2 -- -- .-

00-0902 AZI 02 As Rec Slurry 5.6 5.7 2.6 -- 13.4 13.6

00-0909 CUF-AZ-102-007 1.0 -- -- 8.8 .-
)11 CUF-AZ-I 02-010 0.90 .- 5.0.-

1*
00-09
00-0912- CUP ‘-
00-0915 Cu
00-0916 ~LJt--~z-
00-0916 SpiL- --- . ..

)r+u- I UL-U I I 0.92 -- -- 5.0
JF-AZ-102-023 0.87 -- -- 8.3 --
------- -----. ..— .- —_—- 0.89 -- -- -- 8.3

ks I Cl lF-A~-l 02-026” Spike -- -- 68 --

Table 2: Supernate, Filtrate and Wash Samples
I I (ua CN I mL) I RPD I Rec. 1

I
.,-

Lab # Client ID SampIe I DUP Rec (%) (%) I
00-0903 CB Hot Cell Blank < 0.03 ~- -- .-
00-0903 AZI 02 As Rec Supernate lost 9.6 nla
00-0903 Spike AZ102 As Rec Supernate Spike -- -- -- 94

00-0904 CUF-AZ-102-001 3.3 --
00-0905 CUF-AZ-102-003 3.2 -- --
00-0906 CUF-AZ-1 02-015 3.1 -- .- --

00-0907 CUF-AZ-I 02-017 2.4 .- -- --

00-0908 CUF-AZ-1 02-019 2.3 --

00-0910 CUF-AZ-102-OO9 1.7 -- -- --

00-0913 CUF-AZ-102-013 1.8 -- -- ..
00-0914 CUF-AZ-102-022 1.0 -- -- I .-

The CN results for AZ-102 As Received samples and the CUF AZ-102 samples analyzed on

March 9-10, 2000 per ASR 5667 (as received) and ASR 5668 (CUF) are reported in the

Tables 1 and 2 above. The samples were weighed in the Shielded Analytical Laboratory and

delivered, ready for distillation, to Laboratory 400 in the Radiochemicai Processing Laboratory.

The samples were distilled with the addition of sulfamic acid to ensure there would be no
interference if nitrates were present in the sample. The samples were analyzed

QuickChem AE Autoanalyzer (WC365 17). The reponing limits are estimated to

approximately 0.2 Kg CN/g (for solids/slurries) or 0.03 pg CN/mL (for liquids).

using a Lachat

be

.,,w.-. .-- . . .. . .
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March 17, 2000

Page 2

An independent mid-range calibration check solution run at the beginning, middle, and end of

the analysis batches gave an average recovery of 99% over the two days of analysis. These

calibration check standards ranged from 92% recovery to 106% recovery which is within the

85% to 115 YO acceptance criteria. A solid laboratory control standard (ERA-LSC) was
analyzed at 178 pg/g, well within the certified advisory range of 77 to 301 pg/g.

A liquid sample (00-0903 AZ-102 As Received) and a slurry sample (00-0916

CUF-AZ-1 02-026) were spiked with CN. The spike recovery for the liquid sample was within
the acceptance criteria of 75% to 125Yo; however, the spike recovery for the slurry sample

did not meet this criterion. Since the CN concentration of the slurry is reasonably low, the

poor recovery is not due to sampling heterogeneity. The slurry concentration is less than 10%

of the expected concentration of the spiked slurry sample and sampling heterogeneity should

have little effect on the measured spike concentration. A blank spike at the same

concentration as the slurry matrix spike measured 92Y0. Other than potential matrix
interferences or reactions, no explanation is offered for the poor slurry spike recovery.

One liquid sample and one slurry sample per batch were analyzed in duplicate. The Relative
- Percent Difference (RPD, precision) could not be calculated for the liquid sample since one of

the samples was inadvertently lost. The RPD for the slurry samples was 2.6Y0, well within
the acceptance criteria of 20%.

All sample preparation sheets, standard preparation information, and analytical data are

included with this report.

Memo File: ASR 5500 Brooks.doc Smeadsheet File: ASR 5500 Brooks.xls
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WO/Projecti W45577129953
Clienti IL Brooks

ACL Numbers: 00-00902,00-00903, 00-00915& 00-00916
ASR Number 5667,5668

Procedure: PNNL.-ALO-131, “Mercury Digestion”
PNNLALO-201, “Mercury Analysis”

Analyst: J.J. Wagner

Digestion Date: Mach 14,2000 Analysis Date: Mach 15,2000

M&TE: Hg system (WD14126); Mettler AT400 Balance (360-06-01-029).
See Chemical Measurement Center 98620 RIDS for Hg File for Calibration, Standards
Preparations, and Maintenance Records.

Analysti

Approval:

Final Results:

The samples were analyzed by cold vapor atomic absorption spectrophotometry for inorganic
mercury as specified in ASR 5667,5668. Approximately 0.09 to O.19g weight of wet slurry and
approximately O.lg weight of supernatant liquid samples were processed and diluted to a fma.1
volume of 25Inl per procedureALO-131. Additional analytical dilution of 3 to 10-fold was
necessary for some samples. The mercury concentration results me presented in the table below.

ASR-5667,5668 L.og-403 Hg Analysis K.Brooks BNFL AZ102.doc
04/17/00
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Battelle PNNL/RPG/Inorganic Analysis ---Hg Report page2 of 3 ~

0.1650 151.5 1 <0.02
00-00902 AZ102MU 0.1947 128.4 10 7.56 41.76 18.1

00-00902D AZ102MU 0.1299 192.5 10 8.37 41.76 20.0 10
00-00915* CUF-AZ102-O23 0.0905 276.2 3 2.78 10.44 26.6
00-00916’ CUF-AZ102-O26 0.1101 227.1 5 2.83 10.69 26.5 0.4

00-00903CB CellBlank 0.0974 256.7 1 0.08

00-00903 AZ102M SUP 0.1120 223.2 1 0.21

00-00903D AZ102M SUP 0.1089 229.6 1 0.16 N/A

RPD= RelativePercent Difference(betweensampleand duplicateJreplicate)
N/A= RPD is not calculatedwhenresults are less than 5 x IDL
“*”Fieldduplicatesamples L

Notes:
1) “Final Results” have been corrected for all dilution performed on the sample during processing or analysis.
2) The low calibration standard is defined as the estimated detection limit (IDL) for the reported results and

assumes non-complex aqueous matrices. Actual detection limits or quantitation limits for specific sample
matrices may be determined, if requested.

3) Routine precision and bias is typically k 15% or better for non-complex aqueous samples that are free of
interference.

Q.C. Comments: ~

Following are results of quality control checks performed during Hg analyses. In general, quality
control checks met the requirements of the governing QA Plan.

Working Blank Spike/Process Blank Spike: Process Blank Spike recovery is 96% and 95%, well
within the acceptance criteria of 80% to 120%.

Matrix Suiked SamPle: A matrix spike was prepared for the slurry and supernatant samples
submitted under ASR-5667 and ASR-5668. However, recovery of the matrix spike (45% & 55%)
fell below the acceptance criteria of 75% to 125%. Failure of the matrix spike recover may have
been caused by excess organic material present which would requiring more oxidizing reagent
than specified in the digestion procedure.

Duplicate: Relative percent difference for duplicate wet slurry samples is within acceptance

criteria of< 20YoRPD for RPL# 00-00902, 00-00902D (10’%oRPD) and RPL# 00-00915 and
00-00916 field duplicate samples (0.4%RPD).

ASR-5667,5668 Log-403 Hg Analysis K.Brooks BNFL AZ102.doc
04/17/00
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Laboratory Control Sample (solids): Sample recovery of mercury in SRM-2709 San Joaquin

Valley Soil certified by NIST to contain 1.40 t 0.08 pg/g was recovered within acceptance
criteria of 75% to 125910.

Laboratov Control Sarrmle [liauids): Sample recovery of mercury in SRM-1641C “Mercury in

H20” certified by NIST to contain 1.47 pghnl was recovered (35% and 49%) below acceptance
criteria of 7590 to 125$Z0.NIST originally specified an expiration date of 1 year Iiom date of
delivery (Dec. 1, 1997) but had extended the expiration date until May 4,2000. Perhaps the
standard was too old resulting in poor recovery. However, two blank spikes were processed
similarly to the samples at the same time using NIST traceable certified standards from an
alternate vendor, different than the calibration standards. The blank spike recoveries (96% and
95%) were well within acceptance tolerance of 80% to 100% recovery indicating that sample
preparation and analysis were acceptable.

Cell Bhmks/Processin~ Blanks: A cell blank, consisting of an aliquot of water used in the hot
cell, was processed at the same time as the samples. The concentration measured was less than

two times detection limit. Some samples were about the same concentration as the process blank
and other samples were many times this level.

C)ualiW Control Calibration Verification Check Standards: Six mid-range verification standards
were analyzed throughout the analysis run. All were within the acceptance criteria of 8070 to
120% recovery for the verification standard.

ASR-5667,5668 Log403 Hg Analysis K.Brooks BNFL AZ102.doc
04/17/00
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To K.P.Books

Project Number

Internal Distribution

329/4 File
LSO Project File
Mike Uric

Subject lCP/MS Analvsis of Submitted Samples

(ALO#OO-O0902, 00-00915, 00-00916)

Pursuant to your request, the 6 Ni/KOH fusion samples that you submitted for analysis
were analyzed by ICPMS for selected elements. The results of this analysis are
reported on the attached page.

Johnson-Matthey standards for Rb, Ta, Pr, and Sn, an Amersham ‘9Tc standard and
- Isotope Products 1291and 237Npstandards wereused to generate the calibration curves.

Independent standards were used as the continuing calibration verification (CCV)
standards.

Values for tin were obtained using the response of a natural tin standard. Interference
corrections for 12sXeand 12sTewere calculated. Because 12%n standards were not used
and the concentrations were determined indirectly, these results shoud be considered
semiquantitative.

The ‘9Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to ‘9Tc. The fingerprint we’re seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses.

No known cesium 135, 137 standard was available. Results reported are direct cesium
ratios using natural barium standards for mass bias corrections.

If you have any questions regarding this analysis, feel free to call meat 372-0700 or
James Bramson at 372-0624



Brooks Analysis
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Tc-99

Results are reported in

Sample

~g analyte/ g (ppm) of solid sample.

Client lcP/Ms Rb tl-129●Sri-126
pglg

<0.9

<0,9
<0.7

<0.9
<0.9

<0.9

<0.9

<0.06
<0,06

tl-127
pglg * lSD

00-00902 -PB-Ni

00-00902-Ni
00-00902 -DUP-Ni
00-00902 + spike
Spike Recovery
00-0091 5-Ni
00-0091 5-Ni Dup

00-0091 6-Ni
00-0091 6-Ni + spike
Spike Recovery

PROCESS BIANK O0208b16 1.() * 0,1

24.5 t 0.6
20.9 * 1.0

1“$7 t 0.7
1.7 * ().2

1.4 * (),1
4.8 ~ o,(3

<7.7

AZI02 MU
AZI 02 MU
AZ102 MU

O0208b17
O0208b18
O0210a16

23*4
18* I
41 *IO

88%
14.7 * O.l

<3.9
<3.1
<4.0

CUF-AZI 02-023
CUF-AZI 02-023

00208b19
00208b20

<2.5

CUF-AZ102-O26
CUF-AZ102-O26

00208b21
00208b22

24*8 <6.0

102% II 93%

SRM 2710 LCS/OO-O0902/Ni 00208b24 . _ .- .334 * 9 0.6 * 0.2 II* I

CCV and Blank results are reported in rig/g (ppb)

1yoHN03 O0208bl <0.03 0.04 * 0.004
0.04 * 0.02

<0.2<0.02
1%HN03 00208b15 <0.02

5ppb Rb, Pr, Cs 00208b12 5.09 * 0.13
5ppb Rb, Pr, Cs 00208b27 5.12f 0,12

0.5ppb Tc-99 00208b14
0.5ppb Tc-99 00208b26

0.515 * 0.049
0.496 + 0.014

1,Oppb 1-127 00210a15 0.87 t 0.02

II[ 0.11 * 0.02O.lppb I-129 O0210all

1ppb Ta/2ppb NP-237 00209a3

1ppb Ta/2ppb NP-237 00209a17

*Results are from ~rocedure 00209a.
●Obtained using response of natural tin. Should be considered semiquantitative.
TResults are from procedure 0021 Oa.
**Calculated value was greater than the detection limit, but less than the reporting limit.

. . . ..,-\Jlf
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Results are reported in \Lg analyte/ g (ppm) of solid sample

Sample Client lCP/MS Cs Pr
ID ID Number pglg * lSD , Vglg t ISD

00-00902 -PB-Ni PROCESSBIANK 00208b16 <0.12

II
0.11 * 0.04

00-00902-Ni AZI02 MU O0208b17 24.4 t 0,5 487 * 7
00-O0902-DUP-Ni AZI 02 MU O0208b18 22.7 t 1,2 475 * 4
00-00902 + spike AZI 02 MU O0210a16
Spike Recovery
00-0091 5-Ni CUF-AZI02-023 00208b19 814t 13
00-00915-Ni Dup CUF-AZ1 02-023 O0208b20 800~ 10

00-0091 6-Ni CUF-AZ102-O26 O0208b21

1

2,4 t 0,3: 784 + 7
00-0091 6-Ni + spike CUF-AZ102-O26 00208b22 30.5 ~ 1.6 809 t 9
Spike Recovery lls~o 102%

SRM 2710 LCS/OO-O0902/Ni 00208b24

CCV and Blank results are reported in rig/g (ppb)

1%HN03 11
J

O0208bl <0.01 ~ <0.02
1%HN03 O0208b15 <0.01 p <0.02

5ppb Rb, Pr, Cs O0208b12

v

5,18 ~ 0.13” 5.25 ~ 0,07
5ppb Rb, Pr, Cs O0208b27 5.12 t 0,07 4.96 f 0.18

0.5ppb Tc-99 00208b14

11

~
0,5ppb Tc-99 00208b26

l,Oppb 1-127 00210a15 1!

O,lppb I-129 O0210all
II

1ppb Ta/2ppb Np-237 O0209a3 II
1ppb Ta/2ppb Np-237 O0209al 7 II

*Results are from procedure O0209a.
●Obtained using response of natural tin. Should be conside
tResults are from procedure 0021 Oa.
**Calculated value was greater than the detection limit, bul

*Ta !1 *Np-237
pglg & lSD il f.lglg k lSD

1.9 * o.2~ <0.3

1,7 * 0.2

I

103* 4
2,72 t 0.2 103* 1

4.93 & 177i 1
7.23 t 0.4 178* 3

134.6 t 1.3’ 172A 2
54.2 + 1,4

1

214& 2
107% lldyo

14.3 * o.5i~/ <0.3

<0,04 R <0,02

0.911 * 0,045 1.85 A 0.03
0,955 * 0.020 ,, 1.87 + 0.07
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Date March 31, 2000

To K.P. Books

Project Number

internal Distribution

329/4 File
LSO Project File
Mike Uric

Subject lCP/MS Analvsis of Submitted SamDies

(ALo#oo-oo903)

Pursuant to your request, the 5 acid digested samples that you submitted for analysis
were analyzed by ICPMS for selected elements. The results of this analysis are
reported on the attached page.

An Alfa Aesar cesium standard, Amersham 99Tcstandard, Isotope Products 129[and
-237Npstandards and an 127[standard, prepared from Fisher potassium iodide (LOT#
35260) were used to generate the calibration curves. Independent standards of each
element were used as the continuing calibration verification (CCV) standards.

The ‘9Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to ‘9Tc. The fingerprint we’re seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses.

No known cesium 135, 137 standard was available. Results reported are direct cesium
ratios using natural barium standards for mass bias corrections.

[f you have any questions regarding this analysis, feel free to call meat 372-0700 or

James Bramson at 372-0624
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K.P. Brooks Analysis
March 30, 2000

Results are reported in yg analyte/g (ppm) of original sample.

Sample Client *Np-237
ID ID Number Cs 135/137 ~ 1 Stdev YoRSD fj~~ pglg

00-00903-PB Process Blank O0323a7 s not detected

1{

,,,,.::.;,,..,.},
00-00903-BS Blank Spike 00323a8 ?, not detected .*.~,;;;
00-00903 AZ102 M SUP O0323a9 2:

q :;! ~.j; :j;[~

0,443* . . ‘ .
00-00903-DUP AZI02 M SUP O0323a10 ‘y 0.438 ~
00-00903-MS AZI02 M SUP 00323al 1 ‘~. 0.442 +
00-00903 + spike AZI02 M SUP 00323al 2 g;
Spike Recovery

,,<j,
.,,+

CCV and blank results are reported in nglg (ppb) ::<“ &
,4, &f.
y;% ,.~fi;i

1yo!iN03 00323al :!;
j;j,:,,$ <0.02

1yotiN03
%

00323a6 ;1“; ;:?;‘ 0.08 ~
1=XOHN03

,,
00323a18 ‘;,;.

~:.“,,,;; 0.05 *,/,<:
,:,’,,.

,,.,.
y

5ppb Tc-99 00323a4 ~$ ,+,,
5ppb Tc-99 O0323a19 ~;~

‘%<,,.:,,,?,,“.:/,, j /<{,,...,.,y
,,,,,/

20ppb Co
;<.~,,

00323a20 f;,J ; ,.,;,+,... J,.,
,, ,:;.,

0,5ppb 1-127 00327a4 $;,:
,..*.:

lppb I-127
, ..

00327a17 i,; ~&
,;.,,.

O.lppb I-129 00327a2 :;:
0.5ppb 1-129 00327a13 “‘

,..6.

14ppb (k 00323a4 “;;
14ppb Cs 00323al 9 :,;

.~

5ppb Np-237 00324a4 ;:<;:
5ppb NP-237 00324al 4 ~:),: !.

:!. . 5.18 t 0,05\:.$’

*Results are from procedure 00324a.
l_Results are from procedure O0327a,

5.25 k



~Baltelle
Pacific Northwest Laboratories

Date March 31, 2000

ProjeotNumber

Internal Distribution

329/4 File
LSO Project File
Mike Uric

Subject lCP/MS Analvsis of Submitted Samties

(ALO#OO-O0902 PMG Fusions)

Pursuant to your request, the 6 fusion samples that you submitted for analysis were
analyzed by ICPMS for platinum. The results of this analysis are reported on the
attached page.

An Alfa Aesar platinum standard was used to generate the calibration curve and an
- Independent CPI platinum standard was used as the continuing calibration verification

(CCV) standard.

If you have any questions regarding this analysis, feel free to call meat 372-0700 or
James Bramson at 372-0624



u?a’—@——
/’

K.P. Brooks Platinum Analysis 3/3{/00

March 31, 2000

Results are reported in Ug analyte/ g of original sample.

Sample Client lcP/Ms Pt
ID ID Number ~glg * 1 Stdev

00-O0902-PB-Zr Process Blank 00329a7 <0.41
00-00902-Zr AZI02 MU 00329a9 <0.41
00-O0902-DUP-Zr AZ102 MU O0329al O <0.39
00-0091 5-Zr CUF-AZ1 02-023 00329al 1 <0.40
00-0091 6-Zr CUF-AZI02-026 00329al 2 <0.38
00-00916 + spike CUF-AZ102-O26 00329al 3 0.971 * 0.036
Spike Recovery 116%

SRM 271 O-Zr LCS/OO-O0902/Zr O0329a8 <0.34

CCV and blank results are reported in rig/g (ppb)

1%HN03 00329al <0.034
1%HN03 00329a6 <0.030
1%HN03 00329al 4 <0.030

0.05ppb Pt 00329a4 0.0473 0.006
0.1 ppb Pt 00329al 5 0.101 0.005



Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Chemical Measurements Center

Client: Brooks

Cognizant Scientist:
~Y e

Concur: ~~&MQ - L

Procedure: PNL-ALO-450
Equipment: Gamma detectors G

Measured Activities (uCi/g) with 1-sigma error

ALO ID CO-60 Sb-125 Cs-134 Cs-137 Eu-154 Eu-155 Am-241

Client ID Error Y’o Error % Error ?40 Error YO Error YO Error ?40 Error YO

00-0902 PB <3.E-2

Process Blank

00-0902 4.73E+0

AZI02MU 40Lo

00-0902 DUP 4.68E+0

AZI02MU 3%

RPD 1%

00-0903 PB <3,E-5

Process Blank

00-0903 <rj.E-3

AZI02 M SUP

00-0903 DUP <5.E-3

AZI02 M SUP

RPD

<7.E-2

2.06E+I
8%

2.76E+I
5%

29%

<7. E-5

<8.E-I

<(3.E-I

<3. E-z 6. IOE-2
22V0

2.13E+0 1.86E+3
1I% 270

1.82E+0 1.73E+3
8% 2%

16% 7%

<3,E-5 9.67 E-4
3%

1.03E+0 9.71E+2
2% 2%

I,06E+0 9.83E+2
2V0 2%

3% 1%

Page 1

<7.E-2

4,45E+I
2?40

4,48E+I
2%

1%

<7,E-5

<3.E-2

c3. E-2

<7.E-2

8.30E+I
3%

8.37E+I
3%

1Yo

<f5,E-5

<(j, E-1

<4.E. I

00-0902

3/7/2000

1.22E+2
570

1.30E+2
4%

6%

<6. E-5

<5.E-I

<4,E-I



Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client: Brooks

Cognizant Scientist: Ww-QJ%= LA= !

Procedure: PNL-ALO-450
Equipment: Gamma detectors G

ALO ID
Client ID

00-0904

CUF-AZ-102-001

00-0905
CUF-AZ-102-003

00-0906

CUF-AZI02-015

00-0907
CUF-AZ-I 02-017

00-0908
CUF-AZ-I 02-019

00-0909

CUF-AZ-102-007

File: 00-0904

Rev. 1

3/10/00

Measured Activities (uCi/g) with 1-sigma error

CO-60 RuRh-106 Sb-125 Cs-134 Cs-137 Eu-154 Eu-155 Am-241
Error YO Error 9!o Error ?40 Error YO Error ?4. Error ?40 Error ?40 Error YO

<5. E-4

<(j, E-4

<4. E-4

<5. E-4

<4. E-4

5.55E+0

4%

<2. E-I .<8. E-2

<2. E-I <8.E-2

<1. E-I <&&2

<7,E-2 <5.E-2

<G E-2 <4. E-2

5.71 E+O 1,96E+I

25% 6’%

8,77 E-2
3?40

9,04E-2
3?’!0

5,29E-2
3%

3.05 E-2
4%

1.85E-2
4%

<(j.E.q

8.35E+I
2%

8.58E+I
2?40

4.80E+I

2%

2,91E+I
2%

1.78E+I
2%

5.46E+2
2%

<3.E-3

<4,E-3

<3,E-3

.Q,.E-3

<2, E..3

5,71E+I

2%

<5.E..2 <5.E-.2

<G E-2 <5. E.2

<4,E-2 <4,E.2

<3.E-2 c3.E-z

c3. E..2 <3.E-2

1.05E+2 1.56E+2
3’% 4%

Page 1
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File: 00-0904

Measured Activities (uCi/g) w,ith l-sigma error

ALO ID CO-60 RuRh-106
1

Sb-125 Cs-134 Cs-137 Eu-154 Eu-155 Am-241
;,;,:>
.~ Client ID Error ?40 Error $40 Error 9f0 Error ?40 Error ?40 Error ?40 Error ?40 Error ?40

3.:.

00-0910

CUF-AZ-102-009

<5.E-4 <9.E-2

<5.EO

6.40E+0
22%

<6.E-2

<4,E-2

<7.E(I

1.18E+I
15%

<(j, E-2

1.67E+I
6%

2.86E+I
4%

<4. E-2

<3. E.2

5.33E+I

3%

2.73E+I
4%

4.36 E-2
3?40

<5.E-I

4,26E+I
2?40

<2. E-3 <4. E-2 <4, E-2

00-0911
CUF-AZ-I 02-010

3.34E+0
4%

3.86E+0
4%

<5.E-4

2,64E+2
2%

3.16E+I
2!40

3.70E+I
2%

-Q. E-3

5.88E+I
3%

9.49E+I
5’%0

1.04E+2
5%

<3,E-2

<5.E-I 2,98E+2
2%

6.72E+I
3%

00-0912
CUF-AZ-I 02-011

<3.E-200-0913

CUF-AZ-102-013

2.18 E-2
4%

9.95E-3
6%

<7.E-I

2.08E+I
2?40

00-0914

CUF-AZ-102-022

<6,E-4 9.09E+0
2?40

<2.E-3 <2. E-2 <2. E-2

00-0915
CUF-AZ-102-023

7.38E+0
3%

7.41E+O
3?40

1.71E+2
2?40

7.37E+I
2%

7.19E+I
2?40

1.38E+2
3%

2.01 E+2
4?40

2.04E+2
4%

<7.E-I 1.66E+2
2%

1.30E+2
3%

00-0916
CUF-AZ-102-026

Page 2



Battelle Pacific Northwest Laboratory 00-0902

Radiochemical Processing Group-325 Building
Chemical Measurements Center 3/23/00

Client: Brooks

Cognizant Scientist &Ld Date: &“”

Concur: ~~@Q -b Date: 31a3)oa

Procedure: PNL-AL0496,417, 476

Measured Activities (uCi/g) with l-sigma error

Pu-239+ Cm-243+
Sr-90 Pu-240 Pu-238 Pu-236 Am-241 Cm-244 Cm-242ALO ID

Client ID Error +/-’ Error +/- Error +/- Error +/- Error +/- Error +/- Error +/-

4.09 E-I
29%

1.66E+4
3%

1.61E+4
3%

3%

3.24E-3
4’?40

1.83E+0
6%

1.74E+0
6%

5%

96%

100%

<3.E-3

1.76 E-3

40%

6.60E+0

79!0

6.06E+0

7%

9%

1.04E-5

15%

2.65 E-2

4’%0

2.62 E-2

4’70

1‘MO

104%

10770

<8. E-2

<2.E-3 <5.E-4

<2-E-I

<5.E-2

<3.E-3 <7.E-4 <5.E-4

<4.E-2

9.67E-2
50?40

<4.E-7

<9.E-6

<4.E-5

<6.E-2

00-0902 PB
Process Blank

00-0902
AZI02MU

6.40E-I
38%

1.11E+2
5%

3.00 E-I
28%

<2.E-I00-0902 DUP
AZI02MU

RPD

8.94E-I
21%

1.15E+2
5%

339!0 4?/0

00-0903 PB
Process Blank

3.37E-5
9%

<5.E-7 2.64E-5
11?40

3.46 E-5
9%

00-0903

AZI02 M SUP
2.90E-3

5%
2.90E-5

47’?40

<2.E-5

2.01E-4
16%

2.46 E-5
48%

00-0903 DUP
AZI02 M SUP

2.97E-3
5%

1.64E-4
25%

c5. E-5

RPD 270 20%

Matrix Spike 90?L0

Spike

Blank

97%

<3-E-I <2. E-I <(j. E-2

Page 1
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File: 00-0904

Measured Activities (uCi/g) with 1-sigma error

Pu-239+ Cm-243+
Sr-90 Pu-240 Pu-238 Pu-236 Am-241 Cm-244 Cm-242

Error +/- Error +/- Error +/- Error +/- Error +/- Error +/- Error +/-
ALO ID
Client ID

2,17E+4

3%

1.36 E-I

3?40

1,15E-4
3%

1.38E+4
3?40

3,42E-2
5%

2.56E-2
6%

2.53E+4
3?40

2,44E+4
3?40

96%

100?40

<3,E-3

7.63E+0

5%

9.77 E-5

4%

4.39E+0

7’?40

4.98E+0

6%

1,67E-5

770

1.69E-5
7%

9,80E+0
6%

9.85E+0
6%

104%

107?40

<3,E-7

1.21E+0
9%

5,05E-5
5%

7.12E-I
15%

5,01E-I
19?40

4.45 E-5
5%

4,25 E-5
5%

1.03E+0
26%

2.IIE+O
13?40

<7.E-7

<6.E-2

<1. E-7

<5, E-2

<3. E-2

<3, E-7

<2. E..7

<3, E-I

<3. E-I

1.35E+2

5%

2.50 E-I
23%

7.95 E-2

41?40

<1. E-7

<7. E-2

<7. E-2

<2. E-7

<3. E-7

<6. E-2

<I CE-I

<2. E-7

00-0909

CUF-AZ-102-007

,:..

3,24 E-5

6?40

4.33 E-5
670

00-0910

CUF-AZ-102-009

9.00E+I
5%

<3.E-I00-0911
CUF-AZ-I 02-010

00-0912
CUF-AZ-I 02-011

9.32E+I
5?40

2.42 E-I
27%:.:

,.)

>

3.36E-5
6?40

5.30 E-5

6?40

00-0913

CUF-AZ-I 02-013
“{

1,32E-4
5?40

4.91 E-5
6%

00-0914
CUF-AZ-102-022

1.71E+2
5%

2.69 E-I
38%

00-0915
CUF-AZ-I 02-023

1:;$.
-,?

1

1.79E+2
5%

2.93 E-I
40%

00-0916
CUF-AZ-102-026

90?40Matrix Spike

Spike 97%

,,
.’.! Blank <6. E.7 <3, E-7 <2. E-7

Page 2



tile: uu-uwr4

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team 3/23/00

Client: Brooks

Cognizant Scientist: Cl?@YWJ2-#A
.,

Date :

Concur:
——

-L

Procedure: PNL-ALO-476,417, 496

Measured Activities (uCi/g) with 1-sigma error

Pu-239+ Cm-243+
Sr-90 Pu-240 Pu-238 Pu-236 Am-241 Cm-244 Cm-242

Error +/- Error +/- Error +/- Error +/- Error +/- Error +/- Error +/-
ALO ID
Client ID

1.22E-2
39%

6.31 E-5
4%

4.25 E-5 <2.E-7

4%
4,14E-5

6%
4.42 E-5

6%

c2. E-7

c2. E-7

<2. E-7

c2, E-7

cZ. E.7

c2. E-7

00-0904

CUF-AZ-102-001

00-0904 REP

CUF-AZ-102-001

1,26E-2
38%

6.20 E-5

5%

4,66 E-5 <4.E-7

5%
4,08 E-5

6%
4.74 E-5

6?40

RPD 3?40 2% 9% 7’?JO

00-0905

CUF-AZ-102-003

3.65 E-2

6%

4.68 E-5
4%

4,95 E-5 <3, E-7

4%

3.28E-5
7%

5,28E-5
6%

00-0906
CUF-AZI02-015

3,26E-2
7%

3.53E-5
6%

5.15E-5 <3,E-7

5%
1.53E-4

5%
4,90 E-5

6?40

00-0907

CUF-AZ-I 02-017

I,30E-2

8%

1.75E-5
8%

4.08 E-5 <1.E-6

6%
3.41E-5

6%
4.81 E-5

5%

00-0908
CUF-AZ-I 02-019

1.85E-2
4%

2. IOE-5
5%

5.61E-5 c2, E-7

4%

Page 1

4.99 E-5
6%

6.54E-5
6%



Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Chemical Measurements Center

00-0902

5/2/2000

Client: Brooks

Cognizant Scientist .,_ [tmb _4L /“

Concur:

Procedure: PNL-AL0432

Measured Activities (uCi/g) with l-sigma error

ALO ID
Client ID

00-0903 PB
Process Blank

00-0903

AZI02 M SUP

00-0903 DUP
AZI02 M SUP

RPD

Standard

Matrix Spike

Blank

Tc-99
Error +/-

<3.E-6

1.25E-I
4!40

1.33E-I
4?40

6.2%

99%

73%

<3.E-6

‘ate: 4i@-
Date: 5/2//6

Note: all QC parameters met specification per the QA plan in the PNNL standards-based management
system except the matrix spike recove~. The Tc-99 spike was added as pertechnetate in sufficient
quantity to be measured above the sample activity (two times the sample activity). The sample matrix “
may have been reducing causing some pertechnetate spike reduction. The procedure calls for the use
of sodium bichromate to oxidize Tc species to Tc+7. However, for this matrix, this may not have been
oxidizing enough. For a worst-case scenario, the sample Tc concentration may be biased low by about
25%.

