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Mr. John T. Conway, Chairman

Defense Nuclear Facilities Safety Board
625 Indiana Avenue N.W., Suite 700
Washington, D.C. 20004

Dear Mr. Conway:

TRANSMITTAL OF INFORMATION TO COMPLETE DEFENSE NUCLEAR FACILITIES SAFETY BOARD
(DNFSB) RECOMMENDATION 93-5 MILESTONE 5.4.3.5¢

This Tetter constitutes completion of DNFSB Recommendation 93-5 Implementation
Plan, Revision 1, Milestone 5.4.3.5c, "Letter Reporting Approval of Safety
Assessment for Rotary Mode Core Sampling in Flammable Gas Tanks and
Documenting Incorporation into the Authorization Basis." The due date for
Milestone 5.4.3.5¢c is September 1996. The U.S. Department of Energy, Richland
Operations Office (RL) has completed the actions identified under this
milestone and proposes closure of the milestone.

Enclosure 1 is the Safety Assessment (SA) of Rotary Mode Core Sampling in
Flammable Gas Single-Shell Tanks developed by the Los Alamos National
Laboratory for the Westinghouse Hanford Company (WHC). Enclosure 2 (WHC
Engineering Change Notice [ECN] #609990) contains the Interim Operational
Safety Requirements (IOSRs) that were developed to implement the SA. Both of
these documents were intensively reviewed by the Independent Review Team from
Idaho National Engineering Laboratory and my staff with the participation of
your staff. The product of the review was the Safety Evaluation Report (SER
[Enclosure 3]}). This SER was approved by RL in Enclosure 4. The WHC ECN
#609990 (Enclosure 2) incorporated the SA and IOSRs into the Interim Safety
Basis, which is the Authorization Basis for the Tank Waste Remediation System.

If you have any questions, please contact me or your staff may contact
Jackson Kinzer, Assistant Manager for Tank Waste Remediation System, on
(509) 376-7591.

Sincerely,

0 pyome

John D. Wagoner
WSD:PRH , Manager

Enclosures (4)

cc w/encls: cc w/o encls:

A. Alm, EM-1 S. Cowan, EM-30 R. F. Bacon, WHC
R. Guimond, EM-2 M. Hunemuller, EM-38 L. F. Ermoid, WHC
R. Izatt, EM-2 M. Whitaker, S-3.1

J. Tseng, EM-4 S. Trine, RL DNFSB Liaison
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Mr. J. K. McClusky, Director
Waste Storage Division

U.S. Department of Energy
Richland Operations Office
Richland, Washington 99352

Dear Mr. McClusky:

COMPLETION OF DEFENSE NUCLEAR FACILITIES SAFETY BOARD RECOMMENDATION 93-5
IMPLEMENTATION PLAN, REVISION 1, COMMITMENT 5.4.3.5c, LETTER REPORTING
APPROVAL OF SAFETY ASSESSMENT FOR ROTARY MODE CORE SAMPLING IN FLAMMABLE GAS
TANKS AND DOCUMENTING INCORPORATION INTO THE INTERIM SAFETY BASIS

References: (1) Letter, J. D. Wagoner, RL, to A. L. Trego, WHC,
"Authorization of the Safety Assessment of Rotary Mode
Core Sampling in Flammable Gas Single-Shell Tanks,
WHC-SD-WM-SAD-035, Revision O0a, and Interim Operation
Safety Requirements," 96-QSH-042, dated August 30, 1996.

(2) WHC-SD-WM-SAD-035, “A Safety Assessment of Rotary Mode
Core Sampling in Flammable Gas Single Shell Tanks:
Hanford Site, Richland, Washington,” dated
August 8, 1996.

(3) WHC-SD-WM-ISB-001, “Hanford Site Tank Farm Facilities
Interim Safety Basis,” Rev 0-K, dated July 19, 1996.

(4) “Safety Evaluation Report of the Safety Assessment
document titled ‘A Safety Assessment of Rotary Mode Core
Sampling in Flammable Gas Single Shell Tanks: Hanford
Site, Richland, Washington,’” Lockheed Idaho Technologies
Company, dated July 18, 1996.

(5) WHC-SD-WM-OSR-005, “Single Shell Tank Interim Operational
Safety Requirements,” Rev 0-E, dated July 18, 1996.

This letter reports completion of Defense Nuclear Facilities Safety Board
(DNFSB) Recommendation 93-5 Implementation Plan Milestone 5.4.3.5c, Letter
Reporting Approval of Safety Assessment for Rotary Mode Core Sampling in
Flammable Gas Tanks and Documenting Incorporation into the ISB.

By Reference 1, the U.S. Department of Energy, Richland Operations Office,

authorized the Safety Evaluation Report (Reference 4) documenting the review
and approval of the Rotary Mode Core Sampling System Safety Assessment

Hanfor¢ Operations and Enginesring Contractor ior the US Department of Enargy
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(Reference 2) and the related Interim Operational Safety Requirements
(Reference 5). The attachment to this letter (Engineering Change Notice
#609990) incorporates the Safety Assessment and the supporting Operational
Safety Requirements into the Tank Farm Interim Safety Basis (Reference 3).

The due date for submittal of this milestone to DNFSB is September 30, 1996._
Very truly yours,

/@«AQJ;/

L. F. Exmold, Director

TWRS Characterization Project
Tank Waste Remediation System

srb
Attachment
HQ - J. Poppiti
M. A. Mikolanis
RL - R. E. Gerton
P. R. Hernandez
J. F. Thompson, Jr.
S. L. Trine
N. W. Willis
A. H. Wirkkala (w/o attachment)
PNNL - A. F. Noonan
SAIC - H. G. Sutter
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EXECUTIVE SUMMARY

This safety assessment (SA) addresses each of the required elements associated with
the installation, operation, and removal of a rotary-mode core sampling (RMCS)
device in flammable-gas (FG) single-shell tanks (S5Ts). The RMCS operations are
needed to retrieve waste samples from SSTs with hard lavers of waste for which
push-mode sampling is not adequate for sampling.

This SA was prepared using the “Interim Guidance for Preparing Safety
Assessments,” which was documented in Appendix A of Westinghouse Hanford
Company (WHC) report WHC-CM-6-32. The contents of this SA address most of the
elements required in the Department of Energy (DOE) Standard (DOE-STD-3011-94)
“Guidance for Preparation and Submittal of Basis for Interim Operation (BIO) for
DOE Nonreactor Nuclear Facilities.” The hazard analysis contained in this SA was
performed using the guidance provided in Chapter 2 of the DOE Standard
(DOE-STD-3009-94) “Preparation Guide for U. S. Department of Energy Nonreactor
Nuclear Facility Safety Analysis Reports.” However, these standards generally apply
to a facility as opposed to a system or activity, which is the subject of the current SA.
The hazard analysis for the system of interest was performed in parallel with the
design. All required design changes (with the required protective equipment
credited in the accident analysis) are documented in this SA.

In this SA, potential hazards associated with the proposed action were identified and
evaluated systematically. Several potential accident cases that could result in
radiological or toxicological gas releases were identified and analyzed and their
consequences assessed. Administrative controls, procedures, and design changes .
required to eliminate or reduce the potential of hazards were identified.

The accidents were analyzed under nine categories, four of which were burn
scenarios. In SSTs, burn accidents result in unacceptable consequences because of a
potential dome collapse. The accidents in which an aboveground burn propagates
into the dome space were shown to be in the “beyond extremely unlikely” frequency
category. Given the unknown nature of the gas-release behavior in the SSTs, many
design changes and administrative controls were implemented to achieve these low
frequencies. Likewise, drill string fires and dome space fires were shown to be very
low frequency accidents (<1.0E-6/yr) by taking credit for the design changes, controls,
and available experimental and analytical data.

Under the category of waste fires, the possibility of igniting the entrapped gases and
the waste itself were analyzed. Experiments were conducted at the BOM to
demonstrate that the drill bit is not capable of igniting the trapped gas in the waste.
Laboratory testing and thermal analysis demonstrated that, under normal operating
conditions, the drill bit will not create high enough temperatures to initiate a
propagating reaction in the waste. However, system failure that coincides in a waste
layer with high organic content and low moisture may initiate an exothermic
reaction in the waste. Consequently, a conservative approach based on the current

1 July 9, 1996
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state of the knowledge resulted in 11m1t1ng the drilling process to a subset of the FG
tanks.

Accidents from the chemical reactions and criticality category are shown to result in
acceptable risk. Many accidents are shown to result potentially in containment (tank
liner) breach below the waste level. Mitigative features are provided for these
accidents. Gas-release events (GREs) without burn also are analyzed, and
radiological and toxicological consequences are shown to be within risk guidelines.
Finally, the consequences of potential spills are shown to be within the risk

guidelines.

Accidents associated with external events also are addressed in this SA. For the
SSTs, large seismic events with low frequency of occurrence may result in
catastrophic dome failure. However, such events and their consequences are
independent of the RMCS operations. Lightning is considered a potential initiator
for burn accidents.

The conservative consequences of the accidents are compared with the WHC risk
guidelines using accident frequencies obtained on a per-tank and per-year basis. All
of the accidents analyzed in this SA are shown to meet the radiological and
toxicological risk guidelines. The on-site and off-site consequences of a burn in an
SST dome space are high because of a potential dome collapse and do not meet the
risk guidelines if not mitigated. Mitigated frequency of the dome collapse accident is

shown to be <10¢/yr.

This SA is written to cover all FG tanks. As discussed in Section 1, a bounding tank
is chosen and a bounding set of parameters are used in the analyses. However, all
the SSTs are not screened in determining the bounding set of parameters. To
address the issue associated with organic reaction, RMCS ‘is currently allowed in a
limited number of tanks. These tanks are explicitly identified in this SA. To
encompass the flammable gas issues, a checklist is prepared and included in
Section 7 of this SA. The checklist includes tank specific parameters that must be
screened against the assumptions made in this SA. This checklist is aimed at
complementing the Unreviewed Safety Question (USQ) screening process which
would be required to apply this SA to any given tank.

2 | July 9, 1996
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EXECUTIVE SUMMARY
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Under the category of waste fires, the possibility of igniting the entrapped gases and
the waste itself were analyzed. Experiments were conducted at the BOM to
demonstrate that the drill bit is not capable of igniting the trapped gas in the waste.
Laboratory testing and thermal analysis demonstrated that, under normal operating
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state of the knowledge resulted in 11m1tmg the drilling process to a subset of the FG
tanks.

Accidents from the chemical reactions and criticality category are shown to result in
acceptable risk. Many accidents are shown to result potentially in containment (tank
liner) breach below the waste level. Mitigative features are provided for these
accidents. Gas-release events (GREs) without burn also are analyzed, and
radiological and toxicological consequences are shown to be within risk guldehnes
Finally, the consequences of potential spills are shown to be within the risk

guidelines.

Accidents associated with external events also are addressed in this SA. For the
SSTs, large seismic events with low frequency of occurrence may result in
catastrophic dome failure. However, such events and their consequences are
independent of the RMCS operations. Lightning is considered a potential initiator
for burn accidents.

The conservative consequences of the accidents are compared with the WHC risk
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of the accidents analyzed in this SA are shown to meet the radiological and
toxicological risk guidelines. The on-site and off-site consequences of a burn in an
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This SA is written to cover all flammable gas tanks. As discussed in Section 1, a
bounding tank is chosen and a bounding set of parameters are used in the analyses.
However, all the single-shell tanks are not screened in determining the bounding
set of parameters. To address the issue associated with organic reaction, rotary mode
core sampling is currently allowed in a limited number of tanks. These tanks are
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ACRONYM DEFINITION
1-D One-dimensional
2-D Two-dimensional
AED Eerodynamic equivalent diameter
AIChE American Institute of Chemical Engineers
ALARA As low as reasonably achievable
AMCA Air Movement and Control Association
ANL Argonne National Laboratory
ANSI American National Standards Institute
ARC Accelerated rate calorimetry
ASA Accelerated Safety Analysis
ASTM American Society for Testing and Materials
BOM Bureau of Mines
CAA Chronic annual average
CANDU Canadian reactor licensing
CB Containment Breach
cc Concentrated complexant
CEDES Committed effective dose equivalents
CEL Chemical Engineering Laboratory
CGM Combustible Gas Meter
CL Convective layer
DBA Design Basis Accident
DBE Design basis earthquake
DC Dilute complexed (waste)
DCRT Double-contained receiver tank
DDT Deflagration-to-Detonation
DIP Differential Indicating Probe
DOE Department of Energy
DOE-RL Department of Energy-Richland Area Office
DR Damage ratio
DS Drill string
DSC Differential Scanning Calorimetry
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ACRONYM } DEFINITION
DSF Dome space fire
DSSFE Double-shell slurry feed
DST Double-shell tank
DTA Differential Thermal Analysis
EDES Effective dose equivalents
EDTA Ethylenediaminetetra-acetic acid
ERDA (US) Energy Research & Development Administration
ERP Emergency Response Planning
EXF External fire
FGWL Flammable Gas Watch List
GRE Gas-release event
HA Hazard analysis
HASP -| Health and Safety Plan
HAZOP Hazards and operability
HBD Hydraulic bottom detector
HEDTA Hydroxyethyl-ethylenediaminetriacetic acid
HEFPA High-efficiency particulate air (filter)
HIS Hazards Identification Study
HMS Hanford Meteorological Station
HTWRS Hanford tank waste remediation system
1&C Instrumentation and control
IEEE Institute of Electrical and Electronic Engineers
H Industrial Hygience
IRRAS Interim Reliabililty Risk Assessment System
1SB Interim Safety Basis
L/D Length-to-diameter
LANL Los Alamos National Laboratory
LASAN Los Alamos Systems Analysis
LCO Limiting Conditions for Operation
LFL Lower (or lean) flammability limit
LOW Liquid observation well
LPF Leak path factor
MAF Mitigated accident frequency
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ACRONYM DEFINITION
MAR Material at risk
MEI Maximum Exposed Individual
MIST Minimum ignition surface temperature
MMD Mass median diameter
NCPLX Noncomplexed waste
NEC National Electric Code ]
NFPA National Fire Protection Association
NRC Nuclear Regulatory Commission
NSSEC National Severe Storms Forecast Center
NUREG Nuclear Regulatory Commission Regulation
OSD Operational safety document
OSHA Occupational Safety and Health Administration
OSR Operational Safety Requirement
PEL-TWA Permissable exposure limit time-weighted average
PG Purge gas
PIC Person in charge
PLC Programmable Logic Controller
PM Plume meander
PNNL Pacific Northwest National Laboratory
PPF Pump pit fire
PRC Plant Review Committee
PVC Polyvinyl chloride
RCRA Resource Conservation and Recovery Act
RG Risk Guidelines
RCV Ram control valve
RF Respirable fraction
RLU Remote latch unit
RMCS Rotary-mode core sampling
RSST Reactive Systems Screening Tool
SA Safety assessment
SC1 Safety Class I
SE Seismic event
SHMS Standard Hydrogen Monitoring Systems
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ACRONYM [ NITION
S Sierra Mon: - Corpor? .
SOV Solenoid-op -ated valve
SR Shielded receiver ,
SSFGWLT Single-Shell Flammable Gas Watch List Tank
SMM Supernate mixing model
SS5T Single-shell tank
TC Thermocouple
TEDE Total Effective Dose Equivalent
TGR Toxic gas release
TI Total Inventory
TLM Tank layer model
TOC Total organic compound
TRG Test Review Group
TSD Treatment, Storage and Disposal
TWRS Tank Waste Remediation System
UAF Unmitigated accident frequency
ULD Unit-liter dose
UOR Unusual occurrence report
USQ Unreviewed safety question
WHC Westinghouse Hanford Company
ZPA Zero-Period Acceleration
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DEFINITIONS

Dust Devil. A dust devil is a localized wind pattern that moves in a circular
motion which spawns and decays quickly and travels at relatively low
velocities. '

Immediate Shutdown. Immediate shutdown is defined as the time it takes
for the PLC to send a shutdown signal to the drill engine upon receipt of a
valid shutdown signal with no additional programmed-delay. It is
understood that the determination of a valid alarm signal requires
approximately 2 seconds.

Independent Verification. Independent task verification is defined as
requiring that either a second person verify whether a task is performed
correctly after a task is completed or whether the original task performer
verifies a task correctly performed at a different time and location.

Rotary Drilling. Rotary drilling is defined as rotation of the drill string greater
than 2 rpm, while the drill string is in the tank waste.

Waste-intrusive activities. Waste-intrusive activities are defined to include
all actions in which motion of, or motion in, the drill string occurs, while the
drill string is in the tank waste, including drilling, gas flows and sample
insertion and recovery, while the drill string is in the tank waste. Waste-
intrusive also includes the four hours following termination of these
activities.
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1.0. SCOPE

This safety assessment (SA) addresses each of the proposed elements required to
evaluate the installation, operation, and removal of rotary-mode core sampling
(RMCS) equipment in single-shell tanks (S5Ts) on the Flammable Gas Watch List
(FGWL) or those tanks recommended by the contractor to be included on the FGWL,
hence referred to as FG/RMCS operations. These tanks, referred to as flammable-gas
tanks (FGTs), are located within  the 200 Area in Hanford Site, Richland,
Washington. Specifically, this SA addresses the proposed action to install, operate,
and remove an FG/RMCS device in the subject tanks.

The objective of this SA is to (1) systematically identify each of the potential hazards
associated with these proposed sampling actions, (2) analyze each of the resultant
accident sequences, (3)assess the consequences of the accident sequences, and
(4) identify the controls and procedures necessary to eliminate or reduce the
potential hazards. Section 1 of this SA provides the background information for the
proposed actions, discusses the no-action alternative, and outlines the safety
assessment approach and scope. Also included in Section 1 is a summary of the
significant characteristics of the SST farms.

1.1 BACKGROUND AND PURPOSE OF THE PROPOSED ACTION

The Department of Energy (DOE) is responsible for the management and storage of
the waste accumulated from processing defense reactor irradiated fuels for
~ plutonium recovery at the Hanford Site. Currently, there are 177 waste tanks,
including 149 SSTs and 28 double-shell tanks (DSTs) located in the 200 area of the
Hanford reservation. These wastes, consisting of liquids and solids, are stored in
underground storage tanks pending final disposition. A systems approach,
managed as part of the tank waste remediation system (TWRS), has been adopted to
address the complex and interrelated activities associated with the management and
disposal of Hanford tank wastes. The goal of the TWRS is to reduce the
environmental, safety, and health risks inherent in the Hanford tank waste
operation and remediation. The highest priority for this program is to identify a
corrective action strategy for each waste tank safety issue and to mitigate known
safety concerns. The four safety issues include (1) flammable-gas generation and
concentrations that exceed the lower flammability level (LFL); (2) tanks containing
mixtures of ferrocyanide compounds and nitrate/nitrite materials that could, if
specific concentrations and conditions were to occur, support an exothermic reaction
leading to an explosion; (3) tanks containing organic compounds that could, if
locally concentrated, support an exothermic reaction; and (4) Tank 241-106-C, which
contains a strontium source generating high heat that requires periodic cooling.

This SA is concerned primarily with SSTs that are on the FGWL or have been
recommended by the contractor for inclusion on the FGWL. These tanks are listed
and discussed in Section 2.
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Rotary-mode drilling is necessary only for the SSTs with hard waste layers where
waste samples cannot be obtained using. the push-mode sampler. The rotary core
sampling yields certain hazards that, if not mitigated, result in consequences beyond
those analyzed in the push-mode sampling SA.! Therefore, an Unreviewed Safety
Question (USQ) evaluation was performed. It was concluded that the FG/RMCS
operations are not covered by the current authorization and that a separate SA was
needed to perform rotary-mode core sampling operations on FGTs. This SA fulfills
that need. _

~
1.2 SAFETY ASSESSMENT—SCOPE AND APPROACH

The scope of this SA is to provide a safety basis for the FG/RMCS operations in the
single-shell FGTs. To develop an SA that aims at bounding FG/RMCS operations
on all FGTs, the following methodology was implemented. The identification of
hazards associated with the installation, operation, and removal of the FG/RMCS
was performed in a generic tank. Accident sequences also are developed from the
evaluated hazards in a generic way. Accident analysis and resulting controis
required the discussion of specific parameters pertinent to each SST. A set of
bounding tank parameters was not determined through detailed analysis. Instead, a
representative tank was chosen that was shown to have bounding tank parameters
by performing a preliminary screening process. The screening process considered
important tank parameters, such as the retained-gas amount, measured dome
flammable- and toxic-gas concentrations, the observed or anticipated gas-release
amount, and the waste type. Among the SSTs on the FGWL, Tank A-101 was founc
to maximize the parameters of interest. The total waste stored in Tank A-101 is 953
Kgal and is mostly consisted of salt cake (950 Kgal). Tank A-101 waste is classified as
double-shell slurry feed (DSSF). Estimated radionuclides in Tank A-101 are Cesium
(Cs-137), Strontium (5-90), Plutonium (Pu), and Uranium (U).

Accident analyses were performed with this anticipated set of bounding tank
parameters. When the first revision of this SA was issued, the anticipated bounding
tank parameters were not screened in detail for all tanks of interest. Furthermore, it
can be anticipated that additional tanks will be designated as FGTs in the near future
after the completion of this SA. Care must be taken in applying this SA to tanks that
are on other watch lists (organic, ferrocyanide, etc.). This SA was concerned
primarily with the FG issues; hazards specific to tanks on other watch lists may not
have been properly addressed in this document. Thus, a screening process with a
checklist of items was developed. The controls produced in this SA will require the
review and approval of the screening results against the checklist for performance of
the FG/RMCS in specific tanks by the Plant Review Committee (PRC). The PRC may
charter a separate technical review group to perform the review and approval
responsibilities of the PRC. Also, the Westinghouse Hanford Company (WHC)
Design Authority is responsible for all aspects of equipment design.

This SA is developed using the guidelines provided in Ref. 2. The approach
implemented in this SA incorporates a systematic evaluation of the potential
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hazards related to rotary-mode core sampling in tanks with a flammable
environment and the activities required for the installation, operation, and
removal of the equipment. For the potential hazards identified, evaluations were
completed to establish their potential severity and the resultant consequences of
accidents that may occur in response to these hazards. These evaluations consisted
of detailed analyses and evaluations using analytical and numerical techniques,
routine engineering calculations, and/or a review of existing information to
establish the consequences, if any, of these hazards. Finally, this SA identifies the
procedures and controls implemented to prevent or mitigate the consequences of
these hazards.

Commensurate with this approach, an SA format is developed in Ref. 3. Section 2
of the SA describes the equipment, subsystems, and procedures used during
FG/RMCS operations. Section 3 then systematically defines the hazards, causes, and
potential accident sequences anticipated, not only with the FG/RMCS operational
phase, but also with installation and removal activities. Section 4 assesses the
identified hazards in Section 3, followed by a consequence analysis of the postulated
accidents in Section 5. Section 6 defines both design features and administrative/
procedural controls that are required to ensure an acceptable level  of safety during
FG/RMCS operations, especially in a flammable environment. In Section 7, a
checklist is provided that contains the items that must be addressed in applying this
SA to all FGTs.

This format addresses all activity-related elements listed in US Department of
Energy (DOE) Guidance document 3011-94 (Ref. 4). Reference 4 is aimed primarily at
safety documents developed for a facility, this SA is aimed at a specific activity,
namely the RMCS operations in FGTs. Thus, most of the facility-related sections of
the 3011 Guidance are not addressed in this SA. However, a brief summary of the
significant characteristics of the SST farms and their environment are provided in
Section 1.4 of this SA.

1.3. NO-ACTION ALTERNATIVE

Tank characterization is a high-priority activity at the Hanford site, and FG/RMCS is
the proposed retrieval technique for SST samples. A “no-action” alternative would
prevent or delay full-depth core sampling activities in SSTs that are FGTs. The
analysis of these waste samples is very important for the following reasons:

¢ Addressing the issues associated with the safe storage of the waste, and

¢ Developing sound strategies for the retrieval and ultimate disposal of the
waste.

Currently, there is no engineered or conceptualized design that can replace the
FG/RMCS equipment for obtaining samples from hard waste layers for which the
push mode sampling is not adequate.
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1.4. SUMMARY OF SIGNIFICANT CHARACTERISTICS OF THE SST FARMS
AND THEIR ENVIRONMENT.

All the SSTs of interest are located in the 200 Area at the Hanford Reservation, as
shown in Fig. 1-1. Detailed descriptions of the SSTs and SST tank farms are
provided in Refs. 5 and 6. Specific characteristics of the SSTs pertinent to this SA are
discussed in Section 2 and other parts of the SA when needed. This section provides

a summary of the descriptive information for the site.
~

A detailed and comprehensive description of the Hanford Site is presented in
documents developed by the (US) Energy Research and Development
Administration (ERDA), DOE, and Pacific Northwest Laboratory (PNL).” This
section summarizes results presented in these references and others as they apply to
the 200 Areas. The DOE Hanford Site lies within the semiarid Pasco Basin of the

200 West Area 200 East Area
241-BY (S)
241-8X (5) 218 (5)
- 1
’ i
i 241C [S) :
== s
b 241-AY (D) 241-A (S)
241-AX (S)
\. e, 241-AP (D)
= h Ngalole s 241-AW (D)
' PURET
B
[ ] 1806 2008
| G S S S
Beais in Fosld

Lagend
(D) Double-Shell Tank Farm

(5} Single-Shall Tank Farm
BB Tank Farm

Fig. 1-1. Location of the Tank Farms within the 200 Area.
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Columbia Plateau in southeastern Washington State. The Hanford Site occupies an
area ~1450 km?2 (570 mi2) north of the confluence of the Snake, Yakima, and
Columbia Rivers. This land, with restricted public access, provides a buffer for the
smaller areas currently used for the production of nuclear materials, waste storage,
and waste disposal; only ~6% of the land area has been disturbed and is actively
used. The Columbia River flows through the northern part of the Hanford Site;
turning south, it forms part of the site's eastern boundary (Fig. 1-2)."The terrain of
the central and eastern parts of the Hanford Site is relatively flat, with evidence in
the central part of the Site (including the 200-Area Plateau) of minimal efosion since
the deposition of Hanford Formation sediments by glacial floodwaters ~13,000 yr
ago. The soil beneath the tank farm consists of silt, sand, and gravel. The principal
geologic units beneath much of the 200-West Area are, in ascending order: (1) the
Columbia River Basalt Group, with interbedded sediments of the Ellensburg
Formation; (2) the Ringold Formation; (3) the Plio-Pleistocene unit; and (4) the
Hanford Formation. The Ringold Formation is ~47.2 m (155 ft) below the surface of

the SY Tank Farm.!

Fig. 1-2. Location of 200 Area within the Hanford Site.
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Tw. areas of shallow, swarm seismic activity, Coyote Rapids and Cold Creek, are
loc:::«d within 16.1 km (10 mi) of the 200-West Area. The Coyote Rapids swarm area
has been the site of 8 swarms consisting of 91 shallow seismic events during the
period between 1969 and 1986. The depth distribution of these seismic events is
bimodal, with maximum activity occurring near the surface and at a depth of 4.0 to
6.9 kxn (2.5 to 4.3 mi). The Cold Creek swarm area, located 12.9 km (8 mi) south of
the 200-West Area, includes 32 events from 1979 to 1986 that occurred at depths up
to 4.8 km (3 mi). o~

Several surface ponds and ditches associated with fuel and waste processing
activities are present within the 200 Area (Fig. 1-3)."” These ponds and ditches are
used primarily as wasteways for process and cooling water and sometimes contain
small quantities of radionuclides (both fission products and transuranic elements).
Cold Creek and its tributary, Dry Creek, are ephemeral streams within the Yakima
River drainage system along the southern boundary of the Hanford Site. Both
streams drain areas to the west of the Hanford Site and cross the southwestern part
of the Site toward the Yakima River. The potential for flash flooding from the Cold
Creek drainage system has been examined, and a maximum flood depth of 2.1 m
(7 ft) was estimated along the southwestern part of the 200-Area plateau. However,
the maximum probable flood has not been well defined for the Cold Creek drainage
system. A 100-yr peak stage flood, estimated to be ~0.9 m (3 ft) above the Cold Creek
Valley floor, would not reach the 200-West Area.?

Wastewater ponds on the Hanford Site have recharged the unconfined aquifer
below the 200-Area artificially. The increase in water-table elevations was most
pronounced from 1950 to 1960 and had approached equilibrium between the
unconfined aquifer and the recharge between 1970 and 1980, when only small
increases in water-table elevations occurred. Wastewater discharges from the 200
Area were reduced significantly in 1984 (Ref. 14), with an accompanying decline in
water-table elevations. The depth to groundwater currently is ~50 to 60 m (164 to
197 ft) in the 200 Area. Groundwater flow direction is generally in an easterly and
southeasterly direction, toward the Columbia River.

Lateral groundwater movement occurs within a shallow, unconfined aquifer
consisting of fluvial and lacustrine sediments lying on top of the basalts and within
deeper confined-to-semiconfined aciuifers consisting of basalt flow tops, flow bottom
cones, and sedimentary interbeds.” Sources of natural recharge to the unconfined
aquifer are rainfall and runoff from the higher bordering elevations, water
infiltrating from small ephemeral streams, and river water along influent reaches of
the Yakima and Columbia Rivers. Artificial recharge to the unconfined aquifer
results from the disposal of wastewater to the ground below the 200 Areas from the
surrounding highlands. This recharge to the aquifer [5.5E04 m3/d (1.5E07 gal./d)] is
~10 times the natural recharge entering the unconfined aquifer below the 200
Areas.” Beneath the disposal ponds, groundwater mounds have developed in
response to the artificial recharge. Beneath U Pond, located in the 200-West Area,
the water table rose ~24.4 m (80ft) from the start of disposal operations in 1944
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(Refs. 16 and 17) until U Pond was decommissioned in 1985. From the recharge
areas to the west, the groundwater flows down the gradient to the discharge areas
along the Columbia River, interrupted locally by the groundwater mounds in the
200 Areas. The horizontal and vertical extent of these mounds appears to be related
directly to the surface discharge of wastewater from facilities in this area.’
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_r" MAIGATION WASTT
AND TAENCH

'r WATER PONDS

wist
o GABLE MOUNTAIN

POND
218.7-1 TRENCH
216.8-83 DITCH

.
. 200w V- 218-8-2-3 ITCH
[ Mevreomon = |anea e}
S 200.8 8. 8-34. 1-30, 83 Pemd
| narnsamane aea 29¢-A-20 DICH
HRINGE | | 218-8-10 DITCH 21e-8-3-30mCH
P~ \ S POWER HOUSE POND
- ~,
| o N
' CEX (Cphomerst ™
! ~ -
SNIVELY ~ Sa, WYE SUMIAL
- ssmnGs 9 GAOUND
L)

e
KAWFORD BITE mmv\

Fig. 1-3. Locations of surface-water ponds, ditches, and ephemeral streams on the
Hanford Site.
Climatological data are available from the Hanford Meteorological Station (HMS),
which is located between the 200-East and 200-West Areas. Data have been collected
at this location since 1945. Temperature and precipitation data also are available
from nearby locations for the period of 1912 through 1943. A summary of these data
through 1980 has been published in Ref. 19. Data from the HMS are representative
of the general climatic conditions for the region and describe the specific climate of

the 200-Area Plateau.

The prevailing winds on the 200-Area Plateau are from the northwest. Secondary
maxima occur for southwesterly winds. Diurnal and monthly averages and
extremes of temperature, dew point, and humidity are contained in Stone et al.™
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Ranges of daily maximum temperatures vary from a normal 2°C (36°F) in early .
Janu.  to 35°C (95°F) in late July. The record maximum temperature is 46°C
(115 and the record minimum temperature is -32.8°C (-27.0°F). Relat've
humi.. :y/dew-point temperature measurements are made at the HMS and at ine
ree 61.0-m (200-ft) monitoring tower locations. The annual average relative
humidity at the HMS is 45%. It is highest during the winter months (averaging
~75%) and lowest during the summer (averaging ~35%). At the Hanford Site, the
severe-weather phenomenon that occurs most frequently and has the greatest effect
the dust storm.” The maximum recorded peak gust at 15 m (50 ft) aboveground
was 128 km/h (80 mi/h), which occurred in january 1972. A 100-yr return period
peak gust of 138 km/h (86 mi/h) has been calculated at the 15-m (50-ft) elevation.

Precipitation measurements have been made at the HMS since 1945. Average
annual precipitation at the HMS is 16 cm (6.3 in.). Most of the precipitation occurs
durin: the winter, with nearly half of the annual amount occurring in the months
of November through February. Rainfall intensities of 1.3 em/h (0.5 in./h) and
persisting for 1 h are expected once every 10 yr. Rainfall intensities of 2.5 cm/h
(1.0in./h) for 1 h are expected only once every 500 yr. The Hanford Site is not a
major thunderstorm area. On average, only about 10 thunderstorm days per year
are recorded at the Hanford Site, although this number has varied from a low of 3 tc
a high of 23 thunderstorm days per year. Thunderstorms theoretically can occur
during any month of the year; however, they occur most frequently from April
th.rough September. The largest number of thunderstorm days recorded in a single

month is eight, which has occurred in both June and August. Large differences ir
electric potential can occur during thunderstorms, which, in turn, can lead to
lightning strikes. In general, ~20% of lightning strikes are cloud-to-
ground/ground-to-cloud discharges. Lightning strikes in the summer have
occasionally ignited range fires in the Hanford Site region. Estimates of the extreme
thunderstorm winds, based on peak gusts observed from 1945 through 1980, are
given in Ref. 19. Using the National Weather Service criteria for classifying a
thunderstorm as “severe” [i.e, hail with a diameter 220 mm (0.8 in.) or wind gusts
293 km/h (84.8 ft/s)], only 1.9% of all thunderstorm events observed at the HMS
have been "severe" storms; all met the criteria based on wind gusts.

The nearest volcano is in the Cascade Range, more than 100 km (62 mi) from the
Hanford Site, and most eruption products are deposited within 50 km (31 mi) of
‘their source. There is no evidence that volcanic lava flows, debris flows, or
mudflows from the Cascade Range volcanoes reached the Pasco Basin during the
Quaternary period.

Flows of lava, debris, and mud tend to be confined to existing drainage channels,
and because no streams flow directly from the Cascade Range to the Hanford Slte,
these types of volcanic deposits are not considered likely at the 200 Area.

Tornadoes are infrequent and generally small in the northwest portion of the
United States. The HMS climatological summary and the National Severe Storms
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Forecast Center (NSSFC) database list 22 separate tornado occurrences within 161 km
(100 mi) of the Hanford Site from 1916 through August 1982. Two additional
tornadoes have been reported since August 1982.
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2.¢ DESCRIPTION OF ACTION

Th. . section presents the detailed descriptions required to evaluate the installation,
oreration, and removal of rotary-mode core sampling (RMCS) equipment in single-
s i tanks (SSTs) on the Flammable Gas Watch List (FGWL) or those tanks
recommended by the contractor to be included on the FGWL, hence referred to as
FG/RMCS operations. The safety of RMCS operations in flammable gas tanks has
been questioned because of the potential to induce a spark within the flammable
environment of the tanks. The descriptions reflect an understanding of t.e
FG/RMCS equipment and processes at the time of the safety assessment (SA) and
are provided for the information of the reader only.

This section details the safety criteria surrounding tanks on the FGWL and tanks
recommended by the contractor for inclusion on the FGWL, collectively to referred
to as FGTs, the gas and ignition phenomenology anticipated during sampling
operations in these tanks, and descriptions of the tanks and their characteristics.
Descriptions of the equipment and systems required for rotary-mode core sampling
follow, along with a summary of the drilling operations under normal, and certain
abnormal conditions.

Because tank characterization and sampling are of the highest priority at Hanford as
stated in Public Law 101-510, Section 3137, “Safety Measures for Waste Tanks at
Hanford Nuclear Reservation,” (1990), a suite of sampling methods have been
incorporated into characterization and stabilization strategies, including grab
sampling, vapor sampling, auger operations, and push-mode sampling. However,
rotary-mode core sampling is used for obtaining full-depth core samples in tanks
with salt cake waste.

Rotary-mode sampling operations and procedures are similar to push-mode
sampling techniques with several differences: the drill bit differs, a nitrogen purge
system is activated to cool the drill bit as it rotates, and an exhauster is used to
compensate for the nitrogen purge flow and aerosol introduced into the tank dome.
In general, a sampling truck capable of rotary-mode sampling, a nitrogen supply
system, an exhauster, and a variety of support equipment is set up on or near the
tank. The sampling truck is located at the appropriate riser, and the drill string with
a universal sampler is inserted into the tank. With the nitrogen purge and
exhauster systems activated, the rotary drilling collects a cylindrical waste sample
that is withdrawn from the tank, transferred in a shielded receiver to a mobile X-ray
system for preliminary examination, then transferred into a cask for transport to the
analytical laboratories for full characterization. The drilling/sampling sequence is
repeated until a set of samples representing a full-depth core is acquired. '

Specific design features and assumptions, provided in Section 6, shall be used to
assess the extent to which changes or modifications alter the functions or
operational characteristics of the FG/RMCS processes, systems, or components. The
Department of Energy (DOE) Order 5480.21, Unreviewed Safety Questions (USQs)
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process shall be used to assess which SA results could be altered or negated by said
changes or modifications, and to what extent SA revisions could be required.

2.1 PRINCIPAL SAFETY CRITERIA

Safety criteria for this section include a consideration of DOE Orders, existing
Westinghouse Hanford Company (WHC) documents and procedures, and the more
specific criteria associated with FGWL tanks. Because several of the tanks on the
FGWL are also on the Organic Watch List, the organic criteria are also provided.

2.1.L DOE Safety and Design Requirements

The DOE Orders cited in TABLE 2-1, are presently applicable to the design of the
rotary-mode core sampling equipment. They are helpful in developing the criteria
outlined in Sections 2.1.2, 2.1.3, 2.1.4 and 2.2. The risk criteria are given in Section 5
of this SA.

TABLE 2-1
RELEVANT DOE ORDERS
DOE Order Title
DOE Order 1540.2 “Hazardous Material Packaging”
DOE Order 4330.4A “Maintenance Management Program”
DOE Order 5000.3B “Occurrence Reporting and Processing of Operations Information”
DOE Order 5400.1 “Genera)] Environmental Protection Program”
DOE Order 5400.5 “Radiation Protection of the Public and the Environment”
DOE Order 5480.4 “Environmental Protection, Safety, and Health Protection Standards”
DOE Order 5480.5 “Safety of Nuclear Facilities”
DOE Order 5480.7 “Fire Protection”
DOE Order 5480.10 “Contractor Industrial Hygiene Program”
DOE Order 5480.11 “Radiation Protection for Occupational Workers”
DOE Order 5480.19 “Conduct of Operations Requirements for DOE Facilities”
DOQE Order 5480.20 “Personnel Selection, Qualification, Training, and Staffing Requ:rements at DOE
Reactor and Non-Reactor Nuclear Facilities”
DQE Order 5480.21 “Unreviewed Safety Questions”
DOE Order 5480.22 “Technical Safety Requirements”
DOE Order 5480.23 “Nuclear Safety Analysis Report”
DOE Order 5480.31 “Start-up and Re-start of Nuclear Facilities”
DOE Order 5483.1A “Occupational Safety and Health m for DOE Contractor Employees at
Government Owned Contractor Operated Facilities”
DOE Order 5500.2B “Emergency Categories, Classes and Notification and Reporting Requirements”
DOE Order 5500.3A “Planning and Preparedness for Operational Emergencies”
DOE Order 5700.6C “Quality Assurance”
DOE Order 5820.2A “Radioactive Waste Management”
DOE Order 6430.1A ”General Design Criteria”
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2.1.2. WHC General Safety Criteria

WHC standard controls include a series of WE . documents that define the safety
envelope for the tank farm. The primary documents include the following:

e “Tank Farm Health and Safety Plan,”’ |
* “Hanford Site Tank Farm facilities Interim Safety Basis.”? -
Other pertinent WHC documents are referenced as ne.cessary throughout the SA.
2.1.3. Safety Criteria for Tanks on the FGWL

Initially, Hanford tanks were identified for inclusion on the FGWL by qualitatively
considering the following:3

e The presence of specific types of waste in the tank,

e The presence of a high radiation field in the tank,

e Observation of certain gaseous components in the dome space,
e Observation of pattern changes in the surface level,

* Observation of periodic pressure surges in the dome space, and

e Observations of the axial temperature profiles in the waste.

There are currently 19 SSTs on the FGWL with flammable gas concentrations that
can exceed 25% LFL in the dome of a full tank with a decay heat generation of 30,000
Btu/h. They were placed on the watch list more for the potential of containing
flammable gas rather than the verified presence of hazardous concentrations.

Further details of these criteria are provided in Ref. 3. Currently, there are 25 tanks
on the FGWL; 19 of these tanks are single-shell tanks. These tanks are:

A-101 S-102 $X-101 U-103
5111 $X-102 U-105
AX-101 5112 SX-103 U-107
AX-103 SX-104 - U-108
T-110 $X-105 U-109

$X-106

SX-109
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The hydrogen SSTs were placed on the watch list mainly because waste level
increases were observed without liquid addition. That is, slurry growth acted as the
main criterion for watch list designation. There was concern that the growth of
slurry could indicate a situation similar to that experienced with Tank 101-5Y, even
though the available data indicate total growth values as opposed to episodic-type
behavior.

Alternate criteria for tanks included having a surface crust, having a total organic
compound (TOC) level >3g/L, or containing B-Plant waste. The B-Plant wastes are
organic-bearing wastes generated from the B-Plant fractionation process, primarily
during strontium recovery. The compounds making up the organic fractions are
complexing/chelating agents or their degradation products.

Recently, a new methodology was developed to identify tanks that may be
candidates for inclusion on the FGWL. The new method involves evaluating the
waste surface level changes in response to changes in barometric pressure. By
applying this criterion, a number of additional tanks were identified as candidates
for potential storage of flammable gases. These tanks are

A-103 BY-101 C-104 5-101 TX-102 U-102
BY-102 C-107 S-103 TX-111 U-106
B-111 BY-105 S-104 TX-112 U-110
B-201 BY-106 T-201 S-105 TX-113 U-111
B-202 BY-109 T-102 S-106 TX-115
T-203 S-107 TX-116
BX-107 T-204 S-109 TX-117

Hereafter, these 34 tanks along with the original 19 FGWL single-shell tanks are
referred to as the flammable-gas tanks (FGTs). Presently, the total number of single-
shell FGTs is 53.

2.14. Safety Criteria for Tanks on the Organic Watch List

Levels of safety for tanks on the Organic Watch List are addressed in Ref. 5. The
safety criteria are based on a set of tests in which dry sodium acetate nitrate/nitrite
mixtures exhibited propagating behavior at about 300°C (572°F) with a TOC value
greater than 6 wt%. Appendix G evaluates this criteria in detail for each SST.

2.2, PHENOMENOLOGY

Gas phenomena include considerations of gas storage and release mechanisms, gas
composition, waste characteristics, and flammability and ignition.
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2.2.1. Gas Storage and Release Mechanisms in SSTs

The model and data available that describe gas storage and release mechanisms are
discussed in Appendix L. The conclusion is that large and prompt releases are not
likely in single shell tanks. '

The 19 single-shell tanks on the FGWL were separated by Los Alamos Nation:
Laboratory (LANL) in 1994° into the following four gas-release categori€s:

1. Tanks that do not experience episodic behavior nor exhibit long-term
growth in the waste level,

2. Tanks for which not enough data are available to evaluate the behavior,
3. Tanks that potentially exhibit episodic gas-release behavior*, and

4. Tanks that exhibit long-term waste growth but do not exhibit episodic gas-
release behavior.

*There is only one SST in this category (A-101), and there is no data to suggest that SST.
exhibit episodic release. = However, episodic behavior occurrences are addressed in
Appendix L.

TABLE 2-2 provides selected data pertaining to the SSTs on the FGWL, including
the designated gas-release category. A similar analysis for all the FGTs currently is
not available. TABLE 2-2 also notes which tanks are on the Organic Watch List.

