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1.0 PURPOSE AND SCOPE

1.1 PURPOSE

The purpose of this safety evaluation is to determine if the potential risk associated with using
the single-shell tank (SST) modified sluicing system for retrieval of the 100-sertes SSTs in the
tank farms is adequately addressed and bounded by the current tank farms safety basis
(documented safety analysis [DSA]) and to determine if additional controls may be required.
This safety evaluation also supports the requirement to perform a generic safety basis
amendment for the retrieval of any additional SSTs (other than 241-8-112, and 241-U-107) by
modified sluicing from the U.S. Department of Energy, Office of River Protection (ORP) Safety
Evaluation Report (SER) 03-TED-066, Safety Evaluation Report (SER) for Approval of
Justification for Continued Operation (JCO) for Tank Farms Single-Shell Tank (SST)
Retrieval/Closure Modified Sluicing.

1.2 SCOPE

The scope of this safety evaluation is SST modified sluicing waste retrieval system operations
that are planned for conduct in 100-series SSTs. Waste from the 100-series tanks is planned to
be transferred to double-shell tank (DST) storage. Tnitially medified sluicing campaigns are
planned for the 241-S, 241-C, and 241-U tank farms. This safety evaluation is based on two
separate designs originally prepared for SSTs 241-C-106 and 241-S-112; however, the design for
these two tanks 1s expected to be bounding for future tanks to be modified sluiced. When the
system designs and processes for the retrieval of these subsequent tank farms’ 100-series tanks
are established, the analysis of this safety evaluation will be reviewed via the Unreviewed Safety
Question process to determine whether this analysis satisfactorily bounds the retrievals from
these subsequent tank farms.

1-1



RPP-17965 REV 1

This page intentionally left blank.

1-2



RPP-17965 REV 1

2.0 DESCRIPTION OF THE SINGLE-SHELL TANK MODIFIED SLUICING
WASTE RETRIEVAL SYSTEM DESIGN AND PROCESS

SST modified sluicing waste retrieval systems will retrieve waste from designated tanks to the
extent needed for tank closure and transfer the retrieved waste to the DST system. The SST
modified sluicing waste retrieval system is designed to dissolve SST crystallized salt and to
mobilize sludge through the application of high pressure water or supernatant spray to break
down the waste salt, sludge, and solids and to direct the waste to the intake of a slurry transfer
pump for transfer into the DST system. Various SST waste retrieval system sluicing designs
may be used. Each system uses sluicing nozzles, waste transfer pump(s), monitoring and control
systems, portable exhauster ventilation, and new and existing waste transfer systems. Support
systems necessary for the sluicing design include raw water and electrical supply.

The SST waste retrieval system sluicing designs employ remote controlled or automatic sluicing
nozzles that are strategically placed and installed in the tank headspace via SST risers. The
number of sluicing nozzles can vary depending on the amount and location of solidified waste
within the SST. Current sluicing designs rely upon one to six sluicing nozzles. The nozzle
system 1s designed to aim pressurized fluid (raw water or supernatant) that will break up,
mobilize, and move the sludge and compacted solids slurry to a location where they are picked
up by a slurry transfer pump. The design flow rate of the remote operated sluicing nozzles varies
between 50 gal/min and 100 gal/min with operating pressures of between 60 Ib/in” and

100 Ib/in*. The automatic self-indexing sluicers operate at a flow rate of approximately

20 gal/min. The nozzle spray range will cover a minimum range of 30 ft up to a maximum range
of approximately 50 ft. The sluicers are capable of 360 degree rotation in the horizontal, and
vertical pan and tilt from 0 degrees to 90 degrees.

The nozzles are remotely directed from a control trailer by use of hydraulic or ¢lectric controls,
with the nozzle position displayed on 2 m, azimuth and elevation (pan and tilt). Automatic
self-indexing sluicing nozzles may also be used that do not require operator action.

SST waste retrieval system sluicing designs use different pump configurations that could include
one or two pumps in series for waste retrieval, with the possibility of the addition of a separate
supematant re-circulation pump. The primary waste retrieval pump(s) are typically located near
the center of the SST. The pump(s) are physically located within the SST or external to the tank
in an enclosed structure, with the pump suction draw located near the tank bottom. Pump
designs includes centrifugal pumps and progressive cavity positive displacement pumps. Except
for positive displacement pumps where higher pressures are possible, the slurry transfer pumps
operate at flow rates and pressures bounded by existing waste transfer pumps (see Section
2.4.2.3). A supernatant re-circulation pump may be used during the sluicing operation to skim
the liquid layer, providing re-circulation capability to the sluicing system. The supernatant
te-circulation pump operates at a nominal 100 gal/min at 100 1b/in”.

Dilution water may be used to aid in the retrieval process by diluting the slurry to the appropriate
spectfic gravity conducive to waste transfer. Dilution water can also be supplied to the slurry
transfer pump to flush the transfer line. Dilution water can be added at up to 100 gal/min, with a
nominal flow rate of 50 gal/min.

2-1
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Operators located within a control trailer direct the monitoring and control system. The control
trailer could be located within the tank farm or nearby outside the fenced boundary. The control
trailer contains sluicing operation controls and closed-circuit television monitors and controls.
The sluice nozzles are remotely operated using joysticks and observed via the television
monitors displaying the view from cameras located within the source SST. In-tank lighting is
used to enhance in-tank camera viewing. During retrieval operations, the video cameras provide
visual feedback on the waste mobilization process; assisting operations in the control of water or
supernatant spray application and moving slurry to the transfer pump suction.

Process parameters that are monitored during the sluicing process include system temperatures,
pressures, waste temperature and density, flow rates of the system, and raw water flow and waste
transfer volume. Liquid depth in the SST pool is also monitored.

Active ventilation is connected to the SST to aid the sluicing operations by removing aerogols
and/or fog generated during sluicing to enable better visual monitoring capability. The tank
ventilation system is comprised of an inlet high-efficiency particulate air (HEPA) filter, a
portable exhauster, and a demister. The portable exhauster contains a heater, pre-filter, two
stages of HEPA filters, a fan, an exhaust stack, an effluent monitoring system, and ventilation
stack continuous air monitor interlock system. The portable exhausters use variable speed
blowers that operate at between 100 ft’/min and 1,000 ft® /min.

The slurry transfer pumping system 1s connected to either an existing underground waste transfer
system or to a hose-in-hose transfer line (HIHTL) that is used to transfer the retrieved waste to
the DST system. The HIHTL is heat traced and insulated. The waste transfer system includes
required leak detection and alarm capabilities.

The SST waste retrieval system sluicing designs use raw water and electric power. Raw water is
provided to the sluicing nozzles and auxiliary equipment. Backflow preventers or service water
pressure detection systems are used to assure that no contamination of the raw water supply can
occur. Raw water supply may be heat traced and insulated as necessary. Heated water may also
be provided.

Electric power 1s used to power the operation control trailers, the portable exhausters, electric
pump motors, raw water and waste transfer line heat tracing, and the process monitoring and
control systems, including leak detection and alarms. Electric power 1s provided via connection
to the Hanford Site power distribution system or via portable power generators.

2-2
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3.0 HAZARD ANALYSIS

3.1 HAZARD IDENTIFICATION

SST modified sluicing waste retrieval system operations are proposed activities that have not
been approved under the DSA; however, approval of modified sluicing waste retrieval system
operations is approved under the final safety analysis report for SSTs 241-S-112 and 241-U-107
via ORP SER 03-TED-066 and SST 241-C-106 via a negative Unreviewed Safety Question and
ORP SER 03-TED-029, “Approval of Interim Authorization Using Alternate Controls Related to
the Operation of Active Ventilation on Single-Shell Tank (SST) 241-C-106 During Accelerated
Waste Retrieval,” which allowed for the passive breather filter to be closed during active
ventilation.

A Hazards and Operability Study (HAZOP) was performed to identify and evaluate potential
hazards associated with the SST modified sluicing waste retrieval system for 100-series SSTs
retrieval. In addition, HAZOPs performed on SSTs 241-8-112 (RPP-9014, Process Hazards
Analysis for the S-112 Saltcake Waste Retrieval Technology Demonstration Project
Preconceptual Design), 241-1-107 (RPP-7689, Hazard Evaluation for Single-Shell Retrieval
Via Salt Cake Dissolution Proof of Concept in Tank 241-U-107), and 241-C-106 (RPP-13557,
Safety Evaluation of the Phase I Retrieval of Liquid Waste from Single-Shell Tank 241-C-106)
were reformatted to conform with the DSA and were added to the modified sluicing HAZOP.

The results of the combined HAZOPs were reviewed to identify potential hazardous conditions
associated with the modified sluicing waste retrieval system that may not be adequately bounded
or represented by the DSA analyzed representative accidents.

3.2 METHODOLOGY

The hazards identification and evaluation of modified sluicing waste retrieval system operations
used the HAZOP method. A HAZOP is a systematic process for identifying potential causes and
consequences of off-normal conditions in a system or process. The HAZOP uses a team leader
to guide an interdisciplinary team of subject matter experts (Appendix A) in evaluating a system
or process. The HAZOP process is based on “brainstorming’ and uses a standardized set of
process parameters (e.g., temperature, pressure, flow) and guide words (e.g., high, low, part of,
reverse) to facilitate the “brainstorming.” Table 3-1 presents a list of process parameters and
guide words. The HAZOP team also established consequence and frequency estimates for
radiological and toxicological effects to three receptor categories. These are offsite individual,
onsite worker, and facility worker. Each hazardous condition was evaluated using a qualitative
estimation process, without consideration of the application of any controls. The
definitions/criteria for the information developed during the HAZOP process are found in
Appendix B.

3-1
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The expertise and experience of the HAZOP team 1s of primary importance in establishing the
credibility of the analysis because of the largely qualitative nature of the HAZOP process. The
attendance roster is included in Appendix A to document the presence of each team member.
The HAZOP process is recognized by the American Institute of Chemical Engineers (AIChE)
and is described in Guidelines for Hazard Evaluation Procedures (AIChE 1992).

One of the important features of a HAZOP is the division of a process or activity into discrete
segments called nodes. Node selection is designed to facilitate the hazard identification process
by focusing the attention of the team on specific process sections or operating steps. The team
applies the HAZOP process to each node in a stepwise fashion. The waste retrieval system
HAZOQOP for the modified sluicing system was based on the following nodes to capture pomts in
the process where deviations could result in significant consequences:

e Node A: Equipment installation and decommissioning

e NodeB: Water supply system, including flush systems for transfer lines
e Node C: Sluicing system

o NodeD: Transfer pump

e NodeE: Transfer lines, SST to DST and SST recirculation
e NodeF: SST ventilation system

o Node G: DST receiver tank ventilation system

e Node H: SST being retrieved

e Nodel: DST receiver tank

e Node I Instrumentation and camera system

e Node K: Cnticality Concerns (what 1f?).

The hazardous conditions presented under Node K are intended to indicate that the hazard
evaluation team performed a broad brush "what if" evaluation to ensure that criticality concerns
are appropriately addressed.

The HAZOP results were used as input for this safety evaluation to identify and evaluate
hazardous conditions that may not be adequately addressed by the tank farms safety basis.

The HAZOP data was used in this safety evaluation to compare the identified hazardous
conditions to the DS A representative and/or candidate accidents. The safety evaluation includes
consideration of the safety basis controls (i.e., safety SSCs and technical safety requirements
[TSR]), which the HAZOP did not consider. Any HAZOP identified hazardous conditions that
were estimated not to be adequately addressed by the DSA accident analysis and controls are
discussed in this safety evalnation.

3-3
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3.3  ASSUMPTIONS

No key assumptions were identified for this safety evaluation.

34 HAZOP RESULTS

The HAZOP team identified 111 hazardous conditions associated with operation of the SST
waste retrieval modified sluicing system. The team used the consolidated hazardous conditions
from the HAZOPs for SSTs 241-5-112 (RPP-9014), 241-U-107 (RPP-7689), and 241-C-106
(RPP-13557) and the Justification for Continued Operation for modified sluicing in SSTs
241-S-112 and 241-U-107 as a starting point, identifying new hazardous conditions as necessary.

35 HAZARDOUS CONDITION SCREENING

Hazardous conditions were screened to determine if they 1) are not represented by a DSA
representative accident, 2) are similar to, but not bounded by a DSA representative accident,

3) are similar to and bounded by a DSA representative accident but are unique in regard to
process or control applicability, or 4) are not appropriately represented by a candidate accident.
Hazardous conditions meeting one or more of these criteria require further evaluation. Chapters
4.0 and 5.0 of this safety evaluation document the evaluation of these hazardous conditions.
Hazardous conditions not meeting the screening criteria were not further evaluated and will not
be incorporated into the DSA hazard evaluation database.

Hazardous conditions involving exposure to radioactive and other hazardous materials were
assigned a representative accident and/or a candidate accident designator as appropriate. The
representative accident designator allows cross reference to the appropriate analysis in the DSA.
Candidate accident designators allow hazardous conditions to be compared with the hazardous
conditions contained in the DSA hazard evaluation database. Thirty-one hazardous conditions
were identified as meeting the screening criteria and are presented in Appendix C. The
information in Appendix C reflects the final results of this safety evaluation.

The break down of these hazardous conditions is as follows:

10 Representative Accident 1, Flammable Gas Accidents (Candidate
Accidents 04/05)
6 Representative Accident 2, Nuclear Criticality (Candidate Acecident 01)
3 Representative Accident 4, Release from Contaminated Facility (Candidate
Accident 07)
3 Representative Accident 13, Waste Transfer .eak (Candidate Accident 33)
8 Identifiable to a Candidate Accident but DSA Hazardous Conditions Determined

to be Risk Bin IIl or IV (i.e., no Representative Accident identified), Filtration
Failures Leading to Unfiltered Releases (Candidate Accidents 06/18B)

1 Identifiable to a Candidate Accident but DSA Hazardous Conditions Determined
to be Risk Bin IIT or IV (i.e., no Representative Accident identified), Tank Bump
(Candidate Accident 18A)

3.4
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3.6 DETAILED DISCUSSION

The following text provides a brief discussion of the specific reasons that hazardous conditions
were identified for further evaluation:

Ten hazardous conditions involving flammable gas accidents (Representative Accident 1,
Candidate Accident 05, deflagrations in other than DSTs) were identified as having the
characteristics sufficiently different from the hazardous conditions in the DSA hazard evaluation
database to warrant further evalvation. The specific concern involves deflagrations resulting
from induced gas release events (GRE). The process of retrieving waste by sluicing from an
SST has the potential for creating induced releases of flammable gas that were not evaluated in
the DSA.

Hazardous conditions involving nuclear criticality {Representative Accident 2, Candidate
Accident 01) were identified that are very similar to the hazardous conditions in the DSA hazard
evaluation database. They are included with the hazardous conditions requiring further
evaluation to ensure that criticality concerns are verified as adequately addressed.

Three hazardous conditions involving release from contaminated facility (Representative
Accident 4, Candidate Accident 07) were identified as having characteristics sufficiently
different from the hazardous conditions in the DSA hazard evaluation database to warrant further
evaluation. The concern is associated with the possible use of a hydraulic motor driven positive
displacement transfer pump, hydraulically powered nozzle indexer (rotation), and hydraulically
powered articulation actuator (radial position). Use of hydraulic power creates the potential for
combustible fluid to be released and ignited in a contaminated area pit which 1s not addressed in
the current DSA.

Three hazardous conditions involving waste leaks (Representative Accident 13, Candidate
Accidents 33A, 33C, and 33E) were identified as having characteristics sufficiently different
from the hazardous conditions in the DSA hazard ¢valuation database to warrant further
evaluation. The specific concerns involve the potential for transfer system pressures higher than
what was evaluated in the current DSA analysis. This is due to the use of a progressive cavity
positive displacement pump to transfer mobilized waste from an SST. Positive displacement
pumps have the potential for producing very high pressures under the off-normal conditions.

Eight hazardous conditions associated with filtration failures leading to unfiltered releases
(Candidate Accidents 06 and 18B) were identified as having higher consequences than reported
in the DSA. The specific concern involves the potential for the release source term to be greater
than what was used in the current DSA analysis.

One hazardous condition associated with tank bump (Candidate Accident 18A) was identified as
having characteristics sufficiently different from the hazardous conditions in the DSA hazard
evaluation database to warrant further evaluation. The specific concern involves water
infiltration and subsequent steam evolution behind the steel SST liner. Such an event has
happened in the tank farms in the past. The current DSA control suit does not address this
accident. However, based on the following qualitative argument, no discussion is necessary in
Chapters 4.0 or 5.0 of this safety evaluation.
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Tank bump resulting from water intrusion behind an SST liner is judged to have a frequency
“beyond extremely unlikely. Hazardous conditions with a frequency of “beyond extremely
unlikely” require no further evaluation. The frequency estimate is based on the fact that a heat
load of > 11.3 kW is required to result in waste temperatures that exceed the saturation
temperature of water (RPP-6213). Only four SSTs (241-A-104, 241-AX-104, 241-C-103, and
241-C-107) have heat loads in excess of 11.3 kW (RPP-5926, Steady-State Flammable Gas
Release Rate and Lower Flammability Level Evaluation for Hanford Tank Waste). Current
waste temperature data shows that these tanks are well below the saturation temperature of
water. The highest temperature found in these four tanks is 76 °C (168.8 °F) (SST 241-A-104).
These tanks have been under passive cooling conditions for many years and show no trend of
increasing temperature. Since the temperature 1s substantially below the saturation of water there
is no possibility of steam bubble formation behind the tank liner no matter what quantity of water
is involved.
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4.0 ACCIDENT ANALYSIS

4.1 EVALUATION OF RISK FROM MODIFIED SLUICING OF
WASTE FOR DSA REPRESENTATIVE ACCIDENTS

4.1.1 Flammable Gas Accidents
4.1.1.1 DSA Representative Accident

The DSA related representative accident is (Candidate Accident 04/05), Flammable Gas
Accidents and is addressed in DSA Section 3.3.2.4.1, “Flammable Gas Accidents,” addresses
this hazardous condition. The DSA evaluates flammable gas hazards in all tank farm facilities
where waste is present, including DSTs, SSTs, double-contained receiver tanks (DCRT), active
catch tanks, inactive tanks, waste transfer-associated structures, waste transfer systems, and
waste-intruding equipment. There are two mechanisms by which waste-generated flammable
gases can reach high concentrations in tank farm facilities. First, flammable gases generated by
the waste are continuously released into vapor spaces. I[n the absence of adequate ventilation, the
steady-state concentration of these gases can potentially exceed the lower flammability limit
(LFL). Second, a fraction of the gas generated by the waste can be retained within the waste.
This retained gas can be released in a spontaneous or induced GRE thereby increasing the
flammable gas concentration in a tank headspace to above the LFL.

The representative accident for DSTs (Candidate Accident 04) is a headspace deflagration due to
a steady-state accumulation of flammable gas or a spontaneous GRE. Without controls, the DSA
qualitatively determined the frequency of a headspace deflagration in a DST due to a steady-state
accumulation of flammable gases or a spontancous GRE to be “unlikely.” The deflagration in
the headspace of a DST is qualitatively determined to result in “low” onsite radiological
consequences, “low” offsite toxicological consequences, and “moderate” onsite toxicological
consequences. Safety-significant structures, systems, and components (SSC) and/or TSRs are
required based on the Risk Bin II result associated with the onsite toxicological consequences.

Other hazardous conditions associated with the DST flammable gas representative accident
address various DST deflagration scenarios (e.g., different flammable gas sources, different
ignition sources). The other accident scenarios identified in the DSA as requiring
safety-significant SSCs and/or TSRs based on either their risk binning results or their potential
for significant facility worker consequences are DST Headspace Deflagration Due to an Induced
GRE, Deflagration in a DST Annulus, Deflagration in DST Waste-Intruding Equipment,
Deflagration in a Waste Transfer Line, and DST Gasoline Deflagration. The DST accident
scenarios relevant to modified sluicing operations are summarized below:

e DST Headspace Deflagration Due to an Induced GRE. This hazardous condition is
identical to the representative accident except that the flammable gas concentration in the
headspace reaches the LFL due to an induced GRE. As documented in PNNL-13781,
Effects of Globally Waste-Disturbing Activities on Gus Generation, Retention, and
Release in Hanford Waste Tanks, activities with the potential to induce a significant GRE
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in DSTs are waste transfers, mixer pump operation, air lift circulator operation, and large
water or chemical additions. Because these are current or planned activities, the
frequency without controls was qualitatively determined to be “anticipated.”
Safety-significant SSCs and/or TSRs are required based on the Risk Bin I result
assoclated with the onsite toxicological consequences.

e Deflagration in DST Waste-Intruding Equipment. Waste-intruding equipment is
equipment that is inserted below the waste surface and is open ended, breached, or uses a
mechanical seal as a barrier to electrical components and creates an unvented vapor space
where flammable gases generated or retained in the waste may accumnulate (e.g., core
sample drill pipes, pump suction legs, weight factor dip tubes). Incidents have occurred
where the concentration of flammable gas in waste-intruding equipment has excecded the
LFI.. These incidents were attributed to the equipment encountering gas pockets in the
waste. Flammable gas concentrations exceeding the LFL in waste-intruding equipment
have also resulted from steady-state generation and accumulation. Given this operational
history, the frequency of a deflagration in waste-intruding equipment without controls
was qualitatively determined to be “anticipated.” The consequences were qualitatively
determined to be “low” for the onsite and offsite receptors due to the localized nature of
the deflagration and the smaller material at risk {(MAR) relative to the representative
accident. This frequency/consequence combination yields a Risk Bin III result for the
onsite and offsite receptors. It was, however, qualitatively determined that a deflagration
in waste-intruding equipment could result in significant facility worker consequences
(1.e., a prompt fatality or serious injuries or significant radiological or chemical
exposures). Accordingly, safety-significant SSCs and/or TSRs are required. This
evaluation is also applicable to waste-intruding equipment in SSTs.

e Deflagration in a Waste Transfer Line. There is limited potential for flammable gas
accumulation and ignition in either the primary or encasement piping of a waste transfer
line. The frequency of a deflagration without controls was qualitatively determined to be
“unlikely.” The consequences were qualitatively determined to be “low” for the onsite
and offsite receptors due to the limited volume of hydrogen and the smaller MAR relative
to the representative accident. This frequency/consequence combination yields a Risk
Bin III result for the onsite and offsite receptors. It was, however, qualitatively
determined that a deflagration in a waste transfer line could result in significant facility
worker consequences (i.e., a prompt fatality or serious injuries or significant radiological
or chemical exposures). Accordingly, safety-significant SSCs and/or TSRs are required.

The representative accident for SSTs (Candidate Accident 05) is a headspace deflagration due to
a steady-state accumulation of flammable gas. Without controls, the DSA qualitatively
determined the frequency of a headspace deflagration in an SST due to a steady-state
accumulation of flammable gas to be “unlikely.” The deflagration in the headspace of an SST is
qualitatively determined to result in “moderate” onsite radiological consequences, “low™ offsite
toxicological consequences, and “moderate” onsite toxicological consequences. Safety-
significant SSCs and/or TSRs are required based on the Risk Bin 11 result associated with the
onsite radiological and toxicological consequences.
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Other hazardous conditions associated with the SST flammable gas representative accident
address various SST deflagration scenarios (e.g., different flammable gas sources, different
ignition sources). The other accident scenarios identified in the DSA as requiring
safety-significant SSCs and/or TSRs based on either their risk binning results or their potential
for significant facility worker consequences are SST Headspace Deflagration Due to an Induced
GRE, Deflagration in SST Waste-Intruding Equipment, SST Gasoline Deflagration, Deflagration
in a Double-Contained Receiver Tank, Deflagration in an Active Catch Tank, Deflagration in a
Waste Transfer-Associated Structure, Deflagration in a Waste Transport Cask, and Deflagration
in Tnactive Tanks. The accident scenarios relevant to modified sluicing operations are
summarized below:

o SST Headspace Deflagration Due to an Induced GRE. This hazardous condition is
identical to the representative accident except that the flammable gas concentration in the
headspace reaches the LFL due to an induced GRE. As documented in PNNL-13781,
activities with the potential to induce a significant GRE in SSTs are saltwell pumping and
water additions/saltcake dissolution. Because these are planned activities, the frequency
without controls was qualitatively determined to be “anticipated.” Safety-significant
SSCs and/or TSRs are required based on the Risk Bin I result associated with the onsite
radiological and toxicological consequences.

e Deflagration in SST Waste-Intruding Equipment. Refer to the DST summary above.

