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Forward

This test plan was prepared by the Pacific Northwest National Laboratory (PNNL) under contract with
Fluor Hanford (FH). The test plan describes the scope and conditions to be used to perform laboratory-
scale testing of the Sludge Treatment Project (STP) hydrothermal treatment of K Basin sludge.

On July 3, 2007, the U. S. Department of Energy (DOE) provided direction® to FH regarding significant
changes to the scope of the overall Sludge Treatment Project. As a result of the changes, FH directed
PNNL to stop work on most of the planned activities covered in this test plan. Therefore, it is unlikely
the testing described here will be performed. However, to preserve the test strategy and details developed
to date, the test plan has been published.

Prior to the changes in project direction, a final version of the test plan was issued for review. Consistent
with the request of the DOE, Dr. J. Abrefah (PNNL) provided an independent technical review
(Appendix C), and most of his comments have been incorporated into this document (Appendix E). FH
also provided technical review (Appendix D) and these comments have been addressed (Appendix E).
As a result of the project redirection, comments from other stakeholders (DOE, US Environmental
Protection Agency, and BNG America) were not prepared.

(a) Department of Energy, RL, 07-KBC-0048, letter from MJ Weis (DOE-RL) to CM Murphy (FH), “Contract No.
DE-AC06-96RL13200 - CM Murphy (FH), “Path Forward Recommendations for Sludge Treatment Project,”
dated July 3, 2007.
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Summary

This test plan describes the scope and conditions to be used to perform laboratory-scale testing of the
Sludge Treatment Project (STP) hydrothermal treatment of K Basin sludge. The proposed testing builds
on the approach and laboratory test findings for both K Basin sludge and simulated sludge garnered
during testing from September 2006 to March 2007 (Delegard et al. 2007). This plan aligns with the
identified objectives developed for the K Basins STP in the related Data Quality Objectives (DQO)
document (Makenas and Schmidt 2007) and incorporates the testing recommendations from the “Report
on Expert Review of the Sludge Treatment Project Testing” (Abrefah et al. 2007). The testing campaign
is considered a post-ROD (record of decision) treatability study under CERCLA (Comprehensive
Environmental Release Compensation and Liability Act) and conducted using guidance contained in EPA
Guidance for Treatability Studies under CERCLA (EPA 1992).

Much of the testing in this plan will be conducted in a sequential manner that allows the knowledge
obtained in one series to refine the next series of tests. Thus, the initial tests will be static tests designed
to duplicate the previous experiments and to benchmark the behavior of sludge at the current lower design
processing temperature for the STP. Testing with a broader set of sludge compositions will follow to
improve the understanding of the chemistry producing high shear strength values. Testing will also be
performed using a scaled (1-L) reactor to evaluate the effects of mixing, with the agitation level set to
match that anticipated in the STP corrosion vessel.

The planned testing is designed to yield further understanding of the nature of the chemical reactions, the
effects of compositional and process variations and the effectiveness of various strategies to mitigate the
observed high shear strength phenomenon observed by Delegard et al. (2007). These tests are being
conducted to provide process validation and refinement vs. process development and design input. The
expected outcome is to establish a level of understanding of the chemistry such that successful operating
strategies and parameters can be implemented within the confines of the existing STP corrosion vessel
design.

K Basin Sludge Overview

The sludge currently found in the water-filled Hanford K Basins is a mixture of particulate materials
including irradiated metallic uranium reactor fuel, fuel corrosion products, wind borne soil, filter sand,
corrosion products from racks (iron and aluminum), canisters (aluminum), and walls (concrete), spilled
organic and inorganic Ion Exchange Module (IXM) media (mixed bed cation/anion resin and mordenite),
and other minor constituents. By project definition, K Basin sludge is defined as any particulate material
that can pass through a screen with 0.25-inch openings.

