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The Non-Newtonian “consistency factor” (consistency increases as slurry thickens) in essence
will behave in an analogous manner to increased viscosity. Therefore, the Non-Newtonian
conditions will result in more bottom accumulation than for Newtonian conditions.

As the above photograph confirms, both the 775 micron glass beads (dark bands) and the 141
micron aluminum oxide (light bands) accumulate within the dunes. Each pair of dark and light
colored bands are laid down with each drive pulse of the PJMs.

Since even the 141 micron solids are accumulating within the dunes, any attempt to operational
adjust the feed to eliminate large particles will be ineffective. The configuration of the Non-
Newtonian internals, especially the shroud under-belly, the vertical shroud wall, the central PIM,
and the 7 outward angled PJMs all contribute to the concentration and accumulation of solids
within the vessel.
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34  SPARGERS CAUSE AEROSOLS AND DO NOT IMPROVE BOTTOM
CLEARING

As illustrated in the table below, LOAM Benchmark runs 3 and 5 at 1 ¢P and LOAM Benchmark
runs 4 and 6 conducted at 8 cP give comparable results. Therefore, it is clear that spargers have
no impact on solids concentration or accumulation.

LOAM Viscosity | Sparger Operation Wt%
Test Centipoise Accumulation of
Sequence (cP) (lass Beads

3 1 None - 89.17%

5 I Operating _ 86.54%

4 8 None . 48.58% -

6 8 Operating 53.51%

Spargers cause foaming and the effect needs to be more carefully analyzed. The following
photographs illustrate the potential for deposition of materials in the Process Vessel Vent (PVV)
system and on internal structures within the vessel including the top of the chandelier.

FROTH LAYER
HLP-27-006 Glycerin + 5 Part Simulant + Sparging ~10 m/sec jet velocity Quarter Batch
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4.0  DESIGN CANNOT PROVIDE A DEFENSIBLE SAFETY BASIS

The following summarizes the 7 primary adverse performance conditions®® of the current Non-
Newtonian reference design:

1. The unique geometric array of PJMs in the Non-Newtonian vessel design adversely
generates a non-uniform slurry flow field on the vessel floor as observed during LOAM
testing. As a result, solids adversely accumulate in low velocity zones, increasing the
risk of nuclear criticality and flammable gas detonation. Once dunes become established
in these low velocity zones, the solids accumulations are likely to grow and increase in
shear strength (up to 200 Pa in 10 to 24 hours and up to 25,000 Pa in 1000 hours) and
become increasingly resistant to removal. As such, these accumulations will redirect the
fluid flow away from the floor allowing further accretion of floor deposits. To deal with
this test condition, a separate vacuum system was applied directly to the heel during
LOAM testing in order to remove the residual solids.

2. The placement of a single PJM in the center of the Non-Newtonian vessel design and the
Chandelier itself (underbelly and vertical sidewalls) adversely segregate and concentrate
fast settling particles (as observed in LOAM testing). As a result, fissile material can be
separated from absorbers increasing the risk of nuclear criticality.

3. The vessel design is not properly bounded and has not appropriately included a design
margin since adverse unanalyzed and untested bounding performance conditions intrinsic
to Non-Newtonian and cohesive slurries will increase accumulation and will increase the
likelihood of nuclear criticality and flammable gas detonation. In particular, these
include a) untested Newtonian-cohesive solids (common in salt solutions such as those in
the WTP) which will bound solids settling rate; and b) Non-Newtonian-cohesive solids
which will limit bottom clearing,

4. Stratification and uneven distribution of solids accumulations resulting from the Non-
Newtonian vessel design will increase the frequency of PIMs, spargers, level bubblers,

-and pump suction system plugging (as frequently observed during LOAM testing) and
will increase the potential for structurally damaging over-blows.

5. Angled perimeter nozzles will result in local accelerated erosion of wear plates, PJM
nozzles, and the vessel floor (as observed during LOAM testing) with the likelihood to
adversely affect flow resulting in increased solids accumulation. In the extreme, the
extent of stainless erosion, as observed elsewhere in industry under near prototypic Non-
Newtonian erosion conditions, could potentially result in vessel penetration and loss of
vessel contents. M2 testing was not bounding for the 5 Non-Newtonian vessels and
erosion is likely to be far more severe than previously thought.