» Deflagration in a Waste Transfer-Associated Structure. There are two means by
which flammable gas can be present in a waste transfer-associated structure. First,
flammable gases can enter a structure if it is connected via open piping, drain lines, or
risers to an SST, DST, or other waste storage facility. Second, flammable gases would be
produced if waste were present in a structure due to a waste transfer misroute or transfer
line failure. In the absence of controls, the flammable gas concentration could exceed the
LFL via either means.

The frequency and consequences of flammable gas deflagrations in typical waste
transfer-associated structures (e.g., pump pits, valve pits) are qualitatively addressed in
DSA Section 3.3.2.4.4. The frequency of a postulated flammable gas deflagration in a
waste transfer-associated structure without controls depends on the source of the
flammable gas hazard (e.g., flammable gases entering from a connected tank, flammabie
gases generated by waste from a new or past leak) with the highest frequency being
“anticipated.” The radiological consequences to the onsite worker and toxicological
consequences to the offsite public are qualitatively determined to be “low,” and the
toxicological consequences to the onsite worker are qualitatively determined to be
“moderate.” Safety-significant SSCs and/or TSRs are required based on the Risk Bin 11
result associated with the onsite toxicological consequences.

4.1.1.2 Modified Sluicing Operations Hazardous Conditions

The HAZOP for modified sluicing systems and operations described in Chapter 3.0 identified
potential hazardous conditions that could result in a flammable gas deflagration. However, the
only hazardous conditions identified that require additional safety evaluation are associated with
the induced release of flammable gases caused by modified sluicing operations in S3Ts. The
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other 1dentified flammable gas hazardous conditions are addressed by the existing DSA hazard
and accident analyses and derived controls (i.e., safety SSCs and/or TSRs), and no further
evaluation is required. This section, therefore, only evaluates induced GRE flammable gas
hazardous conditions in SSTs caused by modified sluicing operations.

During modified sluicing operations in SSTs flammable gases retained in the waste will be
released. Trapped gases exist as small bubbles in the interstices of the solid waste matrix,
separated from other bubbles and the headspace by interstitial liquid. During modified sluicing
operations, drainage of the interstitial liquid from the undisturbed solid waste matrix, dissolution
of the saltcake matrix, and mechanical break-up of the solid waste matrix will release trapped
gases. Draining reduces the tank interstitial liquid level, releasing any entrained gas bubbles.
Waste dissolution involves liquid addition causing saltcake to dissolve, thus releasing any
trapped gas. Mechanical disturbance of the waste such as by sluicing, vortex action, or pump
suction and return, causes shear forces on the solid waste matrix releasing entrained gas bubbles.
All three of these gas release mechanisms (draining, dissolution, and mechanical disturbance)
individually and collectively contribute to the flammable gas concentration within the SST
headspace during modified sluicing operations.

PNNL-14271, Flammable Gas Release Fstimates for Modified Stuicing Retrieval of Waste from
Selected Hanford Single-Shell Tanks, evaluates the potential for induced GRE flammable gas
hazards in SSTs during modified sluicing operations. Models developed to estimate retained gas
releases, conservative retained gas inventory estimates, tank data, and anticipated waste retrieval
rates were used to evaluate the dissolution and erosion of saltcake by water jets impinging on the
waste surface, and the drainage of interstitial liquids from saltcake and the dissolution of saltcake
by unsaturated liquids during a shutdown of modified sluicing operations.

The results of the evaluation in PNNL-14271 show that under conservative assumptions the.
flammable gas concentration in the SST headspace can rapidly approach 25% of the LFL when
the tank is passively ventilated (e.g., for SST 241-S-112, 25% of the LFL is reached in just over
8 hr). Use of a portable exhauster within the assumed operating range of 270 to 475 ft*/min
prevents the SST headspace from reaching 25% of the LFL. Conservative estimates of gas
release volumes after modified sluicing shutdown show that SST headspace flammable gas
concentrations could exceed 100% of the LFL assuming no ventilation, complete interstitial
drainage, and release of all retained gas from the region above the final interstitial liquid level.
The free liquid inventories in an SST (i.e., maximum allowable tank inventory of process water
and minimum level of liquid in the central pool) that would prevent exceeding 100% of the LFL
in the SST headspace after modified sluicing shutdown are calculated.

4.1.1.3 Accident Consequence Comparison

The consequences of a flammable gas deflagration caused by an induced GRE during modified
sluicing operations ar¢ bounded by the DSA analysis of SST deflagrations (i.e., “moderate”
onsite radiological consequences, “low™ offsite toxicological consequences, and “moderate™
onsite toxicological consequences). That is, material source terms, release fractions, and
airborne respirable fractions are bounded by the DSA analysis for deflagration in an SST.
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4.1.1.4 Accident Frequency Comparison

Flammable gas deflagrations due to induced GRE flammable gas hazardous conditions caused by
modified sluicing operation in SSTs was qualitatively determined to be “anticipated” which 1s
the same as the frequency of the induced GRE accident scenario in the DSA.

4.1.1.5 Accident Risk Bin Results Without Controls

Based on the risk binning methodology presented in the DSA, an induced GRE flammable gas
deflagration accident caused by modified sluicing operations in an SST with an “anticipated”
frequency results in a Risk Bin I for onsite radiological and toxicological (moderate
consequence) and Risk Bin Il for offsite toxicological (low consequence).

4.1.1.6 Safety-Significant SSCs and TSR Controls

Based on the hazard evaluation of postulated induced GRE flammable gas hazards in SSTs
caused by modified sluicing operations, safety-significant SSCs and/or TSRs are required to
protect the onsite (and facility) worker. For induced GRE flammable gas hazards in the DSA,
there are no identified safety-significant SSCs, but the following TSR is established to prevent
induced GRE flammable gas hazards.

A flammable gas concentration control point of < 25% of the LFL shall be implemented for all
tank farm facilities during activities that can induce a gas release that can achieve 100% of the
LFL without the use of flammable gas concentration controls (e.g., active or manually
configured passive ventilation, process controls, flammable gas concentration monitoring and
proceduralized actions). Any combination of flammable gas concentration controls may be used
to maintain the flammable gas concentration < 25% of the LFL. Flammable gas concentration
controls shall be monitored on a sufficient frequency to ensure that appropriate actions are taken
for conditions > 25% of the LFL.

Flammable gas concentration controls shall be documented in a process control plan such that
the flammable gas concentration is maintained < 25% of the LFL. A process control plan will
not be required for saltwell pumping,.

If the concentration of flammable gas is > 25% of the LFL:

1. Immediately stop all activities in and directly above the affected tank, except for the
following:

a. Flammable gas sampling/monitoring.

b. Deenergizing, removing, or stopping the use of equipment that does not meet ignition
controls.

¢. Actions to reduce the flammable gas concentration.
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2. Prior to the concentration of flammable gas exceeding 60% of the LFL:

a. Stop altl activities in enclosed spaces connected to the affected tank headspace, except
for flammable gas sampling/monitoring and actions to reduce the flammable gas
concentration.

b. Deenergize, remove, or stop use of equipment that does not meet ignition controls in
the affected tank headspace and connected enclosed spaces.

The flammable gas concentration controls selected as an acceptable method to implement this
TSR for modified sluicing operations are :

1. Develop process controls such that the anticipated flammable gas concentration in Waste
Group B SSTs is maintained < 25% of the LFL for modified sluicing operations. (Note:
Active ventilation may be used to maintain the flammable gas concentration < 25% of
the LFL.)

2. Periodically monitor the flammable gas concentration in the tank headspace to verify
that it 1s < 25% of the LFL during modified sluicing operations in Waste Group B SSTs.
If the flammable gas concentration is > 25% of the LFL, take the actions prescribed in
the TSR. (Note: Actions taken if the flammable gas concentration is > 25% of the LFL
include stopping modified sluicing operations.)

Note: There are no Waste Group A SSTs, and there is no induced GRE flammable gas
hazard in Waste Group C SSTs (i.e., there is insufficient retained gas to achieve
100% of the LFL if 100% of the retained gas was instantancously released) and,
therefore, induced GRE flammable gas concentration controls are not required.

The specific process controls to maintain the flammable gas concentration < 25% of the LFL
(e.g., active ventilation) and the periodicity for monitoring the flammable gas concentration in
the tank headspace will be specified in the process control plan. The flammable gas monitoring
frequency will be based on a conservative evaluation of the time for the flammable gas
concentration to increase by 25% of the LFL (e.g., PNNL-14271). For example, based on the
evaluation of SST 241-S-112 in PNNL-14271 (see Section 4.1.1.2), the frequency of flammable
gas monitoring would be at least once every 8 hr. Periodic flammable gas monitoring would also
continue after shutdown of modified sluicing operations until a downward trend is observed that
demonstrates that 25% of the LFL will not be exceeded.

In addition to the above flammable gas concentration controls, if active ventilation is required to
maintain the flammable gas concentration < 25% of the LFL, process controls will be developed
such that the flammable gas concentration is maintained < 100% of the LFL following the loss of
active ventilation and shutdown of modified sluicing operations. The specific process controls
(e.g., maximum allowable tank inventory of process water and minimum level of liquid in the
central pool derived in the PNNL-14271 evaluation) will be specified in the process control plan.
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4.1.1.7 Conclusions

Potential flammable gas hazards caused by modified sluicing operations are addressed and
bounded by the DSA representative accidents. Postulated flammable gas accidents are also
acceptably controlled by existing safety SSCs and TSRs, and no additional controls are
necessary. Specific flammable gas concentration controls to implement the existing TSR
requirement for induced flammable gas hazard controls have been defined.

4.1.2 Criticality
4.1.2.1 DSA Representative Accident.

The DSA-related representative accident 1s 02 (Candidate Accident 01), Nuclear Criticality. The
technical basis for the nuclear criticality safety of waste stored in underground tanks at the
Hanford Site is summarized in DSA Section 3.3.2.4.2, “Nuclear Criticality.” The DSA analysis
postulated a mistransfer of waste from the Plutonium Finishing Plant that was routed to a DST
where a criticality occurred.

The DSA indicates that no credible scenario has been identified for a criticality in a waste tank
because of normal operations of waste storage. The potential for a criticality as a result of a
mustransfer was analyzed. The potential for an accidental criticality without controls was
estimated to be “beyond extremely unlikely.” The criticality accident onsite radiological and
onsite and offsite toxicological consequences are “low” (i.e., <25 rem, < TEEL-1, and

< TEEL-2, respectively). Based on the estimated consequences and gualitative judgment, all the
exposure categories were assigned to Risk Bin IV, which typically do not require safety SSC or
TSR-level controls. However, one TSR-level control was selected to protect the frequency
assumption as described in the DSA.

4.1.2.2 Waste Retrieval System Operations Hazardous Conditions

The modified sluicing waste retrieval system HAZOP concluded the potential for a criticality in
the source SST and the receiving DST to remain in Risk Bin IV.

4.1.2.3 Accident Frequency Comparison

RPP-7475, Criticality Safety Evaluation of Hanford Site Tank Farm Facility, Section 2.8,
“Sludge Retrieval Process Description,” describes tank farm waste retrieval operations.
Criticality concerns associated with sludge retrieval operations were evaluated in RPP-7475,
Section 6.13, “Sludge Retrieval.” The tank sludge contains most of the plutonium inventory of
the tanks, which could create a criticality concern. Sludge retrieval operations involving waste
retrieval modified sluicing operations were evaluated in RPP-7475. It was concluded that
criticality due to sludge retrieval operations was not a concern. Sludge retrieval operations were
considered to be the same as previously analyzed fluid dynamic sludge systems, specifically
mixer pumps, air lift circulators, or shuicing relative to potential to create a criticality. Based on
the evaluation in RPP-7475, it is concluded that criticality due to waste retrieval modified
sluicing system operations remains “beyond extremely unlikely” without application of controls,
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and therefore, there 1s no increase in the frequency of a criticality accident as analyzed in the
DSA.

4.1.2.4 Accident Consequence Comparison

The consequence of an unplanned nuclear criticality in a waste tank includes release of fission
gases, small amounts of aerosolized plutonium, and tank waste (DSA, Section 3.3.2.4.2.3).

A criticality due to modified sluicing system operations would not result in an increase in SST
source term considering the MAR, leak path factors (L.PF), airborne release fractions (ARF), or
respirable fraction (RF}. As such, there would be no increase in potential radiological dose
consequences from the SST being retrieved. A qualitative evaluation of the consequences of a
nuclear criticality accident is described in RPP-12371, Technical Basis for the Nuclear
Criticality Accident and Associated Represented Hazardous Conditions. Based on a review of
this document, it is concluded that the DSA analysis unit-liter dose (ULD) values bound the
ULD values of DST liquids and the ULD of the slurry mixture to be transferred from the
100-series SSTs. As such, the DSA representative accident analysis radiological dose
consequences remain bounding for a criticality from meodified sluicing system operations.

4.1.2.5 Safety SSCs and TSR Controls

Administrative Control (AC) 5.7, “Safety Management Programs,” Section 5.7.2, Program Key
Element “a” requires that the safety management programs (SMP) of DSA Chapters 6.0 through
17.0 to be established, implemented, and maintained. Chapter 6.0 of the DSA outlines the
criticality safety program, which protects the assumptions on the current configuratton of the
tank waste with respect to criticality by establishing waste acceptance criteria (e.g., limits on
fissile material concentration and alkalinity) for wastes entering the tank farms from outside
sources. The criticality safety program also requires that crticality safety evaluations be
performed for proposed tank farm operations that could change the form of the fissile material
(e.g., dissociation of the fissile material from bound neutron absorbers by acid additions) or the
distribution of the fissile material in the tanks (e.g., concentration of the fissile material).

4.1.2.6 Conclusions

A cnticality evaluation of modified sluicing waste retrieval system operations concluded that a
criticality was not credible. TSR controls are in place to ensure that the assumptions used to
derive this conclusion remain valid. As such, the DSA representative accident remains bounding
and no additional controls are necessary.

4.1.3 Release from Contaminated Facility

The DSA, Section 3.3.2.4.4, “Release from Contaminated Facility,” provides the evaluation of
this representative accident. Numerous contaminated areas exist within the tank farm facilities
that are susceptible to releasing hazardous material, specifically during a fire. Contamination of
tank farm facilities occurs from various operations required to manage tank waste.
Contantinated facilities at the tank farms include waste transfer-associated structures (e.g., valve
pits, pump pits, diversion boxes, clean-out boxes), 244-CR Vault cells, 242-T Evaporator, etc.
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The hazard analysis performed for tank farm facilities and operations, including
HNF-SD-WM-FHA-020, Tank Farms Fire Hazards Analysis (FHA), 1dentify energy sources
that could result in the uncontrolled release of radioactive and other hazardous material from
contaminated tank farm facilities.

A qualitative evaluation of the frequency, consequences, and risk bin without controls for
postulated release accidents from contaminated facilities, and the controls (i.¢., safety SSCs and
TSRs) selected to prevent or mitigate these previously analyzed accidents, are described in
RPP-13354, Technical Basis for the Release from Contaminated Facility Representative
Accident and Associated Represented Hazardous Conditions. These qualitative evaluations and
the resulting controls for the uncontrolled release of radioactive and other hazardous material
from contaminated facilities are addressed in Section 3.3.2.4.4 of the DSA.

4.1.3.1 DSA Representative Accident

A flammable gas deflagration in a waste transfer-associated structure is considered the bounding
representative accident for a Release from a Contaminated Facility as discussed in the DSA. In
this bounding accident scenario, flammable gases from a connected tank (e.g., DST, SST) or
from waste present in the structure accumulate to the LFL and are ignited. Other identified
energy sources that could result in uncontrolled releases from waste transfer-associated
structures or other contaminated facilities include load-handling (e.g., load drop) accidents,
compressed gas system failures, and other fires. Postulated causes of these other fires include
electrical fires; fires due to maintenance activities (e.g., cutting, grinding, welding) and transient
combustibles; and vehicle fuel fires. The FHA provides a complete description of the hazards
investigated.

4.1.3.2 Waste Retrieval System Operations Hazardous Conditions

The waste retrieval modified sluicing system design mitroduces sluice nozzles and actuators that
are hydraulically driven. These hydraulic lines, if ruptured, could leak into a pit and could be
subject to internal fires (e.g., electrical or fluid) or exposed to vehicle fuel fires or other external
fires (e.g., range fires or lighting initiated fires).

A HAZOP was performed to identify and evaluate potential hazards associated with SST waste
retrieval modified sluicing system. The results of the HAZOP were reviewed to determine
potential hazardous conditions created by the waste retrieval modified sluicing system and to
identify potential hazardous conditions that may not be adequately bounded by current tank
farms (DSA) analyzed representative accidents.

Hazardous conditions involving energy sources that could result in the uncontrolled release of
radioactive and other hazardous material from contaminated tank farm facilities similar to those
associated with the waste retrieval modified sluicing system have previously been considered in
the DSA as Representative Accident Number 4 (Candidate Accident 7). A total of 11 hazardous
conditions involving releases from contaminated facilities associated with the waste retrieval
modified sluicing system operations were identified via the HAZOP process. The hazardous
conditions expected during conduct of the waste retrieval modified sluicing system operations
are similar to those previously identified in the tank farm operations hazards analysis database,
Section 3.3.1.7, “Hazard Analysis Database,” with the exception of the additional hydraulic line
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rupture leaking hydraulic fluid into a pit. Three of these hazardous conditions were identified as
having characteristics sufficiently different from the hazardous conditions in the DSA hazard
evaluation database to warrant further evaluation (i.e., MODSLUIC-C-031, MODSLUIC-D-
003a, and MODSLUIC-D-003b).

4.1.3.3 Accident Frequency Comparison

The frequency of a postulated fire within a contaminated structure without controls is dependent
on the cause of the fire. An electrical fire, or fire due to maintenance activities or transient
combustibles in a contaminated facility without controls, is also qualitatively estimated as
“anticipated” based on operating experience. Since, the DSA estimated frequency for these
accident scenarios is already “anticipated” without controls, the uncontrolled accident frequency
cannot be increased by modified sluicing waste retrieval system operations. A frequency of
“unlikely” however was determined qualitatively for this postulated hazardous condition and
therefore bounded by the DSA estimated frequency of “anticipated.” “Unlikely” was chosen
because the hydraulic fluid is limited to approximately 150 gal and has a high flashpoint

(e.g., > 380 °F, and a NFPA Fire Rating of 1).

4.1.3.4 Accident Consequence Comparison

To estimate the potential consequences of a fire in a contaminated facility, the MAR is
conservatively assumed in the DSA to be the equivalent of between 10 and 100 L of tank waste
with solids fractions ranging from 1% to 10%.

The ARF and RF used to determine the amount of respirable material released during a fire in a
contaminated facility are from DOE-HDBK-3010-94, dirborne Release Fractions/Rates and
Respirable Fractions for Nonreactor Nuclear Facilities. An ARF of 0.2 and an RF of 0.3 for an
aqueous solution or air-dried salts under a gasoline fire on a surface that is a strong conductor of
heat (i.e., metal) are considered to conservatively bound releases from a fire.

Based on the above MAR and release fractions, the total amount of respirable material
suspended by a fire in a contaminated facility represented by a waste transfer-associated
structure is conservatively estimated to be between a few mL and 2.5 L, depending on the release
mechanism. Radiological and toxicological consequences for this material release are estimated
using the bounding radiological ULD for all tank wastes, the bounding toxicological sum of
fraction (SOF) values for all tank wastes, and the accident analysis methodology described in
RPP-13354. For the fire, a conservative release duration of 15 min was assumed for estimating
consequences. In addition, the fire analysis included the thermal (buoyant) effects of the fire
when determining the atmospheric dispersion coefficients.

The radiological consequences to the onsite worker and toxicological consequences to the offsite
public are “low” (< 25 rem, < TEEL-1, and < TEEL-2, respectively) based on the conservative
calculations in RPP-13354 for fires in contaminated facilities (see DSA Table 3.3.2.4.4-1).
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The waste retrieval modified sluicing system design uses existing tank farm pits with drains.
Hence, little to no accumulation of wastes is expected within the pits as a result of a spill or leak.
The 42-L of MAR previously analyzed in the DSA is considered bounding for this scenario.
Additionally, a review of the waste retrieval modified sluicing system indicates that only a
limited amount of combustibles may be available to burn from a hydraulic o1l rupture
(approximately 150 gal) and the hydraulic oil has a high flashpoint {(e.g., > 380 °F, and NFPA
Fire Rating of 1). Therefore, the DSA consequences for a “Release from Contaminated Facility”
would remain bounding,

4.1.3.5 Safety SSCs and TSR Controls

Based on the low offsite and onsite consequences, there are no TSR and/or safety SSC controls
required for this postulated accident.

4.1.3.6 Conclusions

Based upon this safety evaluation, the DSA representative accident for “Release from
Contaminated Facility” adequately bounds the frequency and consequences of similar hazards
(e.g., fires) involving the waste retrieval modified sluicing system operations, when considering
the application of current TSR controls.

No additional controls are necessary to prevent and/or mitigate releases from contaminated
facilities due to waste retrieval modified sluicing operations.

4.1.4 Waste Transfer Leaks
4.1.4.1 DSA Representative Accidents

The DSA representative accidents are the “fine spray into the air” scenario and the “large pipe
break into a pit” scenario. The fine spray into the air scenario assumes that a small width crack
(the optimal width for producing fine aerosol) has occurred in a waste transfer line, and that
waste slurry is spraying into the air under maximum available pump pressure. The large pipe
break into a pit scenario assumes that a large pipe break has occurred, and that waste 1s leaking
into an open pit at the maximum flow rate of the transfer pump. DSA Section 3.3.2.4.13, “Waste
Transfer Leak,” addresses these hazardous conditions. The DSA section also addresses several
other accident scenarios, but the fine spray into the air and the large pipe break into a pit scenario
are the hmiting scenarios. The DSA estimates the frequency of the fine spray into the air
scenario to be “unlikely,” and the large pipe break into a pit scenario to be “anticipated.” The
onsite radiological and toxicological guidelines are exceeded for the two representative accident
scenarios, and safety SSCs and/or TSR controls are required. The offsite radiological and
toxicological guidelines are not exceeded.

4.1.4.2 Waste Retrieval System Operations Hazardous Conditions

The waste retrieval modified sluicing system HAZOP identified numerous hazardous conditions
that could occur during modified sluicing system operations that would result in waste transfer
leaks. These conditions involve leaks occurring in transfer lines at various locations and in
various configurations. All of these scenarios are similar to scenarios already evaluated in DSA
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Section 3.3.2.4.13, The significant analysis parameters that differ in value between modified
sluicing and the existing DSA include ULDs, SOFs, *’Cs and St concentrations, maximum
transfer pump pressure, and maximum transfer pump flow rate. Other parameters significant to
the calculation of radiological dose and toxicological exposure values are expected to be the
same for modified sluicing and the DSA (e.g., ¥/Q atmospheric dispersion values). If the values
of all of these parameters for the modified sluicing system are bounded by the values of these
parameters used for the current DSA analysis, then it may be concluded that modified sluicing is
bounded by the current DSA.

Tables 4-1 and 4-2 provide a comparison of the analysis parameter values for properties
associated with the waste (ULDs, SOFs, '*'Cs and *’Sr concentrations), and for properties
associated with the transfer pumps (maximum transfer pump pressure, and maximum transfer
pump tlow rate) for modified sluicing and the existing DSA analyses. Table 4-3 provides a
comparison of radiological and toxicological consequence values specifically for the Seepex’
positive displacement pump.

Properties Associated with the Waste

The DSA used values for ULD, SOF, '¥Cs concentration and USr concentration that are
bounding for all tanks in tank farms. Therefore, it 1s necessarily true that these values bound
those associated with modified sluicing, which are based on the limiting values for 100-series
SSTs. However, the DSA assumes that the maximum insoluble solids concentration of a
pumped waste stream will be 25 vol%. It has been identified that during modified sluicing, an
insoluble solids concentration as high as 30 vol% may be achieved for short periods of trme.
Consequently, Table 4-1 presents a comparison of analysis parameter values for properties
associated with the waste, including waste slurry properties for 30 vol% insoluble solids.

Table 4-1. Properties Associated with the Waste. (2 sheets)

Bounding 100-series S5T's (Modified
Sluicing)?