The K Basins sludge is being managed as three distinct sludge streams: Container sludge, Settler Tank
(Settler) sludge, and Knock-out Pot (KOP) sludge. The majority of the sludge, Container sludge

(~41 m’), is being consolidated in the basins into large rectangular containers in the K West (KW) Basin,
each which can hold up to 11.6 m®). Container sludge consists of sludge from the K East (KE) and KW
Basin floors and pits along with smaller volumes of sludge from the KE fuel storage canisters and sludge
from fuel washing. All primary KE and KW fuel (and fuel storage canisters) were washed in the Primary
Cleaning Machine (PCM) located in the KW Basin. In addition to fuel washing, canister cleaning and
scrap sorting operations occurred in the KW Basin. Sludge generated from these operations was
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vacuumed into the Integrated Water Treatment System (IWTS). During fuel washing, pieces of material
larger than 0.25 inch (6350 um) are removed in strainers (i.e., because of its particle size, strainer material
is not considered sludge). Next, in the IWTS, larger sludge particles (~500 to 600 pm up to 6350 pm) are
retained in Knock-out Pots (KOPs), which include internal or external filters. Total KOP sludge volume
is ~0.26 m’. After passing through the KOPs, the IWTS sludge stream enters the Settler Tanks (ten
parallel 20-inch diameter, 16-ft long tanks), where the finer particulate sludge (<500/600 pm) is allowed
to settle. Total Settler sludge volume is ~5.4 m’.

The accepted physical and chemical characteristics of the sludge are given in the design basis feed
documents and in the sludge data book (Pearce 2001; Schmidt 2006; Plys and Schmidt 2006). Sludge
sampling and laboratory analysis campaigns started in 1995 and have been performed to acquire specific
characterization data for disposition of this sludge inventory. Results of these campaigns are documented
(Pitner 1999; Makenas et al. 1996, 1997, 1998; Baker and Welsh 2001).

STP Process for Sludge Disposition

The three sludge types are to be sequentially treated within the STP process to create a grouted product
acceptable for shipment and disposal to WIPP (the Waste Isolation Pilot Plant). Part of this process
includes reaction of sludge, including its contained metallic uranium fuel particles, in liquid water at
(nominally) 150°C™ and 87 psig (5.9 atm). The objective of the processing is to convert metallic
uranium completely into uranium oxides and thus preclude the formation of additional hydrogen during
shipment to the WIPP through the corrosion reaction of uranium metal with water. As part of the
nominal uranium metal corrosion process, as-settled sludge will be diluted with water (the extent of
dilution is established for each of the three sludge types) and mechanically agitated. Design details and
end points of the production-scale oxidation process have been provided by Woodworth (2006) and the
operation temperature provided by the STP.®

Results from Initial STP Process Tests Conducted to Evaluate Primary Chemical Behavior

An independent review panel for the STP recommended small scale process chemistry tests be performed
to validate the corrosion step (Heywood 2006). Subsequently, five tests (using actual sludge samples)
were conducted in the first half of FY 2007 to examine the chemical and physical properties of sludge
processed under the nominal STP process conditions (Delegard et al. 2007). Parameters evaluated
included the effects of sludge composition, the presence of irradiated uranium metal fuel from the N

(a) The lower temperature (150°C) and pressure (87 psig) is new guidance from the Sludge Treatment Project. The
nominal operating temperature for the corrosion step formerly was 185°C with 225 psig operating pressure. The
temperature decrease increases reaction time by a factor of ~4.4 according to the uranium metal anoxic aqueous
corrosion rate law, log;, rate, pum/h = 9.694 — 3565/T (T in K) determined from review of the technical literature
(Appendix G of Plys and Schmidt, 2006). With this rate equation, the reaction time to extinction of a %-inch
(6350-um) diameter uranium metal particle is 39 hours at 185°C and 171 hours at 150°C while the extinction
time of a 600-um maximum diameter uranium metal particle characteristic of Settler tube sludge is 16 hours at
150°C. The 185°C reaction times were based on the former reaction rate law (log;, rate, pum/h = 8.224 —
3016/T), which projects a 72-h extinction time for a Y4-inch diameter particle.

