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COMPLETION OF HANFORD FEDERAL FACILITY AGREEMENT AND CONSENT
ORDER (HFFACO) INTERIM MILESTONE M-045-91, DUE SEPTEMBER 30, 2010

This letter documents completion of the HFFACO Interim Milestone M-045-91. This milestone

requires that the U.S. Department of Energy, Office of River Protection (ORP) establish a panel

of technical and nationally recognized experts to provide a report on Single-Shell Tank (SST)

integrity assurance review and submit to the Washington State Department of Ecology an ‘
agreement change package with HFFACO interim milestones as necessary to implement the |
Panel’s recommendations within 90 days of the reports submittal. |

ORP assembled a panel of technical and nationally recognized experts in 2009 and 2010 to
review available data from retrieved SSTs and report their findings and recommendations. The
Expert Panel issued two reports: RPP-RPT-43116, “Expert Panel Report for Hanford Single-
Shell Tank Integrity” (Attachment 1); and RPP-RPT-45921, “Second Expert Panel Report for
Hanford Site Single-Shell Tank Integrity Report” (Attachment 2), thereby completing the interim
milestones first action. RPP-PLAN-45082, “Implementation Plan for the Single-Shell Tank
Integrity Project,” has also been attached for your information (Attachment 3).

Attachment 4, Change Form M-45-10-01, is submitted for your approval and completes the
second action by establishing two HFFACO interim milestones and ten target dates to implement
recommendations from the Expert Panel’s Reports, RPP-RPT-43116 and RPP-RPT-45921.

If you have any questions, please contact me, or your staff may contact Stacy Charboneau,
Assistant Manager, Tank Farms Project, (509) 373-3841.

Sincerely,

QA. Brock%aévdam;eﬂjt’_’

ESQ:GMN Office of River Protection
Attachments (4)

cc: See page 2






Attachment 1
10-ESQ-286
(103 Pages)

oax-nd 1-43116,
“Expert Panel Report for Hanford Single-Shell Tank Integrity”




S

DOCUMENT RELEASE FORM
(1) Document Number: ~ RPP-RPT-43116 (2) Revision Number: 0 ﬁa) Effective Date:  9/21/09
(4) Document Type: 3 Digitatimage ] Hard copy | (a) Number of pages (including the DRF) or 103
X pDF [ video number of digital images
(5) Release Type K New [J cancel J ] page Change [] ~~mpiete Revision |

(6) Document Title:

Expert Panel Report for Hanford Site Single-Shell Tank Integrity Project

(7) Change/Release New Release
Description:

(8) Change N/A N
Justification:

(9) Associated {a) Structure Location: {c) Building Number:
e Comhonotem: | 241-A, 241-AX, 241B, 241-BX, 241-BY, 241- | 241

(S8C) and Building

C, 241-S, 241-SX, 241-T, 241-TX, 241-TY,

Number: 241-U
{b) System Designator: (d) Equipment ID Number (EIN):
Waste Storage Tank N/A
(10) Impacted (a) Document Type {b) Document Number (c) Document Revision
Documents: N/A N/A N/A
{11) Approvals:
Date:
9/2117/2009

(a) Author (Print/Sign): /)
M. T. Temy %/
(b) Responsible Ma

Sor DI WibENFE DEF Date:

D. J. Washenfelar ST ot de cown 9/21/2009
(c) Reviewer (Optio ’ Date:
K. D. Boomer YL 9/21/2009
(d) Reviewer (Opuonyﬁsmn Date:
(12) Distribution:
{a) Name (b) MSIN (a) Name {b) MSIN Reiease Stamp
H.S. Berman R2-58 M.A. Knight S5-07
K.D. Boomer H6-19 M.A. Lindhoim §7-83
ep 28 1008
M.N. Brosee R2-50 R. S. Rast H6-19
C.A. Burke R3-26 D.J. Washenfelder R2-58 " DATE: HANZORD
J.L. Castieberry R3-26 sta |5 | Retease § 'O
J.K. Engeman $5-08
N.W. Kirch R2-58
(=) Cleared for Public Relsase (b) Restricted Information? (c) Restriction Type:

(13) Clearance E Yes D No D Yes E No
(14) Clemrance Review (Print/Sign): Date:

ARVCY A FouRD/ Moancy B Feuad 9-z¢-0%

aA_ann2_ a4 (DB N







RPP-RPT-43116

Revision 0

Expert Panel Report for Hanford Site

Single-Shell Tank Integrity Project

M.T. Terry
Perot Systems Government Services

K.D. Boomer
Washington River Protection Solutions, LLC

Date Published
September 2009

#®. \\ashingtonriver
protectionsolutions

Prepared for the U.S. Department of Energy
Office of River Protection

Contract No. DE-AC27-08RV 14800



RPP-RPT-43116, Rev 0

SINGLE SHELL TANK INTEGRITY EXPERT PANEL MEMBERS

Michael Terry, Panel Co-Chair

Perot Systems Government Services (PSGS)

Robert Kennedy

RPK Structural Mechanics Consulting

Todd Martin, Panel Co-Chair

Independent Consultant

Leon Stock
The University of Chicago, Emeritus

John Beavers
DNV Columbus, Inc.

Karthik Subramanian
URS Washington Division

““ephen J. Cullen

D.B. Stephens and Associates, Inc.

R. Bruce Thompson
Center for Nondestructive Evaluation, lowa State
University

Gerald Frankel

Fontana Corrosion Center at The Ohio State
University

Bruce Wiersma
Savannah River National Laboratory

Russell Jones
GT Engineering




RPP-RPT-43116, Rev 0

ABSTRACT
Two expert panel workshops were held on leak and structural integrity of single-shell tanks at the
Hanford Site. The goal was to provide recommendations to Washington River Protection
Solutions, LLC for implementation of an enhanced single-shell tank integrity project. The panel
focused on four key elements for the tank integrity project:

=  Confirmation of tank structural integrity.

s Assessment of the likelihood of future tank liner degradation.

Leak identification and prevention.
=  Mitigation of contaminant migration.

The workshops were held in Richland, Washington on January 26-29, 2009 and April 29-May 1,
2009. In the first workshop, the panel received presentations outlining the history and current
status of the Hanford Site’s Single-Shell Tank Farms and related projects. The panel developed
issues for follow-up at the conclusion of the workshop. The second workshop focused on
additional clarification of issues and development of panel recommendations.

Workshop participants included Department of Energy, academic, and industry experts in the
fields of stress corrosion cracking, soils and vadose zone, electrochemistry, materials, and non-

destructive evaluation.

This report describes the issues discussed during and following the workshops, the final
recommendations of the workshop panel, and the rationale for those recommendations.

111
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EXECUTIVE SUMMARY

The Single-Shell Tank Integrity Panel (the Panel) was tasked with providing Washington River
Protection Solutions, LLC (WRPS) with recommendations to support the development of an
enhanced Single-Shell Tank Integrity project (SSTIP).

Wastes in both the Hanford Site’s single-shell (SST) and double-shell tank (DST) systems are
slated for treatment in a Waste Treatment and Immobilization Plant (WTP) that is currently under
construction. Delays to the initiation of operation of the WTP will necessitate extended storage of
tank wastes. These delays provide the impetus for a more robust SSTIP.

The Panel developed recommendations based on the proceedings of two workshops and the
research and deliberation of the Panel and its members.

In the first workshop, the Panel considered a broad range of SST issues, including: current status,
chemistry, retrieval technologies, structural integrity requirements and status, corrosion, stress
corrosion cracking (SCC) and design impacts from the Savannah River Site, vadose zone
characterization, leak detection, monitoring and mitigation; and non-destructive evaluation.

During this workshop, the Panel developed individual work assignments to research specific
areas of interest (Martin and Terry, 2009). Based on this research and subsequent requests for
additional information, the Panel held a second workshop to develop recommendations.

In developing its recommendations, the Panel agreed on three overarching values that should
guide the SSTIP, First, SSTIP activities should not adversely impact final disposition of tank
waste. Such disposition of SST wastes requires retrieval from the tanks and treatment in the
WTP. These two activities require certain physical and chemical waste characteristics that must
be integrated into decision-making for the SSTIP.

Second, SSTIP activities should be strategically focused on programmatic needs. This
acknowledges the pitfalls of developing SSTIP activities that may be of interest scientifically, but
offer little prospect for directly supporting the programmatic needs of safe storage, retrieval,
treatment and disposal of SST wastes.

Third, SSTIP activities should protect public and worker health and safety.

The Panel has prioritized its recommendations both overall (discussed in Section 2) and within
four key elements: (1) confirmation of tank structural integrity (denoted by ‘SI”), (2) assessment
of the likelihood of future tank liner degradation (denoted by ‘LD’), (3) leak identification and
prevention (denoted by ‘LIP’) and (4) mitigation of contaminant migration (denoted by ‘MCM").

The recommendations are as follows, presented in their respective prioritization within each of
the key elements.

Confirmation of tank structural integrity

Recommendation SI-1, Perform Modern Structural Analyses: The Panel recommends
performing modern structural analyses (including seismic) on representative samples of SSTs.
Such analyses are necessary to understand the structural integrity of the SSTs during a seismic
event. The analysis will be useful in answering the following questions: How much rebar must
remain to achieve adequate structural integrity under a major seismic event? What is the level of
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measurement techniques (such as fluid coupled ultrasound, ultrasonic guided waves implemented
using EMATS, and vibrothermography) operated as end effectors on a mechanical apparatus
(such as robotic arms) deployed in the SSTs. Deploying such technologies should be based on the
outcomes of other NDE recommendations (e.g. discovery of cracks via visual inspection) and a
cost benefit analysis that analyzes the difficulties of employing candidate local measurement
techniques.

Recommendation LD-8, Consider Installation of Corrosion Potential Probe: If recommended
laboratory studies indicate SST chemistries aggressively foster corrosion or SCC under tank
operating conditions, the Panel recommends installing a probe similar to that employed in the
DSTs to measure corrosion potential. This information can be used to further assess the
likelihood for corrosion or SCC.

Recommendation LD-9, Consider Testing Tank Liner Hardness: The feasibility and cost of
removing small samples from the tank liner for hardness testing should be evaluated. If feasible
and cost effective, samples should be removed from a tank that experienced high temperatures to
determine if hardness increases, which could impact structural integrity, have occurred.

Recommendation L.D-10, Consider Applying Direct Current Potential Drop to SSTs: The
Panel recommends studying the feasibility of applying Direct Current Potential Drop (DCPD) to
the SSTs for the purpose of locating tears in the liner. The DCPD technique is based on injecting
current into a metallic component and measuring the resulting voltage (potential) at selected
points. Such study could include both theoretical modeling as well as simple laboratory
experiments. Once feasibility is established, a DCPD system should be developed for
implementation.

This recommendation, along with consideration of local NDE techniques (Recommendation LD-
8), provide a suite of techniques to assess liner degradation based on the outcome of other tests
and observations, as well as the feasibility of deployment.

Recommendation LD-11, Analyze Stress Relaxation of Tank Liners: The Panel recommends
analysis or experimental study of stress relaxation in tank liner steels to determine whether SCC
is a possibility in the future.

Leak identification and prevention

Recommendation LIP-1, Continue Leak Detection Monitoring and Best Management
Practices and Install Enhanced SST Monitoring: The Panel recommends continuing current
Leak Detection Monitoring and Best Management Practices to monitor for leaks. Further, the
Panel recommends installing enhanced monitoring based on potential leak risks at each tank farm.
The 241-T Tank Farm Interim Cover Test has proved an excellent system for tracking infiltration
of meteoric water. Increasing the depths and expanding the aerial extent of monitoring similar to
this test will provide an excellent system for early detection and tracking of leaks.

Recommendation LIP-2, Avoid the Addition of Water-Insoluble Absorbents to SSTs: The
Panel considered the addition of absorbents to the SST's to further immobilize liquids. However,
the Panel recommends avoiding the addition of water-insoluble solid absorbents to the SSTs as
such additives do not appear effective in immobilizing water and will interfere with the future
retrieval of wastes, and may adversely impact WTP operations.

vit
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The Panel also prioritized its ‘top ten’ primary recommendations that form the foundation of a
robust SSTIP. As is outlined in Section 2, these primary recommendations should be pursued at
the initiation of the SSTIP. The primary recommendations are as follows. N

Recommendation SI-1, Perform Modern Structural Analyses

Recommendation SI-2, Perform Dome Deflection Surveys

Recommendation SI-3, Obtain and Test Sidewall Core

Recommendation SI-4: Perform Non-Destructive Evaluation of Concrete

Recommendation LD-1, Expand Leak Assessment Reports

Recommendation LD-2, Avoid inadvertent addition of water and chloride to SSTs

Recommendation LIP-1, Continue Leak Detection Monitoring and Best Management Practices
and Install Enhanced External SST Monitoring

Recommendation LIP-2, Avoid the Addition of Water-Insoluble Absorbents to SSTs

Recommendation LIP-3, Continue Use of High Resolution Resistivity

Recommendation MCM-1, Install Surface Barrier Over SST Farms
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processing operations, each of which produced several different types of waste. The bismuth
phosphate process, the REDOX process, and the PUREX process wete designed to recover
plutonium from irradiated reactor fuels. The bismuth phosphate wastes that were discharged to
the tanks were later processed to recover uranium from the wastes by using the tributyl phosphate
(TBP) process. Potassium ferrocyanide was used to scavenge cesium ion from this waste. The
oldest tanks (241-B, 241-C, 241-T, and 241-U farms) were constructed to receive the wastes from
bismuth phosphate plants. REDOX and PUREX wastes were stored in the 241-S, 241-A, 241-AX
and 241-SX farms, which were designed to hold boiling wastes so that water could be removed
from the tanks to conserve space for the retention of radioactive materials. Later operations,
including the in-tank solidification (ITS) and outside-tank evaporation, were used to remove
water and concentrate the wastes.

Waste additions to the SSTs ceased in 1980 and pumpable liquids have been transferred from the
SSTs to the DSTs. The SSTs currently contain ten million gallons of sludge, twenty million
gallons of salt cake, and one hundred thousand gallons of supernatant liquid. Sixty-seven of the
SSTs are assumed to have leaked as much as one million gallons of waste to the vadose zone
under the tanks.

SST wastes are slated for retrieval and treatment in a Waste Treatment Plant and Immobilization
(WTP) that is currently under construction. Technical issues have delayed the schedule for
initiating operations of the WTP. The delays to the WTP will necessitate extended storage in the
SSTs—most of which are currently beyond their design life.

The extension of the SST’s mission has created an incentive for the tank farm contractor,
Washington River Protection Solutions, LLC (WRPS) to develop an enhanced SST integrity
project (SSTIP). WRPS created an expert panel on SST integrity (Panel) to provide
recommendations to support the development of such a project.

The Panel developed recommendations based on the proceedings of two workshops and the
research and deliberation of the Panel and its members.

In the first workshop, the Panel considered a broad range of issues, including: current status,
chemistry, retrieval technologies, structural integrity requirements and status, corrosion, stress
corrosion cracking (SCC) and design impacts at the Savannah River Site, vadose zone
characterization, leak detection, monitoring and mitigation; and non-destructive evaluation.

At this workshop, the Panel developed individual work assignments to research specific areas of
interest (Martin and Terry, 2009). Based on this research and subsequent requests for more
information from WRPS, the Panel held a second workshop to develop recommendations.

In developing its recommendations, the Panel agreed on three overarching values that should
guide the SSTIP. First, SSTIP activities should not adversely impact final disposition of tank
waste. Such disposition of SST wastes requires retrieval from the tanks and treatment in the
WTP. The waste must have certain physical and chemical characteristics for successful retrieval
and treatment, and this must be considered when designing the SSTIP.

Second, SSTIP activities should be strategically focused on programmatic needs. This value
acknowledges the pitfall of developing an SSTIP that includes activities that may be of interest
scientifically, but offer little prospect for directly supporting programmatic needs.
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reasons. First, many of these activities consist of relatively inexpensive, simple documentation or
laboratory work that could yield important information to support the SSTIP. Additionally,
““secondary recommendations could quickly become high priorities if indications of a problem that -
could impact SST integrity arise. For example, if a high priority such as visual inspection of
" “domes identifies cracking of concrete, several secondary activities (e.g., Non Destructive
Evaluation techniques) would be necessary to further address the cracking.

2.1.1 Summary of Primary Recommendations

The primary recommendations represent the ‘top 10’ priorities that form the foundation of a
SSTIP. In its review of existing information and data, the Panel found WRPS is currently
performing many activities critical to a robust SSTIP. These programmatic activities are reflected
in three primary recommendations (SI-2, LD-1 anc ™ "P-1). These ~ ee recommendations
acknowledge these important project building blocks, emphasize the importance of continuing
them and, where necessary, recommend modifications. The other seven primary
recommendations are not components of current SST programmatic activities.

The primary recommendations are as follows.

Recommendation SI-1, Perform Modern Structural Analyses

Recommendation SI-2, Perform Dome Deflection Surveys

Recommendation SI-3, Obtain and Test Sidewall Core

Recommendation SI-4: Perform Non-Destructive Evaluation of Concrete

Recommendation LD-1, Expand Leak Assessment Reports

Recommendation LD-2, Avoid inadvertent addition of water and chloride to SSTs

Recommendation LIP-1, Continue Leak Detection Monitoring and Best Management Practices
and Install Enhanced External SST Monitoring

Recommendation LIP-2, Avoid the Addition of Water-Insoluble Absorbents to SSTs

Recommendation LIP-3, Continue Use of High Resolution Resistivity

Recommendation MCM-1, Install Surface Barrier Over SST Farms

2.1.2 Summary of Secondary Recommendations
The secondary recommendations are as follows.

Recommendation SI-5, Test Dome Concrete and Rebar ‘Plugs’

Recommendation SI-6, Develop Engineering Mechanics Document
Recommendation SI-7, Test Effects of Waste Exposure on Structural Integrity
Recommendation SI-8, Study the Deployment of Corrosion Potential Mapping
Recommendation LD-3, Examine “Non-Compliant” Wastes at 25° C
Recommendation LD-4, Develop and Deploy Guided Wave Technology
Recommendation LD-5, Determine Ammonia Corrosion Control Concentration
Recommendation LD-6, Assess SST Waste Compositional Variation
Recommendation LD-7, Assess Deployment of Local Non-Destructive Evaluation Techniques
Recommendation LD-8, Consider Installation of Corrosion Potential Probe
Recommendation LD-9, Consider Testing Tank Liner Hardness

Recommendation LD-10, Consider Applying Direct Current Potential Drop to SSTs
Recommendation LD-11: Analyze Stress Relaxation of Tank Liners

Recommendation LIP-4, Seek Engineering Methods to Increase Water Removal by Pumping
From SSTs






RPP-RPT-43116,Rev 0

Recommendation LD-4, Develop and Deploy Guided Wave Technology

Recommendation LD-5, Determine Ammonia Corrosion Control Concentration
Recommendation LD-7, Assess Deployment of Local Non-Destructive Evaluation Techniques
Recommendation LD-8, Consider Installation of Corrosion Potential Probe o
Recommendation LD-9, Consider Testing Tank Liner Hardness

Recommendation LD-10, Consider Applying Direct Current Potential Drop to SSTs
Recommendation LD-11: Analyze Stress Relaxation of Tank Liners

2.2.3 Prioritization of Leak Identification and Prevention (LIP) Recommendations.
The prioritized recommendations related to leak identification and prevention are the following.

Recommendation LIP-1, Continue Leak Detection Monitoring and Best Management Practices
and Install Enhanced External SST Monitoring

Recommendation LIP-2, Avoid the Addition of Water-Insoluble Absorbents to SSTs

Recommendation LIP-3, Continue Use of High Resolution Resistivity

Recommendation LIP-4, Seek Engineering Methods to Increase Water Removal by Pumping
From SSTs

Recommendation LIP-5, Evaluate Sludge and Saltcake Liquid Leak Rates

Recommendation LIP-6, Investigate Leak Detection Technologies for Tanks With Less Than 24
Inches of Waste

Recommendation LIP-7, Evaluate Effect of Lowering SST Waste Temperature

Recommendation LIP-8, Assess the Feasibility of Testing for Ionic Conductivity Between Inside
and Outside of SSTs

Recommendation LIP-9, Consider Cathodic Protection for Rebar and Exterior of Tank Liner

Recommendation LIP-10, Evaluate Coating of Tank Liners and Installation of Polymeric Bladder

Recommendations LIP-11: Avoid Heating and Active Ventilation Strategies for Removing
Additional Water from SSTs

Recommendation LIP-12: Avoid Strategies to Immobilize Waste Through the Addition of
Gelling Agents

2.2.4 Prioritization of Mitigation of Contaminant Migration (MCM) Recommendations
The prioritized recommendations related to mitigation of subsurface migration are as follows.

Recommendation MCM-1, Install Surface Barrier Over SST Farms
Recommendation MCM-2, Evaluate Subsurface Leak Mitigation Technologies

3.0 CONFIRMATION OF TANK STRUCTURAL INTEGRITY
3.1 OBSERVATIONS CONCERNING THE CURRENT CbNDITION OF TANKS
3.1.1 Observations Concerning Current Conditions of Concrete Domes
Surveys have been conducted on all of the SSTs approximately every two years since the early
1980s. A maximum allowable decrease in the dome elevation of 0.24 inches, relative to the

baseline measurement, has been specified as the acceptable limit for SSTs.

Analytical studies summarized in Section 6.4 of Abatt (Abatt, 2002) indicate a safety factor of
approximately 3.0 or larger against dome collapse for the in-situ soil overburden load. An
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evaluation of the safety factor as a function of the increase in dome deflection over initial baseline
measurements was conducted on Tank 241-C-106. This evaluation indicated a safety factor of
" “approximately 2.5 for an additional downward deflection of 0.24 inch, and approximately 2.0 for
an additional deflection of 0.48 inch. Thus, adequate safety margin exists if dome deflections do
“not incréase more than 0.48 inch. ST T T T e

Remote visual inspection of the underside of the SST concrete domes does not indicate signs of
concrete cracking, rust stains, or spalling of the concrete. One would not expect concrete cracks
on the underside of the dome except possibly in the haunch area. Cracks in excess of 1/16 inch
wide would indicate tensile yielding of the reinforcing steel (rebar). Cracks in excess of 1/8 inch
wide are of significant structural concern. Rust stains or spalling of concrete indicate rebar
corrosion.

3.1.1.1. Recommendation SI-2: Perform Dome Deflection Surveys

The current program of conducting dome deflection surveys on all SSTs at 24-month intervals
should be continued. Additionally, it is important to assess whether deflection data can also be
obtained near the haunch of the dome as well as at the center. With deflections taken only at the
center, a determination of whether the deflection is due to downward displacement of the dome or
due to downward displacement of the footing under the sidewall cannot be made.

This remains an important task because any future potential for dome collapse would be preceded
by excessive downward dome deflection (e.g., greater than 0.5-inch).

3.1.1.2. Recommendation SI-5: Test Dome Concrete and Rebar ‘Plugs.’

New risers are likely to be installed in the dome of at least some of the SSTs. It would be
desirable, to the extent practical, to cut the riser hole in the concrete domes in a manner such that
the concrete and rebar can be removed intact. Careful visual inspection for concrete cracks, voids,
rebar condition, and any signs of distress should then be performed on the “plug.” Concrete cores
should be obtained from the intact removed concrete and concrete compression tests should be
performed. Rebar diameters should be measured and tensile tests should be performed on rebar
samples.

If intact concrete plugs are removed from the dome to install new risers, this recommended task is
a high priority opportunity to improve knowledge of the dome strength.

3.1.2 Observations Concerning Current Conditions of Concrete Walls

Gillen (Gillen, 1982) reports the results of concrete strength tests made on a core cut vertically
through the depth of the sidewall of Tank SX-115. It has been estimated that the concrete near the
bottom of the sidewalls was exposed to service temperatures between 212° Fahrenheit (F) and
280°F for at least two years.

Concrete compression strength in the sidewall core tests ranged between 3825 pounds per square
inch (psi) and 6960 psi with a mean value of 5550 psi. While all samples exceeded the 3000 psi
design strength, a decrease in strength with depth in the sidewall was observed.

Visual examination of the cores indicated visible cracks with lengths ranging from 2 to 10 inches
long, and a number of air voids up to 1 inch long. These air voids are likely indicators of poor
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concrete placement during construction. No other signs of concrete degradation or chemical
attack were reported.

Daniel, et al. (Daniel, et al., 1982a) reports tests on concrete and reinforcing steel under load at
180° F after exposure to waste solutions. Specimens representing wall sections of a waste storage
tank were exposed to simulated waste slurry, simulated salt cake solution, and a control solution
for periods varying from 3 to 36 months.

In all cases, there was not indication of attack on either the concrete or steel. Even though

solutions penetrated to the reinforcement in the tests of specimens subjected to flexural loading,

no evidence was found of rusting, cracking, disruption of mill scale, or loss of strength of the

reinforcing steel. Petrographic examination of the concrete showed no evidence of adverse
ctions betweent  solutio: and the concrete ortl 3

Thus, preliminary indications have shown that the concrete and rebar in the tank walls remain in
good condition.

3.1.2.1. Recommendation SI-3: Obtain and Test Sidewall Core

The Panel recommends obtaining and testing a vertical core from the entire depth of the sidewalls
for two tanks that have leaked and had been operated at high temperatures for extended periods.
This activity would be similar to the core obtained from Tank 241-SX-115.

Careful visual inspection and concrete compression strength testing should be performed on the
recovered core. If any rebar steel is cut in the recovered core, this rebar should be carefully
inspected, thickness measured, and tensile tested. However, care should be taken not to cut any
significant fraction of hoop reinforcement (rebar) at any level.

3.2 LIKELTHOOD OF SST CATASTROPHIC COLLAPSE

The following assessment is based on the concrete conditions described in the previous section,
and previously conducted analyses of the tanks summarized by Abatt (Abatt, 2002).

3.2.1 Potential for Collapse Under Non-Seismic Loading

There is no indication of significant degradation or distress of the dome or haunch regions of the
tanks. Given the current state of knowledge of the tanks, collapse of the concrete dome is not a
likely event under in-situ loading unless significant degradation of the concrete or rebar in the
dome or haunch area was to occur in the future. Furthermore, dome collapse under in-situ loading
in the future would be preceded by signs of significant distress such as:

* Excessive downward dome deflection (greater than 0.5-inch);
* Cracking of concrete (crack widths greater than 1/8-inch); and,
* Significant rust stains or spalling on concrete surfaces.

Existing analytical studies of the concrete sidewalls indicate large safety margins exist for in-situ
soil loading provided the material design strengths have not seriously degraded. Furthermore, the
in-situ Joading is essentially axisymmetric and therefore can be resisted by the concrete alone,
i.e., very little reliance on rebar strength is needed. Lastly, collapse of the sidewalls only becomes
likely if a significant zone of concrete has degraded to the point that it has essentially become
rubble. No indications of any such degradation exist.
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Therefore, so long as dome downward deflection (since the original baseline) has not exceeded
0.5 inch, the Panel considers there to be a negligibly small probability of a sudden catastrophic
collapse under non-seismic loading. This statement presupposes no substantial increase of loading
on the tank dome.

3.2.2 Potential for Collapse Under Major Seismic Event

A major (significant) seismic event is characterized by peak ground acceleration in excess of 0.15
gravity (g) and a magnitude in excess of 5.5 on the Richter magnitude scale. Existing analytical
studies indicate an adequate safety margin exists for such a seismic event so long as the material
design strengths have not seriously degraded. Both hoop and vertical reinforcine steel is needed
intl sidewalls to resist the bending stresses that occur under seismic loading. . .ie concrete in
the sidewalls must remain intact (i.e., not turned to rubble) and retain some currently unspecified
minimum compression and shear strength.

Although good performance under a seismic event is likely, the Panel is not yet prepared to make
any fully definitive statement concerning the structural integrity of the tanks under an unlikely
major seismic event such as the 4x10 annual frequency of exceedance ground motion being
considered for other facilities at the Hanford Site. Good structural performance will depend on
the condition of the rebar in the sidewalls as well as the rebar connecting the sidewalls to the
basemat. Good structural performance during a major seismic event will also depend on the
condition of the concrete in the lower region of the sidewalls. Although the Panel does not expect
that major corrosion of this rebar or major degradation of the concrete has occurred, the actual
condition of this rebar and concrete is somewhat uncertain.

Before a definitive statement can be made about the seismic structural integrity of the SSTs a
modern structural analyses, including seismic loading, needs to be performed on a representative
tank. This analysis needs to include the potential for loss of rebar cross-sectional area due to
corrosion and potential concrete degradation from exposure to high temperature and leaking
waste. The analysis will be useful in answering the following questions: How much rebar must
remain to achieve adequate structural integrity under a major seismic event? What is the level of
confidence that at least this amount of rebar cross-sectional area exists and will remain present for
the operating life of the tanks (e.g., 20 to 50 additional years)? What is the minimum required
concrete strength?

3.2.2.1. Recommendation SI-1: Perform Modern Structural Analyses

Modern structural analyses, including seismic loading, should be performed on representative
samples of SSTs. Reasonable bounding estimates of material properties should be used in these
analyses. A range of seismic levels (about three levels) should be considered including the 4x10™
annual frequency of exceedance ground motion level. For each seismic level considered, the
amount of rebar cross-sectional area that must remain in order to achieve structural integrity of
the sidewalls and connectivity to the basemat, and the minimum required concrete compressive
strength should be determined. The likelihood that these minimum strength properties exist
should also be assessed.

3.2.3 Recommendation SI-6: Develop Engineering Mechanics Document

The information items listed in Table 1 are needed to assess both the current and likely future
structural integrity of the SSTs. This information is needed for each SST. This information should
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tank history and environmental uncertainties make this ideal situation unobtainable. Given these
uncertainties, the exact nature and location of the expected defects is unknown. One cannot solely
rely on an inspection targeted at a very local region and flaw type. Instead, one must be
concerned about the existence of “unknown unknowns” and must look more broadly. This
implies either an inspection with 100% coverage, which is generally impracticable in the large
and inaccessible geometry of the SST's, or a sampled inspection. The latter can only provide
general confidence about the nature of the degradation processes that are underway.

All available data suggest that the integrity of the concrete tank is excellent, particularly the dome
for which visual observation is possible. Not as much information is available about the
sidewalls, for which there is no visual access. Structural analysis using properties considered to
be “reasonable” suggest that there should be little concern under static loading. However, a
possible conc  could exist under seismic loads if the concrete at the bott.  of the walls were
“rubbelized.” The recommendation that follows is motivated by the desire to determine the most
accurate concrete properties possible for use in the structural analysis.

3.3.1 Recommendation SI-4: Perform Non-Destructive Evaluation of Concrete

The Panel emphasizes the importance of the hierarchical aspect of this recommendation. The
relatively simple technologies (visual inspection and utilization of a ‘thumper’ truck) should be
pursued first. Additional development and deployment of technologies should occur in the event
SSTIP activities (e.g., visual inspection, modeling, vertical core results) indicate potential
concrete degradation. At this point, depending on the severity of the concerns, additional
technologies such as guided wave propagation or the development of more localized concrete
integrity measurement techniques should be pursued.

First, the Panel recommends performing a one-time remote visual inspection of the underside of
the concrete domes for all SSTs. Ideally this inspection would include the entire dome, with a
focus on the haunch region. If this is not feasible, the haunch regions near risers should be the
focus. The inspection should identify cracks in excess of 1/16 inch wide. No such cracks should
be found on the underside of the dome. If any such cracks are found, an analytical assessment of
the cause of the cracks should be made.

The inspection should also look for signs of rust stains on the concrete, or spalling of concrete.
These conditions are strong indicators of rebar corrosion.

This visual inspection should be repeated in the future for any SST for which dome downward
movement has increased more than 0.25 inches during the prior two-year period (see
Recommendation SI-2). Such an increase is an indicator of a potential problem.

Second, the Panel recommends measuring the frequencies of SST vibrations by using a
commercially available ‘thumper’ truck such as that used in seismic and vibration analysis. As
the truck shakes the earth, the dome response would be measured by accelerometers attached at
strategic points. The modulus of the dome could be inferred from displacements and resonant
frequencies. Comparing the observed data to the predictions of structural vibration models, with
the modulus varied to obtain best fit, would enable this inference. It is likely that the analysis
would show that the measurements are most sensitive to the modulus of the dome.

Guided wave propagation is the third technology in the hierarchy (a discussion of the general
properties of guided waves is found in Section 4.3.2). Guided wave propagation should only be
pursued if evidence of concrete degradation emerges from other SSTIP activities.
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Guided wave energy could be propagated down the sidewalls. A ‘rubbelized’ region would
produce a reflection earlier than produced by the geometrical discontinuity of the knuckle. Such a
measurement would require the development of special transducers. Wavelengths significantly
larger than the thickness of the wall (e.g., several feet) would likely be necessary (e.g.,
frequencies on the order of a few kilohertz (kHz) or lower). Special instrumentation would have
to be developed for this purpose, but no fundamental barriers are anticipated in that development.

Should guided wave measurements raise concerns about the integrity of the concrete in a
particular region (e.g., near the knuckle), more local measurements should be made to quantify
that degradation. Carino (Carino, 2002) discusses a wide range of established candidate
techniques available for SSTs. Recent research developments are discussed in Dobbmann and
Wiggenhauser (Wig ~ hauser, 2008). All . he techniques require local access to the wall of the
tank. Should conditions dictate the need to recover such information, a small hole would have to
be excavated in the soil along the outer wall of the tank to allow the access required for the
instrumentation to be inserted.

3.4 ANALYSIS OF SIMULATED WASTE IMPACTS ON REBAR AND CONCRETE
3.4.1 Reactions with liquid wastes

Liquid waste that has leaked through the steel liner and the concrete walls could have damaged
the concrete and rebar. Several unknowns exist concerning this potential damage: 1) the size of
the crack in the liner and the associated volume of concrete in contact with the waste, 2) the effect
of the waste solution on the concrete and rebar, 3) the duration the waste was in contact with the
concrete, and 4) the impact of the concrete/rebar interaction with the liquid waste on the structural
integrity of the tank walls. Issues related to leaks are discussed in more detail in Sections 4.1 and
4.2

Crack sizes in the liners of known “leakers” have not been measured; therefore, it is not possible
to estimate the volume of concrete exposed to liquid waste. However, a possibility exists that
significant cracks resulted from “bubble” formation in the tank bottoms (discussed in Section
4.1). These large cracks would expose a significant volume of concrete to the waste in the
wall-base junction area, raising a concern for the structural stability of the tanks.

There have been studies of the interaction of SST waste with concrete (RPP-10435, 2002). These
studies “indicate a large range of potential concrete damage depending on the volume and
temperature of the liquid waste fluids coming in contact with the concrete.” This same report
(RPP-10435, 2002) stated SSTs exposed to high temperatures “could have experienced concrete
strength reductions of up to 35%, depending on the temperature history of the tank.” The global
damage to concrete strength caused by high temperatures is potentially far more damaging than
the local damage caused by interaction of SST waste with tank walls (temperature impacts are
further discussed in Section 4.2).

RPP-10435 (RPP-10435, 2002) references a 1976 study by the Portland Cement Association (SA-

202, 1976). The concrete tested was made specifically for the test and matched an ASTM Type II

with a calcium aluminate content of 6-8%. A total of 120 samples with dimensions of 3 x3 x 11

2 inches were tested. The samples were cured for 28 days before testing. Eighteen of the 120
samples contained 8 inch long No. 4 round, deformed rebar. The base solution in which the

~ concrete bars were immersed was: 2 molar (M) sodium aluminate, 0.1 M sodium chloride, 0.2 M

sodium carbonate, 0.5 M sodium sulfate, 0.1 M sodium fluoride and 0.2 M sodium phosphate. To

17
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this base solution were added the following variable solution chemistries: 4 M, 7 M and 10 M
sodium hydroxide, zero, IM/IM and 3M/3M sodium nitrate/sodium nitrite. Tests were conducted
at 50°, 100° and 150° C and examined following 1-, 2-, 3- and 6-month exposures. Tests were also
conducted in Ca(OH), at the same temperatures. Length change, weight change and sonic
modulus were measured as a function of exposure time.

Length change was considered the most useful parameter related to concrete durability. Changes
were also observed with time and temperature for each type of measurement. A failure criterion
of 0.1% length change was adopted. By this criterion all samples failed within 1 month at 150° C,
within 3 months at 100° C and within 6 months at 50° C except samples stored in the three 10 M
sodium hydroxide, 10 M sodium hydroxide + 1M/IM and 3M/3M sodium nitrate/sodium nitrite.
These latter samples were not much below the 0.1% failure limit, however. Weight change was
not deemed a reliable measure of durability because crystallized salt formed during the 21-day
drying period following exposure to the simulated wastes. Therefore, this weight gain offset the
likely weight loss during exposure. Sonic modulus measurements showed decreases associated
with cracking of concrete samples, but the trend did not follow that of length change. It appeared
some crack filling occurred from salts that formed during the drying period. Cracking of the
samples was characterized as minor to severe, which is consistent with the length changes
observed. The samples were still intact and not reduced to rubble, nor was there evidence of rebar
corrosion. Samples exposed to calcium hydroxide showed no deterioration in properties.

In summary, temperature was the dominant variable in causing a change in length. Solution
chemistry was less a factor, with the exception of calcium hydroxide, which showed no effect on
the concrete. Basically, all samples failed or were close to failing the length change criteria within
six months at all temperatures and in all solutions.

This study can be criticized for the brevity of the 28-day concrete curing period—the samples
were still “green” when exposed to the simulated waste solutions. This is further evidenced by the
shrinkage observed after 1 month for samples exposed at 100° and 50° C. A second criticism is
the lack of property measurements performed on the samples. . The failure criterion of 0.1%
length change appeared to be arbitrary. A simple compressive strength test would have been very
informative.

Later studies (Daniel, Stark and Kaar, 1982a; Daniel, Stark and Kaar, 1982b; Kaar and Stark,
1981; Kaar and Stark, 1979) were performed using similar concrete reinforced with steel rebar.
These samples, however, were cured 28 days in 100% RH and another 27 days before being
exposed to the test solutions. The solution contacted the concrete in only a local region as defined
by a tank of the solution in contact with the concrete test specimens. The test solutions were
named the simulated Waste Solution and the simulated Double-Shell slurry solution. The
simulated Waste Solution was 7M sodium hydroxide, 3M sodium nitrate, 3M sodium nitrite, 2M
sodium aluminate, 0.1 M sodium chloride, 0.2 M sodium carbonate, 0.5 M sodium sulfate and 0.1
M sodium fluoride. The Double-Shell slurry solution was 7.3M sodium hydroxide, 6.0 M sodium
nitrate, 4.5 M sodium nitrite, 4.3 M sodium aluminate, 0.7 M sodium carbonate, 0.2 M sodium
sulfate and 0.3 M sodium phosphate. The samples were 9 x 12 inch cross sections, 36 inches
long. In the Daniel, Kaar, Stark, 1982a study, the samples were first exposed for 13 months in
simulated waste solution; followed by 12 months in the Double-Shell slurry.