Description DSA [the bounding tank from which the
parameter value is taken is shown below
the parameter]

Onsite ULD Liquid 1.0E+3 Sv/L 4.5E+2
(U-106)

Onsite ULD Solids 1.9E+5 Sv/L 1.4E+5 Sv/L
(AX-104)

Onsite Slurry ULD 4.8E+4 Sv/L (25 vol%) 4.2E+4 (30 vol%)

Offsite ULD Liquid 1.5E+3 Sv/L 6.0E+2
(U-106)

Offsite ULD Solids 2.9E+5 Sv/L 1.9E+5 Sv/L
(AX-104)

! Seepex is a registered trademark of Seeberger GmbH and Company, Germany.
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. Properties Associated with the Waste. (2 sheets)

Description

DSAWY

Bounding 100-series SSTs {Modified
Sluicing)®
[the bounding tank from which the
parameter value is taken is shown below
the parameter|

Offsite Slurry ULD

7.4E+4 Sv/L (25 vol%)

5.7E+4 Sv/L (30 vol%)

Onsite SOF Liquid 5.8E+8 (TEEL-2) 5.73E+8
{A-106)

Omnsite SOF Solids 3.9E+9 (TEEL-2) 6.28E+8 (TEEL-2)
{A-102)

Onsite Slurry SOF L4E+9 (25 vol%) 5.9E+8 {30 vol%)

Offsite SOF Liquid 7.9E+9 (TEEL-1) 371E+9
{A-106)

Offsite SOF Solids 3.8E+9 (TEEL-1) 2.21E+9 (TEEL-1)
(TY-102)

Offsite Slurry SOF

6.9E+9 (25 vol%)

3.3E+9 (30 vol%)

(s Solids

7.0E+10 Bg/L

1.9E+6 uCi/LY
7.0E+10 Bg/L
(AX-104)

(s Liquid

5.9E+10 Bg/L

5.3E+5 uCi/L™
2.0E+10 Bq/L
(A-102)

Slurry Cs-137

6.2E+10 Bg/L (25 vol%)

35E+10 Bg/L (30 vol%)

#3r Solids

2.9E+12 Bg/L

7.9E+7 uCi/L®?
2.9E+12 Bg/L
(AX-104)

*Sr Liquid

3.5E+9 Bg/L

5.9E+4 uCi/LY
2.2E+9 Bg/L
(U-106)

Slurry Sr-90

7.3E+11 Bg/L (25 vol%)

8.7E+11 Bg/L (30 vol%)

Notes:

DSA = documented safety analysis.
SOF = sum of fractions.

TEEL = Temporary Emergency Exposure Limit.
ULD = unit-liter dose.

SS8T = single-shell tank.

(NOnsite radiological data and onsite and offsite toxicological data from RPP-13750, Waste Transfer Leaks Technical Basis
Document. Offsite radiologicat data from RPP-14499, Offsite Radiological Consequence Analysis for the Waste Transfer
Leak.

@Radiological data from RPP-5924, Radiological Source Terms for Tank Farms Safety Analvsis,Rev.3, unless otherwise
noted. Toxicological data from RPP-8369, Chemical Source Terms for Tank Farms Safety Analyses, Rev. 1.

GU¥Cg and *Sr data are from the July 10, 2003 download of the Best-Basis Inventory. This is the same download that was
used as the basis for RPP-3924 Rev.3. The Best-Basis Inventory is maintained at http://twins.pnl.gov/nwins htm., Pacific
Northwest Laboratory, Richland, Washington.

Table 4-1 indicates that waste transfer leak analysis properties associated with the waste to be

transferred during modified sluicing are bounded by the values of these propertics assumed in the
DSA analysis, except for the *’Sr concentration. The 'St concentration in the slurry exceeds the
maximum DSA value for slurries if the insoluble solids concentration is greater than
approximately 25 vol% insoluble solids. However, the '*’Cs concentration and the *°Sr
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concentration are always used together and are only used to calculate the direct radiation dose
from a surface pool for the onsite receptor (direct shine does not affect an offsite receptor).
Consequently, the lower concentration of *’Cs for sluicing tends to compensate for the higher
concentration of *’Sr. This can be seen by comparing the direct shine dose for the fine spray and
the large break representative accidents as calculated for the DSA (assuming 25 vol% solids),
with the same values calculated using the 1375 and *°Sr concentrations from Table 4-1
(assuming 30 vol% solids). The result is that, tfor the large pipe break scenario, the DSA value
for direct shine dose is 3.6E+2 rem (RPP-13750, Table A6-5) and the direct shine dose using
modified sluicing values for '*’Cs and S concentrations is also 3.6E+2 rem (from Excel model
Large Break 8hr 30% modified sluicing (9-26-03).xls). Similarly, for the fine spray
representative accident, both the DSA case for 25 vol% solids and the modified sluicing case for
30 vol% solids give a direct shine dose of 2.2E+1 rem (see RPP-1370 Table A6-1 and Excel
mode! Fine Spray 8hr 30% modified siuicing (9-26-03).xls). From these results it is concluded
that, while the *°Sr concentration for modified sluicing assuming 30 vol% solids is not bounded
by the **Sr concentration used for the DSA analysis which assumes a maximum of 25 vol%
solids, the combination of *"Cs and *°Sr concentrations for modified sluicing is within the
envelop of the values assumed for purposes of the DSA analyses. All of the other waste
properties used for modified sluicing are individually bounded by the values of those properties
assumed in the DSA analysis.

The other modified sluicing properties that are important for the waste transfer leak analysis are
those associated with the waste transfer pumps.

Properties Associated with the Transfer Pumps

Two types of waste transfer pumps are currently planned for use for modified sluicing. The
Lawrence pump configuration consists of an immersible (also referred to as “submersible™)
pump that provides positive suction head to a vertical inline “booster” pump. These two pumps
are centrifugal pumps. This configuration was selected to bound the pump configuration that
will be used for modified sluicing because the final pump configuration has not yet been
selected.

The other transfer pump configuration planned for use during modified sluicing consists of a
single Seepex positive displacement pump. A positive displacement pump is especially
appropriate for pumping higher solids content waste material.

Table 4-2 compares the transfer pump properties with those assumed in the DSA.

A composite pump curve is not available for the Lawrence Centrifugal Pump configuration.
Therefore, the maximum pressures from the two individual pump curves (i.c., the submersible
pump and the vertical inline pump} were added to produce an approximate bounding maximum
pressure for the two pumps operating in series. The maximum flow rate for the two pumps
operating in series was taken to be the maximum flow rate for the vertical inline pump, since it
has the lower maximum flow rate of the two pumps and would therefore be limiting. As

Table 4-2 shows, the Lawrence Centrifugal Pump configuration pump parameters are bounded
by the pump parameters assumed in the DSA analysis.
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Table 4-2. Properties Associated with the Transfer Pumps.

Lawrence centrifugal

Seepex positive

DSA pump configuration displacement pump
Max. Flow Rate 790 gal/min ~ 685 gal/min'” 521 gal/min'”
Max. Pressure 800 ft 153.5ft + 550.1ft = 480 Ib/in® gauge®”
(approx. 460 Ib/in® 703.6ft2*

gauge for 7 vol%
insoluble solids waste)

Notes:
DSA = documented safety analysis.

) This flow rate is for the Vertica! Inline Pump. It is taken from Section 8.3, Test No. T3549, CVI #22668 Supplement No.
147, Quality Documentation Plan, Lawrence Pumps, Inc., Lawrence Mass.

©)153.5 ft is for the submersible pump. It is taken from Section 8.1, Test No. T3553, CV1 #22668 Supplement No. 147,
Quality Documentation Plan, Lawrence Pumps, Inc., Lawrence Massachusetts.

© 55011 ft is for the Vertical Inline Pump. It is taken from Section 8.3, Test No. T3549, CVI #22668 Supplement No. 147,
Quality Documentation Plan, Lawrence Pumps, Inc., Lawrence Massachusctts.

) This maximum flow rate was based on an extrapolation of pump performance curves in Seepex Operating and Maintenance
Instruction for Progressive Cavity Pump BE 55-24, Serial Numbers 806306 and 806307, Section 9 — Auxiliary
Documentation.

) This maximum pressure was estimated based on pump test data presented in CVI #50253.

The Seepex pump is a positive displacement pump rather than a centrifugal pump and,
consequently, it does not have a pump curve like a centrifugal pump. However, the uncontrolled
maximum pump flow rate and the uncontrolled maximum pump discharge pressure can be
estimated based on the point at which the pump motor is estimated to begin to fail (i.e., for the
uncontrolled case, no credit is taken for the pressure relief valve or amperage limits that are
normally associated with the pump). The Seepex pump electric motor has a nominal horsepower
rating of 30 hp, based on Seepex Quality Inspection Certificates According to DIN 55 350-18-
4.2.2 (CVI#50253). The point at which motor failure begins is taken to be 115% of this value
(the “nameplate value™), since typical industry standards (e.g., National Electrical
Manufacturer's Association Safety Standard and Guide for Selection, Installation, and Use of
FElectric Motors and Generators, M(G2-2001) specify that operation up to 115% of nominal
rating shall not have an immediate damaging effect on motor operation. 115% of 30 HP =

34.5 hp. This is the point for which maximum pump pressure and maximum pump flow rate are
estimated.

34.5 hp produces a maximum pump speed of approximately 650 rpm in a no backpressure
condition. Based on 650 rpm, a maximum flow rate of approximately 521 gal/min is estimated
by extrapolation of the pump performance curves in Seepex Operating and Maintenance

Instruction for Progressive Cavity Pump BE 55-24, Serial Numbers 806306 and 806307, Section
9 — Auxiliary Documentation.

Based on pump test data included in vendor file CVI #50253 34.5 hp motor operation suggests a
maximum pump pressure of approximately 480 Ib/in® gauge.

As Table 4-2 indicates, the maximum flow rate for the Seepex pump is bounded by the DSA
assumed maximum flow rate, while the maximum pressure may not be bounded. However,
recalculation of the bounding onsite and offsite radiological and toxicological consequences
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using the waste properties from Table 4-1, together with an assumed 480 Ib/in® gauge pump
pressure, produces the following results (Table 4-3).

Table 4-3. Seepex Pump Maximum Pressure Exposure Comparison.

DSA 480 1b/in® gauge pressure
Onsite radiological exposure Moderate risk bin'" Moderate risk bin®
Onsite toxicological exposure High risk bin'"’ High risk bin®™
Offsite radiological exposure 1.4E-1 rem™ 9.6E-2 rem™
Offsite toxicological exposure Low risk bin'" Low risk bin'”

Notes:
DSA = documented safety analysis.

O RPP-13750, Waste Transfer Leaks Technical Basis Document,
@ RPP-14499, Offsite Radiological Consequence Analysis for the Waste Transfer Leak.
M Based on the same calculational methodology as described for the fine spray accident scenario analyses in RPP-13750 and
RPP-14499,
Calculations of the results for 480 Ib/in® gauge pressure are contained in the following Excel spreadsheets:
Fine Spray 8hr 0% 480 psig (9-28-03).xls
Fine Spray 8hr 7% 480 psig (9-28-03).xls
Fine Spray 8hr 13% 480 psig (9-28-03).xls
Fine Spray 8hr 25% 480 psig (9-28-03) xls
Fine Spray Offsite 8hr 0% 480 psig (9-28-03).xls
Fine Spray Qffsite 8hr 7% 480 psig (9-28-03}).xls
Fine Spray Offsite 8hr 15% 480 psig (9-28-03).xls
Fine Spray Offsite Shr 25% 480 psig (9-28-03).xls
(note that 30 vol% cases were not required because the maximum dose values occurred for vol% s less than 25 vol%)

Based on the information in Table 4-3, a maximum pump pressure of 480 1b/in® gauge would
produce consequences that are bounded by the current DSA analysis.

Based on informal discussion with the Seepex pump vendor, it 1s possible that a pressure spike
greater than 480 1b/in gauge may occur for a short period of time. If the pressure is high enough
(on the order of 2,000 Ib/in® gauge to 3,000 1b/in® gauge) and a leak occurs, the offsite evaluation
guideline could be exceeded. However, this would require a fine crack that has optimal width
for producing fine spray to form and be maintained for an 8 hr period. If such a crack did occur,
it is very likely that 1t would quickly expand due to erosion by the high pressure of the leaking
fluid. As the width of the crack increases from the optimal width for spray production, the
amount of respirable size aerosol particles produced decreases rapidly, and the leak begins to
more closely resemble the large pipe break into a pit scenario. Consequently, it is qualitatively
judged that, even if a leak occurred at a pressure much higher than 480 Ib/in® gauge and a crack
occurs that has the optimal width for production of fine aerosol, this crack configuration would
not exist for an extended period of time (i.e., 8 hr is assumed in the DSA analysis) and offsite
radiological consequences would not challenge guidelines. Also, the leak scenario would
become more like a large break scenario as the crack width increases due to erosion. For large
break scenarios, the maximum pump flow rate is more important for determining consequences
than the maximum pump pressure. As noted in Table 4-2, the maximum flow rate of the Seepex
pump 1s bounded by the maximum flow rate assumed in the DSA. Also, the Seepex pump
includes a relief valve. No credit is taken for this relief valve when estimating uncontrolled
radiological and toxicological consequences. However, this relief valve is considered a defense-
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in-depth feature for mitigation of accident scenarios involving high pump pressures. Vendor
information file CVI #50253 includes documentation from the manufacturer indicating that the
valve is pressure tested to meet or exceed the pertinent requirements of ASME B&PV Code
Section VIII, Division 1, subsections UG-125 through UG-136.

4.1.4.3 Safety SSCs and TSR Controls

The discussion presented in Section 4.1.4.2 indicates that waste transfer leak accident scenarios
associated with modified sluicing are bounded by those currently addressed in the DSA.
Therefore, the controls specified in the TSRs for the waste transfer leak accident as analyzed in
the DSA also provide adequate risk reduction to allow modified sluicing operations to be
conducted safely. The current controls for waste transfer leak accident scenarios specified in the
TSRs are as follows:

LCO 3.1.1, “Transfer Leak Detection Systems™
L.CO 3.1.2, “Backflow Prevention Systems”
AC 5.7, “Safety Management Programs”™

AC 5.8, “Emergency Preparedness”

AC 5.11, “Transfer Controls “

AC 5.12, “Administrative Lock Controls.”

Applicable safety-significant SSCs include:

Transfer Leak Detection Systems

Hose-in-hose Transfer Line Systems

Aboveground Transfer System Vehicle Barrers (if used to comply with AC 5.11)
Service Water Pressure Detection Systems (if used to comply with LCO 3.1.2)
Backflow Preventers (if used to comply with LCO 3.1.2).

It is assumed in this analysis that all transfer lines used for modified sluicing will be either
underground or, if aboveground, will be safety-significant HIHTL systems.

As noted above, the relief valve installed on the Seepex positive displacement pump will be
treated as a defense-in-depth feature.

4.1.4.4 Conclusions

The waste transfer leak accident scenarios assoctated with modified sluicing are bounded by
those currently addressed in the DSA. Therefore, the controls specified in the TSRs for the
waste transfer leak accident as analyzed in the DSA also provide adequate risk reduction for
waste transfer leak accidents associated with modified sluicing operations.
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4.2  EVALUATION OF RISK FROM MODFIED SLUICING OF
WASTE FOR DSA CANDIDATE ACCIDENTS NOT SELECTED
AS REPRESENTATIVE ACCIDENTS

4.2.1 Filtration Failures Leading to Unfiltered Releases
4.2.1.1 DSA Representative Accident

There 1s no DSA representative accident because HEPA filter fatlures from exposure to high
temperature or pressure were analyzed and binned in Risk Bin HI (RPP-13437, Technical Basis
Document for Ventilation System Filtration Failures Leading to Unfiltered Release). The
analyses assume an event that results in failure of all prefilters, HEPA filters, and other filters
(i.e., high-efficiency mist eliminators and high-efficiency gas adsorbers) present in the
ventilation system. It is further assumed that a fraction of the inventory of tank waste
accumulated on filters and ventilation system ductwork is released. Failure of the filters results
in an unfiltered release that also contributes to the consequences of the event. Consequences of
all HEPA filter failure and unfiltered release scenarios evaluated in RPP-13437 fall into the
“low” category.

4.2.1.2 Waste Retrieval System Operations Hazardous Coaditions

SST modified sluicing waste retrieval systems will retrieve waste from designated tanks and
transfer the retrieved waste to the DST system. The SST meodified sluicing waste retrieval
system 1s designed to dissolve SST crystallized salt and to mobilize sludge through the
application of high pressure water or supernatant spray to break down the waste salt, sludge, and
solids and to direct the waste to the intake of a slurry transfer pump for transfer into the DST
system. Various SST waste retrieval system sluicing designs may be used.

The SST waste retrieval system sluicing designs employ sluicing nozzles that are instalied in the
tank headspace via SST risers. The number of sluicing nozzles can vary depending on the
amount and location of solidified waste within the SST. The nozzle system is designed to aim
pressurized fluid (raw water or supernatant) that will break up, mobilize, and move the sludge
and compacted solids slurry to a location where they are picked up by a slurry transfer pump.

The SST modified sluicing HAZOP identified potential SST HEPA failures and unfiltered
releases from various initiators such as moisture buildup, dome cracking, vapor condensation
resulting in a vacuum, and sluice water evaporation resulting in headspace pressurization.

Sluicing operations have the potential to increase the acrosol content of the headspace beyond
what is currently evaluated in the DSA. Therefore the effect of the increased aerosol loading
requires further evaluation.

4.2.1.3 Accident Frequency Comparison

Aerosol generation and moisture buildup causing HEPA filter failure has been previously
identified and documented in the hazard analysis database. The assigned frequency for these
conditions is “anticipated” in RPP-13437. Since that is the highest frequency category, the SST
modified sluicing operations cannot exceed this frequency.
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4.2.1.4 Accident Consequence Comparison

The source terms (including ULD, ARF, and RF) for HEPA filter failure during SST modified
sluicing operations would not be different from those currently considered in RPP-13437, since
the waste composition will not change and the HEPA filter loading parameters remain the same.

There are no mechanisms during SST modified sluicing operations that would cause an increase
in the radiological dose or toxicological consequences from a HEPA filter failure over that
analyzed in support of the DSA (RPP-13437). However, an unfiltered release during modified
sluicing operations was postulated to have consequences higher than those evaluated in
RPP-13437 because of the high aerosol loading in the headspace of the tank being retrieved.

4.2.1.4.1 Toxicological Consequences of an Unfiltered Release. The aerosol release rate can
be calculated as follows:

(1,000 ft*/min) (1 min/60 sec) (28.3 L/ft’) (2 x 10 L waste/L air)
=943 x 10 Lisec

where:
1,000 ft*/min is the maximum ventilation exhaust flowrate for a portable exhauster
28.3 L/t is a conversion factor (Weast 1981, CRC Handbook of Chemistry and Physics)

2 x 10® L waste/L air is the partition fraction of waste in the headspace air during air lift
circulator operation which is a conservative selection since the measured partition
fraction during a waste transfer is 2 x 10° L waste/L air (RPP-13437).

4.2.1.4.2 Onsite Toxicological Consequences. Calculating the TEEL-2 SOF multiplier for an
onsite release assuming 5% SST solids and 95% SST liquids (RPP-13437):

(0.95) (5.73 x 10%) + (0.05) (6.28 x 10%) =5.76 x 10°
where:

5.73 x 10% is the bounding liquid TEEL-2 SOF multiplier for 100-series SSTs (RPP-8369,
Chemical Source Terms for Tank Farms Safety Analysis)

6.28 x 10° is the bounding solid TEEL-2 SOF multiplier for 100-series SSTs (RPP-8369).
Calculating the onsite moderate toxicological consequences:

Onsite, moderate SOF = (aerosol release rate) (onsite ¥/Q) (TEEL-2 SOF multiplier)
Onsite, moderate SOF = (9.43 x 10™ L/sec) (3.28 x 107 sec/m’) (5.76 x 10%)/(1,000 L/m®)
= 1.8x 10"

where:

3.28 x 10" sec/m’ is the bounding onsite ¥/Q for a ground level release (RPP-13482)
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1,000 L/m’ is a volumetric conversion factor.

4.2.1.4.3 Offsite Toxicological Consequences. Calculating the TEEL-1 SOF multiplier for an
offsite release assuming 5% SST solids and 95% SST liquids (RPP-13437):

(0.95) (3.71 x 10%) +(0.05) (2.21 x 10°) = 3.64 x 10°
where:

3.71 x 10° is the bounding liquid TEEL-1 SOF multiplier for 100-series SSTs (RPP-8369)
2.21 x 10 is the bounding solid TEEL-1 SOF multiplier for 100-series SSTs (RPP-8369).

Calculating the offsite moderate toxicological consequences:

Offsite, moderate SOF = (aerosol release rate) (offsite x/Q) (TEEL-1 SOF multiplier)
Offsite, moderate SOF = (9.43 x 107 Lisec) (2.22 x 10” sec/m™} (3.64 x 10°)/(1000 L/m*)
=7.6x 107

where:
2.22 x 107 sec/m’ is the bounding offsite /Q for a ground level release (RPP-13482).

4.2.1.4.4 Radiological Consequences of an 8-hr Unfiltered Release. The total release over
the 8-hr period can be found by:

(9.43 x 10 L/sec) (60 sec/min) (60 min/h) (8 hr)=2.72 x 10" L

Calculating the onsite ULD for an onsite release assuming 5% SST sludge and 95% supernatant
(RPP-13437):

(0.95) (4.4 x 10> Sv/L) + (0.05) (1.4 x 10° Sv/L) = 7.4 x 10° Sv/L
where:

4.4 x 107 Sv/L is the bounding ULD for supernatant in 100-series SSTs (RPP-5924)
1.4 x 10° SV/L. is the bounding ULD for sludge in 100-series SSTs (RPP-5924).

Calculating the onsite radiological dose:

Onsite Dose = (aerosol released) (onsite /Q) (onsite ULD) (breathing rate)

Onsite Dose = (2.72 x 10" L) (5.58 x 10” sec/m’) (7.4 x 10° Sv/L) (3.33 x 10™ m*/sec)
=3.7x 107 Sv
=3.7x 10" rem

where:

5.58 x 10™ sec/m” is the onsite 8-hr y/Q including plume meander (RPP-13482)
3.33 x 10 m?/sec is the breathing rate (RPP-5924).

4-20



RPP-17965 REV 1

It can be seen that the consequences for the unfiltered release accident are below the moderate
risk guidelines (1.0 is the toxicological guideline and 25 rem is the radiological guideling). Even
when the consequences for the bounding HEPA filter failure are added to the unfiltered release
the guidelines are not challenged. The contribution to the toxicological consequences due to
high pressure failure of the HEPA filters is 3.1 x 10” for onsite and 4.2 x 10 for offsite releases
while the bounding contribution to the radiological consequences is 2.2 x 10™ rem (RPP-13437).
The resultant risk bin is 11T for an accident with a frequency of “anticipated.” '

4.2.1.5 Safety SSCs and TSR Controls

Currently the DSA has no TSR-level controls for HEPA filter failures or unfiltered releases, nor
are any additional controls required for SST modified sluicing conditions. Since SST modified
sluicing conditions remain Risk Bin II1, they do not require the identification of additional
controls beyond existing SMPs.

4.2.1.6 Conclusions

Filtration system failure accidents that could be initiated during SST modified sluicing
operations are adequately analyzed and bounded by conditions currently identified in the hazards
analysis database and the DSA technical basis documents. No additional controls are necessary.
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5.0 CONTROLS

Based on the hazard and accident analysis of modified sluicing operations, no new accidents
were identified, and the existing DSA analyses were found to be encompassing and bounding.
The DSA controls (i.e., safety SSCs and TSRs) were also found to acceptably prevent or mitigate
potential hazardous conditions and postulated accidents for modified sluicing operations.
Although the waste transfer spray leak accident caused by the high pressures possible with
progressive cavity pumps was determined to be bounded by the DSA analysis and mitigated by
the selected DSA controls (e.g., waste transfer-associated covers) and additional defense-in-
depth feature was identified for this accident scenario. The defense-in-depth feature is the
pressure limiter {e.g., pressure relief valve) for progressive cavity pumps that is designed to
prevent pressures exceeding the design pressure of the waste transfer system.
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Definitions of information listed in Table 3-X and C-1:

s ID: The item identification (ID); used to record a unique identifier for the hazardous
condition.

¢ Node: The division of a process or activity into discrete segments is called a node. Fach
node represents a specific part of the process or activity. This division into nodes 1s
designed to facilitate the hazard identification process.

¢ Process Variable: The characteristics of a process, such as flow, pressure, or
temperature, which are used to define proper operation.

s Deviation: The deviation is the description of the divergence from the desired value for
a given process variable, such as “low temperature” to describe temperature below
normal or optimum.

o Hazardous Condition: The hardware failures, operational faults, or conditions that
could result in undesired consequences. The Hazardous Condition is a concise statement
combining the Cause, Consequence, and Mode of radioactive material release.

e Possible Causes of Deviation: The causes that lead to the deviation from the process
variable and resultant Hazardous Condition.

