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- EXECUTIVE SUMMARY

Radioactive liquid waste may produce hydrogen as a result of the interaction of gamma
radiation and water. In tanks containing organic chelating agents, additional hydrogen gas as
well as nitrous oxide and ammonia may be produced by thermal and radiolytic decomposition
of these organics. Several high-level radioactive liquid waste storage tanks, located
underground at the Hanford Site in Washington State, are on a Flammable Gas Watch List.
Some contain waste that produces and retains gases until large quantities of gas are released
rapidly to the tank vapor space. Tanks nearly filled to capacity have relatively little vapor
space; therefore if the waste. suddenly releases a large amount of hydrogen and nitrous oxide,
a flammable gas mixture could result. The most notable example of a Hanford waste tank
with a flammable gas problem is tank 241-SY-101. Upon occasion, waste stored in this tank
has released enough flammable gas to burn if an ignition source had been present inside of
the tank. Several other Hanford waste tanks exhibit similar behavior although to a lesser
magnitude. Because this behavior was not adequately addressed in safety analysis reports for
the Hanford Tank Farms, an unreviewed safety question was declared, and in 1990, the
Flammable Gas Tank Safety Program was established to address this problem. The purposes

of the program are as follows:

1. . Provide safety documents to fill gaps in the safety analysis reports.
2. Resolve the safety issue by acquiring knowledge about gas retention and
release from radioactive liquid waste and developing mitigation technology.
This document provides the general logic and work activities required to resolve the

unreviewed safety question and the safety issue.
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1.0 BACKGROUND

Potentially dangerous gases are often evolved from industrial processes. The primary
hazards associated with small levels of gas are toxicity and combustion. Regular inspection
of storage facilities, proper work controls and procedures, and adequate ventilation ensure
that dangerous accumulations of gas are avoided or dealt with promptly.

Protection of hazardous areas from explosions has been a concern since the industrial
revolution. Passive methods, which emphasize preventing an ignition source from reaching
the gas, have been used historically-the supposition being that a flammable mixture of gas is
present. The lower flammability limit (LFL) is the minimum concentration of a flammable
gas in air that will support combustion. Typically 1 to 10 percent of such a gas in air is
flammable. Table 1-1 gives values of the LFL in terms of the volume percent of gas in air
for a selection of flammable gases. There is also an upper flammability limit (UFL) because
if insufficient oxygen is present in a gas mixture, then combustion cannot be supported.

Table 1-1. Minimum Volume Percent of Gas in Air Capable of
Supporting Combustion (Lower Flammability Limit).

Gas Minimum velume percent
Hydrogen 4.0
Ammonia 15.0
Methane 5.0
Acetylene 2.5
Butane 1.9
Naphthalene 0.9
Carbon monoxide 12.5

Radioactive liquid waste tends to produce hydrogen as a result of the interaction of
y-radiation and water. If the waste contains organic chelating agents, additional hydrogen
gas, as well as nitrous oxide and ammonia, can be produced by thermal and radiolytic
decomposition of these organics. Several high-level radioactive liquid waste storage tanks,
located underground at the Hanford Site in Washington State, contain waste that retains the
gases being produced in them until large amounts are suddenly released to the tank vapor
space. Tanks nearly filled to capacity have relatively little vapor space; therefore, if the
stored waste rapidly releases hydrogen and nitrous oxide, a flammable gas moisture may
result. The most notable example of a Hanford waste tank with a flammable gas problem is

1-1
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tank 241-SY-101. Waste stored in this tank has released upon occasion enough flammable
gas to burn if an ignition source had been present inside of the tank. Several other Hanford
waste tanks exhibit similar behavior although to a lesser magnitude.

Ignition of a flammable gas mixture in a waste tank could lead to a release of radionuclides
to the atmosphere through risers in the tank dome.* At sufficiently high concentrations of
flammable gases, the mixture will detonate. The resulting explosion could cause permanent
damage to the tank as well as emission of radioactive effluents. A severe explosion might
preclude further containment of the waste.

Although the tendency of Hanford high-level radioactive liquid waste to generate and retain
flammable gas was recognized as a serious problem by 1979, this problem did not receive
adequate attention. Combustion of flammable gas mixtures containing the oxidizer nitrous
oxide was not considered in the Safety Analysis Report of worst-case accidents. An
investigation of this phenomena in 1990 resulted in a Flarnmable Gas Watch List for 25
Hanford waste tanks and an unreviewed safety question (USQ).** The condition of these
tanks was declared an unreviewed safety question because of the potential radiological
consequences from a waste release following ignition of an accumulated mixture of nitrous
oxide and hydrogen, an event that had not been analyzed in any previous safety analysis.

Actions taken under the U.S. Department of Energy (DOE) Order 5480.5, Safety of Nuclear
Facilities (DOE 1986), for a USQ will normally culminate in an updated safety analysis
report and new operating restrictions. Interim operating restrictions have been implemented
through Interim Operational Safety Requirements to reduce ignition sources and the potential
for sparks. As a result, the following activities are restricted for Flammable Gas Watch List
tanks:

o Waste transfers into and out of tanks
e  Waste core sampling

e  In-tank photography

*Risers provide a path from the tank dome to ground level so that instruments can be inserted into the tank.

**[nitially, corporate reports and letters were reviewed to find tanks that exhibited slurry growth, a possible
manifestation of gas retention in liquid. This resulted in § double-shell tanks and 15 single-shell tanks being
placed on the Flammable Gas Watch List. Subsequent criteria resulted in the addition of 2 more single-shell
tanks, for a total of 22 tanks. Because the vapor spaces of 5 Watch List tanks are vented through
tank 241-SX-109, it was also added to the Watch List. The waste surface level in tank 241-AW-101 increased
and later decreased, with pressure spikes accompanying both these changes. As a result, tank 241-AW-101 was
added to the Watch List. Finally, an organic Watch List tank, 241-U-107, was recently added to the Flammable
Gas Watch List because it also exhibited slurry growth. A new method is being developed for determining
which tanks should be included on this list.
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«  Work in the primary tank dome space or on associated ventilation/exhaust
systems

e  Work in the tank annulus or on associated annulus peripheral equipment
e  Work in the vicinity of the tank or exhaust systems
Additional requirements were imposed on the following activities:
e  Hydrogen/flammable gas monitoring
o  Increased supervision

e Management approval of waivers for any of the special requirements or
restrictions

Also, on November 5, 1990, the United States Congress passed Public Law 101-510, Section
3137, "Safety Measures for Waste Tanks at Hanford Nuclear Reservation,” which addresses
safety issues concerning the handling of high-level nuclear waste. This law which directs the
Secretary of the DOE to take the following actions:

e  Identify those tanks that *...may have a serious potential for release of high-
level waste due to uncontrolled increases in temperature or pressure..."

e  Ensure that "...continuous monitoring to detect a release or excessive
temperature or pressure...” is being carried out

. "...develop action plans to respond to excessive temperature or pressure or a
release from any tank identified..."

o  Restrict additions of high-level nuclear wastes to the identified tanks unless no
safer alternative exists, or the serious potential for a release of high-level
nuclear waste is no longer a threat.

This law also directs the DOE Secretary to report to Congress "...on actions taken to
promote tank safety, including actions specifically taken pursuant to this section of the law,
and the Secretary’s timetable for resolving the outstanding issues on how to handle the waste
in such tanks."”
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2.0 THE SAFETY ISSUE

The Hanford high-level radioactive liquid waste storage tanks on the Flammable Gas Watch
List are shown in Table 2-1.

Table 2-1. Flammable Gas Watch List Tanks.

Single-shell tanks Double-shell tanks
101-A 105-SX 103-AN
101-AX 106-SX 104-AN
103-AX 109-SX 105-AN
102-S 110-T 101-SY
111-8 103-U 103-8Y
112-S 105-U 101-AW
101-SX 107-U
102-SX 108-U
103-SX 109-U
104-SX

The waste stored in these tanks tends to be viscous with non-uniform temperatures and
fluctuating surface levels. Temperature profiles and surface levels can be correlated with gas
retention and release. Double-shell tank 241-SY-101 retains so much of the gas generated in
its waste that, when the gas is released, violent waves are produced and flammable gas
mixtures are occasionally measured. When the gas is released, the waste surface level can
drop about one-foot. This type of behavior must be prevented or mitigated.

Tanks 241-AW-101, 241-SY-103, 241-AN-103, 241-AN-104, and 241-AN-105 give clear
indications of similar behavior but to a much lesser degree.* Single-shell tanks however,
do not have the same problem. They were added to the Flammable Gas Watch List because
at some past time the waste stored in them exhibited a phenomenon called slurry growth.
Slurry growth is a gradual increase in waste volume associated with the generation and
retention of gas in the waste, the generation of a low-density condensed phase (e.g., foam),
or both. The current approach for single-shell tanks is to install equipment for monitoring
the gases in the tank dome spaces and take additional actions, if necessary.

*For example, tank 241-AW-101 contains about 4,001,168 liters (1,057,000 gallons) of slurry and
317,974 liters (84,000 gallons) of sludge for a waste surface level of about 1041 cm (410 in.). Surface level
drops of from 1 to 5 cm (0.5 to 2 in.) are similar to those that occur in the other double-shell tanks.

2-1
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The safety issue for the Flammable Gas Watch List tanks is evident in the following:

The potential for igniting flammable gases such as hydrogen-air and/or
hydrogen-nitrous oxide which could result in a release of radioactive material.

The potential for releasing waste material due to a large pressure pulse during
a gas release event.

Figure 2-1 illustrates the conditions in which a release can occur.

Figure 2-1. Mechanisms for Releasing Material from
a Flammable Gas Watch List Tank.

FACTORS THAT CAUSE A RELEASE TO THE ENVIRONMENT,
AND ROUTESMETHODS OF RELEASE

Factors That Could Cause a Flelease

Episcdic Gas Steady-Stats
Felease Gas
Concentration
Above the LFL
A
5 7 <
Pressure Ignition in Head
acs or
st
\
Gas Bum Gas Bum
With Crust Without
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+
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+ ¢ v < ¥
¢ Failed stem Failed Gross Tank
O?;ye::\mgs HEPA Filter Oiyenings HEPA Filter Failure
\ &
RELEASE 29405062.4
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The major objective of this program is to develop and implement methods for controlling the
retention and periodic release of flammable gases so that Hanford high-level radioactive
waste tanks are maintained in as stable a condition as possible. Two additional objectives are
to ensure that Tank Farm operations do not lead to conditions that could create an accident
and to upgrade the monitoring instrumentation on the tanks.
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3.0 FLAMMABLE GAS TANK SAFETY ISSUE RESOLUTION

An approach to resolve the flammable gas safety issue is shown in Figure 3-1. After
evaluating the problem, one or more options can be selected to resolve the safety issue:

o "Zero option”
¢  Mitigation
° Resolution.

The options lead to removing one or more tanks from the Flammable Gas Watch List by
controlling or eliminating the hazard. The option selected depends on the type of behavior
exhibited by the tank(s). Important terms are defined as follows:

e  Mitigation: Actions which prevent the episodic release of flammable gases.

o Zero Option: In-situ safe storage of waste without further treatment. Review
of historical records and modification of administrative controls will always be
a part of this option.

o Pretreatment: The process used to prepare waste for treatment.

o Disposal: Actions to isolate waste from the biosphere for the foreseeable
future, with no intent of retrieval. Deliberate action is required to regain
access to the waste.

o Remediation: Actions to safely store, maintain, treat, and dispose of tank
waste forms.

The paragraphs below provide the details of the logic for resolution of the flammable gas
issue. Figures 3-2 through 3-10 provide details for the options given in Figure 3-1.

3.1 EVALUATING THE PROBLEM
The process of evaluating the flammable gas tank safety issue is illustrated in Figure 3-2.

Work priorities are developed from a review of historical data, synthetic waste studies,
laboratory tests, analytical modeling, and sensitivity analyses (see Figure 3-3, 1.1.1 and
1.1.2), when direct information about the behavior of tank waste is unavailable. Data from
actual waste samples and tank monitoring will be obtained as equipment is developed or
otherwise becomes available (for example, temperature, pressure, waste surface level).

3-1
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Results from sampling each waste tank could validate a preliminary hypothesis about the
behavior of waste in a tank, but additional studies and sampling may be required before a
quantitative understanding or model of waste behavior is developed.

A model for the behavior of Flammable Gas Watch List tanks may be used to improve
criteria for operating the tanks (see Figure 3-4) and to determine whether it is safe to
stabilize and isolate single-shell tanks that have not already been stabilized and isolated.
Other applications for this information are as follows (see Figure 3-5).

e  Task 1.5 - Apply Criteria to Data by Tank. This task will redefine the safety
envelope based on technical evaluations, hazards reassessment, and probable
risk assessment.

¢  Task 1.6 - Revise Tank List. This task will revise the list of tanks with safety
issues requiring resolution. Tanks will be added or removed based on
documentation approved by the appropriate authority.

e Task 1.7 - Upgrade Equipment, Facilities and Safety Documentation. This
- task will upgrade gas monitors, instrumentation, and ventilation. It will also
redefine the safety envelope and determine control limits.

After evaluating tank behavior decisions can be made on the appropriate option to resolve the
safety issue.
3.2 IMPLEMENTING THE ZERO OPTION

The zero option (see Figure 3-6) involves minimal risk tanks. The appropriate disposition
for each tank will be based on redefining the safety envelope, revising the Flammable Gas -
Watch List, and establishing work controls. Possible dispositions include the following:

e«  Remove tanks from the Watch List and take no further action because they are
inherently or passively safe.

° Remove tanks from the Watch List after completing upgrades, redefining the
safety envelope, and determining work controls consistent with zero option
safety criteria developed in Task 1.4 (see Figure 3-4).

e Determine that the zero option is not viable in which case mitigation or
remediation will be required to resolve the safety issue.

Most tanks will be dispositioned in this manner.
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3.3 IMPLEMENTING MITIGATION

Events leading to a hazardous situation occur in sequence. If these events or combinations of
events can be eliminated, the consequences of the hazard will be eliminated or reduced to an
acceptable level. The mitigation option (Figure 3-7) applies to tanks where a hazard can be
controlled or eliminated by in-tank treatment, for example, operation of a mixer pump in
tank 241-SY-101. The first step taken to resolve the safety issue is therefore to identify
events (see Figures 3-7 and 3-8) leading to an undesirable situation. Sometimes postulated
events can be evaluated in the laboratory; otherwise engineering judgment and analysis is the
only evaluation tool.

In the unlikely event that tanks other than 241-SY-101 require mitigation, several approaches
may be examined. The most important criteria for selecting a particular approach relate to
the effects that it might have upon the final treatment of the waste, the rapidity with which it
could be implemented, its potential for success and cost.

Implementing a mitigation approach (see Figure 3-8) begins with a scaled proof of concept to
validate laboratory scale testing. An important part of this evaluation deals with the impact
of the approach on the integrity of the tank and on the final disposal of its waste. Once a
scaled proof of concept is demonstrated, design and fabrication can begin. Safety and
environmental documentation will be prepared at the same time, and permission to operate in
the affected tanks will be secured. When these tasks have been completed, the mitigation
approach can be implemented.

After the selected option has been implemented, tank sampling or data monitoring will
indicate whether the tank is actually mitigated or not. If so, then the safety issue is resolved.
The tank can be removed from the Flammable Gas Watch List and managed as a tank with
no safety issue. If mitigation is not sufficient to resolve the safety issue, then further
resolution steps will be required.

3.4 IMPLEMENTING THE RESOLUTION

The resolution path (see Figure 3-9) applies to tanks where the hazard cannot be controlled
or eliminated by in-tank treatment of waste. To resolve the safety issue, the waste must be
removed from the tank and transferred to another location for treatment and storage.. Except
for the last step, the logic steps for implementing resolution in Figures 3-9 and 3-10 are
identical to the steps for implementing mitigation (see Figures 3-7 and 3-8) step.
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4.0 PROGRAM ACTIVITIES

The process by which safety issues are to be resolved includes evaluating the problem, then
selecting one or more of the following options as appropriate:

o Storing the waste without further treatment (zero option)

e  Taking action within designated tanks to treat waste and reduce the severity of
the safety issue (mitigation option)

° Taking action outside of designated tanks to store, maintain, treat, and dispose
of waste.

Resolving the safety issue for a tank is progressively more difficult and costly as the number
of options required increase. It is expected that the safety issue for most of the

25 Flammable Gas Watch List tanks will be resolved by the first or second option shown
above. For the remaining Watch List tanks, resolution will be accomplished by in-tank
treatment of the waste or by removing the waste for storage in another tank with or without
treatment.