(b) Memorandum (draft) 07-STP-NJS-004, NJ Sullivan to DG Ruscitto, June 7, 2007, “Sludge Treatment Project
Technical Services Recommendation Regarding DOE Direction to Reduce Corrosion System Temperature and
Pressure,” Fluor Hanford, Richland, WA.
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Reactor, the presence of flocculating agent, and the presence of organic ion exchange resin (OIER). The
tests were each conducted with ~50-ml of settled sludge without agitation for ~7 to 72 hours at 185°C.
The two sludge formulations tested represented nominal (vs. bounding) compositions of the two major
sludge streams (Settler and Container) to be fed to the STP process. These tests were designed to
specifically evaluate chemical and physical behavior aspects of the process but not engineering aspects.
The tested sludges were representative of the high uranium concentration sludge arising from Settler
Tubes (~5.4 m’) and the lower uranium concentration sludge collected in containers in the K Basins
(Container sludge; ~41 m®). The STP process characteristics of the third type of sludge found in Knock-
Out Pots (KOP sludge; ~0.26 m®) were not studied because of its limited volume (~0.26 m’), planned
high dilution with water during processing, and favorable experience with processing uranium metal-rich
sludge in prior hydrothermal testing at up to 95°C (Schmidt et al. 2003).

Two of the five experiments were performed with high uranium content sludge (~70 wt% uranium, dry
basis) representative of Settler tube sludge and contained irradiated uranium metal particles. The tests
were conducted according to STP process conditions of 7 to 10 hours at 185°C. The uranium metal
converted to UO, x by corrosion in the water. The hydrothermal treatment decreased the settled sludge
volume in both tests by about 20% to yield more free (supernatant) water, likely by dehydration of
metaschoepite, a U(VI) mineral present in the sludge, to form dehydrated schoepite and reaction of
metaschoepite with silica to form soddyite. Most importantly, the sludge products from the static tests
had shear strengths of 120,000 to 170,000 Pa (assessed as “very stiff” according to soil physics
descriptions). These strengths represented sharp increases from the shear strengths of similar untreated
sludge which range from about 270 to 8100 Pa (described as “fluid mud” to “very soft”).

The three remaining experiments used a composite of sludge samples representative of Container sludge
and had lower (~16 wt%, dry basis) uranium. The sludge was reacted according to STP process
conditions for ~72 hours at 185°C. The three test product solids were significantly softer, 9,000 to

16,000 Pa (i.e., “very soft” to “soft” according to soil physics descriptions), than those produced by the
tests representing Settler sludge. Tests performed with and without added irradiated uranium metal fuel
particles, flocculating agent, and OIER showed that none of these components had a significant impact on
product sludge strength. Unlike the Settler sludge, the water content of the product Container sludge was
not significantly affected by the processing.

The mechanisms that resulted in the sharply higher strengths of the Settler sludge compared with the
Container sludge are not known with certainty. However, high sludge strengths have been observed
previously in the K Basins and in the laboratory. Sludge adhesion on vessel walls, noted in the recent
tests with Teflon vessels, also has been observed in prior hydrothermal reaction tests, conducted from 60
to 95°C in stainless steel vessels, of floor sludge containing irradiated uranium metal fuel particles.

Considerations for Follow-on STP Process Testing

Considerations into further testing to address chemistry and engineering/design questions and thus
support the STP processing are the focus of this Test Plan and were advanced in the prior report (Section
4.0 of Delegard et al. 2007). The problems were considered further under a DQO framework to help
define potential avenues of experimental study, identify test limitations, and understand the decisions
arising from application of the test findings (Makenas et al. 2007a). In parallel with the DQO process, an
independent expert panel review of the prior testing (Delegard et al. 2007) and the proposed follow-on
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testing was conducted on April 26, 2007 (Abrefah et al. 2007). The expert panel provided some specific
recommendations for the follow-on testing (described below).

The physical and chemical STP process development questions arising from the prior report and refined
by the DQO process are posed in the following problem statements.

