Section 2 of 2

FLAMMABLE GAS DST EXPERT ELICITATION
PRESENTATIONS [PART A & PART B]

04/17/98
BRATZEL DR

DESH

EDT-619962

BUOYANT : :
DISPLACEMENT,DEFLAGRATIONS,DETONATIONS,
TOXIC EXPOSURES,RADIOLOGICAL EXPOSURES,
DOSE CONSEQUENCES




HNF-2193 Rev. 0

FLAMMABLE GAS DOUBLE SHELL TANK
EXPERT ELICITATION PRESENTATIONS

Part B

David R. Bratzel
DUKE ENGINEERING SERVICES HANFORD

Donald J. Hammervold
Aurora B. Rau
FLUOR DANIEL NORTHWEST

April 1998

For the U.S. Department of Energy
Contract

Bi



HNF-2193 Rev. 0
Part B

This page intentionally left blank.

Bii



HNF-2193 Rev. O
Part B

TABLE OF CONTENTS

1.0 INTRODUCTION . . . . & v b it ittt h h e h e e e e e e e e s Bl
2.0 WORKSHOP #2 PRESENTATIONS . . . . . . v v v v v v v v v v v v v v v B2
2.1 Opening Remarks . . . . « v v « o v v v v v o e e e e e e e B2
2.1.1 Agenda . . . . . b v e e e e e e e e e e e e e e e e e e B2
2.1.2 Procedure for Elicitation Rationale Reports and Expert
Panelists’ Elicitation Verification . . . . . . . . . .. B7
2.1.3 The Rationale Reports for SSTs . . . . . . . . . . . . .. B12
2.2 A Simple Predictive Gas Retention Model for Hanford
Waste Tanks - P. A. Meyer (PNNL) . . . . . . . . o+ . oo .. B15
2.3 History of Organic Carbon in Hanford HLW
Tanks - S. F. Agnew (LANL) . . . . . . . . . o oo v oo B26
2.4 Organic Carbon Oxidation and Gas Formation - L. M. Stock (DESH) B46
2.5 Safety Analysis Aproach and Results - J. Young (MSI) . . . . . B55
2.6 Combustion Related Phenomena: Impact on the Analysis
Framework - S. E. Slezak (SNL) . . . . . . . . . . . . . . .. B81
2.7 Tank Headspace Mixing - Z. I. Antoniak (PNNL) . . . . . . . .. B121
2.8 Ventilation For Flammable Gas - J. Kriskovich (LMHC) . . . . . B132
2.9 DST Dome Response to Overpressure - L. J. Julyk (FDNW) . . . . Bl46
2.10 Elicitation Parameters - S. E. Slezak (SNL) . . . . . . . . . . B163
2.11 Respirable Material Release - F. Gelbard (SNL) . . . . . . . . B175
2.12 Proposed Analysis Framework for Ammonia Release During Buoyant
Displacement GREs and Waste Intrusive Acitivities - Part II - W. C.
Cheng (SNL) . . . o o v v e e e e e e e e e e e e e e e e B190
2.13 Experimental and Theoretical Turbulent Diffusion Modeling of Global
Light Gas Releases in a Tank Heaspace - M. Epstein (F&A) . . . B202
2.14 Verification and Validation Results - F. Gelbard (SNL) . . . . B219
2.15 Seismic Response of DST Waste - C. W. Stewart (PNNL) . . . . . B235
2.16 Advanced Elicitation Topics - D. V. Winterfeldt (DI) . . . .. B244
2.17 Miscellaneous . . . .« v v v v v v v e e e e e e e e e e e e B252
2.17.1 Experimental Study of Aerosol Filtration by the Granular Bed
Over a Wide Range of Reynolds Numbers . . . . . . . . .. B252
2.17.2 Temperature Information On Bouyant
Displacement - W. B. Barton (LMHC) . . . . . . . . . . .. B282
2.17.3 An Analysis of Parameters Describing Gas Retention/Release
Behavior in Double Shell Tank Waste - S. D. Estey (LMHC) . B293
2.17.4 Evaluation of Specific Gravity Versus Gas Retention
- NOWoKirch (LMHC) & . 0 0 0 0 oo oo oo B319
2.17.9 Key Issues - S. E. Slezak (SNL) . . . . . . . . . . ... B331
3.0 GAS RELEASE EVENT SAFETY ANALYSIS TOOL LIBRARY LIST . . . . . . .. B332

Biii



HNF-2193 Rev. 0
Part B

This page intentionally left blank.

Biv |



HNF-2193 Rev. 0
Part B

1.0 INTRODUCTION

This document is a compilation of presentation packages and white papers
for the Flammable Gas Double Shell Tank Expert Elicitation Workshop #2. For
each presentation given by the different authors, a separate section was
developed.

The purpose for issuing these workshop presentation packages and white
papers as a supporting document is to provide traceabiity and a Quality
Assurance record for future reference to these packages.

The following personnel were attendees to this workshop which was held on
February 9 - 13, 1998, in the Ice Harbor and McNary Room at the Double Tree
Hotel in Richland, Washington:

Expert Panelists

Stephen Agnew Los Alamos National Laboratory

Edward Beahm 0ak Ridge National Laboratory

Paul d'Entremont Westinghouse Savannah River Company

Clay Easterly Oak Ridge National Laboratory

Michael Epstein Fauske & Associates, Inc.

Phillip Gauglitz Pacific Northwest National Laboratory

Jerry Havens Department of Chemical Engineering - University of
Arkansas

Mujid Kazimi Department of Nuclear Engineering - Massachussets
Institute of Technology

Nick Kirch Lockheed Martin Hanford Company

Glenn Paulson Paulson and Cooper, Inc.

Arlin Postma G&P Consulting

Wallace Schulz W2S Co., Inc.

Charles Stewart Pacific Northwest National Laboratory

Kelly Thomas Westinghouse Savannah River Company

Michael Yost Department of Environmental Health - University of
Washington

Other Workshop Participants

Thomas Eppel Decision Insights, Inc.

Don Hammervold Fluor Daniel Northwest
Richard John Decision Insights, Inc.

Paul McConnell Sandia National Laboratory
Chris Olson Sandia National Laboratory
Scott Slezak Sandia National Laboratory
Detlof von Winterfeldt Decision Insights, Inc.
Richard Harrington Lockheed Martin Hanford Corp.
David Bratzel DE&S Hanford, Inc.

Jerry Johnson DE&S Hanford, Inc.

Mike Grigsby G&P Consulting

Jonathan Young Management Strategies Inc.
Blaine Barton Lockheed Martin Hanford Corp.
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Agenda
Gas Release Event Safety Analysis

EXPERTS’ PANEL WORKSHOP #2
February 9 - 13, 1998

DoubleTree Hotel Richland - Hanford House
Richland Washington

Monday, February 9  Technical Moderator: Chris Olson/SNL

7:30

8:00

9:00

10:00

10:15

11:15

12:05

12:35

Facilitator:  Richard Harrington / PHMC Team

Opening Remarks, Agenda Overview, Quality Assurance

- Chris Olson / SNL
Topic: Gas Generation and Void Fraction Predictions
. 20 minutes: Presentation: Chuck Stewart / PNNL
. 20 minutes: Questions & Answers
. 20 minutes: Discussion on Implications for Analysis Framework

Topic: Organic Content in Tanks

. 20 minutes: Presentation: Steve Agnew / LANL

. 20 minutes: Questions & Answers

. 20 minutes: Discussion on Implications for Analysis Framework
Break

Topic: Organic Aging

. 20 minutes: Presentation: Leon Stock / PHMC consultant

. 20 minutes: Questions & Answers

. 20 minutes: Discussion on Implications for Analysis Framework

Topic: Safety Analysis Approach and Results
. 20 minutes: Presentation: Jon Young/ PHMC Team

. 20 minutes: Questions & Answers
. 10 minutes: Discussion on Implications for Analysis Framework
Working Lunch

Analysis tool (SST version): demonstration and discussion (Executive Boardroom)
- Steve Humphreys / SNL

Panel Caucus on Analysis Framework

Project Teams (PHMC Team, SNL) Caucus (Executive Boardroom)
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Tuesday, February 10 Technical Moderator: Scott Slezak / SNL

7:30

8:00

9:00

9:50

10:00

10:50

11:50

12:20

12:50

Facilitator:  Richard Harrington / PHMC Team

Status, Action Items
Discussion of Analysis Framework and Previous Day’s Topics

Topic: Combustion-related Phenomena

. 20 minutes: Presentation: Scott Slezak / SNL
. 20 minutes: Questions & Answers
. 20 minutes: Discussion on Implications for Analysis Framework

Topic: Headspace Ventilation Modeling

. 20 minutes: Presentation: Zen Antoniak / PNNL

. 20 minutes: Questions & Answers

. ) 10 minutes: Discussion on Implications for Analysis Framework
Break

Topic: Headspace Ventilation Engineering‘

. 20 minutes: Presentation: James Kriskovich / PHMC Team
. 20 minutes: Questions & Answers )
. 10 minutes: Discussion on Implications for Analysis Framework

Topic: DST Dome Response to Overpressure

. 20 minutes: Presentation: TBD / PHMC Team

. 20 minutes: Questions & Answers

. 20 minutes: Discussion on Implications for Analysis Framework
Working Lunch

Analysis tool (SST version): demonstration and discussion (Executive Boardroom)
- Steve Humphreys / SNL

Panel Caucus on Analysis Framework

Project Teams (PHMC Team, SNL) Caucus (Executive Boardroom)
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Wednesday, February 11~ Technical Moderator: Chris Olson / SNL

7:30

8:00

9:00

10:00

10:10

11:00

12:00

12:30

6:00

Facilitator:  Richard Harrington / PHMC Team

Status, Action Items
Discussion of Analysis Framework and Previous Day’s Topics

Topic: Respirable Material Release

. 20 minutes: Presentation: Fred Gelbard / SNL
. 20 minutes: Questions & Answers
. 20 minutes: Discussion on Implications for Analysis Framework

Topic: NH, Model Reprised

. 20 minutes: Presentation: Wu-Ching Cheng / SNL

. 20 minutes: Questions & Answers

. v 20 minutes: Discussion on Implications for Analysis Framework
Break

Topic: In-equipment Burns (Being replaced by Epstein's presentation for tomorrow)

. 20 minutes: Presentation: Scott Slezak / SNL

. 20 minutes: Questions & Answers ] )
. 10 minutes: Discussion on Implications for Analysis Framework

Topic: Verification & Validation Results

. 20 minutes: Presentation: Fred Gelbard / SNL

. 20 minutes: Questions & Answers

. 20 minutes: Discussion on Implications for Analysis Framework
Working Lunch

Analysis tool (SST version): demonstration and discussion (Executive Boardroom)
- Steve Humphreys / SNL

Panel Caucus on Analysis Framework
Project Teams (PHMC Team, SNL) Caucus (Executive Boardroom)

Group Dinner (No group dinner)
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Thursday, February 12 = Technical Moderator: Scott Slezak / SNL
’ Facilitator: Chris Olson / SNL

7:30 Status, Action Items

Discussion of Analysis Framework and Previous Day’s Topics
8:00 Topic: Seismic Response of DST Waste

. 20 minutes: Presentation: Chuck Stewart / PNNL

. 15 minutes: ~ Questions & Answers

. 15 minutes: Discussion on Implications for Analysis Framework
8:50 Topic: Combustion Medeling for Plumes and Strata (presented yesterday)

. 20 minutes: Presentation: Mike Epstein / Fauske & Assoc.

. 20 minutes: Questions & Answers

. 20 minutes: Discussion of Implications for Analysis Framework
9:50 Break
10:00 Topic: Finalization of Analysis Framework and Elicitation Structure (no handout)

. " 30 minutes: Presentation: Scott Slezak / SNL

. 30 minutes: Questions & Answers

. 30 minutes: Discussion on Implications for Analysis Framework
11:30 Topic: Elicitations - the Graduate-Level Course

. 30 minutes: Presentation: D. von Winterfeldt / Decision Insights

. 15 minutes: Questions & Answers
12:15 Working Lunch
12:45 Analysis tool (SST version): demonstration and discussion (Executive Boardroom)

- Steve Humphreys / SNL

12:55 Panel Caucus on Analysis Framework

Project Teams (PHMC Team, SNL) Caucus (Executive Boardroom)
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Friday, February 13 Technical Moderator: Chris Olson / SNL
) Facilitator: Scott Slezak / SNL

7:30 Status, Action Items
Discussion of Analysis Framework

8:00 Panel Caucus

Document Panel Consensus Positions and Open Issues

Quality Assurance Issues

10:30 Panel Report on Analysis Framework and Elici‘tation Structure
11:15 Assignments for Elicitations and Rationale Reports

11:45 Working Lunch: Panel Caucus on Open Issues

12:45 ) Report of Panel on Open Issues

1:00 Adjourn
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PD4-1
Procedure for Elicitation Rationale Reports and
Expert Panelists’ Elicitation Verification

1.0 Purpose and Scope

This procedure is provided to expert panelists participating in the Stage II Gas Release Event .
Safety Analysis project (here after in this procedure identified as “the project”). This Procedure

s to be used by expert panelists for preparation of their Stage II Expert Elicitation Rationale
Summary Reports. The Stage Il Expert Elicitation Rationale Summary Reports are Quality
Documents so panelist compliance with this Procedure is required. ’

In addition to describing the procedures for preparing the Stage II Expert Elicitation Rationale
Summary Reports, this Procedure describes the process by which each expert panelist shail
review the report prepared by the Elicitor on the individual panelist’s elicitation. Also described
is the process for providing explicit feedback to Sandia National Laboratories Methodology for
Flammable Gas Risk Assessment in Double-shell Tanks project staff when queried regarding
aspects of the Stage IT Expert Elicitation Rationale Summary Reports or the Elicitors’ report.

" This procedure also describes the process by which the panel endorses and approves the final
version of the Analysis Framework on the basis of which the experts shall be elicited.

2.0 References

None

3.0 Requirements
3.1 Stage II Expert Elicitation Rationale Summary Reports

The following format shall be implemented in preparing the various sections of the Stage II
Expert Elicitation Rationale Summary Reports (“the report”).

. Title Page: The Title Page shall include the phrase “Stage II Gas Release Event

Safety Analysis Project Expert Elicitation Rationale Summary Report”, the
expert’s name and organization, date of elicitation, and date of report.
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. Table of Contents: The report shall include a Table of Contents. The pages of the
report shall be numbered.
. Introduction: An Introduction shall be included which shall identify the elicitation

process (Elicitor, date) for the panelist. The Introduction should include any
general comments which the panelist wishes to make.

. Elicitation Parameter Rationales: For each parameter to which the panelist was
elicited, a separate section within the report shall be included. The title of each
Elicitation Parameter Rationale section in the Stage II Expert Elicitation Rationale
Summary Report shall correspond to the title of the elicited parameter. Each
Elicitation Parameter Rationale section shall provide a discussion of the
probability distribution response provided at the time of the elicitation, changes
subsequently made after the formal elicitation to that response (if any), and a
detailed rationale by which the elicited response was derived. Included within
each Elicitation Parameter Rationale section shall be subsections discussing
conditioning factors, assumptions, references, and the elicited probability
distributions for the parameter in table format. References employed in arriving
at the elicited response shall be identified and shall be provided in both the section
of the report on the particular elicited parameter and in a section of the report
which collates all References. All referenced materials shall be in either the open
technical literature or shall have received clearance for public document
distribution.

. Each table shall be numbered with an arabic numeral and shall be given a title that
is complete and descriptive. The table number and title shall be above the body of
the table. In column headings, first include the quantity tabulated followed by a
comma and the units. Do not use powers of 10 in column headings. Use notation
such as “X10%" for numbers to be expressed in powers of 10 within the body of
the table. Each entry in the tables shall be specifically entered: do not refer to
values in other tables or use multipliers for values of other entries in the table.

. References: References shall be provided in each Elicitation Parameter Rationale
section and all of the references provided throughout the report shall be listed ina
separate Reference section of the report.

Panelists shall prepare for each elicitation session by organizing their notes and references.
Panelists may prepare summary notes prior to elicitation sessions to assist them in accessing the
appropriate notes and references efficiently. These summary notes may be included in the
Rationale Summary Report. Each panelist may obtain a printed version of the data and narrative
recorded by the Elicitor at the end of the elicitation session. The Stage I Expert Elicitation
Rationale Summary Reports are due at Sandia National Laboratories no later than two weeks
following the date of the elicitation. Either hardcopy or electronic format is acceptable.
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Preferred word-processing medium is WordPerfect®  Times New Roman 12-point font format
for the text is preferred.

3.2 Elicitors’ Report / Elicitation Feedback

The Elicitors shail prepare a report for each set of elicited responses from each of the panelists.
This report shall include the probability distributions provided by the panelists at the time of
elicitation. These reports are due at Sandia National Laboratories no later than two weeks after
the final panelist elicitation. The probability distributions for each of the elicited parameters

" shall be transmitted to Sandia National Laboratories in EXCEL® Version 7.0.

The Elicitor’s report for each panelist shall subsequently be forwarded upon receipt by Sandia
National Laboratories to the corfesponding panelist. The panelist shall be requested to review
the Elicitor’s report to determine the accuracy of the information contained, particularly the
probability distributions. The panelist is required to either 1) confirm the accuracy of the
information in the Elicitor’s report, 2) identify anydiscrepancies and provide the correct
information, or 3) change any response originally provided to the Elicitor at the time of the
elicitation. The review of the Elicitor’s report shall be conveyed to Sandia National Laboratories
within one week of receipt bythe panelist. The response to the Elicitors’ Report review may be

_ transmitted by hard-copy or electronically. These responses shall be Quality Documents.

Subsequently, as Sandia National Laboratories staff review both the sets of Elicitor’s reports and
the Stage II Expert Elicitation Rationale Summary Reports, questions may arise to which the
panelists shall be asked for clarification. Both the queries and the panelist’s responses shall be
documented. Hard-copies of electronic or written versions of these interchanges shall be Quality
Documents.

3.3 Endorsement of Stage I Analysis Framework

The review of the Analysis Framework, changes to the Analysis Framework, and other
consensus decisions reached by the expert panel are to be documented in writing, as well as in
the voice recordings of the workshop meetings. Any changes to the Analysis Framework, as
presented in project documents and workshop presentations, are to be documented on Decision
Record forms. The record forms are to be signed and dated by the panel leader, the panel caucus
facilitator, and the workshop meeting moderator. The Decision Records will be distributed to
each panelist within one week of the end of the panel group sessions. The panel shall document
on the Decision Record form any application guidelines and caveats that the panel members
believe should be recorded to prevent misuse of the Analysis Framework. Provisions are to be
made for documenting dissenting minority opinions to decisions if the dissenting panel members

RS

Excel is a trademark of Microsoft C: i
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wish to document their differences of opinion. The review of the Analysis Framework is to be
documented in the form of decision records that list the specific submodels, equations, or
discussions in the Analysis Framework document or presentation slides that were discussed and
agreed to by the panel. Other consensus decisions to be recorded include (1) agreements that
specific phenomena are not risk-significant enough to include in the Analysis Framework, (2)
that within the uncertainties and the current state of knowledge there is no basis for
distinguishing between different potential elicitation parameters or different potential
conditioning cases for a given elicitation parameter, and (3) any decision or consensus position
reached by the panel that in the view of the project team warrants permanent documentation.

4.0 Records

Relevant items described in this procedure shall be Quality Documents.

5.0 Attachments

Analysis Framework Decision Record form.

Approvais:

C\ﬁ.\«&_v 9.5 -9

Chris Olson, SNL Project Manager Date

JAPEZ,

Larry Bustard, SNL QA Manager Dhate
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Stage Il Gas Release Event Safety Analysis Project
- Analysis Framework Decision Record

Analysis Framework issue:

Panel Comments:

Approvals:

Panel Leader Date
Panel Caucus Facilitator Date
Workshop Moderator Date
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A Simple Predictive Model for Gas Retention in Hanford
Waste Tanks

A model is needed to predict how much gas waste can store in order to determine whether
or not a buoyant displacement gas release is possible. A simple model has been developed for the
steady state void profile as a function of waste layering, densities, gas generation rate, and
ternperature. The model is based on the following major assumptions:

o The void profile results from a balance between gas generation and steady gas release. .
o Gas release is solely by slow bubble migration that qualitatively obeys Stokes Law

o The waste viscosity (determining bubble rise velocity) increases linearly with waste
depth from zero at the top of the nonconvective layer and the rate of increase (slope) is
the same for all tanks.

- The latter assumption is consistent with ball rheometer measurements on five of the six double-
shell tanks (DSTs) that are known to experience buoyant displacements.

- The general form of the model is described by gas mass continuity.and bubble number
contmulty along with equations for the bubble velocity and the gas state. The gas mass continuity
equation is:

d(mu) .
5 =G@ : _ ®

where m is the number of moles of gas per unit volume (mol/m®) and G is the volumetric gas
generation rate (mol/m’ -day) The bubble number continuity equation is:
d(nu) '

=N(z 2

iz @ 2

where n is the number of bubbles per unit volume (#m®) and N is the volumetric bubble nucleation
rate (#/m -day). The ideal gas equation of state is expressed as:
(m/n) = p(2)V4(z)/RT(2) 3

where p is the pressure (Pa), V,, is the average bubble volume, R is the gas constant (8314 J/kg-
K), and T is the temperature (K) The bubble velocity, u, is computed by a modified version of

" Stokes law as follows:

v2/3
PsVy

C—=—2—
=

“

where ps is the nonconvective layer density and p is the viscosity.
Assuming the nucleation rate and gas generation rates are uniform and neglecting spacial

variation of pressure and temperature (these have shown to be negligible), the solution of Egs. Q)
through (4) yields the following equation for the void fraction profile:
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_C(RT) "} OPS( )} oPS}
on) = Ps( - j Ho(1- n)[Gn+ CH? VoNn+ =7 .G

. where n=z/H, H is the nonconvective layer height, and ¢, and V, are the initial void fraction and
bubble volume at z=0, respectively.

There are two important bounding limits of Eq. (5). 1) If the bubble nucleation rate is zero, -
bubbles flow in at the lower boundary and grow due to gas generation; 2) On the other hand, if
the nucleation rate is set to a constant and no bubbles are allowed to enter at the lower boundary,
gas generation forms new bubbles and the average bubble volume remains constant. The N=0
model produces a void profile with a maximum at n=0.25 and the N=Const. model produces an
axially symmetric profile with a maximum at n=0.5.

If the integral of the void fraction profile from the top of the nonconvective layer becomes
equal to the neutral buoyancy void fraction at some elevation, all of the waste down to that
elevation can rise to the surface and release a fraction of the gas it contains. This condition occurs

- for the N=0 model when the maximum void fraction is 1.51 times the neutral buoyancy void
fraction and almost the entire nonconvective layer is buoyant. For the N=Const. model, buoyancy
occurs when the maximum is 4/3 the neutral buoyancy void fraction but only 75% of the
nonconvective layer is buoyant.

The model is assessed for a number of tanks representing the range of conditions in
existing DSTs. With the leading constant, C in the two limiting cases of Eq. (5) adjusted so that all
six burping DSTs are predicted to be unstable, both limits clearly predict that, with the exception of
AN-107, only the six burping tanks are unstable. The marginal result for AN-107 may be the
result of either a high gas generation rate or uncertainty in the waste densities. The details of the
tank data and results are given in the presentation. .
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‘Results (tabulated)
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Overview of Strategy
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OverView_ of Strategy

m Inventory calculation

z tlmijhdw?l 2 smmijhdw?“

j j
tank; = sIVol; - suVol;

where...

* tank; = composition vector for tank i

. hdwisI = composition vector for HDW sludge |

* hdws" = composition vector for HDW supernatant j
o tlimy = kgal of hdw sludge j for tank i

* smmy = kgal of hdw supernatant j for tank i

» slVoi = sludge kgal for tank i

¢ suVoj = supernatant concentrate kgal for tank i.
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History of Organic Carbon at Hanford

m Found three major classes of organic
waste
* organic concentrates
— highly blended and widely distributed
* organic sludges ‘
— solids from original organic waste
— usually high Sr-90 residues as well
» surface residual organic remnants
- highest potential concentrations
- highly uncertain amounts

PO s
Wlm“w“@;%m 7 —
S — TR —
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History of Organic Carbon at Hanford

m Used HDW model Re\). 3 estimates

* updated evaporator blending with logbook
dataset :

m Organic complexants have two main
sources

¢ Purex solvent extraction
—TBP (as DBP, MBP, butanol)
—NPH residues

e B Plant strontium exiraction
—EDTA, HEDTA
—glycolate, citrate

m Organic carbon is pervasive in concentrate

» evidently, gas retention highly correlated with
organic complexants

WS 7 - Los Alamos
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History of Organic Carbon at -Hanford

m Funded by TWRS Characterization Program

* use best historical information on transaction
and process histories for the purposes of
predicting organic carbon in tanks.

m 21 of 24 H, W.L. tanks (88%) above 0.64
wt% TOC by HDW estimate
* nine tanks also meet criterion

—SST’s A-103, S-101, S-103, S-107, TX-102, TX-
111, U-102

—DST’s AP-102, AP-105
» three H, W.L. tanks below criterion
—S-111 (on edge), S-112, and SX-101

m 120f20 organic W.L. tanks above same
threshold (60%).

e .

o o, R e i —~_
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Table 3. Tank Concentrates Sorted by Decreasing TOC (no
aging or evaporator degradation) with TOC > 0.64 wit%.

tank total |TLM (kgal)| SMM | Dens.|TOC wt%] radiolyticiW.L. or
(kgal) (kgal) | g/cc now heat kW | other
c-103 195 62.0 133 1.13 1.72 7.9 org.
AN-102 1,090 0.0 1,090 1.71 1.53 9.5 cC
AN-107 1,063 0.0 1,063 1.54 1.46 6.7 cC
AN-105 1,130 0.0 1,130 1.85 1.38 11.0 H2
A-102 41 3.0 38 149 1.37 0.9
AX-101 748 13.0 735 1.49 1.35 | 8.8 H2
A-103 371 3.0 368| 1.48 1.33 3.1 prop. H2
A-101 953 3.0 950 1.45 1.23 6.0 H2, org.
AY-101 ‘881 - 33.0 848] 1.16 1.22 1414 DC,
. prop H2
AX-103 112 14.0 98] 1.45 1.20 5.6 - H2
AX-102 39 6.0 33  1.53. 1.18 4.1 org.
A-106 125 50.0 75| 1.56 i.16 13.1
AW-101 1,139 61.0 1,078] 1.67 1.14 9.2 H2
SY-101 1,100 0.0 1,100 1.70 1.14 9.7 H2
U-106 226 26.0 200 1.66 1.13 1.6 org.,
prop. H2
uU-109 463 48.0 418 1.71 1.13 3.7 H2
c-104 295 290.0 5 1.31 1.08 8.5

Table 3 column descriptions.

tank Hanford tank designation.
total (kgal) Total inventory of waste in tank in kgal.
TLM (kgal) Inventory of TLM solids for tank in kgal.
SMM (kgal) Inventory of SMM concentrate in tank in kgal. Sum of

TLM and SMM volumes equals total tank inventory.
Dens, g/cc Average density of SMM concentrate (does not inciude

TLM).
TOC wt% Average TOC for SMM concentrate (does not include
now - TLM).
radiolytic Heat of tank waste due to Sr-90 and Cs-137 present as
heat kW per HDW Model calculations (includes both TLM and

SMM). NN

T G S ——
W.L. or Indicates if a tank is.on.a.watch llst (Hz\org \FeCN,MW .
other heat) or i it contains high.org rhom(COFDEY: PR AN % AY
ww««.....,m!l T WM\J&MM \ W‘*Mwn.wm M“‘M\"
;x‘;;\%xf&\ \\ »\»
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\ N - Los Alamos
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Table 8. Organic degradation by in-tank aging and/or evaporator
destruction scenarios, sorted by decreasing TOC

(complete table in App. A).
WSTRS [|unde | Aging [80% TZI 20% A|radi [orga % |tetal gas|equiv.
Rev. 3 |grad {Remma |Degradal and S |olyti| nic |organic| prod. | slurry
ed nt tion |[Degrad| c | heat | heat of |std.cu.ft{growth
TOC ation |heat{ kW | total Jdyr rate
wi% kW in./mo.
C-103 1.72 1 0.91 1.00 0.96 | 7.9] 0.1 0.8 1,818 0.4
AN-102 | 1.53] 0.63 0.93 0.60 | 9.5} 2.3 | 19.7 70,675 8.7
AN-107 | 1.46] 0.71 0.95 0.70 1 6.7] 1.6 19.6 49,790 6.5
AN-105 | 1.38| 0.60 0.90 0.56 |11.0] 2.5 18.5 77,556 9.0
A-102 1.37| 0.72 0.93 0.65 § 0.9] 0.1 5.6 1,610 0.4
AX-101 | 1.35[ 0.72 0.93 0.67 | 8.8] 1.0 10.1 30,924 4.7
A-103 1.33] 0.73 0.93 0.65 | 3.1] 0.5 13.2 | 14,795 2.7
A-101 1.231 0.74 | 0.92 0.66 | 6.0] 1.1 15.1 34,323 4.8
AY-101 | 1.22} 0.91 0.99 0.96 |14.1] 0.3 2.0 9,395 1.5
AX-103 | 1.20} 0.75 0.92 0.70 | 5.6] 0.1 1.9 3,381 0.7
Table 8 Coiumn Descripﬁo‘ns.
tank Hanford taqk designation,
TOC wt% Average TOC for SMM concentrate (1.e. does not include
now. TLMD.
Aging Multiply TOC column by this column to apply aging with
Remnant parameters shown in Table 2.
80% T2 Multiply TOC column by this column to apply model for 80%
Degradatio degradation of organic carbon for every pass through T
n evaporator.
20% A and Multiply TCC column by this column to apply model for 20%
S degradation of organic carbon for every pass through either A
Degradatio or S evaporators.
n
radiolytic Calculated based on HDW Cs-137 and Sr-90 estimated
heat kKW inventories. The TLM and SMM inventories are included.
organic Heat production as a result of organic degradation using one
heat kW carbon oxidation shown in text.
Joorganic Per cent of total estimated heat that is due to organic
heat of degradation,
total .
total gas Gas production from both organic degradation and radiolysis
prod. std. with parameters shown in Table 2.
cu.ft./yr.
e MPDEE oS
Index Residual oganic index, numbers above.onecrepresent potential M\\ P g %«“\«.w
Now hazards if waste should.dry.out... See-text for detailin,, __‘;w__“:j};) s
i ? RN Y > %
LY 5 Mx SO
-’Mgﬂ*{y/ \\ 3\ 3 )
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Organic Carbon (mT)
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Major Paths for Strontium R y Chelated W

condensate
out

condensate
out

AW-102 242-A

Fig. 2. Major paths for SRR waste.
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Scatterplot Na vs. TOC

(best-basis)
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Scatterplot Al vs. TOC (best-basis)
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Comparisons of HDW and Assay
Estimates

m Scatter plots of assay vs. HDW estimates
» correlation coefficient shows extent of linear
correlation between assay and model
—1 is perfect, 0 is random, -1 is orthogonal.
—Na correlation coeff. = 0.83 '
—Na correlation for assay vs. volume = 0.59

—one measure of HDW model validity is significant
increase in correlation.

 ratio of assay / HDW inventories= 1.02.
—shows average Na inventories within 2%
e 65 tanks, 39% of Na site inventory.
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Scatter Plots for Na
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Scatter Plots for Ca
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Figure 12-12 The relation between flat-plate quenching and spark minimum-ignition energies for a
number of hydrocarbon-air mixtures. (With permission from B. Lewis and G. von Elbe, Combustion
Flames and Explosions of Gases, Ist ed., Academic, New York, 1951.)
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326 BERMAN
900 |- 1 T T T LI
700 - Hydrogen-Air Mixture :
500 t+~ -
400 ~ -
® 5-cm-diam Tube (McGill)
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Fig. 3. Measured values (McGill University and SNL) of the detonation cell width \ as a function of hydrogen con-

centration.

I1.C. Influence of Diluents and Thermodynamic
Variables on the Propagation of Detonations

Until a few years ago, most experiments on deto-
nations were conducted in small tubes a few cen-
timetres in diameter. To determine the effects of initial
temperature, pressure, and the presence of inert
diluents on the sensitivity of fuel-air mixtures, a large

B88

heated tube must be used. Figure 6 shows a schematic
of the HDT facility, which was recently constructed at
Sandia National Laboratories (SNL). Its 43-cm i.d.

. and capability of operating at temperatures above

100°C make it a unique facility. In addition to mea-
suring detonation speeds by means of pressure trans-
ducers that record times of arrival of the detonation
wave, large smoked foils (3.7 m long x 1.2 m wide) are
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EXPERIMENTS ON HY%&%N-AIR DETONATIONS

*Propagation from a “Tube” (Critical Tube Diameter):

Circular . - 13>'\
Tube @ Oern

.

]

Square 7 D._=11x
Tube //ﬁ i

2 = %R U et
Wide Rectangular Tube I

*Minimum Cloud Thickness for Propagation Confined on One Side:

Domin = 1.5A

T

*Propagation Down a Cylinder {One-Dimensional}:

]

.tiérg Dm'" M

_f’

*Propagation Down a Wide Channel (Two-Dimensional):

K

*Unconfined Region (Three-Dimensional}:

=77?

in =

Fig. 4. Schematic illustration of the developing empirical understanding of the effects of geometry and scale on detona-
tion propagation.

employed for directly recording the detonation cell possible nuclear reactor accidents; i.e., a test begins
structure, from which A can be measured, as seen in with 1. atm of air to which hydrogen and steam are
Fig. 7. i added, with the concomitant increase in temperature

Experimental conditions are selected to simulate  and pressure before ignition. In these experiments, we
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based on the flow velocity and kinetic rate at the hottest point in the flame,
They found- that a plot of T vs. Da, had the same general shape as the curve
that we derived earlier for » vs. Da, for the well-stirred reactor (Fig. 6- 12b).
They also found that Da; could not be determined a priori. Over a large range
of Day, three temperatures were predicted for the same value of Da, and the
uppermost of these corresponded to the diffusion flame solution. Referring to
Fig. 6-12b they also observed a broad minimum in Da, at relatively high tem-
perature, which corresponded to extinction of the diffusion flame, and a sharp
maximum at very low temperature. As was stated in Chap. 6, this lower branch
is not physically real because the Arrhenjus-rate expression is incorrect at these
low temperatures. More recently Linan®® has completcd a comprehensive anal-
ysis of diffusion flame extinction.

The striking similarity of the behavior of the Damkdhler number and the
similar way that extinction is predicted for two markedly different exothermic
" flows leads us to a rather general conclusion. Namely, whenever a flow time can
be adjusted independently of the chemical reaction rate in a highly exothermic,
highly tefhperature-dependent reactive-flow situation, an examination of the
behavior of the local Damkéhier number should allow the prediction of extinc-
tion. We also note that another general conclusion is that even though extinc-
tion of inherently hot or high-temperature systems can be predicted using this
approach, absolute compositional limits such as those tabulated in Table 12-1
cannot. These instead appear to be related to innate changes in the chemistry of
the combustion process, ie. a shift in the balance between chain- branching and
recombination reactions. Finally we note that for flame-sheet theories Da; = ©
* under all circumstances and thus extinction behavior cannot be discussed in the
framework of a flame-sheet theory.

12-3 FLAMMABILITY LIMITS AND
EXTINCTION IN PREMIXED GASES

Virtually every fuel-oxidizer combination will support premixed flame propaga-
tion only when the fuel concentration is within a certain range, bounded by
some upper and lower limit concentration. Outside of this range a flame will
not propagate a long distance from an ignition source. From a safety stand-
point, where the oxidizer is air, the most important of these limits is the lean or
lower flammability limit, LFL, or the lean or lower explosion limit, LEL (these
terms are used interchangeably). The upper flammability limit, UFL, or upper
explosion limit, UEL, can be important under certain circumstances, but they
are usually not important from a safety standpoint because dilution with more
air can cause a rich nonflammable mixture to become flammable.

The U.S. Bureau of Mines in Pittsburgh, Pennsylvania, has identified one
particular technique for determining flammability limits as being their

3. A. Linan, Acta Astronautica, 1:1007-1039 (1974).
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“standard ™ technique.!¥ In this technique a 5! mm internal diameter tube
1.5 m long is mounted vertically and closed at the upper end with the bottom
end open to the atmosphere. The gaseous mixture to be tested for flammability
is placed in the tube and ignited at the lower (open) end. If a flame propagates
the entire length of the tube to the upper end, the mixture is said to be flamma-
ble. If the flame extinguishes somewhers in the tube during propagation, the
mixture is said to be nonflammable. The choice of this technique as a standard
is the result of a considerable amount of research. Specifically, it is known that
upward propagation in a tube of this type exhibits wider limits of flammability
than downward propagation. In fact, if one places a mixture whose composition
is between that of the measured upward and downward propagation limits in a
large vessel. and ignites it at the center, one finds that the flame propagates to-
the top of the vessel and burns only a portion of the material in the vessel’
before extinguishing. leaving a fair portion of the fuel-air mixture unburned. In
other research, it has been found that as the tube becomes smaller the combus-
tible range becomes narrower until one reaches the quenching diameter. At that
point there is no mixture of that fuel with air which will propagate a flame
through the tube. Fifty-one millimeters was chosen as the diameter for the stan-
dard tube because this is the diameter at which a further increase in tube diam-
eter causes only a slight change in the limits. Some typical limits are tabulated
in Table 12-2. '

The initial pressure and témperature of the mixture affects the flammability
limits somewhat. Increasing the temperature always widens the limits because it
causes the flame temperature to increase. Increasing the pressure has little effect
on the lower or lean limit but causes the upper limit to increase.

The addition of inert gases or inhibitors to the mixture causes the limits to
narrow and eventually with sufficient added inert all fuel-air mixtures are non-
flammable. This is shown for methane and a general higher hydrocarbon
(C,H,,.,: n > 3)in Figure 12-4. In general the addition of an inert such as He,
N,. H,O. or CO, to the mixture narrows the limits because such mixtures have
a lower flame temperature than the original fuel-air mixture. However inhibi-
tors such as CCl, and CH;Br tend to act as radical scavengers and thus alter
the chemistry in the flame. It is interesting to note that methyl bromide can
burn in air but it still acts as an inhibitor in rich methane flames. The dashed
lines in Figure 12-4a represent the flammable range for CH,-CH;Br-air mix-
tures that lie outside the normal lean limit of CH —~air mixtures. It is also inter-
esting to note that the limit curves for methane-air-inert mixtures peak at
approximately the stoichiometric line but gradually shift toward the carbon
monoxide-hydrogen stoichiometric line as the number of carbons in the ali-
phatic chain increases. At Cs and above the shift is essentially complete and the

4. H. F. Coward and G. W. Jones, Limits of Fluminub}‘lit.v of Guses und Vupors, Bureau of Mines
Bulletin 503, 155 pp. (1952), also M. G. Zabetakis, Flammability Characteristics of Combustible
Guses and Vapors, Bureau of Mines Bulletin 027, 121 pp. (1963). '
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Table 12-2 Flammability limits of some common
fuel-oxidizer mixtures (in mole %)%

Fuel Oxidizer Lean limit Rich limit
Hydrogen - . Alr 4.0 75.0
Carbon monoxide Air 12.5 74.0
(moist at 18°C) :

Ammonia Air 15.0 28.0
Cyanogen Air 6.6 _
Methane Air 5.0 15.0
Ethane Alr 3.0 124 -
Propane Air 2.1 .93
Butane Air 1.8 84
Ethylene Air 27 36.0
Acetylene Air 23 100.0
Benzene Air 1.3 79
Methyl alcohol Air 6.7 36.0
Ethyl alcohol "Air 32 19.0
‘Diethy! ether Air 1.9 36.0
Carbon disulphide Air 1.3 50.0
Hydrogen Oxygen 4.0 ©95.0

I Data taken from M. G. Zabetakis, Flummability Charac-
teristics of Combustible Gases and Vapors, U.S. Department of
Mines Builetin 627 (1965) with permission.

limit behaviors for all higher hydrocarbons are similar enough to be plotted on
one graph, Fig. 12-4b.

The excess enthalpy burner discussed theoretically in Sec. 8-4 allows one to
stabilize a flame in ultralean mixtures which would ordinarily not support a
propagating flame. Recently Kotani and Takeno'™ have stabilized such flames
in a 50 mm circular burnér that contained a close packed bundle of | mm o.d.,
0.6 mm i.d., 30 mm long ceramic tubes. This burner block was well shielded
from losses to make it as “adiabatic™ as possible. The resulting stability
diagram is shown in Fig. 12-5. Note that all types of burner behavior predicted
by the theory were observed and that the lean limit was reduced to an equiva-
lence ratio of 0.3 from its usual value of about 0.5.

In 1898 Le Chitelier and Boudouard® proposed a rule for determining the
lean limit of a mixture of two combustible gases, from the known lean limits of
the constituent species in the mixture. If we call LFL,, the volume percent of
the fuel” mixture at the lean limit and LFL,. LFL,, ..., LFL, the volume
percent lean flammability limits of the n constituent fuels and x,, x5, ..., x, the

5. Y. Kotani and T. Takeno, An Experimental Study on Stability and Combustion Character-
istics of an Excess Enthalpy Flame, Nineteenth Symposium : International) on Combustion, The
Combustion lastitute, Pittsburgh, Pa., p. 1503, (1983

6. H. Le Chitelier and O. Boudouard, Compt Rend, 126: 1344-1347. 1898,
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Figure 12-5 Stability diagram for an excess enthalpy flame holder. Fuel is methane. { Adapted from
Ref. 3. with permission.)

mole fractions of each constituent fuel in the fuel mixture, a generalized form of
Le Chételier’s rule is given by the formula '

1 .
" x; LFL; + x,/LFL, + - + x,/LFL,
If the fuel contains an inert diluent such as nitrogen or carbon dioxide the lean
limit can still be calculated by not including the inert in Eq. (12-1). For example
the lean limit for methane in air is § percent. If methane is diluted with an inert
and this mixture is used as a fuel the lean limit for this mixture would be
__1o s

X540 Xy

where x; is the mole fraction of CH, in the fuel mixture. The Le Chatelier
formula works quite well if the fuel mixture contains hydrogen, carbon mon-

oxide, or ordinary hydrocarbons, It does not work well for unusual compounds
such as carbon disulfide, or when inhibiters are present.

LFL, (12-1)

LFL

m

B101




HNF-2193 Rev. 0

s PartB - FLAME IGNITION AND EXTINCTION 375

One empirical observation‘™ is that for many hydrocarbon-air mixtures, the
lean limit volume percent of fuel multiplied by its heating value in kilojoules per
mole is approximately 4.34 x 10°. This means, of course, that the flame tem-
perature has approximately the same value at extinction for all hydrocarbon
fuels. This result is similar to that obtained for diffusion flames (see Table 12-1).

The flammability limit is thought to be caused by flame extinction due to a
combination of heat loss from the flame, flame stretch, and/or spontaneous
flame instabilities. Furthermore, all of these effects are complicated by the fact
that the flame temperature of limit flames is so low that the competition
between the hydrogen atom chain-branching and chain-breaking reactions men-
tioned in Secs. 6-10 and 8-5 occurs at a location very close to the hot reaction
zone.

Unfortunately, there is no adequate theory for flammability limits. In
essence, all the extant theories have so simplified the problem that the actual
physical processes that occur at extinction aré no longer modeled properly. As
an example, take the heat-loss theory of Spalding.®® He modeled the flame as a
one-dimensional flame and removed heat from the hot gases while retaining the
one-dimensionality of the flame. He removed heat at a fixed rate per unit length
of gas column downstream of the flame front and found - that there is a
maximum value for this quantity above which one can no longer find a solution
to the equations that were formulated. This critical maximum quantity of heat
removal per unit length was then considered to be the condition for flame
extinction. However. when large amounts of heat are removed from this flame
the burning velocity drops and the flame thickness increases markedly. Under
these conditions, even though ‘the heat abstracted per unit length along the
flame goes through a maximum, the total heat that is abstracted from the flame
increases monotonically, Furthermore, since one can calculate the structure of a
flame using nonsteady one-dimensional flame equations and full kinetics for
compositions considerably leaner than the observed lean limit composition, it
- appears that one-dimensional theories for flame extinction, even with heat loss,
are not adequate.

-Experimentally it is found that different mechanisms of extinction are oper-
ative in different geometries. Tsuji and Yamaoka,” have recently studied the
extinction of two opposed premixed fHames using the type IV burner of Fig. 7-6.
In this experiment they pass the same fuel-air mixture through the porous
¢ylindrical holder and up the duct. When ignition is effected two opposed pre-
mixed flames appear as shown in Fig. 12-6. These have the property that they
are separated by a stagnation-point region which is exactly adiabatic. As the
compositions of the two mixtures approach either the lean- or the rich-limit

7. F. T. Bodurtha, Industrial Explosion Prevention and Protection, McGraw-Hill (1980).

8. D. B. Spalding, Proc. R. Svc. London, A240: 83 (1957).

9. H. Tsuji and L Yumaoka, *Structure and Extinction of Near Limit Flames in a Stagnation
Flow,™ Nineteenth Symposium ( International) on C ombustion, The Combustion Institute, Pittsburgh,
Pu, po 1333, (1983)
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Figure 12-6 Visible light photograph of counterflow. premixed, twin flames esiablished in the
forward stagnation region of a porous cylinder. («) Lean methane-air flames near the limit
® = 0.53. (b} Rich methane-air flames near the limit ® = 1.58. Notice how close the lean flames
approach each other when compared to the rich flames. (Courtesy Prof. H. Tsuji. University of
Tokyo. from Ref. 8, with permission.)
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V: ‘V:)ul

Figure 12-7 The separation distance between the two luminous zones of vpposed premixed fames.
( Adupted from Rer. 8, with permission. -

composition the flames approach each other. Both of the flames are stretched
because of the nature of stagnation-point flow and eventually at some critical
lean or rich composition the flames blow out. Experimentally it is observed that
near the limit rich methane or lean propane flames stand quite some distance
apart while lean methane or rich propane flames approach each other very
closely. This is shown in Fig. 12-7. which is a plot of the distance between the
two luminous zones at the centerline of the flow as a function of the relative
blowing rate divided by the blowing rate at extinction.

Their study of the temperature profiles and composition of the gases at the
stagnation point for a flame pair that is near extinction shows that the tem-
perature is high and the chemical reactions are going to completion for the rich
methane and lean propane flames and that the temperature is low and the
chemical reactions are not going to completion for the lean methane and rich
propane flames. This is shown in Fig. 12-8. This means that the mechanism of
extinetion is strongly dependent on the effective Lewis number of the deficient
specics. If the Lewis number is less than unity, as it is for a lean methane or
rich propane tlame. the flame extinguishes beciuse the rate of streteh is so large
that the chemical reactions cannot go to completion. However i it is greater
than unity, as it is in a rich methane or kean propane fame, extinguishment is
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not caused by the chemical reactions being incomplete but instcad must be
caused by a truc stretch mechanism. We note that at the extinction limit for a
rich methane or lean propane flame. stretch will cause a local reduction of the
deficient species, i.c., at the centerline the local propane concentration will drop
because of stretch in a propane-air flame and the local oxygen concentration
will drop because of stretch in a methane-air flame.

2500 ; - .

T 1 T
A %{‘:[11[_53 % tuminous flame zone

000 O ¢=158 . -
> 1500 B
E‘, 1000 i

500 4

3004

12 14 16
()
92 1.0
v

9.0 v o8
S 7 B
X g8 06 X
=) v =
g 8.6 /g Jdoa g
2 Extinction % ™
s _ b=

84 v 42

A “
8.24 LA A ADD DABLE V|,
10 15 20 30 40 50
VR, s7"
(5)

Figure 12-8 Temperature profiles and centerline concentrations for flames near extinction. ( From
Ref. 8, with permission.)
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Figure 12-8 (continued)

Experiments using a standard flammability tube at one g and zero g have |
shown that the upward propagating flame and the zero ¢ flames have a flame-
cap shape that is’ controlled -primarily by inviscid flow behavior ahead of the
flame (see Fig. 10-8) and that the rate of propagation through the tube is deter-
mined by bouyancy forces.*® Thus the length of the flume skirt for an upward
propagating flame is related primarily to the speed at which the flame propa-
gates through the tube, because the normal burning velocity is not affected by
buoyancy.

In an upward propagating flame extinguishment occurs first at the center of
the flame where it is held (see Sec. 10-4) and then propagates over the remain-
der of the flame.'" A calculation based on the observed flame shape using
potential flow theory indicates that stretch is indeed maximum at the holding
point of this flame and therefore that extinguishment should start there. _

The downward propagating flame in a standard tlammability tube is mark-
edly affected by gravity. Photographs of this Aame taken with an image intensi-
fier are shown in Fig. 12-9. The flame is almost Aat but has a cellular structure,
and it does not propagate uniformly down the tube but sort of oscillates as it
propagates. At incipient extinguishment the flame recedes from the walls. and
heat loss to the walls cools the gas in the neighborhood of the walls. At this
time differential buoyancy of the central hot column and the surrounding cooler

{0. R. A. Strehlow and D. Reuss, * Flammability Limits in a Standard Tube,” Combustion
Experiments in a Zero Gravity Laboratory, ed. T. H. Cochran, Prog. Astronaut. Aeronaut.. AIAA.
73:61-90 (1981), - ’

1. J. Jurosinski, R. A. Strehlow, and A. Azarbarzin, * The Mechanism of Lean Limit Extinguish-
ment of an Upward and Downward Propagating Flame in 1 Standagd Flammability Tube,” Nine-
teenth Symposium ( International) on Combustion, The Combustion Institute, Pittsburgh, Pa., p. 1549
(1983).
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Figure 129 Extinction of a downward propagating lean limit methane-air flame in a standard
51 mm flammability tube. Propagation from the top open end toward the bottom closed end. Time
increases from top 1o bottom and then from left to right. Fifty-five frames per second. Except for
the last three frames, every third frame is shown. (Adapted from A. Azarbarzin. A Study of Flame
Extinction in a Vertical Flammability Tube. M.S. Thesis, University of Illinois at Urbana-Champaign,
50 pp. (1981).)

annular space causes the cooler product gases to travel ahead of the flame and
the small flame kernel that is left actually rises just prior to complete extinction.
Thus extinction of a downward propagating flame is actually caused by a very
complex sequence of events.