Program activities for the Flammable Gas Tank Safety and the Hydrogen Mitigation
Programs have been grouped into the five categories listed below. The categories are
discussed in detail in the sections that follow,

Characterization and evaluation

Technology

Safety documentation and unreviewed safety question resolution
Equipment and instrumentation upgrade

Mitigation.

Characterization and Evaluation

Data must be obtained to enhance our understanding of the causes of gas retention by high-
level radioactive liquid waste. This includes historical information, waste characterization
data, and evaluation of gases in the tank dome spaces. Detailed evaluations of this
information will be used to interpret the behavior of waste in the Flammable Gas Watch List
tanks.
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Technology
The technologies used will include the following:

e«  Laboratory studies using synthetic waste to determine the chemical and
physical mechanisms of gas generation and retention in Watch List tanks

o Development of tank models to simulate gas release phenomenon and evaluate
strategies for mitigation of flammable gas releases

e Development of analytical techniques to characterize chelators and chelator
fragments in tank waste

e Development of waste sampling techniques.

Safety Documentation and Unreviewed Safety Question Resolution
Safety analyses are required for tank-intrusive activities, such as sampling and
instrumentation upgrades. Reports will be prepared to document how tanks are removed
from the Watch List. The primary focus of this activity is closure of the unreviewed safety
question. The work scope includes the following:

e  Preparing hazard assessments and probabilistic risk assessments

¢  Defining tank safety criteria

o  Redefining tank safety envelopes

° Compiling documents that support the Interim Safety Basis

¢  Recommending resolution/closure of the unreviewed safety question for the
various tanks.

Equipment and Instrumentation Upgrades

The following upgrades will be funded: the multi-functional instrument tree, the temperature
monitoring and control system, gas monitoring cabinets, surface-level detectors, closed-
circuit TV cameras, modular exhausters, inlet filters, data acquisition and control systems,
and removal and disposal of any damaged, inoperable, or interfering equipment from the
waste tanks.
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Mitigation

The primary focus is to develop and implement a method to reduce the severity of the hazard
posed by episodic releases of flammable gas mixtures in tank 241-SY-101. An ongoing
program to mitigate gas release events in this tank has been successful to date. Four options
are being evaluated: mixing, dilution, heating, and sonic agitation.

4.1 CHARACTERIZATION AND EVALUATION

To resolve the safety issues, it is necessary to understand the chemical and physical
properties of waste material in the Flammable Gas Watch List tanks. This can be
accomplished by retrieving® and analyzing waste samples from the tank in question. Data
requirements for safety analyses, mitigation actions, and modeling activities are described in
Table 4-1.

4.1.1 Waste Sampling

Samples of the liquid and slurry layers beneath the crust must be collected and analyzed to
understand the mechanisms by which hydrogen and other gases are generated, stored, and
periodically released from the waste. A detailed analytical chemistry plan has been prepared
for core samples taken from tank 241-SY-101. Table 4-2 summarizes the analyses conducted
on waste samples. The majority of these analyses will be performed by the Westinghouse
Hanford Company. Support will be provided by the Pacific Northwest Laboratory for the
following types of characterization: organic compound analyses, radionuclide analyses, gas
phase analysis, and characterization of physical properties. The organic characterization will
include analyses for volatile and semivolatile organics as well as chelators and their
degradation products. The analyses for volatile and semivolatile compounds will be
performed by gas chromatography/mass spectrometry. Analytical methods for the chelators
are not yet in place (see Section 4.2.3). The gas phase analysis will determine
nonhydrocarbon gases and hydrocarbons. The analyses for the nonhydrocarbon gases and
light hydrocarbons will be performed by quantitative mass spectrometry.

*Methods for retrieving waste samples include auger sampling, core drilling, and removal of crust material
adhering to existing instruments and other equipment taken from the tanks.
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Table 4-1. Data Requirements. (2 sheets)

Requirements Description .
Modeling Evaluate crust characteristics and composition supporting the evaluation of

gas release mechanisms. Crust characteristics include the following:

Composition (anions, cations, organics, radionuclides)

Density

Percent water

Differential scanning calorimetry (performed from ambient to 450 °C)
Thermal conductivity*

Porosity* (i.e., permeability)

Evaluate liquid layer thermal and rheological properties supporting the
development of a thermohydraulic model of the tank. The properties
include the following:

Composition

Solids settling rate

Density (solids and liquid phases)
Specific heat

Thermal conductivity*

Shear stress vs. shear rate rheogram
Surface tension

Gas generation rate and composition
Coefficient of thermal expansion

Evaluate slurry layer thermal and rheological properties supporting the
development of a thermohydraulic model of the tank. The properties
include the following:

Composition

Solids settling rate

Percent settled solids

Density

Thermal conductivity®

Specific heat

Particle size distribution

Shear strength

Shear stress vs. shear rate rheogram
Gas generation rate and composition
Coefficient of thermal expansion
Surface tension
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Table 4-1. Data Requirements. (2 sheets)

Reguirements

Description

Safety Analysis

Characterize physical and chemical properties of the crust to support
modeling of crust movement during gas generation and migration and to
assess the potential consequences of a gas explosion.

Quantitatively identify toxicological components and aerosols in the crust,
liquid, and slurry layers for analysis of the consequences of an explosion.

Identify reactive materials (chemicals) in the crust to evaluate the potential
for a secondary crust reaction.

Mitigation

Evaluate waste characteristics supporting the development of mixing,
heating, dilution and sonic mitigation options. Waste characteristics
include the following:

Specific gravity

Solids settling rate

Percent settled solids

pH

Weight percent and volume percent of centrifuged solids
Shear stress vs. shear rate rheogram

Particle size distribution

Shear strength

Composition (anions, cations, organics, radionuclides)

* Further methods development is required.
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Table 4-2. Core Sample Analyses.

Physical and Rheologicat

Photographs

Color, description of sample
Volume, weight

Particle size

Density

Weight percent water

Weight and volume percent solids
Solid settling rate

Differential scanning calorimetry
Thermogravimetric analysis
Polarized microscopy

Shear strength

Shear stress-shear rate rheograms
Penetration resistance

X-ray diffraction
Radiochemical
Transuranics (**!Am, 2%2%py, %'Np)
Gamma energy analysis (**'Cs)
Total alpha
Total uranium
%St
i Chemical

Inductively coupled plasma (metals)

Anions (NO;, NO;, CO;%, SO, PO, F, CI)

Ammonia/ammonium ion

Cyanide

pH

Total organic carbon (TOC)

Volatile organic analysis (VOA)

Semivolatile organic analysis

Chelators (ethylenediaminetetraacetic acid [EDTA],
hydroxyethylenediaminetriacetic acid [HEDTA],
nitrilotriacetic acid [NTA],
ethylenediaminetriacetic acid [ED3A})
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The radionuclide analyses will determine concentrations of *Am, *Te¢, %I, #°Pu, %8s,
%7Cs, and ®'Np. These analyses involve conventional ion-exchange separations and solvent
extraction separation followed by alpha energy analysis for the americium and neptunium.
The physical property characteristics will include measurements of density, shear strength,
solid settling rate, and percent settling of solids.

In 1991, a detailed data specification was developed for waste characterization activities.
This data specification was used for preparing data quality objectives for the Flammable Gas
Tank Safety program.

4.1.2 Gas Monitoring

A Standard Hydrogen Monitoring System (SHMS) has been designed and used at

tank 241-SY-101. This system provides real-time analysis of hydrogen using dual chemical
diffusion instruments made by the Whitaker Corporation. The system also has plumbing
capabilities to grab samples at periodic intervals. Analysis of grab samples is performed at
the Pacific Northwest Laboratory with a high-resolution mass spectrometer. Efforts are
underway to include a gas chromatograph into the standard hydrogen monitoring system.
Standard hydrogen monitoring system cabinets will be placed on each of the 25 Flammable
Gas Watch List tanks. Figures 4-1 and 4-2 are photographs of a standard hydrogen
monitoring system. ‘

4.1.3 Evaluating Waste Behavior
The scope of this work is to gather and analyze data obtained from Tank Farm operations,
waste sampling, gas monitoring, and relevant literature. It is important to analyze this data
to determine trends and correlations, to provide an interpretation of processes occurring
within the tank, and to highlight the need for additional data. Typical activities are as
follows:

¢  Analyze recent and historical surface level and waste temperature data

o Interpret core sample and gas monitoring data

. Assess whether the information available on waste properties and behavior is
sufficient or requires enhancement.
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2. Hydrogen Monitoring System (Open Cabinet).
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4.2 TECHNOLOGY

4.2.1 Laboratory Studies

Laboratory studies with synthetic and actual waste samples are essential for understanding the
mechanisms for gas generation, retention, and release. In addition, the studies provide
information for safety analyses and for engineering of mitigation options.

4.2.1.1 Gas Generation Reaction Mechanisms and Kinetics. This task will determine the
stoichiometry, mechanisms, and kinetics of the gas-generating reactions. Experimental
studies will determine the basic information about physical and chemical reactions in the
waste, for example: "

e The important parameters affecting gas generation
e The chemical mechanisms producing reactive gases such as H,, N,O and NH;
° The part that radiation plays in gas generation.

4.2.1.2 Stoichiometry, Kinetics, and Mechanisms of Reactions. This task will investigate
the stoichiometry, mechanisms, and kinetics of gas-generating reactions in Hanford waste.
The following approach will be used:

e  Reaction stoichiometries will be determined by using simple systems of critical
reactants (e.g., NaNO, and HEDTA). The goal will be to identify and
determine the amount of gaseous, solid, and soluble organic and inorganic
products produced per mole of reactants.

e Reactivities of functional groups present in the reactive complexants will be
isolated by using simple model compounds and isotopic tracers. For example,
HEDTA is a reactive complexant; composed of alcohol, amine, and
carboxylate groups. The reactivities of these groups will be investigated using
simple molecules and *C, 2H (deuterium), and N labeled functional groups.

e  Functional groups in the reactive complexants will be traced with isotopic
labels, and their behavior will be determined. The behavior will be compared
with the model compounds.

e Reaction kinetics will be investigated using pseudo first-order conditions to
allow examination of the effect of changing the concentration of one particular
reactant. Each of the critical reactants or factors will be investigated.

e  Parameters for the Arrhenius equation will be determined by running reactions
over a range of temperatures.
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Various measurements will be taken to follow the process of the reaction in these
experimental studies. These measurements include the volume and composition of gas
produced, the increase in system pressure resulting from gas production, and the composition
of the reactants.

4.2.1.3 Radiation Effects. Hanford tank wastes are highly alkaline to prevent excess
corrosion of the steel liners. They have also been stored for many years thereby being
exposed to high radiation doses. In such an environment, many reactions can occur that will
change the chemical nature of the waste constituents. Researchers at the Argonne National
Laboratory have conducted detailed evaluations on the effects of irradiation on Hanford
waste; their results are summarized below.

The research goal was to examine the mechanisms of radiolytic and radiolytically induced
thermal generation of gases in solutions and slurries simulating Hanford waste. Because the
radioactive isotopes in the tanks are predominantly beta and gamma emitters, a Co gamma
source accurately simulates their radiolytic effects. The radiolytic sources for H, are ¢;, and
its predecessors and H atoms. Direct radiolysis of the water generates some H, (generation
rate, or G, for H, is G = 0.03 of H, molecules per 100 eV of energy absorbed by water),
and an additional amount comes from the hydrogen abstraction reaction H + RH->H,+R-;
the added yield correlates well with the rate constants measured for hydrogen abstraction.
Nitrate scavenges €;, and its predecessors, whereas nitrite (No3) is the major H-atom
scavenger. Computer modeling shows that if nitrate is above 0.5 M, and nitrite is above

2 M, the addition of other scavengers will have little effect on the yield of H,.

Generating nitrous oxide (N,0) requires the presence of organic molecules; however, the
nitrogen atoms in N,O come from inorganic sources (NQO;, NO;3). The dependence of the
N,0O yield on the dose rate suggests that it is produced by a first-order reaction of a radiolytic
intermediate competing with a second-order reaction of the same intermediate. As the
temperature increases, the first-order reaction speeds up and becomes dominant. Oxygen is
efficiently destroyed in the presence of organic molecules. Small yields of ammonia were
measured, and they increased linearly with dose indicating ammonia is produced from
radiolysis of an intermediate. The nitrogen in NH; comes from organic chelators such as
EDTA.

Gas yields in solution depend only weakly on temperature (for temperatures less than 60 °C).
The yield of H, in slurries at 30 °C is significantly lower than in solution. As the
temperature increases, more of the solids are soluble, and the yields approach those in
solution.

The rate of thermal gas generation increases upon preirradiation, reaches a maximum (at
approximately 20 Mrad), then declines. Therefore, the known radiolytic degradation
products of chelators (NTA, IDA, glycolate, glyoxylate, formaldehyde, formate, oxalate, and
hydroxylamine) were examined for their roles in the thermal generation of H, and N,O at
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60 °C. Among the degradation products, only glyoxyate and formaldehyde generated H, at
significant rates. Hydroxylamine generated N,O and N, at significant rates with standard
waste simulants.

Formaldehyde is a proposed intermediate for the production of hydrogen from chelators.
The rate of hydrogen evolution from formaldehyde has been measured under experimental
conditions and at temperatures relevant to waste tank conditions. Rate constants and
activation energies for formaldehyde and glyoxylate have been determined. The fraction of
formaldehyde producing H, increased with decreasing formaldehyde, thereby increasing
[OH] and increasing temperature.

Minor waste constituents showed no catalytic effects on gas generation rates. In solution or
slurry, only radiolytically produced Pd intermediate (possibly metallic Pd) strongly retains
H,, but it does not reduce the rate of its generation. Radiolytic yields of N,O are strongly
reduced by Cr(III) but not by other minor components. “"Loose” and "tight" gases have been
found in irradiated slurry. "Loose" gas can be removed by bubbling; "tight” gas can be
released only by dissolution of the slurry. It is estimated that only 10 percent of the
degradation of organics must produce formaldehyde to account for the H, yield in tank
241-SY-101. :

Some conclusions are as follows: NO, is the major oxidizing radical, and its reaction
products probably include glyoxylate and formaldehyde as thermal precursors for H, and
hydroxylamine for N,O. About 30 percent of the H, comes from radiolytic reactions and the
rest from thermal reactions.

4.2.1.4 Testing Samples of Actual Wastes. Tests will be conducted on waste retrieved
from tanks (e.g., tanks 241-SY-101 and 241-SY-103) to determine gas generation kinetics
and gas solubility for NH;, N,0 and N,. The effects of heating and dilution on gas
production will also be evaluated.

4.2.1.5 Gas Retention Studies. The rheological behavior of tank waste is critical to
characterizing its tendency to retain and periodically release gas. Early investigations
concluded that gas bubbles are retained by the waste slurry which has settled to the bottom of
the tank (sludge). Physical mechanisms responsible for the retention of these bubbles are not
well understood, but the yield strength and viscosity of the waste are expected to be the most
important properties contributing to these mechanisms. The presence of gas bubbles in the
sludge is also expected to affect its physical properties, but there are no literature data
available to asses these effects. Objectives of these studies include the following: explaining
the mechanisms contributing to gas bubble retention and release from waste sludge,
understanding how bubbles affect the sludge physical properties pertinent to bubble retention,
developing correlations of these physical properties to include in computer models, for
example, and collecting experimental data on the physical properties of simulated sludges
with bubbles, for example, viscosity and yield strength.
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Gas bubbles being released from waste in tank 241-SY-101 cause or are caused by waste
motion. Accordingly, dynamic properties of the sludge, such as its rheology, are important
to the release mechanism. In contrast, the mechanisms for bubble retention appear to depend
more on the forces acting on bubbles in stagnant sludge, for example, surface tension.

4.2.2 Developing Tank Model Applications

Analytical evaluations support safety analyses, enhance an understanding the processes
responsible for episodic gas releases, and support development of mitigation methods.

4.2.2.1 Thermo-Physical Modeling. Existing computer codes that model convective
turnover of a fluid do not account for all of the phenomena needed to explain the physical
processes taking place in tank 241-SY-101. For instance, bubble formation and dynamics are
needed to simulate the periodic gas release in the tank. The mathematical models that
describe these processes, as well as sludge rheological properties, are programmed into a
computer code that describes simultaneous interactions of fluid dynamic forces in the waste
tank during a gas release event. Computer programs will need to be validated against
measurements made in the tank and in model systems.