2.2.2. Gas Composition

The gas-concentration measurements in the SST dome space are very scarce
compared to some of the double-shell tanks (DSTs) (e.g., Tank 101-SY). Th:
available data obtained from the vapor grab samples are analyzed in Appendix C of
this SA. As shown in Appendix C, hydrogen, nitrous oxide, ammonia and methane
are detected at varying concentrations in the dome space of the FGTs.
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TABLE 2-2
GAS DATA FOR SSTS ON THE FGWL
Organic Vapor Space Gas-release
Tank FGWL Watch List Volume, m® Category
A-101 . . 1454 3
AX-101 J 2481 2
AX-103 . ' 4,892 1~
5-102 . . 1,955 4
5-111 . . 916 1
S-112 . 760 1
SX-101 . 3283 2
5§X-102 . 2,953 2
5$X-103 . . 2540 1
5X-104 . 2593 2
$X-105 . 2422 2
5X-106 . . 2,972 1
$X-109 . 4,064 1
T-110 . 1,738 - 4
U-103 . . 1,433 4
U-105 . . 1,590 4
U-107 . . 1,636 4
U-108 . 1401 4
U-109 . : 1,420 4

2.2.3. Waste Characteristics

Sludge and salt cake are generally the two forms of waste in SSTs of concern,
although supernatant liquid also exists in some tanks. Sludge results from the
precipitates formed during the neutralization of chemical separation wastes and is
composed principally of hydrous metal oxides. Salt cake results from actual
dewatering by pumping and from thermal evaporation of aged chemical and
miscellaneous wastes. For SSTs that contain both types of solids, the salt cake layer
is typically on top of the sludge layer. Liquid is present in SSTs as supernatant
and/or as interstitial li<;uid existing in the void spaces of the solid wastes. Data on
waste type and volume’ are provided in TABLE 2-3 for information purposes only.

The waste types found in the SSTs on the FGWL are of four types: concentrated
complexant; dilute complexed (DC) waste; double-shell slurry feed; and
noncomplexed waste. Concentrated complexant (CC) is a concentrated product from
the evaporation of dilute complexed waste. DC waste is characterized by a high
content of organic carbon, including organic complexants. Ethylenediaminetetra-
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acetic aci! (EDTA), citric acid, and hydroxyethyl-ethyienediaminetriacetic acid
(HEDTA) are the major complexants used. The main sources of DC waste are the
salt well liquid inventory from the S5Ts. Double-shell slurry feed (DSSF) is waste
concentrated just before reaching the sodium aluminate saturation boundary (of 6.5
r-olar hydroxide) in the evaporator withou.! exceedir = :2ceiver tank composition
limits. Noncomplexed waste (NCPLX) is a general wasic term applied to all Hanford
Site liquors not identified as complexed. :

TABLE 2-3 ™~
WASTE INFORMATION FOR FGWL SSTs
Total Super-
Waste natant Sludge Salt cake ; Waste Waste
Waste Vol, Vol, Vol, Vol, Temp, Depth,
Tank Type Kgal Kgal Kgal Kgal °F In.
4-101 DSSF 953 0 3 950 154 354
%101 | DSSF 748 0 3 745 136 279
A4-103 cC 112 0 2 110 111 48
5-102 DSSF 549 0 4 545 107 207
S-111 NCPLX 596 10 139 447 92 224
5-112 NCPLX 523 0 5 518 83 239
$X-101 DC 456 1 112 343 138 173
$X-102 DSSF 543 0 117 426 151 206
SX-103 NCPLX 652 1 115 536 174 245
5X-104 DSSF 614 0 136 478 167 231
$X-105 DSSF 683 0 73 610 180 256
5$X-106 NCPLX 538 61 12 465 1m 203
SX-109 NCPLX 250 0 0 250 148 98
T-110 NCPLX 379 376 376 63 145
U-103 NCPLX 468 13 32 423 87 178
U-105 NCPLX 418 37 32 349 89 159
U-107 DSSF 406 31 5 360 78 155
U-108 NCPLX 468 24 29 415 88 178
U-109 NCPLX 463 19 48 396 86 176
2.24. Flammability and Ignition

I :mmability issues are highlighted by two aspects in tanks with a flammable
environment, the broad flammability range of hydrogen in air (4% to 75%) and the
low energy required for ignition (0.01 m]). The ignition hazard is increased because
nitrous oxide is a strong oxidant and is cogenerated with the hydrogen in amounts
that place the gas mixture well within the flammability range before mixing with
air. Burning hydrogen releases a relatively large amount of energy. The heat of
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combustion is 57.8 and 77.3 kcal/g-mol of hydrogen for oxygen and nitrous oxide
reactions, respectively. Ammonia has a flammability range in air of 15% to 30%,
and the heat of combustion with oxygen is 75.8 kcal/g-mol NH, (25°C).

Secondary exothermic reactions in the waste surface crust can also be induced by a
hydrogen burn. The surface crust usually contains an oxidant, such as a mixture of
sodium nitrate and sodium nitrite, in which various amounts of organic carbon are

well mixed.
-

The presence of flammable gases and the release of chemical energy are
compounded by the presence of radioactive waste, thereby increasing the potential
consequences of a release. Toxic gases, especially ammonia, are known to be
associated with the waste and may have the greatest potential for release during an
episodic event.

2.3. FLAMMABLE-GAS TANKS

The 53 FGTs are spread over 11 of the 12 single-shell tank farms: A, AX, B, BX, BY, C,
S, SX, T, TX and U. The cylindrical, dome-roofed tanks® are constructed of
reinforced concrete with a structurally independent mild carbon-steel liner covering
the bottom and sidewalls. Each tank is buried with a minimum of 6.5 ft of earth for
shielding and heat dissipation from radioactive decay. The tanks were designed to
hold approximately 15 to 30 ft of liquid, with a nominal capacity of 530,000, 758,0000,
and 1,0000,000 gallons. Of the three possible tank configurations, the 1,000,000-gal.-
capacity tank used in Farms A, AX, and SX is schematically shown in Fig. 2-1. The
other tank configurations are similar to those given in Fig. 2-1. The BY-, TX- and S~
Tank Farm has tanks with 758,000-gal. capacity, but tanks in Farms B, BX,C, T and U
have a capacity of 530,000 galions.

A typical single-shell tank has numerous vertical pipes called risers that penetrate
the tank dome and extend to various depths of the tank. The dome risers, which
vary in diameter from 4, 12, or 42 in., provide access to the tank interior for a variety
of operating and monitoring equipment, such as the breather inlet, a camera
observation point, the center pump pit, a dome elevation bench mark, a solids level
detector, a liquid observation well, a surface level probe, the temperature
thermocouple assembly, and a leak detection drywell.

Most SSTs use a passive form of ventilation’ that allows airflow through the tanks
to be dictated by atmospheric conditions such as temperature and atmospheric
pressure. The system, called the breather inlet, minimizes the pressure changes that
could damage the tank structure if the tanks were completely sealed. Each breather
filter is mounted on a tank riser, and consists of a housing containing a HEPA (high
efficiency particulate air) filter, an outlet screen, and a small seal loop that acts as a
pressure relief should the filter become plugged. An isolation valve, which is
normally open, allows flow between the tank vapor space and the environment
through the filter. The flow moves horizontally through the 12 in. x 12 in. filter,

2-8 August 8, 199



WHC-SD-WM-SAD-035, Rev. 0-a

and then vertically through the downward-facing exit weather hood. During
FC  MCS operations, the breather inlet -will be fitted with a portable, sealable, 15-ft
ta. -in.-diameter stack to control the direction of gases exiting the tank.
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2.4. RMCS SYSTEM AND ASSOCIATED EQUIPMENT

The system required for retrieving waste samples in the rotary-mode consists of the
sampling truck, the portable exhauster, the N, supply system, the generator, and
associated equipment. Primary components assoc1ated with the samphng truck
inciude the grapple hoist assembly, the shielded receiver (SR) with remote latch
unit (RLU), the drill string (DS), the nitrogen purge system, and the change-out
assembly.” ' 2 Associated equipment includes the X-ray machine, cask stand and
truck, power distribution trailer, and support vehicles. ~

Functional criteria for the FG/RMCS are found in Ref. 13. Several critical elements
of the former document include the following:

» Equipment with energized circuits that can come in contact with waste
degradation gases before dilution by the tank vapor space or other gases
shall be protected in accordance with National Fire Protection Association
(NFPA) for use in Class I, Division 1, Group B for a flammable hydrogen
atmosphere. Protection may be in the form of intrinsically safe electrical
components, purging in accordance with NFPA Article 496, or other
acceptable method as defined by the requirements of the National Electric
Code (NEC) Article 501, for use in flammable hydrogen atmospheres.

* Equipment where energized circuits have the potential, under abnormal
conditions, to come in contact with waste degradation gases before
dilution by the tank vapor space or other gases shall be protected in
accordance with NFPA for use in Class I, Division 2, Group B for a
flammable hydrogen atmosphere. Protection may be in the form of
intrinsically safe electrical components, purging in accordance with NFPA
Article 496, or other acceptable method as defined by the requirements of
NEC Article 501, for use in flammable hydrogen atmospheres.

2.4.1. RMCS Trucks

Three RMCS trucks provide mobility to position and move the core sampling
equipment from tank to tank. Fig. 2-2, derived from Ref. 15 shows the general
arrangement of equipment on the rotary platform that is mounted on the rear of
each of the three sampling trucks. The rotating platform supports and positions
core sampling equipment, including the platform hoist, the grapple hoist assembly,
the drill rig and drill string, and the shielded receiver over the tank riser to be
sampled. Five stationary hydraulic jacks act as outriggers to level the truck for
drilling operations.
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Fig. 2-2. Sampling truck configuration.

Two of the three trucks have diesel engines, while the third truck has a gasoline
engine. All drill engines are gasoline fueled.

24.11. Platform Hoist

The electric platform hoist is located on the rotating platform between the grapple
hoist assembly and the shielded receiver assembly. With a capacity of 500 Ib, it
provides an on-site method to handle riser adapter equipment, insert and remove
drill rods, and position the cask stand.

24.1.2. Grapple Hoist Assembly

The grapple hoist assembly, shown in Fig. 2-3 consists of an electric motor-driven
hoist contained in a pressurized box, the electric motor (external to the pressure
vessel), and a grapple connected to the hoist cable. The grapple hoist assembly
controls the sampler piston movement.

Grapple Hoist and Box. The grapple hoist box, Ref. 16, houses the grapple cable,
cable reel, and a load cell. The grapple box and the pneumatic piping connecting it
to the purge gas enclosure provide containment of drill purge gases.

The hoist is used to lower the grapple into the drill string after a sampler has been
installed. The 3/4 hp grapple motor lowers the cable at a maximum speed of 58
ft/min, and employs a cable with a breaking strength of 2400 Ib. A load cell attached
to the cable tension assembly is designed to shut off the motor if the load equals or
exceeds 250 Ib. Roll pins on the hoist shaft are designed to shear before the hoist
motor can exceed the structural capability of the hoist shaft.
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Inner and Outer Bellows Assembly.
The inner and outer bellows
assembly,'” also shown in Fig. 2-3,
provides a collapsible pressure
boundary between the grapple box and
the quill rod for containment of purge
gas.

Grapple. The grapple™ (sample
actuator), Ref. 18, is a spring-loaded
device, schematically represented in
Fig. 2-4 that is lowered to connect with
the pintle rod of the sampler and
holds the sampler piston in position
while a sample is being taken.

[ ©

7z

S

CRRUITITE —

. 4]

i
, i Spri
?i pring
%)
%
' P
?i Shaft
YA
7l
e
’E Weight
2
4
?E Grapple Tube
\
X

and Clasp
Fig. 2-4. Grapple Schematic.
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2.4.1.3. Drill Unit and Quill Rod
The drill unit is composed of the drill rig, the drill head, and a ! ydrauhc chuck that

clamps to the quill rod.

Drill Rig. The drill rig engine provides energy through the drill head for drill
rotation and through the hydraulic rams for down force to the quill rod, which in
turn transfers these motions to the drill string. The drill head raises and lowers the
quill rod, and a hydraulically operated chuck clamps the quill rod in place. Manual
hydraulic controls are provided for quill rod and shielded receiver posmomng

Quill Rod. The quill rod, Ref. 19, which transfers power to the drill string, is the
topmost rod of the drill string. This unit remains in the drill head and transmits
power through the hydraulic chuck.

Quill Rod Adapter. The stainless-steel quill rod adapter, Ref. 19, is attached at the
bottom of the quill rod and is a é-in. section with the same diameter as the quill rod.
The adapter has a quick connection feature that allows for the addition of water to
wash the drill bit. The adapter connection feature is also used for flammable-gas
sniffing.

24.14. Drill String Assembly
The drill string assembly, Ref. 20, is comprised of the drill bit and core barrel
assembly, mated to multiple interconnected drill rods.

Drill Bit. The drill bit rotationally bores into the waste to produce a nominal 1-in.-
diameter core sample, and acts as the leading tip of the drill string. The bit has a
hollow-cored center section surrounded by cutting teeth and holes on the drilling
surface for nitrogen purge flow. The commercially available unit (nominally 2.5-in.
o.d.) is made of copper-based (sintered bronze) material with teeth designed to
“smear” when they come into contact with the bottom of the tank to prevent
penetration. Appendices T and F address the safety concerns in regard to material
properties.

Core Barrel. The core barrel, when screwed onto the drill bit, forms an assembly that
houses the universal sampler. The fluted core barrel with drill bit is 40 in. long with
a 225-in. o.d (an effective 2.5 o.d. with 1/8-in. flutes). It also is a commercially
available unit made of nickel-plated carbon steel. The serrated edges, or grooves, are
machined into the inside of the core barrel so that the quadralatch fingers can slide
over them easily in one direction (toward the drill bit) but cannot normally slide
past in the opposite direction (away from the drill bit). The section of the core barrel
containing the serrated edges is made of 304 stainless steel.

Drill Rods. The drill string is comprised of drill rods that are sections of thin-walled
pipe that when mated together transmit power between the quill rod and the drill
bit/core barrel assembly. The commercially available drill rods used in the wast:
have a 2.25-in. o.d and 1.91-in. id, with a spirally-wound, fluted ribbing
(approximately 1/4 pitch) on the nickel-coated exterior surface to remove drill
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debris; drill rods above the waste surface may be unfluted. Each drill rod has an
internally threaded (female) end and an externally threaded (male) end, and is
available in 19-in., 60-in., 24-in., 12-in. and 6-in. lengths. The drill string is
constructed of rods until the drill bit is just above the waste surface. At that point,
only 19-in. rods are attached to the top of the drill string, consistent with drilling 19-

in. core samples of waste.

® Pintle
Rod

Quadralatch| |

i Piston

Rotary
Valve

Fig. 2-5. Universal sampler.

Drill String. The drill string transmits power from
the quill rod to the drill bit and core barrel
assembly and consists of the drill bit/core barrel
assembly and multiple sections of drill rod
screwed together. The drill string provides
containment for purge and hydrostatic head gases.
The total length of the drill string is generally
calculated by determining the distance between the
bottom of the tank and the bottom of the quill rod
on the leveled truck. The equivalent number of
differently-sized rods is calculated using the drill
string calculation sheet.

24.1.5. Universal Sampler

The universal sampler, Ref. 21, is a mechanical
device that is used to collect and retain the waste
sample. After drilling, the sampler is transferred
from the drill string to the shielded receiver, then
to a cask for shipment to the analytical laboratory.
The universal sampler, as depicted in Fig. 2-5,
consists of the quadralatch, the pintle rod, a piston,
bearings, seal, and a rotary valve. Latched in the
core barrel assembly, the sampler provides a seal to
prevent waste from entering the drill string.

Quadralatch. The stainless-steel sampler
quadralatch latches the sampler into the core
barrel grooves. Subsequently, the remote latch
unit in the shielded receiver locks onto the
quadralatch fingers and disengages the quadralatch
mechanism from the core barrel’s internal bore,
thus providing a method for retrieving the
sampler.

Pintle Rod. The pintle rod attaches to the piston
in the sampler and holds the piston in place

during sampling when the grapple is attached. A pin on the pintle rod trips the
trigger mechanism to close the rotary valve. The grapple removes the pintle rod by
releasing a spring clip connecting the rod to the piston.
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Seal. A chevron seal is used to prevent the flow of waste into the drill string when
hvdrostatic pressure is not present.

Rotary Valve. The rotary valve is located at the bottom of the sampler and is rotated
closed after completing the sampling of a 19-in. segment of waste. The sample is
sealec inside the sampler when the valve is closed by actuating a spring-loaded
trigger mechanism as the pintle rod is separated from the piston during the

sampling operation. -

2.4.1.6. Shielded Receiver Assembly |

The SR assembly, Ref. 22, is schematically represented in Fig. 2-6, and consists of the
weatherproof cover, sampler hoist box with an enclosed winch system, the shielded
receiver tube, the RLU that is attached to the sampler hoist cable, and an isolation
ball valve attached to the bottom end of the SR tube. The shielded receiver design is
independent of the core sampling mode and provides interim sampler shielding. A
power winch internal to the weatherproof covering, a cable, and a reel internal to
the sampler hoist box are used to retrieve the sampler from the drill string, and to
deposit the sampler in the transfer cask. The SR assembly is also used to remove a
clean sampler from the transfer cask and transfer it to the drill string for the next
sampling operation. The receiver valves, receiver tube, pressure vessel, and
pneumatic piping connecting the shielded receiver to the purge gas enclosure
provide containment for hydrostatic head gases. The receiver has a load cell to
detect cable tension and slack cable, and has a decontamination spray wash. A
mechanical counter and digital encoder are used to determine the depth of the RLU
and are attached to the cable reel shaft inside the weather cover.

Sampler Hoist. The 1.5 hp sampler hoist motor, Ref. 23, raises and lowers the cable
at a maximum speed of 23 ft/min, and employs a cable with a breaking strength of
3000 1b. A load cell shuts off the motor at a maximum load of 300 Ib.

Shielded Receiver Tube. The SR tube, Ref. 24, provides shielding for personnel,
thereby reducing radiation exposure, and aids in transferring and depositing
samplers into the transfer casks.

Remote Latch Unit. The RLU, Ref. 25, is a mechanical latching device that provides
a mechanism for latching onto and releasing the sampler. The configuration shown
in Fig. 2-7 schematically represents the most recent design, as provided by WHC
personnel in December 1995. The RLU is raised and lowered by the sampler hoist
assembly.

Ball Valve. The 3-in. ball valve at the bottom of the shielded receiver tube, Ref. 26,
isolates the shielded receiver from the surrounding environment and has a male
Kamlok® interface.

Kamlok® adapter assemblies. The Kamlok® adapter assembly, Ref. 27, is a
commercially available, two-part, male/female assembly that provides rapid,
manually actuated connect and disconnect capabilities. In general, the male
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Kamlok® adapter is connected to the female Kamlok® adapter. The design
convention was established so that movable components, like the shielded receiver,
have a male Kamlok® adapter, and the stationary components that are connected to
the shielded receiver, such as the change-out assembly, X- ray system, and cask

system, have female Kamlok® adapters.

Sampler g\featherproof
Hoist overing
Assembly
’IU==E‘=“--! q.=3==rui
|
I SR Tube Section
I
|
|
111}
O,
|
z ! 3-in. Ball Valve
1]
N |
i View Port
{
Male Kamlok®

Fig. 2-6. Shielded receiver assembly.

string, and prevent gas accumulation.
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24.1.7. Purge Gas
Enclosure
Assembly

The purge gas enclosure
assembly, Ref. 28, is
located on the truck’s
rotary platform, and
houses, protects, and
includes the pneumatic
components used to
monitor and distribute
the hydrostatic head and
purge gas nitrogen
supplies (including
regulators, solenoid
valves, analog gauges,
control valves, piping,
wiring, and instrument
transducers.)

Nitrogen is supplied for
five different functions
during FG/RMCS
operations: the DS
purge gas system used
during FG/RMCS
drilling; the purge
through the riser sleeve
annulus, the hydrostatic
head in the drill string
and in the shielded
receiver, and the Z-
purge (NFPA 496) in the
SR weather cover. The
systems provide drill bit
cooling and cleaning
during rotary drilling,
help prevent waste
flooding in the drill
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24.1.8. Instrumentation and Control System
This section is primarily focused on the systems
for  drill engine shutdown, and the
instrumentation used by the operator for
operational controls.

24.1.8.1. Programmable Logic Controller (PLC).
The PLC processes out-of-t~erance alarm signals
to activate alarm strobe, hori, and indicator lights,
followed by engine shut-down signals sent to the
shut-down relay. Located in the instrumenr+
NN cabinet, the PLC controls the alarm sequencing ana
interlock logic for the RMCS Truck System.

Alarm contacts from the truck instrumentation
and external sources (exhauster) are monitored.
When a valid alarm is received by the PLC, it
<] initiates both visual and audible annunciation as
\ appropriate. Additionally, if the received alarm

;\\ requires a drill rig engine shutdown, the PLC
N deenergizes the shut-down relay, shutting down
E the drill rig engine.

24.1.8.2. Engine shutdown. The following

mechanisms are elements of a safety system
referred to as the sampling truck engine
shutdown, as defined in
Ref. 9. The drill rig engine will automatically shut
down for out-of-tolerance drilling parameters,

Fig. 2-7. ical t
18 Mechanical remote exhauster shutdown, or detection of a GRE.

latch unit configuration.

Shutdown Interlock (K5 relay). The shut-down
interlock relay is controlled by the PLC and shuts down the drill rig engine by
interrupting electrical power to the drill rig ignition.

RPM (Revolutions per Minute) Measurement. Two drill rotation sensors measure
drill rotational speed and send signals to two digital units that display drill rpm. If
out of tolerance, an alarm signal is sent to the programmable logic controller, and
the drill rig engine is shut down. Exhauster operation and nitrogen purge flow are
not terminated under this shut-down condition.

Down Force Measurement System. The down-force measurement system
electronically measures and calculates the down force of the drill string, provides a
signal to the digital display unit, and digitally displays the measurement. If the
down force is above the designated down force limit, an alarm signal is sent to the
PLC which shuts down the drill rig engine. Exhauster operation and nitrogen purge
flow are not terminated under this shut-down condition.
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Riser sleeve Purge. Two differential pressure switches measure the pressure drop
across a flow controller, and provide a shutdown signal to the PLC on low
differential pressure. Exhauster operation and nitrogen purge flow are not
terminated under this shut-down condition.

DS Purge Gas Measurement. The purge gas measurements include three turbines to
measure flow and transducers to measure pressure and temperature. Signals are
sent from the purge gas enclosure to the three digital flow indicators that display
compensated flow in scfm (standard cubic feet per minute) units. Any of the three
indicators can detect an out-of-tolerance condition and send an alarm signal to the
PLC; the PLC then executes two-out-of-three voting logic to activate drill rig engine
shutdown.

Penetration Rate Shutdown. The penetration rate K measurement system
electronically measures the penetration rate of the DS and provides a signal to the
digital display unit, and digitally displays the measurement. If the penetration rate
is below the designated limit, an alarm signal is sent to the PLC which shuts down
the drill rig engine. Exhauster operation and nitrogen purge flow are not
terminated under this shut-down condition.

Exhauster-Induced Shutdown. The exhauster can induce drill rig engine shutdown
based on signals from the flammable-gas detection system or based on exhauster
operational parameters. The operational parameters that provide a shut-down
signal to the PLC to shut down the drill rig engine are discussed in Section 242 A
keylock override switch allows operation of the truck when the exhauster is not
needed.

2.4.1.8.3. Instrumentation Cabinet. The instrumentation that the operator has
available on a directly accessible panel for control of the sampling operations is
discussed in this section.

Enclosure Temperature Instrument/Display. The instrument enclosure is
temperature-controlled with separate air conditioning and heating systems. The
temperature instrument/display measures and digitally displays the cabinet
temperatures, and an alarm sounds for out-of-bounds 50°F < T > 90°F.

Purge Gas Temperature Display. This instrument displays purge gas temperature,
and alarms for out-of-bounds conditions that are < 10°F and > 140°F.

Purge Gas Pressure Display. This instrument converts a transducer signal to a
digital display of purge gas pressure, and if greater than the currently set value of 0.3
psig, sends a signal to the PLC. This display is for information only during drilling
modes. .

Shielded Receiver and Drill String Pressure Displays. These instruments convert
transducer signals to a digital display of pressure in the shielded receiver and drill
string, respectively, and if greater than the currently used value of 0.2 psig, send a
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signal to the PLC. The displays are used by the operators to ensure sufficient
pres: e for sample change-out operations and to verify that the DS and SR are
depr- ‘'urized when breaking containment. If hydrostatic head pressure is not
maintained at the required level, then waste intrusion into the drill string could
result. _ |

Other Informational Displays. The Lower Ram Pressure Display converts
transducer signals to digital displays for the walkdown or hydraulic bottom- function
(HBD) setpoint pressure with a selector switch. The Enclosure Indicator Lights
provide visual status of various limits and logic controller functions. The Purge
Gas Flow Display selects and digitally displays the output from one of three purge
gas flow meters.

24.1.84. Hydraulic bottom detector. When obtaining the final sample, the
hydraulic bottom detector detects loss of lower ram pressure, and energizes a
solenoid valve to automatically reverse the ram direction to raise the drill head.

24.2, Exhauster Assembly

The exhauster train, Refs. 29 and 30, as depicted in Fig. 2-8 is composed of a flexible,
conductive duct connecting the exhauster to the riser, a heater to dehumidify
exhaust gases, a filter housing containing a prefilter with two high-efficiency
particulate air (HEPA) filters in series, and a stack assembly. The exhauster system,
designed to operate continuously, is required during all FG/RMCS activities to
maintain a negative tank pressure with respect to atmospheric pressure and to
prevent uncontrolled particulate emissions.

Exhauster. The exhauster filter train is composed of a prefilter immediately
upstream of two HEPA filters in series mounted on a single skid (15 by 7 ft). To
limit filter loading, the allowed dose rate on contact with the HEPA filter housing is
100 mrem/h.® Flow into the exhauster from nitrogen purge and tank in-leakage is
designed for 9.4 x 10? m*/s (200 ft*/min), resulting in a tank pressure of about -250 Pa
(-1in. w.g.).

The flexible exhauster duct connects the tank riser to the exhauster and is held in
place with stand assemblies. The electrically conductive duct is 1/32 in. thick,
neoprene over a polyester base. A seal pot assembly is positioned between the riser
and the exhauster, and the drain lines to the seal pot are 1/2-in. stainless steel.

Some tanks have high humidity levels. Therefore, a hot-water heat exchanger
meeting Class-1, Div.-I, Group-B electrical requirements is supplied upstream of the
HEPA filters to lower the relative humidity of the tank gases being exhausted. The
heater meets the constraints of the Washington State Operating permit that limits
the humidity of the air stream passing through the HEPA filters to be no greater
than 80%.

2-19 August 8, 1996



WHC-5D-WM-5AD-035, Rev. 0-a

Exhauster Stack
4-in. diameter
15-ft height

Air Conditioner

Flexible
Duiet
W A |}
Riser
Duct
Stand
Assembly

Fig. 2-8. Exhauster system.

Fan and Stack. The fan, driven by a 7.8 hp electric motor, is qualified for operation
in a flammable-gas environment, provides the motive force for drawing tank gases
from the riser through the filters and prevents tank overpressurization during core
sampling activities. The fan/motor combination are capable of drawing 1900 scfm,
so the motor has a speed controller to reduce the rpm to obtain the nominal 200
scfm flow rate. The controller uses output from the stack velocity transmitter to
automatically adjust motor rpm to maintain constant flow as loading increases and
flow decreases.

Exhauster Control and Monitoring. The exhauster is designed to automatically shut
down when flow through the stack is greater than 250 scfm for greater than 5 min.,
or shutdown immediately when flow is less than 150 scfm. Two pressure
conditions can also induce automatic exhauster shutdown: when the tank pressure
falls to less than -3 in. w.g; and when the differential pressure across the
prefilter/HEPA filter bank is greater than 5.9 in. w.g. Vendor information indicates
that the HEPA filter performance is undetermined at a differential pressure of
10 in. w.g. after 15 minutes, but there are no relief valves or vacuum breakers
installed to protect the HEPA from excessive delta pressure. In order to protect
against filter collapse, the blower is limited to 9 inches of water static pressure.

The tank pressure, HEPA differential pressures, and flow through the exhauster are
continuously monitored using intrinsically safe systems in the exhauster. Even
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though totalized flow is continuously data-logged in the exhauster instrumentation
cabinet, only pressure alarms are recorded.

Exhaust gases can be monitored for radionuciides, ammonia, and total vapor space
organic compounds at the stack outlet. The exhauster has no organic or toxic vapor
control technology.

2.4.3. Flammable Gas Detection System

~

The flammable gas detection system consists of four primary components; a spool
piece with gas sensors to obtain gas samples from the exhaust stream, two identical,
separate, electronic packages and a power distribution skid with redundant shut-off
contactors. The system is powered by the same source as the exhauster. The flexible
duct from the waste tank is attached to the spool piece which is bolted directly to the
exhauster heater. The ventilation stream passes through the spool piece and into
the exhauster. Attached to the spool piece are two separate flammable gas sensors; a
Whittaker hydrogen detector cell and a Sierra Monitor Corporation (SMC)
combustible gas detector.

The purpose of the gas sensors on the spool piece is to provide safety shutdown
signals for both flammability and toxic hazards during core sampling operations.
Out-of-tolerance conditions include concentrations of hydrogen equivalent
flammable gas greater than 5000 ppm, or concentration rate increases greater than
100 ppm/s for 10 s. Upon detection of out-of-tolerance conditions, the interlock will
initiate drill rig shutdown and alert personnel to evacuate the tank farm.

The Wittaker Cell, an electrochemical cell with a membrane placed between the
sample gas and the active element, is very selective for hydrogen and responds
directly to the partial pressure of hydrogen on the other side of the membrane.
Significant experience with Wittaker Cells has shown them to be stable and reliable
in the tank farm environment.

The SMC combustible gas sensor uses a catalyst to “burn” the gas and detects the
resulting heat release. To increase sensitivity and decrease drift, the heat detection is
done by comparing the temperature of a reference (uncatalyzed bead) to that of a
signal (catalyzed) bead. The beads are imbedded in a sintered metal housing which
prevents the combustion energy from igniting a flammable mixture. It has the
advantage of responding to both ammonia and hydrogen. Appendix U presents
functional design requirements of SMC combustible gas sensors as well as Wittaker
cells.

Sample flow to each instrument is provided by a pressure differential within the
spool piece—no sample pumps are used. Signals from the flammable

instruments are processed by redundant programmable logic controllers. If
flammable gas concentrations exceed 5000 ppm, the rate of change in flammable gas
concentrations better 100 ppm/s for 10 seconds, or the tank pressure increases more
than two inches water gage in five minutes, the exhauster will remain operational
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and the truck will be shut down. In addition, the exhauster will shutdown on
internal alarms (low and high flow, and HEPA filter differential pressure) when the
interlock is used.

If interlock power is lost, or tank pressure falls to less than -3 inches w.g. electric
power to the exhauster is terminated. Exhauster shutdown will automatically result
in core sampling drill truck shutdown via the existing connection.

2.44. Riser and Adapter Equipment ~
This section discusses equipment attached to the riser as illustrated in Fig. 2-9.

Riser and sleeve. The riser to be sampled will have an internal sleeve of spark-
resistant stainless steel with a nominal length of 15 ft. The annulus between the
sleeve and the DS will be purged with nitrogen . during FG/RMCS operations to
prevent the accumulation of flammable gas. The riser purge gas system will have
two differential pressure detectors which are interlocked to the PLC and can cause an
automatic trip of the drill rig. Each detector’s set point will be approximately 40 psid
across a flow controller that is sized for 5 scfm. The sleeve has a separate spray wash
assembly with operational parameters like the DS spray wash system.

Riser Adapters. The riser adapter, Ref. 31, is basically a flanged plate, located on top
of the riser, with an offset orifice to allow for the connection of riser equipment,
regardless of the size of the riser.

Drill String Spray Washer/Frisbee Wiper Assembly. The drill string is washed to
reduce contamination with a hot-water spray wash of the exterior surfaces as the
drill string is being extracted through the drill string spray washer/frisbee wiper
assembly.”* Water is supplied to the spray washer at a temperature less than or
equal to 140°F and a flow rate less than or equal to 3 gal./min from the water heater
and 55-gal. water supply on the support truck.

The frisbee seal around the drill rod provide a wiping action during drill rod
recovery operations and serves to stabilize the drill string during rotation. The
frisbee also effectively provides a seal between the tank and the environment by
sealing around the drill string outer diameter, and between the spray washer and
the foot clamp.

Pneumatic Foot Clamp. The commercially-available pneumatic foot clamp® holds
the drill string when it is disconnected from the platform hoist, the quill rod, or the
shielded receiver. The three-legged, spider-like clamp must be pneumatically
opened to release the drill string. 1f the pneumatic pressure is lost, the clamp fails in
the closed position and the spider-like legs rotate for a three-point positioning
around the drill string, locking the drill string in place. The foot clamp does not
prevent upward motion of the drill string.
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Locking wrench. A commercially-available, carbon steel locking wrench* is used in
conjunction with the pneumatic fcot clamp as a redundant mechanism to support
the drill string when drill rods are installed or removed, or when the drill string is
disconnected from the drill rig. Positioned just above the foot clamp, the fingers of
the wrench completely surround the drill string, employing a toothless, ratchet-
action grip to grasp the drill string.

Lifting Bale. An electrically-bonded lifting bale is attached to the hoist to_support the
drill string during installation and removal of drill rods.

Drill String 2.4.5. Cable Spray Washer
+=_' Foot Cl Assembly and Change-
4 ! ootilamp out Assembly

=== Frisbee Wiper
Drill String Spray Washer The change-out assembly,® Fig.
2-10, is placed on top of the cable

_ Riser Adapter spray washer when the drill
Riser Sleeve string is disconnected from the
Sleeve Spray Washer quill rod. It-provides a means to

= | Offset Riser Flange isolate and maintain hydrostatic

head pressure within the drill
string while samplers are
exchanged. It also provides
containment of hydrostatic head
and DS gases. It is comprised of
a male Kamlok® adapter
assembly, a 3-in. ball valve, and
a female Kamlok® adapter.
Once attached to the DS, the
change-out assembly provides quick connect and disconnect capabilities to the
shielded receiver.

Tank Riser

Fig. 2-9. Riser adapter, washer/frisbee wiper
assembly and foot clamp.

Cable Spray Washer Assembly. The cable spray washer assembly connects to the
drill string before installation of the change-out assembly in order to wash the
internal cables of the shielded receiver and grapple cables, and to internally wash the
drill rods if required.
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Female Kamlok® 2.4.6. Primary Support

Adapter \ /{f’ " - Equipment
# /q: : The primary support equipment
3 in. Ball Valve ||/ ~a for rotary sampling operations
' % include the N, supply system, an
4 ]| X-ray imaging capability, power
Male Kamlok® - : generation and distribution,
Adapter — [, Wwasher supply systems;-and casks
and the cask truck. Operational
support equipment include the
Female Kzféllof@) W / = posfer digtrill;ution trailer, the
apter breathing air compressor, the
Cable Spray service and support truck and
Washer —% % trailers, lights, and the crane
w/ Male used during equipment setup

Screw Threads and teardown.

Fig. 2-10. Change-out assembly.

24.6.1. Liquid Nitrogen Supply Trailer and Heater
The liquid nitrogen support trailer and vaporizer supply the nitrogen used for the
purge and hydrostatic head systems during FG/RMCS operations.

Nitrogen Trailer. In the nitrogen trailer, liquid nitrogen is vaporized by a propane-
fired, forced-convection, water bath vaporizer. The 1500-gal. nitrogen tank and
liquid supply piping stores liquid nitrogen and includes a passive closed-loop
evaporator (to supply tank pressure), valves, piping, regulators, and gauges to
accommodate tank filling and liquid nitrogen supply to the vaporizer.

The normal nitrogen system pressure in the N, trailer is 100 to 250 psig while the
system is in operation, with a tank relief valve set to relieve pressure at 250 psi.
Nitrogen provided to the sampling truck is 100 to 150 psi. The nitrogen trailer
remains outside of the tank farm at all times.

Vaporizer. The vaporizer vaporizes both the liquid propane to supply the water
heaters and the liquid nitrogen to supply the nitrogen gas regulator and supply hose.
The vaporizer includes self-igniting, thermostatically-controlled water heaters, a
water circulation pump, and closed-loop water piping and expansion tanks. The
control panel and instruments automatically regulate water flow and gas exit
temperatures. A nitrogen gas regulator with a shutoff valve regulates the pressure
of the gas at the exit of the vaporizer. A supply hose with a quick disconnect fitting
supplies gas to the core sample truck. The vaporizer is electrically-powered by a
propane-fueled engine generator, or alternate 240 v power source.
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The vaporizer’s propane tank stores pressurized propane and includes piping to
supply the water heaters with propane gas, the generator engine with propane gas,
and the vaporizer with propane liquid.

2.4.6.2. Mobile X-ray Imaging System

The X-ray imaging system, Ref. 37 is used for a preliminary assessment of the core
sample to verify how complete the sample was and the characteristics of the waste
form. This assessment is intended to help the operator more accurately set
operational controls for the next sample. The system is equipped with a female
Kamlok® adapter for connection to the SR.

2.4.6.3. Casks and Sample Transfer Truck
The sample casks and transfer truck are discussed in this section.

Transfer Casks. The transfer casks are held at the sample site in a five-cask holder,
or cask stand, in an upright position.® The transfer casks are lead-lined chambers
that provide shielding and containment for the core samples during shipment to
the analytical laboratory. Each cask is 40 in. long, about 6 in. in diameter, and weighs
480 Ibs. Casks are equipped with a female Kamlok® adapter for connection to the
SR.

Sample Transfer Truck. The sample transfer truck, or cask truck, transports the
sampler/cask assemblies to and from the laboratory and moves samples in the field.
The truck is capable of carrying three casks at a time, and field positioning is
facilitated through an overhead rail chain hoist crane on the truck.

2.4.6.4. Portable Generator Set

Two types of generators are available to support FG/RMCS activities—150 kVA and
200 kVA. The portable generator set described in Ref. 39 provides standalone power
for the core sample truck and auxiliary equipment. The grounded generator is
powered by a turbocharged-diesel engine to produce power with a rating of 150 kW,
480 Vac, 60 Hz, 30, 4-wire and 120/240 Vac, 60 Hz, 1. The diesel generator remains
outside of the tank farm at all times.

2.4.6.5. Power Distribution Trailer

The power distribution trailer distributes power from the generator to the sampling
equipment such as the sampling truck, the exhauster, the water heater on the
support truck, the X-ray imaging system, the truck’s air compressor, and 120V
outlets.

2.4.6.6. Breathing Air Trailer/Compressor

The compressor is a two-stage, oil-free design powered by a 30 hp, 480 Vac, 60 Hz,
three-phase electric motor. A 30-gal. receiver tank and a 30-gal. surge tank allow the
compressor to cycle, and collected moisture is manually drained in the receiver
tank. The breathing-air compressor remains outside the fenced area and away from
sources of contamination and toxic fumes.
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2.4.6.7. Support Truck and Trailer

The support truck transports personnel and miscellaneous equipment, and can be
parked on the tank. The support truck acts as a lock-up rack for drill rods, and also
carries a drum heater and pump for supplying water. The support trailer, located
outside the tank farm, provides equipment storage and shelter for personnel.

24.6.8. Crane

A standard crane is used in the setting up and takmg down of the sampling
activities. It is used on an as-needed basis only and is not normally retained at the
job site except when in use.

24.69. Light Units

Diesel-powered portable light units are used on and off the tank farm during
drilling operations. Each light is capable of producing 2500 W of light (5 halogen
lights at 500 W per light). The diesel generator units are refueled on an as-needed
basis.

24.6.10. Tent

A large tent can be installed on top of the tank over the sampling truck and some of
the auxiliary equipment. It's purpose is to provide protection against and reduce the
impacts of atmospheric weather conditions such as sun, rain, snow, cold weather,
wind, etc. The tent weighs 7000 Ib and is made stationary with 33,000 Ib of weights
located on the tent periphery.

2.4.6.11. Video Vehicle

A vehicle weighing 5,000 Ib can be used for video documenting the sampling
activities. Even though the installation/operation/removal of the video is not
within the scope of this SA, the vehicle is mentioned because of its contribution to
tank loading.

24.7. RMCS System Weights

RMCS operations for single-shell FGWL tanks increase the live weight on the tank
dome. TABLE 2-4 lists the calculated weights of various components that could be
placed on the tank dome surface.** However, all of the listed components are not
simultaneously placed on the tank because of tank load limits. The dome loading
for SSTs is controlled by limits specified in the approved procedure?' and the
additional tank dome loading is considered to be a live load in the WHC evaluation
of the tank structural integrity.

Tank structural integrity can be at risk if the FG/RMCS drill string falls and impacts
the tank bottom. For this reason, the total weight of the drill string suspended over
the tank bottom is an important factor. The total weight will be the sum of the core
barrel, sampler, and drill string, but will vary as a function of the drill string length.
The drill rod nominally weighs 4 Ib/ft, and the universal sampler, which includes
the quadralatch and pintle rod, weighs 10.3 Ib.* The combined suspended weight for
an FG/RMCS operation will peak as sample operations approach the tank bottom
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(e.g., 50-ft drill string length effectively would weigh more than 210 Ib), but the
impe  nergy will peak at an intermediate sampling depth because it is a product of
thes ended weight and drop height.

. TABLE 2-4
RMCS COMPONENT WEIGHT BREAKDOWN

Component : Weight (Ib)

jCore sample truck (includes grapple hoist assembly and 30,000

hielded receiver assembly) :
Truck platform ' 6,000

niversal sampler (11 @ 10.3 1b) 113
[Drill String (50 ft @ 4 Ib/ft) 200
|Cha.nge—out assembly ’ 45
IRiser adapter and drill rod washer 280
lRiser sleeve 200
I].nlet breather filter stack 2,000
Fupport truck 7,000
ICask truck | 8,000
lCask stand 300
ICasks (5 @ 480 Ib) | 2,400
IMobile X-ray system : 5,000
IExhauster and flammable gas detection systems 12,200
[Light plants (2 @ 1000) 2,000
Video vehicle 5,000
Tent : 7,000
Tent weights 33,000
fPeople (10 total) 2,000
Total Potential Weight 122,738

2.5. RMCS OPERATIONS

For the purposes of this safety assessment, FG/RMCS operations are divided intc
four phases as depicted in Fig. 2-11: (1) preinstallation activities, (2) installation, (3’
drilling operations, and (4) removal. Key steps and limits are then provided within
each phase. The following section describes the operations associated with rotary-
mode core sampling, and is a summarization of input from safety analyses in Refs
11, and 12, and verbal discussions with WHC personnel.

The fundamental premise of FG/RMCS operations is to minimize the source ¢
ignition and to ensure the capability to enact safe shutdown upon detection ot
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Fig. 2-11. FG/RMCS process.
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2.5.% Preinstallation

Preinstallation activities are assumed to include site preparations, equipment setup
and . nnection, electrical bonding, and verifying critical alarms and trips. Fig. 2-12
schematically shows the relative positions of the pieces of FG/RMCS equipment on
and surrounding any given tank, along with the anticipated power requirements.

Setup and operation of all equipment is assumed to be in compliance with
appropriate procedures. For information only, several commonly used procedures
are listed in TABLE 2-5.

Preinstallation activities include:
e Collect all appropriate procedures.

e Obtain sign off on all necessary conditions, concurrence, forms, and
permits.

e Comply with all contractor safety, radiation and contamination,
environmental protection, permitting and quality assurance controls,
procedural limits and precautions, and records maintenance.

¢ Investigate and identify farm, tank, and riser locations. Prepare the site.
Acquire and stage all supplies and equipment needed to perform
operations. Calibrate measurement devices as procedurally required.

e Verify tank ventilation method and operability. Verify spark resistance of
tools and lanyard as necessary to prevent tool entry into tank.

e Set up auxiliary support equipment, including the generator, the
compressor, power distribution trailer, the support truck with the drum
H,O heater, nitrogen trailer, and service trailer. Position and set up
primary systems, including the sampling truck, exhauster, the cask stand
with casks, and the mobile X-ray image system.

e Perform grounding and bonding activities. Call the weather service to
verify that there are no lightning storms within a 50-mile radius of the
sample site.

e Measure the quill-rod-to-riser distance, and determine the number and
size of drill rods needed in accordance with the procedure data sheet.
Obtain drill rods. Place drill rods in the lockup rack on the support truck.

e Place the quill rod in a full down position, hydraulically level the
sampling truck, and verify stability. Verify alarms and annunciators.
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Fig. 2-12. Relative placement of equipment required for core sampling in the rotary
mode.

2.5.2. Installation

Installation activities are assumed to include removing the riser blank flange and
gasket, installing the riser sleeve and riser equipment (riser adapter, spray washer,
frisbee wiper, and foot clamp), and core barrel/drill bit/sampler unit through the
riser equipment. It should be noted that during the opening of a riser, either toxic
gases (i.e.,, ammonia, organic vapors, and nitrogen dioxide), and/or combustible
gases (i.e., methane, hydrogen) could be released and are monitored in a way
consistent with appropriate procedures. Operations may proceed only if the
combustible-gas meter, calibrated according to appropriate procedures, reads < 25%
LFL.

e Crack open the blank flange or pipe ‘cap to off-gas the tank for 5 minutes.
Start air sampling. Perform a breathing zone survey and sniff the riser
and surrounding area.

e Install the riser assembly, using the mobile crane or the platform hoist.