Daniel, Stark and Kaar (Daniel, Stark and Kaar, 1982b) also reported on exposures up to 36

 months. All tests were conducted at a temperature of 82° C. The samples were exposed to the

simulated waste solutions while under either a compressive stress of 500 psi or flexure with a
rebar stress of 10,000 or 20,000 psi. The flexure test samples were first flexed to produce cracks

13
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before exposure to the test solution. The primary purpose of these tests was to ensure steel rebar
was exposed to the test solution. No effects were observed on the appearance or properties of the
rebar. This was demonstrated by removal of the rebar from the concrete and tensile testing. The
strength of the rebar was identical to the original material after 36-month exposure. The authors
state that no visual change to the concrete from exposure to these solutions was observed. No
physical or mechanical tests were conducted on the concrete.

The high pH SST waste could result in sulfate-alumina (sulfate attack), alkali-silica, alkali-
carbonate or calcium hydroxide leaching reactions. A sulfate-alumina reaction occurs when
calcium aluminate (C;A) in the concrete reacts with calcium sulfate. A c a10n reaction product
is Ettringite [(Ca0)s(Al,03)(SO3)3-32H,0]. Alkali silica reactions can produce significant
expansion in concrete and cause structural problems. This is mostly seen as a reaction between
the hydroxyl ions in the alkaline cement pore solution and silica within the concrete. The same
holds for the alkali-carbonate reaction, which is less common than that of the alkali-silica. Alkali
in the waste would also contribute to the alkali-silica reaction. The hydroxyl ion first dissolves the
silica, followed by absorption of the alkali-metal ions by the dissolved silica products producing
an alkali-silica gel. Cracking occurs when the alkali-silica gel absorbs water (Shah and Hookham,
1998).

In a reaction with the simulated waste, penetration of the concrete would be necessary to allow
significant alkali reaction. The leaching of soluble calcium hydroxide is another possible reaction.
Although this may lead to cracking, it is unlikely it would account for expansion. The lack of
dimensional change for samples immersed in Ca(OH), suggests the reaction that caused the
dimensional change in the simulated waste could have been either Ca(OH), leaching, sulfate-
alumina (because of the calcium aluminate additive) or alkali-silica reaction. It is possible that all
three reactions occurred. Natural sand used in the concrete would provide the silica for the alkali-
silica reaction.

Portland Cement Association studies (SA-202, 1976; Daniel, Stark and Kaar, 1982a; Daniel,
Stark and Kaar, 1982b; Kaar and Stark, 1981; and Kaar and Stark, 1979) showed no rebar
corrosion. This is not surprising since the high pH of the concrete and waste should provide the
steel an adherent and protective magnetite passive film. Rebar corrosion in roadways can be
induced by the presence of CI" or CO,. In the case of reinforced concrete roadways and bridges,
CO, from the environment lowers the pH near the rebar such that the protective magnetite layer is
not stable. The addition of ClI" as deicing salt may accelerate the corrosion rate of rebar in the
passive state. While CI” is possibly present in the wastes and groundwater and was present in the
test solutions, its concentration is low. Also, CO; access to the tank walls is limited. Therefore,
rebar corrosion is not considered a significant issue although concrete property reductions will
result from waste and temperature exposure.

3.4.2 Effects of waste temperature

Abrams (Abrams, 1979) conducted a study into the effect of elevated temperatures on concrete.
Modulus of elasticity, Poisson’s ratio, compressive strength and splitting tensile strength were
measured and reported for exposure at 121°, 177° and 232° C. Concrete samples with 3,000 psi
and 4,500 psi strengths were tested, A drop in the elastic modulus occurred rapidly, then slowed
with time (up to 900 days with a 25% drop at 121° C and 50% drop at 232° C after 900 days.) The
compressive strength did not show the same rapid drop as the elastic modulus and also showed a
smaller overall decrease with a decrease of about 30% at 232° C after 900 days. The splitting
tensile strength showed a similar response to the compressive strength.
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3.4.3 Recommendation SI-7: Test Effects of Waste Exposure on Structural Integrity

Studies should determine the effects of simulated waste on concrete properties using samples
cured longer than 28 days and measuring physical and mechanical properties of the exposed
concrete. The effects of waste/concrete/rebar reactions and temperature on the structural integrity
of the tank walls should then be estimated.

3.5 CORROSION POTENTIAL MEASUREMENTS OF REINFORCING STEEL IN
CONCRETE OF SINGLE-SHELL TANKS

Knowledge of the condition of SST reinforcing steel is required to assess the structural integrity
of the tanks. It is difficult to inspect the reinforcing steel in the tank structures using common
non-d ructive I ection techniques due to the poor tank access and the composite nature of
reinforced concrete. Corrosion potential mapping is one candidate indirect technique for assessing
the condition of the rebar and concrete in proximity to the rebar. Actively corroding reinforcing
steel can result in spalling of the concrete and reduced structural integrity. Procedures for
corrosion potential mapping of reinforced concrete are described in ASTM C876-91 (ASTM
C876-91, 1999). This test method covers the estimation of the corrosion potential (electrical half-
cell potential) of uncoated reinforcing steel in field for the purpose of determining the corrosion
activity of the reinforcing steel.

The test method described in ASTM C876-91 (ASTM C876-91, 1999) is suitable for in-service
evaluation and is applicable to reinforced concrete structures regardless of size or depth of
concrete cover over the reinforcing steel. The results obtained cannot be used to directly estimate
the structural properties of the steel or of the reinforced concrete structure. It is often necessary to
use other data such as chloride contents, depth of carbonation, delamination survey findings, rate
of corrosion results, and environmental exposure conditions, in addition to potential
measurements, to formulate conclusions concerning corrosion activity of embedded steel and its
probable effect on the service life of a structure. Nevertheless, corrosion potential measurements
are a useful tool to assess whether the reinforcing steel is passive or is actively corroding,

The procedure described in the standard consists of placing a reference (half-cell) electrode on the
surface of the concrete and measuring the potential of the reinforcing steel with respect to the
reference electrode using a high impedance voltmeter. The impedance of the voltmeter must be
sufficiently high so the potential measurement is not affected. A sponge, wetted with a conductive
electrolyte, is used to provide a low resistance ionic conduction path between the reference
electrode and the concrete.

Figure 2 is a schematic showing the circuitry for performing a corrosion potential measurement.
Note that electrical connection to the reinforcing steel is required, but the connection does not
have to be in close proximity to the location of the reading. However, a continuous electrical
(electronic) path between the electrical connection and the rebar being measured must exist. This
requirement is normally satisfied in a reinforced concrete structure containing uncoated
reinforcing steel by the presence of multiple wire ties between the individual segments of the
reinforcing steel. In the case of the waste tanks, a single connection to a riser would be sufficient,
assuming that all of the risers are electrically continuous with the rebar, This could be confirmed
by means of simple resistance measurements between risers.

In most cases, a concrete structure survey is performed, which consists of a series of potential

measurements in a grid pattern on the surface of the structure. While there is no pre-defined
minimum spacing between measurements on the surface of the concrete, the spacing should be
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The vadose zone under the Hanford Site has been contaminated by the leakage of waste from the
SSTs during the past 60 years. At the present time, 67 SSTs are known or presumed to have
leaked (Roger, 2008). Seven of these 67 (Tanks 241-A-105, 241-BX-102, 241-SX-110, 24]1-SX-
113, 241-8X-115, 241-T-106, and 241-U-104) have each leaked more than 50,000 gallons of
waste (Rifaey, 2002, Appendix D). These leaks resulted from failures of the steel liners. One
objective of ongoing investigations at the Hanford Site is to determine whether the other leaks
were also caused by failure of the steel liner or mishaps during waste transfer operations such as
the failure of couplings or transfer lines (Johnson and Field, 2008).

The origins of the major leaks and the possible ori *  of some other leaks are discussed in the
next sections.

4.1 Waste wrrosion of the Li

Corrosion testing began early at the Hanford Site (Endow, 1952; Endow, 1954a; Endow, 1954b;
Endow and Sanborn, 1954; Groves, 1953; Groves, 1954; Groves, 1958; Gruber 1957, Mallett,
1954; Parks, 1957; Pitzer, 1952; Sanborn, 1949; Sanborn, 1952; Stivers, 1957; Walker, 1958; and
Ward, 1953).

The results of the early tests have been summarized by Lini (Lini, 1975) and Rifaey (Rifaey,
2002, Appendix D). In brief, the early laboratory and field work examined the corrosive
properties of bismuth phosphate, metal, REDOX and PUREX wastes. The results of these tests,
which are discussed by Lini and Rifaey, implied that general corrosion, pitting corrosion, or SCC
were not sufficiently severe to threaten the integrity of the steel liners.

Maness (Maness, 1963 and Maness, 1974) investigated the corrosive properties of relatively
concentrated solutions of sodium nitrate and ammonium nitrate. Although the outcome of the
tests depended upon the properties of the metal specimens, Maness found that SCC could occur
with these solutions at their boiling points. He observed that weldments were especially
vulnerable to nitrate ion induced SCC. Moore (Moore, 1971 and Moore, 1975) carried out C-ring
tests that demonstrated some waste simulants (including a simulant of PUREX waste) did not
cause cracking. He also found that SCC occurred in 50 weight % sodium nitrate at the boiling
point (Moore, 1971). In general, these two investigations demonstrated sodium nitrate solutions
(over 5 M) and some waste simulants caused SCC of carbon at storage temperatures over 100° C.
The same failure mode was also observed with simulated mixtures of salt cake wastes. It was
recognized that significant variations in pH of the stored wastes had occurred and that SCC
occurred more readily in the nitrate ion rich simulants when the pH was below 10. This testing
program identified the threat of nitrate ion induced SCC when the pH was less than 10 and the
temperature exceeded 100° C.

The need for additional waste storage space led to the intentional concentration of waste solutions
with attendant increases in the concentrations of the non-volatile components in the liquid phases.
The partial solidification of wastes resulted in the formation of liquids with high concentrations of
sodium hydroxide. It was recognized that exposure of carbon steel to these very alkaline solutions
may result in sodium hydroxide induced SCC. Although mixed results were obtained in the
testing programs, it was concluded that concentrated sodium hydroxide solutions with
compositions similar to the Hanford Site wastes could cause SCC of the steel liners at
temperatures above 100° C (Payer et al., 1975 and Moore, 1975). The reality of this threat has
recently been discussed by Wiersma (Wiersma, 2008) who concluded that sodium hydroxide

induced SCC was responsible for the failure of certain waste tanks (Type IV) at the Savannah
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River Site. These tanks contained more than 5 M sodium hydroxide at temperatures between 50°
and 100° C.

Lini (Lini, 1975), who first summarized the results of the testing programs, concluded that the
general corrosion rates were too small to be responsible for tank failures and the observations
regarding pitting corrosion were so difficult to interpret that they were not useful for predictive
purposes. However, Lini affirmed that liquids with 6 to 8 M nitrate ion at temperatures near 100°
C and a stress of 50 to 100 % of the yield strength can cause SCC over relatively short time
periods. He emphasized the special vulnerability of weldments to SCC.

Subsequent testing programs, which are discussed in Section 4.2, have confirmed the general
findings of Lini and provided more evidence regarding the role of nitrate ion and hydroxide ion
indu SCCinw e tanks.

4.1.3 Operations and the Origins of Major Leaks

Seven tanks (241-A-105, 241-BX-102, 241-SX-110, 241-SX-113, 241-SX-115, 241-T-106, and
241-U-104) of the 67 known or presumed leaking tanks experienced major leaks as noted in
Section 4.1. The conditions under which these tanks and some related tanks were operated are
discussed in this section to illustrate the conditions under which major leaks occurred.

The waste streams sent to tanks had different thermal characteristics. The bismuth phosphate,
TBP and metal wastes were warmed by the decay of radioactive isotopes, but temperatures in the
waste tanks that held these wastes were generally manageable. The situation was very different
for REDOX and PUREX wastes. Radionuclide decay in these two wastes heated the aqueous
solutions in the tanks to their boiling points in a matter of months. The 241-A, 241-AX, and
241-SX tank farms were designed to retain these boiling liquids for years. Nevertheless, two of
the five tanks in 241-A farm and nine of the fifteen tanks in 241-SX farm leaked. Tanks 241-A-
105, 241-SX-110, 241-SX-113, and 241-SX-115 experienced major leaks.

Johnson and Field recently reviewed, compiled and evaluated SST information about known and
assumed leakers and produced a useful Leak Assessment Report (Johnson and Field, 2008). To
date, Johnson and Field’s work includes a published Leak Assessment Report for the 241-A and
241-AX tank farms (Tanks 241-A-103, 241-A-104, 241-A-105, 241-AX-102 and 241-AX-104).
The Panel found this Leak Assessment Report very helpful in understanding the status of data and
information about the subject tank farms.

The Leak Assessment Report concludes that the ground contamination associated with Tanks
241-AX-102 and 241-AX-104 resulted from leaks in external Dresser couplings or nearby
condensate lines rather than from a failure of the tank liners (Johnson and Field, 2008). The
evidence for leakage from Tank 241-A-103 is also questionable according to their analysis.

Rogers (Rogers, 2008) indicates that Tanks 241-SX-104 and 241-SX-107 through 115 are known
or presumed to have leaked. Tanks 241-SX-110, 241-SX-113, and 241-SX-115 experienced large
leaks.'

The as yet unpublished report regarding the 241-SX farm indicates that the soil contamination associated
with Tank 241-SX-104 did not occur as a consequence of the failure of the steel liner.
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Godfrey and Schmidt (Godfrey and Schmidt, 1969) provided an assessment of the status of the
SX Farm. Rifaey (Rifaey, 2002, Appendix D) included this information in the assessment of tank
integrity. The main features of the 1969 investigation are summarized in Table 2.

The 241-SX tanks were constructed as the first tanks designed to contain self boiling wastes.
More important, the connection between the bottom plate and the side wall was made without a
curved knuckle, Rather the side wall and the bottom were welded with a fillet joint at the juncture
of the side wall and the bottom plate.

In contrast with the substantive commentary regarding the operation of these tanks at high
temperature and the bulging of the steel liners, there is only brief commentary concerning
corrosion of the liners. Rifaey (Rifaey, 2007. Appendix D) suggests hydroxide ion induced SCC
was partially responsible - the failure o1 _ _nk 241-SX-113.

Rifaey (Rifaey, 2002, Appendix D) has described the leaks in Tanks 241-BX-102 and 241-T-106.
Since they appear to have failed in the same manner, they are discussed together. Tank 241-BX-
102 was first filled with waste in 1948. Between 1959 and 1969, radioactivity was detected in a
nearby drywell. Although the origin of this radioactivity is apparently disputed, Rifaey concludes
it arose from a leak in Tank 241-BX-102. In 1969, the readings in the drywell were declining, but
increased when operations were initiated. The readings increased steadily and additional drywells
were drilled to determine the extent of the contamination. The pattern of contamination implies

Table 2: SX Tank F~-m waste history.

Tank Preheated | Preheated | wviyuid First Waste Boil Boil Failure Bulge Bulge Present
(241-) Interval Heel Waste Type with Began Date Inspection | Observed Status
Used Added waste

SX-
101 No No May-54 REDOX Yes Nov-54 None No Sound
SX- 101
102 No No Sep-54 Cascade No None No Sound
SX- 102
103 No No Nov-54 Cascade No N¢ No Sound
SX-
104 No No Feb-55 REDOX Yes Jun-55 None No Leaker
SX- 104
105 No No May-55 Cascade No None No Sound
SX-
106 No No Jun-54 Condensate No None No Sound
SX-
107 No Yes Mar-56 REDOX Yes Jun-56 1964 Yes Yes " eaker
SX-
108 No No Nov-5° "EDOX Yes Jun-56 1962 Yes Yes Leaker
SX-
109 No No Sep-55 REDOX Yes Dec-55 1965 Yes No Leaker
SX-
110 Yes 7 Months No Nov-60 REDOX No Jan-61 1976 No

| SX-
111 No No Jun-56 REDOX Yes Nov-56 1974 No Leaker
SX-
112 No No Feb-56 prmo Yes Mar-56 1969 Yes Yes Leaker
SX-
113 No No Feb-58 REDOX Yes Apr-58 1958 Yes Yes Leaker
SX-
114 No No Nov-56 REDOX Yes Jun-57 1972 No Leaker
SX-
115 Yes 11 Months Yes Nov-59 REDOX Yes Nov-59 1965 No Leaker

Note 1: Except for Present Status, the information is fc

" in Godfr d Schmidt (1969).

Note 2: Roger (2008) reports the present status of these tanks.
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that waste was released on the southeast edge of the concrete shell near the tank footing. It was
concluded the tank wall failed by pitting corrosion 22 inches above the tank bottom (Rifaey,
2002, Appendix A).

Tank 241-T-106 received first cycle decontamination waste and cladding waste (Anantatmula,
Schwenk and Danielson, 1994). Rifaey concludes that Tank 241-T-106 failed in the same manner
as Tank 241-BX-102 (Rifaey 2002, Appendices A and D) on the basis of the observation that
drywell readings exhibited the same pattern. However, the leak in Tank 241-T-106 was much
larger, approximately 115,000 gallons of waste leaked from the tank (Rifaey, 2002, Appendix D).

Tank 241-U-104 was placed in service in 1945 when it received metal waste. Rifaey (Rifaey,
2002, Appendix A) indicates the waste in this tank boiled. This waste was removed from the tank
in 1953, andt »ection of the in  ior of the tas oy periscope .no abn lities
(Roberts, 1961). After the removal of waste in 1956, it was discovered that the steel liner had
bulged upward by approximately five feet in the center of the tank (Cluckey, 1956; Operations
Managers Reports, 1956, 1958; Rifaey, 2002, Appendix A). Approximately 50 % of the tank
bottom was covered with liquid. Photographs of the steel bottom showed that it buckled, but did
not indicate the bottom had ruptured. Additional photographs of the liner walls and concrete
dome lacked sufficient resolution to determine whether corrosion had occurred. Water was added
to the tank in July, 1956 to determine whether it was leaking. Initial water level measurements
suggested the tank was sound. In 1961, it was discovered that approximately 45,000 gallons of
water had leaked from the tank between July, 1957 and March, 1961 (Hanson, 1961; Roberts,
1961). The tank was declared a confirmed leaker in 1961.

Approximately 55 tons of diatomaceous earth was added to the tank in 1972 to absorb the
remaining water (Brevick, 1996). The diatomaceous earth addition did not appear effective as
radioactivity was detected in a drywell between Tanks 241-U-104 and 241-U-105 in September
of 1978. The leak was attributed to Tank 241-U-104, which contained 4.25 feet of wet and dry
solids. The small amount of liquid in the waste appeared in two small shallow pools
approximately five feet in diameter.

4.1.4 Contributory Factors

First, the steel liners were not heat treated to relieve stresses associated with weldments and were
therefore especially susceptible to SCC. This vulnerability is well documented in the corrosion
literature. Another construction feature that apparently contributed to the failure of the tanks in
the SX farm involved the replacement of the “radiused knuckle” region by a single, essentially
perpendicular fillet welded joint between the bottom and the side wall. Rifaey (Rifaey, 2002)
describes this vulnerability.

Second, although important uncertainties remain about the waste compositions delivered to the
SSTs during early years of operation’, it is evident that many SST wastes could cause pitting and

? The tanks were not sampled on a regular basis. However, one report (Sanborn, 1949) concerning wastes
in Tanks 241-T-101, 241-T-102, and 24]-T-103 provides insight regarding their actual compositions. Two
of these tanks are presumed to have leaked. The pH of these bismuth phosphate process wastes were
between 9.8 and 10.1. The temperatures varied from 35° to 80° C. The solutions contained 3M sodium ion
and 0.6M nitrate ion with modestly smaller amounts of carbonate, sulfate, and phosphate ions. Little is
known about the nitrite ion content, but_Anderson (Anderson, 1990) implies that it was not used in the
process.
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cracking under the storage conditions. Plant records indicate nitrate ion wastes were stored at pH
less than 10 and many of the wastes had low concentrations of nitrite ion. Indeed, Anderson
(Anderson, 1990), who has formulated the chemical compositions of the principal process wastes,
indicates that only cladding waste contained nitrite ion. Later operations led to the concentration
of wastes and the selective increase in the concentration of the very soluble sodium hydroxide.

Third, the original waste tanks were operated at relatively high temperatures. Some tank farms
were maintained at temperatures greater than 100° C for years. These operating conditions had
several important consequences.

The rates of pitting, SCC and corrosion at the LAI increased with temperature.

H | a1 ature operatioo alsc ed the ph properties of t. icasements. Asphalt
coating softens between 30" and 150" C. These temperatures were reached or exceeded in many
tanks. Streaks and stains shown in sidewall photographs indicate asphalt has flowed down the
inside of the steel liners (Rifaey, 2002, Appendix A). Some stains originate from asphalt that
overflowed the top of the liners, other stains appear associated with pits or cracks.

High temperature operations concentrated the waste solutions and caused solids to precipitate on
the bottom of the tanks. Superheated water entrapped in these poorly heat conducting solids
produced steam that caused frequent bumping and, occassionally, vigorous explosions that
expelled waste from the tanks.

Bumping was a recognized problem during the early operations of 241-S farm (Rifaey, 2002).
241-A, 241-AX and 241-SX farms were designed to contain boiling wastes. The energetic events
presumably added to liner stresses. The bottom plate in at least one 241-SX tank had numerous
plastically deformed ridges approximately 6 inches high and 1 to 2 feet in length (Rifaey, 2002,
Appendix A). These ridges were attributed to thermal expansion of the bottom plate. Rifaey
(2002, Appendix D) asserts that simple two dimensional calculations show a temperature
difference of 70° C is sufficient to “create a thermally induced structural instability in a flat plate
of A283, Grade C carbon steel and that tanks which received boiling waste may have been
subjected to thermally induced loads sufficiently high to fail the bottoms.”

4.1.5 Leak Origins and Paths

Leaks described in Section 4.1.3 did not all originate in the same manner. One small leak
occurred high on the side wall in Tank 241-A-105. Although its origin has not been determined,
this leak apparently occurred below the surface of the supernatant layer. These circumstances are
compatible with either pitting or SCC.

The major leaks in Tanks 241-BX-102 and 241-T-106 (which did not contain boiling waste)
occurred on the side wall, presumably in the knuckle region of the tanks. These leaks have been
attributed to corrosion at the Liquid Air Interface (LAI) in tanks that were left stagnant for years.

The major leaks that occurred in Tanks 241-A-105 and the 241-SX farm probably occurred due to
mechanical ruptures. Other leaks may have originated from pitting, SCC, or weakening of the
mechanical strength of steel plates by pitting or SCC. One of the explanations for failure
postulates that SCC of the steel liner provided a leak path that allowed liquid to seep into spaces
between the bottom of the steel liner and the concrete base. Heating vaporized this trapped liquid
and led to substantial pressures, adding to the stress on the steel. Regardless of exact cause, these
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and ongoing investigations since 2000 (Brossia, 2008a, 2008b; Brossia, et al., 2006; Carranza, et
al., 2006; Durr, 2005; Hoffman and Subramanian, 2008; Wiersma, 2008; Hoffman, et al., 2008),
have examined the factors that govern rates of liner corrosion. These investigations established
that corrosion rates depend upon steel properties, potential, temperature, concentrations of
aggressive substances (such as nitrate ion), and inhibitors (such as nitrite and hydroxide ion).

The testing programs generally examined the influences of potential, temperature and
composition on corrosion and often used Cyclic Potentiodynamic Polarization (CPP) and Slow
Strain Rate Testing (SSRT) for the study of waste simulants.

The CPP test provides information regarding the corrosion potential and the propensity for the
solution to cause pitting corrosion (ASTM, 2003). The specimen is first scanned in the anodic
direction, = nt :an direction is sed at a pre- mined potential orc  nt. Any
hysteresis (increase in current during the backscan relative to the upward scan) provides an
indication of pitting, while the size of the loop relates to the amount of pitting. If pitting occurs,
the potential at which the current increases rapidly, the pitting potential, and the potential at
which the current drops significantly during the backscan, the repassivation potential, are
measures of susceptibility to pitting. These critical potentials can be compared to the corrosion
potential.

The SSRTs define the compositional and potential regions where SCC does or does not occur
(ASTM, 2006). The specimen, immersed in the test simulant, is slowly strained to failure while
being maintained at a specific potential or while left at the free corrosion potential. The failure
strain is noted and the fracture surface of the specimen is then examined visually and by scanning
electron microscopy for evidence of SCC.

The testing programs have identified waste compositions vulnerable to pitting corrosion,
corrosion at the steel-LAI, and nitrate ion promoted SCC.

4.2.4 Evaluation of Corrosion Risk in the Unretrieved SSTs

Two criteria were employed to assess the propensity for corrosion in the present compositions in
the unretrieved SSTs.

First, the nitrite ion/nitrate ion concentration ratio was examined in each layer (for which
compositional information was available). The results of the testing programs discussed in
Sections 4.1.2 and 4.2.3 indicate that SCC does not occur in Hanford Site waste simulants at open
circuit potentials when the nitrite ion to nitrate ion concentration is greater than 0.1, the pH is
greater than 11, and the temperature is less than 50° C (Brossia, 2008a and 2008b).

Second, the Corrosion Control Chemistry Limits (Kirsch, 1984; HNF-SD-WM-TSR-006, 2008;
Powell, 2009) established for DSTs at temperatures less than 75° C were applied to the SST
wastes. These more complicated limits depend on the amount of nitrate ion in the waste. When
the nitrate ion concentration is greater than 3 M, the hydroxide ion content must be greater than
0.3 M and the sum of the nitrite ion and hydroxide ion concentrations must be greater than 1.2 M.
When the nitrate ion concentration is between 1.0 and 3.0 M, the hydroxide ion content must be
greater than 0.1 M nitrate and the sum of the nitrite ion and hydroxide ions must be greater than
0.4 M nitrate. When the nitrate ion concentration is less than 1.0 M, the hydroxide ion content
must be greater than 0.01 M and nitrite ion and hydroxide ions must be greater than 0.011 M.
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The application of the same criteria to the former contents (Hu, 2007) of the 10 SSTs that have
been retrieved implies 9 of these tanks were also noncompliant. However, most of these retrieved
wastes contained very low concentrations of nitrate ion and the propensity for corrosion is not
well defined by the DST criteria.

4.2.5 Other Contributory Factors

Long term storage of the wastes in the SSTs has created three other problems that deserve
attention.

First, the solid layers of some SSTs have become layered and inhomogeneous as a consequence
of waste transfer operations that mixed several waste types. Important variations may exist in
la. com; tio: thatarenotmanif inthea a; compositions utilized in the analysis.

Second, groundwater might have infiltrated into waste tanks through cracks in the dome or
sidewalls. Rain water might have infiltrated into tanks through risers and other dome openings.
There are two related concerns. Many SSTs contain very small amounts of liquid. Therefore, the
intrusion of water could adversely alter the pH of the surface layers. Also, the addition of dilute
condensate solutions to the DSTs sometimes results in the formation of a separate layer with a pH
between 10 and 11 that might be vulnerable to corosion of the steel at the LAL

Third, operations in which commercial grades of sodium hydroxide have been added to the waste
tanks simultaneously introduced corrosive chloride ions into the waste tanks.

4.2.6 Future Liner Corrosion Mitigating Factors

Two natural factors will tend to mitigate the propensity for future corrosion of the unretrieved
SSTs.

First, the temperatures of the wastes in the 19 SSTs containing noncompliant wastes are less than
25° C. The corrosion rates might be so slow at this temperature that neither new pits or SCC are a
credible concern.

Second, ammonia, a common constituent of the SST wastes (Meacham, 2008), might inhibit
corrosion af the LAI and on the steel walls in the dome spaces.

Several reports indicating the potential effectiveness of ammonia as an inhibitor of corrosion have
appeared in the technical literature. This was noted in an early report from the Hanford Site
(Endow, 1954a; Rifaey, 2002, Appendix F). Congdon (Congdon 1986a and 1986b) pointed out
that ammonia inhibited corrosion at the LAI and in the vapor above Savannah River waste
simulants. Anantatmula (Anantatmula, 1996, Anantatmula, et al., 1996, Anantatmula and
Berman, 2003) reported that 100 parts per million (ppm) concentrations of ammonia suppressed
vapor phase corrosion at high relative humidity with Hanford Site wastes. Subsequently, Frye,
Duncan and Wyrwas (Frye, Duncan and Wyrwas, 2008) demonstrated the addition of 0.3 M
ammonia to a dilute waste simulant with 0.48 M nitrate ion and 0.04 M nitrite ion prevented
pitting corrosion in sotution during CPP testing of another Hanford Site wastes.

4.2.7 Conclusion

There are 19 nitrate ion rich unretrieved SST wastes that presently contain nitrite ion/nitrate ion
concentration ratios less than the minimum value (0.1) presumed to protect the DSTs from SCC,
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The challenges in applying NDE techniques to SST liners also apply also to the NDE of the SST
concrete (see Section 3.3).

4.3.2 Guided Wave, Ultrasonic Technology to Assess the Presence of Macroscopic
Degradation.

Guided waves are the basis for a form of ultrasonic inspection in which the energy is confined by
the surfaces of a part. Ultrasound can propagate in the form of waves with two polarizations,
longitudinal and transverse (T). If one thinks of a plate, and imagines these waves propagating at
an angle with respect to the surface normal, it is obvious that the waves will be reflected each
time they encounter a surface and hence will bounce back and forth down the plate. At each of

tl reflections, there will generally be two waves coming back, a reflected wave of the same
polarization as the incident wave and a wave of the other polarization (known as the mode
converted wave). In general, the superposition of these multiple reflections and mode conversions
will produce a very complex and difficult to interpret wave pattern. However, for any given plate
thickness, at certain combinations of frequency and angles, the multiple reflections and mode
conversions form a stable pattern, characterized by a specific variation of dynamic stress and
strain across the thickness of the plate that propagates without change (in the absence of
attenuation) for long distances. This transverse variation is somewhat analogous to a drumhead
mode of a particular shape. The electromagnetic modes of a waveguide (e.g., microwave
technology) are a consequence of the same general principles. The fact that one can hear a train
coming from a long way off by putting one’s ear to the rail is a mechanical example. The rail
guides the vibrations created as the train’s wheels roll over the rail to the listener’s ear with very
low loss. Many textbooks describe guided wave propagation, with one of the most recent written
by Rose (Rose, 2004).

Guided waves are characterized by three parameters: frequency, phase velocity (rate at which
phase fronts move down the plate), and group velocity (rate at which energy moves down the
plate), all of which are a function of the plate thickness. Guided wave behavior is relatively
simple when the wavelength (ratio of phase velocity to frequency) is larger than the plate
thickness, becoming much more complex for shorter wavelength (because of the complicated
nature of the interference patterns mentioned above). Accordingly, guided wave inspections are
generally performed at lower frequencies than conventional ultrasonic inspections, in which
generally the frequency is less than the wall thickness.

The practical advantage of guided waves is they can rapidly obtain information about large
structures since the structure is scanned at the speed of sound rather than a mechanical scanning
rate. However, less detailed information is obtained since the waves integrate information from
the region through which they propagate. For this reason, guided waves are often used as
screening tools, with other tests added if a positive indication is obtained.

Over the last decade, the interest in NDE with guided waves has grown rapidly. This is due to
pipe inspection needs in chemical plants, below grade, etc. References include the plenary paper
by Cawley (Cawley, 2003) and papers presented at a number of special sessions in recent
conferences (Thompson and Chimenti, 2009). Commercial application of this technology is
underway, but the development of codes and standards is still in its early stages.

A key design decision is the selection of the operational frequency. Several engineering trade-offs
must be considered. Low frequency waves generally have a lower attenuation and hence can
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by the same general considerations that are applied to the steel walls of the DSTs and focused on
evaluating general wall thinning and weld defects. '

A series of techniques should be considered, including the following: visual examination using
cameras, fluid coupled ultrasound implemented in a fashion similar to that employed in the DSTs,
ultrasonic guided waves implemented using EMAT (of a more localized nature than those
discussed in Section 4.3.2), and vibrothermography. The motivations for the first two techniques
are based on DST project experiences. The advantage of guided wave techniques is that they can
rapidly provide information about defects in a large volume of material as the waves scan the
material at the speed of sound. The disadvantage of guided wave techniques is the output is not as
quantitative as more traditional techniques. Guided wave techniques, therefore, should be used as
a screening tool to determine if further inspection is necessary. To scan more localized areas than
those discussed in Section 4.3.2, higher frequenc  would be required.

Vibrothermography induces a high amplitude vibration (20-40 kHz) in a local region of the
structure. Surfaces of cracks will rub against one another as a result of this vibration, generating
friction heat that can be detected by an infrared (IR) camera. Since Vibrothermography is an
emerging technique, technical details are still being resolved. Consideration would need to be
given to the ability of the IR camera to operate in the hostile environment inside the tank.

4.3.5.1. Recommendation LD-7: Assess Deployment of Local Non-Destructive Evaluation
Techniques

The Panel recommends assessing the feasibility of deploying candidate local measurement
techniques (such as fluid coupled ultrasound, ultrasonic guided waves implemented using
EMATS, and vibrothermography) operated as end effectors on a mechanical arm. Deploying such
technologies should be based on the outcomes of other NDE recommendations (e.g. discovery of
cracks via visual inspection) and a cost benefit analysis that analyzes the difficulties of employing
candidate local measurement techniques.

4.3.6 Low temperature fracture behavior of A285 steel and the ductile-to-brittle-
transition temperature

4.3.6.1. Fracture toughness and ductile-brittle-transition temperature

SSTs were constructed from hot-rolled mild steels such as A285, A283 and A201 (RPP-11788).
As with all steels, the fracture properties are temperature dependent. The fracture toughness
(ductility) drops sharply with temperatures below a critical value. This ductile-to-brittle transition
temperature (DBTT) is measured by Charpy or static fracture toughness tests. This temperature is
reported as approximately 50° F for the Hanford tanks. As the temperature of some tanks is
currently 70° F, it is important to consider the implications of activities (such as gelling the tank
waste through cooling) that would further reduce tank temperatures.

Several factors favor a lower DBTT in Hanford tank liner steels. Charpy tests utilize impact
loading which tends to decrease the fracture toughness and increase the DBTT relative to static
tests. A shift of 100° F has been reported (Rana, 1994) between dynamic tests and static tests for
carbon-manganese (C-Mn) steels. Further, the thin tank liners are loaded in plane stress
conditions that increases fracture toughness relative to thicker samples or plane strain test
conditions.
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Above the DBTT the behavior is referred to as upper shelf fracture toughness. It has been
reported that the fracture toughness (Jc) and static fracture toughness (K;) for welded A285
Grade B steel is 620 inch-Ib/inch® (110 kJ/m?) and 143 kips per square inch (ksi) in 1/2 (157
fracture toughness (MPa-m"™)), respectively (Sindelar, et al, 2000). All tests failed by ductile
fracture. These are all very high fracture toughness values supporting the idea that these steels are
very resistant to fracture as long as the temperature is above the DBTT.

The lower shelf toughness of tank liners is much lower than the upper shelf fracture toughness but
still may be sufficient to resist fracture. Values of 30-50 ksi in 1/2 have been reported for SA
533B-] and a Cr-Ni-Mo-V steel (Ritchie et al, 1979 and Holzman et al. 1995). If the A285 steel
has similar values, cooling the tank m" * not raise issues. A stress equal to the yield strength,
30,000 psi, the lower shelf toughness values results in a critical flaw size of 0.3 inch. Existing
stress corrosioncra  wouldli y  much than 0.3 inch 1 )id crack growth would be
expected at the lower shelf temperatures if sufficient stress and stress corrosion cracks were
present.

4.3.6.2. Aging effects on fracture toughness

A number of processes can embrittle steels. Most common is grain boundary segregation of
species such as phosphorous, sulfur, and antimony that occur at temperatures of 500° C. These
temperatures are well above those the SSTs have experienced.

Another process, strain aging, occurs in deformed materials when mobile interstitial atoms such
as carbon and nitrogen migrate to dislocations and cause an increase in the yield strength and
decrease in the ductility. Deformation occurs in the heat affected zone (HAZ) of welds at
temperatures of approximately 25° C. The tanks were warmer than this for most of their lifetime
so this embrittlement process is not likely to have occurred.

The third process, carbonitride precipitation, also results in a strength increase and ductility loss.
It occurs at moderate temperatures of 200° C to 300° C. Given the lack of information, it is
difficult to predict whether carbonitride precipitation has occurred in the SST A2835 steel. Small
steel samples would assist in determining whether hardening of the steel, and possible thermal
embrittlement, has occurred.

4.3.6.3. Recommendation LD-9: Consider Testing Tank Liner Hardness

The feasibility and cost of removing small samples from the tank liner for hardness testing should
be evaluated. If feasible and cost effective, samples should be removed from a tank that
experienced the highest temperature to determine if hardness increases have occurred.

4.3.7 Effects of wall thinning and temperature on residual stress at welds

4.3.7.1. Stress Relaxation of residual stresses

The tank liners are compression loaded primarily from their own weight and the weight of liquids
in the tanks. Tensile stresses necessary for driving SCC result primarily from residual stresses
around non-stress-relieved welds and hoop stresses caused by the sludge and saltcake.

Knowledge of the extent of 60 years of stress relaxation in the steel liners would help identify
future risk for SCC.
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5.0 LEAK IDENTIFICATION AND PREVENTION
5.1 Leak Detection
5.1.1 Leak Detection Systems

Monitoring for leaks in the SSTs is accomplished through in-tank detection systems (Miller,
2008). In-tank systems provide the ability to determine if a leak event has occurred. The SST in-
tank leak detection program operates on the assumption that liquid or semi-liquid waste levels
will decrease in response to a leak, but solid levels will not. Selection of the leak detection system
therefore depends in part upon the type of waste surface. In addition to level decreases, these
systems also monitor for liquid intrusion into the tanks.