¢ Consequence: The potential consequences that could result from the postulated
deviation.

e Potential Engineered Features: Potential SSCs are existing engineered features
(hardware items) i1dentified by the hazard and operability study (HAZOP) team that have
the potential to mitigate or prevent the hazardous condition of concern. The engineered
features are candidates for designation as safety-significant items for hazardous
conditions that pose a significant threat to the health of facility workers and onsite
personnel or safety class for hazards that pose a significant threat to offsite individuals.
These items should not be construed as being the “official” controls that would
eventually be credited in the safety basis.

e Potential Administrative Controls: Technical safety requirements are existing controls
identified by the HAZOP team that have the potential to mitigate or prevent the
hazardous condition of concern. These items should not be construed as being the
“official” administrative features that would eventually be credited in the safety basis.

¢ NC Consequence Category (NC Offsite Rad, NC Offsite Tox, NC Onsite Rad, NC
Onsite Tox, NC FW Cons): The consequence category is a code designator for the level
of safety consequence associated with a specific class of receptor, material of concern
(radioactive or toxic material), and the hazardous condition. The consequence
assignment is a "first cut,” qualitative estimate of the safety severity of the consequences
assuming no controls are present. The criteria for determining the consequence
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designation is unique to the receptor. For the Offsite and Onsite receptor the
consequence designators are low (L), moderate (M), and high (H). The facility worker
(FW) is assigned a Y or N based on whether the postulated event is estimated to result in
severe injury or death. Y indicates there is a potential for significant FW impact and N
indicates no potential. Table B-1 summarizes the criteria for Offsite receptors, Onsite
receptors, and facility workers:

Table B-1. Consequence Levels and Risk Evaluation Guidelines.

on people or the environs.

>25 rem TEDE or
>ERPG-2/TEEL-2

on people or the environs.

>100 rem TEDE or
>ERPG-3/TEEL -3

Consequence Offsite public Onsite co-located worker Site facility worker
level
High Considerable offsite impacts | Considerable onsite impacts

All facility worker
hazards are assessed

Moderate Only minor offsite impact on | Considerable onsite impact
people or the environs. on people or the environs. for prompt death or
SETious injury or
1 rem TEDE or 25 rem TEDE or significant
>ERPG-1/TEEL-1 >ERPG-2/TEEL-2 radiological or
Low Negligible offsite impact on Minor onsite impact on chemical exposure.
people or the environs. people or the environs.
<1 rem or <25 remor
<ERPG-1/TEEL-1 <ERPG-2/TEEL-2
Notes:
ERPG = emergency response planning guideline.
TEDE = total effective dose equivalent.
TEEL = Temporary Emergency Exposure Limit.

ENV Cons. The environmental consequence ranking is a "first cut," qualitative estimate
of the environmental severity of the hazardous condition assuming no controls are
present. The following system is used:

EO

El

E2

boundary.

E3

boundary.

No significant environmental effect outside the facility confinement systems.
Limited environmental discharge of hazardous material outside the facihty.

Large environmental discharge of hazardous material within the plant site

Significant environmental discharges of hazardous material outside the plant site

NC Frequency: The NC frequency 1s a “first cut,” qualitative estimate of the likelihood
of the hazardous condition assuming no controls are present. The following system is

used:
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A Events that are expected to occur one or more times during the lifetime of the
facility, categorized as "anticipated” events. The frequency range associated with
this category is > 1E-02/yr.

U Events that could occur during the lifetime of the facility, but with low
probability. Such events are categorized as "unlikely” and fall in the range of
1E-04/yr to LE-02/yr.

EU  Events not expected to occur during the lifetime of the facility, categorized as
"extremely unlikely." The frequency range associated with this category 1s
1E-06/yr to 1E-04/yr.

BEU Events categorized as "beyond extremely unlikely," with a frequency less than
1E-06/yr. Events in this category (such as meteor strike) are so unlikely they

generally do not require special controls.

e Remarks: Miscellaneous observations or clarifying comments for a given item.

B-3



RPP-17965 REV 1

This page intentionally left blank.

B-4



RPP-17965 REV 1

APPENDIX C

HAZOP TABLE



RPP-17965 REV 1

This page intentionally left blank.



e ‘sasodind uonen[eas 10 -sased 1anposd UOISSI] pUE S[0s0IsE|  PIOJURY JO UOHEN|BAY 21nS0dX3 J3I0m| i€ SUOHIPUO3| 01 anp 2iaydsoune
Jo sanuuenb [lews A2 $300poid YaIysm SUOLSSY Y19 §'7 U0 Aapeg Aneonin) pur w3sds]  ssew [eoqus| oYy 0] [§§ w0y
Paseq ST 1UaA3 A1I[RINLID IB3|ONG ASTIEIAq MO, 1€ $39uanbIsU0) ‘I A% *SLbL-ddd uone[nuas| jun dund ay| sed jonpord uoissy | sased jonposd
ySnouy) aseajar| ur |euiolew Jo pue uo1IEIpE] uoIssy
4 i :00uanbasu0d Xo[, pue pey AU ON 0] siseg| Kauanbaly DN Jof siseg] N Al T Al 1 Al T Al T | nAd | e 3andeolpry| wone[nuNDOY| SWIZIUGL JO 258 | SANdEOIPEM] X0 LO0-X-OITTSAOW
-31SBAA 311 JO SIUINISUOD SA1IRCIPEI 211 01 uosuedwod
ur [[ews st Anuenb sy “A11[BONLD B JO 1(nsal e se pasnpoid e
sased 1onpoad uoissy yAnoylfe ey 19B] Mg3 pUB “21Sem U UIIIM
IN000 [[La AJI[ED1ILID AUR J3UIS )58 9y Aq papiacad Futp[atys
ay3 “sy{uey 2y 1240 FUIPAIYs Surpiaoid [0S JO JUROLUE 3] UG Paseq
yueay1udis jou aq 0 padpnl aue sosusnbasuod 1oyi0m Alrjioe
:a0uanbasuos amjom AN198,] DN o] siseq
‘SUOIIPUO.) SnopIezeH pajuasaiday
PARID0SSY PUR JUBPIDIY dANEIUssadey] A1l[eonwy) Jesfany
) 10 s158g (BUYIS] “1/£71-ddd W PHUIUNICD puE PaLLoIad)
SEAL JUAPIDDE A)L[RONLID Jeajanu pawnsaid g 10 uoke|no[es Swdeos ‘SelsTaM UE] UL [ELATELL
& “sasodund uogEnjEas 10, -sosed 1onpoad vorssi] pue sjosoiar|  PISSY AHIJ0 (s12qs05qE
10 sauend [ews Aiaa saanposd yoiym suolssy g1g g7 uo| UONNIE UM PAIEIOSSE)
paseq S1 JUIAR ATHEIQLID JEAJINU ASAEIAQ , MO[, OIE $aouanbosuoy| UOHIAHISID 10 (Ausiuato
aufex[e) wLoy Ay
:30Uanbasos I3YI0A X0 PUB PEY AISUQ DN I0] siseg) O 0P JUaA 3jqLpalaul
UE $1 AH[I0B] SWLIR jUe],
*SUCHIPUD;) SNOPIEZEH patuasaidoy| oY) 1 S15BM JUB) PAIO)S
P3IBIIOSSY PUE JUIPLODY aAneIuasarday Aieanwyy eaann UI JUIPIIIE ANEINLLD
211 10 SISBg |EOWYDIL ‘1LEZ[-ddd U PAIUILINIOP PUE pauLoiad © 1EY) S3JBISuoap juey
SEAL JUSPIDOE AJ[EIHILIG JE3)ONU Palnsald e o] vone(nojea Fuidooas ‘Anpiamy sware| yue], ) ur A[eonis
e ‘sasodind uonen[eaa 10 ‘sosed jonpoad uolssy pue S[ososde|  PIOJURE] JO UCHEN|RAT (suognau) sanAloe| 01 anp asydsoune
Jo sannuenb gews L1aa saanpold ya1ym SUoIssy g7 8'7 Uo Kajes Aeonu)) uonerpe| Furaings Sutmp S 01 155 woy
Paseq s1 1UaA3 AN[EINLIS IES]INU ISNED3 MO, T8 §20uanbasuo)) ‘1 Ay “SitL-ddd 1oenp pue sased| Lnswosd ssew| sed yonpoid uoissy | sased onposd
3ANOBOLPEY] [B20LD SHYIBAL pUE UOUBIPBI uHssly
14 B-1-V :20uanbasu0d X0 pue pey AISPHO DN 10f siseg| :Aouanbayy DN 1o stseg| N Al 1 Al 1 Al 1 Al T | nag Jo asea]ay reusrey| Swziuot Jo ases]ay| eanoeolped|  XI10 Z00-M-DITISAONW
"31SEM 31 JO SIUININSUOD SATIDEOIPE] 2y 0] uosuediuod
ur fjews st Anuenb au ‘A3[ea0UD B JO 1NSII & SE paonpord ae
sased yonpord uorssiy ySnoyl e 181 198] M3 PUB ‘3]SEM 3] ULILM
IND20 [|IMm AJE21ILD AUe a2u]s a1sem ay) Aq papractd Suiplatys
a3l “sue) A1) 19A0 Suipeiys Swipraoid [0S [0 JUROLIE ) UO Paseq
wedyyIudis 104 2q 0] padpnl are saouanbasuos Jojiom Allioeg
:pausnboasuod 1a3i0pn Ag108] DN 10] SISEY
“SUONpUO]} SNOPIEZEH paluasalday
PABIDOSSY PUE JUIP130Y sAlBIuasaday Aljeonuey Jeajonn
a1 J0J SIseg [BOIMYDA] ‘[LE7[~ddd W pAULWNI0D pue pauLiorad
smm huw._oua A[eonIa teajanu _uoEnmuwa © 107 uotenoes Suidoas|  SPISEA UEL UL [BLDJEL
2 “sasodind uonen[eas 104 ‘sased 1onpoxd uoissy pue sjososn|  21HS5Y 2 JO (s9qI0sqe
70 sagnuenb jews Aiaa saanpoxd Yo suolssy g g'g up] UOBNRU WM PaTEIa0ssE)
paseq s1 UaA2 L1[eI1119 JB3[ONU 951E02q , MO, 218 saouanbasuo) uonAgLISI Jo (ANSTUIYD
Sul[eA[E) uLIO] Aty
199U3nbasU0D 193104, X0 pUE PEY ISUQ) DN 10] sisegf| 03 3P JUIAS J|qIpatout
UE St A11]198] SULIE] jUE],
“SUONLPLOY) Snopiezel patussalday| o 1e MsEm jue) palo)s
PILIOSSY PUE JU3P193Y aanejuasasday Ajeonu)) Jeajony U1 JUIPLIdE AI[EONLID
2141 J0J Si1SBQ [EJWUYDSL ‘[L£ZT-dd¥ Ul PRUALLNIOP pue pauicjiad © IB) SHNBISUOLIP Auey
SEAY JUAPLOOE AN[EOLLID Jeajanu patunsaid e 10J uone[nafes Fuidoos ‘“Ayioe, suue,] yue | ) W Arreonuid
e ‘sasodind uonen(eas 104 'sosed 1nposd UoSSY] pue sjososde|  PIOJUEH JO UONEN[BAY (suonnau) o1 anp asydsowne
J0 sapuenb j[ews £1aA saonposd Yoiym SUOISSET g1 §°Z U0 fiages Auesnu) uopetpey duind 1ajsuny 34y 01 158 oy
P3seq $11U2A3 AN[EITLD JES[INU 35ABD3] , M0], I S30uanbasuo)) | A% ‘SLbL-ddd 12201p pue sased|  spremol mo[j| sed jonpod uoissy | sased jonpoud
aanoeoipel| Aunjs ul spijos pUE Ul BIpel uoISsy
19 B-1-v :aouanbasuod xo, pue pry AP ON lof siseg| :Aouanbay N Jof siseg] N Al 1 Al 1 Al 1 Al T | nad Joaseay anrssaoxy | Awizivol jo aseajay| asnswopey|  XI10 100-A-DI'ISAON
XofL ped X0L ped
suo wg | XoL ug ey urg X0l ug ey
Kaosaie) NI€l aouanbasue]) DN 10 siseq £suanbay ON of siseg | m % ysng | ousup | dsry | eusug | ysry | emspo | ysty |=anspo boig souanbasuo)y ISNED uonptasy st WPIIOY ar
AE N N |amsuol oNC |swsuo | ON {emsmo| oN [ewswo| on | N STOPIFZEHL | 1B TPHAIRAL | 1ERIPUED
IN ON ON ON

uonen[eAs A19JeS 10yunyg sImbay] 1ey], ST.SS SOLSS-00 | WIOL [BAILGSY 31SEAL SUIDIN[S POYIPOIA YIIA PSIBIDOSSY SUONIPUO,) SNOPIRZRH

1 A5 £96L1-ddd




:20uanbasuos 1310 XO1, PUR PEY 21ISuQ DN 0] sisegg|  OF NP 1U2AI JQIPISUE
ue §1 AJI[EO8] SULIE,] YUB]
*SUOTHPUO,) SNOpIeZeH pAjussardayf|  au) 1 S15em YUE] P3I0IS
PALIDOSSY PUR JUSPIDDY SANRILISHILNY ANjesni)) Jeajonn 11 TIIPISOE ANfEmLD
a1y JOJ SIseq [EANUYIS] “TLEZ[-ddY Ul PAUIUNIOP PUE PauLIofad B JR1[] SRASUOULIP ST [EO[UO Ul AyeonL o}
$eA JUSP120E A1jEORLID Tea|dnu pawwunsad € 1o uonenaies Fuidoos ‘Ajjoe SuLm,] JuB] Bunynsas seyd| anp asaydsoune agy
e ‘sasodand uonenjeas 1o ‘52583 1onpoad uoissy pur sjosoLoe pIOJUBH JO UOUBN[BAT apydsoune| ouo wispyos| 0 yue) FUlALIIIL
Jo sannuenb Jeus LA saonpold yolym SUOISSL B1 §°Z UO Aayeg Aresnu) 0] PASEI]AL| $3]RILUIDIUOD 10 15q wolp
paseq 51 1U8A3 AII[EI0UD JBI[ONU ISNBIIG MO, 1¥ saduanbasuo)) I AN ‘Sipi-ddd sjeuarewt|  sapid Sardorp sed sAnoroipel
snoplezey Jao| 1o Jonquosip pue uonerper| sased uoissy
s | E-1-v :20u9NbISU0D X0, PUE pEY SUSG DN 10) siseq| :Aouanbag DN Jof sised| N Al T Al 1 Al 1 Al T ]Nd4 | PUB 2ANIROIPEY a)sep | uiziuor Jo asealay| aanoeoiped|  X10 S00-3-DINISAON
"31SBAL St} JO SJUININSUOD JANIROIPRL 3] 0} uosLeduod
ur [[ews st Aynuenb ay “1[eonLUD B Jo Jjnsal e se pasnpoxd aie
sased 1anpoad uoissy YSnoy)[e 1By 108] o) PuR “ASEM DU} UNILm
1IN0 (M A[EONLID AUB 30Ul 3isem 3u1 Aq paplaodd Suipeiys
3y} “${uEl oyt Iaac Suipays Fuipiacad (105 Jo wnowe auy) uo paseq
uesijusis Jou 3¢ 01 paFpn[ ate saausnbasuod Jaxiom AJ[OE]
:aouanbasuod saxIop ALLor] DN 10 siseq
‘SUOTHPUO,) SNOpaeze} pajuasaiday
PAIBID0SSY PUE 1URPLIIY aanejuasaday Afeonuyy Jeajonn
ay1 J0] siseq {eMUYI3] ‘1LET |-dd¥ Yl pAIUSNIOp pue pauucuad
SEAY JDPIIOE mﬁzmu:.cu Izajonu pawnsaad v JoJ uonenores uidoas SPISEAL HUE] LI [ELIELL
® ‘sasodund uonen[eas 100 53863 1onposd uaissiy pue sjosasse|  PLISSH AW IO (s10q105qE
Jo seruenb |jews £1oA saonpoad yangm suolssy g1g gy uo| UODBIPU HI PaIEI00SSE)
paseq ST 1USAS A[BDNLID 1B3|INU 3SNBIA] , MO], 3Je saouanbasuo)) uennqLISIp 10 (ANSILDGD
aUI[ENIE) L0y o1
190UdRDbISUOD JINIOA, XO, pue pey SUSU() DN Joj siseg| 01 INP 1UIA3 S[qipasoul
ue s1 ALO8] SULLE] NUB]L
SuCIIpuoy) snopiezey pajussauday| o 1e o1sEM JUE] PAIO)S uoneIRuLs
pPAEIO0SSY PUE WUAPIINY SANRIUISIIAIY AH[RINL]) IE3[ONN U1 JUAP1IIE Ae3UD weas
1 JOJ SISRg [ESIUYIIL ‘| LETT-dd B PAUMUNICD pUe patiloLiad € TRl SSIRASUOUIZp ‘Ayeonun|  Aesnud Jesanu
SEA JHRPIDOR AJ[EOILID Jeaanu pawunsasd e o] uonenofes 3urdoos ‘AyI[IoR,f SULR.] juB) ur Bunnsas pauueidun oy
e “sasodind tonenieas 104 -sosed 19npoud uorssy pue s[osoise|  pIOJurR] JO LUOUBN[BAY sased uolssiy suostod| anp alaydsoune o3
Jo sannuenb frews A3a saonpold youym Suolssiy g1 g7 uo K1ayeg AlMEDINL)) SATIDEOIDES uonnau| LSS Woy s[eusiewt
paseq s1 1udAI ANJEDNLID JBIJIRL ASNIEID] , MO[,, 318 Saouanbasuo)y ‘1A% ‘Sipi-ddY ‘UONBIPE S3A0WIAI snopaezey 1910} sased jonpold
SUoLNAU K[aAnasjes pue sayoeoipes|  uOISSY pue
& B-1-y :aousnbasuod X0, pue pey sUsyO N 10] siseg| :Aousnbag DN 10f siseg| N Al “1 Al 1 Al 1 Al 1 nag Jo asea[ay Suding Joosespoy| amsem ISSs|  X10 FO0-M-OINTTSAOW
“51SEM 91} JO SJUSNILSUOD JANIEOIPEL M) 0] Uosirediued
we [[ewts 51 A1puenb 2y “A1eoNLID B JO |Nsai g s paonpoud 2w
sased 1onpoad uoissy YBnoiife 1e1f] 18] ) PUB “)SEM I} UM
1Mas0 || AI[EoRLED AUR 30ws 9)5BMm U} Aq papraold Suipjarys
3 ‘sue aipy 1940 Fuipporys Juipraoad [1os Jo JunoWE 3L} UO PIseq
Juestjtugis jou aq 03 padpn[ are saouanbasuod smjom Aloeg
:aouanbasues o AR DN JOJ siseg
‘SUONIPUO)) SNOPIEZEY pRuasaiday
PAIBIDOSSY PUE WUIPIIIY JANEIUISAIATY AN[LINLD Jea[INN
ayy Ja] siseq [ENUYR ] ‘[ LET [-ddY Ul PAUAUINIOD PUR PaLLIOad)
SEm JURpII0E A[BOULIS Jeafonu pawnsard # 10j uone|nojey Fudoys|  SOITEM AHUE LI [EHoIEW
¢ “sasodind uonen|eaa 1o,] ‘sesed jonpoad uoissy pue s[osoae 211551 A Jo (s12q05qE
J0 sanuuenb jpews £19A saonpoad yoym suoissyy g1 §°Z U0 oAU LI pajelaosse)
PAseq S11u9A3 AJI[EONLID 1BI]INU ISNEIAQ ,M0], 21 $30Uanbasuo)) uonnqrstp 10 (Ansuuay?
SUIfEY[E) LLLIO} 31
:20uanbasU0D JANIoM XO] PUE PEY MSUQ DN Jof siseg| O FNP IUAAI Jjqipaiout
ue s1 AJI[I0B] SWLR,] ue],
"SUONIPUO)) SNOPIEZEH pajuasarday| 2 12 ;sem yue) pasols
PRIRIDOSSY PUB JUIPIOOY 2ANEIULSALdaY ANEILLLY) JBIFOAN ul uap1ace AeonLD uoneIper diund
211 JOJ SISeg [BAUYDIL ‘[LEZ[-ddY W PAUMUNGOP pue pauLiofiad © 1Y) SAjRnSUMUap uognal K11aed aassasgoad
SBa JUAPI90R ALEDULD 1eafanu pawnsald e 10] uonena[es §uidooss ‘A110%,] SULR,] JuB], AB19ua yJiy 0y 19 9y} ul rjeonuo
XaL ped xoL Ped
SUOy| ulg | XOL utg] ey urg xQ ug [
hnmwo%% NIE 23uanbasuo) DN 10§ siseq Kouonbaag ON oy siseq | md | asrd | eusug 1 ST | susug | Asn | auspo | A | SMSIO _WW aouanbasuo)) asne)) M%o_w.wmwww - _w_m._.MmE %ﬁﬂmwﬂmﬂ al
ON [2HSHQ| DN {20SsuQ | DN |9sgo | ON |30 ON : )
ON ON IN ON

uoren[eAy A19J8S Joyun,] a1nbay] 1Y [ SISS SOHAS-00 ] WOI] [BAILIOY 9)1SB A SUIDIN[S PAYIPOJA YA PAIBIOOSSY SUONIPUO)) SNOPIBZEL]