The riser assembly is assumed to include the riser adapter, conductive
sleeve, spray washer/frisbee wiper assembly, and foot clamp.
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¢ Screw the drill bit onto the core barrel and gently insert a universal
sampler. Attach and install the drill rods in the order specified by the
procedural worksheet. Screw the electrically-bonded lifting bail onto each
newly attached drill rod, open the foot clamp, and lower the DS with the
platform hoist. Close the foot clamp each time before releasing the DS to
attach another drill rod.

e Install drill rods until the string is just above the waste surface or until
only 19-in. drill rods remain. The predrilling configuration should
resemble Fig. 2-13.

TABLE 2-5
EQUIPMENT PROCEDURES USED IN SA

e i Perform Rotary Core Sampling of Ferrocyanide, i TO-080-056
Organic, Organic/Ferrocyanide Watch-List Waste
Storage Tanks* |

o : Liquid Nitrogen Trailer, Nitrogen Chiller, and Indeeco : TO-060-345
Nitrogen Heater Operations

e : ONAN 150DGFA Generator Set Operation TO-020-900

o i AEROFLOW Model 2AN137 Breathing Air Compressor ;| TO-020-056
Operation

e : Transfer the On-site Transfer Cask TO-080-090

e i Sample Transfer Truck Operation TO-080-075

o i Pick Up/Transport Radioactive Material and Waste ; TO-100-010
Packages

o : Katolight Model D200FRJ4 Standby. Power System ; TO-020-825
Operation

e iPerform  Waste Generation, Segregation and ; TO-100-052

Accumulation
e i X-ray Procedure To be specified following SA approval
« i Exhauster Procedure To be specified following SA approval

2.5.3. Sampling Operations

Sampling operations are assumed to include drilling operations, removal of the
universal sampler from the drill string, X-ray imaging, placing the sampler into the
receiving cask, obtaining a new sampler, and placing the new sampler into the drill
string.
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2.5.3.1.

Drilling
Monitor and record flammable-gas
concentrations and other appropriate

parameters, according to the operational
safety document (OSD) requirements.

Rotate the truck platform to position the
grapple hoist assembly/drill .unit over
the drill string. Attach a 19-in. drill rod
to the drill string. Open the drill chuck,
connect the quill rod, and close the
chuck. Open the foot clamp. Raise the
drill rams if necessary.

Establish nitrogen purge flow through
the riser/sleeve annulus.

Ensure that the exhauster is operating
according to the appropriate procedure,
verify that the exhauster interlock is
activated, and initiate nitrogen purge gas
flow -through the DS.

Lower the grapple through the quill rod
with grapple hoist until it latches onto
the pintle rod of the universal sampler.
Record the mechanical grapple counter
value. Raise the grapple only enough to
remove the slack in the grapple hoist
cable.

If obtaining a final sample, activate the
hydraulic = bottom  detector, with
independent verification.

Establish the nitrogen purge gas flow at
about 40 scfm, or as necessary. Engage
the clutch, adjust the DS rpm, and
proceed with rotary drilling by adjusting

the ram control valve to obtain the desired penetration rate, i.e., down

force,

as appropriate,

within the operating parameter

envelope.

Operational limits on FG/RMCS parameters are provided in Section
2.5.5.1.

e If the drill bit becomes plugged, refer to Section 2.5.5.2.4.
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If the drill string becomes stuck,_ refer to Section 2.5.5.2.5.

When a full sample stroke is completed, close the ram control valves,
disengage the clutch, and close the nitrogen purge flow control valve,

Raise the grapple to pull the pintle rod, release the spring clip that
separates the pintle rod from the sampler piston, and close the rotary
valve at the bottom of the universal sampler. Pull the pintle rod up
through the drill string and into the quill rod.

Raise the drill string about 1 in. to ensure trouble-free installation of the
next sampler. Close the foot clamp. Depressurize the grapple hoist box,
and verify depressurization.

Open the chuck, disconnect the quill rod adapter from the DS, and close
the chuck. Screw the cap with the male Kamlok® adapter onto the quill
rod adapter. Rotate the platform to place the grapple hoist assembly aside
from the drill string. ‘

Screw the cable wash assembly onto the DS. Connect the male Kamlok®
of the change-out assembly to the female Kamlok® of the spray washer
assembly. Close the change-out isolation valve. Pressurize the DS to
maintain hydrostatic head.

Kamlok®-connect the pintle rod overpack to the bottom of the quill rod
adapter, and mechanically release the pintle rod from the grapple into the
overpack. Disconnect the overpack from the Kamlok® cap on the quill
rod adapter.

Removing the Universal Sampler

Rotate the truck platform to position the SR over the change-out assembly
connected to the DS. Connect the Kamlok® on the end of the SR tube to
the Kamlok® of the change-out assembly.

Open the SR ball valve. Establish hydrostatic pressure in the SR. Open the
change-out isolation valve. Lower the RLU at full speed to impact on and
engage with the quadralatch of the universal sampler.

If the DS pressure is greater than 0.5 psi times the sample number, vent
the excess SR pressure.

Slowly increase the hoist upward speed to unseat the sampler. The load
cell value should read 60 to 70 1bf, but if the value is >150 Ibf, then waste
could be in the core barrel.
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Raise the sampler through the DS and into the SR tube. Inspect the
sampler in the sight glass for cleanliness and record abnormal conditions.

If the sampler exhibits visible waste material, wash the sampler by
connecting the hot water line to the cable spray washer and raising the
sampler slowly through the washer. Record water usage on proper data
sheets and chain-of-custody documents.
-

Raise the sampler into the SR tube. Close the change-out isolation ball
valve. Depressurize the SR. Close the SR ball valve. Disconnect the SR
Kamlok® from the change-out Kamlok®.

Mobile X-ray Image System Operations

Rotate the truck platform to position the SR over the mobile X-ray image
system. Connect the SR Kamlok® to the Kamlok® of the X-ray system.

Open the SR ball valve. Lower the sampler into the mobile X-ray image
system. Complete the imaging and raise the sampler into the SR tube.
Close the SR ball valve.

Disconnect the SR Kamlok® from the Kamlok® of the X-ray system.

Sampler Into Receiving Cask
Rotate the truck platform to position the SR over the receiving cask, and

remove the cap from the cask adapter. Connect the SR Kamlok® to the
Kamlok® of the cask.

Open the SR ball valve. Lower the sampler into the cask until the cable is
slack. Disengage the RLU from the sampler quadralatch mechanism.
Raise the RLU back into the SR tube. Close the SR ball valve.

Disconnect the SR Kamlok® from the Kamlok® of the receiving cask.

Prepare the cask for shipping. Remove the PVC sleeve from the cask.
Remove the Kamlok® adapter from the cask; install the inner cask
container plug, flange, and a new gasket; and install flange bolts.
Complete the appropriate data sheets and chain-of-custody documents.
Place a Waste Tank Sample Seal on the cask so that the seal must be
broken to open the cask.

New Sampler Preparation

If another sample is required, place a new universal sampler into a cask
liner, and gently insert the sampler into a new cask.
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Rotate the truck platform to position the SR over the new cask. Connect
the SR Kamlok® to the Kamlok® of the new cask.

Open the SR ball valve. Lower the RLU at full speed to impact on and
engage with the quadralatch of the new universal sampler. Visually
verify that the sampler is attached while raising the sampler into the SK
tube. Close the SR ball valve.

~

Disconnect the SR Kamlok® from the Kamlok® of the new cask.

New Sampler Insertion into Drill String

Rotate the truck platform to position the SR over the change-out assembly
connected to the DS. Connect the SR Kamlok® to the Kamlok® of the
change-out assembly. Open the SR ball valve.

If directed by the PIC (person in charge), wash the drill bit by adding 0.1 to
0.3 gal. of hot water through the cable wash assembly. Criteria for this
direction are circumstances in which the drill string has been idle for >4
hours or purge flow has not been established. Record water usage on the
appropriate data sheets and chain-of-custody documents.

Pressurize the SR. Open the change-out isolation valve. Lower the RLU
and new sampler into the DS until the cable is slack (NOTE: there is no
indication that the new sampler is fully latched into the core barrel/drill
bit assembly.) Disengage the RLU from the sampler quadralatch
mechanism. Raise the RLU back into the SR tube. Close the change-out
isolation valve.

Depressurize the SR. Close the SR ball valve.
Disconnect the SR Kamlok® from the change-out Kamlok®.

Rotate the truck platform to position the grapple hoist assembly/drill unit
next to the drill string. '

Depressurize the drill string. Remove the change-out assembly.

Return to Section 2.5.3.1 until the last core segment is obtained.

DS Removal

Removal operations are assumed to occur when the DS equipment is washed and
removed. The hoist or drill head is connected to the drill string, and the DS is
retrieved and externally washed. The hoist or drill head is disconnected, and the
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drill sections are discarded. Auxiliary equipment is disassembled, and the site is
restored. '

The drill string is washed as follows. Retain the last sampler in the core barrel, or
install a new sampler. Depressurize the drill string, connect the water line to the
drill rod washer, disconnect the change-out assembly and cable spray washer, and
use the drill head to remove all 19-in. drill rods, washing while removing. Retrieve
the final sampler when above the waste surface. Rotate the platform, and use the
platform hoist to retrieve the remaining segments of drill rod and the core barrel,
washing while removing.

2.5.5. Operational Conditions and Characteristics

RMCS activities include both normal and abnormal operating conditions during
drilling and sample retrieval.

25.5.1. Normal Operations

Normal operations include normal rotation within the established parameter
envelope, a walkdown mode, and a bottom-detection mode. Truck stabilization can
also be described in certain cases as a normal condition.

2.55.1.1. Normal Drilling and Sample Retrieval. TABLE 2-6 lists pertinent
operational characteristics associated with the normal drilling and sample retrieval
activities described in Section 2. Nominal values are provided, along with
minimum and maximum range values. Alarm and trip points, if appropriate, are
specified.
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OPERATIONAL PARAMETERSTE%Blidgé;ARY-MODE CORE SAMPLING
METHOD
Normal | High Low
Parameter Range Value | Value | Alarm Trip
Down force* (Ib) 0 to 750 750 0 750 >750
DS rotational speed* (rpm) 2to0 55 110 2 55 >55
RMCS enable system (rpm) 2 2 2 NA 2
DS purge ga: flow (scfm) 30 to 50 100 0.1 30 <30
DS purge gas pressure (psig) 30 to 50 90 0.3 NA NA
Riser purge gas flow >402psid NA NA | 40psid | 40 psid
sf:fri)
Purge gas temperature (°F) 60 to 80 140 10 <10 NA
‘ (atmosphe >140
ric)
Instrument enclosure 70 to 80 90 50 <50 NA
temperature (°F) >90
Penetration rate (in./min) 3to 10 25 0 0.75 <0.75
Lower ram pressure (psi) 50 to 250 250 20 NA NA
(walkdown mode)
Hydrostatic DS pressure (psi) | 0.5 to 30 35 0.2 NA NA
Hydrostatic DS flow (scfm) 0.5to2 7.8 0.2 NA NA
Hydrostatic SR pressure (psi) | 0.5 to 30 35 0.2 NA NA
Hydrostatic SR flow (scfm) 05to2 7.8 02 NA NA

* Limits are given for automatic shut-down features.

Appendix N discusses administratively-

controlled structural limits. For drill strings shorter than or equal to 45 ft, the down force of 750 Ibf and
rotational speed of 55 rpm are valid. For drill strings longer than 45 ft, the down force limit is reduced
to 650 Ibf and the rotational speed is reduced to 40 rpm for structural considerations.

2.5.5.1.2. Walkdown mode. The walkdown mode establishes a setpoint to allow the
drill to “walk” through the drill stroke. The mode utilizes a solenoid-operated
valve (SOV) to automatically start and stop ram motion by stopping hydraulic fluid
flow through the drill rams when the specified pressure is reached.

2.5.5.1.3. Bottom detection. To prevent penetration of the tank bottom, a hydraulic
bottom detector (HBD) is activated with the last sample. The four-way valve
controls whether hydraulic fluid flows into the top or bottom side of the drill rams,
thus controlling the direction of drill ram movement. During normal operation,
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the flow control valves control the amount of fluid that flows from the downstream
side of the drill ram, which controls the drill penetration rate and the amount of
force applied to the drill string. When activated, the HBD monitors the pressure on
the lower or downstream side of the drill ram. When the hydraulic pressure
sensors detect a loss of lower ram pressure, the drill direction is automatically
reversed. When the stroke is complete, the HBD alarms may have triggered; the
operator will silence the siren, stop the stroke, and disable the HBD.

2.5.5.1.4. Stabilized mode. A stabilized mode for the tank and sampling tfuck can be
defined to include the following:

e If stabilization is required when the tank is open, then the open riser is
covered.

o If the sampling truck is connected to the drill string, then it remains
connected unless lightning is approaching, in which case, the drill string is
disconnected and capped.

o If the sampling truck is not connected to the drill string, then stabilization
assumes that the truck is placed in stabilized mode: the sampler is in the
drill string; the drill string, the shielded receiver and quill rod are sealed;
the shielded receiver and quill rod are above the rotary platform; the skid
is traverse centered; the quill rod is to the back of the truck; all control
panel breakers on the truck are off, unless otherwise directed by the PIC;
the PG, SR and DS Gas switches are off; PG mode switch is positioned to
DRILL; PG, SR and DS flow control valves are closed; the foot clamp is
closed; the four-way valve is in FLOAT position; the Up and Down ram-
control valves (RCVs) are closed; and the hydraulic bypass valve is closed.

¢ The PIC should record the status of sampling in the log book for recovery
from the stabilized mode.

2.5.5.2. Abnormal Drilling Conditions

2.5.5.2.1. Reduced nitrogen flow. If nitrogen purge flow is less than the total of 30
scfm, then the drill rig will be automatically tripped, and drilling will be
immediately terminated. The exhauster shall remain operational. The operator
will correct the condition that caused the trip before drilling operations are
reinitiated.

2.5.5.2.2. Excess rpm or down force on drill string. If the rotational speed exceeds 55
rpm or the down force is greater than 750 Ibf, then the drill rig will be automatically
tripped and drilling will be immediately terminated. The nitrogen purge and
exhauster shall remain operational. The operator will correct the condition that
caused the trip before drilling operations are reinitiated.
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2.5.5.2.3. Penetration Rate. If the penetration ra:e falls below 0.75 in./min, then an
alarn is triggered, and a 60-second period is provided for operator intervention t-
increase the penetration rate. If the rate is not increased, then the drill rig will b.
avomatically tripped and drilling will be immediately terminated. The exhauster
s.. il remain operational. The operator will correct the condition that caused the trip
be ore drilling operations are reinitiated.

2.5.5.24. Drill bit plugging. If 30 scfm nitrogen purge flow cannot be mamtamed in
normal operat1ons, then the drill bit could be plugged with waste. In this case, the
grapple hoist box is depressurized, and 0.1 to 0.3 gallons of hot water are added to the
drill string through the quill rod adapter. The water usage is noted on the chain-of-
custody for that sample.

Purge flow is then reestablished at 40 to 70 scfm. If the bit is cleared, then operations
can resume. If not, then the cognizant engineer is consulted for alternate methods
to unplug the bit.

2.5.5.2.5. Stuck drill bit. If the drill bit becomes stuck in the waste, then the grapple
hoist box is depressurized if necessary and about 1 gal. of hot water is added to the
drill string through the quill rod adapter. The water usage is noted on the chain-of-
custody for that sample.

Purge flow is then reestablished at 40 to 70 scfm. If the bit becomes unstuck, then
operations can resume. If not, then the cognizant engmeer is consulted for alternate
methods to loosen the bit.

2.55.2.6. DS flooding or structural failure. The procedures for handling DS
flooding or unplanned maintenance activities are not covered in this safety analysis.
The actions needed to handle DS structural failure or extreme jamming of the DS
are not delineated in this document.

2.5.5.3. Loss of exhauster

Exhauster operation can be automatically terminated as a result of exhauster
operational issues. Operationally tripping the exhauster will automatically trip the
drill rig through the PLC on the truck. Similarly, the PLC also deenergizes the SOV
in the nitrogen purge enclosure, which stops the purge flow to the DS.

Operationally, the exhauster automatically shuts down under the following
conditions:

e Excessive negative tank pressure (-750 Pa or -3 in. w.g.).

e High differential pressure of 10 in. of water across the optional in-riser
prefilter.

e High differential pressure of 5.9 in. of water across the HEPA filter bank.
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¢ Exhaust stack flow greater than 250 scfm or less than 150 scfm.
A seismic event will not invoke automatic shutdown of the exhauster.

2.5.5.4. Gas-release Event
A gas-release event can be measured by the flammable gas detection system,
discussed in Appendix U, that is connected upstream of the exhauster, or by the tank
pressure system in the tank dome. The flammable gas detection system 1s setpoint-
limited at the equivalent of 5000 ppm hydrogen concentration, or a rate of tise of 100
ppm/second. The flammable-gas detection system is also required to provide a cut
off and alarm on out-of-tolerance conditions at 12,000 ppm ammonia for toxic
considerations. Likewise, an increase in the tank pressure of 2 in. w.g. above back
ground will trip the drill rig.

With out-of-tolerance conditions, the exhauster remains operational, but the drill
rig engine operation is terminated. Personnel evacuate the site, don protective
clothing, and can return to the tank for further equipment stabilization.

2.5.5.5. Emergency Response
All emergency conditions that could result in personnel injury or equipment
damage are handled by the PIC in the following manner.

o Direct personnel to attend to any injured personnel, and evacuate as
appropriate. Notify the fire department and the occurrence notification
center.

e Depending on the nature of the emergency, and at the discretion of the
PIC, stabilize the drill site as much as feasible commensurate with Section
2.5.5.14.

. Monitofing should be continued in support of all emergency activities.

e Evacuate personnel, and ensure the prevention of uncontrolled access to
the drill site area.

Notify the Sampling Operations and Tank Farms Shift Management of the
emergency.

2.5.6. Restart

Restart could be required for numerous reasons, including a power outage,
exhauster shutdown, loss of nitrogen purge, exceeding drilling setpoints, or even
starting a new work day. In general, the following conditions would be verified
before sampling is reinitiated. Restart following off-normal incidents should be
performed in a way consistent with the requirements of the Interim Safety Basis.
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e Complete the Daily Core Sample/Inspection Data Sheet as required by the
procedure. '

e Turn all breakers on the truck’s Core Sampler Power panel to ON.
Acknowledge all alarms, and reset all immediate alarms. Resume

exhauster operation. Resume sampling operations.
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3.0. IDENTIFICATION OF HAZARDS

This section presents the methodology and results of a hazards identification study
used to formally identify all hazards associated with the proposed action of the
installation, operation, and removal of rotary-mode core sampling (RMCS)
equipment in single-shell tanks (S5Ts) on the Flammable Gas Watch List (FGWL) or
those tanks recommended by the contractor to be included on the FGWL, hence
referred to as FG/RMCS operations. This process, called hazard identification, is
equivalent to the hazard analysis (HA) or hazard evaluation process in a safety
analysis report. The final product of this hazard identification process is a list of
design-basis accidents (DBAs) that will be examined in more detail in the accident
analysis section of the safety analysis (SA).

According to Ref. 1, hazard is defined as “A source of danger (i.e., material, energy
source or operation) with the potential to cause iliness, injury or death to personnel
or damage to an operation or to the environment.” A hazard is not an accident
initiator, cause or deviation. Rather, it is a property, typically radiological and
toxicological, inherent to the danger. Based on this definition, the hazards
associated with the FG/RMCS operations in flammable-gas tanks are summarized
in Table 3-1.

The major consequence of accidents in the flammable-gas SSTs is the release of
radioactive and toxic materials that might expose the public sector and/or on-site
personnel to unacceptable doses. Airborne, underground, and surface release
pathways are considered in the study. In addition, any structural damage of the tank
that would cause major damage in the dome area or leaks in the liquid region are
‘evaluated. Radiological and toxicological consequences resulting from dome
collapse are also evaluated in this safety assessment. Leaks below the waste level,
however, are identified as potential environmental hazards and the long-term
consequences are not evaluated.

3.1 METHODOLOGY

The guidance used to perform the hazard identification (or HA) is DOE-STD-3009
(Ref. 1). DOE-STD-3009 provides the following guidance on the requirements for a
complete hazards analysis. A complete hazards analysis should (STD-3009, p. 31)

1. Consider the complete spectrum of accidents that may occur as a result of
facility operations; :

2. Analyze potential consequences to the public and worker;
3. Estimate the likelihood of occurrence;

4. Identify and assess associated preventive and mitigative features;
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TABLE 3-1
SUMMARY OF POTENTIAL HAZARDS

HAZARDOUS MATERIALS

MATERIAL

LOCATION

FORM and QUANTITY

Flarnmable Gases

Stored in the waste with
potential release to

- the dome space,

- the drill string, drill unit
and shielded receiver

- the environment (above
ground)

Major species are hydrogen, ammonia,
methane, nitrous oxide (oxidizer), and
oxygen. Composition and quantities vary.

See discussions in Appendixes C and L.

Flammable Solids In the waste. Organic compounds with oxidizers.
and Liquids Composition and quantities vary.
See discussion in Appendix G.
Radioactive Solids In the waste Bounding dose is discussed in Appendix R.
and Liquids
Fissile Materials In the waste Bounding quantity discussed in Appendix R.

Toxic Gases Stored in the waste with Major species are ammonia and nitrous oxide.
potential release to the Composition and quantities vary.
environment. See discussion in Appendix C.
Toxic Solids and In the waste Bounding dose is discussed in Section 5 of this
Liquids SA.
ENERGY SOURCES ‘
ENERGY LOCATION FORM and QUANTITY
Electrical - Dome space - Various electrical equipment

(spark sources)

- Ventilation system
- Truck

- Above ground near risers.

- Material with potential electrostatic
charge built-up.

Mechanical
(spark sources)

- Dome space

- Ventilation system

- Above ground (near risers)
- Truck

- Inside the drill string

- In the waste

- Drill bit and drill string with kinetic
(rotational and linear) and potential energy

- Truck and other vehicles with kinetic
energy

- Moving parts with kinetic energy (pumps,
motors, etc.)

- Heavy equipment with potential energy
- Tools with spark potential

- Ventilation fan with kinetic energy

- Compressed gases

- Air motion caused by active ventilation
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TABLE 3-2 (cont)
SUMMARY OF POTENTIAL HAZARDS

ENERGY SOURCES
ENERGY LOCATION FORM and QUANTITY
Chemical - Tank - Propane tank
- Truck (on the tank) - Diesel and gasoline -
- Tank Farm - Lubricants
- Water and nitrogen added to the waste
Radiant Truck (on the tank) - X-Ray machine
- Waste samples
External Events Tank Farm - Lightning /Tomadoes/Heavy Rains
- High Winds/Dust Devils
- Earthquake/Volcanoes
- Range fires

5. Identify safety-significant structures, systems, and components; and

6. Identify a select subset of accidents to be formally defined in accident
analysis.

In the hazards identification performed for rotary-core mode drilling, four of the six
requirements listed above were met in full. Namely, (1) a complete consideration of
the spectrum of accidents, (2) analysis of the potential consequences, (3) estimation
of likelihood, and (6) identification of a select subset of accidents for accident analysis
(the end product for this hazard identification). However, two of the requirements,
(4) the identification of preventive and mitigative features; and (5) identification of
safety-significant structures, systems, and components, were only partially met. For
the rotary core mode drilling activity, hardware design and procedures were being
developed during the hazard identification (hazard analysis) process. Therefore, at
that time, preventive and mitigative procedures were not fully identified. By not
identifying the preventive and mitigative features, the identification of safety-
significant structures, systems, and components could also not be performed.
However, identification of preventive and mitigative systems is performed in the
design change/control implementation phase of this SA and documented in
Section 6. A list of equipment significant to safety is provided in Section 6.

Hazard identification is the first step in the safety analysis process. The goals of
hazard identification for this SA are a subset of the hazard analysis requirements
presented earlier, namely;

 Consideration of the complete spectrum of potential accidents,
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¢ Qualitatively assess the consequences to the worker and the public,
¢ Qualitatively estimate the frequency (or likelihood) of occurrence,

* Identification of a select set of representative and unique accidents (DBAs)
for further evaluation.

Because of the relative complexity of the rotary-core drilling system and its unique
intrinsic hazards, a detailed hazards identification study was performed censidering
all phases and aspects of the rotary-core drilling operation. The intent was to meet
the requirements of Department of Energy (DOE) Order 5480.23 (Ref. 2) to identify all
the hazards and accidents scenarios. The rotary-core drilling hazard identification
process was performed by a multidisciplinary team consisting of Los Alamos and
Westinghouse personnel, using a combination of two standard techniques, the
hazard and operability (HAZOP) technique and “what if” checklist techniques. The
operations examined were the installation of the equipment, the individual steps of
the rotary-mode sampling, and the removal of the equipment. The operation was
tracked in this way to ensure completeness of the HA.

At the beginning of the HA, the Westinghouse Hanford Company (WHC)
Characterization Project Engineering and Operations personnel presented and
described the operations. Subsequently a process-flow diagram was prepared to
describe all phases of the installation, operation, and removal of the rotary-mode
sampling equipment on a typical tank. Previous safety analyses, the available design
documentation, and the operating procedures were reviewed before another
meeting with FG/RMCS engineering and operations personnel. The hazards
analysis was developed based on the process-flow sheets and the questions that
resuited from the documentation review. Hazards identified in previous safety
assessments®*~* were reviewed and included in this study. The results of the
hazards identification study are documented in Appendix A.

The HA includes estimates of the frequencies and consequences of the hazards that
have been combined to provide a risk ranking. The risk ranking is one factor used
to select the accidents. The accident database was examined and nine accident classes
were selected for further analysis. Section 4 of this SA evaluates these nine accident
classes. Alternative groupings are possible, and inevitably the grouping in some
cases is not very clear. However, although the boundary between the groups may be
subjective, the grouping process was complete, and all of the identified hazards are
captured in these groupings.

This SA discusses all of the hazards identified and how they are managed to
acceptable levels of risk. Some of this will be a discussion of the design features and
controls. In some cases, analyses are used to show that the accident cannot happen
physically. Also, analyses are presented to quantify the bounding consequences in
the event that preventative and mitigation features are ineffective.
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3.2. RESULTS OF THE ROTARY-CORE DRILLING SYSTEM HAZARDS
IDENTIFICATION :

The hazard identification conducted for the proposed action examined three
processes; installation, operation, and removal of the rotary-core drilling unit. The
hazards associated with transportation, of a contaminated rotary-core drilling unit
or its auxiliary equipment from the tank farm or its ultimate decontamination and
disposal are not considered. Transportation of the cask where core samples are
stored also is not considered. These activities are included in the safety analysis
reports for site transportation waste storage, and handling (see Ref. 7), and are
subject to the applicable controls listed there. Operations evaluated included X-ray
examination and storing the core sampler in the cask.

The results of the hazards identification indicate that the potential contributors to
the release of radioactive and toxic materials and structural damage to the tank can
be categorized in nine general categories of accidents. In Appendix A, details of the
hazards identification and the general accident categories are presented. A total of
180 scenarios resulting in waste and toxic-gas releases were identified. The
individual accidents are evaluated based on their qualitative accident frequency and
resulting consequences. In Appendix A, a frequency and a dose class are assigned to
each accident in order to rank them. The dose rates indicated in Appendix A are
qualitative values. Likewise, frequency determination did not include a detailed
failure-rate evaluation, but qualitative frequency estimates are provided. Selection
of representative and unique accidents consider frequency and consequence in order
to rank individual hazards. These representative unique accidents are categorized
in nine groups based on their release characteristics. |

The results of the hazards identification process are summarized in Tables 3-2 to 3-
10. For each accident category, a separate table is given. The accident, the applicable
scenario, principal causes, and design safety features are given for each case.

Specific design-related features, primarily those provided to manage identified
hazards, are included because their failure may cause an accident.

The relationship between hazards and accident analyses is determined for each
accident in a given category. The accident analysis is cross-referenced to the section
in Chapter 4 where the potential accident is evaluated. In some cases, the same
accident analysis covers more than one hazard or initiator. In other cases, several
accident analyses will be required to assess the various manifestations of the hazard.

The following is the summary of the tables in which the different accident hazard
groups are summarized. Industrial hazards such as installations in the wrong tanks
or risers, operation of the liquid nitrogen tank, traffic accidents, slips, falls, etc., are
beyond the scope of this safety assessment.
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SUMMARY OF TABLES

Group , : Table
Aboveground fire | Table 3-2
Dome fire : Table 3-3
Drill string fire Table 3-4
Waste fire Table 3-5
Chemical reactions and criticality Table 3-6 -
Containment breach Table 3-7
Gas releases Table 3-8
Spills and radiation exposure Table 3-9-
External events Table 3-10
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TABLE 3-2
ABOVEGROUND FIRE HAZARD ASSESSMENT RESULTS
Accident Scenario Design Safety Features Analysis
Flammable- | e Flammable-gas o All eiectrical equipment in the exhauster Sec. 4.1.1.
gas " iease to | release from waste flow stream must be rated to Class-1, Div.-,
exhauster and | into exhauster and Group-B environment. S
bum ignition source. » Do continuous exhausting with spark-
¢ Ignition in the resistant fan. :
;’a‘::“‘tzte;:“;::m . }l}Jg:el.wavy-duty, ‘tear-resistant, conductive
dome (see Dome .
Fires) e Use re.dundancy/dlvermty in gas-release
detection system (flammable gas and
pressure). ’
Flammable | » Gas release through | # Use heavy-duty, tear-resistant, conductive |Sec. 4.1.2.
gas release torn hose hose.
through tom « Nonaualifi . .
qualified equipment behind deflectors
duct and bum or in enclosures.
Flammable- | e Flammable-gas e Inlet and exhaust have a stack height of 5 | Sec. 4.1.2.1.
gas release release from waste m (15 ft).
and b:m through openrisers |, A} electrical equipment near open risers
outside an and ignition source | ;¢ be rated to Class-1, Div.-I, Group-B
open riser ¢ Ignition above the environment or Class-1, Div.-II, Group-B
tank and burn back environment with automatic shutdown.
Ege?:)otanr::: gi(;:;e N2 purge of riser liner
Flammable- |« Flammable-gas e Use hydrostatic head purge in the shielded | Sec. 4.1.2.2.
gas release release from receiver.
and bum in shielded receiver, |, Electrical . . .
. , . _ equipment is designed for Class I,
shielded drill string, and Division 1, Group B in the shielded
receiver. ignition source. receiver.
e Spark-resistant mechanical RLU/sampler.
e Cable hoist structural strength prevents
RLU drop.
Flammable- | e Flammable-gas * X-ray sample liner is made of plastic. Sec. 4.1.3.
gas release release into X-ray | , No unqualified equipment in Class I,
and bum in machine and into Division 1 or Class 1, Division 2 space in x-
the X-ray or storage casks. ray machine. .
ask
c . e Liner is painted with conductive graphite
paint, and grounded and bonded.
Flammable- | e Flammable-gas ¢ No unqualified equipment in Class I, Sec. 4.14.
gas release accumulation or Division 1 or Class I, Division 2 space
and bum release from the loss
of electrical power
and ignition source
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TABLE 3-2 (cont.)

ABOVEGROUND FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario - Design Safety Features Analysis
Flammable- | e Release from * No credited design feature. Sec. 4.1.5.
gas release propane tank on
and burn nitrogen trailer
Flammable » Flammable diesel | e No credited design feature. Sec. 4.1.6.
material and | and gasoline fuel ~
bum
Equipment e Collision caused by | * No credited design feature. Sec. 4.1.7.
fire trucks and other

equipment
TABLE 3-3 ’
GAS RELEASE AND DOME FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis
Flammable | e Drill string break | ® Automatic shutdown on high flammable Sec. 4.2.1.
gas and bum : gas.

Flammable * Equipment, tools, or | ® Use spark-resistant tools. Sec. 4.2.2.
gas and bum drill string/
: component drop on
riser induces
mechanical spark.
Flammable e Equipment, tools, or | ¢ Pneumatic clamp is designed to fail closed. | Sec. 4.2.3.
gasand bumn dr_l“' * Use of spark resistant tools.
string/component )
drops on crust. e Use of locking collar
Flammable ¢ Frictional spark in | e Use stainless-steel sleeve in the riser. Sec. 4.24.
gasandbum | the riser. « Inject nitrogen into riser sleeve to prevent
hydrogen penetration.
¢ Automatic shutdown on loss of sleeve purge.
e Automatic shutdown on high flammable
gas.
« Unique connectors for sleeve purge.
Flammable e Electrostatic spark | Equipment grounded and bonded. Sec. 4.2.5.
gasand bum in the riser
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TABLE 3-3 (CONT)

GAS RELEASE AND DOME FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis
Flammable e Frictional spark e Drill bits do not have spark-inducing Sec. 4.2.6.
gas and burmn caused by drill bit carbide teeth. Cutting teeth are copper-

on crust based soft material.
¢ Drill bit design must be qualified by testing |-
to non sparking.
¢ Automatic shutdown on high rpm and down
force.
¢ Use of walkdown function and HBD.
Flammable | e Spark sources * All electrical equipment in the dome and | Sec. 4.2.7.
gasandbum |~ inthe dome ventilation system is rated for operations in
- in the Class-1, Div.-1, Group-B environment or
ventilation Class-1, Div.-Il, Group-B environment with
system, automatic shutdown.
- inconnected
tanks ,
Dust e Aerosol o Use of qualified exhauster. Sec. 4.2.8.
explosions accurmnulation '

39
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TABLE 3-4

DRILL STRING FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis
Flammable » Failure of sampler | e Sampler chevron seal. Sec. 4.3.1.
<gasui.n the chevron seal « Drill string purge gas.

i1l stri P

T SHE e Hydrogen diffusion |, Hydrostatic head purge. -

* 1’:Ia}ste in the drill | ¢ Shut down on low nitrogen flow.
rin
STrng o = Use of compatible material.
¢ Depressurization of
waste
¢ Loss of N2
» Incompatible
material
Flammable ¢ Drop impact on drill | ¢« Components within the drill string must be | Sec. 4.3.2.
gas and burn bit by sampler, qualified to the requirements of Appendix T,
in drill string | remote latch unit, or | or prevented from dropping.
grapple » Sampler chevron seal.
Flammabie s Ignition caused by | « Components must be qualified to the Sec. 4.3.3.
gas and burn assembly/ requirements of Appendix T
in drill string | disassembly of drill
strings
e Ignition by drill-
rod/quill-rod
adapter impact
Flammable ¢ Unqualified in the | e Electrical equipment meets Class 1, Div. 1, | Sec. 4.3.4
gas and burn drill head or SR Group B requirements
in the drill
string
Flammable ¢ Drill string failure | e Use N3 purge of drill. Sec. 4.3.5.
gas and burn
in drill string ¢ Sampler chevron seal
Ignition ¢ Friction ¢ Use N2 purge. Sec. 4.3.6.
source and bearings . . . _
flammable ¢ g EI;E/ grapple insertion rate limited to 1
gas in the *RLU ’
drill string ¢ Grapple
Flammable e Shear pin break ¢ Use N7 purge. ‘ Sec. 4.3.7.
gas in the . b lip.
drill string « Shear pin is replaced by a clip
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DRILL STRING FIRE HAZARD ASSESSMENT RESULTS

TABLE 3-4 (cont.)

Accident Scenario Design Safety Features Analysis
Detonation ¢ Flammable gas | e Sampler chevron seal. Sec. 4.3.8.
and ejection ignition in the drill{ , gjectrical equipment meets Class-1, Div.-],

string Group-B requirements.
e Shut down on low nitrogen flow. ~
e Components within the drill string must be
qualified to the requirements of Appendix T,
or prevented from dropping.
e Use of compatible materials.
Ignition  in| e Lightning strike » No credited design feature. Sec. 4.3.9.
the drill
string caused
by lightning
strike
Ignition  in|eStatic  electricity | ® Maintain continuous contact with metal and | Sec. 4.3.10.
drill  string| between O-rings is bonded.
caused  by|,seatic electricity on | Sampler design maintains contact with drill
static the Frisbee string.
electricity
TABLE 3-5
WASTE FIRE-HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis
Drill bit e Loss of N2 e Automatic shutdown on loss of N2 purge. Sec. 44.1.
over- « Down force * Automatic shutdown on high RPM.
temperature . )

« Rotational speed * Automatic shutdown on high downforce.

e Low penetration « Use bottom detector and walkdown function.

rate e Automatic shutdown on low penetration rate

Exothermic * Incompatible ¢ Use of compatible material. Sec. 4.4.2.
reactions materials
Impact on e Drop of drill string | ® No credited deesign feature.. Sec. 4.4.3.
crust of waste | or tool
Gas fire under | @ Spark induced with | e Components in contact with the waste must | Sec. 4.4.4.
surface drill bit impact be qualified to the requirements of

e Inadvertent increase
in forceand rpm

Appendix T.

¢ Automatic shutdown on high rpm, down
force.

¢ Automatic shutdown on low nitrogen purge
flow and penetration rate.
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TABLE 3-6
CHEMICAL REACTIONS AND CRITICALITY HAZARD RESULTS
Accident Scenario Design Safety Features Analysis
Criticality e Drilling operation | e No credited design feature Sec. 4.5.1.
Gas release| » Water addition e Limited supply of water. Sec.45.2.
caused by * Temperature control on water heater. ~
water
addition
Exothermic |eDrill bit frictional | « Carry out N2 purge during rotation. Sec. 4.5.3.
runaway energy ¢ Automatic shutdown on high rpm, and down
reactions e Water addition force.
‘r:;iit:g * Loss of N2 purge « Automatic shutdown on low penetration rate
o Plugged purge holes and nitrogen purge flow.
Energfy e Frictional heating | ;&utomatic shutdown on high rpm, and down | Sec. 4.5.4.
transter orce.
o/from  the " Hoss of Nzpurge ¢ Automatic shutdown on low penetration rate
waste and nitrogen purge flow.
Impact ¢ Drilling « No credited design feature. Sec. 4.5.5.
:gnsitive « Pushing
3-12 August 8, 1996




WHC-SD-WM-SAD-035, Rev. 0-a

TABLE 3-7
CONTAINMENT BREACH HAZARD ASSESSMENT RESULTS
Accident Scenario Design Safety Features Analysis
Dome » High static loading | ® No credited design feature. Sec. 4.6.1.
Loading e Dynamic loads
e Truck falls off
platform ~
e Crane drop
Vacuum ¢ Exhauster failure | ¢ Automatic shutdown on exhauster with Sec. 4.6.1.
« Inadvertent closure | high vacuum.
of inlet riser * Seal loop on breather filter.
Tank bottom | e Drill into bottom ¢ Use hydraulic bottom detector. Sec. 4.6.2.
penetration |, Drill string drop « Use soft drill bit material.
and penetration e Automatic shutdown on high down force.
¢ Use of pneumatic foot clamp.
Drill-string | » Excessive down force | » No credited design feature. Sec. 4.6.3.
break » Excited frequency
Riser damage | » Equipment * No credited design feature. Sec. 4.6.4.
(conductive sleeve
and drill string) and
tool drops
Side ¢ Drill string failure | e No credited design feature. Sec. 4.6.5.
penetration :
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TABLE 3-8
GAS RELEASE WITHOUT BURN HAZARD ASSESSMENT RESULTS
Accident Scenario Design Safety Features Analysis
Toxic-gas o Drilling operations | ¢ Automatic shutdown on high gas Sec. 4.7.1.
release e Multiple release concentration.
modes  Use exhauster stack for worker protection.
e Additional Nj ¢ Use of inlet breather filter stack. -
purge
Unfiltered e Ventilation failure |e Use of qualified exhauster HEPA and Sec. 4.7.2.
release « Tank pressurization breather HEPA filters
Stearn release | « Drill temperature | ® No credited design feature. Sec. 4.7.3.
induces steam
N, addition |e Accumulation in e Use of qualified exhauster. Sec. 4.7.5.
waste causing a gas- | 4 Automatic shutdown on tank pressure and
release event gas concentration.
¢ Ammonia scrubbing
TABLE 3-9
SPILLS AND RADIATION EXPOSURE HAZARD ASSESSMENT RESULTS
Accident Scenario Design Safety Features Analysis
Exhauster « HEPA failure e Use AP limits. Sec. 4.8.1.
releases » Use high- and low-flow shut down
exhauster.
¢ Loss of exhauster flow shuts down N2 and
drill.
Exhauster ¢ HEPA failure e Use AP limits. Sec. 4.8.2.
continuous e Use high- and low-flow shut down
release after exhauster.
filter failure
* Loss of exhauster flow shuts down Nz and
drill.
Inlet duct o Breather HEPA * No credited design feature. Sec. 4.8.3.
failure filters fail
Aerosol e Loss of ventilation |« Use of qualified exhauster. Sec.4.7.2.
ﬂ:“t’da“d failure to |, {jge of breather inlet HEPA filter stack.
W pur:
Shuldown purge o Use of exhauster stack.
Sprays e No initiators  No credited design feature. NA
Drop sampler | « Operational hazard | e No credited design feature. Sec. 4.84.
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TABLE 3-9 (cont.)

SPILLS AND RADIATION EXPOSURE HAZARD ASSESSMENT RESULTS

Ac dent Scenario Design Safety Features Analysis
Open sampler | ¢ Stuck ball valve e Use viewing window. g Sec. 4.8.5.
¢ Use transfer to shielded cask through closed
system.

Spill in core | « Waste accumulation | ¢ Cable spray washer. “Sec. 4.8.6.
barrel in core barrel
Drop of con- | ¢ Ineffective ¢ Spray wash system. Sec. 4.8.7.
taminated decontamination
drill string and drop
Radiation ¢ High loading in ¢ No credited design feature. Sec. 4.88.
exposure HEPA

* Spills

e Open riser

e Failure of

decontamination

e Operator error /equipment drop

TABLE 3-10
RESULTS OF HAZARD ASSESSMENT FOR EXTERNAL EVENTS
Accident Accident Scenario Design Safety Features | Analysis

Lightning e Ignition of flammable gases ¢ No credited design feature. | Sec. 4.9.1.
Winds ¢ Flow induced vibration ¢ Conductive duct. Sec. 4.9.2.

e Static electricity buildup ¢ Heavy skid.

¢ Spread of contamination ¢ Exhauster stack and inlet

Opct o spnaimy | b MR oty
Range fires | @ Ignition of flammable gases ¢ No credited design feature. | Sec. 4.9.3.
Seismic e Tank failure « No credited design feature, | Sec. 4.9.4.

e Gas-release event
Tornadoes « See lightning /flooding /high winds | e No credited design feature. | Sec. 4.9.5.
Flooding/ * Tank overfill * No credited design feature. | Sec. 4.9.6.
heavy rains | ¢ Equipment malfunction

« Operator errors
Volcanoes * Flooding, gas ignition, dome loading | ¢ No credited design feature. | Sec. 4.9.7.
Dust devils | « Spread of contamination * No credited design feature. | Sec. 4.9.8
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4.0. HAZARD ANALYSIS

In Section 3, the hazards associated with the installation, operation, and removal of
rotary-mode core sampling (RMCS) equipment in single-shell tanks (SSTs) on the
Flammable Gas Watch List (FGWL) or those tanks recommended by the contractor
to be included on the FGWL, hence referred to as FG/RMCS operations, were
identified, and the resulting accidents were grouped into nine categories. In
Section 4, each accident category is quantitatively discussed in the following
subsections:

¢ Section 4.1: Aboveground Fire Accidents
¢ Section 4.2: Dome Fire Accidents

e Section 4.3: Drill String Fire Accidents

e Section 4.4: Waste Fire Accidents

e Section 4.5: Chemical Reactions and Criticality Accidents

s Section 4:6: Containment Breach Accidents

e Section 4.7 Gas Releases without Burn

e Section 4.8: Spills, Releases, and Hazardous Material and Radiation
Exposure

e Section 4.9: External Events

Radiological and toxicological consequences of the above accidents are discussed in
Section 5 of this safety assessment (SA).

In this section, the frequencies are estimated and discussed for each accident in the
corresponding subsection. Both the unmitigated accident frequency (UAF) and the
mitigated accident frequency (MAF) for each accident are provided in which credit is
taken for the administrative controls established in this safety assessment (SA) and
in other safety basis documents. In Appendix D, the equipment reliabilities are
computed for each FG/RMCS activity. An FG/RMCS activity is defined to include
preinstallation equipment setup, installation of the FG/RMCS equipment, the
collection of a complete set of core samples representing an entire tank depth, and
removal of the FG/RMCS equipment. One hundred forty-four hours are required
to complete an entire activity. Within this 144-h period, 40 h (approximately 2
samples collected per shift) are required to retrieve the 11 samples (based on an
average SST waste depth). Total drilling time is approximately 4 h (20 min. per
sample). Exhauster and truck shutdown instrumentation systems and calibration
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are checked and calibrated every six mor}ths. Assuming there are two FG/RMCS
activities per year per tank, the accident frequency is calculated per year per tank.