4.2.2.2 Gas-Flow Model. Computer models have been developed to describe the transport
and distribution of vented slurry gases within the tank dome and throughout the ventilation
system of a tank farm. This model has been used to estimate the amount of gas required to
reproduce the pressure pulses observed in tank 241-SY-101 after gas release events. The
model calculates hydrogen concentration as a function of time in the tank and ventilation
system. This model has been used to simulate each gas release event that has occurred in
tank 241-SY-101 since April 1990.

4.2.3 Developing Techniques for Characterizing
Chelators and Chelator Fragments

Chelators and chelator fragments are the major organic reactants responsible for hydrogen
and nitrous oxide generation in Hanford radioactive liquid waste. Analytical methods exist
for some of these organic analytes; but other nonvolatile, polar, and high molecular weight
compounds (such as chelators and chelator fragments) are not amenable to Environmental
Protection Agency-accepted methodology (gas chromatography or gas chromatography/mass
spectrometry). Nonvolatile components will require advanced organic analytical techniques
in order to determine their identity and concentration in tank waste. Determination of the
organic species may be amendable to techniques such as supercritical fluid chromatography/
mass spectrometry, liquid chromatography/mass spectrometry, microcolumn, and ion
bombardment. Organometallics can be analyzed by liquid chromatography/mass
spectrometry-ICP/mass spectrometry which will enable the organic moiety and the assocxated
metal to be determined simultaneously.
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Considerable progress has been made in identifying organic compounds in tank 241-SY-101
waste samples. Chelators, chelator fragments, and several carboxylic acids have been
measured in the core segment samples using derivatization gas chromatography/mass
spectrometry. The major components detected were ethylenediaminetetraacetic acid (EDTA),
nitroso-iminodiacetic acid (NIDA), nitrilotriacetic acid (NTA), citric acid, succinic acid, and
ethylenediaminetriacetic acid (ED3A). In all six samples analyzed, the highest concentrated
chelator was EDTA.

The combined techniques of derivatization gas chromatography/mass spectrometry and liquid
chromatography have accounted for approximately 71 to 93 percent of the total organic
carbon which amounts to 1 percent of the tank waste.

4.2.4 Developing Sampling Techniques

It is not clear why high-level radioactive liquid waste stored in some Hanford waste tanks
retains gas while waste stored in other tanks does not. It is reasonable to expect that a waste
sample captured from a Flammable Gas Watch List tank with the retained gas "intact" could
shed some light on this issue.

The Retained Gas Sampler work package will fund development and deployment of
equipment for sampling waste in a Flammable Gas Watch List tank to measure the
composition and fraction of gas in the waste. Two key parts to this system are:

1. A device to be inserted into a tank that is capable of capturing and isolating
part of the stored waste

2.  Laboratory equipment to remove, measure, and analyze the gaseous
constituents of the waste

Waste samples obtained with the Retained Gas Sampler will allow measurements of gas
concentrations in all states of matter in tank waste to be made. Some gas will be in the gas
phase; the rest will be dissolved in the liquid phase and adsorbed in the solid phase. The
Flammable Gas Tank Safety Program is interested in obtaining the following information
with the Retained Gas Sampler.

The Retained Gas Sampler design is produced from by modifying the Universal Sampler,
(see Figure 4-3). After a sample is taken, it will be extruded from the sampler and placed
into an extractor system where the waste can be manipulated and gas removed from it for
analysis. Figures 4-4 and 4-5 show the operations of the Universal Sampler.
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Table 4-3. Data Priority and Uncertainties for
Retained Gas Sampler System.

Relative wocertainty
. ) Parameter Nominal value! Present Goal
Void fraction 3.0% 100% 20%
Hydrogen 30.0% 17% 3%
Nitrogen 30.0% NA 20%
Nitrous Oxide 30.0% NA 20%
Ammonia 5.0% NA 20%
Other minor gases (CH,, CO,, CO 0.5% NA 100%

4.3 SAFETY DOCUMENTATION AND UNREVIEWED
SAFETY QUESTION RESOLUTION

Several different types of documents have been prepared for the Flammable Gas Tank Safety
issue: safety assessments, topical reports, criteria for adding and removing tanks from the
Watch List, as well as documents to resolve the unreviewed safety question. The Interim
Safety Basis is a review and evaluation of existing documentation, including safety
assessments, safety analysis reports, justifications for continued operation, and old and new
safety reports. In some cases, topical reports may be required to address certain aspects of
the safety issue. These topical reports, in turn, are used to support safety analyses conducted
for specific work activities. Examples of such topical reports are as follows:

Tank 241-§Y-103 Hazard Assessment, WHC-SD-WM-SAR-061,
G. L. Fox, Jr., et al., October 1993.

Flammable Gas Safety Issue Review: Tank 241-SY-101, WHC-EP-0578,
D. E. Simpson, et al., September, 1992.

Tank 241-SY-101 Crust Burn Analysis, WHC-SD-WM-SAR-046,
G. L. Fox, Jr., et al., June, 1992.

Response of Tank 241-5Y-101 to a Postulated Hydrogen Burn,
WHC-SD-WM-T1-426, G. L. Fox, Jr., et al., July 1990.
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Criteria have been developed to evaluate and disposition the Flammable Gas Watch List
tanks. These tanks may be assigned to a category where operating restrictions are reduced or
eliminated, or recommendations will be made for tank characterization activities preceding
removal from the Watch List. Activities include the following:

Collecting data relevant to hydrogen generation and release

Reviewing the cause for each tank being on the Watch List and determining
whether the cause is still valid

Preparing a report documenting the review results and recommending a change
of category or the collection of additional information and surveillance data.

A technical basis will be prepared for evaluating the unreviewed safety question for
Flammable Gas Watch List tanks. Activities include collecting and evaluating available data,
performing technical evaluations of key issues, and documenting this work as appropriate.
Specific tasks for this activity include the following: .

Updating and maintaining a comprehensive database on the Flammable Gas
Watch List tanks based on historical documents and process data

Evaluating tank data for gas composition, pressure spikes and chemistry as
they relate to safety issue resolution

Updating the unreviewed safety question screening evaluation and safety
evaluation for the Flammable Gas Watch List tanks in the AW and SY Tank
Farms using updated Watch List criteria and the unreviewed safety question
database

Providing general guidelines for resolving the unreviewed safety question for
all Flammable Gas Watch List tanks

Preparing specific documentation for resolving the unreviewed safety question.
The approach will be to close the unreviewed safety question on the 241-SY
Tank Farm first, then the remaining tanks

4.4 EQUIPMENT AND INSTRUMENTATION UPGRADES

The Flammable Gas Tank Safety Program is buying new equipment for the Hanford tank
farms to upgrade ventilation and monitoring systems.
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Figure 4-3. Universal Sampler.
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4.4.1 Ventilation Upgrades

Permanent inlet filters will be designed, fabricated, and installed on tanks 101-SY, 102-SY,
and 103-SY to improve the ventilation system for the 241-SY Tank Farm. These assemblies
will enable increased flow, filter possible emissions during tank pressurization, and provide
better flow and pressure control. The work includes writing procedures and coordinating Job
control system documents and project engineering. A spark-resistant fan will be designed
and built to replace the existing fan in the 241-SY Tank Farm primary ventilation system.
The backup exhauster at the 241-SY Tank Farm will also be replaced. Similar upgrades are
planned for the 241-AW and 241-AN Tank Farms.

4.4.2 Farm Tank Monitor and Control System (TMACS)

The TMACS will be installed in the 241-SY and 241-AN Tank Farms, as well as in other
Hanford Site tank farms by the tank farm upgrades. In the 241-AN Tank Farm, selected in-
tank and structural temperature elements will be connected to the system. In the 241-SY
Tank Farm, in-tank and structural temperature elements, as well as other parameters, will be
connected. The parameters are vent flow (101-SY), tank pressure (101-SY), and hydrogen
concentration (101-SY and 103-SY). These instruments and sensors will be monitored on a
continuous basis by the TMACS.

This expansion of the TMACS consists of installing local signal conditioning equipment at or
near each tank. The signal conditioners will communicate via a shared cable with a central
computer. The signal conditioners accept standard instrumentation and allow for future
expansion.

4.4.3 Gas Monitoring

The Standard Hydrogen Monitoring System (SHMS) monitors hydrogen evolved from waste.
(Air, nitrous oxide [N,0], ammonia [NH;], water vapor, carbon dioxide [CO,], carbon
monoxide [CO] and other gaseous constituents may also be present.) The system includes
hydrogen-specific monitors, a grab sampler to identify other gaseous constituents, and the
gas-sampling system (tubing, valving, vacuum pumps, etc.) that supports the operation of the
instrumentation. The system uses Whitaker electrochemical cells and is located in an
environmentally controlled cabinet near the tank.

A SHMS will be installed on each Flammable Gas Watch List tank. For tanks with active
ventilation, the SHMS will be connected to the ventilation header; for tanks with passive
ventilation, sampling probes will be installed in the dome space. Each SHMS will eventually
be connected to the TMACS.
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4.4.4 Temperature Measurement

The Multi-Function Instrument Tree (MIT), designed by the Los Alamos National
Laboratory, will be installed in all double-shell tanks on the Flammable Gas Tank Watch
List. The MIT can contain up to 24 thermocouples spaced vertically along the tree
(depending upon the liquid and sludge levels within a waste tank) and can sample the vapor
space from three locations above the waste to determine the differential pressure between the
tank and atmosphere. In addition, the MIT can insert a validation probe down the assembly
center to verify the temperature at any level.

4.4.5 Waste Surface Level Measurement Upgrade

The existing waste surface-level instrument is a reel-type conductivity gauge with a lengthy
history of maintenance problems. The gauge uses a probe that is lowered to contact the
waste surface. Because the probe contacts the waste, crystal grows on it which interferes
with its ability to detect the change in conductivity that marks the surface. The raising and
lowering action causes mechanical wear resulting in repair and upkeep problems. In
addition, the gauge requires a constant instrument air purge to prevent moisture from
interfering with the conductivity sensing. In many single-shell tank farms, this is the only
use of instrument air, which is expensive.

Waste tank surface-level monitoring needs for the Hanford tank farms have been assessed,
and available technologies examined for applicability. Surface level measuring technologies
which have been examined include radar, conductivity, buoyancy/tension wire, and
optical/laser. The buoyancy/tension wire gauge is considered the best option available. It
will operate on non-conductive liquids or solids, and it requires no air purge. The build up
of salt precipitates on the buoyancy float, and the effect of precipitates on the measured
surface level is minimal.

4.5 MITIGATION

Considerable effort has gone into methods for evaluating and resolving the episodic gas
release behavior being exhibited in tank 241-SY-101. The following criteria are appropriate:

e  Maintaining the tank dome space at a value less than 25 percent of the lower
flammability limit

e Maintaining a negative pressure in the dome space
o Preventing uncontrolled reactions of the gas and waste

e  Maintaining tank integrity
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¢  Maintaining disposal and retrieval options

Preventing unacceptable releases of toxic or radiological substances

Preventing unacceptable alteration of crust and/or liquid waste properties

Preventing excessive build-up of gas in the slurry

Maintaining and operating the mitigation equipment with ease

° Minimizing overt actions (i.e., be passive to the maximum extent that is
possible).

The selection of any near-term mitigation option also must consider the following:

® Rehabﬂity
e  Impact on long-term remediation
® Surveillance options.

A variety of options have been proposed. Table 4-4 provides a short list of features for each
option, the possible approaches to affect the option, the information required for evaluating
the option, the potential issues that require resolution, and the means by which the program
will acquire the requisite data and analyses to solve the issues and provide the knowledge
required for the evaluation studies.

For more detailed information about the migigation program, see WHC-EP-0550, Tank
101-SY Flammable Gas Mitigation Test Project Plan (Lentsch 1992).
4.6 RELATIONSHIP BETWEEN WORK ACTIVITIES AND PROGRAM LOGIC

Table 4-5 provides a brief summary of how work activities relate to specific elements of the
program logic.
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Table 4-4. Mitigation Options. " (4 sheets)

Lower gas-production-per-

Dilution of Dilute with water Solubility of waste Presence of crust Sample waste in tank
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Dilute with other waste | Compatibility with other No free space in Bvaluate data for other tanks
BEnhance release of gas waste tank 101-8Y
because of lower viscosity Build new tanks
Chemistry of waste Gas generation of diluent
Characterize tank
Depth of various layers Verify that the method
works Bvaluate mechanisms for gas
Mechanism of gas production
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Tank models
Tank instrumentation
Circulation of | Promote continuous release | Pump waste; options Physical properties of waste | Presence of crust Sample wasie
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Retard crust buildup Chemistry of waste
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Table 4-4. Mitigation Options. (4 sheets)

Transfer tank

Reduce volume of waste,

Pump waste to another

Physical properties of waste

Tank space

Sample waste
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(0,, N,0)

Circulate waste to 2
location (some other
position) for gas
injection and return

Gas content in slurry and
sludge

Mechanism of gas
production

Solubility of gas

Number and location of
lanes

Effect on ventilation
system

Verify that the method
works

Distribution of gassy
wasle

contents thereby lowering total gas | tank
production Compatibility with other Gas generation of Characterize tank
waste transferred waste
Bvaluate mechanisms

Mechanism of gas Verify that the method
production works Build new tanks
Depth of various layers Bvaluate data on other tanks
Available tank space Engincering study
Method of pumping
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0 "A9d 6T0-AS-INM-dS-OHM



8T

Table 4-4. Mitigation Options. (4 sheets)

Option
Ultrasonic Cause release of gases at Use ultrasound to Required frequency Heat deposited in waste | BEvaluaie mechanisms
agitation and | desired timing intervals enhance bubble transport
sonic agitate and release Number of transducers Means to attach Tank modeling
transducers
Time application (pulsed or Laboratory testing and
continuous) Verify that the method analyses and demonstration
works

Mechanism of gas
production

Bubble behavior

Tank instrumentation

Transfer,
dilute, and
agitate

Control release of gases

Transfer 100,000 gal of
slurry

Dilute with 10,000 gal of
water

Maintain opening in
crust

Provide mechanical
energy o trigger release
of gas

Solubility of waste
Crust properties
Waste compatibility

Amount and location of
"mechanical energy”

Efficiency of mixing and
circulation

Mechanism of gas
production

Presence of a crust

No free space in tank
101-8Y

Verify that the method
works

Sample waste

Bvaluate mechanisms

Tank modeling

Evaluate data on other tanks
Design an engineering study
Build new tank space

Tank instrumentation
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Table 4-4. Mitigation Options. (4 sheets)

In-situ application

Characterization of waste

Construction of a

Sample waste

Chemical Destroy or remove
treatment compounds that produce treatment facility
gases Transfer waste to Mechanism of gas Bvaluate mechanismsa
treatment facility production Mixing of materials in the
Dissolve crust waste Design an engineering study
Add gas absorber Identify gas absorbers
Verify that the method Tank instrumentation
works
Pilot plant studics
Thermal Change reaction rate that Cool the tank (reduce Mechanism of gas Tank corrosion Sample waste
treatment generates gas for gas rate) generation
generation Bffects of thermal change | Bvaluate mechanisms
Heat the tank {(destroy | Chemistry of waste
compounds) Verify that the method Design an engineering study

Method to heat or cool tank

works

Tank instrumentation

Pilot plant studies
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Table 4-5. Relationship of Work Activities and Program Logic.