Chan and T'ien® have observed that a wick-held diffusion flame in a large
vessel whose oxygen is slowly being depleted eventually takes the shape of a
small blue hemispherical cap over the wick. At incipient extinguishment they
observed that the flame’s edge oscillates in and out symmetrically around the
centerline with no apparent motion of the central region. Then, after a few
oscillations a final oscillation causes complete extinguishment of the flame.

12. W. Y. Chan and J. S. T'ien, Combust. Sci. Tech., 18:139-143 (1978).
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12-4 MINIMUM [IGNITION ENERGY
AND QUENCHING DISTANCE

The minimum ignition energy is the smallest quantity of energy that must be
added to a system to start flame propagation. Its value is quite dependent on
the local rate and method of heat addition, and on the geometry of the heat
source. Quenching distance is defined as the largest channel dimension that will
just stop a flame from propagating through the channel if there is no large
pressure drop along the channel. Values of the quenching distance are depen-
dent on experimental geometry. o

Combustible mixtures may be exploded *homogeneously” in “vessel”
experiments like those discussed in Chap. 6, or they may be ignited by rapid’
heat addition at a localized region in the gas. In the latter case, successful igni-
tion leads to the propagation of either a flame or a detonation. As the total
quantity of energy is reduced for any one ignition technique, direct detonation
céases to occur, if it did at all (see the next chapter for a discussion of detona-
tion initiation), and flames are observed to propagate from the source. Further
reduction of the total quantity of energy that is added to the fluid continues to
produce ordinary flame propagation until the minimum ignition energy for that
source configuration is reached. At this point only a small quantity of the com- -
bustible gas is converted to products and the energy is dissipated harmlessly by
thermal conduction. '

A multitude of different energy sources and source configurations have been
used to study flame ignition experimentally. However, an ordinary capacitor
discharge spark has consistently yielded the lowest ignition energy for any spe-
cific combustible mixture. For an experimental determination of an ignition
energy, high-performance (usually air-gap) condensers are used so that the
majority of the stored energy will appear in the spark gap. The stored energy
may be calculated using the equation E = CV?/2, where C is the capacity of the
condenser and V the voltage just before the spark is passed through the gas.
The spark must always be produced by a spontaneous breakdown of the gap
because an electronic firing circuit or a trigger electrode would either obviate
the measurement of spark energy or grossly change the geometry of the ignition
source. It has been found experimentally that for this type of spontaneous spark
up to 95 percent of the stored energy appears in the hot kernel of gas in less
than 107% s. The losses are thought to be due primarily to heat conduction to
the electrodes. Since the total stored energy can be varied by changing either
the capacity or the voltage, the electrode spacing (which is proportional to the
voltage at breakdown) may be varied as an independent parameter. Two prob-
lems now arise: If the electrode spacing is too small, the electrodes will interfere
with the propagation of the incipient flame and the apparent ignition energy
will increase. If, however, the spacing is too large, the source geometry will
become essentially cylindrical and the ignition energy will again increase
because the area of the incipient flame is- greatly increased in this geometry.
This condition is shown schematically in Fig. 12-10. The fact that the increase
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Figure 12-10 Quenching distance and minimum-ignition-energy measurement using a capacitor
spark.

in minimum ignition energy is due to quenching at small electrode spacings
may be confirmed by using electrodes flanged with electrically insulating
material. Figure 12-10 shows the effect of electrode flanging on the ignition
energy at small separations. Note that below a certain spacing. as the spacing is
reduced the spark energy required to ignite the bulk of the gas sample rises very
much more rapidly with flanged tips. This critical flange spacing is defined as
the flat-plate quenching distance of the flame. Therefore this simple experiment
may be used to determine the flat-plate quenching distance and the minimum
ignition energy for spherical geometry, and may also be used to evaluate
whether the ignition source is essentially spherical or cylindrical. The latter
piece. of information is obtained by determining the effect of electrode separa-
tion on E_;, at large separations.

Quenching distances may also be measured by quickly stopping the flow
through a tube of the desired geometry when a flame is seated on the exit of the
tube. If the flame flashes down the tube, the minimum dimensions are above the
quenching distance for that mixture. Quenching distances that have been mea-
sured between two flat plates using this technique agree quite well with the
quenching distances measured using the flanged electrodes in the spark-ignition
experiment described above. Parallel-plate quenching distances and minimum
ignition energies determined by the spark method for propane. oxygen, and
nitrogen mixtures at various initial pressures are given in Fig. 12-11. It should
be noted that, in general, minimum ignition energies are extremely small—in
some cases, corresponding to the passage of a barely audible spark through the
mixture. In fact, it is well known that static electric sparks can cause the igni-
tion of many explosive mixtures.

The relation between the characteristic quenching distance and the geome-
try of the quenching tube has been developed theoretically and confirmed
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experimentally in a .number of instances. The theory can be based on the
assumption either that (1) wall capture of reactive species, or (2) heat transfer to
the wall controls the quenching. Both these approaches yield the same theoreti-
cal relations relative to geometry effects, because of the similarity between diffu-
sion and thermal conduction. Quenching measurements for a variety of
geometries show quite good relative agreement (+10%) with the theoretical
predictions for a number of hydrocarbon systems. The theory predicts that the
circular tube quenching diameter should be related to the -parallel plate quench-
ing distance by the equation .

dy =0.65d,

Experimentally, one may show that the quenching distance is simply related |
to the pressure. This is because it is related to the preheat zone thickness of the
flame. Also it is related to the minimum ignition energy .of the system for vir-
tually all hydrocarbon-air flames, through the equation E i = 0.06d} (see Fig.
12-12) where E,;, has units of millijoules and d is measured in millimeters.
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Figure 12-11 Effect of pressure, nitrogen dilution, and equivalence ratio on propane-oxygen flat-

plate quenching distances and spark minimum-ignition energies. (With permission from B. Lewis
and G. von Elbe, Combustion Flames and Explosions of Gases, 2d ed., Academic, New York, 1961.)
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Figure 12-12 The relation between flat-plate quenching and spark minimum-ignition energies for a
number of hydrocarbon-air mixtures. (With permission from B. Lewis and G. von Elbe, Combustion
Flames and Explosions of Gases, Ist ed., Academic, New York, 1951.)

Figure 12-13 Effect of change in ignition energy upon flame propagation. Times are in micro-
seconds. (Courtesy H. Lowell Olsen, Applied Physics Laboratory, Silver Spring, Md. Originally in
AGARD, Selected Combustion Problems, 11, Butterworth, London, 1956.) (With permission.)

Read down:
Gas cv?
Air only 1.33 mJ
Suberitical energy Propane-Air 1.14 mJ

Supercritical energy Propane-Air 1.23 mJ R111
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Figure 12-14 Schematic diagram of the decay or growth behavior of an ignition kernel (incipient
flame ball) near the threshold value of energy for ignition of a propagating flame.

We will now look- at the details of incipient growth from a small spark.
Figure 12-13 contains repetitive schlieren photographs illustrating the appear-
ance of the hot kernel of gas for an inert mixture and for a reactive mixture
with both a subcritical and supercritical energy addition. In the reactive case,
the spark kernel initially contains temperatures well above the ignition tem-
perature of the mixture, and an incipient flame is seen to form. This behavior
should be contrasted with the inert case where the initially high gradient simply
flattens with time and eventually disappears. However, as the two reactive cases
show. the formation of an incipient flame does not ensure subsequent propaga-
tion. At some point, well after spark passage (ca. 100 us in Fig. 12-13) the incip-
ient flame becomes a true flame in the supercritical case and starts to decay by
thermal conduction in the subcritical case. This behavior is shown schematically
in Fig. 12-14. -

Ignition and quenching are difficult to discuss theoretically and complete
theories are not as yet available. However, Rosen'*® has justified Lewis and von
Elbe’s"* empirical relation for a plane source (ie., one-dimensional) minimum
ignition energy by applying the nonsteady equations to a simple first-order
A— B flame with Le = 1, similar to the steady flame discussed in Sec. 8-3. He
assumed that heat was added in a very short time at an infinite flat plane in the
mixture, and determined that the critical quantity of heat addition to cause

13. G. Rosen, J. Chem. Phys., 30:298 (1959).
14. B. Lewis and G. von Elbe, Combustion Flames and Explosion of Gases, 2d ed., Academic, New
York. 1961.
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flame propagation is related to the steady-flame properties by the equation

L By y

Erio > (5, ~ 5 (B =) (12-2)

where E;, has units of joules per square meter and q =(Cp/M)(Tb — T,). the

heat of reaction at constant pressure in joules per kilogram. We note that ¢ is

defined as an enthalpy. while E,;, is an energy. However, this equation is

correct because the energy added to the system appears as an enthalpy in the
system, since the process is taking place at constant pressure.

We note that when we substitute Eq. (8-7) from elementary flame theory

into Eq. (12-2) we obtain the relationship :

Ein = o puCpl T, — T) (12-3)

u

In Eq. (12-3)-one should really use a variable de'risity and not p,. This
‘would make the right-hand side of this equation smaller. This, plus the experi-
ments on ignition delay described above show, in at least an approximate way.
that one must add enough energy to the system to form a preheat zone before
propagation will occur.

In addition. Aly and Hermance!'® have presented a two-dimensional theory
for parallel plate or circular tube quenching using either overall first- or second-
order kinetics with an Arrhenius temperature dependence to simulate a stoichio-
metric propane-air flame. They also allowed the Lewis number to range from
one to infinity and neglected transverse diffusion of reactants. They justify this
because, as Fig. 12-13¢ shows. there is quite a thick cool region near the wall
where chemistry is not occurring. Figures 12-15¢ and b show the centerline
longitudinal and the transverse structure of such a flame.

The authors also investigated the effect of varying the Lewis number. These
results are shown in Fig. 12-16. Note from Fig. 12-16¢ that the “adiabatic™
flame speed increases as the Lewis number goes from | — o, just as it did for
the Friedman and Burke flame with simple Arrhenius kinetics. Also note that
the theoretically determined quenching distance drops and that the . Peclet
number defined as

pe = Pulr Sudy (12-4)
K, .

u
is independent of the Lewis number. In this cquation dy is the parallel plate
quenching distance, This means that in this two-dimensional flame, quenching is
determined by the competition of the rate of flame propagation (or rate of heat
generation) and rate of heat loss to the walls by thermal conduction. Also note
that the maximum temperature of the centerline flame at incipient extinction is
about 2100 K, that is. about 300 kelvins less than the “adiabatic” flame tem-
perature in a 50 mm tube. '

150 S, Lo Aly and C. B Hermance, Combust, Flame, 401 173185 (1981).
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A different problem arises during spherical ignition. The incipient flame is
always a stretched flame in the Karlovitz sense (see Scc. 10-3) because its area
increases at an ever-increasing rate while its radius of curvature decreases.
Using the same assumptions as were used in Sec. 10-3 one finds that the non-
dimensional stretch or the Karlovitz number for such a flame is given by the
expression '

o P
d p,

As a result of this stretch, preferential diffusion of the lighter species, either fuel
or oxygen, toward the ignition region causes two unique effects to occur. In the
first place preferential diffusion alters the equivalence ratio in the incipicent
preheat zone by enriching the concentration of the lighter species there. This
causes a shift in the equivalence ratio for the lowest minimum ignition energy
as shown in Fig. 12-17. This is a plot of minimum ignition energy vs. composi-

K=4 (12-5)

3 [ e T TTTTT
Methane.r Ethane ;Bulane /
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Figure 12-17 Minimum ignition energy vs. equivalence ratio for various fuel-air mixtures showing
the effects of preferential diffusion. /With permission from B. Lewis and G. von Elbe, Combustion
Flames and Explosions in Gases, 2d ed., Academic, New York, 1961.)
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Figure 12-18 Space velocity S, vs. radius for a laminar flame ball in propane-air mixtures.

tion for various fuels in air. Since from the elementary theory one would expect
the minimum ignition energy to occur at the maximum burning velocity of
these mixtures, these curves should all show a minimum in the neighborhood of
® = 1.1 (the approximate equivalence ratio for the maximum laminar burning
velocity for all these systems). Notice that for methane, which is lighter than
oxygen, @, is 0.8, while for those fuels whose diffusivity is less than oxygen
D, is always greater than one and increases as the molecular weight of the fuel
increases. Thus, the larger the difference in relative diffusivity, the larger the
deviation of ®,; from stoichiometric.

Another way that preferential diffusion plays an important role in early
flame behavior is its effect on the burning velocity of an outwardly propagating
flame. For example as shown in Fig. 12-18, in propane—air mixtures (te. for a
heavy fuel and light oxidizer mixture), rich mixtures exhibit a higher space
velocity at small radii while lean mixtures show a lower space velocity at small
radii. In all cases the space velocity of the flame relaxes. to the theoretically
expected laminar space velocity after a few centimeters of flame travel. The
cffect is somewhat masked by two additional effects which cannot be casily
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discussed quantitatively: (1) the slow relaxation of the burned products to the
equilibrium composition adds a slow initial increase in velocity to the experi-
mental curves. and (2) any excess ignition energy at the spark source can cause
a higher propagation velocity of the carly flame. However, the preferential ditfu-
sion effect is the only effect which shifts sign as the equivalence ratio passcs
through unity and is thercfore quite definitcly opcrating in this system.

Recently Frankel and Sivashinsky''® have verified. using a large activation
asymptotic analysis with the Lewis number defined for the deficient species, that
rich and lean propane-air flames should exhibit the bchavior shown in Fig.
12-18. )

12-5 HOT SURFACE OR HOT GAS IGNITION:
THE AUTOIGNITION TEMPERATURE AND -
THE MINIMUM EXPERIMENTAL SAFE GAP

There have been many attempts to study the ignition process using cither a
heated gas stream as an igniter, passing the combustible mixture over a heated
surface. or injecting heated spheres into the mixture. These are all quite complex
aerodynamically and therefore will not be discussed in this text. There are
however two standardized ignition techniques which are important from the
point of view of combustion safety that will be discussed here. These are the
measurement of the autoignition temperature and the minimum experimental
safe gap.

For gases. the autoignition temperature is the lowest vessel temperature at
which any mixture of that fuel and air will explode. For liquid fuels the auto-
ignition temperature is the temperature of a specified flask that contains air
below which a flash of light will not be seen after a specified amount of liquid
fuel is dropped into the flask. The autoignition temperature yields an imperfect
indication of the maximum surface temperatures that can be tolerated in an
environment where that liquid or gas may be handled in bulk.

The minimum experimental safe gap is also a safety-related combustion
property. It is based on the fact that it is very expensive either to purge electri-
cal switch boxes or motor housings or to attempt to make them completely air
tight. Therefore when electrical devices are to be used in the presence of com-
bustible vapors or gases the electrical boxes must be constructed to meet two
requirements. These are: (1) the box should be strong enough to be able to
stand an internal explosion without rupturing and (2) openings to the outside
should be small enough so that escaping combustion products will not cause
ignition of the surrounding flammable vapors or gases. _

Studies of the ignition of a combustible mixture by hot product gases escap-
ing from a vessel through a long slot have shown that for a sufficiently wide

16. M. L. Frankel and G. I. Sivashinsky, “On Effects Due to Thermal Expansion and Lewis
Number in Spherical Flame Propagation,” Combust. Sci. Tech., 31:131 (1983).
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slot width. a flame simply propagates through the slot into the surrounding
combustible mixture. However when the slot width becomes somewhat less than
the ordinary parallel plate quenching distance, a flame no longer propagates
through the slot but the hot gases that escape cause.a slightly delayed ignition
of the surrounding combustible mixture. Schlieren observations of this process
have shown that ignition occurs some distance from the slot in the turbulent
mixing region and that initially the ignition is a volumetric “explosion™ which
subsequently ignites a flame front which propagates away from the “exploded™
turbulent mixing region. It has also been found that there is a critical slot width
below which ignition of the surrounding gas'no longer occurs. This critical -
width is called minimum experimental safe gap (MESG). For most hydrocar-
bons it is approximately d/2.

12-6 FLASH POINT

Liquid fuels all exhibit an equilibrium vapor pressure which is dependent on the
temperature of the fuel: As the temperature of the fuel is raised from some low
value to some high value the equilibrium vapor pressure increases monotonic-
ally. If a mixture of this equilibrium fuel vapor with air contains less fuel vapor
than required for lean limit combustion the liquid is said to be below its lower
fash-point temperature. Above this temperature. as the liquid temperature is
increased its equilibrium vapor pressure increases to the point where the vapor—
air mixture contains so much fuel vapor that it is above the upper flammable
limit for that fuel. Under these circumstances the llqund is said to be above its
upper tlash-point temperature.

In actual practice, the lower and upper flash-point temperatures are mea-
sured in any of a number of standardized pieces of apparatus. By far the most
accurate measurements are obtained using equilibrium or closed-cup techniques.
In these techniques the liquid is placed in a loosely closed container in a ther-
mostat bath.and is held at some temperature until the vapor space in the con-
tainer holds fuel vapor which is in equilibrium with the liquid at that
temperature. Then a part of the top of the container is opened and a flame from
a torch is swept across the opening. If the flame ~ flashes™ into the vapor space
the thermostat temperature is between the lower and upper flash points. The
test is then repeated at different temperatures until both the lower and upper
flash points are found. A flame is used as a strong igniter that is easily avail-
able. Note that since the flame is applied to the top of the container the mea-
sured flash pomt corresponds to the limit for downward propagation of the
flame.

There are other “approved ™ techniques for measuring the flash point. One
set of these uses an “open cup.” Here the fuel is heated in a cup which is open
at the top and the high vapor density of the fuel is expected to stop the fuel
vapors from escaping before the flame is applied. This is obviously less satisfac-
tory than the closed-cup " equilibrium ™ technique described above.
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Tank Headspace Mixing

Z. 1. Antoniak, PNNL
2/10/98

A considerable body of data exists on Hanford waste tanks to support the
contention that their headspaces are well-mixed. The single exception to this well-mixed
condition is during and briefly after a plume-type of gas release from the waste into the
headspace. Multiple dispersion mechanisms are active in the headspace and serve to
rapidly mix any released gas plume with the surrounding dome atmosphere. The chief
mechanism promoting mixing is natural convection, driven by the temperature difference
between the relatively warm waste and the cooler surroundings. Natural convection also
assists in quickly entraining any air inflow, whether passive or active, into the dome
atmosphere. :

Measurements of gas concentrations in headspaces have consistently shown the
headspaces to be generally homogeneous, with swift reversion to homogeneity after a gas
release. Computer simulations of headspace hydrodynamics have also shown this to be the
case; these simulations have furthered understanding of the relevant dispersion
mechanisms. .

Dispersion of a plume into its surroundings is a complex mixing process that occurs
on several scales. On the microscale, mixing takes place by diffusion due to the random
motion of both solute and solvent molecules. Much more rapid local mixing is d product of
turbulence that may exist in the steady-state convective flow in the headspace or that may be
generated by a bouyant plume as it rises. Finally, dispersion on the scale of the headspace
dimensions occurs by thermal convection which prevents formation and persistence of
stratified layers that might remain flammable. The latter mechanism dominates the plume
dispersion process.

Thermal convection is driven by the heat generated in the waste. The waste
temperature is higher than the headspace which is in turn higher than the tank walls. The
air next to the waste is heated and rises to the tank dome where it cools and sinks. This
establishes large-scale convective cells that keep the headspace atmosphere nearly
isothermal.

Most SSTs have relatively cool waste so that the dome atmosphere is only
somewhat above average ambient temperature. Past modeling and flow visualization
studies that varied the AT between the waste surface and the dome atmosphere indicated -
that, even for the smallest AT (= 0.9°C [2°F]) examined, convective velocities were on the
order of tenths of a foot per second. " Such velocities are enough to rapidly disperse any
stratified layer of hydrogen that tends to form during the release; i.e., a tank headspace
becomes fully mixed within about an hour after the cessation of a hydrogen plume release.

Ventilation or inter-tank flow through cascade lines is a separate effect not directly
related to plume dispersion inside the headspace. It can only assist dispersion to the extent
that it influences the existing circulation within the headspace. The most important effect of
ventilation is simply to dilute the hydrogen concentration in the headspace by removing it
and replacing it with air at some rate. Typical passive ventilation rates are less than
~20 cfm which requires ~3 days to replace a headspace volume of 80,000 ft’. A typical
active ventilation system running at 200 cfm replaces the headspace volume in ~7 hours.
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Elicitation Parameters

Maximum-Achievable-Void-Fraction.
obviated by p,.. < 1.41, M_eyerILessorlStewart and TOC + Na/Al/NO, criteria.

Effmencyof—local—re%ease—ﬁrom—nﬁayer—wheﬂ
hanically-disrupted. .

obviated by panel specification that this is an engineering design
requirement.

obviated by panel specification to make 7., proportional to 7,eease-

s bivity.

obviated by panel specification to conservatively use area = A,,,,.

Mass of material released from a DST.

5a. Burn insufficient to fail HEPA

5b. Burn with HEPA failure but no dome failure

5¢. Detonation with HEPA failure but no dome failure
§d. Burn with dome failure

5e. Detonation with dome failure

Probability of BD GRE-induced ignition source.
6a. Small efficiency BD GRE

6b. Medium efficiency BD GRE

6c. Large efficiency BD GRE

Duration of a BD GRE

7a. Small efficiency BD GRE
7h. Medium efficiency BD GRE
7c. Large efficiency BD GRE
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Probability of an earthquake-induced GRE

8aa. Small efficiency GRE, 100-year quake, thick liquid layer DST
8ab. Medium efficiency GRE, 100-year quake, thick liquid layer DST
8ac. Large efficiency GRE, 100-year quake, thick liquid layer DST
8ad. Small efficiency GRE, 1,000-year quake, thick liquid layer DST
8ae. Medium efficiency GRE, 1,000-year quake, thick liquid layer DST
8af. Large efficiency GRE, 1,000-year quake, thick liquid layer DST
8ag. Small efficiency GRE, 10,000-year quake, thick liquid layer DST
8ah. Medium efficiency GRE, 10,000-year quake, thick liquid layer DST
8ai. Large efficiency GRE, 10,000-year quake, thick liquid layer DST
8ba. Small efficiency GRE, 100-year quake, FG2, pumped SST

8bb. Medium efficiency GRE, 100-year quake, FG2, pumped SST
8bc. Large efficiency GRE, 100-year quake, FG2, pumped SST

8bd. Small efficiency GRE, 1,000-year quake, FG2, pumped SST

8be. Medium efficiency GRE, 1,000-year quake, FG2, pumped SST
8bf. -Large efficiency GRE, 1,000-year quake, FG2, pumped SST .
8bg. Small efficiency GRE, 10,000-year quake, FG2, pumped SST
8bh. Medium efficiency GRE, 10,000-year quake, FG2, pumped SST
8bi. Large efficiency GRE, 10,000-year quake, FG2, pumped SST
8bj. Small efficiency GRE, 100-year quake, FG3, pumped SST

8bk. Medium efficiency GRE, 100-year quake, FG3, pumped SST

8bl. Large efficiency GRE, 100-year quake, FG3, pumped SST

8bm. Small efficiency GRE, 1,000-year quake, FG3, pumped SST
8bn. Medium efficiency GRE, 1,000-year quake, FG3, pumped SST
8bo. Large efficiency GRE, 1,000-year quake, FG3, pumped SST
8bp. Small efficiency GRE, 10,000-year quake, FG3, pumped SST
8bgq. Medium efficiency GRE, 10,000-year quake, FG3, pumped SST
8br. Large efficiency GRE, 10,000-year quake, FG3, pumped SST
8ca. Small efficiency GRE, 100-year quake, FG2, unpumped SST
8cb. Medium efficiency GRE, 100-year quake, FG2, unpumped SST
8cc. Large efficiency GRE, 100-year quake, FG2, unpumped SST
8cd. Small efficiency GRE, 1,000-year quake, FG2, unpumped SST
8ce. Medium efficiency GRE, 1,000-year quake, FG2, unpumped SST
8cf. Large efficiency GRE, 1,000-year quake, FG2, unpumped SST
8cg. Small efficiency GRE, 10,000-year quake, FG2, unpumped SST
8ch. Medium efficiency GRE, 10,000-year quake, FG2, unpumped SST
8ci. Large efficiency GRE, 10,000-year quake, FG2, unpumped SST
8cj. Small efficiency GRE, 100-year quake, FG3, unpumped SST
8ck. Medium efficiency GRE, 100-year quake, FG3, unpumped SST
8cl. Large efficiency GRE, 100-year quake, FG3, unpumped SST
8cm. Small efficiency GRE, 1,000-year quake, FG3, unpumped SST
8cn. Medium efficiency GRE, 1,000-year quake, FG3, unpumped SST
8co. Large efficiency GRE, 1,000-year quake; FG3, unpumped SST
8cp. Small efficiency GRE, 10,000-year quake, FG3, unpumped SST
8cq. Medium efficiency GRE, 10,000-year quake, FG3, unpumped SST
8cr. Large efficiency GRE, 10,000-year quake, FG3, unpumped SST
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. 9. Probability of an earthquake-induced ignition source.
9a. 100-year earthquake, thick liquid layer present

9b. 1,000-year earthquake, thick liquid layer present

9c. 10,000-year earthquake, thick liquid layer present

Key issues for seismic parameters:
®  When is the liquid layer “thick”?
liquid thickness > X? (X = absolute thickness, e.g. 1 m)
liquid thickness divided by total waste depth < Y? -
(Y = fraction of waste height that is liquid, e.g. 10%)

‘e Does a tank that exhibits BD GREs have the same probability

“of seismic-induced GREs as a tank with a thick liquid layer
but does not exhibit BD GREs, given that the earthquake
magnitude and GRE efficiency is the same?

e  For tanks with a thin liquid layer, do FG1 DSTs, FG2 DSTs,
and unpumped FG2 SSTs have equivalent probabilities for
seismic-induced GREs of equal release efficiency given the
same earthquake magnitude?

B165



. HNF-2193 Rev. 0
PartB -

Potential new parameters?

'10. Fraction of gas released from solids layer by steady-state

mechanisms, F_ .

10a. Tank at risk for BD GREs .

10b. Tank not at risk for BD GREs; thick liquid layer present
10c. Saturated waste

10d. Pumped waste

Other potential conditioning factors: )
sludge, saltcake, FG2/FG3, [TOC], [Al], [Na], [NO,]

Gas generation in liquid layer already assumed steady state release.

11. Frequency of spontaneous GREs by mechanisms other
than BD when thick liquid layer is present but BD GREs.
are precluded.
11a. Small release efficiency

11b. Medium release efficiency
11c. Large release efficiency

Other potential approach: absolute frequency of small releases + relative
frequency of medium + relative frequency of large

Other potential conditioning factors:
sludge, saltcake, FG2/FG3, [TOC], [Al], [Na], [NO,]

Amount of release for each efficiency is determined by conservation of gas:

Y(release efficiency x volume retained gas x frequency of release)
= (1-F ) X total gas generation in solids layer
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PotentiaI_Sources. of Significant Conservatism
- In AF for SSTs
No Steady-Staté Gas. Release, only GREs
Void Fraction
- Frequency of Induced Release for each release efficiency -
Frequency of Spontaneous Release Efficierii:y
Probabiliiy of GRE-induced Ignition Source
99.5% Meteorology
Duration of Stratified Layer Time at Risk

Release Gas Concentration in Stratified Layer (centerline vs.
average plume concentration when plume reaches dome)

Mass Suspended

Respiraﬁle Fraction of Mass Suspended

No Source Material Deposition or Splashback
No Overburden Filtration

ULDs Versus Actual Tank Inventories
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Evidence of Cdnservatism in AF for SSTs

Mass Balance on Gas Generation & Release
Void Fraction Distribution Tails

Deflagration Release Frequency' Mismatch to Historical
Observations '

Respirable Fraction Compared to Experiments and Experience

ULDs Vel;sus Actual Tank Inventories
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Mass Balance on Gas Generation & Release

Representative Tank TX-112
649,000 gal waste (~6.0 m depth, ~2460 m®)
Calc Note 116 estimates 9.45x10 ft*/min (14.07 m®/yr)

50'" Percentile Void Fraction (FG2 unpumped) ~12%
x 2460 m® waste x 1.5 atm avg pressure = ~440 m® retained

50" Percentile Release Frequencies:
small ~ 1/yr, medium ~ 1/150 yr, large ~ 1/100,000 yr.

Small ~ 2% efficient release, Medium ~ 10%, Large ~ 35%:
annual release =0.02 x 440 m® x 1/yr :
o +0.10 x 440 m* x 1/150 yr
+ 0.35 x 440 m® x 1/100,000 yr
=9.095 milyr

90*" Percentile Void Fraction ~ 28.5% :
X 2460 m® waste x 1.22 atm avg press = ~ 850 m® retained

90" Percentile Re‘Iease Frequencies:
small ~ 7/yr, medium ~ 1/5 yr, large ~ 1/500 yr

annual release =0.02 x 850 m* x 7/yr
+ 0.10 x 850 m* x 1/5 yr
+ 0.35 x 850 m® x 1/500 yr
=119.0 + 17.0 + 0.595 = 136.6 m®/yr
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Mass Balance on Gas Generation & Release (Cont.)
stimated tank gas generation rate = 14.07 m3lyr

Jas per small release = 0.02 x 850 m® = 17.0 m*/rel
nedium = 0.10 x 850 m® = 85.0 m°/rel
arge = 0.35 x 850 m® = 297.5 m*/rel .

small = 17.0 m¥rel x 7 rellyr = 119.0 m’/yr
nedium = 85.0 m®rel x 1/5 yr = 17.0 m®/yr
arge = 297.5 m®/yr x 1/500 yr = 0.595 mlyr

yas gen rate from Y (efficiency x volume x f) = 136.6 m®/yr

small = 119.0 m®/yr / 136.6 m*lyr = 87.119% of gas release
medium = 17.0 m3/yr / 136.6 m®lyr = 12.446%
Jarge = 0.595 m°lyr / 136.6 m’lyr = 0.435%

small = 87.119% x 14.07 m®/yr = 12.26 m°/yr
medium = 12.446% x 14.07 m*lyr = 1.752 m°lyr
large = 0.435% x 14.07 m3/yr = 0.0613 m3lyr

OPTION 1: Adjust release amounts to match gas generation
small = 12.26 m®lyr / 7 releaselyr = 1.75 m®/release
medium = 1.752 m®lyr / 1 release/5 yr = 8.76 m’/release
large = 0.0613 m®yr / 1 release/500 yr = 30.65 m*release

OPTION 2: Adjust release frequencies to match gas generation
small = 12.26 myr / 17.0 m*/rel = 1 rel/1.39 yr
medium = 1.752 m3/yr / 85.0 m*/rel = 1 rel/48.5 yr
large = 0.0613 m3lyr 1 297.5 m®rel =1 rel/4853 yr
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Adjusting amounts or frequencies to match total gas
generation if-

Y (efficiency x volume x f) > estimated gas generatio.n
results in zero steady state release.
Recommendation: the fraction of gas generated that is
released by steady state mechanisms, F_; ., should be

estimated and the GRE amounts or frequencies adjusted to:

Z(efficiehcy x volume x f) = (1-F ,;_,) x est. gas generation |
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Elicitation Parameters

Mass of transportable materlal suspended/released from a

DST.

5Aa. Total mass of transportable waste suspended in DST headspace by
burn insufficient to fail HEPA' '

5Ab. Total mass of transportable waste suspended in DST headspace by
burn < 20 psig with HEPA failure

5Ac. Total mass of transportable waste suspended in DST headspace by
burn > 20 psig but no dome failure

5Ad. Total mass of transportable waste released from DST by burn that
causes dome failure

5Ae. Total mass of transportable waste released from DST by detonation -
that causes dome failure

Mass of respirable materlal suspendedlreleased from a
DST.

5Ba. Total- mass of respirable waste suspended in DST headspace by burn
insufficient to fail HEPA

5Bb. Total mass of respirable waste suspended in DST headspace by burn

. < 20 psig with HEPA failure

5Bc. Total mass of respirable waste suspended in DST headspace by burn
> 20 psig but no dome failure

5Bd. Total mass of respirable waste released from DST by burn that causes
dome failure

5Be. Total mass of respirable waste released from DST by detonation that
causes dome failure

Probability of BD GRE-induced ignition source.
6a. Small efficiency BD GRE

6b. Medium efficiency BD GRE

6c. Large efficiency BD GRE

Duration of a BD GRE (time to ~95% of peak headspace

concentration).

7a. Small efficiency BD GRE
7b. Medium efficiency BD GRE
7c. Large efficiency BD GRE
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Probability of an earthquake-induced GRE

8aa.
8ab.
8ac.
8ad.
8ae.
8af.

8ag.
8ah.
8ai.

Small efficiency GRE, 100-year quake, thick liquid layer DST
Medium efficiency GRE, 100-year quake, thick liquid layer DST
Large efficiency GRE, 100-year quake, thick liquid layer DST
Small efficiency GRE, 1,000-year quake, thick liquid layer DST
Medium efficiency GRE, 1,000-year quake, thick liquid layer DST
Large efficiency GRE, 1,000-year quake, thick liquid layer DST
Small efficiency GRE, 10,000-year quake, thick liquid layer DST
Medium efficiency GRE, 10,000-year quake, thick liquid layer DST
Large efficiency GRE, 10,000-year quake, thick liquid layer DST

8ba.
8bb.
8bec.
8bd.
8be.
8bf.
8bg.
8bh.
8bi.
8bj.
8bk.
8bl.

gbm.

8bn.
8bo.
8bp.
8bq.
8br.
8ca.
8ch.
8cc.
8cd.
8ce.
8cf.

8cg.
8ch.
8ci.

8cj.

8ck.
8cl.

8cm.

8cn.
8co.
8cp.
8cq.
8cr.

Small efficiency GRE, 100-year quake, FG2, pumped SST
Medium efficiency GRE, 100-year quake, FG2, pumped SST
Large efficiency GRE, 100-year quake, FG2, pumped SST
Small efficiency GRE, 1,000-year.quake, FG2, pumped SST
Medium efficiency GRE, 1,000-year quake, FG2, pumped SST
Large efficiency GRE, 1,000-year quake, FG2, pumped SST
Small efficiency GRE, 10,000-year quake, FG2, pumped SST
Medium efficiency GRE, 10,000-year quake, FG2, pumped SST
Large efficiency GRE, 10,000-year quake, FG2, pumped SST

_ Small efficiency GRE, 100-year quake, FG3, pumped SST

Medium efficiency GRE, 100-year quake, FG3, pumped SST
Large efficiency GRE, 100-year quake, FG3, purnped SST
Small efficiency GRE, 1,000-year quake, FG3, pumped SST
Medium efficiency GRE, 1,000-year quake, FG3, pumped SST
Large efficiency GRE, 1,000-year quake, FG3, pumped SST
Small efficiency GRE, 10,000-year quake, FG3, pumped SST
Medium efficiency GRE, 10,000-year quake, FG3, pumped SST
Large efficiency GRE, 10,000-year quake, FG3, pumped SST
Small efficiency GRE, 100-year quake, FG2, unpumped SST
Medium efficiency GRE, 100-year quake, FG2, unpumped SST
Large efficiency GRE, 100-year quake, FG2, unpumped SST
Small efficiency GRE, 1,000-year quake, FG2, unpumped SST
Medium efficiency GRE, 1,000-year quake, FG2, unpumped SST
Large efficiency GRE, 1,000-year quake, FG2, unpumped SST
Small efficiency GRE, 10,000-year quake, FG2, unpumped SST
Medium efficiency GRE, 10,000-year quake, FG2, unpumped SST
Large efficiency GRE, 10,000-year quake, FG2, unpumped SST
Small efficiency GRE, 100-year quake, FG3, unpumped SST
Medium efficiency GRE, 100-year quake, FG3, unpumped SST
Large efficiency GRE, 100-year quake, FG3, unpumped SST
Small efficiency GRE, 1,000-year quake, FG3, unpumped SST
Medium efficiency GRE, 1,000-year quake, FG3, unpumped SST
Large efficiency GRE, 1,000-year quake, FG3, unpumped SST
Small efficiency GRE, 10,000-year quake, FG3, unpumped SST
Medium efficiency GRE, 10,000-year quake, FG3, unpumped SST
Large efficiency GRE, 10,000-year quake, FG3, unpumped SST
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Probability of an earthquake-induced ignition source in a

DST.

9a. 100-year earthquake
9b. 1,000-year earthquake

9c. 10,000-year earthquake

Frequency of spontaneous GREs in DSTs when thick
liquid layer is present but criteria for potential BD GREs
are not met.

11a. Small efficiency release

11b. Medium efficiency release
11c. Large efficiency release

e When is the liquid layer “thick”?
liquid thickness > 1 meter
e For DSTs with liquid layer < 1 m, use unpumped FG2 SST
probabilities for seismic-induced GREs '
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Particle Removal by'FaH‘ing.Debris

Efficiency = fraction of aerosol removed from swept volume
of a falling particle

Stokes Number = Stk = stopping distance of a particle
characteristic dimension of obstacle

|
|
1 O
1
|
1
| ° ,'————1 Swept Volume
! |
[ I
- I
| 0 © I
1 |
! 1
[ o 1
I I
i O f
1 1
1 1
1 !
! O 1
| |
| !
1 1
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Percentage of Swept Volume Collected
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Collection Efficiency

LR 1|nl1]n|.[.|.|.l||.| T 1
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Efficiency (fraction)
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Collection Efficiency
(Powers and Burson, 1992, SAND92-2689)

1 01 | I T I 1 T
Collecting Droplet Diameter
— 200. pm
SN 400 pm .

10% L == 800 um ) -

v . === 1600 pm -
107! 4
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Penetration Efficiency

(8 ft thick, 35% porosity, 40 psi pressure differential)

10 Lo

2 cm gravel -

0.5 cm gravel

! L

2

3 4
Particle Diameter (microns)
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Entrainment Flux (kg/m2/_s) g
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Convective Entrainment Data
: Dry Powders
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Smash & Splash

To determine aerosolization from dome collapse

Experiménts for smashing glasses and ceramic
materials against a hard surface correlated with

Vrespirable = 2 X 107 [Eimpaci(1)/Volume]Volume

10° J/m® < [Eipace(T)/Volume] <107 Jm®

(MacDougall, Scully and Tillerson, SANDS4-2641, 1987)

To apply, need kinetic energy of falling debris and volume
of waste impacted.
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Gravel Gertie Filtration

To determine venting filtration through overburden

Luna, Sandoval, Taylor, Grandjean, and
Newton, SANDS83-0840, 1984

. Gravel Gertie | Hanford.
e Gravel depth about '8 feet of dirt with
18 feet inches of gravel

(gravel size 1- 3 inches)

e Gravel supported by Concrete dome may
wire mesh to allow inhibit venting
venting

e Measured respirable
release fraction
51x10°+4.0x% 107

B189



HNF-2193 Rev. 0
PartB -

L oplis
86/7—0om-zdys)im

Buayg Buiyg-nw

8661 ‘L1 Arenigad

Il Yed - S9RIAOY
9AISNJU| 9)SBA\ pue SO Juswade|dsiqg
juefong Buling aseajay eluowwy
10} v_._0>>.mEm._u_ sisAjeuy pasodo.id

S)yue| 9}IS pPJOJUBH Ul JUBWISSASSY YSIy Ses) ajqewiwe|H
10J >m2ob.o§m§ sisfjeuy Ajojes paulady

B190



Rev. 0

HNF-2193

Z oplIs
86/2-09M—zdysiim

Part B -

9)SeM oY)
Ul UOIJBJIUBDUOD BIUOWIWY O} |[9POIA JO A}JiAl}ISUSS W

aseyd
seo) Ul 92UR)SISaY Jajsuel] SSe\ Jo uonesuie|d |

auIpnQ

siajsuel] 9)sep| 03 [opo jo uonesiddy @

B191



Rev. 0

. HNF-2193

€ oplis
86/z-0om—zdyssm

en 49 GL°0 = ¢, IS/YS en 49 G1°0 = ¢y 1d/NN

UoioBAUO) (Jewsay ) [einjeN o} uoeelio) |

uwIS/YS = uid/NN

PartB -

:A301euy WING[oD-UoNIyY) W
U/LYH + UL = U

1S90UB]SISAL
aseyd Jodea pue pmbi| Jo wns se 90ULISISAI [[BIRAQ W

aseyd seo :_ uo:mum_wmm_ Jajsueu] ssep

B192



Rev. 0

HNF-2193

PartB -

¥ opls
86/2—0am-zdysyam

'66 = L¥H

o

$29°0=Xdori = 1d @

Jol=1V ©

0L X LTT=71/(1V¢™ 1,99 B) =19 @

185'0="adni =25 @

jue) 9y} Joj W 'L = ¢ = JLZ [ = ..Quwr:_._wn\mw._ﬁ = ul_ o

WM 0L X €€ = (drau)(A/L) = “(LPiAPINL = ¢ @

S/Wg0LXgZ="q @

Do - ZW/W-M 69200 =) ®

20-BIr 0501 = OB/ 62°0="0 @

ew/By L) = (M) (L/d)=d e

S-WbY ¢-0L X 27, =do 100 =1 ®
siojoweled

:om::__a:oov mwm_,_m_. sSeo) Ul 92Ue)SISaYy ..&m:m._ 1 SSseiN

B193



‘Rev. 0

. HNF-2193

PartB -

gopis

86/Z—0om—zdysyim

‘aoue}sisal aseyd
pinbij yym pasedwod jjews s| adue)sisal aseyd sec) @

uoisnjouo9n
2.0°0 = 9oue)sisay aseyd "bij/eouelsisoy aseyd ses @

(s 0002 ="""*'2 10)
wy/s mc_‘ X¢'g= ._Ev doue)SISaYy aseyd pinbi] e

wys ,01 X 0'9 = "y/LyH eour)sisay oseyd seo e
S/w 0L X991 ="y ®
s}insay

(panunuo9) mmmcm Seo) U] 92Ue)SISay k_ﬁw:m._ 1 SSeiN

B194



wco_m& \cm_oco,omw pue jusinging Jo}
a)sem BulnleDal 10 pallajsuel) ay) Jayla
jo Jobie| ay} ash ‘| pue w 1o :SJoN

Py/LyH + Ty = YL usyL

_ HNF-2193 Rev. 0
PartB -

“uoibal aoueaginisip Alepuoosg—
aoelins ajsem jus|ngin| —
- uwinjoo a)sem Buljie4—
sued 981y se [9poN
Siojsuei] Bunng osesjoy ElUoWllY

"y pue Ty dojene( ‘uoibiey yoeg Jo4

B195



. HNF-2193 Rev. 0

PartB -

o1 9S 71 @4C™pa)re9 0="y
aje|d jeylj 1oy ABojeue uing|o)
-uojjiyo Aq juaidiyeod wiy Jodep .

(2" 16 ele + " NDg ol 01/ 'a)(/L)="Y
-~ [°n - go(162+"M1(6/1) ="
7 JeA0 "aAe S| "Ps00 Wiy bi .
(0L =Y 18066ns) Ny by =
eaJe Jajsuel) ssewl SAI08lT
pasodxa s| a)sem sai, .

uwinjo) a3sepp buijed

B196



 HNF-2193 Rev. 0

Part B

eo(™*'Q) = Ty uayy
x_mED\.:U _Moaualy wwmmmsm

JUSIOIS0D Wl pPINDIT «

a)sem Buljje) Joj se swes as

JUSIOWS00 WY Ses -
0l = 4 )sebbns *¥p 2 =1p .

-9Jdeling mu_.w_m>> jua|ngJin|

B197



Rev. 0

PartB -

. HNF-2193

S ¥G1°0

SS/c - SO-HL =Y

S/ €0-J0L 1=3Y

volL. =V
0 =t

- Arepuooeg

S/CWCO-406 =Y
s/gu 20-49'C =34
S/cW  $0-3dv L=IY
=Maual}
s/W 6’6 =Xewn
cugeg’'L =V

oL =d

juangJny

S/ W

S/qWl

s/cu - G0-H60C=4

CO-He'C =Y
C0+400°' T =LdH
20-49'C =34

aseyd sed $0+H9¢ L=Y
S 60 =llel

s/w 0.0 =0N

w S =]

oseydse8 970 =9S.

S/CWS0-d0S'C =34
S/CW60-406'C  =1d
W ¢6'ce =Y
w  GJ'Q=edidp

$-W/BY GO-386' | =A11S00S1A

gw/By gl | =K1susp
oL =4

Jie ui Buijjej apsem

siajouleled

B198



. HNF-2193 Rev. 0
PartB -

lajsuel) aseyd seb
uey) Jamojs si Jajsuels) aseyd pinbi
JI }JNSaJ SAI}BAISSUOD B SaAID SIY] .
~diysuoinejal uoljoaAu0D
leanjeu Aq °y ureqo pue payw
oseyd seb s| Jajsuel) SSeW SWNSSY «
| SUOIJOE SABM
JO 9sne2aq [apow 0} JNJUHP SI 1Y «
(o€ = £} 1s9b6Bns) **p € = ISp .

9oueqin]sig Alepuodsag Jo uoibay

B199



cui/Q[ow-3 Ul ST W 910N

. KR )

pO-P'9  €0-HbE €0-HTT S“w\,\m umo-m:.m Ty SOI-NV
6£0'0 Hte 32D 010 SO0 810  09¢ €0I-AS
95’0 hsegel 010 ¢ 810 09¢ 101-AS
TID [e101 AIBpUOOSS JUSINQIN}  UWIN[O0 W Yuej,

 HNF-2193 Rev. 0
PartB -

S/9|oW ‘9)ey ases|ay

s)|nsay

8200



HNF-2193 Rev. 0
PartB -

s3yo Buunp

soses|al uey) Jayealb 1o Japio

swies ul aJe sajel asesjal a)jedlpul
sJajsuel] 1o} suoie|no|ed |apolN «

Blep 349 yum juswaaibe

POOb Ul S}NsaJl SUOIJBIJUSOUOD

BlUOWWE 8}SEM 9]eWI}Sa 1Saq YlIM
souejsisal aseyd-seb jo uoisnjouj »

suoIsn|puon

B201



HNF-2193 Rev. 0

PartB -

Experimental and Theoretical Turbulent
Diffusion Modeling of Global Light
Gas Releases in a Tank Headspace

M. Epstein
and
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Problem Statement

Consider global gas release events (GREs)
characterized by release over a large fraction
of the waste surface and by fairly uniform
headspace concentration except early in time

. near the waste surface

GRE is vsually not of sufficient size to achieve
the lower flammability limit (LFL) in the
headspace as a whole; however,

the released gas concentration will exceed its
LFL during the GRE in the transient
concentration boundary layer just above the
waste surface.

Can flammable gas concentrations in the
boundary layer increase to levels that could
threaten the tank dome?
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Gravitational Mixing Diffusion Coeffici
(Baird & Rice, 1975) '

m(zt) = - p D, %z—

h” = upward mass flux of light fluid

= mass fraction of light fluid

= mixture density

vertical distance above release surface

D <2 ga_pllz
T PaZ

= characteristic mixing length

B205
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Previous Work Gravitational Mixi
n High-A Ratio Tul :
Baird & Rice, .19.75
Gardner, 1977
- Epstein, 1988
Baird & Ramo Raq, 1991
Holmes et al., 1991

Baird et al., 1992
¢ ~0.65D (D = tube diameter)

Question: What is { for mixing layers that are
broader than they are tall?
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0.64 Brine/Water

k=1 [—5 - 1] Heavy gas/Light gas (GRE)
L

Species Conservation Equation:

Qz N a_*Y— 32
oz

Boundary condition at release (waste) surface (i.e.

oY 3
Y | (oK)
5 - @

catz = 0)
( K)1/2 QZ + Q_Y_ A?’/Z - qu() Brine/Water'
® T oz M, /M, Heavy gas/Light gas
Y, = initial solute (salt) mass fraction
u, = light fluid release (injection) veloc1ty

M = molecular weight
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Note:

Potential Natural Length Scales for !

, = constant
ot
O (see note)

empirical constants to be determined by
experiment ’

instantaneous vertical height (thickness)
of mixing layer

Similar length scale used in application of
Prandtl’s . mixing length model to
momentum transport in jets or wakes.
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-8-
Asymptotic Similarity Solution to Diffusion

. 3 A —_ ) 5
Mixing length thickness:
3(t) = 9.94 B? (gku,Yy)” t?

Solute (salt) mass fraction

0216 { wY,|"
Y@t =Y, - =5 (g"kt"] £©)

_ 0216z
BZ (gkquot 3)1/2

1. Complete solution with molecular diffusion
and forced convection converges to asymptotic
solution in less than 0.5 sec.

2. P can be determined by measuring mixing
length and/or solute mass fraction.
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\/\MN\MA./\M_/\/_\/\N
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Sample )
Ports ' : Brine

b

e
Mlxmg EETETETT

Ve | TETE Zone SEEEETS
: =T

T s Rt S

-Porous Piate
<+«—Water

Inlet
Valve

MEGEA0.COR 1-29-98

Figure 4-1  Schematic diagram of apparatus for studymg density
gradient-driven mixing using a brine/water system.
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Asymplamu.sﬁ .HMMME on for GRE
Mixing length thickness:

6(t) = 9.94 B [g u, (1 - M/My) "

Released gas mass fraction at waste surface

0.303 (M;/Mp) u,
B> |sMy/M -1t

1/2
Y(0,t) =

Approximate released gas mass fraction
distribution in mixing layer

Yt) - YO, |1 - 2|
(z,t) = (9)[ %}

Mass of flammable gas within layer:

2y (8) A 2 3
m, = A, P f Y(z,t)dz:T'ele(O,t)é(t)1-(1—%)
)

Z,, = instantaneous vertical distance to
lower flammability plane
Ay = release area :
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Example

GRE: 60 m’ of H, gas released over 2 min through
A, = 100 m’ of waste surface (u, = 5 mm s™).
Vi max = .'3.48 m’ (5.8% of total H, released)
tm;x = 16.5s

5t,) = 411m

Zip(tho) = 0.7 m

Vg (t,) = 3.49 x 10° (20% above LFL)

AP..,. = 3.3 psi (stoichiometric)
AP ... = 13 psi (incomplete combustion)
Conclusion

Flammable gas buildup in the boundary layer
above the waste surface to levels that could
threaten the tank wall is unlikely.
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-13-

TENTATIVE CRITERION FOR
PLUME/MIXING LAYER TRANSITION

Mole fraction of light (releésed) gas at waste
surface as a function of height d(t) of mixing
zone:

_ 0.652

x[0,3(t)] = x, 33

: 2 1/3
u,
g (1 - M/M,) 6]

Region just above waste purged of headspace air
if x; ~ 1.0. Thus the critical purging velocity is

u, = 0.055 [g8 (1 - M;/Mp)["?