There are several key assumptions that underlie assigning a probability to a given
event (Appendix E). The probability of a human error was assumed to be 0.003 based
on assumptions defined in NUREG-CR-4772' and listed in Appendix E. FG/RMCS
operations are required to comply with these assumptions. Therefore, they are

listed in Section 6é as administrative controls. -

Also considered in determining the accident frequencies is the probability of
phenomenological events such as gas-release events (GREs), fraction of the waste
causing propagating exothermic reaction, spark generation, and propagation of fire
into the dome or into the waste.

The major hazard associated with FG/RMCS operations in flammable-gas tanks is
the existence of flammable material. Consequently, four of the nine accident
categories identified in the SA are burn scenarios, which generally result in the
highest radiological and toxicological consequences because a dome space
deflagration in an SST is likely to result in a catastrophic dome failure (see Section 5
of this SA). : '

To eliminate a fire hazard, either the fuel, the oxidizer, or the ignition source must
be eliminated or controlled, and for the safety of FG/RMCS operations, one or more
of these factors is controlled under different conditions. Each identified ignition
source was analyzed and is discussed in terms of how each is managed by either
controls or design safety features. In analyzing the fire risk associated with the
proposed FG/RMCS activities, the following multistep approach was used in the
following specified order:

1. The most important issue was to develop and implement a spark-
management strategy that is appropriate for a hazardous flammable-gas
environment. In summary, the spark-management strategy provides a
minimum of two protective system barriers against spark sources
(including mechanical sparks) so that no single failure leads to a sparking
condition. The details of the spark management strategy are summarized
in Appendix B.

2. After implementing the spark-management strategy, the reliability of the
equipment used to protect against fire accidents was quantified (Appendix
D). Considering the type of operation, failure probabilities on the order of
104 to 10> per activity for the protection systems were used to provide
reasonable assurance that all practicable preventive measures would be
taken against burn accidents.

3. After completing the first two steps, the probability of a GRE was
introduced to assess realistic accident frequencies. In this SA, GRE is
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defined as any gas release that exceeds the steady-state releases in the SSTs
by either volume or rate. The probabilistic model of GREs is discussed in
Appendix L.

It is recognized that the order of steps differ from the order one would use to
quantify the event trees. Typically, the GRE would be the initiating event and the
probability of a burn accident would be the product of the following sequence
probabilities: '

~

Burn Probability = (Probability of a GRE causing flammable conditions locally)
x (Failure probability for the protective system)
x (Probability of a spark that can ignite the gas mixture)
x (Probability of flame propagation). |

However, in the beginning of the SA process, it was recognized that there is much
uncertainty in the magnitudes and probabilities of a GRE for the SSTs as defined in
the first term of the above equation, and that design decisions and design controls
could not be based on a poorly quantified event probability. Therefore, our initial
assumption was that the probability of a large GRE is high, and that flammable gases
exist continuously in the areas where potential spark sources are located. Thus,
design-changes and design-controls were conservatively developed without taking
credit for the GRE probabilities.

System reliabilities are estimated in Appendix D. Table 4-1 gives a summary of the
system reliability quantification (see Appendix D for details). Frequency estimates
for the initiating event are given for the activity. These frequency estimates are
used in event trees for the postulated accidents discussed in this section to
determine the accident frequencies. The final accident frequency estimates are also
listed in Appendix E.

After completing the assessment of equipment reliabilities, the GRE probability was
evaluated. Based on the analysis provided in Appendix L, it is assumed that GREs
would occur during the FG/RMCS operations. However, the frequency of having a
resulting flammable-gas concentration exceeding the lower flammability limit (LFL)
in the dome space with the dome pressure being positive is estimated as 7.0E-5 per
activity. The bounding period of the dome concentration being greater than the LFL
limit during the FG/RMCS operations was computed to be <0.12 min./activity,
assuming that the ventilation system is continuously operational during a GRE.
The time period during which the LFL is exceeded (time-at-risk) divided by the 144-
hour mission time of FG/RMCS operations per activity is 1.4 x 10-5, which is the
probability of a GRE during FG/RMCS activities for accidents involving a random
spark. For certain accidents, the GRE probability based on the exposure period to
flammable gas is not adequate. These are accidents in which the spark sources are
not random in time. In those accidents, the GRE probability of causing the dome
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pressure to be positive is more appropriate. Thus, depending upon the accident
scenario, a GRE probability of 7.0E-5 or 1.4E-5 is used.

TABLE 4-1
SUMMARY OF SYSTEM RELIABILITY QUANTIFICATION

Initiating Event Frequency Probability of Subsequent Failures Frequency
(1/activity) 1/activity)
Excessive force used while taking any Failure to detect excessive force and stop 4.3E-5

sample except last sample, 0.05 per drill, 7.9E-5.
_samnle (055 tatal for 11 samnles.

Excessive force used while taking last | Failure to detect excessive force and stop 4.0E-6
| sample ,0.05. drill, 7.9E-5.

Total for excessive force with failure to stop drill. 4.7E-5

High H2 level in exhauster, 1.0. Failure to detect hydrogen, 7.6E-4. Failure 7.6E-4
to detect hydrogen and trip the drill string 1.6E-3
1 6E.3

High H2 rate of rise in exhauster, 1.0. | Failure to detect hydrogen, 7.6E-4. Failure 7.6E-4
to detect hydrogen and trip the drill string 1.6E-3
1AF.3

High dome pressure caused by H2 Failure to detect hydrogen, 7.7E-4. Failure 7.7E-4

release, 1.0. to detect hydrogen and trip the drill string, 1.7E-3
1.ZE=3

Hpy from waste, 1.0. Failure of drill string N, hydrostatic 6.4E-3
system, 6.4E-3.

H> from waste, 1.0. Failure of shielded receiver N, hydrostatic 6.4E-3
system, 6.4E-3.

H2 from waste, 1.0. Failure of both drill string N, hydrostatic 6.9E-4

system and shielded receiver N,
hyvdrostatic sustems 69E-4

Drill string held above waste with foot | Foot clamp drops drill string onto waste 3.0E-5
| clamp, 1.0 surface, 3.0E-5.

Excessive rpm during drilling , 0.011. Failure to trip drill string on excessive rpm, 6.8E-6
6.2E-4. ‘

Perform drilling operation, 1.0. Total loss of N, cooling and failure to stop 3.3E-6
drill, 3.3E-6.

Perform drilling operation, 1.0. Loss of drill bit N, cooling from N, bypass 1.6E-5
leakage, 1.6E-5.

Total for overheating drill bit caused by inadequate N, cooling. 1.9E-5

Take a sample, 11.0. Failure of rotary valve in sampler to 1.1
completely close. 0.1

Perform drilling operation, 1.0. Failure of sampler chevron seal. 3.3E-2

H7 from Waste, 1.0. Failure of H, sniff in drill string, 4.6E-3 4.6E-3
(3.0E-3 operator, 1.6E-3 hardware).

Excessive filter DP , 1.0. Fail to trip exhauster on filter DP, 2.6E-3. 2.6E-3

Contact rock in waste, 0.1. Failure of penetration rate and failure of N, 3.3E-7

cooling to drill bit systems, 3.3E-6.
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The third term in the burn probability equation is the probability of a spark, which is
also not easy to evaluate for a general case. It was assumed that the probability of a
spark is high, given that flammable conditions exist near nonqualified electrical
equipment. Sparks caused by materials with potential electrostatic discharges are
also assumed to occur with a probability of 1.0 when the environment is flammable.
Ignition as a result of sparks caused by mechanical impacts and drops are, in general,
evaluated by performing mechanical ignition tests.

Propagation of a fire from the tank top into the tank dome is assumed to be likely
for certain accidents (especially for gas releases through openings at the top of the
tank). The velocity of the released gas could be small enough to allow fire
propagation to occur.

In the following subsections, the accidents of concern are quantitatively discussed.
In each subsection, the accident, its causes (dominant failures), and mitigation or
credited assumptions or controls are defined in evaluating accident frequencies.
The accident frequency based on credited assumptions or controls is defined as the
MAF. The UAF does not consider the effects of credited assumptions or controls
listed in Tables given in the rest of this section. Appendices D and E provide the
details of how the UAFs and MAFs are obtained. Appendix E provides two sets of
event trees; one for mitigated accidents and one for unmitigated accidents. The
- mitigated and unmitigated accident frequencies are given in the summary tables
and used primarily to identify the level of the controls.

4.1. ABOVEGROUND FIRE ACCIDENTS

Accidents in this category include all fire initiators on the top of the tank for which

FG/RMCS activities are performed. For this accident scenario, it is postulated that

waste-intrusive FG/RMCS operations may cause a large GRE resulting in a

flammable-gas environment above the tank through possible leak paths. If a fire
occurs at the top of the tank, it could propagate into the tank dome. The fire

propagation into the tank may result in structural damage to the tank and in

significant material releases.

41.1. Flammable-Gas Release to Exhauster and Burn (Ignition in the Exhauster,
Electrostatic and Electrical/Mechanical, and Other Spark Sources,
Operation, and Removal)

Preinstallation and installation phases do not include waste-intrusive activities.
Therefore, a gas-release event is not expected in single-shell tanks during these
phases. Westinghouse Hanford Company (WHC) standard controls require
verification that the tank dome does not have flammable gas before starting the
installation phase. The preinstallation phase also includes testing of critical alarms.
The exhauster and its safety system, as briefly discussed in Section 2, are required to
be operational during FG/RMCS operations, including drilling and sample retrieval
activities. Drilling starts by turning the nitrogen purge flow to the drill bit at a rate >
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30 scfm. Any time the nitrogen purge flow is terminated, a 16-hour, post-drilling
exhauster operation is required. During this period, sample retrieval, or other
FG/RMCS-related activity could occur. If drilling is resumed during this period, the
16-h requirement must be reestablished after termination of the nitrogen purge
flow. The 16-h requirement corresponds to the time in which the equivalent of 4
dome-volumes is circulated at a minimum nominal flow rate of 200 scfm, primarily
to remove aerosols and flammable-gas accumulations created during the drilling.
To completely circulate the equivalent of one dome volume, the exhauster needs to
operate approximately 4 hours. It is expected that the 16-h post-d-rilling exhauster
operation will remove more than 95% of the accumulated aerosol and flammab:e
gases.

The exhauster must be turned on at least one hour before drilling begins in order to
* Mix any potential flammable-gas pockets,
* Reduce the flammable and toxic-gas concentrations,
* Obtain flammable-gas concentration and pressure data, and
* Perform flammable-gas meter verifications as necessary.

In the current system design, when the flammable-gas detection system detects
concentrations higher than those specified in this SA, exhauster operation is
continued without interruption while the drilling operations are automatically
terminated through a separate interlock. The exhauster will be operational during
and after a GRE until the flammable concentration falls below acceptable levels.

There are numerous ways to initiate a fire in the exhauster. The possible ignition
sources in the exhauster are as follows:

1. Static electricity from the flexible duct or other parts of the exhauster,
2. A lightning strike to the exhauster,

3. An electrical spark from nonqualified electrical equipment,

4

. Mechanical frictional sparks from crane load or other heavy equipment
/tool drops on the exhauster (note that in order to damage the duct it is
not necessary to have drop accidents involving cranes; any other.
equipment drops can cause damage to the duct), and

5. Mechanical frictional sparks from the fan and housing contact.

The first four causes are independent of whether the ventilation system is active or
not.
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4.1.1.1.  Static Electricity

Static electricity in the flexible exhauster duct is managed by grounding the
conductive duct and exhauster to the tank using WHC standard controls for
grounding and bonding. The flexible duct is 1/32 in. thick and made of neoprene
over a polyester base, and is conductive from the inner to the outer layer.”? Vendor
information indicates the conductivity of the duct material is 100,000 ohms per
square inch, which is within the standards issued by the Institute of Electrical
Electronics Engineers (IEEE) 142-1991° paragraph 3.2.6.2, which states that a
resistance of 1.0E6 ohm is adequate for static grounding. Robinson* measured the
resistivity of the conductive duct (across the 10-in. diameter of the duct). In all
samples the resistivity was measured between 500 and 900 ohms. These values are
much lower than 1.0E6 ohm/in® required to prevent static build up. Therefore, the
conductive duct meets the requirements of IEEE standards and is not expected to
cause a static electricity discharge.

Failure to bond/ground the exhauster duct is unlikely because the duct is connected
at both ends to the metal flanges of grounded and bonded components. Mechanical
failure of grounding also is considered unlikely. The procedural steps requiring a
physical inspection of the ground system before the operation help prevent this
failure. Procedural steps requiring the physical inspection of the resistance between
the exhauster and the tank are performed by WHC as a standard requirement.

Materials such as plastic bags must be carefully controlled because of the potential
for static sparking.

Based on these considerations, static electricity concerns associated with the
exhauster flexible duct are considered to be properly managed and will not cause a
burn accident.

4.1.1.2. Lightning
Details of a lightning strike and a burn accident initiated by lightning strikes are
provided in Section 4.9.1.

4,11.3. Electrical Spark from Nonqualified Electrical Equipment

Appendix Bconcludes that the tank dome space must be treated as a Class-I, Div.-1,
Group-B environment during active waste-intrusive FG/RMCS operations. The
FG/RMCS exhauster flow path has a direct path to the tank and therefore is also
treated as a Class-I, Div.-1, Group-B environment.

Emission control requirements for the exhauster are not discussed in this SA, but
based on the information provided by WHC, Washington State permits exhauster

operation without stack monitoring.’

All of the electrical equipment in the exhauster air stream is either intrinsically safe
or deenergized. The fan motor is outside the exhauster duct. The shaft between the
motor and exhauster fan is purged with nitrogen. The measurement devices for
exhauster flow and the differential pressure across the high-efficiency particulate air
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(HEPA) filter unit are electrical components that have been made intrinsically safe.
The exhauster has a heater to prevent -~ondensation in the HEPA filter. The heater
was originally an electric heater but ha »een replaced with a heat exchanger driven
with hot water supplied by a heater loc  2d in an unclassified area.

Based on these design features, it is believed that an electrical spark in the exhauster
is not considered as a credible initiator of a burn accident.

~

4114. Mechanical Sparks

One credible mechanical, frictional spark source can result when heavy equipment
or tools are drooped on the exhauster or flexible duct. Generally, WHC has a
standard practice of not transferring heavy equipment and tools over the exhauster
or other equipment critical to safety. Administrative controls prohibiting the
transport of equipment over the exhauster are established in the SA to manage this
source of frictional sparking.

The frequency of a fire accident as a result of dropping equipment on the exhauster
during operation is determined as 9.5E-12/yr in Appendix E, and that value is very
low. The accident is caused by failure to terminate the lifting operation, given a
high tank dome pressure, hydrogen concentration, or a high rate of hydrogen
concentration increase, failure to observe lift-over-tank control, and a crane load
drop and exhauster impact.

Another mechanical spark source is the exhauster fan that is built to the Air
Movement Division of the Air Movement and Control Association (AMCA)
Standard 99-0401-86.° The standard requires the following:

All parts of the fan in contact with the air or gas being handled should be
made of nonferrous material. The hole where the shaft passes through
must be made so that ferrous materials could not rub. Steps must be taken
to ensure that the impeller, bearings, and shaft are adequately attached
and/or restrained to prevent lateral or axial shift in these components.
The fan must be so constructed that a shift of the shaft or impeller must
not allow two ferrous parts to rub. No bearings, drive components, or
electrical devices must be placed in the air or gas stream unless they are
constructed or enclosed in such a manner that failure of that component
cannot ignite the gas.. However, the customer must accept both the type
and design with full recognition of the potential hazard and the degree of
protection required.

The WHC fire protection engineer has determined that the construction
requirements for AMCA Type A adequately address the spark-resistant criteria in
National Fire Protection Association (NFPA) 91. However, there is no requirement
to demonstrate that if the fan and housing come into contact because of bearing
failure, the contact is not capable of igniting a potential flammable atmosphere. For
the frequency of this event, it is assumed that if a bearing fails 10% of the time, it
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results in contact between the fan and the housing, with a conditional frequency of
6.4E-10/yr. ‘

However, this event is not considered a credible source of ignition because WHC
performed an assessment study, including a literature survey, on the possibility of
generating sparks as a result of aluminum fan-to-aluminum housing impact.’
Based on the findings of this study, the following recommendations are made:

™~
¢ Fan material should be made of aluminum alloys containing less than
0.8% Mg,

e The housing or any place where impact of the fan is possible should not
include iron alloys,

s All surfaces should be aluminum, and

e Any lubricant that may cause sparking should not be used on surfaces
where impact is possible.

The exhauster fan meets all the conditions recommended above. In addition,
Appendix P investigates the possibility of a hot spot for rubbing aluminum surfaces
and found no credible evidence to conclude that if the fan mechanically fails and
impacts the housing, sparks capable of igniting hydrogen-air and hydrogen-nitrous
oxide mixtures could be created. Although the vendor did not have data to confirm
this conclusion, they confirmed that there have been no accident reports indicating
this type of failure. Consequently, it was concluded that the failure of the fan is not

a credible initiator for a burn accident, and the frequency is designated as << 10-6/yr.

4.11.5. Summary of Exhauster Fires

Table 4-2 summarizes the above discussions. The bounding accident frequency for
exhauster fires is 1.1E-10/yr caused by lightning strikes. For bounding consequences,
it was conservatively assumed that a fire initiated in the exhauster would propagate
into the dome, resulting in a dome collapse accident, as discussed in Section 5 of this
SA.

4.1.2. Flammable-Gas Release Through Torn Duct and Burn (Operation)

This event postulates a GRE occurring at a high rate, creating a positive tank
pressure, which results in an ignition of flammable gases that have escaped through
the torn exhauster duct. The ignition source for this scenario is potentially
nonqualified electrical equipment at the exhauster skid and around the exhauster
duct.

If the exhauster duct has torn and a GRE occurs, some region around the duct must
be assumed as a Class-I, Div.-2 environment, based on the diameter of the leak. The
undetected leak diameter is assumed to be < 1 in. Based on the criteria given in
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Appendix B, nonqualified equipment with no automatic shut-down features should
be 18 in. away from the leak. Therefore, an exclusion zone should be established 18
in. from each side of the exhauster. duct, and no equipment with sparking potentic’
should be placed within this exclusion zone. This control protects the tank from fire
initiated through a torn duct. All electrical equipment currently on the skid not
meeting Class-1, Div.-1 requirements is protected by enclosures, and most is 18 in.
away from the point where the exhauster duct is attached to the metal flange near

the heater. , -
TABLE 4-2
SUMMARY OF FIRE ACCIDENTS IN EXHAUSTER
Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures MAF Values
Lightning strike causes | MAF and UAF | Random lighting strike Do not drill if a lightning
dome fire. << 1.0E-06 hits risers or other strike is observed within
equipment on top of tank | a 50-mile radius.
that connects to tank
interior.
Drop of equipment MAF and UAF | Equipment is dropped No equipment lifts over
from crane onto << 1.0E-06 from crane onto exhauster. | exhauster.
exhauster leads to
dome fire.
Ignition of flammable | MAF and UAF | Failure of fan bearings No controls are credited.
gas in the exhauster is | << 1.0E-06 results in fan housing
caused by fan failure. mechanical sparking.

Even though the flexible duct is heavy and difficult to tear? the following
requirements are established to prevent duct damage. The flexible duct must be
made stationary before operations start to prevent any motion that may result in
damage to the duct when there is a strong wind. A control requires the termination
of FG/RMCS operations when the sustained wind velocity is greater than 25 mph
because of concerns about possible structural failure of the flexible duct. A control to
inspect the flexible duct for possible leaks before operations begin also is established,
as well as the control to preventing the transport of any equipment or tools over the
exhauster or duct. '

The MATF is calculated as 14E-9/yr, and the UAF is 5.6E-8/yr, as discussed in
Appendix E. Note that no credit was taken for the probability of the propagation of
fire into the dome. Dominant failures are summarized in Table 4-3. The
consequence of this accident is conservatively considered to be the dome collapse
discussed in Section 5 of this SA.
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TABLE 4-3
ABOVE-TANK FIRE ACCIDENTS CAUSED BY TORN EXHAUSTER DUCT
Frequency of ‘ Controls Credited in
Failure Dominant - Calculating UAF and
Accident 1/yr Failures MAF Values
Tear in the exhauster | MAF = 1.4E-9 Big tear occurs in the duct | Inspect the duct for tears
duct exposes during operation. before operation.
flammable gas to UAF = 5.6E-8
nonqualified electrical Tear in the duct is not Locate unqualified
equipment leading to detected. equipment at a distance
dome fire. >18 in. from exhauster
duct, or provide
deflectors/enclosures for
equipment located within
18 in.

4.1.2.1. Flammable-Gas Release through Open Riser (or Possible Leak Paths)

Driven by Gas Release Event and Burn (Operation and Removal)
This event postulates that a large GRE occurs, releasing flammable gas from
openings in the tank, exposing the flammable gas to equipment with possible spark
sources, resulting in a fire on top of the tank. This event is of concern during
operation and removal phases of FG/RMCS. None of the auxiliary support
equipment on top of the tank is qualified to operate in a flammable-gas
environment.

Preventing flammable-gas exposure to this equipment is managed in several ways.
Open paths from the tank dome to the tank top include the exhauster stack, the
breather inlet riser, open risers, drill string riser, and other possible tank leak sources
(unsealed risers, pits, etc.). It is assumed that inspection of tank top penetrations for
potential leak paths will find leak paths with a 1-in. effective leak diameter.
Therefore, it is assumed that undetected leak paths with a 1-in. effective leak
diameter could exist. Therefore, the top of the tank must be examined to identify
leaks other than risers used for passive/active ventilation, and when identified,
leaks greater than or equal to 1-in. effective leak diameter must be sealed.

A portable stack over the breather inlet HEPA system will be used during waste-
intrusive FG/RMCS operations The portable stack is at least 15-feet tall, has an
upper 4-in. diameter, is sealed at the ground level, and is grounded. The purpose of
using a portable stack over the breather inlet is two-fold:

¢ The gas release would be released through the stack, resulting in increased
atmospheric dilution and reducing the toxicological consequences of a
GRE.

4-11 August 8, 1996



WHC-SD-WM-SAD-035, Rev. 0-a

e Any nonqualified equipment on the top of the tank around the breather
inlet HEPA system would be protected from flammable-gas exposures.

The positioning of the drill truck, the X-ray machine, the light plant or other
auxiliary equipment that could be a spark source is based on the criteria given in
Appendix B. It is required that any nonqualified electrical equipment must be
placed at least 36 diameters away from an open riser during waste-intrusive
operations. If a GRE occurs, immediate personnel evacuation is required,_

Another control also requires that when the drill truck needs to be parked over an
unused, closed riser or pit, the riser or pit must be sealed. Note that the riser or pit
considered here is not the riser being sampled but the one that the front part of the
truck is parked on. If the truck is parked over an unused riser or pit, the potential
spark location is not considered random, and no credit can be taken for the
probability of a random placement. However, the leak size from pit or riser is
assumed to be no bigger than 1 in. There are at least 3 feet between the top of the
pit/riser and any potential ignition sources on the truck. A control was established
to make sure the distance between potential ignition sources on the truck and the
top of the pit/riser is > 36 in. Combining the failure probability to seal the riser/pit
and violate the 36 in. distance criteria and the GRE probability that makes the dome
pressure positive, the accident frequency is determined as 2.1E-8/yr. This frequency
is low. However, the unmitigated frequency becomes 1.4E4/yr if the control to seal
the riser/pit and 36 in. distance criteria are not implemented. :

The flammable-gas release could occur from other unused risers if they have
undetected leak paths. The control requiring the examination of risers before
operations reduces the probability of having an unknown open path. It is assumed
that leaks from threaded junctions, flanges, and cover plates could be identified with
an effective leak diameter greater than 1 in. If a GRE occurs and nonqualified
equipment is located close to these unknown openings, the accident frequency of an
above-tank fire becomes 1.8E-7/yr. This frequency includes the probability of a GRE
based on exposure time (Appendix L) and the probability of a temporal random
spark. It also assumes that 50% of all risers on the top the tank leak after the initial
inspection is performed. The existence of a spark on the equipment located around
-risers is also assumed. The unmitigated accident frequency is 2.8E-5/yr for this
accident scenario; therefore, the control requiring that leaks be l1m1ted before the
FG/RMCS operation is important.

The last accident scenario includes the ignition of a flammable-gas release from an
intentionally opened riser during FG/RMCS activities. This may be needed for
other daily activities. Appendix E gives the event tree for a fire accident. A control
is required not to place any nonqualified equipment within 36 diameters of the riser
being opened during waste-intrusive operations. Considering this control and a
GRE probability based on exposure time including a temporal random spark, the
mitigated accident frequency becomes 4.2E-8/yr. This number is conservative
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because it was not considered that the riser may be open for only a fraction of the
mission time. The unmitigated accident frequency is 1.4E-5/yr.

The combined mitigated frequency of these three events is 24E-7/yr. Note that the
fire propagation into the dome conservatively is assumed to be 1.0. This number is
conservative because it is assumed that nonqualified equipment does include a
spark source and the probability of a random spark in time is based on a

conservative dome concentration. -

Positioning the drilling truck needs special attention. The closest release path to the
truck is the drilling riser that can momentarily be open to the environment during
installation and removal of FG/RMCS equipment, even though the riser is sealed
with a rubber frisbee during operation. However, because some drill rods are fluted,
it is likely that the frisbee can be damaged, and a leak can result. A nitrogen purge is
provided in the annulus between the drill string and the conductive riser sleeve.
This purge flow is designed to provide 5 standard cubic feet per minute (scfm) flow
for all postulated tank dome conditions.® The purge system has redundant
differential-pressure alarms across the flow controller. Necessary controls for this
system will be discussed in the dome fires accident category (ignition in the riser).

For a gas release to occur from the riser path, the nitrogen purge would have to fail,
and a GRE would have to occur. However, even if a 1-in. efféctive leak diameter
path exists through the frisbee, potential ignition sources on the FG/RMCS truck
are at least 3 ft away. There is a direct path from the frisbee to the top of the platform
when the shielded receiver or the drill rig are connected to the drill string.
However, the spark-generating electrical motors are located at the top of these
components and meet the 36-equivalent-leak-diameter distance requirements of
Appendix B. This distance is acceptable because the rotating platform also acts as a
jet deflector. The nitrogen instrumentation and piping enclosure have solenoid
valves, but they are in an enclosure (not leakproof but reasonably sealed) and
protected from direct flammable-gas jet impingement. The major spark contributor
is the drill engine and it is at least 3 ft away from the frisbee. In summary, if a leak
occurs from the frisbee, the gas would not reach the spark sources on the truck with
a flammable concentration.

To further reduce the likelihood of a gas release from the drill string during
removal, the drill string must not be removed from the waste without a sampler or
a dummy sampler in the string. The drill string and frisbee hole must comply with
the 36 equivalent-leak-diameter distance requirements during waste-intrusive
activities.

The summary of this accident is given in Table 4-4. With the above controls in
place, it is believed that the ignition from the truck or any other nonqualified
equipment is adequately controlled as demonstrated by the low magnitude of the
MAF.
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4.1.2.2. Flammable-Tas Release through. Shielded Receiver (SR) and Ignition in
the Shielded Receiver (Operation)

There are two cases for this accident, depending on the operating condition:

e When the shielded receiver (SR) is connected to the dr111 strmg during
sampler recovery, and

« When the SR is isolated from the drill string while the samplér is being
transferred to the X-ray machine or the shielded cask.

This section treats the cases where the SR is isolated from the drill string. The other
case is examined in Section 4.3.2 along with drill string fires. Flammable gas may
accumulate in the SR either by a gas transfer from the drill string or flammable gas

may be released from the sampler into the SR.

TABLE 4-4
ABOVE-TANK FIRE ACCIDENTS CAUSED BY GAS RELEASES FROM OPEN
RISERS
Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures MAF Values
Release of flammable | MAF = 2.1E-8 Fail to seal to riser or Seal the riser or pump pit
gas from riser/pit that | (JAF = 1 4F-4 pump Ppit. being parked on.
the drilling truck is Fail to locate potential | Distance between the
parked on leading to ignition sources on the potential ignition: sources
dome fire. FG/RMCS truck within 36 | on the FG/RMCS truck
in. of the riser/pit. and the riser/pit is
greater than or equal to 36
in. or provide
enclosures/deflectors for
X t] 1 withi
36 in.
Releases of flammable | MAF = 1.8E-7 Randomly located Limit leakage from all
gas to unqualified UAE = 2.8E-5 unqualified equipment is | unused risers/pits to less
electrical equipment located too close to than 1 in.-effective leak
from unknown leaks riser/pit not in use. diameter.
leading to dome fires
Releases of flammable | MAF = 4.2E-8 Equipment located too Restrict location of
gas to unqualified UAF = 1.4E-5 close to open riser/ pit. equipment to greater than
electrical equipment Randomly located 36 diameters from open
from an intentionally unqualified equipment is risers/pits or provide
open riser during located too close to open mmm
FG/RMCS waste- riser/pit. equipment located within
intrusive activities 36in.
leading to dome fire Inlet stack 15 feet tall is
installed on HEPA inlet
riser.
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For gases to be released into the SR from the drill string, the hydrostatic head must
fail. Calculations provided in Appendix ] show that as long as the hydrostatic head
purge of 0.3 sfcm exists, the flammable gas in the drill string does not diffuse back
upstream. There are two sources of hydrostatic head purge while the SR is
connected to the drill string. One purge is connected to the SR, and another is
connected to the change-out assembly. Considering the operating procedures, the
analysis shows that failure of both purges and not detecting this failure combined
with a frequency of dropping the core sampler, which is the only credjble spark
source in the SR, results in an ignition frequency of 1.9E-6/yr.

The consequences are small when the SR is isolated from the tank, and the quantity
of gas in the SR also is small.

Besides being transported from the drill string, the flammable gas can accumulate in
the shielded receiver in two other ways as follows:

» Waste accumulation in the SR resulting in a gas accumulation; and

* A gas release from the sampler.

The maximum waste release into the SR is the equivalent of one full sampler (0.39
kg). Gas that could be retained in this amount of waste is small. If the sampler is
full of gas at approximately 2 atm, the maximum gas volume at atmospheric
pressure would be 611 cm3. The volume of the receiver is 120,000 cm3. Thus, the
resulting flammable-gas concentration would be less than the lower flammability
limit (LFL), and ignition would not be possible. There is no incompatible material
inside the SR, so that additional gas generation caused by chemical reaction is not a
concern.

The SR has a load cell to measure the weight on the cable. This load cell is protected
by an intrinsic safety barrier. Therefore, an electrical spark inside the SR is not a
concern.

The RLU is based on a mechanical design. A frictional spark caused by RLU motion
may be considered as a spark source. The electrical motors controlling RLU use are
direct current (dc) pulse width modulated power. The hoist motor for the RLU has
a 150:1 worm-gear reduction, and because of the gearbox, the RLU does not
freewheel if the motor fails. The normal hoist velocity is less than 1 ft/s. Studies
have been done to examine the characteristics of mechanically-produced sparks that
lead to the ignition of tank-like gases. Krok and Shepherd’® carried out frictional
spark ignition studies of H,/air and H,/N,/N,O/air mixtures in which they used
rusted steel and aluminum plates impacted by steel or aluminum bars. A
pneumatically-actuated piston made of steel or aluminum was stroked on an
inclined, rusted-steel plate. The impact velocity varied from 0.5 to 2.5 m/s (1.64 to
8.2 ft/s). These experiments showed that the frictional ignition in a mixture of 10%
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or 15% H; in air at 1 atm was very unlikely. Based on this data, a frictional spark
cause? by the normal RLU motion is not expected.

Rac.  on exposures were calculated in Appendix R for possible doses if a full
sam, ;.r were to be released in the SR. Based on these calculations, measurable
quantities of waste would be recorded by manual radiation readings. WHC has
radiation controls performed by the health and safety personnel, but an additional
radia® on control limits the SR dose rate to 100 mrem/h on contact. This radiation
monitoring must be performed once per shift during waste-intrusive activities to
prevent waste and flammable-gas accumulation in the SR.

One other possibility of frictional spark occurrence is an equipment drop in the
shielded receiver. The RLU may be dropped because of a mechanical failure, or the
sampicr may drop from the RLU. In order for the RLU to drop, the core sampler
should be stuck and the operator should fail to respond. The hoist cable is designed
to fail at loads higher than 2000 lb. The hoist motor fails at about 800 to 1300 Ib.
Thus, the cable cannot fail before the electrical motor fails. Because of the gearbox,
the RLU does not freewheel if the motor fails. It is concluded that an RLU drop is
not a credible event. In addition, dropping a 5.2-Ib stainless-steel piece from a 44-in.
height to simulate the quill-rod-to-carbon-steel impact showed no ignition in a
bounding flammable gas environment (see Appendix T and Witwer'?). Note that
the weight of the RLU is higher than 5.2 Ib but the drop height in the shielded
receiver is much smaller than 44 in. The core sampler drop can be bounded by the
ignition tests performed on quill-rod adapter to drill string impact because its weight
is comparable and the drop height is small. Because BOM tests showed no ignition
(Witwer'?), all accidents discussed in this section are considered to be not credible.
The drill string is sniffed before it is connected to the shielded receiver. The sampler
rotary valve needs to fail in order to cause a gas release in the shielded receiver.
Considering these failures, this accident is assumed to be incredible, as shown in
Table 4-5. -

The core sampler may drop from the RLU. The conditional MAF is estimated as
2.8E-5/yr in Appendix E and given in Table 4.5. Ignition caused by dropping the core
sampler in the shielded receiver was investigated by tests conducted by the Bureau
of Mines (BOM). Appendix T describes the test requirements and Witwer (Ref. 10)
summarizes the results. Tests are performed by dropping the core sampler in the
drill string from a 60-ft height. No ignition is observed in a stoichiometric
hydrogen-air mixture. The drop height in the shielded receiver is much smaller
than 60 ft. Therefore, this accident is considered to be not credible.

If ignition occurs in the SR with low concentrations, the burn pressure, 1.2 atm,
does not exceed failure pressure.!’ The SR maximum design pressure is 52 psia (Ref.
12). The ball valve isolating the SR fails at very high pressures (1100 psia).
Therefore, no failure and release is expected if ignition occurs in the SR.
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TABLE 4-5
ABOVE-TANK FIRE ACCIDENTS IN SHIELDED RECEIVER
Frequency of Controls Credited in
Accident Failure Dominant Calculating UAF and
1/yr Failures ' MATF Values
Flammable gas in drill | Without BOM Nitrogen purge to both Leak test of N»:
string (DS)/SR during | test results: drill string and to SR hydrostatic systems is
Sampler handlmg MAF = 1.9E-6 fails. dOI'Ie for both drlﬂ\gtmg
leading to fire in SR UAF = 2 8E-3 RLU drops sampler. and for shielded receiver.
(core sampler drop). . _ k
' With BOM test Unique connections for N2:
(Fire does not results: purge systems for both
propagate back to the MAF and UAF drill string and SR are
dome.) <<1.0E-6 used (design feature).
Verification of N2 purge:
supply to both drill string
and SR during activation
of hydrostatic mode of N2
supply is carried out.
Controls over operation of
RLU are used.
Flammable gas in SR | Without BOM Waste prevents closure of | Controls over operation of
with SR isolated from | test results: sampler rotary valve RLU are used.
drill-string results in | \cAgp . 2gE.5 leading to gas release as
aboveground fire (RLU | {jAF - 3,054 sample is retrieved and
or core sampler drop). . depressurized.
i With BOM test
(Fire does not results:
propagate back to the Flammable gas is not
dome.) MAF and UAF | qnigfed or detected.
<<1.0E-6
RLU drops sampler.

A control has also been established for a visual inspection of the sampler through
the sight glass as it is withdrawn from the drill string. This visual inspection does
not directly indicate the failure of the sampler rotary valve, but it may indicate
leaking from either the rotary valve or rotary valve seal. An administrative control
shall be developed for handling a leaking sampler. An additional control prohibits
putting a known leaking sampler into the x-ray machine.

One other concern is the release of gas from the SR. For this accident to occur, the
manually operated SR ball valve would have to be opened before it is connected to
the x-ray machine, which would be a violation of the procedures. The engine has
several potential ignition sources. The likelihood of this event is low because
several failures have to occur; inadvertent opening of the ball valve, failure of the
rotary ball valve, and dropping the sampler at the same time. In addition, the
operator must fail to identify the leak by visual inspection. Besides, the flammable
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gas may not come from the bottom of the pipe but may accumulate at the top of the
horizontal section of the shielded receiver. Even if flammable gas comes from the
valve, the maximum amount of flammable gas that can be accumulated in the

receiver is limited to 611 em®. Itis expected that the consequence of the accident is
insignificant because of the limited amount of flammable gas present and because
there is no entrained waste. The fire cannot propagate back to the tank because the
shielded receiver is not connected to the drill string. The only concern in terms of
material release would be dropping the waste on the ground when the valve is
opened. This accident is discussed along with the spill accidents in Section 4.8.

4.1.3. Flammable Gas and Ignition in X-ray or Cask

If the flammable gas were accumulated in the SR, it could be discharged into the
x-ray machine or into the shielded cask when the SR is connected to these
components. The concern with this scenario is a fire in the cask or x-ray machine
with a local release of radioactive material and possible propagation of fire into the
tank dome.

If the flammable gas in the SR is discharged into the cask or the x-ray machine,
ignition is not expected. No unqualified electrical equipment in a Class-I, Div.-1 or
Class-I, Div.-2 space exists in the x-ray machine.”” The cask does not contain a spark
source. The only ignition source identified is dropping of the sampler into the
plastic x-ray container or the cask. The x-ray container may not produce frictional
sparks but rather static electric charges. However, the plastic container is grounded
and bonded by a graphite paint as a coating surrounding the interior of the plastic
container.

Appendix E examines the probability of ignition in these components. The accident
frequencies are found as 1.6E-9/yr and 28E-5/yr for the x-ray and the cask,
respectively, as indicated in Table 4-6. The x-ray and cask are grounded and bonded
through the SR, and the sampler is inspected for external contamination. Even if
the ignition occurs, the available flammable gas that can come from the SR or
sampler is limited so that the flame would not propagate to the tank. For
propagation to the tank to occur, there would have to be hydrogen in the dome and
a flammable pathway, which does not exist. Under these conditions, operations
would not be conducted.

4.14. Flammable Gas Accumulation or Release Caused by the Loss of Electrical
Power and Ignition Source (Installation, Operation, and Removal)

In case of loss of electrical power, the FG/RMCS truck is shut down. When the
electrical power is lost, the nitrogen shutoff valve closes. If the sampler is being
removed or installed, the hydrostatic head purge that keeps the waste from entering
the drill string is lost, allowing the drill string to flood. Flammable-gas
accumulation in the dome, drill string, drill unit, and shielded receiver is of concern
in this scenario. Waste can flood the drill string and release flammable gas into the
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drill string and the SR. Appendix | shows that the diffusion of hydrogen is
relatively fast. Flammable gases also could be released as a result of depressurization

of the waste.

The management of ignition sources in these components has been discussed
previously. No attempt was made to evaluate the failure probabilities of the loss-of-
power accident. An administrative control must be developed for the startup after
loss of power considering the possibility of the presence of flammable gas. A
control requiring the purging of the shielded receiver, drill string, and drill unit
long enough to evacuate the possible flammable gas in the drill string is established.
If the drill string is flooded, the SA requires that the drill string be washed before the
operation is restarted.

4.1.5. Propane Release from Refueling of Nitrogen Traller Propane Tank and
Fire (Installation, Operation, and Removal)

This accident scenario involves a propane spill during the refueling of the propane
tank. The main concern is the propagation of fire to the tank being sampled or to
another tank in the farm. The propane tank'is kept outside of the tank farm.
Drilling on the tank being sampled is prohibited during refueling. This is a typical
industrial accident and is not discussed in detail. WHC standard controls already
exist to prevent this type of accident.

4.1.6. Flammable Diesel and Gasoline Fuel Fire (Installation, Operation, and
Removal)

This accident scenario involves a spill of diesel, gasoline, or hydraulic fluid during
the refilling of the FG/RMCS equipment. The main concern is the propagation of
fire to the tank because the refueling occurs when the truck is already over the tank
dome.

The SA requires that all engines or motors on affected equipment be shut down
during refueling. Exhaust pipes on affected equipment must be cool. No drilling
operations, open risers, or open drill string or non-RMCS activities on affected
equipment are allowed on the tank being sampled during refueling. A restricted
smoking area is required, and all possible ignition sources need to be kept outside of
the refueling area. These controls are established to prevent fire propagation to the
tank. In addition, proper fire extinguisher equipment in the vicinity of the drilling
truck must be available in case of a local fire.

4.1.7. Collision Caused by Trucks and Other Equipment (Installation, Operation,
and Removal}

This accident involves frictional sparks created by the collision of trucks or other
equipment with the riser. The drill truck and other equipment must be operated
safely on top of the tank. In the unlikely event that the truck impacts an open riser,
all operations must be stopped, and possible gasoline or diesel leakage into the tank

4-19 August 8, 1996



WHC-SD-WM-SAD-035, Rev. 0-a

must be evaluated. The introduction of flammable material into a flammable-gas
tank may have serious consequences.. Thus, the Tank Farm Operations
management must be notified, and approval must be granted before operations may

resume.

TABLE 4-6
ABOVE-TANK FIRE ACCIDENTS IN X-RAY MACHINE AND CASK
Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures MATF Values
Flammable gas in x- No fire Waste prevented previous | Use sealed plastic
| ray machine leads to | propagation into | closure of the sampler sampler receiver
aboveground fire. the dome: rotary valve leading to surrounded by isolation
(Propagation into MAF = 1.6E-9 gas release as sample is barriers.
dome not possible.) retrieved and U
UAF = 1.6E-8 ¢ se controls over
_ depressurized. operation of RLU.
| Fire o Previous sniff in shielded
propagation into | recejver failed to detect
the dome: flammable gas.
MAF and UAF | g1 1) drops sampler.
<< 1.0E-6
Plastic receiver breaks.
Isolation barrier volume
fails.
Flammable gas in cask | No fire Waste prevented previous | Use controls over
leads to aboveground | propagation into | closure of sampler rotary | operation of RLU.
fire. the dome: valve leading to gas
(Propagation into MAF = 2.8E-5 fet‘rfése ;5 Sag‘Ple is
dome not possible. - retrieved an
p ) UAF = 2.8E4 depressurized.
Fire Operator fails to perform
propagation into | ¢niff for flammable gas.
the dome:
RLU drops sampler.
MAF and UAF
<< 1.0E-6

Before installation, standard WHC controls are implemented to prevent an
unexpected flammable-gas release from the tank dome. Frequent and large natural-
gas release events are not expected in single-shell flammable-gas tanks. The tank
vapor space must be sampled before installation, and the flammable gas must be less
than 25% of the LFL. If a GRE were to occur, operations would be stopped.

A possible scenario is the flammable-gas accumulation in the dome and failure to
detect it before FG/RMCS tank-intrusive activities. If there is flammable gas in the
riser, a fire can be initiated by a frictional spark from a collision. During the
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removal phase, the tank dome and drill string must be sniffed before drill string
removal and other riser activities. If flammable gas is detected above limits, all
operations must be stopped, including drilling. For this accident to occur, the
detector systems would have to fail simultaneously with a collision. This event is
not considered credible.

Without fire, the consequence of collision is damage to the tank riser. The tank
liner is not connected to the riser or to the dome. Thus, the damage would be to the
riser, which can be sealed if this accident occurs. Standard WHC safe practice
requirements are required to prevent the collision. The likelihood of serious
consequences of this type of accident are not considered credible.

4.1.8. Summary of Aboveground Fire Accident Category

The total conditional accident frequency for the aboveground fires that lead to a
dome fire is 24E-7/yr. The dominant contributor to this frequency is gas release to
nonqualified equipment. Randomly located unqualified equipment too close to
risers that have an open path results in the highest accident frequency of 1.8E-7/yr.
The consequence of an above-tank fire is treated as a dome collapse. Dome collapse
consequences are discussed in Appendix I. The total frequency for aboveground fire
accidents, 2.4E-7/yr, is added to the other three frequencies considered in the next
section to determine the frequency of dome collapse.

4.2 GAS RELEASE AND DOME FIRE ACCIDENTS

The postulated accidents in this category consider fires initiated in the dome space of
the tank. Most of the cases discussed in this section can occur during the operation
phase of the drilling. The flammable gas in the dome is the first necessary condition
for a fire scenario to occur. The gas can be released when the drill bit penetrates the
crust or waste sludge. '

Below, each identified spark source in the dome is examined closely, and the
associated control systems are discussed.

