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ACRONYMS AND ABBREVIATIONS

104-AN
105-AN
AT
DSSF
G
g
gal
GEA
IC
ICP
kg
L
Liq
mL
PLM
RGS
rpm
SEM/EDS
Cn1OU I

SpG
SSol
Sup
SupO
TCR
TGA
TIC
TOC
wt%
WTC
/iCi
jtig

Tank 241-AN-104
Tank 241-AN-1O5
total alpha
double shell slurry feed
gravity
gram
gallon
gamma energy analysis
ion chromatography
inductively coupled plasma spectroscopy
kilogram
liter
liquid sample
mil 1iliter
polarized light microscopy
retained gas sample
revolutions per minute
scanning electron microscope/energy dispersive x-ray spectroscopy
solid sample
specific gravity (or density)
settled solids
supernatant liquid
diluted supernatant liquid
Tank Characterization Report
thermogravimetric analysis
total inorganic carbon
total organic carbon
weight percent
whole-tank composite
microcurie
microgram.
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1.0 INTRODUCTION

Tank 241-AN-104 (104-AN) has been identified as one of the first tanks
to be for retrieved for low level waste pretreatment and immobilization.
Retrieval of the tank waste will require dilution. Laboratory tests to
determine the amount and type of dilution required for safe and efficient
retrieval of the tank waste are described in this document. They are based on
test requirements established by Process Development (Garfield 1997 and Certa
1998).

The waste in tank 104-AN is very similar in composition to that in tank
241-AN-105 (105-AN). See Table 1. Therefore, most of the conclusions from
the testing of 105-AN waste during fiscal year 1997 (Herting 1997) should be
applicable to the 104-AN waste. The tests proposed here for the 104-AN waste
are designed (1) to verify the similarity to 105-AN waste in chemical and
physical behavior, and (2) to provide additional information on dilution
effects.

The 104-AN tests will be done with a whole-tank-composite sample
prepared by combining appropriate amounts of drainable liquid and settled
solids core segment samples from the two core samples that were taken in 1996
(Hu 1997). The tests performed on the composite sample will be aimed
primarily at the alternative retrieval scenario in which the tank supernatant
liquid is removed (with some in-line dilution) before diluent is added to the
settled solids remaining in the tank. Corresponding changes in laboratory
procedures relative to the 105-AN tests are detailed later in this test plan.
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Comparison of Waste Compositions in Tanks 104-AN and 105-AN

Analyte

Al

B

Ca

Cd

Fe

K

Mn

Mo

Na

Ni

P

S

Si

Cl"

NO,"

NO,"

POE-
TIC

TOC

OH"

H,0

SpG
137Cs

Liquid Phase (q/L)e

105-ANa

41.7

0.074

6.50

0.097

247

0.4

0.94

0.22

9.9

122

161

0.9

2.20

2.59

58.6

50.2 wt%

1.42

0.475 Ci/L

104-ANb

38.6

0.065

6.70

0.080

256

0.88

1.2

0.24

8.1

125

170

2.3

2.17

3.11

70.9

51.1 wt%

1.40

0.57 Ci/L

Settled Solids (q/kq)e

105-AN0

22.1

0.090

0.64.

0.012

0.12

3.45

0.021

0.052

183

' 0.041

2.5

2.5

0.14

5.2

64

111

8.0

13.1

5.4

24.1

44.4 wt%

0.30 Ci/kg

104-ANd

20.6

0.13

0.22

0.011

0.10

3.57

0.018

0.050

192

0.065

1.4

3.8

0.61

4.4

63

112

3.7

14.7

4.6

37.2

45.6 wt%

1.60

0.35 Ci/kg

a Tables
b Tables
c Tables
d Tables
e except

B3-9 and B3-12 in TCR (Jo 1997)
B3-4 and B3-7 in TCR (Hu 1997)
B3-14 and B3-17 in TCR (Jo 1997)
B3-9 and B3-12 in TCR (Hu 1997)
as noted
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2.0 BACKGROUND

Tank 104-AN currently contains approximately 4.0 million liters (1.1
million gal) of waste classified as double shell slurry feed (DSSF). Two core
samples were taken in 1996. Each core was composed of 21 segments. Based on
the core sample results, tank waste layer volumes were estimated (Hu 1997) as
2,100 L (5,500 gal) crust, 2.3 million L (600,000 gal) supernatant liquid, and
1.7 million L (449,000 gal) settled solids. The settled solids are also
referred to as sludge, slurry, or wet saltcake in various documents.