What is 5?
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(Continued)

As vertical distance above release area increases
the unstable layer may become plume-like.

Air entrained by mixing (unstable) layer (uf)
Q, = 0.65 A, [g u, 1 - M/Mp) z]'®
Air gntraine_d by plume (p?)
Q, = 015 A, u, g MM, - 1) 25"

Unstable layer transitions to plume at height z,
where Q,, ~ Q,:
’ 14

A 12

rel

M
ztl' o 3.0 (—ML

H

Example: M, = 2.0 My = 29.0

Ay,=10m* z_=15m
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v . :
Figure 1-1  Light gas release regimes. . [\
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Void Fraction

‘Comparing Elicited and Tank Data

— Elicited
A  Tank Data i
5 10 15 20 25

Void Fraction (percent)
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AF-Calculated Peak H, Concentration (ppm)
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Peak H, Concentrations

Comparing Measured and Calculated Concentrations

4000

3000

2000

1000

i 1 i T T T T

Conservative Region

Nonconservative Region

®  Tank Data
— 45°Line

0 500 1000 1500 2000 2500 3000
Measured Peak H, Concentration (ppm)
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AF-Calculated H, Release Rate (moles/min)
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H2 Release Rates (Salt Well Pumping)
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" AF-Calculated H, Release Rate (scfm)
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H, Release Rates (Salt Well Pumping)

0.8
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0.5
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0.0

(DRAIN Code and AF-Model)

— 45° Line
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AF-Calculated Time-At-Risk (min)
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Plume Model
(Detailed Codes and AF-Model)

104 I l. 1

— 45° Line

10° F B -

10% +

100 L

10° 10t 10? 103
Detailed Code Time-At-Risk (min)
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Seismic Response of DST Waste

Chuck Stewart PNNL

Part of the baseline risk of storing radioactive waste is the potential for retained gas to be
released during the waste disturbance caused by a major earthquake. Waste mobilization during a
1000-year Design Basis Earthquake has been investigated via transient simulations with
displacement boundary conditions using the ANSYS structural analysis code. Results are reported
in Reid & Diebler (1997). Prior work is summarized in Stewart et al. (1996).

Four different waste configurations and several parametric cases were modeled to represent
both single-shell tanks (SST) and double-shell tanks (DST). For SSTs a homogeneous solid
waste with two depths and two yield stresses were modeled along with a special case representing
the solid-over-liquid configuration of A-101. “Typical” DSTs were represented by a liquid-over- )
solid configuration with two depths and yield stresses. The total waste depth was divided equally
between liquid and solid. A solid-over-liquid-over-solid waste was also modeled to represent
tanks with a thick floating solids layer, specifically AN-103. :

‘The simulations estimated the volume of the waste mobilized under the following
assumptions:

e Waste is homogeneous except for distinction between liquid and solid layers

o  Stress-strain behavior modeled as elastic to 5% strain then perfectly plastic (constant
stress) to 100% strain at which point the material is considered “mobilized”

o Mobilized waste can release gas (though gas release was not specifically quantified)

o Perfect coupling assumed between soil and tank, effect of double-shell neglected

The details of finite element modeling and parameter values used are given in Reid & Deibler
(1997). For a discussion of the seismicity of the Hanford area, refer to the presentation by Alan
Rohay, PNNL, to the SCOPE Workshop #2, April 28-May 2, 1997.

All of the simulations quickly developed localized regions exceeding 100% strain. This
stretched the capabilities of the ANSYS code. In hindsight, the phenomena might have been better
modeled with fluid dynamics than with structural mechanics. However, the basic waste behavior
revealed by the results gives some clear insights as to the potential effects of a severe earthquake.
In summary:

e A large fraction of the seismic energy is dissipated in surface waves whose maximum
amplitude is in the central region of the tank .

o A liquid layer strongly amplifies the effect of the surface waves on the solids layer

e As a consequence, most of the solid waste in a DST is mobilized

Assuming 100% of the solids are mobilized and able to release gas, on the order of 50% of the
total gas inventory might be released in the 1000-year earthquake studied. This release fraction is
based on actual release fractions in the large, violent rollovers in SY-101 and from buoyancy
considerations (see Meyer et al. 1997).

There is not sufficient data to extrapolate these results to more or less-severe earthquakes
other than to say that a 10,000-year earthquake would probably not release much more than 50%
of the gas and a 100-year earthquake would probably release somewhat less than 50% of the
retained gas. Removing the liquid layer would tend to convert the DST waste to resemble an SST.

REREE
ANSYS is a trademarked proprietary code, but a user’s license is iall ilable from Analysis Systems, Inc.,
Houston, PA.
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In the absence of the surtace wave amplification caused by the liquid, relatively little of the total
waste is mobilized and relatively little of the total gas is released (Reid & Diebler 1997).

References

Reid HC and JE Deibler. 1997. Seismic Event-Induced Waste Response and Gas Mobilization
Predictions for Typical Hanford Waste Tank Configurations. PNNL-11668, Pacific Northwest
National Laboratory, Richland, Washington.’

Meyer PA, ME Brewster, SA Bryan, G Chen, LR Pedersen, CW Stewart and G Terrones. 1997.
Gas Retention and Release Behavior in Hanford Double-Shell Waste Tanks. PNNL-11536, Rev.
1, Pacific Northwest National Laboratory, Richland, Washington.

Stewart CW, ME Brewster, PA Gauglitz, LA Mahoney, PA Meyer, KP Recknagle and HC Reid.

1996. Gas Retention and Release Behavior in Hanford Single-Shell Waste Tanks. PNNL-11391,-
Pacific Northwest National Laboratory, Richland, Washington. :
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Seismic Response of DST Waste

Chuck Stewart
PNNL

Expert Panel Elicitation Workshop #1,
January 19-23, 1998,
Richland, Washingmu. )

Seismic Response of DST Waste

. Efféct of 1000-yéar Déign Basxs Earthqha.ke on
~ SST and DST waste

Based on transient simulations with disﬁlacements
 at tank walls (ANSYS)

Elastic-perfectly plastic material

“Mobilized” waste can release gas (based on strain
energy density)

Large gas releases can be expected from DSTs
during severe earthquakes
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Waste Configurations Modeled

1000-Year Earthquake
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Historical Seismicity of Columbia Plateau
‘ 1850 — March 23, 1969
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Recent Seismicity of the Columbia Platuea
March 23, 1969 - 1989
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Displacement History

. Vertical Displacement Horizontal Displacement

a1 Dieptacarant (4,

Rortzen

- Waste Material Properties

* PlasticRegion
" Region
Elustic Rogion
100%
Strain R Strsin
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~Simulation Results

A large portion of seismic energy is dissipated in surface
waves

The lignid layer amplifies the effect of waves on the solids
Jayer . . . o . .
Consequence: Most of the solid waste is mobilized

Fraction of Solids Volume Mobilized

® 7 .
i
e / o7
2 4
2, /. [ s0ress asain oo
E
® s
» 4 4.
g 4 T
- B
olas H
L PO RN S IR J - R
Timo {s0c)

“Strain Distribution in Solids

Map of Peak Strains Map of Peak Strain Energy Density

{d00-inch depth, 300 Pa yield stress)
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Summary of Results

Waste Configaration
‘Homogeneoas (SST)

A101) -
kan.k!-ov«&l{d OSDHE . ™
(aN-108)

Gas releases ~30% of retained
volume may bepossible.

Extrapolation?

» Other earthquakes?
—~ 10,000-year: still ~50% gas release
— 100-year: probably < 50% gas release
* Removal of supernate?
— probably converts to SST pattern - little gas release
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ADVANCED ELICITATION TOPICS

Detlof von Wi_nterfeldt

Decision Insights, Inc.

February 12, 1998
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PURPOSE OF THE ELICITATION:

e Review the rationale for your probability judgments

e Help you create a defensible representatlon of
probability judgments

Create a fit of your probability distribution

Provide a rational for the fitied probability
distribution
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WHAT WILL WE DO IN THE ELICITATION?

1

2.

. One on one elicitation

Start with a variable of conditioning case that you
have the most data for. '

Elicitator checks fractiles, pushes a little on upper
bounds and lower bounds, and checks for

_consistency.

. Elicitator fits probability distribution using

computer program, records reasoning for shape.

Elicitator prints out results for review.
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WHAT SHOULD YOU BRING TO THE
ELICITATION?

For each elicitation variable that you chose
and for each case: '

1. Minimum: 5%, 50®, and 95™ fractiles of the
cumulative probability distribution

2; ‘Desired: Lower and upper bounds

3. Explicit justification of at least three points identified
in 1) and 2) using referenceable materials

4. Logic to extrapolate or interpolate between cases
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pg#ia

SCOPE: Probability Elicitation Protocol

Date:

Expert: Phil Gauglitz
Analyst: Detlof von Winterfeldt
Variable: #1: Void Fraction
Units: Percentage
Conditions: Case 1: Il wio SWP

$/20/97

0 0.1 0.2 0.3 0.4 0.5
Fitted Distribution: Normai(0.25,0.0975)
- Truncate at 0!

General Comments: * $106, U103, $102
* at higher end of void fraction
" risk significant tanks
” see reference 2.1 in expert's write up
Specific Comments about Fractiles:
x F(x) Rationaie
0.25° 0.5 * U103 = max 37%, av=10%
" A101 = 12-18%, lower gas fraction
" §106 = barom. pressure suggests 38%(mid 20s, low 30s)
" 8102 = 19% (barom. pressure)
* Lab studies up to 50%
0.08 0.05 * between 5 and 8%
° 2tanks measured at 15%
* use half of this
0.4 0.95 * Lab studies up to 50%
" experiments create bubbles too rapidly, overpredicts ret. gas
locally may exceed, but not on average
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SCOPE: Probability Elicitation Protocol

Date: 5/20/97
Expert: Phil Gauglitz

Analyst: Detlof von Winterfeldt

Variable: #1: Void Fraction

Units: Percentage

Conditions: Case 1: 1l w SWP

O« W W s ®

[ 0.1 0.2 a3 0.4 0.5

o

0.1 0.2 03 0.4 0.5
Fitted Distribution: Log-Normai(-2.26,0.7)

General Comments: * 8106, U103, S102
" at higher end of void fraction
* risk significant tanks
" see reference 2.2 in expert's write up
Specific Comments about Fractiles:
X F(x) Rationale
* SWP releases gas, but limits to efficiency
* reduced by half

0.1 0.5~ stilla chance of one tank in 20 with properties to limit escape of gas
0.03 0.05 * half of w/ SWP
0.35 0.95 * Still some chance of retaining gas
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WHAT WILL WE DO AFTER THE
ELICITATION?

. DII will review the individual probability
distributions and contact experts if there are any
problems.

. The fitted distributions will be averaged across
experts.

. Individual and averaged distributions will be shown
to you for feedback

. The average distribution will be used in the Analysis
Framework.
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Experimental Study of Aerosol Filtration
by the Granular Bed Over a Wide Range of

Reynolds Numbers

Yoshio Otani.* Chikao Kanaoka, and Hitoshi Fmi

Department of Chemical Engineering, Kanazawa Unit

2-40-29 Koda:s

wno, Nanazawa 920, Japan

The collection pesformance of granutar bed filters con-
sisting of unifora sphieres with diameters of 0.5~2.0 mm

¢ experimentally “studied by using  monodisperse
acrosol particies v from 0.02 to 2 piat in diameter
at supeehicial velocity from 0.4 t0 120 e /s Based on
the experimental data, peediction equations of colicetion
cificiency due to individual meehanical collection mecha-

more,
chanieal e
plicable to

e wile rasge of Glration conditions is
propased.

INTRODUCTION

The granular bed filter has a relatively high
pressuse drop compared to fiber bed filters
but it is onc of the {ew potential gas filtra-
tion media for high-temperature and bigh-
pressure application. In predicting collection
performance al a high temperature and &
high pressure, the collection characteristics
of the granular bed at standard temperature
and pressure has to he welt understood. Thus,
the aim of the present study was to obtain a
general cxpression of the collecitron cfli-
ciency of a clean granular bed.

Under ordinary conditions, aerosol parti- '

cles are capiured in the granular bed mainly
by mechanical collection mechanisms, such
as inertial impaction, Brownian diffusion,

-gravitational settling, and intéreeption. There

are a large number of theoretical studies.
(e.g., Langmuir and Boldgett, 1946; Paretsky
et al., 1971; Kanaoka ct al. 1972; Tardos

“To whom corzespondence should be addressed.

Acrosal Scicnee and Technology 10:463%474 (19590
v, 1949 Bhaevicr Scicree Publishing Cdy Inc.

et al.. 157%; Pendse and Tiea, 1982; Galetal.,
1585) and experimental works (Ranz and
Wong, 1952 May and Clilford, 1967;
Kanaoka ot al., 1973; Gebhart et al,, 1573
ig and Beeckmans, 1974; Keanard and
0. 1979; D'Ouavie and Gorea, 1933:
and Gorea, 1984). but most of these
studies were conducted focusing on onae or
wwo particular predominant cotlection mech-
anisms with the effect that the transitional
regions of the mechanisms were not well
undarstood. Furthermere, the efect of
Rey < number on particle collection has
not been clarified in various mechanical
mechanisin control regimes.

I the present work, collection efficiencics
of & clean granular bed were measured ina
wide ranwe of Qhraton conditions and pre-
diction cquations resuiis individuai
4 were obtained taking zccount of
of Reynoids number. Additionaliy.
additivity of the efficiencies of in-
dividual mechanical coflection mechanisms
a prediction eguation covering transitiona!
regions was obtained.
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EXPERIMENTAL APPARATUS
AND PROCEDURE

The experimental sctup is shown in Figure 1.
For the simplification of particle colicction
phieromena, experiments were carried out in
such a way that monodisperse particles werce
captured by the fixed bed of uniform spheres.
The lixed bed was a.4- or 8-cm diameter iron
tube in which granules were packed on a
32-mesh stainless’ steel sereen, In order to
avoid an eclectrostatic effect on the particle
collection, the screen and the tube were elec-
trically grounded. The packed granules were

“lead spheres with diameters of 1.2 and 2 mm

and alumina particles with diameters of 0.5
and 1 mm. :

Test aerosols used in the experiments were
monodisperse NaCl and polystyrenc latex

"(PSL) particles. The NaCl particles were ob-

tained by classifying the poiydisperse parti-
cles gencrated by a Collison atomizer with a
differential mobility analyzer, The NaCi par-

dilution
air

aerosol
generator

monometer
or
pressure
transducer

ticles covered the size range from 0.02 10 0.3
pm. The uniform spheres of PSE particle
were dispersed by the Collison atomizer from
the suspeasion of the particles with the di-
ameter between 0.5 and 2.02 pum, The test
acrosols were neutralized by a radioactive
source of *Am (abeut 90 pCi) before intro-
ducing them into the granular bed.

The acrosol concentrations upstream and

" downstream the granutar bed were measured
with o condensation nucleus counter (TSI
Inc., model 3020) for the NaCl particles and
a light scatiering particle counter (Dau Inc..
model PM-730) for the PSL particies.

The measurcments of the collection efli-
ciency of granular beds were carried out by
changing test zerosol particle size fror O.
to 2 pm asd superficial filtration veloc
frem C.4 to 120 emys. Test aerosoi conce .
tration was fwer than 1 X 10% particles/eny’
and pucked fes were frequently washed
so that the of alrcady capiured parti-
cles on the colicetion efficiency was negligh

4wey valve

pecriicle
ceounter

FIGURE 1, Experimental setup

B253
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'I‘ABLE 1. Experimental Conditions

Rev. 0

~u.

Condition

Dimension

Packed granule diameter

dy (mm)

0.5. 1.0 (alusmina), 1.2, 2.0 {lead)

Packing density a () 0.574~0.667

Bed chadieter D (em) 40,81

Bed depth 1. {(em) 30-15.0

Test acrasol particte size dy () 0.02, 0,03, 0.05, 0.1, 0.2,0.3 (NaCh)
.50, 0.81, 1,10, .86, 2.02 (PSL)

Particle density pp (8/607) 2,16 (NaCi). 1.04 (PSL)

Superficial velocity

u, (em/s)

0.4-120

ble. The depth of the granular bed was var-
ied from 3 to 15 cm in order to increase
experimental accuracy by avoiding large
pressure drop and extremely high or low
penetration through the bed, since the log-
penetration law was confirmed to hold for
these beds. The experimental conditions are
shown in Table 1.

beds of different depths and different gran-
ule sizes are in good agreement with the lines
predicted by Frgun’s equation.

Figures 3 and 4 show the overall bed
efficiency as & function of interstitial velacity
for tie NaCl particle and the PSL particle,
respeciively. As scen from Figure 3, the col-
lection -y of NaCl particles with di-

“ameier simaller than 0.3 pm monotonically

EXPERIMENTAL RESULTS

Figure 2 shows the pressurc drop of the
granular bed measured by a pressure trans-
ducer. The pressure drops of the packed

[kPal

FIGURE 2. Pressure drop of granular bed.

ap
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decreases with the filtration velocity, and
increases as the particle size becomes small.
This indicates that the control collection
mechaaism of the pacticles is Brownian dif-
fusion. In Figure 4, for the PSL particles

1o

key |9z tmml] L femll & =11 1! \
[ 10
st 1.0 ({06! A
o | 2.0 15 ]C.598 &
i 1 /o
2} lines: precicred by 5? ‘/D
Ergun’s equction A/ a
/
a
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FIGURE 3. Overall bed cfficiency of granular DISCUSSION
bed for NaCl particles with diameter sealler than
0.3 pm. The data for u; < 5 cm/5 were obtaingd it X wd (laes fras
for L=3 em and werc converted by Eq. (1). The 1€ granular bed, the o

In order to discuss coiiection mechanisms in
od ellicieney £ is

smooth change of the experimental lines at u ~ convcrlcd‘lo the singie : clliciency by

5 em/s indicates the consisteney of Eq. (1). . the following cquation (Tasdos et al., 1978):
21-ad, . . .

= -3y Thit-£). (1)

. . The above equation is ¢
with diameter larger than 0.5 . collection used by D'Ottaviv

th

sren (1983) by a

cfficiency curves are concave against filtra-  factor of (I —a) In g L~ ) should
tion velocity, and the minimum appears at & be included if interstital fity is taken as
filtration velocity between 26 and 70 emys. A representative  vel of the sysiem,
Since the collection efiiciency of the PSL whereas it should be e 4 i€ the superfi-
particles becomes larger as the particle size  ciat velocity is used, remaing sonme
increases. coatrol mechanisms are inertal argument on the log-peastration expression -
impaction at high velocity and gravitational for the granular bed U onie should be

settling at low velocity.” careful about which expression the experi-

1.0 T T T T =
\ PSL particle o/
08 o dg+1.0 mm aluming
' L aIS em A
-~ O a 061!
J, 08 \ \ o 2)',?,? 1o 4
w z V\ / P oo N . o - .
A\ v g 7 FIGURE 4. Overali bt efficiency of PSL
0.4 o\cb\ / ,A/ N particles with dizme arger than 0.5
O a7 487050
. S0 p _av g,
c.2 Ry Y .
o ! I ] ! | i
275 U10 20 .50 1500

T W temssy

i
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mental §ingle-sphere clﬂc is rechuced
from the total bed cliicieacy. Tn the present
wark., the interstitial vvlocuy is taken as the
represents ive velocity, and thus Eq. (1) is
used to caleutate single sphere cfficiencies.

In the absence of electrostatic eflects, the .

single-sphere efficiency is a function of fol-
lowing dimensionless parameters:

n=1(Pe,G.Sth, R, Re, ), (2)
where Pe,-C. Stk, and K are dimension-
less parameters which are the
Browniaa diffusion, gr'nitalion Al sewtling, in-
ertial impaction, and interception. Re and «
arc.quantities related to Row and confligura-
tion of the granular bed. Provided that there
are no interactions among the collection
“mechanisms, Eq. (2) may be rewritten as a
sum of efficiencies due to individual mecha-
nisms:
7= Npae = Mo+ g Tt e
=np(Pe. Re.a) +16{G, Re, &)
+n,(Stk, Re,a) + 1 (R, Re,a). (3)

in the foliowing sections, the single-sphere
collection efficiency is discussed separately
in the predominant regions of cach collec-
tion mechanism,

Diffusion

The motion of fine particles with diameters
smaller than several tenths of a micrometer
is governed by Brownian diffusicn.

In Figure 5, single-sphere colleciion effi-
ciencies of NaCl particle with diameter
stmatler than 0.3 pm are plotted against Se¢ =
#/Dpyy With Re as a parameter. The experi-
mental lines connecting the data with & con-
stant Re represent the dependence of 73 on
particle size under a fixed-flow condition, It
can be seen from the figure that the data
with same Re but with diffecent dy and d|
(i.e., different R) lie on the same straight
tine, and the slope graduaily changes from
-2/3 10 —1/2 with increasing Re. The
deviation between the data and the empirical

. straight.lines at.Sc=1.19 X 10° may be at-
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measures of

mbutcd to the’ pa'mcle collection by othér ™
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mechanisis, Therelore, in di ﬂuslon control
swerease of Re es 7oAt o

and the (.cpu:dcncc of 4 on S¢

ce of 7 0n Re for a fixed
shown in Figure 6. For a con-
constant pasticle size), %
wes wilh increasing Re in small
Re region. bt the decreasing rate of 5 be-
come smaller and smaller as Re increases.
: been theoretically shown that the
are cfficiency is proportional te
/3 tar erceping flow (Re < 15 Levich.
1662) aud  Re”'? for potential flow
(Re — o2 . 1969). Since Pe = ScRe, 1
is expected from these theoretical works that
7 changes it proportion 10 $e72/3 in a small
Re region and Se™ 7% in a lasge Re regior.
Figure 5 indicates that there exists a transi-
tiona! region between these two theoretica!
extreme cases and that the transition takes
place at around Re = 100.
Through )'c. experimental findings in Fig-
ures wd 6. in order o express function:!
dependence of 7 on both Re and Se, the

stant S¢
rapidly dec

fol‘.o\vs. form for dilfusional cfiiciency i
assum

Ny = A Re JScfi kIR HLRe), {2
[1(Re), which is squal o the slope of line

shown in Figure 3, is plotted in Figure ©
against Re. As shown in the figure, the power
of Se, fy Re), is a function that has asymp-
totes of —2/3 for Re—0 and ~1/2 for
Re = o, and may be approximated by th

2 N Re?
TF TSRS #20x10%)

ARy,

g n/5¢
functions A{Re)
aud as follows:
A(Re) 8.0, f[,(Re) = —3
for Be 2 30
A{Re) = 400, [i(Re) = —1.15
for' 30 £ Re < 100
A(Re) =21, fy(Re) = ~4
for Re > 100

and  fa(Re)

detern
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FIGURE $. Single-sphere collection efficiency of Eqs. (4)-(6) can be reduced 1o the foltowing

fine NaCl pacticles as a function of Schmidt functions of Pe at ihe extremes of Re:
number.
%y =8.0Pe™ lor Re — 0: 7
FIGURE 6. Single-spherc coficction cfticiency of o '
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FIGURE 7. Change of the power of

3

8 e . n IS 2 Re .
Se with Re. & 080 & NI ERS 20000
- F g/o L I
-0.65 / tee2s3 .kay [d¢ (mm}
---------------------- o | 2.0
-0 TOL : ! . ; 2 .2
] 50 5] 150 2C0 25¢ 300 35C
Re (-]
Experimental collection efficiencies sre the coilecrion efficiencies of PSL particles
‘compared with those predicted by Egs. with diameters of o =0.15.0.2, and 0.3 prz

(4)-~(6) taking Pe on the abscissa in Figure
8. As seen in the figure, the predicted lines
describe well all of our experimental data.
Very few data of the diffusional collection
efficiencies at a high Re have been reported.
The difTusional colicction cfficiencies pre-
dicted by Masn and Goren (1984) at Re =
8.3 and 330 are shown in Figure 8 by dashe,
lines. Their formuia gives a close prediction
at a low Re, but it underestimates our data
at a high Re. Gebhart et al. (1973) measured

up o Re of about 50. All the data reported
by them are in good agreement with our
coreelation equations.

FIGURE 8. Camparison of exgerimental single-
chicieney of fine NaCl particles with those
s, (4)=(6) (solicf Vnes). The dashe:.
cted by the Mann and Goren foi-
WY at Re = 8.3 and 33C.

T T T T T T T S T
. Re (=) bR
, NaC! particle N j 1.2 2.0]!
Mann & Goren{1984) Cp:0.02~0.3 um 310 LA
Re+330 18, A A ]
. 33. ] "
-1 50, < *
e/ég% o X 2 v
2, , 116 1L8 o_i
N 51200 P
N 8Q35 2
DY 4 353 a
N -
21~ predicled
=3 Re= 8.3
07— 166
33.2
Sk 50.2
!
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Gravitational Settling

For large particies at Jow velocity, gravita-
tional settling becomes a predominant col-
lection mechanism. The single-sphere offi-
ciency due to gravitational settling has been
theoreticaily derived by Tardos et al, (1980)
and Lec (1980): .

werle o
The single-sphere cfficiency of large PSL
particles with diameter larger than 0.5 pm is
replotted in Figure 9 as 2 {unction of gravity
parameter G. Although the data with differ-
eat dy and d have different trends in the
smait G region where gravity is not predeomi-
nant, the data asymptotically approach the
‘line predicted by Eq. (9). Therefore, in the
gravitational coatrol regime, Reynolds num-
ber does not affect collection efficiency and
thus the efficiency is expressed by Eq. (9).

Inertial Impaction

For large particles at high velocity, the con-
trolling collection mechanism is inerta! im-

HNF-2193 Rev. 0
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paction, iy 1 shows the single-sphere
efliciencion of 30 purticles as a function of
Stokes number. It is seen from the figure
that the collectiozn efliciency 7 is not a single
value function of Sek and that, in the region
where clliciency steeply rises, the experimen-
tal line connccting the data with (he same
interceptional parameter shifts to the left as
R decreases. Sinee an increase of intercep-
tion paramcter generally gives rise to an
increase of inertial efficiency, the contribu-
tion of R to 4 shown in Figure 10 seems
contradictory. JHowever, Stk is written in
terms of Re and R us

Cinp,
2 g0l

5 KeR-,
7P}

Sth= (10)

and, for « given acrosol of partickes with
diameter larger than 1 gm (C is nearly
equai to unity and p, and p; are constant).
Stk, Re,and R vary dependently in keeping
the above relationship, For a packed bed of
granules with dizmeter of millimeter order,
interceptional eilect is considered to be small
so that, at a consiant Sik, ar decrease of R

FIGURE 9. §;
PSL particles ax u i3
cter, G

re efticiency of large
oa of gravity param-
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FIGURE 10. Single-sphere cfficiency of
large PSL particles at high velocities as a
function of Stokes number, Stk,

has littie cffect on 7, whereas an increase of

Re resulting from the decrease of R raises .

collection efficiency, significantly. The same
contribution of R to 7 was reported for
fibrous filters and explained through numeri-
cal calculation (Yoshioka et al., 1969).

. In order 1o take account the influence of
Re in the inertial efficiency, cfiective Stokes
numbers were proposed by D'Ottavio and
Goren (1983) and Gal ¢t al. (1985). Al-
though the cffective Stokes number proposed
by the former is based on the hydrodynami-
cal arguments, the following effective Stokes
number based on the Ergun’s equation pro-
posed by the latter is adopted in the present
work because it gives a better correlation to
our experimental data:

1.75Re(1 ~ o)\
<+

Sthe o ( D+ e )

(an

By using the above modified Stokes number,
the single-sphere cfficiencies are plotted in
Figure 11. Although the data for Stk o < 0.02
show a different dependence on Stk the
cxperimental data for Stk > 0.02 may be
correlated by the following equation:

Stk L.

"= Tax 100 TSkl
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D! Otmvno and Gorens -equation is based
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In the same figure, threosetical lines pre-
dicted by Gal et 2l (3985) and the shaded
arga predicted by the empirical equation
proposed by D'Outavio and Goren (1983}
are shown for comparison. The present date

show snable agreement with both previ-
QUS WOTK:

For e solid particle at 2 high filtra-
tion veloity, bounce-off or reentraiament of

particle may be significant. The decrease in
tiie collection efficiency at Stk > 0.1 is the
indication of the phenomena. According 10
D’OQuavio and Goren (1983), the sticking
efficiency of KHP (potassium biphthalate)
particles on alumina and glass beads be-
comes less ran unity at their defined effec-
tive kinetic energy larger than 1071 J. Thex
also reported that the threshold is not so
seasitive o the granule material. For t
data shown in Figure 11. the effective kine
energies for 2.02- ard 1.86-um particles w2
the peak coltection efliciency are 2.6 X 10
and 9.7 ¥ 1¢ 12§, respectively. These value-
are fairly close to the threshold kinetic en-
ergy for KHP particle, showing that :
bouncz-olf or the reentrainment of PSL p
ticle may oceur at the same effective kine
energy as that of KHP particle. Incide
tally, the region shown in Figure 11 wi
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bounce-ofl" and ree nment of the PSL
particle were severe in our experimental con-
dition, we would expect a lower efficiency
than their predictior. Therefore, the effect of
bounce-off and recntsainment seems sniall
especially for the data lor which the correla-
tion equation of Eq. (12) was obtained.

Interception and All Mechanical
Collection Mechanisms

In granular bed fltration, the effect of inter-
ception is usually small compured to the
other mechanisms and it becomes relatively
imporiant oaly in the transitional regions of
the other mechanical collestion mechanisms.
Thus, the interceptiona! eiliciencies were ob-
tained from the datz of the PSL, particles in
the transitional regions as residues a‘ter. sub-
tracting the diffusional, gravitatonal, and
inertial efficiencies calculated by Egs. (4),
(9), and (12) from the experimental cffi-
ciencies, according to the assumption of Eq.
(3). The residual interception clliciencies are
plotted in Figure 12 against R, using .the
same symbols for the data with nearly equal

PartB -

. from .the fi

tani et al.

SURE T Inerdal single-sphere efficiency
as a fusction of effective Slokes number,
Stk

2
< &/ 5y
[ LGB/ tnes precinted
& S5 s/ ° by Ec.{13)
oo TV 4
&10° .:‘ o/ o xey! Re {-)
o VoA / © I 4i~93
s ot 4 1 20~35
VA G |56~%6s
of o s 53718
AL T 4_{185~159
it 2 5 et 2 5 ot o2
g (-2

icon of residuzi efficiencies
by Lq. (13% The sofid lines
¢ everige Re of te daz with

FIGURE 12. Co
with those pred
are predicied for
the same symbot,

Re. Because the residual intereeption efi-
ciencies are in the order of 107 and depend
very much upon the other mechanical efii-
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gure that the residual elliciency,

BR7261




HNF-2193

Pa

Granular Bed Air Filieation

B -

R N

e (1

]

o]

¢}

0

1.8

6] 1.0

Rev. 0

b

Mo (e}

1 ! ' [ :

key
*
A [
L]
=

increases with inereasi g both R
Referring w thae the interecption efficieney
is proportional to 82 for creeping flow and
R for potential fow. (b intereepiion ¢
ciency is approsimated by the folio
ecquation:

- Re Rl el
Ny = 16[\'3 Resthe ~l).

The predicted lines by Be. {13) are com
with experimental data in Figure 12, T3
of the lar
the predicied jines deseribe
of all experimental data welt,
: By using fa. 133 the collection eflicienuy
due to all the miechanical m <an b
predicted aosemoof the individua! etfi-
ciencies. The predicted single-sphere offi-
ciencics are compared with experimental of-
ficiencies in Figure 13, It is seen that the
predicion equation deseribes experimental
data well over wide runges of particle size
and filtradon velocity with Suirly high aceu-
racy even in the transitional regions of the
colteetion mechanisms.

e

he generad trend

Q20 50
t; fem/s)

H 200 50C

CONCL

Fhroug|
lection

¢

more,
wide ra

vidual
cone!

I

B262

HSIONS

]
Vi

Ll studies on the cal-
performance of granular bed filter.
us for euch mechanica!
cy were oblained. Further-
on that cun be applied in the
fuation conditions was ob-

the add indi

efficie

AT

Heuon

it

.

anivitd

it the effect
ion eiliciency
P/l ot
usion contel m./Rc_\'noldm

$IVES FI8¢ 10 a0 se in colle
and the power of Pecle

from -2/3 to =1.2
Re. The onal efii-
related 2q. (4) as a




HNF-2193 Rev. 0
PartB - . ‘a

2. In aninertial iespaction regin 10tdy
number also raises collectior ciliciency.
The dependence of the experimental ef.
ficiency on Reynolds number was de-
seuiled fairly well by the effective Stokes
ausroer proposed by Gal ot al. {1983).

gravitational settling
inertial impaction
intereeption

NOMENCLATURE
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particle Deposition in Wakes
{gertial and Coulombic Effects on Capture By Single and Multiple

Spheres in Line

Michael J. Matteson* and Michael B. Prince .
School of Chemical Engineering, Georgia Institute of Technology, Atlanta, GA 30332

Ten-micrometer dioctylphthalate droplets tagged with
«odium fluorescein were collected on six meta} spheres,
6.6 e in diameter and arranged in a line parallel to the
axis of fow. The particles carried negarive charge in the
range 0.9-1.73 1075 stC while the collectors were
charged positively in the range 8.0-23.0 stC. The carrier
* gtream velocities used were 600, 1200, 1500, 1800, and
2400 ¢m /s and spacings berwesn targets of two through
six dian center: ter were tested. Coll
efficiencies for each target were determined by measur-
ing the number of deposited particles, and the particle
~sncentration in the air stream using fugrometric tech-
aiyues.
An effective Coulombic srrraction parameter Ky,
was defined to ke into avcount non-Stokesian drag

during particle collection at high velocities, This term
was combined with an effective Stokes number to pro-
vide the empirical relation. for single spherical targets:
n= 14[Stky + (2Kg,, )'/?) A model is presented fo
describe the concentration distribution of particles in the
wakes of multiple spherical targets, in-line. This mode! is
based on the lateral turbulent transport of particles into
the wake between targets. A correlation between the
particle deposition of any trailing target. normalized to
that of the leading target, and the modified Graetz num-
ber, (n = 1)'73(Gz) =", where n iy the rank of the target
in the series and Gz=4z/D)/Pe enables one to
predict deposition on trailing ar

Bets

INTRODUCTION

The application of electrically charged drop-
lets to the removal of dusts from waste gas
treams is a concept which has found recent
spplication in electrostatic spray droplet
scrubbers. In some cases these sprays are
injected in conventiona serubbing towers. tn
othess the charged dropiets are introduced in
venturi systems.

Several mechanisms combing to make
such a particle-capture system so effective.
Diftusion. impaction. interception. and elee-
.rostatic attraction are all at work. and have
varying fevels of influence. depending on-the
velocity and orientation of the encounter.
and the charge-field intensity relationship.

In the flow of gases past spheres. stream-
lines begin to separate from the surface at

«To wham corresponduence should be addressed.

Acrosol Science and Technology 12:745-761 (1990)
© 1990 Ehevier Scicnes Publistiog Co. Inc.

Revnolds numbers { Re) around 20. The wake
berind the sphere chunges from conves o
concave 2t about Re=35. Vortices form
and enlarge until at Re =130, oscillati
appear. At Reynolds numbers around
large vortices perindically form and move
downstream as a result of flow inst bilities.

Since sprays developed in scrudoers von-
sist of droplets moving at high Reynolds
rumbers and high droplet populations. it s
likely thut there are many droplet-voriex
encousters in the wakes of droplets. Two
basic encounters exist: vOoriex pairs exist be-
hind droplets moving at Re> 33, and vor-
tices released from these droplets at Re> 270
strike droplets traveling in their wake, A
sphere 2 mm in diameter wraveling at a @
minal velocity of 330 em/s has a vortex
shedding frequency of 330 5! Droplets
smaller than 1 mm do not exhibit the vortex
shedding (Strouhal aumber = 0) when mov-

745

027H-6828,°%3/53.50
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ing at terminal velocities, but would at veloc-
ities higher than terminal.

The scavenging mechanism of raindrops
returns a great deal of the aerosol particles
suspended in the atmosphere to the earth.
Among the first to study the combined ef-
fects of various atmospheric scavenging
mechanisms was Greenfield (1957). Whereas
Greenfield considered Brownian diffusion,
turbulent shear diffusion and inertial im-
paction (simply formulated), he did not ac-
count for the interaction of the forces. Slinn

and Hales (1971) studied the effect of

phoretic forces on aerosol scavenging by
cloud droplets along with Brownian diffu-
sion and inertial impaction. Their work also
did not take into consideration the interac-
tion of the forces. Fuchs (1964) developed a
model analogous to that of Slinn and Hales
model for the case of Brownian diffusion
and electric forces.

. The studies of Pilat (1975), Pilat and Prem .

(1976. 1977). Sparks and Pilat (1970) in-
cluded the inieraction of all the various ef-
fects neglected by the oihers. They computed
the collection efiiciency of drops based on 2
determination of particle trajectory around
the drops. These studies assumed that poten-
tial flow around the sphere was spplicable at

eynolds numhers < 264,

The potentiz]l fow model however. does
not account for standing eddies 2t Re > 260
on the downstream side of the drop. Signiti-
cant guantities of partcles may undergo
aft-side capture under these conditions

. {Grover et al. 1977: Grover, 1976: Grover

and Beard. 1975: and Beard. 1974). Grover

et al (1977) and Wang et al. (1978) devel- .

oped models te predict collection efficiencies
combining aii relevant forces. Herbert (1978)
formulated a model describing the motion of
acresol particles affected by Browniun difle-
sion. inertial impaction. electric forces. and
phoretic forces based on nonequilibrium
thermodynamics. He concluded, however.
that the best method of determining scaveng-
ing efliciencies were siill the models devel-
oped by Grover et al. (1977) and Wang et !,
(1978).
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A theoretical estimation of the collection
efficiency of aerosol particles on a sphere
using inertia as the only mechanism of col.
lection was developed by Langmuir and
Blodgett (1946). Ranz and Wong (1952) de.
veloped 2 mathematical statement of the
problem of impaction on flat plates, cylin.
drical collectors. and spherical collectors,

" They carried out limiting solutions to estab-

lish the nature and importance of the vad.
ous impaction mechanisms. Kraemer and
Johnstone (1935) developed models for the
collection of aercsol particles via electro-
static forces on spheres, cylinders, and fizt
plates. They established that, for nonpoiar-.

ized spheres the collection efficiency for op--

positely charged particles, is 7 = 4K ;. where
K¢ is the atiracticn parameter which ex-
presses the ratio beiween coulombic and drag
forces on the particles.

Zebel (1968) studied 'the theoretical cap-
ture of small particles by relatively larger
droplets falling in homogenzous electric
fields oriented parzllel 1o the direction of
low. He assumed Stohes flow (Re << 1) and
considered  diffusion within the dound
laver for various combinations of charge
field sirength. Several possible particle t
Jjectories were described. This work provided
the theoretical basis for Kraemer and
Johnstoneg’s observations.

In the earhy 1o mid-1970s models were
developed by George and Pochlein (1972
and Nieisen and Hill (18762 1976b) wh
predicted the collestion etliciencies of mi-
crometer-sized particles on charged. spheri-

cal collectors. Both workers considered iner-
tial. viscous., ., 2lectrostatic forees. and
interception phenomeny ia their models.
Chiu-Sea Wang et al. (1977) formulated o
new theory for the dep on of selid pary-
cles on a collector taking into consideration
dendrite and shudew {ormulation.
Goldschrid and Calvert {1963). siudying
inertiul collection effects. showed experimen-
tally that. at high collecior Reynolds aum-
bers (1000 < Re < 8000). particles 1 pm and
smuailer in diameter would collect primar
on the aft-side of the collector. Deryagin

2
-
=
=
=
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(1972). using a jet method to experimentally
determine the capture coefficient of aerosol
particles on a sphere due to inertial deposi-
ton and van der Waals forces, concluded
it with a steady-state vortical ring behind
the sphere, there is deposition of particles on
the trailing edge of the surface of the sphere.
Beard (1974) found from his theoretical in-
vestigation that, even without electrostatic
forces, wake capture OCCurs. Robig and
Porstendorfer (1979) investigated the effect
of flow regime on electrostatic collection at
high Reynolds numbers and low Stokes
aumber (1.5%107%). For 44<Re< 3200
they found, experimentally, no effect of flow
field. They also found, experimentally, that
from 50% to 60% of the particles collected
on the aft-side. Nielser and Hill (1976b)
theoretically -estimated the collection on the
aft-side of a spherical collectors as a func-
tion of both Stokes number and K.

A comparison of the modef developed by

corge (1974) with experimental data col-
lected by Matteson (1978) revealed a large
discrepancy in certain results. Niclsen and
Hill found George's aft-side coilection com-
putation deficient: however. they also found
their estimates (0 agree in order of magni-
tude.

Battler et al. (1982) showed that the de-
1oped wake kas a definite influence on the
2rall collection eficiency of single charged

spheres. They aiso found high rates of depo-
sition on the aft-side where flow conditions
are not adequately represented by potential
flow theory. Their Reynolds numbers were
in the range 40-400 with Stokes numbers on
the order 10741072,

All of these eaclier studies involved single
‘herical eargets. In 1983 Jucober and
.atteson determined collection efficiencies

for arrays of one 0 six spheres (uncharged)
in the Reynold's number (free stream) riange
2400-12.000. Here it was clearly shown that
the intertarget spacing had a strong influence
on the collection of particles by successive
largets when spaced at x/d < 1. Also, the
presence of a concentration wake in which
sreater than free-stream concentrations were

- collection  efticiency
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present at the edge of the velocity wake was
indicated.

In a later swdy. Jacober and Matieson
(1990) experimentally determined the eddy
diffusion coefficients for momentum and
concentration in the turbulent wake of single
spheres. They found that the concentration
profile in the wake was complicated by the
superposition of particles penetrating the
target with those entering the wake region by
tarbulent convection.

The goal of this' work. is to extend the
investigation of multiple targets to include
the enhancement in collection resulting from
Coulombic attraction with inertial effects.

THEORY

Experimenial evidence supports the theoreti-
cal description of the capture of particles in
a high-velocity flow fleid as characterized by
the Stokes number ( Sik ). which is the ratio
of the stop distancz ol a pariicle to the 12
radius. The stop divaace is the distan
particle will travel in a gravity-freg environ-

ment and may be espressed as:

s=r e /80 i

where 7 is the relation time.
terminal velocity, ¢ the frez-sirenm gart

velocity, and g the gravitational aceelery
tion. The Stokes number in the pote 2l
flow ey is defined as:

Stk = g (2

where (lp is the partcle divmszier. Py the
particle de .y, the gas viscosity. and 7
the target radius. )

However. for noa-Stokesian particles the
also depends on 2
Reynolds number based on particie diam-
eter and [ree-stream velocity. The partiei
Reynolds number is defined as:

where ¢, is the free-siream gas velocit).
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FIGURE 1. Collection efficiencies for siﬁg]e spheres: inertial (orc'c.».

For a petential fow field epprosimation  where

to the fAuid motion about a collector. the

collision eficiencies of spherical and cylin- _ 28 rRe dRe s e (3
= ToR: 122 Re 7", (3)
drical targets have been cafeulated numeri- Rep J, nite g

cally as a function of heth the Stokes arnd

-particle Reynolds numbers (Dorsch et al.

1955; Brun et al.. 1933). From experimental
results obtained in the limit of negligible
Mach numbers. capture efficiencies ploted
as a function of the Stokes number for both
Stokesian and non-Stokesian particles pro-
duce curves that are gualitatively alike.
Israel and Rosner (1983) developed a simi-
larity parameter that would reduce the de-
pendenge of target capuure etficiencies to a
single combination .of the Stokes and paru-
cle Reynolds numbers.

Termed the effective Stokes number, this
parameter accounts for the fact that the drag
on a particle may be non-Stokesiun.

Stk g = WStk (4)

1 with
1’.0:; ol Domh et 'l (193\) for s agle col-
lectors by plotting collection ediciency vs.
effective Stohes number as determined by
Egs. (9 and (50

Single Collectors: Flecrrostatic Forces
Particle capture is enhaneed by appiying op-
posing charges to the aerosol and collectors
The predominunt dimensioniess group used
to characterize the relative electrosutic forces
is the Coulombic attraction parametsr Kg.
and this is the ratio of the Coulombic force
between the charged collecting body and the
opposilely charged acrosol to the drag force
eading to keep the acrosol particle within 2
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FIGURE 2. Particle~target orientation capture model.

streamline. For Stoke’s drag this is: to obtain

” Felec QlQ 2 3 Q 1Qz g

Kimg =73 7 (6) yl=r=——, (10)

Gy Omid p o eod] 7 bty
However, because the drag force may vary  where v, has been assumed = v,.

over a range of Reynolds numbers, Ky may
take various forms.

Consider the trajectory of a particle ap-
proaching a collecting sphere at a distance =.
(Figure 2), where y is the vertical compo-
nent of the particle’s path. The deseription
¢ he trajectory is fucilitated by the geomer-
ric relations:

a) y=rsina b) v =g sina

. 7)
r (
c) L'}.=L’Z'a*)_" d) rda =sinad:

Now the Coulombic force is equated to the

drag force in the r direction and the relative

v ity ¢, becomes
RV

. . (8)

\ 7eyd 0. Crpr? |

If the drag is Stokesian. the drag coefficient

in the radial direction is Cp=24/Re,.

Eq. 8 may be rearranged with the aid of Eg.

7 to yield

]

ydy=— 2.0,

} 127 dpy

alnorda. / (9)

which may be integrated between the limits

Y=y, a=1{
;= =7
y=0, a=x

B268

The collection efiiciency may then be de-
fined as the ratio of particles removed from
the area 7y 10 the larget’s cross-section
wd?/4
OIQ 2

oot ad”

(iy

This is 2K if the Coulombic force is waken
at the surface of the collecting sphere.

Now il the drag is non-Stokesian the drag
coetticient is other thua ZdRe ™!, as with the
range of velovities stud mJ here, wherein 4.5
< Re, <16.0. here the empirical expression
for l" drag coefitv]

(1)

Co=252Re,"7

fnserting this ia Eg. (8) and inte
gzt for the non-Stokesian case

314

get
20,0, ‘
Frs=2.1 ‘ 25.:73(‘”‘/;‘2: .#27.\ ~~\.
such that
. I )
LOVRe ;% = 1.06 4= 2. (14;
D.NS

but this is also
Yis - Ke o s (15)

72 e
so for the flow re
¢ =1.01Re; "%

£ 4.0 < Re, <160
(16}



Now since we wish to test the effects of
combined inertial and coulombic forces, a
suitable parameter might be the sum of the
two vertical distances, 1p+ Y, the swop dis-
tance which represents the distance the par-
ticle’s inertia will carry it. and the vertical
distance travelled due to electrostatic forces.
rationalized by the target radius:

L+Y .

,,:,,( e )N =,,(s,/<d,+(21(5~_")"2)‘
¢ S

' (17)

Multiple Targets: Spheres in Line

The influence of inertial forces on the collec-
tion of particles by spheres moving in a line
parallel to the axis of fiow has been studied
by Jacobex_‘ and Matteson (1985). In that
work it ‘was demonstrated that trailing
spheres move in a concentration “shadow™
where particles are concentrated in the wake
boundary of the leading target, The particles
in the wake are gradually transported. radi-
ally inward by convective diffusion. and the
concentration distributicn tends to smooth
out several dizmeters downstream from the
lead target.

A model deseribing this concentration
distribution may be obtsined by considering
the. eylindrical soid between the lead sphere
A and the trailing sphere B (Figure 2). The
void between A and B is flled both by
particles from A's poundary layer and by
particles injected from the surrounding tur-
bulent stream.

The equation of transport for a scalar
quantity in an axisymmetric wake res fting
from approximations like those considered
for free turbulent skear Hows may be written
as (Jacober and Matteson. 1950);

d (3G 1 9 vy
=\t )= r (). (1)
where z and r are the axial and radial coordi-
nates, AC, is the average particle concentra-
tion defect, Coe is the free-stream particle

concentration and v/c; is the product of the

HNF-2193 ,BEYI.'Mgucson and M. B, p,irincup
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ﬂuctualing componeats of vélocity and con-
centration in the » and 2 directions, respez.
tively.

Assuming that the turbulent traasport of
ACp can be described by analogy to Fick's
law, using a coeficient of diffusivity, €. the -
following expression is put forward:

ac
vel = ey L, (19)

where ¢, does not account for molecular
effects.

If the AC, profiles are also assumed to be
similar in consecutive sections of the wake. a
relation is obtained: '

AC, Ued 12\ U3 L ge
e, =0 () o

where £ = (r/d)/(2/d)\ and AC, .. rep-
resents the centerline defect.