1. The sludge treatment process must be able to recover from off-normal conditions such as the loss
of agitation during or after the processing. The formation of a high shear strength product may
affect the ability to recover from a loss-of-agitation incident.

2. The formation of a high shear strength product occurs at specific but unknown compositions and
temperatures. The chemical reactions and the product phases which form during normal and off-
normal processing are not well known and there is limited understanding of the mechanisms by
which these phases affect sludge product properties, particularly strength.

3. The sludge treatment process might produce a high shear strength product that has unacceptable
handling characteristics even under normal agitated operating conditions.

4. Sludge has been observed in previous tests to cling to Teflon test reaction vessel walls. Materials
adhering to the stainless steel process vessel walls may degrade process performance such as wall
heat transfer or adversely affect vessel emptying operations.

5. Although the temperature variations in the process are expected to be small, process interruptions
can cause temperature cycling. The process vessel also will carry over a heel between batches.
The effects of multiple thermal cycling of sludge are not known.

6. Gas retention in the product sludge varies significantly as shown by the initial non-agitated
laboratory process tests. It is not known whether this will occur under agitated conditions and
whether it will affect subsequent sludge handling and processing.

7. The sludge state during processing could affect the functioning of the demister in the processing
containers through particulate transport by aerosol and foam formation.

Means to investigate and answer the physical and chemical questions are examined in this Test Plan while
the engineering and design questions are evaluated to a limited extent, within the confines of the existing
STP equipment designs. The laboratory testing approach is similar to the approach used in the prior tests
(Delegard et al. 2007). Thus, much of the testing will occur under static (unstirred) hydrothermal process
conditions using sludge samples from the K Basins and using simulated sludge. The effects of a broader
range of test variables (sludge agitation, sludge composition and dilution, process temperature, test
apparatus design) will also be investigated with the goals of addressing the problem issues identified by
the DQO process and to give added assurance that the laboratory testing results will be applicable to the
variety of process and material conditions encountered in the full-scale operations.

Recommendations on the follow-on testing taken from the Expert Review Panel report (Abrefah et al.
2007) are:

“In summary the test plan outstanding trials should include:
e  Static trials on container sludge with typical uranium concentrations and enhanced Si, Al, Fe
concentrations to determine the level of aggregation compared to other Container sludge
samples.
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e Static trials with uranium oxides (generated from depleted uranium metal) to simulate and
better understand the behavior of high concentration uranium content sludges.

e Static trials to investigate the blending of high U samples with inert materials and solid
loading.

e Static hot test to confirm dilution/blending strategies.

e Larger scale stirring tests (with uranium surrogate material) as programmed in the current
process design trials.

e Hot stirred trials in a Parr reactor for high U material (KOP and Settler Sludge).

These tests should be performed at different temperatures if dictated for nuclear safety reasons.”

The test plan currently includes test series that address these recommendations, with the exception of the
last bullet: “hot trials with KOP and Settler sludge.” The stirred Parr reactor being procured for the
“warm” trials is being designed with features that will facilitate its installation into the shielded facilities.
However, at this time, the decision to install and test the stirred Parr reactor with actual sludge samples is
being deferred and will be made based on the results of initial tests and STP direction. Favorable
outcomes from static testing of actual sludge may obviate the need for the much more complex stirred
tests with actual sludge provided sludge re-suspension can be established after a loss-of-stirring incident.

Overview of Planned Testing

An overview of the general sequence and decision logic of the planned testing is outlined in Figure S.1.
Table S.1 provides a summary test matrix, including objectives, sludge composition (simulant and actual
sludge), test configuration (e.g., static or agitated), and test conditions (temperature and time). Although
the initial testing is defined in considerable detail within this Test Plan, the conditions for the latter tests
are generalized and will be refined (including any needed duplicate tests) for each series within specific
test instructions based on the results of the preceding tests.