6. Sampling with the current design will be unreliable since the suction line located at the
center bottom of the vessel serves as the single point for sampling the vessel contents and
will not provide representative samples, increasing the risk of nuclear criticality,
flammable gas detonation, and process upsets.

7. Co-location of the pump suction line next to the central PJM results in uneven transfer
concentrations and will not allow pump suction requirements to be met, leading to

» Alexander, D. DPO Addendum. LOAM Data Demonstrate Failed Mixing Design for Non-Newtonian Vessel
Iinternals. 11-NSD-040. May 19, 2011.
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transfer system erosion, plugging, and process upsets. For this reason, the LOAM testing
- used a larger than prototypic suction line to avoid plugging.

Evaluation of LOAM benchmark testing data indicate that the following five potential accidents
cannot be ruled out:

1. Nuclear criticality
2. Flammable Gas Detonation
3. Structurally Damaging Pulse Jet Over-blows

4. Loss of Vessel Containment or reduced effectiveness of bottom clearing due to Jet
Erosion of the vessel wear plates

5. Aerosolization that could be damaging to the Process Vessel Vent (PVV) system
4.1 NUCLEAR CRITICALITY

The Criticality Safety Evaluation Report (CSER) discusses gravity segregation within the Non-
Newtonian vessels.”’ Based on the recent LOAM Benchmark test results, it is clear that solids
accumulation occurs within the vessels due to the geometry of the internal array and the flow
field that it imparts. The shroud of the chandelier deflects solids and forces them to accumulate
around its perimeter. Solids deflected against the vessel wall by the perimeter jets collide with
the shroud and fall to the floor increasing the build-up of the annular dune. Likewise, the central
PJM pushes solids outwards from the center of the vessel. Any particles lofted by the central jet
can collide and be deflected downward by the Chandelier under-belly. Therefore, the Chandelier
and the central PJM design features lead to the development of a central annular dune.

Radial dunes are the result of collisions between adjacent perimeter PJMs. The resulting
irregular distribution of solids will result in local segregations of solids by size-density. These
segregations can result in the separation of fissile materials and neutron absorbers.

But as importantly, the continued accumulation of solids within the vessel as described above
and in the “Batch-to-Batch™ Report means that the basic assumptions of the CSER (as referenced
in the Preliminary Documented Safety Analysis) means that the sampling of the vessel contents
will not provide areliable assessment of the limits prescribed in the CSER:

CSL 8.1: Pu/Metals loadings shall be < 6.20g/kg

CSL 8.2: Fissile U/U loading shall be < 8.4g/kg

?7 24590-WTP-CSER-ENS-08-0001, Rev Ob, "Preliminary Criticality Safety Evaluation Report for the WTP", Robert E.

Miles, 28 August, 2008.
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CSL 8.3: Pu concentration in the liquid phase shall be < 0.013 g/L as demonstrated by a sample
analysis at the 95% confidence level

CSL 8.4: Before waste is released from the WTP receipt vessels or released as a permeate
following oxidative leach for subsequent processing, the Pu/metals loading shall be < 6.20 g/kg
in the sampled liquids. This shall be demonstrated by a sample analysis at the 95% confidence
level that credits Fe, Ni, Mn, and Cd as absorber metals and simulates any subsequent
processing, including wash/leach, SR/TRU precipitation, and Cs ion exchange.

The reference design cannot meet the requirements of the CSER or the PDS A and therefore the
Contractor is operating outside the design conditions, assumptions and requirements set forth in
the current Preliminary Documented Safety Analysis (PDSA) and the Criticality Safety
Evaluation Report (CSER).

BORON NOT A QUICK FIX: The addition of boron to the Non-Newtonian vessels has been
discussed but not fully evaluated. Boron is added to nuclide bearing solutions as a dissolved
phase. The most common soluble poison in commercial pressurized water reactors (PWR) is
boric acid, which is often referred to as soluble boron. The boric acid in the coolant decreases the
thermal utilization factor, causing a decrease in reactivity. By varying the concentration of boric
acid in the coolant, a process referred to as boration and dilution, the reactivity of the core can be
easily varied. The Japanese government recently made a request of Korea to provide expertise to
use boron in an attempt to further prevent meltdown at the Fukushima Nuclear Power Plant.