The ENRAF™ level gauge is the most accurate gauge used in the SSTs. It tracks level changes in
tank waste by using a load cell to monitor the buoyancy of a displacer. The displacer is lowered
until it encounters an upward force from a solid or liquid surface. It then tracks the position of the
displacer, and reports the level of the solid or liquid surface that it has contacted. The gauge is
claimed to be accurate within 0.01 inch (equivalent to approximately 27 gallons). For purposes of
leak detection, the ENRAF™ gauge needs a free liquid surface below the displacer. Since nearly
all of the tanks have been stabilized (i.e., free liquid and most of the interstitial liquid drained),
the gauges are typically utilized for liquid intrusion monitoring.

Manual tape (MT) measurements are performed on several tanks. The system consists of a
measuring tape and plummet. The tape and plummet form an electrical circuit connected to a
continuity meter. The tape and plummet are manually lowered into the tank until they contact a
conductive surface. In open air, the circuit remains open and the continuity meter displays no
current flow. Contacting the waste surface closes the circuit, as indicated on the continuity meter.
The measurement on the tape indicates the level of the waste. Since dry waste surfaces conduct
electricity poorly, MTs are typically used to detect liquid intrusion.

Monitoring the level of the interstitial liquid in the SSTs is accomplished via a liquid observation
well (LOW). Since 1985, 79 of the SSTs have been equipped with LOWSs for the purpose of leak
detection and/or intrusion monitoring (Miller, 2008). A LOW is a three-inch diameter hollow
tube constructed of fiberglass, steel or TEFZEL™, which is capped at the bottom, and inserted
into the solid waste to within approximately two-inches of the tank bottom (Barnes, 1995). The
interior of this tube can be opened to the atmosphere via surface risers, but is isolated from the
waste, thus providing a surveying environment free from direct contamination. The LOWs are
surveyed using wireline-logging techniques that are common to the geophysical and petroleum
industries. Thermal neutron and gross gamma ray probes are utilized to survey the waste. The
resulting surveys, which are plots of depth vs. count rate, are then evaluated to determine the
depth of the liquid. This system is claimed to be accurate within approximately 0.25 inches
(which correlates to approximately 690 gallons in a one million gallon tank). Plots of the derived
liquid interface against time are utilized to document trends and changes in liquid levels.

5.1.2 Leak Detection Monitoring Requirements and Best Management Practices

Regulatory requirements for leak detection monitoring (LDM) of SSTs are delineated in RPP-
9937, Rev. 3 (Miller, 2008) and summarized in Table 4. These regulations address the technical
feasibility of LDM. Best Management Practices (BMP) supplements the requirements by, where
necessary. These practices are not derived from regulations, but are recommended to provide an
assessment of leakage from the tanks.
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Table 4: LDM and BMP requirements for SSTs based on Miller (Miller, 2008).

Category # of SSTs LDM and BMP requirements
This category includes: (1) Tanks of As a BMP, these tanks are monitored
suspect integrity (see Note 1) for which annually for liquid intrusion using
LDM is technically feasible, meet the 71 currently available monitoring systems
interim stabilization criteria, or (2) supplemented by visual photographic
contain liquid volumes that are not inspections on an as needed basis.
technically feasible to detect.
This category includes: (1) presumed As a BMP, these tanks are monitored
sound tanks for which LDM is annually for liquid intrusion and
technically feasible, meet the interim supplemented by scheduled visual
stabilization criteria, intrusion photographic inspections.
p tion has been comg - (2) 72
presumed sound tanks that contain
liquid volumes that are not technically
feasible to detect, or (3) tanks that have
been retrieved.
This category includes tanks for which Presumed sound tanks for which
LDM is technically feasible; yet do not intrusion prevention has been completed
meet interim stabilization criteria. require quarterly LDM or intrusion

monitoring.

6 Tanks that contain greater than 40,000
gallons of drainable interstitial liquid and
do not have complete liquid intrusion
prevention require weekly LDM or
intrusion monitoring.

Tanks in which water intrusion has been

detected require weekly monitoring.
This category includes, (1) tanks for Tanks that meet interim stabilization
which LDM is technically feasible, the criteria yet have not completed intrusion
interim stabilization criteria have been prevention activities would be monitored
met, and do not have intrusion 0 on a weekly basis using the current level

prevention completed, (2) presumed
sound tanks that do not meet the interim
stabilization criteria and have completed
intrusion prevention.

monitoring systems.

Presumed sound tanks that do not meet
the interim stabilization criteria and have
completed intrusion prevention would be
monitored on a quarterly basis.

Note 1: A tank is of suspect integrity if it has been declared a known or assumed leaker, has a

bulged liner, or stored boiling waste.

5.1.3 New or Enhanced Monitoring

The vadose zone monitoring system implemented to monitor performance of the 241-T Tank
Farm Interim Cover Test (Zhang and Keller, 2006) is an excellent system for tracking infiltrating
meteoric water. Expansion of this monitoring system could result in early detection and tracking
of leaks. The parameters monitored by this system include: 1) soil water content, 2) soil water
pressure, 3) soil temperature, and 4) calculated soil water flux. The technologies used to measure
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these parameters meet most criteria for detecting the movement of pore liquids in the vadose
zone, are relatively robust, have withstood peer review in the literature for the calculation of flux
conditions, and are readily available from commercial sources. These technologies included:
neutron moisture monitoring probe, capacitance probe, and heat-dissipation sensors. A datalogger
and a meteorological station are also incorporated into the monitoring design.

Early reporting of the results of this monitoring system (Zhang et al., 2008) are promising.
However, several items in the performance monitoring system for the T Tank Farm Interim Cover
Test are needed to determine if the system is optimized. Evaluation of additional time series data
(e.g., monitoring data from fiscal year (FY) 08, Zhang et al., 2008) will provide additional basis
for evaluating longer-term operational performance. Several example items, as discussed below,
illustrate the need for further consideration of specific monitoring design and installation features.

The backfill in the annulus surrounding the heat dissipation sensors (HDS) was specified as 20/40
sand. Heat dissipation sensors provide an indirect measurement of the matric potential of soil
water. The sensor is generally heated for a fixed time period. Since water conducts heat much
more readily than air, the rate of heat dissipation is controlled by the water content of the porous
matrix. Heat dissipation sensors consist of a heater and a temperature sensor in a porous matrix
material that equilibrates with the surrounding soil. The HDS are installed in very fine and wet
silica flour slurry surrounded by 20/40 sand (coarse and dry); the native material also appears to
be typically coarse and dry. Because of the difference in the nominal pore size distribution and
moisture content between the HDS installation and the surrounding coarser sand, the potential for
a capillary barrier may exist around the silica flour slurry, thus preventing equilibration of water
in the porous matrix of the sensor with water in the surrounding formation native material. If a
capillary barrier does exist, the HDS will remain wet (in the range of -0.2 to -0.4 bars) because
moisture cannot move freely out of the slurry and dissipate into the surrounding materials,
resulting in an erroneously high HDS measurement of the formation soil water content and matric
potential. Soil water potentials are between 1 bar and saturation (Zhang et al., 2008), suggesting
the potential for significant movement of liquids in the vadose zone. The range of soil water
potential reported appears higher than anticipated for the soils commonly encountered on the
Hanford Site.

It is not clear if the HDS probes (specifically the ceramic probe tips) were installed in a wet or
dry condition. Equilibration of water in the ceramic probes and in the surrounding soil can result
in unreliable gradient calculations as monitoring data will appear to show the soil wetting or
drying. Other installations have shown significant equilibration time required for probes to match
the potential of the surrounding material. This ‘equilibration’ phenomenon should be taken into
account when evaluating future monitoring data.

Soil flux drain ganges (Zhang et al., 2008) did not collect drainage water. Zhang (Zhang et al.,
2008) concluded that hydraulic properties of material in the drains were not adequately
characterized to determine the proper height of the divergence control tube. Moisture may have
been diverted around the drain gauge due to gradients induced by the instrument itself.

5.1.4 Recommendation LIP-1: Continue L.eak Detection Monitoring and Best
Management Practices and Enhance Monitoring Capabilities

The panel recommends continuing to maintain the current LDM and BMP approach. These
practices, coupled with interim stabilization of the waste, provide a means of minimizing the
potential for leakage of waste to the environment. The Panel further recommends installing
enhanced monitoring based on potential leak risks at each tank farm. The 241-T Tank Farm
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opening, Whitman measured a leak rate of less than 0.001 gpm with a pressure head of water of
37 feet.

Several forces drive liquid leak rates from sludge and saltcake. Crack pressure and capillary
forces attract the liquid, capillary action in saltcake and sludge repel the liquid. An analysis
performed at Savannah River National Laboratory (SRNL) (Mertz, 1999) has predicted a leak
rate of 0.09 gpm for a six inch through wall crack. The fluid was assumed to have a viscosity of 5
to 10 centipoises (cP). This is a viscosity approximately 10 times greater than water. However,
even this small leak rate results in the leakage of 47,304 gallons/year. Sludge has a viscosity of
20-30 cP so it is likely the leak rate will be less than 47,304 gallons/year. Mertz (Mertz, 1999)
also estimated the I ¢ rate for fluid with a viscosity similar to water leaked at 0.36 g or
approximately 190,000 gallons/year. These results indicate unacceptable leaks could occur if leak
mitigation methods are not implemented.

5.2.1 Recommendation LIP-5: Evaluate Sludge and Saltcake Liquid Leak Rates

The Panel recommends evaluating liquid leak rate assessments through sludge and saltcake from
the Savannah River Site to determine if the results are applicable to the Hanford Site SSTs.

5.3 Test for ionic conductivity between the inside and outside of tanks.

Tt is possible that ionic pathways to the ground through liner cracks exist underneath the sludge
and saltcake layers. If such a condition exists, new leaks might be generated during sluicing
operations.

It might be possible to test for ionic conductivity by inserting a probe into the tank sludge layer
and another outside of the tank in the ground and measuring the resistance or impedance between
the two. Figures 6 and 7 show schematic illustrations of electrodes in and outside of an SST.
Between these electrodes are various phases that provide resistance. To measure a resistance, a
small current must be passed. Note that electrical current can be carried either by electrons in an
electrical conductor such as metal or by ions in an ionic conductor such as sludge, saltcake, or
soil. Current can also change between electronic and ionic conductors as the result of
electrochemical reactions at the interface of an electrode and electrolyte.

It is reasonable to assume that a good electrical connection could be made between a metal probe
immersed in the tank sludge or saltcake (labeled Metal 1 in Figure 6) and a resistance meter such
that the resistance along that connection would be essentially zero.. A resistance exists across the
metal/sludge interface. In fact, an equivalent electrical circuit consisting of a parallel resistor and
capacitor can represent the electrical response of many electrode/electrolyte interfaces. The
resistance, called polarization resistance (Rp), is inversely proportional to the rate of the
electrochemical reaction. If the metal electrode is corroding, then the polarization resistance is a
measure of the corrosion rate, The capacitance is associated with the electrical double layer that
sets up at this interface and is called the double layer capacitance.

Following the electrical path to the right, the ionic current would flow through the sludge or
saltcake (indicated in Figure 6 as sludge for simplicity) until reaching the next barrier, the tank
liner. Transport resistance through the sludge can be represented by a resistor, the value of which,
Rstudge» would depend on the resistivity of the sludge and the geometry of the current flow (length
and cross-sectional area). Assuming that the tank liner is intact with no ionic pathway connected
with a through-crack, the current would have to convert to electronic current at the sludge/liner
interface. This interface can be represented by another parallel resistor and capacitor as shown in
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phase, Ry,. The next phase is the concrete, which has a resistivity associated with the pore water,
which reaches equilibrium with the calcium hydroxide in the cement. The conductivity of
concrete, and the next phase, which is soil, depends on the amount of water available. Both
concrete and soil can be quite conductive if enough water is present, which would allow passage
of ionic current uniil reaching the interface associated with the electrode in the soil, Metal 2.

If the liner is breached by a through crack, then it is possible for part of the equivalent circuit in
Figure 6 to be shorted. At a minimum the crack would short the two liner interfaces and it might
also short the tar layer. If the resistance of the crack were low compared to the resistances of
these interfaces and phases, then the current would flow as ionic current from the sludge to the
concrete. A resistance meter operating in DC mode might sense the difference in resistance
between a shorted and sound tank. One would have to use a tank thought to be sound as a control
case.

Instead of using a DC resistance measurement, it might be possible to be more sensitive to such
cracks using an AC measurement, which is called electrochemical impedance spectroscopy (EIS).
EIS would require the use of a third electrode, a reference electrode, placed on the ground
between the tank and the auxiliary or counter electrode. In brief, EIS works by applying a
potential sine wave of varying frequency to an electrode and measuring the current. One can
obtain the impedance as a function of the frequency. The impedance is, in general, a complex
number owing to any capacitance of the equivalent circuit describing the electrochemical system.
The response of a system with an ionic short through the liner would be different than thatof a
system having a sound liner with electrochemical interfaces on either side. This would be true if
the time constants, R x C, of the polarization resistances and double layer capacitances associated
with the liner interfaces were vastly different than the time constant of Metal 1 in the sludge.
These different time constants would provide an EIS spectrum of very different nature than if
there were an ionic path directly from the surface of Metal | to the soil.

As a result, the EIS response of an electrode immersed in a tank with reference and counter
electrodes placed outside the tank should provide information about the existence of any through-
crack in the liner. However, it would only sense cracks below the level of the sludge or saltcake.
On the other hand, such a technique might be useful during retrieval operations to sense for leaks
through cracks above the sludge top surface layer as liquid is sluiced into the tank. If a change in
the impedance response were sensed during retrieval, operations could be shut down to prevent
leakage.

EIS is a practical technique that has wide application. However, there are several unknowns and
possible artifacts that would complicate the measurement. The values of the circuit elements
shown in Figure 6 are unknown so that it is not clear if the resistance or impedance of a cracked
liner would be different than that of a sound liner. It should be noted the area normalized
resistance associated with the polarization resistance of an electrochemical interface has
dimensions of 2-cm2 and the resistance of the full exposed area is determined by dividing this
value by the area. For a large tank, this would result in a low resistance. The stray capacitance
associated with long lead wires also can create problems with this measurement.

5.3.1 Recommendation LIP-8: Assess the Feasibility of Testing for Ionic Conductivity
between the Inside and Outside of SST's

The Panel recommends that an assessment of the feasibility of this approach be initiated. Some
laboratory-based experiments and analysis would be helpful and straightforward.
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5.4.2.1. Recommendation LIP-4: Seek Engineering Methods to Increase Water Removal
by Pumping From SSTs

The Panel recognizes the problems are challenging, but believes pumping is a safe and potentially
efficient and cost effective method for the removal of liquids from the tanks. Consequently, the
Panel recommends engineering solutions be sought for the removal of additional liquids from the
tanks by pumping.

5.4.2.2. Water Removal

The removal of water from SSTs would decrease both the amount of liquid in the tank and the
viscosity of the remaining liquid, therefore, reducing its drainability.

Water has been removed through enhanced dome ventilation and by passing air through the
waste. In some circumstances, the rates of evaporation have been accelerated by heating the air,
waste or both. Rates of water removal are adversely affected by the slow rates of water transport
through sludge, saltcake, and surface crusts. To avoid this difficulty, air has been introduced
beneath the waste surface.

The SSTs are now passively ventilated by natural variations in barometric pressure. Modeling
suggests that more than 100 years are necessary to materially impact the water content of deep
saltcake or sludge layer (Simmons, 1998; Meacham, et al., 1997; Sandgren, 2002). However,
modeling indicates that a shallow saltcake waste (10 inches deep) would lose approximately 16
percent of its water in 10 years. In some circumstances, a 16% reduction in the water content
might be sufficient to materially impact the mobility of the liquid. Generally, the removal of
water by natural ventilation is too slow to accomplish the desired goal.

Water loss rates from actively ventilated tanks are much higher. The models mentioned in the
previous paragraph indicate more than 1,000 gallons of water per year per tank can be removed
by active ventilation.

The combination of active ventilation and heat considerably accelerate water removal. In one
instance, portable air exhausters were used to remove water from the waste in Tank 241-A-104.
Approximately 7,000 gallons of water were removed from the tank and photographs show the
waste surface is dried and cracked (Johnson and Field, 2008)..

The surface crust presumably decreased the water transport rate through the partially dried solids
beneath the surface and through the surface crust. This difficulty has been circumvented by
passing heated air in concentric tubes below the solid surfaces.

Steam coils and other methods have been used to heat the wastes and accelerate drying during
ITS operations (Rifeay, 2002, Appendix D). For example, a heat exchanger, operated at 115° C,
removed water from Tank 241-BY-101. At the end of the operation, the density of the residual
liquid was about 1.6 g/mL and the viscosity was 21 cP at 33° C (Brevick, 1996; Dunn, 1986).

Other methods considered for accelerating water removal include microwave heating (Brevick,
1996; White, 1990; Berry, 1990) and wiped film evaporation techniques (Brevick, 1996; DP82-
157-2,1982). Additional rate enhancements could be achieved by the use of drying agents.

The Panel concludes implementation of a water removal strategy would require expensive active

ventilation and heating. Heating will increase the risk of pitting corrosion and SCC. In addition,
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acknowledges that difficulties associated with introducing materials into SSTs may reduce the
feasibility of implementing this recommendation.

5.4.5 Evaluation of the use of cathodic protection of the SST liners

There is considerable evidence that the SST liners have leaked due to SCC in non-stress relieved
welds. It is conceivable that the stresses at the cracks have relaxed during the last 50 years and it
is also possible that the sludge and salt cake will not cause SCC. However, a conservative
conclusion is that the conditions of the tank are still sufficient to cause SCC (an estimate of stress
relaxation is provided in Section 4.3.7.1). Also, since the chemistry of the sludge and salt cake are
known, it can be estimated whether the conditions exist to cause SCC.

Cathodic protection (CP) is widely applied to suppress corrosion of thousands of miles of
underground pipelines, off-shore structures, and steel reinforcing bar in concrete, bridges and
water storage tanks. CP requires a source of direct current, an auxiliary electrode (anode) located
at some distance from the protected structure and a conducting medium between the two. The
applied voltage is based on the resistance of the ionic medium and the current density required to
protect the component. CP works on the principle of protecting a structure from corrosion by the
impressed current driving the electrochemical potential of the protected part to lower values. The
dissolution rate decreases exponentially with decreasing potential, so the corrosion rate can be
greatly decreased by CP. Singbeil and Tromans (Singbeil and Tromans, 1982) have concluded
that caustic SCC of carbon steels is an anodic dissolution driven cracking process. Therefore, it is
reasonable to expect that suppression of anodic dissolution in the SST tank liners would greatly
reduce the potential for SCC. Also, SCC can initiate from pits. Pitting is also an anodic
dissolution corrosion process that is suppressed by CP.

The feasibility of applying CP to DSTs was conducted and reported by E.L. Moore (Moore,
1977). It was concluded that such a system would not be necessary because nitrite was added to
the liquid waste and CP could cause corrosion based on a study conducted at Battelle Columbus
Laboratories (Payer, 1977). The corrosion study suggested the tanks were adequately protected
from SCC when nitrite was added to the high pH, nitrate-containing waste. However, there was
also evidence that SCC could occur at potentials below the active SCC potentials. This
conclusion was based on the presence of a small anodic peak in the potential-current curve at
potentials below the primary anodic corrosion peak for iron in these environments. Therefore, CP
was deemed not necessary and potentially harmful to the integrity of DSTs.

Most of the SSTs also have nitrite present in the supernatant and solid layer (see Sections 4.1 and

4.2). Therefore, these tanks likely have conditions similar to those which led to the decision to not
employ CP for the DSTs. However, several of the non-retrieved SSTs have little or no nitrite and

should be examined regarding their potential for SCC.

Another reason that a CP system could be harmful is based on the results of Singbeil and
Tromans (Singbeil and Tromans, 1982) who found intergranular SCC in caustic solutions in the
active-passive electrochemical potential range but transgranular SCC in caustic solutions at the
open circuit potential. Driving the potential lower with a CP system could activate the
transgranular SCC form of caustic SCC.

Several practical considerations raise issues for the application of CP in the SSTs: (1) frequent
replacement of the reference and anode electrodes, (2) difficulty of penetrating the saltcake with
these electrodes, and (3) high CP currents as a result of the large, unprotected surface area of the
tanks.
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Use of CP for the protection of the exterior of the tank and/or the rebar is a viable option. Waste
from overfilled tanks or leaks have contacted the external surface of the tank liner and rebar.
Whether this caused corrosion or is continuing to cause corrosion is unknown. The high pH waste
should not have caused much corrosion to either the outside diameter of the liner or the rebar.
Also, it is possible that ground water has seeped through the concrete and caused corrosion of the
rebar and outside diameter of the tank liner.

5.4.5.1. Recommendation LIP-9: Consider Cathodic Protection for Rebar and Exterior of
Tank Liner

The Panel recommends that CP not be deployed for use in protecting the interior of SST tanks
where supernatant, slu  : and/or saltcake is present. The Panel further recommends that  * be
considered as an option to protect the exterior of the tank liner and rebar, should evidence arise

that either has corroded.

5.5 SUMMARY OF THE PRIORITIZATION OF LEAK IDENTIFICATION AND
PREVENTION RECOMMENDATIONS

Following are the recommendation titles, in order of priority, for the SSTIP leak identification
and prevention.

= Recommendation LIP-1: Continue Leak Detection Monitoring and Best Management
Practices and Enhance Monitoring Capabilities

= Recommendation LIP-2: Avoid the Addition of Water-Insoluble Absorbents to SSTs

= Recommendation LIP-3: Continue Utilization of High Resolution Resistivity

= Recommendation LIP-4: Seek Engineering Methods to Increase Water Removal From
SSTs

= Recommendation LIP-5: Evaluate Sludge and Saltcake Liquid Leak Rates

= Recommendation LIP-6: Investigate Leak Detection Technologles for Tanks With Less
Than 24 Inches of Waste

= Recommendation LIP-7: Evaluate Effect of Lowering SST Waste Temperature

= Recommendation LIP-8: Assess the Feasibility of Testing for Ionic Conductivity between

the Inside and Outside of SSTs

= Recommendation LIP-9: Consider Cathodic Protection for Rebar and Exterior of Tank
Liner

* Recommendation LIP-10: Evaluate Coating of Tank Liners and Installation of Polymeric
Bladder

* Recommendations LIP-11: Avoid Heating and Active Ventilation Strategies for
Removing Additional Water from SSTs

= Recommendation LIP-12: Avoid Strategies to Immobilize Waste Through the Addition
of Gelling Agents

6.0 MITIGATION OF CONTAMINANT MIGRATION
6.1 Introduction: Natural and Man-made Recharge: A Driving Force
Groundwater recharge is a hydrologic process where water moves downward from surface water

to groundwater. This process usually occurs in the vadose zone and is often expressed as a flux to
the water table surface. Recharge occurs both naturally (e.g., as the result of rainfall) and
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anthropologically (e.g., by "artificial groundwater recharge" either intentional or accidental as
with pipe leaks), where rainwater and or other sources of water are routed to the subsurface.

SST leak information contains many uncertainties (Zhang and Keller, 2006). Leak dates, leak
volumes, leak detection limits (i.e., the minimum size leak that can be detected) and the spatial
distribution of wells required to detect leaks in areas deemed at highest risk all contribute to these
uncertainties. Historical water migration into the subsurface has been associated with
precipitation and leaks from water lines, pumps, sumps, unlined ditches and trenches, surface
spills, and run-on from offsite locations.

Though annual precipitation at the site averages less than 180 mm/year, recharge of meteoric
precipitation can be significant and is enhanced by the lack of vegetation in the SST farms and

pr n of on-armoring elt constitutesa 1 'to ‘aporation. Gee, e . (Gee,
et al., 2007) reports that recharge averaging more than 60 mm/year has been measured for over 25
years at the Hanford Site. Recharge reported by Gee et al. for bare gravel-covered surfaces, such
as exists at the SSTs, ranges from 50 to 100 mm/year. The effective recharge at the SSTs 1s
locally enhanced and concentrated in the subsurface when downward percolating water is
diverted by the sloping, low-permeability concrete domes of the SSTs (Khaleel et al., 2007). This
mechanism is analogous to the concentration of rainwater dripping off the roof eave of a
residence.

6.2 Past SST Leak Detection Methods

SST leak detection has been accomplished using several methods. Inventory systems using tank
soundings and remote camera inspections are limited by access difficulties and potentially
permeability-limiting salt cake and sludges in the tank interior. Near-tank systems are also used to
detect the leaked material in the soil very close to the tanks. These methods have been evaluated
using external sensor arrays deployed at a mock-tank that detected changes in the near-surface
electrical field related to increased moisture content (Barnett et al., 2003). Also, historic and
newer dry wells (approximately 800 wells) extending deeper in the vadose zone have been
monitored for gamma radiation.

Performance evaluation testing was performed for two types of Electrical Resistivity
Tomography (ERT): Point-Electrode Technique (ERT-PET) and Long-Electrode Technique
(ERT-LET). A second method, High-Resolution-Resistivity Steel Casing Resistivity Technique
(HRR-SCRT) was also tested (Barnett et al., 2003). Both methods were reported successful in
identifying leaks (nine out of 13 leaks were detected) and reasonably estimating the volume of the
leak (ERT-LET could not estimate leak volumes; ERT-PET overestimated the leak volumes by a
factor of two). Success was dependent on the exceptional performance of the geophysical
monitoring equipment and the data acquisition system.

Historically, monitoring of the dry wells has identified the general location of leaked materials
within the vadose zone. The monitoring data indicate contaminant movement due to infiltration of
meteoric water through relatively high-permeability soil materials surrounding the tanks.

6.3 Surface Barriers to Mitigate Future Leachate Migration

6.3.1 Surface Barrier Effectiveness

The application of interim surface barriers has been successful at reducing infiltration at waste

facilities, and is a standard practice at many municipal landfill facilities. Khaleel, et al. (Khaleel,
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et al., 2007) modeled a “no-surface barrier” scenario that calculated recharge of 100 mm/year
infiltration with no surface barrier. For an interim surface barrier scenario, the model estimated
recharge at 0.5 mm/year.

Knepp (Knepp, 2002) conducted a preliminary evaluation of Interim Corrective Measures (ICMs)
that have been evaluated as they relate to the waste management area (WMA) S-SX. Knepp
(Knepp, 2002) stated that, “ICMs are response actions having the objective of reducing
contaminant migration to groundwater to acceptable regulatory levels and which require a
balancing of risk, benefits, and costs.” The study compared the performance of a surface barrier
to a near-surface barrier and to an overhead structure. The only surface barrier evaluated was a 6
cm (2.5 inch) layer of asphalt cement pavement. The near-surface barrier consisted of an
impervious, buried geo-fabric (geomembrane liner or geosynthetic clay) system over the entire
W. ~ S-SX tc -ect surface water tot >uter boundar  of the WMA. For both the su and
near-surface barriers, a run-off collection system consisting of ditches and pipes would be
required to route collected surface water to existing drainage routes. The overhead structure
consisted of an enclosed shelter covering the majority of the surface water control area of the
WMA. An asphalt apron would be constructed around the perimeter of the structure to capture
surface water and route that water to a run-off collection system.

The ICMs were evaluated using a relative scoring system for the following criteria: safety,
regulatory compliance, life cycle cost analysis, tank integrity, future retrieval and processing,
schedule, proven technology, maintainability, operability, constructability, decontamination,
decommissioning, and disposal. Based on this, implementation of a surface barrier ranked highest
among the three. The cost estimate presented to implement the surface barrier in the 24]1-S and
241-SX tank farm WMAs was $3,373,000 and $3,892,000, respectively.

An interim barrier of spray-on polyurea was applied in 2008 as part of a demonstration project
(Badden, 2008) It would be useful to have a little more information. Monitoring instrumentation
was installed both under and outside of the interim demonstration barrier. Modeling estimates
(Khaleel et al., 2007) and baseline data indicate in the absence of a surface barrier, surface
infiltration may further distribute contamination within the vadose zone and continue to impact
groundwater in the area.

Data from the FY 2007 monitoring report shows that monitoring instrumentation is working as
intended; however, only the sensors outside of the interim cover footprint were gathering data. It
is assumed that the sensors beneath the interim cover have been collecting data since the
application of the cover in 2008. Review of FY 2008 monitoring data will provide insight as to
whether the instrumentation beneath the cover is working properly.

The interim surface barrier demonstration instrumentation was designed to detect and quantify
surface infiltration. The instrumentation associated with the demonstration project is limited. The
recommended expansion of the surface barrier system should be accompanied by design and
expansion of the monitoring system. Despite a lack of current data, the modeling results presented
by Khaleel et al. (Khaleel et al., 2007) indicate a significant reduction in recharge.

Surface barriers have proven effective at reducing infiltration. Surface barriers are the most
common form of landfill remediation because they are both effective and less expensive than
other technologies (FRTR, 2009). The FRTR (2009) states, “The most effective single-layer caps
are composed of concrete or bituminous asphalt. It is used to form a surface barrier between
landfill and the environment. An asphalt concrete cap would reduce leaching through the landfill
into an adjacent aquifer.”
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6.3.2 Subsurface Techniques to Mitigate Future Leachate Migration

Treat et al. (Treat et al., 1995) published a report that evaluated the feasibility of 13 subsurface
barriers deemed viable for application to the SSTs. Additional concepts were discussed but
considered less viable. Eleven of the thirteen techniques were standoff in character, meaning the
options were to be installed some distance in the subsurface from several tanks or a tank farm.
Two of the techniques were characterized as close-coupled, or designed-to-be-installed in contact
with individual tanks. The information was subjective and required testing to determine their
respective suitability.

The viable options that Treat et al. (Treat et al., 1995) evaluated, along with salient caveats for
each concept, are summarized below.

6.3.2.1. Standoff Options
6.3.2.1.1. Chemical Jet Grout Encapsulation using Cementitious Grouts

Chemical jet grout encapsulation isolates waste systems by using high-pressure jet grouting to
form columns of grouted soil via directionally-drilled wells. Portland cements, bentonite clays, or
more exotic grouts are used. Concerns raised included producing contaminated soils during
drilling and installing complete and uniform barrier without extensive overlapping of barrier
sections.

6.3.2.1.2. Ice Encapsulation using Freeze Walls

Two freezing methods were considered: (1) slow-rate freezing or closed-loop systems and (2)
fast-freezing or open-loop systems (e.g., liquid nitrogen). Directional drill holes with steel casings
are used to emplace the desired freezing line. An open system could quickly freeze the soil and
then couple with a closed-loop system to maintain the freeze wall barrier. Concerns include
whether the system would create sufficiently low permeability within the highly transmissive
Hanford Site soils or whether it would be necessary to inject supplemental water. This action
could have the undesirable side effect of mobilizing soluble contaminants. Installation could
potentially create some stresses on the SSTs due to the expansion of the soil during the freezing
process. As an active subsurface barrier concept, freeze walls would likely require a refrigeration
plant to maintain the barrier.

6.3.2.1.3. Jet Grout Curtains using Cementitious Grout

Jet-grouted curtains are similar to grout encapsulation except that both vertical and horizontal
well drilling, rather than directionally drilled wells, would be used for injection. Concerns similar
to those associated with other grouting scenarios were also noted for this methodology.
Emplacement of the horizontal component of this solution was deemed problematic.

6.3.2.1.4. Permeation Chemical Grouting using Cementitious Grouts

Permeation chemical grouts would be injected at lower pressures than jet grouts. Both vertical
and horizontal barriers would be formed. Horizontal drilling would be utilized for the placement
of a horizontal permeated grout barrier beneath a tank farm. This technology raises seismic

concerns as joints between grouted zones could separate under tension. Variation in soil texture
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B1; July 15, 2003), the proprietary placement process is based on injecting a solution of calcium
citrate and sodium phosphate into soil. As the citrate is biodegraded, calcium is gradually released
and reacts with the phosphate to form insoluble calcium phosphates that transform into apatite.
Apatite is a strong sorbent for radionuclides and heavy metals. Apatite strongly sorbs uranium,
plutonium, strontium, lead and other contaminants (Seaman, et al., 2003).

Because citrate forms strong complexes with calcium, it prevents the calcium from immediately
reacting with the phosphate before it can be injected into the soil. However once injected, citrate
is easily metabolized by microorganisms. As the citrate is biodegraded, calcium is gradually
released and reacts with phosphate to form insoluble calcium phosphates. At pH between 7to 9,
and in the presence of fluoride, conditions are favorable for apatite formation.

Hydroxyapatite and apatitic compounds ha® >een demon ed to irreversibly sorb a variety of
constituents including actinides, strontium, and lead. Technetium is also sorbed when a second
material is added that reduces the technetium before capture by the apatite (Sandia National
Laboratory, undated). Tests conducted in a laboratory setting indicate that, in highly oxidizing
conditions, technitium does not desorb from apatite (Sandia National Laboratory, 2001a). The
technology appears to have promise for SST application and proposals have been written for
demonstration of the technology in bench-scale and field-testing environments (Sandia National
Laboratory, 2001b).

In 2008-2009, a series of presentations reported on testing to determine the appropriate rate of
Ca-citrate-PQ, solution injection with the objective of achieving relatively uniform spatial
distribution of apatite, and to determine the optimum injection rate to balance Sr-90 adsorption
with Sr-90 migration to the aquifer. Effective delivery of the solution to both low- and high-
permeability zones involves a slow injection until the low permeability material is nearly
saturated, followed by a high injection rate resulting in the wetting of nearby high-permeability
zones (Szecsody et al., 2008).

A field study, comprised of three injection tests, was conducted in which 300,000 gallons of
solution was injected into a total of 16 wells screened across the Hanford and Ringold
Formations. The peak Sr-90 concentration in down-gradient monitoring wells increased 8.3 times
at a relatively high stoichiometric ratio of calcium to phosphate and citrate. Subsequent injection
tests were conducted with lower calcium and citrate concentrations that reduced Sr-90 in the
monitoring wells (Thompson et al., 2009),

6.3.3.2. Potential SST Leak Mitigation Technology: Electrokinetic Remediation

Electrokinetic remediation is a process in which a low-voltage direct-current (DC) is applied
across a volume of contaminated soil between electrodes in the soil. Under the influence of a DC
field, contaminants can be moved toward an electrode and then recovered. Electrokinetics has
been applied to move contaminants to a target zone for extraction. Electrokinetics was eliminated
in a previous Hanford Site technology screening study (WMP-27397, 2005) to support
remediation of technetium-99 in the deep vadose zone. It is not effective in dry soils and would
be difficult to implement in the deep vadose zone. Key problems include uncertainty of
consequences induced by concentrating contaminants and water in a small area of the vadose
zone, limited zone of influence for the electrodes, and limited applicability in low moisture
content soils (USDOE, 2008). Due to these challenges, electrokinetics was not included for
treatability testing in the Fluor Hanford Inc. study (WMP-27397, 2005).
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use of subsurface barrier concepts would not result in significant additional risk reduction. Except
for the clean-closure application, the cost-effectiveness of subsurface barrier technologies is
essentially equal and relatively low. The cost-effectiveness of the subsurface barriers, calculated
by the method most favorable to subsurface barriers, is about 0.0001 times that of surface
barriers, and 0.01 times that of the set of baseline technologies.

6.3.4 Recommendation MCM-1: Install Surface Barrier Over SST Farms

Recommendations for future interim measures (Badden, 2008) related to minimizing surface
infiltration are valid and should be accomplished as soon as possible, specifically constructing,
maintaining, or upgrading run-off and storm water control structures and constructing interim
barriers at other tank farm areas. Design and implementation of a surface barrier to reduce

recha :atthe SSTs is recommended. Sor s of v that could cor  u  to subsurface water
deep percolation should be identified and controlled. New control/barrier measures should be
prioritized based on risk associated with past and/or future releases. In a recently published study,
Maann (Maann, 2009) presents criteria for prioritizing future SST interim barriers and for
evaluating barrier performance. This study should be used as the initial basis for implementing
interim surface barriers.

6.3.5 Recommendation MCM-2: Evaluate Subsurface Leak Mitigation Technologies

A number of viable candidate subsurface leak mitigation strategies have been identified in the
past. Since the last published Feasibility Study (FS) in 1994, new viable remedial technologies
have been identified and developed, and older technologies have matured and improved. Using
the previously conducted FS as a selection guide, a program to evaluate the viable leak mitigation
technologies should be initiated. This program should consist of bench scale studies (where
possible), followed by demonstration in a Hanford Site field setting where appropriate. In some
cases, these tests have already been initiated. The above-mentioned injection apatite reactive zone
and CAB technologies are examples that have already been implemented. Concurrently, an
updated FS should be performed, using updated risk assessment methodologies and modern
performance assessment technologies. It is recognized that an updated FS and risk-based
selection process may also conclude, as before in the Treat et al., (Treat et al., 1995) study, that
only little additional benefit can be derived from implementing a subsurface barrler in addition to
implementing a surface barrier.

6.4 SUMMARY OF THE PRIORITIZATION MITIGATION OF CONTAMINANT
MIGRATION RECOMMENDATIONS

Following are the recommendation titles, in order of priority, for the mitigation of contaminant
migration key element.

= Recommendation MCM-1: Install Surface Barrier Over SST Farms
* Recommendation MCM-2: Bvaluate Subsurface Leak Mitigation Technologies

7.0 REUSE OF SSTS

The Panel was tasked with providing recommendations to support development of a robust
SSTIP—not developing criteria allowing the reuse of SSTs for routine storage.

60






RPP-RPT-43116, Rev 0

8.0 REFERENCES

Abatt, F. G., 2002, Single Shell Tank In-Service Inspection, M&D-01-0028-A, Rev. 0, M&D
Professional Services, September.

Abrams, M. S., M. Gillen, and D. Campbell, 1979, Elastic and Strength Properties of Hanford
Concrete Mixes at Room and Elevated Temperatures, RHO-C-28.

Agnew, S. F., 1997, Hanford Tank Chemical and Radionuclide Inventories: HDW Model
Revision 4, LA-UR-96-3860, Los Alamos National Laboratory, Los Alamos, New
. Mexico.

£ 1ew, S.F.and R. A. Corbin, 1998, Analysis of SX Farm Leak Histories — Historica k
Model, HNF-3233, Fluor Daniel Hanford, Inc., Richland, Washington.

Alexander, D. H., R. Soundararajan, and N. Morcos, 2006, “Physicochemical Mechanisms
Controlling the Periodic Release of Flammable Gases of Hanford Tanks,” Remediation
Journal, 5, pp. 91-111.