Initial and product sludge qualities to be investigated in these test series include shear strength, settled
sludge and particle density, water content and pH, and chemical phase and morphological changes as
determined by X-ray diffractometry (XRD) and scanning electron microscopy (SEM), respectively. The
adherence of the sludge products onto the stainless steel test vessel walls and evidence of foaming also
will be observed for each test.

As shown in Figure S.1, the testing will be performed using K Basin sludge samples (referred to as “hot”
tests), simulated sludge materials generated from non-irradiated uranium (“warm” tests), and non-
radioactive simulants without uranium addition (“cold tests”).®) K Basin sludge samples collected during
sampling and analysis campaigns in 1995 to 2003 will be used for the “hot” testing. These sample
quantities are limited and must be used judiciously because of the complexity of obtaining additional
representative samples. A prerequisite activity to this Test Plan is the gathering, compositing, and
summarizing of analytical data for the K Basin sludge materials to be used in this testing. Sampling of
sludge from the engineered container (SCS-CON 220) being used to collect sludge from the floor and pits
of the KW Basin is planned for the first quarter of FY 2008. The KW Container sampling is specifically

(a) The terms “hot”, “warm”, and “cold” refer to radiation nomenclature; hot tests using typical radioactive K Basin
sludge; warm tests using a simulant of non-irradiated uranium metal that is then oxidized to form compounds
similar to those found typical K Basin sludge; and cold tests, which contain no radioactive or uranium
constituents.
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focused on analysis for nuclear material safeguards purposes. However, sufficient sample material is
anticipated to allow use in Test Series 2.3 (Figure S.1).

Simulated sludges containing un-irradiated depleted uranium will be used in the “warm” tests. These test
series are called “warm” because the non-irradiated uranium materials used in these tests are mildly
(naturally) radioactive compared with the K Basins sludge, but must still be handled in an appropriate
radiological laboratory. The “warm” tests will use both uranium and non-uranium compounds. The
uranium compounds used for the “warm” test simulated sludge will include uranium metal, uraninite
[nominally UO,4, a U(IV) phase], and metaschoepite [UO;-2H,0, a U(VI) phase]. These are the three
primary uranium phases observed in the K Basin sludge. The preparation and characterization of the
uraninite and the metaschoepite simulants constitute Test Series 3.1. The uraninite will be created under
contract by a private vendor by corroding non-irradiated uranium metal turnings under anoxic water
conditions. Metaschoepite will be synthesized in the PNNL laboratories by aerobic oxidation of
uraninite. Methods to produce these uranium materials are described in this Test Plan.

viil
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Benchmark at New Operating
Temperature (1.1)

Replicate original tests at lower (150°C)

temperature with genuine sludge samples

to mimic Settler and Containerized sludge.

Evaluate several uranium concentrations.

Effects of flocculent and organic ion - -
exchange resin beads will not be tested. Consider alternative
test schemes

Uranium Compound Simulant
Validation (3.1)
Establish and validate production of
uraninite and metaschoepite compounds
generated in lab from depleted uranium
for use in follow-on WARM tests.

Uranium Compound Simulant / No
Dilution Tests (3.3)
Uranium Compound Simulant Evaluate product properties with inert
Testing (3.2) dilution of "bounding" uranium mixture .
Evaluate effects of varying uraninite and (as determined in 3.2). Do approaches in

3.3 yield products
with acceptable
properties?

metaschoepite on product properties for
high uranium content. Identify bounding
composition for subsequent testing.

Optionally, identify temperature effects. N

pH Adjustment and Control (3.3)
Evaluate "bounding" uranium mixture

properties (as det'd, in 3.2) at varying pH

Are synthetic U
oxides adequate

SEM?

based on XRD and

N [e.g., CaCOs, Ca(OH),, phosphate].

Y
Mixing System Setup (4.1) Mixed Reactor Test (4.2)
Establish mixed reactor system and test / demonstrate »{Evaluate "bounding" uranium mixture
operational performance with non-radioactive simulant. determined in 3.2 in mixing reactor.