The addition of boron in the form of boric acid at WTP will pose challenges since the boron is
subject to precipitation as a gel (since it is chemically similar in behavior to aluminum hydroxide
in the highly alkaline Hanford tank farm wastes). Boric acid gel can readily be bound up by
other chemical species (e.g., organic complexes) in the waste. As such, it may well not be
sufficiently effective at migrating into the pore spaces within the dunes where solids, including
fissile material, are being concentrated.

4.2 FLAMMABLE GAS DETONATION

As discussed previously, the quantity of solids build-up will continue to increase within the
vessel batch-to-batch. Therefore, the current reference design, tested with a simulant with a
mean density of 3.8 SpG, cannot meet the requirements for bottom clearing necessary to assure
that flammable gas will not accumulate to levels that could result in periodic releases.

The quantities of solids accumulation discussed in the “Batch to Batch™ Report are substantially

understated and focus only on the “concentration of solids greater than 300 microns. “As noted
previously, the test data show that the aluminum oxide (141 microns) is deposited in the dunes.

Accumulation of a broad range of particle sizes discussed in the context of the physical model
above could result in solids depths that can provide the matrix for the accumulation of large
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quantities of hydrogen. As such, the hydrogen traps could develop and episodically release gas
quantities that could exceed the 25% lower flammability limit (LFL). The high nuclide
inventory in the Non-Newtonian vessels will assure a high hydrogen generation rate in these
vessels.

4.3 STRUCTURALLY DAMAGING OVERBLOWS

Plugging of perimeter nozzles was a frequent event during testing. The accumulation of large
quantities of heterogeneously stratified solids accumulations will lead to plugging of PJMs,
spargers, and level bubblers. These in turn can greatly increase the frequency of PIM overblows
which can lead to structural issues (e.g., spray releases) and to HEPA filter plugging.

Each of the Non-Newtonian vessels have numerous connections to piping runs from both the top
of the vessel and from the sides of the vessels. These connections may be vulnerable to years of
structural vibrations caused by PJM overblows.

4.4  EROSION AND LOSS OF CONTAINMENT

Studies of stainless steel erosion/corrosion using quartz sand*® ranging in size from 200 to 300
microns typical of Non-Newtonian simulants show that “the most severe condition was obtained
Jor grazing incidence and high impact velocity.” Tests were run at 4.5 and 8.5 meters/second.
According to the study, “oblique impacts cause formation of grooves and prows. while normal
incidence of the particles leads fo craters and indentation like marks.” WTP will experience
much more severe abrasion since the jets are operated at 12 meters/second (as compared to 4.5
and 8.5 meters/second in the tests by Lopez et al. 2005). Since 7 of the 8 jets are angled to the
vessel floor, they will induce the most severe erosion mode as discussed in Lopez et al.(2005).
Erosion will place a limit on jet velocity at least for vessels (both Newtonian and Non-
Newtonian) that manage high solids. The Newtonian and Non-Newtonian vessels of concern
will have a full scale velocity of about 12 meters/second. If erosion places a limit on jet velocity
below 12 meters/second then even more solids will accumulate in the reference design.

The materials carried by the jet will include large amounts of abrasive material as compared to
the simulant used in M2 testing. These fragments will accelerate erosion. Some minerals will
become rounded. Others will cleave and retain sharp edges. Typical abrasive materials in the
waste will include quartz sand, feldspar, iron oxides, aluminum oxides/hydroxides, and garnet to
name a few.

4.5 AEROSOLIZATION AND BREACH OF PROCESS VESSEL VENT SYSTEM

“In general, the overall aerosol loading on the PT caustic scrubber, HEMEs, and HEPAs high
efficiency particulate air is impacted by the following:

2 Lopez, D., J.P. Congote, I.R. Cano, A. Toro, and A.P. Tschiptschin. Effect of particle velocity and impact angle on
the corrosion-erosion of AISI 304 and AISI 420 stainless steels. Elsevier. February 2, 2005,
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1. The mass of aerosols generated in the headspace of various process vessels as the
result of air being introduced into the vessel headspace either from normal forced
and/or passive purge air flows. These flows will occur both during normal and post-
DBE operations.

2. The mass of aerosols generated as a function of the air introduced from sparging in
the non-Newtonian (NN) vessels. This includes both full and idle sparging rates that
will occur both during normal and post-DBE operations.