Page 1
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File: 00-0904

Battelle Pacific Northwest Laboratory 00-0904

Radiochemical Processing Group-325 Building
Radioanalytical Applications Team 3/21/00

Client: Brooks

Cognizant Scientist &.( Date : ?//zihfi

Concur:
——

na - Date: 3/621/00

Procedure: PNL-AL04014
Equipment Chemcheck KPAI 1R

ALO ID

Client ID

00-0904

CUF-AZ-I 02-001

00-0904 Rep
CUF-AZ-102-001

00-0905

CUF-AZ-I 02-003

00-0906

CUF-AZ102-OI5

00-0907

CUF-AZ-1 02-017

00-0908

CUF-AZ-1 02-019

00-0909
CUF-AZ-I 02-007

00-0910

CUF-AZ-102-009

00-0911

CUF-AZ-I 02-010

00-0912

CUF-AZ-1 02-011

00-0913

CUF-AZ-1 02-013

00-0914

CUF-AZ-I 02-022

00-0915
CUF-AZ-I 02-023

00-0916

CUF-AZ-1 02-026

Measured Concentration (ug/g) with l-a error

Uranium
Error ?4. Standards Yield,%

2.48E+I Pre 1 104?X0
470 Pre 2 101’%

2.36E+1 Post 1 98%

4% Post 2 1009(0

2.96E+1 Blank <2.E-5

4?40

4.OIE+l
4%

1.92E+I
4%

8.44E+0
4940

2.87E+4
4%

2.12E+I
4?40

1.74E+4
4?40

1.91E+4
4%

1.81E+1
470

1.29E+1
4940

3.63E+4
4%

3.52E+4
4%

Page 1



Battelle Pacific Northwest Laboratory 00-0902

Radiochemical Processing Group-325 Building
Chemical Measurements Center 3/21/00

Client: Brooks

Cognizant Scientist

——
Concur: \ IL(X -la - k Date: 3.)21]00

Procedure: PNL-ALO-4014
Equipment Chemcheck KPAI 1R

Measured Concentration (ug/g) with I-G error

ALO ID
Client ID

00-0902 PB
Process Blank

00-0902
AZI02MU

00-0902 DUP
AZI02MU

RPD

00-0903 PB
Process Blank

00-0903

AZI02 “M SUP

00-0903 DUP
AZI02 M SUP

RPD

Pre Standard 1

Pre Standard 2

Post Standard 1

Post Standard 2

Blank

Uranium
Error +/-

9.28E-I
3%

2.26E+4
4%

2.31 E+4

4%

2%

1.65E-2
3%

1.69E+I
3?40

1.69E+I
3%

o%

10470

1010/0

98%

10070

<2. E-5

Page 1
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00-0902 H3
Rev. 1
7/10/2000

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Chemical Measurements Center

Client: Brooks

Cognizant Scientist:

Concur: =: z

ALO ID
Client ID

Measured Activity

Tritium’
Error +/-

(uCi/g) with 1-G error

00-0902 PB
Process Blank

00-0902
AZ102MU

00-0902 DUP
AZI02MU

RPD

1.87E-3
24%

3.92E-2
3%

4.26 E-2
3%

8%

!- 1

*Tritium values are reported per gram of wet slurry.



Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

00-0915 H3
4/13/2000

Client: Brooks

Cognizant Scientist
4

‘ate: &

Concur: -j- TlnQ - L Date: ~[1~1 ~~

Measured Activities (uCi/g) with l-sigma error

ALO ID Tritium*

Client ID Error YO

00-0915 9.04E-3

CUF-AZ-I 02-023 4%

00-0915 MS** 8.44E-3
CUF-AZ-I 02-023 4%

RPD 7%

00-0916 2.35 E-2

CUF-AZ-I 02-026 3%

Blank <4.E-4

Witium is reported per gram of wet slurry.
~he MS refers to an inorganic matrix spik~ hence, this sample is a duplicate for tritium.



Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Chemical Measurements Center

Client: Brooks

Procedure PNL-ALO-482

Cognizant Scientist:

Concur:

ALO ID
Client ID

00-0902
AZl 02MU

00~0902 DUP
AZl 02MU

RPD

Pre Run System Blank

Post Run System Blank

Blank Spike

Sample Spike

00-0902 C14

5/11/2000

Measured Activity (uCi/g) with 1-Oerror

c-1 4

Error +/-

1.39E-3
10%

1.62E-3
10%

15!40

<3.E-4

<3E4

106?40

10670

]C-14 was measured on direct aliquots of the wet slurry. The weight percent solids data were I
used to correct the results for dried weight, although it should be noted that some of the C-14
would of course be lost if the samples had actually been dried prior to analysis. The C-fi4
activity in the sample is slightly below the requested MRQ limit of 1.8E-3 uCi/g.



Battelle Pacific Northwest Laboratory 00-0915 C14

Radiochemical Processing Group-325 Building 5/11/2000
Radioanalytical Applications Team

Client: Brooks

Cognizant Scientist

Concur

PNL-ALO-482

ALO ID
Client ID

00-0915

CIJF-AZ-l 02-023

00-0916

CUF-AZ-1 02-026

Pre Run System Blank

Post Run System Blank

Blank Spike

Sample Spike

Measured Activities (uCi/g) with 1-sigma error

C-14
Error YO

C1 .2E-3

2.36 E-3
24%

<I .2E-3

<I .2E.3

106% .

106%

C-14 was measured on direct aliquots of the wet slurry. The weight percent solids data were
used to correct the results for dried weight, although it should be noted that some of the C-14
would of course be lost if the samples had actually been dried prior to analysis. The C-14
activity in the sample is slightly below the requested MRQ limit of 1.8E-3 uCi/g.
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Radiochemical Processing
Shielded Facility Operat-

Laboratory”-
ons Team

Iuyc J. WI

Client: KP BROOKS

ShieIded Analytical laborato~
Bench Sheet

WP Miber: w4!i577

TI#lASR: ASRS 5667/5668

.---- . .

Procedure: Bench Instruction

AZ102 DENSITIES

SAMPLE IDENTIFICATION

00-00905 I CUF-AZ-102-OO3 I /A”,,, :/, I
,,.{,-r-

,... .,-> I I ,,

00-00906 ]CUF-AZ-102-O15 I
! // v

<7 >,-.,,. J..—- 1 i I’.w -

DENSITY = FLASK GROSS (q) - FLASK TARE (q)

FLASK SIZE (mL)

s

M&TE: ~ Cell 2 (360-06-01-016) Mettler AE160 Balance Other

Cell 5 (360-06-01-019)Sartorius LP4200S Balance

Bench (510-06-01-014) Mettler AT201 Balance

Bench (360-06-01-040)Denver A160 Balance

Date: Reviewer:

~.- /& - d“d

Date:

*



Pacific thwest National Laboratory wiJ Paqe 1 of
~diochet,..cal Processing Group “ w~-----
nelded Analytical Laboratory

M
—--J., !-

CLIENT

QA PLAN:

MIT% SOLIDS DATA SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

KristonBrooks .WORKPACKAGE: W4557’7 ASRIARF/LOl/Tl:

I

ASRS566715668 ;
W..
0m

1

SBMS IMPACT LEVEL PROCEDURE NUMBER PNL-ALO-504 ~
h

AZ102MUA NDCUF-AZI02-XXX SLURRIES
SAMPLE IDENTIFICATION

/Li-b6WT%SOLIDS=B -TARE DATE/TIMEIN:/~ -Ob OVENTEMPERATURE:/d.? 0(

m “0°

DATHTIME OUT./- ~7-d 0 0 $W- OVEN TEMPERATURE /0($ 0(

BALANCE: CELL 2 (360-06-01-016)x

THERMOCOUPLE: ~// d BAlj+NCE: CELL 5 (360-06;014)39) _

Analyst Date: Review .,

“%??iz&

Date
. .

J7.L)J /- Z+dd @,-. c
c
h



.-. . . . . . . ..- . . . .-

...

jci T-ic NC)rthwf2St National Laboratory Page 1 of ,
~diochemlcal Processing Group

—

lielded Analytical Laboratory
oy

-w

WT% SUJDS DATA SHEET
F
2

(325 SHIELDED ANALYTICAL LABORATORY)
o

~
CLIENT Kriston Brooks WORK PACKAGE: W45577 ASR/ARF/LOl/Tl: ASRs5667M66fl ~,

m. .

QA PLAN:
I o

SBMS IMPACT LEVEL: PROCEDURE NUMBER:’ PNL-ALO-504 :
‘. K

AZ102MUANDCUF-AZI 02-XXXSLURRIES
SAMPLE IDENTIFICATION

ACL

I

CLIENT

I 1°

(A)
NUMBER I (B)

.. IDENTIFICATION TARE WEIGHT (G) SAMPLE WET WEIGHT SAMPLk DRY WEIGHT
,. PLUS TARE ~‘. PLUS TARE I WEIGHT % SOUDS

00-00911-TRI CUF-AZI02-01’O /4. 43 Jt3 “/7 Jv38- AL4+f/ /g. 5 y
00-00912 CUFAZ102~Ol 1 A$*sf$ ‘ #&Ay=xx /7. YLll~ 14 49’34 ./f.6~
00-00912-DUP CUF&H 02-011 /~ . s-l r3 ),7* d rai ~ /4’. 7J9~ /9.1% ;,’
00-0091 2-TN CUF-AZ102-O11 /d 3. 8$$4 /7 ●542 7 /d,~ogy /g. &r,i
00-00915 CUF-AZ102-O23 /.; 390L /7 ~3v’5-~- /~, S/$-y /0847

00-00915-OUP CUF-AZ102-O23 /&G?W~ ‘ 17* +8 74f /404407’ /0, 9f-
00-00915-TRI CUF-AZ102-O23 /&, 3Y7+ /7~ q747’ /4 e~dxo /0 ;+/
00-00916 CUF-A2t02-026 IA. 43-2.3 /9’. /72 PA /l. A3 n % /}. ~h

~% SOLIDS = B - TARE DATEMME IN:
A - TARE x ‘m

DATEMME OUT

THERMOCOUPLE ~“

/. 24. A) /5 ‘dLJ OVEN TEMPERATURE /0-7 ‘C

/-37 .06 Dl? i5- OVEN TEMPERATURE: / Uz ‘C

BALANCE: CELL 2: (360-06-01-016)_

BALANCE: CELL 5 (360-06-01-039)_
. .



Pacific Nc twest National Laboratory
Radiochem”, Processing Group
Shielded.Analytical Laboratory .. E

2

2LIENT

WT% SOIJDS DATA SHEET’
1-

‘2
(325 SHIELDEDANALYTICALLABORATORY)

o

:
Knston Brooks WORK PACKAGE: W45577 ASR/ARFILOl~l: ASRS566715668 ~

I
QA PLAN: SBMS lMPACtLEVEL PROCEDURE

AZ102MU AND CUF-AZ102-XXX SLURRIES
SAMPLE IDENTIFICATION

“o
NUMBER PNL-ALO-504 p

H

ACL CLIENT (A)
NUMBER

(B)
“lDENTIFiCATION Y’AREWEK3HT(G) (. .SAMPLE”WETWEIGHT SAMPLEDRYWEIGHT . ‘.

PLUS TARE PLUSTARE WEIGHT%SOLIDS

00-0091WUP CUI=AZ102-O26 /d#v~/7 . /7~ $’r3/ /0. 64
00.00916-TRI CUF-AZ102-O26 /4 3474* /7. ftvd AL 46?24 /0./0

1

,.

WIWo SOLIDS= B - TARE. DATHTIME IN: /. fl~-d~ /,ya D OVEN” TEMPERATURE: /47 “C
A - TARE x ’00

DATE/TIME OUT /-# 7=44 o L?/d& OVEN TEMPERATURE /4 ~ “C

BALANCE: CELL 2 (360-06-01 -016)&

THERMOCOUPLE: $//6 BALANCE: CELL 5 (360-06-01-039)_

- ‘;;’-”* ‘ew~~ “’C’’’’:””‘~ ‘!



Appendix D: Crossflow Filtration Raw Data



Appendix D: CrossfIow Filtration Raw Data

D.1
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,,

,;;

,?,.

slurry Filter Fittrete Filtrate
TotalTime LoopFlow Outlet FilterInlet Pressure Sample Timeof Flow Rate

Permeability ~kmte Perrneabiliiy

Condtiion Elapsed Rate Pressure Presaue Drop Volume Collection (mUsec) Filtrate Flux
(m/daybar) F,w (9P@Ps0

Number Time (Min) ~00 (9pm) (psig) (psig) (psig) (mL) (See) Slurry Temp C (m3/m2/day) a ~= (9P~)
1 454 ‘ 3 46 51 3 40 18.69 2.140 24.2 10.366 . 0.176754 0.003556
1
1
1
1
1
1

RAW

506 014 3.2 48.5 51 2.5 40 22.64 1.751 24,6 8.369 2.446 0.143012 0.002873
5:18 024 3 48 50 2 40 28.1 1.423 22.5 7.238 2.142 0.123393 0,002516
528 0:34 3.3 48 52 4 40 26,87 1.489 28.5 6.397 1.856 0.109046 0.002179
539 0:45 3,4 47 50 3 40 32.15 1.244 22,4 6345 1.897 0.108158 0.002228
548 0:54 3.5 47 51 4 40 30.59 1.308 24,3 6,317 1.870 0.107669 0.002196
5:56 1:02 3,4 47 50 3 40 28.34 1.411 28.4 6.082 1.819 0.103674 0.002136

AveragePressure = 49.17857 AvereryeFlow= 1.538 Average Flux = 6.795

Average SlurryFlow= 3.26 Filtrat: Wth FirstPokrt Removed

AZ-102 Sludge Flux vs. Time
at 49,2 pslg and 3.3 gpm

(Matrix 1, Condition 1)

lK!:~.-
L 0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

AZ-102 Sludge Permeability vs. Time at
49.2 pslg and 3,3 gpm
(Matrix 1, Condition 1)

I[!EEEEEI
000 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)



Slurry Filter Filtrate Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sampla Time of Flow Rate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection (mL/see)

Permeability ~hmte Permeability

Filtrate Flux
(m/day/bar) Flux (gpm/ft21psi)

Number Time (Mln) (9pm) (pslg) (pslg) (psig) (mL) (sac) Slurry Temp C (m3/m2/dav) (!lDM/ft2). . . . ., .-. ,
2 6:06 0:00 3 30”-” 31”
2 617 0:11 2.4 30 31
2 6:27 0:21 2.4 30 31
2 642 0:36 2.5 28 31
2 652 0:46 2.57 29 31
2 7:02 0:56 2.67 28 30
2 706 1:W 2.7 29 30

Average Pressure = 30
RAW Average Slurry Flow = 2.61

AZ-102 Sludge Flux vs. Time
at 30,0 pslgand 2,61 gpm

(Matrix 1, Condition 2)

i!!ii!i!i!!li~
L 0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:min)

1 40 30,12
1 40 36.35
1 40 34.88
2 40 46.2
2 40 36.5
2 40 45,75
1 40 49.19

AverageFlow=
Filtrate

1.328
1.100
1.147
0.666
1,096
0.874
0,813

1.032

21.4 6.970 3,314 0.118815 0.003893
22.7 5.564 2,646 0.094843 0.003107
27.3 5.094 2.422 0.086834 0.002845
20.9 4.610 2,229 0,078588 0,002618

25 5.191 2,509 0,088487 0.002947
26 4,027 2,014 0,068643 0.002365

21.7 4.231 2.080 0.072126 0.002443

Average Flux = 4.786
With First Point Removed

AZ-1 02 Sludge Permeability vs. Time at
30.0 pslg and 2.61 gpm
(Matrix 1, Condltlon 2)

l[iiiiii-
0:00 0:14 0:28 0:43 057 1:12

Time (hr:mln)



4./
.
!

‘j sky Filter Filtrate Filtrate

!

Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate
;, Condition Elapsed Rate Pressure Pressue Drop Volume Collection (mUsec) Filtrate Flux

T Number Time (Min) ~ ~ (9pm) (psig) (psig) (psig) (mL) (sac) Slurry Temp C (m3/m2/day)
-,: 3 726 2.4 75 75 0 40 32.19 1.243 27.8 5.443

3 737 0:11 2.7 65 67 2 20 40.03 0,500 23.1 2.497,.::,? 3 ?47 021 2.5 69 70 1 20 35 0.571 24.4 2,753:.;
3 757 0:31 2.4 68 70 2 20 32.75 0.611 28 2.660
3 8:07 0:41 2,45 69 71 2 20 37,03 0.540 22.3 2.762,‘;

,,,,

I
3 8:17 051 2.25 75 76 1 20 32,69 0.612 26.6 2.771

;; 3 8:27 1:01 2.47 66 68 2 20 34.47 0,580 25.2 2,733

‘1::. Average Pressure = 70.28571
,: RAW Average Slumy Flow= 2.45
).

AZ-1 02 Sludge Flux vs. Time
at 70.3 pslg and2.6 gpm

(Matrix 1, Condltlon 3)

;[!ii!::~
E- “ 0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

Average Flow= 0.665 Average Flux = 2,696
Filtrate Wih First Point Removed

AZ-102 Sludge Permeability vs. Time at
70.3 pslg and 2.6 gpm
(Matrix 1, Condltlon 3)

![E:Wn.-“
0:00 014 028 0:43 0:57 1:12

Time (hr:mln)

Penneabiliiy
(m/day/bar)

1.053
0.549
0,574
0,559
0.572
0.532
0.592

Filtrate
Permeabilii

Flux (9P-PsO

(9P~)
0.092797 0.001236
0.042573 0000645
0.046927 oa00s75
0,045354 0.000657
0.047087 0.000672
0.047236 0.oo0625
0.046586 0.000695



Slurry Filter Filtrate Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection (mL/sac)
Numbar Time

Filtrate Flux
(Min) ~ ~ (9pm) (psig) (psig) (psig) (mL) (ss0) Slurry Temp C (m3/m2/day)

4 8:45 ; 2.8 30 32 2 20 28.35 0,705 24.7 3,370
4 8:55 0:10 2.8 28 30 2 20 31.1 0.643 26.7 2.904
4 9:05 020 2.8 29 30 1 20 31,91 0,627 21.6 3,270
4 9:15 030 2.7 28 31 3 20 28.38 0.681 26.6 3.083
4 9:25 0:40 2,75 30 31 1 20 27.5 0,727 26.3 3.321
4 9:35 0:50 2.75 30 31 1 20 32.03 0.624 21.6 3.258
4 9:45 1:00 2.6 32 34 2 20 25.06 0.798 26,2 3.655

Average Pressure = 30.42857 Average Flow = 0.687 Average Flux = 3,249
RAW Average Slurry Flow = 2.74

AZ-102 Sludge Flux vs. Time
at 30.4 pslg and 2.7 gpm

(Matrix 1, Condltlon 4)

m!i:~
k 0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:min)

Filtrate With First Point Removed

AZ-1 02 Sludge Permeability vs. Time at
30.4 pslg and 2.7 gpm
(Matrix 1, Condition 4)

l!!!5:-
000 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

Permeability
(m/day/bar)

1.5n
1.453
1.608
1.516
1.579
1.549
1,606

Filtrate
Permeability

Flux (gpm/tt2/psi)

(9pm~2)
0.057446 0.001852
0,049512 0.001708
0.055752 0.001889
0,052557 0.001780
0.056622 0.001855
0.055544 0.001820
0.082309 0,001887



“

.1 slurry Filter Filtrate Fittrate
::,...
“1

Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate

; Condition Elapsed Rate Pressure Pressue Drop Volume Collection (mUsao) Filtrate Flux
4q Number Time (Min) ~ ~ (9pm) (psig) (psig) (pslg) (mL) (See) Slurry Temp C (m3/m2/day)
-4 6 9:56 3.3 46 49 3 20 18.63 1.074 23.9 5.245
... 6 10:08 0:12 3.22 46 49 3 20 18,28 1.094 25.1 5.168
:>.. 6 10:18 0:22 3.22 57 60 3 20 19.04 1.050 28.2 4.551$

6 10:28 032 2.75 55 58 3 20 22,25 0.899 22,6 4,55a
6 10:38 042 2.62 50 52 2 20 23,08 0.867 26 3.994

q
:+ 6 10:48 0:52 2,62 50 52 2 20 22.81 0.877 27.5 3.873

{ 6 1058 1:02 2,9 46 50 4 20 33.65 0.594 22.5 3,022

‘!
,.,.<,
4 Average Pressure = 51.42857 Average Flow = 0.922 Average Fiux = 0.072~

RAW Average Slurry Flow = 2.95. Filtrate With First Point Removed

i~

AZ-102 Sludge Flux vs. Time
at 51.4 pslg and 3,0 gpm

(Matrix 1, Condttion 6)

ll~!!!~--’u. 0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

AZ-102 Sludge Permeability vs. Time at
61.4 pslg and 3.0 gpm
(Matrix 1, Condltlon 6)

JJliEE
000 014 0:28 0:43 0:57 1:12

Time (hr:mln)

Permeability
(m/day/bar)

1.602
1.578
1.128
1.170
1.136
1.101
0.913

Filtrate
Penneabilii

Flux (9P~~Ps0

(9P~)
0.089419 0.001881
0.088093 0,001853
0.077583 0,001325
0,077695 0.001374
0.088092 0.001334
0.066025 0.001294
0.051521 0.001073



slurry Fiiter Filtrate Fittrate
Total Time Lmp Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate
Elapsed Rate Pressure Presaue Drop Volume Collection (mtJsec)

Number Tima (Min) ~ ~ (9pm) (psig)
7 13:14 : 4,9
7 13:26 0:12 4.5
7 13:36 022 4.5
7 1345 031 4.5
7 13:55 0:41 4,4
7 1355 0:41 4.4
7 1406 052 4.5
7 1414 1:00 4.5
7 14:14 1:00 4.5
7 14:14 1:00 4.5
7 14:14 1:00 4.5

(psig)
23
28
27
27
29
29
28
29
29
29
28

(psi)
27
31
“30
31
32
32
3’1
32
32
32
32

AveraftePressure= 29.5
RAW Average Slurry Flow = ~.52

AZ-102 Sludge Flux vs. Time
at 29.6 pslg and 4.6 gpm

(Matrix 1, Condition 7)

0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

(mL) (sac) ‘
4 20 25,35
3 20 22.56
3 20 21,37
4 20 21.57
3 20 22.38
3 20 18.18
3 20 19,56
3 20 21.85
3 20 23.04
3 20 22.03
3 20 23.1

0.789
0,887
0.936
0,927
0.894
I.lfx)
1.022
0.915
0.868
0.908
0.866

AverzmeFlow= 0,919

Permeabiiiiy Fitimte Permeability

Fiitrate Flux
(rnldaybar) Flu (gpmKt2/psi)

Slurry Temp C (m3/m2/day)
27 3.534

21.4 4.653
26.9 4.203
24,5 4.454
21.3 4,704
21.3 5,790
27.1 4.567
23.8 4.485
23.8 4,253
23.8 4.448
23.8 4.242

Averafre Flux= 4.580
Fikk With l%st Point Removed

AZ-1 02 Sludge Permeability vs. Time at
29,6 pslg and 4.6 gpm
(Matrix 1, Condttlon 7)

4

‘eeeee

000 014 0:28 043 057 1:12

Time (hr:mln)

2.050
2.287
2.139
2.228
2.237
2.753
2,245
2.133
2.023
2.115
2.017

(9@fW
0.060239
0.079315
0.071656
0.075930
0.080184
0.098708
0,077853
0.076458
0.072509
0.075833
0.072320

0,002408
0.002687
0.002512
0,002616
0.002627
0.003234
0,002637
0.002505
0,002376
0.002485
0.0023s9



:.2

slurry Filter Filtrate Filtrate
Totsl Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate

Condition Elapsed Rate Pressure Pressue Drop Volume Colledon (mL/see) Filtrate Flux

Number Time (Min) ~ ~ (9pm) (psig) (psig) (psig) (mL) (ss0) Slurry Temp C (m3/m2/day)

1 2351 ‘ 3.2 49 50 1 20 17.71 1.129 24.7 5.394

1 0:01 0:10 3.2 47 50 3 20 37.65 0.531 24.7 2.537

1 0:17 0:16 2.5 50 52 2 30 55.1 0,544 24,7 2.601

1 0:27 026 2.6 53 52 -1 30 95.02 0.316 24.6 1.512

1 038 0:37 2.4 53 57 4 30 87.37 0,343 25.2 1.617

1 0:46 0:45 2.4 52 55 3 20 80,88 0.329 28.3 1,419

1 0:52 0:51 2,7 45 50 5 20 65.05 0.307 25

Average Pressure = 51.07143 Average Flow = 0.500 Average Flux =

RAW Average Slurry Flow = 2.71

AZ-102 Sludge Flux vs. Time
at 51.1 pslg and 2.71 gpm

(Matrix 2, Condition 1)

u.

IL

Time (hr:min)

Perrneabilii
(m/day/bar)

1.581
0.759
0.740
0.418
0.426
0.385

Filtrate Perrneabilii

Flux (9P-PSI)

(9P~)
0.091959 0.001856
0.043258 0.000891
0,044338 0.000869
0.025782 0,000491
0.027588 0,000501
0,024197 0.000452

Filtrat; First point removed

1.456 0.445 0.024825 0.000522

1.857

AZ-1 02 Sludge Permeability vs. Time at
61.1 psig and 2.71 gpm
(Matrix 2, Condition 1)

~JEiii!~
000 0:14 0:28 043 0:57

Time (hr:mln)

,?i



Slurry Filter Filtrate Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate Permeability Fikmte Permeability

Condtion Elapsed Rate Preaaure Pressue Drop Volume Collection (mtkec) (mldayhar) Flux (9pmmpsi)

Number Time
Filtrate Flux

(Min) ~ ~0 (9pm) (psig) (psig) (psig) (mL) (See) Slurry Temp C (m3/m2/day)
2 1:15 : 2.2 30 31 1

(9Pm/ft2)
30 54.49 0.551 26.6

2 1:26 0:11 2.18 28
2 1:36 0:21 2.5 27
2 1:45 0:30 2.1 28
2 1:56 041 2,18 28
2 2:06 0:51 2.3 27
2 2:16 1:01 2.4 27

Average Pressure =
RAW Average Slurry Flow = 2,27

30 2 30 84.17 0.356 22.8
30 3 20 57.28 0,349 22.6
30 2 20 55.35 0,361 26.9
30 2 20 64.28 0.311 22.1
30 3 20 62.45 0.320 22.6
30 3 20 57.41 0,348 27.2

AZ-102 Sludge Flux vs. Time
at 29.0 pslg and 2,27 gpm

(Matrix 2, Condition 2)

liwii!!!~
L 0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

29 Average Flow= 0,371 Average Flux =
Filtrate First point removed

AZ-102 Sludge Permeability vs. Time at
29.0 pslg and 2.27 gpm
(Matrix 2, Condition 2)

li&-
0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:min)

2,493 1.186 ‘0,042507 0,001393
1,797 0.899 0.030632 0,001056
1.770 0.901 0.030180 0.001056
1.623 0.812 0.027666 0.00Q953
1.600 0.600 0.027282 0,000940
1.624 0.826 0,027682 0,000971
1.552 0.780 0.026452 0.000927

1,661



slurry Fitter Filtrate Filtrate
Totsl Time Loop Flow Outlet Fitter Inlet Pressure Sample Time of Flow Rate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection (mL/see) Filtrate Flux
Number Time (Min) ~ ~ (9pm) (psig) (psig) (psig) (mL) (See) SlurryTemp C (m3/m2/day)

3 251 ‘ .2.05 65 70 5 21 41.81 0.502 26 2.313
3 300 0:09 1.66 60 65 5 20 56,99 0.351 24.9 1.667
3 311 020 1.9 85 68 3 20 53.53 0.374 25.1 1.765
3 324 033 1.83 70 70 0 20 52.62 0.380 25.1 1.795
3 3:35 0:44 2.35 88 68 0 30 79.94 0.375 26.1 1.724
3 3:45 054 2.34 68 70 2 20 49.72 0.402 27.7 1,767
3 357 1:06 2 70 72 2 20 55.81 0.358 25.3 1.683

1;,:“. Average Pressure = 67.76571

? RAW Average Slurry Flow = 2,05
;.*

AZ-102 Sludge Flux vs. Time
at 67,8 pslg and 2.06 gpm

(Matrix 2, Condition 3)

!ll!!!!~~--’
E 0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

Average Flow= 0.392 Average Flux = 1.733
Filtrat; First ~int removed

AZ-102 Sludge Permeability vs. Time at
67.8 psig and 2.05 gpm
(Matrix 2, Condition 3)

~[E~

000 014 028 0:43 057 1:12

Time (hr:mln)

Permeabilii
(m/day/bar)

0.497
0.387
0.385
0.372
0,368
0.371
0.344

Filtrate
Permeability

Flux (9P~ps0

(9PmffQ)
0,039434 0.000584
0.028416 oaoo454
0.030083 0.000452
0.030603 0.000437
0,029381 0.000432
0.030123 0.000436
0,028692 0.000404



slurry Filter Filtrate Fittrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate

Permeability

Condition Elapsed Rate Pressure Pressue Drop Volume Collection (mtJsec) Filtrate Flux
(m/day/bar)

Number Time (Min) ~ ~ (9pm) (psig)
4 4:14 ‘ 2.7
4 4;25 0;11 2.9
4 4:35 0:21 2.9
4 4:46 032 3
4 4:58 0;44 3
4 5:11 057 3
4 5:15 1:01 2,9

(psig) (psig) (mL) (See)
30 30 0 20 32,66
28 30 2 20 46,8
29 32 3 20 42.18
30 32 2 20 40,88
28 32 4 20 48,06
28 32 4 20 40.38
30 33 3 20 35.37

Slurry Temp C (m3/m2/day)
0.612 27.4 2.712 1.311
0.427 23.5 2.112 1.056
0.474 25 2.246 1.068
0,489 27 2,191 1.025
0.416 22.4 2.122 1.026
0,495 28.5 2.128 1.029
0.565 26,2 2.590 1.192

Average Pressure = 30.28571
RAW Average Slurry Flow = 2,91

AZ-102 Sludge Flux vs. Time
at 30.3 psig and 2.91 gpm

(Matrix 2, Condltlon 4)

+++0 ●+

I& 0:00 0:14 0:28 043 0:57 1:12

Time (hr:min)

Average Flow= 0.497 AverageFlux= 2.231
Filtrate First @lnt removed

AZ-1 02 Sludge Permeability vs. Time at
30.3 pslg and 2.91 gpm
(Matrix 2, Condition 4)

[[!EEEE33
0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

Filtrate
Permeability

Flux
(gpm/ft21psl)”

(9P~2)
0.046240 0.001540
0.036002 0.001241
0.038286 0.001254
0.037354 0.001204
0,036176 0,001205
0.036281 0.001209
0.044146 0.001400



;:
.
II

slurry Fitter Filtrate Filtrate

i
Total Time Loop Flow Outlet Fitter Inlet Pressure Sample Time of Flow Rate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection (mUsec)
[ Number Time

Filtrate Flux
(Min) ~ ~ (9pm) (psig) (psig) (psig) (mL) (See) Sluny Temp C (m3/m2/day)

.-. 6 524 q 2.5 49 51 2 20 37.02 0.540 22,5 2.747
6 538 0;14 2,7 47 52 5 20 42.48 0.471 28.2 2040

~,.., 6 549 025 3.5 43 50 7 20 107.76 0,186 23.4 0.920
j 6 5:59 035 3.3 45 50 5 10 48.59 0,206 24.6 0.986

6 613 049 3.35 42 48 6 10 51.75 0.193 25.5 0.902
~ 6 627 1:03 3.2 45 52 7 10 48.75 0.205 24,6 0.983.,

‘~ Average Pressure = 47,83333 Avereae Flow= 0,300 Averefre Flux=
.:.
i

RAW Average Slurry Flow = 3.09
,f.
,X

Filtrzk First p;int removed

AZ-1 02 Sludge Flux vs. Time
at 47.8 pslg and 3.1 gpm
(Matrix 2, Condltlon 6)

4

● * ● ●

,

0:00 0:14 0:28 0:43 0:57 1:12

Time (hnmln)

AZ-102 Sludge Permeability vs. Time at
47.8 pslg and 3.1 gpm
(Matrix 2, Condltlon 6)

WEiii=
a.- o

0:00 014 028 0:43 0:57 1:12

Time (hr:mln)

1.166

Penneabiliiv

0.797
0.598
0.287
0,301
0.291
0.294

Filtrate
Permeabilii

Flux (9P*Ps0

(9P~)
0.046631 0.000936
0.034774 0000702
0.015680 0,000337
0.016806 0.000354
0.015385 0.000342
0,016751 0.000345



slurry Filter Filtrate Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate

Condition Elapsed Rate Pressure Pressue Drop Volume Collation (mtkec)
Number Time (Min) ~ ~ (9pm) (psig)

7 6:43 : 3,8
7 6:53 0:10 4
7 7:03 020 4.05
7 7:14 0:31 3.95
7 7:23 0:40 4
7 7:33 0:50 4.05
7 7:43 1:00 3,95

(psig)
28
27
27
28
28
28
28

(psig)
30
30
30
31
32
32
32

Average Pressure = 29.35714
RAW Average Slurry Flow = 3.97

AZ-102 Sludge Flux vs. Time
at 29.4 pslg and 4,0 gpm

(Matrix 2, Condition 7)

0.080000
~ - 0,060000 *t
ii

%

● ***O*

g ~ :::% -

-- 0.000000- ,IL ,

0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:mln)

(mL) (ss’0)
2 20 29.77
3 20 32,59
3 20 31.59
3 20 33.84
4 30 42.5
4 30 49.74
4 30 50.48

Average Flow =

0,672
0,614
0.633
0.591
0.706
0.603
0.594

0,630

Penneabiliiy ~Kmte Permeability

Filtrate Flux
(m/dayhar) ~lux (gpm/ft2/psi)

Slurry Temp C (m3/m2/day) (9pmfi2)
22 3.465 1.733 0.059076 0,002038

24,3
26.8
21.8
27.1
24.7
22.5

Average Flux =
Filtrate First point removed

AZ-’IO2 Sludge Permeability vs. Time at
29.4 pslg and 4.0 gpm
(Matrix 2, Condition 7)

g:;=, ,

f
!!!