A

Al, Fe, & Si Component Evaluation (2.1)
Evaluate key non-fuel origin sludge components (Al, Fe,
and Si) concentrations and mineral forms.

Static Tests with SCS CON 220 Sludge (2.3)

Y

Perform hot tests with KW Container 220 samples

Acceptable
(should exhibit highest U concentration of all

rheology?

Al, Fe, & Si in Container Sludge (2.2)
Evaluate effects of high Al, Fe, and Si content with
genuine KE Floor and Pit sludge samples.

Container Sludge).

Further Al, Fe, and Si

chemistry understanding
required.

Figure S.1. Test Matrix and Logic Outline

X

Confirmation Static
Test (3.4)
Evaluate optimized case
uranium mixture (as
determined in 3.3) in
static reactor with
genuine sludge.

Confirmation in
Mixed Reactor (4.3)
Evaluate optimized case
uranium mixture (as
determined in 3.3) in

mixed reactor.

A4

Confirmation in
Mixed Reactor
(4.4 - optional)
Evaluate genuine sludge
using optimized case
treatment (as determined
in 3.3) in mixed reactor.

Hot (actual) sludge tests
Warm (depleted uranium) tests

Cold tests
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Table S.1 Test Matrix Summary

o N Sludge Material Composition, wt% as Element, Dry Basis Temp (°C) /
Test ID D tion/Object a 3 : - .
s eseription/abjective @ UIV) | UVD) | U©) | Al | Fe | Si_| Time (hr)
1.1 Benchmark Hot Static Tests at New Operating Temperature (Mimic Container and Settler Sludge plus two intermediate U concentrations)

1 Mimic Container Sludge KC-4 16.6, total U 6.8 243 4.9 150/171
2 Intermediate U concentration KC-4 & KC-2/3 30.7, total U 6.1 16.8 35 150/171
3 Intermediate U concentration KC-4 & KC-2/3 44.9, total U 5.7 9.3 2.2 150/171
4 Mimic Settler Sludge KC-2/3 59.0, total U 5.2 1.8 0.8 150/16
2.1 Al Fe, and Si Components, Cold Static Tests (Effects of aluminum and iron oxyhydroxides and blow sand on product rheology)
Series (~10) cold tests to evaluate effects of
TBD |aluminum and iron oxyhydroxides (bayerite, Non-rad simulants 0 0 0 3-16 [ 8-42 | 0-36 150/171

ferrihydrite) and blow sand on product rheology.

2.2 Hot Static Tests for Evaluation of Non-U Components (Effects of high Al and Fe oxyhydroxides and silica concentrations on product rheology)

1 High aluminum KE Floor Sludge KC Floor Comp 11.9, total U 15.8 23.2 6.6 150/171
2 High iron KE Weasel Pit Sludge FE-5 4.1, total U 2.7 30.6 0.3 150/171
3 High silicon KE NLOP sludge KE NLOP 2.5, total U 3.9 6.8 36.3 150/171

2.3 Hot Static Tests to Evaluate Fresh, High U-Content Container Sludge (SCS

-220 will be sampled in FY08 — contains some fuel wash sludge)

1-3

Several static (and optional mixed) tests to confirm
processability of fresh, high U-content container
sludge.

SCS CON 220

TBD; likely ~30 wt% U, dry basis

150/171

3.1 Uranium Compound Simulant Validation Warm Lab Studies (Generation and characterization of uranium oxides from depleted uranium metal)

Generate uraninite [U(IV)] and metaschoepite 1 1
[U(VD)] from depleted uranium (DU) metal Depleted U meta
NA : to make uraninite | 0-88 74-0 0 0 0 0 NA
Demonstrate (XRD, SEM) that products are .
.. L and metaschoepite
similar to U oxides in actual sludge.
3.2 Warm Static Tests to Evaluate Uranium Compounds (Evaluate effects of uraninite and metaschoepite on product properties)