The settled solids contain approximately 89% by weight interstitial
liquid and 11% actual solid phase, based on the percent water analytical
results. No specific analyses have been done on the actual solid phase, but
some information can be gleaned by comparing the analyses of the settled
solids layer with analyses of the supernatant liquid layer. This comparison
is made in Table 2.

Components that are significantly higher in the settled solids than in
the supernatant liquid include sodium, phosphate, sulfate, total inorganic
carbon (TIC), and total organic carbon (TOC). The major solid phases,
therefore, are likely to be sodium salts of carbonate, sulfate, phosphate, and
oxalate; and double salts such as sodium fluoride sulfate, Na3FS04, and sodiuir
carbonate sulfate, Na6C0,(S04)2. Typically, these double salts are less
soluble than the individual salts, though only a little study has been done in
this area for Hanford waste solutions.

One gram of settled solids contains less liquid than one gram of liquid,
so components that are present only in the liquid phase (e.g. Al, K, nitrite,
chloride, hydroxide) should have lower concentrations in the settled solids.
The fact that the concentration of nitrate is nearly the same in both the
liquid and the settled solids implies that there may be some NaN03 in the
solid phase.

The solubilities of some of the sodium salts are known to be very
temperature-dependent. Therefore, temperature is likely to be a key factor in
the dilution/dissolution experiments. The solubility of sodium oxalate is
very dependent on ionic strength, and is unlikely to dissolve very much at th3
dilution ratios used for these tests.
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Table 2. Comparison
Settled

Component

Density

H,0

Acetate

Al

cr
Cr

Formate

K

NO/

N0x'

Na

P0,3-

so,2-
OH" c2)

TIC2

TOC2

of Analytical
Solids Samples

Supernatant
Liquid
(/jg/mL)

1.40 g/mL

51.1 wt%

602

38,600

8,090

336

983

6,700

125,000

170,000

256,000

2,270

1,700

70,900

2,170

3,110

Results for Supernatant Liquid and
(averages of segment sample results)1

Supernatant
Liquid
(M9/9)3

1.40 g/mL

51.1 wt%

430

27,600

5,780

240

702

4,800

89,300

121,000

183,000

1,620

1,210

50,600

1,550

2,220

Settled
Solids
(09/9)

1.60 g/mL

45.6 wt°/»

583

20,600

4,420

1,650

777

3,570

62,800

112,000

192,000

3,720

11,200

37,200

14,700

4,630

1 from segment sample averages (Hu 1997)
2 from composite sample averages (Hu 1997)
previous column divided by density to convert units
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3.0 DESCRIPTION OF TEST

3.1 Tank Composite Sample Preparation

All of the dilution/dissolution tests will begin with a whole-tank
composite sample prepared from samples currently in the laboratory. Sample
preparation and all of the testing will be done in hotcells at the 222-S
Laboratory. The core samples shown in Table 3 are available for use in this
study. The weights listed under the heading "Current Inventory" represent the
total amount of material currently stored in the laboratory. The smaller
weights under the heading "Available for Composite" represent the amount that
TWRS Characterization is willing to release for the dilution study.

Based on the tank waste profile and layer densities reported in
Section 2, the tank contains approximately 2.7 million kg of settled solids
and 3.2 million kg of supernatant liquid. The whole-tank composite sample
will be created by mixing the layer samples in the same ratio. Thus,
approximately 900 g (560 mL) of settled solids samples from Table 3 will be
mixed with 1100 g (780 mL) of supernatant liquid samples.