3. The mass of aerosols generated as a function of normal pulse jet mixer (PJM)
operations (i.e. does not include overblows). Includes both the Newtonian and the
NN vessels, but this operation will not occur for all vessels during post-DBE
operations.

4. The mass of aerosols generated as a function of the air introduced from PJM and/or
sparging overblows (accident scenarios).

5. The mass flux of the aerosols generated from items 1-4 above as a function of height
above the vessel liquid level in the headspace (vertical flux) in combination with the
distance traveled to the location of the vessel vent nozzle...

An unconfirmed (committed) calculation was prepared to estimate the aerosol generation rate in
the PT facility which includes the mass of aerosols that mav be formed post-DBE... From the
results of this calculation, it was concluded that the calculated aerosol generation mass rate
resulted in an unsatisfactory condition in which the HEPA filters in the PVV system would be
cloggezag rapidly post-DBE. resulting in the need for frequent. manual HEPA filter change-
outs.” :

5.0  DECISION PAPERS DO NOT SUPPORT DECISION TO WELD HEADS

A series of Contractor Reports are being finalized to justify the decision to weld the heads on the
Non-Newtonian vessels. The Contractor Reports recommend a series of options that claim could
be implemented after Large Scale Integrated Testing (LSIT).

From a regulatory perspective, since the Contractor is currently operating outside the current
safety basis, a design solution is required before the heads are welded in accordance with
10CFR830.122 and Contractor procedures.™

The following simple remedies provided in the LOAM Benchmark Test Report™' are unlikely to
be successful but they could be evaluated quickly as an extension of the recent LOAM
Benchmark testing and either eliminated or incorporated into the design if they show
improvement. If they had been evaluated in January 2011 as suggested by ORP staff the results
would now be available. Based on the physical model presented above, the simple options will
not prove viable.

® Test Strategy Document — Aerosol Entrainment Factors for Sparging of Non-Newtonian Vessels at the WTP.
24590-WTP-RPT-MS-11-001, Rev A.

3% BNI Engineering Calculations. 24590-WTP-3DP-G04B-00037, Rev 18. Effective Date 04/12/11.

* Hanson, R. and |. Papp. “Low Order Accumulation Model Testing with Non-Newtonian Vessel Arrangement.”
24590-WTP-RPT-ENG-11-013, Rev B. April 2011.

Page 38 of 49



Differing Professional Opinion: Faulty Non-Newtonian Vessel Design

Options to consider during heel dilution testing would be: (1) location of the suction line. (2) viscosity of
the fluid (3) firing sequence of the pulse jets and (4) adjust PIM drives strokes. All of the options can be
accomplished after vessel heads are welded

1. Location of the suction line. It may be possible to relocate the suction line to a point in the vesse]
that has the convergence of the jets and would provide a similar upwash jet as in the center of the
Newtonian vessels. This can be accomplished once the vessel is in place in the field.

Viscosity of the fluid. It may be possible to increase the viscosity of the fluid to obtam a similar

setthing velocity for the Jarger particles as the seftling velocity for the particle that were

successfully removed. From Table 24. the aluming in water has as settling velocity of 4.5 ft/mu.

For the glass beads, a viscosity of approximately 25 ¢P would result in a setthing velocity of 4 4

f/min.

3 Fimg sequence of the pulse jets. It may be possible during heel dilution to nof fire the center
PIM as often as the outer PIMs. allowmg the outers to possibly create an upwell m the middle of
the vessel for the larper material.

4. Adjust PIM drive stroke. It may possible to use short drives strokes at lieel level to nunimmize
blow by the suction hne.

12

The following sections provide an evaluation of each of the reports that are intended to serve as a
basis for welding the Non-Newtonian vessel heads.

51 LOAM TESTING WITH NON-NEWTONIAN VESSEL ARRANGEMENT?

The 3 key predictions of LOAM are 1) prediction of the solids removed during vessel draw-
down (particle specific draw-down curves); 2) prediction of the clearance of the vessel {loor by
the pulse jets referred to as the Zone of Influence or ZOT (often reported in terms of an effective
clearing radius or ECR), and 3) prediction of the height to which particles are lofted in the fluid
referred to as cloud height (He). Data from LOAM Benchmarking show that LOAM fails on all
three primary predictions:

1. The actual measured concentration of fast settling glass beads is increased by an
astounding 440 wt% to 720 wt% as compared to predicted values of near 0 wt%.
Therefore, LOAM predictions of solids accumulation are excessively inaccurate and
non-conservative.