In the siniplest case. where €, 15 2 fune-
tion of =7%* hut is constant in the rad
cross section. the Gaussian d: thution is
obtained: '

} (20)

— §
A c'\p{_ 73:} -

where B = (be /o d e d) F

The mavimum  concentration
A(’p,_,m is still a function O.f Iovan
cording to =722, Salution of the par
balance ubout the sphere gives (Jacober and
Mutteson, 1960):

aC, R

pas

C ="n{,;_/)

[

where a, = (n./24y redre Wz idy T
i the Impaction efiiciency of a sphere for

particles,
Su that
AC -, -2 { £
=P = pl -~ >—
1-6= ;w:_u"(‘/) cxp( ?}‘

pwe 15 the normalized pard-
cle concentration in the wake.

where 6 = G/ C

T
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In order to evaluate § from deposition
. data, we know that, on the first target,

deposition, = .G, w2 1,

und on subsequent targets, n

2
depn = nncpn"-" < Vals

so that )
Gon _ (dep)y 0y 1y
Co  (dep)y v, 7"

Now since 3 = 9(Stk, K;), for a given set of
vonditions, the greatest variation berween
targets in the capture efficiency is a result of
the velocity deficit in the wake 6f the target,
so we make the approximation

M
M
then

G _ (dep)n(ti)l

(dep)i \ e,/ °
In order 1o account for the repeated en-
counters between particles and targets, the
‘distance parameter must be made a function
of n. the et rank. To do this we intro-
duce the growp (1~ 1)¥ where g5 1o he
=d

determined empiricaily. So now

(3%

Uy

a%

S=a = 1) ) T exp| -

(24)
and :
= r/d
VRN T TR
This reduces o
T = =) ()T ()

for the centerline or muximum defect. Sub-
stituting the value of «, into Eq. (25)

(=)= T (=)o 220y
3 Ep

'B270

Further, since we are taking

Rev. 0 N
v 751
or
8w MmP
(= 8y 24(n - 1)%(z/d)
. | S 2
24(n~1)¥(G:) " (27)

where the dimensionless Peclet and Graetz
numbers are defined:

p=tet . (/d)
€, P,

G, s the
constant concentration at the outer edge of
the cylindrical void. then a correction must
be made for the concentration wake which
contains particles both from the free stream
and those penetrating the leading target.
Lat
S 1
G, (1+pP)"

where Py =751 Now

- __n( )__;
(deph Yy T (1= Py
Velocity profiles hehind s

in series were determined i

Matteson (1985} and the velovity deti

found from the empirical eXPression:

H
e

3 .
(n=1j"" "%

EXPERIMENTAL ARRANGEMENT

The test aerosol was produced from a solu-
ton of 0.1 g of sodiuns Huorescein. 10 mL of
dioctyIphthalaie (DOP). diluted to 1.0 L w
Z-prepanol. This solution  was cpumped
through 4 vibrating orifice aerosol generator
(Berzlund-Liv model 350) with a 20-zm ori-
fice to produce 10 £ 0.1-um DOP dropiets
when dried. For schematic diagram. ses Fig.
ure 3.

The aerosol stream mee:s and merges with
the main air stream at the top of the drying
tube. This oder stream s supplied by an
electric power blower (1 hp. 1 A) controlled
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FIGURE 3. Experimental arrangenient.

by a type 3PNLI010 varjabie transformer
(Staco Eaergy Products Co., Dayton, -OH).
The combined stream travels for 43 ¢m
through 3.72-cmt [D plexiglass wbe before
encountering the curom-muade flow straight.
ener of 57 tubes of 0.61 ¢m ID, 6.35 cm long,
Velocities used were 600, 1200, 1500, 1860,
and 2460 ¢m /s, which provided Stokes num-
bers of 0.6, 1.2, 1.52, 1.80. and 2.4.

The charging section consists of a 2.54-
cm-long. 0.2-cm diameter steel rod sharp-
ened on the upstream end. and held in the
center of the collae by a 0.2-cm diameter
steel rod. Surrounding the charging rod is a
grounded couxial cylindrical steet shell 5.08

cm [D aad 6.35 ¢m Jong. Charging the collar
is 2 Power Designs model 10K10 high-voli-
age DC power supply (Pacific Tastruments
Inc.. Concord, CA) The spheres pusitive
voitage was maintained by a mode! 1150-1
high-voitage DC power supply (Beckman In-
struments. Inc., Fulleron. CA). The aerosol
became chacged by passing through the
corona between the rod and collar.

The across! thea passes through a further
16.5 ¢m before encountering the first collec-
tion sphere. Trailing spheres are at varying
distances downstream depending on the sep-
arations (2. 3. 4, 5. and 6 sphere diameters.
center-to-center). The spheres themselves are
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18K gold and 0.6-cm diameter, These are
supported by 0.8-mm insulated wire.

The free-stream velocity was determined
with @ model 1210-20 hot wire anemometer
with 2 model 1051-1 anemometer monitor
supply (TSI, Inc., St, Paul, MN). The probe
was placed at the approximate position of
the first sphere,

Free-stream particle concentrations were
monitored by sampling isokinetically with a
Millipore RAWP 04700, 1.2-zm filter in-line.
A model 110A fluorometer (Turner Designs,
Mountain View, CA) was used to measure
th2 amount of aerosol collected.

The charge per particle was found by
grounding one sphere through a model 610A
electrometer (Keithly Instruments, Inc.,
Cleveland, OH) to determine the total charge
collected by the sphere. The Turner fluo-
rometer was used to measure mass and hence

the number of particles collected. Voltages:

were selected 5o as to maintain K at values
v+ 0.1,03, 05, 0.7, and 0.9. As velocity was
increased 10 obtain greater Stokes rnumbers,
the K¢ was held constant by increasing the
collector charge accordingly.

Rev. 0 .
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During an actual test, once the sphere:
had bezn exposed to aerosol for 60 min, th
aerosol was discontinued, and both voltage
sources and the blower were turned off The
spheres were removed and each was washec
in 25 mL of absolute ethanol. The solutions
“of ethanol and dissolved particles were ther
analyzed using the fluorometer. The reading:
were then converted to concentrations anc
ultimately to efficiencies.

RESULTS AND DISCUSSION

The particle collection efficiencies for
charged single spheres are shown in Figure 4
as a function of the parameter for dimen-
sionless distance a particle deviates from a
streamline. Efficiencies were determired from
the experimental data by dividing the num-
ber of particles caught by the number ex-
posed so that

. bumber particles deposited
= 3
Tr, G

£20)

where C is the average number concentra-

fes for
and Coulembdie

FIGURE 4. Coliecti
single spheres: 1ne
forees,
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tion of particles in the aerosol strearm and ¢
is the exposure time. In cases where there
were multiple targets the efficiency for suc-
cessive targets was based on the appropri-
ately reduced number density.

Collection efficiencies for single targets
increased linearly with K}/2, for fixed Sik 4,
to an upper value of 4.0 at the greatest
Stk Kg,, values. This represents a cross-
sectional area about four times that of the
target. The correlation that best fic the data
for collection by single spheres was:

1= 1.4[Stk g + (2K¢,)"]. (31)

Kraemer and Johnstone (1955). working

“at very low Stokes numbers (~ 10~%) found

that 7= 4K . This agrees with our theoreti-
cal development for capture by coulombic
forces alone (Eq. 11) if instead of integrating
over the front side of the target. we integrate
over the entire surface area. However at high
velocities. deposition tends to shift toward
the front side of the sphere (Bautder et al.
1982) and collection is 4 combined mechu-
nism. For this reason we chose a parameter

based on trajectory rather than a ratio of -

forces. The trajectory analysis is consider-
ably simplified in ignoring the acceleration
term in the motion equation, however the
purpose is to arrive at a dimensioniess dis-
tance characteristic of the particles depuriure
from the flow feld about the sphere and rot
to provide an exact description of the path
followed. Nevertheless. the concept of addi-
tive inertial and electrosiatic trajectories up-
peacs 10 be a usefui parameter in predicti
the capture efficiencies for single spherical
targets.

Rabig and Porstenderfer (1979) found the
refationship 7 = 44 & o hold up to velocities

of 12 m/s. but their Stokes numbers wers on -

the order of 10 *3. Our tests however covered
the range 0.52 < Stk <158 aad 0.05 <
Kg, <0.50 and in the region there appeared
a definite dependence of 7 on Stk . The
mathematical model of Nielson and Hill
(1976) showed a negative dependency on

HNF-2193 Rev..0.. . = .o
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Stk:
(n=[2xe)* - 0.85u])
for the region 0 < Stk < 03K and 1.5 < K

<10. However, in the region of our tests, '
theic predicted collection efficiencies are

“somewhat positively dependent on Stk, but

yield values of one-third to one-half those
we obtained experimentally.

A representation of the relative collection
efficiencies of spheres as a function of thejr
rank in line is shown in Figure 5. At 2-D
spacing the second sphere collects only about
a tenth of the particles.trapped by the lead
target, but this collection increases with each
successive sphere until, at Stk = 0.52 (600
cm/s) the rear target collects about the same
as the initial sphere. This is a consequence of
the relatively weak lateral mixing and low
axial velocity in the void when targets are so
closely spuaced. Also, those spheres situated
between two other spheres have g acly di-
minished Coulombic forces becnuse of imuge2
charges. At higher vejocities and close spac-
ing (Sek g = .58, 2400 cm /3) the recovery is
even weaker with the trailing sphere captur-
ing oaly 23% that of the lead. Alhou
intertarget velocities are somewhu: greater
this is more than vifset by the reduction in
lateral mixing.

Moving up o 6D spacing. we see the
improvement 1 collection hyv the fead target
over 2-D spacing. Thiy takes place because
the initial sphere is relatively unaffected by
image charging from the next target. The
most dramatic change at 6-D over 2-D spac-
ing is that there is littke variution in colice-
tion secording to target position in line and
there ts lile ditference in capture ¢ icieney
at the two different velocities. This would
indicate that the targets are acting indepen-
dently of one another both from an electro-
static and an inertial point of view.

In Figure 6 we compare the effects on
collection of five different spacings of a six
sphere ensemble with that of a single sphere.
both systems al Stk = 1.10. Capture effi-
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FIGURE 5. Effect of rank of target in line on
collection of particles at 2.D and 6-D spacing
and 600 and 2400 cm/s fres-stream velocity,
Kg, =0307.
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ciency is based on the cross sectiod of the
lead target. Generally, at this velocity, the
same trend in improved collection with in-
creasing Coulombic forces holds for the
group of six targets as with a single sphere.
However, at 2-D spacing for six spheres there
is-only a slight improvement over the collec-
tion by a single target. It is not until 6-D
spacing is reached that the individual collec-
tion efficiency for each of six bodies exceeds
that for a single body. This, again, is the
result of image charging, poor intertarget
penetration by particles and low intertarget
velocities.

The effect of electrostatic forces at vari-
ous fixed free-stream velocities on particle
capture by multiple targets is best illustrated
in Figure 7. In all cases we experienced
maxima in collection at Kg=0.5; further
increases in charge on the collectors resulted
in decreases in particle collection. This maxi-
mum was greatest at target Reynolds’ num-

Part B

- M. J. Matteson and M. B. Pringe -

bers of 2400 and 4300 and least at 9600. Ona
explanation for these maxima is that, as pos-
itive charge on the targets is increased, image
charges increase in intensity in neighboring
targets compressing the region of positive
charge available for collection. ' ’

The overall effect may be to cause a polar-
ization on each sphere where the forward
region contains a compressed positive charge
and the aft side a compressed negative
charge. This would enhance collection on the
forward stagnation region and reduce collec-
tion on the aft side of the targets and also in
the regions between. This constriction of the
region favoring deposition along with a re-
duction in particle concentration in the fa-
vored region may combine to produce the
maxima shown in Figare 7.

The eddy diffusion coefficient for particle
mass traasfer. €. is a function of both the
scale of turbulence in the void region and
the size of particles dispersed. Values of a

20.0

10.0—

CAPYURE EFFICIENCY

o m
QO o
o /7

1.0

7
STheys *+(2KE o) !

FIGURE 7. Collection efficiencies for six spheres in line: inertial

and Coulombic forces. L/D_ =4.
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modified inverse Peclet number, zy/(vmd)
(z /d)'/* were determined by Jacober and
Matteson, 1990, for particle transport be-
hind single spherical targets, and the varia-
ticr: of the ratio of eddy diffusion for mo-
mentm to that for particle mass transfer
was correlated to the effective Stokes num-

ber
emjy =22 (Stk)™ and

Tfid(-f;)l/; = 0.0959.

" Tizese values of ¢,/( v, dXz/d)/? were con-
stant for a given particle size and free-stream
velocity and were used here in correlating
the particle concentration profiles.

When multiple targets were tested, the
target rank had to be taken into account
along with spaciag in the Graetz parameter.
A best fit in correlating average particle con-

itration approaching a trailing target with

2t rank was obtaired when the dimen-
sionless distance term was multiplied by

(n=1)%* where n is the rank of the target.

The concentration data are plotted in Fig-
ure 8 with variables (n — 1)/3(z/d)*/* for a
given velocity and best fit the model based
on centerline concentration (Eq. 235) in the
region 0 <8 <07 and 4(n -~ )"/
d/(n,P.) <1.0. The intercept value of 1—§

-=0.33 is obtained for an abcissa of 1.0 to

yield ap=nl/12(vwd/sp)(z/d)"/°, which
is twice the value obtained from conceatra-
tion profiles behind single targets. This may
be a result of assuming that the concentra-
tion deposited on'the targets are centerline
values when in fact they are less.

The average value of the conceatration
facing a trailing target can be found from
e JFIRAC, Bordrd

=22 2
® v rdrdd ¢2)

where

f 23 - [ £33
Av=v,,,ozmk;7) (n=1) “’exp{—g—:.

B, = (e, /v d Y z7d) .
102 3]

«,,= CD( l',:t/,/dﬁc,,, Wzsd) ) = 5

3

r\l

1

[

ticle concentrations in
al targets. in line v

DCT,

FIGURE 8. Mo
the wake of sgh
moditfied Graetz nu

=
e
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w= 6imAk 2 K
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The result of integrating Eq. (32) is

Rev. 0

NG 2

= Mz\"¥3 ~1/3 1 4 £
1—-8=21 (n=1) - 3
4(d) (8, + B,) l-exp[—%(ﬁ) /3<"__1)V-1/:i
(33)
Now the ratio (1 - §)/(1 - 6),_, is
172z\~23 - 1.1
ﬁp l—exp{*z(g) (n-—l) 1/3(3;+K)} (3)
4

By + By

which approaches 1.0 for large values of
z/d, but in our tests is in the range of
0.65~0.90.

Another factor which may account for
greater defects than predicted by Eq. 27 is -
that Peclet numbers determined by Jacober
and Matieson (1950) were based on a model
which applied similarity condiiions in the

16

1—exp[—%(%)qﬂ(n—l)"‘ﬂ(}%)} _'

wake at distances greater than five diame.
ters. At closer distances one may expect a
greater distance of interference from near
wake effects,

Molecular scale (Brownian) diffusion may
also occur but this is considered negligible
compared to the turbalent or eddy diffusion
considered here. For example iff we compure

o8

0.6
T

Dep, /{Dep, (1 + P}

FIGURE 9. Parucke deposition on tral-
ing targets as 2 fuaction of moditied
Graetz aumber. Soitd line is best fit.

.6 08 L0

o= 10 Bl = a1y (G

Pe 7T
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the Peclet number for molecular diffusion

) duoa —~ w
P.._ = —D—' =10 )
where D is the diffusion coefficient of the
par:icle due to thermal bombardment, with
that for turbulent diffusion

pe.—:-:—ﬁ=72

at 6 m/s and z/d=5, it is apparent that
contributions to deposition based on thermal
diffusion may be safely ignored.

The experimental data are again pre-
ser:2d in Figure 9 in a form that lends itself
to practical estimation of the deposition on
trailing spheres. The ordinate of Figure 9 is
the ratio of particles deposited on the nth
target to that deposition on the first normal-
ized to the value (1 + P;). The abscissa is
now

(n—-1)}G)"N

CONCLUSIONS

The capturz ol particles {rom air streams
moving by single and multiple spherical tar-
gets has been evaluated at various levels of
electrostatic charge in the non-Stokesian tlow
regime. An expression has been derived for
tha effective Coulombic attraction parameter
v ch takes into account the aon-Stokesian
Sesavior of particles in the range 40 < Re
< 16.0. whers

Ke, =Kz ; (15)
o= 1.01Re;°':: (16} .
This term heen combined with the efec-

tive Stokes number
U= Sk _ (4)
¥ =1.22Ru,;”:: (5)

10 describe capture efficiency by single.
spherical targets charged opposite to -the
aerosol droplets

. RN Ve -
7’=1-4[S’kerr"(:1\s.ﬁ)/ ] Lady
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Groups of spheres up to six in line were
tested for collection efficiencies as a function
of rank in line. spacing, and Coulombic and
inertial parameters. It was demonstrated that,
the concentration of particles in the wake of
preceding targets estimated by measuring the
deposition and velocity in those wakes, can
be modeled using the similarity solution for
the steady state transport of particles in the
turbulent wake of single spheres as devei-
oped by Jacober and Matteson (1990).

" The model is presented such that, if the
free-siream concsntration and velocity are
known, then capture by the leading target
can be obtained from the single target efi- -
ciency correlation (Eq. 17). Then depositien
on succeeding targets can be obtained from
an empirical curve relating deposition on the
nth target to the dimensionless group
(n=1¥GH"

APPENDIX
An example will show how this data can be
used to estimate deposition on an individuz!
target. Let the purticle size and density be
15.0 pm in diameter. and 1.0 g em ™2, resper-
tvely: the free-steeam velocity is 24
s=1 the targets are 0.6 cm in diumeter and
spaced  L/D = 30 center-io-centert  ihe
fres-siream coneentration is 5.0 em ™ We
wish to find the deposition on the 1t
after 10.0 min. The Coulombic aitractiea
parameter A = 0.10.

It is first necessary to estimate Depy. the
deposition on the lead target:

Dep, = LA l'y.c:w.-"i’.)
n=1a{(St )+ (2K, )'7)

12
Ty 5P Uy

Stk e T 8 re
_ .25 x 1079 (1L.0)(2400) o
18(1.8 x 1074)(0.3)




Stk o= 1.22( Re,) “*® 51k

1.5'% 10-3(2400) \
015

- 1.22( (5.55)
=337
Kg,=101{Re,) "*(ky)
=1.01(0.497)(0.1)
= 0.050
n, = 1.4[3.37 + ((2)(0.050))"
=5.16.
Now it is necessary to estimate the value of
the abscissa in Figure 9:

4(n— 1)1/3#

<
_ oy e N2\ a s
=4n-1) (vxd)(d) (7))
Values of the dimensionless éddy particle

diffusiori coefficient are obtained from
Jacober and Matteson (1990):

S0 22 2tk )
GP
and
€m (207
v,cd(?) 0.0959
therefore
22372
€
P
and
€ 12y 0.0959
2 (= = Q99
U(Z) = S5 = 00342,

Now, if n=5and z/d=5n=<1)"" =159,
" (2/d)Y =292, and the abscissa for Figure
9 becomes: 4(1.59)(.0342)(2.92) = 0.635. This
vields a value for

Dep,
Dep (1 + P,)
50
Deps = (0.72) 1,(0,,Ce 4,2 )(1 + P,)

= (0.72)(5.16)(2400)(5.0)

( 77(33) ‘)2(,1300)(1.19)

=0.72,

Dep; = 6.75 X 10" particles

HNF-2193 Rev. 0
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and

Dep, = 7.88 X 10% particles.
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NOMENCLATURE -

Cpy  Particle drag coefficient
(direensionless)
C,.  Particle number concentration (em ™ B

Dey R Collector diameter, radivs (cm)
€p0 €, Eddy (particle, momenium) diffusion

coeflicient, (em?s ~1)
d Particle diameter (em)
§  Acceleranon due to gravity (em s 77

Gz CGreetz number (dimen

i Subscript denoting inte
conditions -

Coulembic attraction
ctective coulombic 2t
parameter, defined in
(13, (dimensioniess)

) and

L. Stop dixtance wom

1 Spacing beiween spheres n
n Target rank
Particle. collector ct
{>tatcoulombs)

Coordinates in particle t
dedined 1n Fi 2. Eq.

Revnolds nun
(dimensionless)

er of particie, colleswer

Sth Stokes number. defined i
(drmensionless)

Etfective Stokes rumber, defin
Egs. {2) and (5}, (dime

. N v
Se Schmidt number = -
v

Free stream particle, gas velocity
(ems™ Y

¢, Terminal velocity of purticle
(ems )

B279
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velocities in trajectory analyses,

Upe Yo o —
defined in Figure 2, Eq. (7)

¢, Permittivity of free space = 71;, incgs
9 Particle capture efficiency, defined in
Eq. (30), (dimensionless)
p, Carrier stream viscosity (2 cm=tsh)
psep,  particle, gas density (g cm™?)
»  kinematic viscosity (en?® s71)
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Fig. 3. Dependeace of the particle size dis-
tnbution on wind speed. Wind speed values
. areinms™’,
exhibited a relative minimurm at 0.5 m for wind speeds
below Sms ™} and 2 maximumat a height of 1-2 m for
winds in excess of 7ms™L.

Figure 3 shows the dependence of the particle size
distribution on wiad speed at 3 height of sbout {0 m,
as measured by de Lecuw (1986) and Exton et af.
(1986). The measurements of Exton ef al. {1986) were
made on a tower located on & beach of South Uist
Island, the outer Hebrides, during periods when then
the air trajectory was from the North Atlantic. The
influeace of surfogenerated aerosol on the data of
Exton et al.. if any. is not known, 1¢ is scen that wind
speed has 2 strong influcnce on particle cogeentra-
tions. The wind speed depend of particle
trations is a function of particle size and this is
manifested by some change in the shape of the size
distribution with increasing wind speed. In the giant
pasticle size range, the data of ¢ Leeuw (1986)
indicate that the influence of wind speed is greatest for
_particles around 20-25 um radius. The wind speed
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masy ¢oncentrations can vary by a¢ an order of
magnitude or more at a given wind speed. Fastors
contributing to this scatter include variations in wind
speed history of the ait mass (ic. whether wind speeds
are increasing or decreasing), variations in the stability
structure of the marine boundary layer, vagations in
sea surface temperature which may affect viscosity and
bubble preduction, and scavenging cffects of pre-
cipitation,

Monahan et al. (1983, 1936} have combined . the
relationship between Wwhitecap coverage and wind
speed derived from shipboard photographic observa-
tions of the sea surface (Monahan, 1971; Toba and
Chaen, 1973) with wave tank measurements of the sga.
spray aerosol production ratc per unit area of whitc-
cap, to develop a model of the open-oceun sea-salt
production rate, per umit arey of sea surface, per
increment of particle radius. The production rate in
patticles m™35™ ! um -~ is given by

§= LITIU™44 7731 +.0.057 r1-99) 01 19¢°>

where U is the 10-m wind speed in ms~t, B=(0.338
—logr)/0.6S,and riy particle radiuy in microns. Such a
model is an importaat clement in the development of a
time-dependent model of the evolution of aerosol size

distrib

dependence of sea-salt particle and
their vertical disiribution in the surface layer is deter-
mined-by the production rate of sea-salt particles as a
function of wind speed, by the turbulent wind struc-
ture over waves and by gravitational and convective
forces.

Figuce 4 shows the dependence of sex-salt asrosol
mass concentration on wind speed, as ceported by
several investigators. Each curve is % linear least
squarcs fit of the expression In §xb +aU, where § is
the salt mass concentration and U is wind speed, to
scatter plots of sea-salt muss v wind speed. Sca-salt

i are d d either by computing
the integrated volume from measurements of the
particle size distnbution or by measuring the sodium
content of the salt yolution extracted from aerosol
sumples. The individual scatter plots show that salt

in the marine boundary layer.

4.3. Mineral dust

Mineral dust is a highly variable constituent of the
matine aczosol It is transported to the marine atmo-
sphere from semiarid and desert regions when wind
patterns are favorable. The coarse mode almost al-
Ways contains 2 mineral dust component, but mean
dust cuncentrations over most ocean arcas including
the North Adantic, the tropical Pacific and the South-
em Hemisphere oceans are typically less than
0.5 ugm™? and can be as low a3 0.05 g~ (Pro-
spero, 1979; Raemdonck er af., 1986; Savoie er al,
1987). However, high dust concentrations, sometimes

Jing the sea-salt ion, can occur over
certain ocean regions such as the iropical and equa-
tonial North -Atlantic Occun, the northwest Indiun
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Part B
Tank GRE Date Temperature change?

SY-103 1/22/95 No
3/1/95 Yes
5/2/95 No

8/23/95 No .
9/6/95 No
12/3/95 Yes
6/6/96 No
7/14/96 - Yes
12/20/96 Yes
11/27/97 Yes
12/7/97 No
AW-lbl 10/1/94 No
10/21/94 . No
11/27/94 No
2/22/95 Yes
5/8/95 No
5/17/95 No
7/8/95 No
7/12/95 No
8/2/95 No
9/15/95 No
9/22/95 No
10/16/95 No
12/12/95 No
12/29/95 No
2/5/96 No
5/14/96 No
} 6/5/96 No
AN-103 8/22/95 No
AN-104 11/6/94 No
2/16/95 No
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Part B
8/3/95 No
10/2/95 No
10/5/95 No
10/8/95 No
5/3/96 Yes
5/1/97 No
AN-105 8/21/95 Yes
5/30/96 Yes
4/5/97 - No
9/25/97 No
12/31/97 No
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Part B

An Analysis of Pa'rameters'Déscribing Gas
Retention/Release Behavnor in Double Shell Tank
Waste

S. D. Estey/M. D. Guthrie
WHC, Richland, WA 99352
u.S. Department of .Energy Contract DE-AC06-87RL10930

EDT/ECN: 610265 uc: 2030 o
Org Code: 74Al10 Charge Code: D2ZME6
B&R Code: EW3130010 Total Pages: 25

Kéy Words: Gas Retention, Gas Release Event, Convective Waste,
Non-Convective Waste, Depth, Specifjc Gravity

Abstract: This report documents a study to further define criteria
associated with gas retention and subsequent release in double-shell
tank (DST) waste. Each DST was analyzed to determine the-
compressibility of its waste contents.by correlating changes in tank
level with changes in atmospheric pressure. The compressibility of each
DST’s waste was then compared with two other parameters and two
combinations of parameters describing the waste in the tank. These
parameters/combinations were: (a) depth of non-convective waste; (b)
specific gravity of convective waste; (c) the product "(a)x(b)" (d) the
difference "(a)/(b)". The data combination described in (c) is
presented as the best correlation between analyzed parameters and DST
gas release event (GRE) behavior.
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1.0 SUMMARY

This report documents a task associated with the technical justifications
which were specifigd as a condition of the Multi-Function Waste Tank Facility
(MWTF) cancellation decision (Alumkal 1995; Sidpara 1995). The original task
specification was titled "Validate 1.35 SpG", and was intended to refine the
.impacts of waste concentration Timits on double-shell tank (DST) operational
volume capacity. Schedule and budget limitations reduced the task to a brief
survey and analysis of available waste tank data to see if additional
justification could be demonstrated for the current waste concentration limits
(Fowler, 1995a & 1995b), or to determine if some alternative analysis approach
was appropriate. The results were originally communicated via internal memo )
(Estey & Guthrie 1995). This report presents the results in the supporting
document format. } .

This effort resulted in the calculation of a thearetically objective measure
of the relative magnitude of gas entrapment in each DST. This measure,
(dL/dP), indicates the compressibility of DST waste, and, with certain
assumptions, can be related to the amount of gas trapped in the waste. If gas
were trapped in the DST waste, an increase in pressure on the gas (attributed
to an increase of barometric pressure) would result in a decrease of waste
volume or tank level. Therefore, to have any physical significance, tank
waste with trapped gas must exhibit a dL/dP value which is negative. 1In
addition, the most current measurements or best estimates of two DST waste
quantities were obtained: 1) total thickness or depth of non-convective
wastes in each DST, and 2) the density of the convective waste in each DST.
With the depths, densities, and dL/dP values known for each of the OST,
various combinations of these parameters were analyzed. This analysis
presents evidence of new correlations of waste parameters and gas
entrapment/release behavior of DST waste and suggests a new criteria which
could be used as a waste concentration limit. )

2.0 INTRODUCTION

Allowable dewatering of Hanford tank wastes is an important factor in
determining reserve volume capacity of the double shell tank (DST) system
(Awadalla 1995). Analysis in recent years suggested that unrestricted
dewatering of wastes, while maximizing the available OST capacity, establishes
conditions Tikely to cause undesirable gas retention within the waste
(Reynolds 1994; Fowler 1995a & 1995b). The mechanisms by which tank waste
retains gas are unknown, but the empirical property historically found to most
closely correlate with gas retentive behavior is specific gravity (SpG)
(Reynolds 1994). Most likely, other properties associated with high specific
gravity waste {e.g, high waste viscosities caused by formation of large-
amounts or certain types of solids, saturated salt solutions, or formation of
gelatinous aluminum compounds) actually cause the gas retention, but such
mechanisms have not been established. Other specific gravity values (Hudson
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1995) have been proposed as a limit describing waste gas retention behavior,
but (Reynolds 1994) describes the current basis for the controlling criteria
specified in (Fowler 19952 & 1995b)..

The criteria (Fowler 1995a & 1995b) intended to prevent undesired gas
retention in DST waste are stated as a phased approach. Any waste to be
transferred into a DST must have a specific gravity equal to or less than 1.3,
or additional analysis will be required to justify the transfer. If the
specific gravity of the waste to be transferred is greater than 1.3, the
weighted mean of the commingled waste must be determined. The interpretation
is that the bulk specific gravity of the waste in the receiver tank, after
receipt of the new waste, must be determined (estimated by calculation) if the
waste to be added to the receiver tank has a specific gravity of greater than.
1.3. If this weighted mean specific gravity is calculated at less than 1.41, .
the transfer will be allowed. If the weighted mean specific gravity is
calculated at greater than or equal to 1.41, additional technical evaluation
will be required to show that unsafe gas retention conditions will not occur
in the receiver tank.

Although the criteria widely referred to as.the "1.41 specific gravity limit"
does not reprasent an absolute requirement for a waste transfer, practical
considerations, such as the difficulty in demonstrating that a higher specific
gravity won't create a problem, treat it as such. The issue of the
suitability of the specific gravity limit continues to be questioned due to
the lack of definition for the mechanism which relates specific gravity to gas
retentive behavior (Fowler 1995b). Further, new jnformation and relationships
have recently come to light which were either not known or available when the
jnitial work which developed the current waste specific gravity limits was
performed. These considerations suggest that further investigation the Timits
associated with gas retention is warranted, particularly if conservation of
DST operational volume is indicated.

3.0 DISCUSSION
3.1 Defining the Analysis Methodology

Due to the importance assigned to recent waste tank flammable gas analyses
performed at the Hanford Site, use of a similar analysis was desired to
determine if it might represent.an objective measure of a tank's gas retention
properties. If the analysis indicated that the amount of gas trapped within
tank waste could correlate with some other descriptive measure of the waste
contained within the tank, such as accurate estimates of a tank's solid (non-
convective) waste volume or a liquid (non-convective) specific gravity, strong
evidence of a relationship would be established. Therefore, this analysis
Tooked as comparisons of calculated dL/dP values for a given tank with the
nonconvective waste volume (depth), or a convective waste (1iquid) specific
gravity, or various combinations thereof.
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This investigation focused on the relationships identified by and developed in
recent tank waste analyses which suggests a quantitative measure of gas
trapped within tank waste (Whitney 1995; Hodgson 1995a).° The physical
principles upon which these analyses were performed is repeated here. The
Jogic reasoned that real changes in tank level caused by variations in
atmospheric pressure, without interference from any additional factors,
im?lies the presence of a compressible volume within the waste - i.e., a gas
volume.

Such a relationship, a change in tank level with a change in barometric
pressure (dL/dP), is a measure of the compressibility of the waste. When the
volumes, specific gravities, and locations of the various physical forms of
waste contained within the tank are known, the relationship between dL/dP and .
the amount of trapped gas can be derived from Boyle's Law or the Ideal Gas
Law,fwhen jdeal behavior is assumed. This relationship is simply stated in
the form:

V= -A*P*dL/dP where, .
v ' volume of gas trapped in tank waste at pressure P (e.g., fts)
A cross-sectional area of the‘tank (e.9., ftz)
p preésure exerted on the volume of trapped gas (e.g., Ibf*ft‘z)
dL/dP = .meaéured change in tank level divided by a measured change in

atmospheric pressure (slope, e.g, 1b” *ftﬁ

Only approximate estimates of V can be obtained in this manner because the
true configuration of tank wastes and distribution of gas within the wastes is
not known. However, the value yielded based on assumptions of the gas
distribution may be useful for comparison purposes. This analysis did not
attempt to determine volumes of gas trapped within a DST, but rather compares
calculated dL/dP values to information already known about the DSTs.

In determining dL/dP values for the DSTs, this analysis took a simpler and
more direct approach than the statistical barometric pressure/tank level
analyses used in (Whitney 1995; Hodgson 1995a). In this analysis, dL/dP was
determined by comparing tank level and atmospheric pressure data over @
single, discrete time period. The intent was to create data comparisons which
allow elimination of as many potential error terms as possible. This resulted
in selectivity of the time intervals chosen, and the time intervals for any
given DST may range from about one week to six months or more.

The major assumption of this analysis is that the effects of temperature
changes and water evaporation can be factored out of the raw tank level data.
Engineering judgement and knowledge of the latest tank conditions, along with
visual interpretation of the tank level data, were used to select time
intervals which were apparently not affected by the waste transfers, waste
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additions, and water additions common in numerous OSTs. The combination of
assumptions and selectivity of time interval used in the analysis increases
the chances that the previously mentioned complicating factors are effectively
eliminated from the analysis. The standard time interval used was 10/1/95 to
12/31/95. A different time interval was used if knowledge of one of the
concerns mentioned previously ruled out use of the standard interval. An
obvious example here was tank 101-SY, which was evaluated during what is
considered to be a quiescent period between gas release events (GREs) in 1992.
An advantage of the standard interval is that it included the time period
around 12/12/95, which featured an extreme atmospheric pressure drop and
subsequent rise accompanying a major storm system that passed over the
Northwestern States. .

A1l data relationships investigated were expressed in the form of dL/dP =
f(non convective waste volume and/or liquid specific gravity). In these
analyses, non convective waste volume and liquid specific gravity for each
tank constitute the independent data/data sets, while the calculated values of
dL/dP for each tank constitute the dependent data. Some other assumptions
used in this analysis must be stated for the independent data. One is that,
in the absence of a direct measurement, the sum of volumes of sludge, salt
cake and crust were the equivalent of the volume of non-convective waste in a
tank. The second is that a Tiquid specific gravity is synonymous to the
specific gravity of the convective waste in the tank.

3.2 Development of the Dependent Data (dL/dP)

The general procedure to derive the value dL/dP started by cbtaining tank
Jevel and barometric pressure data for the interval. of concern (nominally
10/1/95 to 12/31/95). If investigation of the tank level behavior indicated
an unstable history, additional level and pressure data would be investigated
until a satisfactory time interval was identified. The term “unstable
history" indicates that discrete and rapid step level changes were in
evidence, indicating that the tank was experiencing a waste transfer or water
addition. A "satisfactory time interval" exhibited no evidence of a waste
transfer or water addition. :

The level data for each DST was obtained through the personal computer
surveillance analysis computer system (PC SACS) using manual Enraf, automatic
Food-Instrument Corporation (FIC), or manual tape measurements, depending on
which instrument was available for a given tank during the desired time
period. The barometric pressure data was obtained from the weather station at
6 hour increments (2400, 0600, 1200, 1800) for all time periods in question.
The level and pressure data were then placed in a spreadsheet to allaw for
comparison. The time at which Tevel data was recorded was compared to the
times of the available barometric pressure data. The specific barometric
pressure readings selected for use were those recorded at the time most
closely matching the estimated average time at which the level data was
recorded. This selection was made based simply upon visual observation of the
data as reported.
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Next, a decision was made on whether the tank level data required detrending.
Detrending is the term which describes the process of removing any additive
trend in the level data, which in accordance with the analysis assumptions,
would be due to waste temperature changes, water evaporation, or slow waste
transfers/water additions. To determine is detrending was required,. the data
was graphed with the number of days plotted on the horizontal axis while the
tank level data was plotted on the vertical axis. The plot was visually
inspected. If the average tank level did not change over the time interval,
the Jevel data was not detrended. If the average tank level showed a trend
over the time interval, it was an indication that waste temperature was
changing and or water was evaporating from the waste, etc. If the level data
indicated waste temperature changes or evaporation, the level data was
detrended. If detrending was required, it was first performed by linear
regression, with time as the independent variable and tank level as the
dependent variable. In a few cases, the linearly regressed level data plot
showed obvious non-linear behavior, and the level data was detrended again
using a quadratic interpolating pelynomial. In one extreme case (tank 101-
AZ), the linearly detrended level data presented an evident S-curve and a
cubic interpolating polynomial was used for its final detrending.

The linear or polynomial fits used for detrending the data were applied with
the first tank level data point as the day zero (x=0) intercept on the tank
Jevel axis (y-axis) of the plot. The subsequent level data was detrended by
subtracting the product of the slope(s) of the Tinear regression multiplied by -
the number of days which had elapsed from day 0 of the interval. If
detrending was performed by a polynomial, each term of the polynomial was
multiplied by the number of days raised to the power appropriate for the order
of fit term. - Figure 1 illustrates an example of these manipulations, showing
a plot of days versus both raw and detrended level data for tanks 101-AZ and
104-AN.

The next step in the development of the dependent data was to remove the raw
tevel data from the plots illustrated in Figure 1 where appropriate, and add
the barometric pressure data on the secondary (right side) vertical axis.
Obviously, if detrending was not performed on a set of tank level data, the
raw level is still used. While these plots are not really needed to obtain
the value of dL/dP, they permit visual observation.of any correlations in the
data. These plots were prepared for all the DSTs, but only in'a few cases can
a correlation be visually observed. Those correlations which were evident were
from tanks with dL/dP values of the greatest magnitude. Examples of these
plots for tanks 101-AZ and 104-AN are shown in Figure 2.

Finally, for each DST, another regression was performed on the tank Tevel
data, which may or may not have been detrended, and the barometric pressure
data. In all.cases, linear regression was performed, using barometric
pressure as the independent variable and tank Tevel as the dependent variable.
This linear regression gave the best-fit straight line through what is
essentially a scatter plot of the detrended Tevel and pressure data. The
slope of the best-fit line through the data corresponds to the desired value
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dL/dP. An example of this, once again for tanks 101-AZ and 104-AN, is shown
in Figure 3. To have any physical significance, the sTope would have to be a
negative value, which indicates a volume reduction upon a pressure increase.
1t can be seen in Figure 3 that tank 101-AZ exhibits a positive value for
dL/dP. Only a few tanks exhibit positive values for di/dP, and the magnitudes
of those calculated positive slopes are, in general, small compared to the
magnitudes of the calculated negative siopes. For example, no positive dL/dP
slope was found to exceed 0.1 inches level/in mercury (Hg), whereas the
magnitude of negative dL/dP slopes frequently exceeds a magnitude of 0.1
inches level/in Hg, reaching a magnitude of 0.85 for tank 101-SY.

Tables 1 and 2 summarize results from the development of the dL/dP data for
each DST, and includes 95% confidence values for the dL/dP slopes determined
in the final regression of the scatter-plot data shown in Figure 3.



Date of Initial
Tank Level -

Observation

12/12/95
10701795
10/23/95
10/11/95
09/01/95
11/01/95
10701795

10/01/95
10/01/95
12701795
10/01/95
01/01/95
10/01/95
10/01/95
10/01/95

10/01/95
05/02/95
10701795
10701795
12708795
10701795

10/01/95
11/15/95 .

06/22/95 -
10/01/95

05/01/92
10/01/95
05/08/95
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Table 1

Determining dL/dP Values

Number of Method of
Tank Level Tank Level
Observations Measurement
19 Auto FIC

92 Auto FIC

80 Manual Enraf
80 Manual Enraf
116 Manual Enraf
50 Auto FIC.

92 Auto FIC

92 Auto.FIC

92 Auto FIC

21 Auto FIC

32 Auto FIC

236 Auto FIC

34 Auto FIC

92 Auto FIC

30 Auto FIC

92 Manual Enraf
15 Manual Tape
91 Manual Tape
91 Manual Tape
11 Manual Tape
91 Manual Tape
92 Manual Tape’
30 Auto FIC

113 Manual Enraf
34 Auto FIC

123 Auto FIC

92 Manual Enraf
102
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Manual Enraf

Time
Barometric
Pressure
Recorded

0600
0600
1200
1200
1200
0600
0600

0600
0600
0600
0600
0600
0600
0600
0600.

1200
1200
1200
1200
1200
1200

1200
0600

1200 .
0600

2400
1200
0600
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Table 2
Determining dL/dP Values (continued)
. Mean dL/dP -

Regression ) values from 95%

Polynomial linear regression Confidence

used to of tank level o Interval

Datrend Tank . and barometric - Standard on the
Tank Level pressure data - Deviation Mean
AN-101  none +7.3E-6 2.56-4 +9.9€-§
AN-102 none -0.0044 0.019 . £0.0033
AN-103 none -0.44 0.038 +0.0071
AN-104 Tinear } -0.17 0.024 ~ £0.0045
AN-105 . quadratic -0.11 = 0.020 +0.0031
AN-106 none +1.1E-11 1.6€-12 +3.8E-13
AN-107 - none +0.080 0.081 +0.014
AP-101 Tinear +0.00038 0.017 +0.0030
AP-102 Tlinear -0.007¢ 0.014 +0.0024
AP-103 none -6.6E-14 1.5E-14 +0.56E-14
AP-104 none -6.3E-12 1.2E-12 +0.36E-12
AP-105 quadratic ~0.036 0.010 -  %0.001l1
AP-106 none -0.0027 0.00023 +0.000067
AP-107 Tinear +0.018 0.023 +0.0040
AP-108 none -0.0025 0.00012 £0.000037
AW-101 none -0.25 0.024 +0.0042
AW-102 none none none %0
AW-103 none -0.067 0.018 +0.0031
AW-104 Tinear : -0.15 0.064 +0.011
AW-105 none -0.054 0.015 +0.0081
AW-106 quadratic. -0.066 _ 0.025 “+0.0044
AY-101 Tinear +0.021 0.072 +0.013
AY-102 - Tinear -0.040 0.035 +0.011
AZ-101 cubic +0.029 0.039 "£0.0061
AZ-102 quadratic -0.011 0.026 +0.0075
SY-101 Tinear -0.85 0.019 £0.028
SY-102 linear -0.013 0.016 +0.0028
SY-103 quadratic -0.13 0.016 - 10.0026
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Figure 1

Examples of Tank Level Detrending
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Figure 2

Chronological Plots of Tank Level and Barometric Pressure
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Figure 3

Detrended Tank Level (Inches)
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3.3 Identification of the Independent Data

The independent data used in this study was limited to estimates of the total
volume of non-convective waste in a DST and the specific gravity of the
convective waste in the DST. Tables 3 and 4 summarize the values identified
for these two quantities and gives réferences for each of the values Tisted.
These quantities are believed to represent the best engineering estimates of
the current tank conditions. )

3.4 Data Analysis

The final data set included the calculated dL/dP values for each of the DST's
analyzed, along with a variety of combinations of the independent data
identified for the tank. Data relations were investigated by correlating
independent data (non-convective waste volumes and convective waste specific
gravities), either singly or in combination, with the dependent data (dL/dP).
As a result, limited data analysis was performed on four combinations of
chosen data: :

1. dL/dP vs Total Non-Convective Waste Depth

2. dL/dP vs Convective Waste SpG -

3. dL/dP vs (Total Non-Convective Waste Depth*Convective Waste SpG)
4. dL/dP vs (Total Non-Convective Waste Depth/Convective Waste SpG)

A correlation of the form dL/dP vs (convective Waste SpG/Total Non-Convective
Waste Depth) was ruled out because it is undefined for tanks without a non-
convective waste volume and because it gave meaningless results for DSTs which
did possess a volume of non-convective waste. Figures 4 - 7 show a graphical
depiction of the correlations. Also shown in the Figures is a quadratic
regression of the results which were plotted for each of the four cases. A.
quadratic fit was chosen because the data plot clearly exhibit non-linear
behavior. In addition, this best-fit curve to the data was felt to offer some
simple means to objectively compare one data combination to the other. One
observation immediately evident is that Figure 5 indicates that the specific
gravity of wastes in a DST must exceed 1.4 in order for the tank to exhibit
GRE behavior. This is consistent with the existing waste compatibility
criteria (Fowler 1995a & 1995b). From the data analysis, the following is
noted: . :

ig. Data Combination : Regression Variance (R® Values)

Fig.

4 1. dL/dP vs waste depth 0.87
5 2. dL/dP vs waste SpG 0.49
6 3. dL/dP vs depth*SpG : 0.87
7 4. dL/dP vs depth/SpG 0.73
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The variance of the regression, which is an indicator of the degree of
correlation between the independent and dependent variables, indicates that
dL/dP correlates more strongly, and to an equal degree, with non-convective
waste depth and (non-convective waste depth*convective waste specific gravity)
as the independent.variables. However, it is felt that the correlation shown
in Figure 6 (Data Combination 3, dL/dP vs waste depth*waste SpG) offers two
key advantages over that shown in Figure 4 (Data Combipation 1, dL/dP vs waste
depth). These advantages are: .

a. Figure 6 shows a clearly evident separation between those DSTs
which have documented GRE behavior and those DSTs which do not.
This separation is not’at all evident in Figure 4.

b. Figure 6 exhibits a stronger (i.e., more linear) correlation if
only DSTs with documented GRE behavior are considered.
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Table 3

Data Sources for Waste Depths and Specific Gravities

Tank Sludge+Salt Cake Volume Crust Volume Liquid Density

AN-101 (HanTon 1995) estimated* (Esch 1996)
AN-102 . (Hanlon 1995) estimated* (Van Vleet 1993)
AN-103 estimated* gstimated* (Guthrie 1996)
AN-104 estimated* estimated* (Guthrie 1996)
AN-105 estimated* estimated*- (Guthrie 1996)
AN-106 (Hanlon 1995) estimated* (Dodd 1994)
AN-107 (HanTon 1995) estimated* (Herting 1993)
AP-101. (Hanlon 1995) ’ estimated* (Simpson 19%4c)
AP-102 (Hanlon 1995) estimated* (Simspon 1994b)
AP-103 - (Hanlon 1995) estimated* (Simpson 1994a)
AP-104 (Hanlon 1995) estimated* (Winters 1988)
AP-105 (Hanlon 1995) estimated* (Simpson 1994d)
AP-106 (Hanlon 1995) estimated* (Welsh 1994)
AP-107 (Hanlon 1995) estimated* (Miller 1995)
AP-108 ) (Hanlon 1995) estimated* (Jones 1994)
AW-101 estimated* estimated* (Guthrie 1996)
AW-102 (Hanlon 1995) estimated* (Guthrie 1996)
AW-103 (Hanlon 1995) estimated* (Hodgson 1995b)
AW-104 . (Hanlon 1995) estimated* (Tusler 1995)
AW-105 (Hanlon 1995) estimated* (Jones 1994)
AW-106 (Hanlon 1995) estimated* (Guthrie 1996)
AY-101 (Hanlon 1995) estimated* (Van Vleet 1993)
AY-102 (Hanlon 1995) estimated* (Van Vleet 1993)
AZ-101 (Hanlon 1995) : estimated* " (Rollison 1994)
AZ-102 (Hanlon 1995) estimated* (Schreiber 19985)
SY-101 estimated* estimated* (Reynolds. 1992)
SY-102 (Hanlon 1995) estimated* (Sutey 1995)
SY-103 estimated* estimated* (Wilkins 1995)

* quantity was determined by engineering judgement based on in-tank
thermocouple tree temperature profiles or other process information
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Table 4

Waste Depths and Specific Gravities used in Analysis

Tank Sludge+Salt Cake Depth Crust Depth Liquid Density
(inches) (inches) (g/cc)
AN-101 0 0 1.24
AN-102 32 0 1.39
AN-103 150 51 1.60
AN-104 180 55 1.46
AN-105 204 2 1.43
AN-106 6 0 1.19
AN-107 . 49 0 1.40
AP-101 0 0 0.99
AP-102 0 0 - 1.20
AP-103 0 0 1.00
AP-104 0 0 1.03
AP-105 56 0 1.33
AP-106 G 0 1.00
AP-107 0 0 1.01
AP-108 0 0 0.99
AW-101 125 51 1.54
AW-102 20 0 1.16
AW-103 - 132 0 1.04
AW-104 142 0 0.99
AW-105 108 0 1.01
AW-106 108 0 1.31
AY-101 30 0 1.09
AY-102 12 0 1.00
AZ-101 . 13 0 1.20
AZ-102 35 0 1.10
SY-101 220 47 1.49
SY-102 26 0 1.03
SY-103 140 24 1.47
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Figure 4
Plot of dL/dP vs Non-Convective Waste Depth for DSTs
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Figure 5
Plot of dL/dP vs Convective Waste Specific Gravity for DSTs
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Figure 6
Plot of dL/dP vs Waste Depth*Waste Specific Gravity for DSTs
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Figure 7
Plot of dL/dP vs Waste Depth/Waste Specific Gravity for DSTs
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The findings of this study were that the best correlation of the analyzed tank
waste properties and the degree to which that waste may retain and release gas
was determined by the product of the total solids (non-convective waste)
volume or depth and the specific gravity of the 1iquid (convective waste) in
contact with the solids. This makes some intuitive sense in that solids are
the only waste form that can retain gas and the liquid specific gravity
(assumed equivalent to the 1iquid occupying the solids pore volume) generally
correlates with the viscosity of the liquid. The correlation of total solids
depth to waste compressibility was also found to be significant, as could be
expected from postulated waste tank gas retention mechanisms. However, depth
of solids alone cannot differentiate why one tank with a given volume of
solids exhibits GRE behavior while another tank with a similar solids volume
does not. It appears that the specific gravity of the convective waste could
be a key parameter describing why two tanks with the same total sclids volume-
may exhibit dramatically different behaviors in terms of GRE.