° Program activity

Logic element(s)

Characterization and evaluation

Waste Sampling (Core/Auger)

Gas Monitoring

Evaluation of Waste Behavior
(Data Analyses and Reports)

Technology

Laboratory Studies
(Synthetic Waste: Radiolytic, Chemical
Mechanism, Gas Generation)
Tank Models (Flow, Phys., Thermal)
Development of Analytic Methods
(Organics, Physical Prop)
Development of Sampling Techniques (In Situ)

Safety documentation/USQ resolution

Safety Assessments
Hazard Analyses

1.2.2,1.2.3, 1.4, 1.5
1.2.6, 1.2.7, 1.4, 1.7.4

Watch List Criteria 1.1.1.3, 1.6
Resolution of USQ 14,1.5
Environmental Assessment 1.2.3
Equipment and instrumentation

Ventilation Upgrades 1.7
TMACS/Repair TCs 1.7

Gas Monitors 1.7
Temperature 1.7
Surface Level 1.7

vV 1.7
Equipment Removal 1.7
Mitigation 3.0
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5.0 PROGRAMMATIC WORK PRIORITY

Double-shell tank 241-SY-101 poses the greatest safety hazard of the 25 tanks on the
Flammable Gas Watch List because of the severity of its gas release events. Other
Flammable Gas Watch List tanks include five double-shell tanks and nineteen single-shell
tanks. The six double-shell tanks on the Flammable Gas Watch List are as follows: 101-SY,
103-SY, 103-AN, 104-AN, 105-AN, and 101-AW. The nineteen single-shell tanks on the
Flammable Gas Watch List are as follows: 101-A, 101-AX, 103-AX, 102-S, 111-S, 112-S,
101-SX, 102-SX, 103-SX, 104-SX, 105-SX, 106-SX, 109-SX, 110-T, 103-U, 105-U, 107-U,
108-U, and 109-U; 103-AX and 109-SX have been interim stabilized. The hazard level of
the other tanks is substantially less than that associated with 101-SY. Therefore these other
Watch List tanks will probably not require in-situ mitigations; but they will be monitored and
studied.

Double-shell tanks on the Flammable Gas Watch List appear to store waste that is similar to
that in tank 241-SY-101; therefore they may all be hazardous to some extent. Furthermore,
four of the double-shell tanks have periodic gas release events. The tanks that exhibit gas
release events may require mitigation (e.g., pumping, heating, and dilution) prior to
treatment. Waste in tank 241-SY-103 fills about 280 inches of the 400 inches available.
Thus, tank 241-SY-103 could receive waste from 241-SY-101 if the dilution option for
241-SY-101 mitigation is ever used. If flammable gas issues associated with tanks
241-SY-101 and 241-SY-103 are addressed, the unreviewed safety question associated with
the 241-SY Tank Farm is disposed of. Therefore, 241-SY-103 receives a priority ranking of
two, behind 101-SY. Tank 101-AW exhibits a large pressure increase (almost one-inch
water gauge) during gas release events, so it is ranked third among the double-shell tanks.
Tanks 104-AN and 105-AN exhibit regular gas release events; tank 103-AN does not.
Double-shell tanks are ranked in Table 5-1.

Table 5-1. Double-Shell Tank Ranking.

" Priority Tank
1 101-SY
2 103-SY
3 101-AW
4 104-AN
5 105-AN
6 103-AN

Other considerations for double-shell tanks are given in Table 5-2.
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Table 5-2. Scoring Double-Shell Tanks for Work Prioritization.

101-SY 1 1 2 1 >
103-5Y 4 2 6 6 18
101-AW 3 3 3 > 15
103-AN 5 4 3 3 17
104-AN 2 3 4 2 1
105-AN 2 3 1 4 13

The single-shell tanks on the Flammable Gas Watch List do not appear to exhibit gas release
events. Most of the tanks have a ratio of gas space to tank space approaching or exceeding
one. These tanks will not require mitigation. Two single-shell tanks (103-AX and 109-AX)
have already been interim stabilized. Tank 102-SX may have developed a leak, and

tank 101-A has a ratio of gas space to tank space of only 0.25; therefore, these two tanks are
top priorities for the single-shell tanks. Tanks 102-S and 106-SX are also on the Organic
Watch List, and they are ranked next. Single-shell tank rankings are listed by Table 5-3;
other considerations for scoring these tanks are given by Table 5-4. Finally, background
information on Hanford tank from waste is provided by Table 5-5.

The work schedule for the Flammable Gas Tank Safety Program is given in Table 5-6.
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Table 5-3. Single-Shell Tank Ranking.

Priority . Tank
1 102-SX
2 101-A
3 102-S
4 106-SX
5 101-AX
6 103-U
7 111-8
8 108-U
9 109-U
10 112-8
11 105-U
12 110-T

13 105-SX
14 103-SX
15 101-8X
16 104-SX
17 109-SX
18 103-AX
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Table 5-4. Scoring Single-Shell Tanks for Work Prioritization.

\ Single-shell | Tendency toleak | Eack ofhead | Need t:off mtenm Score
tank waste - space stabilization
101-A None 1 4 5
110-AX None 2 5 7
103-AX None 18 None 18
102-S None 7 1 8
111-8 None 8 2 10
112-S None 12 3 15
101-SX None 16 6 22
102-SX Yes 15 11 26
103-8X None 11 12 23
104-SX None 13 13 26
105-SX None 6 14 20
106-SX None 14 15 29
109-8X None 18 None 18
110-T None 10 10 20
103-U None 3 6 9
105-U None 9 7 16
108-U None 4 8 12
109-U None 5 9 14
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SINGLE SHELL TANKS

Misc.

Sr Invtry. | Cs Inviry. Inventory | Inventory | Power { NO3- | Hydrogen| Hydrogen | TOC
R e Pt G | ® | ® 1T | ew | o |@skan| GUD | @
241-AfF 1G]] 933 1638416 163E416] 4.38B+05] 1.03} 3.24 1.23 2093F 4
(1 Mgal ea.) 102 41 1.00B+10] 7.02E4+15] 3.726+12] 7.02E+15] 1.90B+05] 0.93] 2.08 0.52 2.06
103 371} 2.7SE+15] 2.27E+ 16| 1.24B+13] 2.55E+ 16| 6.88E+05| 3.53] 2.46 1.75 9.51
104 28} 1.54B+17] 4.13E+15] 6.63E+14] 1.59E+17| 4.29E+06] 29.37| 2.82 13.14 50.23
105 19) 9.54E+16] 3.56E+15] 9.57TE+15} 1.09E+17] 2.93E+06, 18.33] - 0.00
106 125] 3.63E+16] 2.72E+15] 7.00E+13] 3.91E+16| 1.06E+06; 7.15] 1.87 4.33 18.23
241-AX; 101] 48] 4.66B+14] 2.63E4+16] 1.06E+11] 2.68B+16] 7.23E4058] 3.58} 3.34 142 13.88} i
(1 Mgal ea.) 102 391 7.14E+13) 1.47E+14] 4.80E+12} 2.23E+14] 6.03E+03 0.03] 3.70 0.01 0.05
103 112] 2,06E+415] 6.37B+16] 2.86B 411} 6.58E+16] 1.78B+06] S£.84] 2.58 422 1759 2.8
104 71 1.07TE-+17 2.47E+15] 1.23E+16| 1.22E+17} 3.29E+06] 2035, 1.14 17.21 64.26
241-B| 101 113{ 3.61E+16]| 9.67TE+15] 1.67E+13| 4.58E+16] 1.24E+06 8.04 22 5.27 37.76
(12@ 0.53 102 32} 1.74E+13] 1.34E+14| 7.13E+0%] 1.51E+14]| 4.09E+03] 0.02] 1.84 0.01 0.08
Mgal ea. & 103 591 1.O3E+12] 3.82E+14] 4.45E+13] 4.28E+14] 1.16E+04] 0.05] 1.06 0.05 0.30
4@ 55 Kgalea.) | 104 371| 3.00E+14] 1.90E+14| 3.00E+14] 7.90E+14) 2.14BE+04| 0.08] - 0.00
105 306) 3.64E+13] 3.94E+12] 8.45E+09| 4.03E+13] L.OSE+03] 0.01] - 0.00
106 117] 8.62E+12] 1.17E+14] 2.05E+09] 1.26E+14] 3.40E+03| 0.02{ 3.00 0.01 0.05
107 165] 5.75E+14| 1.43E+14| 4.82E+14] 1.20E-+15] 3.24E+04] 0.13] - 0.00
108 941 1L.90E+15] 1.10E+15] 1.90E+15] 4.90E-+-15] 1.32E+05] 0.50} - 0.00
109 1271 1.15E+09 3.38E+15 3.58E+09]| 3.38E+151 9.14E+04] 0.45] 2.48 0.22 1.64
110 246 2.40E+15] 2.20E+15] 2.40E+15| 7.00E+15] 1.89E+0S5] 0.74] - 0.00
111 237} 3.70E+06| 2.20E+16| 3.70E+06| 2.20E+16] 5.95E+05] 2.92] - 0.00
112 33§ 3.70E+15 7.40E+15} 3.70E+15] 1.48E+16| 4.00E+05 1.68} - 0.00
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SINGLE SHELL TANKS

Tank Farm Tank \Z;:;te Sr Inviry. | Cs Invtry. Il;'ivl f:y Inventory | Inventory | Power | NO3- | Hydrogen ! Hydrogen | TOC
(Kgal) B9 B9 ®q) B9 (€ &W) | M) |(®"3/day)] (®LFL) | (/)

241-B (cont.}| 201 291 1.50E+13] 6.07E+11] 1.71E+13{ 3.27E+13| 8.84E+02; 0.00] 3.30 0.00 0.02
202 277 2.29E+13| 1.54E+10| 4.37B+12] 2.73B+13 7.37E+02] 0.00] 2.02 0.00 0.05
203 51] 1L.41E+14] 3.24E+11]| 7.74E+11) 1.42B+14 3.84E+03| 0.03] 4.13 0.01 0.19
204 50) 2.94E+13| 8.81E+10| 4.35E+12| 3.38E+13] 9.15B+02] 0.01| 0.51 0.01 0.15
241-BX| 101 437 1.16E+16] 7.73E+15] 5.73E+11| 1.93E+16] 5.22E+05] 3.20] 4.00 1.14 7.45
{0.53 Mgal ea.) 102 96! 4.40E+15] 1.10E+16, 4.40E+15]| 1.98E+16] S.3SE+05| 2.28] 2.92 1.00 7.05
103 66] 1.45E+14] 9.44E+14] 1.37E+15| 2.46E+15] 6.65E+04] 0.15] 0.04 0.40 2.73
104 991 3.10E+15) 2.55E+15] 7.88E+4-12] 5.66E+15] 1.53E+05] 0.92] 0.95 0.87 6.16
105 51] 5.76E+14| 1.26E+15}] 1.76E+12| 1.84E+15] 4.97E+04] 0.28) 0.90 0.27 1.78
106 46] 1.08E+12) 2.84E+14| 7.71E4+08] 2.85E+14] 7.70E+03| 0.04; 2.62 0.02 0.12
107 345} 7.20E+10] 3.14E+13| 5.34E4+09] 3.15E+13| 8.51E+02] 0.00] 2.64 0.00 0.02

108 26| 1.90E+14] 1.90E+13] 1.90E+14] 3.99E+14| 1.08E+04] 0.04] -
109 193] 9.08E+10) 4.51E+12] 1.22E+09] 4.60E+12} 1.24E+02] 0.00] 4.95 0.00 0.00
110 199] 2.10E+09] 1.89E+13] 4.76E+07; 1.89E+13] 5.11E+02] 0.00] 5.04 0.00 0.01
111 211) 5.30E+10| 6.89E+14] 5.90E+08; 6.89E+14| 1.86E+04] 0.09 2.62 0.04 0.37
112 165] 1.55E+12| 9.29E+13]| 4.20E+09| 9.45E+13| 2.55E+03; 0.01} 2.00 0.01 0.06

241-BY| 101 387 1.42E+16 1.42E+16] 3.84E+05, 1.89) -
0.76 Mgal ea.) 102 341] 8.82E+11] 5.06E+15] 9.66E+11] 5.06E+15} 1.37E+05] 0.67) 2.05 0.38 2.76
103 400 3.53E+12} 8.2iE+12| 1.77E+14| 1.89E+14| S.10E+03] 0.00{ 2.11 0.00 0.01
104 406} 1.28E+16] 1.04E+16] 1.55E+13] 2.32E+16} 6.27E+05| 3.78] 1.38 2.82 22.58
105 5031 3.80E+11, 2.04E+15] 1.20E+13] 2.05E+15]| 5.55E+04] 0.27] 4.26 0.09 0.91
106 6421 3.62E+12] 1.02E+16] 2.86E+12 1.02E+16) 2.76E+05] 1.36] 1.90 0.81 11.01
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SINGLE SHELL TANKS

Tank Farm Tank “{,ﬁtf" Sr Invtry. | Cs Inviry. Ihnd\:ts:y Inventory | Inventory | Power | NO3- | Hydrogen|{ Hydrogen | TOC
(Kgal) ®B9 ®9 ®9 @9 (€ .(kW) M) |(f"3/day)| (RLFL) | (&/)
241-BY (cont.)] 107 266 S.60E+15| 7.40E+15| 5.60E+15| 1.86E+16] 5.03E+05] 2.03| -
108 228{ 1.90E+15] 7.40E+15] 1.90E+15] 1.12E+16] 3.03E+05| 1.34] -
1090  423] 4.52E+11| 4.14E+14] 2.14B+11] 4.15E+14] 1.12B+04] 0.06] 1.63 0.04 0.31
110  398) 1.00E+16| 1.90E+ 16| 1.00E+16] 3.90E+16] 1.0SE+06] 4.39] -
1 459] 1.30E+16| 1.90E+16| 1.30E+16| 4.50E+16| 1.22B+06] 4.96] -
112 291} 1.06E+14] 4. 70E+14] 7.84E+13 6.54E+14] 1.77E4+04! 0.08] 1.63 0.05 0.37
241-C{ 101 88] 2.60E+15| 7.40E+15] 2.60E+15| 1.26E+16] 3.41B+05, 1.47] -
(12 @ 0.53 102 423| 7.98E+09| 6.72E+12] 6.34E+10{ 6.79E+12| 1.84E+02] 0.00| 0.58 0.00 0.02
Mgal ea. & 103 1951 4.66E+12| 1.19E+15| 1.38E+12| 1.20E+15]| 3.23E+04] 0.16] 0.06 0.39 3.25
4@ 55 Kgalea) | 104 265] 1.68E+16] 1.80E+15] 1.25E+16] 3.11E+16] 8.41E+05 3.38] 0.46 4.60 45.86
108 150 2.82E+16] 5.49E+15] 1.53E+14) 3.38E+16{ 9.1SE+05] 6.01} -
106 229} 7.82E+16, 1.30E+16] 1.08E+14) 9.13E+16| 2.47B+06| 16.36] -
107 275] 8.10E+12] 1.96E+14] 2.20E+12] 2.06E+14] 5.58E+03 0.03; 0.59 0.03 0.33
108 661 3.80E+11] 2.32E+13] 1.25BE+11| 2.37E+13| 6.41E+02] 0.00{ 1.10 0.00 0.02
109 66) 3.74E+11] 8.35E+13] 1.31E+11| 8.40E+13| 2.27E+03 0.01, 0.79 0.01 0.08
110 187 5.87E+09] 1.70E+13] 7.90E+10| 1.71E+13] 4.62E4+02] 0.00] 1.82 0.00 0.01
111 57{ 3.30E+15] 1.50E+14] 3.30E+15 | 6.7SE+15] 1.82E+05 0.64; 1.54 0.44 2.96
112 104] 2.36E+12] 2.28E+14] 4.00E+11| 2.31E+14] 6.24E+03| 0.03] 1.80 0.02 0.14
201 2] 2.65E+13] 4.98E+12] 1.62E+12; 3.31E+13] 8.95E+02 0.01] 0.71 0.01 0.10
202 1] 1.90E-03] 1.50E-02{ 1.90E-03, 1.88E-02| 5.08E-13 0.00f - 0.00
203 5] 2.20E+13] 2.20E+05| 2.20E+13| 4.40E+13] 1.19E+03 0.00) - 0.00
204 3] 2.43E+10) 2.91E+12] 4.43E+08 | 2.93E+12 0.00] 06.17 0.00 0.01

7.93E+01
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SINGLE SHELL TANKS

Waste

Misc.