2. The measured area cleared is about 50% of the area predicted by LOAM. Therefore,
LOAM predictions of bottom clearing are again excessively inaccurate and non-
conservative. The test measurements demonstrate solids accumulation at all prototypic
test velocities (counterpart velocities to full scale capability).

3. The measured cloud height is upwards of 300% of the cloud height predicted by LOAM.

* | ow Order Accumulation Model Testing with Non-Newtonian Vessel Arrangement. R. Hanson and |. Papp.
24590-WTP-RPT-ENG-11-013, Rev 0. June 2011.
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As explained in DPO Addendum 11-NSD-040, these mispredictions are due to a lack of
understanding of the fluid physics within the Non-Newtonian vessels.

According to the DNFSB. **

Findings. According to LOAM predictions for these small-scale tests, nearly all of the
large glass beads would be removed during the first half of the pump-out, and there would be no
accumulation of solids. Contrary to this prediction, the test data showed that most of the large
glass beads remained in the test vessel as the pump-out finished, and accumulation of solids over
multiple batches should be expected. The Board's staff believes the significant differences
between the predictions and test results for glass bead accumulation are explained, in part, by &
fundamental flaw in the mathematical formulation of the LOAM simulation.

52 DETERMINATION THAT NON-NEWTONIAN VESSELS CAN BE
EVALUATED USING NEWTONIAN TECHNIQUES™

The Technology Steering Group (TSG) issued the following item™ as a part of the Non-
Newtonian Vessel Closure Package:

Item 2: Issue an Assessment to validate the assumption that Newtonian fluids conditions
bound non-Newtonian fluid conditions for PJM vessel mixing behavior.

Instead of directly answering the question, the Contractor incorrectly chose to develop a
methodology, entitled “Determination that Non-Newtonian Vessels Can Be Evaluated using
Newtonian Techniques”, (24590-WTP-RPT-ENG-11-001).

According to the DNFSB: -

The Board's staff believes that, in the absence of definitive supporting PIM test data at a
sufficient scale, the practice of using a Newtonian fluid to assess the performance of PJM vessels
designed for non-Newtonian fluids is not technically justified. Specifically, the Board's staff is
concerned that a Newtonian simulant does not mimic the increased rate of jet velocity decay
observed in non-Newtonian fluids. For example, increased energy dissipation in non-Newtonian
fluids could produce smaller zones of turbulence and larger laminar flow zones that would
greatly reduce the ability of the PIMs to suspend and mobilize solids. Morcover, BNI stafl"s
assumption fuils to address the expected range of spatially and temporally dependent apparent
viscasitics resulting from the periodic nature of PIM operations.

The TSG Closure Package for M3 requested that the Contractor would determine if the
Newtonian condition or a Non-Newtonian condition used for LOAM Benchmark tests is

* DNFSB Letter 2011-391. Dated June 7,2011.

* Determination that Non-Newtonian Vessels Can Be Evaluated using Newtonian Techniques™, (24590-WTP-RPT-
ENG-11-001).

* CCN: 220456, “Technology Steering group-Issue Closure Record-Partial Closure EFRT Issue M3 (Closure
Package Volume 3, UFP-VSL-00002A/B, HLP-VSL-00027A/B, HLP-VSL-00028), Inadequate Mixing System
Design, August 20, 2010.
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bounding. The purpose of the evaluation was to determine whether the test data to date was
adequate to establish the bounding conditions for the performance of the 5 Non-Newtonian
vessels as required by the design process. The issue may be somewhat academic at this juncture
because the LOAM Benchmark data demonstrates that the vessels fail with the Newtonian
simulant even though it is not necessarily the bounding design condition. However, the objective
in part should be to establish the bounding condition so that vessel redesign and operations will
have the necessary information.