The preferred correlation suggests that there are distinct differences between
wastes in DSTs which are known to exhibit GRE behavior and waste in DSTs which
are not. Although similar to the current waste specific gravity Timits
(Fowler 19952 & 1995b) in that they are based on empirical data, the results
show that, to date, no episodic gas releases have been observed in DSTs where
the total solids depth in inches multiplied by the-specific gravity of the
contacting liquid is less than 150 inches. A corresponding statement is that,
to date, all DST s known to exhibit GRE behavior possess a value of the total
solids depth in inches meltiplied by the specific gravity of the contacting
Tiquid of greater than 230 inches.

Based on these findings, practical considerations to be could be suggested for
use when waste is transferred into a DST in the future. It is likely that
when the total depth of well settled solids (inches) multiplied by the
supernate specific .gravity in a 0OST is less than 150 inches, the probability
of a GRE of concern developing in the tank is low. Conversely, it is 1ikely
that when the total depth of well settled solids (inches)'mu1t1p1ied by the
supernate specific gravity in a DST is greater than 230 inches, the
probability of a GRE of concern developing in the tank is high.
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Date: June 20, 1994

Subject: EVALUATION OF SPECIFIC GRAVITY VERSUS GAS RETENTION

To: N. W. Kirch fu¥e-11
cc: N. A. Bostic.  R2-11 R. J. Nicklas R1-43
K. 6. Carothers RI1-51 - R. C. Roal H5-27
R. A. Dodd R1-51 J. S. Schofield R1-51

G. D. Johnson  R2-78 DAR File/LB

During development of the Data Quality Objective (DQO) for waste
compatibility, waste characteristics and Timits were identified which .
related to tank safety issues. A -limit was desired that would allow tank
operations without creation of an additional Flammable Gas Watch List (FGWL)
tank. For the DQO, a limit of 1.41 specific gravity (SPG) was chosen. The
DQO stated that exceeding the 1.41 SPG Timit requires further technical
evaluation of the potential for flammable gas accumulation in the waste.
This memo provides information on the waste volume impact due to
jmplementing a 1.41 SPG limit and on the basis for why the limit was chosen. .
The SPG limit was chosen because of the strong statistical correlation
between SPG and FGWL. Although, there are other parameters that also
influence whether a tank exhibits gas retention and release, ne other single
parameters distinguished between FGWL and non-FGWL tanks. Tank sampiing and
vapor monitoring from FGWL tanks other than 241-$Y-101 may allow revision of
the 1.41 SPG value. :

1) What does the 1.41 SPG limit really do to waste volume projections?

‘“There has been a rough estimate that the 1.41 SPG may increase the final
storage volume by 25%. With double-shell tank (DST) space at a premium, the
volume increase will need closer evaluation and alternatives to be pursued.

To see what practical effect the 1.41 SPG Timit has, the following sample
data from tank AW-102 was evaluated. : .

‘This composition was used for input to both PREDICT and ESP. (It should be
pointed out that the version of PREDICT used is not the same one used by the
Waste Volume Projections.) Both programs told essentially the same story. -
The waste in 102-AW may be evaporated about 90%. Very few solids are formed *
before the final evaporator pass by either model. Densities for the PREDICT
run were calculated based on the equation from Herting's work'. ESP
calculates the densities of the liquid. PREDICT would say that the 8 M OH
rule is reached first with the density of 1.39.. ESP would say that the

1 9. A. Reynolds, D. L. Herting, "Solubilities of Sodium Nitrate, Sodium
Nitrite, and Sodium Aluminate in Simulated Nuclear Waste,” RHO-RE-ST-14P,
1984, Page 24. . ’
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density rule would be hit first with the OH at 6.8 M. PREDICT indicates a
WYR of 91.2% and ESP would have a WVR.of 90%.  Essentially both models
indicate the same thing. At Teast for this waste, the 1.41 SPG Timit would
have minimal impact on the evaporation. .

. TJable 1 .
Composition of AW-102 from sample T-8435
: taken in 1938
Component Concentration Unit | Concentration
Al moles/liter 2.486-2
NO2 moles/liter 5.48E-2
NO3 moles/liter 3.16E-1
OH moles/liter §.69E-1
P04 moles/liter 2.54E-3
S04 moles/liter 1.16E-2 -
1 moles/lTiter 4.76E-3
€03 1 moles/Titer 4.83E-2
TOC grams/liter 4.95E-1
£ moles/liter 3.34E-1
% H20 percent - 9.327E-1
Ca . moles/liter 3.976-4
Mg ‘moles/liter 1.1E-4
B moles/liter 5.76E-4
cr moles/liter - 4.39E-4
Na moles/liter 1.19
K moles/liter 2.7E-1
NH3 moles/liter | 5.96-2
SPG . 1.0371

2) Is the 1.41 SPG limit real or is there a better fimit?

The basis for the 1.41 SPG 1imit came from a preliminary study. An attempt
was made to estimate the densities of the waste in all the double-shell
tanks. When the tanks were sorted by density, all the flammable watch list
0STs came to the top. All the flammable watch Tist tanks had SPG >°1.4.

A1l the non-watch list DSTs had SPG < 1.4. It should be pointed out that
all the tanks containing double stiell slurry are on the watch 1ist. A1l the
tanks containing -double shell slurry feed except one are on the watch Tist.

e
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The one tank of DSSF not on the watch list (AP-105) was avaluated as a
potential watch 1ist tank at one time. That tank also is the lowest SPG of .
the DSSF tanks. There seems to be a close correlation between double-shell
slurry, double-shell slurry feed tanks and the ability to retain gases.

A 1982 studyz indicated that the slurry growth was related to viscosity and
initial gas generation rate. In other words, the ability to trap gases was
related to a trapping mechanism (viscosity) and a generation term. The 1982
study shows that hydroxide concentration, aluminum concentration, nitrite
concentration, iron concentration, temperatyre, and terms relating to total
organic carbon (TOC) were all important to gas generation. Our current
understanding of gas generation would also include a radiation term. These
variables became the items to focus on while Tooking for a new limit. .

In 1988, a internal memo was released on viscosity’. During this study, no
samples with a SPG of <1.35 had solids in the waste. Above 1.35 SPG, solids
were usually present. It can be surmised that by the time the SPG reaches .
a??ve 1.4, there is enough solids present to trap the gas that is formed in
all tanks. : .o )

The most readily available source of information an these variables was the
Van Vleet document’. This document provided the double shell tank
characterization data for the Interim Safety Basis. Table 2 is the
collection of the data from the Van Vleet document.

The information in Table 2 represents a tank average. When the analysis
indicated both a liquid and a solid phase, the relative volumes of each were
used to derive a volume weighted average which is shown in Table 2. The
column labeled "Watch List" is the code for whether or not the tank is on
the Flammable Gas Watch List. A 1 was assigned to nonwatch Tist tanks and a
2 was assigned a watch Tist tank. These assignments were totally arbitrary.
Saveral tanks do not have any values 1isted. These tanks are full of dilute
waste. Typically they contain mostly water from PUREX.off gas scrubbing and
other flushes. These tanks do not contribute to our understanding of a .
1imit and so were not considered in the evaluation that follows.

Plats of the information in Table 2 quickly showed that iron and the
radiation terms would not differentiate between FGWL and non FGWL tanks.
Parhaps what this shows is that all of the tanks have enough iron and
radiation to drive the gas generation reaction or these variables are not
important to the reaction. In any case, they were dropped from )
consideration, . :

2 gale, L. A., "Summary of Slurry Growth Experiments -- 1982,°
SD-WM-TI-049, 1982.

3 p. A. Reynolds to M. C. Teats, “Yiscasity of Evaporator Slurries,"
IM 13314-88-105, June 30, 1988. S .

% yan Vleet, R. J., "Radionuclide and Chemical Inventories for the Double
Shall Tanks," WHC-SD-WM-TI-543, Rev. 1, Aug. 1993.
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The tanks were sorted into the watch Tist and nonwatch 1ist groupings. A
statistical technique called analysis of variance (ANOVAR) was used on those
groupings. This technique Tooks at the averages and standard deviations to
answer the question: "Could these averages both come from the same
population?” [f the answer is no, then the conclusion is that the two
groupings (watch list and non-watch list) are different. This analysis showed
that density, sodium concentration, aluminum concentration and hydroxide
concentration had different populations for watch list versus non-watch 1ist.
In other words, the watch 1ist tanks were significantly different from
nonwatch 1ist tanks for these variables. There were two variables, TOC and
NO2, which the statistical test could not differentiate between watch 1ist and
nonwatch 1ist tanks.

These two variables have been identified as being important in the gas
generation reactions. Plots of watch 1ist and non-watch 1ist tanks are ‘shown
in Figure 1 and Figure 2. Both of these figure show that the watch Tist tanks
tend to have larger values but the overlap between the data of the watch list
and nonwatch list tanks is so great that TOC nor NO2 are useful as a criteria.
Once ‘again, this may be an indication that all tanks have sufficient TOC and
NO2 to generate gas.

The variables which ANOVAR chose are not independent. As waste is ’ :
concentrated, the density and the concentrations both increase in a related -
manner. Consequently, a limit on density (SPG) automatically sets Timits on
the concentrations of the other variables. Table 3 shaws a correlation
between the variables.

Table 3
Correlation Between Variables

Dgnsity NO2 Na Al OH
Density 1
NO2 0.898 1
Na 0.869 0.843 1
Al 0.840 0.884 0.845 1
OH 0.665 | 0.557 0.581 0.617 1

To see if the variables chosen by the ANOVAR may provide a better limit, a
technique -called forward and backward multiple Tinear regression was used.
Each of the four variables that ANOVAR indicated as important (density,
sodium, aluminum and hydroxide) were multiplied by each.other to supply a term
for interactions between the variables. The forward linear regression will
then allow one variable or jnteraction at each step into the ragression
equation. In the forward linear regression, the variable that is most related
to the dependent variable is first put into the equation. If there is still
significant relationship with other variables, then an additional variable is
put in. Stepping through this way allows the variables to show the relative
importance. A similar method applies to backward regression. Backward
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regression starts wjth.a11 variables and interactions in the equation and then
removes the Teast s!gnlficant variable at each step. Finally, only the most
jmportant variable is left in the equation. B

An equation is not supplied in this study. This is because the value for the
dependent variable (watch list or not) was purely arbitrary. However, both
the forward and the backward linear regression showed that the interaction
vdensity times the aluminum" was the variable that had the largest correlation
to whether or not a .tank was on the watch list.

Figure 3 shows the density versus aluminum concentration plot. Notice that

all of the watch list tanks fall above .9 M Al. All of the watch Tist tanks
fall to the right of the 1.41 g/ml density. There are three other tanks )
jdentified above 1.41 g/ml. “Note that the density and aluminum concentration .
of AW-104 are not-believed to have accurate information in the database. The
-sample used in the database was a 1984 sample. Since that time, the tank has
been emptied and filled several times. The other tanks fall in two categories
-- complexed concentrate (AN-102) and neutralized coating removal waste (AW~
103). Complexed concentrate waste was concentrated up to the peint of making
solids. Consequently, there is lots of organic in the tank, high density,

etc. yet there is only 2 small solids layer to trap gas. The NCRW waste is
also quite a different waste from other waste streams. There is little
organic in the NCRW waste but there is large amounts of solids. However, the
solids are of a different type from the solids produced in evaporatar. These
solids may not have the strength to retain gases.

It is also interesting to note that to make double-shell slurry or double-
shell slurry feed, the waste is evaporated to the aluminate solubility

- poundary. The resulting waste may contain sodium aluminate. The resulting
waste is certainly very dense.
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Table 3 shows the density, aluminum and a column which has the aluminum and
density multiplied together. The tank which has the density times the
aluminum of 1.22 is tank AW-104 which has been mentioned before. There seems
to be a clear change at about 1.3 on the density times aluminum.

Table 3
Density and Aluminum
Watch Density Al . Density*Al
1ist ‘
2 1.60 2.13 3.41
2 1.52 2.14 3.25
2 1.55 1.84 2.84
2 1.46 1.81 2.65
2 1.54 1.03 1.59
2 1.43 0.94 1.34
1 1.41 0.87 1.22
1 1.40 0.56 0.78
1 1.11 0.63 0.70
1 1.20 0.39 0.47
1 1.35 0.34 0.46
1 1.24 0.33 0.40
1 1.24 0.32 0.40
1 1.21 0.28 0.34
1 1.09 0.17 g.19
- - 1 1.16 0.14 0.16
1 1.02 0.08 0.09
1 1.55 0.04 0.07
1 1.01 0.02 6.02
1 1.03 0.00 0.00
1 0.14 0.00
1 0.00 0.00
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Conclusion:

After locking at many other variables, the density limit still seems to be the
best 1imit to apply to prevent a flammable watch 1ist tank. There are still
some unanswered questions with this Timit but density still remains a valid
limit. The limit of 1.41 also still seems to be the appropriate limit.

It should be pointed out that the other variables have the potential for being
involved with the gas generation or retention -but these other variables do not .
provide a basis for setting a criteria.

While the density appears to represent the gas entrapment mechanism, the .
density limit is not meant to imply a mechanism. The 1.41 SPG limit is based-
on the total tank contents. This does not imply that the solids have a Timit
- on density. . .

There seems to be at least two types of waste, complexed concentrate and
neutralized cladding removal waste, which may approach or even ‘exceed the 1.41
1imit with out producing flammable watch 1ist tanks. These waste types either
produce no solids or else the salids are a different type solids than is
formed in the evaporator. The doubl e-shell slurry type waste seems to be the
main problem of the double-shell flammable gas watch list tanks. .

D. A. Reynolds, Engineer

- Waste Tanks Process Control
mjg
Attachment
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1.0 INTRODUCTION

This document is a compilation of presentation packages and white papers
for the Flammable Gas Double Shell Tank Expert Elicitation Workshop #1. For
each presentation given by the different authors, a separate section was
developed.

The purpose for issuing these workshop presentation packages and white
papers as a supporting document is to provide traceablity and a Quality
Assurance record for future reference to these packages.

The following personnel were attendees to this workshop which was held on
January 19 - 23, 1998, in the Ice Harbor and McNary Rooms at the Double Tree
Hotel in Richland, Washington:

Stephen Agnew
Edward Beahm
Paul d'Entremont
Clay Easterly
Michael Epstein
Phillip Gauglitz
Jerry Havens

Mujid Kazimi

Nick Kirch
Glenn Paulson
Arlin Postma
Wallace Schulz
Charles Stewart
Kelly Thomas
Michael Yost

Thomas Eppel
Don Hammervold
Richard John
Paul McConnell
Chris Olson
Scott Slezak

Detlof von Winterfeldt

Richard Harrington
David Bratzel
Jerry Johnson
Mike Grigsby
Jonathan Young
Blaine Barton

Expert Panelists

Los Alamos National Laboratory

Oak Ridge National Laboratory

Westinghouse Savannah River Company

Oak Ridge National Laboratory

Fauske & Associates, Inc.

Pacific Northwest National Laboratory

Department of Chemical Engineering - University of
Arkansas

Department of Nuclear Engineering - Massachussets
Institute of Technology

Lockheed Martin Hanford Corp.

Paulson and Cooper, Inc.

G&P Consulting

W2s Co., Inc.

Pacific Northwest National Laboratory

Westinghouse Savannah River Company

Department of Environmental Health - University of
Washington

Other Workshop Participants

Decision Insights, Inc.

Fluor Daniel Northwest
Decision Insights, Inc.
Sandia National Laboratory
Sandia National Laboratory
Sandia National Laboratory
Decision Insights, Inc.
Lockheed Martin Hanford Corp.
DE&S Hanford, Inc.

DE&S Hanford, Inc.

G&P Consulting

Management Strategies Inc.
Lockheed Martin Hanford Corp.
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Agenda

Gas Release Event Safety Analysis

STAGE II EXPERTS’ PANEL ELICITATION WORKSHOP #1

January 19 - 23, 1998

DoubleTree Hotel Richland « Hanford House
802 George Washington Way
Richland Washington

[Monday, January 19 - Moderator: Chris Olson / SNL

8:00

8:15

8:45

9:00

9:30

9:45

10:30

Welcome - Craig Groendyke / DOE/RL, Tom Geer / DESH

Opening Remarks - Chris Olson / SNL
INTRODUCTIONS; AGENDA OVERVIEW; MEETING LOGISTICS /
RULES / BOUNDARIES; QUALITY ASSURANCE

“RL Tier 2 Review Comment Resolution and
Data Correlation Results” - Blaine Barton / LMHC

“Stage I Overview” - Scott Slezak / SNL
BREAK

Resolve! (the Analysis Tool) Demonstration- Steve Humphreys / SNL
VERSION 1.4 FOR SSTs

“Status of DST Waste” - Kent Hodgson / LMHC

GENERAL REVIEW AND HISTORY OF DST WASTE TYPES;
CURRENT TANK CONDITIONS AND OPERATIONS;
COMPARISON OF DSTs AND SSTs;

HARDWARE DIFFERENCES BETWEEN DSTs AND SSTs
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11:15

12:00

3:00

4:30

5:00
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“Future DST Operations” - Kent Hodgson / LMHC

DISCUSSION OF POTENTIAL CONFIGURATIONS, ADDITIONS AND/OR
OPERATIONS IN FUTURE WASTE TRANSFERRED FROM SSTs OR
PRETREATED FOR VITRIFICATION PLANTS; REVIEW OF PRECLUDED
OPERATIONS AND WASTE MIXING

WORKING LUNCH

“Introduction to Stage IT Analysis Framework”
- Fred Gelbard, Scott Slezak / SNL

Panel Caucus on Analysis Framework

Discussion of Analysis Framework

Summary of Day’s Topics / Q&A Session
- Panelists & PHMC/SNL Teams

Adjourn / Project Teams (SNL, PHMC) Caucus

|Tuesday, January 20 - Moderator: SNL

8:00

8:15

9:30

10:30

Status / Action Items Update

“Buoyant Displacement GRE History” - Chuck Stewart / PNNL
GRE RELEASE HISTORIES IN DSTS; REVIEW OF OBSERVATIONS
AND DATA ON BUOYANT DISPLACEMENT RELEASES

“Overview of Field Data on Buoyant Displacement GREs”
REVIEW OF CORE SAMPLE RHEOLOGY RESULTS, BALL RHEOMETER
FINDINGS, VFI MEASUREMENTS, RGS RESULTS, ETC

“Buoyant Displacement Modeling” - Perry Meyer / PNNL
SUMMARY OF ANALYTICAL MODELING AND EXPERIMENTAL TESTS

ON BUOYANT DISPLACEMENT GRES; REVIEW OF GAS RETENTION
AND RELEASE MECHANISMS

BREAK
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10:45

11:45

12:45

1:45

3:00

4:45

5:15
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“Mixer Pump Operations” - Nick Kirch / LMHC
REVIEW OF INFORMATION ON EFFICIENCY OF GAS RELEASE BY

1018Y; VOLUME OF WASTE AFFECTED; LABORATORY AND
COMPUTER MODELING RESULTS

WORKING LUNCH

“Gas Generation Rates, Retained Gas Composition Data,
and Modeling” - Dan Reynolds / LMHC

DATA RELEVANT TO THE TOTAL GAS GENERATION RATES FOR EACH
TANK AND THE H, GENERATION MODELING FOR DSTS AND SSTS.
DATA AND MODELING FOR THE RETAINED GAS COMPOSITION.

GIVEN A MODEL THAT NEEDS TOTAL GAS GENERATION RATE, AND
THAT THE HU MODEL ONLY GIVES H, GENERATION RATE, THIS
PRESENTATION ADDRESSES HOW WELL WE CAN RELATE THE TWO.

“Proposed DST AF of Buoyant Displacement of GREs”
- Fred Gelbard, Scott Slezak / SNL
(Continuation of yesterday’s presentation)
Panel Caucus on Analysis Framework
Discussion of Analysis Framework
Summary of Day’s Topics / Q&A Session
- Panelists & PHMC/SNL Teams

Adjourn / Project Teams Caucus

[Wednesday, January 21 - Moderator: SNL

8:00

8:15

9:00

Status / Action Items Update
Document Panel Consensus Positions and Open Issues

“Double-shelled Tank Intrusive Activity History”

- Blaine Barton / LMHC
REVIEW OF HISTORY AND DESCRIPTION OF TANK INTRUSIVE
ACTIVITIES; DATA INDICATION RELEASES DURING ACTIVITIES;
DESCRIPTION OF ACTUAL AND POTENTIAL ACTIVITIES UNIQUE TO
DSTS
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9:45

10:15

10:30

12:00

1:00

3:30

5:00

7:00
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“NH; Release Data™ - Blaine Barton / LMHC

REVIEW OF NH,; OBSERVATIONS ASSOCIATED WITH BUOYANT
DISPLACEMENT GRES; DISCUSSION OF NH,; RELEASE MECHANISMS
FOR WASTE TRANSFER IN OR OUT OF TANKS

BREAK

“Proposed AF for NH; Release, Gas Composition,
and Waste Intrusive Activity” - Wu-Ching Cheng / SNL

WORKING LUNCH
Panel Caucus on Analysis Framework

Breakout Meeting: Project Teams (PHMC, SNL) Caucus
with Observers and DOE/RL

Discussion of Analysis Framework
Summary of Day’s Topics / Q&A Session

- Panelists & PHMC/SNL Teams
Adjourn

Group Dinner [tbd]

lThursday, January 22 - Moderator: SNL

8:00

8:15

9:00

10:30

Status / Action Items Update
“Control Strategies” - Mike Grigsby / G&P Consulting

“Review of Models and Analysis for Facility Group 1 Tanks”
- Cetin Unal / LANL

PHYSICAL PARAMETER CONSIDERATIONS IN GAS RELEASE
MECHANISMS; REVIEW OF EXISTING MODELS

BREAK

As
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11:45

12:15

2:15

3:00

4:30

5:00
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“Evaluation of Mitigation Strategies in Facility Group 1
Double-shell Flammable Gas Tanks at Hanford Site”

- Cetin Unal / LANL
“Controls Implementation in AF” - Scott Slezak / SNL

WORKING LUNCH

“Ex-tank vs. In-tank Ignition Sources”
- Dave Smet / TWRS Equipment Engineering

REVIEW OF POSSIBLE EX-TANK AND IN-TANK IGNITION
SOURCES; IMPLICATIONS OF IC SET 1 VS. SET 2 VS. PAST PRACTICES

“Proposed AF for Mixing and Ex-tank Ignition Controls”
- Scott Slezak / SNL  (No handouts)

Panel Caucus on Analysis Framework

Discussion of Analysis Framework

Summary of Day’s Topics / Q&A Session
- Panelists & PHMC/SNL Teams

Adjourn / Project Teams Caucus

[Friday, January 23 - Moderator: Chris Olson / SNL

8:00

8:15

9:00

10:15

Status / Action Items Update

“Seismic Response of DST Waste” - Chuck Stewart / PNNL

REVIEW OF MODEL RESULTS AND IMPLICATIONS FOR RELEASES
FROM WASTE WITH THICK SUPERNATE LAYER; DISCUSSION OF
INFLUENCE OF PUMPED VS. UNPUMPED WASTE ON SEISMIC
RESPONSE (Scheduled for second workshop)

“Proposed AF on Seismic Response” - Scott Slezak (no handouts)

Document Panel Consensus Positions and Open Issues
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11:00 General Discussion of Panel Process / Feedback from Experts
Plans for Workshop #2 (February 9 - 13, 1998) / Assignments

11:30 Adjourn

Only expert panel members and the Panel Moderator shall be seated at the main table. Only the
Panel Moderator and the panel members shall be allowed to speak or ask questions of guest speakers
or to engage in panel discussions, except that the Panel Moderator may specifically recognize non-
panel members for the purpose of efficiently covering necessary topics of discussion or for the purpose
of efficiently conducting the meeting.

<Ver. 6.1 FINAL 1/15/98>
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PD4-1
Procedure for Elicitation Rationale Reports and
Expert Panelists’ Elicitation Verification

1.0 Purpose and Scope

This procedure is provided to expert panelists participating in the Stage II Gas Release Event
Safety Analysis project (here after in this procedure identified as “the project”). This Procedure
is to be used by expert panelists for preparation of their Stage II Expert Elicitation Rationale
Summary Reports. The Stage II Expert Elicitation Rationale Summary Reports are Quality
Documents so panelist compliance with this Procedure is required.

In addition to describing the procedures for preparing the Stage IT Expert Elicitation Rationale
Summary Reports, this Procedure describes the process by which each expert panelist shail
review the report prepared by the Elicitor on the individual panelist’s elicitation. Also described
is the process for providing explicit feedback to Sandia National Laboratories Methodology for
Flammable Gas Risk Assessment in Double-shell Tanks project staff when queried regarding
aspects of the Stage II Expert Elicitation Rationale Summary Reports or the Elicitors’ report.
This procedure also describes the process by which the panel endorses and approves the final
version of the Analysis Framework on the basis of which the experts shall be elicited.

2.0 References

None

3.0 Requirements
3.1 Stage IT Expert Elicitation Rationale Summary Reports

The following format shall be implemented in preparing the various sections of the Stage II
Expert Elicitation Rationale Summary Reports (“the report”).

. Title Page: The Title Page shall include the phrase “Stage II Gas Release Event

Safety Analysis Project Expert Elicitation Rationale Summary Report”, the
expert’s name and organization, date of elicitation, and date of report.

A8
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Table of Contents: The report shall include a Table of Contents.’ The pages of the
report shall be numbered.

Introduction: An Introduction shall be included which shall identify the elicitation
process (Elicitor, date) for the panelist. The Introduction should include any
general comments which the panelist wishes to make.

Elicitation Parameter Rationales: For each parameter to which the panelist was
elicited, a separate section within the report shall be included. The title of each
Elicitation Parameter Rationale section in the Stage II Expert Elicitation Rationale
Summary Report shall correspond to the title of the elicited parameter. Each
Elicitation Parameter Rationale section shall provide a discussion of the
probability distribution response provided at the time of the elicitation, changes
subsequently made after the formal elicitation to that response (if any), and 2
detailed rationale by which the elicited response was derived. Included within
each Elicitation Parameter Rationale section shall be subsections discussing
conditioning factors, assumptions, references, and the elicited probability
distributions for the parameter in table format. References employed in arriving
at the elicited response shall be identified and shall be provided in both the section
of the report on the particular elicited parameter and in a section of the report
which collates all References. All referenced materials shall be in either the open
technical literature or shall have received clearance for public document
distribution. :

Each table shall be numbered with an arabic numeral and shall be given a title that
is complete and descriptive. The table number and title shall be above the body of
the table. In column headings, first include the quantity tabulated followed by a
comma and the units. Do not use powers of 10 in column headings. Use notation
such as “X10°" for numbers to be expressed in powers of 10 within the body of
the table. Each entry in the tables shall be specifically entered: do not refer to
values in other tables or use multipliers for values of other entries in the table.

References: References shall be provided in each Elicitation Parameter Rationale
section and all of the references provided throughout the report shall be listed in a
separate Reference section of the report.

Panelists shall prepare for each elicitation session by organizing their notes and references.
Panelists may prepare summary notes prior to elicitation sessions to assist them in accessing the
appropriate notes and references efficiently. These summary notes may be included in the
Rationale Summary Report. Each panelist may obtain a printed version of the data and narrative
recorded by the Elicitor at the end of the elicitation session. The Stage II Expert Elicitation
Rationale Summary Reports are due at Sandia National Laboratories no later than two weeks
following the date of the elicitation. Either hardcopy or electronic format is acceptable.

A9
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Preferred word-processing medium is WordPerfect® 5.2, Times New Roman 12-point font format
for the text is preferred.

3.2 Elicitors’ Report / Elicitation Feedback

The Elicitors shall prepare 2 report for each set of elicited responses from each of the panelists.
This report shall include the probability distributions provided by the panelists at the time of
elicitation. These reports are due at Sandia National Laboratories no later than two weeks after
the final panelist elicitation. The probability distributions for each of the elicited parameters
shall be transmitted to Sandia National Laboratories in EXCEL® Version 7.0.

The Elicitor's report for each panelist shall subsequently be forwarded upon receipt by Sandia
National Laboratories to the corresponding panelist. The panelist shall be requested to review
the Elicitor’s report to determine the accuracy of the information contained, particularly the
probability distributions. The panelist is required to either 1) confirm the accuracy of the
information in the Elicitor’s report, 2) identify any discrepancies and provide the correct
information, or 3) change any response originally provided to the Elicitor at the time of the
elicitation. The review of the Elicitor’s report shall be conveyed to Sandia National Laboratories
within one week of receipt by the panelist. The response to the Elicitors” Report review may be
transmitted by hard-copy or electronically. These responses shall be Quality Documents.

Subsequently, as Sandia National Laboratories staff review both the sets of Elicitor’s reports and
the Stage I1 Expert Elicitation Rationale Summary Reports, questions may arise to which the
panelists shall be asked for clarification. Both the queries and the panelist’s responses shall be
documented. Hard-copies of electronic or written versions of these interchanges shall be Quality
Documents.

3.3 Endorsement of Stage Il Analysis Framework

The review of the Analysis Framework, changes to the Analysis Framework, and other
consensus decisions reached by the expert panel are to be documented in writing, as well as in
the voice recordings of the workshop meetings. Any changes to the Analysis Framework, as
presented in project documents and workshop presentations, are to be documented on Decision
Record forms. The record forms are to be signed and dated by the panel leader, the panel caucus
facilitator, and the workshop meeting moderator. The Decision Records will be distribured to
each panelist within one week of the end of the panel group sessions. The panel shall document
on the Decision Record form any application guidelines and caveats that the panel members
believe should be recorded to prevent misuse of the Analysis Framework. Provisions are to be
made for documenting dissenting minority opinions to decisions if the dissenting panel members
FEEEREERERTEERE

WordPerfect is a trademark of Corel Corporation.
EXCEL is a trademark of Mi ft Corporati
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wish 10 document their differences of opinion. The review of the Analysis Framework is to be
documented in the form of decision records that list the specific submodels, equations, or
discussions in the Analysis Framework document or presentation slides that were discussed and
agreed to by the panel. Other consensus decisions to be recorded include (1) agreements that
specific phenomena are not risk-significant enough to include in the Analysis Framework, (2)
that within the uncertainties and the current state of knowledge there is no basis for
distinguishing between different potential elicitation parameters or different potential
conditioning cases for a given elicitation parameter, and (3) any decision or consensus position
reached by the panel that in the view of the project team warrants permanent documentation.

4.0 Records

Relevant items described in this procedure shall be Quality Documents.

5.0 Attachments

Analysis Framework Decision Record form.

Approvais:

Cl s g5-97

Chris Olson, SNL Project Manager Date

JAPEEE, o

Larry Bustard, SNL QA Manager ate

All
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Stage I1 Gas Release Event Safety Analysis Project
Analysis Framework Decision Record

Analysis Framework issue:

Panel Comments:

Approvals:

Panel Leader Date
Panel Ca;mus Facilitator Date
Workshop Moderator : Date
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Figure 1. Waste Type Vers_us Void Fraction.
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Refined Safety Analysis Methodology for
Flammable Gas Risk Assessment in Hanford Site Tanks

Overview of Results for SSTs

January 19, 1998

Scott Slezak

WS1-85-1/19/98-A
slide 1

OBJECTIVE: Review Model Status for SSTs.

3 To know where we are going, we first need to
know where we have been and we are.

M Overview of models for GRE release, combustion,
waste material released, etc.

M Qualitative discussion of results of Analysis
Framework calculations for SSTs by Resolve!
software.

WS1-S5-1/19/98-A
slide 2
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Retained Gas

M Undissolved flammable gas is contained within
the void spaces in waste.

B Panel quantified void fraction uncertainty
distributions conditioned on Facility Group and
saltwell pumping status.

M H,, N,O, CH, determined from distributions
developed from data in Resolve! database.

M Default NH; and N, distributions provided.
® N, is normal distribution with median = 20%, ¢ = 7%.
® NH; is Weibull distribution with median = 1.67, 90th
percentile at 3.0, 98t percentile at 5.0.

WS1-85-1/19/98-A
slide 3

Gas Release

B Flammable gas is released by GREs (Gas Release
Events) that can be spontaneous or induced.

N Panel quantified uncertainty for frequency of
spontaneous releases, and probability that an
activity can induce a GRE.

W Uncertainty distributions conditioned on Facility
Group, efficiency of release (small, medium,
large), and extent of disturbance by waste-
intrusive activity (local, global).

WS1-5S-1/19/98-A
slide 4
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Gas Release (2)

W Efficiency, frequency, and rate of release are not
independent.

M Therefore, uncertainty distributions for
frequency, probability and duration conditioned
on given efficiency of release (small, medium,
large) to make analysis manageable for panel.

WS1-85-1/19/98-A
slide 5

GRE Terminoliogy

I Efficiency of reiease
® Small {<5% of retained gas)
o Medium (5% to 25% of retained gas)
o Large (>25% of retained gas)

W Facility Group

@ FG-1 tanks: acknowledged with little or no controversy
to be of the greatest concern with respect to the
flammable gas hazard.

e FG-2 tanks: postulated to have the potential for a large
induced GRE but only a small spontaneous GRE.

e FG-3 tanks: includes gll of the remaining tanks not
assigned to either Facility Groups 1 or 2.

WS1-858-1/19/88-A
slide 6

Ad6
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Waste Disturbing Operations

M Globally waste-disturbing operations
® Saltwell pumping
e Large waste additions, removal, and transfers
o Chemical additions (including large water additions)
o (Earthquake)

W Local waste-disturbing operations
® Lancing (<500 gallons of water total)
® Waste Sampling
* push or rotary mode core, auger, grab, void meter
@ Equipment (e.g. TC tree, LOW) installation or removal

WS1-5S-1/18/98-A
stide 7

Ammonia Release

W Salt well pumping enhances both undissoived
gas and ammonia release.
¢ Panel provided uncertainty distributions for volume of
waste releasing undissolved gas per volume of liquid

salt well pumped and rate of decay of release after
pumping stops.

@ Panel provided uncertainty distributions for volumetric
rate of NH, release during salt well pumping and rate of
decay of release after pumping stops.

Bl Ammonia releases that do not burn contribute to
toxicological consequences.

WS1-SS-1/19/98-A
slide 8
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Plume Model

B Asymptotic plume rise model used to calculate
plume dilution.

W If a combustible mixture reaches tank dome,
stable stratified layer forms.

I Stratified layer dilutes by molecular diffusion and
by ventilation.

H The foliowing considered risk-insignificant:
@ Plume dilutes below LFL before reaching dome (too
little gas).
@ Plume burns as stable diffusion flame (releases too
irregular to support this model and rate is so siow that
ventilation would limit pressure rise).

WS1-$8-1/19/98-A
slide 9

GRE Combustion Model

M Small efficiency GREs evaluated only for plume
(and stratified layer) combustion behavior.

W Large efficiency GREs evaluated only for well-
mixed headspace combustion behavior.

B Medium efficiency GREs evaluated for both
plume and well-mixed combustion behaviors.

® Panel provided uncertainty distributions for efficiency of
stratified layer combustion and the fraction of medium
GREs that are best described by the plume analysis.

o (fraction) x frequency of release = frequency of plumes.
@ (1-fraction) x £, = frequency of well-mixed conditions.

WS1-85-1/19/98-A
slide 10

A48
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Mass Release

B Panel provided uncertainty distributions for mass
and respirable fraction of material suspended by
a burn conditioned on:
@ burn fails HEPA but does not crack dome
® burn cracks dome but does not cause gross failure
® burn causes gross structural failure of dome

B Mass release computed from fraction of
headspace gas vented by isentropic expansion.

W Dose consequences computed by unit liter dose
analysis.

WS1-85-1/19/98-A
slide 11

Ignition Frequencies

i@ Combustion frequency or probability is < release
frequency or probability.

B Not all releases have ignition sources; not all
releases with ignition sources are flammable.

H Panel provided uncertainty distributions for:
o frequency of random sources (not affected by controls)
® probability of GRE, earthquake, and operation-induced
ignition sources.
@ probability of ignition source conditioned on ignition
controls in place (IC set 1, IC set 2, past practices).

WS1-85-1/19/88-A
slide 12

A49
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Equipment Burns

B Panel provided uncertainty distributions for mole
fraction of source gas in equipment conditioned
on equipment purged or not.

. M Panel provided uncertainty distributions for mass
of material ejected from a burn in equipment
conditioned on a deflagration or detonation and
air or inert gas normally maintained in equipment.

B Analysis framework results not yet fully
implemented in software.

WS1-55-1/19/98-A
sitde 13

Observations from Calculations

M The sensitivity analysis presented at 2"d SST
workshop appears fully supported by Resolve!:
@ Waste volume is by far the single largest influence on
computed risk.
® For tank-specific evaluations with fixed waste volume,
the primary sensitivities are:
» frequency/probability of spontaneous/induced GRE.
* retained gas fraction.
« stratified layer combustion efficiency.
* gas release efficiency.
* mass of material suspended by combustion event.
o Effect of gas composition is negligible.

WS1-55-1/19/98-A
slide 14
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Uncertainty Distribution Observations

W Span of uncertainty distributions wider than
expected by many observers.

B Threshold behaviors (e.g., flammability limit,
frequency categories in risk guidelines) make
large ranges of some uncertainty distributions
unimportant to computed resuits.

B In spite of uncertainty distributions that span
several decades in value, results are very useful
in assessing impact of flammability controls.

Il No bias evident for “Hanfordites” vs. “outsiders”.

WS1-85-1/19/98-A
slide 15

Lessons Learned

B Mass of material suspended versus released.
o splash-back and filtering effects not credited

B Time at risk in ex-tank intrusive regions.

H Interpretation of results.
@ scatter plots versus statistics
e all results versus specific resuits

H Importance of intermediate calculations.
o releases versus combustion events
o dose consequences versus %LFL, peak pressure, etc.

WS1-S5-1/19/98-A
slide 16
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Summary

M Software implementation of Analysis Framework

for SSTs (Resolve!) is operating.

M Tank-specific and representative tank evaluations

can be done.

M Results have provided insights to both safety

analysis methods and operational safety.

M Users of Resolve! have provided valuable

lessons for how to improve both the Analysis
Framework and the interpretation of results.

WS1-55-1/19/98-A

slide 17

_ Start

Database or User Inputs

_ mxnm: Panel :ﬁ:-m-

* Total Volume of Waste
 Voluma of Tank Headspace
 Thickness of Crust Layer (I any)

© Molar Gas Ganeration Rata In Crust

© Thickness of Convective Layer f any)

© Denaity of Convective Liquid

® Molar Gas Gonerallon Rate n Convective Layer
® Thickness of Potentlally Mobile Layer

® Dogassed Donalty of Potentially Mobile Layer

© Molar Gos Generation Fate [n Potentially Mobite

Leyer
© Thickness of Hardpan Layer ( any)
* Density of Herdpan
® Molar Gas Generatlon Rate [n Hardpan
. ¥

Layors
© %N, (from specified distbution)
® %N, {from specified distribution)
® %N, (trom RGS dota or data distribution}
* %CH, (from RS dats or data diatribution)
8 %, (trom 1-5NH, %8 %N O-KCH,

V

@ Vold Fractlon In ST Waste

of Retained Gag

_ Compositlon and Number of Moles _

© Frequency of Locally Wasto-Disturbing Ops

-and Removals
© Soluble NH, Concentration In Wasto
* Gas Rotention Efficlency Function

© SaltWell Pump Rate

* FrequencylProbablilty of Reiossos by

® Effteioncy of Gas Relonso Whon Hydraulleslly,
Prieumaticatty or Mechanlcally Disrupted.

v

Stoady-Stats Molar
Reiease Rate

Frequency & Numbor
of Molos, Modium
Efflcloncy Roleases
Othor Than Buoysnt
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(=)
Laboratory

Diversion Box

Railcar Unloading Facitity

- ) AW-Tank Farm y
Single-Shell Tanks o BZP:sz Farm |
: % = . : 1,160,000 ga ,160,000 gal
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Figure A-4. Retrieval Model Configuration (2033 to 2007).

k e  Single-Shell Tank Farms
\ West Area East Area
]
! . .
| SW NW SE NE
X (U. 8, 8X) (T, TX, TY) W, AX, C) (BX, BY, B)
X :
Y Y
SY AN
102 103
I
: Y
o | AN <3 |AN-10] AW-102
71102 7 AN-102 AW-103
AN-103 AW-104
AN-104 AW-105
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availability
Spare
|ar-101 :
HLW . Ligquid Storage Vendor
Storage/ Y Tanks ) Return
Sludge :
AZ-101 »|AP-10] — 4P-107
Wash/Feed AZ-102 AP-103 - o .
Staging | 4y-102 | AP-105 : )
Y AP ' AP
3| 102 > 106 > rLvi
HLY 5| 104 T 108 | o 11V 2

HLV = High-Level Vitrification
LLV = Low-Level Vitrification

- A
~

Penwall/Phasel. WPG

A3l



HNF-2193 Rev. 0 .

Part A

Figure A-3. Retrieval Model Configuration (2007 to end).

Single-Shell Tank Farm

West Area

]
East Area E
SW NW SE NE |
s|sx|u| |r|rx|r¥ “.4%.C) B|Bx|BY|
~ 7 e
Available :
V 2009 *‘ V *VF
WRF §'56 AN-103 B85
Q0 ole} ele’e}
Y Y ) '
, \
SY Tank Farm Transfer-Site
Receiver DST
A '
AN-102 —>| Storage and
Staging
Spare A
HLW AY-101 :
Feed for Pretreatment
Stg:fige . ) and LLW Processing
Staging/ |~ AZ-101 | Washed Solids/
Feed AZ-102 [ ~Separated Solids
AY-102 | : _ -
Y . Pretreatment |’
Washed Solids/ and Low-
HLV Separared Solids Level
- Vitrification

HLV = High-Level Vitrification
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" Refined Safety Analysis Methodology for
Flammable Gas Risk Assessment in Hanford Site Tanks

Introduction to Proposed

Analysis Framework for DSTs

January 19, 1998

Scott Slezak

WS1-85-1/19/98-B
stide 1

Outiine

W Additional analysis framework modeis.

M Conditioning cases for parameters previously
quantified for SSTs.

M Additional parameters unique to buoyant
dispiacement GRE analyses.

W Other items requiring panel decisions.

WS1-SS-1/19/98-B
slide 2
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' Key Assumptions

B Waste layers: buoyant “crust”, convective liquid,
potentially mobile “nonconvective” solids,
- stationary “hardpan”.

M Large scale of tank, creep flow, weak tensile
strength all contribute to make oo = 0t

| Crust is marginally buoyant, p.,, = Priquia-

M When degassed, crust and nonconvective layer
have same density, peystng = Pne,ng-

WS1-55-1/19/98-B
slide 3

Waste Configuration of Model

waste surface
S
— ’\_/\f
. crust Z
I
4,

—_—v———/\/..ﬁ'/v—\ff“/‘_/\_,\_n

nonconvective layer
hardpan

WS1-88-1/19/98-B
slide 4
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Analytical Frame of Reference

B Analytical expressions are derived in terms of
masslength z, which is related to the physical
‘length y by '
y = [(MJp,)dz

M At fixed depth z the pressure is constant as the
retained gas void fraction changes.

H As void fraction o — 0,z — .

M Deriving expressions in terms of masslength
greatly simplifies mathematical expressions.

WS1-55-1/19/98-B
slide 5

Governing Equation

Ay 2
RT

guc,nc(1 _at,z)fre! = (pc1 + pncgz) (Eq' 40)

MW 1-D analysis (horizontally uniform waste).
‘M p_,and g, ,. constant in time and position.

M p_, is pressure contribution from atmosphere and
weight of crust and convective layer.

W 9§, .. is molar gas generation rate per unit
volume of degassed nonconvective layer.

B £ is gas retention factor.

WS1-58-1/19/98-B
slide 6
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Governing Equation (2) -

M £, is potentially a function of void fraction c,
shear strength 1, viscosity 1, densities p,, p;s
- pressure p, and other parameters.

B When a functional form for f., is specified, the
governing equation can be numerically solved for
void fraction as a function of time and depth.

H Conservative default is £, = 100% = constant.

M Simple example £, = a + ba in document because
analytical solution possible; Resolve! to compute
numerical solution for more complex forms.

WS1-5S-1/19/98-B
siide7 -

Moles of Gas Released by BD GRE

M If waste only releases enough gas to return to
neutral buoyancy at surface of waste:

N _ Aret%p P19

usg, roll RT > (22 - dlz) (Eq. 56)

B Within assumptions, moles of gas released from
100% efficient BD GRE involving nonconvective
layer to depth z is:

A _a
N ysg1000 = """%,'F’!'l"'ph(z—dl) + Nysg,ron (=Eq. 53)

WS1-55-1/19/98-B
slide 8
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Moles of Gas Released by BD GRE (2)

M If nonconvective layer lifts straight vertically
without rollover and releases just enough gas to
. return to neutral buoyancy:

AL X pp0,9
Nusg,llfl = _"Lel_l_.‘,'g.;-b—l_(z(dl_ dc) * d,dc - d/2> (Eq. 59)

M Weighted average of rollover and lift results, with
weighting factor n:

z-d,|" z-d|"
usg,wavg = [ z I] Nu;g,li!t + (1 _[ ] )Nusg,roll

z
(~Eq. 62)

N

WS1-85-1/19/98-B
slide9 -

Moles of Gas Released by BD GRE 3)

B In complete detail:

AUy P19

N usg,wavg RT 2

G (Eq. 64)

. :
] {22(d,- d,) +2d,d, - 2% - d,z})

6 (s ap [

MW Group G is a release efficiency-type term between
0 and 1 that varies as the ratio of convective
liquid to nonconvective solids changes.

WS1-55-1/19/98-8
slide 10
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usg

10 ——LIFT (=0}
oei %
| |
—res :
07
—n=7
~—n=10 ///, J—
061 —ps o
—n=25 e
G 0571 -—q50
—ROLL (n=inf)
0.4 1
03
0.2
0.1
0.0 -
0.0 0.2 0.4 06 08
Al liquid (z-d)/z
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All nc layer

Cbserved BD GRE Trend

Cumulative Buoyant Displacement GRE Volume (m>)

1860
1600
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Spontaneous BD GRE Size

M From Rayleigh-Taylor stability analysis,
characteristic size of nonconvective layer
-material involved in GRE is:

[p
p -5 iHK

0 ‘\jpl

u, is bulk viscosity of nc layer, p, is liquid density, % is nc layer yield stress

' M Depth of nc waste participating in GRE, 2, is
minimum of (d,+ D) and d,...

WS1-85-1/19/98-B
slide 13 -

Spontaneous BD GRE Key Equations

B Number of moles of gas released:

nh2a,, p,9 Z,,-d,
Noyog ot = 4‘;""" 2” ( z2,-d?- [”z—-] {22,,(d,-dy+2d,d - 22, ,})

rel

_ (Eq. 70)
M Period between releases:

(D /D 44i)® G0 plg(

P
T Gld-dy RT 2

Z,,,-d,]"
zp,-d}f- [—L—'] {zzn:(dl‘ dy+2d,d.-z5,- dl2})

Zrer

(Eq. 71)
M Shorthand notation:

- 7D oy, pIQG (DD o’ Kb, plg
userel " T4ART 2 © g (d,.-d) RT 2

WS1-88-1/19/98-8
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Computed Uncertainty Distributions

W Data from Meyer, et al. (1997) Table 4.2.2 used.

B Error estimates assumed +2c¢ values for normal
- error distribution.

B Crystal Ball® used to compute uncertainty
distributions for N, ., and P, for FG1 tanks.

M n =5 in all calculations; lowest value for good fit
of available data; no data to know if a larger value
is better description as (z-d))/z — 1.

'

Distributions are direct consequence of
uncertainty in input data; no elicitation required.

WS1-85-1/19/98-8
stide 15

Table 4.2.2. Properties and Parameters Used in Models

Properiy/Paramcter | AN-103 | AN-104 | AN-105 | AW-101 | SY-101 | SY-103

Deasities (kg/m®)
1. Convective Layer - 1530 50 | 1440 %30 | 1430£30 | 1430:: 30 | 1500+ 70 | 1470 =30
2. Nonconvective Layer - 1730 £ 110] 1590+ 60 [ 1590240 | 1570:£30 | 1700 £ 50 | 1570 £ 50
. ) Layer Thickness {cm) B
3. Waste Level 8845 979+ 4 10417 | 1040£7 | 105410 | 6913
4. Convective Layer . 413+ 16 | 524+10 | 559%11 | 693%19 4708 337419
5. Nonconvective Layer 379+9 4159 | 45211 | 283222 | 58440 | 334+25
6. Stationary Layer . 192 £ 35 69+ 45 57+55 57+47 0 103 £ 20
7. Eff. Nonconvective Layer 187+36 | 345+10 | 395£56 | 225+52 | 584440 | 23125
. Void Fractions (%)
8. Neutral Buoyancy 12%6 9%4 1023 | 9%3 125 64
9. Nonconvective Layer Avg. | 10.7£1.0 | 6.240.9 4.2+0.8- | 3.8X0.6 ~8 612
Pressure Ratio
10. Nonconvective Layer | 1.8740.03 | 1.97:0.03 | 2.09+0.0¢ | 2.1120.04 | 2.3020.10 | 1.69:0.05
. Nonconvective Layer Rheology .
11. Yield Stiess (Pa) Z | 142%15 8111 129+31 | 159337 2254100 | 112£40
12. Viscosity (Pa-s) 12,600% | 7,600 11,600°| 14,000+ | 20,500% | 10,400 =
/0 1400 650 - 2.800 3500 10.000 3900
Historical GRE Data . R
13. Std. Rel. Volume (m?) 14+4 23+ 16 264 11 1410 131£47 136 ’
14. Period (days) 160% 120 | 12090 | 160+ 130 | 190+ 190 | 10024 90+ 70 :
15. Level Rise (cm/day) 0.0420.02 | 0.0320.01 | 0.0330.02 | 0.0320.004 } 0.2440.06 | 0.0520.03
WS1-85-1/19/98-B
slide 16
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. Table 3.
Buoyant displacement model parameters
for tanks with observed GRE behavior.