Sr Inviry. | Cs Invtry. Invento; Invento Power | NO3- | Hydrogen| Hydrogen | TOC
Tk Farm - Taak) o] ®9 s e @ | © || o @] G |6
241-S7 101 427 0.00] 7.41E+13] 2.20E+16] 2.21E+16] 5.97B+05 0.01] 4.68 0.00 0.03
©.76 Mgal ea) | 102] 549 0.00 p.00] TOIE+0T| 7.01B+07] LE9E03] @.00F - | 000  0.00
103 2481 5.27TE+12| 3.92E+15] 7.03E+14]| 4.63E+15] 1.25BE+05 0.52] 1.43 0.38 2.41
104 294 2.14B+16] 4.18E+15] 3.55B+13]| 2.56E+16| 6.92B4-05 4.56, 5.76 1.43 9.62
105 456 0 8.95E+13 0] 8.95E+13] 2.42B+03 0.01y -
106 5431 1.25E+13] 4.27E+15 1.89B+13] 4.30B+-15] 1.16E+4+08 0.57] -
107 3681 1.99E+15] 4.72E+15] 1.81E+14| 6.89E+15| 1.86E+05 1.00F 3.27 0.40 3.05
108 604! 1.72E+09 1.54E+15] 1.95E+15] 3.49E+15 9.43E+04 0.207 -
109 568] 1.28E+15] 6.28E+15] 3.52E+12] 7.56E+15] 2.04E+05 1.07 11 0.42 4.66
110 390 1.20E+16, 1.61E+16] 8.26E+10] 2.81B+16] 7.39E+05 4.38 -
11]  596] 5.938+13] 2.4{E+15] 4805 +13] 2528+ 15| 6.81B404] 0.3 12.42]  0.44] = .69} 4.2
12| 37| 8.32B+13] L2IEA15| T62B+10] 1.J1B+15] 3.53E+04] .18} S361|  B60.0t
241SX| 101]  456] AATEF 16 FO4E4 1T} 3308 ¢ 171 B.1SEH08]  BAT| 1AS] 608|  AEIGE D
(1 Mgal ea) 2] 543 0.00] 2558+ 16 O} 2.55E416] 6.89E+08] 399} 3.26] 131 9a4F 13
T3] 553] 290F 15| 2.16B+16] 4DEEF13] 2AIEL16] G.SRBANS]  AFIL - 1. I01908] 191684
104]  614] 1.05E+13] LSSE+16] SSOR+09] 1588+ 16] ATE405] 2.10] 6.60]  0.66] - 501} 5,0
105] 683] 3.16+16] 2046+ 16| 146B+14} S.496+16] 1476+06] B8O} 111 3.53] 40,08
T106]  538] 7.40E+15] 7408+ 15| TAORHI5| 2.0E 416 bOOB+05] 237 0.72]  2.60] 1187} 0.8
107 1041 4.47TE+16] 1.98E+151 2.87E+15] 4.96E+16] 1.34E+06 8.63) 1.81 5.34 22.06
108 1151 3.70BE+16 3.70E+08] 3.70E+16| 7.40E+16] 2.00E+06 692 -
109]  250] 1.10E+16] 3,J0E108] 1.IOE+16]| 2.208+16] S,93E408] 2.06] = | 617.56] 1354.82
110 62! 2.60E+16] 1.10E4+07| 2.60E+16] 5.20E+16] 1.41E+06 487 -
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SINGLE SHELL TANKS

Tank Farm Tank \zislt.e Sr Invtry. | Cs Invtry. Iﬁ: ::; Inventory | Inventory | Power | NO3- | Hydrogen| Hydrogen | TOC
(Kgal) B9 B9 ®Bq) ®9 (&) &W) | (M) |(®"3/day)| (RBLFL) | @/
241-SX (cont.}) 111 125} 5.92E+16| 3.77E+15| 1.41E+12] 6.30E+16] 1.70E+06; 11.58; 2.70 5.35 22.50
112 921 3.70E+16] 1.10E+14] 3.70B+16] 7.41B+16] 2.00E+06] 6.94] -
113 26 1.10E+16| 1.S0E+16] 1.10BE+16] 3.70E+16| 1.00B+06] 4.05] -
114 181} 3.70E+16] 1.90E+01| 3.70E+16] 7.40B+16] 2.00E+06] 6.92] -
115 121 7.61E+16] 1.56E+14] 7.38E+14] 7.70E+16| 2.08B+06] 14.26] -
241-T} 101 102} 2.12E+11] 3.95E+14| 4.50E+11] 3.96E+14] 1.07BE+04] 0.05] - 0.00
(12 @ 0.53 102 32] 1.50E+12] 1.50E+13) 1.50E+12] 1.80E+13] 4.86E+02| 0.00] 2.18 0.00 0.02
Mgal ea. & 103 27 1.50E+12] 1.50E+13| 1.50E+12} 1.80E+13| 4.86E+02] 0.00] 1.31 0.00 0.03
4@ 55 Kgalea) | 104 4451 4.43E+14) 1.14E+14] 2.19E+13| 5.79E+14| 1.56E+04] 0.10] 1.45 0.07 1.07
108 98 0.00] 5.02B+13] 2.24E+13]| 7.26E+13| 1.96E+03] 0.01] 1.57 0.00 0.03
106 21| 2.31E+15) 1.92E+15] 1.93E+15] 6.16E+15] 1.66E+05| 0.69 24 0.48 8.61
107 180} 4.17E+11} 2.81E+13| 1.51E+10| 2.85E+13]| 7.71E+02] 0.00, 2.19 0.00 0.02
108 44 0.007 7.72E+14] 1.10E+10] 7.72E+14] 2.09E+04, 0.10] 0.80 0.1t 2.11
109 58! 2.60BE+12) 1.90E+14]| 2.60E+12] 1.95E+14| 5.28E+03] 0.03] 0.98 0.02 0.16
THO] 399] 150+ 14] TAQR403] 1,50B+14] 3.008+14] 8.11B+03] 0031 091 4.03 03¢
111 458 01 1.32E+13) 1.79E+13] 3.11E+13| 8.41E+02] 0.00] -
12 67 1.81E+09] 1.81E+09] 4.89B-02{ 0.00] 04 0.00 0.00
201 29 - - - 0.00 0.00 -
202 21 - - - 0.00 0.00 -
203 35 - - - 0.00 0.00 -
204 381 1.29E+12] 6.05E+11} 7.00E+10] 1.97E+12} 531E4+01] 0.00] 0.91 0.00 0.01
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SINGLE SHELL TANKS

Tank Farm Tank ‘tl;:)slt.e Sr Invtry. | Cs Inviry. I}r‘xdw:ts:y Inventory | Inventory | Power | NO3- | Hydrogen | Hydrogen | TOC
(Kgal) B9 B9 B9 A(BQ) (&) &W) | (M) [(f"3/day)| (%LFL) | ()

241-TX| 101] 87 0.00] 3.50B+15] 1.10E+14] 3.61E+15| 9.76E+04| 0.46] -
©.76 Mgal ea.) | 102] 113 0.00] 8.99E+14 0.00| 8.99E+14] 2.43B+04] 0.12] 2.11 0.07 0.35
103]  157] 1.14E+14] 1.21E+16] 8.08E+11] 1.22E+16| 3.30E+0s| 1.63] 2.00] 094 5.28
104] 65| 7.66E+15] 5.12E+16| 3.03E+14] 5.92E+16| 1.60E+06| 8.23]| 4.44]  2.78]  14.05

105]  609| 1.10E+14] 7.40E+14| 1.10E+14| 9.60E+14] 2.59E+04] 0.12] -

106]  453| 1.90E+05] 1.10E+15| 1.90E+05| 1.10E+15] 2.07E+04] 0.15| -
107] 36| 1.35E+16 0.00| 1.36E+13] 1.35SE+16]| 3.65E+05| 2.53| 2.84] 112 5.52

108] 134 1.90E+14] 3.70E+15| 1.90E+14| 4.08E+15| 1.10E+05| 0.53| -

109] 384| 4.40E+15] 3.30E+16] 4.40E+15| 4.18E+16| 1.13E+06] S.21| -
110] 462} 3.70E+15] 1.50B+16] 3.70E+15| 2.24E+16] 6.05SE+05| 2.68] 2.31 139 1237

111]  370] 1.90E+15] 3.30E+15| 1.90E+15| 7.10B+15| 1.92E+05| 0.79] -

112] 649 3.00E+14] 2.60E+15| 3.00E+14] 3.20E+15| 8.65E+04] 0.40] -

113]  607| 3.00E+14] 7.40E+14| 3.00E+14] 1.34E+15] 3.62E+04] 0.15| -

114]  535| 3.00E+13] 2.60B+15| 3.00E+13| 2.66E+15| 1.19E+04] 035| -

115] 640 1.10E+15] 1.50E+15| 1.10E+15| 3.70E+15| 1.00E+0S| .0.41] -

116] 631] 1.50E+15| 7.40E+14] 1.50E+15| 3.74E+15] 1.01E+05] 0.38] -

117]  626] 2.60E+15] 2.20E+14] 2.60E+15| 5.42E+15| 1.46E+05] 0.52] -

118]  347] 2.08E+11] 2.48E+14] 2.72E+10] 2.48B+14] 6.71E+03] 0.03| -
241-TY| 101] 118]3.36E+14] 7.70E+14] 5.15E+12| 1.11E+15| 3.00E+04] 0.17] 3.84]  0.06 0.32
(0.76 Mgal ea) | 102| 64| 6.02E+13] 7.56E+13] - 1.36E+14| 3.6JE+03| 0.02 0.09 0.45
103] 162} 4.30E+15] 4.06E+14] 3.30E+12| 4.71E+15| 1.27E+05| 0.86] 2.61 0.41 2.30
104] 46| 2.10E+15| 4.27E+14] 3.17E+12| 2.53E+15] 6.84E+04| 0.45] 1.27] 035 1.76
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SINGLE SHELL TANKS

Tank Farm Tank V:I,Zt‘e Sr Inviry. | Cs Inviry. It:rlts:y Inventory | Inventory | Power | NO3- | Hydrogen | Hydrogen | TOC
(Kgal) ®9 Bg Bq) B9 (&) &W) | M) |(f"3/day)| (XLFL) | (e/D)
241-TY (cont.)] 105 231 1.13E+16] 4.7T1E+14] 4.40E+12] 1.18E+16] 3.18B+05] 2.18] 4.39 0.74 4.58
106 17] 5.58E+14} 7.59E+13] 7.80B+11] 6.35E+14] 1.72E4+04] 0.11] 2.95 0.05 0.24
241-U] 101 251 3. T0E+14) 2.20B+15 257E+15] 6.95SE4+04, 036 -
{(12@ 0.53 102 3741 3.T3E+15] 9.38B+15] 1.47E+15] 1.46B+16] 3.94B+05] 1.94] 8.90 0.67 8.15
Mgal ea. & 1031 4681 3.1E413] 98584141 430E+11} LIRELIS] 2 HB+4] ol 4487 st 98
4@55Kgalea) | 104 122} 8.51E+12] 1.32E+13| L.17TE+11] 2.18E+13} 5.90B+02] 0.00] -
108] 418] 1.8iB+16] 2.00E+16] £ 80E+12] 3.81B+16] L.OJE406] 604] 481 1.98 LI 45
106 226 0.00) 6.32E+15] 2.81E+09| 6.32E+15} 1.71E+05] 0.84 4.09 0.30
107] 406] L4ABE+i4] 5.19B400] LO4B+12} 1.49B414] 4.03B403] 003 276 iR
1087 468] LUISE-R 4] 3188418 1B +11] 336E4 15 S0TB4M] Q46 136511 317185
109 463] LASE 1] 5.02B448] S.28E413] S0T7B+15] 1378 408] Q.67 199.99] 1404.82
110 1861 1.10E+16] 3.70E+13| 1.10E+16) 2.20E+16]| 5.96E+05] 2.06f -
1t 329 9.59E+12| 1.00E+14| 5.94E+10] 1.10E+14]| 2.96E+03| 0.02] 7.03 0.00 0.05
112 49} 1.10E+14] 3.70E+ 15| 1.10E+14) 3.92E+15] 1.06E+05; 0.51) -
201 51 7.40E+11] 7.40E+14| 7.40E+11] 7.41E+14| 2.00E+04] 0.10] -
202 5] 6.19E+09) 2.16E+ 14| 4.04E+08 2.16E+14] 5.84E+03] 0.03] 1.47 0.02 0.35
203 3| 9.64E+11] 4.53E+11] 1.84E+10] 1.44E+12] 3.88E+01] 0.00; 3.40 0.00 0.00
204 3 1.68E+09] 7.27E+11] 2.20E+10] 7.51E+11] 2.03E+01| 0.00; 0.25 0.00 0.00

Total Volume (Mgal): 36

Shadmg = Flammable Watch List Tanks

Total Inventory (MCi): 67
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DOUBLE SHELL TANKS

. g
Tank Farm | Tank “‘,,Zslt.e Sr Invtry. | Cs Inviry. 5:: ::; Inventory | Inventory | Power | NO3- | Hydrogen | Hydrogen | TOC SpGla
(Kgal) B9 B9 B9 ®B9 (&) W) | M) | (f"3/day) | (%LFL) | (/D t‘f.
241-AN| 101 | 695 {1.62E+14| 1.84E+16 | 7.10E+14] 1.93E+16 | 5.21E+05 | 2.47 | 2.29 1.29 0.01 1.11 {en
102 | 1097 | 2.54B+16 | 6.08E+16 | 4.69E+14 | 8.67TE+16 | 2.34E4+06 | 12.83 | 3.61 4.85 0.02 1.4 5
03} 954 [ HEBHIS | 984E 16 | L 44EHIT [ OB 16 [ 26684001 13391 258 639 o0 451 15 §
04 | 1057 FE6SEF A G 18E9 16 ] TATEA 5 | E34E+ 16| 22684061 {089 ] 2.72 S0 g03 4.3 {146 Eh
105 | 1129 I3ASBS M 5.59E+167 000 (5628416 15284061 149 | 247 4.06 802 P41 {143
106 | 21 |6.17B+14|3.79E+16 | 1.19B+13 | 3.85E+16 | 1.04B+06| 5.15 | 1.28 | 4.04 0.02 1.2 g,
107 | 1066 | 2.30E+16 | 5.51B+16 | 7.70E+14 | 7.89E+16 | 2.13B+06 | 11.62 | 2.70 5.37 0.03 a
241-AP| 101 | 1061 =
102 | 1104 0.00 7.36E+10}9.56E+11| 1.03E+12 | 2.78E+01| 0.00 | 0.002 0.00 0.00 v
103 | 1132 | 9.92B+11 | 5.58B+11]2.11E+11 | 1.76E+12 | 4.76E+01} 0.00 | 0.004 0.00 0.00 §
104 18 [ 1.00E+08] 1.79E+09 | 2.05E+10 ] 2.24E+10 | 6.05E-01 | 0.00 - 0.00 1.03 ;
105 | 821 8.
106 | 1128 §
.
107 | 1113 5
108 | 902 &
241-AW] 101 | 4] (15IB+ 14 T2E+16 | 6628413 | 7.93E416 { 2. IME406] 10531 346 4.09 4.0z 4.4 1 154 g
102 | 954 |2.12E+13 | 8.71E+15 | 1.65E-+13 | 8.75E+15 | 2.36E+05| 1.16 | 0.91 1.12 0.0t 116 |
103 | 648 0.00 0.00 9.59E+13 ] 9.59E+13 | 2.59E+03 | 0.00 - 0.00 1.55 %
104 | 1123 | 5.36E+15]| 1.26E+17 0.00 1.31E+1713.55E+06| 17.73 | 2.73 8.13 0.04 1.41 =
105 | 1037 - - - 0.00 0.00 - 0.11 0.00 1.01 %
106 | 1070 | 1.74E+15 ) 1.58E+16 | 1.34E+13 | 1.76E+16 | 4.74E+05 ] 2.42 | 0.20 4.45 0.02 1.24

0 "A9d 610-AdS-NM-JS-OHM
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DOUBLE SHELL TANKS

Tank Farm | Tank “‘,;:;tf St Invtry. | Cs Inviry. I:‘l'? ;cy Inventory | lnventory | Power | NO3- | Hydrogen | Hydrogen | TOC Sp-G
(Kgal) ®B9 ®9 Bq B9 (&) &W) | (M) | (8"3/day) | (RLFL) | (&)

241-AY| 101 | 894 | 1.15B+17 ) 1.32B+16 0.00 1.28E+17 | 3.46E+06 | 23.27 | 0.62 27.58 0.14 1.09
102 | 935 | 1.86B+17{2.16E+15 | 4.37TE+14 | 1.89E+17 | 5.10B+06 | 35.09 | 0.004 | 118.66 0.59 1.02

241-AZ) 101 | 940 | 1.66B+17 | 2.76E+17 | 1.41E+15| 4.43E+17 | 1.20B+07} 67.72 | 1.68 44.22 0.22 1.24
102 | 945 | 4.05B+17 1.21E+17 | 1.85E+15 | 5.28B+17 1.43E+07 | 91.86 | 0.1l 198.33 0.99 .21

241-SY| 101 | 1100 PASIBHIS ) LI2E416 | 2268413 | 8. IBR+ 16 2B 4061 1108 2.4 507 003 | 26 {158
102 | 732 {1.21E+1513.36E+15 | 3.93E+13 | 4.61E+15] 1.25E+05| 0.67 | 5.85 0.21 0.00 1.35

103 | 743 [2.90B414] LAOE+1T{6.536+11 | LAYEH1T [ A.QIBH06] 19.84 ] 2.0 634~ 6.05 0 152

Total Volume (Mgal): 26

Total Inventory (MCi): 60

Shading = Flammable Watch List Tanks
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Table 5-6. Scheduled Activities for the Flammable Gas Tank Safety Program.
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Table 5-6. Scheduled Activities for the Flammable Gas Tank Safety Program. (6 sheets)
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Table 5-6. Scheduled Activities for the Flammable Gas Tank Safety Program. (6 sheets)
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6.0 WORK ACTIVITIES

The safety issue exists because of the potential for tank waste to release flammable gas
mixtures (primarily hydrogen and nitrous oxide) in concentrations exceeding the lower
flammability limit (4 volume percent H,). Initial activities of the Flammable Gas Tank
Safety Program have been directed at tank 241-SY-101 because this potential is realized.
Work has focused on understanding the cyclic venting of flammable gases from tank 241-SY-
101 which has required analyses of core samples, laboratory studies, modeling studies, tank
upgrades, developing mitigation alternatives, and a mitigation test using a mixer pump.
Major accomplishments are listed below.