Anantatmula, R. P., E. B. Schwenk, and M. J. Danielson, 1994, Characterization of the
Corrosion Behavior of the Carbon Steel Liner in Hanford Site Single-Shell Tanks, WHC-
EP-0772, Revision 0, Westinghouse Hanford Company, Richland, Washington.

Anantatmula, R. P., M. J. Danielson, and D. B. McKay, 1996, Vapor Phase Pitting Results of
ASTM A516 and A537 Steels over Three Different Aqueous Solutions after One Month
and Three Months of Exposure, Appendix 2 of WHC-SD-WM-PRS-016, Westinghouse
Hanford Company, Richland, Washington.

Anantatmula, R. P. and H. S. Berman, 2003, Vapor Space Corrosion Inhibition by Ammonia,
CH2MHill Hanford Group, Inc., Richland, Washington.

Anderson, J. D., 1990, A History of the 200 Area Tank Farms, WHC-MR-0132, Westinghouse
Hanford Company, Richland, Washington.

ASTM, 1999, Standard Test Method for Half-Cell Potentials of Uncoated Reinforcing Steel in
Concrete, C876-91, American Society for Testing and Materials, ASTM International,
West Conshohocken, PA.

ASTM, 2003, Standard Test Method for Conducting Cyclic Potentiodynamic Polarization
Measurements for Localized Corrosion Susceptibility of Iron-, Nickel- and Cobalt-Based
Alloys, G61-8601, American Society for Testing and Materials, ASTM International,
West Conshohocken, PA.

ASTM, 2006, Standard Practice for Slow Strain Rate Testing to Evaluate the Susceptibility of
Metallic Materials to Environmentally Assisted Cracking, G129-00, American Society
for Testing and Materials, ASTM International, West Conshohocken, PA.

Badden, J. W., 2008, Phase 2 RCRA Facility Investigation/Corrective Measures Study Master

Work Plan for Single-Shell Tank Waste Management Areas, November, RPP-PLAN-
37243 Rev. 1, Washington River Protection Solutions, LLC.

67









RPP-RPT-43116, Rev 0

Endow, N., 1952, Corrosion Tests — SAE 1010 Mild Steel in Synthetic Neutralized REDOX Waste
Solutions, HW-26201, General Electric Co., Richland, Washington.

Endow, N., 1954a, Field Corrosion Tests- SAE 1020 Steel in Bismuth Phosphate Process Waste
Solutions, HW-30641, General Electric Co., Richland, Washington.

Endow, N., 1954b, A Laboratory Study of the Extent of Pitting and General Corrosion of SAE-
HW-3xxxx, General Electric Co., Richland, Washington.

Endow, N. and K. Sanborn, 1954, Field Corrosion Test SAE 1020 Carbon Steel in Redox Process
Waste Solution Tank 104, 241-S, HW-32755, General Electric Co., Richland,
Washington. '

Flach, G. P., 2003a, Porous Medium Analysis of Interstitial Liguid Removal from Tank 41 and
Tank 3 (U), WSRC-TR-2003-0033, Revision 0, Westinghouse Savannah River Company,
Aiken, South Carolina.

Flach, G. P., 2003b, Porous Medium Analysis of Tank 41 Drain Operations (U), WSRC-TR-
2003-00080, Revision 0, Westinghouse Savannah River Company, Aiken, South
Carolina.

Friedel, L. and F. Westphal, 1989, “Mechanistic prediction model for leakage rates through
cracks in pressure-carrying apparatus and pipelines”, 3R International, Vol. 28, No. 7,
pp. 462-71.

FRTR, 2009, Federal Remediation Technologies Roundtable (FRTR), Website:
http://www.frtr.gov/matrix2/section4/4-27 html.

Frye, D. P., J. B. Duncan, and R. B. Wyrwas, 2008, Report on the Effect of Temperature and
Ammonia Concentration of A515 Carbon Steel in Tank 241-AY-101 Simulant, RPP-
RPT-39307, Revision 0, Washington River Protection Solutions, LLC, Richland,
Washington.

Gee, G. W, M. Oostrom, M. D. Freshley, M. L. Rockhold, and J. M. Zachara, 2007. “Hanford
Site Vadose Studies: An Overview.” Vadose Zone Journal, Vol. 6, No. 4, pp. 899-905.

Gillen, M. P., 1982, Strength and Elastic Properties Tests of Hanford Concrete Cores-241-SX-
115 Tank and 202-A Purex Canyon Building, February, RHO-RE-CR-Z, Construction
Technology Laboratories.

Godfrey, W. L. and W. C. Schmidt, 1969, Boiling Waste Tank Farm Operations History, RHO-
R-39, Rockwell Hanford Operations, Richland, Washington.

Grebner, H. and A. Hofler, 1992, Nuclear Engineering and Design, Vol. 135, pp. 161-170.

Groves, N. D., 1953, Corrosion Effects of Lowering the pH of the TBP Waste Stream, HW-
29183, General Electric Co., Richland, Washington.

Groves, N. D., 1954, Corrosion Effects of Lowering the pH of the TBP Waste Stream, HW-
30041, General Electric Co., Richland, Washington.

Groves, N. D., 1958, Technical Activities Report — Corrosion and Welding - Effect of Lowering
the pH in TBP Waste Solution, HW-29183, General Electric Co., Richland, Washington.

65



RPP-RPT-43116,Rev 0

Gruber, W. 1., 1957, Interim Report on the Examination of Corrosion Test Coupons Exposed in
REDOX 107-SX Process Waste Storage Tank [RM-148], HW-53308, General Electric
Co., Richland, Washington.

Handy, L. L., 1975, Flow Properties of Saltcake for Interstitial Liquid Removal Flash
Immobilization Development Program, ARH-C-6, Atlantic Richfield Hanford Company,
Richland, Washington.

Hanson, G. L., 1961, 104-U Tank, Letter to M.K. Harmon, General Electric Co., Richland,
Washington.

Hill, J. G. and B. C. Simpson, 1994, The Sort on Radioactive Waste T ype Model: A Method to
Sort Single-Shell Tanks into Characteristic Groups, PNL-9814, Pacific Northwest
Laboratory, Richland, Washington.

HNF-SD-WM-TSR-006, 2008, Tank Farms Technical Safety Requirements, Corrosion
Mitigation Controls, Section 5.16 as amended, Washington River Protection Solutions,
LCC, Richland, Washington.

Hoffman, E. N. and K. H. Subramanian, 2008, Probability Based Corrosion Control for High
Level Waste Tanks: Interim Report, WSRC-STI-2007-00712, Washington Savannah
River Company, Aiken, South Carolina. '

Hoffman, E. N., P. E. Zapp, B. J. Wiersma, and K. H. Subramanian, 2008, Inhibiting Localized
Corrosion in Mild Carbon Steel, SRNL-STI-2008-00391, Savannah River National
Laboratory, Aiken, South Carolina.

Holzman, M.J., L. Man, Valka and V. Vlach, 1995, “R-curves and fracture toughness transition
behavior at static, rapid and impact loading of Cr-Ni-Mo-V reactor pressure vessel steel”,
International Journal of Pressure Vessels and Piping, 62, pp. 39-47.

Hu, T. A., 2007, Steady State Flammable Gas Release Rate Calculations and Lower
Flammability Level Evaluation for Hanford Rank Waste, RPP-5926, Rev. 7, CH2MHill
Hanford Group, Inc., Richland, Washington.

Johnson, M. E. and J. G. Field, 2008, Hanford A and AX-Farm Leak Assessment Report: 241-A-
103, 241-4-104, 241-4-105, 241-4X-102, 241-AX-104 and Unplanned Waste Releases,
RPP-ENV-37956, Revision 0, CH2MHill Hanford Group, Inc., Richland, Washington.

Jones, R. H., R. W. Conn, and R. F. Schafer, 1985, “Effect of First Wall Flaws on Reactor
Performance,” Nuclear Engineering and Design/Fusion, 2, pp. 175-188.

Julyk, L. 1., 2002, Single-Shell Tank Waste Retrieval Allowable Vacuum Assessment, September
20, RPP-11788, pages 4 and 12.

Kaar, P. H. and D. C. Stark, 1979, Effects of Waste Solutions on the Corrosion of Reinforcing
Steel, Progress Report No. 2.

Kaar, P. H. and D. C. Stark, 1981, Interim Report on the Effects of Waste Solutions on Reinforced
Hanford Concrete, RHO-C-52, July.

66



RPP-RPT-43116, Rev 0

Khaleel, R., M. D. White, M. Oostrom, M. 1. Wood, F. M. Mann, and J. G. Kristofzski, 2007,
“Impact Assessment of Existing Vadose Zone Contamination at the Hanford Site SX
Tank Farm," Vadose Zone Journal, Vol. 6, No. 4, pp. 835-945.

Kirch, N. W., 1984, Technical Basis for Waste Tank Corrosion Specifications, SD-WM-TI-150,
Rockwell Hanford Operations, Richland, Washington.

Kirk, J. J., 1980, Permeability, Porosity, and Capillarity of Hanford Waste Material and Its Pump
Ability, RHO-CD-925, Revision 2, Rockwell Hanford Operations, Richland, Washington.

Knepp, A. 1., 2002, Field Investigation Report for Waste Management Area B-BX-BY, Appendix
F: Cost and Implementability of Interim Measures and Interim Corrective Measures,
RPP-10098, Rev. 0.

Li, J. C. M., 1967, “Dislocation Dynamics in Deformation and Recovery,” Canadian Journal of
Physics, Vol. 45, p. 493.

Lini, D. C., 1975, Compilation of Hanford Corrosion Studies, ARH-ST-111, U-70 Waste
Management, Atlantic Richfield Hanford Co., Richland, Washington.

Maann, F. M., 2009, Criteria for Prioritizing Hanford Site Tank Farm Interim Surface Barriers
and for Evaluating Their Performance, Washington River Protection Solutions,
LLCRPP-ENV-41309, Rev. 0.

Mahoney, L. A., Z. 1. Antoniak, J. M. Bates, and M. E. Dahl, 1999, Retained Gas Sampling
Results for the Flammable Gas Program, PNNL-13000, Pacific Northwest National
Laboratory, Richland, Washington.

Mallet, G. R., 1954, Corrosion Test of Mild Steel in REDOX Waste Tank, HW-33552, General
Electric Co., Richland, Washington.

Maness, R. F., 1963, Stress Corrosion Cracking of Mild Steel in Nitrate Solutions, HW-78168,
General Electric Co., Richland, Washington.

Maness, R. F., 1974, Corrosion of Mild Steel Tank Liners Exposed to Simulated Solidified
Alkaline High Level Waste, BNWL-1869, U-70 Waste Management, Battelle Pacific
Northwest Laboratories, Richland, Washington.

Martin, Todd, 2009, Summary of Second Single-Shell Tank Integrity Expert Panel Workshop,
WRPS-42005, Rev. 0, April, http://www.wrpstoc.com/what_we_do/exppnlwrksp

Martin, Todd and Michael Terry, 2009, Summary of First Single-Shell Tank Integrity Expert
Panel Workshop, WRPS-40656, Rev. 0, January,
http://www.wrpstoc.com/what_we_do/exppnlwrksp

Mazille, H., and H. H. Uhlig, 1972, “Effect of Temperature and Some Inhibitors on Stress
Corrosion Cracking of Carbon Steels in Nitrate and Alkaline Solutions”, CORROSION,
Vol. 28, No. 11, p. 427.

Meacham, J. E., A. B. Webb, N. W. Kirch, J. A. Lechelt, D. A. Reynolds, G. S. Barney, D. M.
Camaioni, F. Gao, R. T. Hallen, and P. G. Hessler, 1997, Organic Complexant Topical
Report, HNF-SD-WM-CN-058, Revision I, Fluor Daniel Hanford, Inc., Richland,
Washington.

Y






RPP-RPT-43116, Rev 0

Operation Managers Reports, 1958, HW-56602 DEL, General Electric Co., Richland,
Washington.

Parks, D. H., 1957, Examination of Corrosion Test Coupons in Purex 101 Waste Storage Tanks
RM 147, HW-49574, General Electric Co., Richland, Washington.

Payer, J. H,, R. B. Diegle, and W. K. Boyd, 1975, Corrosivity of Synthetic Salt Cake, ARH-C-22,
Atlantic Richfield Hanford Company, Richland, Washington.

Payer, J. H., E. S. Kolic, and W. K. Boyd, 1977, Corrosivity of Solutions from Evaporation of
Radioactive Wastes, ARH-C-18, Atlantic Richfield Hanford Company, Richland,
Washington. '

Pitzer, E. _, 1952, Corrosion Testing — SAE1010 Mild Steel in Synthetic Metal Waste Solution,
HW-24136, General Electric Co., Richland, Washington.

Place, D. E. and B. A. Higley, 2007, Best Basis Inventory Template Compositions Of Common
Tank Waste Layers, RPP-8847, Revision 1B, CH2MHill Hanford Group, Inc., Richland,
Washington.

Poloski, A. P., L. A. Mahoney, J. M. Tingey, B. E. Wells, M. N. Hall, G. L. Smith, S. L.
Thompson, M. E. Johnson, N. A. Knight, J. E. Meacham, M. J. Thien, J. J. Davis, and Y.
Onishi, 2007, Estimate of Hanford Waste Rheology and Settling Behavior, PNNL-16857,
Pacific Northwest National Laboratory, Richland, Washington.

Powell, W. J.,, 2009, Caustic Limits Report-May31, 2008, RPP-13639, Rev. 5, Washington River
Protection Solutions, LCC, Richland, Washington.

Rifaey, S. H., 2002, RPP- 10435, Single-Shell Tank System Integrity Assessment Report,
CH2MHill Hanford Group, Inc., Richland, Washington. .

Ritchie, R.O., W.L. Server, and R.A. Wullaert, 1979, “Critical stress and fracture strain models
for the prediction of lower and upper shelf toughness in nuclear pressure vessels”,
Metallurgical and Materials Transactions A, Volume 104, p. 1557, October.

Roberts, R. E., 1961, History of the 104-U Tank, TCRC-1, U-104, General Electric Co., Richland,
Washington.

Roger, M. J., 2008, Waste Tank Summary Report for Month Ending March 31, 2008, HNF-EP-
0182, Revision 240, CH2MHill Hanford Group, Inc., Richland, Washington.

Rose, Joseph L., 2004, “Ultrasonic Waves in Solid Media,” Cambridge University Press,
Cambridge, England.

RPP-10435, 2002, Single-Shell Tank System Integrity Assessment Report, M & D Professional
Services, Inc. and COGEMA Engineering Corporation, Rev. 0, June.

SA-202, 1976, Special Agreement, August, Portland Cement Association, Skokie, Illinois.

Sanborn, K. L., 1949, 4 Survey of Corrosion Data and Construction Details, 200 West Area
Storage Tanks, HW-14946, General Electric Co., Richland, Washington.

A9






RPP-RPT-43116, Rev 0

Stock, L. M., 2001, The Chemistry of Flammable Gas Generation, RPP-6664, Revision 1,
CH2MHill Hanford Group, Inc., Richland, Washington.

Strohmeier, S. J., 2007, Tank 25 Deliquification Summary, LWO-PIT-2007-0039, Revision 1,
Washington Savannah River Company, Aiken, South Carolina.

Szecsody, J. E., J. S. Fruchter, C. A. Burns, M. L. Rockhold, M. Oostrom, M. D. Williams, and
V. R. Vermeul, 2008, Sr-90 Immobilization by Infiltration of a Ca-Citrate-PO4 Solution
into the Hanford 100-N Area Vadose Zone, WM2008 Conference February 24-28,
Phoenix, Arizona.

Thompson, D. O. and D. E. Chimenti, Eds., 2008, “EMATSs,” Chapter 4, Section B, Review of
Progress in Quantitative Nondestructive Evaluation, Vol. 27A, (AIP, New York 2008),
pp 801-848.

Thompson, D. O. and D. E. Chimenti, Eds., 2009, “Guided Waves-Fundamentals and
Applications,” Chapter 1, Section B, Review of Progress in Quantitative Nondestructive
Evaluation, Vol. 28A, and (AIP, New York), pp. 121-216 and similar chapters of other
volumes of this series of conference proceedings.

Thompson, K. M., R. J. Fabre, V. R. Vermeul, R. J. Fellows, M. D. Williams, and J. S. Fruchter,
2009, An Innovative Approach for Constructing and In Situ Barrier for Strontium-90 at
the Hanford Site, Washington, WM2009 Conference March 1-5, Phoenix, Arizona.

Thompson, R. B., 1990, "Physical Principles of Measurements with EMAT Transducers,"
Physical Acoustics, Vol. 19, pp. 157-199, Edited by R.N. Thurston, Academic Press,
New York, NY.

Treat, R. L., B. B. Peters, R. J. Cameron, M. A. Dippre, A. Hosain, W. D. McCormak, T.
Trenkler, M. B. Walters, M. F. Walters, J. K. Rouse, T. J. McLaughlin, and J. M. Cruse,
1995, Feasibility Study of Tank Leakage Mitigation Using Subsurface Barriers,
Westinghouse Hanford Company Report, WHC-SD-WM-ES-300, Revision 1, Richland,
Washington.

USDOE, 1993, United States Department of Energy, Evaluation of Alternative Drilling
Technologies and Subsurface Barriers for Single Shell Tanks at Hanford. Report
Prepared for USDOE/FETCC under Contract No. DE-AC21-90MC27346, Phase I
Feasibility Assessment Jan. 1993 and Phase II: Implementation Plan Development
November.

USDOE, 2008, United States Department of Energy, Deep Vadose Zone Treatability Test Plan
Jfor the Hanford Central Plateau, DOE/RL-2007-56, Revision 0.

Walker, W. L., 1958, The Effect of High Temperature on the Corrosion of Underground Waste
Storage Tank Liners, HW-56373, General Electric Co., Richland, Washington.

Ward, R., 1953, Technical Activities Report Metallurgy-Applied Research Unit, HW-27097,

Hanford Structural Materials, Section IV and VI, General Electric Co., Richland,
Washington.

71



RPP-RPT-43116, Rev 0

White, T. L., et al., 1990, First Results of In-can Microwave Processing Experiments for
Radioactive Liquid Wastes at the Oak Ridge National Laboratory, CONF-900466-54,
Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Whitman, S. L., 1975, Leak rate experiment, Savannah River National Laboratory Report,
August.

Wiersma, B. J., 2008, An Assessment of the Service History and Corrosion Susceptibility of Type
IV Waste Tanks, SRNS-STI-2008-00096, Savannah River National Laboratory, Aiken,
South Carolina.

Wiersma, B. J. and W. R. Parish, 1997, “Corrosion of Carbon Steel in Saturated High-Level
Waste Salt Solutions,” CORROSION-97, Paper No. 118.

WMP-27397, 2005, Evaluation of Vadose Zone Treatment Technologies to Immobilize
Technetium-99, Rev. 1, Fluor Hanford, Inc., Richland, Washington.

Worden, D. G., F. Dushman and J. M. Latterty, 1962, “Flow of Gases Through Tubes and
Orifices,” Scientific Foundations of Vacuum Technology, Wiley and Sons, New York, p.
0.

Yano, T., E. Matshushima and A. Oakamoto, 1989, Nuclear Engineering and Design, 111, pp.
197-205.

Zapp, P. E., 1994, Recommended Nitrite Limits for Chloride and Sulfate in ESP Slurries, WSRC-
TR-94-0250, Washington Savannah River Company, Aiken, South Carolina.

Zapp, P. E., 1998, “Effect of Nitrite Concentration on Pit Depth in Carbon Steel Exposed to
Simulated Waste,” CORROSION-98, Paper No. 172, NACE, Houston, Texas.

Zapp, P. E. and D. T. Hobbs, 1992, “Inhibiting Pitting Corrosion in Carbon Steel Exposed to
Dilute Radioactive Waste Shurries,” CORROSION-92, Paper No. 98, NACE, Houston,
Texas.

Zeren and M. Zeren, 2003, “Stress Relaxation Properties of Pre-stressed Steel Wires ”, Journal of
Materials Processing Technology, 141, pp. 86-92.

Zhang, Z. F. and J. M. Keller, 2006, T Tank Farm Interim Cover Test - Design Plan, PNNL-
15913, Rev. 0, Pacific Northwest National Laboratory, Richland, WA, July.

Zhang Z. F., C. E. Strickland, J. M. Keller, C. D. Wittreich, and H. A. Sydnor, 2008, T Tank

Farm Interim Surface Barrier Demonstration -- Vadose Zone Monitoring FY07 Report,
PNNL-17306, Pacific Northwest National Laboratory, Richland, WA, July.

77






RPP-RPT-43116, Rev 0

Electrochemical techniques used include potentiodynamic polarization, polarization resistance,
electrochemical impedance spectroscopy, electrochemical noise, and galvanic current
measurements. Surface analytical techniques used include Auger electron spectroscopy, x-ray
photoelectron spectroscopy, energy dispersive x-ray spectroscopy, scanning electron microscopy,
transmission electron microscopy, electron microprobe, and x-ray diffraction. Mechanical
techniques used include elastic and plastic fracture mechanics and dynamic mechanical loading
techniques such as slow strain rate and low cycle fatigue.
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characterization, monitoring, and remediation problems. Dr. Cullen was co-author of the
Handbook of Vadose Zone Characterization and Monitoring published in 1995 by Lewis
Publishers.

GERALD FRANKEL, PHD.
PROFESSOR and DIRECTOR
Fontana Corrosion Center at The Ohio State University

Dr. Frankel’s primary interests are in the fields of corrosion and electrochemistry. He has
focused on localized corrosion, passivation, coatings, inhibition, corrosion of electronic and
magnetic materials, X-ray absorption studies of electrochemically-formed films using
synchrotron radiation, behavior of anodes used in electrodeposition applictions, and electrode
position of magnetic materials. Presently, he serves on the Expert Panel Oversight Committee for
Chemistry Optimization for Double-Shell Tanks at Hanford. The current activities in Dr.
Frankel’s group are focused largely on localized corrosion, and primarily on the corrosion and
protection of Al and Al alloys. His group is using a number of approaches to study pitting,
intergranular corrosion and exfoliation corrosion of Al alloys related to aging aircraft. His group
has initiated novel uses of Atomic Force Microscopy-based techniques in the study of corrosion,
including Scanning Kelvin Probe Force Microscopy and Atomic Force Microscopy scratching.
The mechanism by which chromates inhibit the corrosion of Al alloys has been studied in earlier
projects.

Currently his group is studying the inhibition mechanisms of various chromate replacements.
Corrosion of welds has been another focus of Dr. Frankel’s work. A Cr-free consumable for the
welding of stainless steel is currently under development with the goal of minimizing the
production of Cr-containing weld fumes. In another study, the susceptibility of oxide dispersion
strengthened Ni-based superalloys to hydrogen embrittlement is under study. Dr. Frankel is the
author of over 150 publications, primarily in the field of corrosion.
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Layer Temperature OH OH NO, NO;
(C) {Molar) (pH) {Molar) (Molar)
72.3 3.57 14.6 2.15 3.50
Supernatant
Solid 254 3.57 14.6 0.78 1.28
Supernatant 2.83 14.5
. Solid 23.1 2.83 14.5 2.65 3.05
241-T-102 Supernatant 17.8 0.00 11.6 0.50 1.76
241-T-102 Solid 17.8 0.00 T4 0.50 1.76
24 Supernatant 2 1.00 sy 0.36 1.26
Solid 17.0 1.00 14.0 0.86 1.26
241-T-104 Supernatant
IEYTIC YY) gotiAa
15 shp\uuauuu
-~ JS Solid
Supernatant
Solid 19.6 1.00 14.0 0.78 1.28
Supernatant
Solid 18.8 1.00 14.0 0.78 1.28
| Supernatant
Solid 16.2 1.00 14.0 0.19 3.50
Supernatant
Solid 22.6 1.00 14.0 0.19 3.50
241-T-110 Supernatant 18.6 1.00 14.0 0.00 0.30
241-T-110 Solid 18.0 1.00 14.0 0.00 0.30
Supernatant
. Solid 224 1.00 14.0 0.78 1.28
241-T-112 Supernatant 18.9 1.00 14.0 0.84 0.38
241-T-112 Solid 23.0 1.00 14.0 0.84 0.38
241-T-201 Supernatant 19.2 1.00 14.0 0.01 0.74
241-T-201 Solid 20.6 1.00 14.0 0.01 0.74
241-T-202 Supernatant
241-T-202 Solid 20.6 1.00 14.0 0.73 1.28
241-T-203 _Supernatant
241-T-203 Solid 21.0 1.00 14.0 0.78 1.28
241-T-204 Supernatant
241-T-204 Solid 20.5 1.00. 14.0 0.78 1.28
241-TX-101 | Supernatant
241-TX-101 Solid 25.2 1.00 14.0 2.65 3.06
241-TX-102 Supernatant
241-TX-102 Solid 26.1 1.00 14.0 2.65 3.06
241-TX-103 Supernatant
241-TX-103 Solid 22.0 1.00 14.0 2.56 3.08
241-TX-104 | Supernatant 20.6 1.00 14.0 2.05 5.71
Solid 20.6 1.00 14.0 2.05 5.69
Supernatant
Solid 333 1.00 14.0 2.65 3.06
241-TX-106 Supernatant
241-TX-106 Solid 254 1.00 14.0 2.65 3.06
Supernatant
; Solid 22.3 1.00 14.0 2.52 3.18
241-TX-1 Supernatant
241-TX-108 Solid 20.8 1.00 14.0 2.65 3.06
241-TX-109 Supernatant
24]-TX-109 Solid 354 1.00 14.0 0.78 vzo |
24T | Supernatant
| Solid 27.5 1.00 14.0 2.65 3.06
241-TX-111 Supernatant
241-TX-111 Solid 28.5 1.00 14.0 2.65 3.06
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Tank Laver Temperature OH" OH’ NO, NO,

y (€) (Molar) (pH) (Molar) (Molar)
Tank Laver Temperature OH" OH’ NO, NO;

y (C) (Motar) (pH) (Molar) (Molar)
241-U-201 Solid 22.8 0.74 139 0.45 2.31
241-U-202 Supernatant 18.2 1.05 140 v.03 2.45
241-U-202 Solid 19.5 1.05 14.0 0.53 2.45
241-U-203 Supernatant 18.8 0.28 15 v.42 £.32
241-U-203 Solid 19.1 0.28 13.4 0.42 2.32
241-U-204 Supernatant 18.0 0.09 13.0 0.15 0.89
| 241-U204 | vunu 180 0.09 13.0 0.15 0.89

oo 1. 1ue wuipoiawes and vompusiuvns were obtained from Meacham (2008).

Note 2: The known and presumed leakers are shown in gray in the Tank column on the left

Note 3: pH is related to the hydroxide ion content by the equation: log [OH(-1)] = pH -14

R3
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chosen for future use.

The Panel concluded current data was insufficient to quantify the risk of a leak during the
proposed future use of waste in SSTs. Consequently, the Panel’s recommendations are focused on
conducting risk assessment activities to better understand and reduce the risk of a leak. The Panel
offers no assessment of the acceptability of the risk of a leak during operations. WRPS must
decide whether SST evaluation and characterization activities have reduced the risk to an
acceptable level.

The Panel’s commentary on the proposed future use of SSTs is found in Section 3. Following are
summaries of the Panels future use recommendations denoted by “ST” for storage.

e 1 omr .datior °-1:Anengine g assessment for the SST candidate tank .m
should be prepared.

e Recommendation ST-2: The relative acceptability of SSTs for future use should be
evaluated on the basis of the following historical information.

o Highest preference should be given to SSTs that have not leaked.

o Highest preference should be given to SSTs without fillet joints.

o Higher preference should be given to SSTs with liners fabricated from A-283 and
A-285 steel rather than A-7 or A-10 steels.

o Higher preference should be given to SSTs that historically have had a nitrite
ion/nitrate ion concentration ratio greater than 0.2, were operated at less than
50° C and have been compliant with DST chemical specifications contained in
OSD-T-151-00007 (2010).

o Higher preference should be given to SSTs that have not stored wastes at the
same level for prolonged intervals.

* Recommendation ST-3: Candidate SSTs should be retrieved.
e Recommendation ST-4: The following visual (surface) and ultrasonic (volumetric) Non-
Destructive Evaluation (NDE) inspections should be performed.

o A Probabilistic Risk Assessment (PRA) should be performed to inform decisions
on both the extent of visual and ultrasonic inspections required and the
appropriate technologies for the inspection. An independent review of the PRA
should be obtained.

o Visual inspection of the steel liners should be performed to identify surface
degradation or associated evidence such as water or tar stains, particularly at the
former Liquid Air Interface (LLAI) or the knuckle.

o Volumetric inspection utilizing ultrasonic technique(s) should be deployed to
detect tight cracks, wall thinning, and pitting from corrosion, particularly at liner
welds, the LAI and the knuckle.

e Recommendation ST-5: Improved High Resolution Resistivity (HRR) should be
deployed to support future use.

e Recommendation ST-6: Hydrostatic testing should be performed by filling the candidate
SST in increments with inhibited water.

e Recommendation ST-7: Adequate emergency tank space and capability to initiate
retrieval of staged waste from an SST within 24 hours should be provided.

e Recommendation ST-8: Potential leak volume from a staged SST should be minimized
by transferring waste in increments.

e Recommendation ST-9: The waste level should be maintained below the historical LAI.

» Recommendation ST-10: A corrosion potential probe coupon should be installed if
recommended by corrosion laboratory studies.
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EMAT electro-magnetic acoustic transducer
EPA Environmental Protection Agency
EPDM ethylene-propylene-diene monomer
FAA Federal Aviation r ration
HRR high resolution resistivity

ITS in-tank-solidification

LAI liquid-air interface

MARS mobile arm retrieval system

NDE non-destructive evaluation

ORP Office of River Protection

POD probability of detection

PRA probabilistic risk assessment

SCC stress-corrosion cracking

SGE surface geophysical exploration
SST single-shell tank

SSTIP Single-Shell Tank Integrity Project
TBP tri-butyl phosphate

TPA Tri Party Agreement

TPO thermoplastic polyolefin

WRPS Washington River Protection Solutions, LLC
WTP waste treatment and immobilization plant
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F Fahrenheit

ft v foot

gc gravitational constant
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h height

Ko empirical material constant
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outlined in the DOE letter: (1) evaluation of the existing known conditions of the SSTs; (2)
evaluation of the proposed future use of the SSTs; (3) recommendations for critical modifications
and associated schedule aimed at preventing or minimizing further degradation of SST integrity;
and (4) recommendations for additional evaluations and program elements that would improve
existing understanding of SST integrity. Additionally, DOE requested the revision contain a high
level schedule associated with critical SST integrity project modifications. Such scheduling will
be performed by WRPS with input from ORP and the Panel as necessary. :

The Panel was briefed at the January Workshop on the origin of the future use proposal. This
report provides a Panel response to that proposal and the additional requests found in the DOE
letter. The conditions of the SSTsare dis  edin.™ tior the proposal for future use of SSTs
is discussed in Section 3 and recommendations aimed at improving understanding of SST

int ity 3 th minim agfurt « tadation of SSTint _ 3 res lin
Section 4.
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construction, operations, waste types, and leak investigations. The Panel’s findings were
primarily focused on how and why SST steel liners have failed. Following is a summary of the
Panel’s findings from the first report (Terry, 2009).

e Laboratory and field-work implies several factors contributed to the failure of the steel
liners. First, the liners of the SSTs were not heat treated to remove stresses in the
weldments and some tanks were constructed without knuckles (the “knuckle” is the
curved plate where the liner sidewall meets the liner floor). SSTs without knuckles were
constructed with double fillet welds where the sidewall connects with the floor. Second,
the wastes were potentially corrosive; some wastes had high nitrate ion concentrations
and low nitrite ion concentrations at pH values less than ten, and subsequently, wastes
with high hydroxide ion concentrations were stored in the tanks. Third, some tanks were
operated at the boilis  point of the waste for extended periods of time. These conditions
increased corrosion rates, stress corrosion cracking susceptibility and led to thermal
excursions in which super heated water trapped beneath the solid layers caused bumping
and vigorous steam eruptions. In some cases, water trapped between the SST floor and
the concrete structure was superheated resulting in violent upheaval of the tank floor.
Collectively, these chemical and physical conditions caused failure of the liners by
pitting, stress corrosion cracking (SCC) and mechanical ruptures.

» The solids of some SST wastes have become layered and inhomogeneous as a
consequence of waste transfer operations that mixed several waste types. Important
variations may exist in layer compositions that are not represented by the existing waste
analyses, which only contain average compositions.

e Groundwater might have infiltrated into waste tanks through cracks in the dome or
sidewalls. Rainwater might have infiltrated into tanks through risers and other dome
openings. The intrusion of water could adversely alter the pH of the waste surface layers.
Also, the addition of dilute condensate solutions to the SSTs may result in the formation
of a separate layér that might promote corrosion of the steel at the liquid air interface
(LAT). Operations in which commercial grades of sodium hydroxide have been added to
SSTs simultaneously introduced corrosive chloride ions into the waste tanks. The
inadvertent addition of chloride ions will increase the corrosive properties of the waste.

e There are 40 waste layers in unretrieved SST wastes that presently contain either nitrite
ion/nitrate ion concentration ratios less than the minimum value (0.1) presumed by the
Panel to protect the DSTs from SCC, or have compositions not in accord with the DST
Corrosion Chemistry Control Limits. The DST limits are listed in Appendix B and the
non-compliant SST layers are listed in Appendix C. Wastes in these SSTs have been out
of compliance for many years. Given that the SSTs were not stress relieved, a much
greater propensity for SCC exists in the SSTs in comparison with the DSTs.

e Tensile stresses necessary for driving SCC result primarily from residual stresses around
non-stress-relieved welds and hoop stresses caused by the sludge and saltcake.
Knowledge of the extent of 60 years of stress relaxation in the steel liners would help
identify future risk for SCC. Existing data related to stress relaxation is limited and
unrealistic, indicating the need for more experimental measurements of stress relaxation
in the steel liner material.

e The Panel investigated existing data related to tank liner wall thickness and how it may
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welded joints have occurred at other facilities. Clearly, the tanks without fillet welded

joints are more attractive for future use.

Figure 2: Layout and classification of SSTs (Rinker, 2010)
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o Higher preference should be given to SSTs with liners fabricated from A-283 and A-
285 steel rather than older steels such as A-7 or A-10. The steel liners provide the only
defense against future leaks. The nature of the liner steels and the techniques used in their
construction are important considerations in the selection of candidate tanks for future

use.

Many of the early SST liners were fabricated from older steels such as A7 and A-10
steels (as shown in Table 1 based on RPP-RPT-10435). These steels have considerable
variations in their properties and corrosion resistances. The liners in the more recently
constructed SSTs were fabricated from A-283 and A-285 steels. These steels are more
uniform in their compositions and properties than the older steels and are therefore more

attractive for future use than the older tanks fabricated from lower quality steels.

Table 1: SST steel liner materials of construction

Tank Farm ASTM Steel Type
241-B, 241-C, 241-T, 241-U, 241-BX A7-39
241-TX, 241-BY 285-46
241-S 285-46T Grade B
241-TY 285-49T Grade B
241-SX A283-52T Grade A or B
241-A A283-52T
241-AX A201, Grade A







RPP-RPT-45921, Rev. 0

LAls, and areas previously in contact with waste (potentially including the SST bottom plate) are
easier to inspect; (2) residual wastes have been characterized and the potential for corrosion can
be assessed; and, (3) data concerning whether the SST leaked during retrieval is available.

The Panel is not recommending such retrieval be compliant with TPA retrieval requirements. For
the purposes of this recommendation, an SST that contains a small amount of waste in a hard heel
could be considered “retrieved.”

Recommendation ST-4: The following visual (surface) and ultrasonic (volumetric) Non-
Destructive Evaluation (NDE) inspections should be performed.

The Panel recommended a hierarchical application of NDE techniques in the first report (Terry,
2009). This approach was based on the logic that relatively simple, straightforward NDE
techniques could be applied and, if problems were identified, more complex and extensive
techniques could then be pursued. The proposal for future use of SSTs requires a more thorough
and rigorous visual and volumetric inspection based NDE application than that recommended in
the first report.

The inspection of the steel liners should focus on wall thinning, SCC, wall pitting, tar stains, in-
leakage of water and evidence of corrosion. Of particular interest are the former LAISs, the
knuckle and, if practical to inspect, the SST bottom. Evidence of SCC or other forms of cracking,
or significant pitting or general wall thinning would eliminate the SST from consideration for
future use.

e A Probabilistic Risk Assessment (PRA) should be performed to inform decisions on
both the extent of visual and ultrasonic inspections required and the appropriate
technologies for the inspection. An independent review of the PRA should be obtained.

The Panel’s PRA recommendation arises from the difficulty of conducting inspections in
the SST environment. Given this difficulty, the PRA will help WRPS with the overall
goal of providing a convincing argument that the SST liner is sufficiently sound to
proceed with hydrostatic testing. The PRA will also assist WRPS in providing a
defensible basis for selecting inspection techniques, selecting areas of inspection and
developing inspection program details by better understanding and comparing trade-offs
in various approaches.

A risk assessment approach from the aerospace industry provides a useful example. In the
design of rotating components of aircraft engines the Federal Aviation Administration

- -AA) calls for a PRA procedure (FAA, 2001; AIAA, 1997). Inputs to that process
include:

o anomaly distributions (defining the expected defect distribution resulting from
the manufacturing process),

o Probability of Detection (POD) of NDE techniques. POD is a measure of
inspection effectiveness that quantifies the probability a given condition will be
detected, often reported as a function of the size of the flaw. Variables
influencing the POD include technological capabilities and variability in the
response of nominally identical flaws. Traditionally, POD is determined by
empirical analysis of data obtained in experiments designed to reproduce the
sources of variability that will be observed in the inspection (Annis, 2007). In an
emerging practice, physics-based models of the inspection are being used to

11




L]

RPP-RPT-45921, Rev. 0

reduce the number of required experiments (Thompson, 2008).
inspection intervals,

stress levels (influencing crack propagation life),

volume (affecting the probability of having a defect in a structure),
materials data (controlling the rate of growth of cracks),
propagation life.

0O 0O0O0Oo

The design goal is a Design Target Risk (DTR) of 10 events per component or 5 x 107
events per engine.