0,001500- ● ● 60 4 4

E
0.001000-

aI ~ 0.000500-
n -0.000000 a ,

000 014 0:28 0:43 0:57 1:12

Time (hr:mln)

2.965 1.509 0,050540 0,001772
2.851 1.451 0,048609 0.001704
3.066 1.508 0.052271 0,001771
3.153 1.524 0,053746 0.001790
2,881 1,393 0.049113 0,001636
3.022 1.461 0.051515 0.001716

2S90
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PNNL Test Instruction Document No.: BN3?L-TP-29953-078
Rev. No.: O

Title: BNFL Ultrafdtration Physical Testing: AZ-102

Work Location: Radiochemical Processing Page 1 of 12
Laboratory

Author: Paul Bredt Effective Date: Upon Final Approval
Supersedes Date: New

Use Category Identiilcation: Reference

Identiiled Hazards:
Radiological.

_ Hazardoush&@il.k
Physical Hazards—

_ HazardousEnvironment
_ Othe~

Required Reviewers:
~Techn.ical Reviewer

Are One-Time Moditlcations Allowed to this Test Instruction? &Yes — NO

NOTE: JfYes, then modificationsare not anticipated to impact safety. For documentationrequirementsof a modification
see SBMSor tie controllingProject QAPlan as appropriate.

On-TheJob Training Required? _ Yes or ~No

FOR REVISIONS:
Is retraining to this procedure required?—Yes X No

Does the OJ’T package associatedwiththisprocedurerequirerevisionto reflectprocedurechanges?
Yes No X NIA

Approval Signature Date

.~—.. ..,.-. ,..w%.;;,..: J* ,, —-,>. ... -



PR Bredt
January 17,2000

Test Instruction:TI-29953-078
Page 2 of 12

BNFL Ultrafiltration Physical Testing: AZ-102

al=

This test instruction defines work to be conducted on slurry samples collected during the

ultrafiltration of materials from tanks 241-AZ-102. Under this test instruction, samples of the

concentrated slurry (CUF-AZ102-OO6), caustic leached slurry (CUF-AZ102-O12), and final slurry

(CUF-AZ102-O25) wdl be analyzed for select physical propernes.

This test instiction provides details regarding the implementation Of Technical Procedure 29953-

010. Client expectations for successful achievement of project data needs have already been

established via the ultrafiltration test specifications provided to Battelle by BNFL. This test

instruction is an internal mechanism for the cognizant scientis~ to communicate to staff specifics

on procedure implementation.

General Instructions:

1) Keep the sample in a sealed container as much as possible to prevent it fi-om drying.

2) Sign and date the bottom of each page when the requested analyses are complete.

3) Cross-contamination beween samples and contamination of samples from outside sources

must be minimized at each step. Use new tools and bottles for each sample as much as

possible. Those tools which me reused should be washed and rinsed prior to reuse.

M&TE List:

/

‘@ Balance 1:

8

f
Calib ID 38g-6~-bl-o>3

bcation 3J+- ~1,[~d~

Balance 2:

Calib ID

Location

&Calib Exp Date

I -1%. baa /00.000/
%“

I 00 .Od 1
s

*.00Q
1-

Calib Exp Date

- b14/oD



PR Bredt Test Instruction:TI-29953-078
January 17,2000 Page 3 of 12

Work Instructions

1)

2)

Thoroughly agitate samples CUF-A.Z102-006,CUF-AZ102-012, and CUF-AZ102-O25 and

transfer -8 ml of each in duplicate into preweighed graduated 10 ml centrifuge cones. These

cones need to be rate for use at -105°C. Weigh the loaded centrifuge cones.

Total ~~. 6?g g Total a?, ;-7
g

Tare $La. 33< v Tare 20, I(f vd a
slurry )?. .3S-s 3 g slurry tb 39 ? g

/

Total g Total iL , 7?2 g
Tare ;5, 779 Tare iq.t3q2 g
slurry 7. 18f? g slurry 7 0?I 1? g

25B .,
Total ~;”z$ Totalz

2g fb”j g ..<

Tare \~ %T%L Tare i4. ist7 g“ -z
slurry y.q 73 g sky b.745 g

Agitate the cones and record the time and date. (d.t ,c+~ykf$

“q>

‘/i4/28du



PR Bredt Test Instruction: TI-29953-078
January 17,2000 Page 4 of 12

3) One hour after agitation, record the volume of the total sample and the volume of settled

solids.

Date Time

6A 6B
“Total ml Total ml
Solids ml Solids ml
Liquid ml Liquid ml

12B
Total ml Totil

.+

ml L..-f’
Solids ml Solids ml
Liquid ml Liquid ml

“’’’’s+”’“’’w”—

.

Signature



PR Bredt Test Instruction:TI-29953-078
Janwiry 17,2000 Page 5 of 12

Note:

The following steps (4-9) are used to record data from the settling study. It is not necessary to
record data in each step or at the specific time as stated, but data should be record as often as
possible to document the stabili~ of the final volume measurements in step 9.

4) Before the end of the shift (day 1), record the volume of the total sample and the volume of
settled solids.

6A
Total g ,t ml
Solids 7~6 ml
Liquid 0-3 ml

Total L. v ml
Solids k. 3 ml

Liquid 0.( ml

25A

Total 7 .q ml

Solids -/. n ml

Liquid (9-L d

6B
TOZIJ ~~
Solids 7’~ ml

Liquid O-A ml

12B

Total c=. g ml
solids 6.3 ml
Liquid 0{( ml

25B
Total 7 s ml
Solids 7:4 ml
Liquid O‘ ! ml

‘i-e?+
,. . .“., ,., ~-7-- -~ ~ : ~:,. . <.!$,. , . . ..

. ,,----- —-



PR Bredt Test Instruction: TI-29953-078
January 17,2000 Page 6 of 12

5) At the start of the next day (day 2), record the volume of the total sample and the volume of
settled solids.

25A 25B
Total y. ‘fS ml Total 7.00 m]

Solids 7< L~ ml Solids &.%~ m]
Liquid ~-2-S ml Liquid O.~Q m]

6) At the end of the day (day 2), record the volume of the total sample and the volume of settled
solids.

25A 25B
Total 7. ~ == ml Total ~. ~ ml
Solids 7. ~ ml Solids L - K ml
Liquid f)-=< ml Liquid O-L ml

‘iw’re+”ate‘-A-”’



PR Bredt Test Instruction:TI-29953-078
January 17,2000 Page 7 of 12

7) At the start of the next day (day 3), record the volume of the total sample and the volume of
settled solids.

~ybYO~

Date ~“~ ~‘2°- Time _

6A 6B
Total 7’.7 ml Total ~ ml
Solids 7<3 ml Solids 7
Liquid ~- ~

d ‘i’luid L;

8) At the end of the day (day 3), record the volume of the total sample and the volume of settled
solids.

Total & & ml Total 6-EL ~ “

Solids 6.0 rd Solids L. o n-d
Liquid 0- Z ml Liquid ~.~m]

25A 25B
Toti 7~ .>- ml Total “70
Solids 7S ( ml Solids L JL
Liquid ~- ~ ml

‘quid +:

‘i=mree”ate‘-a’--
.—-.——a... ,.,, ... .. , .,.-?/,-------- . . . . , — -,’.-.--.-—.— , mz.- e-- . ...— ,.. -



ql.~e$y; ~PR Bredt Test Instruction:TI-29953-078
January 17,2000 Page 8 of 12

9) At the beginning of the next day (day 4), rec rd the vo ume of the total sample and the volume
of settled solids.

““e%”
The iO ~~

Total 7;% ~]
Solids 7:3 ml
Liquid ~ml

25B

Total -?, o ml
Solids L &

‘ 44
‘quid ~~

10) Transfer a sample of the settled supernatant into a preweighed graduated cylinder and record
the mass and volume of the supematant. Return the supematant to the centrifuge cone.

6A
Total
Tare
Liquid
Liquid

Total
Tare
Liquid
Liquid

Totzd
Ta-e . -. “--

Liqyyi& g Liquid g
cMquid Liquid ml

v

~Y%/if

si.a.re=: ‘a’em



PR Bredt
January 17,2000

-cl~- 2

d
tw.~%r3-

yoo :
J n’ WJ

r-
@ Test Instruction:TI-29953-078
V+$$ Page 9 of 12

11) Centrifuge the cones at -1000 x g for one hour. Reweigh the centrifuge cones and record the
volume of the total sample and volume of centrifuged solids.

s- l/aq/@ @ /1: 25

Tozd 7(8 ml
Solids g. [ ml ,
Liquid .T, ? ml

Total 7.7 ml
Solids J .0 ml
Liquid 5$1 ml

‘i”mreeDa’e*-



PR Bredt Test Instruction: TI-29953-078
Januaxy 17>2000 Page 10 of 12

12) Decant as much of the centrifuged supematant as possible to a preweighed graduated cylinder
and record the mass and volume of the supematant. Weigh the solids left in the centrifuge
cone.

Liquid+Grad 3 i, ~Aa Liquid+Gradz
Grad as*48& g Grad
Liquid S(GY g Liquid

Liquid -=c 5’,5 S ml Liquid
~, I,c16~g/&

Solids+cone 23$[71 g Solids+cone

Cone ao.33T g Cone
Solids 2.83L g Solids

Solids+cone 22,0(7 v Solids+cone ‘ZL. iO$d $3
Cone iq. 770 g Cone i9. A739 g
Solids 2. a~7 g Solids z.z~+ g b N@’+ti

Liquid+Grad
Grad
Liquid
Liquid

Solids+cone
Cone
Solids

Grad
Liquid
Liquid

“ &’=Loq

i.

Signature Date / ‘=-~
u
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3S&i~& Test Instruction: TI-29953-078

January 17,2000 Page 11 of 12

13) Transfer the decanted supematant to preweighed 20 ml vials with lids rated to 105”C. Weigh
the loaded beakers.

lAJ-i3i-
12BL

Total 17. ~q~ Total3
Tare 17.oj~ 2
Supematant 0.730 g“ :Gma~t

25A.L 25BL
Total l$eogc

43 Total
Tare ;7,018 g Tare 163 ~z

g
Supernatant a.ob~ g Supematant

-q’
14) Air dry the solids and liquids overnight to minimize splatte nek= step.

Consult the cognizant scientist on the use of a heat lamp or other drying technique to speed up
this preliminary drying.

15) Transfer the solids and liquids to an oven at 105”C for 24 hours.

16) Remove the solids and liquids from the oven and cap the vials. Allow the vial to cool -1 hour
and reweigh.

6AL

. . ,..-,-.”------- , . ,W, . . . - ----- . .. .. -s,. -,. . . - ---T<--’--.-,.3: .,., .--3 -.-— --.--5--



PR Bredt
January 17,2000

25AL
Total /7.0s3 s
Tare [7.o[g g
sample 0.03s g

w -/4

Sqd.7— 0%6s
.3

Test Instruction:TI-29953-078
Page 12 of 12

&
25

Total
Tare
Sam

25B
Total 1?, ?7? g
Tze I?. lsc g
sample ~
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Work Location: Radiochernical Processing Page 1 of 3
Laboratory

Author: PauI Bredt Effective Date: Upon Final Approval
Supersedes Date: New

Use Category Identitlcation: Reference

IdentMed Hazards: Required Reviewers:

Radiological ~ Technical Reviewer ~ Project Manager
—
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Physical Hazards _ Radiological Control _ SFO Manager—
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FOR REVISIONS:
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Yes No X N/A

Approval Signature Date

Author P.J 5~== VIrlcm

‘4
/ id C*TechnicalReviewer



PR Bredt Test Plan: BNFL-TP-29953-078 Addendum
01/18/00 Page 2 of 3

BNI?L Ultrafiltration Physical Testing: AZ-102

*

This addendum define the preparation of sample AZ-102 CUF Rinse for physical properties

testing under test instruction 29953-078. Sample AZ-102 CUF Rinse was generated by rinsing of
the CUF unit after the AZ-102 run. AZ-102 CUF Rinse, in a 500 ml glass jar, contains roughly 200
ml of solids. These solids need to be characterized prior to use in the HLW Vitrification task.

The liquid in AZ-102 CUF Rinse will be decanted. The density of this liquid will then be

measured. The settled solids will then be mixed using a spatula and a 20 ml subsample of the

settled solids will then be collected. The liquid will then be added back to the settled solids in the

500 ml jar. The 20 ml of settled solids will then be analyzed for solids content under Test
Insmction 29953-078 in parallel with samples CUF-AZ102-OO6, CUF-AZ102-012, and CUF-
AZ102-O25.

@+. *.c m*-r&* 3L>- oL.-ot-~4l

Tr-etit i &cc”cc\
Work Instructions tie. s ‘J& ~ ~f-1~ ‘/[Y/20-TCOL. Gs

1) Label a clean 500 ml jar “AZ-102 WASH SUP”. Record the mass of the empty jar.

AZ-102 WASH SUP
a

T%& [c)S,TO
g it..S.yr

2) Record the mass of AZ-102 CUF RINSE.
A=fit< bb-i dj

@ AZ-102 CUF RINSE ( si~~ C<N&. @Gi) i-t3-5W;)

Fli *&oTotal g
Tare SSY.7S6

slurry 456.q~4 g

3) Decant as much supematant as possible from AZ-102 CUF Rinse and transfer to AZ-102
WASH SUP. Record the new mass of AZ-102 WASH SUP and AZ-102 CUF RINSE.

Total
Tare
sup

AZ-102 WASH SUP AZ-102 CUF RINSE

3;$W ~ Total 5 f 3,70 g 3

~@.~ 7. 0 g Tare 3SY.7SG g. .I 7, 4 g Solids ? 35, 9Y g

/.

‘i”amreF—‘ate‘-”--



PR Bredt Test Plan: BNFL-TP-29953-078 Addendum
01/18/00 Page 3 of 3

4) Transfer -9ml of liquid from A.Z-102 WASH SUP to a preweighed 10 ml graduated cylinder
(or a 5 ml graduated cylinder maybe used with -4 n-dof liquid). Record the mass and volume
of liquid in the graduated cylinder. Discard this liquid after the mass and volume have been
recorded.

5) Label a clean 20 ml vial AZ-102 MN. Record the mass of the empty vial. y d~

c- Ma

AZ-102G <w a)
.-

Tar.z )_lc053 ,)
) h’ r+

6) Mix the solids in AZ-102 CUF Rinse with a spatula and transfer -20 ml to AZ-102 I&N.
Record the new mass of AZ-102 R4W. W A ~a # hz-lozcb~ U<. SL

7) “Transfer the liquid in AZ-102 WAS SUP back into AZ-102 CUF RINSE. Record the new
mass of AZ-102 CUF RINSE.

A.z-102 CUF tiNSE

8) Perform solids analysis on AZ-102 CUF RINSE as defined under Test Instruction 29953-078.

--
.—-. ... .

‘Tr’



BNFLUlkefiltretlonPhyalaalTeatlng:Feed Charaoterlzatlon
AZ-102 - FilteredSlurry
~~{fifiy#f~f~W a~a~ -J ~n,~h
............... ..... ...............
R.G. Swoboda

BNFL-TP-29962-078

Step 1 Step 9 Siep 10
TargetInltlelvolumegreduetlonmark(8 or9 mL)
Slurry, In 10ml centrifugemne

Sample ID
Vol% Settlad Solid In aone after 5 daya

deao. Abbrav. ID Maaa, g Volume, ml Danaity
Settlad Suparentanl transferred to grad altar 5 daya

Averega RPD voluma, ml Vol % Averaga RPD
CUF-AZI02.006.A aam. GA 8,553 7.80 1.10 i ,09

Mace,g Voluma,ml
1E% 7,30 93.6%

CUF-AZI02-006-B
98.5%

dup. 6-s 8,321 7.70 1,08
6.0% mlnlmal Ilquld vislbla

7.65 99.4%
CUF-AZI02-012-A earn, 12-A

mlnlmal IIquld vtalbla
7.186 6.20 1.16 1.16 o,6% 5.90 95.2%

CUF-AZI 02-01 2-B dup. 12-s 7.~16
96.6% 3.3% mlnlmal Ilquld vtalbla

6.10 1.f7 6,00 98,4%
CUF-AZI02-026-A earn. 26-A 7.993 7.60 1.05 1.05 0.2%

mlnlmal liquid vialbla
7.10 93.4%

CUF-W102-O26-B
96.3%

dup. 26-B 6.745 6.40 1.05
9.9% mlnlmalIlquldtialble

6.60
AM 02-Wash-A earn, WA

103.1%
8.261 7.75

mlnlmal Ilquld kialble

AZ102-Waah-B
1.07 1.07 0.4% 6.85 88.4% 88.6%

dup. W-B 6.186 7,65 1.07
0,6% mlnlmal Ilquld vfsibla

6,80 88.9% mlnlmal Ilquid vlalbla

atler 105 deg C
step 12 and Ihr CWI [
Wat Dry Wt Fraction l/vtO~ Solkja

Sampla Tare Total Sampla Total Sample Dry SolIda Watar Superente Undkadved Total
6-A 20.335 23.171 2.836 21.519 1.164 0.417 0.563 0.591 13.56%
6-AL 16.827 22.364 5.537

14.8%
16.908 0.081 0.015 0,965

6-B 20.118 22.875 2.757 21.266 1.146 0.416 0,584 0.593 13.49%
6-SL 16.682 22.267 5.385

14.6%
16.966 0.084

124
0.016 0,964

19.770 22.017 2.247 20,615 0.645 0.376
12-AL

0,624 0.692
17.012 17.742

9.62% 12.8%
0.730 17.064 0.072

12-s
0.099 0.901

19.834 22.106 2.274 20.680 0.846
12-SL

0.372 0.628
17.031

0.706 9,40%

21.678 4.647
19.1%

17,544 0.513
26+4

0,110 0.690
19.992 22,343 2.351 20.756 0,766 0.326 0.674
~7.018

0,666

19.060
9.24% 10,0%

2.062 17.053 0.035

gpg~i&&$ &~.: ,‘Y$Ytx%$yyi$im $=w$w?$$$qp%i .,,

0.017 0.983 ,
%NHiiyyi&i/$&/xii# g+m<%uywW.;, .<..l.y<;$,>~~ ~,~~:$.+j.~~~>*.>~+=$~$y.>+~:~~.t~>$+y<y?:q < .$ * ‘

.$ &&&ii@g iii&MK?iw$#&$N$kkRk@$ ‘w+l..ki$&&N$$.wNk;$ gg$bss%:i:jpxy;+$ ,,&,:$&~
?>*Y:.Z:2??2....?Re. .. .

19.269 21.694 2.625

.. ...;;~ygf

W-AL 16.962 22,463
10.8%

5.501 16:992 0:010 0:002 0:996 .
W.s 19.015 21,568 2.553 19.667 0,652
W.SL

0.334 0,666
17.015

0.667
22.522

10.38%
5.507

10!5%
17.022 0.007 0.001 0.999

Tabla for Reporting
Density, glml Vol% SolIda Wt% SolIda

Sampla ID dew, Abbrev. ID slurry Supematant Centrifuged SolIda Sattled Centrifuged Sattled Centrifuged Total Undleaolwd
CUF-AZ102JJO6-A aam. 6-A 1!10 1.016 1.35 93.6% 26.9% 94.1% 33.2% 14.6%
CUF-AZI02-006-B dup. 8-B 1.08 1.015

13.6%
1.36 99.4% 26,0% 95.7% 33.1% 14.8% 13.5%

CUF-AZI02-012-A earn. f2-A 1.16 1.129 1.36 95,2% 26.6% 95,3% 31 ,3% 12.6%
CUF-AZI02-012-B dup. 12-s 1.17 1.066

9,6%
1.34 96.4% 27.9% 96.2% 31 ,9% &i&~&y 9,4%

CUF-AZ102-O25-A earn. 26-A 1,05 1.040 i ,24 93.4% 25.0% 94.8% 29.4% 10.0% 92%

CUF-AZ102-O25-B dup. 26-S 1.05 1.040 1.17 103.1% 26.6% 93,8% 29.6%
AZ102-Waah-A earn. W-A

9.5% ~i=~q
1.07 0.964 1.25 66.4% 27.1 % 66.7% 31 .8% 10.6% 10<4%

AZ102.Wash-B dup. W-S 1.07 1!011 1.22 86.9% 27.5% 69.5% 31.2% 10.5% 10.36%
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Appendix F: Rheograms for AZ-102 and
Standards
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Appendix F: Rheograms for AZ-102 and Standards
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Figure 1. 50 CPBrookfield Standard Lot 102298 Analyzed on 1/7/00 Using the In-Cell Remoted
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Figure 3. AZ-102 Initial Slurry (5.1 wt% Solids) Sample 1 Run 2
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Figure 4. AZ-102 Initial Slurry (5.1 wt% solids) Sample 2 Run 1
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Figure 5. AZ-102 Initial Slurry (5.1 wt% solids) Sample 2 Run 2
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Figure 6. AZ-102 Initial Slurry (5.1 wt% Solids) Sample 2 Run 3
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Figure 7, AZ-102 Concentrated Slurry (13,6 wt% Solids) Sample 1 Run 1

I

3

1

i 1 1 1 1 i 1 I 1

80

70

60

50

~
u

40,:
0
Q
,-
:

30

20

10

0

1 0 100 200 300 400 500 600 700 800 900 1000

Shear Rate (1/s)



Figure 8. AZ-102 Concentrated Slurry (13.6 wt% Solids) Sample 1 Run 2
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Figure 9. AZ-102 Concentrated Slurry (13.6 wt% Solids) Sample 2 Run 1
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Figure 10. AZ-102 Concentrated Slurry (13.6 wt% Solids) Sample 2 Run 2
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Figure 11. AZ-102 Concentrated Slurry (13.6 wt% Solids) Sample 2 Run 3
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Figure 13. AZ-102 Final Slurry (9.2 wt% Solids) Sample 1 Run 1
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Figure 15. AZ-1 02 Final Slurry (9.2 vA% Solids) Sample 2 Run 2
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Appendix G: Key Personnel Affiliated with AZ-
102 Testing



Appendix G: Key Personnel Affiliated with AZ-I 02 Testing

Name Responsibility Telephone/email
EugeneMorrey BattelleProjectManager (509) 376-1982

eugene.morrey@,p n].uov

Dean Kurath Battelle Project Engineer (509) 376-6752

dean.kurath@,p nl.gov

Kriston Brooks Ultrafiltration Task Manager, (509) 376-2233
Filtration and CUF Testing kriston.brooks(iijp nl.gov

Paul Bredt Rheology and Physical Properties (509) 376-3777
Measurement paul.bredt@,p nl.gov

Scott Cooley Statistical Analysis (509) 375-3604

scott.cooley@pnl.gov
Mike Uric Chemical and Radiochemical (509) 376-9454

Analysis mike. urie@,p nl.gov

Ken Rappe CUF Design and Testing (509) 372-3918

ken.rappe@,p nl.gov

Gita Golcar Particle Size Distribution (509) 372-1967

Measurement Fg olcar@,p nl.gov
Lynette Jagoda CUF Testing (509) 376-9951

lynette.jagoda@pnl.gov
Rick Steele Hot Cell Operations (509) 372-0038

rick.steelefi.)pnl.pov

G.1
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Appendix H: Particle Size Distribution Simulant Recipes and
Experimental Raw Data



CxJ W-m

Particle Size Analysis Duke Standards Date: 06/18/S Meas # 00004
301um #19136 Time: 10:02 Pres #: 01

WSTDukeStandard Summary Percentiles Dia Vol% Width
301um,Lot #19136 mv 10% = 253.4 60% ❑ 309.4 298.1 100% 82.26

mn = 287.2 20%= 266.0 70%❑ 321.8
ma = 297.2 30%= 276.9 80%= 336.3
Cs = 0.020 40%= 287.4 90%= 367.6
sd = 41.12 60%= 298.1 96%= 378.4

%PASS ‘
o r 1

%CHAN
100.0

90.0

80.0

70.0

60.0

●5”KO+
.-. .

40.0

30:0

20.0

10.0

0.0
0.100 “ 1.000 10:00 100.0

- Size {n
~. , ‘APASS %CHAN E ._OhPASS %CHAN
704.0 100.00 ‘0.00 9.250 0.00 0.00
692.0 ~100.00
497.8 100.00
,418.6 ; 98.89
362.0 i. 88.34
296.0- ~ 48.12 ;
248.9
209.3 - i :::
176.0 “ 0.00
148.0 0.00
124.6 0.00
104.7 0.00
88.00 0.00
74.00 0,00
62,23 0.00
62.33> 0.00 ,
44.00 0.00
37.00 0.00
31.11 0.00
26.16 0.OO
22.00 0.00
18.60 0.00
d%66 0.00

.08 0.00
000, ,1.00 .

0.00
1.11
10.65
40.22
41.31
6.81
0.00
0.00
0.00
0.00
0.00
,0.00
0.00
,0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00

. .I
:.

7.778
6.641
6.500
4.626
3.889
3.270
2.760
2.312
1.946
1.635
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0,344
0.289
0.243
Q.204
0.172
0.146

0.00 0.00
0.00 0.00
0.00 0.00
0.00 ‘ , 0.00
0.00: 0.00
0.OO 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 .0.00
0.00 0.00
0.00 0.00
0.00 0.OO
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

crons) - ~
~ OhPASS YoCHAN

1
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50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1000

~ %PASS YoCHAN
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Particle Size Analysis Duke Standards
~301uhl

Date: 051181W Mess* 00004 ‘
Time: 10:02 Pres # 01

1STDukeStandard
~ ~]~ Lot # ICi 13L

S;mmary Percentiles Dia Vol% Width
., mv = 302.7 ~0% ❑ 241.9 60%= 290.7 281.3 100% 72.41

11.0 UMKCIsolution mn = 287.2 20% = 254.7 70%= 301.9

I
,.. “.

I sd 60% = 281.3 95% ❑ 361.7

%PASS %CHAN
100.0

90.0

80.0-

70.0

60.0

“50:o=-
.

40.0

30.0 “

20.0

10.0 , ! ,

. .

0.0 - II 1111111
I i

I/w
%l%H+#-

)0.100

;lZE

ti
~92.O
97.8
18.6
52,0
96.0-
48.9
09,3.
76.0
48.0
24.6
04.7
8.00
4.00
2.23
2.33
4.00
7.00
1.11
6.16
2.00

,.

%PASS %CI-IAN
100.00 0.00

‘ 100.00 0.00
, 100.00 0.29

99.71 Z 4.62
95.09 29.66
65.44 ‘ 61.23

: 14.21 14.21
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

: 0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

‘ 0.00 0.00
; 0.00 0.00
~ 0.00 :0.00

0.00 0.00
18.60 0.00 0.00
15.56 0.00 0.00
13.08 0.00 0.00
11,00 0.00 0.00

,.

1.000 10:00 1; 100.0
- Size (n
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0.172
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0.00
0.00
0.00
0.00
0.00
0.00.
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0,00
0.00
0.00
0.00
0.00
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0.00
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0.00
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Patiicle Size Analysis
Duke Standards Date: 06/18/8% Mess’# 00008
20.0 urn lot#19411 Time: 10:23 Pres #: 01

“ YISTDuke Standard Summary Percentiles Dia Vol% Width

20.0urn,Lot #19411 mv = 21.20 10% = 16.95 60%= 21.45 20.69 100% 6.907
n 1.0UMKCIsolution . mn = 19.67 20% = 18.10 70%= 22.47

ma = 20.69 30%= 19.01 80%= 23.86
~ r~[x ~;%tf;b~~ ~ j J-ILZJ +~ ~s = 0.291 40% = 19.80 90%= 26.02

I sd 50%= 20.69 96%= 28.24 I

O/~PASS %CHAN.----— —

::RIIT
80.0-“
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Patiicle Size Analysis Duke Standards Date: 05/18/66- Mess A 00008
20.0 urn lot#19441 Time: 10:23 Pres # 01

11STDukeStandard Summary Percentiles , Dia Vol% Width
0.0urn,Lot #19411 mv = 21.20 10% = 16.98 60%= 19.86 19.11 100% &664
11.0UMKCI solution mn = 19.67 20% = 16.87 70%= 20.69

= 20.69 30%= 17.66 80%= 21.69
~mb( W-@*~ - X-bd ~~ I ~= 0.294 140%=18.38 90%=23.34 I

= 2.827 60%= 19.lj 96% = 24.97
I I I
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Particle Size Analysis
Duke Standards Date: 06/18/S9 Meas * 00012
2.013 urn lot#16992 Time: 10:39 Pres # 01

NISTDukeStandard Summary Percentiles Dia Vol% Width
2.013urn,Lot #15992 mv ❑ 1.793 10% = 1.440 60%= 1.826 1.763 100% 0.680
n 1.0UMKCIsolution mn.= 1.662 20%= 1.533 70’%= 1.908

~ ‘~/W ~ist(;bh’~ j ~- ~@~~
:Sa = 1.746 30% = 1.612” 80% =.2.017

= 3.438 40% = 1.684 90%= 2.199
d = 0.290 60% = 1.763 96%= 2.368

%CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

%PASS
100.0

..

90.0 I I I I I Ill II
. . .

I I I I t
t

““1’-1111111-

1 1111111

80.0

70.0

60.0
ml

● I I
.50:0 . . . .. . ..,-”–-, -..,– __ . ... ___

—.