1 Determine effects of varying uraninite and Uraninite 79 0 0 0 0 5 150/16
2 metaschoepite proportions on high uranium Uraninite/metasch. | 53 22 0 0 0 5 150/16
3 concentration product properties. Quartz sand Uraninite/metasch. | 40 33 0 0 0 5 150/16
4 serves as non-reactive diluent. Identify appropriate | Uraninite/metasch. 27 44 0 0 0 5 150/16
5 "bounding" composition for subsequent testing. Metaschoepite 0 66 0 0 0 5 150/16
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Table S.1 (cont’d.) Test Matrix Summary

3.3 Warm Static Tests to Evaluate Process Modifications (Effects of dilution, pH control, and additives on product properties)

1 Determine effects of dilution with quartz sand on | Uraninite/metasch. | 35 30 0 0 0 9 150/16

2 product properties for high uranium concentration | Uraninite/metasch.| 26 22 0 0 0 19 150/16

3 mixtures. U(IV):U(VI) ratios will be based on Uraninite/metasch. 18 15 0 0 0 28 150/16

4 Series 3.2 Testing. Uraninite/metasch. | 9 7 0 0 0 37 150/16

5 D ) hether slud ) . b Uraninite/metasch. | 40 33 0 0 0 5 150/16

6 ctermine whether sludge agglomeration can b¢ " yinite/metasch. |40 33 0 0 0 5 150/16
reduced by pH/mineral additives [Fe(0), CaCOs;, —

7 . . Uraninite/metasch.| 40 33 0 0 0 5 150/16

g Ca(OH),, phosphate] to limit U(VI) solubility. it/ m 20 3 0 0 0 15016
Confirm that U oxidation rate not affected. Uran%n?[e metasch. S S

9 Uraninite/metasch. | 37 31 5 0 0 5 150/16-171

3.4 Hot Static Confirmation Test of Product Modification (Static hot testing of optimized processing of sludge as determined from Series 3.3)

1

Evaluate behavior of genuine sludge under
optimum processing conditions as determined by
Series 3.3 testing.

Composition determined by results of Series 3.3 testing

150/16-171

4.1 Mixing System Set-up and Shake-Down Tests (Cold testing to prepare mixing test apparatus and evaluate cold simulant from Series 2.1)

4.2 Warm Mixing Test to Evaluate Bounding U Oxide Mixture (Testing in mixing apparatus to evaluate “bounding” warm simulant from Series 3.2)

Evaluate behavior of U oxide mixture under
nominal mixing, evaporation, and solids loading
conditions (composition may vary from that given
depending on Series 3.2 test outcomes).

Uraninite/metasch. 40 33 0 0 0

150/16

4.3 Warm Mixing Test to Evaluate Optimum Process Modification (Warm mixing test of optimized sludge processing as determined from Series 3.3)

1

Evaluate behavior of warm simulant sludge under
optimum processing conditions as determined by
Series 3.3 testing.

Composition determined by results of Series 3.3 Testing

150/16-171

4.4 Optional Hot Mixing Test to Evaluate Optimum Process Modification (Hot mixing test of optimized sludge processing as det’d. from Series 3.3)

1

Evaluate behavior of genuine sludge under
optimum processing conditions as determined by
Series 3.3 testing.

Composition determined by results of Series 3.3 Testing

150/16-171

(a) KC-4, KC-2/3, KC Floor Comp, FE-5, KE NLOP, and SCS CON 220 refer to sludge samples taken (or to be taken) from the K Basins.
(b) Sludge compositions are given in dry weight basis to allow better cross comparison. However, simulant sludge compositions on as-settled or other
wet bases will be determined and compared with compositions of genuine sludge to establish that bulk density and water concentration are similar.

x1
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“Cold” tests will be conducted with aluminum hydroxide (bayerite), iron hydroxide (ferrihydrite), blow
sand, and water to represent the non-fuel origin sludge compounds. These compounds may also be spiked
into the test material used in “warm” tests.

Figure S.1 shows that most of the testing will be performed under unstirred (static) hydrothermal
conditions. These tests will be co