[ AHY $96L1-ddd




o TUAWINDO(] SISBE [PIUYID], SBD I[qBUILBL,, ‘O ISE1-ddd
ur paureluod suonenoled Suideos uo paseq peudisse Appaneyenb
sem 90Uanbasuod [E3150[031X0) 13)I0M NISUC  JRLIPOL,,
BUL ,UBINGOC] SISET [EAIUYIIL, SBE) AqeUILELL, ‘O15E I-ddY 714721 o Juaoiad
Ul pAuTEIUeD SUONE[NEs Suidoas uo paseq paudisse A[saneuenb| 001 PR3gxaal aoedspeay
seam 95u3Nbasuod [e01F0[OIPRE JA3IoM IJISUOC ,NEIIPO,, Y], U} 33 ul UONEQUIILOD
: sed spqeunuEe(y
:asuanbasuo;) ausug) N 10) siseg S} asnes 0} paseajal {p1ezey g90) (zr4D paonpur)
aq 03 sES JUAIIINS sed ajqewuue(y UOISNIJUL I9jEM
,UAWNAG(] SISeg Sasnea ey [ UL Jo uonud) woy Bugpnsal
[E2IUYII ], SBD) IQEWIE]],, ‘O] SE [-ddy W PAUIEIUGD SUOHE[N3[Ed| OIUl UOISRIUL J3jem & JO Ylla yue) uolesde[fap sed
Buidoss uo paseq paudisse A[aaneyjenb sem aouanbasues|  pooylayl] 3y uo paseq ojut (MInoisi)|  SEQELULIEYY 01 3P alsem
125130]091%0] 3)IS]JO MO, UL , WSPIIIY SBO) d]qeunue],] LA un Kjpwanxa, asaydsouug uolstyu| - assydsouys ayy 0 LSS pue
Burpunog 3y} Joj sazuanbasuoy) [e1Fo[orpEy ASHO. ‘0LFE1]2q 01 padpnl Ajsanejenb B i Jayem a8el( 15§ woy sjeLerew ] ‘Buipeol 12y
-ddH uo paseq s1 30u2anbasucd [ed130[01PEL MISPO , MO, L[] st Asuanbagy sy snoplezey] 1o Aq paanpur SNOPIEZEY IBU10 ‘5050108
pue sanaeoiper| {THD) U342 PUE 2A1)DB0IpEL oedspeay
d e-1-¥ :aausnbosuo]) SO DN o) siseg| Aouanbasg DN 10§ siseg| A I 14 111 W Al ! Al 1 g Jo esealay ST SBD) Jo ssealay I88] Xso 100-9-2INTSAON
-3}SeAs D) JO SIUSNITSUOD SANIROIPES 3Y) 0] UosUedos
ur [[ews si Anenb sy Lesnuos  Jo ynsal e se paonpoxd are
sased 1anpord uoissy YSNoy)[e 18Y3 108] SYI PUE “9ISBAM N1 UIY1IM
N30 [[im A1L[EINLID AUE 35U1S 3)5eMm U1 £q paplaoad Sulp[aiys
o “squel U 1aa0 Suwipjams Fuiptacid (10s 30 1UNOWE Y} UO paseq
WedIIIUSIs 10U aq 01 padpnl ase saousnbasuoo 1axIom AJjIoe]
:aouanbasuod 1o Ao DN 10] siseg
*SUOHIPUO) SNOPIRZRY pajussalday
PAJRID0SSY PUR JUIPIODY dAaneuasarday Anyesnuy) JeajonN
St J0F SISeq |BIUY2L, “1LEZ [~ddd W PRUSLNsop pue pawicpad
SeA JUDPIIIE AN[RINIID Iuajonu pawnsald e 10] uonemspes Surdoos “S2)SEM AUE) UL [BLIAIELL
e ‘sasodand uonEn[eAs J0,f sased jonpoud woissy pue sjososer| ESH W IO (s1oqu0sqE
10 sannuenb [jews A1 saonposd yaym suolssyy §19 g uo UoINAU G PaIEo0sse)
Paseq S1JuaA3 AJ[EIIILID IES[INL ASNEIA ,MO[, 318 $20UINDISUO)) uennqLIsIp Jo (ARsiuays
' JUIEY[E) LLIO) B1)
100UaNbasUND 1HI0M XO ] PUE pEy MNISUQ DN Jof sisegg| 01 ANP 1UIAD J[qIparouL Areontn
ue ST AJ[I9E] SULIE] Jue], up Bupnsal
‘suonipuoy) snoplezey pajuasaidsy| 21 1E A15EAM HUE) PaIOLS suosiod
PIBID0SSY PUE 1USP133Y aanetuasauday AI[esnu;) Ieasny Ul JUSPIoE AJfEITILID JO [eAOWIRL
ay) J0J siseq [EAUYDAL [ L£Z [-ddH U PRUIWINIOP pue patutofad 7 12U} SAIRNSUOWAP 10 [eLRELL
SEA JUSPID0R AJNESN LY Je3[onU patnsald e Jo] uonemnoed uidoos AN SR UBL asaydsoune 3|ssy Jja Areanun
e ‘sasodand uonenfeas 1o -sased 1onpold UDISSY pue S[OSCIOR PIOJUBH JO UOHBA[EAT 2} 0} UOREIPEI} UONRKUIIUCD woy
Jo sannuenb [[ews K124 s30npoid yoIgm SuoIsSy g1 §'7 U0 K1ajeg AN[EOnLID) Suiziuor $asned paonpoxd
Paseq s1IUsAD L1110 IBI[ONU ISNEII] , MO, 218 $aduanbasuo)) ‘1AM ‘SLpl-ddd pue saged| aisem 03 1Em Ayesnus o) anp| s[ososse pue
12npoad tuoissy UONNOSSIP [[BLIEW aAltoeolpel| sased jonpod
4 E-[-¥ :20UaNbIsU0D XO, PUE pey SUSJFO ON 0] stseq| :Aouanbalp DN 10 siseq| N Al 1 Al 1 Al 1 Al 1 plats | Joases[ay|  Jo uonippy Josseaay uolsstyi - X10 900-A-DINTSCONW
“a1seM U} JO STUSTISUOI BAIIBOLPEL 9U) 0} UosUBdUIoD
ur [[&us s1 Anuenb sy ‘A1Bo1LS € Jo )nsal B se peonpod ase
sased 1onpoid voIssLE YSNOUI[E 1BY] 18] U] PUE ‘3)SEM 3Y] UIYILm
INa00 [[im AJI[EI1ILID AUk 32UIS J)5eM 31) Aq peplaoid Swppaiys
s ‘syue] ay 1aa0 Buipiaiys Suipraodd 1105 Jo 1INOWE 3] UQ Paseq
juea1udis 104 3q 0] pa3pn[ are sasuanbasuod 1oylom A31{108,]
:a0uanbasuos taxop AN|108,] DN 10] SISBg
‘SUIOTNPUGD) snoplezey pajuasarday
PAIBID0SSY PUR UAPIIDY aanruasaiday] A1[esnLy) ea[dnN
U1 10 SISEL [BIUNDB] *1LEZ1-ddY Wl pajuanoop pue paulicplad
seam JUBPOAE A[Eonuo 1Eajonu pawnsaid g 10 uone)najes Surdoss| SIISEM UE] UL [ELITEW
v ‘sosodnd uoyEN[EAS 104 -sased 1anpoid uolssyy pue sjososor|  A1SSY 3U1 JO (513G105qE
70 sounuenb [jews A1aa saanpoad YoM suossiy g1 g7 uo| UCHTSU WM PIELDOSSE)
Paseq st 1U3A3 AJ{BOLLID TE3[ONU 35N ,MO],, B saouanbasuoy| UOHNQHISIP 10 (Ausiuays
surjey|e) uLof syi
X0, ped X0y pey
suoy| wg | xop wy pey ug X0J, wg pey
ﬂ_mwu%% NIfE aguanbasuo)) DN 10f siseq Asusnbarg ON JoJ sised § anod | WSTI | susug | oystd | ansugy | wsry | amspo | wsm | snspo “w“w aouanbasuo)y asne)) mﬂo_w.wwww - MMM«E MMMWW_MM ar
IN [awsug| ON [emsug | ON |auspo| ON |=sBo| ON : :
ON ON ON ION

uoneneaq A10Jes ayung axnbay] 18y SISS SOLLS-00] WOL [BASLISY 1SN SUISINS PSYTPOJA YHM PRIRIDOSSY SUONIPUO)) SnopIezeH

I AdY $96L1-ddd




: UuQy) aMs 10 siseg|UE OF 90p UONELSE]ISD sEd
souanbasue)) apsuQ ON 10§ siseg apqeLzEy & jo Aousnbog (24D peanpuy)
LSaUIndoe] siseg| A, WSAS [eAdLY Juiomns uunp
[BOLID3], §20) A[qRURLEL], ‘D[S [-ddH Ul PAUIEILOD SUONENI[ED| 21SEAL FULDINIS PAIIPOIA uoheBeyep s23
Suwidoss uo paseq pousisse Apaneenb sem asuanbasuod (1.5S) SYUBL [194S (prezey TYD)|  9IqewmIe)y Ol 3P asem
|EQ1S00DIX0} 2ISHO  MOL, AL |, JUIPIOOY Sen) sjqeunuel ]| -o[Fuls o Jo uonen(eay aydsoune uoniugl sed|  araydsoune sy 0y LSS pue
Fuipunog 2y} 10] seouanbasuoy) enSooipey aUSO,, 0LPEL|  AdJES dLLBUID), ‘CO6L T apy 0] sjeue| a[QEUILE]) pue| [ SS woy sjeusiew| ‘Sutpeo] 1oy
-dJY uo paseq st aousnbasuod [earSo[oipel B1SIJO , MO[, YL -def UL passnosip Sy snoprezey oo speds Susnes STIOPIRZEY 12110 ‘sposorse
PuE 3AnoeOIpRI| SLIGAP SAACU pue 3AldBOIpEl]  adedspeay
pc | e-1-v :aousnbasuc)) SUsPO DN o siseq] “Aauanbarg DN 107 siseq| X I W I W I 1 11 T v Joaseddy 1al20inig JO aseafay 1SS Xso 800-2-OIISAOW
-uoneide|jap 583 ojqrunue]] B wiosy 1nsai Ajjenusod!
pnoa jey Lanfur [eaisdyd aip uo paseq paudisse £aane)enb sem
saouanbasud 1pom A 1oef JusoruSis [enunod 1oy S A, UL
:asusnbasuo)) 1104 A[I0B] N 10f siseq
L IUALN0Q SISEE [EAIUYIA] SED) Jqeunuel,, ‘0S¢ t-ddy ‘SE8 pouImal
Buises|au jo ajqedes
uL pauTEItod suonenares Surdoos uo paseq pausisse A[aanen[enb
SEM 99uonDb2asu0D [B2IF0]00IX0) INI0H HISUO ,RIIPOLL,, 212 suopesado Sudinys
2yl ,JUAWNIOC] SISEE [EAILYID SEO) A|QUUALIEL,, ‘O1SE [-dd POIPON asnEaad
uj paureIue suolje[nored Suidods uo paseq poudisse A[aanejienb wpAedionue, 3q o)
sem 20uanbasuod [EsI30[0IpRI 193I0M DNISUO | 21BIZPOWL,, U], paunuap A2aneend
SEM YD padnpul
:gsusnbasucy) s 0] Siseg{UF 01 3np uonerde[jap sed
? D SUSHO DNy v a[qewLre]) e Jo Asuanbay (29D paonpur)
Jluswmoogg siseq] Yy WRISAS [RALIAY (prezey T40) Swain(s Fuunp
[eorIY23 ], Se0) A[qRULLEL, ‘0[S |-ddH Ul PAUIEINOD suoNE[nojes| a1SeMm FWMNS PIyIPO sed sjqeunuey uoneiBe|jap se3
Fuidoas uo paseq paudisse Apanelenb sem asuanbasued (1.SS) sjue], [[24S JO uonIuSL pue  SqEWRUEY O} anp a)sem
|ES0{00IX0T SHSEI0 ,MOL, YL |, IUIPIOGY SED) djqeunuel]| -[Buls 2y jo uonenjeAy alaydsoune| Haeds Buisnes|  sisydsoune syi o} LSS pue
Surpunog 3y} 10J 590UNDbISUO.) 1EI1B0[0IPEY USIIO,, 'OLFE]|  ADIES dLdUDY, ‘CO6L1 o) o} sjersanewi| paxsput Sulsq] 1SS woyy sjeusew| ‘Suipeo| 199[1
-dd uo paseq st asuanbasuod [eaZo[oIprl 21180 MO|, Y], -dd W passnasIp sy SnOpIEZEY 12y4jof  UBLM 10algo SNOpIEZRY Lo ‘s|os0loE
pue aAalJeolpal S NS 3)ZZ0U pue sAQOEOIpEL uumnmmﬂ.muﬂ
[t e-1-¥ :30uanbasue)) SO ON 10§ siseq| :Aduanbarg DN Jof siseq| A I 4 I W I T LI 1 v Jo asea|ay Butomng Jo ases]ay IS5 Xs0 L00-2-DINISAON
‘uotjeISe[Jap sed o[qeunue]y B woly Irnsat Af|enunod
prnoa yeys Anfur easAyd ai wo paseq paugisse A[aaneifenb sem
sasuanbasuod 10m ANIoe) Twesudis jenusiod 107 Sax, Y],
:aouanbasuo)) saxiop AUJIIE] DN JOT SISty
. ‘ ‘e paurejal
W JUSUNOO(] SISEY [EDIULDA], SBL) S[qeunUel, "Q15e [-dd¥ Surseapn how_%%u
w pauteiuca suoneinajed Furdoos vo paseq paudisse A[aaneienb
sea 25UNDISU0D [2DIS0]0IX0] I3HI0M SHSUO ,21BIIPOLL,, are suofjesado 3urinis
ayl ,Juaundo( SISeq [EOWYIA] SBD) IquWe] ], ‘015 [-ddd voc._%oE asreaad
w patigues suoyemoped uidoos uo paseq paudisse Afpaneyenb _uoE:WWMM _MH”MH“M:@W
SEM 33UaNbasuod [ED[3O[CIPEL 13i0M MNISUC ,I1.IIPOLI, ST, " sem u sanpu @.Emﬁ.m: )
: ue 0] aup uoneideljap sed paunsse
asusnbasuoy) asu() DN 0] siseg o[qEURIE  Jo Kousnbasy 321008 (3D paanpui)
JHuowmoogg siseg|  ag) ,WAISAG [BAILNIY uonuan) Guroings Suunp
[£3IUYD3], SBY) SIGEUIMEL, ‘0[$E |-ddY Ul PAUlEIuCa suone|na[es| A1SEA BUIDIRIS PIFIPOI $ET S|qeLLLIE] uotelSeyap se3
Burdoos uo paseq paudisse AjpAneienb sesm souanbasuod (1SS) syue] jays paulelsl;  9[qEUALLE]] 0] 301 ANsem
|E2180[031%0) SNS[I0 ,MO], AL, , IUAPINY sen) ajqewue],]| -2(8Wlg 21 Jo uonen[eAy aioydsowne Jo uorsal|  anydsoune ay) 03 1SS pue
Surpunog ay3 10§ sasuanbosuo;) [es18olo1pey SUSHO, ‘0LrEl|  A19IRS JwdUAD), 6961 3} 0 S[eLIRjEW e Juiseaal] 1SS woly s[ensjew| “Fuipeo] 1)1
-dd¥ uo paseq s1 aousnbasuod [eordo[orpea SO MmO, L -dJJ UL passnasip sy STOPIEZRY JAYL0, Spljos SMNOPIEZEI] 130 ‘s[osoIae
pue sanseopel]  uo safuwdiur pue aanaeolpel aoedspeay
e B-1-¥ :aouanbasuo]) AUsPO DN 10§ s1seg| :Aduanbarg DN Jof siseg| A 1 W I W 11 1 I 1 v Joaseaay 19[ 120m[g JO ase3[3y LSSl XS0 900-2-DIISAON
-uorjesdeyjop sed a[qeuie] € Wwolj Jnsa1 A enusjod
pEnod tey Amnfur jexs£yd sy uo paseq paudisse A[aaneienb sem
soouanbasuod taxtom At[1oe] ueoyiuBis [enusod Joy 534, 9yl
:3ousnbasuoyy 1a%lom K118 DN IOJ siseq
X0L ped XoL Ped
Suoly| uig | xoL ug pea uled Xop ug pey
Aodaie) NId aduanbasuoy DN 10 siseg Asuanbarg DN o] sised | md | dasna | ousup | dsry | ensuQ | ASty feuspO | ASRA | SMSHO boig aouanbasuo) IsneD) uaniptoy A0 UapLaY ail
AU N ! : IN snopiezeyq 1B [BLIME]N | ;\¥epIpue))
DN |3usuQ| DN | SUSHO | DN |9MSJO | ON |2MSHO| DN
ON ON ON ON

uonenjeaq Alayeg 1oyun,g ormboy] 1ey ] SLSS SOLIDG-00] WOL [BASINSY 1St SUIdIN[S PIUIPOIA YA PIIRIDOSSY SUONIPUO)) SUOPIEZEH

1 AdY $96L1-ddd




-ddd uo paseq s1 2ouanbasuon [eaidojoipel AIsYo mol, YL -dd3 Ul passnasip sy SROPIEZEY IHPO aImesasd Snopiezey 2yl ‘S[OS0IE
’ T PUE 3A1I0€0IPE| 3SNED S[OSOIIE pue sanseoipes|  3sedspeay
[ -V :aouanbasuo)y aNsgO IN 10§ siseg | Aousnbary DN 1o sised] A I W i W il 1 11 1 ¥ JO 9sEIdY [eUCHIpPPY JO asea[3y IS§|  Xs0 L00-4-DHTISAON
‘uonedeyyop sed s[qeuUNLE[] B Wwoy 3nsal {enuaod
pinos e Aalun [esisAyd s uo paseq pauSisse Ajpane)jenb sem
saouanbasuos Ja10m Anjioe) Jueoyudis jeyudod 107 LS34,, UL
:3auanbasuo)) 110 A110e] DN 10 siseq
IUBLIN30(] SISBE [EIIUYID) SBr) I|qEUUIEld, DISEI-ddd —_— “mmomu:“%“
U1 patymuos suoyeinayes Juidods uo paseq paudisst Kjpaneyenb 1583] " % m_n
sem 9auanbasuos (Ea1801091x0) 1Iom AIsuo mewspour,|  OF mcwtm_h _.” uwm““m“m__m
Y, ,URUNDO(] SISeY [EIUYID] SLO) J[QRUILIEL, OISE1-ddd uvww_w - op
up paure)uoa suone|najed Juidoas uo paseq paudisse Ajpaneenb uP w B % w20 m
Sem 25uanbastod [20IF0[01PEL ISYI0M INSUO ,1elapow, sy p| PHUIUHAIRP ARANEL[EN
T : sem 0 paonpui
:aouanbasuoy) asuQ DN 10 siseg|YE 0 anp uoneide|ap sed (prwzey (94D pasnpur)
' T |ajqewnue] e Jo Asusnboyy D) 1ussard UORIPPE J3jem
LBND0(T sised| 21 WISISAS [BARLNY pawunsse| uonn[ossip Jurmp
|E3IUYIS ], SBD) S{QRIIIE].L, *01SE F-dd¥ Ul PAULBILOD SUONRIND{RY| 1Sy SUIDINS PAYIPOI sed u_ﬁmeEm¢ uoyeide|jap sed
Fudoos uo paseq paudisse Aeanel[enh sem aauanbasuod (1SS} syue], [1sys uonudr| a[qetuure]y o anp J5BM
[e2180]001X0] AUSHO MO, Y], ,JUIPIIIY SBD) J[qeunue]f| -2j5us 3y Jo uonEn[eAy sraydsowne| sed sjqeanuey| ausydsowne syt o1 L$S pue
Suipunog auyy 10) sasuanbasuo)) [earSo[o1ped ASHO, “0LPE 1|  A19JeS 1LI0), ‘CO6LE 91} OF S[ELIYEW $asned| | §S WO S[er)eul wEu..no_ 1Ny
-d Y U0 paseq s1 aouanbasuoa jeaiSojorpel NISIC , MO, L -dd W PAsSNISIp 5V SNOpIEZEY 13410 peay £eids SNOPIEZEY 910 S|OS013R
. o pue sandeorped|  adAy joedurr pue sanoeorpel|  aoedspeay
Fac | :a0usnbasuo)) aNsPO JN 10y siseq| :Aouanbaig DN Jof sised| X 1 W I W I1I T il 1 v 30 aseajdy woy yeds J0 aseaay 1ss|  xso 210-O-DIYISAON
‘uoneideyap sed 2|qelnE]] B woy ynsai A[[enuatod
pinoa 1ey) Anfut [eo1sAyd auy uo paseq paudisse Afpanenend sen
$30uanbasuod wxiom A1oe) jueaiiudis penuajod Jof SIA, AUYL
ouanbasuoyy ayIom Anjoed DN 10 siseq
L IUIUNIO(T SISBE [EDIUYIDL, SBD) HGEUIMIELY, ‘016€ [-ddA 5 .Maw D s
ut paureiued stone[nofes 3uideds uo paseq paudisse Apanenenbl M_..._M_Nohwu %M MHM_MM
sea 99uaNbasuOd |B2130]00IX0) ISHI0M JFSUC |, IIRIIPOLL,, . o tom]
YL, UAUNDOC SISEE [EDIUYID SED) HGEUWIELL, ‘015€ [-dd¥ e S
Ul paure)uod suone|no[eo Surdoos uo paseq paudisse Ajaaneienb wo:EH_WWM .MMMMMQMMMW (prezey n)
sem 2ouanbasuod [e3130[0IPEL JXNIoA SHSUO ,IIBIPOW,, Y], . 95 w 8.:@5 se8 spqeuaeyy
] ud1
:aouanbasuo-y aps 10] sisegy|Ue 01 anp uonede(jap sed Jo uoniud
D FO IN I e s|qewiwe)] ® Jo Aouanbaly pue Jurxapuy (D paonpur)
W uawnoo(g siseg Yl ,“WIISAG [BASLIYY uaym uo1oLy Fupnps Suunp
{BOIUY33 | SBLY S|qEURLE]d, ‘01SE [-ddd Ul pRUIBIUOD SUOUR[NOED| M5B BUlDIN[S payIpoy Fusnes ucyperdejop sed
Burdoas uo paseq paudisse Apaneyenb sem sousnbasuos {1.SS) squel 112ys Ipsusmede|  spqeune() Of anp 215EM
[2130[001X0) DIISIFO ,MO], S| ,, JUSPIIZY SBD) d[qRUILIEL]| -9[FUIg S JO UOHRN[EAT auaydsoune wsiueysaw| - alsydsoune aiy) o} ) LSS pue
Fuipunog 2yt 10F saouanbasuoy) [eordo[olpy ANISPO. ‘OLFET|  AIRJRS SLBUSD), ‘COGL ] ) 07 s[eLIRlEW Suroinfs| 1 §S wWouy s]eLLIEWL m:.ﬁmo_ B
-dd¥ Ue paseq st asuanbasuas [eaSojoipel NSIJO MO, ST -dd] W passnosIp sy Snoplezey Ao spuaq 1af jo snoplezey JNpC S[0s01oe
) o PUE JATIIEOIPEI|  32J0] UONIE] pue sandeorpes|  soedspeay
4 E-1-v¥ :30usnbasuo)) aUSPO DN 105 siseq | Aauanbar DN 1of siseq| X | W | W I ! III 1 Y Jo asea[ay JnespAH Jo aseapay 188| xs<o 600-2-DINISAON
‘poneSe[fap seS S[qeUILLE]] & WO I[nsal A[enualod
prnwoa yey A1nfur jeais{yd oy uo paseq paugisse A[aanenfenb sea
saouanbasuos Joxiom Alrjoe) Jueayiudis [enusjod Joy s94, YL
:90usnbasuo]y 12310 AR DN 10] SISBg
. TUBLINO0(] SISP [BIYIR], SE) SQBUILLELL, ‘QISE[-ddyl| N B on
Ul paurelues suoue|najes Furdoos uo paseq paudisse A|jaaneienh uIseal m_o wuzm v
sem 2ouanbasuna [22180[001X0) 15310 JMSUO ,alespow, |  3HE SUOHEIRCO SUIINIS
YL ,TUBNDO(] SISeE [BOLIII], SBD) F[QEUUE]d, “015E [-ddY ﬁucmEE 98TEq
ur paureues suone|najed utdoss uo paseq paudisse A@aye) enk PIE mou:m__ 9 om
Sea 95UaNbasU0D [EF00IPRL IMI0M SUC , Ajeiapow,, ayp| POUILRIRP APRARENEN
) SEA YD pasnpul
x0], ped XoL pey
suop | wg | xol wd pey uig XoL uig PR | pay S— . —
AroBare) Nig a0usabasuo’) N J0J SIseq Aausnbary DN 10 sIseq | md | dSTL | SNSUQ | XSTY | SMUSUD | St |anspo | ASHE [ BMSHO 4 asuanbasuoly Isne’) RIPUOD il JUSPIISY al
Aug ON ON snoprezeH e jeuslely | 1EPIpUED
ON [susuQl DN |ansuQ | DN |2syc| ON |2USHO| ON
ON ON ON ON

uonen[eAf Alayes 1oyun,f o1mbay 18y ] SISS SOLSS-00 WOL] [BASLIOY S1SEM SUIINS PAYIPO I\ PAIBIOOSSY SUONIPUO)) SNOPIBZE]]