Input Values (x 20)

Parameter

AN-103 AN-104 AN-105 AW-101 SY-101 SY-103
p, convective 153050 | 144030 | 143030 | 143030 § 1450 £70' | 1400 = 30%
layer density, ' .
kg/m?®
psy-NONCONVective | 1730 £110 | 1590 £60 | 1580+40 | 157030 1700 £ 50 | 1570250
layer bultk
{degassed)
density, kg/m®
H, total depth, m | 8.84 £0.05 | 9.79 = 0.04 {10.41 = 0.07{10.40 = 0.07 | 10.54 % 0.10{6.91 = 0.03
d,, crust 0.92 x0.08° | 0.00 £ 0.00° | 0.75 £ 0.25° | 0.63 % 0.13% | 1.27 £ 0.25* | 0.0 0.0°
thickness, m
d, depth to top of | 5.05£0.10 [ 564 x0.10 | 5.89%0.13 | 7.57 £ 0.23 | 4.70 = 0.41 ;3.57 = 0.25
nc layer, m
d,., depth to top of | 6.92 £0.35 | 9.10 £ 0.45 | 9.84 = 0.55 | 8.83 x 0.48 { 0.00 = 0.00 5.88 £ 0.20
hardpan, m N
<, yield stress, Pa | 14215 8111 129231 | 15937 | 226x100 | 11240
H» absolute 970 =108 585 50 893+216 | 1078 £270 | 1579+ 770 | 801 +300
viscosity of nc
tayer, Pa-s®
Goe,town §S 6.37E-8 6.71E-8 4.29E-8 5.88E-8 247E-7 | 7.98E-8
generation rate,
mole/m®-s
Slide 17

Frequency Distribution, V,, for SY-101

10,000 Trials

Forecast: Vrel, SY-101

Frequency Chart

91 Outliers
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FreqUency Distribution, P, for SY-101

Forecast: Prel, SY-101

10,000 Trials Frequency Chart 56 Outliers
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Forecast: Vrel, SY-101
10,000 Trials Cumulative Chart 91 Outliers
1.000 A - 10000
) |
T50 Fecrerciarananananaaen . !
£ ! y
= H 2
=1 =T T g
] I =
£ ! e
] =
20 e 2
ez {
o0 L L Mean=132.7 . Lo
0.0 100.0 200.0 300.0 400.0
m3
WS1-85-1/19/98-B
slide 20




HNF-2193Rev.™ U

“Part A

Cumulative Probability Distribution

P

re; fOr SY-101

Forecast: Prel, $Y-101

10,000 Trials Cumulative Chart 56 Outliers
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Cumulative Probability Distribution
V,,, for AN-103
Forecast: Vrel, AN-103
10,000 Trials Cumuiative Chart 15 Outliers
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Cumulative Probability Distribution
P, for AN-103

Forecast: Prel, AN-103

10,000 Trials Cumulative Chart 15 Qutliers
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. N - Qutput Values (= 10) )
Parameter AN-103 AN-104 AN-105 AW-101 SY-101 SY-103
V.., median 14.2 16.7 32.2 212 118.3 115

rets

release volume,
Eqn. (70), m*

V. meanrelease | 14.2x46 | 164246 | 31.6x11 | 20.8x8.0 | 133x279 | 122+56
volume, m

Vo1, avgs Distorical, 14+4 23+16 26 =11 14 =10 131 = 47 13x6
m® ) .

.|P.» median period | 149.7 90.4 238.8 200.5 1063 | 777
between releases, : -
Eqn. (71), days

P mean period, 150 £ 46 90 =22 23477 205 %65 11970 8338
days -

Py ug historical, | 160120 | 120=90 | 160x130 | 220£230 | 100x24 | 90=70
days ‘

Vet aveVieats % 1.01 1.66 428" 2.80 16.90 0.52
~%LFL 16 20 66 i 22 122 7

1 - Value estimated from [Anantatmula, 1992]
2 - Value from [Shephard, et al., 1995}
3 - Value from [Shekarriz, et al., 1997}

- 4 - Value inferred from [Antoniak, 1993]
5 - Values reported in Table 4.2.2 of [Meyer, et al., 1997] are relative viscosity. On page 4.34 of
that report it is noted that best estimate absolute values are determined by muitiplying the
relative viscosity values by 0.077.

Slide 24
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Limit to Void Growth

M Waste cannot retain 100% of generated gas
indefinitely; when o gets large enough, some gas
.can migrate out of nonconvective layer by
mechanisms other than buoyant displacement.

W With conservative default of f, = 1, equations
always predict non-zero values for period and
amount reieased in BD GREs.

B BD GREs have never been observed in some
tanks known to retain gas.

B A clear criteria is heeded for when BD GREs are

not significant contributors to risk.
WS1-8S8-1/19/98-B
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Limit to Void Growth (2)

B Two methods proposed for determining when the
void fraction remains too small for BD GREs.

@ Panel provides uncertainty distributions for maximum o.
When o, < o, BD GREs precluded. Resuilts used for
defauilt case of £, = 1. "

® Hanford team provides (and independently justifies)
functional relation for f . Solution to governing
equation determines o,,,,, but uncertainty distribution
for o,,,,, may be used to establish exact form of f,.

M In DST AF paper, o, included in example
relation for f,.

WS1-85-1/19/98-B
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Void Growth: f, linear in o vs. f,

5

—alphamax = 0.3
4 —alpha max = 0.4
—alphamax=90.5

ratio of predicted times to grow to void fraction

0

" void fraction

WS1-85-1/19/98-B
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Determining Release Efficiency

B With £, specified, from governing equation

compute value of o, at depth z,, such that the

time to grow from o, to o, is equal to P .

. M Local release efiiciency is (o, = 0to)/0lp-

M Global average inventory of gas is:

Atank(anb+ao,z ) p/g
Nusg,nc = '——'—z*ﬁ"—"'_( ph(dnc_dl) * 2

B Global release efficiency is computed from
Nusg, ret / Nusg, ne; NO elicitation required.

WS1-88-1/19/98-B
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Void Fraction Change During Transfers

B As supernate pumped infout of tank, hydrostatic
pressure on retained gas increases/decreases.

M In receiver tank:
® o decreases as liquid added, so probability of BD GRE
decreases as transfer progresses.

& at start of transfer, liquid addition is globally waste-
disturbing event at maximum potential for BD GRE.

M In source tank o increases as liquid removed, so
probability of BD GRE increases as transfer
progresses.

WS1-88-1/19/98-B
slide29 |

Goverhing Equation for Transfers

g'buc,nc("l —qt,z) fret = c(icxt,z + (CS+ Cst)dt,z

(=Eq. 85,89)
C, _ Pn* P19 10+ Pne9 (210~ A1) (Eq. 86)
' RT

4 R

N For source tank: C, _,, = - ___E':f’?_f’__ (Eq. 87)
TR TDsrc tank

4p,gR

M For receiver tank: C, ,,, = 2P (Eq. 90)

nTRTD?2

rev tank

WS1-8S-1/19/98-B
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‘Transfer-induced BD GREs

B For conservative case of f,,, = 1, a as function of
time from start of pumping and initial depth z -
- given by Eq. (92) witha=b =0.

M From growth/shrinkage of o with time, can
compute expected number of releases, and
amount of gas in each, during pumping.

W As for spontaneous releases, uncertainty in p,,
Pres Ly T dyes €tc. all contribute to generate
uncertainty distribution for number and amount
of BD releases induced by transfers; no
elicitation required. .

WS1-55-1/19/98-B
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Local/Global Waste Disturbing Ops

B Probability that waste-disturbing activity initiates
a BD GRE given by:

prel = prel,last GRE pdist last GRE + prel,rest pdist rest

® Pre)jast cre = Probability region of last GRE can undergo
another GRE

® Dt 12st are = Probability that disturbed region was
involved in last GRE

® D et = Probability that region not involved in last GRE
can undergo another GRE

® Dgitre = Probability that disturbed region was not
involved in last GRE

WS1-55-1/19/98-B
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Local/Global Waste Disturbing Ops (2)

B Number of moles released by induced GRE is:

Nreyaist = Nreltast are Paist tast are + Nrerrest Paist rest

e Nyo 125t cre = NUMber of moles expected to be released by
waste involved in last GRE

® N, . = Number of moles expected to be released by
waste not involved in last GRE

H Probabilities and expected moles of release all
computable from Eqns. 69, 70, 71 and solution to
Eqn. 40.

B Uncertainty distributions computed based on
uncertainty in data values; no elicitation required.

WS1-85-1/19/98-B
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Steady-State Release Rate

R Volumetric gas generation rate specified in
database or by software user is used to compute
uncertainty distribution for frequency of BD GRE.

. @ Same data used to compute steady-state release
rate from crust and convective liquid layers.

B Steady-state release rate and ventiiation rates
used to compute initial headspace concentration
at start of BD GRE and change in headspace
concentration with time if active ventilation stops.

B Could back-fit to SSTs to check that frequency x
release amount does not exceed total generation.

WS1-5$~1/19/98-B
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Active Control of GREs -

B Mixer pumps, gas or water lances, potential mixer
paddles, ALCs, etc., all aim to control BD GREs
‘by disrupting waste and “freeing” retained gas.

B From Eq. (40) can compute local void growth.
B Volume disrupted is engineering design criteria.

B Local efficiency of release is uncertain; initial
void fraction after disrupting waste needed to
evaluate efficacy of active control methods, time
to next expected spontaneous BD GRE, amount
of residual gas, etc. (l.e., uncertainty distributions
for N, and P,.) '

WS1-8S--1/19/98-B
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- Ammonia Releases From BD GREs

B Ammonia is released from solution as well as
from undissolved gas during a GRE.

Anms = Dy A (Myys - Mys) + Neeyore X / Tere (=pg. 76)
M Mass transfer coefficient from liquid is function
of diffusivity in liquid and surface renewal rate:
hl = (D/Tmnew)o's

H Have data for dissolved NH; concentration, myy;.

M Effective area for release and surface renewal
time are uncertain--panel to provide distributions
or prescription for quantifying.

WS1-5§5-1/19/98-B
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Outline

W Additional analysis framework models.

M Conditioning cases for parameters previously
. quantified for SSTs.

M Additional parameters unique to buoyant displacement’

GRE analyses.

B Other items requiring panel decisions.

WS1-S5-1/19/98-B
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Current Parameters for SST Analysis Framework

No.} Parameter Description,

Conditioning Factors

Changes from AF for SSTs
required to apply parameter to DSTs

1 |Void fraction of retained
|gases in waste

Facility Group, pumping
status

none; not used for bd GREs in DSTs

2 & |Frequency of spontaneous
5 |GREs (by mechanisms

other than buoyant

displacement)

GRE release efficiency,
Facility Group, pumping
status

none; frequency of spontaneous bd
GRESs computed separately

3 |[Transition factor for plume
to well-mixed burn
behavior

no conditioning factors

none; applies to both SSTs & DSTs

4 [|Combustion efficiency
ratio for stratified layer
plume combustion

headspace inerted or
with air

none; applies to both SSTs & DSTs

6 [Probability of non-buoyant
displacement GREs
induced by locally waste-
disturbing operations

GRE release efficiency,
Facility Group

~

none; probability of bd GREs
induced by locally waste-disturbing
ops computed separately

7 |Probability of GREs
induced by globally waste-

GRE release efficiency,
Facility Group

none; probability of bd GREs
induced by globally waste-disturbing|
ops puted separately

disturbing operations

8 [Frequency of random
ignition sources

[(unaffected by controls)

Lightning excluded

none; applies to both SSTs & DSTs

Slide 38
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No.| Parameter Description Conditioning Factors Changes from AF for SSTs
required to apply parameter to DSTs
9 |Freq y of ignition ignition control set 1, none; applies to both $STs & DSTs
sources during pumping  [ignition controf set 2,
operations past p i

1

-

Probability of ignition
source during equipment
installation or removal

Ignition control set 1,.
ignition control set 2,
past practices

none; applies to both SSTs & DSTs

12 |Probabliity of ignition
source during short

operation of general

ignition control set 1,
ignition control set 2,
past practices

none; applies to both SSTs & DSTs

aerosolized in the
headspace by a headspace
burn

dome, dome cracks,
dome collapses

equipment

13 |Probability of GRE-induced [Facllity Group, GRE revisit; condition of bd GRE may be
ignition source release efficiency added

14 [Mass of materiat Burn too weak to crack  |revisit; condition of GRE w/o burn

may be added

1

o

Fraction of parameter 14
that is respirable

Burn either too weak to
crack dome, or dome
cracks, or dome

M

none; data to be used to quantify
parameter for DST analyses

pumped-induced GREs and FG

16 {Duration of a GRE GRE release efficiency [revisit; condition of bd GRE to be
added
17 |Frequency of salt well GRE release efficlency [none; not applicable to DSTs

Slide 39
No.| Parameter Dascription Conditioning Factors Changes from AF for SSTs
required to apply parameter to DSTs
18 Isait well pumping-related [no conditioning factors |none; not applicable to DSTs
a-d |parameters for undissolved

and soluble gas release

revisit; may add conditions of liquid

detonation

19 |Probabiity of an GRE release efficiency,
earthquake-induced GRE  {Facility Group, Jlayer present, pumped vs unpumped
earthquake return . .
[requency
20 |Probability of an earthquake return revisit; condition of liquid layer
earthquake-induced frequency present may be added
ignition source
21 Mole fraction of source gas jpurging with NFPA none: DST data to be used instead of
in waste-intrusive standards uncertainty distributions
equipment when opening
22 |Frequency of flammable [active/passive none; not applicable to DSTs
gas mixtures in sait well  jventilation, Facility
pump pits Group .
23 |Mass of waste ejected from|air or inerting, burn or |none; applies to both SSTs & DSTs
a burn inside equipment __ldetonation .
24 [Fraction of parameter 23  |air or inerting, burn or  [revisit

that is respirable
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New Cases for Current Parameters

B Mass of material suspended in headspace by
GRE mechanisms other than buoyant '
.displacement if no combustion occurs or
combustion is too weak to fail HEPA.

e Provides continuous dose consequence metric for
evaluating SST controls.

e Panel may choose to replace existing SST uncertainty
distributions with those for mass of material released.

e Uncertainty distributions for mass of respirable material
suspended also needed.

WS1-85-1/19/98-B
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New Cases for Current Parameters (2)

Probability of a GRE-induced ignition source.
M Duration of a GRE.

B For DST analysis, both parameters to be
conditioned on small, medium, and large
efficiency buoyant displacement GRE.

B Buoyant displacement GRE mechanisms not
considered for SST analysis by many panel
members.

WS1-§5-1/19/98-B
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New Cases for Current Parameters (3)

M Probability of an earthquake-induced GRE

B Probability of an earthquake-induced ignition
source.

W Both parameters conditioned on:

® liquid layer present.

® Sait well pump status.

® Small, medium, large efficiency GRE (same as before).

e 100-, 1,000- and 10,000-year return frequency seismic
event (same as before).

® Panel to decide if condition of Facility Group is
applicable when conditioned on presence of liquid layer.

WS1-88-1/19/98-B
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Outline

B Additional analysis framework modelis.

M Conditioning cases for parameters previously quantified for
SSTs.

.M Additional parameters unique to buoyant
displacement GRE analyses.

B Other items requiring panel decisions.

WS1-8S-1/19/98-B
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| New Parameters for DSTs

B Maximum achievable void fraction in
nonconvective layer waste.
" @ Provides finite limit to void growth.

® Used to determine if o,,, can be reached and buoyant
displacement GREs are possible in a given DST.

@ Conditioning factors, if any, to be determined by panel.

@ No conditioning factors are proposed as needed, other
than sufficient liquid layer must be present to enable
buoyant displacement GRE behavior.

WS1-S5-1/19/98-B
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New Parameters for DSTs (2) -

B Mass of material released by combustion event
per unit volume of gas vented.
® Presence of dome liner in DST may change release
behavior compared to SST--prevent falling debris, seal
against cracks in concrete. '
[ Splash and impact debris that falls back into tank or
filtered by overburden does not contribute to source.
@ Propose conditioned on:
* No combustion or combustion too weak to fail HEPA.
* Deflagration fails HEPA but no gross dome failure occurs.
* Detonation fails HEPA but no gross dome failure occurs.
* Deflagration causes gross dome failure.
¢ Detonation causes gross dome failure.

WS1-85-1/19/98-B
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New Parameters for DSTs (3)

B Local efficiency of gas release from
nonconvective layer material when hydraulically,
‘pneumatically or mechanically disrupted.

@ Needed to evaluate the efficacy of equipment designed
to release gas in a controlled manner.

® No conditioning factors are proposed as needed, other
than sufficient liquid layer must be present to enable
buoyant displacement GRE behavior.

o Volume of influence of equipment to be engineering
design criteria. v

@ Conditioning factors, if any, to be determined by panel.

WS1-85-1/19/98-B
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New Parameters for DSTs (4)

B Characteristic time for surface renewal.
® Used to compute NH; release rate.
o Conditioning factors to be determined.
@ Potential conditioning factors are:

* small, medium, large efficiency GRE
* operation of gas release control equipment (e.g., mixer
pump, lance) or other globally waste-disturbing operation.
@ Prescriptive methods for computing 1., may be
specified by panel instead of using uncertainty
distributions (e.g., relating to 7, or volumetric
disturbance rate).

WS1-85-1/19/98-B
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New Parameters for DSTs (4)

il Surface area disrupted for enhanced NH; release.
® Used to compute NH, release rate.
" @ Conditioning factors to be determined.
o Potential conditioning factors are:
* small, medium, large efficiency GRE
¢ operation of gas release control equipment (e.g., mixer
pump, lance) or other globally waste-disturbing operation.
o Prescriptive methods for computing A, may be
specified by panel instead of using uncertainty
distributions (e.g., relating to D, for BD GREs with crust,
A« if nO crust, radius of influence of equipment to be
engineering design criteria, etc.)

WS1-55-1/19/98-B
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" Outline

M Additional analysis framework models.

M Conditioning cases for parameters breviously quantified for
SSTs.

. W Additional parameters unique to buoyant displacement
GRE analyses.

H Other items requiring panel decisions.

WS1-85-1/19/98-B
stide 50




HNF-2193Rev.—0
“Part A

Panel Decisions / Actions

M Endorse spontaneous and induced BD GRE ‘
models as suitable for risk assessment or specify
" required changes if not suitable as presented.

B Provide criteria for when BD GREs are not risk.
significant and SST-type analysis is suitable.

W Specify how parameters are to be quantified if not
by uncertainty distributions (e.9., Trenews Adist)-

B Specify if BD GRE risk is added to or replaces
risk from GRE mechanisms other than BD.

WS1-85-1/19/98-B
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Panel Decisions / Actions (2)

W Provide consensus basis for excluding
subsurface burns or provide analysis method for
evaluating their risk.

- M Review and approve proposed application of
previously quantified parameters to DST
analysis; provide additional uncertainty
distributions if current distributions are not valid.

B Endorse time at risk evaluation for ex-tank
intrusive regions during active ventilation
(propose 2 x duration of positive pressure).

M Document all consensus decisions in writing.

WS1-55-1/19/98-B
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Time at Risk, Ex-Tank Intrusive Areas

Kog head peck

Concentration .
T

WS1-85-1/19/98-B
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Summary

B DST analysis builds on SST groundwork.

| Prdposed AF for DSTs contains mathematically
complex models for BD behavior.

B Benefit from added complexity is key uncertainty
distributions derived from data, not judgment.

| Panel’s role for DST analysis is more peer review
and approval and less data evaluation and
uncertainty quantification as was for SSTs.

WS1-88-1/19/98-B
slide 54




HNF-2193 Rev. 0
‘Part A

8661 ‘€7

SRS mﬁ,.?wzzﬁ. |
S .H# ,_moamfc 3.,.,55&6:@E_:sm___

¢

,mﬁmmxm E__mwﬁm. _

Al12



HNF-2193 Rev. 0

" Part A

N\:_ﬁ«n PRLT LS J0 MIIAIAQ

] TSNS __Qaau\cﬁmm _Eeﬁm.. %ﬁx.ﬂsmﬁmmww

Al13



HNF-2193 Rev. 0
" Part A

b

T
o

All4



HNF-2193 Rev. 0
“Part A

" GRE History of Hanford DSTs _
Chuck Stewart . ' PNNL

In recent Hanford history only six tanks have exhibited evidence of relatively large sudden
gas releases. These are the six double shell tanks (DSTs) on the Flammable Gas Watch List )
(FGWL). It is important to characterize the GRE behavior of these tanks in order to evaluate the
hazard they present and rank them accordingly, to understand the mechanisms of these gas releases
and develop models to predict them and, finally, to propose methods for mitigating these gas .
releases.

-While there are many conceivable indications that GREs have occurred, there are only two
practical methods to quantify gas releases. These are analysis of the waste surface level drop
history and analysis of the tank headspace hydrogen concentration. Waste surface level drop is an
indirect and imprecise indication of gas release, but it is the only method available prior to ~1994- -
: 95. Headspace hydrogen concentration.measurements provide a positive and direct measurement
of integral gas release that is extremely sensitive and precise, but it has been available only since
~1994-95 and covers relatively few events. Where possible, the two methods need to be used
together to develop the most accurate representation of GRE behavior. The primary reference for
the results of the level drop method is Meyer et al. (1997). This presentation represents the most
complete reference for the headspace hydrogen analysis method, although the data are also
discussed in Wilkins et al. (1997).

The surface level drop method simply assumes that a sudden waste surface level drop was
the result of a corresponding release of retained gas from the nonconvective layer. The gas release
volume is computed as the product of level drop, tank area and the estimated hydrostatic pressure

. at which the retained gas was held. This.method works well with tanks that experience the largest
gas releases, specificaily SY-101 (prior to mixing), SY-103 and AN-105.

Small GREs are difficult to detect from the waste level history, and detecting a GRE :
signature is more “art”” than 501ence The detection limit is on the order of 1 cm which corresponds
to a minimum gas release of ~10.m® A small gas release often does not produce a “clean” level
drop. Apparently some of the rising solids are temporarily trapped by the floating layer so that the
entire “episode” may occur over weeks. These factors make determining gas release from level -
drop pamcula.rly difficult in AN-103, AN-104, and AW-101.

Level instrument problems can create indications that look like GREs. The most pervasive
s the accumulation of a solid “stalactite”. When this solid deposit is occasionally flushed off, it
creates a sudden level drop that looks like a gas release. Instrument recalibration can cause a
similar indication. The operations shift logs must be studied along with the data to sort this out.

There are typically at least two level instruments operating simultaneously. Which
instrument (manual tape, FIC, Enraf) should be used to determine the level drop? The most
accurate one in operation has been chosen in this study and indications of the others are ignored

- (Enraf®, FIC and manual tape in descending order).

The time period also needs to be considered. The time from the maximum to the minimum
level in a single event may be 3-14 days, though most of the drop occurs over about one day.
Meyer et al. (1997) use a one-day period as the basis for computing the level drop. This provides
the best match with headspace hydrogen data in SY-101 and AN- 105

Determining gas release volume from headspace hydrogen data assumes a well-mixed
headspace (this is a good assumption aftér ~ 1 hr) and a constant inlet ventilation flow rate (good
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except for short penods during large releases from SY-101). A lower bound for the gas release
volume can be computed as the product of the peak hydrogen concentration and the headspace
volume divided by the estimated hydrogen fraction in the waste gas. A more accurate method
models the gas release rate fromni the waste surface as an exponential function and adjusts the model
parameters and ventilation rate to minimize the difference between predicted and measured
hydrogen concentration. The total release is sxmply the integral of the release rate function d1v1ded
by the hydrogen fraction in the waste.

The headspace hydrogen data are so sensitive that one must ask how small a gas release
should be considered a GRE for the purposes of model development or hazard analysis? This
same question applies to small secondary releases that often appear while the primary release
decays. This study considers only the primary release as part of the GRE history unless
succeeding releases are of similar size. Generally releases that raise the headspace concentration to
less than 1000 ppm of hydrogen are ignored.

The best estimate of the GRE history derived from all sources is given. Generally the value
based on hydrogen concentration is taken as the best estimate since: 1) headspace data cover the .
period for which we also have in-situ gas fraction and rheology data, and 2) it is the only positive
and direct measure of gas release for several of the tanks. The values differ somewhat from those
given in Meyer et al. (1997) and no estimate is provided at all for AN-103. The revised GRE
hxstones will ultimately result in a revised gas release model.

Waste level and waste temperature histories are given for all six tanks (no temperatures are
given for SY-101 - see Antoniak [1993]) The GRE’s based on headspace hydrogén analysis are
also listed separately for each tank -
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| DST Field Data -
- Chuck. Stewart - ‘ PNNL

DST field data of interest to understanding and predicting gas release behavior include
retained gas volume fraction, waste temperature, rheology, and waste layer thickness. Visual data
such as photographs and video of core sample extrusions, waste surface video scans, and video of
various waste disturbing operations are also valuable in understanding how the waste behaves.
While the gas fraction and rheology were measured only once in 1995-96, the temperature and
waste level are recorded continuously. This allows a rough extrapolation of the gas fractlon and
theology to periods prior to and after actual measurements were made.

The retained gas volume fraction has been measured in all six FGWL DSTs with the Void -
Fraction Instrument (VFI) and in AW-101, AN-103, 104, and 105 with the Retained Gas Sampler
(RGS). The VFI provides the most detailed data while the RGS provides a few additional data
points under different risers. Gas fraction profiles show the highest gas fractions in the lower half
of the nonconvective layer. The primary reference for gas fraction distribution in the DSTs is
Meyer et al. (1997). See also Shekarriz ét al. (1997) for background on RGS measurements.

Other applicable references are Stewart et al. (1996}, Shepard et al. (1995), Stewan etal. (1995)
and Brewster et al. (1995).

Waste temperatures are typically measured with both tlie original thermocouple tree and the
newer multi-function instrument tree (MIT). The former have 18 thermocouples, only 6-9 of
which may be recorded. The MITs have 22 thermocouples and are typically recorded daily. A
validation probe can be run inside the MITs that provides the most accurate and detailed
temperature profile. MIT validation probe data is required to determine waste layering with

. acceptable accuracy. Validation probe temperature profiles for all but SY-101 are shown.
Temperature data for all tanks can be accessed via the TWINS data base at -
http://twins.pnl.gov:8001/TCD/main.html. The temperature proﬁles are discussed in Stewart et al.
(1996). Detailed temperature histories of SY-101 and SY-103 are given in Antoniak (1993) and
Antoniak (1994), respectively.

Waste rheology has been measured in-situ in all six FGWL DSTs (SY-101 was post-mixer
pump) with the ball rheometer. The waste rheology is derived from the correlation of ball speed,
position and cable tension. The measurement of interest to gas release behavior is the low-speed
data for the first pass through the waste. The waste viscosity and yield stress typically increase
linearly with depth from essentially zero at the top of the nonconvective layer to 150-200 Pa. The
ball data also very accurately defines the upper boundary of the nonconvective layer and detects a
“stationary layer” that is sufficiently stiff to support the ball (yield stress > 900 Pa). Ex-situ
rheology measurements on core samples have not been uniformly successful and the ball rheometer
data should be used as the best indicator of waste properties (the often quoted 6700 Pa yield stress
for SY-101 waste is erroneous - the correct value is 200-400 Pa). The primary reference for waste
theology is Meyer et al. (1997). Discussion of the ball rheometer system and theory are also given
in Shepard et al. (1994) and Stewart et al. (1996). Ex-situ rheology measurements of SY-101 and
SY-103 waste is discussed in Herting et al. (1992a,b), Reynolds (1993), Bredt et al. (1995), and
Bredt and Tingey (1996).

Waste layering is inferred from a variety of measurements including the waste surface
level, ball rheometer first pass, core sample extrusion. The primary measurement is derived from
the MIT validation probe temperature profile. These data clearly define the floating layer,
convective layer and nonconvective layer in each of the tanks such that the layer thickness can be
determined to within 10-20 cm. The primary reference for waste layering is Meyer et al. (1997)
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and a detailed discussion of the post-mixing configuration in SY-101 is given in Brewster et al.
(1995). )

iDSTV field data summaries are provided for SY103, AW101, AN103, AN104 and AN 1(35.
The summaries each include a riser map, time line in-situ measurements with major GREs and
waste level superimposed, the gas fraction profile and the viscosity and yield stress profile.
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Seismic Response of DST Waste

Chuck Stewart ) PNNL

‘ Part of the baseline risk of storing radioactive waste is the potential for retained gas to be
released during the waste disturbance caused by a major earthquake. Waste mobilization during a
1000-year Design Basis Earthquake has been investigated via transient simulations with .
displacement boundary.conditions using the ANSYS structural analysis code. Results are reported
in Reid & Diebler (1997). Prior work is summarized in Stewart et al. (1996).

Four different waste configurations and several parametric cases were modeled to represent
both single-shell tanks (SST) and double-shell tanks (DST). For SSTs a homogeneous solid
waste with two depths and two yield stresses were modeled along with a special case representing
the solid-over-liquid configuration of A-101. -“Typical” DSTs were represented by a liquid-over-
solid configuration with two depths and yield stresses. The total waste depth was divided equally
between liquid and solid. A solid-over-liquid-over-solid waste was also modeled to represent

tanks with a thick floating solids layer, specifically AN-103.

The simulations estimated the volume of the waste mobilized under the following
assumptions:

e Waste is homogeneous except for distinction between liquid and solid layers

e Stress-strain behavior modeled as elastic to 5% strain then perfectly plastic (constant
stress) to 100% strain at which point the material is considered “mobilized” :

e Mobilized waste can release gas (though gas release-was not specifically quantified)

e Perfect coupling assumed between soil and tank, effect of double-shell neglected

The- details of finite element modeling and parameter values used are given in Reid & Deibler
(1997). For a discussion of the seismicity of the Hanford area, refer to the presentation by Alan
Rohay, PNNL, to the SCOPE Workshop #2, April 28-May 2, 1997. ’

All of the simulations quickly developed localized regions exceeding 100% strain. This
stretched the capabilities of the ANSYS code. In hindsight, the phenomena might have been better
-modeled with fluid dynamics than with structural mechanics. -However, the basic waste behavior
“revealed by the results gives some clear insights as to the potential effects of a severe earthquake.
In summary: ) ‘

¢ Alarge fraction of the seismic energy is dissipated in surface waves whose maximum
amplitude is in the central region of the tank. _ o .

e Aliquid layer strongly amplifies the effect of the surface waves on the solids layer.

* As aconsequence, most of the solid waste in a DST is mobilized

" Assuming 100% of the solids are mobilized and able to release gas, on the order of 50% of the
‘total gas inventory might be released in the 1000-year earthquake studied. This release fraction is
based on actual release fractions in the large, violent rollovers in SY-101 and from buoyancy
considerations (see Meyer et al. 1997).. : :

There is not sufficient data to extrapolate these results to more or less-severe earthquakes
other than to say that a 10,000-year earthquake would probably not release much more than 50%
of the gas and a 100-year earthquake would probably release somewhat less than 50% of the
retained gas. Removing the liquid layer would tend to convert the DST waste to resemble an SST.
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In the absence of the surface wave amplification caused by the liquid, relatively little of the total
waste is mobilized and relatively little of the total gas is released (Reid & Dieblér 1997).
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Predictive Models For Buoyant GREs
Perry Meyer . . PNNL

The large episodic gas release events (GREs) historically observed in the DSTs on
the FGWL are believed to be caused by the buoyant displacement mechanism (Stewart
1996b). In a buoyant displacement, a portion, or “gob,” of the nonconvective layer near
the tank bottom accumulates gas until it becomes sufficiently buoyant to overcome the
weight and strength of material restraining it. At that point it suddenly breaks away and
rises through the supernatant liquid layer. The stored gas bubbles expand as the gob rises,
failing the surrounding matrix, so a portion of the gas can escape from the gob into the
head space.

Buoyancy tends to destabilize the nonconvective layer, while the material yield
stress stabilizes it. A buoyant displacement can occur when local void fraction is high
enough to produce a net upward buoyant force in the nonconvective layer. However, the
yield stress of the bulk solids will keep the gob from rising until the buoyant force exceeds
the strength of the layer. Therefore the void fraction must be significantly greater than the
neutral buoyancy value before a buoyant displacement can begin. A simple relation is
derived for the critical void fraction of a plane layer that agrees well with the results from
scaled buoyant displacement experiments. :

The magnitude of the effect of the yield stress depend on the shape of the gob as
well as its size. The shape effect depends on the ratio of the surface area to volume. For
large gobs, the effect of material strength is minimal, and the critical void fraction is

-approximately neutral buoyancy. However, small gobs have a higher surface-to-volume
ratio and require a much higher void fraction. To first order, gobs with a diameter
approximately equal to the nonconvective layer depth may be the most probable. Better
estimates are obtained with a detailed stability analysis. '

At the onset of a buoyant displacement, the yield stress of the nonconvective
material is exceeded, and the material around the participating gob begins to flow.
Assuming that at this point the entire nonconvective layer behaves as a viscous fluid, the
length scale can be estimated from the Rayleigh-Taylor theory for superposed fluid layers
of different densities and viscosities. This analysis allows both the size and critical void
fraction of a gob to be determined and leads to a method to predict the gas release volume
and frequency of buoyant displacements in the six FGWL DSTs. The estimates compare
quite well with actual tank behavior as derived from the waste level history.

. Basic enérgy conservation principles can be applied to the buoyant displacement
process to determine the conditions required for it to release gas. A simple predictive
model is derived that describes the energy requirements of buoyant displacement in terms
of estimated or measurable parameters. ‘The model establishes a criterion for gas release by
a buoyant displacement. The total amount of energy stored in a gob of gas-bearing solids
must exceed the energy required to yield the gas retaining matrix. The model is compared
with data from scaled experiments and applied to the six DSTs on the FGWL. The
conclusion is that a relatively deep layer of supernatant liquid is required for buoyant
displacement to occur. This condition currently exists only in the DSTs.
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The phenomenon of void growth leading up to buoyant displacement is being
explored in an on-going study. The goal of this model is to predict under what
circumastances sufficient void is retained in order to initiate a buoyant displacement.

The models discussed above, and the data on which they are based, allow us to
evaluate these tanks’ gas release potential. We now know how much gas they contain, its
composition, and where it is stored; we also understand how the gas is released, and we
can estimate how much gas will be released and how often. Though these modéls are not,
and possibly cannot be, formally validated, they represent our best understanding and are
consistent with the available knowledge base. :
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Predictive Models for Buoyant
GRE’s in Hanford Waste Tanks

Perry Meyer
PNNL

Stage Il Experts’ Panel Elicitation Workshop #1
January 19-23, 1998, '
Richtand, Washington

Presentation Outline

m Purpose of Modeling

m Modeling Philosophy .

m Buoyant Displacement Model (FY97)
m Energy Criterion Model (FY97)

m Void Migration Mode! (FY98)

m Summary
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Purpose of Modeling

m Observation: Episodic GRE’s occur in some
tanks but not others. Both size and frequency
of GRE’s vary.

m Seek to predict under what circumstances,
what size, and how often GRE’s occur.

m Understand current tanks and predict/avoid
future GRE situations.

- Modeling Philosophy

While waste tank behavior appears very
complex, first order behavior may be dominated
by simple physical law and basic scale

m Identify dominant physical processes.

m Simplify as much as possible.

m Use best available data as model inputs.
= Compare with historical data & tune.
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Overview of Models‘

m Buoyant Displacement Model
~ Assumes GRE’s will occur
— Predicts size and frequency

m Energy Model
~ Assumes buoyant displacement has occurred
— Predicts if significant gas release will occur

m Void Migration Model (in progress)

— Predicts if buoyant displacement will occur

Buoyant. Displacement Model

m Competing Physical Mechanisms:
Hydrodynamic instability of buoyant layer
(fluid) and strength of nonconvective material
(solid). ‘

m Aliows prediction of GRE volume.

® Assuming independent processes allows
prediction of frequency & average void.
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~ The Rayleigh-Tayior Instability.

m Doubly infinite density-
stratified layer of two
Newtonian Fluids .

B Analytic solution
available for p, << 1 and
Aplp <<

W A=2nfugYg(p 2~ ppH)] ">
EDy~)\ '

Material Strength Effects on
Initial Buoyancy

m Buoyant Force: '

Fs = (pe-PUOVe
m Shear Force:

Fe=18, |
m Critical Void Fraction
Ot=CpH(1—0ip) (T So /pLEV,)

Ong=1-p/ P pp=(1-0) p
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"9@& @%$ ‘
Evidence of Material Strength’
Effect on Critical Void

m Comparison with Scaled Experimental Data
(Gauglitz)

m Gas generated in bentonite sludge until
buoyant displacement occurs.

m Assume gob volume is plane layer.

o T | %@-D] % B=
Eq. (32,

.21
.10
.15

136

5218

1519 2010 | 2811 157
4+4) 1 23+16)1 261D ] (14 10) (131 £ 47)
100£95 | 180£130| 2102 170| 12075 | 110+ 70

(160 + 20) | (120 + 90){(160 + 1304(190 + 190 (100 + 24)
INCL Avg. Void(%) 95 7%3 82

. T+2 9+3
. (4.4.13) (VFD) (10.7 2 1.0) 6.2+ 0.91(4.2 £+ 0.8)| 3.8 + 0.6)

128 £ 59

{-8) 602}

Al62



EINF-2193 Rev. 0
Part A

Simplified Model

m An approximate solution is obtained which
demonstrates functional dependence

Standard Volume (m’) AW-101] SY-101

Approximate Solution 19+8 | 100+62

Full Solution 178 } 117176

Historical Average 1410 | 13747

Revised Average B 1927 [ 14243

Energy Criterion Model

m Buoyant displacement model assumed gas
release. Energy model determines if gas
release will occur.

m Model compares potential bubyant energy
with strain energy.

m Assumes gas will be released if NG material
matrix yields

m Example: dropping an egg.

‘A163




HNF-2193 Rev. 0
“Part A

Buoyant Poteﬁtial Energy

m Compressive work done on a gob by moving
it from ambient to insitu.

h ' y+1
Ey = .(J)F(z)dz F(z)=ApgV = aopLVOg[ k)

1+yz/h
Y=pgh/P, k= npd— %)
o1 —Oinp)

By = 0gVoPA7[(1+1/7)In(1+7) ~K]

Strain Energy

m Energy required to strain a volume of material
is the work done by an externally applied
force. :

g
| E, =V, (;)xde »
m 1(e) = externally applied stress
W ¢ = strain at at yield ,
m Elastic energy assumed small compared with
strain ‘energy B, = Voe, 1, (1 0‘0)]
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Sludge Stress-Strain Behavior

Benkake Clay - 135% by .
TS SR e Sactonte Clay - 13.5%,

by v, :
T 25C. shear rato « 0,0091930 1/s.

shear stress (Pa)

05 15
nominal strain nominal strain

The GRE Criterion

Ep __ 0Pay

B, v(l_%)syty((1+1/y)ln(1+y)—k)

m E,/E, << 1 expect no gas release
m E,/E, >>1 expect large gas release
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Model Comparisons with Bentonite
Simulant (Gauglitz)

o, (ke/m’) Op %y |k ., | Energetic

1087 |0.25,0.087]0.286 . Y

1087 . |0.25, 0.087[0.286

N
1070 {0.15,0.07 10.426 . Y
1070 {0.20,0.07 [0.426 N

Energy Ratios for DST’s

GobHéightho AN-103{AN-104] AN-105 | AW-101] SY-101

Largest: hg =hf % 49 52 4

Smalesth=0 | g | ] 31 | %

| m GRE Criterion:

E/E, > 5 for signiﬁcant gas release
during buoyant displacement
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Effect of NCL Height on Energy Ratio

o
A -
< 1747

|;.-|i. .

5,/
1

Energy Ratio

Void Migration Modeling Objectives

m Understand void retention & migration

- physics '

m Predict non-/occurrence of buildups leading to
GRE '

~ m Confirm model against Void Meter & RGS

" data (limited)

m Integrate resulis with buoyant displacement
‘model
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Key Physical Phenomenon

= Threshold for bubble motion

m Size-dependent bubble velocity

m Both size and number density as variables
m Variable viscosity

Summary

= We have two models with good qualitative
and quantitative predictive capability for
GRE’s in DST’s.

m They provide guidance for predicting and
avoiding GRE’s in new tanks.

m The key issue of void build up leading to
GREs is presently being addressed.
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Properties & Parameters used in Models |

Property/Parameter | AN-103 | AN-104 | AN-105 | AW-101 | SY-101 | SY-103

1. CLDensity (kghnh | 1530% 30 | 1440 30 [ 14302 30| 1430+ 30

1500 % 70| 1470 %

2. Noncomveatise Layer | 17302 110] 15902 60| F00£40( 1570230 | 17001 50| 1570 &
Density (ke/m? [ I
3. Waste Levdl (am) RRIEA | OM%4 § 047 | 101027 | 1042 10| @13
3, CLDepth em) . U6 | 524%10 { 8921 | 69310 BT E 16
5. Noncoavective Layer EREEIRENNEEEE B2
Deprn fem) -

6. Staionay Layorteon) | 173£28 | 33333 | S5£55 | 5525 128+ 8

7. EfT, Nonconvective ErHETSIEFSIESE 2072
Laver Dopth fem)
8. NB Void Fraction (%) 1226 9x4 1023 93 $ L4

9. Nononvedtive Layer | (07610 | 62209 | 4.2208 | 3806 6%2

[R750.03 | 1.97:0.03 ] 2.09£0.03] 2112008

170285 | 10050 | 110255 | 180£70

9.000

15.000 10000 | 12000

13. GRES1d Volume(mn| 1a£4 [ 2316 | 2611 | M210 { 131237
14. GRE Period (days) 160+ 120] 120290 | 1602 130 1902190 [ 100<24
E5, Lovel Rise (omiey) | 0.04:0.02 | 0.0320.01 | 0.032002 | 0.03£0.004 | 0.2420.06
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Mixer Pump Operations

Nick Kirch, LMHC

Mitigation of Tank 241-SY-101 s

- Mitigation by mixing as preferred concept

for testing.

. ing 150 p centrifugal
pump with design flow of 2,800 gallons per minute
and shutoff head of 120 feet modified for

application.

+ Pump uses 480 volt olt-cooled induction motor.

« Pump installed on July 3, 1993.

Mixer Pump Information gz

+ Mixer Pump was Installed In 241-SY-101 on July 3,

1393 to mitigate gas releases.

« Pump is 150 hip, 10,600 liter per minute with shut off
head of 37 m.

« Discharge near bottom of tank.

« Suction about mid tank.
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Tank 241-8Y-101 Hydrogen Mitigation #
Test Pump
Testing E

« Phase A was short term low speed operations.
{Pump bump to keep nozzle unplugged more
aggressive.)

« Phase B was 24 runs to attempt to slowly release
gas. Completed December 17, 1993,

"+ Full-Scale Testing to test ability to contro! tank.
Completed April 13, 1994,

« Normal operation since then.

Mitigation Testing : =

Phase A (July 14, 1993 to July 25, 1993)
Low speed (340 rpm) tests of increasing durations
(up to 10 minutes) in a single nozzle direction.
Nozzle velocity was 45 feet per second.

Phase B (October 12, 1993 to December 17, $993)
24 runs of ded phased velocith
and varying nozzle directions. Nozzle velocities
reached 60 feet per second. Pump nozzles were
rotated in 30 degree increments to cover entire tank.
Pump run durations reached 3 hours.
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Mitigation Testing (continued) g

Eull-Scale Testing

- Directional Pump Bumps (December 18, 1993 to February 2,
1994} « 3 pump bumps per waok.

« Sequencaé 1 (February 4, 1994 to February 25, 1994) - 1 hour, 750

rpm suns varying nozzle orientation 302, 3 times per week.

Regrowth Test (February 28, 1994 to March 25, 1994) - 3 pump

bumps per week,

Knockdown Test (March 28, 1994 to March 30, 1994) - 6 pump

runs of 30 minutes at 750 rpm In nozzle orientations 30° apart.

+ Jot Penatration Test {April 6, 1994 to April 13, 1894} - 4 high
speed tests (920 and 1000 rpm) directed Riser 178 multifunction
tree.

s

“Part A

Parameters Influenced by gz
Mitigation :

« Gas Release
— Release as d with gas 1
— Release influenced by pump conditions

.« Temperature Profile

— Temperature response shows that jet reaches
MIT

— Pumping keeps temperature nearly uniform
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Hydrogen (parts per million)

Part Per Million

Tank 241-SY-101 HNF-2193 Rev. 0
Gas Chromatograph 3 Hydrogen Part A
400 L

|7Average H2 Concentratuon ¢! 1/21 - 12/31): 34.42 ppm l

T I T

n = 13

200-[ 12/01: 1030 Excavation

350 11/22:-2141 Excovation 2/04 o'.us Excavallon 1 |2/|7 1413€xcavation
1000 RPY, 25 min. 140 deg | 1000 #Pu, 25 min. 185 e 1 1900 B, 25 rin 140 doy
T T T
11/24: 1118 Excovation 12/05 1503 Excuvuhoﬂ 11/20 0157 Exccvaho«
1000 RPM. 23 min, 170 deg 1000 RPM. 25 min, 15 deg 1000 RPM, 25 min, 170 deg
0= = 2
11/25: 1518 fxcovation 12/08: 0107 Excavolion 12/21: 2210 Excovolicn
1000 RPM, 25 min, 28 deg 1900 oM. 25 min,_50 deg 1000 RPM, 25 min, 28 g
T r T  — 5
11/27: 0815 Excavation I 12/09 o175 Trcovalion ] | 12/25: 1101 Excavation
2504 1000 RPM. 25 min. 85 deg {1000 FPM, 25 min. 80 deq | moo m. zs i, ss deg
L
11/28: 1241 Excovation 12/v2: 7250 Cxeavation VO Creraron
1000 RPM, 25 min 97 dig 1000 RPM, 25 min. 110 dog 1000 Ro, 25 min_97 &y

|z/1s 1007 Exeavation y 12/29 |556 Excavuhon

1000 APM, 25 min, 125 deg 1000 RPM, 25 min, 28 deg \ooo 804, 25 mu\. 125 ¢eq

12/02: 2301 Excavation ) xz/h 1408 Excuvuhm
150-](_1000 Reu. 25 min 153 deg 1000 &PH, 25 min, 155 ¢r)
100+~ ‘

\ 1 .;\ \. ! !
WA ijk F\M MMM\“ WN PWT% \M&l

0 . .

T i1i2s 1129 | 12/03 | 12/07 | 12]11 1215 12/19  12/28 1227 12131
i3 1127 1201 12005 1209 12713 12147 12021 12/25 12/29 01/02
November 21, 1997 - December 31, 1997

50

e

GC3 is used for hydrogen
concentrations below
100 ppm.

Tank 241-SY-101

FTIR Gas Compositions
250
r AVERAGE NH3 = 81.96ppm J
l . AVERAGE N20 = 30.53ppm
200
+
+
150 S o _.iI
£ 3 £ 3
1T + ;
I ;‘; 3
100+—== == o
ES kS
= = E i

I
i

et

St tazs | 1129 | 1208 | 1207 | 1271 12015 12/19 1223 12/27  12/31
1123 11/27 1201 12/05 12009 12018 12A7 1221 12/25 12/29
November 21, 1997 - December 31, 1997

. |— NH3 + N20
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Pump Testing 1993-1994

g 15
"} :
18 10 i -
. B < *
2 E 5 |2 ,—.~-§ . —
0 ; L
1] -
(O 0.

0 100000 200000 300000
Gallons pumped

Nick-3y101.10 1/19/98

Tank 241-SY-101
Hydrogen - Weekly Average Concentration

Yeaily averag tion in ppm

Hydrogen Concentrations (ppm)

—
S

—
—
=
=
-

Jhr W
Pt
=
-
<

=
—
==

N T T T T T T I' T T T ] T T T T T T T T T T T T T
o9t | Wopad | Awe8d | Decodb | Ape-9S | Aug=85 | Des-95  Ap-96  Aw-S6  DewSS  kpr-37 Ag-97  Dae=97
Nor-94 dnesd U 0cl-94 . F&-9S An-8S 0ct-85  Fe=98  wn95 0ct-95  Fe-87 An-97 0ct-97

January 1, 1994 - December 28, 1997
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Nitrous Oxiae Concentrauons (PR

Ammonia Concentrations (ppm)

- v v

Tank 241-SY-101
N20 - Weekly Average Concentrations

HNF-2193 .
ParA Rev. 0

Yeai ly :

pm

% : 1695152
1996: 48
1997: 37

TR
—

o
=
e
it

S
=
P—
S
——

: \ I LA \ AA I\ i
i | V L
~
M
\
20
N T T T T T T T T T T T T T T T T T T T T T T T T
Yl | Mop-94 | hogedt | Dec-9& | Ap-95 | hg-95 | 0oc-9S  Apr-85  Ag-96 | Dec96 g7  Aw97 - Dec=37
Aormgt ) anegd T Qck9h o Febe95 | k95 | 0ct-95  Fd=95 An-98 ~ Oct-95  Feb-97  An-97 0ct-97

January 1, 1994 - December 28, 1997

Tank 241-SY-101
Ammonia - Weekiy Average Concentration

94: 45

05:.-36

'Yearly averagé cor fon in ppm

96: B4
97: B3

[P

T T T T T T T T T T T T T T T T T T
Y94 | Mop-94 Aw=ak 98 | Apr-95  Aug-95 - Det: 9 Aug-96  Dec-86  Apr-97 Auwg-97
4

T T T
Det 95 Apr
Nor=9 o9 © Ocl-84  F&-95 M85 Q=95 Fed~96

January 1, 1994 - December 28, 1997
A178

T
3
An-95 0ct-96 Fea-97 dn97 0Oct-9

T
Dec~97
7



450

241-SY-101
MIT 17C Validation Probes
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350

300

250

200

150

100+

g0

75 80 85 90 g5 100 105 110
F— 10/26/95 —m— 4/24/97J
241-8SY-101
MIT 17B Validation Probes
450
400 i e vl g
- .’%’ 45
350
e RO SSCURD NUUUUS NS SO NNURURIUU WO S— O S—
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200
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100
50
0
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Temperature (deg F)

Temperature, deg F

119.5

HNF-2193 Rev. 0
MIT-178 Bottom Tem'pamog

119

18,5 J-——

118 [=2—=

175

117

116.5

116

115.5

115

114.5

114

113.5

15:55:00

119.5

16:02:12

16:09:24 16:16:36 16:23:48 16:31:00 16:38:12 16:45:24  16:52:36 16:59:48
Pump on - 15:58 {Dec. 26, 1997}

[S—3in —o—16in. —a—28in. oe-52 in. ]

MIT 17C Bottom Temperatu}es

119

1185

118 -

117.5

"7

116.5

116

1185

115

114.5

9:50:24

10:04:48

10:19:42  10:33:36  10:48:00  11:02:24  11:16:48  11:31:12 114536 12000:00  12:14:24
Pump on - 10:07 {Dec. 15, 1997)

[Fe—4in._—o—16in. —a—281n. —x—52in.|
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Waste Influenced by Pumping

« PNNL Models

« Temperature probe observations

—=

Conclusions

« The mixer pump has worked as planned.