A mixer pump was modified, installed, and successfully operated in tank
241-SY-101. The following ancillary equipment necessary to support the
mitigation test was installed: a data acquisition and control system, multi-
function instrument tree, and standard hydrogen monitors. Four air lances and
a bent thermocouple tree were removed from the tank.

Waste sample analysis results are documented in reports on waste chemistry
and physical properties.

A Bureau of Mines study on the flammability of gas mixtures was issued.

Accident consequence criteria and requirements for resolution of the flammable
gas safety issue were documented.

Methods were developed to analyze tank 241-SY-101 waste for chelating
agents and to qualitatively identify low molecular weight degradation products.

A high-sensitivity mass spectrometer was installed and placed into routine
operation at the Pacific Northwest Laboratory. Accurate analysis of gas
samples from the vapor space of tank 101-SY are being obtained.

A hazards assessment for tank 241-SY-101 was completed.

Near-term plans include the following major activities:

e ® e e &

Continuing mixer pump tests in tank 241-SY-101

Developing heating, dilution and sonic mitigation methods
Completing upgrades to the 241-SY Farm ventilation system
Installing gas monitors on all Flammable Gas Watch List tanks
Core sampling of double-shell tanks 241-SY-103 and 241-AW-101.

6-1
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The following types of work will be performed for the Hanford tank farms in order to
resolve the flammable gas safety issue:

Standard Hydrogen Monitoring Systems will be placed on all tanks.

Crust auger sampling is required for Tanks 241-SY-103 and 241-AW-101 in
fiscal year 1994. It is assumed that samples in future fiscal years will be
obtained with the rotary mode sampling truck, and that auger sampling will not
be needed. Core sampling is required for the double-shell tanks but not for the
single-shell tanks.

Data Quality Objectives are required for all tank sampling activities.

Development of an evaluation method for the gas content of tank waste is
required. All double-shell tanks will be sampled for retained gases.

Ventilation upgrades (modular exhausters, inlet filter, instrumentation, and data
acquisition and control systems) are required for the 241-AW, 241-SY and
241-AN Tank Farms. One portable exhauster will be prepared for use with
single-shell tanks.

One multi-function instrument tree is required for each tank to provide
continuous temperature and pressure monitoring for each tank. All multi-
function instrument trees and Standard Hydrogen Monitoring Systems will be
connected to the Tank Monitor and Control System.

Television cameras are required to monitor work activities in double-shell
tanks. One television system will be developed for use in single-shell tanks.

Improved surface-level measurement capability is required for all tanks.

Electrical upgrades may be required in the tank farms. Riser modifications
and other minor upgrades may also be required.

Work activities may require removal and legal disposal of minor equipment
(sludge weights and surface level gauges) from tanks.

Resolution of the unreviewed safety question will be done for the
241-SY Tank Farm first, then the remaining tanks. Safety documents will be
incorporated into the Interim Safety Basis.
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e  Resolution of the safety issue requires characterization of tank waste and
therefore, installation of Standard Hydrogen Monitoring Systems, multi-
function instrument trees, and improved surface level devices. All six
double-shell tanks will be retrieved, and two double-shell tanks may require
organic destruction. Although none of the single-shell tanks will be retrieved
for resolution of the safety issue, they may need to be retrieved for Interim
Stabilization.

e  The mixer pump mitigation option in tank 241-SY-101 will work if any other
tanks need mitigation.

e A new mitigation pump for tank 241-SY-101 will be designed, modified, and
available for installation in fiscal year 1995.

Specific work activities for the Flammable Gas Tank Safety Program are shown in Table 6-1.
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REGD

cc==< NEEDED IN FISCAL YEAR <=<-=-

9% | 95 | 96| 97 | 98 | 99

JOB
COMPLETE

COMMENTS

. TAll 101-5¢

T$0103 Evaluate & Define

Auger Sampling/Analysis

Core Sampling/Analysis (Né)

Data Interpretation

Vapor Sempling

<] <] <

Vapor Analysis w/HSMS (PNL)

Window Work

see also Mitigation

GRE Reports

Gas Analysis Reports

in-Situ Gas Sampling

dev under 1046-AN

Haste Behav Data Eval (PNL)

g | €] € ] €] €] =] e

780105 Technology for Eval

Radiolytic Mechanisms (ANL)

Chemical Mech (GIT/Other)

Gas Generation (WHC/TBD)

Synthetic Studies (PHL)

Org Methods Dev (PNL)

continue under 103-SY

Start-Up New HSMS (PNL)

Dev Methods for HSMS (PNL)

<< ml<] <] <] <

Physical Prop Methods Dev

dev under 103-SY

Physical Modeling (PNL)

£

Gas Flow Modeling

see also Mitigation

Thermal Behavior

<j | gl B <] < <] <] <] <] =<

TS0133 Close USQ/Resolve SI

Tech Suppt USQ/WL Screening

Us@ Database Report

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

IR

iS8/Close US@

for SY farm

SI Resolution

|l ] <] <] <] =<

after Retrieval/IPH (9/01)

780121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MITs

THACS

Surface Level

TV Camera

<] <] <l =<] <]

Ventilation

Permitting/NEPA

<l <] <] <]<]<] <

6-4
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

""" NEEDED 1IN FISCAL YEAR =cow«- JOB
9 | 95 | 96| o7 | 98 | 99 |COMPLETE

HWORK J0B REQD COMMENTS

Density Trees VDTTs by Mitigation

Lightning Protection removed: not read

Misc TF Upgrades

IRk AR

Equip Removl/Disposl/Storage

780122 Mitigaetion

Technology Dev/Modeling

Mitigation Test

Design

SA/EA

22K

Procure/Fab

I I IR

Windou Work/Install

TANK 103-5%

750103 Evaluate & Define

Auger Sampl ing/Analysis

%
*

Core Sampling/Analysis (N&)

4

Deta Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PHL)

Window Work see also Mitigation

GRE Reports

2 X[ XX
2|2 XX

Gas Analysis Reports

in-situ Gas Sampling dev under 104-AN

<] <] < <|<]<]=<]=<]=

Waste Behav Data Eval (PNL)

7S0105 Technology for Eval

Radiolytic Mechanisms (ANL) done under 101-SY

Chemical Mech (GIT/Cther)

Gas Generation (WHC/TBD)

Synthetic Studies (PNL)

M|
K|

Org Methods Dev (PNL)

Start-Up New HSMS (PMNL) done under 101-SY

Dev Methods for HSMS (PNL) done under 101-SY

Physical Prop Methods Dev

Physical Modeling (PNL)

Gas Flow Modeling see also Mitigation

< << <z 2l<|/l< <<=

>
I [H]|

Thermal Behavior

750133 Close USQ/Resolve Si

Tech Suppt USQ/WL Screening

UsQ Database Report

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

g€ <] <] <l]=<]~<

1s8/Close US@

6~5
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REGD

we<=< NEEDED IM FISCAL YEAR ==-v=-

96 95 | 96 | 97 | 98 | 99

JOB
COMPLETE

COMMENTS

81 Resolution

after Retrieval/IPM (9/01)

780121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THACS

surface Level

7Y Camera

Ventilation

Permitting/NEPA

K|

Density Trees

if required

Lightning Protection

Misc TF Upgrades

Equip Removli/Bisposl/Storage

gl g Bl || ] g <] <] ]} <]

780122 Mitigation

Technology Dev/Model ing

done under 101-SY

Mitigation Test

done under 101-SY

Design

SA/EA

Procure/Fab

Window Work/Install

<l <l ==

TANHE 191-AW

TS0103 Evaluste & Define

Auger Sampling/Anslysis

Core Sampl ing/Analysis (N4)

=

Data Interpretation

=

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

Window Hork

see also Mitigation

GRE Reports

X[ =

Gas Analysis Reports

PSR S0 4B 4

In-Situ Gas Sampling

dev under 104-AN

Waste Behav Data Eval (PNL)

<l <l << <] <f<| <] <

7580105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

Gas Generation (WHC/TED)

Synthetic Studies (PNL)

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

ZE e B B|<] << &

done under 103-SY

6-6
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REGD

NEEDED 1M FISCAL YEAR

------

95

96

97

98

J08
COMPLETE

COMMENTS

Physical Modeling (PNL)

Gas Flow Modeling

see also Mitigation

Thermal Behavior

g

X
X
X

780133 Close USQ/Resolve 81

Tech Suppt USQ/UL Screening

done under 103-SY

USe Database Report

Hazard Assessment

Safety Documentation

EAs

HK x| K

Hydrogen Burn Analysis

1$8/Close USQ

§1 Resolution

gl €| ] <] <] <}

after Retrvl/Grout (12/07)

750121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THACS

Surface Level

TV Camera

HKEX K[| 2] ] X

Ventilation

not required per Risk Assmt

Permitting/NEPA

not required

Density Trees

if reguired

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

<l<wlZmligim 2| <] <| <] <] <] <] <

780122 Hitigation

Technology Dev/Modeling

done under 101-SY

Mitigation Test

done under 101-SY

Design

SA/EA

Procure/Fab

Window Work/Install

< l=<l<j<|z=]=

TANK

750103 Evaluate & Define

Auger Sampling/Analysis

Core Sampling/Analysis (N&)

Data Interpretation

€

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

Window Work

see also Mitigation

GRE Reports

Gas Analysis Reports

<]l ]l <] <l=<]<]| <

AR SFE SR SR SR B 48 4

g ix]x
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REGD

coeo= NEEDED IN FISCAL YEAR cc~o--

9%

95

96 | 97

98

99

408
COMPLETE

COMMENTS

In-Situ Gas Sampling

A

%

X

Waste Behav Data Eval (PNL)

Y

X

X

750105 Technology for Eval

Radiolytic Mechanisma (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

Gas Generation (WHC/TBD)

Synthetic Studies (PNL)

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

see also Mitigation

Thermal Behavior

<l<tl<z Bl = <|<|<|=

750133 Close USQ/Resclve SI

Tech Suppt USQ/WL Screening

done under 103-SY

US@ Database Report

Hazard Assessment

Safety Documentation

EAs

PSR - SB 85 4

Hydrogen Burn Analysis

1SB/Close Usa

§1 Resolution

gl <] <] <l< =

after Retrvl/Grout (12/10)

780121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THMACS

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

AR SR BB 8 4

if required

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

< <l <] <] ] <] t] <] <] < <

750122 Mitigation

Technology Dev/Model ing

done under 101-8Y

Mitigation Test

done under 101-SY

Design

SA/EA

Procure/Feb

<l=<|=<z=]|=
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

ORK. JOB . NEEDED IN FISCAL YEAR =====-| jo COMMENTS
9% | 95 196 | 97 | 98 | 99 | COMPLETE

Window Work/Install Y X

TANE 305-4%

780103 Evaluate & Define

Auger Sampling/Analysis crust doesn!t trap gas

Core Sempling/Analysis (N&)

®

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PHL)

Window Work see also Mitigation

GRE Reports

3| x[

Gas Aralysis Reports

In-Situ Gas Sampling dev under 104-AN

A I IR I IEIE I -
iaglse] | o))

Waste Behav Data Eval (PNL)

780105 Technology for Eval

Rediolytic Mechanisms (ANL) done under 101-SY

Chemical Mech (GIT/Other)

Gas Generation (WHC/TBOD)

Synthetic Studies (PNL)

Org Methods Dev (PHL) done under 103-SY

Start-Up New HSMS (PHL) done under 101-SY

Dev Methods for HSMS (PNL) done under 101-SY

Physical Prop Methods Dev done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling see also Mitigation

<l =<l<jzlizlzlejl<| < <|=

Thermal Behavior

780133 Close USQ/Resolve SI

Tech Suppt USQ/UWL Screening done under 103-SY

US@ Database Report

Hazard Assessment

Safety Documentation

i x| X

EAs

Hydrogen Burn Analysis

I1sB/Close USQ

<l gl <=

$1 Resolution after Retrvl/Grout (12/10)

780121 Monitoring Upgrades

Riser/Mindow Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

TMACS

Surface Level

TV Camera

<lE' i< <]=<] <] <] =<
b3

Ventilation
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQGD

esc=- NEEDED IN FISCAL YEAR c<cc<-

96

95

96 | 97

98

99

JoB
COMPLETE

COMMENTS

Permi tting/NEPA

X

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

<l <j®|=]=<

750122 Mitigation

Technology Dev/Model ing

done under 101-8Y

Mitigation Test

done under 101-8Y

Design

SA/EA

Procure/Fab

Window Work/Install

<l ===z

TAIE 1052

780103 Evaluate & Define

Auger Sampling/Anslysis

erust deoesn't trap gas

Core Sampling/Analysis (N4)

Data Interpretation

b4

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

WHindow Work

see also Mitigation

GRE Reports

Gas Analysis Reports

AR AR AR R SR

i x

in-Sity Gas Sampling

dev under 106-AN

Waste Behav Data Eval (PNL)

S B €] < < < <] <]|=

780105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

Gas Generation (WHC/TBD)

Synthetic Studies (PHL)

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-8Y

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

see also Mitigation

Thermal Behavior

< i=<l<zlelzjlzl< <|<|=

180133 Close USQ/Resolve Si

Tech Suppt USQ/WL Screening

done under 103-SY

US@ Database Report

Hazard Assessment

Safety Documentation

EAs

B EH[ 2]

Hydrogen Burn Analysis

<l =<l<]<l<]=
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK .JOB

REGD

e==~- NEEDED IM FISCAL YEAR -==---

9%

95

96

97

98

99

J08
COMPLETE

COMMENTS

1SB/Close USQ

Y

X

$1 Resolution

Y

after Retrvi/Grout (12/10)

180121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

TMACS

Surface Level

TV Camera

ventilation

Permitting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

<l << ]| <€l ]| =<

780122 Mitigation

Technology Dev/Modeling

done under 101-SY

Mitigation Test

done under 101-SY

Design

SA/EA

Procure/Fab

Window Work/Install

<i=<|=|<|m]=

complete 11/99

3

TANK $02-8%

750103 Evaluate & Define

Auger Sampling/Analysis

crust doesn’t trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

In-Tank/Field Work

GRE Reports

no gas relesse events

Gas Analysis Reports

In-Situ Gas Sampling

dev under 104-AN

Waste Behav Data Eval (PNL)

<jml< | ml<]<l<]| <<=

750105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not regd for SSTs

Gas Generation (WHC/TED)

not reqd for S$STs

Synthetic Studies (PNL)

not regd for SSTs

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

ElzxzlEzielix Bl

done under 101-5Y
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQD

wec=< NEEDED IM FISCAL YEAR --=---

9%

95

96 | 97

98

99

408
COMPLETE

COMMENTS

Physical Prop Methods Dev

done under 103-5Y

Physical Modeling (PNL)