B/la I 1111111 I I 1111111

40.0 1 I I I I I I Ill

-, . .
,i ~,.!;

30.0 ..:

20.0

10.0.
,,.. I I I 1111111

U.o I I I 111111! fly
1

. :;o.ioo ! 1.000 1000
1

- Size (n
‘APASS ?loCHAN

crons) -
SIZE ‘APASS , OACHAN—,;IZE j ; ‘APASS ?JoCHAN &E OhPASS YoCHANSIZE

GO
7.778
6.641
6.600
4.626
3.889
3,270
2.760
2.312
1.946
1.636
4.376
1.166
0.972
0.818
0.688
0.678
0.486
Q.409
0.344
0.289
0.243
0.204
0.172
0.146

?04.0 ; 100.00;
!92.0,., ‘ 100.00,
197.8’ ! 100.00:
!18.6 1100.00:
162.0“} :100.00 “
~96.O‘ :100.00
~48,9 .100.00 ‘
?09.3. 100.00
176,0 \ 100.00:
148.0 .100.00
124.6; :100.00
104.7 ! 100.00:
18.00 100.00
r4.oo ; 100.00
;2,23 ~100.00
52.33, ; 100.00
!4.00 I 100.00
17.00 100.00
11.11 100.00
~e,qc 100.00
~z,o(j 100.00
18.60 , 100.00
1~66 ‘. , Ioo.oo

? 100.00
I-o.do -- 100.00

$.00
:0.00
0.00
ILoo ;
‘0.00
.0.00
0.00
0.00
0.00
.0.00
0.00
‘0.00
0.00
0.00
:0.00
0.00
boo
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
98.93
93.84
74.13
32.99
4.66
0.00

,0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO

0.00
: 0.00
, 0.00 :

:;:

0:00
1.07
6.09

19.71
41.14

: 28.33 .
4.66 ‘
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

;!

!..

I
,

I i
I

i
“- .
1.

1
i
8

I4
. .

,

I

,,

. ... ..- ‘ . ..,-
., .7.=. - *.. . s— --- - .... 7,.-%- ... .. .. ,. .. . .. . ....,



m 6%4%

Patiicle Size Analysis Duke Standards Date: 06/18/~ Meas # 00012
2.013 urn 10WI6992 Time: 10:39 . Pres #: 01

1STDuke Standard Summary Percentiles Dia Vol% Width
,013urn,Lot #15692 mv = 1.793 10% = 1.369 60%= 1.686 1.619 100% 0,486
11.0 UMKCI solution I rnn ❑ li6i2 120%= liti8 70% = 1.761 I I
Juwba~s~f~~LA~OM”)x--@%-a IIma = 1.746 30% ❑ 1.499 80’%= 4.860

I
ICs=3.438 40% ❑ 1.668 90%= 1.982

sd = 0.243 60% ❑ 1.619 96%= 2.112 #1 t ,
%PASS %CHAN
1“00.0

90.0-

-80.0

70.0

60.0

L50:0-’
.-

40.0

30.0’.. .

20.0

.-—
~o.o:.

.*.. ..$.~...
0.0

,,:0.100

~ -2
704.0
592.0,~
t97.8 -
!18.6
352.0
~9&o
2439
~09.3
176.0
148.0
124.6
104.7
18.00-
r4.oo i
;2.23
52.33,:
!4.00
)7.00
11.14~
~6.16
~z.oo

18.60
16.66 i“ .
13.08
!l.OO -.’

; ‘?loPASS
‘ 100.00 ‘
! 1.00.00~
: 100.00 !

100.00
:100.00
:100.00
, 100.00

100.00
i 00.00

‘ 100.00
, 100.00
, 100.00
~100.00,
:100.00,
! 100.00:

100.00-

! ;;;::;:
100.00:

; 100.00
i 100.00
‘ 100.00
. 100.00

100.00
100.00

OACHAN
‘0.00
0.00
a.oo
‘0.00
0.00
.0.00
0.00,
0.00
0.00
0.00
0.00
0.OO
.0.00
:0.00
:0.00
0.00
,0.00
‘Oooo
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.000 ‘10.oo ‘ ; 100.0

- Size (n wonsj - . ~
SIZE YoPASS OhCHAN yzE: YoPiss?LoCHAN
FzFo 100.OO 0.00
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
“1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.145

100.00
100.00
100.00
100.00
100.00
100.00
99.81
98.26
88.14
62.69
11,38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00

0.00- \ “

! 0.00
0.00
0.00
0.00
0.19
1.56

10.12
36.66
41.21
11.38
0.00

~ 0.00
0.00
0.00
0.00,
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00

{

:
i

:: .:

50.0

45.0

40.0
.*Y

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

1
I

,
I

:;
;:.,

,.’ ..,.1 ‘! J,.
‘.1 ! ;. I

I
!..—. .); (1 .’

1’



o Glm
Particle Size Analysis I

NIST Duke Standard Date: 06/19/~ Meas # 00001
304 nm Lot#16928 o ; Time: 18:26 Pres # 01

1STTraceableDukeStandard mtiles Dia Vol% Width
304nm Lot %15928 >0 = -3694 .3416 fltm% .1436
n 1.0mM KCI Solution

‘-j~~~~Dk~b~ h~

%PASS
““loo.

“90.0
..

80.0

70.0

60.0

“50:0

40.0
. .

30.0.,

20.0

fio.o
,.

U.o

Summary
mv = .3364
mn = .2446
ma = .3123
Cs = 19.22
sd = .0717

SIZE J -, OhPAS-S OACHAN
Fzzl ; 100.00 ;0.00 “
6.600 100.00 ‘0.00
4.626’ ! 100.00 ~ :0.00
3,889 I 100.00 :0.00
3.270, 100.00 ‘0.00
2.760 ; 100.00, 0.00
2.313 :100.00 Q.oo
1.946: ; 100.00 ,0.00
1.636 , 100.OO fl.oo
1.376 100.00 0.00
1.166: , 100.00 0.00
0.9723 100.00 0.00
0.8176 100.00 .0.00
0.6876 100.00 0.00
0.6781 100.00 ?.36
0.4861 ., 98.64 14.24
0.4088 ; 84.40 33.26
0.3437 j 61.16 27.36
0.2891 ‘“ 23.80 ; 42.33
0.2431 ~ 11.47 !4.98
0.2044 ~ 6.49 2.69
0.1719 : 3.90 ‘1.83
p~s; . 2.07 1.64

0.63
J:” ::: 0.00

0.0100 : :0.1000

Perce
10%=.2341 6 . _____ ----- . . . .. ----

W
%CHAN

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1.000

- Size (n crons) - ; I
&lZJ OhPASS ?LoCHAN ~ ‘A PASS YoCHAN
0.0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00: , 0.00. .
0.00 0.00, ;
0.00 I i 0.00 !

0.00: 0.00 ‘
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.OO
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 ~ 0.00
0.00 “ 0.00
0.00 t 0.00
0.00 0.00 “

i t
. .

.,

1

:,
1“

11
~, ?4PASS ‘YoCHAN.,

i’
.:.

.,. .
i1!

!,
., I

i

I

I

,“

<“

1
i,

i

,-..., -



Particle Size Analysis NET Duke Standard Date: 05119iW Mess%: 00001 :
304 nm LoW6928 Time: 18:26 “ Pres # 01 ;

11STTraceable Duke Standard Summary Percentiles Dia Vol% Width ;
04nmLot #15928 mv = .3364 10% ❑ .1244 60%= .2760 :2942 68% .1632
11.0mMKC] Solution mn = .2446 20% = .1405 70%= .3061 :1340 32% .0399

omk ~stf;b~~~j Uw ~~
ma = .3123 30% ❑ .1644 80% ❑ .3344 ,
Cs = 19.22 40% = .2018 90%= .3716 ?

Isd= .1069 [ 60%= .2423 96%= .3990 I

:0.0010 ;

HZE .I ~ ‘APASS OhCHAN.—
;.641 ! 100.00 Q.oo
i.600 . i 100.00 0.00
1.626‘
1.889 i ~~~:~~ ‘0.00

- ! .loooJ)o
0.00

1.270,
! 100.00:

‘0.00
!.760 ‘0.00
!.313 :100.00 0.00
.946, - ‘ 100.00 0.00
.636 :100.00 0.00
.376 - I ;::.::: ‘0.00
.166 ‘ “0.00
1.9723 , 100:00 0.00
1.8176 ‘ 100.00 ‘ boo
1.6876 :100.00 0.00

0.6781 j 100.00 0.19
0.4861 ~ 99.81
0.4088 I 96.38 ,
0.3437 I 82.93
0.2891 64.31
0.2431 . 60.21
0.2044 ; 40.63
0.1719 32.24
0.1446.. 22.28
0.1215 8.17
0.1022 0.00

f3?6
18.62
14.10
9.68
8.39
9.96
14.11
8.17
0,00

0.0100 0.1000 ; “ ‘ 1.000
- Size (r

~ %PASS ‘%oCHAN
0.000.0869

0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 ‘

.0.00
0.OO
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00 ‘
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00

1,

crons) -
qZJ” ‘%oPASS OACHAN

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

i

& %PASS ‘%oCHAN
i!

I

I
;!

,

.,

I

I



CJoGjf?G

Patticle Size Analysis NIST Duke Standard Date: 06/19189 Meas # 00002
96 nm Lot#16339 Time: 18:33 Pres # 01

WT TraceableDukeStandard Summary Percentiles Dia Vol% Width
96nm Lot #:16339 mv = .101s 10% = .0863 60%= .1049 :1012 100% .0266
n 1.0mMKCI Solution mn = .0966 20% = .0902 70%= .1087

I5=6006140%=00’= .0999 30%= .0940 80%= .1130

= .0133 60%= .1012 96%= .1223 i
1 I I

%PASS %CHAN

. . t. J(.).dofio , ; ! “0.0100 ; ; , :0.iooo i , , , ,1.000
!:!;’” !~..m

- Size (n bons - ! ~ ‘
~i ; ‘APASS ;OCHAN g ‘APASS OhCHAN SIZE ?40PASS OACHAN
6.641

—,
; 100.00: boo 0.0869 10.78.

6.600 ! 100.00 Q.oo 0.0723 0.64
4.S26 ; i 100.00 000
3.889 100.00 “0.00
3,270J :100.00 f !0.00 .
2.760 ~100.00 ~ 0.00
2.313 ; 100.00 ‘ kl.oo ‘
1.9461 , 100.00 ;0.00
1.636 100.00 0.00
1.376 100.00 0.00
1.166 ‘ .100.00 0.00
0.9723 .100.00 ‘0.00
0.8176 .: 100.00 ,0.00 .
0.6876 ‘ 100.00 0.00
0.6781 .100.00 0.00
0.4861 -; 100.00 ~ .0.00
0.4088 ; 100.00 ‘ 0.00
0.3437 ~100.00 0.00
0;2891 -,100.00 ; J&J:
0.2431 ! ;:;.;;.
0.2044 0:00
0.1719 ‘; 100:00 0.00
o.f1446c:.’ 100.00 6.49

16 94.61 41.78
. .J22 62.73 41.96

:“:

0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
UOI07
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00 ‘
0.00:
0.00 !
0.00 ;
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

“0.00
0.00
0.00 t
0.00
0.00 ;

10.24
0.64.
0.00
0.00
0.00
0.00 ‘
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.

.,

,

,..

i

i’. .

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10;0

5.0

0.0
:10:00*

1,

i’

~ %PASS ‘YoCHAN

i!
.}

;“
1.

.+:
,

J . . .

i

::

::
!.
~:
i:

1

. .

. .



Particle Size Analysis
1STTraceableDuke Standard
6 nm Lot fk16339
11.0mM KC] Solution

VWkW ~Stfi b~ti&; LIP)t~L

mm
NIST Duke Standard Date: 06/19/89 Meas#: 00002 :
96 nm LoW16339 Time: 18:33 Pres # 01
Summary Percentiles Dia Vol% Width :

mv = .1016 10% = .0799 60%= .0988 .0966 100% .0262
mn ❑ .0966 20% = .0862 70%= .1026 :
ma = .0999 30% = .0889 80%= .4072
Cs = 60.06 40% = .0922 90%= .4136
sd = .0131 60% = .0966 96%= .1182 ,

100.0

90.0

80.0

70.0

60.0

-5tm--
..+ . I I I

40.0 1 I I 111111 I
I

“30;o~H-+
20.0

qo.o. -

0.0 <I I

< ,,
SIZE .~ : YoPASS OkCHAN
;.641 ‘ 100.OO 0.00
;.600 , 100.00 0.00

i ll;”
1

- Size (r
~ VOPASS ?AoCHAN
0.0869 21.42 19.68
0.0723

L626 ‘ , 100.00 0.00
).889 ‘ 100.00 0.00
L270 , 100.00 0.00
!.760 ~100.00 ,0.00
!.313 :100.00 O.OO
1.946; 100.00

I 100.00 ‘
0.00

1.636 :0.00
1.376 100.00 ! 0.00
1:166; “ 100.00: boo
L9723 100.00 ! “0.00
L817$ ., 100.00; ‘0.00
1;6876 :100.00. ;0.00
).6781 i 100.00. 0.00
)A86j ! 100.00 0.OO
):4088 ~100.00: .0.00
).3437 100.00 0.00
).2891 100.00 “ 0.00
).2431 ~100.00

‘ 100.00
0.00

3.2044 0.00
).1719 :100.00 0.00
).1446: 100.00 2.22
).1216 97.78 28.42
).1022 69.36 47.94

0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0215
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0,0064
0.0046
0.0038

1.74
0.00
0.00
0.00
0.00
0.00
0.00
0.00 :
0.00 ;
;.(): ~

0:00 ‘
.0.00 ;
0.00
0.00 ~
0.00 :
0.00
0.00 ‘

1.74
0.00
0.00
0,00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0,00
0,00
0.00
0.OO
0.00

;.,

i

. .
:“
I

.,
t
~.

.i.
~.
:;1:
i!”

. .

i!.

:..

a

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

gzJ iPASS YoCHAN

‘~!
i

..

1!
;,.,

I I

i.

‘.

j.

I
i

I

,

1

,

I

I
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Particle Size Distribution Plots
For Initial Sludge: Sample CUF-AZ-102 MU RID1

Replicate No: 1

40.

/4s),
62.23
-a -

I 4~j6 99.96 0.02 I 0.172 0.00 0.00 I I



a 63EG5

Parficle Size Analysis
AZ-102 Waste “ Date: 061191W ~ea~s~ ;;116
cuF-Azlo2.Mu-tiDl Time: 16:18 :

w Ckl?fistow Summary Percentiles : Dia Vol% Width
SampleCUF-AZI02-MU-R2DI mv = 14.96 10% = 1.886 60%= 14.66 23.36 48% 22.33
nPZ402.MUSimulated Supematant mn = 0.966 20% = 3.566 70%= 19.89 4.628:. 52% 6.636
60mlls . ma = 4.844 30% = 6.290 80%= 26.67 .“

s4@l%A- : = 1.239 40% = 7.213 90%= 33.96
= 12.80 60% = 10.04 95%= 41.64

9’oCHA’N#
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

100.0

90.0
.... . -.. . -—..

80.0

70.0

60.0

‘50:0-”’
----

40.0
, ..

30.0 “-!

r<...

o I I II Iu. I I I 1A.
;. 100.0s.,, .J&@() : ~ ; ; 1.000 : 10.00

i ~
SIZE %PASS YoCHAN
-r

i1

I ! i ~ ~ , , -si=(rr:ron+:~:ii
WE “2 -: ‘APASS OACHAN ~ YoPASS YoCHAN SIZE YoPASS ~ YoCHAN—— .——

47.74 ~ &27 !1,:704.0 I 100.00 ‘
592.0 i 100.00
$97.8 ‘ ! 100.00
$18.6 :100.00
362.0 ~100.00
296.0“ .1Oo.oo ‘
248.9 100.00
209.3. 100.00
176.0 ; 100.00
148.0 ! 100.00;
124.6)
104.7

i 100.00.

38.00,
i 100.00,
! 100.00 “

74.00‘ ; 99.78 ;
;2.23 99.21 I
52.33; , 98.10 !
44.00 96.98
37.00 : 92,39 :
31.11. “? 87.18

!::: / W:
18.60 ‘;-67.37 t
IS lj6 (:. 61,76

66.94
, J -- 62.46

Ifjoo
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
:0.00
9.00
“0.00
0.22
0.57
1.11
2.12
3.69
6.21
6.43
6.89
6.49
6.62
4.81
4.49
4.71

9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.375
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

42.47
36.76
31.18
26.21
21.96
18.33
16.26
12.64
10.38
8.31
6.33
4.49
2.94
“1.80
1.02
0.49
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00

6.71
6.68
4.97
4.26
3.62
3.08
2.61
2.26
2.07
1.98
1.84
1.66
1.14
0.78
0.53
0.39
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00

:,

I

I

1

1 1
i

:,

,W, . . . ---

,[. .; .1 1,

,.:



C!2CDlzu

Patiicle Size Analysis AZ-102 Waste Date: 06/19/89- Mess X 00116
CUF-AZI02-MU-R2DI Time: 16:18 Pres #: 01

* eu~ dz (OZL Summary Percentiles Dia Vol% Width
ampleCUF-AZ102-MU-R2Dl mv = 14.96 10% = 0.494 60%= 0.838 0.736: 100% 0.739
IAZ-102-MUSimulatedSupematant mn ❑ 0.966 20% = 0.640 70% ❑ 0.966
Omlls ma = 4.844 30% = 0.688 80%= 1.164 ;

IbJw- Diswbhm ; %-100 +k
Cs = 1.239 40% = 0.664 90%= 1.624 $
sd = 0.369 60% = 0.736 96%= 2.069 +

%PASS

.:0.400 :

; ,,
Hz&; - YoPASS OACHAN
‘04.0 I 100.00 j p.oo
;92.0 100.00 0.00
197.8 ‘ ; 100.00 0.00
118.6 :100.00 0.00
)62.0 : ..100.00 0.00
!96.0’
!48.9 i ;;::: i ~::

!09.3 : J“ 100:00. “0;00
76.0 ~100.00. 0.00
48.0 ~ ; 100.00 0.00

“~100.OO;
::;’ \ 100.00 j

,0.00
,0.00

18.00J ~100.00 .0.00
‘4.00 ; 100.00: ,0.00
2.23 ; 100.00: 0.OO
i2.33j / 100.00 0.00
4.00 I 100.00 ~ 0.00
7.00
I.11.i
:6.16
:2.00
8.60 -

16.66 -
13.08
11.00 .-

100.00 0.00
100.00, 0.00
100.00 0.00
100.00 0.01
99.99 “ 0.01
99.98 0.01
99.97 0.02
99.96 0.03

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0
1.000 10.00 : ~ ‘ 100.0

, + Size (r
SIZE O~PASS ‘+ZOCHAN
G. 99.92 0.07
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

99.85 ~ 0.12
99.73 0.20
99.63 0.29
99.24 0.42
98.82 i i 0.60
98.22: ; 0.86
97.36 ~ 1.23 ~~
96.43 ! ‘ ;;, ‘
94.34 .
91.68
87.14: , tg
80.21: ; 9.83.
70.38, ‘12.’I3 :
58.26 13.96 :
44.29: ‘ 16.00 .
28.29: ; 19.78 . .
8.61 8.61
0.00 0.00 ‘ “
0.00 0.00 :
0.00 0.00 ‘
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

.;

i .:

,-

,
;1:
,,

;!
::

:’-

.:
1 t

!;: -.-:
i. ~::i: ,..

.1 ,.,,.,..> i
! ,:

1:

.,

,

[
,.

,.
.:

i; 1000
;1
II

& %PASS YoCHAN
i:

i I



I Particle Size Analysis

[

ampleCUF-AZ102-MU-R2Dl
nAZ-102-MUSimulatedSupematant
Oml/sSonicate40watts90seconds

a W@
AZ-102 Wasta Date: 06/19/* Meak # 00120.. —---
C~F--~102-MU-R2Dl Time: 16:32 Pres # 01

Summary Percentiles Dia Voi% Width

mv I=12.96 10%= 1.696 60%= 12.60 21.32 44% 18.67
mn

I
= 0.736 20%= 3.238 70%= 17.26 4.646 66% 6.692

ma = 4.286 30% = 4.867 80%= 22.36

%PASS

.. n..- 1 I I

i

. .

0u.

1
1 l!:
1, - Si2e (n

~ :1 - I %PASS YoCHAN SiZE ?/oPASS OACHAN.—
704.0 .100.00. 0.00 IXO 61.18 6.63

7.778 46.66 6.96592.0 :100.00 0.00
$97.8
$18.6
362,0)
296.0
248.9
209.3)
176.0
148.0
124.6 i
104.7
38.00
74.00 ‘
S2,23
52,33
44.00
37.00
31.111
26.16
22,00

100.00 0.00
100.00 0.00
100.00: 0.00
100.00 0.00
100.00 ; 0.00
‘lK)s); ~ 0.00

0.00
100:00 0.00
100.00 0.00
100.00: 0.00
100.00 0.00
100.00 0.00
100.00 0.68
99.42 1.26
98.17 “ 2.42
96.76 ! 4.02
91.73 ~ 16.64
86.09 :6.73
79.36. 6.79

18.60 ‘-{ 72.67 “ 6.16
jE.~; Gr’1..66.41 6.32

61.09 4.89
. -4 0 –- 66.20 6.02

I.l; “, . .,

: j -: [.
, .) I

6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
~.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

39.70
33.86
28.69.
24.06
20.20
16.92
14.16
11.76
9.66
7.44
6.46
3.77
“2.63
1.69
1.11
0.68
0.32
0.00
0.00
0.00
0.00
0.00
0.00

6.86
6.26
4.63
3.86
3.28
2.77
2.40
2,20
2.11
1.99
1.68
1.24
0.84
0.68
0.43
0.36
0.32
0.00
0.00
0.00
0.00
0.00
0.00

!

I

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0
i ; + ! 1000: !1‘100.0

crons) - : ’11
~ ‘APASS ~ OACHAN

it

~ %’oPASS OACHAN
. .
!1,,. .

I
,
I

.
t 1:

.1’

II
i

l!.
1::
I

. . . .
~i

t

;

.!1
,..1

.. ,

-------- . . . ~. - .. . . .. - -. y.- ...J. . . . . -------
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:CUG(2(A

Particle Size Analysis AZ-102 Waste ‘ Date: 061191W Mea~#: 00120 “
CUF-AZI02-NW-R2DI Time: 16:32 Pres * 01 ;

:UF-AZI02 Summary Percentiles Dia Vol% Width
~ampleCUF-AZ102-MU-R2Dl mv = 12.95 10% = 0.371 60%= 0.619 0.629- 1’00% 0.643
1AZ-102-MU Simulated Supematant mn
OmUsSonicate 40 watts 90 seconds

= 0.736 20% = 0.393 70%= 0.746 ?
= 4.286 30% = 0.422- 80%= 0.928 ‘

~U.W&Y Di5~i bh~” j X-[00 St&b E. 1.400 40% = 0.467 90%= 1.246 ~
sd = 0.324 60% = 0.629 96%= 1.648 ,.

‘-50.0--

45.0

40.0 ~

35.0 ,

30.0

25.0 “

20.0

15.0

10.0

5.0

0.0
:. ‘)o.foo ; ; “ 1.000 ; . : “ 10:00 “ ; , : ;00.0

,,.,.
- Size (rnicronsi - “ : ‘ :

WE ‘ - YoPA3S ?40CHAN SIZE ‘APASS OACHAN——
Ko .100.00 0.00 Eo
~92.O, . i 100.00, 0.00

497.8 ‘ ; 100.00 “ 0.00
418.6 100.00 ;

- ! 100.00 ‘
,0.00

362.0 j
~100,00

0.00
296.0 t).oo
$::o:j I 100.00! p.oo

-“’ 100.00, Q.oo
176:0 100.00 Io.oo
148.0 100.00: ‘0.00
124.6 “ 100.00 0.00
104.7 100.00 0.00
88.00 100.00 0.00
74.00 100.00 0.00
62.23 ‘ 100.00 0,00
62.33. “ 100.00 0.00
44.00 100.00. 0.00
37.00 :100.00 0.00
31.11 ‘ ; 100.00 0.00
26.16 I 100.00 ~ .0.00
22.00 :100.00 0.00
18.60 ~100.00 a.ol
16.66 c * 99.99 0.01
13.08 99.98 0.01
11.00 -- .99.97 0.02

j,

-, :..

. ,-
t.

7.778
6.641
5.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1,166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

99.96 0.04
99.91 0.07
99.84 0.12
99.72 0.18 ,
99.64 0.26
99.28 , 0.37
98.91 ; 0.62, , ~
98.39 0.74 . ‘
97.66 ‘ 1.08 I
96.67 1.67
94.90 2.69
92.21 4.26
87.96 6,06
81.89 7.60
74.39 8.66
66.84 9.96
66.88 12.40
43.48: 17.43”
26.06 26.06
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00 ~
0.00 0.00
0.00 0.00

I I

;:!

,,
1

1.

i

I
I

I

!

I

i

I

/
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Partic\e Size Analysis
AZ-102 Waste ~ Date: 06119~@ Meas i% 00124
CUF-AZI02-MU-R2DI Time: 16:43 Pres #: 01

CUF-AZI02 Summary Percentiles ;. Dia Vol% Width
SampleCUF-AZ102-MU-R2Dl mv = 12.37 10% = 1.674 60%= 11;87 20.89 42% 17.73
n AZ-102-MUSimulated Supematant “ mn = 0.698 20% = 3.032 70% ❑ 16.47 4.423 68% 6.678

POml/s2ndSonication 40 watts 90 seconds ma = 3.944 30% = 4.690 80%= 21.46 ;
= 1.621 40% ❑ 6.261 90%= 28.20

[w DkWbh~~ ;Y-100 $qp~ : ❑ 10.68 60%= 8.416 95%= 34.19 :

%PASS %CHAN. .
10.0

/ T
9.0

. .

, 10.OO
- Size (n crons) - ; i ‘

~ OhPASS ?40CHAN ~ ‘A PASS OACHAN yzJ YoPASS 9’oCHAN

9.260 62.92 6.47704,0 100.00
692.0 100.OO
497.81 ; 100.00 ~
418.6 “ 100.00:
362.0 ~100.00
296.0’ ! 100.00 i
248.9 :100.00:
209.3 ) ‘i 100.00:
176.0 I 1000oo”
148.0 ~100.00
124.6 ? ‘f 100.00
104.7 ! 100.00
88.00 .; 100.00
74.00’ i 100.00
62.23 ‘ 100.00
62.33 ] -! 99.64
44.00 : 98.62
37.00 I 96.46
31.11 ‘ “~ 92.83:
26,16

I

87.63 I
22.00 80.99
18.60 .. ‘I-74.24 “
1.6.66 0-. 68.07

8 62.76
. ...JO ‘ 67.89

0.00
0.00
0.00
0.00
0.00
,0.00
“0.00
0.00
,O.OO
‘0.00
‘0.00
‘0;00
0.00
;0.00
;0.46
;1.02
‘2.07
“3.62
‘6.30
6.64
6.76
‘6.17.
6.32
4,86
4.97

..
t
*.nj ,

..

. . .

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

47.46
41.61
35.60
30.22
26.66
21.66
18.16
16.29
12.80
10.60
8.27
6.16
4.37
“3.06
2.16
1.64
1.09
0.72
0.36
0.00
0.00
0.00
0.00
0.00

6.94
6.91
6.38
4.67
4.00
3.39
2.87
2.49
2.30
2.23
2.11
1.79
1.32
0.90
0.61
0.46
0.37
0.36
0.36
0.00
0.00
0.00
0.00
0.00

,

I

.,
!

1

,.

,.

~ ~ 1000
I t

.; :.

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

~ . ‘APASS YoCHAN-

t
I

...

-- - --
4,.”,
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Particle Size Ana/ysis AZ-102 Waste Date: 06M9~ Meas #: 00124
CUF-AZI02-MU-R2DI Time: 16:43 Pres # 01

XJF-AZI02 - Summary Percentiles Dia Vol% Width
;ampIaCUF-AZI02-MU-R2D1 mv = 12.37 10% = 0,308 60%= 0.471 0.407 100% 0.636
rIAZ-102-MUSimulatad Supematant mn = 0.698 20% = 0.324 70%= 0.676
iOml/s2nd Sonioation 40watts 90ssoonds ma ❑ 3.944 30% = 0.34’f 80% = 0.763

tirA~& Dis~fi~bKw j X -[c)~ ~h
Cs ❑ 1.621 40% ❑ 0.367 90%= 1.060
sd = 0.268 60% = 0.407 96%= 1.396

&

(.

50.0

45.0

40.0

“35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

- Size (n
‘APASS— %CHAN~J ‘) %PASS YoCHAN

r04.O I 100,00” ‘
592.0 I 100.00.
197.8 ; “; 100.00
118.6 , 100.00
M2.0J ‘. 100.00 ‘
!96.0 100.00:
!46.9 I 100.00:
!09.3 j -:100.00,
176.0 I 100.00
;48.0 ~100.00 I
‘24.6J ; 100.00]
,04.7 ‘ 100.00 i
!8.00 , . ! 100.00 i
‘4.00 ‘ j 100.00,

62.23 \ 100.00 “
62.33: .L 100.00 I

44.00 ‘ 100.00
37.00

+

1;;.:; ;
31.113
26.16 ; 100:00
22.00 ,:100.00
18.60 100.00
16.66 f’. 100.00
13.08 99.99
11.00 -“ ~ - 99.98

‘0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01

.,
: ,;

. . ,:

.1.. . ..

~
9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

99.97 ; 0.02 “
99.96, 0.04 ‘ ~
99.91 0.08
99.83 0.12
99.71 0.17.
99.64 ; 0.24. !
9.9.30 ! 0.36
98.96 ~ 0.49:
98.46: 0.72, ~
97.74, 1.11
96.63 ~ 1.82
94.81 ‘ 2.89
91.92: 4.13
87.79: 6.11
82.68 5.86
76.82 6.70
70.12 8.30
~1.82 ! ‘ 11.46 :
60.37 ~ : 18.75 ;
31.62 31.62
0.00 0.00
0.00 0.00
0.00 0.00
0.OO 0.00
0.00 0.00

crons) - <
~, YoPASS , OACHAN

I
!

i

!.,. .,,:;.
!:

.,, .
!!.
;:

‘.,

,

...

i 1’
gzJ ?AoPASS ‘%oCHAN

i

t -~j

: .,
,
I! 1!,.

.i.... .
I
Ii
ii
i;
:1

I
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Particle Size Analysis CUF AZ-102 Waste Date: 06120/8!Y Mess?& 00019
cUF-AZI02-MU-RI D# lime: 11:11 Pres #: 01

UFAZ-102Waste Summary
PA

Percentiles -DIa VOJ% Wjdfh

amphx CUF-AZ102-MU-RID~
mv = 1.164 10°i = .9066 60°h = 1.202 1.147 100% .4109

= 1.058 20% = .9846 70%= 1.262

W(W bis~ti~~~ j ~fi ~~
R;= 1.127 30%= 1.042 80%s 1.334CS= 5.323 40% = 1.09s 90%= 1.440
sd = .20s4 50% = 1.147 96%= 1.639 4

%PASS . %CHAN
)

4

i

“.

1
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Particle Size Analysis CUF AZ-102 Waste Date: 06/201W Meas #k 00019

‘cuF=Azlo2”Mu-RIDf : Time: 11:11 Pres # 01
;WM402Waste Summary Percentiles
IPA

Dia Vof% Width
mv = 1.164 10% = .8202 60%= 1.084 1.036 100% .3802

iampk CUF.AZ102-NIU-Rl~ mn

b

= 1.058 20% = .8860 70%= 1.138

U.W& ~btiilouti ~j 3M = 1.127 30% = .939Y 80% = 1.206
;sa = 6.323 40% = .9881 90%= 1,306
sd = .1901 60% = 1.035 96%= 1.388

%PASS %CHAN
foo.o

90.0
,,

80.9

70.0

60.0

.50=0.,

40.0

30.0 ‘

20.0

10.0

!’ .0”’
0.

- Size (microns) - ~ ;.,, ,
;IZE %PASS .$$CHAN ~ ‘hPASS ‘ACHAN ~ ‘APASS ‘ACHAN ~ ‘ %PASS %CHAN
El 100.00; 0.00 0.0869 0.00 0.00 :,
;.600 i100.00 I y.oo 0.0723 0.00 ‘ 0.00, it i~li

1.626‘ ‘ 100.00
j 100.00

0.00 ; :;::: 0.00 ‘ 0.00. : j ~:~~~ it:i
1.889 0.00 0.00 ; “ 0.00, : ~’;][ ~!;;
.270 ! 100.001 0:0430 0.00, : 0.00, ~

,:

!.760 ‘ ~100.00 ‘ g:’ ~~:~::
,!