« The waste s influenced enough to cause gas to be
released.

« This tank has been mitigated and removed from off
usQ.
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Pump Induced Flow Field

Pump operated at 5°/185°

Side view in plane of jet Near-wall flow field

Pump-Induced Flow Field

Pump operated at 57/185° .

Plan view 2’ above jet Plan view 7.5’ above jet
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Tank 101SY Temperature History for 1993

450 [ 178 Tree, 2 Hour DACs Data Averagas

400
350

300

4 .
Elevalion. inches
N
(53
o

50 - Tempuratue., |
! 1 1 1
= - - = - = -
i > IS % = 3 o
H 3 2 § Dae & p &

Figure 4.1, Full Temperature History at the 178 MIT (June 23-mid-January 1994)
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Gas Generation Rates, Retained Gas
Composition Data and Modeling

Daniel A. Reynolds, LMHC

T. Albert Hu, LMHC
David C. Hedengren, MACTEC-Meler

Stage li Experts’ Pane! Ellcitation Workshop #1
Tussday, January 20, 1998

—z?_ -

Gas Generation Equations

« There have been a few experiments which measure
rates.

+ Will look at various forms.
« Wilt focus on hydrogen generation rates.

+ Break down into thermal models and radioanalysis
" models.
- Ignore corrosion contribution.

—

Thermal Models

* Will look at two types.

« Will discuss which one is preferred and how to
apply it.
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Type | Thermal Model Bz
= Rate, * M+ LOCIA o qmEay L L
Ratey = Ratey * M TTOCT, "L, expf(: n (T T,,)]

M = total n;ass of liquid in tank
TOC = total organic carbon expressed as percent

Al= §e] as percent
Ea = activation energy, 91 KJ

bl = base line - baseline tank is SY-103

s L NP SO W CH117

ot ioame

Type | Thermal Model . -

+ Ratios TOC, Al, and temperature to tank SY-103

« Implies that the
doubles the rate.

Type It Thermal Model -

- Ea;

Rate ; = 4, *e ®°T

Al = Rate Constant

Ea = Activation Energy .
R = gas constant, 8.314 J/mol/K

T = temperature, Kelvin
i= hydrogen or nitrogen or nitrous oxide °
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Activation Energy, Ea
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« The second type is preferred,

« Use for hydrogen only.

Source H, N,O N,
 Bryan 913 116.7 837
$Y.103
PERSON 94 95 91
sYA01
King 91 .79 127
5102
———
Rate Constant, A g )
Source H, N,O N,
Bryan T14E+09 55412 14E+08
$Y-103 .
PERSON 158E+09  4.44E+09  7.27E+08
SY-101 )
King 24E+08  5.6E+05  SE#2
S-102 N
J——
Thermal Model Summary

« The other gases will be derived by observed

distributions discussed later.
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Radioalysis
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+ This Is added to the rate from thermal modet.

+ Radioalysis is predominate at tank temperatures.

« Several G values from different experiments.

+ Nitrate and nitrite lower the G value for water.

HNF-2193 Rev. 0
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G Values

Source H,

Bryan 0.14
sv-103 )

King 0.017
S-102

Meisel 0.031
Synthetic
forH,0

N,O

0.033

0.009

N,

0.011
0.533

0.01

oyt

Radioalysis Summary

+ Use the G value from Bryan.

« Use the Cs-137 and Sr-90 for radiation rate.
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Rate Summary
. Radlation‘ induced gas generation dominates at tank
temperatures.

« Perhaps muitiple pathways for gases other than
hydrogen.

« Other gases will be based on distributions.
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Gas Composition

» Two methods of looking at the data:
— Retained Gas Sampler/Drill String Correlfation
- Ratios based on RGS, SHMS Grab samples,
Vapor samples

RGS Correlation E

« “Best” Gas Composition

« Limited Data Set

« 4DSTs and 5 8STs

- Set too small for correlation on tank average
« Additional data from driill string analysis

« There are 39 data sets on a segment basis
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“Best"” Correlation

« The “best” correlation stated that about 65% of the
variabllity in the N,/H, ratio Is refated to chromium
-ation, nitrite ion, total organic
carbon, and carbonate concentration.

N,/H, Ratio, Carbonate B2
.
s .
g, . : * . Reaons
2 M > +
N
! : . :
ea 16000 W0 00 400 30000, 00 P00 000
comunn
N2/H2 Ratio, Nitrate A
6
-5 *
4
g 3 ot K
2
P R=0.1229
ol slet o *
50000 70000 90000 10000 130000
NOZ-, uglg
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N2/H2 Ratio, TOC B
6
s R =00087 ¢
4
+
gs N M
2 M [ ¢
1 *
oLt !
2000 3000 4000 5000 5000
TC, ugly
N2/H2 Ratio, Chromium E
o
5 *
g4 ae e
5 2 R 202458
L teet I .
0 1000 2000 3000, 4000 - 5000
Cr,uglg

—

RGS Conclusions

« Data set too small for meaningful correlation.

+ Does not look promising at this time.

A190



HNF-2193 Rev. 0
“Part A

Composition Distribution

+ Use hydrogen from generation rate.
8

« Other gases use a ratio to hydrogen.

+ Three sets of data:
— RGS/Drill String
— SHMS Grab Samples
- Dome Vapor Samples

Composition Resuits -

+ No/H, ratios distribution based only on RGS

* N,O/H, and CH/H, based on all three

+ Use in a Monte Carlo type analysis

+ Tri-Modal Distribution
—.Deconvolute?

N,/H, Ratio Distribution E

N2/H2 Ratio Distribution

10
8

g .

“-2
i L T P T
o % % 2 .» o 4

FC G T S I
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N,O/H, Ratio Distribution =

N20/H2 Ratio Distribution

80

€0 aVapor|
40 = SHMS!

i —t

O S

Frequency

CH,/H, Ratio =

“ CH4/M2 Ratio

250
5?52 nVapor
ERg il oSHMS
. 5100 [~
& 50 {— RRGS
ol Mo . —

O H D 0D H oS D
SEFFPPSPLPLLLIS

Composition Conclusions

* RGS/DRILL string not sufﬁclent.

+ Gas composition based on distribution is the
method of choice for non-hydrogen gases.
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Overall Conclusions
« Hydrogen volume will be based on the thermal rate
equation and radioalytic G value.

* Other ga’s volumes will be based on distribution of
gas-to-hydrogen ratlos.

+ Outcome will be a distribution of gas volume and
composition.
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DST Intrusive Data

« Five tanks representing 16.5 tank years of operations

+ Locally waste disturbing operations include MIT installation,
_ core sampling, liquid grab sampling, Void Fraction
p and vi: 1

+ Only observed event duting VFI deployment in AW-101

Iowasey 201992 ‘ aine-din ot

DST Intrusive Data Z ;_

Tank  Sutdate  Domeinkusve  Wada lotusve  GREs
av403 Janss 1 1 s
A3 Sepsd . 2 e
i sepst ‘ 2 T
A6 Sepd s . 4 e
AWIOE Augdd 4 . 1
Totals n * 1

Jammary 20,198 s et bt oot

Specific Examples of Releases

« Mixer Pump
- ~800 Pump runs
— All have shown releases

~ Small “natural” releases between prmp runs

Tuary 21,1998 s Brdnedinprt
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Double Shell Tank Intrusive Activity History

. B. (Blaine) Barton
Lockheed Martin Hanford Co.

January 21, 1998

Taasy 21, 108 1 Meine-biotgrd

Agenda A -

« Observations on sources of data

+ DST intrusive data

.+ Specific examples of activities and releases

* Conclusions

Tamacy 201998 T . Muiackiagn

Observations on Sources of Data ﬁ

Must be able to detect the release
- Level change

- Pressure change
— SHMS

.+ None of these systems is capable of detecting small GREs
~10 Ftt

+ SHMS can detect smailer releases than level or pressure

Only 6 of the 28 DSTs have observed GREs by level or
pressure

SHMS are only instatled on tanks with observed GREs
Theee tank farms have SHMS o the exhaust stack
~ SY; AW; AN.

Samasey 21, 1998 3 Suine-Sintpet
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Tank 241-SY-101 %
Gas Chromatograph 1 Hydrogen
November 21. 1997 - December 31, 1997
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Gas Chromatograph 1 Hydrogen
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Transfer of Waste

+ November 1997 transfer from Catch Tank A-417 to AN-101

« Observed small increase in the tank farm stack to ~100 ppm

Fenaer 21, 1% [ Sainedutp
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- October 1994 to "%‘ ‘

Waste Level History

October 19935
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AN Stack SHMS Hydrogen

_ November 16, 1997 - November 29, 1997

I .
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- 4
0
o
e e tzost T2z st Tveens st 1o
Air Lift Circulator Operation A
+ On January 11, 1998 the air lift circulators in AY-102 were
tumed on
+ The SHMS showed an increase from 20 to 107 ppmv H,
ey 2,198 “ L sean
Tank 241-AY-102 ﬁ
Gas Chromatograph hydrogen
January 10, 1998 - January 12, 1998
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Conclusion A

» Locally waste disturbing activities do not trigger
BD-GREs unless tank is near conditions for a spontancous
BD-GRE

+ Global waste disturbance releases gas held in disturbed
areas. :

sty 20191 " Buine-bis g
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Hanford Company " pocymentation of Induced BD-GRE _ Memo
From: Waste Tanks Process Engineering 74A10-96-015
Phone: 373-5154

Date: January 23, 1996

Subject: .RECENT GAS RELEASES IN TANK 241-AN-101

To: G. 0. Johnson . §7-15

cc: W. B. Bartonégﬁ?? R2-11 J. P. Sloughter R2-54
D. B. Engelman - R1-49 R..J. Van Vieet A3-34
B. M. Hanlon R1-80 K. A. U¥hite R2-70
G. R. Sawtelle A3-37 S. U. Zaman - R3-08
E. R. Siciliano H0-31 NEW File/LB

Reference: PNL-MIT-110195, "In Situ Determination of Rheological Properties
and Void Fraction: Hanford Waste Tank 241-AW-101," dated
October 1995. .

Waste tank 241-AW-101 (101-AW) is on the Flammable Gas Watch List. Gas
release events (GREs) occurred in this tank on September 15, 22, 24,

October 16, December 12 and 29, 1995. The September GREs are related to
instrument. deployments within the tank's waste. Gas release events occur in
this tank every one or two months.

Hydrogen Tevels in the tank's vent header are monitored with two Whittaker
cells. One cell has a range of 0-1 percent, and the other has a range of

0 - 10 percent. Attachment 1 shows the response of the narrow range
Whittaker cell since September 1994. The hydrogen concentration began to
rise at about 5 p.m. on September 15, 1995, from a 100 ppm baseline. It
"reached a maximum of 1930 ppm at about 8 p.m. on September 16 (see
Attachment 2). Attachment 3 shows the waste surface Tevel since

September 1994. The surface Jevel rose 0.1 inches between September 15 and
16 and remained at that level. This gas release occurred soon after water
lancing was completed prior to insertion of a ball rheometer (a viscosity
measurement device) in Riser 13A. The water did not penetrate past the
sludge layer; therefore, the gas released must have originated from just
below the crust. Integrating under the hydrogen curve {assuming a 15 cfm
vent flow rate) totals a release of 150 ft° of hydrogen (see Reference). No
changes were noted in the waste temperature profilie. o .

Another gas release began on September 22 at about 9 p.m. The hydrogen
concentration rose from 400 ppm to 1400 ppm within ten hours (see

Attachment 2). It began to increase again on September 24, rising from

700 .ppm to 4660 ppm within seven hours. These releases correspond with two
deployments of a void fraction instrument into the tank waste. This
instrument did penetrate the sludge layer. Integrating under the hydrogen
curve from September 22 through 29 (assuming a 15 cfm vent flow rate) totals
about 220 ft° of released hydrogen (see reference). Hydrogen levels had
returned to 100 ppm by October 1. The surface level rose 0.75 inches

- between September 21 and 27. No changes were noted in the waste temperature
profiie.

. Hanford Operations and Engi ing Ct for the US Department ot Energy
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January 23, 1996

A third gas release began on October 16, 1995, at about midnight. Hydrogen
rose from a baseline concentration of 100 ppm to a 1750 ppm peak within

12 hours {see Attachment 4). The concentration had decayed to 200 ppm by
October 24. The surface level fell 0.12 inches. No changes were noted in
the waste temperature profile. The dome pressure stripchart showed a slight
increase -from -2.25 to -1.95 in. w.g. that began about 8 a.m. on October 16.
The pressure remained elevated at -1.95 in. w.g. for about eight hours
between 12 and 8 p.m. before returning to its earlier level.

Another gas release began on December 12, 1995, at about 6 a.m. The
hydrogen concentration rose from a 800 ppm baseline and peaked 25 hours
Tater at 2100 ppm. There were no sudden spikes in the hydrogen
concentration (see Attachment 5). The surface level rose 0.23 inches
between December 11 and 12 and then fell 0.27 inches between December 12 and
13, according to the ENRAF Tevel gauge in riser 2A.  According to the manual
tape in riser 1A, the surface level rose 0.5 inches between December 11 and
12 and then fell 1.25 inches between December 12 and 13. No changes were
noted in the waste temperature profile. '

On December 29, beginning about noon, the hydrogen concentration began
rising from a 400 ppm paseline, reaching 6000 ppm five hours Tlater. The
increase was steady (see Attachment 6). The concentration remained at about
6000 ppm for.about six hours and then began to slowly decay. The surface
Tevel increased 0.3 inches between December 28 and 30. It fell back to its
initial level by January 2, 1996. No significant temperature changes were
seen near the thermocouple tree or the MIT. No dome pressure changes
occurred at the time of the gas release.

An in-tank video was recorded on September 19, and still pictures were taken -
on November 15 and January 4, 1996. These pictures were compared with

photos taken on September 7. Some crust changes occurred underneath the
ENRAF level gauge between September 7 and 19. Otherwise, no crust changes
were noted near the supernate pump or the ENRAF.

N E Wi

N. E. Wilkins, Engineer
Waste Tanks Process Engineering

Attachments (6)

A201



HNF-2193 Rev. 0
“Part A

74A10-95-015

ATTACHMENT
Recent Gas Releases in Tank 241-AW-101

- Consisting of 6 Pages
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Ammonia Release Data

W. B. (Blaine) Barton
Lockheed Martin Hanford Co.
January 21, 1998

Topics of Discussion

+ Where does ammonia come from?

* Present ia refease data it with
GRE's .

« Mechanism of release of ammonia

« Implications on transfers

Where Does Ammonia Come From?
« Small i fram Plant Op .

— AN-103, AN-105 _ . .
+ Majority from reactions within the waste
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Sources of Data 5

« Three tanks have ammonia monitors
— SY-101; AN-105; AW-101

~ Data on SY-103 can be obtained from stack
monitoring

» Waste samples

Measured Ammonia Concentration
in Dome Space During GREs

Historical Maximum Ammonia =
Concentrations in DST Liquid Waste

i

Tna ETY e
A CE_ e i
BIETE arvown oW G e G 26K £

]
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241-AN-105 HYDROGEN and AMMONIA

H2 (ppm)
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Historical Maximum Ammonia
Concentrations in SST Liquid Waste

(e e Al CE S e et

;
i
:
]
i

s
T
|
i

[
i

Mechanism for Ammonia Release

« Vaporl/liquid equilibrium
— Schumpe Model

+ Sensitlve to temperature and salt content

+ Controiled by quuid phase mass transfer to the

surface

« Crust limits response to GREs

Typical Double Shell Tank Subjec Z

to GRE

AD12



Transfers

* Tank to tank transfers are at rates of
60-300 GPM .

. ired during

rate ~100 CFM
+ High temperature in some source tanks

ively high
in $ST waste

HNF-2193 Rev. 0
"Part A

Transfers

+ Equilibrium considerations suggest high NH3
releases .
— Worst case >100,000 ppmv

- Little evidence of actual NH3 refease from tank
‘farm stacks
.~ Stacks are 10-40 feet talt,
exhaust ~1000 CFM -

—7#'

—

What this means

« Ammonia releases are generally small

+ Ammonia refeases last longer then hydrogen
releases
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G.2  Determination of NH; Compesition

Besides hydrogen, the gas that presents the most hazard is the soluble gas ammonia. Ammonia
gas measurements in the waste tanks and the evaluation of safety hazard associated with this gas
are discussed in this section.

G.2.1 Recent Estimates

In the previous revision of this document, the volume of ammonia released into the dome space in
a GRE has been assumed to be 22% of the total volume of insoluble flammable gas released
(Hopkins 1996).. It was assumed that the majority of the ammonia is released into the dome space
by evaporation from the waste brought to the surface by rollover in a GRE. VanVleet (1996)
assumes that the quantity of ammonia released in a GRE is only 15% of the released insoluble gas,
the majority of which is again assumed to evaporate from the waste surface after a significant
disturbance caused by a large rollover in a DST or a major earthquake.

Results from the more recent RGS measurements on ammonia (Shekarriz et al. 1997) indicate
that the amount of gaseous amumonia in the waste gas is very small (see Table G-3). These
measurements estimate a maximum value for the average mole % ammonia to be 2.4+1.3%. This
maximum was observed for the SST A-101. Preliminary calculations by Shekarriz et al. (1997)
indicate that the actual ammonia concentration may be 2 to 3 times this value or up to about 8%.
These estimates are at room temperature.

TABLE G-3
Summary of RGS Data for Nonconvective Layers
AW-101 | A-101 AN-105 | AN-104 | AN-103
. {Upper Layer) -
%H, in Free Gas 32424 7543.8 6243.6 4743 .8 6246.6
%N, in Free . 56+4.6 1640.9 24+2 31429 3343.7
Gas
%NH, in Free 0.0640.05 2.4+1.3 0.0240.02 | 0.02+0.01 0.06+0.03
Gas i
Total NH, in 59432 2804120 54+46 89176 92459
Layer (STP m%)

G.2.2 Mechanism of Release in a GRE

Ammonia is highly soluble in aqueous solutions and has a significant vapor pressure even at room-
temperature. The release of ammonia into dome space under steady-state conditions is by
evaporation from the waste surface. This process is severely limited by the rate at which ammonia
can be brought to the surface by diffusion through the liquid. The slow diffusion in conjunction
with the tank ventilation keeps the concentration of ammonia in the tank head space at a much
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lower level than the equilibrium conqentration corresponding to the vapor pressure of dissolved
ammonia in the liquid. The headspace concentration of ammonia is further reduced by dilution in
tanks (including all the DSTs) that are actively ventilated.

A large release of ammonia into the dome space is possible if fresh liquid is brought to the surface
by some severe waste disturbance. When the waste is disturbed suddenly, ammonia release is
greatly accelerated by evaporation from the fresh liquid surface until the surface layer is depleted
and transport again becomes diffusion-limited. Regardless of how much liquid surface is exposed,
the maximum ammonia concentration in the headspace is bounded by vapor/liquid equilibrium
value corresponding to the concentration of ammonia dissolved in the liquid.

Events that might significantly disturb the waste include rollovers and severe earthquakes.
Buoyant displacement roflovers can only occur in tanks with a deep layer of supernatant liquid
(Stewart et al. 1996). This condition currently exists only in the DSTs. Severe earthquakes are
the only mechanism capable of such a disturbance in SSTs. Dissolved ammonia release can be
accelerated if its solubility were reduced by raising the waste temperature or increasing the
solution pH (if the starting pH is less than 9). Neither of these events is likely to oceur
spontaneously.

G.2.3 Recommended Default Distribution

We will now proceed with the.description of a default ammonia distribution expected in the tank
headspace following a GRE for a generic tank for which no ammopia data are available. Table
G-4 gives the ammonia concentration data obtained during GREs from tanks SY-101 (prior to
mixer pump installation), AN-105 and AW-101 (Wilkins 1997).

Although the RGS data indicate an ammonia concentration of 2.4x1.3% in the flammable gas of
tank A-101, the tank is not expected to have a measurable buoyant displacement. These estimates
were made by Shekarriz et al. (1997) at 25°C (standard temperature and pressure, STP,
conditions), while the actual temperature of tank A-101 is approximately 60°C. At this higher
temperature, the partial pressure of ammonia will be highier than at STP conditions and, therefore,
the concentration of ammonia in the dome space will be higher. Furthermore, Shekarriz et al.
(1997) indicate that the RGS measurements can only account for one-third to one-half of the
actual ammonia in the tank contents. By back-calculating through the data, it is possible to
estimate 2 maximum value of 15% of ammonia in the vapor space for equilibrium conditions.
Therefore, this value will be used as the limiting case for a generic tank when there is a large scale
movement of liquids to the waste surface.

TABLE G-4 .
Measured Ammonia Concentration in Dome Space During GREs
Tank GRE Date Peak Ammonia in
Dome (ppmv)
SY-101 12/4/91 438 (Organic Vapor Monitor)
4/20/92 1,507 (Organic Vapor Monitor)

A216




HNF-2193 Rev. 0

“Part A
9/3/92 1,060 (Organic Vapor Monitor)
6/26/93 13,000 FTIRY)
AW-101 5/14/96 15 (FTIR)
6/4/96 . 19 (FTIR)
AN-105 5/30/96 : 610 FTIR)
4/5/97 : 119 FTIR)

Based on the foregoing, a relationship for ammonia concentration in the dome space with the
frequency of occurrence can be obtained that includes all the possible events that can lead to the
presence of ammonia in the vapor space, for tanks experiencing rollovers (some DSTs) as well as
those that are non-rollover tanks (all SSTs and some DSTs).

The data for tanks not exhibiting rollover capabilities found in Table G-5 are plotted in Figure
G-3. Figure G-3 shows a logarithmic relationship between ammonia concentration and event
frequency. The following equations are derived by best curve fit of data to describe the frequency
distribution of the ammonia concentration.

For ammonia concentrations between 800 and 150,000 ppmv, the frequency is described by:

Frequency = et %627~ 1:6071n (REBD) [Eq. G-3]
where . - Frequency = event frequency (events/year)

[NH]

the ammonia concentration (ppm)

The data for tanks exhibiting rollover capabilities found in Table G-6 are plotted in Figure G-4
expressing a logarithmic relationship between ammonia concentration and event frequency. The
following equations are derived to describe the frequency distribution of the ammonia
concentration.

For ammonia concentrations between 50 and 15,000 ppmv, the frequency is described by:

Frequency = -0.215 - 0.123 In ([NH,]) [Eq. G-4]

where {NH;] = the ammonia concentration (mass fraction)

For. ammonia concentrations between 15,000 and 150,000 ppmv, the frequency is described by:

Frequency = -0.245 - 0.130 In ([NH;]) [Eq. G-5]

where [NH,] = the ammonia concentration (mass fraction)

! Fourier Transform Infra-red Spectrometer
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Equations G-4 and G-5 were combined and an overall cumulative frequency distribution (the
fraction of values less than or equal to a given concentration) was determined, which in turn was
used to creaté an equivalent custom probability distribution function (the individual probability of
a given concentration occurring) for the Monte Carlo analysis within “Crystal Ball™2.

TABLE G-5
Ammonia Congcentration in Dome Space Versus Event Frequency
for Non-rollover Tanks -
Frequency Concentration Basis
(event/year) (ppm)
1 800 High end of measured steady-state values
in SSTs
10 1,200 Maximum measured in SST headspace
10% 4,000 Estimate
10+ 150,000 Large (10,000-yr) earthquake and A-101
bounding NH, concentration
TABLE G-6
Ammonia Concentration in Dome Space Versus Event Frequency
for Rollover Tanks
Frequency *Concentration Basis
(event/year) - (ppm)
1 50 Steady-state levels in actively ventilated
tanks
3x10 15,000 Maximum seen in SY-101
10°® 150,000 1,000-yr earthquake and A-101 bounding
NH, concentration

Crystall Ball is a trademark of Decisioneering, Inc., Denver, CO.
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FIGURE G-4. Ammonia Concentration Versus Frequency
- for Rollover Tanks. :
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slide 1

' Outline

M Introduction

B Ammonia Release Model
o Model concepts
e Important parameters
o Comparisons with monitoring data

B Application of Model to Waste Intrusive Activities
@ Parameters requiring quantification
e Comparison of sample calculation with lancing data
B Summary - What We Need from Panel
® Endorsement of model

o Decide which parameters can be calculated vs. elicited
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Introduction
Importance of Ammonia Issue
@ IDLH - 300 ppmv
o LFL -150,000 ppmv
° Monitoring Data -
Tank | Steady-State, Peak,
ppmy ppmy
SY-101 40 13,000
SY-103 25 1200
(SY Stack)
AN-105 15 610
AW-101 7 19

wrkshp1-wee-1/98
slide 3

Dissolved Am.moni_a Release Model

M Probability of Limnic Eruption Low (Palmer 1996)

M Model: Concentration Driven, Transport Limited
g=hA(m-m*) Liquid Phase Limiting
M Use Schumpe Equilibrium Model to Determine m*

Ky =m*s/Puis Ky is Temp. and ion conc. dependent

Ml Use Surface Renewal Theory for h When Surface
is Disturbed - (Like Cooling Oatmeal)
® h, = (Dt p0,)"8 DWT = Constant

® 7. iS small during violent roil-over, larger during
bubbling (2 min. vs. 20 min. for SY-101)

wrkshpt-wee-1/98
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Ammonia Release Model (Continued)

M Use Film Theory After Surface Stops Moving
o h =D/3 &= (4Dt/$)5 Time Dependent

M Use PreviousFeed and Bleed Mass Balance to
Obtain Concentration as Function of Time

® Release term is mass transfer plus NH, released from
retained gas :

M Important-Parameters
© m - ammonia conc. in waste - known to factor of 2 or 3
® 7. and A -must have a method to quantify
® ... Should be relatable to 1,
¢ A should be dependent on GRE volume

wrkshpi-wee-1/98
slide 5

Growth of Ma_sé Transfer Film With Time

‘Headspace
Mirs Mz MY Mz Mg ¥y
A A $
R Myns
8 -l

LR S S b — = My,

) A\
e i e Bl LU VY
Y_- ——— )
T TmTm e B R B Mz
| =fo t:t_‘ t:tz =']'3 =t4 t
Myus Myns
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Ammonia Model - Comparisoargtwith Data
AN-105 Release in April 1997

Headspace NH3, ppmv

140

120 1

100 -+

— Model

+‘Monitoring Data
80 1

60 1
40 1

20 % Equilibrium Concentration =903 ppmv
] .

0 Il 1 ] Il 1
T ¥ U T &l

0 20,000 40,000 60,000 80,000 100,000 ;120,000

Time, sec

wrkshp1-wcc-1/98

slide 9
Ammonia Model - Comparison with Data
AN-105 Release in May 1996
700
-
. E
i
e
P g
FE =4
o
1)
o
Iz
2 —Model
§ 300 T —=— Monitoring Data
&
'§ 200 +
z 100 4+ Equilibrium Concentration = 903 ppmv
0 } t t —+
0 20,000 40,000 60,000 80,000 100,000

Time, sec
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Ammonia Model - Comparison With Data

SY-103 Release in Nov. 97 (A=100 m? Assumed)

1,800

1,600 T —Model_

1,400 —=—Monitoring Data
1,200

1,000 4

Headspace N3 Conc., ppmv
o (2] [«
o (=] (=]
o (=] o
e

n

(=3

(=3
.
-

Equilibrium Conc.=50,000 ppmv

0 50,000 100,000 150,000 200,000 :
Time, sec

wrkshpi-wecc-1/98
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Parameters Used in Model Calculations

Tank Trenew (l)a Trenew (2)3 TGRE) A
m

]
2

sec sec sec
SY-101 120 1,200, 1,200, 410
AN-105 | 1,000 1,000 10,000 410
' 2,000 2,000 20,000 410
SY-103 540 5400 5400 100

wrkshp1-wcc-1/98
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‘Application to Waste Intrusive Activities

N Waste Intrusive Activities Include Mlxer Pumping
and Lancing

B The Important Parameters are 1., and A

renew
B One possibility is
® 1Tenew™ 1Meire + 1 Tuupbiing
® 7. =AHINQ
+ Q = pump rate, n = entrainment factor
® Toubbiing™ AHstagnant/(Vere/Tore)
® A=T7R2

influence

wrkshp1-wcc-1/98
slide 13

Sample Calculatidn for Comparison with SY-101

Lancing July 3, 1993
B Factors Requiring Quantification
Rinfluence =5ft n=5
B Tank Data
H=30ft My =400 mole/m®
Hotagrant =3t - mole fract. NH; in retained gas = 0.06

B Data From Operating Experience
Q=17.4gpm C,=80 ppmv
Toubbiing = Tore = 3800s  Vgpe=4.6 m3

B Calculated Parameters

Toire = 6300 s T =2378s

renew

wrkshp1-wee-1/98
sltide 14
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Comparison of Model with Moriitoring Data
SY-101 Lancing on 7/3/93

500
>
PE
© & 400 4+
PE —Model
;£ . Iy .
- 8 300 4 =—=—Monitoring Data
.o
z
% 200
D Q —
B 1 ~
P
i g 100
i ®
e
e L
0 t t +
- 5,000 10,000 15,000 20,000
Time, sec

wrkshp1-wece-1/98
slide 15

Summary - What We Need From the Experts

B Formally endorse model for ammonia release
during GREs and intrusive activities or stipulate
modifications required

N Stipulate methods for quantifying 1., and A,
either by prescriptive method or by elicitation,
for both GRE and intrusive activities

. Perhaps n and Ry q,.... can be obtained from PNNL
work to obtain 1,,,,.,, and A for intrusive activities

wrkshpi-wce-1/98
slide 16
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- Definition of Terrhs

wrkshp1-wce—
1/98

slide 1

A - surface area for mass transfer
D - diffusivity of ammonia in waste liquid
h, - mass transfer coefficient in liquid phase
H - depth of waste
Hiiagnant - depth of crust
Ky - Henry’s constant
m - concentration of ammonia in waste
m* - equil. conc. of ammonia in waste
corresponding to conc. in headspace
n - entrainment factor
Py; - partial pressure of ammonia
q - ammonia release rate from waste into
headspace
Q - ventilation rate, waste circulation pump rate
§ - thickness of mass transfer film
¢ - tortuosity factor
v - specific molar volume of gas
7., - Characteristic circulation time
Thubbling - CRATacteristic time for bubbles to renew
surface

T - characteristic surface renewal time

enew
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Control Strategies for GREs
Mike Grigs_by- for TWRS Safety & Licensing

The primary goal of the safety analysis of gas release events (GREs) is to detérmine the
appropriate level of control and the optimum control strategy to manage risk from this hazard to
acceptable levels.

Control Selection Process - A control selection process has been developed for use at
TWRS to determine safety controls for ail hazards and possible accidents. The results of the
control selection arereflected in the TWRS Safety and Authorization Basis (Basis for Interim
Operation - BIO, Final Safety Analysis Report - FSAR, and Technical Safety Requirements -
TSRs). The control selection process uses safety analysis information as well as engineering
feasibility and operations impact information to determine the appropriate safety controls. The
process involves defining representative accidents and tanks for key hazards. For flammable gas
hazards, the representative accidents are deflagrations/detonations of gases generated by.the
wastes that are (1) retained within the waste, (2) are released to the headspace in a steady,
chronic manner and which may accumulate to flammable concentrations, and (3) gases which are
released to the tank headspace in a rapid, episodic manner (gas release events - GREs). The
focus of the GRE safety analysis effort (GRE SA analysis framework and supporting workshops)
is accident scenarios 1 and 3.

. The control selection process first compares accident risk with no controls to TWRS risk
evaluation guidelines (REGs). Ifrisk is well below guidelines, no safety controls may be
warranted. Ifrisk is above guidelines, control strategies are evaluated to determine if risk can be
reduced to below guideline values by use of reasonable control measures. The control selection
process thus, involves and evaluation of unmitigated and mitigated risk as well as engineering .
feasibility and operations impacts.

GRE SA Framework Supports Control Selection - To support the control selection
process, the GRE safety analysis must evaluate both the magnitude of risk without controls and
with controls, as well as the relative risk impact of various candidate control options. To
accomplish these goals, the analysis framework must represent safety control impacts in its key
parameters and models. Impacts may be manifested as changes to (1) the frequency that
flammable conditions may develop in the tank, (2) the frequency that ignition occurs, (3) the
severity of the combustion event, or (4) the consequences of the combustion event (tank damage
and waste material release).

Candidate control options for GREs in double shell tanks (DSTs) include ignition source
controls, headspace inerting, ventilation, and GRE mitigation (that is the reduction of gas
retention or the size and frequency of GREs). GRE mitigation may involve use of equipment
(e.g., mixer pump), waste treatment (e.g., dilution), or waste management (e.g., reduce waste
volume). )
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Ignition Source Controls - The ignition source controls used in TWRS are based on
industry standards and experience. Controls include measures to prevent ignition sources
including mechanical sparks (impact, friction, thermite reactions), electrostatic sparks, sparks -
from electrical equipment, and ignition ffom hot equipment surfaces. In addition, controls allow
the use of explosion proof equipment and purged equipment to prevent ignition of waste
generated gases. A companion control is gas monitoring with shutdown of activities and
operations if gas concentrations exceed 25% of the LFL.

Ignition source controls are graded into three levels: Set 1 which is based on preventing a
. single point failure from creating an ignition source, Set 2 which prevents use of equipment that
sparks under normal use, and “past practice” which requires no formal control of ignition
sources.

The ignition source control’s impact in the analysis frame work is implemented by
including different ignition source frequencies under the different control levels (Set 1, Set 2,
past practice). Ignition sources affected by these controls include those arising from installed
equipment (ignition source frequency), arising during equipment instailation and removal

. (ignition source probability per activity), and those occurring during short duration use of
equipment (ignition source probability per activity). Several ignition sources included in the AF
are not affected by these controls including random sources, lightning, those caused by seismic
events and those caused by a GRE. '

Implementation of i 1gmt10n source controls at TWRS has identified that the control
requirements in ex-tank locations (i.e., in pits and outside open risers) are most costly as much of
the equipment and activities involve these locations. Itis, therefore; useful for the AF to be able
1o evaluate the risk impacts of ignition sources and controls in ex-tank locations independent
from those in the tank dome space

Head Space Inerting - Inerting would be used to reduce the oxygen available in the .
tank dome space to act as an oxidizer. Because waste generated gases include nitrous oxide,
which is also an oxidizer, complete prevention of flammable conditions may not be possible
through headspace inerting. However, flammable conditions may be limited to very infrequent
GREs and may be limited to short durations as mixing and dilution below flammable
concentrations under inerted conditions may oceur inore rapidly-than with air.

The AF represents the 1mpacts of inerting by tracking gas compositions and
concentrations in the dome space, including inert gases and oxygen. The AF determines if GRE
gases are flammable when mixed with the dome space gases (during plume formation and under
well mixed conditions), fuel-rich bumns are limited by available oxidizer, and the combustion
efficiency for stratified layers is reduced under inerted conditions.

The AF considers nitrogen , carbon dioxide, and argon as possible inerting gasés.

However, a preliminary conclusion of the engineering study is that nitrogen is the preferred gas
for use in the tank farms.

A258



HNF-2193 Rev. 0
“Part A

Ventilation -  DSTs are all actively ventilated with flow rates ranging from about 75 to
400 cfm. Ventilation can reduce the peak concentration for the well mixed headspace, but
primarily reduces the time at risk (time above LFL) for both a stratified layer as well as the well
mixed condition. The risk impact of varying ventilation flow rates is to be evaluated by the AF.

GRE Mitigation - GRE mitigation, as used here, is application of equipment (e.g., mixer
pumps, sonic probes), waste treatment (e.g., heating, cooling, dilution, chemical adjustment), or
waste management schemes (e.g., removal of supernatant liquid, reduce waste volume) to reduce
the size and or frequency of GREs. Many possible scheme are available. To reduce the options
to those most promising, LANL is performing an assessment of candidate schemes based on
effectiveness and feasibility. Leading candidates need to be reflected in the AF.

Key characteristics of the mitigation schemes might include impacts on waste properties
(e.g., the size and or density of the convective and non-convective layers of waste, the viscosity
and strength of the non-convective layer, the maximum retained gas void fraction), gas
generation rates, gas release mechanisms (e.g., prevent buoyant displacement GREs), ga
retention (e.g., release gases by mixing or agitation). The AF may incorporate GRE mitigation
affects directly such as reducing waste volume or supernate volume, or indirectly by modifying
key AF parameters as a result of off-line calculations (e.g., AF parameters of supernatant density,
NC layer volume and rheology may be adjusted based on the results of off-line dilution
calculations or the retained gas void fraction may be adjusted based on an off-line assessment of
the effects of a sonic probe).
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INTRODUCTION

Since 1992, the Waste Tank Safety Team at Los
Alamos National Laboratory has prepared several
safety assessments to address flammable gas issues
at the Hanford Site and has been involved in other
support activities for the flammable gas program.

Los Alamos Perspective - Analysis of Waste Tank
Operations

e Changes to the Waste
e Long-Term Effects

Los Alamos Approach - Waste Tank Systems
Model

¢ Need to consider interactions in the system

* Need to model the entire system and not separate
effects

. Need a realistic, not optimistic, treatment of
uncertainty

e Need to avoid speculation

Los Alamos

Los Alamos National Laboratory
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'PURPOSE AND OUTLINE

Purpose of This Presentation
e Review of pertinent LANL models

e Summary of current LANL model] for estimating
the impact of changes to the waste

Topics to Be Discusseci

¢ Summary of LANL data reconciliation studies

e Review of select data from Facilify—Group-l Tanks

e Summary of other models de&eloped by LANL

e Summary of current system model of the tank

Los Alamos

Los Alamos National Laboratory
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SUMMARY OF LANL DATA
RECONCILIATION STUDIES

Los Alamos

Los Alamos National Laboratory
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WHAT IS DATA RECONCILIATION?

Data reconciliation is an integrated, model-
based approach to data analysis.

o Considers ALL data from a global point of
view

e Emphasizes resolution of inconsistencies in
the data '

A data reconciliation study expldits:

e Redundancies in the data

¢ Physical dependencies

e Prior knowledge

e Physical constraints

Los Alamos

Los Alamos National Laboratory
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TOOLS FOR DATA
RECONCILIATION

CONCEPTUAL MODEL
* Model of the system (i.e., waste tank)
* Parts of the model can be qualitative

e Can include inequalities

MAXIMUM LIKELIHOOD METHOD

e Statistical method that combines data and models
to exploit redundancies, physical dependencies in
the data, and prior knowledge.

¢ Considers uncertainty in the data.

e Can be used to determine if the model is
consistent with the data.

e Can be used to obtain consistent estimates of
model parameters.

Los Alamos

Los Alamos National Laboratory
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INVENTORY AS A UNIFYING
| FACTOR

The waste tank inventory is characterized by:
e Total mass or volume of solids, liquid, and gas

e Composition of the solids, liquid, and gas

« Distribution of solids, liquid, and gas in the tank

Waste behavior depends on the inventory:

e Physical properties are a function of waste
inventory :

e Gas generation is a function of waste inventory

e Gas retention is a function of the physical
properties, gas generation, and waste inventory

o Gas releases are a function of the physical
properties, gas generation, and waste inventory

Los Alamos

Los Alamos National Laboratory
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WASTE TANK DATARELATIONSHIPS

w1th pressure)

Solubility
and
Density
Models

Density
Model
¢ .

Ideal Gas
Law

Radioactive
Decay and
Radiolysis

Gas Generation
Model and
Henry’s Law
Constants

/

Gas
Generation
Model

v

etc in: dome)
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MAXIMUM LIKELIHOOD ANALYSIS
| Start |
l .

Identify & :
Eliniinate » Compile Data
‘Bad Data
o
No
Revise = |Yes Specify
Conceptual » Conceptual
Model? Model
| v
Assume
Inventory &
Parameters

v

Calculate l'
Measured
Parameters
Calculate Assume New
Likelihood Inventory &
Function Parameters

Likelihood No
Function at
Minimum?
Yes

No Model Fits the
Data within
Errors?

l Yes

| End |

Los Alamos

Los Alamos National Laboratory
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LIST OF MODELS USED FOR DATA
- RECONCILIATION

INVENTORY-RELATED MODELS

» Representation of the waste (layers, solids
fractions in the layers, etc.)

o Charge balance

Density models

Solids solubility model

Stability conditions °

Radioactive decay

Radiolysis of nitrate and nitrite

¢ Volume balances

» Waste compressibility

GAS-GENERATION-RELATED MODELS

» Gas generation model

e Ammonia generation model
o Gas material balances

» Gas solubility

» Mass transfer to the dome

Los Alamos

Los Alamos National Laboratory
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REPRESENTATION OF THE WASTE

e Assume three uniform layers exist in the waste:

1. Nonconvective layer
2. Convective layer
3.Crust

» Use a simplified representation of the waste
composition.

DENSITY

LIQUID DENSITY

e Use correlation for density as a function of
concentration based on the mixing rule of
Patwardhan and Kumar (1993).

AVERAGE SOLIDS AND BULK DENSITY

o Average solids density and bulk density are
simply the weighted average of the densities of
the individual phases.

Los Alamos

Los Alamos National Laboratory
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SOLIDS SOLUBILITY MODEL

AQUEOUS PHASE (LIQUID ACTIVITY

COEFFICIENTS)

e Problems developing a liquid activity coefficient
model: -

o No suitable activity coefficient model for the
waste.

o Little reliable data available for evaluating
parameters.

e We use Meissner’s method with a'quadratic
mixing rule for estimating activity coefficients.

SOLID PHASES

e Assume sodium hydroxide, soluble organic acid
salts, and ammonia are completely dissolved in
the aqueous phase.

e Assume that insoluble organic acid salts and
heavy salts have negligible solubility.

Los Alamos

Los Alamos National Laboratory
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STABILITY CONDITIONS

o Crust must be less dense than the C layer.

o Bulk density of the NC layer must be greater than
the density of the C layer.

o Average density of the solids plus gas in the C
layer must be greater than the liquid density.

RADIOLYSIS OF NITRATE AND NITRITE

e Nitrate and nitrite ion concentrations change as a
result of radiolytic reduction.

NO3_ - NO2_ — OH™ + Nz, Nzo, NH3, etc.

WASTE COMPRESSIBILITY

* The waste compressibility is the change in waste level
as a result of a change in dome pressure (i.e., -
barometric pressure).

Los Alamos

Los Alamos National Laboratory
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GAS GENERATION MODEL

e We lack the data and understanding of gas
generation to develop a mechanistic model.

o We can summarize our understanding of gas
generation in a simple, empirical model.

» Two general mechanisms of gas generation are:
radiolytic and thermal reactions:

Tiotal = Irad T Tthermal °
« For radiolytic gas generation:
| frad,H, =(Go +G1-Croc) E
Irad,N,0 = Gn,0 *Croc B

e For thermal reactions:

Ey
 Tthermal H, = KH, 'eXP(R—é]’CTOC Cal

EOther 2
Tthermal,Other = 1<Other 'exp( R-T 'CTOC 'CAl

» Because of differences in composition, model
parameters vary from tank to tank.

Los Alamos

Los Alamos National Laboratory
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AMMONIA GENERATION RATE AND
| MATERIAL BALANCE

e There are two sources of ammonia generation:

o Radiolytic decomposition of nitrite
0 Reaction involving organic complexants

e The reactions involving organic complexants are
only important in SY-101 because of the high TOC
concentration. -

e The rate of ammonia production is:

- G(+NH3) E Cnitrite

'NH;3

e An ammonia material balance is used to estimate

the ammonia concentration from the waste
history.

Los Alamos

Los Alamos National Laboratory
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GAS SOLUBILITY

e Use Henry’s law to estimate gas solubility.

J DeVeloped correlations for salt cake wastes from
literature data to estimate effect of changes in
waste composition and temperature.

HYDROGEN BALANCES

¢ Hydrogen material balances are used to reconcile
dome space hydrogen concentrations in the dome
with generation and release rates.

RATE OF LEVEL RISE

e The rate-of-level-rise model is a bubble material
balance used to reconcile the observed rate of
level rise with the gas generation rate.

MASS TRANSFER CONSTRAINT

e The mass transfer constraint is used to ensure
consistency between the release rates and mass
transfer rates through the crust.

Los Alamos

Los Alamos National Laboratory
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SUMMARY OF SOME DATA
RECONCILIATION RESULTS

e The available data are reasonably consistent

o Problematic data are typically limited to a few
components in the waste composition data.

e The retained gas composition may not have
reached a steady-state value.

¢ Dissolved hydrogen cannot be neglected in some
tanks.

¢ Solids composition varies significantly.

_ - Composition (wt %)

Salt |AN-103 | AN-104| AN-105 | AW -101] SY-101
NaNO3 0 0 0 87 24
NaNO, 18 0 0 0 13
NaAlO, 1 56 0 0 0 - 19
NayCOg 13 48 71 10 30
PJaZS()4 2 18 7 1 2
NayCrOy 2 5 8 1 8
Other 10 29 14 <1 3

Los Alamos

Los Alamos National Laboratory
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REVIEW OF SELECT DATA FROM
FACILITY-GROUP-1 TANKS

Los Alamos

Los Alamos Nationai Laboratory
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REVIEW OF GAS RELEASE EVENTS
IN SY-101

e Description of GREs in SY—iOl

o There are three layers in the waste: NC layer, C
layer, and crust.

o Gas accumulation in NC layer creates a density
instability, which cause the tank to roll over.

¢ Observed behavior during GREs.

o Large level drop

o Increase in hydrogen concentration
o Increase in dome pressure

‘0 Temperature data indicate mixing

e GRE statistics for SY-101

o Average level drop is ~8 in.

o The maximum level drop was ~13 in.

o Average period between GREs is ~100 days.
o GREs are a stochastic process. _

e Thermal balance calculations indicate that the
size of a release is proportional to the volume of
NC layer that participates in the rollover.

Los Alamos

Los Alamos National Laboratory
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GAS RELEASE EVENTS IN OTHER
FACILITY-GROUP-1 TANKS

e SHMS data indicate that GREs occur in AN-103,
AN-104, AN-105, AW-101, and SY-103.

e Peak hydrogen concentrations are much less than
observed in SY-101.

o Large level drops have not been observed in these
tanks.

Los Alamos

Los Alamos National Laboratory

A280



HNF-2193 Rev. 0
Slide 20 Part A January 22, 1998

REVIEW OF LEVEL DATA

» Level drop alone is not sufficient to identify GREs
because of the uncertainty in level measurement.

» We did-a statistical analysis of level changes to
determine if and when significant level changes
have occurred.

AN-103.......No significant level drops

AN-104.......Significant level drops occurred but
we could not distinguish real level
drops from noise

AN-105.......Significant level drops occurred and

- we identified the drops

AW-101 ......No significant drops occurred

SY-101.........Significant level drops occurred and
we identified the drops

SY-103......... Not analyzed

Los Alamos

Los Alamos Nationatl Laboratory
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SHMS DATA

e In SY-103, there is some correlation between
hydrogen concentration and level drop.

e In AW-101 and AN-104, there is little correlation
between hydrogen concentration and level drop.

e Based on SHMS data, GREs occur in AW-101
without a corresponding level drop.

e There is insufficient data from AN-103 and AN-
105 to determine whether there is a correlation
between hydrogen concentration and level drop.

TEMPERATURE DATA

e In AN-103 and AW-101, GREs produce no
s1gn1f1cant changes in the measured temperature
profile.

e In AN-104, AN-105, and SY-103, some GREs
produce significant changes in the measured
temperature profile.

¢ Thermal balance calculations for AN-104 and AN-
105 indicate that the entire NC layer does not
participate in GREs.

Los Alamos

Los Alamos National Laboratory
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CHANGES IN THE NC LAYER
THICKNESS AS A RESULT OF
COOLING

» All Facility-Group-1 tanks have cooled.

e We examined temperature profile data to
determine the effect of cooling on NC layer

thickness.

0 AN-103 - The NC layer thickness increased, but
gas accumulation can account for the increase.

0 AN-104 - There has been no significant change
in the NC layer thickness.

0 AN-105 - There has been no significant change
in the NC layer thickness.

0 AW-101 - There has been a significant increase
in NC layer thickness that can not be accounted
for by gas accumulation.

o SY-101 - There has been an increase in NC layer
thickness as a result of cooling.

0 5Y-103 - There is insufficient temperature data
to evaluate NC layer changes.

Los Alamos

Los Alamos National Laboratory
A283




HNF-2193 Rev. 0
Slide 23 " Part A January 22,1998

SOME OBSERVATIONS
CONCERNING GREs

» Different gas release behavior is observed in the
Facility-Group-1 tanks :

o Complete rollovers - SY-101 and SY-103
o Partial rollovers - AN-104 and AN-105
o No rollovers - AN-103 and AW-lOl

o Differences in gas release behavior are related to
waste composition

0 High TOC concentration favors high gas
generation rates, which favor large GREs

Example - SY-101

o Solid sodium aluminate and sodium nitrite
favor significant gas retention

- Examples - AN-103 and SY-101

o Significant amounts of solid sodium carbonate
(>25 wt. %) favor rollovers

Examples - AN-104, AN-105, SY-101, SY-103

Los Alamos

Los Alamos National Laboratory

A284



HNE-2193 Rev. 0
Slide 24 ‘Part A January 22, 1998

SUMMARY OF OTHER MODELS
- DEVELOPED BY LANL

Los Alamos

Los Alamos National Laboratory

ANRS



HNF-2193 Rev. 0
Slide 25 Part A January 22, 1998

RAYLEIGH-TAYLOR MODEL
¢ Criterion for determining if rollovers occur.
e A spontaneous rollover occurs when gas
accumulation in the NC layer creates a density

instability.