4.2.1. Ignition of Flammable Gas as a Result of a Drill String Break (Operation)

This accident is caused by a mechanical spark created by the drill string breakage
during the drilling. This failure is assumed to occur at a portion of the drill string
that is in the dome. The flammable-gas detection system is the primary protection
_against this accident. This system prevents drilling operations when the flammable-
gas concentration is above 25% of the LFL in the dome.

The force applied to the drill string is measured. The force limit, based on drill bit
heating (Appendix F), is set to 750 Ibf. There are other down force and rotational
speed limits caused by structural concerns as discussed in Appendix N. The drill
truck has a torque capacity that is more than that required to break the drill string.
Several drill-string breakages have occurred in the past. A control is established not
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to exceed the buckling limit (down force} and not to operate at a rotational speed
that could excite the drill string at its natural frequency (Appendix N). The MAF
listed in Table 4-7 for this accident is determined as 4.8E-10/yr (see Appendix E). The
UAF is 2.8E-7/yr. Controls to prevent drill string buckling and resonance are given
in Section 4.6.3. |

TABLE 4-7
DOME FIRE ACCIDENTS CAUSED BY DRILL STRING BREAKAQE
Frequency of Controls Credited in
failure Dominant Calculating UAF and
Accident 1/year . Failures MAF Values
Drill-string break in MAF = 4.8E-10 Fail to shut down drill Drill string automatic
dome leads to dome string on detection of H2, | trip when high H2 level,
fire. UAF = 2.8E-7 high rate of change of Hp
Drill string breaks by level, or high dome
jamming in waste causing pressure occurs.
overtorque or buckling.

422, Ignition of Flammable Gas in the Riser Caused by the Drill-String,
Equipment or Tool Drop (Installation and Removal)

This accident is postulated to occur when there is flammable gas in the dome, and
equipment, drill string, or tools are dropped into or onto the riser during the
installation or removal phase. As discussed previously, the riser condition must be
determined before installation to make sure there is no flammable gas in the riser or
dome. During the removal, gas may exist in the dome only if the flammable-gas
release detectors fail. This accident analysis covers the friction in the riser caused by
these drops. The more limiting case is the dropping of the drill string with an
impact on the crust; this accident is examined in the next section. The friction in the
riser as a piece of equipment falls through the riser is not considered to be a
significant contributor and is bounded by the tool drop on the crust in the next
section. Nevertheless, Appendix E determines the accident frequency of this
scenario as 1.4E-9/yr as given in Table 4-8. The unmitigated frequency is also small,
and 2.8E-9/yr. BOM testing performed by Witwer (Ref. 10) also included frictional
spark tests for drill-string-to-drill-string impact and quill-rod adapter to drill string
impact. These tests showed no ignition and bound the tool drop into the riser.

4.2.3. Flammable-Gas Release and Burn Caused by the Drill String or Tool Drop
on Crust (Installation, Operation, and Removal)

This accident involves dropping the drill string or other tools that may create
frictional sparks on the crust and thus results in ignition of the flammable gas in the

vicinity of the crust.
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General practice at Hanford site is to use spark-resistant tools during activities
around the riser. Riser covers are also grounded and bonded. Standard procedure
requires sampling of the dome space when opening a riser. The crust reaction/burn
from impact heat is considered separately in the waste burn accident category.

There are several simultaneous conditions required to cause a dome collapse if the
drill string is dropped. First of all, there must be a drop, and flammable gas must be
present in the dome or in the vicinity of the impact point. Debris is found in the
tanks from contaminated or unwanted material being disposed of in the tanks.
There must be debris at the impact point, and the impact energy must be large
enough to cause a frictional spark. A gas pocket large enough to sustain propagation
must exist immediately beneath the surface where impact occurs.

The drill string is held by a pneumatic foot clamp. The drill string is manually
inserted into the rubber frisbee by an operator. A lubricant is used to insert the drill
string because the inside diameter of the frisbee is smaller than the outside diameter
of the drill string. The rubber frisbee creates a frictional force of 200 1bf. However,
this value may go down to 40 lbf when the lubricant is used. As the drill rods are
added to the drill string, weight increases and exceeds the frictional force of the
rubber frisbee. The maximum drop weight may be as high as 210 Ib (Appendix G).
The pneumatic foot clamp supports the drill string when it is not supported by the
hoist or connected to the drill. The pneumatic foot clamp is designed to fail-close.
To open the pneumatic foot clamp, the operator must activate the foot clamp pedal.
The drill string is then raised about 1/2 in. before the foot clamp can be actuated,
although this is not necessary by design but is caused by the seal used in the system
(no credit is taken for this feature). The drill string is held by the foot clamp for a
short period, about 4 minutes, during the collection of one sample. Considering the
short lifting period, the drop accident frequency is estimated at 3.0E-3 /activity (see
Appendix D).

In order to reduce the drop frequency further without taking into account additional
events necessary to cause a dome collapse, the use of a locking collar when the drill
string is held by the hydraulic foot clamp is required for all modes. The use of a
locking collar reduces the drop frequency to 6.0E-5/yr. The collar needs to be
installed before the drill string is disconnected from the drill unit. This requirement
prevents flammable-gas exposure from the drill string during the installation of the
collar.

The rotary drill bit is made of nonsparking copper-based material. Appendix T
describes ignition tests performed for core sampler drops at BOM. In these tests, the
core sampler is dropped in the drill string from a height of 60 ft in a flammable
hydrogen-oxygen mixture. The impact includes a contact of a stainless-steel core
sampler and copper-based drill bit. Witwer'® performed these tests and found no
ignition. Drill string impact on metal objects is not bounded with these tests.
However, test results indicate that the probability of a spark from the drill string
dropping on the crust or metals in the crust may not be high.
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As mentioned above, additional events may be required to cause a local hydrogen
burn that could result in a dome collapse. These events must occur simultaneously
and are as follows: having metals in a dry environment at the impact point that
might cause sparks, having hydrogen in sufficient amounts to cause propagation in
the waste in order to cause a dome collapse, or the occurrence of sparks from
impacts with nonsparking materials on metals. Considering these additional
probabilities and a low drop frequency, this accident is concluded not to be a cause
for a dome fire. However, the possibility of a waste burn is considered. in Section
44.3. The conditional frequency of tool drops on/into a riser is estimated as 1.4E-
9/yr and is already small.

4.24. Ignition of Flammable Gas in the Riser Caused by a Frictional Spark
(Installation, Operation, and Removal)

In this subsection, the main concern is the ignition of flammable gas in the riser
caused by frictional sparks. There are several ways a frictional spark can be initiated
in the riser. These possibilities and their management methods are discussed below.

A flanged, 2.9-in. i.d. (3-in., Schedule 80), and 15-feet-long conductive stainless-steel
riser sleeve must be installed in the riser. The installation requires that the piece is
bonded. The insertion and removal velocity of the conductive sleeve should be no
more than 1 ft/s to prevent frictional sparks in the riser. The riser must be sniffed
before insertion of the sleeve as a part of WHC standard control before opening a
riser.

The other concern is frictional heating from the drill string rotating in contact with
the conductive sleeve, leading to ignition in the riser. This situation is analyzed in
Appendix P, and the conclusions are summarized below.

The expected temperature is less than the autoignition temperature for hydrogen in
air for the period of the calculation (Appendix P). Given the conservative nature of
the problem assumptions, frictional ignition in the tank dome from drill-string-to-
sleeve contact is considered unlikely. This determination is confirmed by BOM
ignition test results obtained by Witwer (Ref. 10). App. T describes the experiments,
and Witwer’s results showed no ignition of stoichiometric hydrogen-air mixtures.

A nitrogen purge system is designed to provide flow into the annulus between the
riser sleeve and the drill string. This system gives a minimum flow of 5 scfm at any
tank pressure. There are two differential pressure detectors for riser sleeve purge gas.
Either detector could cause an automatic trip of the drill. The set point is 40 psid
across a flow controller sized for 5 scfm. The probability of a GRE pressurizing the
dome by 3 in. w.g. is very low. Furthermore, a control is established to stop drilling
when the dome pressure increases by 2 in. w.g. in any 5-min period. The differentia!
pressure across the flow controller is monitored and set to sound an alarm to detec
a loss of flow. The purge flow also further prevents the hot spot that could occur at
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protection to prevent ignition in the riser sleeve.

TABLE 4-8

This system provides the necessary

DOME FIRE ACCIDENTS CAUSED BY EQUIPMENT AND TOOL DROPS INTO
RISER
Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures MAF Values
Drop of raised drill Drop frequency: | Foot clamp spuriously Pneumatic foot clamp
string onto waste fails open. fails, closes upon loss of
ignites H, below the MAF = 6E-5 air.
crust leading to a dome Locking collar is not used
fire. UAF =2 or fails. A second locking collar is
used. Collar needs to be
Burn Frequency: installed before drill
string is disconnected from
MAF and UAF the drill unit.
<<1.0E-6
from BOM test

results for core
sampler drops
and other
necessary
probabilities.

Drop of tool into open
riser leads to dome
bum.

Drop frequency:

MAF = 1.4E-9

Tool is dropped into open
riser.

Operator uses spark-
resistant tools within 36D
of open riser.

UAF = 2.8E-9

Burn frequency
with credit from
BOM tests:

MAF and UAF
<< 1.0E-6

If the nitrogen purge system fails, the ignition of flammable gases is possible. In
order to demonstrate that sparks cannot be generated from drill string and sleeve
contact, ignition testing experiments were performed by the BOM. The test
conditions’ requirements and acceptance criteria are discussed in Appendix T. BOM
tests showed no ignition in stoichiometric hydrogen-oxygen mixtures (see Ref. 10).

Another case considered is the accumulation of hydrogen in the riser, but not in the

dome. In this case, flammable-gas detection and the shut-down system could not
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interrupt drilling. Protection is prvided by the riser purge with a failure probability
of 6.5E-3 (Appendix E). The accident frequency is calculated in Appendix E and
given in Table 4-9. Based on the sparking tests of the drill against the riser sleeve at
the BOM and the calculation that was done for frictional heating, ignition is not
expected to occur in this potential pocket of gas. In addition, if it did, the volume
would be small and not lead to a dome collapse.

TABLE 4-9
~
DOME FIRE ACCIDENTS CAUSED BY FRICTIONAL SPARKS IN THE RISER
Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Fallures MATF Values
H3 in riser during Without BOM Fail to shut down drill Drill-string
irilling leads to dome | test results string upon detection of automatically trips when
fire. Ha, high H2 level, high rate
MAF = 3.1E-10 of change of Hj level, or
N7 supply to riser sleeve ieh d .
UAF = 2.8E-5 ol PPy high dome pressure
(as'sumes drill Leak check of N2 supply
string-sleeve to riser sl is d
contact may o riser sleeve is done.
spark)

DS trips on loss of N2 to

With BOM test riser sleeve.

results:
Unique connector for N2

supply to riser sleeve is
required.

MAF and UAF
<<1.0E-6

N2 supply to sleeve

during actuation of system
is verified.

Even though the MAF is small, BOM experiments were needed (to verify that the
ignition of a bounding hydrogen-oygen mixture is not credible, Appendix T) because
of the uncertainties associated with the GRE probabilities. This test showed no
ignition (Witwer'®).

Ignition of Flammable Gas in the Riser Caused by Electrostatic Spark
(Installation, Operation, and Removal) (Rubber Frisbee and Drill String)

4.2.5.

For this event, the concern is with the electrostatic discharge from the rubber frisbee
as the drill string rotates on this piece. The rubber frisbee diameter is slightly
smaller than the drill-string diameter so that there is always a force exerted by the
frisbee on the DS. A lubricant is applied to the DS in order to ease the rotation and
insertion. The use of this lubricant can reduce the probability of the static electricity
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discharge during drllhng The frisbee is in contact with the grounded DS and
washer, and the DS is connected to the drill unit that is grounded through the drill
truck. The riser sleeve is purged with a nitrogen flow. The probability of failure of
the nitrogen purge to the riser sleeve is very low; thus, a static discharge is not an
issue. However, a control requires the use of the lubricant as a part of the procedure
because it also helps to reduce the likelihood of damaging the rubber.

The resistivity of the frisbee is measured, and the findings show that the frisbee is
not a good conductor. However, although the frisbee is composed of a
nonconductive material, and if the drill string is always grounded by either the foot
clamp or the hoist/truck, no credible spark source has been identified. Therefore,
the SA does not consider a dome fire accident caused by this initiator and does not
require the replacement of the frisbee as a mandatory control.

4.2.6. Ignition of Flammable-Gas Release Caused by Crust Penetration and
Frictional Sparks Caused by the Drill Bit (Operation)

This accident analysis deals with the ignition of flammable gas that could exist in
the crust or under the crust during the drill-bit penetration through the crust or
waste sludge. The possibility of metal objects at the waste surface or in the crust
always exists because it is known that manual tapes, wires, and metal pieces have
been dropped through the risers. A frictional spark caused by the drill bit can ignite
the hydrogen. The ability of the drill bit to cause a frictional spark when rotating on
a steel plate has been observed. In testing discussed by Keller,'* the drill bit had
carbide teeth and was operated on a steel piece in the dark. Sparks were observed.
All carbide teeth are eliminated in later designs. New drill-bit cutting teeth are
made of a proprietary sintered bronze with small tungsten chips in the bronze
matrix. This material can wear easily when the drill bit is operated on metal objects
or hard materials. The core sample drill bits used by FG/RMCS are Longyear
(trademark of Longyear Incorporated) Part Number 100IVD/8 (currently used). It is
known that the probability of sparks from copper-based materials is not high.
Nevertheless, the inability of the drill bit to cause a frictional spark in a bounding
flammable-gas mixture needed to be demonstrated by testing.

A series of ignition tests were conducted to demonstrate that the present drill bit
design does not ignite a sensitive flammable-gas mixture. This testing addressed the
frictional spark when the drill bit encounters a metal object that could be in the
waste. Tests were designed to simulate the action of a drill bit striking a hard object
inside a waste tank, such as a piece of structural steel or a rock. Tests were conducted
in a bounding stoichiometric hydrogen oxygen and ammonia nitrous oxide
mixture. The detail of the testing procedures are provided in Appendix T.

Controls and automatic shut-down features are used to keep the down force and
rotational speed within the limits (750 Ibf and 55 rpm) at any time during
operations. As long as these limits are not exceeded, the accident frequency is very
much less than 1.0E-6. In addition, the BOM tests demonstrated no’ ignition, as
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discussed in Appendix T and by Witwer (Ref. 10). If the controls are exceeded, it is
assumed that an ignition could occur if there is enough flammable gas. The
frequency of the failures of down force and rotational speed, assuming that the
controls are exceeded, is determined in Appendix E and given in Table 4-10. In
order to initiate a dome burn when the drill bit is penetrating the crust, other
necessary conditions must exist: (a) rocks (or other hard material) must exist at the
surface or in the crust, (b) flammable gas with sufficient concentrations must exist,
and (c) flammable-gas volume must be significantly high to cause propagation into
the waste or the dome (propagation to the dome requires flammable gas be in the
dome). Because failure frequencies are already small, the consideration of additional
probabilities to cause a dome burn makes this scenario incredible. However, the
same initiator when the drill bit is in the waste will be considered in Section 4.4 to
address the flammable-gas ignition in the waste.

TABLE 4-10
DOME FIRE ACCIDENTS CAUSED BY DRILL BIT FRICTIONAL SPARKS
Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident 1/yr Failures MATF Values
Excessive drilling rpm | MAF = 1.4E-5 The rpm setting is too Control over speed setting
leads to ignition of high. is used.
flammable gas UAF = 2.2E-2
resulting in dome Drill string fails to trip on | Drill string auto trips on
collapse. With high rpm. excessive rpm.

qualification of
drill bit, per test
specified in
Appendix T,
UAF<<1.0E-6

Excessive down force
on drill leads to
ignition of flammable
gas resulting in dome
coltapse.

MAF = 9.4E-5
UAF=1.2

With
qualification of
drill bits, per
test specified in
Appendix T,
UAF <<1.0E-6

Excessive down force is
used.

Drill string is on excessive
force with either force
detector or walkdown
detector.

Control over down force is
used.

Auto trip drill string on
excessive force is needed:
force detector and
walkdown detector
function for all samples
except last; force detector
and bottom detector for
last sample are needed.
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4.2.7. Ignition of Flammable Gas in the Dome (Operation)

This event considers the possibility of an ignition caused by the existence of
energized equipment in the dome or domes of connected tanks or connecting
ventilation systems. Any activity in the connecting tanks may initiate a fire that
may propagate into the tank being sampled. Appendix B requires that all equipment
in the dome be rated for operations in a Class-I, Div.-1, Group-B environment or a
Class-I, Div.-2, Group-B environment with automatic shutdown. Any equipment
that does not meet this requirement must be deenergized during FG/RMCS waste-
intrusive operations. No other activities in the connecting tanks or on the same
tank are allowed during FG/RMCS waste-intrusive operations. These controls
reduce the likelihood of ignition caused by existing equipment in the tank dome
and the domes of connecting tanks. Violation of this control may result in an
unanalyzed initiator.

4.2.8. Ignition Of Dust and Flammable Gas in the Dome (Operation and
Removal) (Static Electrical Charges and Other Causes)

In this accident scenario, the ignition of aerosols generated in the dome is analyzed.
In Appendix H, a bounding analysis is performed to show that the energy
contribution of combustible dust is negligible and that the addition of dust in a
hydrogen-air mixture would not result in explosion.

4.2.9. Summary of the Dome Fire Accident

The drill string break resulting in a dome fire is the dominant fire initiator in the
dome space. The principal contributor to the accident sequence is exceeding the
operating limits. The resulting dome fire MAF is 4.8E-10/yr. The UAF is 2.8E-7 and
is low. The consequence of this accident is the dome collapse analyzed in Section 5
of this SA.

4.3, DRILL STRING FIRE ACCIDENTS

Drill string fire accidents consider all possible fire initiators inside the drill string.
Each ignition initiator determined for this category is discussed separately. The
ignition source may exist as a result of normal as well as abnormal operations.

The consequences of a drill string fire vary and may end up with small amounts of
waste release as well as 2 dome collapse. Examples of how a drill string fire may
propagate to other accidents are discussed in Appendix A. It is assumed that the fire
in the drill string (if it occurs) propagates to the tank and results in dome collapse.
As explained in the introduction, this assumption is conservative, and there is only
one consequence, dome collapse, if a drill-string fire occurs. The conditional
frequency of each accident scenario, however, is discussed and the adequacy of
preventive features is demonstrated.
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4.3.1. Flammable-Gas Penetration into the Drill String (Operation)

Section 3 identified the fact that there may be several reasons for hydrogen
penetration into the drill string:

e Failure of the chevron sampler seal between the drill bit and the drill
string,

e Hydrogen diffusion,

e Waste in the drill string,

e Failure of the core sample ball valve on the core sampler,
e Depressurization of waste in the drill string,

e Loss of hydrostatic pressure,

e Incompatible material, and

¢ Failure to latch the sampler.

The hydrogen can be generated in the drill string if there is waste penetration into
the drill string. A leaky chevron seal may allow waste penetration into the drill
string. If the sampler encounters large gas pockets in the waste (although credible
evidence for this mechanism is not provided), the sampler could be filled with
flammable gas. Failure of the core sampler valve in the drill string could release
hydrogen into the drill string. Failure to latch the sampler to the core barrel can
cause flooding and gas generation in the drill string. However, as long as
hydrostatic pressure during sampler retrieval and nitrogen purge during drilling are
available, the hydrogen release into the drill string from the sampler or waste is not
of concern because there is enough flow rate to purge or prevent diffusion up the
drill string. Appendix ] concludes that the minimum flow rate at which hydrogen
could diffuse against the flow is 5E-4 scfm, which is lower than a minimum flow
rate of 0.3 scfm provided by the purge system.

One other mechanism that can produce flammable gas is the use of incompatible
material in the drill string design. The drill string is made of steel, and steel is
known to be compatible with the waste in terms of violent chemical reactions that
would result in gas releases or other undesirable consequences. WHC recently
reviewed the sampler to ensure that there were no incompatible materials used in
the construction; in particular, they examined the design for the presence of
aluminum. Also, the drill bit and seals used in the design have been used in actual
waste and found to be compatible (Ref. 15).

4-30 August 8, 1996



WHC-SD-WM-5AD-035, Rev. 0-a

There are three major causes for hydrogen accumulation in the drill string:
1. Failure of nitrogen flow during drilling,
2. Failure of hydrostatic flow duﬁng retrieval, and
3. Failure of the chevron seal before the change-out assembly is installed.

The sampler is designed to prevent waste and flammable-gas penetration- into the
drill string through a chevron seal located at the end of the core sampler. It is a one-
way seal and allows nitrogen flow from the drill string into the tank waste. When
the drill string is rotated, the core barrel rotates around the core sampler while the
seal is slightly compressed to allow nitrogen flow. When the sampling is finished
and the purge flow stopped, the seal provides a barrier between the tank waste and
the drill string. Flammable gas may penetrate into the drill string if the seal does
not provide an adequate barrier. It is reasonable to assume that the seal may fail
partially if not completely before the retrieval of the sampler (as change-out
assembly is installed). Calculations (Appendix ]) show that hydrogen can diffuse in
nitrogen relatively fast.

It is required that the drill string be purged to evacuate flammable-gas accumulation
following a procedure developed by WHC for the following conditions:

e The sampler is left in the DS without nitrogen flow or hydrostatic pressure
for > 60 minutes, or

o DS hydrostatic head is lost with no sampler in place.

If these conditions occur, the grapple or remote latch unit should not be operated
unless the nitrogen purge criteria are met. The hydrostatic head pressures for each
sampler need to be calculated before operation.

4.3.2. Ignition of Flammable Gas in the Drill String Caused by Drops (Operation)

The remote latch unit and the grapple are lowered and raised during the insertion
and removal of the sampler. Each unit is driven by an electrical motor through a
gear box. Each is'mechanically attached to a driving system through a cable. The
insertion and removal rates of the remote latch unit and grapple are specified as less
than 1 ft/s.

In this section, accidents resulting from frictional sparks in the drill string as a result
of dropping the grapple, remote latch unit, and core sampler are considered. In the
case that the hoist systems for the grapple and remote latch unit or electrical motors
used to raise or lower these units fail, the grapple and remote latch unit may be
dropped on the core sampler. The keys or pins connecting the shaft to the drum can
be broken as a result of a stuck core sampler, grapple, or remote latch unit. The
following are assumed to cause frictional sparks:
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e Multiple drive train failures,
e Failure of keys or pins connecting the shaft to the drum, and

e RLU failure.

Studies have been performed to examine the characteristics of mechanically
produced sparks that could lead to ignition of hydrogen-nitrous oxide- mixtures.
Drop velocity could be as high as 19.8 m/s and is well above the range given by Krok
and Shephard’s work.’ Therefore, if the remote latch unit or sampler is dropped in
the drill string, it is assumed that an ignition source can be created.

The remote latch unit and grapple are driven with DC pulse-width modulated
electric motors. Their principal operating parameters are given in Section 2.
" ecause of the worm-gear reduction boxes, failure of these motors would not result
in a drop. However, a drop accident may occur as a result of the failure of the metal
key or pins that are used to attach the shaft to the cable drum. These pins are the
weakest points of the system and may fail if the grapple or the RLU is stuck or
overweighted because of some unknown reason.

The operation of the RLU is entirely mechanical and is discussed in Section 2.
When the RLU is lowered and the sampler comes to rest at the bottom of the drill
string, the cable stops when the load cell detects the cable going slack. As the
tungsten weights cause the dashpot piston in the RLU to descend, the load cell again
engages the downward motion of the hoist.

When the sampler is being raised or lowered in the drill string, the hydrostatic head
must be in operation. There are two independent sources of hydrostatic head, one
through the shielded receiver and one through the change-out assembly.

Drops caused by failure of the remote latch unit were concluded in section 4.1.2.2 to
be not credible. However, the grapple can be dropped in the drill string if the shear
pin on the drum fails. The load on the grapple is measured. The load cell
automatically trips the electrical motor when the reading is out of tolerance. A
control is established to not exceed a maximum load of 250 Ib. For an ignition to
occur, flammable gas must be present, which means that the hydrostatic head purges
and chevron seal must have failed. Before the pintle rod is removed, the
hydrostatic head must be established. This requirement is established as a control.
The probability of a drop is estimated as 1.4E-7, based on the controls established for
load measurements. The MAF of this accident is calculated as 6.0E-11/yr in
Appendix E and is given in Table 4-11. The UAF is 13E-3/yr. Because the MAF
frequency is so small, no special ignition testing is required for the grapple drop
caused by ignition accidents. However, the established control becomes important.

The frequency for dropping the core sampler has been estimated as 1.9E-6/yr in
Section 4.1.4. The estimated frequency is not <<1.0E-6/yr. Therefore, drop tests
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simulating the drop of the core sampler on the drill bit were performed by the BOM
(test description and requirements are given in Appendix T). A prototypical core
sampler was dropped from a height of 60 feet through the drill string with the drill
bit attached to the lower end of the drill string. The test chamber and the drill string
were filled with a stoichiometric hydrogen-air mixture. The tests were repeated ten
times. Ignition did not occur as reported by Witwer (Ref. 10). Therefore, this
accident is not considered further.

4.3.3. Ignition of Flammable Gas in the Drill String Caused by
Assembly/Disassembly of Drill Rods or Drill Rod-Quill Rod Adapter

Impact

Ignition of the flammable gas in the drill may be caused by impacts that could be
created during drill-string or drill-string-to-quill-rod assembly or disassembly. The
postulated accident can occur when the drill string is in the waste or dome.
Accident frequency is different for these two cases because of the assumption
regarding to the flammable gas. Flammable gas exists in the dome only if a GRE
occurs while it is assumed to exist in the waste.

A spark during the disconnecting of the quill rod from the drill string has been
observed.’ The quill rod adapter and drill string were made of carbon steel. Any
misalignment between the drill string and quill rod caused by undesired platform
movement or operator errors could create a relatively fast impact between the quill
rod and drill string when the drill string is disconnected. There is no instrument to
detect the misalignment or any stress level on the drill string or quill rod adapter.
Therefore, it is very difficult to evaluate the condition of the drill string to quill rod
adapter before disconnecting the drill string. Because a spark is observed in the
operation, one must assume that the likelihood of this event is high.*®

The drill string is assembled by adding drill rods. The operator picks the drill rod
from the storage location and lifts and screws it onto the drill string by hand. Then
the lifting bail is attached to the drill string.

During insertion, drill-rod-to-drill-string impact is very possible. Impact can be
caused by dropping the drill string or operator error. Drop height is limited with the
drill rod length. However, the operator can also cause a lateral impact. It is
determined that a realistic impact velocity is around 10 ft/s. It is not clear that the
impact with this velocity would not cause a spark that is capable of igniting the
flammable-gas mixtures of concern. A spark is possible because the drill rods are
made of carbon steel and assembling/disassembling is performed for each sample.

The cable spray washer is installed after the drill string is disconnected from the
quill rod adapter. Dropping the cable spray washer may produce a spark. Next, the
change-out assembly is installed on the cable spray washer. Dropping the change-
out assembly on the cable spray washer may produce a spark. In order to have an
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ignition in the drill string, the flammable gas must exist in the drill string. The drill
string must be sniffed before it is disconnected fro: : the quill rod adapter.

A drill string fire initiated by a spar' caused by the drill-rod-drill-string or the drill-
ring-quill-rod adapter impact is discussed in this section. Event and fault trees for
this scenario are given in Appendix E. Sniffing the drill string before the drill string
is disconnected from the quill rod adapter through a port on the quill rod is
required. The reliability of the inspection is limited with the reliability of the
sniffing equipment, which is on the order of 1.0E-3. If the change-out assembly is
installed immediately (within half an hour), no other -sniffing is required. If,
however, the drill string is capped and the change-out assembly is installed later,
there is a need for a second sniffing from a port on the cap sealing the drill string
while the drill string is closed. This is because of the possibility of hydrogen
diffusion through the chevron seal (Appendix J).

TABLE 4-11
DRILL STRING FIRE ACCIDENTS-DRILL STRING IMPACT, GRAPPLE, AND
CORE SAMPLER DROP
Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures MAF Values
Drop of grapple in the Nitrogen hydrostatic Controls are applicable to
drill string MAF = 6.0E-11 head system fails. nitrogen hydrostatic head
system.
UAF = 1.3E-3 Load cell fails to trip
electrical motors. Electrical motor
automatically trips when
Cable inspection fails. the load is > or equal 250
1b.

Chevron seal fails.
Inspect the cable for
possible damage every 6

months.
Drop of core samplers | Without BOM | Nitrogen hydrostatic Controls are applicable to
in the drill string test results head system fails. nitrogen hydrostatic head
system.

MAF = 1.9E-6 RLU drops the sampler.
UAF =2.8E-3

With BOM test
results

MAF and UAF
<< 1.0E-6
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TABLE 4-11 (cont)
DRILL STRING FIRE ACCIDENTS-DRILL STRING IMPACT, GRAPPLE, AND

CORE SAMPLER DROP
Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures MAF Values
Spark from Without BOM Sniff for flammable gas is | Sniff enclosed volume for
assembly/disassembly | test results not performed in the drill | hydrogen in drill string.
of drill string sections | MAF = 7.6E-5 string.
ot drill string to quill Presence of sampler with
rod impact when the UAF = 1.6E-2 Sampler chevron seal chevron seal in drill
drill string is in the fails. string prevents hydrogen
waste With BOM test movement into drill
results string.

(does not contribute to
the total frequency of | MAF and UAF

dome collapse) << 1.0E-6

Spark from Without BOM Sniff for flammable gas is | Sniff enclosed volume for

assembly /disassembly | test results not performed in the drill | hydrogen in drill string.

of drill string sections ' string

or drill string-quill rod | MAF = 1.1E-9 Presence of sampler with

impact when the drill Sampler chevron seal chevron seal in drill

string is in the dome UAF = 2.3E-7 fails. string prevents hydrogen
movement into drill

{does not contribute to | With BOM test string.

the total frequency of | results
dome collapse)
MAF and UAF
<< 1.0E-6

The chevron seal failure probability is estimated as 3.3E-2. The frequency of operator
error causing drill-rod-to-drill-string impact is 0.5/activity. Considering the
reliability of sniffing, an accident frequency of 7.6E-5 /activity is calculated if the drill
string is left in the waste (note that the probability of hydrogen in the waste is
assumed to be 1.0). This frequency is valid for a fire accident caused by drill-string-
quill-rod impact. The drill string could be in the dome. In this case, hydrogen must
exist in the dome in order to penetrate into the drill string. Thus, a GRE is required.

Considering the GRE probability, the accident frequency becomes low, on the order
of 1.1E-9/yr. These frequencies are summarized in Table 4-11. The accident
frequency when the drill string is in the waste is high; therefore, laboratory ignition
testing is designed to demonstrate that ignition is not possible.
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The following design changes were made to manage the above-mentioned
mechanical sparks. First, the quill rod adapter material was changed from carbon
steel to stainless steel. Second, all pipe compounds and lubricants used in
FG/RMCS operations were reevalua:2d.” It was found that one of the pipe joint
compounds, Bostik Never-Seez Anti-Sieze and Lubricating Compound, showed
evidence of enhanced sparking. Necessary procedural changes were made to use
only acceptable joint thread compounds listed in Ref. 16. In addition, a series of
ignition tests were performed as described in Appendix T. These tests.address the
drill-rod-to-drill-string impact, drill-string-to-quill-rod-adapter impact, the change-
out assembly-to-cable spray washer impact, and cable-spray-washer-to-drill-string
impact. :

The firs* series of tests simulated the carbon-steel drill strings impact by dropping a
prototy e 19-in. drill string on another vertically oriented prototype drill string from
a height of 3 feet. The height of 3 feet corresponds to the impact velocity of 14 ft/s,
and impact masses are conserved. Tests are performed 30 times. These tests also
address the ignition caused by the drop of the change-out assembly. Witwer (Ref. 10)
reported that no ignition was observed in the above-mentioned ignition tests.
Therefore, they are considered to be incredible as indicated in Table 4-11.

The quill rod adapter impact test (see Appendix T) used a section of the same type
stainless-steel pipe dropped on its end onto the end of a section of carbon drill string.
A maximum kinetic energy during drill string/quill rod misalignment is estimated

as 115 in. x Ib. A safety factor of two was employed, raising the value to 230 in. x Ib.
A 5.22-1b piece was dropped 44 in. onto the carbon-steel pipe. The gas mixture used
both in the drop tube and the test chamber was stoichiometric hydrogen and oxygen.
The test chamber and drop pipe were both sufficiently purged before the drop. Tests
were repeated ten times. The tests results reported by Witwer (Ref. 10) and showed
no ignition. Therefore, the accident is considered to be incredible as shown in Table
4-11.

4.3.4. Ignition of Flammable Gas in the Drill String Caused by Unqualified
Electrical Equipment in the Drill Head or Shielded Receiver (Operation)

This accident is concerned with the ignition of the flammable gas by electrical
sparks. The SR and grapple box have load cells. These load cells are used to
measure the tension on the cable that is attached to the remote latch unit or grapple.
The load cells are protected by intrinsic safety barriers. WHC quality assurance
requirements ensure that these barriers are certified. Thus, the load cells are not
electrical spark sources. The electrical motors are located outside of the grapple box
and the SR, which are sealed containers. There is no other equipment in the SR and
the drill unit that can cause electrical sparks.
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4.3.5. Ignition of Flammable Gas in the Drill String Caused by Drill-String
Failure (Operation)

This scenario is very similar to the event discussed in the dome fire (drill string
break). The difference is this scenario assumes that the fire starts in the drill string
(flammable gas is in the drill string, not in the dome). The initiating event is the
drill string failure, causing a hot spot in the vicinity of the failure location. This hot
spot ignites the hydrogen in the drill string. The propagation of the fire in the drill
string into the waste is considered to be possible. Therefore, this postulatea accident
may result in dome collapse. -

Two failures must occur for this scenario to occur; hydrogen in the drill string and
failure of the drill string. Hydrogen is not expected to be in the drill string during
drilling because it requires a failure of the nitrogen flow and the chevron seal. The
conditional mitigated frequency of this accident (1.3E-8/yr) is the frequency of the
undetected nitrogen purge failure (1.9E-05), the failure of the chevron seal (3.3E-2),
and the frequency of the drill-string breakage (1.0E-2).

4.3.6. Ignition of Flammable Gas in the Drill String Caused by Frictional Sparks
(Operation)

This accident scenario considers an ignition of hydrogen in the drill string caused by
frictional sparks. Hydrogen can exist in the drill string because of the failure to latch
a sampler, a leaking chevron seal, etc. The drop cases were treated in Section 4.4.2.
The possible sources for mechanical sparks are

¢ Failure of bearings,
¢ Frictional sparks caused by operation of the remote latch unit, and
* Frictional sparks resulting from the operation of the grapple,

Acceptance testing has verified the operability of bearings. The sampler and these
bearings are used only once. The only time the bearing sees relative motion is
during rotary sampling at which the time nitrogen purge is present. Waste
penetration into the bearings is minimized because they are out of the waste path
entering the sampler. Therefore, the failure of bearings resulting in sparks is not
credible.

Metal-to-metal sparks are managed by limiting the velocity of movement of the
remote latch unit and grapple to no more than ~0.3 m/s (1 ft/s). This velocity is
adopted from previous studies'” concerning a similar hazard of lowering or raising a
metal pipe through a riser. It has been shown that mechanically produced sparks
that could lead to ignition of tank-like gases is not likely when the frictional impact
velocity is less than 2.5 m/s (8.2 ft/s) (Ref. 9).
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A gear reducer and electric motor are used to limit the grapple and remote latch unit
motion to 1 ft/s and 0.4 ft/s, respectively. Therefore, frictional sparks are not likely.
The frictional sparks caused by a drop accident are discussed in Section 4.3.2.

A credited design feature controls the insertion or removal speed of the grapple and
the remote latch unit to no more than 0.3 m/s (1 ft/s). In addition, a purge pressure
equal to hydrostatic head pressure before insertion or removal of the grapple or
remote latch unit is established. Sniffing the drill string each time the drill string is
disconnected from the quill rod adapter reduces the possibility of hydrogen
accumulation.

4.3.7. Ignition of the Flammable Gas in the Drill String Caused by Frictional
Sparks from the Shear Pin Break (Operation)

This accident has been identified during the hazard identification process that
considered a design involving a copper pin used to attach the piston to the pintle
rod. The pintle rod release mechanism was redesigned to rely on a mechanical
release instead of the copper wire shearing, and it is a metal clip. The use of a metal
clip is not expected to produce a spark. Thus, this event is not considered to be
credible. During the pintle rod removal operation, the hydrostatic head purge is
established, and this provides additional protection.

4.3.8. Detonation in the Drill String and Drill-String Ejection (Operation)

Appendix J discusses the possibility of detonation in the drill string. It assumes that
there is hydrogen in the drill string and that it can be ignited. Theoretical
detonation pressure for hydrogen-air mixtures in a pipe can be calculated by using a
numerical method to solve the differential equation for isentropic compression in
the burn gas. From the analysis given in Appendix ], the overpressure and the rate
of pressure rise during a burn in the drill string are 630 kPa and 2279.5 bar/s,
respectively. During a detonation in the drill string, the overpressure and the rate
of pressure rise are 15 bars (1.5 x 106 Pa) and 3 x 10° bar/s, respectively. As explained
in Appendix J, the induction distance for the H,-N,O mixture is short relative to the
maximum drill string length. Therefore, a deflagration-to-detonation transition
(DDT) may occur in the drill string. The rate of pressure rise is so high (3 x 106 bar/s)
during the detonation, that the structure of the drill string is expected to fail.

This conclusion is important from the consequence point of view. If the detonation
in the drill string causes ignition in the waste with propagation, then a dome
collapse would be expected. However, the consequence of dome collapse is not
increased by this initiator because the dome collapse accident considered in
Appendix I is already conservative and includes bounding waste release amounts.
However, detonation may only fail the drill string and result in ejection of the core
sampler. In this case, the consequences of this accident may be a release of the waste
in the sampler. In Section 5, a waste release of 0.39 kg is considered.
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4.3.9. Ignition in the Drill String Caused by Lightning

The lightning strike is discussed in Section 4.1.1. The controls developed to prevent
ignition caused by lightning in Section 4.1.1 are applicable to this section as well.

4.3.10.  Ignition in the Drill String Caused by Static Electricity Between Seals and
Rotating Parts

In this scenario, the concern is the static electric discharge between the seals and the
rotating parts in the sampler. The core sampler motion is in the closed space. The
rotational or penetration speed is slow, and there is always direct contact with
metals. '

4.311.  Summary of Drill-String Fires

All of the initiators previously identified in Section 3 were found not to cause fire in
the drill string because of safety design features and experimental results obtained
from ignition testing. The accident frequencies of hydrogen penetrations into the.
drill string are developed in Appendix E and summarized for this category in Table
4-12. The drill string fire accident frequency is 1.3E-8/yr.

4.4. WASTE FIRE ACCIDENTS

Accident sequences considered in the waste fire category include waste ignition as
well as flammable-gas ignition in the waste. The waste in single-shell flammable-
gas tanks includes organics. Below, the initiators that could result in waste fire
accidents are discussed.

4.4.1. Waste Fire Caused by Drill Bit Over-Temperature (Operation)

Wastes including mixtures of sodium nitrate and sodium nitrite with organic
compounds can produce violent exothermic reactions (Appendix G). Increasing the
temperature of the waste in the vicinity of the drill bit can cause a thermal runaway.
There are several hazards that are associated with a local thermal runaway, and they
are discussed in Appendix G. Two major important hazards are the ignition of the
flammable gas and the initiation of a self-propagating exothermic reaction in the
waste. Reactions in mixtures containing relatively small amounts of organic
compounds can result in temperatures greater than the autoignition temperature of
hydrogen mixtures, so the ignition of flammable gases is the more limiting
condition. = However, a self-propagating reaction would produce very high
temperatures, which would cause structural damage to the tank. The consequences
of a self-propagating reaction could be severe.

Because the possibility of a flammable-gas mixture cannot be eliminated, the
approach used in this Safety Assessment is to take all practical measures to
eliminate ignition sources. A local runaway reaction is a potential ignition source,
so the requirement that there be no local runaway reaction is consistent with the
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philosophy used in this SA. Preventing a local thermal runaway is also protection
against a propagating exothermic reaction, and it eliminates the possibility of
gener::ing additional flammable gas as a result of elevated temperatures. Appendix
G discusses runaway reactions and waste ignition in great detail.

TABLE 4-12

DRILL STRING FIRE ACCIDENTS-CONDITIONAL FREQUENCIES OF
HYDROGEN PENETRATION INTO THE DRILL STRING .

handling leading to
waste fire.

(does not contribute to
the total frequency of
: dome collapse)

MAF = 1.9E-6

UAF = 2.8E-3

With BOM test

results

MAF and UAF

<<1.0E-6

RLU drops sampler.

Frequency of Controls Credited in
Failure Dominant Calculating UAF and MAF
Accident 1/yr Failures Values
Drill string break leads | MAF = 1.3E-8 Drill String fails to shut Drill string automatically
to a fire in the drill down on loss of nitrogen trips when the nitrogen
string. UAF = 6.6E-4 purge. | purge to the DS is lost.
Drill string breaks by
jamming in the waste
causing overtorque or
buckling.
H3 in drill Without BOM No hydrostatic systems to | Leak test of No
string /shielded tests results both drill string and to hydrostatic systems for
receiver during sampler shielded receiver fails. both drill string and for

shielded receiver are done.

Unique connections for N2

hydrostatic systems for
both drill-string and
shielded receiver are used.

Verification of N2
hydrostatic supply to both
drill-string and shielded
receiver during activation
of hydrostatic mode of N2

supply is made.

Controls over operation of
RLU are used.

Basic conclusions of Appendix G are that local runaway reactions can be prevented
by establishing waste temperature limits. The following temperature limits are

established:

e The temperature of small waste fragments produced at the drill tip must
not exceed 180°C.
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o The temperature of the drill bit and the average temperature of the waste
affected by drilling must not exceed 160°C for more than 10 minutes.

Because the consequences of a propagating exothermic reaction are severe,
FG/RMCS should not be performed in tanks in which a propagating exothermic
reaction may occur.

New envelope testing has been performed by WHC to determine the operating
parameters, rotational speed, down force, and nitrogen purge flow to comply with
the safety criteria given above. Witwer'® discusses the details of testing and the
results obtained. Tests and results are also summurized in Appendix F.

As a summary, results of envelope testing (Witwer, Ref. 18) and their analysis
(Appendix F) showed that the drill bit surface temperature correspondingly the

waste substrate temperature can be kept below 160°C, including an uncertainty of

10°C, if the following limits are applied: a down force <750 Ibf, a rotational speed <55
rpm, a2 minimum nitrogen flow >30 scfm, and a penetration rate >0.75 in./min. The

chip temperatures under these conditions are also limited to 180°C as required. If a
trip is initiated when one of the set points for these four parameters is exceeded,
drilling must be stopped. After a shutdown there must be a waiting period of 10
minutes before drilling can continue. The waiting period of 10 min is based on the
experimentally determined cooling time. The testing and the analysis included
plugged holes on the drill bit.

The minimum purge flow must be greater than 30 scfm; however, it is possible that
necessary cooling to the drill bit would not be provided if there were a leak from the
nitrogen purge system between the flow measurement location and the drill bit. As
indicated in Table 4.13, the leak rate from the nitrogen system must be checked once
every 6 months. This control requires that the leak rate must be within the
uncertainty range of instrumentation or less than 2% of the nominal flow.

Drill rods are threaded to each other. An O ring is used to provide a seal. The leaks
are possible if the O rings are left out. WHC" determined the possible leak rates
could not be higher than 0.3 scfm when the O rings are not used. This is less than
1% of a nominal flow of 30 scfm and negligible. With the use of O rings, the leak
rate also was measured and was shown to be negligible. Therefore, O rings on the
drill rod are not required, and the nitrogen purge flow for drill bit cooling is
sufficient when set to a minimum of 30 scfm.

There is one event that would include an unknown leak path as a result of failure
of the drill string during drilling. If the drill bit or string becomes embedded in the
waste momentarily because of debris in the waste, torque could continue to be
applied to the drill string at a constant rate. If such a condition occurs, there is a
possibility that the drill string could partially fail. Continuing to operate with a
partially failed drill string could result in a nitrogen flow bypass through the failed
area. This concern is assessed below.
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Appendix N examines the possibility of over-torquing the drill string. The drill
string is considered as having torque applied from the upper end, but the rotation of
the lower end is not allowed. Appendix N presents two methods to determine the
time necessary to break the drill string. Linear elastic methods are applied as a first
approximation to obtain the lower bound failure estimate. Second, strain-energy
methods are used to determine an upper bound by assuming that the ultimate shear
strain in the drill rod is proportional to the shear modules. It is estimated that
failure would occur in less than 15 seconds for all rotational speeds. Note that
Appendix N did not take any credit for the threaded drill rods. Experience shows
that the drill string always fails at the threaded sections. The real failure time is
expected to be in a few seconds because of the stress concentration factor for threaded
sections. Therefore, it is concluded that a drill string tear without a break is very
unlikely.