[ Add $96L1-ddd




o JUIWNDO(] SISBE {EOIUIYDI], SBE) AQEUILIELY, ‘Q16E [-ddH
u1 paweues suole|na|es Suidoss uo paseq paudisse A|sanenenb
sem 20Uanbasuos [23130]001X01 J9I0M JISUO | JNBIIPOUL,
Sy |, JuSwndO] SISB [BOILYIA], SeD) J|qEWE, ‘OFSET-ddYd
ur pauneIues sucue|najes Sudoos uo paseq paudisse A[2anentenb
seEm aousnbasuod [e3150]01pel 13310M 2)1SUO | MBIAPOWL, U]
-aausnbasuoy aysugy HN 10} siseg| (wsisA[Euy asuanbasuor) (prezey THO) (IS
 WapIasy diung uonudy/asesjall  pasnpur) A19A0331
Lluawnao(] sised|  qUB] )Sem PIOJUTHL, sed ajqewe)} a15em Fuunp
[Ed1uyoa ], SBLy I[QRUILIRLA,, *0[ S [~dJH UF PIUIEIUDD SUOTIB[NI[ED ‘€179-ddY 238) 515§ & saonpul uonedejop se3
Suidoos uo paseq paugtsse Ajpanex[enb sea souanbasuod| ur a[qipasd jou ae sduing ydiym ‘duing|  [qERRLE(] 03 J0P AseMm
1£91801051X07 HSIIO MO, Y , JUIPIODY Ser) J[qeLULIe],] WES)S JO JUB) ISNEIG assydsoune| ures)s e sasnes|  ausydsoure a1y o} 18§ pue
Fuipunog 13 JoJ saouanbasuoy) 1en3o[orpey MNSPO. ‘VLPEL LAlRYIUn Aptusnxa 311 0 S[BLIEBLL |eAaLnaa] S woyy sjeusjew | ‘Suipec] 190
- U0 paseq s1 aauanbasuod [eo1S0[01pel ALSLFO |, M0], R |PuoAsq, st Aouanbay AL snopJezey JAyjo Juenp 1SS snopIezey 1ayjo ‘51080137
pue sandeoiper| ur anyerodua pue aanseoipes|  asedspeayy
b B-1-y :asuanbasuo)) SUSIIO DN 107 siseq| :Aousnbaig HN 10) siseg| A Al W Al W Al 1 Al T n4ag Jo asea[ay Msem yFIH Jo aseaay LSS Xso [00-H-DLTTSAOW
-uonjesde]jop sed o[qeuue]j € W0J] ){nsas A[[enusjod
pInoa 1eq Amfut [eotsdyd ayy uo paseq paudisse A[aaneuenh sem
saouanbasuod Jajiom Aiary uenyrudis (enusjod 107 S94, 9]
:asuanbasuoy) aiom K198, DN 0] siseq
£ TUAUINIO(] SISEY [E2IUYII, SBD) J[qRILe] ], ‘015¢ [-ddd
w1 paLEkod suoljejnoled Surdeos uo paseq paudisse A[aaneenb
sem 90u3NbIsUCH [E2130[0TX 01 JO}I0M SUSUO FIEIAPOUL,
} ’ g € (prezey, THO)
Yy, |, uund0(] SISTE [BIUYIIL, S8 qeunlely, ‘01SE1-ddd uoneideyap
U1 paulejuos suonemajed Surdoos uo paseq paudisse Appaneurenb - u“.n_mEEmm
seam 32uanbasuod [EF0]01pRI 13XI0M ISUC | ARISPOW,, 3], e T
:aousnbasuon) ausuQ IN 10§ siseg| 001 Pa3dxa 01 aoedspeay 22408 wonaL (3D paonpur)
JUE) Y] UL UODEQUAILOD i 1apdod HOIPPR JBM
L uawnao(] siseg| sed s[qeunuey 9y asned uaforpAy| uounjossip Suunp
[EDIUYDR ], SBC) S[QBWILE] ], ‘O[SE[-dd Y Ul PAUIEILOD SUCUE[ND[ED 01 9ZI$ UL JUSIDIINSUL JO 28ea[al puE uoperdejjap sed
Fuidoas uo paseq paudisse A[paneenb sem a5udnbasuos are asem | §S 21 o}y vgdH|  3mqeruwue(y o3 anp 21588
[E2150[021X0) A}ISFO M0, S , TUSPIIFY Ser) A[qewnue].]] ui 528 Jo s|xod ssnedsaq ssoydsoune) o BuBdngd)  amvydsoune 2p o 188 pue
Sutpuriog aut 10] sadusnbasuoyy EBo0IPEY MSPO,, ‘OLFET LATIun AauIanxs 21 0] S[RLIMIBW) asnea uonippe| 1SS wioy sjewsieur| Gurpeo] 1y
-dd¥ U0 paseq s1 asuanbosuos [eaiBojolpes MIsyo Mo, Y] |puokaq,, st Asuanbaiy ayg, snoprezey Joo|  Jojem Fuunp SnOpIRZRY IS0 5]0S0108
PUE SAIDBOIPEL patersuad pue aayoroipel}  asedspeal]
42 B-1-y :3ousnbasuo’y aMsgO DN 10J siseq| Aousnbaig DN 107 sised] A Al W Al W A 1 Al T | ndd Jo asER1oY S|S0y 30 3583[3Y 1S5 XS0 800-1-DUYISTOW
‘upneiSeap sed sjqewiue]] e wody 1nsa1 Ajjeyuajod
pnos 18y Amiuf [ea1sAyd sy uo paseq paudisse Ajpanel[enb seam
saouanbasuos Jayiom Anq1ae] jueoiyudis enuajed sof S9A, YL
:asuanbasuan 110 AN[1oE] N 10] Siseg
, TUSUINGOCT S1Seq] [BONUYD3L, SBE) AqRUILIE], ‘015¢ I-dd¥ ‘523 pauteal
Ul pAuTENos SudNEREs Budods uo paseq pouBisse AjRanen(enb Suiseafa jo aqedes
sem 20uanbasuos [eorFo[0aTx0l JIYIOM aisuo Airwpow,| P suonelado SuLInLs (prezey 940)
YL, WAWNIO(] SISeq [edIUYD9] SED AqPUIEL, O1SE [-ddy Paljipoll asnE39q uoyesZe|jap
w patgguas suonenajes Suidoos uo paseq paudisse A[aaneenb wpatedionue, 29 0y sed ajqeunue]
sem 20u3NbISUD [ETOOIPEI 19Y10A BNISUO , o1EIapou,, sy [ PRUMHEAIAP AaAneienb uL Fun[nsal
SEM L) PRINpUI 921n08
:aausnbasuo;} ayisug) N Joj siseg | 01 anp uoneide|ap sed uonuS1 Yl (39D panput)
S[qewLIE]j & Jo Asusnbal] aaeds awop Wl UOHIPPE 13]em
Jwswndo(g siseg| 9y wolsAs |eaaLey UONELUIDUOI|  UONTOSSIp FurIp
[BIUYDD |, SBN) A|qRUIUEL], “01SE [-dH Ul PAULEILOD SUSTIe[n[ed| sep, Fuldin|§ payIpo uadorphy uonesdepjap sed
Fwdoos uo paseq paudisse Ajaanmienb sem souanbasuos (LSS) squel [[2UYsS Jo dnpping pue| S[qEURUE]j O} NP Jsem
[8NT0[0o1X0} MSHO MO, S , HIPIDIY SBr) S|qRUIWE]]| -HBUIS 2y} JO uosEN[BATY apydsoune| 1)y vgdH| 2seydsowue sy o) 1SS pue
Suipunog a1 10] s3ouanbasuoy) [edlBofolpmy MSPO,, “OLrE]| A8yeg ousuan, ‘G964 1 o op speuarew|  Jo Juiddnid| 1 §S woy sypumen| ‘Surpeo] Jai[iy
XoL Ped X0 pey
suon ) ouig | oxep ug ped ug LCAR ug pey
.meu%% Nig souanbasuo)) DN JoJ siseq Aouanbarg DN Jog siseq | A | Astd | susug | dsmy | susuQ | dst | SuSpO| SR | SMSHO baig 99uanbasuo)) asne)y M_ME‘WMU Mww_a Mﬁum_ooa« ai
ON Jawsuo| DN |awsuo | ON [ewsmo| oN |ensmo| on | N PIZEH | 1B [CHIIN | AIEPIPUED
ON ON DN IN

noneneAg A13JeS IBYUN,] a1nboy 1BYL SISS SOLIAS-(0| O] [BAILNIY 1SEM SUIDIN[S PAYIPOIN YHA PAIRIDOSSY SUONIPUO ) SNOPIEZEH

I AH¥ $96L1-ddd




Paseq ale $A0uUINbasuod |EIF0J0NX0) INSPO , MmO, Y] (Am[oe)| pawunsse sem Aduanbay
PRIBUTIIEIUOD WCY] 2583[31 J0J S2ouanbasuo ayl punoq pue mo[,| 2yl ssojamsy], -Aloedes 3y ut Aoedes|  asaydsoune ayy o)
aIe Juspiase sed ajqeuawie(] o) 10f sasuanbasuoa jexdojoiper| 191y VATH WID 0001 INY YddH! walsAs uone|iusa
ansgo paresnnuun Furpunog 3y <31} ,JUIPIIDY SEL) IQRWIEL]| 91 UEY] 218X MO]J JamO| ssoydsouge] Sy 5paadXa| U] JIAIM [ S -Buipeo|
Fuipunog ay) 105 sasuanbasuoyy [exdoloipey 2USHO. ‘OLYE] yonu e je e sapiacad o1 O S[ELIeUl]  Jul[ Iojsuen)( o) WOy s[eLIeW| Y YJIH
-dd¥ Uo paseq afe sadusnbasuod [edrdoforper alisgo mof, syl  Apddns are passarduio) snoplezey Jnjo umop mojq SNOPJEZEY 1MJI0] puUe S[0s0IE
PUB 3ATIOBOIPRI 0] pasn e pue aanoeoiper|  aoedspesy
13 e-[-d :83usnbasuod AISJIO ON of sised | :Aduenbayy ON 1o sised| N Al 1 Al 1 Al T Al 1 n4a Joaseapy|  passauduio) JO asespay 1sal X90 ¢00-d-DINTSAONW
W IUAISAS [BADINNY Msep SUIN(S PIIPON
(LSS) HueL [[24S-2[BUIS 1 JO Uenen[eaq A13JES dLRURD),
‘COG6L[-dd3 Ul Pa1e[na[e3 $25usnbasuos k) uo paseq PIjeINsa
s1 sa0uanbasuoo IeyIom ANpoe) juesrgudis feuualod 10§ LON,, SYL aunjiey (1
:auanbasuod 13y10M ANN1O8,] DN 10] Siseq VdIH P
: -1 ; 194 VddH
W WIASAS {EASLISY 935EM BUIDIN|S PAYIPO (LSS) 0 o.w_%wwm
Aue] [[24S -9[FuLg 24 Jo Uenenfear] K)aJeg JUBUIN, $96L1-ddd _mcoE.Eum
ur pajusiunoep sjuswidpn( fulasuifua pue sucHE[MI[Ed Paseq -
a1t sasuanbasuod |eaopooixo) pue jediSojolpel AISUO Moy, ], Buisned djzzou
: ; S ST Iapyuuds
uanbasuos ausugy N 10) siseg 18 Weas o
SASE[] JoTem
W II3I5AS [BASLIOY 21SBM uonn|ossip| (UOTIE[NUdA SATIDE)
Bumin[g paLIpoIN (LSS) NUEL [[94S-0[3WIS ) Jo UoHERn[eAT S ALaA1un,, aunjesadiua a.nssaid-map
£137eS 133U, ‘C96. [-dd] VI PAIUSLINIOP SUCAE[NIEI U0|  aq O] PILUNSSE J40JHIIY] ydg asoym| g3y woy amiey
paseq a1e sasuanbasuod [83150|021x0) J)USJF0 |, MO}, Y], (Ajioe] st £suanbayg juaas iugod satpaeat]  Swisnes pue Y
PRIEWILIEIUO0D WG 3SED[21 10] sasuanbasuna oyt punoq pue mop,|  ayp uod Burieq sy armemada Vd9H Suiddnid
3IB JUapIIde SES A[qELELuR]) 2] 10 Saousnbasuos [emBojoipes|  Buipaooxs sammyesadiuy 13em pUue Iodea Jajem 0}
ausye paesnnuun FUIpUnoq Y <30 ,JUIPIIY Ser) s[qeunue]J 12 Jo3em Addns asydsoune|  spiej fonuod| onp asydsoune o)
Gumpuneg sy 10J sasuanbasuo’) [a3o01pEy MNSYO,, ‘0LPE 1| 01 p21oadxa jou 51 1wo1sAs ap o) sjeuaewr|  armjesadwesy | | §S woy sfeusiew| Juipeo 1y
-dd¥ ue paseq aie $35uanbasuod [B2IZ0[0IPRI ANSHO MO, I [ [SUNE 19)em UONN[OSSK] Snopiezey Lo WJsAS Snopiezey 1910| PUE S[0S0I0E
pue aanoeotpel)  Sunjeal] 1oem pue 3AnseOIpEl aoedspeay
19 e-1-4 :3ouanbasuod a)sj0 DN 07 sisegq] :Aouanbayy DN lof siseg| N 11 T I 1 I T m I n JO asEalay uonnossIy JO asea[ay I1Ss]  X90 0£0-D-DINTSAON
-uoneldeljap sed s[qeunuey e Woy ynsal Ajjerunod
pIno2 yey) Arnfur [eatsAyd ay ue paseq paugisse Appaneijenb sem
saouanbasuo) 1ay1om Aujoe] juesnudis jenuajod 10] ,S9%,, ML
:apuanbasuo)) o Siie] DN 0] siseq
L UBLIND0(T Siseq [BIUYSI], SeD) AqRULEL], ‘QFSET-ddY
U] pauIzue? suonenafes 3urdods uo paseq paudisse Apaneyjenb
sem 9ouanbasuod |B2180[091%0) 15X10M 9}ISUO | SIEISPOLL,
ayj |, 1usIno0(] SISBE [BOMIYII], SBr) IqeUnueld, ‘¢1S¢ [-ddd
U1 paurejuos suone[nsjes Suidoss uo paseq paudisse £aanejenb mwnmhMMMEEszW
sem 2oU2anbasuos [es130[oIpel 1I0M NISTO |, IBIIPOUT, Y],
Jo aseajar
:aousnbasuey ssuQ DN Jof siseg| (LS1SA[euy asuanbasuoy ur unynsal (14D
% weplooy diung paiamo]| paonpur) AI2A02
LIUAUNDOC] stseyg JUEB] JISEAN PIOJUBH,, S1[3Aa] a15EM FuLinp
[BONR{D3], SBD) J]QBUALE]],, *015E [~d ¥ UF PUFZLOD SUOLE[NI[BD €179-ddY 335) S1SS uaysm duing uoneIZe[jap 583
Sudoas uo paseq paudisse Apanenenb sea aousnbasuod] m s[qipata jou sse sdumg Wexs & sasned|  [(ElUE]j o3 anp Asem,
[22180]091%0) 3)IS]JO ,MO], M] , IUSPIDOY SN d|geie]|  WEI)S 1O YUB) ISNEII suaydsourne, [eaamalf  aaydsotuge auy o) 18§ pue
Fupunog 2y Joj saduanbasuoy) [eaBoiopey SO, ‘0LFE] LALPYIUN A[UIanX ayl 0] s[ELIjewW 9)sem 10| 1SS WOLF s[elspeul] ‘Fuipeo] Jju
-dd uo paseq st ssuanbasuos [earBojorpel 2S[O ,m0], M, |puokaq, s1 Asuanbaug sy SnopIEzey J3ylo|  uonesy1sads SNOpIBZey 130 ‘sjosolae
pue aanaeoIper jono pue sanoeoipei|  asedspeay
d e-[-V :asuanbasuo) a0 DN o) sisey | Asuanbaig N s0g sisedf A Al W Al W Al 1 Al 1 ndag Joasesey| ameladwa], J0 asea[ay LSS]  Xg&0 C00-H-DIMTSAONW
‘uoyeade|jap sed s[qeluLIB) B WoJY] Jjnsal £|jenuaod
pInoa jeyl Amfur [eorsAyd sy uo paseq paugdisse Ajaaneljenb sem
saouanbasuoo mvjIom A11[10g] wwenudis [enuatod 10§ ,$94,, YL
:aousnbasuo)) Isqiop Q108 ON J0) siseq
X0l ped XoL ped
suoy| wg | xoL ud ped urg LA g p=d
hnmwu%% NIg asuanbasuo) N 10 siseg Aouanbazg DN 10f seseg | A | astg | ausug | sty | eusuQ | WS |suspo | st |suspo HWM_ sauanbasuo)) asney) M%%_MMMU s Juapraay ar
ON |ausuo| ON |awsso| On |emspo| oN |ansmo! ON PIZCH | IBIRLOIIAL | SIEPIDURD
IN ON ON ON

uonenjeay Ajayeg oyung arnboy 1By $1.SS SOLAS-00 | WOIL] [BAILIAY 31Se AL SUIDIN]S POTFIPOIA YIAN PIIBIOOSSY SUOLIPUO)) SNOPIRZRL]

1 AT $96L1-ddd




:90uanbasu0d JBIoM ANTIOR] DN 10] siseq
W ISEAFY PAIRNYU( 01 Fulpes] SuN[Ieg UONENHY
Ws]sAS UONB[IUDA 10] JUSUNIO(] SISBY [BMUYIAL,, “LEVE[-ddd
ut pajuawmndop sjustiSpnl Suussuidua puk SHOUR[NI[ED Paseq
ale s30U2aNbasuod [B3S0|0IX0] pUE [eI1F0j0IpRL AISUO MO, Y],
:00U2NbasUOD ANISUQ DN 10F SISBY aunssaid
o A1eun A)swanxa LAV UETETN ]
L ISEI[Y pasyIjup) puoAaq, sem paudisse ysy anssaud-ey[ap
o1 Jurpea| saun|ieq UONEBRL] WIISAS UONRIGUIA 10F juswunsdoc]| Adouanbaip oy asopaseyy Aq pey yomgm| Y3ty woy anjrey
SISEY [BHUYIDL,, ‘LEPE 1-ddY U1 pAIUauIndep SUCHEe[NI[ed uo yue) SUIAIaL oY) UL ‘1Y V| Susnes pue )y
paseq ik saousnbasuod [eo1Fo[ooIX0l AHS[IO ,MO[, YL ‘(ANioey| Buijlog asnes ssap yonuw 18 Suaeoal]  ydgH Sw38ngd
PIEUNLEIUOD WOIJ 3SE3[21 10§ $asuanbasucs 3y punog pue ,mof, “Bur[1oq-Jas ut Jnsas Jo Buipeof| uoneruad [ososse
a1e Jusplooe sed ajquwiLiey) Ayl 10) sasuanbasuod [em3ojolpes 0] peo] 183y JUIDLIINS up s)nsaz| 3 anp asaydsoune
ansgo pateSniuun Surpunog 2yl “3'1) JUSPIISY SBD JqELLiue]] [ UIBI0D 30U Sa0p (Burprog anydsoutye| 1ey) uonenuad| 01 1 §Q Fwiaradar '$]0so.Re
Surpunog 2 105 sasuanbasuo)) fenFojoIpEy ISP, ‘DLFEL SPI[0s Y31 J& UaAI) 31} 01 s[eLiajew [oso1aE woy sjeusnew|  asedspeay
-ddY o paseq ale saousnbasuod [esiFojoiper SISO  MmO[, Y, ;sem 15§ Junuoou] SNOPIBZEY ISUI0[  SISNED 3)SEm SNOpIBZEY JAY10 pue
PUE 3A10BOIPEI| BUNLICOUL LUOTY pue 2anoeolpes| Swpeo] 12y
14 e-1-9 :00uanbasuos auspO N 10§ siseg( :Adusnbair HN Jo sised| N Al 1 Al ! Al T Al T {nad Joaseajay| BuIpeo] 1Lay Jossedldd| VJHH LSQAQ; X90 £00-0-21N1SAOKW
S WAL [rAIITY ST FUINYS PAPPOTY
(1.58) yue L, (joyg-aFuls ay Jo uogenjeag Aapeg aueusn,
‘6064 1~ Ul palejno[Bo S30UnRbISUOD SI U0 PISEQ PIJLLINSI
§1 835u0nbasund 1oy10m ANjtae] Juestiuds jeyusiod 10 ON,, AL
:aouenbasuod o A8 DN 10] s1seg
o TUBISAS [BAGLNOY S1sEM BUIDINS PRLIPOIN (18S)
sjue] 194§ -218ulg 9y JO UOHEN[EAY A)3ES DUAUID, *$96. 1-ddY
u] pRuawnaop sjuswdpnf FuLpauSUs PUE SUOHE[ND{ED paseq onssand
347 §32UNbAsU0? [ENFOJOINX0] PUR [BIIZO[0IPEL 2JISUO MO, YL
{ehualaip
. sy
;20uanbasuoed JIsU DN 10§ SISeq pue BurgEaid
SNEAG [BAILISY ISEA YddH amssaid-e12p
Bumig PINPOIN (LES) URL, [19US-2BUIS 91 30 uonenjeAy Aq pasneal 4By woly aumey
Lpgeg sduany,, ‘CO6LT-ddY Ul PAUAUNSOP SUCKHE[NI[ED UO SYJdH pa[rej{ Fuisneo pue 11y
pastq ale sasudnbasuos [e31B0[0I1X0} AISPO MO[, YL (Au[1oe) "SJUIAD ydnouy) oses|aL vdaH Suiddnid
POIRUILLEINIOD WOL) 3SB2[21 J0F 5931uanbasu0s o} punoq pue Mo, | ,pajedionue, e 10412 pue aoeds peay uoneIusE
are JUAPEIGE SES J[QBLULUR[] 34) 10] sasuanbasuas jesiBojorpel usEny -(uone[[eIsur ur uonerauag [0s0J9e 0}
2180 pajednuuun Supunog sl “a1) JUIPIIOY SED) SPELILLEL] sadoadurr “3-2) 10113, aaydsoue [osorae| anp aisydsoune o0} “Buipeoy
Furpunog 211 fo] saouanbasuc)) [eatFo[oIpey ASHO,, ‘OLpE1| ey 01 Inp 2q p|nOI A 01 S[eLANelU 2A18530%3| 1§ Wog sjfeumewy 1y v49H
-4 uo paseq ale sajuanbasuod [exSojolpel AUSHO MO, YY) UOHAUNITEUL 3N S SNOpIRZEY 1210 u Buninsal SNOpleZey Janel pue sjosole
PUB JA1DBROIPE]|  SuOnIUNJrEW pue sanoeopri|  asedspesy
1d e-l-d4 :aouanbasuos SUSP() DN 10) stseg| Aduanbay SN Jof sised| N 1T 1 it 1 III 1 m 1 v JO 3SE3[Y Pamng Jo sse3dy L88] X9 Z00-1-DIN1SAON
W ISEI[FY PRI 09 SUIprI] saInpe,]
uonEn|L] WNSAS LOMENUIA 10] JUsLLINd0( SISeq [EOIUYI3 ],
“LEPET-dd Ul pa1eINd{Ra $20uanbasued ay) U PISE] pARWNSD
st saouanbasuoa 1exiom Ailjloef ueoriugis reyustod Joj N, UL
:apuanbasuod ay10p AlI2e] DN 10] siseg
W 3583[3Y pm[Iun) ©) Surpea] san[ie] uoenLy
wW21SAS UOHE[UUI A JOJ TUAUNSC(T SISeq [EJIWYI3L, ‘LEYE [-ddY
u1 pajuaansop sjusudpnl SuusamSus pue SUCHE[NI|BI Paseq.
axe $90uanbasues {0130]03IX0} PUE [83(0[0IPEL S}ISUO , MO, YL
3auanbasuod AUSUQ DN 0] siseq SIUBUILUBIUOD
Jo aseajar
. 2583[3Y P YUN puE JIa[ie] aunssaud
0} SuIpea] $3IN[IB,] UONEN|I] WAISAS UCHEB[IIUA JOJ JUSWINIO(] JAEIUN 12y Suisnes| y3iy 01 anp aamief
SISeE [EOIWUYI3],, L CTE [~ddY Ul PAUIWINIOP SUOLE[NI[BD U0 Apawanxa,, aq 01 uey Jaatadal| 1] VI H o anp
xal ped Xap pey
suen | ouwg | xof wg ey ug xaL ey pey
mmmwu%w NIET aguanbasuo)y DN Jof siseg AKouonboig HN sor siseq | g | sy | susuQ | sty | ousuO | Asny [anspo | ASd | aMspO mwm_ sousnbasuoy) asne)) HM%MMW— . _M_M_Msi M“%%MM ai
ON pausuQg| DN [ASUQ | DN [3SRO | DN [21NSHO | DN ) ’
IN ON IN IN

uonen[eAq A197eS Jayun,g a1mboy] 1Y), SLSS SOLIBS-00] WOL] [BASLNSY d)se M SUIDM]S PAYIPOIN YA PAIRIIOSSY SEONIPUO)) SnoprezeH

I AHY €96L1-ddd




‘[21] [3521D 10 PULOSET 10] pateniEAd

U229 SBY Jeym uet]} 3128130 S10L SIR TR SINSLISIORIRYD UING
SARY 10U S30P [10 JNBIPAF] ,'SUONIPUO,) SnOPIEZEH pajuasaiday
PRIZISOSSY pUR JUIPIDY 3AUTIUSIIAAY A11|108,] PAjRUiUEIN0])
WG, 35B3}TY BY1 10} S15BY [EAIUYIAL,, ‘PCCE [~ddY Ul pAjualunzop
SUOLB[NATED i1 1d © U3 a1y 10 JI[NRIPAY € JO SINSLIIIRIEYD

iy jo uosueduion saneienb uo paseq are saouanbasuod
122130]021x01 pue [25150|01PE1 INIOM D]ISUC  MO[, ST,