Adverse unanalyzed and untested bounding performance conditions intrinsic to Non-
Newtonian and cohesive slurries will increase accumulation and will increase the
likelihood of nuclear criticality and flammable gas detonation. In particular, these
include untested Newtonian-cohesive solids (common in salt solutions such as those in
the WTP) which will bound solids settling rate and Non-Newtonian-cohesive solids
which will limit bottom clearing, ’

Non-Newtonian-cohesive conditions will be limiting for bottom clearing because the shear
strength of the accumulated solids will become more difficult to entrain/shear. This phenomenon
is reflected in the Hjulstrom diagram. The Hjulstrom diagram shows that is can be more difficult
to entrain clay than large particles because of cohesive properties. Once fast settling particles
make their way to the bottom of a Non-Newtonian-cohesive mixture they will be even more

difficult to entrain. This is due to the fact that the overhead resistance of the Non-Newtonian
fluid will impede entrainment.

The paper overlooks a number of key fluid physics phenomena (figure 5 below). Significantly,
the paper adopts flat plate jet impingement theory which does not account for the ZOI
measurement issues discussed previously in the review of the LOAM model.
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Figure 5 Schematic of bottom flow around one pulse tube during drive in a PJM vessel.
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Therefore, predictions of ZOlIs, cloud heights, and concentration/segregation will not be accurate
as was the case for the LOAM analysis. In reality, slumping-fluidization around the crater rims
needs to be accounted for. Other phenomena need to be addressed including jet-jet collisions.

Slumping due o . Slumping due o
fluidization fluidization

Z01
floor clearing
By Cerniter Piivi

5.3 EVALUATION OF BATCH TO BATCH PUMPOUT

Figure 2 from the report on “Evaluation of Batch to Batch Pumpout™ predicts that solids in the
range of 300 to 770 microns accumulate batch to batch (blue) and achieve a steady-state. Based
on a simple analytical approach, the Report concludes that “as evidenced in Figure 2, heel
removal does not significantly affect the heel solids concentration of 60% or less of the large
solids are removed each batch.” The Report projects an accumulated mass of at least 3130.55
kilograms (Table 2) and solids depths of at least 10.37 inches (Table 3). In reality, these
quantities are substantially underestimated because the report is not based on conservative
bounding assumptions as previously discussed nor is it consistent with the actual physical
conditions for solids build-up. The following summarizes the limitations of the “Batch to Batch”
Report analytical assumptions:

e The impact of solids accumulation and distribution is not accounted for in the analysis.
Dune formation will dramatically affect the distribution and removal of solids. Dunes
will be established in the very first batch as evidenced by testing and will grow during
each subsequent batch. Solids will accumulate batch-to-batch and can build up in the
vessels beyond heel volumes assumed in the Contractor model.

e The analysis does not consider impacts on the flow field and solids accumulation due to
dune formation. Dune development seen in the LOAM Benchmark tests is proof that the
velocities of the flow pattern on the vessel floor are not constant. As dunes grow, they
divert the flow field upwards and allow even more solids to accumulate in low velocity
zones.
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¢ Once dunes form they will stabilize and increase in yield strength (up to 200 Pa in 10 to
24 hours and up to 25,000 Pain 1000 hours).”® Tests have only been run to determine if
settled slurries with a yield strength of 200 Pa can be remobilized. During the storage of
the non-Newtonian waste slurries, settled solids will accumulate in dunes for periods up
to and beyond 1000 hours! During this period cementation can occur making the beds
resistant and very difficult to remove.

e The report unrealistically fixes particle removal efficiency batch-to-batch “assuming the
efficiency does not change markedly batch-to-batch...” In reality, the development of
solids accumulations in dunes will markedly change the particle removal efficiency
batch- to-batch. As discussed below, the central annular dune will control the removal
of progressively smaller size-density particles (e.g., 700> 500~> 300> 100 microns).

e The analysis reports a maximum solids depth of 10.37 inches. Dunes will grow several
feet in depth based on testing at Washington State University using full scale jets.

e The report evaluates only the 8cP condition which was not the bounding condition.

e Heel dilution performed between “clusters™ is assumed to remove all solids. Heel
dilution can only remove a small fraction of the accumulated solids as explained in the
previous DPO Addendum.”’

¢ The role of cohesiveness and agglomeration has not been evaluated. These attributes of
the waste will cause more rapid failure of the vessel.

e The analysis assumes that only the d99+ solids (greater than 300 microns) will
accumulate. In reality, particles of all sizes will accumulate once the dunes are
established on the vessel floor.