The waste composition is sufficiently homogeneous within each layer in
the tank that using different sample weights from individual segments within a
layer will not have any adverse effect on the composition of the composite
sample. In addition, the previous tests with waste from tank 105-AN showed
that there is a large range of acceptable dilution ratios. Therefore,
virtually all of the "Available for Composite" sample can be used. The
composite will be mixed and stored at the ambient hotcell temperature. All
tests will be done with aliquots taken from the composite sample.

It is widely recognized that one of the most difficult problems in
analytical chemistry is to obtain a uniform aliquot from a two-phase
(solid/liquid) sample. To ensure the best possible uniformity, all aliquots
will be taken by syringe sampling while the composite sample is being mixed.
Duplicate tests performed on similar 105-AN samples (Herting 1997) showed that
this sampling method gives acceptable reproducibility.

The composite sample will be divided into three 500 mL sample jars for
ease in handling with hotcell manipulators. At least one of these jars will
be marked with volumetric indicators. This jar will be used to perform an
ambient temperature settling rate test on a larger scale than is possible with
the 50 mL centrifuge cones that will be used for most of the tests.

3.2 Dilution Testing with Whole Tank Composite

The first tests will represent adding mixer pumps to the tank and mixing
the waste before any dilution or transfer takes place. These tests will
duplicate tests performed on the 105-AN samples, but the number of tests will
be much smaller. Tests will be limited to one temperature (45 °C), which was
the baseline temperature for the 105-AN sample tests.
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Table 3. Core Segment Samples Available for Whole-Tank Composite

Core

163

163

163

163

163

163

163

163

163

163

163

163

163

163

164

Segment1

2

3

4

5

6

7

8

9

10

11

15

17

19

21

18

Parent
Jar No.2

11188

RGS

11189

11523

11522

11192

11195

11196

11526

11551

RGS

RGS

RGS

RGS

RGS

Current
Inventory (g)

295

375

305

240

280

275

325

305

235

290

375

225

375

225

375

TOTAL

Available for
Composite (g)

100

150

150

50

100

50

150

150

50

150

200

100

250

100

250

2,000

1 Segments 2-11 represent supernatant liquid; 15-21 settled solids
RGS = retained gas sample analysis samples

3.2.1 Dilution, settling, and chemical analyses

Two sample aliquots, 30 mL each, will be transferred from the whole-tan1'
composite into 50 mL centrifuge cones. The cones will be weighed, and then
placed in a constant temperature water bath held at 45 °C for at least 16
hours.

After the 16 hour equilibration period, water will be added to one of
the cones to represent, dilution to 50% by volume, i.e., the volume of water
added will be one-half of the volume of sample in the cone before dilution.
The dilution water will be equilibrated at the same temperature for the same
length of time as the samples. No water will be added to the other cone, but
it will be mixed and settled as described below.
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As soon as the dilution water is added, both cones will be mixed with a
vortex mixer. Then the cones will be returned to the water bath. At the end
of each hour for five hours, the cones will be mixed again, and returned to
the water bath. The cones will then be allowed to settle overnight in the
water bath. The following day, the cones will again be mixed and settled
three times for one hour each settling period. After the third and final
mixing, readings of volume percent settled solids will be recorded as a
function of time for the remainder of the work shift. Settling will be
allowed to continue for a minimum of 48 hours after the final mixing.

After the final readings of volume percent settled solids, the cones
will be centrifuged at approximately 2000 rpm (300 G force) for 20 minutes.
Volumes of centrifuged solids will be recorded. Supernatant liquids will be
decanted into sample vials, and the cones will be re-weighed to determine the
weight percent centrifuged solids. One portion of each supernatant liquid
will be analyzed for %H20 (gravimetric method) and density (SpG). A second
portion will be analyzed for the following:

IC (ion chromatography for F", Cl", N03", N02", P04
3", S04

2", and
oxalate analyses)

TIC (total inorganic carbon)
TOC (total organic carbon)
ICP (inductively coupled plasma spectroscopy for metal ion analyses)
OH" (free hydroxide)
GEA (gamma energy analysis)
AT (total alpha)
90Sr and 99Tc.