Envelope testing measured the rate of increase in the drill-bit surface temperature
when nitrogen flow is terminated at steady-state operating conditions. The test
results are summarized in Appendix F and by Witwer (Ref. 18). Results showed that

an average heat-up rate of 2°C/s is observed in the time period of 0 to 20 seconds
after the nitrogen flow is shut down. This rate corresponds to a temperature

increase of 30°C in 15 seconds in which the drill string would be broken when
overtorqued. Envelope testing established the operating parameters so that the drill
bit and waste temperature is less than 150°C. Considering a 30°C heat-up of the drill

bit for this accident, the drill bit/waste temperature would be 180°C. Appendix G
shows that the waste temperature would be allowed to be at the minimum

exothermic-reaction temperature of 180°C for a short period of time because the
induction time of reaction is expected to be much larger than 10 to 20 seconds.
Therefore, it is concluded that if the drill fails because it is over-torqued it would fail
in a time period in which the waste in the vicinity of the drill bit would not
experience runaway reactions.

44.1.1. Summary of Controls for Drilling Operation.

Envelope testing shows that a maximum drill-bit temperature corresponding to the

maximum waste substrate temperature increase is limited to AT = 60°C when the
rotational speed, down force, and nitrogen purge flow are 750 lbf, 55 rpm, and 30
scfm, and there is good penetration (penetration rate is higher than 0.75 in./min).
These parameters consider a partially plugged drill bit and ensure that waste chip
temperatures are bounded by the safety limit of 180°C. In order to meet the safety
criteria established in this SA, the down force and the rotational speed must not
exceed 750 Ibf and 55 rpm. The minimum nitrogen flow rate must not be lower
than 30 scfm. The penetration rate must not be less than 0.75 in./min. The
probability of having a hard layer in the waste is 0.1. This is obtained with the
assumption that 20% chance for a need for rotary drilling in an activity and 50%
chance of hard layer in rotary mode drilling.
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When a trip value is reached in one of the three parameters, down force, rotational
speed, and nitrogen purge flow, the drilling must be stopped within the time period
that data acquisition activates the shut-down signal. The alarm set point may be
chosen lower than the trip values. If the alarm set points are set to trip values,
750 1bf, 55 rpm, and 30 scfm, the programmable logic controller (PLC) sends a
shutdown signal to the drill engine upon receipt of a valid shutdown signal with no
additional programmed-delay. It is understood that the determination of a valid
alarm signal requires approximately 2 seconds. The penetration rate is alarmed at
0.75 in./min and shut down occurs with a 60-s cumulative time in any 3-min
period. This gives a chance for the operator to penetrate a thin, hard layer (if
encountered), provided that the force, rotational speed, and nitrogen purge controls
are not violated. There must be at least a 10-min waiting period following the trip
before the continuation of drilling.

The nitrogen inlet temperature to the drill string must be maintained between 10°F
to 140°F.

44.1.2. Accident Frequency of Waste Ignition

Failure to shut down the drilling when limiting operating parameters are exceeded
is assumed to cause runaway reactions in SSTs. The reliability of the nitrogen purge
system and control system for the rotational speed and down force are examined in
Appendix D. In Table 4-13, conditional accident frequencies are given. The accident
frequencies caused by loss of cooling, excessive rotational speed, down force, and low
penetration rate are estimated as 3.8E-5, 1.4E-5, 9.4E-5, and 74E-5/yr. These numbers
consider the use of a bottom detector or walkdown option to shutdown. These
frequencies are added to obtain the conditional frequency of a waste fire accident
caused by drilling operations. The combined frequency is 2.3E-4/yr.

44.2, Waste Fire as a Result of Exothermic Reaction Caused by Incompatible
Materials (Installation, Operation, and Removal)

Aluminum is known to be incompatible with tank waste. The existence of an
exothermic chemical reaction between aluminum material and the waste has been
observed. The reactions can produce large quantities of flammable and toxic gas,
and heat. This material must not be used inside the waste tank. Inadvertent
placement of this material in the waste tank environment presents itself as one of
the more logical sources of an accident initiator. Use of this material in the drill-
string column could lead to a rapid chemical reaction.

All that is required for this accident to occur during the core-sampling phase is for
the sampler seal to leak waste into the drill string. Personnel exposure to this
hazard occurs when the drill string is opened to add a section. At this point, the
pressure balance across the seal provided by the nitrogen gas has been removed, and
the string is at atmospheric pressure. This allows the waste to rise up into the
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exothermic reaction occurs.

" TABLE 4-13

When the waste encounters incompatible aluminum material, an

WASTE FIRE CAUSED BY FRICTIONAL HEATING FROM THE DRILL BIT
Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures MAF Valures
Loss of duili-bit Without N2 cooling holes in the Auto trip of the drill

cooling leads to waste
fire.

probability of

reactive waste
MAF = 3.8E-5
UAF =20

With
consideration of
probability of
reactive waste
for selected
tanks (Appendix

G)

drill bit are partially
blocked, there is no trip of
the drill string on low N2

flow, and there is

1 localized overheating of

sections of drill bit.

| string occurs on low Ny

purge gas flow.

Annunciation of high N2
purge gas temperature is
required.

N2 purge system is tested
for bypass leakage.

Test results show that N2
leakage from drill string
with section O rings not
installed is acceptable.

MATF <1.0E-6
Analysis shows that a
drill string tear without a
break is very unlikely.
Excessive drilling rpm | Without The rpm setting is too Control over speed setting
leads to waste fire. probability of high. is used.
reactive waste
Drill string fails to trip on | Drill string auto trips on
MAF = 14E-5 high rpm. excessive rpm.
UAF = 2.2E-2
With

consideration of
probability of
reactive waste
for selected
tanks (Appendix
G)

MAF <1.0E-6
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TABLE 4-13 (cont)
WASTE FIRE CAUSED BY FRICTIONAL HEATING FROM THE DRILL BIT

Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures ‘ MAF Values
Excessive down force Without Excessive down force is Control over down force is
on drill leads to waste | probability of used. used.,
fire. reactive waste ~
Drill string on excessive Auto trip drill string on
MAF = 9.4E-5 force with either force excessive down force: force
detector or walkdown detector and walkdown
UAF=1.2 detector. detector function for all
samples except last; force
With detector and bottom

consideration of
probability of
reactive waste
for selected

detector for last sample.

The drill bit type tested
by BOM is used.

tanks (Appendix
G)

MAF <1.0E-6

Without
probability of
reactive waste

Provide a 1 of 1 system for
detection of penetration
rate. Auto trip on slow
penetration rate.

Slow penetration rate Operator fails to act.

results in waste fire.

MAF = 7 4E-5
One minute is available
for operator to recognize
slow penetration

With conditions and stop
consideration of drilling.

probability of
reactive waste
for selected
tanks (Appendix
G)

UAF=0.2

MAF <1.0E-6

To mitigate this hazard, the materials used in the FG/RMCS and drill string were
chosen to be compatible with the contents of the tank so that neither chemical
action nor materials failure is expected as a result of expected or accidental contact
with the waste. WHC performed a compatibility study on seal components as well
as for the drill bit using an ammonia-saturated environment. Additionally, these
materials have been used in actual waste. No significant degradation was observed.
Study results summarized in Ref. 15 confirm these observations.
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Using aluminum tools around the open risers could have a potential for a drop
- “~ident. Administrative controls and work plans must be enforced to ensure that
‘sonnel near an open riser do not use waste incompatible tools.

o minimize the potential for exothermic chemical reactions, aluminum pans and
ntainers must not be used in contact with significant quantities of tank waste.

The drilling truck has some aluminum parts around the rotating platform.
iowever, the tank waste is not normally handled above these parts.

A review of the compatibility of aluminum with the tank gases has been conducted
and determined to be without detrimental effect and is therefore not considered
further.?®

Based on References 15 and 16, pipe compounds, lubricants, seals and tapes in
contact with the DS or tank waste that contain spark-inducing or waste-incompatible
materials must not be used. |

4.43. Crust Burn Caused by Drop Impact (Installation, Operation, and Removal)

In this section, the drop of the drill string or tools on the crust or waste surface is
analyzed. The frictional spark aspect of this accident has already been discussed. In
this section, crust reaction and the possibility of waste ignition are discussed. The
drill string impact is a bounding impact accident.

Appendix G assesses the possibility of crust ignition and propagation following a
drop of the drill string. Based on the analysis summarized in Appendix G, the
maximum crust temperature produced by impact is 126°C, which is much less than
the limit of 160°C given in Section 4.4.1.1 for preventing local exothermic reactions.
Therefore, no local exothermic reactions are expected.

It is concluded that with the limited energy input possible and with the crust-
burning characteristics, propagation is impossible.

44.4. Flammable-Gas Ignition under the Waste Surface Caused by Friction
From the Rotation or Penetration of the Drill Bit (Operation)

One of the safety concerns of sampling with the rotary-mode drill in flammable gas
tanks is the ignition of the flammable gas in the waste by the frictional sparks
created by the drill bit. The condition of waste in terms of hardness is not known
before the operation. A possibility of penetrating a very hard waste layer in a tank
exists. In addition, there may be some metal debris lost or dropped from the riser in
the past. Hard materials such as rocks or metals can also exist in the waste. Thus, it
is likely that the drill bit may strike against metal and other hard objects during
drilling.
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Ignition caused by frictional sparks is evaluated by performing ignition testing in
bounding conditions. Appendix T discusses the ignition testing requirements and
acceptance criteria. The objective of the tests is to demonstrate that the operation of
rotary-core drilling in a bounding frictional environment with bounding gas
composition does not cause an ignition. Testing was performed by the Witwer' and
BOM personnel and showed no ignition.

The conditional frequencies of a fire accident resulting from exceeding the rotational
speed and down force are estimated as 1.4E-5 and 9.4E-5/yr as indicated in Table 4.13.
Controls are established to trip the drilling operation when the rotational speed and
down force exceed 55 rpm and 750 Ibf. There is no delay time for the trip except the
delay time from the data acquisition system. If needed, the alarm points will be set
at lower values. However, drilling must stop when the trip value is reached. The
FG/RMCS operations must use only the drill bit type meeting the requirements
listed in Appendix T. ’

Some of the early tests performed at the BOM showed some interesting results. The
first series of tests were conducted at a down force of 1360 lbf and rotational speed of
65 rpm. Frictional tests performed with metal objects did not ignite the hydrogen-
oxygen mixture. Ignition was observed while testing an experimental bit that had
carbon-steel pins embedded in the tooth region against rocks. No ignition was
observed using a bit where the carbon-steel pins were not in the tooth region. The
tooth region is defined as the material beneath the carbon steel blank. Therefore,
this SA requires that no spark-inducing materials be located in the tooth region.
Because the drill bit base also is made of carbon steel, an additional control requires
that the drill bit must be replaced if drilling is shut down four times consecutively
as a result of a low penetration rate, and if the cumulative penetration is <0.3 in. for
the last three attempts. This conclusion was confirmed by Witwer (Ref. 10).

During frictional ignition tests using the current bit with assorted rocks and with a
test period of 3 min, no ignition was observed. The last test was run to failure.
Ignition occurred in the hydrogen-oxygen mixture within the sixth minute. It was
postulated that the ignition occurred because the autoignition temperature at the
teeth surface was reached. The test was repeated and ignition was observed at
almost the same time. The bit teeth were not worn significantly to cause the carbon
steel blank to be exposed to the rock. Additional tests without flammable gas were
performed to determine the interface temperature. In one of the tests, a
thermocouple was placed 1/8 in. beneath the assorted rock. The rock was not worn
significantly; therefore, the temperature just beneath the rock could be measured.
The rock temperature 1/8 in. beneath the surface was 236°C 6 minutes after testing
has started. An infrared temperature probe was also used to determine the teeth
surface temperature. Four minutes into the test, temperatures up to 400°C were
observed. These tests indicate that the autoignition-temperature would be reached
between 4 and 6 minutes.
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The analytical and experimental program described in Appendix T provided the
data to verify that the ignition observed in these tests was indeed caused by the
interface temperature reaching the autoignition temperature (see Witwer').

A penetration control is established in order not to operate in the frictional mode of
cutting that results from worn teeth. However, this contro! is established to set the
substrate temperature within the limits. In order to cause a hot'spot on a substrate,
the penetration rate control must be violated. Appendix F shows that with
reasonable penetration, the substrate temperature is less than 160°C. Appendix F also
concludes that as long as a nitrogen purge flow of 30 scfm is provided, down force is
less than 750 Ibf, or rotational speed is less than 55 rpm, the substrate temperature
does not increase above 150°C. Therefore, to reach an autoignition temperature of
hydrogen nitrous oxide ammonia mixtures, a triple failure needs to be obtained;
penetration rate and purge flow; penetration rate and force; or penetration rate and
rotational speed (see Table 4-14). These results were verified by using rocks in the
envelope testing discussed in Appendix F (Witwer!®).

TABLE 4-14
FLAMMABLE-GAS IGNITION UNDER THE WASTE SURFACE CAUSED BY
FRICTION FROM THE ROTATION OF THE DRILL BIT

Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures MAF Values
Drill bit hits a rock Without BOM Rocks are contacted in the | Auto trip occurs on slow
and spark leads to data: waste. penetration rate and a
ignition of flammable loss of or low N2 drill
gas and consequently MAF=6.6E-7 Penetration rate detector string purge gas flow
waste fire. fails. results.
UAF=0.2
With BOM
Data
MAF and UAF
<1.0E-6

4.4.5. Summary of Waste Fire Accidents

The waste fire accidents considered various initiators. The overheating of waste or
the drill bit and the ignition of flammable gas by friction that could be created by
drilling are the dominant initiators. Experiments have been conducted to define
safe operating parameters at which these two initiators could not cause ignition.
The critical operating parameters are down force, rotational speed, nitrogen purge
flow, and penetration rate. Failure to control these parameters could result in dome
collapse. The total accident frequency is found to be 2.3E~4/yr.
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The analysis of the waste ignition did not account for the probability of
encountering a waste layer where the burn propagation is expected. The proportion
of the reactive waste in each SST is considered in Appendix G. As shown in
Appendix G, only some tanks satisfy the low fraction of reactive waste criterion.
The accident frequency for these tanks becomes less than 1.0E-6/yr.

4.5. CHEMICAL REACTIONS AND CRITICALITY ACCIDENTS
4.5.1. Criticality Caused by Drilling (Operation and Removal) ™~

The criticality issues associated with the FG/RMCS operations are addressed in
Appendix R. The analysis given in Appendix R concludes that nuclear criticality
within the single-shell flammable-gas tanks could not occur as a result of FG/RMCS.

4.5.2, Water Addition and Temperature Limits (Operation and Removal)

These accidents address the possibility of excessive water additions to the tank that
would cause the level to rise above what is allowed by safety controls. It also
addresses the effect of the water addition on the waste temperature and gas releases.
In the limit, flooding could result from the release of tank materials into the
environment caused by hydrostatic failure of the tank. Flooding from natural
events is considered in Section 4.9.

Also, water addition can have several effects: (1) changes of the waste temperature,
(2) release of gases, (3) changes in pH level, and (4) an increase in radiolysis activity.
Appendix O discusses the effect of water additions. It is concluded that, if done
within the specified limits, water addition does not cause a safety concern.

4.5.3. Waste Ignition and Melting (Operation)

Waste ignition as a result of exothermic chemical reactions is discussed in the waste
fire accident category. In this section, the waste melting hazard is addressed. The
estimation of the melting temperature of waste depends upon the waste
composition. A mixture of sodium nitrate, sodium nitrite, and sodium acetate
melts at 175°C (Ref. 21). In addition to these components, the waste contains
sodium hydroxide, sodium aluminate, sodium carbonate, sodium sulfate, sodium
phosphate, and a host of minor components. Adding additional salts lowers the
melting point. Therefore, the melting point of waste is expected to be much lower
than the 175°C observed for mixtures of sodium nitrate, sodium nitrite, and sodium
acetate. The maximum allowable drill-bit temperature is 160°C, which is probably
above the melting point of the waste. Thus, waste melting may occur during
drilling.

One consequence of melting could be a gas release, but it is not expected that the gas
release will be significant. At worst, the FG/RMCS perturbs the temperature in the
neighborhood of the drill bit. Thus, the affected volume is small. Much larger gas
releases are considered in the consequence analysis.
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Melting has been proposed as a necessary precursor to runaway exothermic
reactions. Melting would cause different chemical components to be brought into
contact with each other. Although melting may be necessary for a runaway reactlon
it is not the only consideration. Appendix G discusses the temperature limit to
prevent runaway exothermic reactions based on experiments conducted on
simulants, real wastes, and waste surrogates. These experiments already include the
melting phenomenon. Therefore, melting as an initiator of runaway reactions is
not considered as a separate hazard. -

The drill bit holes can become totally or partially plugged during drilling. Such a
scenario could cause overheating of the drill bit, resulting in waste ignition.
Envelope testing discussed in Appendix F includes testing with plugged holes. It is
demonstrated that the plugging would not cause overheating within the bounds of
the operating parameters controlled in Section 6 of this SA.

4.54. Energy Addition to the Tank (Operation)

As discussed in Appendix O, energy additions or nitrogen cooling during FG/RMCS
operations do not cause a safety concern, provided the operations are performed
within the specified limits.

4.5.5. Impact-Sensitive Compounds

The presence of impact-sensitive explosive materials was evaluated by Martin® and
Beitel.” It was concluded that impact-sensitive compounds are not considered to be
credible initiators for chemical reactions.

4.6. CONTAINMENT BREACH ACCIDENTS

A loss of confinement of the toxic and radioactive waste from a structural failure of
the tank liner is an important safety issue. Installation, removal, and/or
decontamination operations potentially constitute hazards to the structural integrity
of the tank. The following subsections discuss the assessment made of these
situations.

4.6.1. Excessive Static and Dynamic Tank Dome Loading (Installation, Operation
and Removal)

Appendix N examines static and dynamic dome loading and its consequences. The
static load capacity of the tank dome is monitored carefully, and an overload state
that could precipitate a structural failure must be avoided. The equipment required
on the surface of the tank to support FG/RMCS sampling operations qualifies as a
live load (see Appendix N). The tank loads study permits a 50-ton live load on the
tank dome. Even though the weight of all FG/RMCS equipment exceeds 50 tons,
administrative procedures will limit the tank loading to less than 50 tons.
Therefore, the dome loading must be controlled by the dome loading limits for SSTs
as specified in OSD-T-151-00013 (Ref. 24).
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The dome would be subjected to dynamic dome loads if a truck were to fall from the
hydraulic jack or from a platform. Appendix N considers this scenario and analyzes
the consequences of the dynamic loading caused by dropping the truck. It is
concluded that the dome could withstand the impact force of the 30,000-1b truck
dropping on it from the 3-ft-high platform.

Excessive vacuum in the dome is another accident identified as a result of exhauster
operations. The exhauster design prevents the occurrence of excessive vacuum
because the shutoff head is 14 in. w.g. A dome collapse would not occur until -15 in.
w.g. Also, the inlet HEPA filter has a vacuum breaker to prevent excessive negative
tank pressure. The vacuum breaker is set at about 4 in. w.g.

4.6.2. Penetration of Tank Bottom, Drill String Drop, and Drilling against the
Liner (Installation, Operation and Removal)

The drill string is restrained from falling and impacting the tank bottom by the
pneumatic foot clamp. After numerous sections of the drill string have been added,
the suspended weight could cause the drill string to fall if the clamp is released
because the force of gravity exceeds the frictional forces of the frisbee. Initially, the
frictional force developed at the riser seal interface exceeds the string weight. The
frictional force is produced by the rubber frisbee that girths the outside diameter of
the drill string. This constant force eventually is overcome by the column weight as
the drill rods are added. The drill string extending nominally halfway into the tank
poses the largest hazard to the integrity of the tank bottom from an impact. The
impact force that would occur if the drill string were released was evaluated.”

Appendix N includes a ballistic impact analysis for different drop heights. The
resulting stress level is expected to challenge the ultimate strength of the liner
material despite the inherent ability of the carbon-steel liner to withstand higher
stresses under high strain rate conditions. Because this accident can lead to a breach
of the waste confinement, it is a major concern and must be avoided through the
application of administrative controls. The very low expected accident frequency
associated with this drop significantly ameliorates the risk. This mitigating
consideration is discussed next.

The pneumatic foot clamp provides a positive grip around the string due to gravity

and interference fit. Even when deenergized, the clamp provides positive restraint -
to prevent the string from falling. Although gravity and the interference fit prevent

the string from falling under gravity, it does not preclude upward motion. Several

events must occur for the drill string to fall and impact the tank bottom. Appendix

E determines that the frequency of a DS drop impacting the tank bottom is 3.0E-5/yr.

The consequence of this drop of the drill string is damage to the bottom liner

resulting in a radioactive liquid release into the ground.

Sampling near the bottom of the tank introduces the possibility of contacting the
tank bottom. Precautions are taken in setting up the drill string simply by recording
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the string depth during installation. Nonetheless, in the rotary-mode sampling
method, the drill string can produce an axial force of 750 Ib. The force produced on
the drill string by hydraulic action neither causes the drill string to penetrate the
tank liner nor threatens the tank’s structural integrity in any way. The drill string is
a very long, slender column when fully extended to the tank bottom. This column
buckles at a load less than the ram capacity force of 5370 Ib. As an added protective
feature, the FG/RMCS incorporates a bottom-contact sensor that reverses the
hydraulic ram pressure used in the drill string operation. The pressure reversal
causes the sampling operation to cease and pulls the drill bit away from the tank
bottom.

Because the axial forces that can be produced by the FG/RMCS during sampling are
significant, contacting the tank liner may pose an unacceptable risk to the tank’s
structural integrity. Therefore, a control is established not to drill closer than 3 in.
from the tank bottom (see Appendix N for the basis of this control). Note that the
failure probability of the walkdown and force plus the hydraulic bottom detector
protection systems to detect the bottom are low and are estimated as 3.0E-5/yr.

4.6.3. Failure of the Drill String (Installation, Operation, and Removal)

The failure of the drill string during drilling is evaluated as a fire hazard. A torque
and axial load are applied to the drill string during drilling. Buckling of the drill
string from the application of axial force and torque as well as excitation of the drill
string with natural frequency could yield drill string failure. The down force is
limited to prevent drill bit overheating. The other limit on the down force should
be based on the buckling limit. Appendix N discusses the structural buckling limit
under various boundary conditions. The buckling limits as a function of the drill
string length are given in Fig. N-1 of Appendix N.

Appendix N concludes that the drill string could not be excited with natural
frequency as a result of torque only. Figure N4 of Appendix N plots the first and
second mode-resonance rotational speed as a function of the drill string length. The
suggested range of rotational speeds is tabulated in Table N-2.

When the drill string length is less than 45 ft, down force must be limited to 750 1bf,
and rotational speed is limited to 55 rpm. When the drill strength length is > 45 ft, -
administrative controls must be established to limit the speed to 40 rpm and down
force to a maximum of 650 Ibf.

Buckling loads and rotational speed to prevent resonance are established as required
controls in Section 6. The frequency of the exceeding force limits is 9.4E-5/yr
(Appendix E). The consequences of drill string breakage are several. The major
concern is to cause a hot spot resulting in a fire in the dome (assumes that a failure
occurs in the dome space and coincides with the existence of flammable gases). In
Section 4.2.1, the fire accident caused by the drill string breakage was discussed. The
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other concern is the operational difficulty of removing the broken drill string. This
SA does not address the removal of damaged drill strings.

4.6.4. Riser Damage (Installatidn, Operation, and Removal)

The risers in the SSTs, although differing in diameter and overall length, share
common support features. Each riser is anchored into the concrete tank dome with
horizontal studs. The risers are not welded to the primary tank liner because the
primary liner does not cover the tank dome. Failure of these studs conceivably
would result in the riser being driven into the tank space. This prospect is an
unlikely event for small-diameter risers.

Riser loads have been investigated by Miller.* The stress produced in the riser from
this impact is directly proportional to the square root of the falling body’s kinetic
energy and the material modules of elasticity, and is inversely proportional to the
riser volume. Thus, stress buildup in the riser pipe is not only influenced by the
riser cross-sectional area but also by pipe length.

The drill string is to be placed on and removed from the riser during installation,
operation, and removal activities. The new drill rods are lifted manually and
threaded to the drill string. Even if they are dropped, their weight is only about 7 Ib.
An analysis of the drop height performed by Miller shows that a maximum height
exists that depends upon the mass of the object to be dropped. The analysis further
indicates that the scaling of the mass is a linear function of the ratio of the masses.
Miller calculated a 1.7-in drop height for the studs to fail if an object with 363 kg (800
Ib) is dropped. Using this information and the weight of a drill string, the scaling
ratio is 800/7, or 114.3. The maximum lift height associated with a drill rod is 5.0 m
(16.4 ft). This height is larger than the distance between the rotary platform and the
riser. Considering all of the arguments above, riser damage from a drill-rod drop is
not expected.

During operation, the drill string rotates in the conductive sleeve installed in the
riser. Because the riser would be subjected to lateral loading, excessive stresses could
be introduced on the riser's lower lip, upper flange, the drill string, or to the
conductive sleeve, causing either or both to fail. Lateral loads can result from many
factors, including misalignment or excessive lateral movement of the drill string,
wasteberg impact on the submerged portion of the drill string, or attempts to
remove a bent drill string. The failure of the riser lower lip has no consequence
other than a possible sparking source as it plastically deforms from the load
application; however, failure of the upper flange results in a breach of confinement
from an inability to properly close the riser. The failure of the drill string has other
consequences, including portions of the unit falling into the tank or deformation of
the drill string so that it cannot easily be removed from the riser. Removal of a
stuck drill string is not in the scope of this SA. Dropping of a broken drill string
could only occur when the drill string is submerged into the waste. There are
controls on the downward load requiring it to be less than the buckling limit. If the
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control is violated and this results in a failure, the drill string would not sink
because the high load would not cause penetration. Therefore, the only consequence
from this type of event is that the riser could become unusable and need to be

sealed.

During operation, the hydraulic capacity of the drill head and shielded receiver can
also apply a vertical load to the foot clamp and the riser when the foot clamp is
closed. This sequence can result in riser damage, so that the riser may become
unusable and need to be sealed.

Riser damage is a more likely event in the preinstallation phase. In this phase, the
vehicles are positioned on the tank top and could inadvertently run into the riser,
resulting in damage to the riser. This type of accident is considered an industrial
accident, and standard WHC controls prevent this from occurring.

Riser damage resulting in the ignition of flammable gas is prevented by cessation of
all activities upon receipt of a flammable-gas alarm.

Heavy equipment, such as casks and exhauster skids, are positioned on the tank top
using cranes. Failure of the cranes during the positioning would cause riser
damage. WHC safe practice standards provide the necessary protection for the
proper handling of components.

4.6.5. Tank Wall Penetration (Operation)

A tank-wall penetration accident addresses the cases in which the drill string could
damage the vertical section of the tank liner. This accident is considered to be
incredible. Appendix N presents a calculation to estimate the bounding horizontal
load to break the drill string at the riser. It was found that the drill string could be
broken if a 610 1bf is applied. The deflection of the drill string is estimated as 5.7 in.
Thus, before the drill string reaches the tank.wall it should be broken already.
When the drill string is broken, the debris would not cause a threat to the side wall
because the waste in single-shell, flammable-gas tanks is very viscous. Both the
consequences and the frequency of this accident are bounded by the bottom
penetration accidents.

4.7. GAS RELEASES WITHOUT BURN
4.7.1. Toxic-Gas Releases (Installation, Operation, and Removal)

The toxic gases of interest are ammonia and nitrous oxide. The consequences of
toxic-gas releases are divided into anticipated, unlikely, and very unlikely bins and
are discussed in Section 5 of this SA.
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4.7.2. Unfiltered Releases

The consequences of unfiltered waste releases associated with the gas-release events
also are discussed in Section 5 of this SA. The consequences are analyzed in
anticipated, unlikely, and very unlikely accident bins, consistent with the toxic-gas
release accidents.

4.7.3. Steam Release and Moisture Removal from Tank (Operation)

Mass removal by evaporation caused by drill bit heating and by ventilation
operations are discussed in Appendix O. Water can also be evaporated as a result of
an energy release by local exothermic reactions. However, operating parameters
prevent the drill bit temperature being close to the critical reaction temperature.
The analysis shows that water removal during FG/RMCS operations is not a safety
concern.

4.74. Undetected Gas Release (Operation)

In this accident, the concern is an undetected release path at the top of the tank. The
consequences of this accident may be a fire as considered in the above tank fire
accident category. Toxic-gas releases are bounded by the releases from the riser.

4.7.5. Nitrogen Additions (Installation, Operation, and Removal)

Nitrogen gas is added to the tank during the normal FG/RMCS operation. Nitrogen
is added to waste at the rate of 0.3 to 100 scfm. Nitrogen addition to the waste is
discussed in Appendix M. Although very unlikely, a nitrogen addition may cause a
gas-release event. The exhauster must be operable during drilling.

4.8. SPILLS, RELEASES, AND HAZARDOUS MATERIAL AND RADIATION
EXPOSURES

Because the tank waste contains toxic, radioactive, and hazardous materials, it is
possible that workers or the environment could be exposed to harmful levels of
hazardous materials.

It is possible that personnel could be exposed to toxic or hazardous materials in
activities that require handling potentially contaminated components. This
accident scenario does not consider exposures associated with a GRE or with fires,
both of which have been discussed. The subject of this section is the potential for
exposure associated with contaminated components and equipment and aerosol
releases from spills.
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4.8.1. HEPA Releases as a Result of Excessive Loading and HEPA Failures
(Operation and Removal) '

Appendix R evaluates the HEPA particulate loading based on results reported by
Francis.”’ The total mass from out of the riser and to the HEPA filter is reported as
901 ¢, a value based on continuous operation of the exhauster, a total drilling depth
of 266 in., and a schedule of 40 min of drilling (19 in.) followed by a 60-mir delay
before starting the next drilling period. The results take into account settling of the
aerosol created.

If the HEPA filters fail, a 1% release is assumed as given by Voice?® who gave some
experimental values for the release fractions of blowout incidents.  The
experimental estimated values are smaller than 1%. The release from HEPA would
be less than 9 gr.

Differential pressures across the HEPA filters are measured. Failure to detect high
HEPA loading and failure to shut down the exhauster may result in HEPA failure.
The frequency of this accident is estimated as 1.6E-5/yr. (Appendix E, Table 4-15).

4.8.2. Exhauster Continuous Release after Filter Failure (Operatio and Removal)

This accident is considered in the unfiltered release accidents in Section 4.7.2.
addresses the failure of HEPA filters following a continuous release with a flow rate
of 250 scfm.

4.8.3. Inlet Duct Failure (Operation and Removal)

This accident addresses the release of aerosol from the riser where the breathing
HEPA filter is installed. It is assumed that a HEPA filter fails, and a GRE occurs. The
consequence of this accident is bounded by the gas releases from an open riser as
discussed in Section 4.7.1.

484. Releases from Core Sampler Drops (Operation)

This accident addresses the releases to the atmosphere if the failed sampler (ball
valve is open) is dropped from the shielded receiver. The maximum amount of
waste in one sampler is 0.39 kg. A conservative airborne release fraction of 2E-4 is
used (Appendix S). The aerosol release is 0.08 g for this accident. A control is
established to inspect the sampler during sampler retrieval. The ball valve cannot
be closed if the sampler is not inserted completely in the shielded receiver when
held by the RLU.

The frequency of an accident depends upon the failure rate of the rotary ball valve
and the probability of a drop or inadvertent opening of the ball valve. The frequency
of this accident is determined as 8.6E-9/yr (Appendix E) as shown in Table 4.15.
There are two administrative controls that are credited in obtaining this frequency.
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SPILL ACCIDENTS CONTROLS

TABLE 4-15

Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures ’ MATF Values
Radioactive aerosols | MAF = 1.6E-5 Excessive differential No controls are credited.
are released from the | (nota dome fire) | pressure occurs.
HEPA filter blowout. “
UAF = 1.6E-5
Spill results from MAF = 8.6E-9 RLU drops sampler. Controls over operation of
dropped sampler in (not a dome fire) RLU are used.
shielded receiver. Sampler rotary valve
UAF = 0.02 fails, given drop of Control to close ball valve
{Similar accidents are sampler. when shielded receiver is
spills from drops of used.
sampler in x-ray Ball vaive in shielded
machine or in cask but receiver is inadvertently
they are of lower left open.
frequency.)
Waste fram MAF = 6.2E-7 N2 hydrostatic systems Leak test N2 hydrostatic

contaminated drill
string interior is

released above ground.

{not a dome fire)

UAF=2

fail to both drill string
and shielded receiver.

Contamination is not
detected during removal
of drill string sections.

systems for both drill
string and for shielded
receiver are used.

Unique connections for N,
hydrostatic systems for
both drill string and
shielded receiver are
used.

Verification is made of
the N, hydrostatic supply
to both drill string and
shielded receiver during
activation of hydrostatic
mode of N, supply.

Monitoring for
radioactive
contamination during
removal of drill string
sections is done.
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TABLE 4-15 (cont)
SPILL ACCIDENTS CONTROLS

Frequency of Controls Credited in
Failure Dominant Calculating UAF and
Accident 1/yr Failures ' MATF Values
Waste from MAF = 4 4E-6 Wash of drill string A water wash of the drill
contaminated drill (not a dome fire) | exterior surface is string exterior surface is
string exterior is ineffective before done before removal of
released above ground. | UAF = 2.0 removal of drill string. drill string.
Contamination is not Monitoring is done for
detected during removal | radioactive
of drill string sections. contamination during
removal of drill string
sections.

4.8.5. Open Sampler Spills (Operation)

The concern is the spill of 0.39 kg of waste from the core sampler. For this to occur,
the rotary ball valve needs to fail with the inadvertent opening of the shielded
receiver valve. The release fraction is estimated as 2.0E-4 (Appendix S), and the
release to the atmosphere would be 0.08 gr. The frequency of this accident is the
same as for the previous accident and is estimated as 8.6E-9/yr (Appendix E).

4.8.6. Spill from Accumulated Waste in Core Barrel

If waste collects inside the core barrel or drill rods, handling could cause a release.
Even though accumulated waste may be discovered by radiological monitoring, this
would only aid workers in preparing to catch the spill that could follow removal.
This release would be a spill. Considering that the length of the core barrel is 1.1 m
(40 in.), and the diameter is 5.08 cm (2 in. i.d.), there could be 3.3 kg (7.3 Ibm) of
waste. The release fraction is recommended as 2.0E4 (Appendix S). Thus, the
material release would be 0.66 gr.

The frequency of this accident is dominated by failure of the nitrogen hydrostatic
system and failure to detect contamination as indicated in Table 4.15. The frequency
of spills is estimated as 6.2E-7/yr.

4.8.7. Ineffective Decontamination and Drop of Drill String

If decontamination is not effective and cannot be made effective, some spilling of
contamination from the drill rod could be expected. The quantity of material on the
exterior of the drill string can be no more than 0.37 kg assuming a 3-mm waste film
on a drill rod. The frequency of spill is calculated by considering a failure to detect
the contamination and an ineffective wash as indicated in Table 4.15. A spill of the
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maximum quantity of material assumes no provisions to catch and contain the spill
once the failed decontamination system is discovered. For conservatism, the spill
quantity is assumed to be the maximum possible, however. The frequency of the
ineffective decontamination and drop is estimated as 4.4E-6/yr. A release fraction of
2.0E-4 (Appendix S) gives 0.75 gm of ‘waste to be released.

4.8.8. Radiation Exposures (Installation, Operation, and Removal)

It is possible for personnel to be exposed to excessive levels of radiation in
association with proposed operations for the FG/RMCS. Several accidents are posed
and discussed below. It is important to remember, however, that the exposure
calculations are performed using the bounding nuclide inventory for all the SSTs
(see Appendix R). Thus, such high exposure levels are not expected in any given
SST.

4.8.8.1. Exposures from HEPA filters

Appendix R represents a calculation for possible radiation doses from HEPA filters.
Using the code MicroShield (Appendix R), a filter geometry of 24 in. x 24 in. x 11.5
in. containing SiO2 at a density of 0.1 g/cm3, it is found that the exposure at 1 cm
from the surface is 317 mrem/h at the end of 100 minutes of operation. This
exposure may be scaled with units of 100 minutes of time because it is based on an
average mass flow rate. Controls are established to survey the radiation level from
HEPA filter housing each shift during waste-intrusive operations.

4.8.8.2. Radiation Doses from the Shielded Receiver

Appendix R represents the radiation calculation from a full sample when it is in the
SR. The bounding value of exposure calculated is 211 mrem/h at 1 cm from the
surface of the receiver. It would be expected that there would be no samples that
would actually produce this value because the samples would contain liquid that
has a lower source strength. In addition, the source strength used here is the
maximum found in any waste sample.

Administrative controls are established to survey radiation levels from the SR per
WHC procedures. '

4.8.8.3. Radiation from the X-ray Machine.

The requirements for operating the x-ray machine are explained in the document
entitled “Requirements for Mobile Core Sample X-Ray Systems Number 2, 3, and 4”
that the WHC provided.”” Some of the safety requirements for shielding are listed
below (taken from the reference). Radiation Shielding and Safety Requirements
satisfy all the safety requirements dictated in American National Standards Institute
(ANSI) N43.3, 21, CFR Section 1020, Chapter 246-243 WAC.*

The maximum allowable dose rate at any accessible area 5 cm from the outside
surface of the enciosure must not exceed 0.5 mrem/h. This is demonstrated or
measured using calibrated equipment before final acceptance of the system.
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Particular attention is placed on the dose rate at the Kamlock® adapter coupling.
The rest of the safety requirements are available in the above-mentioned document.

4.8.84. Excessive Radiation Exposure as a Result of Personnel Being in a Direct
Line of Sight to the Tank Waste (Installation and Removal)

Ior. ing radiation from inside the tank caused by radioactive waste produces a
nearly constant radiation field when viewed from an open riser. The maximum
radiation field at the throat of an open 4-in. riser has been determined to be in excess
of WHC limits for areas not considered to be high in radiation. Controls are
required to ensure that workers do not receive excessive exposure during
installation and removal, during which a direct line of sight to the tank wastes is
possible. Because the FG/RMCS essentially fills the riser, there is little chance for
workers to be exposed to a direct line of sight during operation. Only through the
failure of workers to follow procedures limiting the exposure or through improper
development of work plans can workers be exposed to excessive levels of waste on
the FG/RMCS if the decontamination system is not effective. This issue is discussed
in the next section. ‘

4.8.8.5.Excessive Personnel Radiation Exposure during FG/RMCS Decontamination
The FG/RMCS may be contaminated by tank waste during removal or operation
phases. The amaunt of waste on the FG/RMCS can increase the radiation caused by
tank shine. Workers are required to aid in the assessment of decontamination
effectiveness during removal actions. Therefore, workers could be exposed to the
combined fields of tank waste on the drill string and tank shine.

A hand-held radiation monitor is used by radiological health technicians to ensure
that radiation levels are acceptable for unrestricted work. - Protective equipment and
other work limitations (such as work duration) are specified by tank radiological and
industrial health authorities, according to established procedures. All open-riser
work requires respiratory protection, as indicated in Section 6 of this SA.

The likelihood that workers could be exposed to this high level of radiation depends
on whether the decontamination system and handling procedures are effective.
WHC has experience with other similar activities,’ * and what can be expected for
the FG/RMCS should not result in increased personnel risk. In general, the water
decontamination method is successful in removing hazardous levels of waste from
the exterior surfaces of components, particularly if the components are designed to
facilitate decontamination, as in the FG/RMCS.

In summary, workers could be exposed to high levels of radiation; however, this is a
very unlikely occurrence because the controls are strictly enforced and monitored,
and workers are highly trained in both radiation protection techniques and the types
of exposure possible at the tank farm.

4-60 August 8, 1996



WHC-SD-WM-5AD-035, Rev. 0-a

4.9. EXTERNAL EVENTS

In this section, the accidents associated with external events are evaluated. It is
concluded that the risk associated with lightning, wind, fire, earthquake, tornado,
flood, volcanoes, and dust devils- are acceptable as long as the activities are
performed in accordance with the available administrative controls. Before and
periodically during FG/RMCS operations, at the discretion of the person in charge
(PIC), external event status must be verified with meteorological stations or
appropriate authorities. WHC is required to identify an acceptable meteorological
station and acceptable verification authority.

4.9.1. Lightning

The Hanford Site is not a major thunderstorm area. On average, only
~10 thunderstorm days per year are recorded at the Hanford Site, although this
number has varied from a low of 3 to a high of 23 thunderstorm days per year.
Thunderstorms theoretically can occur during any month of the year; however, they
occur most frequently from April through September. The largest number of
thunderstorm days recorded in a single month is eight, a number of days that has
occurred in both June and August. Large differences in electric potential can occur
during thunderstorms, which in turn can lead to lightning strikes. In general, ~20%
of lightning strikes are cloud-to-ground/ground-to-cloud discharges. Lightning
strikes in the summer occasionally have ignited range fires in the Hanford Site
region.

A lightning strike could initiate a hydrogen burn during FG/RMCS operations.
Lightning is a generic source for all the fire accident categories analyzed in this
section. Lightning strikes are discussed in this section only, and this section will be
referred to when discussing the same issue in other parts of Section 4.

Lightning hazards have been extensively treated by Cowley.*® For background and
detailed treatment, the reader is referred to this reference. Relevant features of that
analysis that are pertinent to the FG/RMCS operations are discussed below.

e Lightning strikes at Hanford have a frequency of 1 per km®/yr.

e A rough rule of thumb is that a grounded vertical rod attracts any
lightning that would have struck the ground in a circle around the rod
with a radius equal to the height of the rod.

Conclusions from the analysis are

e Where the object struck is not directly attached to a tank riser, the
lightning could not be an ignition source for flammable-gas mixtures in
the tank.
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e Strikes to control panels/enclosures, power lines, backup supplies,
structures, and ventilation systems result in accident situations that are
insignificant, covered by interim operational safety requirements, or
analyzed in the interim safety basis (ISB).

Umman says that the structure of an SST, the large quantity of rebar in the concrete,
and the fact that the tank is buried gives an SST some of the properties of a Faraday
cage. However, the lack of a completé steel inner liner makes the SST less effective
than a double-shell tank (DST) as a Faraday cage. Construction drawings do not
indicate that any effort was made during construction to make electrical connections
between the risers on the SSTs and the rebar in the concrete. Therefore, there are
electrically noncontinuous paths through the tank that can result in arcing. The
paths are as follows:

e Arcing between inadequately bonded equipment extending through risers
and the risers.

Arcing between the riser or equipment and the rebar in the concrete
dome.

Arcing between an equipment item and the waste surface.

Arcing at bolted flanges.

Ohmic heating of the waste by conduction of a current into the waste by
an equipment item such as a thermocouple (TC) tree.

In his report, Cowley assumes that any lightning strike on a riser or riser-mounted
equipment will have enough energy to ignite a flammable mixture. To minimize
the probability of a lightning strike, all FG/RMCS equipment (including the drill
string) must be bonded to the riser or inserted into the tank, and must be grounded,
using existing or an alternate grounding methods consistent with the principals
outlined in Cowley's report (Ref. 33). WHC has developed and implemented
appropriate grounding/bonding procedures. Equipment not attached to the riser or
inserted into the tank must be grounded following adequate WHC grounding and
bonding controls consistent with the NFPA requirements.

Lightning could strike the exhauster or any other auxiliary system or drill truck
during a thunderstorm. This cannot be prevented. Therefore, no FG/RMCS waste-
intrusive activities can proceed during thunderstorms, or when thunderstorm
activity or lightning strikes are reported or predicted within a 50-mile radius. This
reduces the likelihood that drilling would cause flammable-gas conditions in the
dome when there is a high probability of a lightning strike. The drill string could be
left in the riser for different reasons. When it needs to be left in the riser, and the
truck is not manned, the drill string needs to comply with the grounding
requirements developed by WHC.
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Grounding systems and bonding need to be verified as being adequate before
initiation of operations. If the strike occurs, a fire is assumed to result.
Assumptions and event trees in estimating the frequency of fire accidents caused by
lightning are given in Appendix E. ’

The low probability of a lightning strike during a GRE and during FG/RMCS
operations combine to make a lightning-induced burn frequency beyond extremely
unlikely.

-

4.9.2, Wind

At the Hanford Site, the severe-weather phenomenon that occurs most frequently
and has the greatest impact is dust storms (Ref. 34). The maximum recorded peak
gust at 15.24 m (50 ft) above the ground was 35.8 m/s (80 mi/h), which occurred in
January 1972. A 100-yr return period peak gust of 384 m/s (86 mi/h) has been
calculated at the 15.24-m (50-ft) elevation.