:35uUaNbasuos 1a310p ANSUQ JN 0] siseg

‘[en} [3531p

J0 3UTOSES 10j palen[eAd Udaq Sey Jeysm uey) d09F10us 350Ul e
1By SANSLIRIORIRYD WING JAEY JOU S0P [10 JNEIPAH |, "SUONIPUOD)
SROPIEZEH PAIUISAIATY PALIIOSSY PUR JUIPLIIY daptiuasaiday
L1198 PIBUIIEIUGD) WOL] I5BI[Y 2y} JOf siseq [eduysa],,
“pCeE[-ddy U PAUSWINIOP SUONERNA]Rd (1M 1d & w sy

110 SINEIPAY © JO SONSLIAIORIEYD 3U} JO UosLedwon sanenenb uo
paseq AT sauanbasuod [edFo[eoIX0) SISTIO M0, YL (A11oe]
PAIRUILEILOD WOLY ISEIJAL JOJ $9IUINDISUOD Y pUNOq pue o[,
2IE JUAPIDoE $ES S[qEUNnLE] ) JOJ $20uanbasuod jeNo[orpel
ansyyo patedniuun Surpunog ayy 21 ,JUSPLITY SBD J[(EUIUe]]
Fuipunog a4 10J soousnbosuc)) [eaBoloiPpey SISO, ‘OLYE L
-Jdd uo paseq ale sasuanbasuod [BdF0[01PEL ASHO MO, AL

1o 2y 3L 0
UL NS Jou are sytedg
Jutod ysej syl 9A0QE

{10 a1} JO auneladiuay
Hing 3y 3stel PIaody

e ud oy uf 92in0s
ammperadius ySy  5q 03
JAEY P[NOM 2531 ‘Ut
o1jioayy 10,y ndewur

[1o ayneipAy juod ysey
43y Jo uonudt saunbay
JE1) OLIBLADS JUIPIIIE
pajefnised 3] U0 pIsEq st
Kouanbaiy | Ajayyun, sy

nd a3y sy oy

nd s
UOTIRUMLEIUOD
duiseajas
panudy

st pue id 1SS
uE ol Syes]
1axapul 3jzzou
a21m[s ay] 01

d s ut 21y
pIngy syneipiy o1

anp alaydsoune sy
o11d 1SS ue woly
S[eLAE SNOpIEZeY

uoneununuos| ouy sinespAy|  IMpe aanoeolpel]  nd sy ulu
14 eV :20uanbasuod NSO DN Lof sisegd| Asuanbag DN 10j Stsed| N ITI 1 il | 1 I T 1 1 n Joases[y| e jo aumdny JO 3sEI[Y | ONEUTUEBIN0| X L0 eE00-d-OINTSAONW
‘(UONENoBA-J]38) asuOdsaL taxiom Palosdxa ue paseq
st saquanbasuod mLom Lipoe) eSS [enuaod Joy oN, U],
:aouanbasuod 1axIop AI[108,] DN 0] Siseg
‘[aNJ [2521p 10 3UL[0SES 10] PIBN|EA
U3aq ST 1EYA UBL DH13312U3 SI0MW 31 1B} SOUSHIAI0BIRD WAg
AABY JOU S30P 10 MNEIPAY ,"SUCNIPUO) SNOPIEZEH Pa1Uasalday
PIIBIDOSSY PUE JUSPIDOY aaneiuasaiday AI[1oe] pajeunueiuoy
UO1,] ISEAHY Y J0] SISeq [edUYIAL, “pSLE [~ddd Ul PAIURUNIOP
SuCHENO|Es yim 1d B Ur a1y 10 1NeIPAY € JO SONSLIAIORIBYD
a1 Jo uosLedwios aanelenb uo paseq a1e sasuanbasuod
{eo120[001X0] pUE [EOISO[OIPRI SI0M 9JISUO  MO], U],
:90uanbasuod ISYIoAL AUSUQ) DN 10) SiISeq
"[10 21 UL 0]
‘[5NJ [3591p| JUIIDLINS JoU 3¢ sy1edg
10 auI[OSES 10] PAIEN[EAS US3q SR JRUM UeY) 0195.15UD 3I0UL 218 qutod ysey} ail sA0qe
1Y) SOUSUSIOBIBYS LUTIQ SAEY 10U S30P [I0 N[MRIPAH |, SUORIPUC) [to ays Jo sumeiaduay
SNOpLEZEH PoiuosIday PEI0SSY PUR JUSPLIDY danguasaday jng a1y asrel pinod
Ail1oe pIEULLIBILG) WIOL] S$Ea[3Y ai J0J STsed [BIIUgoa],, ey nd sy ut 231N08
“BOEE [-d Y Ul pAIUBLUNoop suone|na(es yim 1id e up oxyg|  sxmesadiud) Y3 e aq 0 yud oy s
[EC QNNEIPAT] € JO SONSLIANORIEYD 31} JO uosuedilod aanmenb uof saeY pinosm alayl ‘anudi UonRULUEILOD
paseq aIB s3ouanbasuod (82(30(021X0} AISYO MO, Y], (Anpoeg o110 9y dof nde w Suiseajal ud s ut
PS1BUNIEILOD WOy 3583JAl 0] S20usNbaston sU) punoq pue ,mof,| (10 JHneipiy wumod yseyy patud s1 pue| any ping syneIpAy
are Juapiaoe se3 S|qEUNLE) Sy 10§ S3ouanbasuoo [eardolopet| yFy Jo uonwS) saxmbal nd jasy 155 1| ud 1§ U oln| o1 3np ssaydsouse
ausyro paednnuun Swpunoq o) 1) JUIPIIDY SBO) J|QELILUE]] 181} OLIBURIS JUIPIIOR woy araydsoune| syes] slojenmae aip o1 11d
Surpunosgy a1y Joy saauanbasto?) [EAISCIOIPEY AISHQ, ‘OLFE | |pare msod ay) uo paseq s a1 O S|ELAIeW(  UONE[NONME( ]SS UE LUGH M5eM
-ddd Uuo paseq aIe saouanbasiod [EXFO[0[pel Susyo , mOL, YT | Aouonbayy  Layun, snopiezey 1910} Surngs ay o1 snoplezey Iaylo
PUE SANJROIPEI| 2ul] 2IfNEIpAY PUB 3ATIIEOIPEL ud wody u
14 ey :2ouanbasuod IS DN 0§ siseq| Adusrbay DN 10f S1SEd] N m 1 I 1 I 1 m T It Joaspany| e o amdny JO asea|ay| OnEUIURIIGD T X/10 [€0-D-DINTSAON
,"9SED| Y Paud[iLr] 01 SUIPERI] $2IN[IE
UORIEI[1] WNSAS UONBIIUAA JOJ JUDLLNIO(T SISB [BMUYII],
CLeHET- Ay U PITRINO[ED S20UANDIASUGD 24} UG PISEY PARULINED
ST $22UanbasUod W3I0m Aoey tuesudts jenusied 1oy ,ON, YL
X0l ped XoL ped
suon| wg | xoL urg pey urg Xa], urg ped
»meu%% Nig sdusnbasuoy DN 107 sised Kousnbar] JN J0F SISEE | pad | NSTY | ausuQ | STy | AMsuG | ST | SO | ST | MEgO UWH_ aouanbasuo)) asne) M%hwwcwww - _M”M«E M“_M%%m_mw ar
DN pausugl DN |ausup | DN | 3MSHO| DN |SUSHO| ON ) ’
ON ON IN ON

uonen[ead A1aJes Joyun, axmbay 1By, S1SS $919S-00 | WOL] [2AdLIaYy d)sep, SUIIN[ PAUIPO UNLM PIIBIS0SSY SUOLIPUOT) SNOPIRZEE]

I AHY $96L1-ddd




01-D

Jo aimeiadius) uoteImEs
L[ MOTI] [[om 21
INIOM[ syue) asoy) 1yl smoys
a15u0 2y Jo saouanbosuoo 23130|021X0) , MO, AUL UG PASE]|  eep armperadiua) 215EM
e Iuds 2q jJou o) padpal s svsuaribasuod sapom AII0EL 3Ll uainsy (9765-dd) M
] €11 JO $830X3 Ul SpeO]
:asuanbasuod 10 ANI3e] DN 10] siseg 120y 9AzY (01 1+2
-asea|ay pamyun) ue oy Suipeary sinpmy| P nmmTU- I H01-XV
uOTEA|L] WasAS UONE[IU2A 0] uauna0g] stseq eayar,| ~1PE #01-¥-1¥7) SISS
“/ b [-dd UF PAIEIRI[ED 2Xe saouanbasuoo [eadoloatxoy aysuo| MY Ao (£129-ddd) 5 wonoq
A0, FYT , 'SUONIPUOD) SNOPIRZEH PAARIIOSSY PUE JUIPIDIY e AU SUIYIEG
! ! duwng
sayeiussaiday dung yue], a1 J0J Siseg [edIUY23], ‘BEHET UOREINJES 3L
- dd UT patE[Na[Es are saduanbasuoo jeaiSoloiper asuo o), ayg | FPO0X 1B samesadis) puE uoyeusio)
) o ’ " 2)SBA DAITYIE wels
-a0usnbasuoo JSIOA, MISUQ JN 10f siseg|  ©1 PAIMbaLsI MY £71) ded 20uy Oy
< JO peO] 182Y E 181} 108} uw.mu—du_ Pl
35831 paInyun | 91 uo paseq st Aduanbayy ur Bu|nsas ded
ue 01 Jwipea] 24npiv,] UCHEN|L] WASAS UONE[NUSA 0] 1UBWN30Q | YL “Ap3un A[aWanxs arsydsoune 01 Jaur] Yuey aut] ur deung wreays
s15Rg [EIIUYDA L, ‘LEFE 1-ddY Ul paIR[Naes are $3ouanbasuod puokaq,, Asuanbaxy ase3[at jososme| sy sayoealq] o) anp adydsouns
[o1F0100IX0] AUSHO , MO[, AL, JUap12oe dung yue) 8y spunog) e aaey 0) padpn(] dung weas pue 1oedui ay) 01 aseafar
YOIM S USPIDDY SPROT SAISSIIXT 0 AN aInjied YUEBL Sulpunog|  SLioul[ ]SS U puIyaq 93.18] ‘950131 YDTt[m JSEM UI| [OS0I3E PUR [10§ a1}
3y 105 s18A[euy adusnbasuo)) eorSo[oIpey AMSUQ., ‘SEET1-ddd UOISTU UL A LLOLE pmnbi| snoprezey( jussaxd sugap| o1 1SS YU woy
Ul paje[najen 31e saouanbasuos [esi130[01pRI ASHO MO], ST, Bunnsau duing yuep pue pmbry| Jo juaURAOW] S[ELIJBW SHOPIBZEY
aanoeoiper| ssonpursainis|  Usyio daneopRI
Al 4-¢-0 :30uanbasued 31ISIO) IN 10J SISeg :siseq Aouenbait ON| N Al W Al T Al ! Al T [Ndd apzsd mopeg| sunssard Y3y Jooseolay| Qlsemue]| XV8I £10-0-DUTISTON
‘(uonenaeAs-J[s) asucdsal £o)iom paoadxs uo paseq
SI sa0UaNbasu 1910m ANpIaE] JueoyIuSIs [enuatod 10f ON,, 4L,
:anuanbasuod 1Y0M AH[IOR] DN 10] siseq
"[anJ [9s21p 10 auljosed 10J pajEn[eAd
1199q SEY 18y uBy) 211231919 SI0W AT 12Y] SINSUSIOBIEYD Wing
BABY JOU S30P [10 Sl NRIPAY |, SUOIIPUO.) SNOPIEZRL] PA1Uasaiday
POIRLOOSSY PUR JUIPIOTV dANEIUISATY A1I0e,] PUNEWIEILO])
woL] 3sea[dy a3 10y s1seq [B2Y23L, ‘vSEE [-ddd ul PRuALNsep
suonenojed YA 3id B wi any (1o 1 neIpAy B Jo sONSLR0RIEyDd
3t Jo uosuediiod sanw L ERb Uo paseq d1e $90usNbasuod
[22180j001%0] PUE [EJISC[OIPEL JaXJOM 2)ISUOC ,MO[, YL,
:a0uanbasuon NI0 M USUQ DN 10] Siseq
110 oy 2B 0)
"[eng [953Ip] JUDLYNS Jou e seds
10 2josed 10} palen|pAd uaaq sey JeUMm Uel) 312319US 10Ut e ‘urod yseqy 9 saoqe
YOI SONSLISIORIBYD NG SATA JOU S30P |10 MNBIPAT] , SUODIPUGTY 1O Sy 30 samyeediisy
sTopIezZEH pajuassidsy PABIDOSSY PUB JUIPLOIY aanejuasarday Jinq ay) asieL pinos
Ao PREURLIEIUGD) WOL] 3582]9Y SY) 10] sised [eNUYdd], Jeiy ud syt w 201N0s
oL 1-d W PAILAUNIOp suope[naes yusm id 2 ug arg| sumessds ydiy e aq 03 nd 2t ug
110 21nespAY B J0 SONSUNIRIEYD AU J0o UosLediios sanepjenb uo| aary pinom 2191 ‘A1uBL uouBUNLIEIUO)
PAsEq A5k $30UaNbasuod 1eo1B0[00IN0y NSO Moy, L (Anfory oo o] ndew Futseajal
PAIBUILLRIUOS WO 95833 JO] $20UaNDAsU0D oY) punoq pue mof,| [1o JinespAy jutod yseyy PpajldL st pue ud 2y ur army
ale JUPIoIE sed jqeune] ay Jof sasuanbasuod eaidojoipey]| Y3y Jo uoniudr saxnbai 3d 1§5 ue out]  png suneIpdy o)
anspyo paeSnuuun JUTpunoq Ayl <31} JUIPIIOY Ser) quunue]f 181} OLIBUAIS JUaplaoe syea| 1010w anp asaydsoune )
Fwpunog a1 Lo saduanbasuory [ed130[01pey ISP, ‘0LPE ] | PoreImsed sy1 Uo paseq s aaup dwnd| o) 11d 1SS ue woy
-dD UO paseq aie saouanbasuod [enE0[0IPEI SO M0, 2| Aousnbay Apdiun, ayp 1d |22y Sy Lwoyy]  Iagsuren 2y O} fS[eUI)EW SNOPIEZRY
uoneunueuos| su oynetpAy]  ayio sanoeorper|  jd syj i u
[4 B-1-V :aouonbasuoa YISO DN 10] siseq| :Ksusnbag N JoF sised| N 111 1 I 1 1 T m T n Joaseay| e jo amidny Jo ases[ay | ousuRUBIUO)| X0 QE00-a-2ITSAON
"(UOnENOEAR-]]95) asuodsal 1ax10m pataadxa uo paseq
$1 $35uanbasu0 J3Iom Anpioe) yueoyiudis fenusod 103 0N, L
‘aouanbasuos 1axiom AN DN JoJ siseq
xol, ped XoL pey
sue) | wg | XOL wg e urg X0 ug ped
.Mumwu%% NIg asuanbasuoy) N JOJ SISeg £ouanbarg N 1oy siseg | md | sty | ausuQ | s | ausug | AsKY [AUSO | ¥STH | AUSHO cUumM aauanbasuo) asne) MM.MW«MMN © MMM«_E Mwwmwﬂnw 1
ON |2suQ| DN | susUQ | DN [9NSPO| ON |PMSHO| ON ’ ;
ON IN ON ON

uonen[eAq A19Jes 15ynyg o1inbay] jey ] SLSS SPUSS-00] WO [2A91NaY 215EA SUINIS PAYIPOIA TRIM P3JRIOOSSY SUONIPUOT) SNOpIeZeH

[ AH¥ S96L1-ddd




AMO[JIIe 3SIIADL
W UDISAS [2ARLNAY 1St BuoinS paytpoy (LSS) Suisnes
AHEL [9YS -2]FWS A JO uonzn[EAf £13J8S SLRUID, ‘S96L 1-ddH ?:.m:m.ﬂ
Ul pRUSWINGOP siuawdpn[ FuLsouIEua pue SUHE[NDED PIsE] 10 UOISOLI09
347 $33Uanbosued [E0130[090x0) pue [2ardofo1pe! 31ISUO ,MO],, Y] Apsipun S —
:a0uanba 15 10] siseg]  Aldwanxa puodaq, sem ‘ouuey
SUOD AISUQ DN Joj siszg peuisse Aousnbay ays T A
JUWIBISAS teAaLnay sisem| cuopiayy 1y vdAH 1oins) aoeds
Funmig panpoy (LSS) YueL {[US-2[3WS 3y} J0 uournfeAr WAD 0007 e L o awlop aul ut
A13JBg JUSUIN), 506/ [-ddY Ul PAIUSKIRDOP SUONEBENO[ED UO| MO[LIE ISIBAIT JURIDIINS doup aunssad
paseq aIe s30uanbasuos 1e3180(001%0) IO MO, YL (AN[E0E] as08) 01 YInous o31e| sasneo|aseds peay ut jodea
pOTeULLLIBILOD WOL] 35321 J0f $30uanbasuod oyl punoq pue Mo, 28| sdoip sunssaid peay lengs|  jO Uchesuapuods
ale juapiooe sed ajqeiuel) Jy) 10§ ssuanbasued jea1Foloiper| asnea jouues soedspeay Jjo Bupyrasg| 01 anp s1a)y pajie]
susye parednnun Suipunog syl D) | IUSPLIY SED) SQRILIE]] a1 wl suonesado o wok [y@nony asaydsoune s[osolze
Swpunog oy 10} saouanbasuo)) [e2130101pEy AMSLO, “0LYE [ Burarn(s woy Jodea Buynsa1 15§ 0] 1SS woyl  aoedspeay
-dd¥ uo paseq are s3ousnbosuod [eaFo[oprd SUSEFO ,MO[, SUL|  IMem Jo UONESUSPUOT) Jo 20ds peay{s[pLSELL SNOPIEZEY Huet
aipydsoune mJodea yo| 19410 asnseorpel|  pue Suipeof
19 B1-D :90tuanbasuod MISPO DN 1o sised| Aauanbay N 10 sised| N Al 1 Al T Al 1 Al T | NTH | M ISTA 21T | UOHESUIPUD]) Joosedaryy| MY VdHIH| Xd81 PLO-D-DINISACKW
SUNSAG [EAILINY Nsep TWNNG PAUIPOW
(LSS) Aue] |[24S-31Bulg 241 Jo uoNEN[EAT A19JES JUAUAD),
‘COBL1-dd3E Ul PAre[n2[E2 $20u2nbasuod ay) UO PIseq PIBULIIS?
51 sasuanbasuos axtom Krroey wweayiudis [enuod 10 0N, L
:30uanbasuos JIoA AI{12E] DN 10] Si1sBg
LUINSAS [EAILNRY sepm Butomn(S payipow (LSS)
yue], [[94S -o[3utg sy} jo uonenieay A19JeS 0LOUID, ‘C96L I-ddd (unjre] WNSAS
w paausunaop siuswgpel JunaatiFua pue SUOKR[NI[ED PIseq F.Sa,m:u:u A
318 $33U5nbasued [E280(01x0] PUE [2I[F0[01pel A1ISUO , MOf, 2] oy — sawunsse)
:asuanbasuod :is I 1 3( 0} palLInSSE Sem 95EIaL
WSO DN £0] SISEH Aouanbaiy 3y 2103212y |, paaayun
LWU3SAS [BALESY SISEM “y3821q ALOP ASNED Jursred
Suring paIpoly (15S) JueL [[2YS-a[Sutg ay) o uonen[eaq 03 ydnoua £[snoiodia 3LUOP SIDEAIQ
A197€S 91I2U2D),, ‘5067 [-ddd Ul PIIUSWINIOP SUONE[njed UC awdinbs yuey ur Yoty
pasEq AR S30uanbasuo eadojonxm Ao sop, L (Aupoel] o Jap dotp Ay pvedun oy uawdinba
PAIBUIWIEIUOD WOIf 3583[21 J0F §20Uanbasuos ai} punoq pue ,mof,| SHGID 3Y) ISNED O} 3210} Yuey ut 1o 39| 1oeduy woy
aIe JUapIae SES o|qRUILLE]] Ay} 10§ $30uanbasuod [e0[FO[0IPEl] SALOW JUIFNYNS Spraoid doup Bunsedwn|  yawaIq awop yue)
2Hsyo pareSniun Surpunog i) <1} JUAPIady SeD) SRILUEL]| JOU [ I30IN]S At} uey a1ses UL SLQIp| 03 anp asydsoune
Suwipunog ap 1o seouanbasuoy) [es13olopey SUSITO,, 0LFET] 24 uljuasaid aue s SIAQUL I32N]S @ LS5 way
-ddd UO paseq 2Je sadusnbasuod [enFo[o[ped SISO Mo, 9L  Jo sasad aBre( f1 usag ‘suonetado|s[eraiEw sTOpIEZRY s[ososae
apydsoune Jumings| oo sanoeorpes|  sowdspeay
9 e-1-D :e0uanbasued PO IN 40 siseq| :Aduanbayg DN Joj sised| N Al 1 Al T Al 1 Al g! NF | 01 35831 ASBM Suungg Jo aseday 1SS| Xd81 [00-D-DITTSAOW
pPAA[OATL
st 193em Jo AJnuenb jeym
YR OU A3 U )
PUILaq UOKBLLIOL 21qqng
urea)s jo Axpiqssod ou s1
219y} I9)eM JO UCHBINES
) mo[aq A[[enueIsqns
s1 armye1aduia
) sawng "sInjeradiug
Furseatou jo
pu2J) Ou A0S puE S1EaA
Auewz JoJ SUonuIpuod
Suyooo sasssed tapun
U33q SABY SHUE] ISH|],
(FO1-V-T+T} (48'891)
D9/ S1 s}uel N0y sy}
ur punoy amjeradua
189U BHY YL “INem
*0L pey AOL ped
suoh| ulg | X0l uteg peyg wd X0y ulg ped
Aiodaey NI asuanbasuo)) DN 0] siseq Koauanbarg DN Joj siseq | mel | stg {eusugy | ASnY [ ousuQ | ysTH | auspQ | SR | Auspo baig aouanbasuc) asne?) UONIPUOS A HIIp1IY ai
AU DN ’ ON SAOPIEZEH e [eLIAle]y | S1BPIPUED)
ON [ausup| DN [ausuQ | DN |[293g0O| DN |3HsBO| DN
ON ON IN IN

uoneneag Ajayes 1oyum,g annbay] YL SISS SALPS-00T WOI] [BASLISY ISt SUIDIN[S PIYIPOJA YIIM PAIBISOSSY SUONIPUO]) SNOpIEZeH