* Neglecting strength, the criterion for an
instability is: :

och21—~pL

Pne
INDUCED ROLLOVERS

* The waste may be in a meta-stable condition.
* A large disturbance may trigger a rollover.

Model calculation shows induced rollovers
Pump-induced rollovers occurred in SY-101

® An induced rollover cannot occur if:

Pnc <1_&_

[0 SNgRR
nc P
atm p nc

Los Alamos

Los Alamos National Laboratory
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MODEL OF SY-101 GAS RELEASES FROM
MIXER PUMP SAFETY ASSESSMENT

o A large rollover cannot release more gas than is
released as a result of aggressive mixer pump
operation.

o Minimum waste level after a rollover can be
determined from mixer pump data.

o Amount of releasable gas as a function of level
can be determined from a volume balance.

15000.,:...|-.,|..|'...|
O Pump Induced GRE data e

® Natural GRE data

10000

5000

& Gas Release Volume (ft*3)

398 402 406 410 414 418
Waste Level (in.)

Los Alamos

Los Alamos National Laboratory
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UNRELEASABLE GAS IN SY-101

There is unreleasable gas in SY-101 that can not be
released as a result of a rollover or normal mixer
pump operation.

e The level observed after a GRE varies from 402.0
in. after the October 1990 GRE to 414.2 in. after
the December 1988 GRE. This variability can be
attributed only to retained gas.

* Based on fill history, the waste level without gas
is ~386 in. The data reconciliation study of 5Y-101
gives a degassed waste level of ~377 in. The
‘minimum waste level as a result of mixer pump
operation was ~400 in. This difference indicates
that there is significant retained gas in the waste.

* Experiments with waste simulants suggest that
organic compounds and their decomposition
products make the solids hydrophobic. Bubbles
will attach to hydrophobic solids.
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‘SY-101 RELEASE MODEL
e Model Assumptions

o Gas bound to solids

o Uniform gas fraction profile in the NC layer

0 Release gas until slurry neutrally buoyant at
waste surface

e Gas Release Volumes

. P 0
Vrelease = Vnc '(anc ‘P nC. -1+ 0 € j
atm nc

e Comparison to Data

16000 %

1 8 Data. ’ P
o 1 7 Best Estimate Model
é 120004 Model with Uncertainty
P J
= |
=
'-6 -
> 8000 - .
? Te
« J
@
2 B
@ 4000
U “ ’
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NC-LAYER BUBBLE TRANSPORT
MODEL

e The time-dependent transport equation for bubbles in the
NC layer is based on a material balance.

® The one-dimensional, time-dependent transport equation
for gas fraction is:

Jofi+mg g +m oF.
i séi _ S'W)L[ioc'clo}(l—oc)— a—zl+-a-§7a+%zzﬂ +Eq +Eyw

o = ozt '
m,, = Saturation density of ammonia vapor
m,, .= Saturation density of water vapor
io's, = Gas generation rate .
F; = Total flux of insoluble gas
F, = Ammonia bubble flux
F, = Water vapor flux
E. = Ammonia source from liquid to bubbles
E, = Source of water vapor from liquid to bubbles
i = (P_Pa—Pw)/ (RT)

e This is the first bubble retention model:

o To consider the effect of viscosity and gas
generation rate on gas retention.

o To consider the dynamic behavior of gas
accumulation.

o To predict the axial void fraction profile that agrees
qualitatively with the data.
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APPLICATION AND EXTENSIONS
OF THE MODELS FOR ANALYSIS OF
MITIGATION SCHEMES
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METHOD OF EVALUATION

RRENT -

Evaluation of Evaluation of
Current Tank Changes

v

REDUCTION.

* Additional model needed to evaluate mitigation not used in the
data reconciliation studies.

Los Alamos
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SETTLING AND LAYERING
NCLAYER

* No model exists for predicting solids fraction in
the NC layer.

* We consider two cases in our analysis: constant
solids fraction and constant NC-layer thickness.

o Data indicate that heating AW-101 corresponds
to the constant solids fraction case.

o Data indicate that heating AN-103 corresponds
to the constant thickness case.

CRUST

o We assume that mitigation does not affect the
crust thickness or solids fraction.

o Data indicate that heating does not chaﬁge the
crust thickness
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GAS RETENTION MODEL

e The transport equation can be used to obtain a
scaling law for the steady-state value of average
gas fraction: :

52
Diffusion Limited: Oy o 26 Zic
De
Lo G- 22
Creep Limited: : Olgye o, [——2——0C
: Ps
~ Stokes Flow Limited: Oy o H-0G-Zne
Ps

» Use the Stokes flow limit in the analysis:

o Diffusion is not important at steady state.
Stokes flow is conservative for evaluating
several mitigation schemes.

¢ Determine a tank-specific proportlonahty
constant from current tank data.

. Also consider the maximum possible gas
retention obtained from the Rayleigh-Taylor
limit.

Los Alamos
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STABILITY CRITERIA

* Analysis of SY-101 based on a uniform gas'
fraction distribution.

o Void fraction instrument data indicate that this
assumption is not valid for other Facility-
Group-1 tanks.

* A stability criterion based on average gas fraction
does not explain the data.

o Average gas fraction in AN-105 is less than the
Rayleigh-Taylor limit.

o Temperature data indicate rollovers occur in
AN-105.

¢ The criteria for spontaneous and induced
rollovers will be based on the maximum gas
fraction.
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GAS FRACTION DISTRIBUTION
MODEL

* The scaling law gives average gas fraction, but we
also need maximum gas fraction.

* The limiting cases of the transport equation gives
values of 0/ dgye between 1.3 and 2.0.

* From the void fraction instrument, oy ax/0gve=
2.0+0.6.

* We assume the best-estimate value of oy, 5y is
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GAS RELEASE VOLUME
ROLLOVERS

* Need to estimate gas release volumes for the gas
of nonuniform gas fraction. '

* Model Assumptions

o Gas bound to solids

o Linear gas fraction profile in the NC layer

o Gas fraction is zero at the top of the NC layer

o Release gas until slurry neutrally buoyant at
waste surface

o Entire NC layer participates in the rollover

* The total gas release volume is determined by
integrating.

: 2
=A-Znc Pne .aave‘[l_(l__pc_].__l)&]

Vv
Patm Pnc) 2-0ave Pnc

release

* Model implies that no gas is released from the top
portion of the NC layer.

IMPLEMENTATION RELEASES

o Implementation of the mitigation scheme will
either induce a rollover or release gas as a result
of an inventory change.
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FACTORS NOT CONSIDERED IN THE
| ANALYSIS

¢ The effect of changes in waste composition and
temperature on strength and slurry viscosity is not
considered.

e The effect of changes in waste composition and
temperature on settled solids fraction is not
considered directly.

¢ The effect of changes in waste composition and
temperature on the crust is not considered.

® The effect of strength on the stablhty of the waste is not
considered.

e Factors that limit the extent of a rollover are not
considered.

® The effects of surface forces and changes in surface
forces are not considered.
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SUMMARY
¢ The LANL Waste Tank Saféty Team uses a
systems model to evaluate the impact of changes
on flammable gas hazards.

* The approach used by the LANL Waste Tank
Safety Team is:

0 Recognize the importance of waste inventory
o Use an integrated model of the waste

o Calibrate models to actual waste tank data
~ whenever possible
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" 1/12-Scale Tests
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~
_ \
1 § N Z
1 N
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BASIC PRINCIPLE

Gas retention and release increase with total
solids inventory. :

(o]

The Rayleigh-Taylor model predicts that
the retained-gas volume increases with the
mass of settled solids.

The bubble retention model predicts that
the gas fraction in the NC layer should be
an increasing function of NC-layer
thickness and viscosity.

Reducing the mass of settled solids will reduce
the total inventory of retained gas and the size
of GREs.

The solubility of most electrolytes Increases
with temperature.

Adding water or dilute sodium hydroxide
solution dissolves many of the major solids
components in the waste.

Los Alamos

Los Alamos National Laboratory
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FACTORS THAT LIMIT THE
EFFECTIVENESS OF HEATING

e Insoluble Solids—Sodium oxalate and salts of
alkaline earth metals and transition metals are
relatively insoluble in the waste at all reasonable
temperatures.

¢ Sodium Carbonate and Sodium Sulfate—The
solubility of forms of sodium carbonate and
sodium sulfate in the waste decrease with
increasing temperature.

¢ Gas Generation Rate—The gas generation rate
increases with increasing temperature. Gas
retention increases with the gas generation rate.

e Ammonia—The vapor pressure of dissolved
ammonia and ammonia releases increases with
increasing temperature.

Los Alamos

Los Alamos National Laboratory
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ADDITIONAL BENEFITS OF
DILUTION

* Reducing the concentrations of soluble organic
compounds, aluminate, and radionuclides in the
liquid will reduce the gas generation rate per unit
volume.

e Dilution reduces the ammonia concentration.

Los Alamos

Los Alamos National Laboratory
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FACTORS THAT LIMIT THE EFFECTIVENESS
OF DILUTION

Insoluble Solids—=Salts of alkaline earth ahd

transition metals are relatively insoluble and can
not be dissolved by dilution.

Aluminum Hydroxide Precipitation—Water
addition may cause aluminum hydroxide to
precipitate.

Density Ratio—Dilution increases the ratio of solid

to liquid density, which increases the gas fraction
obtained from the Rayleigh-Taylor limit.

‘Cooling—Dilution may cause cooling, which may
cause additional salts to precipitate and may
- |lincrease the hydrogen concentration.

Available Tank Space—Dilution may require the

removal of supernatant liquid. There is limited
tank space to receive supernatant liquid.

Dissolved Hydrogen—The reduction in ionic

strength as a result of dilution will increase the
amount of dissolved hydrogen.

Reduction in Free Radical Scavengers—Dilution

will reduce the concentration of free radical
scavengers, which may increase radiolytic hydrogen
production.

Los Alamos

Los Alamos National Laboratory
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EVALUATION CRITERIA FOR
HEATING AND DILUTION

Objective:

Considerations:

Criteria:

Reduce maximum flammable gas
concentration in the dome to <25%
of LFL.

Best-estimate retained gas volume.

Rayle.igh—Taylor limit as a measure
of potential gas retention capacity.

Best estimate >25% of LFL—Not

- acceptable.

Best estimate <25% of LFL and
Rayleigh-Taylor limit >100% of
LFL—Not acceptable because of
large uncertainty.

Best estimate <25% of LFL and
Rayleigh-Taylor limit <100% of
LFL—May be a viable mitigation
scheme.

Los Alamos

Los Alamos National Laboratory
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RESULTS FOR HEATING AN-103

e Heating dissolves the sodium nitrite and sodium
aluminate in the waste, reducing the total solids
inventory by ~70%.

e Heating reduces the flammable gas concentration
in the dome, but not to an acceptable level.

g 250
.-‘3 +Best Estimate
o] .
' g 200 + —=—Bounding
g
6 E 150 -
g3
0¥ 100
]
=)
m .
g 50
E
I 0

40 45 50 55 60 65 70

Waste Temperature (°C)

* GREs induced by heating AN-103 could be large.

Los Alamos

Los Alamos National Laboratory
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RESULTS FOR HEATING AN-104
AND AN-105

e The solids in AN-104 and AN-105 are
predominantly sodium carbonate, sodium sulfate,
and insoluble solids. Heating increases solids
inventory slightly.

. Heatlng increases the gas generation rate, which
increases gas retention and the magnitude of the -
flammable gas hazard.

N
%3]
o

200 +

150 +

100 +

Flammable Gas Concentration (% LFL)

Ul
o

40 45 50 55 60

W
a1

Temperature (°C)
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RESULTS FOR HEATING AW-101

e Based on our best-estimate analysis, GREs in
AW-101 will not produce flammable gas
concentrations >25% of LFL.

. Heaﬁng the waste to ~60°C can reduce the
Rayleigh-Taylor limit to <25% of LFL.

350
300 +
250 ¢
200 }
150 +
100 + -

50 +

—&—Best Estimate
—a—Rayleigh-Taylor Limit

Flammable Gas
Concentration (% LFL)

35 40 45 50 55 60
Waste Temperature {(°C)
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RESULTS FOR HEATING SY-103

e We have not performed a data reconcﬂlatlon
study on SY-103; thus, we do not have a model
for quantitative analysis.

e Basedona qualitative evaluation, we conclude
that:

o heating the waste to 60°C will reduce the
solids inventory by 35 to 50%;

o heating the waste to 60°C will reduce the
maximum flammable gas concentration to
between 18 and 32% of LFL.

e Heating may reduce the GREs to an acceptable
level, but there is a great deal of uncertainty in
analysis.

Los Alamos

Los Alamos National Laboratory
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IMPLEMENTATION OF HEATING
Methods of heating the waste:

o Reduce vent flow rate in the annulus
o Heat the inlet air to the vent systems
o Install an in-tank heater

Reducing annulus vent flow rate not attractive:

o May not increase the temperature enough
o Large time constant

In-tank heaters not attractive:

o Waste-intrusive operations reqmred
o Mixer pump required to prevent boiling

Heating the inlet air is the most attractive
option

- o Heating the inlet air by ~20°C would
maintain the steady-state temperature at
the required level.

o Heating the inlet air to ~85°C would reduce
the heating time to ~3 months without
boiling the waste.

Los Alamos

Los Alamos National Laboratory
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PRELIMINARY EVALUATION OF
MITIGATION BY HEATING

e Heating is not an attractive mitigation option:

o It increases the flammable gas hazard in
AN-104 and AN-105.

o We cannot demonstrate that heating will
reduce the best-estimate GRE to an
acceptable level in AN-103 and SY-103.

o ~We can demonstrate that heating will
reduce the gas retention capacity in AW-
101 to an acceptable level, but mitigation
may not be needed unless an adverse
change occurs.

e We do not recommend additional consideration
of heating as a mitigation option.

Los Alamos

Los Alamos National Laboratory
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DESIGN CONSIDERATIONS FOR
DILUTION

Dilution will be done with water or a hydroxide
solution.

There are three design parameters to consider
for dilution:

o Amount of diluant added.
o Amount of supernatant liquid removed.

o Hydroxide concentration in the diluant.
Desire to minimize all three parameters.

o Remove supernatant liquid if diluant
addition increases waste level to >410 in.

o Add diluant after removing the supernatant
liquid to maximize the effectiveness of
dilution.

"~ o Add sodium hydroxide if needed to prevent
aluminum hydroxide precipitation.

Los Alamos

Los Alamos National Laboratory
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DILUTION vs RECOVERY

e We do not consider removal of the NC-layer
solids in our evaluation of dilution.

e We consider dilution with the removal of NC-
layer solids to be waste recovery, which is a
separate mitigation option.

Los Alamos

Los Alamos National Laboratory
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RESULTS FOR DILUTION OF AN-103

Supernatant liquid removal not requiréd.
Sodium hydroxide addition not required.

Adding 220,000 gal. of pure water dissolves
~80% of the solids.

Dilution with pure water can reduce the best-
estimate gas release to <25% of LFL and the
Rayleigh-Taylor limit to <100% of LFL.

200

—&—Best Estimate -
—=—Rayleigh-Taylor Limit
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125 §
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-
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0 50000 100000 150000 200000°
Water Addition (gal.)

Waste may cool, but it is not a problem.
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RESULTS FOR DILUTION OF AN-104

* Supernatant liquid removal required.
e Sodium hydroxide addition not required.

e Adding 700,000 gal. of water dissolves ~60% of
the solids.

e Dilution does not reduce the maximum
flammable gas concentration to <25% of LFL.

Dilution does not dissolve sufficient solids.
“Dilution increases hydrogen concentration.
Water addition reduces dome volume.
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RESULTS FOR DILUTION OF AN-105

e Supernatant liquid removal required.

e Sodium hydroxide addition not required.

e Dilution does not reduce the maximum
e Flammable gas concentration to <25% of LFL.

o Dilution does not dissolve sufficient solids.
o Dilution increases hydrogen concentration.

450
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RESULTS FOR DILUTION OF AW-101

e Supernatant liquid removal not require'd.

e Sodium hydroxide addition not required.

e Adding 250,000 gal. of pure water dissolves a
significant fraction of the solids.

e Dilution reduces the Rayleigh-Taylor limit
significantly.

200 }
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RESULTS FOR DILUTION OF SY-103
e No data reconciliation study for SY-103.
e Supernatant liquid removal required.
* Sodium hydroxide addition not required.

* Estimate that addition of ~100,000 gal. of water
reduces the solids inventory by ~65%.

* Adding ~100,000 gal. of water reduces the
flammable gas concentration to ~25% of LFL,
but additional dilution increases the flammable
concentration as a result of decreasing the dome

volume.
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IMPLEMENTATION OF DILUTION

e Operations needed to_iniplement dilution:

o Supernatant liquid removal required in
AN-104, AN-105, and AW-101.

o Water addition.

o Mixing is required in all ’canks to minimize
dissolution time.

* Procedure and equipment for supernatant
liquid removal for dilution is the same as for
. mitigation by supernatant liquid removal.

e Possible methods for mixing are:

o Installation of a mixer pump.

o Adding water directly to the NC layer with
water lances

» Large GREs expected dﬁring the dilution
_ process.

Los Alamos

Los Alamos National Laboratory
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EVALUATION OF MITIGATION BY
| DILUTION

o The effectiveness of dilution depends on the
tank being considered.

o In AN-103, dilution reduces the best-
estimate flammable gas concentration
to acceptable levels without removing
supernatant liquid.

o In AN-104 and AN-105, dilution does not
reduce flammable gas concentration to
<25% of LFL.

o In AW-101, dilution reduces the Rayleigh-
Taylor limit in AW-101 to <<100% of LFL.

o  Dilution may reduce the Raleigh-Taylor
limit in 5Y-103 to 25% of LFL.

¢ Dilution is a viable option for AN-103.

e Dilution is a viable option for AW-101 if
- required. -

. Dilution may be a good option for SY-103, but
additional study is required.

Los Alamos

Los Alamos National Laboratory
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Refined Safety Analysis Methodology for
Flammable Gas Risk Assessment in Hanford Site Tanks

Modeling Controls Implementation
in the Analysis Framework

January 22, 1998

Scott E. Slezak

WS1-85-1/22/98-A
slidet -

Objective: Evaluate Adequacy of DST AF
Methodology for Assessing Impact of Controis

B The potential number of controls in DSTs for
mitigating flammabie gas is large.
® Some strategies ranked high by LANL include multi-port
risers, inerting, spark controls, low frequency sonic
probes, mixer pumps, cooling, supernate liquid removal,
heating, dilution, past practice sluicing

M The number of physical parameters potentially
effected by control strategies is large.

M Question: Does the proposed AF for DSTs have
sufficient capability to assess the wide range of
potential controls?

WS1-8S-1/22/88-A
slide 2
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Physical Parameters in AF for DSTs

W Physical parameters in the DST AF are:

p; = density of supernate liquid

P = bulk density of degassed nonconvective layer

1 = yield stress of nonconvective layer material

U, = bulk viscosity of nonconvective layer materiai

Tuaste = Te€Mperature of (nc) waste material

d. = thickness of crust

d,- d. = thickness of convective layer

d,. - d, = thickness of nonconvective layer

¢ = porosity of nonconvective layer materiai

Jss 9y 9nc = 9as generétion rate in solid, liquid, buik
nonconvective layer material

WS1-5§5-1/22/98-A

slide 3

Specified Parameters in AF for DSTs

B User/database specified parameters in DST AF:

R, = volumetric transfer pump rate

N,.n: = molar ventilation rate in headspace

Xoz2neaq = initial headspace O, concentration

inerting gas specie (N,, CO,, Ar)

f,ps = frequency of operations (pumping, sampling, etc).
Ignition Control set 1, IC set 2, or past practices
location of IC level (in-tank vs. ex-tank)

radius & volume of influence for equipment to disrupt
waste hydraulically, pneumatically or mechanically

HEPA failure pressure

WS1-5§5-1/22/98-A

slide 4
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Control Evaluation Approach

| Detalled models for effects of most controls not
explicitly in analysis framework.

M Approach is for users to perform side evaluations
of effect of control on parameters in AF and input
expected post-control parameter values.

B Approach allows users to update side calculation
methods as new data and models are available.

B Approach requires users to justify basis for their
assessment of the impact of controls on specific
parameters, but AF still governs assessment of
impact of controls on risk.

WS1-55-1/22/98-A
slide 5

Example Evaluations

W Heating and cooling.
e Directly effects viscosity, shear strength, retained gas
temperature, thermolytic gas generation rate.

e Indirectly may change thickness of layers due to
temperature effects on solubility.

" @ Inerting, spark controls, supernate liquid removal

@ These controls are explicitly included in AF.

B Dilution.

e Directly effects p,, 1, p, volumetric gas generation rate,
thickness of layers.

® May have indirect effects due to solubility changes.

WS1-55-1/22/98-A
slide &
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Example Evaluations (2).

B Mixer pump, ALCs, lancing, sluicing, mechanical
stirring. '

. @ These controls are included in the AF via efficiency of
release when mechanically, hydraulically or
pneumatically disrupted.

@ Engineering design evaluation required to determine
characteristics of equipment: volume of waste
disrupted, rate of disruption, radius of influence.

o Water, steam or other liquid lancing or sluicing has
further impact similar to dilution.

WS1-88-1/22/98-A
slide 7

MPRs: Not Evaluated in AF

W LANL rates mulii-port risers (MPRs) high on list
of potential mitigation strategies; AF does not
have capability to evaluate impact of MPRs.

.l MPRs purely mitigation (vé. prevention) strategy.
B Vents designed to protect equipment, not people.

B NFPA 68 Guide for Venting of Deflagrations calls
for ~50 m?2 vent area (>10% of dome arez); total
riser area <5 m2.

WS1-58-1/22/98-A
slide 8
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NFPA Recommendation on Venting

B NFPA 68 (1994) states in Section 3-6.10:

e “Situations can occur in which it is not possible fo
provide adequate deflagration venting as described in
Chapters 4 through 7 of this guide. This is not
justification for providing no venting at all. Itis
suggested that the ‘maximum practical’ amount of
venting be provided, since some venting may reduce
the resulting damage to a limited degree. In addition,
consideration should be given o other protection and
prevention methods. (See NFPA 69, Standard on
Explosion Prevention Systems.)”

WS1-S5-1/22/98-A
slide 8

Impact of MPRs on AF

B Decision for panel: Is the inability to evaluate
MPRs a serious inadequacy of the AF?

o MPRs may be installed in combination with other
controls equipment (e.g. integral to riser coupler for
mixer pump), but not likely as the only flammabie gas
control without simultaneous prevention controls.

o MPRs would provide added assurance that AF
assessment of the prevention controls was conservative
and MPRs wouid make expected consequences and/or
frequencies smaller.

WS1-88-1/22/38-A
slide 10
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Summary

B AF evaluation of many potential controls requires
“user intelligence” of the impact of the controls
.on parameters integral to AF.

M Approach allows evaluation of new data and
models on impact of controls on parameters.

M Panel decision: Are the physical and user-
specified parameters in the AF suitable for
evaluating those controls that could reasonably
be implemented if risk is determined to otherwise
be unacceptably high?

WS1-SS—1/22/98-A
slide 11
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Authorized Activities

Personal Protection Equipment (i.e., raingear, airline respirator
hoses, rubber/plastic and canvas gloves, respirator masks, .
rubber/plastic boots, masking tape, Tyvek® coveralls) are authorized
for use in ex-tank locations, but may be used in a minimally dome .

intrusive location (e.g., at the plane of a riser).

Wearing of plastic badges, badge holders, and dosimeters.

Installation of, removal of, working on, or extended presence of
nonconductive Jead blankets in ex-tank (global waste disturbing)
regions. Lead blankets shall not be used in a vapor trapping
configuration .

Installation, removal, or extended presence of nonconductive
adhesive tape (e.g., green tape, white tape) in ex-tank regions,
Dome Intrusive regions, and. in Waste Intruding Equipment.

(4]

Use of Portabie Alpha Monitor (PAM) in ex-tank regions, Dome
Intrusive regions, and in Waste Intruding Equipment.

Use of nonconductive.poly bottles in ex-tank and Dome Intrusive
regions. .

Use of zip cords in ex-tank regions, Dome Intrusive regions, and in
Waste Intruding Equipment (e.g., inside failed Liquid Observation

Wells [LOWs]).

Use of nonconductive plastic ropes in ex-tank regions.

Use of nonconductive plastic tubing in ex-tank regions and
Dome Intrusive regions (e.g., aerosol testing). Nonconductive
plastic tubing shall not be used below the plane of a riser.

10

Installation and removal of Garlock gaskets in ex-tank regions.

11

Use of nonconductive plastic garden type sprayer ( approximately 5
gallons, hand pump pressurizer and brass spray wand) in ex-tank
regions. : -

12

Use of grab-sample cap,'sémpling and sludge weight retrieval device
and coated steel cable in ex~tank and Dome Intrusive regions.

13

Installation and removal of PVC riser liners in Dome Intrusive
regions.

EREEE

Tyvek is a trademark of E. L du Pont de Nemours & Company, Wilmington, DE.
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14

Presence of PVC Tiners for manual tapes, FICs, flushing, ICS 1
compliant equipment, and authorized activities in Dome Intrusive
regions.

15

Presence of manual tapes in ex-tank and Dome Intrusive regions.

16

Installation and removal of manual tapes in ex-tank and Dome
Intrusive regions.

17

Installation of, removal of, working with, or extended presence of

‘the pipe wiper (Frisbee) during push mode core sampling (PMCS) with

Truck 1, 2, and 3, in ex-tank and Dome Intrusive regions.

18

Installation of, removal of, or extended presence of plastic Kamlock
caps during push mede core sampling with Trucks 1, 2, or 3 in
ex-tank and Dome Intrusive regions.

19

The presence of extension cords in ex-tank regions. Power strips
(and outTet strips) are not allowed in these regions. Energized
Tines shall not be connected or disconnected in an ex-tank region.

| 20

Installation, removal, and use of low and high pressure spray
whirlie and operat1on of valve handles in ex—tank and Dome Intrusive

regions.

21

Electrical bondlng is not required for removal or installation of
fittings on openings less than or equal to 2.54 cm (1 in.) inside
diameter during intrusive location entry.

22

Use of Type 4 vapor sampling head in ex-tank and Dome Intrusive
regions. Conductive plastic s]eev1ng shall be used during Type 4
vapor sampling.

23

Use of eTectric impact wrench in ex-tank regions.

24

Use of Type 4 vapor cart in ex—taﬁk ahd Dome Intrusive regions.

25

Open pit work related equipment (e.g. Pike Poles, T-Bars, Sockets,
Chokers, Shackles, and Bull Hooks) in ex-tank regions. Installation
and removal of process blanks, vapor seals, jumpers, and leak
detectors in ex-tank regions. Continuous monitoring in the tank
dome and the pit is required during use of this exception.

26

Installation and removal of valve handles in ex-tank regions. This
activity is performed in closed pits when no giobal waste disturbing.
activities are in progress.

ANTR
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27

Installation, removal, presence of, or movement of cover blocks,
riser flanges, shield plugs, tank 1nsta11ed waste and non waste
intrusive equipment items (e.g. TC trees, steel LOWs, pumps, manua1
tapes, FICs, ENRAFs, radar gauges, heated vapor probes, MITs,
corrosion probes, VDTTs, water lances, void fraction meter, core
sampling drill string, sa]twe]] screens, dlp—tubes cameras/lights,
viscometer, auger, sampler) each as used in ex-tank or dome
intrusive or waste ‘intrusive regions. Work packages and procedures
will include practical measures to reduce the likelihood of a
mechanical - spark when equipment movement performed as part of an
operation or activity can create mechanical sparks. Such measures
may include: limiting insertion speeds, water bathing of equipment,
prevention of contact with other non-spark resistent materials.by
use of collars or bumpers, use of critical 1ift procedures where
appropriate. This exception does not cover the operation of large
mixer pumps that might cause significant motion of installed
equipment. Any other ignition source hazards (other than mechanical
spark source potential) must comply with thxs JCO0's requirements for
ignition source controls.

28

Use of pressure switches, 1imit switches, and leak detector for the
saltwell pumping system for 241-T-104. Continuous monitoring of the
pump pit is requ1red during pumping with automatic shutoff at. 10% of
LFL. .

29

Use of pressure switches, limit switches and leak detectors for the

- saltwell pumping system for 241-BY-109 after it is re-categorized to

@ Facility Group 3 tank. Continuous monitoring of the pump pit
required during pumping with automatic shutoff at 10% of the LFL.

30

Presence of intact fiberglass and Tefzel' LOWs in Facility Group 2 or
3 tanks or presence of failed fiberglass LOWs as waste-intruding
equipment. (Work in a known failed LOW shall meet IC Set 1
controls).

31

Use of Continuous Air Samplers in ex-tank regions. CAS shall be
shutdown if 10% of the LFL is exceeded in the ex-tank area. Motor
shall be placed outside the ex-tank region. Continuous monitoring
in the tank dome and the pit is required during use of this
exception.

AREEE

Tefzel is a trademark of E. I. du Pont de N & Company, Wilmi DE.
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~ Los Alamos National Laboratory (LANL) Preliminary
Flammable Gas Mitigation Engineering Analysis Overview |

BASIC PRINCIPLE

Gas retention and release increase with total

solids inventory.

The Rayleigh-Taylor model predicts that
the retained-gas volume increases with the
mass of settled solids.

The bubble retention model predicts that
the gas fraction in the NC layer should be
an increasing function of NC-layer
thickness and viscosity.

o  Reducing the mass of settled solids will reduce
the total inventory of retained gas and the size
of GREs.

The solubility of most electrolynes increases
with temperature.

| Adding water or dilute sodium hydroxide

solution dissolves many of the major solids
components in the waste.

Los Alamos

Los Alamos National Laboratory
A3R4
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FACTORS THAT LIMIT THE
EFFECTIVENESS OF HEATING

e Insoluble Solids—Sodium oxalate and salts of
alkaline earth metals and transition metals are
relatively insoluble in the waste at all reasonable
temperatures.

e Sodium Carbonate and Sodium Sulfate—The
solubility of forms of sodium carbonate and
sodium sulfate in thé waste decrease with
increasing temperature.

¢ Gas Generation Rate—The gas generation rate
increases with increasing temperature. Gas
retention increases with the gas generation rate.

¢ Ammonia—The vapor pressure of dissolved.
ammonia and ammonia releases increases with
increasing temperature.

Los Alamos

Los Alamos National Laboratory
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' ADDITIONAL BENEFITS OF
DILUTION

e Reducing the concentrations of soluble organic
compounds, aluminate, and radionuclides in the
liquid will reduce the gas generation rate per unit
volume.

e Dilution reduces the ammonia concentration.

Los Alamos

Los Alamos National Laboratory
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FACTORS THAT LIMIT THE EFFECTIVENESS
' OF DILUTION

Insoluble Solids—Salts of alkaline earth and

transition metals are relatively insoluble and can
not be dissolved by dilution.

Aluminum Hydroxide Precipitaﬁon—Water
addition may cause aluminum hydroxide to
precipitate.

Density Ratio—Dilution increases the ratio of solid
Jto liquid density, which increases the gas fraction
obtained from the Rayleigh-Taylor limit.

Cooling—Dilution may cause cooling, which may
cause additional salts to precipitate and may
~ |increase the hydrogen concentration.

Available Tank Space—Dilution may require the
removal of supernatant liquid. There is limited
tank space to receive supernatant liquid.

Dissolved Hydrogen—The reduction in ionic
strength as a result of dilution will increase the
amount of dissolved hydrogen.

Reduction in Free Radical Scavengers—Dilution
will reduce the concentration of free radical
scavengers, which may increase radiolytic hydrogen
production.

Los Alamos

Los Alamos National Laboratory
A387
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EVALUATION CRITERIA FOR
HEATING AND DILUTION

Objéctive: Reduce maximum flammable gas
concentration in the dome to <25%
- of LFL.

Considerations: Best-estimate retained gas volume.

Rayleigh—Taylor limit as a measure
of potential gas retention capacity.

Criteria: . Best estimate >25% of LFL—Not
acceptable.

Best estimate <25% of LFL and

Rayleigh-Taylor limit >100% of

LFL—Not acceptable because of
~large uncertainty.

Best estimate <25% of LFL and
Rayleigh-Taylor limit <100% of
LFL—May be a viable mitigation
scheme.

Los Alamos

Los Alamos National Laboratory
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RESULTS FOR HEATING AN-103

e Heating dissolves the sodium nitrite and sodium
aluminate in the waste, reducing the total solids
inventory by ~70%.

o Heating reduces the flammable gas concentration
in the dome, but not to an acceptable level.

g 250
= -—4&—Best Estimate
: "E‘ 200 ——Bounding
2
6 E 150 -
g=
O 100 -
=
i .
o
g 50 4
=
«
= 0

40 45 50 55 60 65 70
Waste Temperature (°C)

e GREs induced by heating AN-103 could be large.

Los Alamos

Los Alamos National Laboratory
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RESULTS FOR HEATING AN-104
AND AN-105 |

e The solids in AN-104 and AN-105 are
redominantly sodium carbonate, sodium sulfate,
and insoluble solids. Heating increases solids
inventory slightly.

e Heating increases the gas generation rate, which
increases gas retention and the magnitude of the -
flammable gas hazard.

N
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RESULTS FOR HEATING AW-101

e Based on our best-estimate analysis, GREs in
AW-101 will not produce flammable gas
concentrations >25% of LFL.

e Heating the waste to ~60°C can reduce the
Rayleigh-Taylor limit to <25% of LFL.

350
300 }
250 |
200 }
1504
100 1
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35 40 45 ‘50 55 60

~4-—Best Estimate
—=®—Rayleigh-Taylor Limit

Flammable Gas
Concentration (% LFL)

Waste Temperatuze (°C)

Los Alamos

Los Alamos National Laboratory
A391




HNF-2193 Rev. 0
Slide 9 Part A January 22, 1998

RESULTS FOR HEATING SY-103

e We have not performed a data reconciliation
study on SY-103; thus, we do not have a model
for quantitative analysis.

e Based on a qualitative evaluation, we conclude
that: :

o heating the waste to 60°C will reduce the
solids inventory by 35 to 50%;

o heating the waste to 60°C will reduce the
maximum flammable gas concentration to
between 18 and 32% of LFL.

e Heating may reduce the GREs to an acceptable
“level, but there is a great deal of uncertainty in
analysis.
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IMPLEMENTATION OF HEATING
e Methods of heating the waste:

o Reduce vent flow rate in the annulus
o Heat the inlet air to the vent systems
o Imstall an in-tank heater

» Reducing annulus vent flow rate not attractive:

o May not increase the temperature enough
o Large time constant

o . In-tank heaters not attractive:

o  Waste-intrusive operations required
o Mixer pump required to prevent boiling

o Heating the inlet air is the most attractive
. option

"o Heating the inlet air by ~20°C would
maintain the steady-state temperature at
the required level.

o Heating the inlet air to ~85°C would reduce
the heating time to ~3 months without
boiling the waste.

Los Alamos
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PRELIMINARY EVALUATION OF
MITIGATION BY HEATING

e Heating is not an attractive mifigation option:

o It increases the flammable gas hazard in
AN-104 and AN-105.

o We cannot demonstrate that heating will
reduce the best-estimate GRE to an
acceptable level in AN-103 and SY-103.

o  We can demonstrate that heating will
reduce the gas retention capacity in AW-
101 to an acceptable level, but mitigation
may not be needed unless an adverse
change occurs. o

e We do not recommend additional consideration
of heating as a mitigation option.
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DESIGN CONSIDERATIONS FOR
DILUTION |

e Dilution will be done with water or a hydroxide
solution.

e There are three design parameters to consider
- for dilution:

o Amount of diluant added.
o Amount of supernatant liquid removed.
o  Hydroxide concentration in the diluant.
e Desire to minimize all three parameters.
o Remove Supématant liquid if diluant
addition increases waste level to >410 in.

o Add diluant after remowng the supernatant
liquid to maximize the effectlveness of
dilution.

o Add sodium hydroxide if needed to prevent
aluminum hydroxide precipitation.

Los Alamos
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DILUTION vs RECOVERY

e We do not consider removal of the NC-layer
solids in our evaluation of dilution.

~

e We consider dilution with the removal of NC-
layer solids to be waste recovery, which is a
separate mitigation option.

Los Alamos
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RESULTS FOR DILUTION OF AN-103

Supernatant liquid removal not required.
Sodium hydroxide addition not required.

Adding 220,000 gal. of pure water dissolves
~80% of the solids.

Dilution with pure water can reduce the best-
estimate gas release to <25% of LFL and the
Rayleigh-Taylor limit to <100% of LFL.
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100 +
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Concentration {% LFL)
5 8
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!
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-

0 50000 100000 150000 2000001
Water Addition (gal.)

Waste may cool, but it is not a problem.
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RESULTS FOR DILUTION OF AN-104

e Supernatant liquid removal required.
e Sodium hydroxide addition not required.

e Adding 700,000 gal. of water dissolves ~60% of
the solids.

e Dilution does not reduce the maximum
flammable gas concentration to <25% of LFL.

| Dilution does not dissolve sufficient solids.
Dilution increases hydrogen concentration.
Water addition reduces dome volume.
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RESULTS FOR DILUTION OF AN-105
» Supernatant liquid removal required. |

J Sodiu\m hydroxide addition not required.

. Dﬂutiqn does not reduce the maximum

» Flammable gas concentration to <25% of LFL.

o Dilution does not dissolve sufficient solids.
o Dilution increases hydrogen concentration.
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Flammable Gas
Concentration (% LFL)
ot
[62]

o

RESULTS FOR DILUTION OF AW-101

e Supernatant liquid removal not required.
e Sodium hydroxide addition not required.

e Adding 250,000 gal. of pure water dissolves a
significant fraction of the solids.

e Dilution reduces the Rayleigh-Taylor limit
significantly.
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RESULTS FOR DILUTION OF SY-103

No data reconciliation study for SY-103.
Sﬁpematant liquid removal required.
Sodium hydroxide addition not required.

Estimate that addition of ~100,000 gal. of water
reduces the solids inventory by ~65%.

Adding ~100,000 gal. of water reduces the
flammable gas concentration to ~25% of LFL,
but additional dilution increases the flammable
concentration as a result of decreasing the dome

volume. :

5 3

(% LFL)
w
)

Flammable Gas Concentration

0 100000 200000 300000 400000
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IMPLEMENTATION OF DILUTION

o  Operations needed to implement dilution:

o Supernatant liquid removal required'in
AN-104, AN-105, and AW-101.
o Water addition.
- o Mixing is required in all tanks to minimize
dissolution time.

o  Procedure and equipment for supernatant
liquid removal for dilution is the same as for
~ mitigation by supernatant liquid removal.

o Possible methods for mixing are:

o Installation of a mixer pump. .
o Adding water directly to the NC layer with
‘ water lances

o Large GREs expected during the dilution
- process.

Los Alamos
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EVALUATION OF MITIGATION BY

DILUTION

e The effectiveness of dilution depends on the
tank being considered.

o

In AN-103, dilution reduces the best-
estimate flammable gas concentration
to acceptable levels without removing
supernatant liquid.

In AN-104 and AN-105, dilution does not
reduce flammable gas concentration to

<25% of LFL.

In AW-101, dilution reduces the Rayleigh-
Taylor limit in AW-101 to <<100% of LFL.

Dilution may reduce the Réleigh—Taylor

- limit in SY-103 to 25% of LFL.

e Dilution is a viable option for AN-103.

e Dilution is a viable option for AW-101 if
‘required. ”

e Dilution may be a good option for SY-103, but
additional study is required.

Los Alamos
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Summary of CRS Comments on Flammable Gas (First 25 Meetings, December 1993 -

February 1997), 1st CRS Meeting (December 7.- 9, 1993)

82.

83.

84.

8s.

86.

87.

88.

TSA10-CN-WT-SA-TH-108, Dome Collapse Accident for Single-Shell Flammable Watch
: List Tanks

TWS96.3 Analysis of Visual Waste Observations for Single Shell Tanks, May 3,
1996.

TWSFG97.40  Preliminary Retained Gas Sampler Measurement Results for Hanford
Waste Tank

Westinghouse Memo 12110PCL92-068 To. J.W. Lentsch, from J.C. Person, , Gas Retention
Tests on 101-SY Tank Waste After Mixing,
Westinghouse Hanford Company, Richland,
Washington

Westinghouse Internal Memo 75210-906-006 Evidence of Release Events During Waste

Intrusive Activities in Flammable Gas Watch
List (FGWL) and Proposed FGWL Tanks.

WHC-EP-0182-102 Waste Tank Summary Report for Month Ending September 30,
1996.

WHC-EP-0628 Tank 101-SY Window E Core Sample: Interpretation of Results, January
26, 1993, Westinghouse Hanford Hompany, Richland, Washington
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90.
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WHC-EP-0734, Rev. 1 Tank 241-C-103 Headspace Flammability, May 1994.

WHC-SD-TWR-RPT-002, Rev. 0 Structural Integrity & Potential Failure Modes of the
Hanford HLW Tanks, September 1996.

91. WHC-SD-WM-CN-041, Rev. 0 Tank Farm Deflagration Rates Due to Various Ignition
Sources
92. WHC-SD-WM-CN-116, Rev. 0 Calculation Note: Hydrogen Generation Rates at Steady-
State Flammable Gas Concentrations for Single ShellTanks,
June, 1997
93. WHC-SD-WM-DTR-045, Rev. 0 Effects of NaOH Dilution on Solution
Concentrations in Tank 241-SY-101 Waste, January
1997
94. WHC-SD-WM-ER-411, Rev. 0A Tank Characterization Report for Double-Shell
Tank 241-AZ-102, December 1995,
95. WHC-SD-WM-ER-515, Rev. 0 Waste Tank 241-SY-101 Dome Airspace & Ventilation
System Response to a Flammable Gas Plume Burn,
November 1995.
96. WHC-SD-WM-ER-526, Rev. 1 Evaluation of Hanford Tanks for Trapped Gas., March
: 1996
97. WHC-SD-WM-ER-526, Rev. 1 Evaluation of Hanford Tanks Trapped Gas, December
1996.
98. WHC-SD-WM-ER-526, Rev. 1A Evaluation of Hanford Tanks for Trapped Gas,
March 1996 and January 1997.
99. WHC-SD-WM-ER-526, Rev. 1C Evaluation of Hanford Tanks for Trapped Gas, April
' 1997
100. WHC-SD-WM-ER-571, Rev. O Evaluation of Hydrogen Release During Saltwell
Pumping for Tanks T107 & S110 & S108, April
1996.
101. WHC-SD-WM-ER-576, Rev. 0 Compilation of Hydrogen Data for 22 Single Shell

Flammable Gas Watch List Tanks, May 1996.
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106.

107.

108.

109.

110.

111.

112.
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WHC-SD-WM-ER-594, Rev. 0
WHC-SD-WM-ES-219, Rev. 0
WEHC-SD-WM-ES-362, Rev. 1
WHC-SD-WM-ES-387, Rev. 1
WEHC-SD-WM-FHA-020, Rev. 0
WHC-SD-WM-PE-046, Rev. 0

WHC-SD-WM-RPT-281, Rev. 0

LIBRARY

Evaluation of Recommendation for Addition of
Tanks to the Flammable Gas Watch List, June 1996.

Lab Flammability Studies of Mixtures of Hydrogen
& Nitrous Oxide & Air, September 1992.

Tank Farm Potential Ignition Sources, January
1996.

Probability, Consequences, and Mitigation for
Lightning Strikes to Hanford Site High-Level Waste
Tanks, August 1996.

Fire Hazard Analysis for Tank Farms

Evaluation of December 1991 TANK 101-SY Gas
Release Event, April 1992.

Deflgration and Detonation Hazards in Hanford
Tank Farm Facilities.

WHC-SD-WM-SAD-033, Rev. 2-A, Section I Safety Assessment for Proposed

Pump Mixing Operations to Mitigate
Episodic Gas Releases in Tank 241-
SY-101, Hanford Site, Richland,
Washington

WHC-SD-WM-SAD-033, Rev. 2-A, Section II Safety Assessment for Proposed

WHC-SD-WM-SAD-033, Rev. 2

WHC-SD-WM-SAD-035, Rev. 0-A

WHC-SD-WM-SAD-035, Rev. 0
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Pump Mixing Operations to Mitigate
Episodic Gas Releases in Tank 241-
SY-101, Hanford Site, Richland,
‘Washington

Tank 241-SY-101 Mitigation Program, July 1996.
A Safety Assessment for Rotary Mode Core
Sampling in Flammable Gas Single Shell Tanks,
Hanford Site, Richland, Washington

A Safety Assessment for Saltwell Jet Pumping
Operations in Tank 241-A-101: Hanford Site,
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114a. WHC-SD-WM-SAD-036, Rev. 0

114b. WHC-SD-WM-SAD-036,

115.
116.

117.

118.
119.

120.

121,
122.

123.

124.

125.

WHC-SD-WM-SAR-061, Rev. 0

WHC-SD-WM-SARR-004, Rev. 1

WHC-SD-WM-SARR-016, Rev. 2

WHC-SD-WM-TI-513, Rev. 0
WHC-SD-WM-TI-724, Rev. 1

WHC-SD-WM-TI-753, Rev. 0

WHC-SD-WM-TRP-256, Rev. 0
WHC-SP-1193, Rev. 0

WHC-SP-1193, Rev. 1

WHC-IP-0842, Rev. Ob

Sandia Nat'l Lab
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Richland, Washington

Tank Farm Transition Projects (TFTP), November
1996.

A Safety Assessment forSalt-Well Pumping
Operations in Tank 241-A-101: Hanford Site,
Richland, WA.

Tank 241-SY-103 Hazard Assessment, October
1993.

Safety Basis for Activities in SST with Flammable
Gas Concerns

Tank Waste Compositions & Atmospheric
Dispersion Coefficients for use in Safety Analysis
Consequence Assessments, July 1996.

101-SY Window "C" Core Sample-Evaluation of
the Chemical and Physical Properties, April 1992.

Methodology for Flammable Gas Evaluations, April
1996.

Summary of Flammable Gas Hazards and Potential
Consequences in Tank Waste Remediation System

Facilities at the Hanford Site, December

Test Evaluation of Industrial Hygiene Hand Held
Combustible Gas Monitor, May 1996

Flammable Gas Program Topical Report, October
1996.

Flammable Gas Program Topical Report

Authorization Basis Amendments and Annual
Updates

Software System Test Plan (SSTP) Gas Release
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129.

130.

131

132.

133.

134.

135.
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HNF-SD-WM-ES-412, Rev. 0

FDH-9761360A R1

FDH-9761064

FDS-9761360A R2

HNF-SD-WM-ES-410

PNL-10198

PNL-9062

PNL-10776

PNL-11307

PNNL-11312
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LIBRARY

Event Safety Analysis Tool (Resolve! Version 1)

Safety Controls Optimization By Performance
Evaluation (SCOPE) Expert Elicitation Results for
Hanford Site Single-Shell Tanks

Contract Number DE-ACO6-96R1.13200;
Flammable Gas Project: Revised Review Comment
Records for Closure of the Flammable Gas
Unreveiwed Safety Questions for Single-Shell Tanks

Contract Number DE-ACO06-96RL.13200;
Flammable Gas Project: Revision of the Expert
Elicitation Results for Hanford Site Single-Shell
Tanks

Contract Number DE-AC06-96RL13200;
Flammable Gas Project: Directed to Perform Data
Correlation on Available Void Fraction Data with
Respect to Tank Wastes Types

Enhanced Safety Analysis methodology For
Flammable Gas Risk Assessment In Hanford Site
Tanks

The Effects of Heating and Dilution On The
Rheological and Physical Properties of Tank 241-
SY-101 Waste

Flammable Gas Safety Program Analytical Methods
Development: FY 1993 Progress Report

Flammable Gas Safety Program Organic Analysis
and Analytical Methods Development: FY 1995
Progress Report

Flammable Gas Safety Program: Actual Waste
Organic Analysis: FY 1996 Progress Report

Organic Tanks Safety Program: FY 96 Waste
Aging Studies

A423



136.
137.
138.

139.

140.
141.

142.

143.

144,

145.

146.

147.
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PNNL-11309
PNNL-11480
Letter from Dan Meisel

PNNL-11640

PNNL-11702 Rev. 1
PNL-11670

WHC-SD-TWR-RPT-003

Presentation

Information

97-SCD-031

LMHC-9761360 R3

Information

Empty
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Organic Tanks Safety Program - Advanced Organic
Analysis: FY 1996 Progress Report

Speciation of Organic Carbon in Hanford Waste
Tanks: Part I

Environmental Management Science Program
(EMSP) Report FY-1997

Homogeneity of Passively Ventilated Waste Tanks

Chemical Pathways for the Formation of Ammonia
in Hanford Wastes.

Organic Tanks Safety Program FY 97 Waste Aging
Studies.

DELPHI Expert Panel Evaluation of Hanford High
Level Waste Tank Failure Modes and Release
Quantities.

Illustrative Examples from SST Elicitation Rationale
Reports.

Explosive Fragmentation.

Flammable Gas Project - Safety Controls
Optimization by Performance Evaluation (SCOPE)
Flammable Gas Expert Elicitation Results for
Hanford Site Single-Shell Tanks to Meet
Performance Agreement TWR 1.3.2.

Subcontract Number 80232764-9-K001, Flammable
Gas Project, Data Correlation Analysis Results.

Solving the "Small-Medium-Larg" Problem.
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149. HNF-SD-WM-TI-797 Results of Vapor Space Monitoring. of Flammable
. Gas Watch List Tanks.
150. LA-UR-97-3955 Data Reconciliation Study of Tank 241-AN-103 at

the Hanford Site.
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