Procedures governing FG/RMCS operations constrain operations to be performed
only when the sustained wind velocity is less than 11.1 m/s (25 mi/h). This limit
reduces the risk of wind-caused accidents.

4.9.3. Fire

The tank farm area has been subject to range fires in the past. Procedures governing
FG/RMCS operations involving installation, operation, and removal prevents
operations if a range fire is within 8.0 km (5 mi} of the tank being sampled. The
FG/RMCS operation may be terminated very quickly once a fire is detected within
an 8-km (5-mi) radius. In addition, procedures require limitations on flammable
material in the vicinity of the tank, and fire extinguishers need be on hand before
beginning installation or removal operations.

4.9.4. Earthquake

An earthquake occurring during FG/RMCS installation and removal operations
does not change the risk assessed in this SA significantly because the operation
period of FG/RMCS is short. The low probability of a large earthquake occurring
during FG/RMCS installation, operation, and removal operations is acceptable risk,
and accidents that could result as a consequence of this initiator are not considered
in this report.

The design-basis earthquake has a return period of 7500 yr (frequency > 1 x 104/yr).
SSTs are designed to withstand a 0.2-g zero-period acceleration (ZPA), but there is a
high probability that a stronger earthquake with a magnitude exceeding 0.2 g may
produce structural failure of the dome.
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4.9.5, Tornado

Tornadoes are very rare in the vicinity of the Pasco Basin and, on average, the state
of Washington experiences just over one tornado each year. Reference 35, "Design
and Evaluation Guidelines for Department of Energy Facilities Subjected to Natural
Phenomena Hazards™® are used for natural phenomena loadings for nonreactor
facilities. This document states that tornadoes are not considered a viable threat or
hazard at the Hanford Site and are eliminated as an external initiating even:.
Nevertheless, in Section 6 of the SA, a control restricts FG/RMCS activities when
tornado activity has been predicted within the next 8 hours within a 50 mile radius.

4.9.6. Flood and High Rainfall

Reference 36 describes probable maximum flooding of the 200-West Area—streams,
ri* 2rs, surge and seiche flooding, flooding from ice dams, tsunamis, and flooding
from dam failures. The worst-case flood was found to be caused by a hypothetical
catastrophic failure of the Grand Coulee Dam. In this case, it was concluded that the
floodwaters (elevation ~140.2 m (460 ft) would be well below the elevation of the
200-West Area [elevation ~2134 m (700 ft)]. Thus, flooding was eliminated as an
external initiating event. In the case of excessive rainfall, the operations are
required to be stopped. Necessary controls are established in Section 6.

49.7. Volcanism

Volcanic hazards of the 200-West Area were examined in Ref. 36. In this report, it is
stated that there is no evidence of lava flows, ash flows, or mudflows from Cascade
Range volcanoes having reached the Pasco Basin during the Quaternary period.
The nearest Cascade Range volcano is more than 96.5 km (60 mi) from the Hanford
Site. With the exception of mudflows and airborne ejecta, most eruption products
remain within 48.3 km (30 mi) of Cascade volcanoes. At increasing distances from
the eruptive vent, flows of lava, debris, and mud tend to become more confined to
existing drainage channels. Because no streams flow directly from the Cascade
Range volcanoes to the Hanford Site, this type of volcanic product is not considered
likely at Hanford.

A volcanic ashfall event is considered to be a potential natural phenomenon
occurrence at the Hanford Site. The design criterion for ashfall loading on Hanford
Safety Class I (SC I) structures, systems, and components is an uncompacted ashfall
of 114 cm (4.5 in.). This ashfall should cause no undue additional loadings on
critical structures.

The low probability of a volcanic event, combined with the minor consequences of
an ashfall, are not considered to pose a significant hazard to the proposed
operations. The installation and removal procedures contains a requirement to
suspend operations in the event of volcanic activity that could lead to an ashfall.
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4,9.8. Dust Devils

A dust devil is a localized wind pattern that moves in a circular motion which
spawns and decays quickly and travels at relatively low velocities. Dust devils occur
frequently in the Hanford Site areas during the daytime in the summer months.
Wind speeds are believed to be in the low tens of miles per hour. The major
concerns related to dust devils entering the site are (1) the effects on lifting the
equipment, (2) the control of contaminants during installation and removal and (3)
the effect on personnel around an open riser from contaminant dlspersal It is
difficult to predict the effect of a dust devil moving over the open riser because the
dust devil wind speeds are unknown and because of the variety of operations being
performed. To prevent adverse effects from dust devils, FG/RMCS activities must
be suspended at the discretion of the PIC when there is observable dust devil
activity.
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remain within 48.3 km (30 mi} of Cascade volcanoes. At increasing distances from
the eruptive vent, flows of lava, debris, and mud tend to become more confined to
existing drainage channels. Because no streams flow directly from the Cascade
Range volcanoes to the Hanford Site, this type of volcanic product is not considered
likely at Hanford.

A volcanic ashfall event is considered to be a potential natural phenomenon
occurrence at the Hanford Site. The design criterion for ashfall loading on Hanford
Safety Class I (SC I) structures, systems, and components is an uncompacted ashfall
of 114 cm (4.5 in.). This ashfall should cause no undue additional loadings on
critical structures.

The low probability of a volcanic event, combined with the minor consequences of
an ashfall, are not considered to pose a significant hazard to the proposed
operations. The installation and removal procedures contains a requirement to
suspend operations in the event of volcanic activity that could lead to an ashfall.

4.9.8. Dust Devils

A dust devil is a localized wind pattern that moves in a circular motion which
spawns and decays quickly and travels at relatively low velocities. Dust devils occur
frequently in the Hanford Site areas during the daytime in the summer months.
Wind speeds are believed to be in the low tens of miles per hour. The major
concerns related to dust devils entering the site are (1) the effects on lifting the
equipment, (2) the control of contaminants during installation and removal, and (3)
the effect on personnel around an open riser from contaminant dispersal. It is
difficult to predict the effect of a dust devil moving over the open riser because the
dust devil wind speeds are unknown and because of the variety of operations being
performed. To prevent adverse effects from dust devils, FG/RMCS activities must
be suspended at the discretion of the PIC when there is observable dust devil
activity.

4.10. REFERENCES

1. A. D. Swain, “Accident Sequence Evaluation Program Human Reliability
Analysis Procedure,” US Nuclear Regulatory Commission report NUREG-
CR-4772 (February 1987).

2. ] Robinson, “Description of Conductive Flexible Hose for Exhauster,”
Westinghouse Hanford Company letter to J. Darby (January 31, 1996).

3.  “Standard Reliability Data,” IEEE Standard 500, Published by the Institute of
Electrical and Electronics Engineering, Inc. (1984).

469 August 8, 1996



10

11.

12.

13.

14 .

15.

16.

WHC-SD-WM-SAD-035, Rev. 0-a

J. Robinson, “Exhauster Duct Resistivity Measurements,” Westinghouse
Hanford Company letter 75230-96-012 to Cetin Unal (June 4, 1996).

J. E. Rasmussen, “Approval Requested for New Potential-to-Emit for the
Rotary Mode Core-Sampling System Exhauster,” Westinghouse Hanford
Company letter (enclosure WHC Environmental Compliance Document,
WHC-CM-7-5, Rev. 1) to Mr. A. W. Conklin and Mr. Jerry Leitch { (December
1995)

Air Movement and Control Association, Standard 99-0401-86 (1986).

R. N. Johnson “Sparking Potential of Aluminum vs. Aluminum,” Pacific
Northwest National Laboratory letter to J. Robinson (February 10, 1996).

J. Smalley, Westinghouse Hanford Company, “Design Review Meeting for
Purge Gas System,” Purge Gas Pneumatic Diagram, H-2-690009 (December
1995). _

J. C. Krok and J. E. Shepherd, “Electrical and Frictional Spark Ignition of N2O-
H»-N»>-Air Mixture,” Los Alamos National Laboratory report LANL-WT-800
(June 1993).

K. S. Witwer, “Test Report for Ignitability Testing,” Westinghouse Hanford
Company report WHC-SD-WM-TRP-257 (June 1996).

C. Unal, “Burn in the Shielded Receiver,” Los Alamos National Laboratory
Calc-Note TSA10-CN-WT-SA-TH-099 (January 1996).

J. Smalley, Westinghouse Hanford Company personal communication,
{November 1995).

R. A. Huckfeldt, “NFPA Barriers,” Westinghouse Hanford Company internal
memorandum 75230-96-006, to D. Hamilton, Characterization Equipment
Design Project (February 27, 1996).

C. M. Keller, "Push Mode Core Sample Test,” Westinghouse Hanford
Company Report WHC-SD-WM-TRP-048 (January 23 1991).

A.J. Kostelnik, “Rotary Mode Core Sample Truck Material and Component
Compatibility with Tank Waste,” letter (attachment Westinghouse Hanford
Company internal memo, 75230-96-001 R2) to Dennis Hamilton (February 5,
1996).

L. F. Ermold, “Actions in Response to Spark Reported During Work on Tank
241-U-109,” Westinghouse Hanford Company letter WHC-9650352, (enclosure

470 August 8, 1996



17.

18.

19.

20.

21.

23.

24 .

25.

26.

27.

28.

WHC-SD-WM-SAD-035, Rev. 0-a

WHC Occurrence Report, RL-WHC-TANKFARM-1996-0009) to S. Burnam
(January 23, 1996).

H. Sullivan, et al, “"A Safety Assessment for Proposed Pump Mixing
Operations to Mitigate Episodic Gas Releases in Tank 242-5Y-101,” Los
Alamos National Laboratory report LA-UR-92-3196, Rev. 14 (1995). -

K.S. Witwer, “Envelope Testing for Rotary-mode Core Sampling,”
Westinghouse Hanford Company reprot WHC-SD-WM-TRP-252 (June 1996).

J. F. McCormick, “Test Report For Drill String Seal Pressure Test,” WHC-SD-
WM-TRP-DRAFT, Rev. 0 (January 1996).

C. Shepard and L. Pederson, “Reaction of Aluminum with Gases Released by
Wastes in Tank 101-SY,” Los Alamos National Laboratory memorandum
LANL-WT-1152, to Troy Stokes (April 11, 1994).

D. Scheele, R. Shell, J. Sobolik, and L. Burger, “Organic Tank Safety Project:
Preliminary Results of Energetics and Thermal Behavior Studies of Model
Organic Nitrate and/or Nitrite Mixtures and a Simulated Organic Waste,”
Pacific Northwest National Laboratory report PNL-10213 (August 1995).

E. C. Martin, “Complexant Stability Investigation Task 2-Organic
Complexants,” Pacific Northwest National Laboratory report PNL-5453 (1985).

G. A. Beitel, “Exothermic Potential of Sodium Nitrate Salt Cake,” Atlantic
Richfield Hanford Company report ARH-LD-163 (1977).

V. C. Boyles, “Operating Specifications for Single-Shell Waste Storage Tanks,”
Westinghouse Hanford Company report OSD-T-151-00013, Rev. D-4 (1994).

W. O. Miller, “Retained Gas Sampler Drill String Drop Analysis,” Los Alamos
National Laboratory Calc Note TSA-6-CN-WT-S5A-075 (November 30, 1994).

W. O. Miller, “Riser Impact Loads,” Los Alamos National Laboratory Calc-
Note TSA6-CN-WT-SA-ST-063 (March 1994).

P. M. Francis, ”Aerosol Study for the Rotary Mode Exhauster,” Westinghouse
Hanford Company report WHC-SD-WM-ES-225, Rev. 0 (1993).

J. D. Voice, “Tank Farm Accelerated Safety Analysis; Tank Ventilation
System,” Westinghouse Hanford Company report WHC-SD-WM-SARR-018,
Rev. 0 (June 29, 1994).

4-71 August 8, 1996



29.

30.

31.

32.

33.

35.
36.

WHC-SD-WM-SAD-035, Rev. 0-a

“General Safety Standard for (ANSI NBS 114) Installations Using Non-
Medical X-ray and Sealed Gamma-Ray Sources, Energies up to 10 MeV,”
ANSI N43.3 (American National Standards Institute, Inc., New York, 1993).

“Section Performance Standard for 1020-1991 lonizing Radiation Emitting
Products,” Code of Federal Regulations (CFR), 21 CFR

Ny

Westinghouse Hanford Company report WHC-SD-WM-HSP-OZZ, Rev. 0A
(April 12, 1993).

“Hanford Site Tank Farm Facilities Interim Safety Basis,” Westinghouse
Hanford Company report WHC-SD-WM-ISB-001, Rev. 0 (August 1, 1993).

W. L. Cowley, “Evaluation of Hazards From Lightning Strikes to Tank Farm
Facilities,” Westinghouse Hanford Company report WHC-SD-WM-SARR-
027, Rev. 0 (June 29, 1994).

D. 1. Herborn, et al., “Hanford Waste Vitrification Plant Preliminary Safety
Analysis Report,” Westinghouse Hanford Company report WHC-EP-0250,
Rev. 0 (May 1991).

“General Design Criteria,” US Department of Energy Order 6430.1A (1989).

Kennedy, et al., “Design and Evaluation Guidelines for Department of Energy
Facilities Subjected to Natural Phenomena Hazards,” Department of Energy
report UCRL-15910 (1990).

4-72 August 8, 1996



WHC-SD-WM-SAD-035, Rev. 0-a

5.0. CONSEQUENCES OF ACCIDENTS

In this section, the consequences of accidents are discussed for the installation,
operation, and removal of rotary-mode core sampling (RMCS) equipment in single-
shell tanks (5S5Ts) on the Flammable Gas Tanks (FG tanks) or those tanks
recommended by the contractor to be included on the FG tanks, hence referred to as
FG/RMCS operations. Section 5.1 presents the Risk Guidelines (RGs). Section 5.2
contains a summary of bounding accidents identified in Section 4. In Sections 5.3
through 5.5 the bounding consequences of different accidents are quantified. The
consequences are then compared with the RGs in Section 5.6.

Long-term radiological and toxicological consequences of material releases into the
soil are not quantified in this safety assessment (SA). Accidents that may lead to a
containment breach and to a release of material into the soil are identified and
discussed in Section 4. The mitigative features of such accidents also are included in
the discussion provided in Section 4. Environmental risk associated with the rotary
mode core sampling operations in flammable tanks (FG/RMCS) is not further
discussed in this section.

5.1. RISK GUIDELINES

This section defines the RGs used for comparing the consequences of the accidents
analyzed in this SA. These criteria are divided into two major areas: radiological
committed effective dose equivalent (CEDE) and toxic material exposure.

5.1.1. Radiological Risk Criteria

The RGs used in this SA for radiological consequences are obtained from Ref. 1.
Reference 1 requires that the radiological RGs contained in Revision 3 of Ref. 2 be
used. Revision 4 of Ref. 2 recommends a less conservative set of radiological RGs.
The more conservative set proposed in Ref. 1 and in Revision 3 of Ref. 2 were used.

To use the RGs, a frequency and consequence for the particular accident must be
analyzed. The best estimates of the frequencies are given in Section 4, and the basis
of the frequencies is discussed in Appendixes D, E and L. The present analysis was
performed using conservative modeling assumptions, and the conservative
consequences have been judged using best estimates for the frequencies. Ref. 1
provides the frequency-dependent, radiological dose limits shown in Table 5-la.
Also, Ref. 1 specifies that if a specific single-point frequency is used, the guidelines
are to be applied as curves. However, if a qualitative frequency ranking is used, the
corresponding consequence limit (in rem) must be used equal to the lowest value

for that frequency range.

The less restrictive alternative guidelines contained in Ref. 2 are shown in
Table 5-1b for comparison purposes. Note that the guidelines in Ref. 2 are to be
applied as a step-function.
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5.1.2. Toxicological Risk Guidelines

Toxicological acceptance criteria have been developed from the guidelines presented
in Ref. 2. In the referenced material, the onsite and offsite concentration limits are
given in terms of Emergency Response Planning Guidelines (ERPGs) and
Permissible Exposure Limit—Time-Weighted Average (PEL-TWA). The
toxicological RGs are summarized in Table 5-2.

ERPG-1 is the maximum airborne concentration below which it is believed that
nearly all individuals could be exposed for up to 1 h without experiencing anything
other than mild transient adverse health effects or perceiving a clearly defined
objectionable odor.

ERPG-2 is the maximum airborne concentration below which it is believed that
nearly all individuals could be exposed for up to 1 h without experiencing or
developing irreversible or other serious health effects or symptoms that could
impair an individual's ability to take protective action.

TABLE 5-1A
RADIOLOGICAL RISK GUIDELINES (REF. 1, WHC-CM-4-46, REV. 3)
Frequency Frequency Range On-site CEDE Off-site CEDE
Category yrd) (rems) (rems)
Anticipated 10-1 to 102 1to5 NA

Anticipated 1 to 10-2 ' NA 0.01to0 0.5

~ Unlikely 102 to 104 5 to 25 0.5to 4

Extremely Unlikely 10-4 to 10-6 T 25 to 100 4to25
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: TABLE 5-1B
RADIOLOGICAL RISK GUIDELINES (REF. 2, WHC-CM-4-46, REV. 4)
Frequency Frequency Range On-site EDE * Off-site EDE
Category (yrl) (rems) (rems)
Anticipated? 1.0 to 10-2. 5 0.5
Unlikely 10-2to 104 25 5\
Extremely Unlikely 10-4 to 10-6 100 25
* EDE: effective dose equivalent
TABLE 5-2
TOXICOLOGICAL RISK GUIDELINES
Frequency Frequency Range On-site Off-site
Category (yrd) Limit Limit
Anticipated 1 to 102 < ERPG-1 PEL-TWA
Unlikely 10-2 to 104 < ERPG-2 < ERPG-1
uﬁxtremely Unlikely 104 to 106 < ERPG-3 V < ERPG-2

ERPG-3 is the max

imum airborne concentration below which it is believed that

nearly all individuals could be exposed for up to 1 h without experiencing or
developing life-threatening effects.

When specific values for PEL-TWA and ERPGs are not available, alternative
concentration guidelines also are included in Ref. 2.

Based on Ref. 2, these guidelines are applied using a step-function within the

specified frequency

Ammonia:

Nitrous Oxide:

range. In this SA, the following RGs are used:

Ammonia (NH3) is a corrosive or irritant and it is known to
exist in large quantities in the waste gas.

Nitrous oxide (N20) is a central nervous system depressant, and
it is known to exist in large quantities in the waste gas.
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Waste Material: The human reception of solid/liquid waste material results .n
systemic toxicity and corrosive effects.  Various accidents
analyzed in this SA (unfilt-red releases, burns, spills, etc.) result
in a wide range of waste :lease quantities. Note that all the
releases that result in r.diological consequences also yield
toxicological consequences as a result of an exposure to the same
material.

The results of the vapor space sampling program were reviewed.’ Major toxic gas -
that are found in the dome space of the presently defined flammable-gas tanks &. .
ammonia and nitrous oxide. Other gases are found in trace quantities and do not
pose a concern. However, it was recognized that the data contained in Ref. 3 are
imited, and all tanks of interest are not covered. Consequently, the toxic gas
evaluation was made a checklist item (Section 7). Thus, it is required that the
potential for toxic gases other than ammonia and nitrous oxide must be 1--
¢valuated before FG/RMCS operations may be initiated in a specific tank.

Also, combustion products were not considered in this SA. Major combustion
products that must be considered for their toxic effects are nitrogen oxides (NOx). As
discussed in Ref. 4, large quantities of NOx may be produced if a large volume of
waste gases is burned. However, such a large burn in the single-shell tanks (SSTs)
also result in releases of large quantities of waste material (see the dome collapse
accidents). Under these circumstances, the contribution of the NOy releases to the
total toxic consequences of a burn is very small and well within the uncertainties of
the toxicological consequence calculations.

Table 5-3 provides the PEL and ERPG values for the toxic gases considered in this
SA. To determine the acceptance limits for liquid/solid waste material,
Westinghouse Hanford Company (WHC) uses different types of composite waste for
different tank grouping.® The risk associated with waste releases is divided into
three categories: particulate, toxic effects and corrosive effects. The chemical species
in the composite waste is divided into toxic and corrosive bins. Within each bin,
the allowable releases are computed using the “sum of the fractions” methodology.
The minimum among the three categories (particulate, toxic, corrosive) is chosen in
each frequency range. For further details of the methodology used in determining
the maximum acceptable waste releases, the readers are referred to Ref. 5. The
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TABLE 5-3
ESTABLISHED RISK GUIDELINES FOR SPECIFIC GASES
Species PEL-TWA ERPG-1 ERPG-2 ERPG-3
NH3 17 mg/m3 17 mg/m3 140 mg/m3 680‘mg/m3
(25 ppm) (25 ppm) (200 ppm) (1000 ppm)
N20 90 mg/m3 270 mg/m3 18,000 mg/m3 36,0(;) mg/m3
(50 ppm) (150 ppm) (10,000 ppm) (20,000 ppm)
TABLE 5-4
MAXIMUM ACCEPTABLE WASTE MATERIAL RELEASES®
SST LIQUID RELEASES
ONSITE OFFSITE
Freq. Puff Continuous Puff Continuous
L/s) (L/s)
(yr1) L 9
102-1 3.57 x 104 1.04 x 104 7.69 x 10+1 1.85 x 10-1
102 - 104 4.55x 103 1.33 x 103 7.69 x 10+1 1.85 x 10-1
104-106 1.75 x 102 5.00 x 10-3 1.01 x 10+3 2.38 x 10+0
SST SOLID RELEASES
102-1 9.09 x 10-5 2.56 x 10-3 6.67 x 10*0 1.59 x 10-2
10-2- 104 1.67 x 104 5.00 x 105 1.92 x 10*1 4.55x 102
104 - 106 3.45 x 10-3 1.02 x 103 3.70 x 10+1 9.09 x 10-2
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resulting maximum acceptable releases for SST liquid and solid releases are shown
in Table 54. Note that the values reported in Table 5-4 represent the release
quantities at the source because the atmospheric dispersion coefficients already are
accounted for in deriving these magnitudes.

5.2. ACCIDENT CONSEQUENCES

The accidents for the FG/RMCS operations identified in Section 3 are analyzed 1n
Section 4. The radiological and toxicological consequences of these accidents are
analyzed in this section. Not all the accidents have unique consequences; the
bounding consequences for all the burn accidents are analyzed as a dome collapse.
Section 4.4 discusses that the waste burn resulting in a dome collapse is highiv
unlikely given the controls introduced by this SA. Consequences of a local wasie
burn are not currently analyzed and assumed to be bounded by a dome collapse.
Table 5-5 summarizes how the accidents analyzed in Section 4 are mapped into the
consequence analysis contained in this section.

Accidents resulting in environmental contamination are identified in Section 4.
However, long-term radiological and toxicological consequences of environmental
contamination are not analyzed in this SA.

In Section 5.6. all the consequences are summarized and graphically compared with
the RGs.

5.3. CONSEQUENCES OF DOME COLLAPSE ACCIDENTS

In S5Ts, burn accidents result in unacceptable consequences because even a small
pressurization in the dome may result in dome failure potentially followed by a
catastrophic collapse. Because of large radiological and toxicological consequences
(especially onsite) of a dome collapse accident, one must demonstrate that such
accidents have a frequency of less than 104 /yr. However, burn accidents are not the
only accidents that may result in dome failure.

The design basis earthquake (DBE) has a return period of 7500 yr (frequency >
1 x 104/yr). SSTs are designed to withstand a 0.20-g zero-period acceleration (ZPA).
Because they are independent of the RMCS activities, structural consequences of
seismic events are not analyzed in this SA.

The frequency of the dome collapse as a result of dome space deflagration is obtained
by summing the frequency of the first 3 accident categories shown in Table 5-5. Thus,
the unmitigated accident frequency for the dome collapse during FG/RMCS
operations is > 1.0E-4/yr/tank.

Taking credit of the controls discussed in Section 4 and listed in Section 6, the
frequency of the dome collapse accident (denoted as mitigated frequency) is lowered
to less than 2.5 E-7/ yr/tank.
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TABLE 5-5
SUMMARY OF CONSEQUENCE ANALYSIS
Accident Bounding Radiological Toxicological
Consequences Consequences
Category Cansequence Frequency

Above Ground | Dome Collapse MAF = 24E-07 Sec. 5.3.1 Sec. 5.3.2
Fires (Sec. 4.1)

(Sec. 5.3) UAF = 1.8E-04
Dome Fires Dome Collapse MAF = 4.8E-10 Sec. 5.3.1 Sec. 5.3.2
(Sec. 4.2) {Sec. 5.3) UAF = 2.8E-07
Drill String Fires | Dome Collapse MAF = 1.3E-8 Sec. 5.3.1 Sec. 5.3.2
(Sec. 4.3) (Sec. 5.3) UAF = 6.6E4
Waste Fires Dome Collapse MAF < 1.0E-06 Sec. 5.3.1 Sec. 5.3.2
{Sec. 4.4) (Sec. 5.3) UAF ~ 3.7
Chemical Environmental NA NA NA
Reactions Contamination
(Sec. 4.5)
Containment Environmental NA NA NA
Breach Contamination
{Sec. 4.6)
GRE {no bum) Toxic Gas Release Qualitative Sec. 54.1.2 Sec. 54.1.1
(Sec. 4.7) (Sec. 54.1)

Unfiltered Qualitative Sec. 54.2.1 Sec. 5.4.3

Material Release

(Sec. 54.2)
Spills, etc HEPA MAF = 1.6E-5 Sec. 5.5.1 Sec. 5.5.2
(Sec. 4.8). Blowout {Sec. 5.5) UAF = 1.6E-5

Sampler MAF = 8.6E-9 Sec. 5.5.1 Sec. 5.5.2

Drop (Sec. 5.5) UAF = 2.9E-6
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TABLE 5-5 (cont)
SUMMARY OF CONSEQUENCE ANALYSIS

Core barrel drop MAF = 6.2E-7 Sec. 5.5.1 Sec. 5.5.2
(Sec. 5.5) UAF =20
Drill String Drop MAF = 4 4E-6 Sec. 5.5.1 Sec. 5.5.2
(Sec. 5.5) UAF =20

External Events Seismic  Induced 1.0E-(4 Sec. 5.3.1 Sec. 5.3.2
Dome Collapse

(sec. 4.9)
(Sec. 5.3)

MAF = Mitigated accident frequency
UAF = Unmitigated accident frequency
HEPA= High-efficiency particulate air (filter)

The material releases as a result of dome collapse are discussed in Appendix 1. Based
on the calculations provided in Appendix I, the conservative amount of prompt
respirable material release during a dome collapse in an SST is obtained as 62.5 L.
The long-term respirable release from the crater left after the dome collapse is
obtained as 12.5 L/wk.

5.3.1.  Radiological Consequences

Appendix R provides the on-site and off-site receptor doses for a 1 L release for solid
and liquid waste. Because the surface of the SST waste may be quite dry and the
solid waste may result in larger doses than the liquid waste, it is assumed that all the
short-term and long-term releases correspond to solid waste. Using the unit doses
provided in Appendix R, the on-site and off-site radiological doses are obtained as
shown in Table 5-6. As shown in Table 5-6, the long term doses are much lower
than the prompt doses and are well within the uncertainty of the prompt doses.
Also shown in Table 5-6 are the doses corresponding to RGs. Note that assuming
that a fraction of the release is liquid lowers the doses.

5.3.2. Toxicological Consequences

The toxicological consequences of waste and toxic gas releases are discussed below.

5.32.1. Waste Material
For waste material, the release volume of 62.5 L must be compared with the puff

release limits given in Table 54. The long term release of 12.5 L/wk (2 x 10-3 L/s)
may be compared to continuous release limits given in Table 54. The prompt
release volume (if assumed to be solid waste) exceeds the offsite RGs even for a very

unlikely accident.
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TABLE 5-6
BOUNDING RADIOLOGICAL CONSEQUENCES OF
DOME COLLAPSE ACCIDENT
Receptor Dose (rem)
ONSITE Prompt 17250
Long-Term 1 wk 193 -
OFFSITE Prompt 9.3
Long-Term 1 wk 0.1

5.3.2.2. Toxic Gases

The toxic gases of interest (ammonia and nitrous oxide) are flammable. Thus, they
will be totally or partially consumed during the burn event and the consequences of
toxic gas releases during a burn are bounded by the consequences of a gas-release
event (GRE) without a burn (Section 54.1.). As discussed previously, the
combustion products are not considered.

5.4. GRE WITHOUT A BURN

A large gas release event that pressurizes the dome space is of concern because of the
potential toxic gas and unfiltered material releases.

5.4.1. Toxic-Gas Releases.

This section considers the release of toxic gases (ammonia and nitrous oxide)
through the open risers, frisbee, and the exhaust and inlet stacks.

As bounding magnitudes, the maximum ammonia fraction in the waste gas is set to
60%, and the maximum nitrous oxide fraction in the waste gas is set to 75%
(Appendix C). Only the toxicological consequences of ammonia are discussed in this
section because if ammonia releases meet the RGs, the nitrous oxide releases also
will meet the RGs. While the maximum nitrous oxide fraction is 125% of the
ammonia fraction, the guidelines for nitrous oxide are always more than twice the
ammonia guidelines for all the accident frequencies (see Table 5-3).

The peak ammonia concentrations in the dome are provided in frequency bins in
Appendix L. In this section, the peak concentration as well as the release rate are
needed. For the purpose of this consequence assessment, the total release volume of
waste gas is obtained by multiplying the peak concentration by the dome volume at
a given frequency bin. The results are shown in Table 5-7. The toxicological
guidelines are given in terms of 1-h average values (Section 5.1.2.). For added
conservatism, the total release is postulated to occur in less than 15 minutes, and the
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average release rate is obtained by dividing the volumes shown in Table 5-7 by 15
minutes. The release to the atmosphere is assumed to occur at this release rate with
the peak ammonia concentration. This simplification is conservative because the
expected gas-release rates are much lower than the magnitudes obtained by this
simple approach (see Appendix L). If the actual release is faster than 15 min. (which
is very unlikely based on the discussion in Appendix L), the proposed approach stili
yields the correct time-averaged release rate over a 15-min. period.

The dome peak ammonia and nitrous oxide concentrations then become 1.2%, 6%,
and 12% for the anticipated, very unlikely, and extremely unlikely gas-release
events defined based on frequency ranges and expected gas release amounts and
marked as GRE-1, GRE-2 and GRE-3 in Table 5-7. These three GREs categories will
be used in tables given in the rest of this section. The releases are not expected
during installation because the installation is not a waste-intrusive activity.
However, gas releases could be induced during the operation or removal phase.
Postulated gas releases are listed in Table 5-8. Note that release rates given in
Table 5-8 is based on 15-minute average releases.

The first three accidents may occur during removal when the riser is open for a
period of much less than 8 hours. The conservative 8-hour open riser period
relative to mission time is considered in the frequency determination, resulting in a
gas-release probability of 8/144 = 5.6E-2. The third accident will not be considered
further because the frequency is low. Accidents 4-6 consider gas releases from the
frisbee. The riser sleeve is protected with nitrogen purge. This system prevents any
gas penetration between the riser sleeve and the DS. Thus, the gas release from the
frisbee could occur only if the nitrogen purge fails. Accidents 5 and 6 are beyond
extremely unlikely. Accident scenarios 7 to 9 are gas releases through the drill
string. This accident can occur when the drill string is disconnected from the drill
unit if the seal between the sampler and drill bit fails or if the sampler fails to latch
before drilling. Accidents 8 and 9 are beyond extremely unlikely. The last 6
accidents considered only the GRE from the exhauster and inlet stack during
operations.

TABLE 5-7
ANTICIPATED AND UNLIKELY GAS-RELEASE EVENTS
[ Event Probability Event Category | Q-Prompt Release, | Peak NH, Conc. (%)
(£3)
21.0 E-2 GRE-1 <1000 12
21.0 E4 GRE-2 < 5000 6
21.0E-6 GRE-3 <£10,000 12
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TABLE 5-8
SUMMARY OF GAS-RELEASE ACCIDENTS

Accdident Condition Frequency Gas Concentration & Release
(yr) Rate
1-GRE-1 and open riser (removal) 1.1E-3 1.2% NH; in the dome,
{0.01x5.6E-2x2) 66 scfm*
2-GRE-2 and open riser (removal) 1.1E-5 6% NH; in the dome,
(1E-4x5.6E-2x2) 333 scfm*
3-GRE-3 and open riser (removal) 1.1E-7 12% NH; in the dome,
(1E-6x5.6E-2x2) 666 scfm*
Beyond  extremely
unlikely
4-GRE-1 and open frisbee (operation) (nitrogen | 3.2E-6 1.2% NH; in the dome,
purge to riser sleeve fails) (2x0.01x1.6E-4) 66 scfm®
5-GRE-2 and open frisbee {operation) (nitrogen | 3.2E-8 6% NH, in the dome,
purge to riser sleeve fails) (2x1.0E-4x1.6E-4) | 333 scfm®
beyond extremely
unlikely event
6-GRE-3 and open frisbee (operation) (nitrogen { 3.2E-10 12% NH; in the dome,
purge to riser sleeve fails) (2x1.0E-6x1.6E-4} 666 scfm®
beyond extremely
unlikely event
7-GRE-1 and drill string open at the top with| 2.6E-5 1.2% NH; in the dome,
Samp]er in the drill stl'ing (2X0.01X1.3E'3) 66 scfm*
8-GRE-2 and drill string open at the top with| 2.0E-7 6% NH, in the dome,
sampler in the drill String (2X1.0E-4X1.3E-3) 333 scfm*
beyond extremely
. unlikely event
9-GRE-2 and drill string open at the top with] 2.0E-9 12% NH, in the dome,
sampler in the drill string (2x1.0E-6x1.3E-3) 666 scfm*
beyond extremely
unlikely event
10-GRE-1 from exhaust and inlet stack]0.02 1.2% NH,; in the dome,
(operation) (2x0.01) 66 scfm*
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" TABLE 5-8 (cont)
GAS-RELEASE ACCIDENTS

Accident Condition Frequency Gas Concentration & Release

(yr) Rate
11-GRE-2 from exhaust and inlet stack|2.0E-4 6% NH, in the dome,
(operation) (2x1.0E-4) 333 scfm* ™~
12-GRE-3 from exhaust and inlet stack|2.0E-6 12% NH, in the dome,
(operation) | (2x1.0E-6) 666 scfm*
13-Continuous releases from exhauster after an | 0.02 1.2% NH, in the dome,
GRE-1 (2x0.01) 250 scfm™*
14-Continuous releases from exhauster after an| 2.0E-4 6% NH; in the dome,
GRE-2 (2x1.0E-4) 250 scfm**
15-Continuous releases from exhauster after an | 2.0E-6 12% NH, in the dome,
CGRE-3 (2x1.0E-6) 250 scfm®*

* Averaged over 15-minute period
** Maximum exhauster flow rate

54.1.1. Toxicological Consequences

The toxic-gas concentrations at the on-site and off-site receptor locations are
calculated using Eq. (K-2) given in Appendix K. Atmospheric dispersion factors fc
ground and stack releases are summarized in Table K-3 of Appendix K. Table 5-9
gives the calculated on-site and off-site ammonia concentrations for ground and
stack releases. Numbers given in parentheses are acceptable concentrations for
ammonia.

In the first nine accidents given in Table 5.8, the GREs are treated as ground releases
because they involve an opening at the top of the tank. Note that there are still inlet
and exhaust stacks where approximately 2/3 of the release occurs. It is clear from
Table 5-9 that the on-site RGs are not exceeded (accidents 1, 2, 4, 7 in Table 5.9) for
accidents involving ground releases.

Accidents 10 to 15 do not involve ground releases. For these accidents, the results of
both ground or stack releases are given in Table 5.9. Accidents 11, 12, 13, and 14
result in exceeding RGs if they were considered as ground releases. However, the
exhauster has a 15-ft height stack with a 4-in. internal diameter. This SA requires
the use of an inlet stack with the same exit diameter and height as the exhaust stack.
For gas releases of 66, 330, and 250 scfm, the velocity of released gas in these stacks
become 3.8 m/s, 19.2 m/s, and 7.3 m/s, respectively. With these velocities and the
consideration of the height of the stacks, the plume effective emission height
increases as a result of momentum effects. Dispersion coefficients for these
conditions are smaller than those given for ground releases, as shown in Appendix
K. Consideration of the stack height reduces the on-site concentrations 6 to 7 times.
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TABLE 5-9
AMMONIA CONCENTRATIONS AT ON-SITE AND OFF-SITE RECEPTORS FOR
GROUND AND STACK RELEASES FOR ALL GAS RELEASE ACCIDENTS

Ground Release Stack Release
Accident _ Freq. Onsite Offsite Onsite Offsite
(1/yry |  (ppm) (ppm) (ppm) | ~(ppm)
1-GRE-1 and open riser (removal), 1.2%| 1.1E-3 13 0.01 - NA NA
NH,, 66 scfm
(200) (25)
2-GRE-2 and open riser (removal), 6%]| 1.1E-5 324 0.18 NA NA
NH,;, 633 scfm
(1000) (200)
4-GRE-1 and open frisbee (operation)| 3.2E-6 13 0.01 NA NA
(nitrogen purge to riser sleeve fails), 1.2%
NH, , 66 scfm (1000) (200)
7-GRE-1 and drill string open at the top| 2.6E-5 13 0.01 NA NA
with sampler in the drill string, 1.2%
NH,; , 66 scfm (1000) (200)
10-GRE-1 from exhaust and inlet stack| 0.02 13 0.01 2 0.01
(operation),1.2% NH; , 66 scfm
(25) (25) (25) (25)
11-GRE-2 from exhaust and inlet stack| 2.0E<4 324 0.18 48 0.18
(operation), 6% NH;, 333 scfm
(200) (25) (200) (25)
12-GRE-3 from exhaust and inlet stack| 2.0E-6 1297 0.72 193 0.72
(operation), 12% NH;, 666 scfm
3 (1000) 200) (1000) (200)
13-Continuous releases from exhauster| 0.02 49 0.03 7 0.03
after a GRE-1, 1.2% NH,, 250 scfm
(25) (25) (25) (25)
14-Continuous releases from exhauster| 2.0E-4 244 0.13 36 0.13
after an GRE-2, 6% NH,, 250 scfm
(200) (25) {200) {25)
15-Continuous releases from exhauster| 2.0E-6 487 0.27 72 0.27

after an GRE-3, 12% NH,, 250 scfm
(1000) (200) (1000) (200)
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To be conservative, credit is taken only for the height of the stack. A point source at

a 15-ft height is considered. With this assumption, the ammonia concentrations at
the on-site and off-site receptor locations meet the RGs as shown in Table 5-9. The
consideration of the velocity and diameter of the stack further decreases ammonia
concentrations. Furthermore, the flammable-gas monitors will alarm at
¢oncentrations much lower than those postulated in these conservative estimates,
‘providing adequate time for workers and nearby individuals to take protective
measures. Response procedures for a GRE must be developed, assuming that the
release contains a large fraction of ammonia (flammable-gas monitors cannot
differentiate between hydrogen and ammonia).

54.1.2. Radiological Consequences

The radiological consequences of gas release is a concern when the riser is open. If
t"e release is through HEPA filters, there is no particulate release. Open riser
particulate releases are discussed in the next section.

£.4.2. Unfiltered Material Releases

This section discusses the unfiltered waste releases associated with the GREs.
Releases from spill accidents are considered in the next section. Unfiltered releases
can occur during operation and removal. During installation, a GRE is not expected;
thus, only the operation and removal phases involve unfiltered material releases.
Accidents for unfiltered releases are listed in Table 5-10. Release amounts are
determined in Appendix M.

Appendix M gives the release amounts for unfiltered releases through an open
riser. The waste releases from the open riser become 12 g, 60 g, and 120 g for gas
release amounts of 1000, 5000, and 10,000 ft*, respectively. Accidents 1 and 2 in Table
5-8 are considered for unfiltered releases through the open riser. The third accident
given in Table 5.8 is beyond extremely unlikely. In the fourth scenario, it is
conservatively assumed that waste material is released from an opening between
the frisbee and the drill string if the nitrogen purge fails, the frisbee fails and a GRE
occurs. Credit was not taken for the failure of the frisbee. The frequency includes
the failure probability of a nitrogen purge while drilling. Accidents 5 and 6 are not
considered for unfiltered releases because they are beyond extremely unlikely
events. The seventh scenario addresses a release through the drill string with a
failed chevron seal. It is assumed that the internal surfaces of the drill string are
contaminated. If there is a 0.5-mm layer inside the surface of the drill string with a
maximum length of 395 in., the total waste could be estimated as 1280 g. Assuming
a 10% release fraction (because velocities could be high in the drill string), a release
amount of 128 g for both anticipated and unlikely GREs can be estimated. Accidents
8 and 9 (Table 5.8) are not considered for unfiltered releases because they are beyond
extremely unlikely events. Accidents 10 to 12 given in Table 5.8 do not involve
v +filtered releases because they are through HEPA filters. The last scenario
iz.volves releases through the exhauster if the HEPA filters fail. The frequency of
this accident is 1.6E-5/yr and it is same for anticipated or unlikely GREs. The
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TABLE 5-10
UNFILTERED WASTE RELEASE ACCIDENTS
Accident Freq. Release Type
(1/yr)
GRE-1 and open riser (removal) (1)* _ 1.1E-3 12 g material release
N
GRE-2 and open riser (removal) (2) 1.1E-5 60 g material release
GRE-1 and open frisbee (operation) (nitrogen 3.2E-6 12 g material release

purge to riser sieeve fails) (4)

GRE-1 and drill string open at the top with 2.6E-5 128 g material release
sampler in the drill string (7)

Continuous releases from exhauster after a 1.6E-5 0.08g/s
HEPA filter fails (NA)

* Numbers in parentheses correspond to accident numbers in Table 5-8.

maximum flow rate is 250 scfm. Based on a dome loading of 950 g, the solid flow
rate is 0.08 g/s. These accidents cover the cases 13 to 15 of Table 5.8 with the
assumption that the HEPA filter fails.

There is another case in which a GRE during removal with a contaminated drill
string occurs. Failure of the decontamination procedures and the seal or the
sampler latching is assumed. The frequency of this accident is very small because a
contaminated drill string must occur during removal and coincide with a GRE.

A non-GRE unfiltered release occurs if the riser is open and the tank-dome pressure
becomes positive. Ventilation system failure combined with open-tank conditions
has been identified as one of these conditions. Controls are established to help
ensure that this kind of release is minimized. No waste-intrusive activities can be
started if the ventilation system is not working properly. However, the ventilation
system can fail during the periods when the riser is open. In comparison to other
releases driven by GREs, this release is small, and the frequency of this accident is
also small.

The controls derived from these analyses are as follows:

e Existence of a decontamination system operation and the
decontamination of the sleeve and drill string are required when the
radiation level exceeds the allowable limits.

e RMCS operations must be shut down if the dome flammable gas
concentration is above 5000 ppm hydrogen equivalent. Based on currently
available calibration data, this set point gives protection for ammonia
concentrations of ~10,000 ppm if the gas is purely ammonia.
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» Risers shall not be opened within four hours after drilling.
* The riser shall be open no more than eight hours.
* Evacuation is necessary if a gas release occurs.

5.4.2.1. Radiological Consequences

Radiological doses at the onsite and offsite receptor locations are summarized in
Table 5-11. All the accidents listed in Table 5.11 meet the radiological on-site and off-
site RGs.

5.4.3. Toxicological Consequences

The off-site and on-site consequences are measured at the release source. For a GRE
and open riser or a GRE and open frisbee the volume release rates are 8.3E-6 L/s for
an anticipated GRE and 4.2E-5 L/s for a very unlikely GRE. For an unfiltered release
and failed chevron seal, the volume released is 9.0E-5 L/s. HEPA filter failure can
cause a release of 0.08 g/s (SE-5 L/s). The waste-release rates are compared with the
RGs in Table 5-12.

Toxic waste release rates are based on 15 minute continuous releases. Acceptable
release rates at the source are obtained from Table 5-1 and are shown in parentheses
in Table 5-12. The consequences meet the on-site and off-site RGs.

TABLE 5-11
RADIATION DOSES AT ON-SITE AND OFF-SITE RECEPTORS FOR GRE
ACCIDENTS
Frequency Onsite Offsite
Accident Condition (yr) (rem) (rem)

GRE-1 and open riser (removal), 1.1E-3 2.4 0.001
12g () (10) (2)
GRE-2 and open riser (removal), 60 g. (2) 1.1E-5 10.2 0.006
GRE-1 and open frisbee (operation) (nitrogen 3.2E-6 2.04 0.001
purge to riser sleeve fails), 12 g. (4) (70) (15)
GRE-1 and drill string open at the top with 2.6E-5 21.8 0.012
sampler in the drill string, 128 g. (7) (38) (10)
Continuous releases from exhauster after a 1.,6E-5 124 0.007
HEPA filter fails, 0.08 g/s. (NA) (40) (10)

“ Numbers in parentheses correspond to accident numbers in Table 5-8.
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5.5. SPILL ACCIDENTS

Spill accidents are summarized in Table 5-13. The frequencies of the second and
third accidents in Table 5-13 are small, and these accidents are beyond extremely
unlikely events.