Gas Flow Modeling

complete under AN farm

Thermal Behavior

Zzi<|=<]|=

750133 Close USG/Resolve SI

Tech Suppt USQ/UL Screening

done under 103-SY

Usa Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burm Analysis

1s8/Close USQ

Ky K

$1 Resclution

I I IR

after monitoring upgrds

780121 Monitoring Upgrades

Riser/Mindow Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THACS

$X farm by Organic Program

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

S Bl B E] <] €[ B €] <€ € €] €] ¢

750122 Mmitigation

Technology Dev/Modeling

mitigation not reqd

Mitigation Test

Design

SA/EA

Procure/Fab

Window Work/Install

TANK 1014

180103 Evaluate & Define

Auger Sampling/Analysis

crust doesn‘t trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

in-Tank/Field Work

GRE Reports

El<|<]<]<]<l=

no gas release events
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

HORK JOB

REQD

-=<=- NEEDED IN FISCAL YEAR

9% 95 | 96 | 97 | 98

408
COMPLETE

COMMENTS

Gas Analysis Reports

X X

In-Situ Gas Sampling

dev under 1046-AN

Waste Behav Data Eval (PNL)

-

TS0105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not reqgd for SSTs

Gas Generation (WHC/TBD)

not regd for SSTs

Synthetic Studies (PNL)

not regd for $STs

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-3Y

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

E i< < B B E R 2 =

complete under AN farm

780133 Close USQ/Resolve SI

Tech Suppt USQ/WL Screening

done under 103-8Y

UsS@ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

isB/Close USQ

K[| x

$1 Resolution

gl =2l << =|=

after monitoring upgrds

750121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THACS

Surface Level

TV Camera

Ventilation

Permitting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removi/Disposi/Storage

<lm | mim|<|<|®m|<]<]|=<]<]=<] <

TS0122 Mitigation

Technology Dev/Model ing

mitigation not reqgd

Mitigation Test

Design

SA/EA
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQD

NEEDED IN FISCAL YEAR

95

9 | 97

98

408
COMPLETE

COMMENTS

Procure/Fab

Hindow Work/Install

* %

TANE 1028

780103 Evaluate & Define

Auger Sampling/Analysis

crust doesn't trap

gas

Core Sampling/Analysis (Né&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

in-Tank/Field Work

GRE Reports

no gas release events

Gas Analysis Reports

In-Situ Gas Sampling

dev under 106-AN

Waste Behav Data Eval (PNL)

gl <<l < <] <]<]|m

TS0105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not read for SSTs

Gas Generation (WHC/TBD)

not reqd for S$STs

Synthetic Studies (PHL)

not read for SSTs

Org Methods Dev (PNL)

done under 103-8Y

Start-Up New HSMS (PNL)

done under 10%-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

Ei<| < il 22l BEiz, =2

complete under AN

farm

7$0133 Close USQ/Resolve SI

Tech Suppt USG/WL Screening

done under 103-SY

Usa Database Report

complete under AN

farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

158/Close USQ

] x| X

$1 Resolution

gl <]l <] <|<la=]|=

after monitoring upgrds

780121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THMACS

by Organic program

Surface Level

TV Camera

‘€] g <] <] <]
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQB

-ee== NEEDED IN FISCAL YEAR -<=-=-

9%

95

96

97

98

99

JOB
COMPLETE

COMMENTS

Ventilation

X

Permitting/NEPA

X

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

S B E|E | €| <

180122 Mitigation

Technology Dev/Modeling

mitigation not read for

Mitigation Test

Flam Gas; by Organic if

Design

required

SA/EA

Procure/Fab

Window Work/Install

i

TANE 1U6~8%

780103 Evaluate & Define

Auger Sampling/Analysis

crust doesn't trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

in-Tank/Field Work

GRE Reports

no gas release events

Gas Analysis Reports

In-Situ Ges Sampling

dev under 106-AN

Waste Behav Data Eval (PNL)

<fzl<lZm <] <]<] <<=

780105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not reqgd for $STs

Gas Generation (WHC/TBD)

not regd for SSTs

Synthetic Studies (PHL)

not regd for $S8Ts

Org Methods Dev (PNL)

done under 103-5Y

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

E < < | B2 E 2 B2 2 E| Z

complete under AN farm

750133 Close USQ/Resolve SI

Tech Suppt USA/WL Screening

done under 103-SY

Us@ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

< =<l=<=|=
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQD

MEEDED IN FISCAL YEAR ====--

95 (96| 97 | 98 | 99

408
COMPLETE

COMMENTS

Hydrogen Burn Analysis

¥

X

1SB/Close US@

\i

X X

$1 Resolution

Y

after monitoring upgrds

750121 Monitering Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

HiTs

THACS

by Organic program

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

<zl Bl <t|EB]< <] ~<]<]=<]=<

750122 Mitigation

Technology Dev/Model ing

mitigation not reod for

Mitigation Test

Flam Gas; by Organic if

Design

required

SA/EA

Procure/Fab

Window Work/Install

taug 163-84

780103 Evaluate & Define

Auger Sampling/Analysis

crust doesn't trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

In-Tank/Field Work

GRE Reports

no gas release events

Gas Analysis Reports

In-Situ Gas Sampling

dev under 104-AN

Waste Behav Data Eval (PNL)

< Iml< | 2|l <]|<]l<]|<|=< =

T$0105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not regd for S$STs

Gas Generation (WHC/TEBD)

not regd for SSTs

Synthetic Studies (PNL)

not regd for S$STs

Org Methods Dev (PHL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

HORK JOB

REQD

--~<- NEEDED IN FISCAL YEAR

9% 95 | 96 | 97 | 98

J0B
COMPLETE

COMMENTS

Dev Methods for HSMS (PHNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PML)

Gas Flow Modeling

Thermal Behavior

Bl <| & &=

complete under AN farm

750133 Close USQ/Resolve SI

Tech Suppt USQ/WL Sereening

done under 103-SY

US@ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

1s8/Close USQ

2 | x| X

$1 Resolution

gl <l <l <] <] =] =

after monitoring upgrds

750121 Monitoring Upgrades

Riser/Hindow Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THACS

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

<fm | B |m| || <] <] <]<t]=<] =<

750122 Mitigation

Technology Dev/Modeling

mitigation not regd

Mitigation Test

Design

SA/EA

Procure/fab

Window Work/Install

TANE 103U

750103 Evaluate & Define

Auger Sampling/Analysis

crust doesn’t trap gas

Core Sampling/Analysis (Né&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PML)

In-Tank/Field Work

<<l <l <] <|=
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

HORK JOB

REQD

WEEDED IN FISCAL YEAR

------

95

96 | 97

98

JOB
COMPLETE

COMMENTS

GRE Reports

no gas release events

Gas Anslysis Reports

In-Situ Gas Sempling

dev under 106-AN

Haste Behav Data Eval (PNL)

< i Bl<|=

1$0105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not regd for SSTs

Gas Generation (WHC/TBD)

not reqd for SSTs

Synthetic Studies (PNL)

not reagd for SSTs

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PHL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

E| < < | B B El B E 2 2| =

complete under AN farm

750133 Close USG/Rescolve Si

Tech Suppt USQ/UWL Screening

done under 103-SY

US@ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

is8/Close US@

$1 Resolution

S|t <| =< ==

after monitoring upgrds

780121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repeir Existing TCs

MiTs

TMACS

by Organic Program

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Bisposl/Storage

<jzlzlz]l<|<|z]l<]<]<]<]<]=<

780122 Mitigation

Technology Dev/Modeling

mitigation not reqd

Mitigation Test

Design
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

=co=e NEEDED IM FISCAL YEAR <-ce-- Jos
WORK JOB REGD " > %% o7 58 5o | compLETE COMMENTS

SA/EA L] b

Procure/Fab L] “

Hindow Work/Install ] @

TARK 111~

750103 Evaluate & Define

Auger Sampling/Analysis crust doesn't trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

K[| RK

In-Tank/Field Work

GRE Reports no gas release events

Gas Analysis Reports

In-Situ Gas Sampling dev under 104-AN

<lEl<lzl<l< < <<=

Waste Behav Data Eval (PHL)

780105 Technology for Eval

Radielytic Hechanisms (ANL) done under 101-SY

Chemical Mech (GIT/Other) not reqd for SSTs

Gas Generation (WHC/TBD) not reqgd for SSTs

Synthetic Studies (PHL) not regd for $S§Ts

Org Methods Dev (PNL) done under 103-SY

Start-Up New HSMS (PNL) done under 101-SY

Dev Methods for HSMS (PNL) done under 101-SY

Physical Prop Methods Dev done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Ei< i< EBlE 2= 2 2z =

Thermal Behavior complete under AN farm

750133 Close USQ/Resolve SI

Tech Suppt USQ/UL Screening done under 103-SY

Usa Database Report complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

AR SR AR

iSB/Close USQ

<< < | <|<|< ==

$1 Resolution X after monitoring upgrds

780121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

TMACS X by Organic Program

<l <]t < <«

Surface Level
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

HWORK JOB

REQD

see<~ NEEDED IM FISCAL YEAR ==c<<-

9%

95

96 : 97

98

99

J0B
COMPLETE

COMMENTS

TV Camera

Ventilation

Permitting/NEPA

Density Trees

Lightning Protection

HMisec TF Upgrades

Equip Removl/Disposl/Storage

gl BB I BRI E| <] <|=

750122 Mitigation

Technology Dev/Modeling

mitigation not reqgd

Mitigation Test

Design

SAJEA

Procure/Fab

Wirndow Work/Install

THNK 108U

750103 Evaluate & Define

Auger Sampling/Analysis

ecrust doesn’t trap gas

Core Sampling/Analysis (Né)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PWNL)

In-Tank/Field Work

2y M X | K

GRE Reports

no gas release events

Gas Analysis Reports

In-Situ Gas Sampling

dev under 104-AN

Waste Behav Data Eval (PNL)

<|lzl<lzle]l<]j<<|l<]<l=

780105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 1071-SY

Chemical Mech (GIT/Other)

not regd for SSTs

Gas Gemeration (WHC/TBD)

not regd for SSTs

Synthetic Studies (PNL)

not reqgd for SSTs

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PHNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

E < < 2| 2 = =2 v\ 2 2|2

complete under AN farm

TS0133 Close USQ/Resolve S§I

Tech Suppt USQ/WL Screening

done under 103-SY

UsQ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EEEEE 3K 3
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

----- WEEDED IN FISCAL YEAR =<<--<-- Jos
WORK JOB REGD ” p ” o7 P 99 | COMPLETE COMMENTS

EAs X X

Hydrogen Burn Analysis

1SB/Close USQ

<< <]=

$1 Resolution X after monitoring upgrds

750121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

WiTs

THACS X by Organic Program

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Mise TF Upgrades

| |m ]| mB] <] < <] <] <]

Equip Removl/Disposli/Storage

780122 Mitigation

Technology Dev/Modeling mitigation not regd

Mitigation Test

Design

SA/EA

Procure/Fab

ZE B 2 2 | &8 =

Window Work/lnstall

TaHK 10%-U

750103 Evaluate & Define

Auger Sampling/Analysis crust doesn't trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

L€ XK X =

in-Tank/Field Work

GRE Reports no gas release events

Gas Analysis Reports

In-Situ Gas Sampling dev under 106-AN

<jlzlclzl<l<|j<]<|<]=

Waste 8ehav Data Eval (PNL)

180105 Technology for Eval

Radiolytic Mechanisms (ANL) done under 101-SY

Chemical Mech (GIT/Other) not regd for SSTs

Gas Generation (WHC/TBD) not regd for SSTs

Synthetic Studies (PNL) not regd for SSTs

ZE EjE B2 E

Org Methods Dev (PNL) done under 103-SY
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQD

MEEDED IN FISCAL YEAR -=c==-

95 | 961 97 | 98 | 99

J0B
COMPLETE

COMMENTS

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

E]| S < B E|E

complete under AN farm

750133 Close USQ/Resolve SI

Tech Suppt USQ/HL Screening

done under 103-SY

US&@ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

1$B/Close USQ

$1 Resolution

gl g€ <]zl =

after monitoring upgrds

780121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

TMACS

by Organic Program

Surface Level

TV Camersa

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misec TF Upgrades

Equip Removl/Disposi/Storage

<z 2zl <lz]<] <] <]<]<| <

750122 Mitigation

Technology Dev/Modeling

mitigation not read

Mitigation Test

Design

SA/EA

Procure/Fab

Window Work/Install

EE 2 2 BlE

-

5

TARK 1128

750103 Evaluate & Define

Auger Sampling/Analysis

crust doesn’t trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PWL)

<l<i<]<l=

2 1€ | > | X
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQD

cw=ee NEEDED IM FISCAL YEAR ==<---

96

95

96

97

98

99

J0B
COMPLETE

COMMENTS

In-Tank/Field Work

X

GRE Reports

no gas release events

Gas Analysis Reports

In-Situ Gas Sampling

dev under 104-AN

Waste Behav Data Eval (PHNL)

FPIEIEIE I

780105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not regd for SSTs

Gas Genmeration (WHC/T8D)

not reqd for SSTs

Synthetic Studies (PNL)

not regd for $STs

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

Bl < B2 &8 Bz 2 =

complete under AN farm

150133 Close USQ/Resolve §I

Tech Suppt USQ/WL Screening

done under 103-SY

US@ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

iSB/Close USQ

81 Resolution

||l <|=<]<|= =

after monitoring upgrds

750121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THACS

by Organic Program

surface Level

TV Camers

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposi/Storage

<wjlm BB 2z < <]Z|c] <] ~<]| <] <]

780122 Mitigation

Technology Dev/Modeling

mitigation not read

Mitigation Test
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

VORK. 408 . NEEDED IN FISCAL YEAR ------ jog COMMENTS
9 | 95 196 | 97 | 98 | 99 |COMPLETE

Design

SA/EA

Procure/Fab

Window Work/Install

TANK 105-0

750103 Evaluate & Define

Auger Sampling/Analysis erust doesn‘t trap gas

Core Sampling/Analysis (Né)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

LR X x

In-Tank/Field Work

‘IGRE Reports no gas release events

Gas Analysis Reports

In-Situ Gas Sampling dev under 104-AN

<l BB || Bl << < =] <=

Waste Behav Data Eval (PNL)

750105 Technology for Eval

Radiolytic Mechanisms (ANL) done under 101-SY

Chemical Mech (GIT/Other) not read for SSTs

Gas Generation (WHC/TBD) not read for $STs

Synthetic Studies (PNL) not reqd for SSTs

Org Methods Dev (PNL) done under 103-SY

Start-Up New HSMS (PNL) done under 101-SY

Dev Methods for HSMS (PML) done under 101-SY

Physical Prop Methods Dev done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Bi<i< BE| B\ B2 = 22 Bl =

Thermal Behavior complete under AN farm

780133 Close Usa/Resolve SI

Tech Suppt USQ/WL Screening done under 103-SY

Usa Database Report complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

188/Close USQ

<<l <|=<l<i=<|=]|=

§1 Resolution X after monitoring upgrds

750121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

<]<i=<]=<]=<
P

TMACS X by Organic Program
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

--=-- NEEDED IN FISCAL YEAR =-----| ,og
o | 95 [ 96 | 97 | 98 | o9 |COMPLETE

WORK JOB REGD COMMENTS

Surface Level X

TV Cemera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Mise TF Upgrades

< BB B < <|®E <
%

Equip Removl/Disposl/Storage

780122 Mitigation

Technology Dev/Modeling mitigation not reqd

Mitigation Test

Design

SAJEA

Procure/Fab

Window Work/Install

TENK 130-7

TS0103 Evaluate & Define

Auger Sampling/Analysis crust doesn't trap gas

Core Sampling/Analysis (&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PHL)

Kix|x| 2|

In-Tank/Field Work

GRE Reports no gas release events

Gas Analysis Reports

In-Situ Gas Sampling dev under 104-AN

<zl <|<|<]l<]l< =

Waste Behav Data Eval (PNL)

780105 Technology for Eval

Radiolytic Mechanisms (ANL) done under 101-SY

Chemical Mech (GIT/Other) not reqgd for SSTs

Gas Generation (WHC/TBD) not read for $STs

Synthetic Studies (PNL) not reqgd for SSTs

Org Methods Dev (PNL) done under 103-SY

Start-Up New HSMS (PNL) done under 101-SY

Dev Methods for HSMS (PNL) done under 101-SY

Physical Prop Methods Dev done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

T < < BB B E R E| =

Thermal Behavior complete under AN farm

750133 Close UsSQ/Resolve SI

=

Tech Suppt USG/WL Screening done under 103-SY

UsQ Database Report N complete under AN farm

Hazard Assessment Y b 4
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQD

w>e=- NEEDED IMN FISCAL YEAR <-c=---

9%

95

96

97

98

99

408
COMPLETE

COMMENTS

Safety Documentation

X

X

EAs

X

Hydrogen Burn Analysis

i$B/Close US@

$1 Resolution

MIEIEIEAE

after monitoring upgrds

750121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THACS

by FeCN Program

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Mise TF Upgrades

Bauip Removl/Disposl/Storage

<l 2 <[ B <]| < <| <] <]