54  RISKEVALUATION FOR INSTALLATION OF HEADS ON THE FIVE NON-
NEWTONIAN VESSELS

The Risk Evaluation is largely based upon the LOAM analyses and the Batch to Batch analysis.
As discussed above, these evaluations are flawed because they do not properly consider the
physics driven by the Non-Newtonian jet arrangement. The conclusions and recommendations
are faulty and not technically supportable. For example, the Risk Evaluation uses the same
method to estimate the clearing radius as used in the LOAM predictions.

Further the Risk Evaluation does not address key mixing criteria. Therefore, the Risk Evaluation
cannot be used as a technical basis to support the decision to weld the heads.

% pNNL-17707; WTP-RPT-177, Rev. 0. Gauglitz, P. A, I. A. Fort, B. E. Wells, and P.A. Meyer. An Approach to
Understanding Cohesive Slurry Settling, Mobilization, and Hydrogen Gas Retention in Puised Jet Mixed Vessels.
May 2009.

* DPO Addendum. “LOAM Data Demonstrate Failed Mixing Design for Non-Newtonian Vessel Internals. 11-NSD-
040. May 19, 2011. P. 40.
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6.0  DESIGN CANNOT BE MADE COMPLIANT BY OPERATIONAL ACTIONS OR
MINOR MECHANICAL ADJUSTMENTS

A number of alternatives have been suggested prior to the analysis of the recent LOAM
Benchmark test results. These options include:

¢ Move the suction line outside the shroud

e Adjust fluid viscosity

e Sequentially fire PJMs

¢ Adjust PIM drive stroke

e Reduce solids concentrations from 20 wt% to 10 wt%
¢ Remove large fast-settling solids in tank farms

e Operational shut-off of central PJM during pump-down

According to the LOAM Report (in reference to the Technology Steering Group Closure Record:

“For recommendation 4, based upon the LOAM benchmark testing under Newtonian
conditions, no changes are recommended 1o the current vessel assessment. For the
larger particles, testing of the heel dilution is recommend as planned during the Large
Scale Integrated Testing (LSIT).

Options to consider during heel dilution testing would be: (1) location of the
suction line, (2) viscosity of the fluid (3) firing sequence of the pulse jets and (4)
Adjust PJM drives strokes. All of the options can be accomplished afier vessel
heads are welded.

1. Location of the suction line. It may be possible to relocate the suction line to
point in the vessel that has the convergence of the jets and would provide a
similar upwash jet as in the center of the Newtonian vessels. This can be
accomplished once the vessel is in place in the field.

2. Viscosity of the fluid. It may be possible to increase the viscosity of the fluid
to obtain a similar settling velocity for the larger particles as the settling
velocity for the particle that were successfully removed. From Error!
Reference source not found., the alumina in water has as settling velocity of
4.5 fiYmin. For the glass beads, a viscosity of approximately 25 ¢P would
result in a settling velocity of 4.4 f/min.

3. Firing sequence of the pulse jets. It mey be possible during heel dilution ro

not fire the center PJM as often as the outer PJMs, allowing the outers fo
possibly create an upwell in the middle of the vessel for the larger material.
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4. Adjust PJM drive stroke. It may possible to use short drives sirokes at heel
level to minimize blow by the suction line.”

6.1 Option 1: Move suction line outside the shroud

If the suction line is moved to the outer perimeter of the vessel as shown below, only the solids
falling into a single perimeter valley will be cleared.  Therefore, moving the suction line will
not improve the build-up of solids within the vessel nor will it solve the solids concentration
i1ssue.

As importantly, the suction line position outside the shroud will not provide a representative
sample for nuclear criticality control, flammable gas evaluation, and operational purposes.

The figure below illustrates that the re-location of the suction line will not eliminate the
concentration issue. The zone of influence of the suction line is very small and therefore it will
only remove particles that are driven to it.
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6.2 Option 2: Adjust fluid viscesity

Fluid viscosity was increased during the LOAM Benchmark tests. As the Viscosity was
increased from 1 cP to 8 cP the Zone of Influence data from test sequences 3 and 4 show that the
area cleared is about 35% less when the viscosity is increased to 8 cP. As a result, even more
solids will accumulate at higher viscosities.