The concern with SSTs is leaks rather than fatigue induced structural failure. However,
the basic ingredients are similar with inputs including:

o the distribution of inhomogeneities (number per unit volume and size
distribution) likely to initiate corrosion (e.g., imperfect welds),

the stress and/or chemical factors expected to drive the growth of anomalies,
the volume of material in which anomalies would be expected to occur (e.g., the
extent of the weld regions),

material data controlling the growth of anomalies,

the period of service,

the time(s) of inspection,

inspection coverage (e.g., what fraction of the welds are inspected),

the POD of the NDE technique(s) used. It should be noted the POD will be
influenced by the flaw type of concern, with the POD of stress corrosion cracks
generally being lower than for defects with simpler morphologies.

[olNe]

0O 0 O0OO0Oo

The Panel recognizes that significant uncertainties in estimating these inputs would
render this a relative rather than absolute calculation. Indeed, this has been found to be
the case in the design of aircraft engines.

The accept/reject decision strategy would be a natural by-product of the above analysis.
The PRA methodology would provide a mechanism to assess, for example, the relative
importance of increasing the volume of inspection (it may be impractical to inspect all
welds) and increasing the sensitivity of inspection (e.g. from 80 to 50 to 10 percent of
wall thickness for normal UT measurements of wall thickness or analogous changes from
other modes of inspection). Decision makers can then weigh tradeoffs between inspecting
a large volume with relatively low sensitivity or a smaller volume with higher sensitivity.
The weighing of tradeoffs can be a quantitative or qualitative exercise. If a quantitative
risk g fort PRA is necessary, it should be developed by WRPS.

Given the uncertainties associated with the SST inspections, the PRA will contain
significant assumptions, estimates and relative comparisons. As a result, the Panel
recommends WRPS obtain independent peer review of the PRA to ensure a sound
analysis on which to base future use decisions.

¢ Visual inspection of the steel liners should be performed to identify surface degradation
or associated evidence such as water or tar stains, particularly at former LAIs or the

knuckle.

The visual examination should focus on identifying signs of water in-leakage or tar
stains. The visual examination should focus on the LA and the lower one-third of the

12
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liner. The PRA should be utilized to assist in making decisions about the overall area of
the visual inspection.

e Volumetric inspection utilizing ultrasonic technique(s) should be deployed to detect
tight cracks, wall thinning, and pitting from coerrosion, particularly at liner welds, the
LAI and the knuckle.

DST inspections employ a traditional, water coupled inspection that produces high-
resolution maps of wall thickness and detects relatively small defects. However, this
approach can take considerable time to implement since it involves scanning a beam,
point-by-point, over the region of interest.

An alternate and attractive approach is the application of Electro Magnetic Acoustic
Transducer (EMAT) guided wave technology. EMATS are discussed extensively in the
Panel’s first report (Terry, 2009). EMATS can quickly assess the condition of a large
region, although with less sensitivity than the traditional water coupled approach.
EMATS also perform better under less than ideal surface conditions (such as in the
presence of a surface scale) and are effective at the selective excitation of particular
guided modes. EMATS are less efficient than piezoelectric transducers, but this
limitation can often be mitigated by carefully designed electronics. While the Panel
favors EMAT, the PRA process will assist WRPS in determining which technology is
most appropriate.

For either type of ultrasonic system, the probe will have to be scanned over the
appropriate region of the tank wall. One possible scanning method would employ a
remotely controlled, magnetic crawler deployed by the Mobile Arm Retrieval System
(MARS). It should be noted that a wireless recovery of the signal information is
envisioned, since the use of a tethered coaxial cable would likely complicate the scanning
process. The regions to be scanned will likely focus on the welds, the LAI and the
knuckle but should be determined based on the PRA.

Recommendation ST-5: Improved HRR should be deployed to support future use. Such
deployment should be a two-phase approach. First, HRR should be utilized to obtain a baseline
resistivity prior to storing waste. Second, HRR should be applied continuously if waste is stored
in an SST.

HRR has been successfully utilized for leak detection purposes during waste retrieval activities.
HRR uses a four-electrode system to measure the soil resistivity surrounding a tank (Schofield,
200 . Me tsare 1de m dry-well to dry-well, dry-well to surface, and dry-well to
tank. HRR can detect a 5,000 to 10,000 gallon leak.

To use the HRR system as an effective means of leak detection, baseline soil resistivity data is
necessary. Previously, HRR in conjunction with ground penetrating radar, electromagnetic
induction, and differential magnetometry were utilized to perform Surface Geophysical
Exploration (SGE). These other techniques were useful in identifying sub-surface objects or
structures that might interfere with the HRR measurements. The SGE produced sub-surface maps
characterizing soil resistivity. At the January workshop, information on the improved HRR
system was presented. The improvement allows the system to evaluate soil resistivity at greater
depths and eliminate the interference due to sub-surface objects.

13
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Recommendation ST-6: Hydrostatic testing should be performed by filling the candidate
SST in increments with inhibited water.

The Panel discussed the advantages and disadvantages of performing a hydrostatic test with
inhibited water, DST supernate, or SST waste. The Panel believes inhibited water is the most
appropriate fluid for this test. The Panel assumes a disposition path for the water could be readily
identified. For example, if multiple SSTs were needed for use in the same time frame, inhibited
water could be reused efficiently as each successive SST is tested and wastes effectively
transferred. Additionally, the water could be used to support sluicing operations. On the other
hand, inhibited water could have disadvantages if the SST space necessary were minimal,
mandating significant evaporator operations to remove the water from the system. Further, water
could potentially mobilize existing contamination if pre-existing leaks are present in an SST. If
timing, environmental, regulatory and logistical issues associated with inhibited water render it
impractical, WRPS should assess utilizing DST supernate for this test.

Regardless of the test fluid, the SST should be filled in increments in order to identify leaks early
and allow for actions to minimize the magnitude of the leak.

Recommendation ST-7: Adequate emergency tank space and capability to initiate retrieval
of stored waste from an SST within 24 hours should be provided.

Application of stringent criteria for future use of the SSTs will not eliminate the possibility of a
leak. A leak could occur through existing cracks or the development of a crack during an
extended storage period. Consequently, rigorous leak response measures must be in place
throughout the storage process. :

Recommendation ST-8: Potential leak volume from an SST should be minimized by
transferring waste in increments.

After completion of the PRA and inspections, the risk of a leak will be reduced but will still exist.
If WRPS pursues future use, it is recommended that the tanks be filled in increments to minimize
the potential quantity of liquid leakage.

Recommendation ST-9: The waste level should be maintained below the historica'l LAL

The LAL is a likely location for localized corrosion and previously undetected stress corrosion
cracks might be present in the vapor space above the LAI in some SSTs. The concern with LAI
corrosion is highest for those SSTs that maintained a constant liquid waste level for long periods
of time (in some cases, decades) prior to retrieval.

A secondary LAI concern exists with SSTs in which pumpable liquids were removed and the SST
remained stagnant for a period of time prior to retrieval. Generally, this concern is lessened
because these LAIs existed for a relatively short period of time.

The Panel noted a higher preference for selecting SSTs that have not maintained a consistent
waste level over extended periods of time (Recommendation ST-2). Recommendation ST-9
acknowledges that, given the operations history of the SSTs, it will be difficult to identify SSTs
that have not stored waste at a consistent level over long time periods. If WRPS maintains the
waste level in an SST below the LAl it will reduce both the risk of a leak and the reliance on
NDE to ensure the SST is sound.
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4 RECOMMENDATIONS AIMED AT IMPROVING UNDERSTANDING OF SST
INTEGRITY AND PREVENTING OR MINIMIZING FURTHER SST INTEGRITY
DEGRADATION

The Panel offers this section as a combined response to Areas 3 (preventing and minimizing
further SST integrity degradation) and 4 (improving understanding of SST integrity) of the DOE-
ORP letter (Charboneau, 2009).

This section includes both priority recommendations from the Panel’s first report responsive to
DOE’s letter and new or expanded recommendations the Panel has developed. New
recommendations cover issues such as corrosion behavior of rebar steel (SI-10), a structural
integrity mitigation strategy (SI-11), remediation of SST wastes (LIP-13) and utilization of HRR
(LD-12). Additionally, based on discussions with WRPS at the January 2010 workshop, the
Panel has categorized recommendations for three types of SSTs: retrieved, interim stabilized
assumed leakers, and interim stabilized assumed sound. The recommendations are presented in
these categories in both the text and Table 2.

The naming and numbering of the recommendations are consistent with the Panel’s first report
(Terry, 2009). Structural integrity recommendations are denoted by “SI,” liner degradation
recommendations are denoted by “LD,” and leak identification and prevention recommendations
are denoted by “LIP.”

Table 2: SST integrity activities for retrieved, interim stabilized assumed sound and interim
stabilized assumed leaker SSTs.

Interim Interim

Recommendation Retrieved | stabilized | stabilized
assumed { assumed
sound leaker
SI-1: Perform Modern Structural Analyses X X X
SI-2: Perform Dome Deflection Surveys X X X
SI-3: Obtain and Test Sidewall Core X X
SI-4: Perform NDE of Concrete X X
SI-5: Test Dome Concrete and Rebar “Plugs” X X
S1-6: Develop Engineering Mechanire Moo= ¢ Vv v v
CY N AMDI. L OOT. [ lanalAd kA .A,...J.‘E L_

>

D1-1V; 11 WASIE EXposure Lests 1ndaicalc cuucreie Inegrity
has been degraded, additional evaluations should be
performed to determine the corrosion behavior of rebar
steel exposed to waste.

SI-11: If structural integrity issues are identified, the X
Panel recommends WRPS develop and implement a
~itigation st-~*~~.

1.D-2: Avoid maavertent aaaiuon of water and chloride X X X
to SSTs:
LD-12: Perform HRR monitoring on sample SSTs for at X X

least one year.
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Interim Interim
Recommendation Retrieved | stabilized | stabilized
assumed | assumed
sound leaker
LIP-2: Avoid the Addition of Water-Insoluble X X X

Absorbents to SSTs:

LIP-13: The wastes in all of the SSTs (not just those X
selected for future use) should be brought into conformity
with the specifications noted in Recommendation ST-11
unless the SSTs are retrieved or new testing demonstrates
that there is an acceptably low propensity for corrosion
under the storage conditicne

Recommendation SI-1, Perform Modern Structural Analyses: The Panel recommends
performing modern structural analyses (including seismic) on representative samples of SSTs.
Such analyses are necessary to understand the structural integrity of the SSTs during a seismic
event. The analysis will be useful in answering the following questions: How much rebar must
remain to achieve adequate structural integrity under a major seismic event? What is the level of
confidence that at least this amount of rebar cross-sectional area exists and will remain present for
the operating life of the tanks (e.g., 20 to 50 additional years)? What is the minimum required
concrete strength?

Recommendation SI-2, Perform Dome Deflection Surveys: The Panel recommends
continuation of the current dome deflection survey program. The program should be augmented
to obtain dome deflection data near the haunch of the domes. The dome surveys are important as
any future potential for dome collapse would be preceded by excessive downward dome
deflection. The haunch data is important to determine whether dome deflections are due to
downward displacement of the dome or of the footing under the sidewall.

Recommendation SI-3, Obtain and Test Sidewall Core: The Panel recommends obtaining and
testing a vertical core from the entire depth of the sidewalls for two tanks that have leaked and
had been operated at high temperatures for extended periods. Such cores will provide important
data about the structural condition of concrete and rebar in the sidewalls.

Recommendation SI-4, Perform NDE of Concrete: The Panel emphasizes the importance of
the hierarchical aspect of this recommendation. Initially, the Panel recommends the application of
two technologies: (1) visual inspection of domes to identify cracks in excess of 1/16 inch wide,
rust stains on the concrete, or spalling of concrete, and (2) utilization of a “thumper” truck to
determiy | mnodulus of the dome concrete. ..ie modulus correlates with concrete strength and
controls the degree of deformation that will occur under loading.

Further development and deployment of NDE technologies such as guided wave propagation
should occur in the event initial SSTIP activities (e.g., visual inspection, modeling, vertical core
results) indicate potential concrete degradation.

Recommendation SI-5, Test Dome Concrete and Rebar “Plugs”: Current plans call for the
cutting of holes in the SST domes to facilitate the use of retrieval equipment. The Panel
recommends the following tests on concrete and rebar “plugs” removed from domes during
cutting: (1) concrete compression and bend tests; and (2) rebar diameter measurement and tensile
tests. These tests will provide an opportunity to obtain data on the condition of the dome concrete
and rebar.
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The second group consists of approximately 45 waste layers that are almost entirely stored at
temperatures less than 25° C and are not in compliance with the ST-11 specifications because the
nitrite ion/nitrate ion ratios are too low. Simulants of these wastes are presently under
investigation, as recommended in the first Panel report, to establish whether the low storage
temperatures compensate for their undesirable compositions. The concern may be relieved if
these investigations demonstrate the propensities for pitting and SCC are greatly diminished at
this lower temperature. 1f these concerns are not relieved, the Panel recommends sodium
hydroxide and/or sodium nitrite be added to the wastes to protect against future corrosive damage
to SSTs.

The third group consists of about 15 wastes that are not compliant only because they are stored at
temperatures greater than 51° C. These wastes are in the A and SX farms that presumably are not
going to be selected for future use because of their fillet joints, or because they are known or
assumed to have leaked. These tanks were constructed with A283 and A28S5 steels and have
substantial hydroxide ion and nitrite ion contents that should inhibit pitting. The lowest nitrite
ion/nitrate ion concentration ratio among this group is 0.61. The propensity for SCC of stimulants
with similar compositions has been investigated with the same steels at the Savannah River Site,
Unfortunately, only a limited number of tests were performed at temperatures below 75° C, and
the body of work may be insufficient to gauge the SCC hazard. The Panel therefore recommends
the results of previous work on pitting and SCC be critically reviewed and that, if necessary,
additional work be undertaken to determine whether the current high hydroxide and nitrite ion
contents protect these steels. If these concerns are not relieved, then the Panel recommends
sodium hydroxide and/or sodium nitrite be added to the wastes to protect against future corrosive
damage to SSTs. The Panel recognizes that mixing remediating solutions with essentially solid,
interim-stabilized wastes will be slow and that special operations may be required to ensure that
the wastes in the tank are brought into compliance. However, the risk of future leaks in aging
tanks that have not been heat treated to relieve stress is too great to be ignored.
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associated with past and/or future releases at each tank farm.

Recommendation MCM-2, Evaluate Subsurface Leak Mitigation Technologies: A number of
viable candidate subsurface leak mitigation strategies were identified in a 1994 Feasibility Study
(FS). The Panel recommends evaluating leak mitigation technologies utilizing this FS as a
selection guide.

o Bench scale studies on candidate technologies should be conducted.

o Demonstration in a Hanford Site field setting should be performed where
appropriate.

o Currently ongoing tests, such as the injection apatite reactive zone, should be
considered for application at the SST farms.

o An updated FS should be performed, using updated risk assessment
methodologies and modern performance assessment technologies, with the
objective of selecting an SST leak mitigation strategy and potentially a final SST
closure strategy.

o Itisrecognized that an updated FS and risk-based selection process may also
conclude that little additional benefit can be-derived from implementing a
subsurface barrier in addition to implementing a surface barrier.

The Panel also prioritized a subset of these recommendations as its “top ten” primary
recommendations that should form the initial foundation of a robust SSTIP. The primary
recommendations are as follows.

Recommendation SI-1, Perform Modern Structural Analyses

Recommendation SI-2, Perform Dome Deflection Surveys

Recommendation SI-3, Obtain and Test Sidewall Core

Recommendation Si-4: Perform Non-Destructive Evaluation of Concrete

Recommendation LD-1, Expand Leak Assessment Reports

Recommendation LD-2, Avoid Inadvertent Addition of Water and Chloride to SSTs

Recommendation LIP-1, Continue Leak Detection Monitoring and Best Management Practices
and Install Enhanced External SST Monitoring

Recommendation LIP-2, Avoid the Addition of Water-Insoluble Absorbents to SSTs

Recommendation L1P-3, Continue Use of High Resolution Resistivity

Recommendation MCM-1, Install Surface Barrier Over SST Farms
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APPENDIX B

TANKS FOR WASTE TEMPERATURES < 167° F (75° C)* (Wywras, 2010)

- b
For [NO, ] Range Variable Limits
i [OH ] 0.010M < [OH ] < 8.0M
[NO,]=1.0M [NO, ] 0.011M < [NO_] <5.5M

[NO, 1/([OH ]+ [NO_ ])

<25

] [OH ] 0.1 ([NO, ]) < [OH ] < 10M
1.0M <[NO_ ]<3.0M - - -
? [OH ]+ [NO, ] >0.4 (INO, J)
[OH ] 0.3M < [OH ] < 10M
[NO, 1> 3.0M [OH ]+ NO, ] >12M
[NO, ] <5.5M

a. Except for Tanks 241-AN-107 and 241-AN-102 for temperature <122° F (50° C).

b. The brackets [ ] denote concentration in M (molarity or moles/L).

c. These limits apply to waste temperature that is less than 167 OF.
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The extent to which salt waste might plug cracks is unknown. At low solution flow rates
with high dissolved salt content, salt crystals might form within the crack as drying
occurs. These salt crystals could lead to a reduction in flow rate and perhaps total
plugging of cracks. Salt plugging of leaks in Savannah River waste tanks has been
documented (Wiersma, 2010).

The magnitude of opposing capillary forces attracting the liquid towards the concrete and
attracting the liquid towards the salt cake are unknown. Capillary attraction toward the
concrete will increase the leak rate while capillary attraction toward the saltcake will
decrease the leak rate. In SSTs containing liquid waste, the negative capillary forces of
the salt cake would be absent.

Given these uncertainties, the Panel estimated the upper bound leak rate expected from a stress
corrosion crack. Three leak rates reported for water flowing through stress corrosion cracks or
fatigue cracks are useful for this estimate. The values are:

0.16 gallons per minute (gpm) at a pressure of 12.6 psi through fatigue cracks (5
millimeters (mm) in length) (Clarke, 1997).

0.09 gpm of liquid with a viscosity of 5 to 10 centipoise (cp) through stress corrosion
cracks (150 mm in length) (Mertz, 1999) with a pressure from an unspecified water head.
3.5 gpm for water through approximately 60 mm in length and a pressure head of 35 feet
(ft) (Whitman, 1975).

The estimated viscosity of Hanford sludge is 20 cp (water viscosity is 1 cp). The above leak rates
result in a leakage of between 130 to 5,000 gallons per day over the range of pressures and
viscosities reported.
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APPENDIX E

SINGLE-SHELL TANK INTEGRITY PROJECT
EXPERT PANEL WORKSHOP NOTES

January 19-20, 2010

Pacific Northwest National Laboratory (PNNL)

Richland, WA

Attendees

Rob Davis, BNI

Jeff Rambo, ORP

Herbert S. Berman, WRPS

Kayle Boomer, WRPS

John Beavers, CCT/DNV

Dirk Dunning, State of Oregon

Chris Burke, WRPS

Tom Crawford, WRPS

Bruce Thompson, CNDE,
Iowa State

Jerry Frankel, OSU

Jim Duncan, WRPS

Susan Eberlein, WRPS

Nancy Uziemblo, Ecology

Kenneth Johnson, PNNL

Jason Engeman, WRPS

Al Pardini, PNNL

Les Fort, WRPS

Russ Jones, GT-Engineering

Mike Rinker, PNNL

Rick Rast, WRPS

Jennie Reynolds, WRPS

Susan Leckband, HAB

Robert Kennedy, RPK

Mark Scott, WRPS

Keith Smith, HAB

Erik Shallman, WRPS

Bruce Wiersma, SRNL

Kitty Bryant, MSA

Matt Maryak, WSRC

Leon Stock, self

Karthik Subramanian,
WSRC/URS

Stacy Charboneau, ORP

Jeff Cheadle, ORP

Steve Wiegman, WRPS

Wade Riggsbee, YN

Jeremy Johnson, ORP

Felix Miera, WRPS

Randy Nielsen, ORP

Gretchen Reeploeg, WRPS

Mike Terry, Dell Perot
Systems

Todd Martin, Self

These notes are intended to generally capture discussion and items not included in presentations
given at the workshop. For a more complete review of the workshop, one should also review the
presentations available at: http://www.wrpstoc.com/resources/entry/sstintegrity.

Introduction, Welcome and Administrivia

Mike Terry began the workshop with a safety topic, review of the evacuation plan and
instructions on internet access in the building. Each participant was introduced and Mike
reviewed the agenda and general groundrules for the meeting.
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Third Expert Panel Workshop on Hanford Single-Shell Waste Tank Integrity (Mike Terry)

Mike outlined the four issues that ORP presented to WRPS for the Panel to address. Mike
outlined the aggressiveness of the schedule in responding to the request as well as the
aggressiveness of the agenda for this workshop.

Welcoming Remarks (Stacey Charboneau, Herb Berman)

Stacey outlined ORP’s need to better understand the proposed future uses of the SST given the
new TPA commitments and initiatives. Stacey thanked the Panel for its recommendations to date
and stated that they have been incorporated into the work ORP is performing.

Herb is looking forward to the Panel’s input on what will be required to allow interim storage in
SSTs. Herb pointed out that he is retiring and will miss the implementation of these initiatives.

SSTIP Implementation Plan (Erik Shallman)

Erik summarized WRPS’ activities aimed at addressing the top ten SSTIP recommendations from
its report as well as three other recommendations WRPS has chosen to pursue.

Update of Current Structural Conditions of SSTs (Rick Rast)

Rick reviewed the plans and analyses associated with cutting a penetration in C-107 and
deployment of MARS.

Karthik asked if there is currently a 55-inch penetration at the riser location. Rick said no. Karthik
asked if a core sample will be taken when the 55 inch plug is removed. Herb answered, yes,
forensics would be performed on the plug.

Dirk asked if seismic analysis has been performed on the SST in which the penetration will be
taken. Rick said yes.

Russ asked if safety factors are included in the analyses. Rick said safety factors are included in
the ACI-349. Jerry said it translates to essentially a safety factor of 2. Jerry asked what would be
considered “insufficient”. Rick said 1 would be insufficient. Bob said it satisfies load factor
requirements.

Kayle asked the Panel for more specificity on what tests were expected of the plug— should the
entire 55-inch core be tested or can it be cut into sections and tested. Bob answered that several
cores should first be taken and then the plug can be cut up into reasonable sizes to access the
rebar. Rick pointed out the testing will not be funded until the specific approach is decided upon.

Rick outlined the process that is planned for cutting the hole.

Matt asked if the analyses of the tanks was essentially a modification of the DST analyses. Rick
said yes, this is an evaluation on DSTs and is not the Analysis of Record; the AOR will occur this
summer. Matt asked if the AOR will include seismic and the 55 inch hole. Rick said it will

include seismic but not the penetration,

Matt asked if degraded properties were analyzed to determine the lower limit on structural
strength of the concrete. Rick said no.
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Karthik asked what happens to the hole after the MARS and the core are removed. Herb said,
theoretically, MARS will be removed and deployed in another tank and a seal plug installed.

Structural Analysis of Record (Mike Rinker)

Mike reviewed the schedule, approach, methodology and evaluation criteria associated with the
AOR.

Herb added that, if the large riser works out in 241-C-107, they would add analysis of the large
riser to the AOR since they would expect to add the large riser to the other SSTs as a routine
piece of the retrieval puzzle.

Bruce T. asked about assumptions made in the bounding analysis. Does it assume an average
corrosion? Mike said they assumed ! mm per year as the liner corrosion allowance in the DST
AOR. Mike added that, since the liner is not a structural member for the SSTs, it is not of
particular interest to the AOR. Jerry asked about rebar corrosion assumptions. Mike said the
analysis does not assume corrosion of the rebar but simply removes it from certain parts of the
tank to determine impacts.

Bob said the evaluation criteria document states that rebar will be degraded in the lower part of
the tank to determine how much rebar is required to maintain structural integrity in seismic
conditions. Mike said some level of degradation of the rebar will be analyzed.

Bob asked whether lower bound (95 percent confidence) properties or best estimate properties
would be utilized in the analysis. Ken said a combination of concrete strength and stiffness will
be utilized to determine the most conservative cracking and degradation combination (this is the
same approach used for the DSTs).

Susan L. asked when the report will be released to the public. Mike said when PNNL finishes it
will go to WRPS and then WRPS will issue it to the public. Kayle said June time frame for the
report.

Susan L. asked when the report from the work that goes through 2011 will be released. Mike said
he is hoping to release the Type II tanks report this year, the Type III report in 2011 and does not
yet have a schedule for the Type I and II tank report. Kayle added the meeting based on these
reports will be open to the public.

Susan L. asked why leak integrity is not considered in this analysis. Mike said leaking is not a
structural issue. Mike said whether the tanks can carry their loads (soil, etc.) is not impacted by
whether they have leaked or not.

Michelle M. asked whether the analyses will start with the original properties and degrade those
over time and whether cumulative impacts will be considered. Mike said changes based on
temperature and resultant impacts to the concrete will be analyzed and that the model takes into
account the cumulative impacts over time, including how tension loads impact the concrete.
Michelle M. asked if cracking is analyzed at the same time as temperature and corrosion. Mike
said corrosion is not being analyzed.

Pam L. said it appears that separate panels are looking at separate issues and questioned whether
integration was occurring. Mike said others are analyzing issues related to leaks. Pam asked about
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the panel identifying SSTs for future use. Mike said staging is not being analyzed since it is not
currently in the baseline. If it does become part of the baseline, WRPS would have to perform an
AOR. Chris B. said a similar situation occurred with the DST program where additional analyses
had to be performed as the baseline evolved.

Dirk asked if additional moisture attacking the anchoring rebar would be analyzed as this may
have been a failure mechanism for much of the concrete and should be a key part of the analysis.
Mike said it currently isn’t part of the analysis.

Dirk pointed out the confusion around the definition of a “tank”. The integrity of the tank system
is separate from the tank liner. Most would consider the liner the tank. Dirk pointed out the waste
that might be trapped between the liner and the concrete is considered a leaking tank under the
Resource Conservation and Recovery Act (RCRA). It is a third category of waste other than
waste in the vadose zone and waste inside the tank.

Rob D. asked what assumptions will be included in the analysis for the level of waste in the SSTs.
Mike said historical records will be used to determine actual levels for the analyses—as a result,
both full and empty tanks will be analyzed. In terms of whether full or empty tanks represent the
worst case, the DST analysis demonstrated that empty tanks can be worse than full. Rob asked if
this analysis could be used to support additional cleaning techniques in the tanks that haven’t
been considered to date due to structural integrity concerns. Herb said retrieval is based on
whether the tank is assumed sound or an assumed leaker, not based on structural integrity
concerns. Rob said that MARS utilization is driven by structural integrity. Mike said this analysis
will not consider MARS (unless it becomes part of the baseline), it is currently only a
comparative analysis based on DST analysis.

Matt commented that this analytical task is daunting and therefore a document that clearly
communicates the scope and objectives of the anlaysis is important. Mike said the preliminary
analysis should do exactly that. Mike also acknowledged that baseline changes will impact the
program over time.

Leon asked about feedback between testing programs and the modeling for the purpose of
validating the models. Mike said they have those kinds of discussions with WRPS.

Michelle M. asked if erosion from the outside to the inside might be included in the analysis.
Mike said external conditions and/or external soil impacts have not been considered yet but if
information is available, it would be considered. Michelle asked about vapor pressures from
inside. Mike said no, although they used it for DSTs. Michelle asked if an IQRPE will be used at
the doft analysis. yle .id that decision hasn’tbeer ide yet but it was utilized for the
DSTs.

Karthik asked if the evaluation criteria will be sufficiently robust to include activities that are not
currently in the baseline. Mike said installation of a large riser and utilizing SSTs to stage waste
would not change evaluation criteria.

Dirk asked whether thermal shock loadings due to thermal expansion will be considered. Mike
said that it would be included in the analysis.

Kayle pointed out that much of the discussion has been about the overall integrity of the system

but this presentation was just about the concrete. Kayle added that retrieval line leaks should not
be a concern as they install all new lines for retrieval operations.
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Dirk said differential temperatures and shock loadings of 500° F could cause leaks. Additionally,
the shock loading of the stee! could cause severe strains from severe expansion and contraction.
Mike agreed with Dirk but reiterated the focus of his work is on the concrete that wouldn’t be
impacted although the liner would be affected greatly.

Evaluation of Future Use of SSTs (Tom Crawford)

Tom summarized the system planning process, process flow diagram, key issues, technology
needs, and projected DST use.

Rob said the aluminum removal facility (ARF) is not in the baseline. Tom agreed saying the ARF
is being funded for development work but the goal is to blend waste sufficiently in the
pretreatment facility so the ARF will not be necessary.

Karthik asked what tank space impact would result if all assumed leaker SSTs were transferred to
sound SSTs. Tom said SST retrieval overall would be expedited and waste would be staged for
WTP earlier, thereby easing retrieval pressure after WTP starts. Additionally, it would allow
more time to deal with the risks associated with retrieving assumed leakers.

Bruce T. asked to what extent the individual SSTs are specified. Tom said assumed sound or
leaker, type of waste, chemical composition of tank, relative location of specific tank, and
location of the tank farms, are included.

Rob D. said the reason SSTs are being retrieved is to prevent additional leaks, not to stage for
WTP. How many SSTs would be evaluated and needed to provide sufficient space? Pam L.
answered that Ecology has calculated that 12 million gallons are required between 2018-2025.
Tom said the prime benefit in terms of risk to environment is based on placing a barrier over the
farm after retrieval—especially for those farms that have lots of contamination in the soil. Herb
said it would be very worthwhile to look at this just from the point of risk reduction to better
understand what the benefits are independent of WTP.

Jerry asked if the assumption is that waste transferred out of suspect SSTs will be easily retrieved
from the sound SST. Tom said saltcakes remain in solution in the receiver tank. Generally, the
insoluble particles are reduced in size so waste is more retrievable. Jerry asked about the increase
in volume from retrieval. Karthik said the evaporator would mitigate the increase.

Michelle asked if nuclear safety folks have considered the implications of retrieving and handling
Contact Handled Transt  iicv  te (CH-TRU) over a period of five years. She also noted that
this waste is really HLW. Tom said the issue is whether this waste can go to the Waste Isolation
Pilot Project (WIPP) given the limited operational period of WIPP. Michelle said, based on TPA
Milestone M-91 with rejections out to 2054 for TRU, one can assume WIPP will remain open.
Given the difficulty of disposing of the waste intended for WIPP, disposing of tank waste will be
very difficult and expensive '

Dirk asked how criticality will be avoided during this process? Tom said waste compatibility
criteria would screen out potential criticality problems.
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Single-Shell Tank Leak Integrity (Kayle Boomer)

Kayle reviewed the leak assessment process, leak assessments to date, tanks recommended for
formal review, recommendation LD-1 (Expand Leak Assessment Reports), and the proposed
approach for assessing SST leak integrity.

Jerry asked what qualifies as “clear evidence” of a leak in BY-103. Kayle said the tank
experienced a two-foot decrease in the waste level and a dry well reading was detected. Les F.
said assumed leakers are generally due to dry well hits due to overflows.

Kayle asked if the Panel is recommending that all SSTs should be included in expanded reports or
just those that address the vadose zone (which is how they do it now). He also asked about the
rigor of the leak location and leak cause entries in the reports. Both are currently investigated but
reliable information is rarely found to support this aspect of the reports.

Bruce T. asked what procedure D-42 requires. Kayle said it requires gathering of information
about the history of a tank. Subsequently, knowledgeable individuals determine whether they
believe with 95 percent confidence that evidence does not indicate a leak. Bruce T. said the
absence of heat treatment would make you think many would leak but the evidence is now
showing that they did not.

Jerry said the ENRAF™ data presented in the slide is compelling evidence at least to about 60
inches. Kayle said the Tank 241-S-112 liquid level was maintained at 120 inches for decades, so
he assumes the tank is sound to 120 inches. Kayle pointed out that waste would be added
incrementally to ensure minimization of any potential leaks. Les said historical records show 241-
S-112 held solids up to the 120 inch level. The tank has never shown any liquid loss. Kayle said
the temperature limit was 140° F.

Jeff L. questioned the change in purpose from interim stabilization to staging in SSTs. Kayle
acknowledged the change and reemphasized the concept of moving waste from leakers into non-
leakers. Jeff asked if additional emergency capacity is considered. Kayle said that emergency
space will be required to support any reuse of SSTs.

After a break, Kayle and Chris B. provided some comments intended to clarify how baseline
assumptions drive analyses and how those analyses might change as the baseline evolves.

Chemical Testing of Simulated Non-Compliant Waste (Rich Wyrwas)
Rich outli. Ithe ting objectives, panel recommendations, and testing plan.

Jerry asked about SCC and slow strain rate testing or stressed C-Rings. Rich said he was not
certain but thinks stressed C-rings will be included in the testing.

Russ asked how much duplication will occur in each test, Rich said that decision has not been
made yet but duplication will be driven by statistical needs. Russ suggested Jerry or John should
review the plan,

Keith questioned whether using ammonia as a corrosion inhibitor could present worker exposure

hazards. Rich said ammonia additions are not planned—only whether it makes sense to take
credit for existing SST ammonia as an inhibitor.
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Rob D. asked about the testing schedule and what base material will be used. Rich said vintage
285 steel that was obtained from Savannah River will be utilized. Rob encouraged Rick to
perform full reverse polarization.

Leon asked if A10 and A7 steels from 1939 will be analyzed. Bob added that A7 steel had very
loose specifications with great variability.

ry ed if there is overlap with the statistical matrix in the DST and, if so, an interesting
comparison could be made. Rich said that overlaps do exist.

Non-Destructive Evaluation (Jason Engeman)

Jason reviewed recommendation SI-4, SST implementation sequence, SST inspection selection,
and SST inspection system.

Bob pointed out the recommendation doesn’t require 100 percent haunch examination but rather a
sample type approach. Jason would like to know how to quantify how much constitutes a
reasonable sample.

Bruce T. asked whether issues have arisen with the thumper truck. Kayle said they are having
difficulty with determining how good a model is required to gauge the response of the thumper
truck.

Dirk asked about other techniques such as a dipenetrant to aid identifying cracks. Jason said
PNNL has reviewed some technologies but not in detail. Rob asked about laser topography and
Jason said PNNL did review laser topography as it is very costly. Dirk asked if interferometry has
been considered. Dirk thinks it would work. Jason said they haven’t considered it.

Matt followed up on Bob’s comment about this process being focused on leakers and unless a
problem is identified, extensive examination should not be required. Bob says visual examination
should be focused on areas that are relatively easy to reach as he is concerned about this project
taking significant sums of money from other projects

SST Sidewall Coring (Rick Rast)

Rick outlined recommendations SI-4, historical structural integrity activities, and planned
concrete testing.

Bob asked whether the footing would be cored. Rick said that decision has not been made yet.
Bob said the lower part of the tank and the footing are the most likely trouble spots and therefore

the most important place to obtain information.

Bob said the diameter of the core will have to be quite small to avoid cutting too many hoop bars.
It is desirable to have 2x the aggregate size.

Russ asked how much contamination is found near the bottom of the tank. Herb said the tank will
contain a low level of waste.

Keith also wants to know how much the waste has impacted the concrete.

Hoop steel is most critical in the haunch. How far above the tank bottom did they stop during the
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last coring? Rick said eight inches.

Bob said the old core seemed to be of lesser strength near the bottom but this may have had to do
with lifts or thermal degradation. It wasn’t dramatic enough to provide a clear understanding.
Information is necessary on more than one tank to understand the condition of the concrete.

Bruce T. asked when you do the coring, what size pieces come out? Rick said it depends on the
drilling but can be as much as a few feet or small chunks.

Jeff L. assumes some risk analysis will occur to figure risk to tanks, workers, etc. if drilling
doesn’t go right. Have you considered what would happen to the tank? Rick said we will have to
consider those items but it is too preliminary at this point. Chris B. said the plan isn’t complete
until those items are considered.

Dirk how much waste is in this tank? Kayle said it is essentially empty and it will be retrieved
after C farm retrievals are completed.

Bob said this is costly but extremely important. Should be able to bring out several feet long
sections of core unless there are major cracks. Definitely need to map and do more tests to get
more information than they did for the core in the 1980s.

Vadose Zone and Barriers (Susan Eberlein)

Susan reviewed the monitoring instruments and logging results for the T Barrier. She also
discussed the status of TY barrier and prioritization for future barriers. Susan also presented the
results of deep electrode tests in Waste Management Area (WMA-C).

Bruce T., in T Farm, why did the barrier not cover all the tanks? Susan said the intent is to
prevent movement of contamination in the soil in the short term so the barrier is covering the
contamination plume. Bruce T. commented that the 25-year flood for Benton County and
wonders if this is the correct number. Susan said it is the right number but it may take additional
action but wouldn’t cause failure.

Keith is glad the Panel is talking about interim barriers but things at Hanford that are interim
often become permanent. Is there monitoring in the runoff catch basin for the barriers? Susan said
currently there isn’t. Are there efforts to identify sources of contaminants that aren’t from tank
farms? Susan said, yes, the chemical profile will usually show characteristics that will help you
distinguish between sources, but sometimes you can’t distinguish.

Dirk stated that moisture content is changing significantly under the barrier which questions the
lateral movement under barrier. Are you going to put flux meters under the TY barrier? Susan
said they don’t plan to install such meters but it is worthwhile to figure out a way to determine
lateral flow. Dirk said the conceptual model for BX farm shows clear lateral movement and
without emphasis on boundary layers causing the lateral movement may cause us to miss
important contaminant movement.

Jerry asked what is the estimated lifetime of the barriers? Susan said 25 years for both T and TY.
Jerry asked if inspection and maintenance will be required. Susan said yes and they repair holes
in the plastic. These are both evaluation barriers. Jerry said you may have unintended
consequences if water is funneled into a defect. Susan said that is part of the inspection regime for
fast snow melts.
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APPENDIX F

SHORT BIOGRAPHIES FOR SINGLE-SHELL TANK INTEGRITY PANEL

MICHAEL T. TERRY, P.E., PANEL CHAIR
CONSULTANT
Dell Perot Systems

Mr. Terry is currently providing independent consulting services to clients such as the US
Department of Energy and the US Nuclear Regulatory Commission. He earned a Masters Degree
in Mechanical Engineering from Washington University and a BS in Mathematics from the
University of New Mexico. He has extensive experience in nuclear and process safety;
engineering, design, and construction of nuclear and non-nuclear facilities and processes;
program and project design and implementation; management systems and organizational
development; professional facilitation; and project management and administration.