0.0361 0.00 ! , 0.00, :,
,. ~ {,

:.313 \ 100.00 0.0304 0.00 ~ ~ 0.00: i j
.94s.’ 100.00! 0.48 0.0266 0.00 : 0.00 ‘ ; ‘::

;i; !

.635
~

; 99.62 : !6.02 0.0216 0.00, 0.00 ;’:, ;
.376 ! 94.60 ! 21.32 0.0181 0.00: 0.00 {,1!1 ~1’

.466 . 73.18 36.66
..

0.0162 0.00 0.00
.9723 ‘ 36.62 ~ 27.00 0.0128 0.00 0.00

I

l!:

.8176
;,

9.62 9.62 0.0107 0.00, 0.00
.6876

i~:i
0.00 0.0090 0.00 ~ 0.00

;::

.6781
;:, ,~i,

;0.00 0.0076 0.00 0.00
,,,

t
l!;:

.4861 I 0.00 ‘0.00 ; 0.0064 0.00 ~ : 0.00 ! ; ij~

.4088
,//: ~~~!

;:% I t% ‘ i t%!
0.00 / / 0.0,0, ~ / /

.3437 .
ill!

0.00 ! : ().00 ; i ,[
I

.2891 , 0.00 ‘ 0.00 0.0038 0.00: ; 0.00 ~ ;’~;’
~~1:

.2431 ~ 0.00 ! io.oo 1 !;,;! l“ ~ii’

.2044 “ 0.00 ‘0.00

.1719 0.00 0.00

#

446 0.00
,.,

0.00
16 0.00 0.00 ,

022 0.00 0.00

i



Pafiicle Size Analysis
UFAZ.102Waste
lpA
ampkt CUF-AZ102-MU-RID# Sonicated

CUF AZ-102 Waste Date: 06/20/89 Meas # 00027
cuF-Azlo2-Mu-R#*oN Time: 11:39 Pres#: 01
Summary Percentiles Dia Vol% Width

..mv = 2.219 10% = .4693 60%= 2.662 2.621 83% 1.668
mn = ,2623 20°h = 1.033 70°k = 2.807 .4167 17°~ .4251
ma = 1.166 30% = 1.71? 80%= 3.119
Cs = 6.189 40% = 2.055 90%= 3.610
sd = 1.278 60% = 2.314 96’%= 4.094 4I I I

%PASS
.

%CHAB
100.

90.0

80.0

70.0

60.0

50.0

40.0

30.0
,,

20.0

10.0

0.0
0.0010 0.0100 : 0,

1.600 99.33
.626 ; 97.69
.889 93.36 :
.270 ! 83.86
.760’ ~ 67.93
.313 ; 49.96
.946 36.21
.636 28.22
.376 23.92
.166 ~
.9723 ! :::::
.8176 . 17.46 ;
,6876 ‘ 16.42 ~
,6781 , 13.16
.4861 , 10.77
,4088 ! 8.49
,3437 ! 6.49 .
,2891 ~ 4.81
,2431 3.41
s2044 2.20
!1719 1.07
,1446 0.00
!1216 0.00
,1022 0.00

0.67
1.74
4.24
9.49
1s.93
17.98
13.74
7.99
4.30
2.60
‘1.98
1.88
2.04
‘2.27
2.38
2.28
‘2.00
1.68
1.40
1.21
1.13
1.07
0.00
0.00
0.00

!-Size (1
~ %!!?M2’W%!A!!4S!ZE _ ,W#N
1.641 :100.00 .

0:00
0.0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0045
0.0038

0.00
0.00
0.00 i
0.00 ;
0.00:
0.00 ~
0.00 !

0.00

0.00:
0.00 I ;
0.00
0.00 ‘
0.00
0.00
0.00

0.00 ; 0.00
0.00 ; 0.00 ‘
0.00 ~ 0.00 ‘
0.00
0.00 \ I %:: ; ~
0.00 ; 0.00
0.00: , 0.00 ~
0.00: 0.00
0.00 ; : 0.00: !
0.00 0.00

)00 , i- 1.000 ‘t~,,

t
!; :~!::I 1

f., . .:.

. . .
.,, ,,

l;:{

I ,,

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0 4
......! “10.00. . .

.,\ /:.

>, .,...
~!.

.,
I

i ,,
il~’
!l}’

I :’~!’,,
I

!,:.,

.,



Patiicle Size Analysis CUF AZ-102 Was@ Date: 051201= Mess%: 00027
cuF-Azlo2-lvlu.@D*oN Time: 11:39 Pres # 01

AWiXZ-lQ2Waste SummaN Percentiles ,, Dia Vo]% Width
IPA mv = 2.219 10% = .1636 60%= .2124 .1920 100% .1613
~ampls CUF-AZI02-MU-RID1 Sonicated

~h mtr;bk’mj Mm +~ ;;:= SE!s %:%
= .0807 60% = .1920 96%= .4960

%PASS YoCHAN

,, ,,

l..

4



Particle Size Distribution Plots
For Initial Sludge: Sample CUF-AZ-102 MU R2D1

Replicate No: 2

\..
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Paiticle Size Analysis AZ-102 Waste Date: 06/19/85 Meas # 00112
CUF=AZ102-MU”R2DI Time: 16:04 Pres i% 01

I’kAY Cux-1’iz? 16 w Summary Percentiles Dia Vol% Width
;ampleCUF-AZ102.MU-R2Dl mv = i 6.92 10% = 1.940 60%= 15.46 24.69 49% 24.88
I AZ-102-MUSimulated Supemafant
,Omlls

mn = 1.019 20% = 3.614 70%= 21.14 4.604: 61% 6.489

B

6.013 30% = 6.380 80%= 27.63
M ~-wb&m ) $-w +h

ma =
Cs = 1.197 40% = 7.383 90%= 36.76 .
sd = 13.86 60% ❑ 10.44 96%= 46.21

%PASS %CHAN

,,,.,,,

.

%

..

6
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Particle Size Analysis AZ-102 Waste Date: 06119M glrtssg# ;;112
cuF-Azlo2-Mu-R2Dl” Time: 16:04 .

Iarlk- cw=”#?z@~
.

Summary Percentiles . , Dia Vol% width
amp[eCUF-AZt02-MU4?2Dl mv = 16.92 10°A= 0.634 60%= 0.897 0.793 100% 0.778
IAZ-102-MUSimulated Supematant
Omlls

mn = 1.019 20% = 0.676 70%= 1.029 ?
= 6.013 30% ❑ 0.633 80%= 1.222 ,; ,

& ~~m~ I)~s~;L~~LM j X+!W S&L ;= 1.197 40% = 0.708 90%= 1.620 ;;
= 0.389 60% = 0.793 96%= 2.197 ; 4

%PASS O/oCHAN

.} ,,
A ,..,,. , .

i ,
—
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Patticle Size Analysis AZ-102 waste Date: 06119/8$ Me: & 00124

cuF-Azlo2-Mu-R2Dl Time: 16:43 Pres #: 01
~UF-AZ102 Summary Percentiles ,. J)ia VolOA Width
iampleCUF-PZIC12-MU-R2DI mv = 12.37 10% = 1.674 60% ~ 11:87 20.89 42% 17.73
I AZ-102-MUSimulated Supematant “
Oml/s2ndSonication 40 watts 90 seconds

= 0.S98 20% = 3.032 70%= 16.47 4.423 68% 6.678

BW w~rib~~m ;w+b
::::: :;2:S :;!:::;: ;’

= 10.68 60% = 8.416 96%= 34.19 .;

.,. .

.,

.,,

1“,’,;I

,:
.,

,:

. . .



Particle Size Analysis AZ-102 Waste Date: 05/19~
CUF-AZI02-MU-R2DI Time: 16:43

~UF-AZf02 - Summmv Percentiles Dia Vol% Width
~ampleCUF-AZ102-hlU-R2Dl
) AZ-102-MUSimulated Supematent

mv = 12.37 10% = 0.308 60°h = 0.471 0.407 100°k 0.636
mn

Omlls2nd Sonication 40watts 90seoonds
= 0.698 20% = 0.324 70%= 0.676
= 3.944 30% = 0.34f 80% = 0.763

tiu.~k Di5~C{b~~w j 1-IC)o~k+m ~Sa=1.621 40% = 0.367 90V0= 1.060
sd = 0.268 60% = 0.407 96%= 1.396 4

‘APASS YoCHAN
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Particle Size Analysis

cw AZ-102 Waste Date: 05120W Meas ~ 00021
CUF-AZI02-MU-R2DI Time: 11:18 Pres # 01

CUFAZ-102 Waste Summary Percentiles Dia Vol% Width

JPA mv = 1.632 10% = 1.093 60%= 1.496 6.637 2% 1.133

Samplx CUF-AZI02-MU-R2DI = 1.281 20% = 1.196 70%= 1.683 1.412, 98% .6746

‘ ‘q\& ti5+YibJ+m ; ~Q~ +~
;;= 1.409 30% = 1.274 80%= 1.697

. = 4.269 40% = 1.347 90%= 1.896
sd = .3006 60% = 1.420 96%= 2.119

. 1 I I
YoCHAN%PASS

100.0

90.0

80.0

70.0

60.0

.50:0..

..

40.0

‘30.0

20.0

10.0

d.o
,0

SIZE J , YOPASS ~oCHAN
KI 100.00 ‘ ‘1.10
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Particle Size Analysis
UFAZ-102Waste
PA
ampbz CUF-AZI02-MU-R2D1

timw~;+<; Ld+kj w% +

%PASS

w *W%
CUF AZ-102 Waste Date: 0612018$ Meas#: 00021
CUF.AZI024WJ-R2DI ‘: Time: 11:18 Pres # 01
Summary Percentiles Dia Vol% Width

mv = 1.632 10% = .9656 60%= 1.308 1.246 100% .6008
mn = 1.281 20% ❑ 1.060 70%= 1.381

I= 1.409 30%= 1.120 80%= 1.474

I

1,~Sa=4.269 40%= 1.184 90~o = 1.608
sd = .2604 60% ❑ 1.246 96%= 1.731 ~I I
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2.760 . 99.97, 0.19
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Particle Size Analysis
CUF AZ=I02 Waste Date: 06/20/89 Mess* 00027
CUF44ZI02-MU-R2DISON Time: 11:39 Pres # 01

cUFAZ-102Waste Sx!?H!Y Percentiles. Dia Vol% Width

JPA mv = 2.219 10% = .4693 60%= 2.552 2.621 83% 1.668
iSam~l& CUF-AZI024WLR4D2Sonicated mn = .2623 20% = 1.033 70%= 2.807 .4167 17% .4261
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6.600 99.33 ‘1.74
4,626 97.69 4.24
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2.313 j3.74
1.946 36:21 7.99
1.636 ! 28.22 4.30
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1.166 . 21.32 1.98 “
0.9723 ; 19.34 1.88
0.8176 17.46 2.04
0.6876 16.42 2.27
0.6781 s 13.16 2.38
0.4861 10.77 2.28
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“ Particle Size Analysis CUF AZ-102 Waste Date: 061201~*Meas #: 00027

CUF-AZI02-MU-R2DISON Time: 11:39 Pres # 01
XJFAZ-102Waste Summary Percentiles
IPA

Dia Vol% Width
mv = 2.219 10% = .1536 60%= .2124 .1920 100% .1613

iampk CUF-PZ102-MU-R2DISonicated mn = .2623 20% = .1608 70%= .2420
= 1.166 30% = .1682 80%= .2902

AIWWJQW Di~tr;hti~~ Wk +b := 6.189 40% = .4777 90%= .3856
= .0807 60% = .1920 96%= .4960
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Particle Size Distribution”Plots
For Concentrated Slurry: Sample CUF-AZ-102-OO5

Replicate No: 1
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Particle Size Analysis Date: 0S1191= Meas #: 001S2
Time: 17:28 Pres # 01

XJFAZ-102Waste Summary Percentiles Dia Vol% Width ‘
;ampk CUF-AZI02-05 mv = .2.820 10% = 0.476 60%= 1.789 1.661 92% 4.267
nAZ-102-05Simulated Supematant mn = 0.326 20% = 0.866 70%= 2.666 0.287 8%
10mUs,

0.147
= 1.076 30% = 1.069 80%= 3.984

4DIW Q3i-f-iLJlm; x-[~i +G
~ = 6.676 40%= 1.236 90%= 6.826 ,

= 2.063 60% = 1.444 96%= 10.23 .1 I I
%PASS 04CHAN
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~09.3~ 100.00 0.00
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W.O ‘ ::;::. ‘0.00
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37.00 ! 100.00 ‘0.00
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3.270 75.66 3.96
2.760 71.71 4.13
2.312 67.68 4.77
1.946 62.81. z 6.44 ~
1.636 66.37 9.27
1.376 47.10 11.62
1.166 36.68 10.31
0.972 26.27 6.69
0.818 “18.68 3.86
0.688 14.72 2.49
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0.204 0.88 :::
0.172 0.00 0.00
0.146 0.00 0.00

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0
10 ~ ‘ i 100.0

crons)- . ; , i,
~: YOPASS ; YoCHAN

1.

I

,

!

,

NZE “O!Piss ?40CHAN-
I’

I

. .

ti !“.;.
:1

1

II
t

__-----’



:... MAOT.

.- .--. .,. —.- n-b-. nw

Patiicle Size Analysis ~
cw AZ-102Waste
satnpb CUF-AZI0245
n AZ-10245Simulatd Qllnematant I

U.J -!W

..,49189’ Mbas # 001621“:~.n[w Waswl
CL

- --- ------
UF-Z102416 lime: 17:28 Pres # 01 I “

. . .. . . . . ...
Percentiles I Dia vol~o wtutn

0.5477% _
rSummary I

I mv = 2-820 10% = 0.187 60%= 0.271 0.979
,-” -“~--------- :6 20% = 0.199. 70%= o.302 0.241 93% o.161

i m; = ~,076 30% = 0.212 80%= 0.366 :

AM v15~ 1w nm ft-luu ~lv””
)

.; = 6.576 40% = 0.229 90%= 0.620 “

I sd = 0.100 60% = 0.248 96%= 0.834
rl#aitn

...- ----
inn = 0.32

I
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Patiicle Size Analysis ~ AZ-102Waste Date: 06/19189 Meas # 00166 :
CUF-AZI02-06 Time: 17:39 Pres # 01

:UFAZ-102 Waste Summary Percentiles Dia Vol% Width
ample: CUF-AZI02-05

mv = 2.846 10% = 0.434 60%= 1.676 6.101 33% 7.302 ,IAZ-102-O5Simulated Supematant
Omlls,

mn = 0.330 20% = 0.736 70%= 2.681 0.996 67% 1.060 ;

{~lti ~is~i buk~; x-1~ *
ma = 1.002 30% = 0.936 80%= 4.310 .
CS ~= 6.989 40% = 1.106 90%= 7.200

i

sd = 2,286 60% = 1.310 96%= 10.68 a“
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Parficle Size Analysis AZ-102Waste Date: 06/19= Meas% 00166
CUF-AZI0246 Time: 17:39 ~ Pres # 01

CUFAZ-102Waste Summary Percentiles Dia Vol% Width
Sampl= CUF-AZI0245 mv = 2.845 10%= 0.188 60%= 0.278 0.264 100% 0.226
nM-10245SimulatedSupemakmt mn = 0.330 20% = 0.201 70%= 0.313 ‘

“100.0”

-90.0 “
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. .. ..
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F
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‘hPASS
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497.$” [ 100.00
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I

100.00
362.Oj 100.00
2~6;0 , 100.00
248.9 \ 100.00
209.3)
176.0 i;;;;;’
148.0, ; 100.00.
124.6 ‘ ““ 100.00
104.7 100.00
88.00 ~ ,.~100.00
74.00 ‘ 100.00
62.23

L
100.00

62.33 j .-, 100.00
44.00

t

100.00
37.00 100.00
31.11 ~ - 100.00
26.16 100,00
22.00 --100.00
18.60 :100.00
qg 66 :. ‘~ 100.00

8 100.00
,W.do - 100.00

ma = I1.002 30% = 0.216” 80%= 0.376 -
Cs

I
= 6.989 40%= 0.233 90%= 0.668

sd = 0.113 60%= 0.264 96%= 0.806

- Size (n
SIZE ?40PASS ?/oCHAN ~ %PASS ‘hCHAN
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:0.00
0.00

: “0.00
‘ ti.oo

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00
100.00
100.00
Igo.cg

99:98
99.96
99.93:
99.87
99.74,
99.41
98.62.
97.16,
96.19
93.01
90.69
87.63:
83.08:
76.84
63.62
46.13
22.82
0.00
0.00

0.00
0.00

~ 0.00 ‘
0.01: ;
0.01:
0.02 ~
0.03 ‘

: 0.06 ‘
0.13
0.33 .
0.79
1.47
1.96
2.18
2.42 .
3.06
4.46 :
7.24
12.22 ~ :
18.49
‘22.31 ~
22.82
0.00
0.00

crons) -
~, YoPASS ‘ACHAN

8

!.’
~[

I
.,

,.:

I
.,

!!:

%CHAN
— 50.0

-45.0

-40.0

-35.0

-30.0

-25.0

-20.0

-15.0

-10.0

5.0

0.0
1000

%PASS ‘ACHANWE

,.

1:

.} i
,.

; .. t.
:,. I

.,.1 :.
+ ,,’ I

t
.-, ‘------ .—— .?-.. -.?.- .. .-,.. - . . m-,—- -.. —

777------



n’) G(2$
Pafticle Size Analysis AZ-102 Waste Date: 06/19/~ Meas#: 00160

CUF-AZI02-06 “ “ Time: 17:64 Pres # 01
:UF AZ-102 Waste Summary Percentiles. Dia Vol% Width
;ampl~ CUF-AZI02-05 , mv = 2.926 10% ❑ 0.187 60%= 0.280 0.266 100% 0.224
~AZ-102-05Simulated Supematant mn = 0.323 20% ❑ 0.201 70%= 0.316
OmUs, Sonicate 40 watts $)0seoonds ~ (St %A’l?&&IM\ ma ❑ 0.966 30% = 0.216 80%= 0.378

I Cs I= 6.276 40%= 0.234 90%= 0.629
sd I❑ 0.112 60%= 0.266 96%= 0.731 ,

%PASS

0.100

. .

1.000 10:00 ‘ 100.0
t

I ‘. - Size (fi

‘A PASSHZE j ?40CHAN ~ ?JoPASS ?40CHAN
mO :100.00: p,oo 9.260 100.00 0.00
i92.0,. ! 100.00: ‘0.00 7.778
197.8’ 100.00 0.00
118.6 ; 100.00 000 ~
162.0j ! 100.00 ~ ! 0.00
!96.0 ~j;;.CI~ ~ i $00
!48,9 . ~ 0.00
!09.3 100:00 0.00
176.0 s 100.00 0.00
148,0 100.00 0.00
124.6~
104.7 1 ;:::: :::: .!
18.00 100.00 0.00
r4000“ , 100.00 0.00
;2.23 100,00 0.00
;2.33) 100.00 0.00
kl.oo ! 100.00 0.00
17.00 100.00 0.00
11.11: .100.00 0.00
!6.16 100.00 0.00
!2.00 100.00 0.00
18.60 “ 100.00 0.00
16.66 100.00 0.00
3.08 100.00 0.00
1.00 100.00 0.00

,! I

6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00 0.00 ;
100.00, 0.00
100.00 0.00 :
100.00 0.01
99.99 0.01 .
99.98 0.02
99.96 0.03
99.93 0,06
99.88 0.10
99.78 ] 0,24 , t
9“9.64: : 0.66. ! ;
98.98 ‘ ‘ 1.07” ‘
.97.91 1.62
96.29 2.06 . ‘
94.23. 2.68
91.66 3,46
88.19 6,03
83.16 7.80
76.36 12.43 “ :
62.93 18.14
44.79 21.96
22.84 22.84 .
0.00 0.00
0.00 0.00

,
!; I . . ,
.; :.” I

,,

) l;:

~[~.I

I
!., ,

t

r

[

.)

..- 1000I

-50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
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P?tiicle Size Analysis
AZ-102 Waste Date: 051191~
CUF-AZI02416 Time: 18:04 Pres # 01 ~

CUFAZ-102Waste Summary Percentiles Dia Vol% Width
SampkxCUF-AZI02-05 mv = 2.971 10% = 0.386 60’%= 1.891 4.724 39% 7.126
nAZ-102415Simulated Supemakmt mn = 0.320 20% = 0.632 70%= 3.092 0.864 61% 0.983

kMk, 2nd Sonication 40 watts 90 seconds I ma”= 0.961 130%=0.868 80%=4.667 [ ;.

1“

9

8

7

6

‘5

4
. .

‘3

2

1

0

704.0 ‘ 100.00 0.00
692,0. 100.00 0.00
497.8 100.00 0.00
418.6 ‘ 100.00 .0.00
362.0: :100.00 0.00
296.0 ‘ 100.00 0.00
248.9 :100.00 0.00
209.3 100.00 0.00
176.0 ~100.008 0.00
148.0 I 1000O.”; .0.00
124.6 t ; 100.00 :O.OO

~:~; ( 100.00 J :0.ql
.!.100.00 !0.00

7400 i 0.00
:;:; j :::;: ‘ ‘0.00

0.00
4:00; ‘ 100:00; 0.00
37.00 100.00 ~ 0.00
31.11 J . .“100.00 0.00
y: ~IcCo.o(l 0.39

0.64
18:60 “. ~ 98.97 0.97
- ;; ~. - 98.00 1.31

96.69 1.67
1,-1.00-- 96.02 2.06

IF..

1.000

9.260
7.778
6.541
6.600
4.626
3.889
3.270
2.760
2.312
1.945
1.635
1.376
1.166
0.972
0.818
0.688
0.578
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

—

—

—

—

—

, ;10

- Size (n
~ ‘APASS ?AoCHAN

92.96 2.62 ~
90.44
87.39
83.81
79.79
76.62
71.30
67.43
63.96
60.68
66.64
61.26
43.93
36.66
28.06
22.26
17.83
14.20
11.00
8.03
6.24
2.82
1.08
0.00
0.00

3.06
3.58
4.02
4.27 t
4.22
3.87
3.47
3.38
3.94
5.38
7.33 ‘
8.37
7.60
6.80
4.43
3.63
3.20
2.97
2.79
2,42
4.74
1.08 s
0.00
0.00

-----

._I_.. -4

. . . ..

~

,.

. .

kh!a
10 : o

90% = 7.574 “.
96% = 10.98

.

%CHAN
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

‘0.0

i’

.-

::
,

,.
,“

1 .,
I

I
;’
.’

,

I I i
,,

, l..

-1 : i
~ ‘!PASS YoCHAN
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I
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I
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Particle Size Analysis
CUF AZ-102 Waste
Sample CUF-AZ102-O5
n AZ-102-05 Simulated Supematant

~Oml/s, 2nd Sonication 40 watts 90 seoonds

:’ $%3 Lq#
AZ-102 Waste Date: 06/19/f& Meas : 00164
CUF-AZI02-06 “ Time: 18:04 Pres #: 01
Summary Percentiles Dia Vol% Width

10% = 0.187 60%= 0.279 0.264 100% 0.217
mn

I
=0.320 20%= 0.200 70%= 0.314

ma ❑ 0.961 30%= 0.216 80%= 0.373
Cs

I
= 6.312 40% ❑ 0.233 90%= 0.616

sd ❑ 0.109 60%= 0.264 96%= 0.708

,.. .,

I 30:0’ +--l

1“. .,. “’1.,21-; .

+a.u

40.0

35.0

30.0

25.0

20.0

15.0

10.0

362.0 :100.00 0.00
296.0” 100.00 0.00
248.9 I 100.OO’ u 0.00
209.3: -:100.00 0.00
176.0 1100.00 0.00
148.0
124.6
104.7
88.00.
74.00 ‘
62.23
62.33,
44.00
37.00 .100.00 0.00
31.11 J ; 100.00 0.00
26.16 :100.00 0.00
22.00 ; 100.00 0.00
18.60 “ ‘ 0.00
16.66 11.’: ;:::;: 0.00
13.08 100.00 0.00
11.00 --- 100.00 0.00

100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00

~
9.260
7.778
6.644
“6.600
4.626
3.889
3.270
2760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.578
0.486
D.409
D.344
0.289
D.243
D.204
0.172
9.146

5.0

“.”

100.00 0.00.
100.00 0.00,
100.00 0.01
99.99 0.01
99.98: 0.02,
99.96 ; 0.03
99.93 ‘ 0.06
99.88: 0.10
99.78, 0.22
99.66 ! 0.61:
99.06, 0.98
98.07 ; 1.48
96.69 ! 1.93 ‘
94.66 ‘ 2.48
92.18: 3.41
88.77 6.06
83.72 7.89 ‘
76.83 “ 12.60
63.33 ‘ 18.21
46.12 ‘ 21.97
23.16 23.16 :
0.00 0.00
0.00 0.00

~ I 1111111 I I Hjl!ll nn

crons) - ! : i

gz&’ %PASS OhCHAN

ii:

~ %PASS YoCHAN

:,.,

I

. .



Particle Size Analysis
CUF AZ-102 Waste
JPA
~ample CUF-AZI02-05

%PASS

.0.0010 : : “‘
,.

w (#k

CUF AZ-402 Waste Date: 05/20& Mea5#A 00011
CUF-AZI02-05 Time: 10:31 Pres # Od

Summary Percentiles Dia Vol% Width

mv = 10% = 1.402 60%= 1.883 1.794 10o% .6983
mn = 1.636 20% = 1.626 70%= 1.985
ma = 1.763 30% = 1.626 80%= 2.113
Cs = 3.404 40% = 1.711 90%= 2.302
sd = .3491 60% = 1.794 96%= 2.482

100.0

90.0

80.0

70.0

60.0

,50:0..

40.0

‘30.0 ,.
1.....

20.0

10.0
.ut

Lo

>,.
- Size (i :rons) - ‘ ‘ ~

; II!:

SIZE ., %PASS OACHAN SIZE ‘APASS %CHAN W! ‘APASS , ‘YoCHAN

K’ ! 100.00 “ 0.00 E69 0.00 ‘ “0.00:”
6.600 :100.00 0.00 0.00

100.004.626
3.889
3.270
2.760’
2,313
1.946~
1.636
1.376
1.466.

100.00
100.00
98.44
90.46
66.49
31.04
8.17
1.29

0,9723 ; 0.00
0.8176 . ‘ 0.00
0.6876 “ 0.00
0.678’1 ‘ 0.00
0.4861 ; 0.00
0.4088 : 0.00
0.3437 : 0.00
0.2891 ~ 0.00
0.2431 , 0.00
0.2044 ‘ 0.00
0.1719 “ 0.00
0.1446 0.OO

?15 0.00

1 ,d22 0.00

0.00
:0.00
‘0.00
“1.66
Z.99
23.$6
36.46
22.87
6.88
1.29
:0.00
,0.00
?3.00
‘0.00
0.00
0.00
!0.00
io.oo
!0.00
0.00
0.00
0.00
0.00
0.00

().0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038
:.

0.00 ‘ ~ 0.00 :
0.00 ‘ 0.00
0.00 0.00
0.00 ‘ i 0.00 I
0.00 ! ! 0.00: !
0.00 0.00
;:: ~ 0.00

0.00
0:00 0.00
0.00: : 0.00 :
0.00 ‘ ! 0.00: “
0.00 ‘ : 0.00
0.00 : 0.00
0.00. . 0.00 ~
0.00,
0.00 ‘::::t
0.00 0.00 ;. . .

::”: I

,

I

!

I
i

i

,

?40CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
.~ 10.00i::

~ i ‘APASS OACHAN

!ill

i
1

I

!
i

I

1
II
I

1

I
o

.,.
ii

;l; !
l!!
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Partic/e Size Analysis
UFAZ-102Waste

PA
ampl~ CUF-AZ102JJ5

GM
CUF AZ-102 Waste Date: 06/20/~ Meas #: 00011
CUFi4Z102-06 Time: 10:31 Pres # 01
Summary Percentiles Dia Vol% Width
mv = 1.830 10% = 1.236 60%= 1.679 1.698 100% .6162
mn = 1.636 20% = 1.356 70% ❑ 1.769

100.0

90.0

80.0

70.0

60.0

.50.0 -

40.0

30.0

20.0

10.0
: .. I

111111 IHIIII

I I 1.111111

Q.o I II 1111111 II 1111111 II

0.0010

; ‘APASSilZE .; OACHAN
xi ~100.00 ‘0.00
1.600 ! 100.00 Q.oo
.626 :100.00 “0.00
.889 100.00 0.00
.270, ‘ 100.00 0.28
.760 ; 99.72 0 2.42
.313 ; 97.30
.946 86.11
.636 64.79
.376 21.89
.166 5.26
.9723 t 0.00
.8176 ! 0.00
.6876 ! 0.00
.6781 . 0.00
.4861 0.00
,4088 : 0.00
,3437 : 0.00

12.19
30.32
32.90
16.64
6.26
0.00
‘0.00
0.00
0.00
0.00

~:::

.2891 0.00 Q.oo

.2431 , 0.00 0.00
,2044 0.00 0.00
,1719 0.00 0.00
,1445. 0.00 0.00
,1215 0.00 0.00
,1022 0.00 0.00

,,

0.0100 , : 0.1000 j ~ 1.000
- Size (microns) - ;

~ VOPASS . OACHAN SIZE ; ‘APASS OACHAN—: — .!
,,0.0869 0.00 : 0.00

0.0723 0.00 ! : 0.00 ‘
0.0608 0.00 I : 0.00 ‘ :
0.0611 0.00 i 0.00 “
0.0430 0.00: 0.00 “
0.0361 0.00 0.00
0.0304 0.00 0.00
0.0266 0.00 0.00
0.0216 0.00 0.00
71.0181 0.00 0.00
0.0462 0.00 ~ 0.00
0.0128 0.00 0.00 , ~
0.0107 0.OO 0.00 :
0.0090 0.00: 0.00 ~
0.0076 0.00 0.00
0.0064 0.00 ! 0.00 .:
&O064 0.00, : 0.00 ‘
0.0046 000 ; : 0.OO ! .
0.0038 0.00 ~ 0.00 ‘

. .:’

ifi
Ii

,

j!:
.,

.i~
1

:!
,,,
.,

I.,
I l.:1!
:,.
;,:>,
:,
,.
,!.

,,

,,

1 i,

:..
:::

%CHA
50.0

45.0

40.0

35.0

30.0

25.0

20.0

d5.o

10.0

5.0

0.0
I 10.00!.

N

I
,!

~ ; %PASS YoCHAN
1:

i.
~

[!:

l:.
i
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.Particle Size Analysis
CUF AZ-102 Waste Date: 05/20/8$ Meas# 00017
CUF-AZI02-05SON . Time:10:S9 Pres # 01

3JF AZ-102 Waste Summary Percentiles Dia Vol% Width

JPA mv = 1.078 10% = .3876 60%= 1.466 1.602 64% .4211
Samplw CUF-AZI02-05Sonicated . mn = .4429 20% = .4342 70%= 1.670 .4479 46% .1740

= .7249 30% = .4819 80%= 1.677

- * Iw ~i5+<ibh’~j Pf’fi ~~ ~;= 8.277 40%= .6610 90%= 1.803
sd = .6636 60% = 1.318 96% ❑ 1.888

~O:A~S
.

90.0
“1 I I 1111111

70.0

i

80.0

60.0

.5K0.-.. .-:-....-......-.- .... . . - . -, ..> . . .. . ) --

/r ‘B!