I AHY $96L1-ddd




<o

WLMO], SUT R JAJSUBIL DISEAN ) JO] SISA[EUY 0USNDISU0.) 3susuadxs duneiado
{821R010IpTY SUSHO, ‘66+F[-dd¥ W paruassid suousinaesl o paseq st Kousnbay ladosdun | nd dwind 19§ woy
ug paseq a4e sasuanbasuos [e3130j01pRS RSO, MO[, YL Jpaediauue, ay a1zydsoune 10 JNEj | S|ELI3}BLL SNOPIEZEY
01 315em| (23S JO109UUOIY 1310 IANOEOLPEL
1q B-[-2 :30uanbasuod ansyO N 0] siseg| :Aduanboy N 10§ sised| N IMI 1 I 1 111 1 I 1 v 3uE) JO SB[y (B2l Joosealy|  AseM IS5 XVEE SO0-d-DINTSAON
W LURISAG [PARLNSY 21SeM BUIDINIS PHIIPOIY
(LS8) AuEl, [[PyS-oFws oy} Jo uoyen|eag A19fEg BN,
‘GO6L1-dd W pMEnaED saduanbasuod o) Uo Paseq paIBWInSI
st saauanbasuod Jaiom Alrioe] JuediiuBis renusod 107 ,oN, SYL
raauanbasuod 1o A DN 0] SISeg 130 Vd9H
o« WANSAG [BASLIIY JISEM, BUIOINS PALIPON (1SS) u:w.““ wwﬂw“wﬂ_m
AuE[ [[2ys -3[3UIS 2U) JO Uonenteay A3yeg susussy, ‘596 I-ddH _mcou_.vva
ur paustundop sjuaudpnf Suppauidua pue suone[ndes paseq Suisnes u._wmc:
are saouanbasued [e5180]001x0} pue [E3130[0IPRL RISUO ,MO], L : pjuuds
:a0uanbasuos 2}suC) DN 10f siseg 18 Wes 0}
SIYSE[] Jarem
WS UUAISAG [BASINNY M1SEM, UONN{OSSIP
SwAHnis pAUpoy (LSS) Yuel 1194S-2(3uis 2y Jo uonen[eag JALIun,, dimeraduz {ea18As
K)ajeg SUAUADY, ‘COGL [-dd¥ UL PAIUSLINIOD SUCLRINOIED UG|  aq 0] PILNSSE 210]31ay) ygy asoym| uopefnuaa salssed)
paseq ale sasusnbasuoa pardolooxoy apsfyo Mo, YL (Ayoey st £ouanbayy 1uaAz 1mod sayaeas Iodea Jarem
PIIBLILLEIUOD LIOL] 3SB3[A1 10T S30uanbasuod ay) punoq pue ,moq, oy, wod Iul|Loq amessdud] wioly Swdimd
are Juaplaow sed a|qaunuryy 21} 10§ sasusnbasuod [eordojorpes]  Suipaaoxs sarmeladua) Isem pue 1Y VddH ©}
aq1spyo paedniuun SuIpunog sy} <3°1} , JUIPIOIY SBN) J|QEUIIE]] je 1atem Apddns aydsoune|  sqiey jonuod| oanp asydsoune o)
Surpunog] 2y} o] saauanbasuo)) resrdojorpey sPO, 0LFE1| 01 paroadxa jou s1wosAs 0} [BLIIEU armeladia| 1 §§ woly sjeLieur
-dd¥ uo paseq a1e saouanbasuod [eadojoipel apsyo ,mof, 9 1|Funeay 1em uonnjossiq SnopJIezey WiANSAS snoplezey Lo s[osotag
10 sanoeoipel| Funeay Isem pue aanoeowpel|  aoedspeay
& e-1-0 w3ouanbasuod anspO N Jof siseq| Aduanbay DN 10 siseg] N m 1 111 T HI T I 1 n J0 I5EY UOnnEossIcy JO 35BS 18S] X481 6Z0-DrDIN1ISGON
W IEGISAG [BAILIOY 1sepm Suldinig paiIpo
{183} queL 119yS-2(3urS 21 Jo uonEnfeAr AI3JEg LD,
‘SO6L I-dd¥ W Pate[na]ed s3ouanbasuod Sy uo paseq palBlLNsD
st saouanbasuod Jayom A1jioe] Juedsyiuss (eyustod 0f 0N, YL
:25uanbasuod 1310 ANJIR] DN 10] sIseg
W WASAS, [eARLIIY 18BM BuroIngg payIpoly {1SS)
JUue], [[2Yys tO_wam 23 JO uonenjeay bummm LU0y, AWOQhﬁxmm—M
ul puAlINIop siuswEpn{ JutnawBud pue SUONBMO[ED Paseq syped
21e saduanbasuod [BoiFo[021x0] puE [EMS0[0IPE AYSUS . MO],, U] ¥e3| possiun
:20uanbasuios ansuQ) DN 10f siseg yBnong
SIRUTIRIUOD
LHUSISAS [BASLIOY AISEM L pareddnue, aoedspeayy
Funn[S paUIPoIAl (1SS) NueL, [[FYS-2TuIS ) jo uoten eay 2( 01 pIUINSSE SeA Suiseaja
£12J7S JIIUID), ‘CO6L - UL PAIUAUNSOP Suone[aded uo| Asusnbayy oy s1ojazsy] ainssaxd
paseq ale sadsuanbasues [eaB0[001X0] NSO M0, YL (Ajoey ‘ungaq st Judin|s soedspeay ut uonezunssasd
PRIBUILLIBIUODY WO 58335 Jof sasuanbasuod oyl punoq pus ,Mof,|  usym maode (4 sayids a¥qids oanisodi >ues g 01 anp syjed
aJe JuapLode sed spqruILE[] aY) Jof Saouanbasuoy jesigojorper anssard 18NS 1SS Amuawowr|  ase3[sl parajjiun
auspe paednuuun Fwpunog ay) 31 JUSPIOdY SBO JJQeILLie] {211 w asesm usy] 21nssaud eduisnes|  woly aaydsoune
Furpunod Y} J0j s30UMbIsU0)) [BI1Z0I0IPTY ST, ‘0LPE] {eiued JayBiy  saey syred pazayyun aoedspeoy| sy o) 1§55 woy
-dd¥ uoe paseq ae saoudnbasuoo [eordojoiper ausyge ,mof, oyl | 1M Jerem adn[s psjesy ygnomy| AIp A[dAne[2)|s[eLIaIE SNOPIBZRY sjosoise
3seafas jososae) Ul sairaodesdl  souio sanseolpra)  3oedspesy
3= -0 :30uanbasuod s DN 0] siseq| :Aduanbayy DN 0] siseg| N 1 1 11 1 i1 T Il 1 A aoedspeop|  1myem 20mg Jo asea[ay AUEL( Xd81 C10-O-DIMTSA0W
L LUNSAS [BAILONY 215eA, TUINN[S PATIPOTA
(1S8) Aue, [[24S-9FuIS 3ty Jo uonen|eay K13Jeg 2LBURD,,
‘606 1-ddd W paeno[es ssousnbasuos ayy uo paseq parelunss
SI $20UaNbastod Jaiom Anftoey Juesgudis jeyguatod Ioj , 0N, YL
:00uanbasuod IMIoA, AL[198,] DN 10] Siseqg 24njre;
¥dqH pue
xo], pey X0], peyd
suoh| ulg | x01 urg pey uig XoL ug pey
AloBaner) NI souanbasuo) QN 0] SISed Kouanbazg Hnp o7 sised | mod | sty | ausu | At | ausuQ | ysny | suspo | wsrd | suspQ baigy asusnbasuoyy asne) uonipuo) s apRIY ail
AUT 3N ON SNOp1eZEL] 1B [euRjely | ;1EpIpUE))
ON ausug| DN | S0 | DN [aasgO | ON [9uSHO| ON
oN ON ON IN

uonenyeay A1aJes Ioyung axmbay 18y [ SISS S2LOS-00 ] WOl [eASLIY 2lse Ay SUIdIN]S POTJIPOIA UMM PRIRIDOSSY SUOTIIPUO,) SNOPIRZEL]

[ AHY $96L1-ddd



(A Ne

‘[eLI3E
SUR{ES] 9Y1 JO ULIOJ PUE SWNJOA 3U]] JO JUALSSISTE 2A[ENEND B
uo paseq paoadxa are saouanbasuod saxIom All[1oe] Juedtyiudis oN
:aouenbasuod JayI0a AN[198] DN 0] SISEY
“J9}JOM )ISUO ay3 10} Saui[apind aaoqe saouanbasuoo
sanpoud |[m M_x.mu_ feuds un.w anssard-ydng .h_zonanﬁ IUANUSSISSE “Butpunog pus ainssaid
aAnEnEnb U paseq o1, §f ouanbasuod [2a1F0j0aTX0) aysuo| 2AKEAIsu0 st Louanbay [EOUISIP
S PUR ,MO],, ST 23UNDISUOD [RIISO]OTPRI 13330 aysuo ayy| PRUSISSE dU) ‘suLey yuey usw Aq (uoge[nuas
UL PLITII0 IABY SAINJIE] aunpiey Fuisnes aA[E) aInjrey
:25Uanbasuo 1330, NISE DN 0] Siseg VdaH pasnes yes] Vd3H 2y Sajd| o1 pea[ pue Iy
£e1ds ou yFnoy) usazy YUY S[050138 VddH 3md e
L JuaUMoog ‘1sed ayy w1 paLnoso 2AES$20%3] sjosole Funerouad
SISE] [BITUYI3] SHea] JAJSUBIL, AISBM,, “0SLE[-ddd Ul pAuasard| aary saanpie] 10y v4adH 5aSNED ssedspeay
SUONB[ND[ED 1O paseq aie sacuanbasuod jes1dojoorxo) slso|  pue SYBF] UONBKINSS A[quuasse-ssnu|ul yea] )sem o) anp
WMO[, UL B JJSUEL], J)SBAL U 40) SisA[euy aouanbasuo)| sanenenb saneatasuos apydsoune] Jojuauodwios| ausydsoune ap o) ‘Buipeo|
[enZojoipey MSPO, ‘667 [~dLd W pAussad suonenaes uo paseq s1 Aouanbaiy 93 0} S|BLIIRL papeg| LSS woyy sfeesyaiu| 1y VATH
uo paseq ale saouanbasuos [emIororpel 311s3y0 ,MO[, YL Jpoedonue, ayy, snopJezey ool e Aq pasnes SROpIEZEY 19Uj0| pue s|osoIde
pue aanoeoipe1| dund 1aysuen PUE 2ANIEOIPRL aoedspeay
41 B1-D :33uanbastod AUSIFO JN Jof sised| :Kouanbay HN 10f siIsed] N il 1 I 1 I 1 11 1 v JOSSEI[Y| 2w eI Y Jo aseady LSS| Xdtt £E0-D-DINTSAON
U243 i) Aq paseajal [eLa)etl Al Wogy ansodxa [earfojoamoy
pue [exiSojoipes pajaadxa 31 Jo JuaWISSIsse danen|enb
uo paseq paroadxa ale sasusnbasuos 1ayiom Aoy Juesnudig
:3suanbasuod 110 K118 DN J0] siseq 35BAILL MO(} B ASTE
L JUSUN0(] SISeg] [eatuysa] SYeaT Jajsuel] asem, ‘oLogl] 1OU S0P aimdn uappns
-4y U pajuswnoop okeua0s 11d B oqut yeaiq adid o3[ ot sop| © VEW OS UONSLUSIL MOY
SUCIIR|NI|EI 4O paseq e 23Uanbasuod [21R0]031x0) Jay10m ayrsuo| F¢ FHMOULE Il jou ‘paads
LY81Y,, 2y pue asuanbasuos jesiSo[01pes Iayiom AAIsuo |, Yy, sy SAHP 313 U0 paseq s
ael moy ay) je 51 duand me[J 8n[s/pnssand
190UaNbASUGD 19%10M MNSUQ DN 20] Siseq 1uWwaoE|dsip aanisod Y3y durnd
B JO 2InBU 3] YB3 I2JSUBY) AJIABD
LSTusunoo]  a3ke) yitm ey asoy aa1ssu80xd 03
SI1SBE |BIUYIS], ST JAJSURL] 315, ‘0SLE |-dd W pajuasald up Junpnsal 2181 mof amofj/amssaid| anp 13ydsolure gy
SUQIIE[NI[ED UO Paseq ale sasuanbasuos [exidojoorxol ansyo| ySuy Liaa 1o yied moyy ou YSwy | 03 aut[ HOnR[NOIIIAI
MO, YL |, EST JIJSUBLY Q1SEAL 2U) 10 s1s{[euy aousnbasuo)|  Jo Asuonboy paurquos auy tapsuen|  dwnd Ajaeos 10 JUIf I3JSURI
|enBo101pEy SUSIIO., ‘66¢F E-ddY W pAuasaid sucnemo[e2| a1 uo paseq s1 Aousnbaly 9SOkf-UI-3S0Y aa1ssasdosd| os0y-uUl-asoy woy
U0 paseq e 520Uanbasuod [BI1B0[01pRI AUS[O ,MO], ST | AIp[un Aswianxa, Y] WO [ELIELL| O] Snp SaURdNL|S|BLUMEL STOPIBZEY
sanseolpel)  aurf Jajsuen| IS0 3aldBOIpEI
e e-1-g -20uanhasu0d BUSHO DN 10y siseqy; “Kouanbayy DN wof sised| A i1 H 11 H Al 1 Al 1 4 JO28RIY]  980Y-UI-980H JOSSERIN|  OSEM 1SE| XOtE S00-3-DITISAON
“1U3AD 31} AQ PIsER[a] [BLINEW 3U) Wiy ammsodxa [eai3ojoarxo
pu [exSojopel pajoadxa a1 Jo JUAISSISSE 2a1E)END
uo paseq pajdadxa are saousnbasuod 1osiom L1108} JuedyIugis oN
douanbasuod o ANp1oed DN 10 stseq
";sem FUr{ea] Ul JO JWEN[OA P
pue anssard Mo[ 3 UO paseq ,MOf, 2q 0] Passasse Appanejenb ¥0q uonsun|]
a1e sasuanbasuod jeniSo[oaixe) pue [BOIS0[OIPEL 194I0M S1ISLO 3y |, saEau xoq
' ayy o) dn| uonoun( [eornoaa
:32uaNbasuod 1aNI0p RSUD DN 0] sised *(1n350 0} pajradxa S[qED (B3| UR OJUI SUCIIIIULOD
aIe adexea] aisem ay} ySnop [B211192]2
4 JUALIN30C] JO JUNCLUE [[EWS € Ul 2358M JO a1 ydnonp
siseg] [EDIULD], SYBYT JAJSuBL] ASEM , ‘05 LE [~ddM W pauasad|  jnsas jey; sauy) Iajsuen O[] © S3sTED B3| A15EM O}
SUOTIB[ND[ED UO paseq ale s30uanbasuos jeaiBo[osixo AjIsgo Ul SYB9] Jjews “3°1) Ajquuasse| anp auaydsoune o)
XoL ped X0], ped
Su0n | ulg | xOL g ey urg X0 ug ey
wmwu%% NIg aausnbasuo)) DN 10 siseq AKauanbarg DN JoF sised | s | ST | ausuQy | ST | ausugy | st | euspo | Asty | SMSHO ﬂ:Zm sousnbasuo) asnery “MMWMMN e _ww_wumz MM%M“M dl
ON J3NsUQ( DN [3MSUQ | ON 9SO DN (AMSHO|[ ON : ’
ON ON ON ON

uonlienjeaq A19Jes 19y, sumbay 18y ] SISS SO1I0S-00] WO [BASLISY d)sep SUTOIN]S PAIJIPOTAl UM POIRIDOSSY SUONIPUO)) SNopIezey

[ AHY $96L1-ddd




RPP-17965 REV 1

APPENDIX D

PEER REVIEW CHECKLISTS

D-1



RPP-17965 REV 1

This page intentionally left blank.

D-ii



RPP-17965 REV 1

CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed:  RPP-17965, Safery Evaluation of the Single-Shell Tanks
Modified Sluicing Waste Retrieval System, Rev. 1

Scope of Review (e.g., document section or portion of calculation):  Entire document except
Section 4.2.1

Yes No NA*

[X1 {1 [} 1. Previous reviews are complete and cover the analysis, up to the scope of this

teview, with no gaps.

Problem is completely defined.

Accident scenarios are developed in a clear and logical manner.

Analytical and technical approaches and results are reasonable and

appropriate. (ORP QAPP criterion 2.8)

5. Necessary assumptions are reasonable, explicitly stated, and supported.

{ORP QAPP criterion 2.2)

Computer codes and data files are documented.

Data used in calculations are explicitly stated.

Bases for calculations, including assumptions and data, are consistent with

the supported safety basis document (e.g., the Tank Farms Documented
Safety Analysis).
[X]1[] []1 9 Datawerechecked for consistency with original source information as
applicable. (ORP QAPP criterion 2.9)

IX]1[] [1 10.Forboth qualitative and quantitative data, uncertainties are recognized and
discussed, as appropriate. (ORP QAFPP criterion 2.17)

X1 [1 [1 11.Mathematical derivations were checked including dimensional consistency of
results. (ORP QAPP criterion 2.16)

X1 [1 [1 12. Models are appropriate and were used within theijr established range of
validity or adequate justification was provided for use outside their
established range of validity.

[1  13. Spreadsheet results and all hand calculations were verified.

[1  14.Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requiring outside information. (ORP
QAPP criterion 2.5)

[J [1 [X] 15. Software input is correct and consistent with the document reviewed,

[T {1 [X] 16. Software output is consistent with the input and with the results reported in
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the document reviewed.
17. Software verification and validation are addressed adequately. (ORP QAPP
criterion 2.6)
X1 [1 [] 18. Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.
(ORP QAPP criterion 2.9)
X1 [1 [} 19 Safety margins are consistent with good engineering practices.
X1 []1 [1 20.Conclusions are consistent with analytical results and applicable limits.

X} [1 [T 21.Results and conclusions address all points in the purpose. (ORP QAPP
criterion 2.3)
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22. All references cited in the text, figures, and tables are contained in the
reference list.

23. Reference citations (e.g., title and number) are consistent between the text
callout and the reference list.

24, Only released (i.e., not draft) references are cited. (ORF QAPP criterion 2.1)

25. Referenced documents are retrievable or otherwise available.

26. The most recent version of each reference is cited, as appropriate. (ORP
QAPP criterion 2.1)

27. There are no duplicate citations in the reference list.

28. Referenced documents are spelled out (title and number) the first time they
are cited.

29. All acronyms are spelled out the first time they are used,

30. The Table of Contents is correct.

31. All figure, table, and section callouts are correct.

32. Unit conversions are correct and consistent.

33. The number of significant digits is appropriate and consistent.

34, Chemical reactions are correct and balanced.

35. All tables are formatted consistently and are free of blank cells.

36. The document is complete (pages, attachments, and appendices) and in the
proper order.

37. The document is free of typographical errors.

38. The tables are internally consistent.

39. The document was prepared in accordance with HNF-2353, Section 4.3,
Attachment B, “Calculation Note Format and Preparation Instructions™.

Concurrence

Kq,ﬁn éné:ﬂm %Aﬁ—— V 1/30/6_3
Date

Reviewer (Printed Name and Signature)

® IfNo or NA is chosen, an explanation must be provided on this form.

- No compuier codes were used for the calculations included in the report. All calculations
were verified through hand calculations.
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CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: RPP-17965, Safety Evaluation of the Single-Shell Tanks
Modified Sluicing Waste Retrieval System, Rev. 1

Scope of Review (e.g., document section or portion of calculation): Verification that Section
4.2.1 has not been altered.

Yes No NA*

{X]1[1 [] 1. Previocus reviews are complete and cover the analysis, up to the scope of this
review, with no gaps. Previous review of section 4.2.1 is applicable.
Revision 1 of this document made no changes to Section 4.2.1.

[XI{] [] 2 Problem iscompletely defined.
[X] [] [] 3. Accidentscenarios are developed in a clear and logical manner.
[X][] [1 4 Analytical and technical approaches and results are reasonable and

appropriate. (ORP QAPP criterion 2.8}
X1 {1 [] 5. Necessary assumptions are reasonable, explicitly stated, and supported.
(ORP QAPP criterion 2.2)
[J [] [X]I 6. Computer codes and data files are documented. No computer codes were
used for this section.
[XI[1 []1 7 Datausedin calculations are explicitly stated.

[X]1[1 [] 8 Bases for calculations, including assumptions and data, are consistent with
the supported safety basis document {e.g., the Tank Farms Documented
Safety Analysis). _

[XI[]1 ] 9 Datawerechecked for consistency with original source information as
applicable. (ORP QAPP criterion 2.9)

[X1[1 {1 10.For both qualitative and quantitative data, uncertainties are recognized and
discussed, as appropriate. (ORP QAPP criterion 2.17)

[X1[1 [] 11. Mathematical derivations were checked including dimensional consistency of
results, (ORP QAPP criterion 2.16)

(Xj[] [] 12.Models are appropriate and were used within their established range of
validity or adequate justification was provided for use outside their
established range of validity.

[1 13. Spreadsheet results and all hand calculations were verified.

[] 14 Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requiring outside information. (ORP
QAPP criterion 2.5)

[] [] [X] 15. Software input is correct and consistent with the document reviewed. No

software was used to perform these computations.

[1 [1 IX] 16. Software output is consistent with the input and with the results reported in
the document reviewed. No software was used to perform these
computations.

[1 [1 [X] 17 Software verification and validation are addressed adequately. (ORP QAPP
criterion 2.6). No software was used to perform these computations.

[X][]1 []1 18 Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.
{ORP QAPFP criterion 2.9).
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X101 []) 19. Safety margins are consistent with good engineering practices.
[]

X[ 20. Conclusions are consistent with analytical results and applicable limits.

[X]1[] [1 21.Results and conclusions address all points in the purpose. (ORP QAPP
criterion 2.3)

{X1[1 [1 22 All references cited in the text, figures, and tables are contained in the
reference list.

[XJ[] [] 23. Reference citations {(e.g., title and number) are consistent between the text
callout and the reference list.

[X]1[1 [] 24.Onlyreleased (i.e., not draft) references are cited. (ORF QAPP criterion 2.1)

X1[1 [1 25 Referenced documents are retrievable or otherwise available.

[X][1 [1 26. The most recent version of each reference is cited, as appropriate. (ORP
QAPP criterion 2.1}

IX1[] [] 27. There are no duplicate citations in the reference list.

[X1 {1 [] 28 Referenced documents are spelled out (title and number) the first time they
are cited.

[1 [1 [XI 29.All acronyms are spelled out the first time they are used. Acronyms were not
checked except as consistent within the section reviewed.

{] [1 [X] 30.The Table of Contents is correct.

[X]1[] []1 31. All figure, table, and section callouts are correct. Only callouts in the
section being reviewed.

[X1[] []1 32. Unit conversions are correct and consistent.

[X]1[]1 [1 33. The number of significant digits is appropriate and consistent.

X1 {1 [] 34. Chemical reactions are correct and balanced.

(X1 (1 [1 35.All tables are formatted consistentty and are free of blank cells.

[X] [1 [1 36 The document is complete (pages, attachments, and appendices) and in the
proper order.

[X31[1 [1 37 Thedocument is free of typographical errors. Only the section being
reviewed was checked for typographical errors.

[X11] [1 38 The tables are internally consistent,

[X]1[] [] 39 The document was prepared in accordance with HNF-2353, Section 4.3,

Attachment B, “Calculation Note Format and Preparation Instructions”.
Concurrence

Reviewer (Printed Name and Signature) E :' bate

* If No or NA is chosen, an explanation must be provided on this form.
- No tomputer codes were used for the calculations included in the report. All calculations
were verified through hand calculations.
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CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: @0P. 109G ¢ g’ R@J, /

Yes No NA*
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13.
14.

15,

i6.

17.

19,

20

Previous reviews are complete and cover the analysis, up to the scope of this
review, with no gaps.
Problem is completely defined.
Accident scenarios are developed in a clear and logical manner.
Analytical and technical approaches and results are reasonable and appropriate.
(ORP QAPP criterion 2.8)
Necessary assumptions are reasonable, explicitly stated, and supported. (ORP
QAPP criterion 2.2)
Computer codes and data files are documented.
Data used in calculations are explicitly stated.
Bases for calculations, including assumptions and data, are consistent with the
supported safety basis document (e.g., the Tank Farms Final Safety Analysis
Report). .
Data were checked for consistency with original source information as applicable.
(ORP QAPP criterion 2.9)
. For both qualitative and quantitative data, uncertainties are recognized and
discussed, as appropriate. (ORP QAPP criterion 2.17)
. Mathematical derivations were checked including dimensional consistency of
results. (ORP QAPP criterion 2.16)
. Models are appropriate and were used within their established range of validity or
adequate justification was provided for use outside their established range of
validity. .
Spreadsheet results and all hand calculations were verified.
Calculations are sufficiently detailed such that a technically qualified person can
understand the analysis without requiring outside information. (ORP QAPP
criterion 2.5)
Software input is correct and consistent with the document reviewed.
Software output is consistent with the input and with the results reported in the
document reviewed.
Software verification and validation are addressed adequately. (ORP QAPP
criterion 2.6} ‘
. Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references. {ORP
QAPP criterion 2.9)
Safety margins are consistent with good engineering practices.
. Conclusions are consistent with analytical results and applicable limits.
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Results and conclusions address all points in the purpose. (ORP QAPP criterion
23)

. All references cited in the text, figures, and tables are contained in the reference

list.

. Reference citations (e.g., title and number) are consistent between the text callout

and the reference [ist.

Only released (i.e., not draft) references are cited. (ORP QAPP criterion 2.1)
Referenced documents are retrievable or otherwise available,

The most recent version of each reference is cited, as appropriate. (ORP QAPP
criterion 2.1)

. There are no duplicate citations in the reference list.
. Referenced documents are spelled out (title and number) the first time they are

cited.

. All acronyms are spelled out the first time they are used.

. The Table of Contents is correct.

. Al\ figure, table, and section callouts are correct.

. Unit conversions are correct and consistent.

. The number of significant digits is appropriate and consistent.

. Chemical reactions are ¢orrect and balanced.

. All tables are formatted consistently and are free of blank cells.

. The document is complete (pages, attachments, and appendices) and in the proper

order.

. The document is free of typographica! errors.
. The tables are internally consistent.
. The document was prepared in accordance with HNF-2353, Section 4.3,

Attachment B, “Calculation Note Format and Preparation Instructions”.

Comments: Rpp. 119 bs, Rev, /

ek Eded we (o-2-03

Reviewer [Printed Name and $&nature)’ Date

* If No or NA is chosen, an explanation must be provided on this form,
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