The remaining fraction of each supernatant liquid sample will be stored
in the water bath for at least one month, and will be observed periodically to
see whether any solids have formed. If solids do form, they will be
characterized for physical behavior (e.g. gelatinous or rapid-settling). The.'
will be examined by polarized light microscopy (PLM) to attempt identification
based on crystal habit and optical properties. They may also be analyzed by
whatever chemical analysis methods are deemed appropriate by the chemist-in-
charge.

The centrifuged solids in each cone will be weighed, and then
transferred to a sample vial for the following analyses:

%H20 by thermogravimetric analysis (TGA)
direct solid sample for TIC, TOC
water digest for IC and OH"
acid digest for ICP, GEA, AT, 90Sr and 99Tc.
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3.2.2 Viscosity

Rheology measurements (shear stress vs. shear rate) will be made on
three samples as a function of temperature over the range ambient to 65°C.
The first sample will be a fresh aliquot of the undiluted whole-tank composite
sample. The second sample will be another whole-tank composite sample diluted
to 50% by volume with water. The third sample will be the supernatant liquid
from an undiluted whole-tank-composite sample.

If the viscosity of the supernatant liquid sample is above 5 cP at any
temperature, then a fourth sample will be tested. The fourth sample will be
the supernatant liquid diluted 20% by volume with water.

The viscometer used for these measurements will consist of a Haake
Rotovisco® RV20 with a CV20 Sensor System. A Mooney-Ewart type measuring
system will be used in conjunction with the CV20 for the rheological
measurements. This coaxial cylinder system consists of a beaker and cylinder
each with a cone-shaped bottom face. The torque on the inner cylinder is
measured as a function of the speed of the rotating beaker.

3.3 Dilution Testing with Settled Solids

The next series of tests will represent removing the supernatant liquid
from the tank with in-line dilution, then adding mixer pumps and dilution
water to the tank to dissolve the sodium salts in the settled solids.

3.3.1 Settle, decant and dilute supernatant liquid

Eight sample aliquots, 45 mL each, will be transferred from the
whole-tank composite into 50 mL centrifuge cones. The cones will be weighed,
and then placed in a constant temperature water bath at 45 °C for at least 72
hours.

The next step will be to decant the supernatant liquid from each of the
eight centrifuge cones. All of the decanted liquid will be collected in a
single jar or bottle. After the liquid is mixed (by stirring), it will be
re-divided into nine 15 mL centrifuge cones, 10 mL per cone. Density of the
liquid will be measured from the volume and weight of liquid in each cone.
The remaining liquid will be used for viscosity measurement (Section 3.3.4).

Three of the liquid samples will be diluted 10% by volume with water,
and another three will be diluted 20% by volume. The other three samples will
remain undiluted. New densities will be measured for the six diluted samples.
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One undiluted sample, one 10%-diluted sample, and one 20%-diluted sample
will be held at ambient temperature (approximately 25 °C) for a minimum of one
week. Three corresponding samples will be held at 45 °C, and the three
remaining samples at 65 °C for the same time period. All samples will be
observed for possible formation of precipitates. If any precipitates form,
the volume and weight of solids will be measured. The solids will be examined
with a polarized light microscope to attempt identification of the solid
phase. Additional chemical analyses of the solids may be requested by the
chemist-in-charge.

3.3.2 Dilution of settled solids

The volume and weight of settled solids remaining after decanting the
supernatant liquids will be recorded. Then water will be added to each cone
to represent dilution to 0, 40, 80, or 120% of the settled solids volume, each
dilution made in duplicate. Before the dilutions are made, the water will be
equilibrated at the same temperature for the same length of time as the
samples.