780122 Mitigation

Technology Dev/Model ing

mitigation mot reqd

Mitigation Test

Design

SA/EA

Procure/Fab

Window Work/Install

TARK

05-83

TS0103 Evaluate & Define

Auger Sempl ing/Analysis

crust doesn‘t trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

In-Tank/Field Work

GRE Reports

no gas release events

Gas Analysis Reports

In-Situ Gas Sampling

dev under 104-AN

Waste Behav Data Eval (PNL)

<lzl< | zlec<|<xl<x]=<]<]=

780105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not reqd for SSTs

Gas Generation (WHC/TBD)

not reqgd for SSTs

Synthetic Studies (PNL)

not regd for $8Ts
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

HORK JOB

REGD

-=«=- NEEDED IN FISCAL YEAR

------

96 95 | 9% | 97 | 98

J08
COMPLETE

COMMENTS

Org Methods Dev (PNL)

done under 103-8Y

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-8Y

Physical Prop Methods Dev

done under 103-5Y

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

i€ < B2 =2 =

complete under AN farm

780133 Close USQ/Resolve SI

Tech Suppt USG/ML Screening

done under 103-8Y

USQ Database Report

complete under AN farm

Hazard Assessment

Sefety Documentation

EAs

Hydrogen Burm Analysis

188/Close USQ

81 Resolution

MIEICIEIEIE IR AR -

after monitoring upgrds

750121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

TMACS

by Organic Program

Surface Level

TV Camera

Ventilation

Permitting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

<l ElZB Bl <|m|] ] <] <] <] <] =<

780122 Mitigation

Technology Dev/Modeling

mitigation not reqgd

Mitigation Test

Design

SA/EA

Procure/Fab

Window Work/Install

FANK W358

780103 Evaluate & Define

Auger Sampling/Analysis

crust doesn’'t trap gas

Core Sampling/Analysis (Né)

Data Interpretation

Vapor Sampling

<] <1< =
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

eeeee NEEDED IM FISCAL YEAR -====-| jog
WORK JOB REGD " p " o7 o8 5o | COMPLETE COMMENTS

Vapor Analysis w/HSMS (PNL) ¥ %

In-Tank/Field Work ¥ X

GRE Reports M no gas release events
Gas Analysis Reports A\ X

in-$itu Gas Sampling ¥ dev under 104-AN
Waste Behav Data Eval (PHL) Y X
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REQD

----- NEEDED IN FISCAL YEAR -=----

9% | 95 [ 96| o7 | 98| 99

JOB
COMPLETE

COMMENTS

T$0105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not regd for S$STs

Gas Generation (WHC/TEBD)

not regd for SSTs

Synthetic Studies (PNL)

not reqd for SSTs

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

AR S S AR 40 S F AN 3B 48 BN 4

complete under AN farm

780133 Close USQ/Resolve §I

Tech Supot USQ/WL Screening

done under 103-SY

Usa Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

188/Close USQ

$I Resolution

| g < <x|<l<lzm =

after monitoring upgrds

750121 Monitoring Upgrades

Riser/Mindow Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

TMACS

by Organic Program

Surface Level

TV Camera

Ventilation

Permitting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

<lzlm B €] <]lmi<<]| <] <]<] <]~

780122 Mitigation

Technology Dev/Modeling

mitigation not reqgd

Mitigation Test

Design

SA/EA

Procure/Fab

Window Work/Install

FANK I03-8Y
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

e-=-- NEEDED IN FISCAL YEAR =---<-| ,om

HORK JOB REQD o4 l P L96 l o7 [98 [ 9o | COMPLETE COMMENTS

780103 Evaluate & Define

Auger Sampling/Analysis crust doesn't trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

In-Tank/Field Work

GRE Reports no gas release events

Gas Analysis Reports

In-Situ Gas Sampling dev under 106-AN

<l B < Bl <</ =<]<]|=

Waste Behav Data Eval (PNL)

780105 Technology for Eval

Radiolytic Mechanisms (ANL) done under 101-SY

Chemical Mech (GIT/Other) not regd for SSTs

Gas Generation (WHC/TBD) not regd for SSTs

Synthetic Studies (PNL) not regd for SSTs

Org Methods Dev (PHL) done under 103-SY

Start-Up New HSMS (PML) done under 101-SY

Dev Methods for HSMS (PNL) done under 101-8Y

Physical Prop Methods Dev done under 103-SY

Physical Modeling (PNL)

Gag Flow Modeling

El< ISl E B 2 =2 2Bl =2 =

Thermal Behavior complete under AN farm

750133 Close Us@/Resolve SI

Tech Suppt USGQ/WL Screening done under 103-SY

USa Database Report complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Anslysis

ISB/Close USQ

I I I I IR 3L S

$! Resolution % after monitoring upgrds

750121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

Mits

TMACS by Organic Program

Surface Level

TV Camers

Ventilation

Permi tting/NEPA

El<l<lE]<]<]<]<{=<]|—<
»

Density Trees
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REGD

MEEDED IN FISCAL YEAR

95

96 | 97

98

JOB
COMPLETE

COMMENTS

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

-

Ts0122 Mitigation

Technology Dev/Modeling

mitigation not regd

Hitigation Test

Design

SA/EA

Procure/Fab

Window Hork/Install

TANK $04-8%

780103 Evaluate & Define

Auger Sampling/Analysis

crust doesn’t trap gas

Core Sampling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

In-Tank/Field Work

GRE Reports

no gas release events

Gas Analysis Reports

In-Situy Gas Sampling

dev under 104-AN

Waste Behav Data Eval (PNL)

<l mi<|le]l<< <|<i<]|=<]=

780105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not reqgd for SSTs

Gas Generation (WHC/TBD)

not reqd for SSTs

Synthetic Studies (PNL)

not reqgd for S8Ts

Org Methods Dev (PNL)

done under 103-5Y

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

B <)< B B B2 B2 =2

complete under AN farm

750133 Close USQ/Resolve SI

Tech Suppt USG/WL Screening

done under 103-SY

Us@ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

1s8/Close USQ

S1 Resolution

IR -

after monitoring upgrds
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REGD

-«<o= NEEDED IN FISCAL YEAR

------

9% | 95 | 96| 97 | 98 | 99

JOB
COMPLETE

COMMENTS

780121 Monitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTe

THACS

by Organic Program

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misec TF Upgrades

Equip Removl/Disposl/Storage

S iE 2 |t m ] €] €] €] =] <

780122 Mitigation

Technology Dev/Modeling

mitigation not read

Mitigation Test

Design

SAJEA

Procure/Fab

Window Work/Install

TANK 10588

750103 Evaluate & Define

Auger Sampling/Analysis

crust doesn't trap gas

Core Sempling/Analysis (N&)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

in-Tank/Field Work

GRE Reports

no gas release events

Gas Analysis Reports

In-Situ Gas Sampling

dev under 104-AN

Waste Behav Data Eval (PHL)

< El<|lEd@l< <|<]|<]|=<]|=

750105 Technology for Eval

Radiolytic Mechanisms (ANL)

done under 101-SY

Chemical Mech (GIT/Other)

not reagd for $STs

Gas Generation (WHC/TBD)

not reqd for SSTs

Synthetic Studies (PNL)

not reqd for S8Ts

Org Methods Dev (PNL)

done under 103-SY

Start-Up Mew HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

Physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

- B B EIBEjE | 2| 2 2
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Table 6-1.

Work Activities for the Flammable Gas Tank Safety Program.

HWORK J0B

REGD

NEEDED IN FISCAL YEAR =====--

95 96 | 97 | 98 | 99

J08
COMPLETE

COMMENTS

Gas Flow Modeling

X

Thermal Behavior

= | -«

complete under AN farm

750133 Close USQ/Resolve S1

Tech Suppt USQ/WL Screening

done under 103-SY

Us@ Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

[SB/Close US@

$I Resolution

<f<clelel<i< ==

after monitoring upgrds

750121 Momitoring Upgrades

Riser/Window Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

TMACS

by Organic Program

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposi/Storage

< Z2lz 2|l<l<|z]<|<|=<]{<]<|=<

780122 Mitigation

Technology Dev/Medeling

mitigation not reqgd

Mitigation Test

Design

SA/EA

Procure/Fab

Hindow Work/Install

TARK T9E-AY

750103 Evaluate & Define

Auger Sampl ing/Analysis

crust doesn!t trap gas

Core Sampling/Analysis (N6)

Data Interpretation

Vapor Sampling

Vapor Analysis w/HSMS (PNL)

In-Tank/Field Work

GRE Reports

no gas release events

Gas Analysis Reports

In-Situ Gas Sampling

2lxlzl<l<l<l<]i<]=

dev under 1064-AN
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Table 6-1. Work Activities for the Flammable Gas Tank Safety Program.

WORK JOB

REGD

--<-~ NEEDED IN FISCAL YEAR -=--=--

9%

95

96 | 97

98

99

J0B
COMPLETE

COMMENTS

Waste Behav Data Eval (PNL)

X

750105 Technology for Eval

Radiolytic Mechanisms (AML)

done under 101-SY

Chemical Mech (GIT/Other)

not regd for SSTs

Gas Generation (WHC/TBD)

not reqgd for SSTs

Synthetic Studies (PNL)

not regd for S3Ts

Org Methods Dev (PNL)

done under 103-SY

Start-Up New HSMS (PNL)

done under 101-SY

Dev Methods for HSMS (PNL)

done under 101-SY

physical Prop Methods Dev

done under 103-SY

Physical Modeling (PNL)

Gas Flow Modeling

Thermal Behavior

2 < < B E R E R E2E B =

complete under AN farm

780133 Close USQ/Resolve SI

Tech Suppt USQ/WL Screening

done under 103-SY

USG Database Report

complete under AN farm

Hazard Assessment

Safety Documentation

EAs

Hydrogen Burn Analysis

i1$8/Close USQ

S1 Resolution

<] <]l <] <]z =

after monitoring upgrds

780121 Monitoring Upgrades

Riser/Mindou Planning

Gas Monitoring (SHMS)

Repair Existing TCs

MiTs

THACS

Surface Level

TV Camera

Ventilation

Permi tting/NEPA

Density Trees

Lightning Protection

Misc TF Upgrades

Equip Removl/Disposl/Storage

<z lzle < <l <|<]|<{<]<

780122 Mitigation

Technology Dev/Model ing

mitigation not reqd

Mitigation Test

Design

SA/EA

Procure/Fab

Window Work/Install

6-34




; WHC-SD-WM-SD-019 Rev. 0

7.0 REFERENCES

DOE, 1986, Safety of Nuclear Facilities, DOE Order 5480.5, U.S. Department of Energy,
Washington, D.C. '

Lentsch, J. W., 1992, Tank 101-SY Flammable Gas Mitigation Test Project Plan,
WHC-EP-0550, Westinghouse Hanford Company, Richland, Washington.

"Safety Measures for Waste Tanks at Hanford Nuclear Reservation,” Section 3137 of
National Defense Authorization Act for Fiscal Year 1991, Public Law 101-510,
November 5, 1990.




WHC-SD-WM-SD-019 Rev. 0

This page intentionally left blank.

7-2



WHC-SD-WM-SD-019 Rev. 0

APPENDIX A

PROGRAM DRIVERS




WHC-SD-WM-SD-019 Rev. 0

This page intentionally left blank.




WHC-SD-WM-SD-019 Rev. 0

APPENDIX A

PROGRAM DRIVERS

Several government "requirements” have resulted in the Flammable Gas Tank Safety
Program. These program drivers are discussed here.

SAFETY MEASURES LAW

Concern for radioactive liquid waste tank safety at the Hanford Site was sufficient to cause
the U.S. Congress to pass Public Law 101-510, Section 3137, "Safety Measures for Waste
Tanks at Hanford Nuclear Reservation” (the Safety Measures Law). This law requires the
following actions:

o  Identify tanks that "...may have a serious potential for release of high-level
waste due to uncontrolled increases in temperature or pressure ..."

e Ensure that "... continuous monitoring to detect a release or excessive
temperature or pressure ..." is carried out

° “... develop action plans to respond to excessive temperature or pressure or a
release from any tank identified ..."

e Restrict additions of high-level nuclear wastes to the identified tanks unless no
safer alternative exists or the serious potential for a release of high-level
nuclear waste is no longer a threat

¢  Report "... on actions taken to promote tank safety, including actions
specifically taken pursuant to this section of the law, and the... timetable for
resolving the outstanding issues on how to handle the waste in such tanks."

The Waste Tank Safety Program is the key element in responding to this law.
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ATOMIC ENERGY ACT OF 1954

The orders listed below involve the management of waste containing radioactivity
Department of Energy (DOE) under the Atomic Energy Act of 1954, as amended by Public

Law 83-703.

@

DOE Order 5820.2A, Radioactive Waste Management

DOE Order 5480.1B, Environmental, Safety, and Health Program for
Depariment of Energy Operations

DOE Order 5480.21, Unreviewed Safety Questions
DOE Order 5481.1B, Safety Analysis and Review System

DOE Order 6430.1A, General Design Criteria.

CODE OF FEDERAL REGULATIONS

10 CFR 962, "Radioactive Waste: Byproduct Material”

10 CFR 1021, "Department of Energy NEPA Implementing Procedures”

40 CFR 191, Environmental Radiation Protection Standards for Management
and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes”

40 CFR 261, "Identification and Listing of Hazardous Waste"

40 CFR 262, "Standards Applicable to Generators of Hazardous Waste"

40 CFR 1500-1508, "Regulations for Implementing the Procedural Provisions
of the National Environmental Policy Act.”

UNREVIEWED SAFETY QUESTION

The safety issue of flammable gas generation and release has been identified as an
unreviewed safety question (USQ). The safety issue was identified as an USQ because it
“represents conditions outside the identified safety envelope” according to Westinghouse
Hanford Management Requirement and Procedure 5.12, "Identification and Resolution of
Unreviewed Safety Questions," Management Requirements and Procedures Manual
(WHC-CH-1-3).
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WASHINGTON ADMINISTRATIVE CODE

Waste Tank Safety Programs activities must comply with the State of Washington
Administrative Codes (WAC) for managing dangerous waste. The specific regulation is
WAC 173-303, Section 110, "Dangerous Waste Regulations."”

DEFENSE NUCLEAR FACILITIES SAFETY BOARD

The Defense Nuclear Facilities Safety Board was created to provide advice and formal
recommendations to the President and the Secretary of Energy regarding public health and
safety issues at DOE nuclear facilities. The board reviews operations practices and
occurrences at DOE nuclear facilities and makes appropriate recommendations to protect
public health and safety. In the event that any aspect of operations, practices, or occurrences
reviewed by the board is determined to present an imminent or severe threat to public health
or safety, the board transmits its recommendations directly to the President.

REFERENCES

Atomic energy Act of 1954, as amended, Public Law 83-703, 66 Stat. 919, 42 USC 20H.

DOE, 1986, Safety Analysis and Review System, DOE Order 5481.B, U.S. Department of
Energy, Washington, D.C.

DOE, 1988, Environmental, Safety, and Health Program for Department of Energy
Operations, DOE Order 5480.1B, U.S. Department of energy, Washington, D.C.

DOE, 1989, General Design Criteria, DOE Order 6430.1A, U.S. Department of Energy,
Washington, D.C.

DOE, 1990, Radiation Waste Management, DOE Order 5820.2A, U.S. Department of
Energy, Washington, D.C.

DOQOE, 1991, Unreviewed Safety Questions, DOE Order 5480.21, U.S. Department of
Energy, Washington, D.C. ’

Ecology, 1991, Dangerous Waste Regulations, Washington Administrative Code 173-303,
Washington State Department of Ecology, Olympia, Washington.

EPA, 1987, Identification and listing of Hazardous Waste, Title 40, Code of Federal
Regulations, Part 261, U.S. Environmental Protection Agency, Washington, D.C.
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"Safety Measures for Waste Tanks at Hanford Nuclear Reservation,” Section 3137 of
National Defense Authorization Act for Fiscal Year 1991, Public Law 101-510,
November 5, 1990.

WHC-CM-1-3, Management Requirements and Procedures Manual, Westinghouse Hanford
Company, Richland, Washington.