Model of Solids Accumulation Batch to Batch by Particle Size, 1 cP
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6.3 Option 3: Sequentially fire PJMs in current design

Sequential firing of the pulse jets is based on the principal that the Zone of Influence (ZOI) of
each jet is greater alone. This results because the collision of jet-fronts cancels each other out
and the collision front arcs upwards rather than across the vessel floor.

However, sequential firing was attempted in the Newtonian vessel tests with mixed results.
Often times the sequential firing tended to form a large bank of solids by sweeping solids to one
side. Unfortunately, with fewer operational jets, the overall power in the vessel is substantially
reduced. For example, if 4 of 8 jets are fired, then the overall power in the vessel is 50 % of the
available power. Since the power per unit mass for bottom clearing is already extremely low this
would potentially allow more accumulation.

6.4  Option 4: Adjust Drive Stroke

According to the LOAM Benchmark Report: “If may possible 1o use short drives strokes at heel level to
minimize blow by the suction line.”

Short drive strokes will put less power into the system and therefore the large and medium solids will

have even more difficulty crossing the central annular dune. Less power will simply encourage more
accumulation. This approach was tried and abandoned during Newtonian testing.

6.5  Option 5: Reduce solids concentration from 20 wt% to 10 wt% selids

The pattern of solids accumulation is the same whether the amount entering the vessel is 1% or
20%. The build-up discussed previously would simply take ~twice as long if the solids
concentration entering the vessel is reduced by 50%.”

6.6. Option 6: Remove large particles in Tank Farms

As demonstrated in the physical model, once the central annular and radial dunes are established
they are capable of screening even solids smaller than 140 microns. Therefore, removing large
particles in the tank farms will not resolve the accumulation and concentration issues.

6.7 Option 7: Operational shut off of the central PJM during pump-out.

Shutting off the central PJM during pump-down will not alleviate the accumulation issue. The

central annular and radial dunes are characteristic of this design arrangement and will have
already been established.
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7.0  PROPOSED PATH FORWARD

The predictive tools developed by the Contractor (e.g. LOAM) have been unsuccessful in predicting
vessel performance. Recent papers on Batch to Batch Pumpout and use of Newtonian Methods to predict
Non-Newtonian conditions are similarly flawed because they do not address the physical mechanisms of
mixing.

During the evaluation of Newtonian vessels, it was determined that the vessels were underpowered and
could not meet their Mixing Requirements. As a result, the Contractor proceeded to conduct scoping tests
that led to a series of design solutions such as the incorporation of additional PJMs into the mixing array.
The same approach needs to be taken here. This recommendation was proposed by the ORP staff on
April 21, 2010.%®

8.0 CONCLUSIONS

The accumulation and concentration of solids is an inherent characteristic of the Non-Newtonian
vessel design. The depth of the accumulated solids is far greater than depths estimated by the
Contractor because the Contractor reports inaccurately assess the fluid physics that will occur in
the vessel. As a consequence:

1. Nuclear criticality cannot be ruled out.
2. Episodic hydrogen gas release and detonation cannot be ruled out.

3. Structurally damaging overblows are likely to occur at a much higher frequency than
previously predicted. The current vent system cannot accommodate the load that
these overblows will place on them.

4. Angled perimeter nozzles will result in local accelerated erosion of wear plates, PIM
nozzles, and the vessel floor (as observed during LOAM testing) with the likelihood
to adversely affect flow resulting in increased solids accumulation. In the extreme,
the extent of stainless erosion, as observed elsewhere in industry under near
prototypic Non-Newtonian erosion conditions, could potentially result in vessel
penetration and loss of vessel contents.

5. Aerosolization from sparging could damage components of the PVV system
including HEPA filters.

The Contractor provides no clear operational or minor physical changes that will alleviate the
failure of the design to assure that solids will not accumulate and concentrate.

Therefore, the design is not licensable and there is no basis to weld the heads.

3 ORP Recommendation on Non-Newtonian Vessel Testing Prior to M-3 Closure. Signed by D. Alexander, |
Bolanos, G. Brunson, R. Gilbert, L. Holton, J. Reddick, and l. Shelor. April 21, 2010.
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APPENDIX A

Defense Nuclear Facilities Safety Board Letter. Dr. Peter S. Winokur to
Dr. Ines Triay.  June 7, 2011, |

Review of Low Order Accumulation Model (LOAM).
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