40.0

‘30.0 ‘
m

t
:

m 1
20.0

1Tttitmt
10.0

0.0
.0.0010 : 0 : 0.0100 ; : : : : ;0.1000 ; ;- : : , ‘1.000

!. !., i:

I l., [ I
+ Size {n

SIZE .I ~‘APASS ?oCHAN & OhPASS ?40CHAN;

iial Tii3iz :0.00.. 0.00 i O.OO , “
6,600 i 100.00 ! 0.00
4.625 ‘ 100.00: ::():
3.889 ~100.00 i
3,270 , 100.00 0:00
2.760 ! 100.00 ; 0.00
2.313 ; 100.00; 5.47
1.945 97.63 21.24 “
1,636 76.29 23.68
1.376 ‘ 62.61 ‘6.60
1.166 47.11 ‘0.96
0.9723 ~ 46.16 0.00
0,8176 ‘ 46.16 “ 1.11
0,6876 ..46.04, 3.70
0.6781 41.34 ; 10.63
0.4861 30.81 ~ 16.60
0.4088 ‘ 14.31 ; 11.27
0,3437 “ 3.04 3.04
0,2891 , 0.00 ‘ 0.00
0.2431 . 0.00 ~ 0.00
0.2044 0.00 ‘ 0.00
0.1719 I 0.00 ! i).oo L
~ 4446: 0.00 0.00

~15 0.00 0.00
l’lY.-lo22 0.00 0.00

D.0869
0.0723
D.0608
D.0611
D.0430
D.0361
D.0304
D.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

,>.
. .

0.00 0.00 ‘
0.00 0.0’0, :
0.00 0.00 ‘ ‘
0.00 0.00 !
0.00 , 0.00,
0.00 ; ! 0.00 “ “
0.00 “ 0.00
0.00 0.00
0.00 0.00 .
0.00 0.00 ‘

0.00 0.00 ~ :
0.00 0.00 !
0.00 0.OO :,
0.00 0.00 ,
0.00. 0.00 ,
0.00 ‘ 0.00 ~ :
0.00 0.00
0.00 0.00 .

,:, .

. . ,..

3U.U

45.0

40.0

35.0

30.0

25.0

20.0

15.0

‘10.0

5.0

0.0
10

~;~, ;..
,., !
!, “]’.

. . .

,.
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Patiicle Size Analysis CUF AZ-102 Waste Date: 06120f88- Meas * 00017
CUF-AZI02-06 SON ‘ Time: 10:69 “ Pres # 01

:UF AZ-102 Waste Summary Percentiles Dia Vol% Width :
IPA mv = 1.078 10% = .3288 60%= .4261 1.611 2% .4263 :
,ampl&.CUF-AZI02-05Sonicated mn ❑ .4429 20% = .3612 70%= .4478 .4032 98% .1407 :

IINwobti bi5?C:b ~h’m j UPA+~ ~ = .7249 30%= .3698 80%= .4766
= 8.277 40%= .3874 90%= .6266

sd = I.0741 60% = .4066 96%= .6868

100.0

90.0

80.0

70.0

60.0

,50-:o.-

40.0

30.0
,.

20.0

10.0
.,

0.0
.,. . ,O.qofio p:-”’ :: :(,’

I : I !.i~””o’ooI ,“jlliz~;
jlzJ. , %PASS “OACHAN ~ %PASS OACHAN,
;.641 “: 100.00! a.oo 0.0869 0.00 ! 0.00, ! ‘
i600 100.00 0.00
L626 100.00 ‘0.00
L889 100.00 0.00
).270 100.00, 0.00
!.760 100.00, 0.00
!.313 ~100.00 ~ 0.04
[.945 : 0.62
1.636 i ;;;;; ! 1.17
1.376 98.17 0.46
i.456, : 97.71 ~ 0.13
1.9723 r 97.58 I “0.00
1.8176 ‘ 97.68 I KL44
1.6876 : 97.14 ~ ;2.46
1.6781 94.68 “ 11.78
).4861 82.90 , 31.d6
1.4088 ! 61.85 ! 36.67
1.3437 16.18 16.18
).2891 0.00 : a.oo
1.2431 / 0.00 ‘ :0.00
1.2044 0.00 0.00
1,1719 0.00 0.00
),1446 0.00 0.00
1.1216 0.00 0.00
1.1022 0.00 0.00

0.0723
0.0608
0.0611
0.0430
D.0361
D.0304
Q.0266
D.0216
0.0181
2.0162
3.0128
).0107
).0090
).0076
0.0064
0.0054
0.0046
0.0038

0.00 “ 0.00 ‘
0.00 0.00 ~
0.00 0.00 ‘
0.00 0.00 , .
0.00 0.00
0.00, : 0.00 ::
0.00 ~ 0.00. ;
0.00 ! : 0.00
0.00 “ 0.00 “

0.00 ; 0.00: j ,
0.00, 0.00
0.00 : ; 0.00 ; :
0.00: : ().00 ! .
0.00 , 0.00 ‘ !
0.00 i 0.00. ;
0.00 ‘ 0.00
0.00 0.00
0.00 0.00, :
,.,

.-..... . . . .

,

,. ,

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0
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Particle Size Distribution Plots
For Concentrated Slurry: Sample CUF-AZ-102-OO5DUP

Replicate No: 2
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Gal
Parficle Size Analysis AZ-102 Waste Date: 06M81& Meas{#: 00036

CUF-AZI02-06 DUP Time: 14:11 Pres #: 01
LI02 Waste Summary Percentiles Dia Vol% Width
lampleCUF- AZl 02-05 DUP mv = 3.237 10’%0= 0.610 60%= 1.860 6.236 27% 8.730
I AZ-102415Simulated Supematant mn = 0.329 20% ❑ 0.869 70%= 2.726 1.271 66% 1.194. .

ma = I I
1.11630% = 1.074 80%= 4.718 0.286 7% 0.148 I

Cs = 6.380 40%= 1.262 90%= 7.374 ‘
sd = 2.418 60%= 1.491 96%= ql.62 ‘I I i

%PASS
100.0

‘?40CHAN
20.0

90.0 18.0

80.0 16.0

70.0 14.0

60.0 12.0

.5ti:o-
10.0

—

40.0 8.0
. ..

30:0 6.0

20.0 4.0

10.0:: 2.0
~l-l,-. U

0.0 0.0
.Jo.l;()()

\

1.000 10:00 “ :100.0
- Size (r

WE ; . ‘APASS YoCHAN ~ YoPASS %CHAN.—
93.08 2.19‘04.0 100.00

i92.O 100.00.
197.8> ! 100.00;
)18.6 \ 100.00
162.04, :100.00:
!96.0 ~100.00 ‘
!48.9
!09.3
76.0
48.0
24.5
04.7

88.00
74.00
62.23
62.33.
44.00
37.00
31.11:.

100.00
100.00
100.00
100.00
100.00 ‘
100.00
100.00.
100.00
100.00
100.00 ;
100.00 I

100.00 ~

99.60 ;
26.16 ; 99.00
22.00 98.42
18.60 ‘I 97.70
15.56 ~ . 96.83
13.08 96.80
11.00 ‘“ 94.60

0.00
0.00
‘0.00
0.00
.0.00
0.00
0.00
0.00
0.00
0.OO
“0.00
0.00
.O.OO
0.00
:0.00
Xxoo
1o.oo
Q.60
11.60
0.58
0.72
0.87
1.03
1.20
1.52

:,
,!

.. . (
I

9.260
7.778
6.641
6.600
4.625
3.889
3.270
2.760
2.312
1.846
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

90.89
87.67 ‘
83.60 !
79.66
76.16
73.20
70.17
66.49
61.66
54.69
46.37
34.44
24.66
18.00
14.03
11.47
9.49
7.68
5.86
3.96
2,18
0.83
0.00
0.00

3.22
4j7-~ :

4.04 ‘
3.40
2.96
3.03
3.68
4.93
6.87
9.32 ‘
10.93
9.79
6.66
3.97
2.66
1.98
1.81
1.83
1.89
1.78
1.35
0.83 z
0.00
0.00

:!

crons) -
&ZJ ?40PASS : OACHAN

. .

~ ; 1000
{!

1.

..
i

\

I

!

!.

J



Cnaz%i

Particle Size Ana/ysis
AZ-102 Waste Date: 05118t%8- Mea~#k 00036
CUF-AZI02-06 DUP Time: 14:11 Pres # 01

AZ-102Waste Summary Percentiles Dia Vol% Width
SampleCUF-AZ10245DUP mv = 3.237 10% = 0.187 60%= 0.271 0.248 100% 0.210

hn ~-102-05 Simulated.Supematant

-m:~ B,$w;buhm ; X-KM +

%PASS
-100.0

90.0 “
. .

80.0

70.0

60.0

‘-mir- ‘“-’”-”-- ‘
. .-—. . . .

40.0

30.0 !‘“’ - “

.’... ..
20.0

!10.o

0.0
O.ioo :

# ‘

---- .-.

- ..

1 1 I I I r

704.0 100.00 ~
692.0 100.00:
497.8; “i 100.00
418.6 I 100.00:
362,0; ~.qoo.oo i
296.0
248.9

[ :;fi: ;

209.3.” :100:00
176.0 1100.00
148.0. I 100.00
124.6 I :100.00
104.7 ‘ 100.00
88.00 i. 100.00
‘7&J ‘ i 100.00

! 100.00
62:332
4T.00 I :::1:
37.00 i 100.00
31.11 ; 100.00
26.16 100.00
22,00 100.00
18,60 I 100.00
4X56 : . 100.00

8 100.00
.11.00 ‘ 100.00

0;00
0.00
0.00
‘.0.00
“0.00

, ‘0.00
‘0.00
,0.00
,0.00
jo.oo ‘

,0.00
0.00
0.00
0.00
0.00
0.00
O.OO
0.00
0.00
0,00
0.00
‘0.00
0.00
0.00
0.00

mn = 0.329 20% ❑ 0.199 70%= 0.304
ma = 1.116 30% = 0212 80%= 0.361
Cs = 6.380 40% = 0.229 90%= 0.543
sd = 0.106 60% = 0.248 96%= 0.849

..

-..-—. - .- . . .- .-

..“
t

~

..4

,.:

i.

~

.:. .’

..:

1.000 10:00 : ‘ : 100.0
I

I i: - Size (n
~ ..; “f%PASS ~oCHAN SIZE VOPASS OACHAN‘

. . , :,
! j . ..

,.....<3
!-’:’i.-; !

1

.-. . . -.

9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
5.156
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00 0.00 , i
100.00 0.00
100.00 0.00 ;
100.00 “ 0.01
99.99 0.01 .
99.98 0.01
99.97 0.02 ‘ ‘
99.96 0.04
99.91 ‘ 0.10 ;
99.81 0.23
99.68 0.53
99.05 1.06
98.00 1.68
.96.42 ‘ 1.80 ‘
94.62 1.81
92.81. : 1.97. :
90.84 i ; 2.66 4,

88.29 3.92
84.37 6.66
77.71 11.61
66.10 18.36
47.74 23.37
24.37 24.37
0.00 0.00
0.00 0.00

crons) - ~ i!

MI YoPASS i ‘YoCHAN1 —.
.Ii

:,:!,

. .
1.,1.

!’
il”
i!:

~’:

Ii”

,,

,, . .

-r

%CHAN
– 50.0

-45.0

-40.0

-35.0

-30.0

-25.0

-20.0

-15.0

-10.0

5.0

0.0
; 1000
!

!

& ‘%oPASS ?loCHAN

i
I

;,
~;,,

:

,,T,-{,. - — -
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Particle Size Analysis AZ-102 Waste Date: 05/181$
CUF-AZI02-05 DUP Time: 14:22 Pres # 01

iZ-102 Waste Summary Percentiles Dia Vol% Width
;ampIeCUF-AZI02-05 DUP mv = 3.264 10% ❑ 0.461 60%= 1.803 6.949 3~% 8.122
nAZ-102-05 Simulated Supematant - mn = 0.336 20% = 0.762 70%= 2.966 1.031 69% 1.184
;0 mUs 1.044 30% = 0.951 “ 80% = 6.041

L?(H D;5h”L~m j J-1oo *L

ma =
Cs = 6.747 40% = 1.138 90%= 7.604
sd = 2.606 60% = 1.376 96%= 11.88 a

%PASS %CHAN

1 )0,
- Size (n

NZE ; - z ‘APASS OACHAN SIZE ‘1oPASS OACHAN
i=o , 100.00. .0.00 GO 92.78
692.0 ‘ 100.00 7.778 90.41
497.8 100.00 ‘
418.6 100.00
362.0J :100.00
296.0 100.00 ;
248.9 ! 100.00:
209.33 -~100.00 j
176.0 :100.00
148.0 100.00
124.6 ; 100.00
‘lo407 100.00
88.00. 100.00
74.00 100.00
62.23 100.00
62.33 100.00
44.00 100.00
37.00 .100.00
31.11:: , 99.66
26.16 ~ 99.07
22.00 : 98.48
18.50 : 97.73
16.66 ~ 96.79
13.08 96.69
ll.oo --- 94.41

iloo
Q.oo
0.00
t).oo
p:

+:00
‘0.00
fo,oo
0.00
poo
Q.oo
0.00
0.00
0.00
0.00

:::
0.69
0.76
0.94
1.10
1.28

,1.63

6.641 86.86
6.600 82.30
4.626 77.88
3.889 74.36
3.270 71.61
2.760 “ - ‘68.82
2.312 65.80
1.946 62.02
1.635 66.97
1.376 60.00
1.156 40.92
0.972 31.16
h818 23.01
0.688 17.36
0.678 13.66
0.486 10.77
0.409 8.43
0.344 6.26
0.289 4.11
0.243 2.18
0.204 0.80
0.172 0.00
0.146 0.00

2.37
3.66
4.66
4,42
3.63
2.84
2.69
3.02
3.78 ;
6.06
6.97
9.08
9.77
8.14
6.66
3.80
2.79
2.34
2.18
2.14
1.93
1.38
0.80
0.OO
0.00

crons) - : ‘ ‘
SIZE 0/6PASS s OhCHAN—.

I
!

i

,,
... .,.

I ;ij
,:

i ...-. . . .. .
;:: i;

;!’

,:
, 1000!,

;,

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3:0

2.0

1.0

0.0

~ YoPASS YoCHAN

,. ...,

~

I

!

I,,

-.. J

,/ . L.

; . . i, .



Patiicle Size Analysis AZ-102 Waste Date: 061181~
CUF-AZI02-06 DUP “ Time: 14:22 Pres # 01

RZ-102Waste Summary Percentiles Dia Vol% Width
SampleCUF-AZ102-05DUP mv = 3.264 10% = 0.188 60%= 0.282 0.266 100% 0.242
nAZ-102-O5Simulated Supematant mn = 0.336 20% = 0.202 70%= 0.319
6Q-qL/s = 1.044 30% = 0.217 80’?4= 0.387 :

A-w Di5w\Lu~m j .%-m
ma
Cs = 6.747 40%= 0.236 90%= 0.S81
sd = 0.121 60%= 0.2S6 95% = 0.817

%PASS

,. ‘.fio.foo ~
f
1

NZE ,j j %PASS
~o ~100.00,
S92.0 ~100.00

%CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

‘15.o

10.0

5.0

0.0
I

I

:!

~

‘.00
‘.00

197.8J :100.00 a.oo
118.6 i 100.00; 3.00 $
)62.0 / 100.00 ‘ ‘0.00
196,0”” :100.00
148.9 100.00 ‘ ;::;
!0963, 100.00 0.00
176.0 ! 100.00 ‘0.00
148.0 1100.0”0 0.00
124.6: ““~400.00 0.00
104.7 [ 100.00 0.00
18.00 ‘ 100.00 0.00
‘4.00 100.00 0.00
;2.23 ~‘lOo.oo 0.00
i2,33 , :100.00 0.00
14.oo ~100.00 0.00
17.00 “ 100.OO 0.00 ‘
11.11.1 -’ 100.00 0.00
!6.16 100.00 0.00
:2,00 100.00 0.00
8.60 “: 100.00 0.00
-$6 U.’; floo.oo 0.00

8 100.00 0.00
1.00 ‘- .-100.00 0.00

!

- Size (r
SIZE OkPASS ‘70CHAN
GO 100.00 0.00
7.778 100.00 0.00
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
3.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00 0.00 ‘
100.00 , 0.01 ! !

99.99 0.01
99.98 0.01
99.97 0.02
99.96 0.03
99.92 0.07
99.86 0.16
99.69 0.37
99.32 0.81
98.61 1.46
97.06 2.04
96.01 2.38
92.63 2.70
89.93 3.33
86.60 4.69
81.91 7.36
74.66 12.18
62.37 18.46
43.92 ;:.;;
21.77
0.00 0.60
0.00 0.00

J “, ! . . ,.

8

:.

: 1000t i
!i

~ ?40PASS YoCHAN

.;.

. .
i,
!,
.,

:1

,~-------

.



Particle Size Analysis AZ-102 Waste Date: 06/18/W Meas * 00044
CUF-AZI02-06 DUP Time: 1436 Pres # 01

Z-102Waste Summary Percentiles Dia Vol% Width
ampleCUF-AZ102-05DUP mv = 3.486 10% = 0.396 60%= 2.068 6.977 34% 8,696
IAZ-102-05Simulated Supematant = 0.327 20’% ❑ 0.642 70% ❑ 3.661 0.938 66% 1.291
OmlJs,Sonicated40W,90sec ~ \ 5+ SM{c6H~\

mn
ma = 0.988 30% = 0.874 80% ❑ 5.433

O/oPASS
“100.0

90.0

80.0

70.0

60.0

2iil:o-
——

40.0

30.0....

20.0

10.0..
...0

;.0
.10.100 ; ., 1.000 ~ 10:00

- Size (~
~. . ‘APASS ?40CHAN ~ ?/oPASS YoCHAN
‘04.0 : 100.00! ‘0.00 9.260 91.84
;92.0 . 100.00,
197.8‘ :100.00
118.6 100.00:
162.0 , 100.00
!96.0-’ ; 100.OO
!48.9 ; 100.00.
!09.3 . .100.00
76.0 ‘ 100.00
48.0 ; 100.00:
24.6: - ~100.00:
04.7 ] 100.00,
18.00 ..; 100.00,
‘4.00’ :100.00 ‘
;2.23 ‘ 100.00:
~2.33, -1i 00.00 ‘
A.oo
7,00

~100.00,
; 100.00

1o11‘ : 99.47
!6.16 , 98.88
!2.00 98.16
8.60 97.26

,6.66 ~ ‘. 96.16
13.08 94.93
11,00 “ 93.66

0.00
0.00
0.00
0.00
:0.00
0.00
0.00
0.00

[:::

~:oo
p.oo
0.00
0.00
0.00
0.53
0.69
0.72
0.90
1.10
1.23
1.38
1.71

7.778
6.641
6.500
4,625
3.889
3.270
2.760
2.312
1.946
1.635
1.375
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

89.32
86,43
80.37
76.49
71.66
68.6f
65.72
62.60
68.69
64.12
48.64
41.78
.34.38
27.49
21.87
17.42
13.76
10.63
7.67
4.81
2,46
0.88
0.00
0.00

2.62
3.89
6.06
4.88
3.83
3.06
2.89
3.22
3.81 ,
4.67 :
6.68
6.76
7.40
6.89
6.62
4.46
3.67
3.22
2.96
2.76
2.36
1.68
0.88 .
0.00
0.00

‘ ::100.0
i:

;.crons
~: ‘APASS OACHAN—

1

!’,,

.!:

i.
~,

1
i“I

il’
:, :.

. .
; ~ 1000
I
,.

& %PASS YoCHAN
:’I

I

1
I(

:!

I
,,

,,

!
1

I

.:

; :; i,



Particle Size Analysis
AZ-102 Waste
CUF-AZI02-06 DUP Time: 14:36

AZ-102Waste Summary Percentiles Dia Vol% Width

iSaIIIDh3CUF-AZI0245 DUP mv = 10% = 0.189 60%= 0.287 0.261 100% 0.226

1-n&-102-05Simulated Supematant
...

JI S+ %mi=~m
L

mn = 0.327 20% = 0.204 70%= 0.323 ‘
fLqUS, Sonicated 40W, 90sec ma = 0.988 30% = 0.221 80%= 0.384

.Vf&M- D;$h’ibhkm; %-loo ~
Cs = 6.076 40% = 0.240 90%= 0.626
sd = 0.113 60% ❑ 0.261 96%= 0.711

%PASS %CHAN
III I I I I I 1111 I I I I 11111 50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

100.0

90.0

80.0

70.0

60.0 F
, +

.....-..,.-k. —. —. --- .- - . .

wm-’- ‘--” ‘“
... ..

40.0 ‘L

30.0 :. .. I. .

20.0“ ‘--

.40;0:;”:
(.‘.“

0.0

! I I 1 1 t !

I I1111

I 1118111 I
I 1 I I I I Ill

i ~ 1000
II ..JO.?OO , : 1.000 , i

- Size (m :rons) - ‘ ! i :
~. ‘hPASS ?z’oCHAN “SIZE ‘APASS ‘ACHAN ‘hPASS~ YoCHAN

100.00 0.00 9.260
7.778

.,

YoPASS YoCHAN~—

100.00
100.00
100.00
100.00
99.99
99.98:
99.97 j
99.96
99.92 ;
99.86:
99.74 ‘
99.49
98.98
.98.04
96.57
94.66
91.87 I
88.16 !
82.67 “
74.20.
60.87
41.81
20.31
0.00
0.00

0.00
0.00
0.00
0.01 ‘

0.01 :
0.01 ‘
0.02
0.63
0.06,
0.12
0.26’ ‘
0.61
0.94
1.47
2.01
2.69
3.72
6.48 :
8.47. “ “
13.33
19.06
21.60
20.31
0.00
0.00

704.0
692,0. -
497.8J
418.6
362.0 j .
296,0
248.9
209.33 ‘
176.0
148.0
124.6? -

I
100.00
100.00
100.00
100.00
100.00
100.00
100.00

0.00
0.00
il.oo
‘0.00

,0.00
; 0.00 ~

0.00
: boo

Loo
‘0.00
0.00
0.00
0.00
0.00 !

0.00
0.00
0.00 ~
0.00
0.00
0.00
0.00
0.00
0.00
0.00

!:
i:
1;6.541

6.600
4.626
3.889
3.270
2.760
2.312
4.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

I

i
i

,.

100.00 !
100.00 ~
100.00

I

;.!.

104.7 ; 100.00
88.00 --100.00
74.00 :100.00
62.23 ~100.00
62.33 j -!, 100.00
44.00 1100.00
37.00

1
100.00

31.fl “; “’ 100.00

w I MM
18.50 - i -100.00
-56 ‘- .-~ -100.00

1

I
,

1
I

z

1

!

I

8 100.00
-rI.oo’-“’“ ~100.00

m.::‘— ‘“- ”-—
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Patiicle Size Analysis AZ-102 Waste Date: 06/18/* Mea~ #k 00048
CUF-AZI02-06 DUP Time: 14:46 Pres # 01

Z-102Waste Summary Percentiles Dia Vol% Width
ampleCUF-AZI024)5 DUP mv = 3.628 10% = 0.389 60%= 2.134 6.973 36% 8.696
)AZ-102-O5Simulated Supematant mn ❑ 0.323 20% = 0.636 70%= 3.668 0.935 66% 1.320
0 mlk, 2nd Sonication 40 W, 90 sec. . ma ❑ 0.986 30% = 0.876 80%= 6.602

~~\w@--- SxA-ibhh m ; $-\OO ~k CS = 6.084 40%= 1.123 90%= 8.176
I sd I= 2.870 60%= 1.472 96%= 13.38 I
! 1 #

O/oPASS %CHAN
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

IIFFl..--—.----

)0.1’00 ‘ ! ‘
[ !

!$

1.000 ‘
- Size frnicrons\”-

10;00 : : i .100.0 “: 1000

WE j : ‘APASS YoCHAN
=0 I 100.00;

~ YoPASS OACHAN- ~; YoPASS ?40CHAN yzJ %PASS YoCHAN
;0.00
a.oo
0.00
0.00
0.00
0.00
p.oo
0.00
:0.00
0.00
0.00
‘0.00
;0.00
,0.00
0.00
0.00
0.00
0.62
0.69
0.73
0.93
1.13
1.27
1.40
1.73

9.260
7.778
6.641
6.600
4.626

91.70
89.16
86.18
79.99
74.99
7’!.10
68.01
66.06
61.74
67.84
63.24
47.73
41.19
34.09
27.61
22.10
17.76
14.11
10.86
7.81
4.97
2,66
0.92
0.00
0,00

2.66
3.97 :
6.19
5.00
3.89
3.09
2.96
3.31
3.90
4.60
6.61
6.64 .
7.10
6.68
6.41
4.34
3.66
3.26
3.04
2.84
2.41
1.64
0.92 .
0.00
0.00

I
I

1

I

,

i

I

i I
,

ii,i92.o ! 100.00
}97.8 : ! 100.00
118.6 ~100.00
162.0: ..100.00
!9600’- :100.00
!48.9
!09.3 ) “:” XE:
176.0 ; 100.00 ‘
148.0 ‘ 100.00

:,

1

I

I
I
I

3.889
3.270
2.760

I
i

i
2.312
1.946

124.6; ‘ I 100.00
104.7 , 100.00;
18.00, ‘ 100.00.
‘4.00 ‘ ~100.00 “
;2.23 100.00
i2.33 , 100.00
14.oo ! 100.00.
17.00 “ 100.00
11.11. ; 99.48
!6.16 98.89
!2.00 98.16
8.60 97.23
,6.66 ~ . 96.10
3.08 94.83
1.00 --- 93.43

1.636
1.376
1.166
0.972
0.818
0.688
0,678
0.486
0.409
0.344
0.289
0,243
0.204
0.172
0,146

.t
,

:,,
!..

,.
:’

I
.

.
I

.’1 -:.. i. .

,;
,.

:?,, i. $
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Particle Size Ana/ysis AZ-102 Waste Date: 0611818Y :eass:! :;048
CUF-AZI024)6 DUP Time: 1446 .

AZ-102Waste Summary Percentiles Dia Vol%” Width
SampleCUF-AZ102-05DUP mv = 3.628 10% = 0.189 60%= 0.286 0.269 100% 0.219
nAZ-102-05Simulated Supematant mn = 0.323 20% = 0.203 70%= 0.320
60mlJs, 2nd Sonication 40W, 90 sw . ma ❑ 0.986 30% = 0.220 80%= 0.378., , , .

I Cs = 6.084 40% ❑ 0.238 90%= 0.513
sd I= 0.109 60%= 0.269 95%= 0.694 I

%PASS

692.0,.,
497.8 ) ; !:::::;
418.6 100.00 I
362.O;~
296.0 ‘~ ;~~~~ i
248.9 ! 100.00 ‘
209.3. .“100.00
176.0 ‘ 100.00.
148.0 100.00
124.6: ; 100.00
104.7 0100.00
88.00. ,,.100.00
74.00 ‘
62.23 ! ;::;:

62.33., 1100.00
44.00 100.00
37.00 , 100.00
31.111 “~ 100.00
26.16 I 100.00
22.00 ! 100.00
18.60 -’”100.00 ‘
4m.56 , 100.00

3 100.00
1 I.l)o -“-” 100.00

,
SIZE .2 ; %PASS OiCHAN
KO ~100.00 “ ‘0.00

0.00
Loo
!).00

;0.00
: f).oo ;
- Q.oo

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1

.. ..

. . ‘!

!1.000 : “lo
l.. i I ,i.i.r
! , I-Size (n
SIZE OhPASS ‘YoCHAN
EO 100.00 0.00
7.778 100.00
6.541
6.600
$626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
.1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00
100.00
99.99,
99.98 !
99.97
99.95
99.92
99.86
99.74
99.60
99.02
98.14
96.78
94.89.
92.34 ;
88.73 ~
83.33
74.86
61.49
42.44
20.69
0.00
0.00

0.00
0.00
0.01

; 0.01. ;
0.01 “ :
002 :

0.03
0.06
0.12
0.24
0.48
0.88
1.36
1.89
2.66
3.61
6.40
8.48
13.36
19.06
21.76
20.69
0.00
0.00

I I I 1 I r

);.
:.

.1

~.

ii’
:1.

,,

1
!;
1,

i;
1:

~
.

CHAN

— 50.0

-45.0

-40.0

-35.0

-30.0

-25.0

-20.0

-15.0

-10.0

5.0

0.0
~-! 1000I

j,

&E ?40PASS ?40CHAN

,

,!i,,
!!

i’
!!

.,

..

;-, *J

J
,..1, !. ,. “

.- .....-.S..-.—.-.-

>;

... . . . .. -.-,-----~ -. .--.7 .. .. . 1 ,..,-.-cwr?; . . . ---377r,-- .:?7- .—. . ---



?5 6%
t- Meas# 00013

Pres# 01
VOI% Width

32 96% .9169
M 4%’0 .1483

%W;N
.

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
10.00

,.
::

YOPASS OhCHAh

::

Ii

!

[
I

i

1’

!\,.

m GP~
1

;

tiicle Size Analysis CUF AZ-102 Waste Date: 06/20/89 Meas # 00013
CUF-AZI02-06 DUP Time: 10:42 Pres #: 01
Summary Percentiles Dia Vol% Width ;

UP
mv = 1.673 10% = .2616 60%= .3684 1.310 20% .8324
mn = .6368 20% = .2769 70%= .4282 .3108 80% .1426

30% ❑ .2911 80% ❑ .6642

I

1

40% = .3104 90%= 1.300
60% = .3346 96%= L694

50.0

45.0

40.0

35’.0

30.0
. .

25.0

20.0

15.0

10.0

5.0

0.0
:0.0100 . : ; [ : ~o.”1 :,

. . i

O/oCHAN

,
!

EiRii
).00
).00
).00
LOI
Los
1.28
.17
:90
.20
.99
.01

: ,17
“ ,81
: ,20

,61
; 97
; .36

.38

.89
00

!:
10
10
)0

0.0859
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0256
0.0215
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.004s
0.0038

.!

:- Size (rl:;

& ‘30PASS ; OA’CHAFJ
O.OO; in
0.00. ‘ 0.00
0.00 : 0.00 ;
0.00
0.00 ‘ i%
0.00 0.00
0.00: i ,0.00, ~ :
0.00 ‘ 0.00: I

0.00 0.OO:.
0.00 ‘ 0.00.
0.00 : 0.00 .
0.00 0.00
0.00 0.00 “
.0.00 : 0.00. ; ~
0.00 0.00
0.00 0.00 :
0.00 0.00
0.00 0.00
0.00 0.00

crons: - ! , I
qzJ %PASS

! j , , ‘cHAN
!,

.-,’

.~:i 11!
!:.

ill
!,1
.,

,,
Ii

I ~j ,10:00

l“-

& : %PASS YoCHAN

1 I I

11:

I

)

I
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Pattic/e Size Analysis
CUF AZ-lO2 Waste , Date: 06120/8&Meas#: 00016
CUF-AZI02-06DUPSON Time: 10:63 Pres # 01

XIF AZ-102 Waste Summary Percentiles Dia Vol% Width
3PA mv = .8834 10% = .6909 60%= .9137 .8743 100% .3138
SamplGCUF-AZI0245DUPSON = .8014 20% = .7492 70%= .9676
‘}.~~ ~i~~~~~~~~ ~ ~~~ +& fj ❑ .8669 30%= .7963 80%= 1.012

= 7.010 40% = .8369 90%= 1.096/

I sd = 60%= .8743 96%= 1.168 I

%PASS %CHAN
“100.0’ 50.0

90.0 45.0

80.0- 40.0

70.0

60.0

‘50:0–’

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

. . I I 1.1111111 I I 1111111 I I 1111

30.0,

20.0

10.0,

U.o
0.0010 0.0100 0.1000 1.000 ! ‘ . “10.00

;:.. .
- Size (ti wons) - ~ ~ : II:

~ YoPASS OACHANI ~ I %PASS YoCHAN ~ YoPASS ?40CHAN

0.00 ~ 0.00 , Ill
!’

i.

~ ., . ‘1oPASS ?40CHAN
6.641 100.00 11.oo
6,600 ! 100.00 ‘0.00
4.626 “ , 100.00 .0.00
3.889 :100.00, ;0.00
3.270 100.00 i 0.00
2.760 ‘ :100.00
2.313 : 100.00 I ?):;

0.0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0255
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00: 0.00’ ;
0.00, 0.00 ~
0.00 0.00
0.00 0.00
0.00: 0.00: ;
0.00, 0.00
0.00 0.00. ,
0.00: y:” ~ ,
0.00 .
0.00 0.00 ,
0.00 0.00 :.
0.00: 0.00: ; .