5.5.1. Radiological Consequences
“~

The calculated on-site and off-site radiation doses for HEPA filter blowout and waste
spill from drill string accidents are given in Table 5-14 with the acceptable dose
amounts given in parentheses. HEPA filter blowout does not result in exceeding on-
site and off-site RGs. On-site and off-site radiological consequences of spill meet the
radiological RGs.

TABLE 5-12
ONSITE AND OFFSITE TOXIC SOLID WASTE RELEASES
Accident Freq. Onsite Offsite
(1/yr)
GRE-1 and open riser (removal)}, 1.1E-3 83E6L/s 83E-6L/s
12g Q)
(5E4 L/s) (4.55E-2 L/s)
GRE-2 and open riser (removal), 1.1E-5 42E5L/s 4.2E-5L/s
60 g.(2)
(1.02E-3 L/s) (9.09E-2 L/s)
GRE-1 and open frisbee 3.2E-6 B3E6L/s BAE-6L/s
(operation) (nitrogen' purge to
riser sleeve fails), 12 g. (4) (1.02E-3 L/s) (9.09E-2 L/s)
GRE-1 and drill string open at| 2.6E-5 9E-5L/s 9E-5L/s
the top with sampler in the
drill string, 128 g. (7) (1.02E-3 L/s) (9.09E-2 L/s)
Continuous releases from 1.6E-5 SE-5L/s SE-5L/s
exhauster after a HEPA filter
tails, 0.08 g/s. (NA) (102E-3 L/s) (9.09E-2 L/5)

* Numbers in parentheses correspond to accident numbers in Table 5-8.
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TABLE 5-13
SUMMARY OF SPILL ACCIDENTS
Accident Frequency Release

(1/yr) (g
Radioactive aerosols are released from 1.6E-5 9
HEPA filter blowout. ~
Spill results from dropped sampler in 8.6E-9 0.08
shielded receiver. beyond extremely unlikely
Waste from contaminated drill string 6.2E-7 0.66
interior is released above ground. beyond extremely unlikely
Waste from contaminated drill string 44E-6 0.75
exterior is released above ground.

5.5.2. Toxicological Consequences

The off-site and on-site consequences are measured at the release source. For the
short term release for HEPA failure the volume released is 5.63E-3 L. A spill from

drill string yields 4.7E~4 L of material.

amounts to meet the ERPG values are given in Tables 5.14a.
off-site RGs. The on-site RGs are exceeded for HEPA filter blowout accidents.
However, in deriving allowable limits, the atmospheric dispersion coefficients for

ground releases were used.’

Release amounts and acceptable release
Spill releases meet the

TABLE 5-14
ONSITE AND OFFSITE RADIOLOGICAL DOSES FOR SPILLS
Freq. On-site Dose Off-site Dose

Accident (1/yr) (rem) (rem)
Radioactive aerosols are 1.6E-5 1.53 8.3E-4
released from HEPA filter
blowout, (43.4) 2)
Waste from a contaminated 4 4E-6 0.13 7.0E-5
drill string exterior is
released aboveground. (64) (4)
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TABLE 5.14A
ONSITE AND OFFSITE TOXIC SOLID WASTE RELEASES FOR SPILLS
Freq. On-site Off-site
Accident (1/yr)

Radioactive aerosols are released from 1.6E-5 S63E-3L 5.63E-3 L
HEPA filter blowout.

(345E-3 L) GB7L)
Waste from contaminated drill string [ 4.4E-6 47E4 L 47E4L
exterior is released aboveground.

(345E-3 L) - (37 L)

HEPA filter blowout would be an elevated release with a factor of 6 reduction in the
dispersion coefficient. Thus, the receptor doses will be 1 x 10-3 L and within the
allowable limits. :

5.6. COMPARISON OF THE ACCIDENT CONSEQUENCES WITH THE RGS

Section 5.6 presents the comparison of the consequence calculated in Section 5.5 to
the RGs presented in Section 5.1. The comparison is broken into the following
sections,

e Section 5.6.1 - Comparison to on-site and off-site radiological dose.
e Section 5.6.2 - Comparison to on-site and off-site toxic gas releases.

e Section 5.6.3 - Comparison to on-site and off-site toxic waste release.

In order to perform the comparison, the frequency of the accidents on a per-year
basis must be computed. It is assumed in Section 4 that there will be two FG/RMCS
activities per year per tank. The accident frequencies are calculated based on this
assumption. The risk computed is on a per-tank basis and is not a site-wide risk,
where the site-wide risk is defined as the cumulative risk of FG/RMCS operations
over multiple tanks in a given year. The information contained in this SA cannot
be easily converted to a site-wide risk because of the following:

¢ The SA uses bounding tank parameters for a hypothetical worse-case tank;

¢ The SA uses 95% meteorology data to compute the consequences;
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Appendix Q discusses this issue in detail. The discussion in Appendix Q
demonstrates that the use of the bounding tank consequences computed in this SA
is not adequate to obtain site-wide risk. This approach is expected to grossly
overestimate the risk.

On the other hand, this SA should not be interpreted as only being applicable to a
single tank in a given year. This SA does not place any restrictions on.the number
of tanks that can be sampled in a given year, and multiple tanks can be sampled

under the present safety basis.

This interpretation is in agreement with the general concept of RGs and the Safety
Assessment approach and does not contradict the guidance provided in Ref. 2.
However, the guidance provided by Ref. 2 on how to combine the risk from
different activities and from different tanks is not very explicit and is subject to
interpretation.

5.6.1. Accidents with Radiological Consequences

All accidents (except the dome collapse accidents and other accidents which are
beyond extremely unlikely events) resulting in' radiological consequences are
summarized in Table 5-15. Comparison with the on-site and off-site RGs is shown
in Figs. 5-1 and 5-2. The numbers next to the data points correspond to the accident
numbers given in Table 5.15. As shown in Fig. 5-1 and 5-2, all the conservative doses
fall below the RG using best-estimate frequencies.

5.6.2. Toxic-Gas Releases

All gas-release accidents (except the accidents which are beyond extremely unlikely
events) with toxicological consequences are summarized in Table 5.16. The
computed ammonia concentrations shown in Table 5.16 are plotted in Figs. 5.3 and
5.4 in comparison with the RGs. As shown in these figures, all conservatively
calculated ammonia concentrations at the on-site and off-site receptor locations fall
below the RGs using best-estimate frequencies. This conclusion is valid also for
nitrous oxide releases because the calculated bounding nitrous oxide concentrations
are slightly higher than the ammonia concentrations shown in these figures, but the
RGs for nitrous oxide are much larger.

5.6.3. Toxic Liquid/Solid Releases

All of the accidents (except the dome collapse accidents and other accidents which
are beyond extremely unlikely events) resulting in material release are listed in
Table 5-17. Release rates are given over a 15-minute release period. The first five
accidents are continuous releases, and the last two are puff releases. Table 5-17 lists
the frequency each of accident and the release rates at the release point.
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- TABLE 5-15
SUMMARY OF ALL ACCIDENTS RESULTING IN RADIOLOGICAL RELEASES
Frequency Onsite Offsite
Accident Condition (yn) (rem) (rem)
1-GRE-1 and open riser (removal), 12 g. 1.1E-3 2.04 0.001
’ ~
2-GRE-2 and open riser (removal), 60 g. 1.1E-5 10.2 0.006
3-GRE-1 and open frisbee (operation} (nitrogen 3.2E-6 2.04 0.001
purge to riser sleeve fails), 12 g. -
4-GRE-1 and drill string open at the top with 2.6E-5 21.8 0.012
sampler in the drill string, 128 g.
5-Continuous releases from exhauster after a 1.6E-5 124 0.007
HEPA filter fails, 0.08 g/s.
6-Radioactive aerosols are released from 1.6E-5 1.53 8.3E4
HEPA filter blowout.
7-Waste from the contaminated drill string 4.4E-6 0.13 7.0E-5
exterior is released aboveground.
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Fig. 5-1. Comparison of calculated radiological doses with the on-site RGs.
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Fig. 5-2. Comparison of calculated radiological doses with the off-site RGs.
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TABLE 5-16
SUMMARY OF GAS-RELEASE ACCIDENTS
Freq. Onsite Offsite
Accident (1/yr) (ppm) (ppm)
1-GRE-1 and open riser (removal), 1.2% NH, , 66| 1.1E-3 13 0.01
scfm Ny
2-GRE-2 and open riser (removal), 6% NH,, 633| 1.1E-5 324 0.18
scfm
3-GRE-1 and open frisbee (operation) (nitrogen| 3.2E-6 13 0.01
purge to riser sleeve fails), 1.2% NH;, 66 scfm
4-GRE-1 and drill string open at the top with| 2.6E-5 13 0.01
sampler in the drili string, 1.2% NH, , 66 scfm
5-GRE-1 from exhaust and inlet stack| 0.02 2 0.01
(operation),1.2% NH, , 66 scfm
6-GRE-2 from exhaust and inlet stack| 2.0E<4 48 0.18
(operation), 6% NH;, 333 scfm
7-GRE-3 from exhaust and inlet stack| 2.0E-6 193 0.72
(operation), 12% NH;, 666 scfm
8-Continuous releases from exhauster after a| 0.02 7 0.03
GRE-1, 1.2% NH,, 250 scfm
9-Continuous releases from exhauster after an| 2.0E4 36 0.13
GRE-2, 6% NHj;, 250 scfm
10-Continuous releases from exhauster after an| 2.0E-6 72 0.27
GRE-3, 12% NH,;, 250 scfm
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Fig. 5-3. On-site ammonia concentrations for gas release accidents.
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Fig. 5-4. Off-site ammonia concentrations for the GRE accidents
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. TABLE 517
SUMMARY OF TOXIC SOLID WASTE RELEASES
Freq.

Accident (1/yr) On-site Off-site
1-GRE-1 and open riser (removal), 12 g. 1.1E-3 B3E-6L/s 83E-6L/s
2-GRE-2 and open riser (removal), 60 g. 1.1E-5 4.2E-5L/s 4.2E-5L/s
3-GRE-1 and open frisbee (operation) (nitrogen| 3.2E-6 B.3E-6L/s 8.3E-6L/s
purge to riser sleeve fails), 12 g.
4-GRE-1 and drill string open at the top with| 2.6E-5 9E-5L/s 9E-5L/s
sampler in the drill string, 128 g.
5Continuous releases from exhauster after a| 1.6E-5 5E-5L/s S5E-5L/s
HEPA filter fails, 0.08 g/s.
6-Radioactive aerosols are released from HEPA | 1.6E-5 5.63E-3L 5.63E-3 L
filter blowout.
7-Waste from contaminated drill string exterior is | 4.4E-6 47E4L 47E4L
released aboveground.
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The computed waste-release rates at the source of releases shown in Table
5-17 are plotted in Figs. 5-5 and 5-6 in comparison with the RGs. The RGs in
these figures are given in terms of the release amount or release rate at the
release point. As shown in these figures, all the conservative waste release
rates at the on-site and off-site receptor locations fall below RGs using best-
estimate frequencies, except for Accident 6. Accident 6 is the HEPA failure
accident. Total release is estimated as 9 g The onsite acceptable release
amount is 5.5 g. To minimize a significant particulate accumulation at the
HEPA filters, a radiation survey control is established. The radiation rate is
limited with 100 mrem/h. This rate corresponds to waste amounts much less
than 900 g that is assumed to accumulate in the HEPA filters. This control
was not credited in obtaining the frequency of 1.6E-5. Furthermore, in
deriving allowable limits, the atmospheric dispersion coefficients for ground
releases were used.” A HEPA filter blowout would be an elevated release with
a factor of 6 reduction in the dispersion coefficient. Thus, the receptor doses
will be within the allowable limits.
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Fig. 5-5. Consequence of toxic waste releases at the on-site receptor location.
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Fig. 5-6. Consequence of toxic waste release at the off-site receptor location.
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6.0. CONTROLS

In this section, the comprehensive list of all credited design features, and procedural
and administrative controls imposed on the installation, operation, and removal of
rotary-mode core sampling (RMCS) equipment in single-shell tanks (SSTs) on the
Flammable Gas Watch List (FGWL) or those tanks recommended by the contractor to be
included on the FGWL, hence referred to as FG/RMCS operations, are described.

.

6.1. ADMINISTRATIVE CONTROLS

This section provides the controls to be used for all phases of FG/RMCS activities in:
(1) pre-installation and installation activities; (2) drilling and sample retrieval; and (3)
removal and decontamination. The controls have been grouped for each phase of the
FG/RMCS activities for clearer and easier procedures development, and have been
developed based on the results, assumptions, and initial conditions of this SA, in
conjunction with existing WHC controls. Those WHC standard controls important to
the activities have been repeated in this SA for clarity; however, the set of controls listed
in this SA is intended only to supplement the WHC standard controls, not replace them.

Westinghouse Hanford Company (WHC) standard controls include a series of WHC
documents that define the safety envelope for the tank farm, waste transfer activities,
and waste storage activities. The primary document is the WHC Health and Safety
Plan’, although other documents include the Safety Assessment for Push- and Rotary-
Mode Core Sampling in Ferrocyanide Tank,* Safety Analysis for the Push Mode and
Rotary Mode Core Sampling’ and the Interim Operational Safety Requirements for
Rotary Mode Core Sampling in Flammable Gas Single Shell Tanks. During the
development of the procedures for each of the activities, the current operational safety
requirements (OSRs), interim operational Safety requirements (IOSRs), and operational
safety documents (OSDs) must be considered (refer IOSR* for restart requirement). The
safety envelope established by the analyses shall not be changed unless approved by
the Department of Energy (DOE). The controls provided in this section can be modified
if the appropriate organization grants approval.

Most of the controls presented in this section are based on the analyses conducted for
this safety assessment (SA). These controls have been designed to ensure that the
analysis assumptions and initial conditions are maintained throughout each phase of
the activities. In several cases, the controls have been developed to add an additional
safety margin, consistent with a philosophy of defense-in-depth. Therefore, the controls
should be an integral part of the procedure development process to maintain the level
of safety demonstrated in this SA. '

Administrative controls are the requiréments that shall be followed to ensure that the
activity stays within the bounds of the SA. As such, this set of administrative controls
shall be used during the development of the procedures for each activity.
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Sections 6.5 through 6.9 provide the specific controls in tabular format to be used for the
activities covered by this SA. Of these activities, FG/RMCS operations are the most
complex. Therefore, more controls have been instituted for the operational phase than
for other processes. Because of the complexity of the FG/RMCS operation, these
controls have been divided into three levels. Each control level requires a different level
of approval for modification and for restarting operations after abnormal shut downs.

FG/RMCS operation controls are designated as either Level 1, Level 2, or Lével 3. This
graded approach reflects the importance of a particular control, the level of approval
required for modification, and the level of approval required to restart operation if a
particular limit is exceeded.

Level 1 controls are the most important, they are under the most stringent management
supervision and are equivalent to OSRs (see Section 6.2.). Level 1 controls ensure that
the most important bounds, established in the SA, are maintained at all times, as
demonstrated by the appropriate analyses for both potential prompt effects and post-
operation effects. Changes to the Level 1 controls, if required, will be developed by
Characterization/RMCS support personnel, and approved by the Plant Review
Committee (PRC), WHC management, and DOE/RL. The WHC Design Authority is
responsible for approval of all aspects of equipment design.

Level 2 controls are the next level in importance. The PRC must approve modifications
to Level 2 control parameters and notify WHC Management and DOE/RL of th:
modifications and the technical bases for the modifications. Changes to those Level 2
controls that are included in the IOSR’s require DOE approval.

Level 3 controls are the lowest level in importance. Changes to the Level 3 controls will
be approved by the PRC. WHC Management and DOE/RL will be notified of the
changes and their technical bases.

The PRC may charter a separate technical review group to perform the review and
approval responsibilities of the PRC.

All changes to any of the controls or equipment credited in this safety assessment, and
any special tests, must be screened for unreviewed safety questions, in accordance with
DOE Order 5480.21, and in accordance with WHC policies and procedures.

An automatic shutdown as defined in the following administrative control tables is not
considered a violation of the control. Restart of any FG/RMCS activity shall be
commensurate with its designated level, and with DOE and contractor procedures.

6.2. LEVEL DESIGNATION PROCESS

The designation of the control levels was performed using the following methodology

Mitigated and unmitigated accident frequencies and consequences were estimated fo:

each individual accident scenario discussed in Section 4 by considering the application
of the controls (mitigated) or without the controls (unmitigated).
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In general, controls were designated Level 1 when the control prevented the
mitigated consequence of an accident scenario from exceeding the offsite Risk
Guidelines.

Level 2 was assigned to controls when the accident was considered to result in
consequences that exceed the onsite Risk Guidelines, based on unmitigated
accident frequencies.

A control was designated Level 3 if the unmitigated accident frequency was
lower than 1.0E-6, or if it enhanced the defense-in-depth arguments even when
the accident consequences are within the Risk Guidelines.

Certain controls appeared in multiple accident scenarios. In these cases, the
most conservative level was designated for that control.

6.3 FG/RMCS SAFETY DESIGN FEATURES

Principal safety criteria have been established to ensure safe operations
during rotary-mode core sampling activities. Design features within the
FG/RMCS equipment and procedures have been established to comply with these
safety criteria.

The safety equipment 1ist with design criteria classifications, as approved by
the WHC Design Authority and plant management, is provided in Reference 5.
Reference 6 lists the qualitative safety design features to prevent the
identified hazards. Table 6-1, which identifies those credited design
features used in this SA, is based on new design features added to the FG/RMCS
trucks, and Ref. 5 and 6.

Table 6-1 identifies design features with significance to safety credited for
mitigation of "offsite" or "onsite" consequences. Combinations of design
features with significance to safety and administrative controls were used to
meet "offsite" and "onsite" Risk Guidelines (RG). Appendix E describes how
the design features and administrative controls are combined to meet the
guidelines. No modifications to the design features identified in Section 6
are required to meet the RGs. Therefore, classification of a design feature
as "offsite" would not require the modification of a design feature to
increase its reliability beyond that credited in Appendix E. For example,
redundant sensors, beyond that specified in Section 6, would not be necessary
for a detector system identified as "offsite".

6.3.1 Worker Health and Safety Requirements

This safety assessment addresses the risks to onsite individuals at 100 m and
to the offsite public, and provides for safety equipment and administrative
controls to reduce such risks to within risk guidelines. Included are the
risks from radioactive materials, toxic gases, and toxic chemicals, as
described in Section 5. The RGs are defined for individuals to 100 m from the
source of releases. This SA does not specify any new controls necessary to
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protect workers who are located closer than 100 m the RMCS activity. The
current controls, that protect workers within 100 1., are defined in the
contractors Hanford Radiological Control Manual and the Tank Farm Health and
Safety Plan (HASP). Those current controls which were credited in this SA are
listed in Section 6.

There is a potential for worker exposure to high concentrations of toxic gases
during tank intrusive work around open tank risers or from emissions from the
ventilation exhauster, including ammonia, nitrous oxide, and various organic
species. Concentrations of these gases may be in excess of OSHA-allowed
values in the tank vapor space during the rotary sampling work. Because the
tank vapor space will be exhausted into the ambient air above the tank a
pathway for worker exposure is recognized to exist. Assessment of the hazards
from these materials, and protection of the workers is provided by the
contractors HASP (Reference 1). Significant elements of this plan include
monitoring of the work area for organic vapors, ammonia and other chemical
species whenever there is a potential for elevated employee exposure levels.
In addition, personnel monitoring is performed on those tasks which are judged
to have the highest potential for exposure. Finally administrative barricades
have been erected around areas with known vapor releases, and monitoring or
protective equipment is required whenever employees work within these areas.

Tank Farms are considered to be a RCRA Treatment, Store and Disposal (TSD)
facility, and all work in Tank Farms must comply with the HASP. The
contractors Industrial Hygiene staff has responsibility for implementation of
the HASP, including monitoring and personnel sampling. Trained industrial
hygiene technicians perform monitoring of each task. If any tank vapor levels
are detected that present a possibility of employee over exposure, the IH
technicians will take appropriate actions, including the use of personal
protective equipment or suspending the activity, to ensure that no employee
overexposures occur,
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TABLE 6-1

FG/RMCS CREDITED DESIGN SAFETY FEATURES

General Feature

Material compatibility
(Onsite)
Significant to Safety

Matenals used in FG/RMCS activities and the drill string components
are compatible with the waste stored in single-shell tanks to prevent
chemical action or materlal failures resulting from expected or. accidental
contact with the wastes.’

Spark-resistant tools
(NA)

Spark-resistant tools are used at all times around open risers or the
sampled riser to mitigate mechanical sparking.

Grounding and bonding | The FG/RMCS equipment is grounded and bonded to mitigate electrical
(NA) sparking and mitigate the buildup of static electricity.

Radiological controls The area around the riser is radiologically monitored, and the exhauster
(NA) HEPA filter housing is monitored to prevent exposure of personnel to

hazardous radiological conditions as set by WHC ALARA controls.

Riser sleeve
(Offsite)
Significant to Safety

A conductive sleeve is inserted into the riser to be sampled to mitigate
frictional sparking. In addition, the sleeve is provided with a manually
controlled nitrogen purge system to prevent flammable gas accumulation
in the riser sleeve.

Drill string spray washer
(NA)

A hot-water spray washer is provided on the riser adapter to reduce the
contamination of drill rods as they are removed from the tank. Check
valves and a positive displacement pump are provided on the system to
restrict back flow.

Frisbee /DS interface
lubricant

(NA)

The frisbee/DS interface is lubricated with a non-spark inducing, waste-
compatible material to decrease the friction between the rubber seal and
the drill string, and thereby mitigate damage to the seal.

Pneumatic foot clamp
(Offsite)

The pneumatic foot clamp is designed to fail closed to prevent the drill
string from falling into the tank when the drill truck or platform hoist are
not connected.

Significant to Safety

Significant to Safety
Locking wrench The locking wrench is a mechanism used concurrently with the foot
(Offsite) clamp to ensure the support of the drill string during installation,

sampling operations, and removal.

Drill bit configuration The drill bit is made of a waste-compatible material, and must be
and material qualified commensurate with the requirements provided in Appendices F,
(Offsite) G and T of this SA.

Significant to Safety

Drill centering spike
(NA)

The first rotary-core sampler shall be equipped with a centering spike on
initial use to prevent random bit motion when first entering the waste.
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Chevron seal between
drill bit and sampler

(NA)

The chevron seal between the drill bit and sampler provides a barrier
between tank waste and the drill string. This seal allows one-way flow of
nitrogen purge from the drill string into the tank, but does not allow
waste or waste gas to flow back into the drill string.

Core sampler and drill
string components

(Offsite)

The core sampler and drill string components must meet the requirements
specified in Appendix T to prevent sparking. The section of the core barrel
having the serrated edges (grooves) and the quadralatch fingers and body
must be made of stainless steel to reduce the likelihood of spark (see

Significant to Safety Appendix T).

Sniffing ports Sniffing ports are provided to allow measurement of flammable gas from
(NA) a contained environment.

Change-out assembly The change-out assembly is provided with a ball valve to isolate and
(NA) maintain pressure within the drill string during sampler exchange.

Cable spray washer The hot-water cable spray washer connects to the drill string to wash
(NA) cables and samplers that are contaminated.

Purge flow limitation
(Offsite)

].I;FG/ RMCS operations, the drill string is purged with a minimum of 30
scfm of nitrogen to prevent drill bit overheating and to remove cutting-
products from the drill bit. Purge flow is initiated just before drilling

Significant to Safety begins.
With a loss of nitrogen purge, drilling is automatically terminated with no
delay to maintain drill bit temperature within the defined limits.
Rotational speed In FG/RMCS operations, the maximum rotational speed of the drill string
limitation is 55 rpm to maintain the drill bit temperature within the defined range.
(Offsite) Drilling is automatically terminated with no delay if the speed exceeds 55
Significant to Safety rpm.
Down force limitation In FG/RMCS operations, a maximum down force of 750 Ibf shall be
(Offsite) imposed on the drill string to maintain drill bit temperature within the
L defined range.
Significant to Safety

When the rotational speed is greater than 2 rpm, the set point is selected
at 750 Ibf upon which shutdown will be initiated.

Drilling is automatically terminated with no delay if the down force
exceeds 750 Ib.

Drill string penetration
rate

(Offsite)
Significant to Safety

In FG/RMCS operations, a minimum penetration rate of (.75 in./min is
limited to < 60 seconds to maintain drill bit temperature within the
defined range.

Drilling automatically terminates when the penetration rate is <0.75
in./min. for a cumulative time of 60 seconds in any 3 min. period.

Hydraulic bottom
detector

(Offsite)
Significant to Safety

The hydraulic bottom detector detects the increased resistance during the
last sample to prevent increasing the downward force and penetrating the
tank bottom by reversing ram motion upward. Two operators are needed
to enable the hydraulic interlock system to ensure activation redundancy.
The hydraulic interlock system has a pressure-relief valve to control
overpressure and check valves to prevent inappropriate flow reversal.
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Walk Down Function

The walk down function automatically limits down force by controlling

(Offsite) lower ram pressure. -

Significant to Safety

Hydrostatic head Hydrostatic head pressure is maintained and monitored during sample
(NA) retrieval to prevent drill string flooding,.

Truck position

All truck ignition sources are greater than 3-ft. from the frisbee or
protected with a barrier to separate potential sources and flammable gases

(Offsite) ¢ :
o leaking from the frisbee.
Significant to Safety
Stabilizing jacks The sampling truck is provided with stabilizing jack locking collars to
revent truck movement in case of hydraulic failure.
(NA) P y
Quill rod adapter The quill rod adapter shall be fabricated of a waste-compatible, spark-
(Offsite) resistant material.
Significant to Safety

p

The grapple hoist assembly is designed to meet NEC requirements. as

Grapple hoist assembly

(Offsite) defined in this SA to allow operation in a flammable gas environment.

Significant to Safety

Grapple (sampie The mechanical design of the grapple (sample actuator) mitigates

actuator) electrical and mechanical sparking.

(Offsite)

Significant to Safety

Grapple insertion The design of the grapple hoist assembly limits grapple insertion and
gn grapp y grapp

(NA) removal rates to < 1 ft/s to minimize frictional sparking.

Grapple hoist cable The grapple hoist assembly measures cable tension during sampling to

tension (Offsite) prevent grapple hoist damage. The electrical motor automatically shuts

Significant to Safety down when the load is >250 Ib.

Shielded receiver The shielded receiver assembly is designed to meet NEC as defined in this

assembly (Offsite) SA to allow operation in a flammable gas environment.

Significant to Safety

SR tube (NA) Shielding materials are used in the SR to protect against sampler
radiation.

SR view port (NA) The SR view port provides a means to inspect the sampler during

retrieval to control the spread of contamination.

SR hoist cable tension
(Offsite)

Significant to Safety

The SR hoist assembly measures cable tension during sample retrieval to

prevent damage to the SR hoist assembly. The cable has a structural
capacity of 2000 Ibf in tension.

SR hoist motor
(NA)

The SR hoist motor
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Remote latch unit
{Offstte)
Significant to Safety

The mechanical design of the remote latch unit mitigates electrical and
mechanical sparking.’

RLU insertion (NA)

The design of the SR assembly limits RLU insertion and removal rates to <
1 ft/s to minimize frictional sparking.

RLU position indicator
(NA)

The position of the RLU is monitored to ascertain whether the core

The exhauster continues to operate, as described in Appendix L, but

Exhauster Operation
(Offsite) terminates drilling upon detection of flammable gases or dome pressure
. rise exceeding the specified limits to protect personnel and equipment
Significant to Safety during a potential gas-release event.
Exhauster intrinsic safety | All electrical equipment within the exhauster flow stream, including the
(Offsite) exhauster fan and instrumentation, is qualified to operate in a NEC Class-
o ¢ 1, Division-I, Group B environment to allow operation in a flammable gas
Significant to Safety environment.
Exhauster PLC An exhauster programmable logic controller processes out-of-tolerance
(Offsite) alarm signals to activate the alarm strobe and indicator lights, and sends a
L signal to the shut-down logic to initiate drill engine shutdown for all
Significant to Safety operating parameters listed in the administrative control table.
Exhauster duct The exhauster duct is made of a conductive material and is grounded to
(Offsite) mitigate static sparking. In addition, the duct is attached to the exhauster
Significant to Safety to prevent damage from wind.
ignifican e
Exhauster heater The heat exchanger is designed for operation in a flammable gas
(Offsite) environment.
Significant to Safety

Exhauster fan and motor
assembly (Offsite}

The exhauster fan and motor assembly as defined in this SA is qualified
for operation in a flammable gas environment.

Significant to Safety
Inlet breather stack The tank inlet breather stack shall be at least 15-ft tall with a nominal 4-in.
(Offsite) i.d. to reduce toxicological consequences and to protect non-qualified
Significant to Safety equipmenton the tank dome during GRE.

1can
Tank pressure detection | The exhauster is equipped with a tank pressure detection system to
(Offsite) prevent low tank pressure.
Significant to Safety

Flammable gas detector
(Offsite)
Significant to Safety

The flammable gas detection system, with redundant sensing systems, is
provided to meet the functional requirements and performance acceptance
criteria as defined in Appendices C and U to terminate FG/RMCS
operations in the event of a GRE.

Tank pressure is also measured to provide GRE detection and diversity.
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X-ray containment
(NA)

The mobile X-ray system has a sealed, conductive-tube enciosure and
redundant sleeve to separate waste and waste-generated flammable gases
from the electrical components of the system.

Nitrogen System Safety Features

DS nitrogen purge
supply

The DS nitrogen purge supply is provided to prevent drill bit overheating.
Automatic termination of drilling operations on low purge flow is
provided to prevent drill bit overheating.

(Offsite)

Significant to Safety ~
Nitrogen hydrostatic Maintaining the hydrostatic equilibrium in the drill column with
head supply hydrostatic head nitrogen is controlied by a flow controller to ensure that
(NA) excessive amounts of nitrogen are not injected into the waste.

Riser sleeve nitrogen The riser sleeve nitrogen purge flow is provided to prevent flammable gas
purge supply accumulation in the annulus between the riser sleeve and drill string.
(NA) Automatic termination of drilling operations occurs on loss of flow.

Unique connections

(NA)

Unique connections are provided for both the DS and riser/sleeve
annulus nitrogen purge systems, as well as the hydrostatic head systems
for the DS and SR, to prevent incorrect connections.

Instrumentation, Control, and Interlock Features

Truck PLC The truck programmable logic controller processes out-of-tolerance alarm

(Offsite) signals to activate the alarm strobe, horn, and indicator lights and to send
C e a signal to the shut-down logic to initiate drill engine shutdown for all

Significant to Safety operating parameters listed in the administrative control table.

Audible and visual Audible and visual annunciation is provided to alert the operator to out-

annunciation (NA)

of-tolerance alarm conditions as listed in the administrative control table.

Shut-down interlock

The shut-down interlock accepts signals from the PLC to shut down the

6.4.1.

(Offsite) | drill rig engine ignition.
Significant to Safety
6.4. FG/RMCS CONTROLS

The control tables in this section are discussed in terms of the applicable phases, the
descriptions of the columns and several definitions that are pertinent to
accurately interpreting the controls.

FG/RMCS Controls Phases

All of the controls developed for FG/RMCS activities have been categorized into one of
the following 5 phases:

o All Phases—these controls will apply to all phases of FG/RMCS operations.
See Section 6.6, Table 2.
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Pre-installation Phase—controls in this phase are focused at the activities
necessary to prepare the site, acquire and set up equipment, and perform
grounding and bonding activities. See Section 6.7, Table 3.

Installation Phase—these controls are directly related to all activities
associated with opening and preparing the riser, and inserting the drill string.
See Section 6.8, Table 4. ~

Operations Phase—this phase contains all of the controls related to sampling
operations and sampler handling. See Section 6.9, Table 5.

Removal Phase—this final phase includes the decontamination of the drill
string, breaxing down the equipment and restoring the site. See Section 6.10,
Table 6.

Control Table Columns

Each of the tables has the following columns:

System or condition—defines the situation or equipment for which the
control is being developed. ‘

Safe operating condition—defines the levels or conditions under which safe
operation occurs.

Surveillance or monitoring method—defines the surveillance or monitoring
method used to check the operation condition.

Administrative controls—defines the controls for the given system or
equipment in terms of operation or performance.

Level—defines the Level 1, 2 or 3, as described in Sections 6.1 and 6.2.
Basis for Control—defines the reason behind or necessity for the control.

Safe Shutdown Definition—defines the conditions and actions necessary if
the control requirements are not met.
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System or Condition

controls

calibration

5CO Surveillance/ Administrative Controls Level } Basis for Control Safe Shut Down
6.5.ALL PHASES /
| 6.5.1.Use of FG/RMCS Controls
6.51.1. Control Approved checklist Checklist This Safety Assessment and its 1 SA assumptionsin } No FG/RMCS
Applicability evaluation controls shall be a élicable to regard to tank operations can
single-shell tanks ? Ts) on the specific parameters { proceed without
Flammable Gas Watch List such as gas and checklist approval.
(FGWL) or those tanks waste composition, If FG/RMCS
recommended by the contractor gas release operations are
to be included on the FGWL. probability etc. o biated without
This SA does not cover the RMCS may become non- checklist approval
operations in tanks involving conservative by a immediate P ‘
floating organic layers or organic new analysis or terminate ag’tivities
remnant layers and ferrocyanide data for a specific and notify plant
tanks as specified in Appendix G. i tank considered to  { |- o emeﬂt
be sampled by 2 )
Each tank shall be evaluated RMCS b
against the checklist in Section 7, t'prlor
and the evaluation results shall be operations.
reviewed and approved by the
PRC before initiating any See section 7 and
FG/RMCS operations. Appendix G.
6.5.1.2 Existing Use controls Procedural The PRC shall verify that all 3 SA analyses NA
procedures and identified in this evaluation FG/RMCS controls specified in requires changes in
document for this SA are implemented in the current procedures.
specified Ehases of operating procedures. New procedures
G/RMC Non-RMCS-related activities on are r}ee‘ded‘ to
operations. the flammable gas tank being max:mnzci safety to
sampled shall be performed personnet,
undgr existing CoF:\tractor equipment atnd the
controls and procedures, unless environment.
superseded by FG/RMC5 Provides defense in
controls. - depth to all aspects
of safety.
 6.5.2Flammable Gas Detection System
6.5.21. Flammable gas { Use of calibrated Periodic New SMC sensors shall be i1 The use of a No FG/RMCS
detection system detection system calibration initially calibrated in a laboratory redundant and activities shall
environment using hydrogen and adequate proceed without
ammonia. flammable gas the use of a
A functional SMC calibration test detectort}s: tl:)ey E:ﬁ:ﬁ;i‘lje as
shall be performed in the field at assum . 10 p detection s gstem
initial setup and then every day Ell;grcliows::f y )
the flammable gas detection FG/RMCS
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System or Conditie

SENsors.

A functional SMC calibration test etector is a key calibrated
shall be performed in the field at assumption to flammable gas
initial setup and then every day provide safe detection system.,
/ the flammable gas detection shutdown of :
system is used. FG/ RMCSd .
. operations during a
T it sensor bt ve || R el
ry S. the likelihood of
The functional calibration test spark in flammable
shall consist of setting the zero gas atmosphere
with pure air or nitrogen and and also provides
calibration with nominal 6000 protection for toxic
ppm hydrogen for both sensors. gas exposures.
The functional calibration test { This mitigates
ﬁmcedure ata nominal 6000 ppm unacceptable
drogen shall test the shutoFlp offsite
electronics as well as the sensor <consequences
reading for both sensors. resulting from a
dome collapse.
See Section 4.2.1.
6522 Flammable gas i Limit setpoint of Flammable gas A redundant, calibrated System detects Upon detection, the
detection system flammable gas detection system flammable gas detection system flammable gas exhauster will
operation detection system at < i connected shall be operational before accumulation continue to
25% LFL. between riser and § FG/RMCS waste intrusive sufficient for operate. 1f drilling,
exhauster housing { operations begin, and operate deflagration or the drill rig engine
with system consistent with exhauster detonation in tank. | will automatically
;lleg;igg:l asr;d - operation defined in Section 4.1.3. Detects GRE and trip.
tpo The flammable gas detection ?rovides protection | All personnel
One out of two system shall be trip setpoint or fire and toxic within a 100-m
redundant logic limited at; hazards. ;?jdius ff'rou;m thi
e of the tan
* > 5000 ppm hydrogen ¥ﬂ9§3g]ef x | will evacuate and
concentration equivalent; and 1:\ ?l;mmalﬂesgaasr don protective
* > 100 ppm/ s rate of equivalent atmosphere. fgtt‘l‘lg:::‘en:ot:efom
hydrogen concentration increase Provides protection | further e%uipment
over a 10-s period. for _exposurle to stabilization.
Send a shutdown signal to the toxic gas releases.
truck PLC. One out of two This mitigates Egllvﬁ‘gsc csan
redundant logic. unacceptable resume in
SMC sensors shall be replaced at offsite compliance with
least once each month with new consequences appropriate

resulting from a
dome collapse.

Section 4 and

controls in Section
41.1.
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System ox (.

cuniparlibili.ty

¢ the equipment is qualified for
?era tion in a Class I, Division 1,
roup B environment, and

¢ operation is based on its own
safety assessment.

« operation does not hysically
intepreact with the drill string, and

materials and evaluation develop emen achvities can
lubricants requires, when in contact with the y material proceed until the
or tank waste, the use of: incompatibilities. use of waste
/ * waste-compatible materials, Protects against ;ﬁ’;‘fﬁﬁglﬁ
and local exothermic imol od
chemical reactions | !Mplemented.
* pipe compounds, lubricants, that could produce
seals and tapes that do not large quantities of
contain spark-inducing or waste- flammable gas and
incompatible materials. heat and cause a
waste fire if
propagates.
Prevents
equipment
damage.
Sections 4.3.1 and
442
65.5.Exhaus Contractor Controls See Section 4.1.1
656Simultanen
65.61. FG/RMCS Limits on vehicle Procedural An administrative control shall be Minimize the Upon detection,
vehicle operations on | operations during evaluation developed and implemented that potential for vehicle operations
tank open riser conditions evaluates flammable gas vehicle operations | willbe
or waste-intrusive concentrations in the EG/RMCS igniting flammable } immediately
activities tank during open riser conditions gas concentrations. | terminated and not
or waste-intrusive activities See Section 4.1.7 resumed until
before any vehicle operations. R flammable gas
limits are met.
6562 Simultaneous | Limitson Procedural An administrative control shall be Tank dome s No non-FG/RMCS
aclivities on simultaneous non- evaluation developed and implemented that considered to be activities can
FG/RMCS tank FG/RMCS activities prevents non-FG/EMCS activities Class 1, Div. 1, proceed duriel:F
on sampled tank - on the tank during waste- Group B period defined by
intrusive operations. gnvironnl}e&\tc s control , (l)r until
; ; ; ecause can } any simultaneous
glcl:l)‘l;lilttizecoa:sb(iopmesg:;gve induce a GRE. tank activities
rovided: Sparks in the dome { comply with the
P ) or volumes having | control.

a connecting path
to the tank dome
must be controlled.
Control prevents
ignition of

ammable gas by
non-FG/RMCS-
related ignition
sources.
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WHC-SD-WM-SAD-035, Rev. 0-a

System or Conditi

¢ extreme temperature conditions
* seismic activity

¢ volcanic activity or ashfall
accumulation

Prevents
equipment
/ damage.
See Section 4.9.3.
6593. Thunder-storm Noitl_\under_storn_\ Procedural At the discretion of the PIC, no Prevent personnel As required by
& lightning, high activity or lightnin evaluation FG/RMCS activities shall be injury, equipment | General External
winds, dust devils and | strikes within 50 mile performed when: damage, and Event contral.
tormadoes radius hund . reduce plogenﬁal for
No sustained wind * thunderstorm activity or electrostatic
velociies > 25 mph VA ks are repord spaking
) See Section 4.1.2
» Sustained wind velocities are > and 49.
25 mph.
* Dust devil activity that can
disrupt operations
* tornado activity has been
predicted within the next 8 hours
within a 50 mile radius.
659.3 High rain fall Reduce potential for Procedural An administrative control shall be Prevent personnel As required by
or flooding, seismic personnel injury and evaluation developed and implemented that injury and General External
activity, and volcanic equipment damage. assesses the Jimits of safe equipment Event control.
activity/ashfall ' FG/RMCS activities with: damage.
. : See Section 4.9.4,
» excessive rain fall 196 and 497
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WHC-SD-WM-SAD-035, Rev. 0-a

System or Condition .

diameter is to be
known and
controlled.

This mitigates
unacceptable
offsite
consequences
resulting from a
dome collapse.

See Section 4.1.2.1
and Appendix B.
66.22 Open riser Exclusion zone with | Procedural An administrative control shall Minimizes ignition j No FG/RMCS
exclusion zone radius of 36-riser- evaluation and be develeped and implemented sources in activities can
diameters around verification for an exclusion zone with a roximity with proceed until

open risers during
waste-intrusive
activities

radius of 36-riser-diameters
around any open riser during
waste-intrusive FG/RMCS
activities.

ammable gas.
Minimizes gas
leakage in
proximity with
ignition sources or
unqualified
equipment.
This mitigates
unacceptable
offsite
consequences
resulting from a
dome collapse.

See Section 4.1.2.1
and Appendix B.

procedural controls
are implemented.

663.Grour

6631 Eqﬁiﬁinenl
attached to tank

Ensure equipment
grounding

Resistance

measurement

Procedural
evaluation and
verification

An administrative control shall
be developed and implemented
for grounding and bonding all
FG; RMCS equipment attached
to the riser or inserted into the
tank, including the drill string
such that:

¢ Electrical power grounding
shall complsowith ﬁwe
requirements of NFPA 70,
Article 250.

¢ Lightning protection shall be
consistent with the principles

Prevent static
electricity
discharge and
lightning strike
initiated sparks.
See Sections 4.1.1.1,
4.2.5,4.3.10, 4.91.

No FG/RMCS
activities can
proceed until
rounding and
nding activities
are completed and
verified.
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stated in "Evaluation of Hazards
From Lightning Strikes to Tank
Farm Facilities”, W. L. Cowley,

/ WH-SD-WM-SARR-027, Rev'0
(June 29,1994).

663.2 Equipment Ensure equipment Resistance Equipment not attached to the Prevent static No FG/RMCS

not atlached to tank § grounding measurement riser or inserted into the tank electricity activities can
Procedural shall be grounded discharge and proceed until
evaluation and commensurate with Contractor lightning strike rounding and
verification grounding and bonding controls, initiated sparks. nding activities
: using independent verification See Section 4.1.1. are completed and

before FG/RMCS activities.

verified.

C&iEnergized squ

66.41. Energized All energized Procedural During waste-intrusive Prevents ignition No FG/RMCS
equipment in the equipment exposed evaluation of operations, all energized sources in activities can
dome to the tank dome (as | verification and equipment exposed to the tank proceed until

defined in approved
contractor safe
documentaﬁon?or
dome of connectin
tanks shall be rated -
for operations in
Class I, Division 1,
Group B environment
or Class ], Division 2,
Group B environment
with automatic shut
down for flammable
gas concentrations
>25%LFL.

certification

dome vapor space (as defined in
spproved contractor safety
ocumentation) or dome vapor
space of connecting tanks shall
be rated for operations in Class 1,
Division 1, Group B environment
or Class ], Division 2, Group B
environment with automatic
shut down for flammable gas
concentrations >25%LFL.

All existing energized equipment
not meeting the above control
shall be de-energized.

ﬁroximi with
ammable gases.
This mitigates
unacceptable
offsite
consequences
resulting from a
dome collapse.

See Section 4.0,

41.13,434and
Appendix B.

uipment in the
:;aneiome or dome
of connecting tanks
complies wi
control.

6642 Enersized
equipment in open
riser exclusion zones

Qualifications of
energized equipment
in open riser
exclusion zones.

Procedural
evaluation of
verification and
certification

During waste-intrusive
operations, all energized
equipment in open riser
exclusion zones as defined in
section 6.6.2.2 shall be rated for
operations in Class I, Division 1,
roup B environment, or rated
for Class 1, Division 2, Group B
environment with automatic
shut down for lammable gas
concentrations >25%LFL.

All energized equipment in riser
exclusion zones not meeting the
above control shall be de-
energized.

Prevents ignition
sources in

roximity with

ammable gases.
This mitigates
unacceptable
offsite
consequences
resulting from a
dome collapse.

See Section 4.1.2.1.

No FG/RMCS
activities can
proceed until
equipment in the
riser exclusion
Zones complies
with control.
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* prevents positioning 