Recently, Mr. Terry has been assisting the Double-Shell Tank Integrity Project (DSTIP) and the
Single-Shell Integrity Project (SSTIP) at Washington River Protection Solutions, LLC (WRPS).
His primary responsibilities include: chairing an Expert Panel on single-shell tank structural and
leak integrity; chairing an Expert Panel on tank waste chemistry optimization, oversight of the
implementation of the recommendations from the original DSTIP panel report as chair to an
expert panel oversight committee; and providing technical and programmatic guidance on matters
related to the DSTIP and SSTIP. He has also chaired and facilitated an expert panel workshop
with another expert panel assembled to investigate vapor space corrosion in the Hanford double-
shell tanks. In addition to these activities for WRPS, Mr. Terry also facilitated and chaired two
workshops for the Savannah River National Laboratory; a High-Level Liquid Waste Tank
Integrity Workshop and one on Non-destructive Evaluation. Participation on all panels consisted
of individuals from sites, industry, and academia.

TODD MARTIN, PANEL CO-CHAIR
INDEPENDENT CONSULTANT

Todd has worked on Department of Energy Environmental Management issues for nearly 20
years. Todd received his Masters in Environmental Sciences from Bard College and Bachelor of
Science in Biology from Whitworth College. Consulting with DOE, contractors, states, and
public interest organizations Todd has worked to forge consensus in DOE communities to ensure
cleanup protects the health and safety of the public, workers and the environment and is
technically sound, publicly accountable and fiscally responsible. . dd is currently leading the
river corridor clean up standards working group for DOE-RL.

JOHN A. BEAVERS, PH.D.
CHIEF SCIENTIST
CC Technologies, A DNV Company

Dr. Beavers is Chief Scientist of DNV Columbus, a company that specializes in asset risk
management. Currently, he serves on the Expert Pane! Oversight Committee for Chemistry
Optimization for Double-Shell Tanks at Hanford. He has directed and contributed to numerous
research programs on corrosion performance of structural materials. These programs have
included failure analyses, critical literature reviews, and laboratory and field evaluations of
metallic and non-metallic materials. Dr. Beavers has utilized state-of-the-art electrochemical,
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surface analytical, and mechanical techniques for evaluation of materials performance for
different forms of corrosion.

Electrochemical techniques used include potentiodynamic polarization, polarization resistance,
electrochemical impedance spectroscopy, electrochemical noise, and galvanic current
measurements. Surface analytical techniques used include Auger electron spectroscopy, x-ray
photoelectron spectroscopy, energy dispersive x-ray spectroscopy, scanning electron microscopy,
transmission electron microscopy, electron microprobe, and x-ray diffraction. Mechanical
techniques used include elastic and plastic fracture mechanics and dynamic mechanical loading
techniques such as slow strain rate and low cycle fatigue.

GERALD FRANKEL, PHD.
PROFESSOR and DIRECTOR
Fontana Corrosion Center at The Ohio State University

Dr. Frankel’s primary interests are in the fields of corrosion and electrochemistry. He has
focused on localized corrosion, passivation, coatings, inhibition, corrosion of electronic and
magnetic materials, X-ray absorption studies of electrochemically-formed films using
synchrotron radiation, behavior of anodes used in electrodeposition applications, and electrode
position of magnetic materials. Presently, he serves on the Expert Panel Oversight Committee for
Chemistry Optimization for Double-Shell Tanks at Hanford. The current activities in Dr.
Frankel’s group are focused largely on localized corrosion, and primarily on the corrosion and
protection of Al and Al alloys. His group is using a number of approaches to study pitting,
intergranular corrosion and exfoliation corrosion of Al alloys related to aging aircraft. His group
has initiated novel uses of Atomic Force Microscopy-based techniques in the study of corrosion,
including Scanning Kelvin Probe Force Microscopy and Atomic Force Microscopy scratching.
The mechanism by which chromates inhibit the corrosion of Al alloys has been studied in earlier
projects.

Currently his group is studying the inhibition mechanisms of various chromate replacements.
Corrosion of welds has been another focus of Dr. Frankel’s work. A Cr-free consumable for the
welding of stainless steel is currently under development with the goal of minimizing the
production of Cr-containing weld fumes. In another study, the susceptibility of oxide dispersion
strengthened Ni-based superalloys to hydrogen embrittlement is under study. Dr. Frankel is the
author of over 150 publications, primarily in the field of corrosion.

RUSSELL H. JONES, PHD.
CONSULTANT
GT Engineering

Dr. Russell H. Jones has 38 years of experience in materials development, evaluation, and
characterization. Dr. Jones has extensive experience in the fields of stress corrosion cracking,
radiation effects on materials, corrosion, and high-temperature composites. His work in stress
corrosion cracking includes evaluation of the effects of hydrogen, aqueous, high-temperature, and
nuclear environments on crack growth behavior of iron, nickel, aluminum, and magnesium alloys,
and ceramics and ceramic composites. Dr. Jones was one of the original members of the Expert
Panel for Chemistry Optimization for Double-Shell Tanks at Hanford.

Dr. Jones’ nuclear experience includes development of materials for advanced nuclear reactors

and irradiation assisted stress corrosion cracking for light water reactors. Specific corrosion
experience includes evaluation of the effects of interface, grain boundary, and surface chemistry
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on corrosion of materials including Yucca Mountain waste container materials. Dr. Jones has
been instrumental in the development of SiCf/SiC composites for advanced nuclear reactor
applications including high-temperature properties, corrosion and radiation stability. Dr. Jones
has expertise in fracture toughness testing of metal and ceramic materials.

ROBERT P. KENNEDY, PHD.
STRUCTURAL MECHANICS
RPK Structural Mechanics

Dr. Kennedy has over 30 years of experience in static and dynamic analysis: design of special
purpose civil- and mechanical-type structures particularly for the nuclear, petroleum, and defense
industries: design of structures to resist extreme loadings including seismic, missile impact,
extreme wind, impulsive loads, and nuclear environmental effects; and development of
computerized structural analysis methods.

Dr Kennedy has more than 30 years of experience in the seismic design and evaluation of liquid
storage tanks. He has co-author or was the prime contributor to

* BNL 52361, Seismic Design and Evaluation Guideline for the Department of Energy High-
Level Waste Storage Tanks and Appurtenances

* DOE-STD-1020, natural Phenomena Hazard Design and Evaluation Criteria for Department of
Energy Facilities.

Dr. Kennedy chaired the ASCE committee that wrote ASCE Standard 4, Seismic Analysis of
Safety-Related Nuclear Structures.

LEON STOCK, PHD.

CHEMIST

Independent Consultant

Professor Emeritus, Department of Chemistry, University of Chicago

Professor Stock has written approximately 210 articles and authored or co-authored numerous
papers related to Hanford Site waste. His recent work at the Hanford Site has centered on the
rates of hydrogen generation in the tanks and in the Waste Treatment and Immobilization Plant
and on the occurrence and chemistry of organic compounds within the waste tanks. Currently, he
serves on the Expert Panel Oversight Committee for Chemistry Optimization for Double-Shell
Tanks at Hanford.

KARTHIK SUBRAMANIAN

CHIEF TECHNOLOGY OFFICER

Savannah River Remediation

URS - Global Management and Operations Service

Karthik Subramanian has experience and expertise in basic and applied research, specifically in
materials processing and consequent performance. His relevant expertise includes mechanical
and environmental testing, hydrogen isotope effects on polymers and structural metals, and
aqueous corrosion of structural materials. Karthik’s research experience at the Savannah River
National Laboratory (SRNL) focused on (1) structural integrity programs for high level waste
tanks, including design and implementation of corrosion control; and (2) life-cycle engineering
for tritium reservoirs, involving the development of structure, property, performance models for
long-term hydrogen/tritium/helium effects on structural materials. Karthik’s current focus is on
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integrating the activities related to high level waste for the URS Washington Division including
structural integrity programs and multi-faceted technology development and operational
programs.

BRUCE THOMPSON, PHD.
PROFESSOR AND DIRECTOR
Center for Nondestructive Evaluation, Ames Laboratory

Bruce Thompson is the Director of the Center for Nondestructive Evaluation, Director of the
Ames Laboratory Applied NDE Program, and a Distinguished Professor in the Department of
Materials Science and Engineering and in the Department of Aerospace Engineering and
Engineering Mechanics. He received his B.A. in Physics from Rice University (1964}, his M.S.
in Physics from Stanford University (1965) and his Ph.D. in Applied Physics from Stanford
University (1971). From 1970 to 1980 he served as a member of the technical staff and Group
leader of Ultrasonic Applications at the Rockwell International Center before coming to lowa
State University.

Thompson’s research interests fall in the area of ultrasonic nondestructive evaluation. Specialties
include the analysis and development of noncontact sensors, in particular electromagnetic
acoustic transducers, modeling the effects of measurement geometry on ultrasonic inspection,
studying the uses of ultrasound to characterize a variety of microstructural and material properties
such as stress, texture, porosity, grain size, and anisotropy and partially contacting interfaces, and
uses of physics-based simulation tools to assist in the determination of probability of detection.

Thompson is the author of six major invited review articles in the field of nondestructive
evaluation, over 90 articles in archival journals and over 323 papers in edited conference
proceedings. He has been awarded 24 U.S. patents and presently serves as the Editor-in-Chief of
the Journal of Nondestructive Evaluation. Dr, Thompson was one of the authors of Guidelines
for Development of Structural Integrity Programs for DOE High-Level Waste Storage Tanks
(BNL-52527).

BRUCE J. WIERSMA, PHD.
FELLOW ENGINEER
Savannah River National Laboratory

Dr. Wiersma has 17 years of experience in the corrosion and structural integrity disciplines at the
Savannah River Site. His primary responsibilities have been associated with the structural
integrity of high-fevel waste tanks. He has developed experimental programs to evaluate the
corrosion performance of me ials utilized on the Savannah River Site, and he led the team that
developed the in-service inspection program for the high-level waste tanks. Currently, he serves
on the Expert Panel Oversight Committee for Chemistry Optimization for Double-Shell Tanks at
Hanford.
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Executive Summary

The Hanford Site Tank Operations Contractor (TOC), Washington River Protection Solutions,
LLC (WRPS), has initiated a project to ensure the integrity of the single-shell tanks (SSTs) until
the waste can be retrieved from the tanks for treatment. As part of the Single-Shell Tank
Integrity Project (SSTIP), WRPS has commissioned a Single-Shell Tank Integrity Expert

Panel (Panel) to provide advice on the formation of the project. The Panel has developed

33 recommendations based on the proceedings of two workshops in Fiscal Year (FY) 2009. The
Panel further identified ten of the 33 as primary recommendations, which provide the basis for a
robust SSTIP. WRPS has already initiated some of the primary recommendations (e.g.,
development of a modern structural analysis of record for the SSTs) and the SSTIP is developing
plans that will encompass the primary recommendations and six of the secondary
recommendations.

The Panel met a third time to revise their findings against the requirements contained in the draft
Tri-Party Agreement Milestone M-45-91 of Hanford Federal Facility Agreement and Consent
Order (Ecology et al. 1989). WRPS presented its plans for the SSTIP to the Panel and the Panel
concurred with the approach taken. The Panel issued RPP-RPT-45921, Single-Shell Tank
Integrity Expert Panel Report, which presented a series of further recommendations based on
their review of the Tri-Party Agreement draft milestone. The recommendations were related to
transferring and/or storing SST wastes in other SSTs, and are briefly summarized in Appendix D.
These recommendations will not be actively pursued unless transferring and/or storing SST
wastes in other SSTs is accepted and integrated into the baseline schedule.

The Panel identified the original recommendations within four key elements of the SSTIP:

(1) confirmation of tank structural integrity (denoted by SI), (2) assessment of the likelihood of
future tank liner degradation (denoted by LD), (3) leak identification and prevention (denoted by
LIP), and (4) mitigation of contamination migration (denoted by MCM). The Panel prioritized
its recommendations in two ways: (1) overall prioritization, and (2) prioritization within the

four key elements.

As noted, the primary recommendations represent the panel’s top ten priorities, which form a
robust foundation for the SSTIP. This implementation plan addresses the primary
recommendations as well as six additional secondary recommendations. Five of the six
secondary recommendations apply to the assessment of the likelihood of future tank liner
degradation while the sixth applies to the development of a living document to contain the
current best understanding of the engineering mechanical properties of the SSTs. The
implementation plan identifies the scope, work plan, and work schedule to complete each
recommendation. As identified in this plan some of the recommendations will require the
preparation of a baseline change request (BCR) to the WRPS baseline to add the scope of work
covered by the recommendations.
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1.0 Introduction

The Hanford Site’s single-shell tank (SST) wastes are slated for retrieval and treatment in the
Waste Treatment and Immobilization Plant (WTP) that is currently under construction. Figure
1-1 shows a comparison of the SSTs present at Hanford. Technical issues have delayed the
schedule for initiating operations of the WTP. The delays to the WTP will necessitate extended
waste storage in the SSTs, all of which are currently beyond their design life.

Figure 1-1. Comparison of Hanford’s Single-Shell Tanks

The extension of the SST mission has created an incentive for the Tank Operations
Contractor (TOC), Washington River Protection Solutions, LLC (WRPS), to develop an
enhanced Single-Shell Tank Integrity Project (SSTIP). WRPS created an expert panel on SST
integrity (Panel) to provide recommendations to support the development of such a project.

1.1 Single-Shell Tank Integrity Panel

To date, the Panel has met three times. Table 1-1 shows the dates of these meetings and the
corresponding documents produced. The Panel developed recommendations based on the
proceedings of two workshops, and the research and deliberation of the Panel members. Of the

33 recommendations developed by the Panel, ten were deemed as primary recommendations for
the SSTIP.
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Table 1-1. Meetings of the Single-Shell Tank Integrity Panel

Meeting Dates Purpose Documentation
First January 26-28, 2009 Provide information to the | WRPS-40656, Summary of First
Panel about SSTs. Single-Shell Tank Integrity
Expert Panel Workshop -
January 2009
Second | April 29-May 1, 2009 Respond to questions from | WRPS-42005, Summary of
Panel and for Panel Second Single-Shell Tank
members to present Integrity Expert Panel Workshop
information based on - April 2009
assignments from the first
meeting. RPP-RPT-43116, Expert Panel
Report for Hanford Site Single-
Shell Tank Integrity Project
Third January 20-21, 2010 New report to reflect new | RPP-RPT-45921, Single-Shell
guidance. Tank Integrity Expert Panel
Report

In the first workshop, the Panel considered a broad range of issues including:

¢ Current status

e Chemistry

e Retrieval technologies

e Structural integrity requirements and status
e Corrosion

e Stress corrosion cracking (SCC)

e Design impacts at the Savannah River Site
e Vadose zone characterization

e Leak detection, monitoring, and mitigation
e Non-destructive evaluation (NDE)

At this workshop the Panel developed individual work assignments to research specific areas of
interest (WRPS-40656, Summary of First Single-Shell Tank Integrity Expert Panel Workshop —
January 2009). Based on this research and subsequent requests for more information from
WRPS, the Panel held a second workshop to develop recommendations. The personnel on the
Panel were adjusted after the second workshop, removing the soil and vadose zone expert and
adding a concrete NDE expert, Dr. Glen Washer. Figure 1-2 shows the current members of the
panel.
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Figure 1-2. Single-Shell Tank Integrity Panel
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Single-Shell Tank Integrity Panel Recommendations

In developing its recommendations, the Panel agreed on three overarching values that should
guide the SSTIP.

Project activities should be strategically focused on programmatic needs. This value
acknowledges the pitfall of developing an SSTIP that includes activities that may be of
interest scientifically, but offer little prospect for directly supporting programmatic
requirements.

Project activities should not adversely impact final disposition of tank waste. Such
disposition of SST wastes requires retrieval from the tanks and treatment in the WTP.
The waste must have certain physical and chemical characteristics for successful retrieval
and treatment, and this must be considered when designing the SSTIP.

Integrity project activities should protect public and worker health and safety.

The Panel’s recommendations focused on the following four key elements that form the
foundation of the SSTIP:

Confirmation of tank structural integrity, denoted by SI

Assessment of the likelihood of future tank liner degradation, denoted by LD
Leak identification and prevention, denoted by LIP

Mitigation of contaminant migration, denoted by MCM

The Panel then issued report RPP-RPT-43116, Expert Panel Report for Hanford Site Single-
Shell Tank Integrity Project, outlining the results of workshop discussions and Panel




RPP-PLAN-45082, Rev. 0

deliberations, including the rationale and prioritization of the Panel’s recommendations. The
Panel developed ten primary recommendations, which the Panel stated in RPP-RPT-43116:

“...form the foundation of a robust SSTIP. As is outlined in Section 2, these primary
recommendations should be pursued at the initiation of the SSTIP.

Recommendation SI-1, Perform Modern Structural Analyses

Recommendation SI-2, Perform Dome Deflection Surveys

Recommendation SI-3, Obtain and Test Sidewall Core

Recommendation SI-4: Perform Non-Destructive Evaluation of Concrete
Recommendation LD-1, Expand Leak Assessment Reports

Recommendation LD-2, Avoid Inadvertent Addition of Water and Chloride to SSTs
Recommendation LIP-1, Continue Leak Detection Monitoring and Best Management
Practices and Install Enhanced External SST Monitoring

Recommendation LIP-2, Avoid the Addition of Water-Insoluble Absorbents to SST's
Recommendation LIP-3, Continue Use of High Resolution Resistivity
Recommendation MCM-1, Install Surface Barrier over SST Farms

This implementation plan addresses the Panel’s primary recommendations, six secondary
recommendations, and identifies an intended path forward. The basic elements of developing the
plan were presented, in draft form, to the Panel on January 19, 2009, and the Panel comments
and concerns have been incorporated into this plan.
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2.0 Prioritization and Summary of Recommendations in Impiementation Plan

The Panel provided primary recommendations to be pursued as activities critical to a robust

SSTIP, refer to RPP-RPT-43116. Secondary recommendations were also identified. A sub-set
of the secondary recommendations will be included as part of the implementation plan. This
plan will be to address scope, work plan, and schedule for the primary recommendations and

included secondary recommendations.

2.1 Summary of Primary Recommendations

Table 2-1 lists the ten primary recommendations as prioritized by the Panel. The comments

indicate if the recommendation is included in the SSTIP baseline schedule, another baseline

schedule, or if a Baseline Change Request (BCR) will be required to add funding for the
recommendation.

Table 2-1. Single-Shell Tank Integrity Panel Primary Recommendations (4 Sheets)

Number

Recommendation

Comment

1.

SI-1, Perform Modern Structural Analyses
The Panel recommends performing modern
structural analyses (including seismic) on
representative samples of SSTs. Such
analyses are necessary to understand the
structural integrity of the SSTs during a
seismic event. The analysis will be useful in
answering the following questions: How much
rebar must remain to achieve adequate
structural integrity under a major seismic
event? What is the level of confidence that at
least this amount of rebar cross-sectional
area exists and will remain present for the
operating life of the tanks (e.g., 20 to 50
additional years)? What is the minimum
required concrete strength?

Included in WRPS baseline (FY
2009 -FY 2011).

SI-2, Perform Dome Deflection surveys

The Panel recommends continuation of the
current dome deflection survey program. The
program should be augmented to obtain dome
deflection data near the haunch of the domes.
The dome surveys are important as any future
potential for dome collapse would be
preceded by excessive downward dome
deflection. The haunch data is important to
determine whether dome deflections are due
to downward displacement of the dome or of
the footing under the sidewall.

BCR required to add dome surveys,
evaluation of additional
benchmarks, repair of existing
benchmarks, and monuments to the
SSTIP baseline.
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Table 2-1. Single-Shell Tank Integrity Panel Primary Recommendations (4 Sheets)

Number

Recommendation

Comment

3.

SI-3, Obtain and Test Sidewall Core

The Panel recommends obtaining and testing
a vertical core from the entire depth of the
sidewalls for two tanks that have leaked and
had been operated at high temperatures for
extended periods. Such cores will provide
important data about the structural condition
of concrete and rebar in the sidewalls.

Included in WRPS baseline.
Develop plan by 9/30/10. Complete
first core by 9/30/11. 1f deemed
necessary, prepare BCR to acquire a
subsequent core.

SI-4, Perform Non-Destructive Evaluation of
Concrete

The Panel emphasizes the importance of the
hierarchical aspect of this recommendation.
Initially, the Panel recommends the
application of two technologies (1) visual
inspection of domes to identify cracks in
excess of 1/16 inch wide, rust stains on the
concrete, or spalling of concrete, and (2)
utilization of a ‘thumper truck’ to determine
the modulus of the dome concrete. The
modulus correlates with concrete strength and
controls the degree of deformation that will
occur under loading.

Further development and deployment of non-
destructive evaluation technologies such as
guided wave propagation should occur in the
event initial SSTIP activities (e.g., visual
inspection, modeling, and vertical core
results) indicate potential concrete
degradation.

Visual inspections included in
WRPS baseline. Proceed with
procurement of new camera system.
Twelve tanks will be video
inspected in FY 10. Use ofa
“thumper truck” is not being
considered at this time.

LD-1, Expand Leak Assessment Reports
The Panel recommends continuation of the
preparation of Leak Assessment Reports for
each tank farm. The Panel found the Leak
Assessment Report for 241-4 and 241-AX
Tank Farms to be very helpful in
understanding the status of data and
information about both known and assumed
leaker tanks. The discussion for each tank
should include an operating summary, an
operating history, an analysis of the leak
location and cause, a waste loss estimate,
commentary on the nature and extent of the
ground contamination, and a conclusion.

BCR required. Add review and
update of existing leak assessment
reports.
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Table 2-1. Single-Shell Tank Integrity Panel Primary Recommendations (4 Sheets)

Number

Recommendation

Comment

6.

LD-2, Avoid Inadvertent Addition of Water
and Chloride to SSTs

To avoid creating conditions that could
lead to liner corrosion, the Panel
recommends that operational procedures
are implemented to prevent the
inadvertent addition of water and chloride
ion to the SSTs. The impact of water
intrusion and unintended increases in
chloride ion concentrations should be
evaluated on a tank-by-tank basis.

Operation specifications document
(OSD) revision required. Review
existing WRPS procedures and
revise procedures as required.

LIP-1, Continue Leak Detection Monitoring
and Best Management Practices and Install
Enhanced External SST Monitoring

The Panel recommends continuing current
LDM and Best Management Practices to
monitor for leaks. Further, the Panel
recommends installing enhanced monitoring
based on potential leak risks at each tank
farm. The 241-T Tank Farm Interim Cover
Test has proved an excellent system for
tracking infiltration of meteoric water.
Increasing the depths and expanding the
aerial extent of monitoring similar to this test
will provide an excellent system for early
detection and tracking of leaks.

Included in the WRPS baseline
under SST Retrieval and Closure
Projects.

LIP-2, Avoid the Addition of Water-Insoluble
Absorbents to SSTs

The Panel considered the addition of
absorbents to the SSTs to further immobilize
liquids. However, the Panel recommends
avoiding the addition of water-insoluble solid
absorbents to the SSTs, as such additives do
not appear effective in immobilizing water,
will interfere with the future retrieval of
wastes, and may adversely impact WTP
operations.

Operation specifications document
(OSD) revision required. Review
existing WRPS procedures and
revise procedures as required.

LIP-3, Continue Use of High Resolution
Resistivity

The Panel recommends continuing utilization
of high resolution resistivity for leak detection
outside of tanks. High resolution resistivity
can detect a 5,000 to 10,000 gallon leak by
utilizing existing dry-wells to measure soil
resistivity. The technique has proved effective
during recent waste retrieval activities.

The use of high resolution
resistivity (HRR) is included in
the WRPS baseline under SST
Retrieval and Closure Projects.
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Table 2-1. Single-Shell Tank Integrity Panel Primary Recommendations (4 Sheets)

Number

Recommendation

Comment

10.

MCM-1, Install Surface Barrier Over SST
Farms

The Panel recommends design and
implementation of a surface barrier to
reduce recharge at the SSTs. Sources of
water (leaking pipes, vaults, etc.,) that
could contribute to subsurface water deep
percolation should also be identified and
controlled. New control/barrier measures
should be prioritized based on the risk
associated with past and/or future
releases at each tank farm.

Included in current WRPS baseline.
Vadose Zone Project to install
interim surface barriers at a rate of 1
tank farm per year (see baseline for
specifics).

2.2 Summary of Secondary Recommendations

At this time WRPS has identified six of the 23 secondary recommendations for further
investigation; see Table 2-2.

Table 2-2. Single-Shell Tank Integrity Panel Secondary Recommendations Included

in the WRPS Implementation Plan (2 Sheets)

Number Recommendation Comment

1. SI-5,Test Dome Concrete and Rebar ‘Plugs’ BCR required. Add development
Current plans call for the cutting of holes in the | of forensics plan, actual forensics
SST domes to facilitate the use of retrieval testing and report generation. To
equipment. The Panel recommends the be coordinated with C-107 Waste
following tests on concrete and rebar ‘plugs’ Retrieval Project.
removed from domes during cutting: (1)
concrete compression and bend tests; and (2)
rebar diameter measurement and tensile tests.
These tests will provide an opportunity to obtain
data on the condition of the dome concrete and
Py S

2. D1-U, LUSVEIUP CUELICCLLE VICCIAIICS Includea 1n W K> paseline (Fy

Document

The Panel recommends the development and
up-to-date maintenance of a living document
containing the best current understanding of
engineering mechanics properties of each tank.
Such a document is an important reference in
understanding both the current and future
structural integrity of the SSTs and will be
useful in defining input information for future
tank evaluations.

2009 - FY 2011), integrated with
SI-1.
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Table 2-2. Single-Shell Tank Integrity Panel Secondary Recommendations Included
in the WRPS Implementation Plan (2 Sheets)

Number Recommendation Comment

3. LD-3, Examine “non-compliant” wastes at 25 C | Test plan development included
The Panel recommends selected “non- in current WRPS baseline. A
compliant” SST waste simulants be examined at | BCR will be generated to add the
25°C. “Non-compliant” wastes are those that execution of the test plan to the
fail to meet specific temperature, nitrite, nitrate, | baseline.
and hydroxide concentration criteria. The
examinations will provide information on the
propensity for pitting, cracking, and corrosion
at the liquid-air interface (LAI) or corrosion of
the liner in the vapor space. This testing should
be coordinated with the double-shell tank (DST)
lesting program.

4, LD-5, Determine Ammonia Corrosion Control | Test plan development included
Concentration in current WRPS baseline. A
Ammonia in sufficient concentrations has the BCR will be generated to add the
potential to inhibit liner corrosion. The Panel execution of the test plan to the
recommends laboratory testing to determine the | baseline.
concentration of ammonia required to control
corrosion in the liquid phases of the solid and
supernatant layers, at the LAI, and on the
exposed liner in the vapor spaces. This testing
should be coordinated with the DST testing

program.

5. LD-6, Assess SST Waste Compositional Test plan development included
Variation in current WRPS baseline. A
The Panel recommends determining whether the | BCR will be generated to add the
compositional variation in the solid layers of the | execution of the test plan to the
SSTs deviates from the general SST and DST baseline.
programmatic assumptions about composition.

If so, testing work may need to be performed to
evaluate the propensity for stress corrosion
cracking (SCC) and corrosion.
6. LIP-8, Assess the Feasibility of Testing for Test plan development included

Ionic Conductivity Between Inside and Outside
of SSTs

The Panel recommends performing
experiments to assess the viability of testing
ionic conductivity between the inside and
outside of the SSTs. An ionic path between
the inside and outside of the SSTs could be
indicative of cracks through the liner and
concrete. If techniques can reliably
measure such ionic conductivity, it would be
useful in demonstrating whether breaches
exist in SSTs.

incurrent W °Sb i
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The implementation schedule for each recommendation is detailed in the following sections.
Table 2-3 depicts a nominal high level schedule for all items that are included in the SSTIP
baseline or are already funded by another WRPS baseline.

Table 2-3. Schedule for Currently Funded Activities

Type I, I, 111, IV SST Preliminary
Type II Detailed Analysis Final
Type 11l Detailed Analysis Draft
Type Il Detailed Analysis Final
Type IV Detailed Analysis Final
Type I Detailed Analysis Final

Engineering Mechanics Document

Activity FY2010 FY2011
OINTDIITFIM[AIMIJ[JTA[STOINID[I|FIM[AIMIITI[ATS
Analysis of Record HREERERE SRR

SST Sidewall Coring
Plan Development
Obtain & Test Sidewall Core

NDE of Concrete (12 Tanks per Year)

Chemical Testing Test Plan

e ——

SST Statistical Grouping Study

EREERm

Leak Detection Monitoring

Scheduled in Other Baseline

High Resolution Resistivity

Scheduled in Other Baseline

Develop Ionic Conductivity Test Plan

TY Surface Barrier Construction

All other recommendations will require a BCR in order to add scope and funding to ™ baseline.
Once a BCR is approved, a schedule will be formulated for each activity included i the BCR.

10
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3.0 Single-Shell Tank Structural Integrity

The Panel has developed a series of recommendations for WRPS to confirm and maintain the
structural integrity of the Hanford SSTs. Recommendations discussed in Section 3.0 of
RPP-RPT-43116 are denoted by SI-#, where # is an integer, relating to Structural Integrity (SI).

3.1 Analysis of Record for the Single-Shell Tanks

The discussion with the Panel through the first two meetings led to the conclusion that structural
failure under static loading conditions of the SSTs is highly unlikely. The Panel felt seismic
events would also not lead to the collapse of the SSTs, but further analysis was required. Thus
the Panel recommends performing modern structural analyses (including seismic) on
representative samples of SSTs. They also recommend the development of a living engineering
mechanics document. WRPS agrees with the Panel’s conclusion and has initiated work to
prepare an analysis of record (AOR) and a living document containing the engineering
mechanics properties based on the following recommendations:

Recommendation SI-1, Perform Modern Structural Analysis

The Panel recommends performing modern structural analyses (including seismic) on
representative samples of SSTs. Such analyses are necessary to understand the
structural integrity of the SSTs during a seismic event. The analysis will be useful in
answering the following questions: How much rebar must remain to achieve adequate
structural integrity under a major seismic event? What is the level of confidence that at
least this amount of rebar cross-sectional area exists and will remain present for the
operating life of the tanks (e.g., 20 to 50 additional years)? What is the minimum
required concrete strength?

Recommendation SI-6, Develop Engineering Mechanics Document

The Panel recommends the development and up-to-date maintenance of a living
document containing the best current understanding of engineering mechanics properties
of each tank. Such a document is an important reference in understanding both the
current and future structural integrity of the SSTs and will be useful in defining input
information for future tank evaluations.

3.1.1 Analysis of Record Implementation Scope

Structural analysis of the SSTs is currently in the WRPS baseline. At this time WRPS believes
execution of the baseline activities will fully implement these Panel recommendations.

A modern finite element structural analysis is being performed for all four types of Hanford
SSTs. Figure 3-1 depicts a finite element model to be used in a modern structural analysis. The
analysis considers the effects of creep and dead, live, operating, thermal, and seismic loading.
The analysis incorporates the use of temperature dependent mechanical properties of concrete
and reinforcing steel.

11
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Figure 3-1. Finite Element Model of a Concrete Single-Shell Tank

The analysis of the SSTs is being conducted in two phases. The first phase is a preliminary
analysis. The preliminary analysis will address the variation in tank designs, concrete properties,
reinforcing steel properties, and operating histories. The preliminary analysis will also
investigate appurtenances and their impact on structural integrity. Benchmarking studies
included in the preliminary analysis will address varying soil conditions within the SST tank
farms, waste properties for seismic modeling, SST seismic response spectra, acceleration
time-histories, and other parameters as necessary. The preliminary analysis will provide
recommendations as to the number and size of finite element models required for analysis of
each of the SST types.

The second phase will be a detailed AOR. The detailed analysis will be based on agreed upon
detailed models and loading conditions (including dead loads, live loads, thermal loads, seismic
loads and creep). The resulting demands on the tanks will be assessed in various load
combinations and compared to the capacities at various locations on the tanks to determine the
overall structural integrity.

. u€ living engineering mechanics document will be prepared and maintained by WRPS to
contain the current best understanding of engineering mechanics properties of each tank.

3.1.2 Analysis of Record Implementation Work Plan
WRPS has secured the services of Pacific Northwest National Laboratory (PNNL) and its
subcontractor, M&D Professional Services (M&D), to perform the work necessary to implement

recommendation SI-1. PNNL and M&D will generate the necessary finite element models to
perform preliminary and detailed analyses.

12
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The work plan currently includes the development of an SST structural evaluation criteria
document, and preliminary and detailed analyses. All documentation will be subject to review
by the Department of Energy Office of River Protection, the Panel, and WRPS subcontracted
independent expert reviewers.

3.1.3 Analysis of Record Implementation Schedule

Per the PNNL Project Management Plan (Project 57926, Rev. 1, SST AOR PMP, December 15,
2009) the following are to be delivered to WRPS in fiscal year (FY) 2010:

e Typel, II, III, and IV SST Preliminary Analysis Documentation: models, analyses,
results, and recommendations for detailed analyses by July 31, 2010.

e Type Il SST Detailed Analysis of Record Final Documentation: models, analyses,
results, and conclusions delivered to WRPS by September 30, 2010.

e Type III SST Detailed Analysis of Record Draft Documentation: models, analyses,
results, and conclusions delivered as draft copy to WRPS by September 30, 2010.

The following are anticipated to be delivered to WRPS in FY 2011:

e Type III SST Detailed Analysis of Record Final Documentation: models, analyses,
results, and conclusions delivered to WRPS by November 30, 2010.

e Type IV SST Detailed Analysis of Record Final Documentation: models, analyses,
results, and conclusions delivered to WRPS by August 31, 2011.

e Type I SST Detailed Analysis of Record Final Documentation: models, analyses, results,
and conclusions delivered to WRPS by September 30, 2011,

¢ Engineering Mechanics document prepared by WRPS by September 30, 2011

3.2 Dome Deflection Surveys

WRPS has performed dome deflection surveys since the initiation of interim isolation and
stabilization of the SSTs in support of loads placed on the tanks during salt well pumping.
~ \hancements to the dome survey work. el i tif | Theseactivit  will satisfy tl
Panel’s concemns put forth by:

Recommendation SI-2, Perform Dome Deflection Surveys

The Panel recommends continuation of the current dome deflection survey program. The
program should be augmented to obtain dome deflection data near the haunch of the
domes. The dome surveys are important as any future potential for dome collapse would
be preceded by excessive downward dome deflection. The haunch data is important to
determine whether dome deflections are due to downward displacement of the dome or of
the footing under the sidewall.

13
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3.2.1 Dome Survey Implementation Scope

A dome survey of the SSTs is contained within the current WRPS baseline. WRPS will propose
the addition of the following activities to the SSTIP baseline. The addition will allow WRPS to
fully evaluate and implement this recommendation.

The addition of benchmarks “near the haunch” is to be evaluated by Engineering. This effort
will take into account existing benchmarks that could be used and identify new benchmark
locations that may be required.

The existing SST dome surveys are conducted per RPP-26516, SST Dome Survey Program. The
program requires that all SSTs will be evaluated on a 24 month cycle + 2 months. Action is
required if a deflection in excess of % inch is identified. The handling and processing of SST
dome survey data is per TFC-ENG-FACSUP-C-10, “Control of Dome Loading.” Figure 3-2
shows typical benchmark type and placement.

Figure 3-2. (A) Typical Survey Benchmark, (B) Typical Benchmark Placement with Pit
(from RPP-20444, 241-A Tank Farm Historic Dome Load Record Data), (C) Typical
Benchmark Placement without Pit (from RPP-20449, 241-C Tank Farm Historic Dome
Load Record Data)

(A)

Recent evaluation of the dome survey program identified some deficiencies that have been
documented in the Problem Evaluation Request, CH2M-PER-2007-2302. As a result of the
problem evaluation request (PER), Engineering has prepared a benchmark matrix which
specifically identifies the benchmark deficiencies and required repairs.

3.2.2 Dome Survey Implementation Work Plan
Prepare a baseline change request (BCR) to:

e Move performance of annual SST dome surveys from the SST maintenance to the SSTIP
baseline.

e Add the performance of an engineering study to identify the requirements for the addition
of benchmarks near the haunch. This study will also address the cost of installing new
benchmarks.

14
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¢ Add the repair and replacement of existing benchmarks and monuments.

3.2.3 Dome Survey Implementation Schedule
The implementation schedule will be per WRPS approved baseline.
3.3 Single-Shell Tank Sidewall Core

WRPS has obtained core samples in the past from the dome, sidewall, and footing of the SSTs.
The Panel concluded that additional sidewall core samples from selected SSTs would improve

the knowledge of the SST structural integrity. As such, WRPS has initiated work to obtain and
test concrete from at least one additional SST to satisfy:

Recommendation SI-3, Obtain and Test Sidewall Core

The Panel recommends obtaining and testing a vertical core from the entire depth of the
sidewalls for two tanks that have leaked and had been operated at high temperatures for
extended periods. Such cores will provide important data about the structural condition
of concrete and rebar in the sidewalls.

3.3.1 Single-Shell Tank Sidewall Core Implementation Scope

The SSTIP baseline includes the development of a work plan and actual tank wall coring of one
SST. In 1981 a concrete core sample was obtained from 241-SX-115, which was a leaker that
saw relatively high heat during its operation. WRPS technical staff has identified 241-A-106 as
the next SST that will be sidewall cored. Although 241-A-106 is a sound tank, it was selected
because it has the highest thermal operating history of the SSTs. Because concrete degradation
is linked with high thermal operation, 241-A-106 should provide a bounding case for sidewall
coring that meets the intent of the Panel’s recommendation. Once the condition of the concrete
in the sidewalls of a high-heat tank is assessed, a decision can be made as to whether a
subsequent sidewall core sample is required. If the decision is made to acquire a subsequent
core, WRPS technical staff has determined that a sample from a low-heat leaker could provide a
valuable comparison to the data already acquired, although this determination is subject to
change pending the results of the first sidewall core sample.

It is expected that the activities for concrete sidewall coring will be executed during FY 2010 and
FY 2011. WRPS will require compliance with all applicable standards, procedures, policies, and
quality assurance programs.