The remainder of the testing will follow the procedure described for the
whole-tank composite samples described in Section 3.2. The supernatant liquid
decanted after centrifuging the samples will be divided. One portion of each
liquid will be stored in the water bath for at least one month to watch for
precipitation of solids. The remainder of each liquid and the centrifuged
solids will be analyzed as described in Section 3.2.1.

3.3.3 Temperature effect

A subset of the settled-solids dilution series of tests (Sections 3.3.1
and 3.3.2) will be repeated at higher and lower temperatures. The subset will
consist of the 80% dilution samples at 65°C and at 25°C. Analytical
requirements will be the same as described in Section 3.2.1.

3.3.4 Rheology

Rheology measurements (shear stress vs. shear rate) will be made on
three samples as a function of temperature over the range ambient to 65°C.
The first sample will be the undiluted settled solids sample. The second
sample will be the settled solids sample diluted to 80% by volume with water,
relative to the volume of settled solids after decanting the supernatant
liquid. The third sample will be the supernatant liquid from the 80%-diluted
sample.
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3.3.5 Particle size distribution and microscopy

Particle size distribution analysis will be performed on one sample of
undiluted solids and one sample of solids remaining after 80% dilution of the
settled solids. Polarized light microscopy (PLM) will be performed on the
same two samples to identify changes in morphology caused by dilution.
Analysis of the solids by scanning electron microscopy with energy dispersive
x-ray spectroscoy (SEM/EDS) may be performed in addition to or instead of the
PLM, depending on availability and state of repair of the SEM/EDS instrument.

10
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4.0 DATA INTERPRETATION

4.1 Physical Data

Volumes and weights of settled and centrifuged solids will be the
primary measurements used to evaluate dilution parameters. All of the
dilution parameters match those used for tests performed last fiscal year on
waste from tank 105-AN. Therefore, direct comparison of the results for the
two tank wastes will be possible. Table 4 shows the correspondence.

Dilution with NaOH solution will not be performed on the 104-AN waste
samples because the NaOH concentration is higher in 104-AN waste than in
105-AN waste. Therefore, it is very unlikely that NaOH solution would be used
for dilution of the 104-AN waste.

Temperature may have a complex effect on the volume of sell ids.
Increasing temperature is expected to cause increasing solubility of sodium
sulfate, phosphate, and nitrate, but cause decreasing solubility of sodium
carbonate.

Rheology measurements are needed to assess pump characteristics that
will be required for mixing and transferring the waste. These measurements
will be provided as a function of temperature for the following samples:

undiluted whole-tank composite sample
whole-tank composite sample diluted 50% by volume with water
undiluted settled solids sample with the supernatant liquid decanted
settled solids sample diluted 80% by volume
undiluted tank waste supernatant liquid
supernatant liquid from 80%-diluted settled solids sample.

In all of the dilution tests, decanted centrifuged liquid samples will
be stored for at least one month to determine whether solids form after
dilution. Any solids that form will be evaluated for physical properties
(e.g. gel formation), and analyzed by PLM and chemical analyses if deemed
appropriate.

11
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Table 4. Correspondence of D i lu t ion Tests for Tanks 104-AN and 105-AN

Sample1

WTC

WTC

WTC

WTC

SSol

SSol

SSol

SSol

SSol

WTC

SSol

WTC

SSol

SSol

Diluent

H,0

2M NaOH

H,0

H,0

H,0

2M NaOH

H,0

H,0

H,0

H,0

H,0

H,0

H,0

H,0

Temp,
°C

45

45

25

65

45

45

25

65

25/45

25-65

25-65

45

45

45

Test2

Sol/Liq

Sol/Liq

Sol/Liq

Sol/Liq

Sol/Liq

Sol/Liq

Sol/Liq

Sol/Liq

Kinetics

Rheology

Rheology

Particle Size

Particle Size

PLM/SEM/EDS

Dilut ion,
Vol%, 105-AN

0-25-50-753

25-50-75

0-25-50-75

0-25-50

0-40-80-120

40-80-120

40-80-120

0-40-80

50

0-50

0-80

0-50

none

none

Di lut ion,
Vol%, 104-AN

0-50

none

none

none

0-40-80-1203

none

803

803

none

0-50-Sup4

0-80-SupD5

none

0-80

0-80

1 WTC = whole-tank composite sample; SSol = settled solids
2 Sol/Liq = chemical and physical analysis of so l id / l iqu id