,0.00: 0.00 ~
0.00 0.00 ‘
0.00 ; : 0.00 ‘ !
0.00 ‘ : 000: :

0.OO 0.00 :.
0.00 0.00 ; .

I I

i i
1.946 , 100.00; @.oo
1.636

I
t100.00: (loo

100.00 ‘6.08
94.92 ; ‘ 21.73
73.19 ; 37.94

I
11.376

1.466
0.9723
0.8176
0.6876
0,6781
0,486~
0.4088
0.3437

,.
36.26 ‘ 26.77 .
9.48 ~ ‘ ~.90
1.68 ~ !1.68

i

0.00 : :0.00
0.00 ; 0.00
0.OO I 0.00 1

0.2891 ; 0.00 , p.oo
0.2434 “ O.OO “0.00
0,2044 0.00 0.00
0.1719 0,00 0.00
‘* 446 0.00 0.00

16 0.00 0.OO

i
,

WI 022 0.00 0.OO

.1
.J

;..

i ,;

,:,

;

-../.- .7.,. . .:,,,=. ,.-,-~__.; ,.=~.-.~..-.~ . ,;-,...T=-. . . . . .. . . . .
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Patficle Size Analysis CUF AZ-102 Waste Date: 06/20189 ~;ss~ ~;O16
CUF-AZ402-06 DUP SON Time: 10:63 .

UF AZ-102 Waste
.

Summary Percentiles Dia Vol% Width
PA mv = .8834 10% ❑ .6106 60%= .8261 .7866 100% .2937 :
ample CUF-AZI0245DUP SON mn = .8014 20% = .6696 70%= .8679 L

Uu-mw lX5ifib Ktim; uf~ ~ k ::: ;:: ::2: :& ::;: :::;
sd = .1469 60% = .7866 96%= 1.066

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0 “

60.0 30.0

..50;0-.
25.0

40.0 20.0

30.0, 15.0

20.0 10.0

10.0 5.0
. ..

0.0 0.0
0.0100 ‘ : ! “0.1000 ~ ‘ , 1.000 ;i’

~ j j 10;00
,

1, - Size (n
WE , ‘hPASi %CHAN SIZE %-oPASS , YoCHAN
El =69 0.00 0.00
i.600
L626
1.889
L270
!.760 ‘
!.313
1.946
1.636

1.375
1.166
0.9723
0.8176
0.6876
0.6781
0.4861
0.4088
0.3437
0.2891
0.2431
0.2044
0.1719
0.1446
0.1216
0.1022

, 100.00 0.00
:100.00 0.00

100,00 ~ 0.00
‘100.00 \ ;0.00
; 100.00 ~ ‘0.00
: 100.00; 0.00
:100.00: Loo

‘l Oo.oo 0.00
.100.00 0.00

100.00 ‘1.43
98.67 10.26

: 88,31 ~ 30.14
68.17 : 34.44
23.73 ~ 17.76
6.97 ~ 6.97
0.00 0.00

I

0.00 0.00
0,00 I hoo

I ~g 1 ::%
0.00

. 0:00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

! .*

0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
o.o~07
0.0090
0.0076
0.0064
0.0064
i).0046
0.0038
.:

0.00 0.00
0.00 0.00 ‘
0.00 i ; 0.00 ~
0.00 : ; 0.00. /
0.00 i : 0.00 ~
0.00 ‘ i 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 . 0.00
0.00 0.00

.0.00 0.00
0.00 0.00,
0.00 0.00
0.00 0.00
0.00 0.00 i
0.00 0.00 :
i:”:

1

crons) -
~: OhPASS ‘41CHAN

I
,~i

‘1;1
#i’

!., !’
.,,

.,,

::
,:I ,:

I 1

I

~ “ %PASS ?LoCHAN,—

:,;.

“S.n.,,
i: !’

i;l
i:,. .

1,1,:,

;
.1

,,



Particle Size Distribution Plots
For Final Slurry: Sample CU3?-AZ-102-O24

Replicate No: 1
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Particle Size Analysis AZ-102 Waste -. Date: 06/19/~ geas #: 00132 ‘
CUF-AZ102-24 Time: 16:16 Pres # 01

IJF AZ-102 Waste Summary Percentiles Dia Vol% Widthample CUF-AZI02-24
‘1.534 qO%”= 0.30S 60% = 1.149 6.625 9% 7.377I AZ-102-24 Simulated Supematant

mv ❑

Oml/s
mn = 0.314 20% = 0.432 70%= 1.299 1.112 69% 0.789

Vohl-.w-la B5kl12Jm - x-loo -L g
= 0.700 30% = 0.667 80%= 1.631 0.319 22% 0.179
= 8.668 40% = 0.876 90%= 2.611

I sd = 0.666 160’%= 1.019 96%= 6.789 i i
I I

.- 1
%PASS O/oCHAN
10”0.0

90.0
..- ... . .

80.0

70.0

60.0

“5W “-’”
-. .. .

40.0

30.0’-”

20.0

10.0.:.
.. , :},<. .

0.0 -“
1.000 j ; ::10.00 ;,. ;,;,:. 100.0i ; !: : , :;-size(fl~~~~~!-,,1,~ ‘~-~%PASS OhCHAN ~ ‘APASS—— ! “ ~oCHAN

704.0
‘APASS

:100.00 0.00 9.260
——

692.0 100.00 0.00
497.8 ~oo.oo 0.00
418.6 ; 100.00, ,0.00
362.0~ ! 100.00 I “0.00
296.0J :100.00

I

0.00
248.9 100.00: :0.00
209.32 ; 100.00 0.00
176.0 I 100.00 ~ 0.00
148.0 0.00
124.6~ ~i;:::; .O.OO
104.7 ~100.00 0.00
88.00. 100.00 0.00
74.00 100.00 0.00
62.23 100.00 0.00
62.33 100.00 0.00
44.00 , 100.00 0.00
37.00 J 100.OO 0.00
31.11 ‘ 100.00 0.00
26.16 ~100.00 0.00
22,00 “ 100.00 0.00
18.60 ) 100.00 0.37
16.66 ~ - 99.63 0.61
13.08 99.12 0.65
11.00 -- 98.47 0.78

7.778
6.641
6.600
4.625
3.889
3.270
2.760
2.312
1.946
1.636
1.375
1.~66
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
3.204
).1 72
).145

97.69
96.78
96.76
94.68
93.60
92.54,
91.49,
90.37,
89.00
86.87
82.69
74.16
60.51
46.41
36.67
30.79
26.64
22.83
18.69,
13.66
8.39
3.96
1.28
0.00
0.OO

0.91
1.02
1.08
1.08
1.06
1.06
1.12 :
1.37. ” :
2.13: i
4.18
8.63
13.66 ‘
14.10
9.74
6.88
4.16
3.81
4.24
4.94
6.26
4.44
2.67 ~
1.28
0.00
0.00

,.,
I

20.0-

18.0

16.0

14.0

t2.o

10.0

8.0

6.0

4.0

2.0

0.0

iI
I

I
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Patiicle Size Analysis
CUF AZ-102 Waste
Sample: CUF- AZI02-24
nAZ-102-24 SimulatedSu~ematant

&102 Waste Date: 06/19&- Mess # 00132
CUF-AZI02-24 Time: 16:16 Pres #: 01

~

= 1.631 ~0% = 0.192 60% ❑ 0.283 0.261 100% 0.179

---- ) u
I sd = 0.090 160%= 0.261 96% ❑ 0.667 I
1 I 1

%PASS %CHAN

0 ;1.000 : ; : !:IC!ri 1;

II ii . .
‘-Size (ri

SIZE ; “1%PASS ‘hCHAN SIZE YoPASS : ~oCHAN
co i 100.00 ‘ 0;00 “ EO 100.00 0.00 :
592.0. ., 100.00
!97.8 ‘
118.6

j 100.00
‘ 100.00

162.0 100.00
~9$.o‘ :100.00
~4~,9
!09,3J “~.::8:;
176.0 ! 100.00
148.0
124.6”;

; 100.00,
<:100.00:

104.7 i 100.00
18.00 ! 100800

‘4.00 J
;2,23
62.33~
44.00
37.00
31.11.4 “: ;::;:
;:6: ! ;:::;

18.60 100.00
~R46 ~. : IooOoo

100.00
1J ““- “ 100.00

0.00
0.00
0.00
0.00
0.00
0.00
.0.00
‘0.00
0.00
0.00
0.00 :
0.00 ‘
0.00 g
0.00
0.00
0.00
0.00
0.00
0.00
0.00
“0.00
0.00
0.00

,0.00

1.

,,

7.778 100.00 0.00
6.S41 100.00 0.00 .
6.600 100.00 0.00
4.626 100.00 0.00
3.889 100.00 0.00 ,
3.270 100.00 0.00
2.760 100.00 0.01 “
2.312 99.99 0.02
1.946 99.97 0.07 ;
1.636 9,9.90 0.24 :
1.376 99.66 0.63
1.166 99.03 ‘ 1.10
11.972 97.93, : 1.27
3.818 9.6.66: 1.29 ~
0.688 9s.37 ““ 1.64
0.678 $3.83 2.38
0.486 94.46 4.44
0.409 87.01 8.70
0.344 78.31 16.63
0.289 62.68 22.16
0.243. 40.63 22.36
0.204 . 18.17 18.17 ~
0.172 0.00 .0.00
0.146 0.00 0.00

:.
,.

(,.

.:

, i:
,!

:,I
. . . j

# ,,
I ,,-

0:..

.>

‘50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

. .

~ VOPASS ?40CHAN
Ii

t

i

l..
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Patiicle Size Analysis AZ-102 Waste Date: 06119f83 Meas #i 00136 :
CUF-AZI02-24 Time: 16:33 Pres # 01 :

UF AZ-102 Waste Summary Percentiles Dia Vol% Width j
ampkx CUF-AZI02-24 mv = 1.432 10% = 0.302 60%= 1.106 6.488 7% 7.268 j
I AZ-102-24 Simulated Supematant
OmUs

mn = 0.314 20% = 0.426 70%= 1.244 1.081 69% 0.738 ;

WW MK bt+h -,%-[o~*
ma ❑ 0.683 30% = 0.660- 80%= 1.443 0.318 24% 0.178 ~ $
Cs = 8.783 40% = 0.849 90%= 2.197. .

/ I sd = 0.609 160%= 0.986 95%= 6.147 I
1 I I

%PASS %CHAN
100;0”

90.0
..

80.0

70.0

60.0

..

40.0
.?-

3.?;0;.;; >“”‘,. ‘ :

20;0 R

10.0

0.0
0.100

f

20.0

‘18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0
1.000 , “10.00 , / , 100.0

- Size (n cronsj - ! :
WE I - ; YoPASS %CHAN ~ ‘APASS OACHAN ~ j YoPASS YoCHAN
Ko : 100.00 ~
;92.0 . ! 100.00:

497.8 ‘
418.6 i ;:;:;: i

362.0.. .~ 100.00,
296.0- ~100.00,
248.9 ! 100.00!
209.3> - “-100.00 “
176.0 ! 100.00;
148.0 : 100.00;
124.6 ‘ -\ 100.00:
104.7 ! 100.00 ~
88.00 - ‘ 100.00
74.00 ‘ i 100.00!
62.23 I 100.00 I
52.33 ~ ; 100.00:
44.00 ! 100.00
37.00 100.00
31.11 100.00
26.16 ‘ 100.00
22.00 100.00
18.60 “j 100.00
16.66 ‘... “~ 99.69
13.08 99.26
11.00 -“ 98.70

.0.00
:0.00
:0.00
;0.00
.0.00
;0.00
0.00
0.00

::%
@oo
0.00
“0.00
p.oo
‘0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.31

:::
0.68

J
; /

.1
i

9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.375
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

98.02 0.80 ,
97.22 “ 0.9,0 :
96.32. 0.96
96.37: : 0.96
94.44: . 0.94 :
93.47: 0.92. ,
92.56. 0.96 ~
91.69 1.16
90.43 1.79
88.64 3.67
86.07 : 7.74 ‘
77.33 13.44 “
63.89 14,98
48.91 ~ ~ 10.84 j :
38.07. i 6.61
31.66 4.40 : ‘
27.16 : 3.88
23.28 4.26
19.03 4,98
14.06 6.40
8.66 4.60
4.06 2.76
1.30 1.30
0.00 0.00
0.00 0.00

i

.,, .
..l

:.

“i. . .

. . ‘ 1000
/ j-

yzJ O~PASS ?AoCHAN

I /.
l,.:..

...

J



Particle Size Ana\ysis
CUF A2-102 Waste
Sampk CUF-AZI02-24
n AZ-102-24 Simulated SuDematant

%PASS
““100:0

.90.0 :
.... .. . ..--

80.0

70.0

60.0

-two—” ‘“-.’ -
.. .

40.0
.,

30.0 -

.;, .
20.0’ ;

:40.0.’
.:!’

U.o -
10.1;00 !

I

r

I

~ “j -; ‘%oPASS OACHAN,—
704.0 i 100.00 i 0.00
692.0.. J 400.00;
497.8 I 100.00$
418.6 100.00
362.0. . ‘. 100.00.
296.0’ : 100.00!
248.9 100.00
209.3.; ; 100.00
176.0 100.00
148.0 100.00
124.6 ; ‘ 100.00
104.7
88.00. i.:::::: ~
74.00 ‘ ; 100.00
62.23 :100.00
62.33. -’-100.00
ti.oo ‘ 100.00
37.00 ~100.00
31.11.! ‘, 100.00
26.16
22.00

{ 100.00
:100.00

18,60 100.00
4A66 {~,, 99,60

8 99.03
I ,-,.00-- 98.32

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.40
0.67
0.71
0.86

,.., ; 1

. . ;

0.

,- i iI
- .. . 0

i

1.000 i!la
:’.
.,

- Size in
SIZE ‘)4PASS ?40CHAN
EO 97.47 0.99
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.635
1.375
1.156
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0,289
0.243
0,204
0.172
0.146

96.48 1.12’ ;
96.36 1.1.8
94.18 1.15
93.03 ; 1.04 i ,
91.99, 0.89 , :
91.10 0.76
90.34 0.72
89.62 ‘ 0.87
88.76 1.41
87.34 2.82
84.62 6.62
79.00 8.48 .
.70.62 9.47
61.06 8.63.
62.62 7.39
46.13 6.94
38.19 7.18
31.01 7.70
23.31 7.79
16.62 6.64
8.98 4.11
4.87 2.26
2.61 1.42
1.19 1.19

,

al
AZ-102 Waste Date: 06/19/69- ~ea~s; ;;140
CUF-AZI02-24 Time: 16:46 :
Summary Percentiles Dia Vol% Width

mv = 1.326 10% = 0.261 60%= 0.802 6.032 10% 7.664
mn ❑ 0.244 20% = 0.320 70%= 0.963 0.862 61% 0.637
ma = 0.504 30% = 0.399 80%= 1.187 0.314 39% 0.201
Cs = 11.91 40% = 0.609 90%= 2.632 ;.
sd = 0.628 60% = 0.649 96%= 6.203 ~

%CHAN

cronsj - ~ : ~!
SIZE ~ ‘APASS ; OACHAN—.

.:
.,
,.

I
;,lt

l::l.::“
!.,,

t
!

ji,.I .i
I

,

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

!“
I

-,,—. . .m.-m~ .. . . .>?,T”.- .-— -, ..-,.0 ----7---’---- —---r---



“ Gul
leas #: 00140 I

gg <

Patficle Size Analysis AZ-102 Waste Date: 06/19/~ M-. -... . . . ._
CUF-AZI02-24 Time: 16:46 Pres #: 01

:UF PZ-102 Waste Summary Percentiles Dia Vol% Width
~amphxCUF- AZI02-24 mv = 1.326 10% = 0.134 60%= 0.236 0.267 66% 0.177
1AZ-102-24SimulatedSupematant mn ❑ 0.244 20% = 0.146 70%= 0.266 0.144 ‘ 34% 0.029
OmI/s,Ist Sonication, 40W, 90 seo ma = 0.604 30% = 0.163 80%= 0.306 i.

wJfwk-Rk;ti–– ~-kx3s@4-@- I~ I I= 11.91 40% ❑ 0.186 90%= 0.380 ‘; ~ :
= 0.094 60%= 0.209 96%= 0.479 : ~

%PASS
100.0

90.0

I

...

80.0

70.0

60.0

.5U:0-. . _

“’[

..—.

40.0
i#k

30:0’”

2Q:d’

... . .
10.0,:

.6

0.0

-. %CHAN

,
. {!0.4;00 : :

i ; !/!’ i i .- Size~
NZE.) ~ ‘APASS OACHAN ‘APASS ?AoCHAN
co 100.00 0.00

0.00i92.O, ‘ 100.00
;97.8 ‘ ~100.00
,18.6 ! 100.00
62.0 ; :100.00

296.0 “ 100.00
248.9 100.00
209.3: ‘“ 100.00
176.0 ; 100.00
148.0 ; 100.00
124.6 ~ I 100.00
104.7 , 100.00
88.00, .: 100.00
74.00 100.00
62.23 ! 100.00
62.33, -:.100.00
44.00 ‘ 100.00
37.00 I 100.OO
31.111 s 100.00
26.16 :100.00
22.00 :100.00
18.60 :100.00
15.66 .. 100.00
13.08 100.00
11.00 .-– -.100.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1,-.....:IJ .,

g
9.260
7.778
6.541
6.600
4.626
3.889
3.270
2,750
2.312
4.946
1.635
1.376
1.156
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.96
99.86
99.57
99.04
98.24
97.07
96.23
92.03
86.26
76.41
62.62
47.87
34.21
19.98

0.00
0.00
0.00 ,
0.00
0.00 ‘

0.00
0.00
0.01 :
0.03
0.11 ‘
0.28
0.63
0.80
1.17
1.84
3.20 L
6.77
9.85 ;
13.89
14.66
13.66
14.23
19.98

!..
i

1
.$. .

1..
crons) - d“’
yZ&: %PAss YoCHAN

~..

.: . .:,
I ~.,

l..

.!,

.:

.,:

‘i

20.0

18.0

16.0

14.0
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4.0

2.0

0.0

!:
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90.0-”’

FIT
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40.0..
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30.

20.
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. O.floo

: ~~ ~~

Particle Size Ana/ysis
AZ-102 Waste Date: 06/19= Mess * 00144
CUF-AZI02-24’ “ Time: 16:66 Pres * 01

XJF AZ-102Waste Summary - Percentiles Dia Vol% Width
Sample:CUF-AZI02-24 mv = 1.368 ~0% = 0.246 60%= 0.790 6.038 “ 11% 7.787
n IU-102-24 SimulatedSupematant mn ❑ 0.238 20% = 0.316 70%= 0.969 0.866 ~ 60% 0.644
60ml/s,2st Sonication, 40W, 90 sec ma = 0.496 30% = 0.392 80%= 1.198 0.312 ‘ 39% 0.204

‘ ,~ ~s~~m . ~.@ Cs = 12.11 40% = 0.498 90%= 2.883 :
sd = 0.646 60% ❑ 0.636 96%= 6.468 :

%PASS .. %CHAN
10.0

9.0

8.0

7.0

6.0

*
5.0

4.0

3.0

2.0

‘lo

0.0
1.000 10:00 . : : 100.0

692.0 -; 100.00
497.8
418.6

i 100.00
:100.00,

362,0 ; .: 100.00
296.0 I qooaooI
248.9 ~100.00/
209.3J “I 100.00:
176.0 I 100.00 ‘
148.0 ‘ 100.00 ‘
124.6 ; 1100.00
104.7 ~100.00 “
88.00-, ; 100.00:
74.00” :100.00:
62.23 ‘ 100.00 ‘
62,33 } * 100.00
44.00- ! 100.00
37.00 J 100.00
31.11 ) )-100.00
26.16 I 100.00
22.00 :100.00
18.60 ‘“ 100.00
4-6.66 99.66

8 98.94
I . ..do 98.17

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.44
0.62
0.77
0.90

- Size (fl
SIZE - ‘ YoPASS YoCHAN SIZE ‘APASS ‘hCHAN

KO I 100.00! EO 97.27 1.03

1

. . . . . i.

.’,

.
1 ,

#

., j I

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.578
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

96.24 1.16
96.08 1.23 ;
93.85 I.z’l
92.64 1.10”
91.64 : 0.94 o
90.60: : 0.81 : ;
89.79 : 0.76
89.03 0.90
88.13 1.42
86.71 2.76. ~
83.96 6.26
78.70 7.99
70.71 8.99
61.72 8.28
63.44 7.36 ,
46.09 7.02
39.07 7.29
31.78 7.77
24.01 7.81
16.20 6.68
9.62 4.22
6.40 2.42
2.98 1.69
1.39 1.39

i
t

:,:
t

‘

crons) - ; ;
qZ&” %PASS ‘ACHAN,.

ii .-

~~.
;,.
‘..
:,;,
:;,

~:
I

,.
:.

1,
.),’

I
:.
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i
: 1000

!!
~ ?40PASS YoCHAN
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.. . m f%f’TzA

Patficle Size Analysis ~ AZ-102 Waste Date: 0Sl19i%9 Mess’# 00144 ,
CUF-AZI02-24 “ Time: 16:65 Pres # 01

UFAZ-102Waste Summary Percentiles Dia Vol% Width
ample:CUF-AZ102-24 mv = 1.358 10% = 0.133 60%= 0.230 0.266 63% 0.176
IAZ-102-24Simulated Supematant mn
Dml/s, 2st Sonication, 40 W, 90 ~c

= 0.238 20% = 0.143 70% ❑ 0.260 0.143 37% 0.029

L~~ NsW\bu M ●, ~-\OO ‘&#-w--
ma = 0.496 30% = 0.168 80%= 0.300
Cs = 12.41 40% ❑ 0.178 90%= 0.373,-.

/
w

I sd 60% = 0.203 96%= 0.467

YoPASS %CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

I
: I ~ I:;’ : : -Size(n

YZE ‘1 r OloPASS YoPASS%CHAN x ._ O/oCHAN
Ko 100.00 0.00 9.260 100.00 0.00
;92.0., ! 100.00 ! “0.00
197.8‘ ! 100.00 ~ ~ @.oo

;~, .~;::~; : ~:
!96.0 100.00 0.00
!48.9 / 100.00 0.00
!0%3 : “~ 400.00: 0.00
!76.0

!

100.00. 0.00
i48.O 100.00 k.oo ‘
24.6 ~ - 100.00 ‘0.00
104.7 100.00 0.00
18.00 100.00 0.00
‘4.00 100.00 0.00
i2.23 i 100.00 0.00
;2.33 , :100.00 0.00
14.oo ; 100.00 0.00
17.00 I 100.00 0.00
1.11 ‘iOo.oo 0.00
!6.16 ; 100.00 0.00
!2,00 ; 100.00 0.00
8.60 f 100.00 0.00
5.56 ~. 100.00 0.00
3.08 100.00 0.00
1.00 --.-” 100.OO 0.00

;’:. ,. ,.

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2,312
1.946’
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00 0.00
100.00 0.00 :
100.00. 0.00
100.00 0.00
100.00 0.00
100.00 0.00 ‘
100.00 0.00
100.00 0.00
100.00 : 0.01 ‘ i

99.99 - 0.03 ‘ ~
99.96 0.10
99.86 0.26
99.61 0.47
99.14 0.73
98.41 1.09
97.32 1.76
96.67 3.06
92.62 6.46
87.06 9.26
77.80 ; 13.11
64.69 14.11
60.68 13.72 ~
36.86 14.96
21.91 21.91

I

1[ !

1 1;.,
.,,

,,
$

:!:
. .

,.
!:

, 1000ji
,
i Ii

yz’ %PAss ?40CHAN

1

I
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wLfi

Particle Size Analysis ,
CUF AZ-102 Waste Date: 06/20/%’ Meas ?%00006
UPA CUF-AZI02-24 Time: 09:66 Pres #: 01

CUFAZ-102 Waste Summary Percentiles Dia Vol% Width

J

4M
mv = 2.434 10% = .4871 60%= 2.863 2.826 83% 1.668

.4113 17% .6336

‘~~~z~i~~~’hh~i~ j * ti~fi ~~
;;: :;;; :::: E:: <:;: 8X

= 4.962 40% = 2.382 90%= 3.762
sd = 1.307 60% = 2.634 96%= 4.099

‘APASS %CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
0

..—
-100.0-

90.0

m

. .

80.0-

70.0

60.0
FFDl

“’”’o=--’m
40.0

.,

‘30.0

‘ FTw

20”0ttttt
...O-JIHI;10.0 “

“ 0.0100 I (-)1-()()() : i,:; 1.000

k Si2e (n” crons) -
~J

,; I!:
~: .?LoPASS YoCHAN SIZE OhPASS s?/oCHAN yzJ. ‘!PASS OACHAN VOPASS YoCHANSi&E_—

0.00 0.00

:jO.tiOIO ‘ ~ j
I ;.I

6.641 100.00
6.600 100.00 ‘
4.G26 ! 98.66 i
3,889 ; 92,34,
3.270 : 76.66
2.760 66.01
2.3q3 : 37.49
1.946 . 27.66
1.636 I 22.82
1.376 ; 20.18 ‘
1.166 18.36
0.9723 “ 16.77
0.8176 : 16.16
0.6876 , 13.46
0,6781 i 11.71
0,4861 ; 9.98 ~
0.4088 i 8.33 :
0.3437 ~ 6.80 I
0,2891

i
6.39 :

0.2431 : 4.09 !
0.2044 i 2.87
0.1719 ‘ 1.70 ‘
0.1446: 0.63

215 0.00

0.00
‘1.q
“6.22
16.68
21.66
17.62
9.83
4.84
2.64
;1.82
‘1.69
1.61
1.70
1.76
,1.73
:1.66
;1.63
11.41
;1.30
~1.22
1.17
“1.17
0.63
0.00
0.00

0.0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.018~
0.0152
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

1

0.00 : (j.()() ;
0.00: ! 0.00: ‘
0.00 “ :0.00:
0.00. I 0.00. ,
0.00 : 0.00
0.00 ; 0.00
0.00 0.00
0.00 0.00
0.00, 0.00 ,
0.00 0.00
0.00 0.00
0.00 0.00
0.00 . 0.00
0.00 ; ; 0.00
0.00, , 0.00: ~
0.00 S : 0.00 “
0.00: ! 0.00 ;
0.00: : 0.00

.:. ..

I

I

I

I
,;:

.,

. .

‘1

,..

1- J22 0.00

1; i ‘. ‘“
1

t
! .:. .;

i
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w mu

~ Patticle Size Analysis CUF AZ-102 Waste Date: 06/20~ Mess’#: 00006
UPA CUF-AZI02-24 Time: 09:66 Pres # 01

lJF AZ-102 Waste Summary Percentiles Dia Vol% Width
IPA mv =. 2.434 10% = .1336 60%= .1834 .1696 ~00% .1227
ampbx CUF-AZI02-24 mn ❑ .2166 20% = .1423 70% ❑ .2060

I
ma =

I
1.209 30% = .1607- 80%= .2398

Cs I❑ 4.962 40%= .1696 90%= .3140
I

I sd = .0613 60% ❑ .1696 95%= .4098

%PASS %CHAN
100.0

..
50.0

90.0- 45.0

80.0 40.0

70.0 35.0

60.0 30.0

-50%= 25.0

40.0 20.0

30.0 15.0,.

20.0 10.0

10.0. 5.0

0.0 0.0
-,o.(iolo :

~, i VOPASS
6.641 ‘ 100.00
6.600, :100.00
4.626 100.00
3.889 99.99
3.270 , 99.96
2.760 “ 99.88
2.313 : 99.77
1.946 99.67
1.636 . 99.69
1.376 i 99.61
1,156 : 99.42
D.9723 I 99.29
D.8176 ~ 99.06
16876 ~ 98.66
D.6781 : 97.97 ‘
).4861 : 96.82
).4088 94.97
3.3437 ! 92.09
).2891 ; 87.63
).2431 ~ 80.72
).2044 : 69.81
).1719 S2.20
3.1445 22.67
2.1215 0.00
2.1022 0.00

I

:’

oioCHAN
‘0.00
0.00
0.O1
0.03
0.08
‘0.11
0.40
0.08
0.08
‘0.09
0.13
0.23
:0.40

i%
4.85
s2.88
‘4.46
%.91
10.91
17.61
29.63
22.57
0.00
0.00

0.0100 , .0.1000 ; , ; 1.000 ; ; : 10.00
‘- Size (n crons) - ~ I

;::
:, :. ~;~; ““i ~.li

~ ‘APASS OACHAN ~ ! ‘YoPASS I VOCHAN ~ : %PASS YoCHAN

0.0869 — “ 0.00
.-

0.00
,,.:, :,

0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0152
0.0128
0.0107
0.0090
0.0076
0.0064
0.0054
0.0045
0.0038

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
:.:;

0:00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

:. 1:
,1.

:,!.

.“.

i“ b

,,

i;l.!].,.,
;i”
!1.

. .
. .

i..

:. I
~..
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Particle Size Analysis
CUF AZ-102 Waste ~ Date: 06/20/~ Mess # 00009
CUF-AZI02-24 SON ‘ Time: 10:14 Pres #: 01

CUFAZ-102Waste Summary Percentiles Dia Vol% Width

JPA mv = 1.409 10% = .3166 60%= 1.119 4.228 16% .8392
Sample CUF-AZI02-24Sonicated mn = .3173 20% = .6968 70%= 1.220 1.044 67% .4632

.’-t9[* bis?f;htim ; h~l+ ~b ::: ;:;; ::; z ;;:; ::;: :;:
.3018 18% .1621

. ..- U
I

sd = 60% = 1.035 96%= 4.421

%PASS YoQHAN
100.0 I
90.0

80.0

70.0 -

60.0

‘503--’”
-.,,-- --- .-.... ---- - - ~7...- ...., -

. . . ..... . , I 1111111 1
40.0

‘30.0’ -.,.

20.0

-10.0

u-o -“-.—
0.0010 : ‘ < . .().(jloo : : ::0.1000 : ; ‘ : “1.000

i.

i,.

SIZE I ‘APASS ‘~CHAN
ZI ~100.00: p.oo
6.600 100.00; ‘2.70
4.626 “ 97.30 : 9.74
3.889 : 87.66. 3.04
3.270 . 84.62. :0.00
2.760 84.62 0.00
2,313 84.62 ‘0.00
1.946 84.62 0.38
1.636 ; 84.14 ; 4.41
1.376 ‘ 79.73 ~6.60
1.456 64.13 21.72
0.9723 ~ 42.41 ‘ 14.00
0.8176 ~ 28.41 6.04
0.6876 22.37 2.77
0.6781 ; 19.60 ‘1.94
0,4861 17.66 2.24
0.4088 , 16.42 ;3.32
0.3437 12.10 4.39
0.2891 7.71 4.08
0.2431 3.63 ‘2.63
0.2044 1.10 ‘1.10
0.1719 , 0.00 0.00
n.1445 0.00 0.00

M 6 0.00 0.00

I-“d22 0.00 0.00

,

. .

,
i ~- Size (m xonsj - ~ : ~

gZJ YoPASS I ?/oCHAN ~: ‘APASS z ‘ACHAN

0.0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
Q.0064
0.0046
0.0038

0.00 ~ ~ 0.00 I
0.00 g : 0.00 ! ‘
0.00 ~ 0.00’ ‘
0.00. , 0.00 ,
0.00 0.00
0.00 0.00
0.00 0.00 “ ‘
0.00 0.00
0.00 “ ; 0.00 , ,
0.00 : 0.00
0.00 “ 0.00 :
0.00 : 0.00
0.00 “ 0.00 ‘
0.00 0.OO
0.00 0.00
0.00 0.00
0.00 0.00
0.00 ‘ 0.00
0.OO 0.00

1

I

I

{:
1

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
,- 1-, 10:00

i:

ii.
yzJ ~?/oPASS YoCHAN

I i:I ;:
l!!,. :.,

[i
;:1; ,,:,

i
1
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,
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meJ7aD

Patficle Size Ana\ysis CUF AZ-102 Waste Date: 061201~ Meas%f: 00009 ;
CUF-AZ102-24 SON Time: 10:14 Pres # 01

:UFAZ-102Waste Summary Percentiles Dia Vol% Width j
IPA mv = 1.409 10% ❑ .1920 60%= .2761 ..9029 8% .4337 :
~amplc CUF-AZI02-24Sonicated mn = .3173 20% = .2076 70%= .2996 .2490 92% .1260 J

= .7687 30% ❑ .2229 80%= .3374

I&Y& &stf;&J& m ; w+ +L : = 7.908 40%= .238’ 90%= .4”8 ,a ‘
= .0806 60% = .2668 96% ❑ .8247

%CHAN%PASS
100.0

90.0

I
80.0

70.0

60.0
t

,50:0..