SST sidewall coring activities will include planning and executing the necessary tasks to have
work completed to the satisfaction of WRPS. It is important to emphasize that the intent of the
SST sidewall coring activities is to obtain valuable information regarding the condition of SST
concrete. Concrete samples will be removed by core drilling through the haunch, down the full
depth of the sidewall, and into, but not through the footing. It is not the intent of SST sidewall
coring to drill through or cutany rebar in the SST sidewall, particularly horizontal (hoop) rebar.
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As much care as practically allowed will be taken to avoid drilling through or cutting rebar while
performing SST sidewall coring.

SST sidewall coring activities will result in the determination of desired mechanical properties of
the SST concrete. Currently the desired mechanical properties for the concrete include
compressive strength, elastic modulus, and Poisson’s ratio. In addition to testing for mechanical
properties, WRPS will require careful NDE of the removed samples before and after destructive
testing. NDE of the samples will include, but not be limited to, visual inspection. Details on the
mechanical testing and NDE of concrete samples will be included in a detailed work plan.

Preliminary sidewall coring activities will include, but are not limited to:

Identification of the desired location of the SST for sidewall coring. This will include
consideration of tank operating history, location within the farm, and crane access for
equipment installation and material handling.

Identification of core size (diameter) to be removed from the SST. Core size is of the
utmost importance. The size of the sample will have to comply with ASTM C 42 and
restrictions resulting from concrete wall thickness and the spacing and location of the
rebar.

Selection of drilling technique used for removing the concrete core samples. This will
include considerations for desired specimen size (diameter), controls for drilling ang]e,
control of water, and capability to perform drilling within a confined area, which is to be
determined.

Determination of appropriate access needed to perform SST sidewall coring. This will be
dependent on the driiling equipment used and the desired coring location on the tank
wall.

Determination of all necessary personnel to complete sidewall coring activities. This will
include all WRPS and non-WRPS staff required.

Preliminary cost estimates for completion of SST sidewall activities.

Schedule for detailed sidewall coring activities.

. .gure 3-3 shows the general method for obtaining a sidewall core.
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Figure 3-3. 241-SX-115 Sidewall Coring Detail (from RHO-CD-981, Waste Tank Core
Drilling Test Plan)
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Detailed sidewall coring activities will include, but are not limited to:

e Construction drawings for excavation and drilling activities. Drawings will convey
construction sequence for excavation down to tank sidewall, installation of engineered
barriers, structures, and supports, identification of drilling location on tank, installation of
all drilling equipment and supports, removal of all removable equipment, grouting of the
drilled hole, and resolution of the excavated area. Drawings will include design drawings
and as-built drawings.

e Construction specifications for sidewall coring activities. All necessary information to
accompany drawings for construction will be included. Specifications will also include
methodology for tracking core samples with respect to depth of sidewall. Consideration
will be ven to proper. dling of po bly contaminated samp Specificatior  will
consider stop work conditions and resolutions for multiple conditions adverse to safety
and quality. This will include consideration of the inadvertent cutting of sidewall rebar.

o Detailed reporting on all construction activities. The report will include a data log for all
construction activities. Pictures associated with as-built construction drawings will be
provided. Proper documentation of all issues encountered during construction and
drilling will be provided.

e Detailed specifications on concrete core testing. All applicable ASTM and ACI
standards for performing NDE and mechanical testing will apply. Direction for visual
inspection of concrete cores and associated documentation of findings will be included.
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Specifications will include desired specimen sizes. Specifications will include testing
procedures in accordance with ASTM and ACI standards. As-built specimen sizes will
be documented. Direction for documenting test results, including testing conditions, will
be provided. Specifications will also provide direction for necessary photographs to be
taken before, during, and after inspection and testing.

3.3.2 Single-Shell Tank Sidewall Core Implementation Work Plan

A concrete core sample was obtained from 241-SX-115 in 1981. The current plan is to obtain
and test a core sample from the sidewall of 241-A-106 because it has the highest recorded tank
temperature identified from historical records. Figure 3-4 shows the rebar reinforcement of
241-A-106 at the haunch and top of the sidewall. Once the core sample data has been acquired, a
determination will be made as to whether a subsequent core sample is required. Ifitis
determined necessary, a BCR will be prepared to obtain and test another core sample from the
sidewall of an SST, likely one with a lower temperature history than 241-SX-115. The data set
obtained from these core samples will provide insight as to how temperature has affected the
concrete strength.

Figure 3-4. Reinforcement of 241-A-106 Haunch and Top of Sidewall (from H-2-55913,
Waste Storage Tanks Dome Reinforcing Purex Waste Disposal Facility)
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3.3.3 Single-Shell Tank Sidewall Core Implementation Schedule

WRPS will develop a plan to obtain a full height core sample from 241-A-106 sidewall (start
4/5/10, complete 9/30/10).

In FY 2011, a sidewall core sample will be obtained from 241-A-106 (start 10/1/10, complete
9/30/11). Once the sample data has been acquired, the necessity of obtaining a subsequent core
sample will be determined. If necessary, a BCR to obtain and test a core sample from another
tank will be prepared.

If the BCR is approved, a core sample will be taken from a low temperature tank per WRPS
baseline.

3.4 Non-Destructive Evaluation of Concrete

The Panel emphasized the importance of the hierarchical aspects of this recommendation. The
relatively simple technologies of visual examination should be pursued first. Additional
development and deployment of technologies should occur in the event SSTIP activities (e.g.
visual inspection, modeling, and vertical core results) indicate potential concrete degradation.

Recommendation S1-4, Perform Non-Destructive Evaluation of Concrete

The Panel emphasizes the importance of the hierarchical aspect of this recommendation.
Initially, the Panel recommends the application of two technologies (1) visual inspection
of domes to identify cracks in excess of 1/16 inch wide, rust stains on the concrete, or
spalling of concrete, and (2) utilization of a ‘thumper truck’ to determine the modulus of
the dome concrete. The modulus correlates with concrete strength and controls the
degree of deformation that will occur under loading.

Further development and deployment of non-destructive evaluation technologies such as
guided wave propagation should occur in the event initial SSTIP activities (e.g., visual
inspection, modeling, and vertical core results) indicate potential concrete degradation.

3.4.1 Non-Destructive Evaluation of Concrete Implementation Scope

The SSTIP baseline includes the development of an SST visual inspection plan, development of
camera technology for the SST visual inspections, and performance of visual inspections of
12 SSTs per year from 2010 — 2043.

3.4.1.1 Visual Inspection of SST domes

The initial visual inspection of the SST’s interior concrete dome condition will primarily focus
on the haunch or upper knuckle region (see Figure 3-5 for an example). The goal of these
inspections is to identify cracks, spalling, or rust stains in the concrete, which would indicate
signs of distress. This cracking, in combination with other factors such as past high heat
conditions or increased dome load, would be anticipated along this region prior to showing
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elsewhere. Supplemental information related to visual inspection expectations provided by the
Panel recommended an inspection of the entire dome, with a focus on the haunch region, the
center of the dome if feasible, and an inspection of the haunch regions near risers otherwise.

This area of the dome is the section most likely to indicate problems, if any exist. The Panel
suggested a search radius of approximately 25-ft about the selected inspection riser as being
sufficient to provide a good representative sample region on each tank. Due to the limited access
to the SST headspace the selected remote inspection system shall provide adequate resolution
and illumination to view both the tank haunch and peak of the dome regions from a single access
riser.

Figure 3-5. Interior View of an SST Haunch Region

As a part of the selection process for the first year of SST inspections, WRPS has determined the
initial 12 tanks to be inspected during FY 2010. These tanks will be a representative sample of
the 149 SSTs, taking into consideration various in-tank charac istics, conditions, and
anomalies, including but not limited to:

e Suspected integrity (sound or assumed leaker)
e Tank type (geometry and construction)

e Waste types

e Exposed sidewall available for inspection

e Riser accessibility

e Head space visibility

e Historic dome loading
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e Waste and dome temperatures
e Temperature durations

e Tarrings

¢ Chemical additions

By using the selected criteria, SSTs chosen to cover different combinations of in-tank conditions
will help determine the priority of future inspections if degradation is noted.

Currently utilized visual inspection equipment has the capability to inspect the SST concrete
dome for 1/16-in wide anomalies at distances up to 14-ft based on vendor-supplied camera
testing and resolution data. Vendor-supplied camera head modules have a range of lens
capabilities and lighting configurations. Additional camera head modules will be procured for
use in SST inspections to meet the recommendation of a 25-ft inspection radius. Figure 3-6 is an
example of a remote visual inspection camera head.

Figure 3-6. Remote Visual Inspection Camera Head

While the SST headspace accessibility is limited due to installed equipment, a single riser
penetration in the central section of the tank will allow the necessary inspection detail of the
haunch and central dome region. This capability reduces the number of tank penetrations
necessary to inspect the applicable regions listed by the Panel. In cases where only one tank riser
is available for use, that being in the haunch region, the haunch will be inspected for cracks,
spalling, and rust stains while the center section of the dome will be inspected to the extent
possible by the limits of the camera equipment capabilities.

The remote camera system will be paired with additional lighting if the built-in system lighting is
deemed inadequate. The use of the additional lighting will be based on the degree of visibility
between the camera and the concrete dome. During the inspection, the camera system will
record all inspection footage for review.
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Based on the results of the initial SST inspections, WRPS will evaluate the need for development
of additional inspection systems. Inspection system development will focus on enhanced camera
resolution and alternatives to the current in-tank illumination.

3.4.1.2 “Thumper” Truck Utilization

WRPS agrees with the Panel on the importance of determining the elastic modulus of the
reinforced concrete tank dome. Activities that are planned include performing concrete sidewall
coring (Section 3.3.1) of a particular SST. This activity will provide WRPS with valuable
information regarding the strength and modulus of the haunch, sidewall, and foundation
concrete. In addition, planned retrieval activities consider removal of a concrete plug at the
center of the tank dome (241-C-107). The plug will be available to the SSTIP for inspection.
Direct inspection of dome concrete and rebar is preferred. Details related to plug testing are
covered in Section 3.5 Test Dome Concrete and Rebar, Recommendation SI-5.

Use of a “thumper” truck is not being considered for implementation by WRPS. Vibration
studies for Hanford underground waste storage tanks are not on-going. It is unknown as to the
merit of applying this NDE technique to Hanford SSTs. WRPS recognizes that the in-situ
modulus of a reinforced concrete structure is not the same as the elastic modulus that is
determined from testing concrete core specimens alone. However, results from mechanical
testing of tank dome rebar and concrete can be used in engineering formulas to determine
transformed section properties including elastic modulus. The dynamic response of the dome
can be predicted using the calculated modulus, section properties, and known soil properties.

3.4.2 Non-Destructive Evaluation of Concrete Implementation Work Plan

An evaluation team will determine the necessary sequence for in-tank inspections of the

149 SSTs over the life of the inspections, assuming 12 inspections per year, until each tank has
completed one inspection. The team will take into consideration the items identified in the scope
in their selection process. A lifecycle schedule will be prepared and approved by the evaluation
team to incorporate all 149 SSTs.

WRPS will submit a request for interest (RFI) on an in-tank visual inspection system to meet the
criteria set by the SSTIP in Recommendation SI-4. Responses to the RFI shall be evaluated by
SSTIP personnel followed by additional discussion with eligible vendors, if necessary. After
completion of the evaluation, the selection of a vendor or a separate path forward for
procurement of a  nera system shall be identified and initiated. Procured equipment will be
verified to meet the criteria established by the Panel through testing by either the vendor or
WRPS.

See Appendix B for further details on the evaluation and selection process of the SST
Inspections.

3.4.3 Non-Destructive Evaluation of Concrete Implementation Schedule

The implementation schedule will be per WRPS approved baseline.
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3.5 Test Dome Concrete and Rebar

The Panel suggested that WRPS take advantage of the section of the concrete dome removal in
support of installation of waste retrieval equipment for additional concrete and rebar testing.
Concrete cores should be obtained from the intact removed concrete.

The installation of WRPS retrieval technologies will include the removal of a 55-in diameter
section at the center of the SST domes. The removal of these plugs will provide WRPS with the
ability to perform non-destructive and destructive evaluation of the dome concrete and rebar. It
is in the interest of WRPS to maximize the amount of samples produced from the plugs.
Currently, the plan is to install concrete anchors to provide support at lifting points to remove the
plug intact. Once the plug is removed, it will be stored for future use.

Recommendation SI-5, Test Dome Concrete and Rebar ‘Plugs’

Current plans call for the cutting of holes in the SST domes to facilitate the use of
retrieval equipment. The Panel recommends the following tests on concrete and rebar
‘plugs’ removed from domes during cutting: (1) concrete compression and bend tests;
and (2) rebar diameter measurement and tensile tests. These tests will provide an
opportunity to obtain data on the condition of the dome concrete and rebar.

3.5.1 Test Dome Concrete and Rebar Implementation Scope

The WRPS SSTIP will inherit the concrete plugs from Tank 241-C-107 for the purpose of
gaining further insight into the current structural conditions of SSTs. Figure 3-7 displays the
excavation and removal of the concrete plug. In addition to performing mechanical testing of the
dome concrete, WRPS will conduct inspection and testing of the rebar. The investigation of the
condition of the rebar will include measuring of the rebar diameter, visual inspection of rebar
cross-section and longitudinal surface, and mechanical testing. Mechanical testing will include
tests for tensile strength, elastic modulus, and Poisson’s ratio. The experimental results will then
be compared to the predicted rebar mechanical properties and dimensions used for structural
analysis. The concrete mechanical tests performed will be the same as those for sidewall coring,
discussed in Section 3.4 of this report.
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Figure 3-7. (A) Excavation for Plug Removal, (B) Removed Concrete Plug (from
H-14-107697, Large Riser Installation Sequence)

B)

The SSTIP will prepare a BCR to propose adding the development of a forensics plan, actual
forensics, and forensics report generation to the baseline.

3.5.2 Test Dome Concrete and Rebar Implementation Work Plan

It is expected that the activities for removal of the plug by the SST Retrieval and Closure

(SST RC) organization will be performed during the current fiscal year, FY 2010. The SSTIP
will receive the intact concrete plug from the SST RC. The SSTIP will develop a concrete plug
test plan with the guidance of the Panel. The plan will consider both non-destructive and
destructive testing techniques. Once the plan is approved, WRPS will place necessary contracts
to have construction drawings and specifications developed. Subsequent testing and results will
be incorporated into the knowledge base of current structural conditions of SSTs.

A BCR will be prepared to add this scope of work to the SSTIP baseline.

3.5.3 Test Dome Concrete and Rebar Implementation Schedule

If approved, this scope will be performed per the WRPS baseline.

Planning for the testing of the concrete plug will take place during FY 2011. Subsequent testing

and reporting will occur during FY 2012. Performance of this work will be integrated with the
C-107 Waste Retrieval Project.

24



RPP-PLAN-45082, Rev. 0

4.0 Single-Shell Tank Liner Integrity

The Panel has developed a series of recommendations for WRPS to provide additional
assessment of tank liner degradation. Recommendations discussed in Section 4.0 of
RPP-RPT-43116 are denoted by LD-#, where # is an integer, relating to Liner Degradation (LD).

4.1 Leak Assessment Reports

The Panel reviewed the ongoing leak assessments. This work is conducted in two phases in
which the vadose inventory is assessed and then individual tanks are assessed as to whether they
have leaked or not. '

For additional information regarding the history of past leak assessment investigations see
Appendix C.

Recommendation I.D-1, Expand Leak Assessment Reports

The Panel recommends continuation of the preparation of Leak Assessment Reports for
each tank farm. The Panel found the Leak Assessment Report for 241-A and 241-AX
Tank Farms to be very helpful in understanding the status of data and information about
both known and assumed leaker tanks. The discussion for each tank should include an
operating summary, an operating history, an analysis of the leak location and cause, a
waste loss estimate, commentary on the nature and extent of the ground contamination,
and a conclusion.

4.1.1 Leak Assessment Implementation Scope

In 2006, the U.S. Department of Energy committed to work collaboratively with the Washington
State Department of Ecology to establish a process to update tank farm leak volume estimates,
data interpretations, and the conclusions presented in earlier vadose zone contamination
estimates. Pursuant to that commitment a new process was established to develop estimates of
tank farm leak loss inventories. The process is described in RPP-32681, Process to Assess Tank
Farm Leaks in Support of Retrieval and Closure Planning.

The RPP-32681 process assesses leaks from tanks, pipelines. and other in-tank farm events, such
as spills, on a tank fa1 by tank farm basis. By the end ol . / 2009, assessments were completed
for the 241-A, 241-AX, 241-C, 241-5, 241-SX, and 241-TY Tank Farms. ... 241-A, 241-AX,
and 241-C Tank Farm assessments were published and the 241-BY Tank Farm assessment was
in progress.

The actions recommended in LD-1, Expand Leak Assessment Reports, are addressed in the
completed RPP-32681 assessment reports, except for identification of the leak location and the
cause of the leak. Identification of the leak location is complicated by the presence of multiple
leak paths, including waste transfer lines, ventilation piping, etc. An example of these alternate
leak paths is shown in Figure 4-1.
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4.2 Water and Chloride Control

Many SSTs contain small amounts of liquid. It is therefore prudent for WRPS to control the
intrusion of water into the tanks, which could adversely alter the pH of the surface layers.

Recommendation LD-2, Avoid Inadvertent Additions of Water and Chloride to SST's

To avoid creating conditions that could lead to liner corrosion, the Panel recommends
that operational procedures are implemented to prevent the inadvertent addition of water
and chloride ion to the SSTs. The impact of water intrusion and unintended increases in
chloride ion concentrations should be evaluated on a tank by tank basis.

4.2.1 Water and Chloride Control Implementation Scope

Currently, the addition of water and chloride is not well controlled. The SSTIP will revise
OSD-T-151-00013, Operating Specifications for Single-Shell Waste Storage Tanks, to include
controls which will limit addition of water and chloride to the SSTs.

4.2.2 Water and Chloride Control Implementation Work Plan

The SSTIP will prepare the revision to OSD-T-151-00013, the scope of which will also include
reviewing and changing existing operation controls and WRPS procedures as necessary.

4.2.3 Water and Chloride Control Implementation Schedule

The OSD revision including controls for water and chloride addition will be completed and
released by the end of FY 2010.

4.3 Chemical Testing

The Panel made recommendations with respect to chemical testing to better understand the
degradation of the liners. The SSTs have seen a variety of chemistries in the past, but now have
a relatively uniform liquid composition. WRPS has initiated a testing plan that encompasses two
of the recommendations:

-.2commendation L.. 3, Examine Non-Compliant Wastes at 25 °C

The Panel recommends selected “non-compliant” SST waste simulants be examined at
25° C. “Non-compliant” wastes are those that fail to meet specific temperature, nitrite,
nitrate, and hydroxide concentration criteria. The examinations will provide information
on the propensity for pitting, cracking, and corrosion at the liquid-air interface (LAI) or
corrosion of the liner in the vapor space. This testing should be coordinated with the
double-shell tank (DST) testing program.
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Recommendation LD-5, Determine Ammonia Corrosion Control Concentration

Ammonia in sufficient concentrations has the potential to inhibit liner corrosion. The
Panel recommends laboratory testing to determine the concentration of ammonia
required to control corrosion in the liquid phases of the solid and supernatant layers, at
the LAl and on the exposed liner in the vapor spaces. This testing should be coordinated
with the DST testing program.

4.3.1 Chemical Testing Implementation Scope

The SSTIP baseline currently includes the development of a test plan, or plans, to address SST
chemistry concerns. The plan(s) will detail any laboratory investigations.

The investigation of the effect and threshold of the ammonia concentration will be carried out
using weight loss coupons, U-bend coupons (stress corrosion cracking), and electrochemistry. It
must be realized that hydroxide corrosion is a slow process and the weight loss and U-bend (or
C-ring stress) coupons will be exposed for a long period of time, (e.g., 6 to 18 months). The
electrochemistry investigation will involve chronoamperometry to delineate the effect of
ammonia on the double layer and hence corrosion. Also, Raman spectroscopy will be used in an
attempt to determine the mechanism of ammonia passivation. Currently, PNNL has a test bed
that could be used for this investigation. Using PNNL would necessitate a sub-contract.

4.3.2 Chemical Testing Implementation Work Plan

The implementation work plan is to prepare and issue the test plan. After the test plan has been
reviewed and issued, a BCR will be prepared to propose adding the execution of the test plan to
the SSTIP baseline. If the BCR is approved and accepted, the work will be implemented in the
following manner:

o Identification and procurement of the materials of construction, such as A283 steel. If the
steel formulations cannot be procured either commercially or within Hanford inventory,
the Panel will be consulted for a path forward.

e The following is for each steel formulation tested:

o Prior ammonia work will be used to determine a starting point for ammonia
passivation concentrations.

o A cyclic potentiodynamic polarization (CPP) will be performed on the corrosive
formulation(s). The formulation(s) will be determined in consultation with the Panel.

o Using the midpoint of the passive section of the CPP curve, chronoamperometry
scans will be carried out using varying concentrations of ammonia against a control.

Once a passivating ammonia concentration is determined, the following will be carried out at
concentrations bracketing the passive concentration:
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4.4.1 Waste Compositional Variation Implementation Scope

The recommendation was to study historical reports to determine whether there are novel and
potentially corrosive compositions among the SSTs. The intent is to perform this work and use
the results to determine if further laboratory testing is required beyond the testing performed per
Section 4.3.

Statistical discussion with the Panel also led to the concept of grouping the SSTs based on
common parameters. Because historical reports will already be studied to determine novel waste
compositions, it will be simple to expand the studies to include other statistical parameters in an
SST grouping activity. This activity will consist of an investigation of the feasibility of grouping
SSTs to potentially and defensibly minimize SST inspection efforts, in particular, the number of
SSTs requiring inspection for particular features, such as novel waste compositions. In the first
phase a representative data matrix of pertinent SST historical information will be established.
Statistical analysis will then generate groupings of tanks based on similarities in the historical
information.

4.4.2 Waste Compositional Variation Implementation Work Plan

At this time, the only authorized work is the development of a feasibility study and plan.
Developing the plan will include an initial series of meetings with key personnel during which
inspection objectives and requirements will be better defined, pertinent historical information
identified that could impact tank integrity regarding those objectives and requirements, and the
path forward for accumulating that historical information established. If the outcome of these
meetings is favorable, a BCR will be prepared to implement the plan, and given completion of a
reasonable data matrix, the statistical analysis would be performed.

Later actions related to such groupings would be to obtain a more complete data matrix, to
establish a more adequate grouping from the more complete data, and then to conduct
inspections of some tanks in the various groups to determine if the grouping does have impact on
tank inspection results. Depending on the outcome, sampling approaches for tank inspections
could potentially be proposed. These later actions would be addressed based on the outcome of
the initial feasibility study.

4.4.3 Waste Compositional Variation Implementation Schedule
The plan development for the SST grouping study is to be executed per the SSTIP baseline

schedule. Should the BCR to implement the plan be accepted and approved, the execution of the
plan will also be governed by the SSTIP baseline schedule.
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5.0 Leak Identification and Prevention

The Panel has developed a series of recommendations for WRPS to provide additional
assessment of tank leak identification and prevention (LIP). Recommendations discussed in
Section 5.0 of RPP-RPT-43116 are denoted by LIP-#, where # is an integer, relating to LIP.

5.1 Leak Detection

WRPS has developed a Leak Detection and Monitoring (LDM) system to support retrievals and
to identify the extent of leaks and contamination in the soil at Hanford. High resolution
resistivity (HRR) was developed to support detection of leaks during retrieval of waste from the
SSTs. The system was deployed during the retrieval of 241-S-102. For soil contamination, a
similar system is used in which shallow electrodes are placed in the proximity of a potentially
contaminated zone and the soil resistivity is mapped, which indicates areas of higher moisture
and conductivity from species such as nitrate.

Recommendation LIP-1, Continue Leak Detection Monitoring and Best Management
Practices and Install Enhanced External SST Monitoring

The Panel recommends continuing current Leak Detection Monitoring and Best
Management Practices to monitor for leaks. Further, the Panel recommends installing
enhanced monitoring based on potential leak risks at each tank farm. The 241-T Tank
Farm Interim Cover Test has proved an excellent system for tracking infiltration of
meteoric water. Increasing the depths and expanding the aerial extent of monitoring
similar to this test will provide an excellent system for early detection and tracking of
leaks.

(See Recommendation MCM-1 for surface barrier and monitoring implementation.)
5.1.1 Leak Detection Implementation Scope

The current SST LDM and best management practices (BMP) are specified by RPP-9937,
Single-Shell Tank System Leak Detection and Monitoring Functions and Requirements
Document. This functions and requirements (F&Rs) document establishes leak detection and
monitoring for the SST system during pre-retrieval and post-retrieval storage of waste as
required by Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989) in
Milestone M-23-23, "Submit Single-Shell Tank System Leak Detection and Monitoring Functions
and Requirements Document for Ecology Approval.” The F&Rs come from an analysis of
applicable regulations, the current physical condition of system components, and the current
LDM program. In addition, BMPs that go beyond the LDM F&Rs define how tanks will be
monitored for leak detection and liquid intrusion purposes by processes other than direct in-tank
liquid level detection. The implementation of these requirements is enacted by
OSD-T-151-00031, Operating Specifications for Tank Farm Leak Detection and Single-Shell
Tank Intrusion Detection.
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Enhanced external monitoring will be employed during the SST retrieval operation. The
enhanced monitoring system will meet the requirements as set forth in TFC-OPS-OPER-C-48,
“Single-Shell Tank Leak Detection during Waste Retrieval Activities.”

5.1.2 Leak Detection Implementation Work Plan

This scope is contained within the WRPS baseline. The responsibility for maintenance and
operation of the SST LDM system is with WRPS. The SSTIP has no responsibility for the
maintenance and operation of the existing SST LDM system.

5.1.3 Leak Detection Implementation Schedule

Operation and maintenance of the existing LDM system is covered in the current WRPS baseline
schedule.

5.2 Limit Addition of Water Insoluble Absorbents

Drying a tank in the past was accomplished sometimes by adding solid absorbents. The results
of this have not been favorable. Therefore, addition of absorbents should be avoided in the
future.

Recommendation LIP-2, Avoid the Addition of Water-Insoluble Absorbents to SSTs
The Panel considered the addition of absorbents to the SSTs to further immobilize
liguids. However, the Panel recommends avoiding the addition of water-insoluble solid
absorbents to the SSTs as such additives do not appear effective in immobilizing water,
and will interfere with the future retrieval of wastes, and may adversely impact WTP
operations.

5.2.1 Limit Addition of Water Insoluble Absorbents Implementation Scope

Currently, the addition of water insoluble absorbents is not controlled. The SSTIP will revise the
SST OSD, OSD-T-151-00013, to include controls which will limit addition of water insoluble
absorbents to the SSTs.

S5.2.2 7 'mit Addition of Water Insoluble Absorbents Implementation Work Plan

The SSTIP will prepare the revision to OSD-T-151-00013, the scope of which will also include
reviewing and changing existing operation controls and WRPS procedures as necessary.

5.2.3 Limit Addition of Water Insoluble Absorbents Implementation Schedule

The OSD revision including controls for addition of water insoluble absorbents will be
completed and released by the end of FY 2010.
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5.3 High Resolution Resistivity

The Hanford site has developed the HRR leak detection technique and it has effectively been
demonstrated during recent SST waste retrieval activities. It has been estimated that the HRR
system can detect a 5,000 to 10,000 gallon leak.

Recommendation LIP-3, Continue Use of High Resolution Resistivity

The Panel recommends continuing utilization of High Resolution Resistivity for leak
detection outside of tanks. High Resolution Resistivity can detect a 5,000 to 10,000
gualion leak by uiilizing existing dry-welis to measure soil resistivity. The technique has
been effectively demonstrated during recent waste retrieval activities.

5.3.1 High Resolution Resistivity Implementation Scope

The use of HRR for SST retrievals will be conducted in accordance with individual tank waste
retrieval work plans. Enhanced monitoring is presently not within the baselines of Base
Operations, Retrieval and Closure Operations, or the Vadose Zone Project.

A typical HRR LDM system, as applied in the 241-C and 241-S Tank Farms, consists of a
limited number of shallow (< 3 ft penetration) surface electrodes and all available drywells
(50-150 ft penetration) that are hard-wired, connected to an automated system that energizes at a
preselected frequency. Figure 5-1 shows an HRR LDM system installed on 241-S-102. The
data thus collected are reviewed daily to assess whether or not a release has been detected.

Figure 5-1. HRR LDM System Installed on 241-S-102 (from RPP-30121, Tank 241-S-201
High-Resolution Resistivity Leak Detection and Monitoring Test Report)
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The Vadose Zone Project performs a similar activity on a farm-wide basis to provide information
on the status of resistivity-impacting substances. The physics that are applied are equivalent;
however, interpretation is drastically different. Whereas the HRR LDM system uses repeated
measurements of resistivity to identify changes that would be caused by a waste release, the
Vadose Zone Project approach is analyzed by numerical modeling to provide a snapshot-in-time,
2-dimensional analysis that identifies anomalies in resistivity distribution. Surface electrodes are
left in place, but all other equipment is removed. Recent developments have resulted in
permanent, multi-depth electrodes being placed as part of the Vadose Zone Project
characterization efforts.

Existing drywells, multi-depth electrodes, and permanent surface electrodes could provide the
basis for an enhanced monitoring system. This on-ground portion of the system would have to
be connected to a multi-channel data collection system, an appropriate power source, and a suite
of remote electrodes. Data could then be collected at almost any selected frequency. If multiple
SST farms were being monitored, it is likely that only one in each of the 200W and 200E Areas
could be monitored simultaneously. Analysis of the data could be implemented at an appropriate
frequency.

5.3.2 High Resolution Resistivity Implementation Work Plan

At this time, there are no plans to implement this technology farm-wide as a monitoring
approach for SSTs that have been interim stabilized. The Vadose Zone Project is investigating
the SST farms using both resistivity and direct soil sampling. The resistivity measurements
provide a snapshot-in-time of the resistivity environment; however, plans for revisiting the farms
are limited and the expense of performing and analyzing complete resistivity surveys is
prohibitive as a means of monitoring. Shallow surface-based electrodes have been left in place
and remain available for use. In addition, as characterization (sampling) holes are
decommissioned, electrodes are being placed at depth. These electrodes are available should a
decision be made to conduct resistivity-based monitoring. Documentation of the location and
configuration of the electrodes is maintained through the engineering change notice (ECN)
system. Depth electrodes are currently present in C, B, BX, SX, and TY Tank Farms.

Tank waste retrieval work plans have been prepared and approved for the retrieval of SSTs listed
in Section 1 of TFC-OPS-OPER-C-48. The respective plans are:

e RPP-21895, 241-C-103 and 241-C-109 Tank Waste Retrieval Work Plan
e RPP-22393, 241-C-102, 241-C-104, 241-C-107, 241-C-108, and 241-C-112 Tanks Waste
Retrieval Work Plan

These plans include specific HRR requirements to be followed during retrieval operations on a
tank by tank basis.

Deployment of the HRR technology for the current SST LDM program is not required at this
time. The justification for this determination is:

e All SSTs have been interim stabilized.
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o All SSTs have had the risers and process pits weather covered. Typical details for
weather covers of process pits and risers can be found on H-14 and H-2 drawings for
each SST tank farm; see Figure 5-2 for typical details.

e Intrusion monitoring is in place and maintained.

Figure 5-2. Typical Weather Covers (from H-2-73630, Waste Tank Isolation Typical Details
Pit Weather Covers)
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Annual System Health Reports, (e.g., RPP-RPT-25720, Rev. 17, System Health Report For A,
AX, B, BX, and BY Waste Tank Structures Mixing & Monitoring for the Fourth Quarter CY
2009) are published for all SST farms. Deficiencies are identified and repairs are to be made as
required. Additionally the system engineers, during the performance of the Single-Shell Tank
Farm Quarterly Rounds, examine the condition of “weather covers” that have been installed on
process pits and risers; refer to TF-OR-QR-01, “Quarterly Rounds.” The aforementioned
activities are the responsibility of WRPS Base Operations.

5.3.3 High Resolution Resistivity Implementation Schedule

HRR will be used by the SST RC and as required by individual tank waste retrieval work plans
or TFC-OPS-OPER-C-48

5.4 leak Path Evaluation
It is possible that ionic pathways to the ground through tank liner cracks exist underneath the

sludge and salt cake layers. If such a condition exists, new leaks might be generated as the waste
is mobilized during sluicing and waste retrieval operations.
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Recommendation LIP-8, Assess the Feasibility of Testing for Ionic Conductivity
between Inside and Outside of SST's

The Panel recommends performing experiments to assess the viability of testing ionic
conductivity between the inside and outside of the SSTs. An ionic path between the inside
and outside of the SSTs could be indicative of cracks through the liner and concrete. If
techniques can reliably measure such ionic conductivity, it would be useful in
demonstrating whether breaches exist in SST5.

5.4.1 Leak Path Evaluation Implementation Scope

The Panel recommendation is to assess the feasibility of using ionic conductivity tests to identify
any leak paths between the inside and outside of the SSTs, which would indicate a loss of liner
integrity. The SSTIP baseline currently includes the development of a test plan for this effort,
which will include laboratory-based experiments and analysis.

The test plan will evaluate the use of both direct current resistance measurements as well as
alternating current resistance measurements, called electrochemical impedance spectroscopy
(EIS). EIS is a more complicated method of characterizing electrochemical systems, but has
been proven as a practical technique that can be used in many applications. Figure 5-3 shows a
schematic of the EIS concept.

Figure 5-3. EIS System Schematic (from RPP-RPT-43116, Expert Panel Report for Hanford
Site Single-Shell Tank Integrity Project)
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The test plan will also include provisions for testing the effects of “unknowns and possible
artifacts” that can affect ionic conductivity tests. Several of these unknowns and artifacts include
the natural resistances and capacitances associated with the various parts of the tank system
(waste, liner, tar, concrete, etc.). Other artifacts are presented by the system design, such as the
length of lead wires or the size of electrodes. The test plan will at least address these items.
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In order to execute the test plan, a BCR will be prepared and submitted.
5.4.2 Leak Path Evaluation Implementation Work Plan

The initial implementation work plan for this scope is to prepare and issue the test plan. Once
the test plan has been reviewed and issued, a BCR will be prepared to propose adding the
execution of the test plan to the SSTIP baseline. If the BCR is accepted and approved, the test
plan will be carried out and a path forward evaluated. :

5.4.3 Leak Path Evaluation Implementation Schedule
The test plan is to be prepared per the SSTIP baseline schedule. If the BCR to execute the test

plan is approved, the execution of the plan will also be performed per the SSTIP baseline
schedule.
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6.0 Mitigation of Contaminant Migration

The Panel has developed a series of recommendations for WRPS to provide additional
assessment of mitigation activities to preclude migration of water into the tanks and mitigate
surface water from reaching the groundwater. Recommendations discussed in RPP-RPT-43116,
Section 6.0, are denoted by MCM-#, where # is an integer, relating to Mitigation of Contaminant
Migration (MCM).

6.1 Surface Barrier Installation

The Panel reviewed the work conducted to mitigate migration of past leaks. The material
presented included both surface and sub-surface barriers. The Panel concluded that the barrier
installed over the 241-T Tank Farm was the most promising technology, retarding the movement
of contaminants through the vadose zone.

Recommendation MCM-1, Install Surface Barrier Over SST Farms

The Panel recommends design and implementation of a surface barrier to reduce
recharge at the SSTs. Sources of water (leaking pipes, vaults, etc.) that could contribute
to subsurface water deep percolation should also be identified and controlled. New
control/barrier measures should be prioritized based on the risk associated with past
and/or future releases at each tank farm.

6.1.1 Surface Barrier Installation Implementation Scope

WRPS is scheduled to complete installation of an interim surface barrier (ISB) at 241-TY Tank
Farm in FY 2010. The design for the 241-TY ISB was completed in FY 2009 and is shown in
Figure 6-1; reference 09-TPD-116, “Transmittal of the TY Farm Interim Barrier Design and
Monitoring Plan to the Washington State Department of Ecology (Ecology) for Approval.” The
241-TY ISB design is based on lessons learned from the ISB installed at 241-T. The design
differs from the 241-T ISB in the choice of barrier material, the conveyance system for transfer
of collected water from the surface barrier to the water disposal location, and the means of water
disposal, refer to RPP-3978S, Surface Barrier Project Value Engineering Workshop, and
RPP-RPT-38323, Tank Farm Interim Surface Barrier Materials and Runoff Alternatives Study.

e The 241-TY ISB will be constructed of modified asphalt, rather than the polyurea used at
241-T. .

e The 241-TY ISB will use an underground pipe to convey collected water to the water
disposal area, rather than a covered ditch as at 241-T.

e The 241-TY ISB will use an evapotranspiration basin to dispose of collected water, rather
than an infiltration basin as was used at 241-T.

Certain Tri-Party Agreement milestones are currently under negotiation in parallel with proposed
Consent Decree 08-5085-FVS. Specifically, Milestone M-045-92 addresses ISB placement at
241-TY Tank Farm and four additional locations at a rate of one per year.
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In addition, criteria for the prioritization of SST tank farms for application of ISBs was
developed and performed in FY 2009 (RPP-ENV-41309, Criteria for Prioritizing Hanford Site
Tank Farm Interim Surface Barriers and for Evaluating Their Performance).

Also, initial characterization of the SX Tank Farm for application of a surface barrier was
completed in FY 2009; follow-up work is currently (as of January 2010) ongoing.

Figure 6-1. TY Farm Barrier Design (from H-14-107713, 241 TY Tank Farm Interim
Surface Barrier Cover Sheet)

6.1.2 Surface Barrier Installation Implementation Work Plan
Vadose Zone Program/Project baseline includes the scope to implement this recommendation.
6.1.3 Surface Barrier Installation Implementation Schedule

The installation of surface barriers will be performed per the WRPS baseline schedule. The
construction of the TY Interim Barrier began on January 11, 2010.
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7.0 Proposed Future Use of the Single-Shell Tanks

Shortly after the release of the Panel’s first report, RPP-RPT-43116, the Department of Energy
Office of River Protection (DOE-ORP) sent a letter to WRPS requesting additional input from
the Panel (09-TF-032, “Contract No. DE-AC27-08RV 14800--U.S. Department of Energy
(DOE), Office of River Protection (ORP) RPP-RPT-43116, ‘Expert Panel Report for Hanford
Single-Shell Tank Integrity Project’ Revision Request”). WRPS requested the Panel provide
additional input in the four areas outlined in the DOE letter, including the Panel’s evaluation of
the proposed future use of the SSTs.