tests performed in duplicate
4 Sup = supernatant l iqu id from undiluted sample
5 SupD = supernatant l iqu id from 80%-diluted sample

sample
phases

12
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4.2 Chemical Data

Chemical analyses of centrifuged liquid and solid phases will be used to
develop an understanding of the physical data. With analyses of both phases,
it will be possible to calculate the contribution of the interstitial liquid
to the centrifuged solids to provide a composition of the true solid phase.
Knowledge of which solid phases are present as a function of dilution ratio
should provide the information needed to explain the physical data.

As a first approximation, the assumption will be made that all of the
water in the centrifuged solids can be attributed to interstitial liquid. If
the calculations and/or PLH results suggest that the true solid phase contains
some salts that are highly hydrated [e.g. Na7F(P04)2-19H20], then an iterative
calculation may be required to distribute the water in the centrifuged solids
between the true solid phase and the. interstitial liquid phase.

Analytical determinations will be the same as those for the 105-AN
samples done earlier, except that:

(1) Water digest will added to the analysis of the centrifuged solids so
that the solids can be analyzed by IC and OH" for water-soluble anions.
This will give a more direct indication than in the 105-AN study of
whether nitrate and other IC species are present in the solid phase.

(2) The list of analytes from the ICP that will be reported will be longer,
and include the "less-than" elements that were not reported for the
105-AN samples. This will allow more of the Privatization envelope
specifications (analyte to sodium mole ratios) to be evaluated.

4.3 Quality Assurance

Based on the requirements in "Review and Approval of Documents",
HNF-PRO-233, this test plan is assigned Approval Designator N/A. Approval
signatures are required from the author, immediate manager, and customer.

All testing will follow the "Process Chemistry & Statistics Quality
Assurance Plan", WHC-SD-CP-QAPP-018, Rev. 0 (Meznarich 1996). Specific
laboratory instructions will be reviewed and approved by Process Chemistry
management, 222-S Radiological Control, 222-S Environmental, and 222-S
Industial Safety prior to initiation of testing. The instructions will be
recorded in a controlled laboratory notebook before work begins; observations
and data will be recorded as the work is done.
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5.0 SAFETY

All of the safety requirements that apply to this test plan are
described in "Development of Instrumentation, Methods and Performance of
Process Testing", Hanford Analytical Services Laboratory Operating Procedure
LO-140-100, Rev. B-0, released July 8, 1997.

6.0 WASTE HANDLING

Three waste streams are expected to be generated from this test program.
Stream #1 is the waste resulting from analysis of samples. Each waste
generated from these routine analyses will be handled in accordance with the
instructions in the procedures for the respective analyses.

Stream #2 is the used and left-over tank waste material. This material,
expected to be less than 1 kg, will be discarded to the 219-S Building tanks
via a hotcell drain, per procedure LO-100-107, "Cubicle Housekeeping, Waste
Disposal, and Management".

Stream #3 is the solid hotcell waste consisting of used centrifuge
cones, used sample vials, and used plastic syringes. This waste will be
rinsed with water, loaded into waste cans, removed from the hotcell, and
disposed of according to LO-100-151.

Other than the waste streams just described, there will be no
accumulating of hazardous waste. Therefore, no Waste Stream Fact Sheet or
Waste Compatibility Assessment documentation will be required.

7.0 SCHEDULE AND DELIVERABLES

This test plan is scheduled to be issued by December 31, 1997.
Management approval for the specific laboratory instructions will be obtained
by January 15, 1998. Laboratory work will commence by January 20, 1998.

A complete report of the test results will be issued in the form of a
draft supporting document by May 20, 1998. Informal interim status reports
will be issued to the customer via cc:Mail on a weekly basis.
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