40.0

30.0

20.0

10.0.

0.0
.0.0010 : ; ,

I,

yzJ. ; %PASS OhCHAN
5.641 :100,00 ;0.00
5.600 100.00 ! 10.00
4.626 100.00 0.01
3.889 99.99 0.01
3.270 99.98 .0.00
2.760 99.98 0.00
2.313 : 99.98 io.oo
[.945 99.98 0.01
1.636 . 99.97
1.376 : 99.83
1.166 98.99
1.9723 ! 97.03
).8176 : 94.90
).6876 93.36
).6781 ~ 92.17
).4861 90.77

0.14
0.84

$::

1.64
:1.19
.1.40
.2.72

).4088 : 88.06 16.78
).3437 ‘ 81.27 ~ 16.09
).2891 , 66.18 23.68
).2431 : :.:: 24.61
).2044 17.99
).1719 , 0,00 0.00
).1445 0.00 0.00
).1215 0.00 0.00
).1022 0.00 0.00

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
0.0400 ,. :0.1000 i : , , ,1.000

1 !- Size (n
~ ?40PASS OACHAN
0.0859
0.0723
0.0608
0.0511
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064

i 0.0064
0.0045
0.0038

0.00:
0.00 i
0.00 ‘
0.00
0.00
0.00 ‘

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

I 0.00
: 0.00’

0.00‘
0.00 ~
0.00 :
0.00
0.00~
0.00
0.00
0.00
0.00
0.00: :

: 0.00
0.OO‘ :
0.OO r

0.00 ,

: 0.00
0.00 :
0.00

!, !!
1
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Particle Size Distribution Plots
For Final Slurry: CUF-AZ-102-O24 DUP

Replicate No: 2
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Particle Size Analysis AZ-102 Waste Date: 06118i& Meas #k 00020
CUF-AZI02-24 DUP Time: 13:14 Pres # 01

K-102 Waste Summary Percentiles Dia Vol% Width
iampleCUF-AZ102-24 DUP mv = 2.739 10% = 0.329 60%= 1.340 6.606 23% 7.417
I AZ-102-24 Simulated Supematant mn = 0.316 20% ❑ 0.628 70’%= 1.686 1.103 68% 0.823
,0ml-h

vo\~
= 0.824 30% = 0.792 80%= 4.448 0.319 ’19% 0.182

?i$~~ti j ‘-~~ ~k !;= 7.284 40%= 0.979 90%= 6.967
sd = 2,638 60% = 4.WI 96% = 9.867

..:0.100 .,,
. .

1.000 10:00 ; : 100.0

r0400 :100.00
S92.0., 100.00
197.8 100.00
118.6 :100.00
162,0, 100.00 “
!96.o 100.00
!48.9 100.00
!09.3 ‘ 100.00
i76.0 .100.00
48.0 .100.00
24.5 “f”loo.oo ‘
04.7 100.00
18.00 ! 100.00
‘4.00 100.00
2.23 :100.00

62.33 - ; 1;:.:: j
ti.oo
37.00 : ;00:001
3(.11 ;-99.64
26.16 I gg.’l’j
22.00 : 98.66
18.60 a 98.13
16.66 I- 97.48
13.08 96.71
11.00- ‘ 96.77

.0.00
0.00
il.oo
“0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.0.00
0.00
0.00
0.46
0.43
0.46
0.63
0.66
0.77
0.94
1.32

- Si2e (r
~ “.’ , %PASS OACHAN ~ %PASS ‘OACHAN

0.00 9.260 94,46 2,23
7.778
6.641
6.500
4.626
3.889
3.270
2,760
2.312
1.946
1.636
1.376
1.1S6
0.972
0.818
0.688
0.578
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.14s

92.22
88.61 ‘
83.97
80.63
78.68
77.63
76.73
75.62
73.33
69.07
61.49
60.70.
39.60
31.21
26.71
21.80
18.41
14.91
11.02
6.88
3.28
1.06
0.00
0.00

3.71
4.64
3.44
1.86
1.06
0.90
1.21
2.19
4.26
7.68
10.79
11.10
8.39
6.60
3.91
3.39
3.60
3,89
4.14
3.60
2.22
1.06
0.00
0.00

t,
.! “t. . ,’

crons) - ‘ I :
yzE: ?loPASS YoCHAN
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Pafiicle Size Analysis k-102 Waste Date: 06/18/88 K$&s? ;;020
CUF-AZI02-24 DUP ‘ Time: 13:14 ..

Z-102Waste Summarv Percentiles Dia Vol% Mdth

ampleCUF-AZI02-24 DUP mv ❑ 2.739 10%”= 0.191 ~60%= 0.282 0.260 100% 0.186
IAZ-102-24Simulated Supematant mn = 0.316 20% ❑ 0.207 70%= 0.310

= 0.824 30% ❑ 0.224 80%= 0.366
‘flu;. ~,5&,~&~; )(-DO * ~;= 7.284 40% ❑ 0.241 90%= 0.468

= 0.092 60% = 0.260 95%= 0.678

%PASS %CHAN
-100.0” 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

.50;o..- 25.0

40.0 20.0
;..-.:;J,:

30:0; “ 15.0

20.6 10.0

g0.0 5.0
-,

U.o 0.0

.0.

i:’ - Size (microns) - 1
SIZE J ; %PASS ?/oCHAN k’ %PASS !LoCHAN ~“. ,._‘APASS .—?40CHAN SIZE %PASS OkCHAN

=0 ~100.00: ;0.00 9.260 100.00, ; :.:;. : ;!
692.0 :100.00 ‘ :0.00 7.778 100.00
497.8’ ‘ 100.00! :0.00 6.641 100.00 0:00 :

l:.

~100.00
,,

418.6 0.00 6.600 100.00 0.00
,, :.

362.0 ; 100.00 “0.00 4.626 100.00 0.00
:.

296.0 ; 100.00; 0.00 3.889 100.00” 0.00
248.9 , 100.00: ~o.oo 3.270 100.00 0.00 ij I

209.3 ‘ .100.00 ,0.00 2.760 100.00 0.01 “
i’

,;

176.0 ~100.00! !0.00 2.312 99.99 0.03 !,. il~o
148.0 ! 100.00 0.00 1.946 99.96 0.09

,. ., ;,
124.6 ,-’100.00, 0.00 1.636 99.87 , 0.26 !1.

I
104.7 ~100.00 0.00 1.376 99.62 ‘ 0.61 ~ ‘;:

::! ,,

88.00 “ ‘ii:.;: 0.00 1.166 99.01 1.06 ; .: :’! :. .
74.00 ‘ 0.00 0.972 97.96 1.34

100:00
,’

62.23 0.00 0.818 ‘96.61 1.48 . .
62,33 :100.00 0.00 0.688 96.13 1.77
44.00 100.00 0.00 0.678 93.36 2.68
37.00 100.00 0.00 0.486 90.78 4.47

;;:;; iM% 0.00 0.409 86.31 8.36
0.00 0.344 77.96 16.00

I

22.00 ‘ 100.00 0.00 0.289 62.96 21.91
18.60 ‘ 100.00 0.00 0.243 41.04 22.68 ,

IA 66 .’;. IooOoo 0.00 0.204 18.36 18.36
j 100.00 0.00 0.172 0.00 0.00

‘, l.do .- ~ 100.00 0.00 0.146 0.00 0.00

,.

;
i ,,1 .”:.
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Pattic/e Size Analysis AZ-102 Waste Date: OS/18f89- Meas * 00024
CUF-AZI02-24 DUP Time: 13:26 Pres # 01

Z-102 Waste Summary Percentiles Dia Vol% Width
ampleCUF-AZ102-24 DUP mv = 2,362 ~0% = 0.307 60%= 1.127 6.066 21% 6.679
I AZ-102-24 Simulated Supematant mn = 0.316 20% = 0.436 70%= 1.403 0.936 61% 0.804
OmL/s

[P[w U5%L”H mj Moo *k I 1--ma =

I

0.717 30% ❑ 0.622- 80%= 3.073 0.298 18% 0.136 I
Cs = 8.366 40%= 0.798 90%= 6.130
sd ❑ 2.188 60%= 0.964 96%= 8.197

n 1 1

O/oPASS ‘XOCHAN
100.0

90.0

80.0

70.0

60.0

%UIOJ

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

.-. .

40.0 u
.

.. .
30.0”- ~ .“ I I I I

Y

20.0

~o.o.-” ‘
..-..~..

0.0 - 1

.

10.ioo 1.000 10:00 100.0 :,1000
!

,,

& OiPASS YoCHAN
I

. .

~ , . ‘APASS O/oCHAN
ro4,0 ! 100.00: 0.00

~ ‘APASS YoCHAN ~ %PASS OACHAN
9.250
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

96.90
94.46
91.66
87.24
83.50
81.42
80.31
79.47
78.49
76.96
74.22
69.33
61.42
61.16
“41.26
33.61
27.72
22.92
18.30:
13,39 ‘
8.26
3.83
1.19
0.00
0.00

1.46
2.90
4.31
3.74
2.08
1.11
0.84
0.98
1.54
2.73
4.89
7.91
10.26
9.91
7.74
6.79
4.80
4.62
4.91
6,14
4.42
2.64
1.19
0,00
0.00

592.0 i 100.00 “ “0.00
!97.8 100.00 0.00

100.00 0.00
100.00 0.00
100.00 ; 0.00
100.00 ‘ 0.00
100.00 0.00
100.00 ‘0,00
100.00 “ 0.00
100.00: 0.00
100.00 ; ‘0.00
100.00: /O.OO
100.00 ‘ .0.00
100.00: 0.00

118.6
)62.0
?96.0-
~48.9
~09.3

176.0
148.0
124.6-;
104.7
!8.00 ,
‘4.00
;2.23

I

;.

# 1

:1
,
Ii

j:

!i

;:

;2.33 ,. ;-100.00 . 0.00
14.oo ; 100.00 0.00
17.00 ; 100.00 0.44
14.11J ~’99.66 ‘: 0.40
!&.16 , 99.16 0.41
!2.00 98.76 0.46
18.60 98.30 0.60
16.66 97.80 0.63
13.08 97.27 0.68
11.00 96.69 0.79

I
‘J

I

. ..I .::
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Particle Size Ana/ysis . AZ-102 Waste Date: 06118~ ~rea~s~ :;024
CUF-AZI02-24 DUP Time: 13:26 .

AZ-102Waste Summary Percentiles Dia Vol%” Width
SatnpleCUF-AZ102-24DUP mv ❑ 10% = 0.193 60%= 0.286 0.263 100% 0.190

1n AZ-102-24Simulated Supematant mn ❑ 0.316 20% = 0.209 70%= 0.316
= 0.717 30% = 0.227 80%= 0.362

‘-mU~~ ~i5~;J9J7’~ j JA@ - ;= 8.366 40% = 0.244 90%= 0.478
= 0.096 60% = 0.263 96% ❑ 0.663

%PASS YoCHAN
1

9
.

8

7

6

‘3
..

4

3

2

1

u 1

692,0 i 100.00;
497.8 } “~ 100.00:
418.6 ; 100.00 ;
362.0 ~ - “-100.00
296.0 “ 100.00
248.9 \ 100.00,
209.3..
176,0 “T”~;t;; :
148.0 :100.00:
124.6~ : 100.00 ~
104.7 :100.00
88.00, 100.00
74.00 .100.00
62.23 ‘ 100.00
62.33 100.00
44.00 100.00
37.00 100.00
31.11 100.00
26.16 I 100.00
22.00 ; 100.00
18.60 i 100.00 ‘
16.66 100.00

8 100.00

“0.00
0.00
0.00
0.00
“0.00
0.00
0.00
0.00

, ‘0.00
.0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.0.00

9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
3.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00:
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.97
99.92:
99.78
99.41
98.60
“97.29
96.67
93.41
90.40
86.63
76.83
61.46
39.26 “
17.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.05
0.14’ ‘ ;
0.37
0.81
1.31
1.72
2.16
3.01
4.87
8.70
16.37
22,20
22.26-
17.01
0.00
0.00

!,, ,., .
,-

,.,

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
~ 1000

ii
~ ?4PASS ‘lICHAN

! 100.0

i OACHAN
I

1:

:}

,1.

.. ,
t

;..

l;’
~,
i,:“’

I

!

.,, ,

I

t
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Particle Size Analysis AZ-102 Waste Date: 06/181~ ~~f$ ~;028
CUF-AZI02-24 DUP Time: 13:41 .

Z-102Waste Summary Percentiles Dia Vol%” Width “
ampleCUF-AZ102-24DUP = 3.061 foyo = 0.277 60%= 1.034 23.06 7%!0 17.86 .
IAZ-102-24Simulated Supematant
II mUs; Sonicated at 40 W, 90 sec

d

Qs+ 50q~-~~ :
= 0.282 20% = 0.367 70%= 1.376 6.719. 12% 3.624
= 0.613 30% = 0.461- 80%= 2.663 1.0f6 ~42% 0.881 :

iolw Di5wkhm; x-1~ ~
Cs ❑ 9.790 40% = 0.608 90%= 7.161 0.349 39% 0.243
sd = 2.274 60% = 0.801 96%= 18.37

%PASS

100”0 l——l—

,0.100

yzJ ‘APASS OhCHAN
0.00704.0 100.00

592.0 ~100.00
$97.8; :100.00:
!18.6 j 100.00:
352.0( . i 100.00!
296;0- :100.00.
~48.9 :100.00 “
yJ9.3j -:100.00
176.0 ~100.00;
148.0. ~100.000
124.6- - ; 100.00
104.7 ‘ 100.00
18.00 .100.00
r4.oo ‘

~;:;”::
;2.23
;2.33 ‘ 100:00
!4.00 :100.00
37.00 ; 100.00
31.11 ~ 98.35
26,16 : 97.12
22.00 96.06
18.60 95.04
16.56 94.11
13.08 93.32
41.00 92.66

,.. .:

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.66
1.23
1.07
1.01
0.93
0.79
0.66
0.71

.,
, .-)

,+

.,,

1.000 10:00 ‘ . 100.0

- Size (n
SIZE ‘?JoPASS OACHAN
3%0 91.96 1.10
7.778 90.86
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0,172
0.146

88.80
86.85,
83.36
81.95
81.13
80.38
79.30
77.44
74.40
69.99
64,26
67.69
“50.78
44.36
38.22
32.02
25.46
18.62
11.64
6.97
2.66
0.86
0.00

2.06
2.95
2.60
1.40 ~~
0.82
0.76
1.08 :,
1.86 :
3,04
4.41
5,74
6,66
6.81
6,43
6.13
6.20
6.66 ‘
6.94
6.88
6.67
3.41
1.70
0.86
0.00

1

ctms) - .

~ ?40PASS O/oCHAN

,
,

.1

:.

!.

,

;.
. . .

%CHAN

: 1000

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

~ OhPASS YoCHAN

i

I

I

I
1

I
I

1

I



Patiicle Size Analysis
AZ-102 Waste
SampleCUF-PZ102-24 DUP
n k?-102-24 Simulated Supematant

60 mUs:Sonicatedat 40W, 90sec ~ ~t Sm ;~~~~

YoPASS
‘100.0

.,. .Jo.loo :
I

AZ-102 waste
m*rC.41

Date: 06/18f8?l Mea4#k 00028
CUF-AZI02-24 DUP Time: 13:41 Pres # 01
Summary Percentiles ! Dia Vol% Width

mv = 3.061 10% = 0.166 60%= 0.269 0.246 100% 0.186
mn = 0.282 20% = 0.184 70%= 0.298
ma = 0.613 30% = 0.205 80%= 0.339
Cs = 9.790 40% = 0.226 90%= 0.420
sd = 0.093 50% = 0.246 96’%= 0.624

111111
.....-

1 I II11111
..-.

I mm I I I l-ml I

, 1.000 , , 10.00 , . ~ ; ,100.0 1000

692.0 ~100.00
497.8-! ?100.00
418.6 ) 100.00
362.01 -j 100.00
296.0 I 100.00

;:~’j - L:::;:

176.0 100.00
148.0 t 100.00
124,61 .~ 100.00
104.7
88.00, .). :::::
74.00 100.00
62.23 100.00
62.33: 100.00
44.00 ‘ 100.OO
37.00 ~100.00
31.11 100.00
26.16 .100.00
22.00 , ; 100.00
18.60 ; 100.00 ‘
4K 56 (,.’! 1000.O”

8 100.00
\ ..AIO-- 100:00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO

;::
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

i. - Size (rr crons) - i I ; I .
=3 : ‘APASS YoCHAN ~ %PASS YoCHAN ~ : O/oPASS ~ ‘hCHAN,—
704.0 ! 100.00 9.250 100.00 ~ 0.00 ,

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2,312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0,204
0.172
0.446

100.00’
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.96
99.88
99.70
99.36
“98.76
97.82
96.30
93.73 ‘
89.16
81.02
67.41
48.67
29.56
13.48
0.00

0.00
“ 0.00

0.00
i 0.00
‘ 0.00

0.00
0.OO
0.01
0.03
0.08
0.18 ‘
0.36 . ;
0.69
0.94 ‘
1.62 :.
2.67
4.67
8.14
13.61
18.84
19.02
16.07,
13.48
0.00

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

.,.
) .> ,, ,,

,!
,. :.

,. .

8.. ‘1 )- :,.
: .,. .

I

I
i
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Particle Size Analysis I
AZ-102 Waste . Date: 06/18189 Meas #: 00032 I
@lC-A74f

ampleCUF-AZ102-24 DUP
I AZ-102-24 Simulated Supematant
OmUs; Sonicakd at 40 W, 90 sec (jjncl SA ti~~)

fhA v~k-ib~~ m ; f+~o ~h

w“, -m ,02-24 DUP time: 13: S1- Pres #:” 01
Summarv Percentiles Dia Vol% Width
mv = 2.966 10% =-0.282 60% = 1.033 22.64 7% 17.80
mn = 0.286 20% = 0.366 70%= 1.366 6.730 12% 3.631
ma I=0.622 30% = 0.472- 80%= 2.424 1.010 43% 0.876 .’
Cs = 9.660 40%= 0.619 90’%= 6.971 0.364 38’%0 0.2W
sd = 2.209 60% = 0.807 96%= 17.23

100.0

90.0

80.0

70.0

.,.50.1;00 ‘ ‘

592,0 ‘ 100.00
$97.8
!18.6
162.0
~96.O
~&,g
~Q9.3,

[76.0
148.0
[240~1 -

104.7 , 100.00
18.00., -; 100.00
r4a00- ! 100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100,00
100.00

;2.23 i 100.00
52.33! -:100.00
!4,00- i i 00.00
17.00 ; 100.00
11.11j “-] 98.63
~e.le
~z.oo

I 97.39
I 96.37

18060 ‘1 96.39
16.66 :, “: 94.47
13.08 93.69
11.00---- 93.02

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.47
1.14
1.02
0.98
0.92
0.78
0.67
0.72

E

1.000 10:00 : “1
!;; :100.0

I 1,
~: YoPASS OACHAN
704.0 ! 100.00

. .

- Size (n
~ Y:PASS oYoCHAN
9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

92.30
91.19
89.13
86.17
83.68
82.29
81.48
80.73
79.66
77.77
74.69
70.23
64.39
57.66
50.62.
43.84
37.48
31.11
24.47
17.68
10.90
6.63
2.37
0.81
0.00

1.11
2,06
2.96
2,49
1.39
0.81
0.76
1.08
1.88
3.08
4.46
6.84
6.83
7.04
6.68
6.36
6.37
6.64
6.89
6.68
6.37
3.16
1.66
0.81
0.00

!8 i;l ::”’,crons)- i , ,, ,
syq 01’oPASS‘ VOCHAN

-!. :

I i

,,

,.< .

;..
,“
I

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

1
,

::::

,.

,1

!1
I

I

I
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Particle Size Ana!ysis AZ-102 Waste Date: 06/18/% Mea~& 00032
CUF-AZI02-24 DUP - Time: 13:61’ Pres # 01

Z-102 Waste Summary Percentiles Dia Vol% Width
ampleCUF-AZI02-24 DUP mv = 2.965 10% ❑ 0.166 60%= 0.273 0.249 100% 0.193
IAZ-102-24Simulated Supematant mn = 0.286 20% = 0.186 70%= 0.302
0ml.h; Sonicatedat 40W, 90sac - ma = 0.622 30% ❑ 0.206- 80%= 0.346 :

Cs‘“’&ti ~+J’YJ9 fi~m j %-w = 9.660 40% ❑ 0.228 90%= 0.430

Nu.titi
sd = 0.097 60% = 0.249 96%= 0.638 “

%PASS %CHAN

...
1,, ,. #I

~... -. .-



Particle Size Analysis
UFAZ-102Waste
PA
amde: CUF-AZI02-24DUP

0 @lQcn

CUF AZ-102 Waste Date: 061201~ Meas A 00004
UPA CUF-AZI02-24DUP Time: 09:44 Pres * 01
Summary Percentiles Dia Vol% Width
mv = 1.467 10% = .1731 60%= 1.696 1.614 89% 1.426
mn ❑ .0343 20% = .6160 70%= ‘L889 .1633 3% .0664 ,
ma = .3630 30% = 1.063 80%= 2.122 .0783 4% .0462
Cs = 16.63 40% = 1.313 90%= 2.486 .0341 4% .017?
sd ❑ .9166 60% = 1.612 96%= 2.837

I 1 t

O/oPASS %CHAN
100.0--

90.0

80.0

70.0

60.0

.50-0-.

40.0
:1. .

30.0

20.0

10.0

0.0

~, ~%PASS oAcHAf4
;.641 I 100.00;
5.600 ; 100.00;
L~25-” “i 100.00
1.889 99.37
1.270 97.81
~.7&J 94.11
?,313 “ 86.08
1.945
1.635 ‘ :::::
1.375 I 42.92
[.156 i 33.50 I
).9723 ~ 27.64 ‘
).8176 23.92,
).6875 ~ 21.33
).6781 ; 19.30
).4861 , 17.55
).4088 “ 16.96
).3437 14.48
).2891 13.17
).2431 j 12.02 :
).2044 11.01
).4719 B 9.96 “
),1445 9.05
),1215 8.33
).1022 7.69

boo ,
!0.00
!0.63

.1.66 ‘
3.70
8.03
13.41

!
6.99
3.76 i

%42

t% !
ti.69
3.03
?.7s
1.60
1.47
1.31
1.16
1.01
‘1.06
‘0.91
0.72
0.74
0.83

0.0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
.0.0064
0.0054
0.0045
0.0038

6.76 ;
6.88
6.04
4.26
3.43
2,48
1.43
0.62
0.00 ~
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.88 ‘
0.84
0.79
0.82
0.95
1.05
0.91
0.52
0.00 :
0.00
0.00 “
0.00 .
0.00
0.00
0.00 ‘
0.00
0.00
0.00
0.00

:..
:.

I ::,

i.
::

:.

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

g CXOPASS ‘YoCHAN

I

,..: ‘. i.

:.. J
.,
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Particle Size Analysis
CUF AZ-102 Waste Date: 06120/&h&ass~#: ~~004
UPA CUF-AZI02-24DUP Time: 09:44 ..

CUFAZ-102 Waste Summary Percentiles . Dia Vol% Width

JPA mv = 1.467 10% = .0232 60%= .0312 .0292 100% .0167
Sampl& CUF-AZ102-24 DUP “ mn = .0343 20% = .0246 70%= .0340

.3630 30% = .0269 80%= .0381
.~~w&f3f ~;5t(i~u~ ~; ~PR ~b

ma =
CS = 16.63 40% = .0276 90%= .0474

I id = ;0083 i SO%= .0292 96%= .0606 I

%PASS
100.0

90.0

80.0

70.0

60.0

‘5tllr

40.0

30.0.,

20.0

10.0”
,.. ..

d. o
:0.0010 0.0100 ‘ 0.1000 :

,.
:1 ‘- Si2e (m xons) -,.

~ .j ~%PASS OACHAN ~ OhPASS ‘%oCHAN ~ ‘APASS : OACHAN

6.641 :100.00 ~
-1,

p.oo
0.005.600 ! 100.00:

4.626 :100.00,
3.889 ‘ 100.00 ‘
3.270 ‘ 100.00;
2.760’ i 100.00 !
2.313 ~100.00!
1.946 .100.00.
1.636 100.00
1.376 100.00
1.166 .100.00
0.9723 ‘ 100.00
0.8176 100.OO
0.6876 100.00
0.6781 99.99
0.4861 99.98
0.4088 I 99.97
0.3437 ~ 99.96
0.2891 , 99.92 ;
0.2431 ! 99.88 I

0.2044 ‘ 99.82
0.1719 - ~ 99.71
0..1446 99.66

?I G 99.34

I
.d22 98.98

0.00
‘QOoo
‘0.00
booo i
k).oo /
,0.00
0.00
0.00 “
,0.00
‘0.00 “
0.00
0.0.1
0.01

w “

!0.03
:0.04 ‘
!0.06 :
0.11
‘0.16
0.21
0.36
0.69

,

0.0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
.0.0107
0.0090
0.0076
0.0064
0.0054
0.0045
0.0038

98.29 ~
97.06
96.10
91.98
86.66
76.97
66.23
27.66
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.23 ,
1.96
3.12
6.42
10.69 “
19.74
28,57 ! i
27.66 .
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 ;

1:

:.

i!
;.,“

:,
,,

II
. .

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

\i

~ ‘APASS O/oCHAN-
1

,i

:1

1>:.

I ,

,>x~a -~-— ---— - ,-- - -
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Particle Size Analysis
CUF AZ-102 Waste Date: 06/20= Meas %; 00007
CUF-AZI02-24DUP SON Time: 10:04 Pres #: 01

UFAZ-102 Waste Summary Percentiles Dia Vol% Width

PA mv = .7494 10% = .4407 60%= .6649 1.638 22% .3604 ;
ampkxCUF-AZI02-24DUPSonioded -

(#l -
mn = .6038 20% = .4691 70%= .6092 .6124 78% .1343 :.

= .6991 30% = .4930 - 80%= 1.337
dOi~ Ditif~~~+~W i~ UPR * g= ,0.02dO%=.ei5z90%= 1.663#

‘Isd = .4921 160% ❑ .6381 96% ❑ 1.688 I a
I t I

%PASS %CHAN ]—
100.0

90.0

80.0

70.0

60.0

.50:0.:

40.0

30.0

20.0

10.0.

0.0
. ;0.0010 ;

~. : ‘APASS
6.641 ‘ 100.00
6.600 100.OO
4.626 100.00
3,889 :100.00,
3.270 100.00
2.760- i 100.00:
2.313 ~100.00 i
1.946 100.00:
1.635 ; 93.22
1.376 81.06
1.166 77.64
0.9723 77.64
0.8176 77.64
0.6876 76.04
0.6781 , 64.26
0.4861 , 26.91
0.4088 . 1.86 :
0.3437 : 0.00 :
0.2891
0.2431 ; :::: ‘
0.2044 0.00
0.1719 0.00
0.1446 0.00
0,1216 0.00
0.1022 0.00

1“
,.

1.,.
?foCHAN
0.00
0.00
0.00
:0.00

~:::

p.oo
.6.78
12.16
3.62
0.00
0.00
1.60
11.78
37.36
26.06
‘1.86
b, .00
:0.00
0.00
0.00
0.00
0.00
0.OO
0.00

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
i, : JIO*OO

- Size [microns’) - ~ I .
.:

.! ~!,
SIZE ?LoPASS ~oCHAN ~ OhPASS YoCHAN—:

.,
SIZE YoPASS ‘YoCHAN
=69 0.00 0.00,
0.0723 0.00 0.00
0.0608 0.00 0.00 ~
0.0611 0.00 ! 0.00
0.0430 0.00 ; 0.00, ~
0.0361 0.00 : : 0.00;
0.0304 0.00 , 0.00: .
0.0266 0.00 ; f)~o :

0.0216 0.00 0.00:
0.0181 0.00 0.00
0.0162 0.00 0.00
0.0128 0.00 0.00
0,0107 0.00 0.00,
tl.oo90 0.00 0.00
0.0076 0.00 0.00
0.0064 0.00 0.00
0.0054 0.00 ; 0.00: .
0.0046 0.00 ; : 0.00;
0.0038 0.00 0.00

.:

I

I

.,
,1

,,,
.,
:,:,
!
1

t

!!.:1.

y:

I l,,t :,
ii.?

:,,.:
. .

1

1 .,,.

I



Panfic\e Size Analysis
CUF AZ-102 Waste Date: 05/20=- M~as # 00007
CUF-AZI02-24DUP SON Time: 10:04 Pres # 01

CUFAZ-102 Waste Summary Percentiles Dia Vol% Width

JPA .mv ❑ .7494 10%= .4183 60%= .6024 1.478 ~% .3440
Samplrx CUF-AZI02-24DUP Sonicated mn = .6038 20% = .4370 70%= .5220 .4840 99’35 .4223

flw~w bkkhhm jUP~ %#e.vvu ma = .5991 30% = .4632 80%= .6448
Cs = 10.02 40% = .4689 90%= .6762. -- ..-. .

lsd= .0623 160% = .4848 96% ❑ .6060 I

:O;A:S
.

90.0

80.0

70.0

60.0

,.50.m_- .- .,..,r.>.z.....-..-

40f+ttt-t
“300d-titt
20.0

10.0

-.0 BllJ

SIZE %PASS YoCHAN
KI ‘= F
6.600 , 100.00 0.00

50.0

45.0

40.0

35.0

30.0

25.0

20.0

‘15.O

10.0

5.0

0.0---
> ,.. o.Ciolo i

.
~ i ~ ~“~oloo ~ ~ \ I : ~o-flooo j ‘ i’””oo;“”~ 1,

i ~.!,:. ., .= si+~ Im >~~~~

g YoPASS ! ?JoCHAN Nix; OhPASS YoCHAN,—,
0.00 0.00 I

4,626
3.889
3.270
2.760
2,313
1.946
1.636
1.376
1.166
0.9723
0.8176
0.6876
0.6781
0.486~
0.4088
0.3437
0.2891

100.00 j p.oo
100.00 Q.oo
100.00 0.00
100.00 0.00
100.00 0.00
100.00 ;0.19
99.81 : 0.68
99.23 ~ 0.28
98.96
98.96
98.96
98.38
90.87
60.81
6.64
0.00
0.00

0.00
0.00
b.67
17.61,

~j”
0:00
0.00

0.00 .0.000,2431
0,2044 i 0:00 ‘Oooo
0.1719 ~ 0.00 ‘ Q.oo
0,1446 0.00 0.00

’216 0.OO 0.00
,022 0.00 0.00

1

i

0.0859
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00 0.00
0.00 “ 0.00 :
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00 “

0.00 0,00 “

0.00 0.00 :
0.00 0.OO”” I “
0.00 . 0.00
0.00 0.00
0.00: ~ :.:: ; :

~0.00
0.00 ~ : 0:00 i
0.00 ‘ 0.00
0.00 0.OO
0.00 0.00

. .

I

,.
!

!

I

i il

SIZE ; ‘APASS OACHAN-
i:.
::, ,

~ili

:.

I

,1

1,

1:

I
it
1

!:

. . . .. . . . ,, -m-. ,, .--! - . . .= _.-. . - — ,.”,..—,.,=,..Zm.. ..,- .(7, ---- .. T.— - 7-’ ,---
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