The Panel participated in a workshop in January 2010 where WRPS presented its proposal for
future use of SSTs. This proposal arose from a programmatic dilemma presented by WRPS - the
current baseline schedule will require suspension of SST retrievals due to a lack of DST space.
Additionally, 200 West Area SST retrievals are limited by the cross-site transfer line capacities
for delivering waste to the 200 East Area (where the WTP is located).

The Panel presented a new report, RPP-RPT-45921, Single-Shell Tank Integrity Expert Panel
Report, to WRPS in May 2010, which included recommendations related to transferring and/or
storing single shell tank waste in other single shell tanks. In the event that transferring and
storing SST wastes into other SSTs is accepted and integrated into the baseline schedule, the
Panel recommendations will be implemented as indicated in Appendix D.
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Appendix A Unaddressed Secondary Recommendations

This appendix provides the disposition of the SST Integrity Panel (Panel) secondary
recommendations not included in the implementation plan. These secondary recommendations
would require additional development prior to application to the SSTs, require no action, or the

work is similar to past work on the SSTs. As the SST Integrity Project (SSTIP) progresses,

additional secondary recommendations may be initiated.

A.1 Confirmation of Tank Structural Integrity

The Panel developed a set of recommendations to further enhance the knowledge of the
structural integrity of the SSTs. Of the eight recommendations made by the Panel for structural
integrity, six are being pursued as part of this implementation plan and are discussed in

Section 3. The two remaining secondary recommendations are shown below.

Table A-1. Confirmation of Tank Stucutral Integrity Recommendations (2 Sheets)

Recommendation

Status

S1-7, Test Effects of Waste Exposure on Structural Integrity
The Panel recommends measuring the physical and mechanical
properties of concrete exposed for more than 28 days to
simulated waste. Based on these measurements, the effects of
waste/concrete/rebar reactions and temperature on the
structural integrity of the tank walls should be estimated. These
tests will assist in determining whether liquid waste that has
leaked through the steel liner and the concrete walls could have
damaged the concrete and rebar.

This recommendation is not being
pursued at this time. The data
collected previously is deemed
adequate in conjunction with the work
being done to collect a core sample
from 241-A-106. The data from this
core along with data from 241-SX-108
and 241-SX-115 will provide a basis
for estimated concrete properties.

SI-8, Study the Deployment of Corrosion Potential Mapping
The Panel recommends studying the feasibility of performing
corrosion potential measurements to assess the condition of
rebar in the SSTs. If potential mapping can be successfully
deployed, it has the potential to detect active corrosion.

This recommendation is not being
pursued at this time. To deploy this
system would require additional
development. If the concrete integrity
has been maintained, the rebar will not
degrade. Should concrete degradation
be identified as a potential risk, then
work on rebar integrity would be
pursued.

SI-9, AORs on SSTs Should Be Performed

Performing modern structural analyses was the focus of
Recommendation SI-1. This recommendation expands on SI-1
by providing specific guidance for structural AOR activities.
The Panel recommends performing an AOR on SSTs prior to
any decision for extended storage in the SSTs.

This recommendation will be
incorporated as a consideration in
decision-making regarding any
extended waste storage in the SSTs.
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Table A-1. Confirmation of Tank Stucutral Integrity Recommendations (2 Sheets)

Recommendation

Status

SI-10, If waste exposure tests indicate concrete integrity has
been degraded, additional evaluations should be performed
to determine the corrosion behavior of rebar steel exposed
to waste and/or stimulants

...the Panel recommends additional, reasonable steps be taken
to evaluate the corrosion behavior of the rebar steel in contact
with waste simulants. This evaluation likely would consist of a
combination of analysis of existing data, screening
electrochemical tests and extended exposure tests of rebar
samples for waste chemistries where data are not available.

This recommendation will be
implemented by WRPS at such time as
any issues are identified.

SI-11, If structural integrity issues are identified the Panel
recommends WRPS develop and implement a mitigation
strategy

If structural integrity issues (e.g. AOR, evaluation of corrosion)
are identified, the Panel recommends that WRPS develop and
implement a mitigation strategy. Actions will depend on the
severity of risk for structural failure of the SSTs. A severe
immediate threat could potentially require structural
reinforcement of the affected SSTs. For less severe threats, it
might be necessary to accelerate retrieval from the affected
SSTs. Accelerated or more extensive integrity monitoring might
be appropriate for cases where the immediate threat is minimal
but a potential long-term threat exists.

This recommendation will be
implemented by WRPS at such time as
any issues are identified.
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A.2 Assessment of the Likelihood of Future Tank Liner Degradation

Of the eleven recommendations made by the Panel to assess the likelihood of future liner
degradation, five are being pursued as part of this implementation plan and are discussed in
Section 4. The remaining six secondary recommendations are show below.

Table A-2. Assessment of the Likelihood of Future Tank Liner Degradation
Recommendations (2 Sheets)

Recommendation

Status

LD-4 Develop and Deploy Guided Wave Technoiogy:

The Panel recommends the development and deployment of
guided wave, ultrasonic technology to assess the presence of
macroscopic degradation of the steel liner. A design study
should be undertaken to determine the optimum parameters and
Sfeasibility of an Electro-Magnetic Acoustic Transducer (EMAT)
system for this application. If shown feasible, and other SSTIP
activities raise concerns about liner integrity, the EMAT system
should be deployed.

The activities associated with
non-destructive evaluation have been
referred to the technology development
group for WRPS., WRPS may fund
these activities as a separate initiative.
The SSTIP will re-evaluate
implementation of these activities
should technical or programmatic
needs arise.

LID-7, Assess Deployment of Local Non-Destructive
Evaluation Techniques

The Panel recommends assessing the feasibility of deploying
candidate local measurement techniques (such as fluid coupled
ultrasound, ultrasonic guided waves implemented using
EMATs, and vibrothermography) operated as end effectors on a
mechanical apparatus (such as robotic arms) deployed in the
SSTs. Deploying such technologies should be based on the
outcomes of other NDE recommendations (e.g. discovery of
cracks via visual inspection) and a cost benefit analysis that
analyzes the difficulties of employing candidate local
measurement techniques.

The activities associated with
non-destructive evaluation have been
referred to the technology development
group for WRPS. WRPS may fund
these activities as a separate initiative.
The SSTIP will re-evaluate
implementation of these activities
should technical or programmatic
needs arise.

LDB-8, Consider Installation of Corrosion Potential Probe

If recommended laboratory studies indicate SST chemistries
aggressively foster corrosion or SCC under tank operating
conditions, the Panel recommends installing a probe similar to
that employed in the DSTs to measure corrosion potential. This
information can be used to further assess the likelihood for
corrosion or SCC.

This recommendation is not being
pursued at this time. To deploy this
system would require additional
development. Corrosion probes would
be developed on an as-needed basis
and will not be deployed routinely.
The need for the use of a corrosion
probe would be established through
chemical testing or other threat
analysis.
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Table A-2. Assessment of the Likelihood of Future Tank Liner Degradation
Recommendations (2 Sheets)

Recommendation

Status

LD-9, Consider Testing Tank Liner Hardness

The feasibility and cost of removing small samples from the
tank liner for hardness testing should be evaluated. If feasible
and cost effective, samples should be removed from a tank that
experienced high temperatures to determine if hardness
increases, which could impact structural integrity, have
occurred.

This recommendation is not being
pursued at this time. To deploy this
system would require additional
development. The chemical testing
(LD-3 and LD-4) will show the
propensity for SCC to occur in the
SSTs. Ifthere is a threat from SCC to
the SSTs, testing of the liners may be
required to further address this risk.

LD-10, Consider Applying Direct Current Potential Drop to
SSTs:

The Panel recommends studying the feasibility of applying
Direct Current Potential Drop (DCPD) to the SSTs for the
purpose of locating tears in the liner. The DCPD technique is
based on injecting current into a metallic component and
measuring the resulting voltage (potential) at selected points.
Such study could include both theoretical modeling as well as
simple laboratory experiments. Once feasibility is established,
a DCPD system should be developed for implementation.

This recommendation, along with consideration of local NDE
techniques (Recommendation LIP- 8), provide a suite of
technigues to assess liner degradation based on the outcome of
other tests and observations, as well as the feasibility of
deployment.

This recommendation is not being
pursued at this time. To deploy this
system would require additional
development. If this recommendation
1s to be pursued, it would be as
improvement to the electrochemical
impedance spectroscopy, LIP-8. This
similar technology is being funded as
part of the implementation plan.

LD-11, Analyze Stress Relaxation of Tank Liners:

The Panel recommends analysis or experimental study of stress
relaxation in tank liner steels to determine whether SCC is a
possibility in the future.

Lp-12: fign Kesomuon Kesisuvily (HKK) monitoring
should be performed on sample SSTs for at least one year
Currently the HRR system is utilized for waste retrieval
activities only. However, the Panel cannot quantify the risk of
continued storage in interim stabilized SSTs. As a result, the
Panel recommends acquiring additional leak monitoring data
using the improved HRR system. Sample SSTs should be
selected and monitored for at least one year to determine if
changes in the baseline resistivity occur. This approach would
provide information on how effective interim stabilization is at
reducing the risk of further leakage.

This recommendation is not being
pursued at this time. To deploy this
system, WRPS would require
additional development. The chemical
testing (LD-3 and LD-4) will show the
propensity for SCC to occur in the
SSTs. If there is a threat from SCC to
the SSTs, testing of the liners may be
~~~ired to further add th

1ms recommendation will not be
implemented. The use of HRR for
SSTre :vals will be conducted in
accordance with individual tank waste
retrieval work plans.
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A.3 Leak Identification and Prevention

Of the 12 recommendations for leak identification and prevention, four are being evaluated in
this implementation plan. The remaining eight could be part of the SSTIP at a future date. The
disposition of those eight secondary recommendations is shown below.

Table A-3. Leak Identification and Prevention Recommendations (3 Sheets)

Recommendation

Status

LIP-4, Seek Engineering Methods to Increase Water
Removal by Pumping from SSTs

The Panel recommends seeking engineering solutions for the
removal of additional tank liquids by pumping. While the Panel
acknowledges further removal of liquids by pumping will be
challenging, it is a safe and potentially efficient and cost
effective method for the removal of liquids from the tanks.

This recommendation is not being
pursued at this time. Though the
interim stabilization program has left
some liquids, further removal would
require deployment of new
technologies. The removal of
additional liquids from the SSTs would
require a major development and
construction activities.

LIP-5, Evaluate Sludge and Saltcake Liquid Leak Rates
The Panel recommends evaluating liquid leak rate assessments
of sludge and saltcake from the Savannah River Site to
determine if the results are applicable to SSTs. There is
currently no evidence that liquid is leaking from the interim
stabilized (retrieved) tanks that contain supernatant, sludge or
salt cake. Nor is there evidence that new stress corrosion
cracks have developed since the tanks were stabilized.
Information as to whether liquid would leak out of sludge or
salt cake through stress corrosion cracks is important when
considering continued use of the SSTs.

This recommendation is not being
pursued at this time. Though not
included in the recommendation plan at
this time, personnel will work with the
SRS to collect this data. If further
action is required, it would be included
in the SSTIP at a future date.

LIP-6, Investigate Leak Detection Technologies for Tanks
With Less Than 24 Inches of Waste:

The Panel recommends investigating and developing
technologies to allow for leak detection in tanks with waste
levels of less than 24 inches. Limitations of current leak
detection technologies (Liquid Observation Wells and
ENRAF™;) do not allow for leak detection in these SSTs below
24 inches.

LIl , Evaluate Effect of Lowering Waste
Temperature

The Panel recommends evaluating the effect of lowering the
temperature of representative waste types to determine its
practical impact on drainage rates.

This recommendation is not being
pursued at this time because the work
done in support of salt well pumping is
deemed adequate. If further water
removal is necessary, this work would
be a prerequisite.

on dation isnotbe
pursued at this time because the
completion of the interim stabilization
program provides adequate control of

the liquid in the tanks.
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Table A-3. Leak Identification and Prevention Recommendations (3 Sheets)

Recommendation

Status

LIP-9, Consider Cathodic Protection for Rebar and
Exterior of Tank Liner

The Panel recommends that cathodic protection (CP) not be
deployed for use in protecting the interior of SSTs where
supernatant, sludge and/or salt cake is present. The Panel
further recommends that CP be considered as an option to
protect the exterior of the tank liner and rebar, should evidence
arise that either has corroded.

CP has the potential to suppress corrosion in the SSTs. CP has
not been applied to the DSTs due to concerns that waste
chemistry may lead to SCC. These issues, as well as difficulties
associated with frequent replacement of electrodes, inserting
electrodes into the saltcake and high CP currents have led the
Panel to recommend against applying CP to the interior of the
SSTs. This recommendation is tempered by the possibility of
applying CP to the interior of SSTs with little or no nitrite.

WRPS is in agreement with the
application of CP to the SSTs. This
recommendation is not being pursued
at this time. For the DSTs the DOE
evaluated CP as part of the 1980 EIS
for the construction of new DSTs
(DOE/EIS-0063, Final Environmental
Impact Statement, Supplement to
ERDA 1538, December 1975, Double-
Shell Tanks for Defense High-Level
Radioactive Waste Storage). The DOE
concluded that stray currents from the
CP system could lead to accelerated
corrosion.

LIP-10, Evaluate Coating of Tank Liners and Installation of
Polymeric Bladder

The Panel recommends evaluating both the coating of the tank
liners with a material resistant to corrosion and cracking; and
the deployment of a polymeric bladder to line SSTs. Many
different metals, ceramics, intermetallics and polymers have the
potential to be thermally sprayed onto the tank liners to reduce
leakage concerns during retrieval.

Storing waste in polymeric bladders has been used successfully
in the petroleum industry for the elimination of leaks in storage
tanks. A bladder made of this material could line a tank if its
reliability were shown to be extremely high. The Panel
acknowledges that difficulties associated with introducing
materials into SSTs may reduce the feasibility of implementing
this recommendation.

This recommendation is not being
pursued at this time. The use of a
bladder would be in support of the
SSTs for special purpose applications
on a case-by-case basis.

LIP-11, Avoid Heating and Active Ventilation Strategies for
Removing Additional Water from S. ..

The Panel recommends against pursuing strategies for
removing water from tanks that include active ventilation or
heating. Such strategies would be expensive, heating will
increase the risk of pitting corrosion and SCC, and heating
could increase the risk of unacceptably vigorous exothermic
reactions.

No implementation required, as the
WRPS approach to date has! n
limited to the removal of standing
liquids.
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Table A-3. Leak Identification and Prevention Recommendations (3 Sheets)

Recommendation

Status

LIP-12, Avoid Strategies to Immobilize Waste Through the
Addition of Gelling Agents:

As a general programmatic practice, the Panel recommends
against the addition of gelling agents. Existing gelling
techniques will be difficult to implement, may complicate WIP
operations, and may increase the corrosivity of the waste.
However, individual tank-by-tank instances may arise in which
gelling a tank may be a wise option (e.g. to stop a significant
tank leak or if new gelling techniques were developed).

WRPS has no current plans to add
gelling agents to the SSTs. As such,
this recommendation is not being
pursued at this time, and there are no
plans to pursue this technology.

LIP-13, The wastes in all of the SSTs (not just those selected
for future use) should be brought into conformity with the
specifications contained in OSD-T-151-00007 unless the
SSTs are retrieved or new testing demonstrates that there is
an acceptably low propensity for corrosion under the
storage conditions.

If the specifications in OSD-T-151-00007 are not met...the
Panel recommends sodium hydroxide and/or sodium nitrite be
added to the wastes to protect against future corrosive damage
to SSTs.

This recommendation will not be
implemented. The work scopes
associated with completion of
recommendations LD-3 and LD-5 will
quantify the propensity for corrosion in
these tanks. This information will be
used in the management of the tanks.
WRPS will not add liquids to interim
stabilized SSTs. In addition, mixing
studies have shown that the mixing of
sodium hydroxide and solids is
prohibitively complicated.
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A.4 Mitigation of Contaminant Migration
The Panel made one primary recommendation and one secondary recommendation with respect
to the mitigation of contamination migration. The SSTIP looked at this interface as part of the
Panel’s activities and has noted the importance of surface barriers as identified by the Panel in
minimizing the spread of contaminants. Though the mitigation of contamination migration is an
important activity at the Hanford Site, it is not covered by the scope of the SSTIP.

Table A-4. Mitigation of Contaminant Migration

Recommendation

Status

MCM-2, Evaluate Subsurface Leak Mitigation
Technologies:

A number of viable candidate subsurface leak mitigation
strategies were identified in a 1994 Feasibility Study (FS). The
Panel recommends evaluating leak mitigation technologies
utilizing this FS as a selection guide.

Bench scale studies on candidate technologies should
be conducted.

Demonstration in a Hanford Site field setting should be
performed where appropriate.

Currently ongoing tests, such as the injection apatite
reactive zone, should be considered for application at
the SST farms.

An updated FS should be performed, using updated risk
assessment methodologies and modern performance
assessment technologies, with the objective of selecting
an SST leak mitigation strategy and potentially a final
SST closure strategy.

It is recognized that an updated FS and risk-based
selection process may also conclude that little
additional benefit can be derived from implementing a
subsurface barrier in addition to implementing a
surface barrier.

This recommendation is not being
pursued at this time as part of the
SSTIP scope. If WRPS were to pursue
this activity, it would be included as
part of the Vadose Zone Project.
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Appendix B  Single-Shell Tank Selection for Visual Inspection

The Panel made a recommendation, SI-4: Perform Non-Destructive Evaluation of Concrete,
documented in RPP-RPT-43116, Expert Panel Report for Hanford Site Single-Shell Tank
Integrity Project, which identifies the need to perform a one-time remote visual inspection of the
underside of the concrete domes for all SSTs. These inspections would focus primarily on the
concrete dome to identify any cracks in excess of 1/16-inch wide as well as rust stains and
spalling of the concrete, indicating signs of structural distress.

As a part of the selection process for the first year of SST inspections, Washington River

Protection Solutions (WRPS) determined that the initial 12 tanks to be inspected during FY 2010
should be a representative sample of the 149 SSTs located on the Hanford site. The tanks would
represent structures subjected to various in-tank characteristics, conditions, and anomalies,
including but not limited to:

e Suspected Tank Integrity — Confirmed leaking SSTs typically were subjected to harsh
conditions such as high temperatures and thermal cycles. These conditions could have
potential effects on the concrete dome condition.

e Tank Type — SST geometry varies by tank type, with differences in concrete
reinforcement, wall thickness, and riser penetrations. Tank type will be considered when
selecting a representative sample.

e Waste Types — SSTs received various types of waste while in operation. Temperatures,
pressures, and vapor space environments associated with these waste types imposed a
wide range of loads and conditions on the steel liners and concrete structures.

e Exposed Sidewall — Tanks with large areas of exposed steel liner present a greater
opportunity to inspect a larger percentage of the steel liner, thus increasing the ability to
determine the current condition of the stee] itself.

e Accessibility -Tanks with current riser availability are preferred in order to allow
inspections to occur more quickly and at a cost savings versus the cost of removing aged,
contaminated equipment.

e Dome Loading — While no excessive dome loading has been noted during the required
benchmark surveys, historic in-tank inspections have identified areas of relatively higher
dome loads. Such inspections include historic images after SST interim stabilization
showing large amounts of salt cake crystals adhered to equipment.

e Concrete Dome and Waste Temperatures — Large fluctuations in tank waste and concrete
temperatures, in excess of 200° F, can contribute to degradation in the mechanical
properties of the concrete.

e Other Physical Anomalies — These would include the addition of various other materials
(resin, Portland Cement, acids), the discovery of tar rings, bulged liners, etc.

SSTs were selected to cover as many combinations of conditions as possible. By visually
inspecting these tanks, future inspections can be prioritized to focus first on tanks that have
similar characteristics to tanks that have showed signs of degradation. The following sections
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document the SSTs selected to receive visual inspection in FY 2010, including a brief
description of the rationale for selection. Table B-1 details tanks to be inspected in FY 2010 and
FY 2011. Table B-2 provides a lifecycle schedule of SST visual inspections for all 149 SSTs.

Type II Tanks (500,000 Gallon):

241-B-102 — Represents a tank that is anticipated to show good overall condition, and has no
documented history of high heat or dome loads. There is a large area of steel liner visible. The
tank currently contains 32 kgal of waste and no history of leakage.

241-C-107 — This SST is the tank selected for installation of the mobile arm retrieval

system (MARS). To support MARS installation, a 55-inch diameter hole must be cut in the
center of the tank dome. A visual inspection of the concrete dome in 241-C-107 will assist in
providing a baseline of the condition of the dome prior to the installation of the MARS.
241-BX-102 - Represents a tank that is an assumed leaker containing Tributyl Phosphate
Process Waste as a primary waste type and cladding waste as a secondary waste type. It is
known that diatomaceous earth was added to the tank. There is no documented high thermal
history in 241-BX-102. There is a large area of steel liner visible in 241-BX-102. The tank
currently contains 79 kgal of waste.

241-T-106 — This SST is known to have had the largest leak of any of the Hanford site SSTs.
Tank 241-T-106 currently contains 22 kgal of waste, resulting in a large area of exposed steel
liner.

241-U-104 — This SST is known to have had the second largest leak of any of the Hanford site
SSTs. Tank 241-U-104 currently contains 54 kgal of waste, resulting in a large area of exposed
steel liner.

Type I Tanks (758,000 Gallon):

241-BY-110 — Represents a sound tank with black material suspected to be tar rings that are
located circumferentially along the steel liner. Visual inspection of these regions may provide
insight as to the actual origin of the black material. The suspected tar rings are located at the
180-inch, 246-inch, and above the 266-inch historic waste levels. Tank 241-BY-110 contains
366 kgal of waste and has no documented high thermal history.

241-S-104 — This SST has a high thermal history with the dome headspace being above 200" F
for three years and above 250°F for one year. Tank 241-S-104 is an assumed leaker which
currently contains 288 kgal of High-Level REDOX process waste.

241-TX-117 - Represents an assumed leaker with a history of high dome loads. This SST is
documented to show signs of a radial crack along the concrete dome. There is currently
approximately 480 kgal of waste in the tank, making the primary focus of this tank along the
concrete dome and top viewable sections of the steel liner.

241-TY-106 — This SST is an assumed leaker with only 16 kgal of waste currently remaining.
This SST was chosen above the remaining TY Tank Farm SSTs due to the large amount of
visible sidewall in addition to the presence of 30 tons of diatomaceous earth that have been
added.

Type IV A Tanks (1 Million Gallon/Dished Bottom/No Curved Knuckle) :
241-SX-109 — This SST is the only documented tank that meets three key criteria for inspection.
There is a high thermal history, eight years above 200 F and five years above 250 F in the tank
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headspace. This tank is also an assumed leaker with a high dome load history. Tank 241-SX-109
currently contains 241 kgal of High-Level REDOX process waste.

Type IV B Tanks(1 Million Gallon/Flat Bottom/No Curved Knuckle) :

241-A-106 — Represents a high heat SST that contained waste above 280 F for seven years.
These waste temperatures also generated a high thermal history for the tank dome headspace and
concrete dome. It is planned to obtain and test a vertical sidewall core from this tank to
document any potential effects of high temperatures in the waste and dome space on the concrete
and internal rebar properties.

Type 1V C Tanks (1 Miliiop Gallon/Flat Bottom/ Curved Knuckle) :

241-AX-102 — This SST is a sound tank with large amounts of exposed steel liner. Only 30 kgal
of waste currently remain in 241-AX-102. An inspection of 241-AX-102 will provide a baseline
for future inspections in AX Tank Farm.
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Appendix C Single-Shell Tank Leak Assessment Information

History of Single-Shell Tank Leak Assessment

Historically, the existence of a possible leak from a single-shell tank (SST) was signaled
by violation of a tank surveillance leak detection limit. Tank limits were established for
the most commonly collected in-tank and ex-tank data: in-tank surface levels, and
ex-tank drywell radiation profile logs. When a measurement exceeded the limit, an
investigation was initiated to determine whether or not the tank was leaking.

The leak determinations were frequently not straightforward and frequently had to be
based on circumstantial evidence. For example, in 1979, 38 tanks were classified as
“questionable integrity” tanks. A questionable integrity tank was defined in
RHO-CD-213, Volume 1, Waste Storage Tank Status and Leak Detection Criteria 200
East Area Volume 1, 1977, as:

“A tank for which an observed change in one or more surveillance parameters
exceed(s) the stated criteria limit(s), and cannot be technically justified as being
due to an explainable cause (therefore sound) or to a tank leak (therefore a
confirmed leaker) at a confidence level of 95 percent.”

Between 1979 and October, 1984, enough additional surveillance data had been collected
to declare 7 of the 38 tanks “assumed leakers.” The other 31 tanks remained classified as
questionable integrity tanks.

In October, 1984, 30 of the remaining 31 tanks were categorically reclassified as assumed
leakers. This mass reclassification resulted from two circumstances: (1) all of the SSTs
had been deactivated before the beginning of CY 1981 and were no longer needed for
active storage of waste, and (2) intense external political pressure was being applied to
make a final decision on the leak status of each of these 31 tanks. Some tanks had been
in leak classification limbo for as long as 17 years. The decision to re-categorize the
tanks as assumed leakers appeared to be a no-cost decision.

A leak volume estimate was not made at the time of the 1984 re-categorization because
most of the tanks lacked sufficient leak information with which to develop an estimate.
This was the reason they had been previously classified as questionable integrity tanks. It
was not until 1989 that leak assignments were made for the final group of

19 re-categ  ‘ed tanks. A standard leak volume of 8,000 gallons was assigned to each
of the 19 tanks. The volume was based on a review of the leaks from 18 other tanks
believed to be similar to the group of 19; this similar group had an aggregated leak loss
estimated to be ~150,000 gallons of waste, or approximately 8,000 gallons/tank (internal
letters 8901832B R1 and 12710-89-042).

Status of Present Day Single-Shell Tank Formal Leak Assessments

The formal leak assessment process is the method used to formally change the published
leak integrity status of SSTs in the Hanford tank farms. This is the key difference
between it and the RPP-32681 process described earlier (refer to paragraph 4.1.1, page 25
of this report). The method of analysis used for the formal leak assessment process is

67










RPP-PLAN-45082, Rev. 0

As an illustration of how difficult identifying an SST leak site can be using ex-tank data,
consider the case of tank SX-104, at one time classified as an assumed leaker. In
December, 2006, a new liquid observation well was installed in the tank to replace the
old, failed well. Neutron moisture measurements of the interstitial liquid level using the
new well showed the predictable increase in interstitial liquid level from the installation
water. This was followed by a natural decline and re-stabilization of the level by
January, 2008, as the free water dissipated through the waste. However, the May 1,
2008, reading showed an interstitial liquid level decrease that exceeded the allowable
1.2-in leak detection limit. Further decreases were measured on May 6, and May 12,
2008. On May 19, 2008, a formal leak assessment was initiated to determine if the tank
was re-leaking. '

The waste surface level remained stable. During the investigation, the seven drywells
surrounding the tank showed no changes in soil contamination levels and no new soil
contamination peaks. However, as Figure C-2 shows, the circumferential drywell-to-
drywell separation distance varies from 18.6-ft to 62.8-ft. Even if a soil contamination
change was detected in one of the drywells, pinpointing the leak radially beyond the
likely tank quadrant would have been impossible. Detecting its elevation on the tank
sidewall would be complicated as the plume either wicked down the sidewall and flowed
outwards upon reaching the footing, or moved down-slope into the soil as it left the leak
site.
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Figure C-2. Tank 241-SX Drywell Locations and Circumferential Separation
Distances (from RPP-ASMT-38450, Tank 241- SX-104 Leak Assessment Report)
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Tanks with Known Leak Site Locations
In some cases SST leaks were so significant that purposeful efforts were made to identify
the leak sites. These included:

e Tank A-105: Tank A-105 suffered a steam explosion in January, 1965 that
separated the tank bottom liner from the sidewall liner for three-fourths of the
circumference of the tank. The liner failure was substantially mapped and results
widely reported in documents, such as RHO-CD-625, Elimination of Water
Addition to Tank 105-A 241-A Tank Farm Process Test Plan 781 (Part 1).

o 241-SX Tank Farm Self-Boiling Waste Tanks SX-107 thru SX-115: Within
13 years of initial operation, five of the nine waste tanks in the 241-SX Tank
Farm that stored self-boiling 202-S REDOX Plant first cycle waste failed,
including four tanks with bulged floor liners (RHO-R-39, Boiling Waste Tank
Farm Operational History). Tank SX-113 failed after only eight days of
operation in February, 1958.
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These nine tanks were each retrofitted with three pipe laterals placed about

ten feet beneath the tanks’ concrete foundations in 1963 (Drawing H-2-31881
241-SX Tank Farm Leak Detection System Plan + Section). On a frequent
interval, a radiation rabbit was blown to the end of each lateral, and then slowly
withdrawn to map the soil contamination beneath the tank foundation. Two-
dimensional isopleths soil contamination maps, prepared from the lateral logs,
exist for several of these tanks (Figure C-3).

Figure C-3. Tanks SX-108 Cs-137 Soil Contamination Beneath Tank Foundation

(from WHC-MR-300, Tank 241-SX-108 Leak Assessment)

Contour lines represent
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Tank T-106: On, or about, April 20, 1973, the waste level in tank T-106 began
decreasing. The decrease was not recognized as a possible leak until

June 7, 1973. During this period, about 115,000 gallons of waste leaked from the
tank. Between April 24, 1973, and May 7, 1973, the surface level decreased from
183.7-in to 174-1in, indicating the tank was leaking at a rate of ~ 1.4-gallons per
minute (RHO-ST-14, High-Level Waste Leakage from the 241-T-106 Tank at
Hanford).

Figure C-4; shows the soil contamination isopleths from a vertical section of the
vadose zone located immediately south of tank T-106. The contamination plume
appears to begin about 9 meters below grade. The dished center of the tank floor
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liner is located about 38.5-ft (11.8-meters) below grade. Therefore, it is likely
that the leak location was ~9-ft above the tank floor (RHO-ST-14, High-Level
Waste Leakage from the 241-T-106 Tank at Hanford, H-2-1741, Tank Farm Riser
& Nozzle Elev., H-2-73055, Piping Waste Tank Isolation 241-T-106).

Figure C-4. Tank T-106 Cs-137 Seil Contamination Vertical Section Adjacent to
South Tank Wall (from RHO-ST-14, High-Level Waste Leakage from the 241-T-106

Tank at Hanford)
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Historical data useful for leak site identification are limited, as previously demonstrated.
In some cases it is impractical to do more than assign the leak to a tank quadrant because
there are no usable historical data to extend the analysis beyond that simple derivation.
The D . f« cas m _ oo issc yfocused on two ot tives:

(1) determine if the leak integrity status of the tank changed as the result of new data or
reinterpreted data; and (2) if the assessment concludes that a leak has occurred, determine
the size of the leak and the source term associated with it. There are no provisions in the
D-42 process to identify either the leak site or the cause of the leak. These are both
out-of-context issues that do not influence the leak integrity determination. Additionally,
the requirement to identify the leak site and leak cause would only apply to new leak
assessments. New leak assessments became infrequent occurrences once the free liquids
were removed from the SSTs.

An equally effective means of addressing Recommendation LD-1 would be to perform a
comprehensive review of published leak assessment reports for the 67 assumed leaking
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tanks, and derive from these reports the most likely location(s) of the leak site(s). The
second, and more problematic, objective would be identification of the leak cause from
the published reports. This second objective is not likely to be met by the comprehensive
review, based on similar, previous, unsuccessful attempts to understand tank liner failure
mechanisms:

In March, 1980, the U. S. Department of Energy Office of Compliance and Overview
completed and published a detailed interrogation of Hanford’s single-shell tank
surveillance program and tank failures. At that time 24 single-shell tanks had leaked. In
spite of detailed correlations using service age, temperature, and other common sense
variables that would seem to be leak predictors, there was no obvious cause and effect
between any of the variables and the tank leaks (RPT-032780, Assessment of the
Surveillance Program of the High-Level Waste Storage Tanks at Hanford).
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Change Number Federal Facility Agreement and Consent Order Date
M-45-10-01 Change Control Form September 1, 2010

Do not use biue ink. Type or print using black ink.

Originator Phone
Stacy Charboneau, DOE-ORP (509) 373-3841

Class of Change

[ ]1- Signatories [X] 1l - Executive Manager [ 111 - Project Manager

Change Title
Establish new M-045-91 Interim Milestones and Target Dates for SSTs implementing the expert panel’s
recommendations.

Description/Justification of Change

Hanford Federal Facility Agreement and Consent Order (HFFACO), Milestone M-045-91, requires that the

U.S. Department of Energy (DOE), Office of River Protection (ORP) accomplish the following:

. Establish a panel to review available data from retrieved single-shell tanks (SSTs) to (1) evaluate their
existing known condition, (2) evaluate proposed future uses, (3) recommend critical modifications and
associated schedule to prevent or mitigate degradation, and (4) recommend additional evaluations and
program elements that would improve understanding of SST integrity

Continued on page 2

Impact of Change

This change implements the requirement of interim milestone M-045-91 and establishes actions to improve the
Tri-Parties understanding of Single Shell Tank integrity.

Affected Documents

The HFFACO as amended and Hanford Site internal planning, management, and budget documents (e.g., River
Protection Project System Plan, Baseline Control documents, and related work authorizations and directives).

Approvals
ppro lisappro
Page 1 0f 5
N/A _ ‘pproved_  _Disapproved
EPA Date
Approved Disapproved

Ecology Date
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Description/Justification of Change (continued)

. Provide a report on SST integrity assurance review

. Submit to the Washington State Department of Ecology (Ecology) an agreement change package
with interim HFFACO milestones as necessary to implement the panel’s recommendations within
90 days of the report.

The first bulleted action was completed by assembling a panel of technical and nationally recognized
experts in 2009 and 2010 to review available data from retrieved SSTs and report their findings and
recommendations. The second bulleted action was completed by issuing RPP-RPT-43116, “Expert Panel
Report for Hanford Single-Shell Tank Integrity Project,” and RPP-RPT-45921, “Second Expert Panel
Report for Hanford Site Single-Shell Tank Integrity Project”.

This change package completes the third bulleted action by establishing two interim milestones and ten
target dates in the HFFACO to implement recommendations from RPP-RPT-43116 and RPP-RPT-45921.

Panel reports RPP-RPT-43116 and RPP-RPT-45921 provided recommendations for actions that the Panel
“binned” into the following four categories:

1. Confirmation of tank structural integrity (SI)

2. Assessment of the likelihood of future tank liner degradation (D)
3. Leak identification and prevention (LIP)

4. Mitigation of contaminant migration (MCM)

The table below identifies the recommendations adopted for implementation from the Panel’s reports and
cross-walks the recommendations to the twelve proposed Target Dates/Interim Milestones. All of the
Target Dates and one of the proposed Interim Milestones implement the recommendations from RPP-
RPT-43116 and RPP-RPT-45921. One of the proposed Interim Milestones (M-045-91C) requires the
assessment of the data obtained from the other actions and (if necessary) the establishment of new
milestones.

(NOTE: A milestone is not proposed for the continued use of High Resolution Resistivity, identified in
Panel Category 3 [LIP], as this is an ongoing activity. Additionally, milestones are not proposed for
Panel Category 4 [MCM] as a number of the Panel’s recommendations in this category are met by
existing projects or activities [Example: placing barriers over SST Farms].These projects and activities
willbe itinu uni  the i1 admin iven . 1 1 foreach.)




Change Control Form M-45-10-01
Page 3 of 5

TABLE
Panel Recommendation Reference Proposed Interim Milestone
Summary (Summary)
(Panel Category)
Examine “Non-Compliant” RPP-RPT-43116 | M-045-91B, Provide a report on the
Wastes at 25 °C (LD) Chemistries of the SSTs Including “Non-
Compliant” Wastes at 25 °C; Ammonia
Concentrations for Corrosion Control,
and an Assessment of SST Waste
Compositional Variation.
Determine Ammonia RPP-RPT-43116 | M-045-91B, Provide a report on the
Corrosion Control Chemistries of the SSTs Including “Non-
Concentration (LD) Compliant” Wastes at 25 °C; Ammonia
Concentrations for Corrosion Control,
and an Assessment of SST Waste
Compositional Variation.
Assess SST Waste RPP-RPT-43116 | M-045-91B, Provide a report on the
Compositional Variation (LD) Chemistries of the SSTs Including “Non-

Compliant” Wastes at 25 °C; Ammonia
Concentrations for Corrosion Control,
and an Assessment of SST Waste
Compositional Variation.

NA NA M-045-91C, Assess the Adequacy of
Information Obtained to Date from the
Actions in the M-045-91 Series
Milestones and Target Dates and the
Need to Establish Additional Interim

Milestones.
Perform Modern Structural RPP-RPT-43116 | M-045-91-T01, Provide Structural
Analysis and Perform AORs and -45921 Analyses for SSTs in B, BX,C, Tand U
on SSTs (SI) Farms in FY 2011.

M-045-91-T02, Provide Structural
Analyses for SSTs in BY, S, TX and TY
Farms in FY 2012.

M-045-91-T03, Provide Structural
Analyses for SSTs in A, AX and SX
Farms in FY 2012.

M-045-91-T04, Provide Structural
Analyses for 200 Series SSTsin B, C, T

and U Farms in FY 2013,
Perform Non-Destructive RPP-RPT-43116 | M-045-91-T05, Provide a Report
Evaluation of Concrete (SI) and -45921 Documenting the Visual Inspection of 12

QQTe in BV 2010,

| M-u4>-91-106, Proviae a Keport
Documenting the Visual Inspection of 12
SSTs in FY 2011.

Expand ™ :ak Assessment RPP-RPT-43116 | M-045-91-T07 Provide a report on the
Reports (LD) results of a comprehensive review of
published leak assessment reports for all
“assumed leaker” tanks in FY 2012.
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for Ionic Conductivity
Between Inside and Qutside of
SSTs (LIP)

Obtain and Test Sidewall Core | RPP-RPT-43116 | M-045-91-T08 Provide results of testing

(SI) and -45921 performed on concrete core obtained
from SST Sidewall in FY 2013.

Test Dome Concrete and RPP-RPT-43116 | M-045-91-T09 Provide results of testing

Rebar “Plugs” (SI) and -45921 performed on C-107 concrete removed
from dome in FY 2013.

Assess Feasibility of Testing RPP-RPT-43116 | M-045-91-T10 Provide a report on the

feasibility of this technology in FY 2013.









