NRC Staff Request for Additional Information
on the
Draft Basis for Section 3116 Determination and
Associated Performance Assessment
for the
H-Area Tank Farm at the Savannah River Site

Executive Summary

In accordance with the Ronald W. Reagan National Defense Authorization Act (NDAA) for Fiscal
Year 2005, Section 3116, certain waste from reprocessing of spent nuclear fuel is not high level
waste if the Secretary of Energy, in consultation with the U.S. Nuclear Regulatory Commission
(NRC), determines that the criteria in NDAA Section 3116(a) are met. According to the U.S.
Department of Energy (DOE), the “Draft Basis for Section 3116 Determination for the Closure of
H-Tank Farm at the Savannah River Site” (DOE/SRS-WD-2013-001, Rev. 0) (referred to herein
as the draft Basis for Waste Determination), which was submitted to the NRC for review on
February 6, 2013, demonstrates that the NDAA criteria are satisfied. The draft Basis for Waste
Determination at the H-Area Tank Farm (HTF) addresses stabilized residuals in waste tanks
and ancillary structures (including integral equipment) at the time of closure.

In order to fulfill its consultative responsibilities, the NRC staff is reviewing the draft Basis for
Waste Determination in conjunction with its review of the “Performance Assessment for the H-
Area Tank Farm at the Savannah River Site” (SRR-CWDA-2010-00128, Rev. 1) (referred to
herein as the HTF Performance Assessment). The NRC review is conducted in accordance with
NUREG-1854, “NRC Staff Guidance for Activities Related to U.S. Department of Energy Waste
Determinations,” Draft Final Report for Interim Use, August 2007.

The review of these documents and supporting reference material is being conducted by an
NRC team of technical experts with expertise in earth and physical sciences as well as
analytical modeling. In conducting the review, NRC staff also engaged DOE in a series of
technical exchanges to clarify the approaches and rationales documented in the draft Basis for
Waste Determination and Performance Assessment. These clarifications have enabled NRC
staff to improve its understanding of the approaches and the supporting technical bases
developed by DOE. The review of these documents informed by the clarifications from DOE
during the technical exchanges has led to a number of comments on the technical bases for
DOE conclusions in the draft Basis for Waste Determination.

The review focused on key differences between the F-Area Tank Farm (FTF) and HTF
performance assessments and supporting information. The comments reflect those differences,
because NRC staff has minimized the repetition of comments that were made during an earlier
consultation for FTF. NRC staff has identified in this document those previous
recommendations and comments that remain relevant for HTF, but does not expect DOE to
provide additional information to address these previous recommendations and comments during
the consultative process for HTF. However, DOE may elect to provide NRC additional
information to address the recommendation or comment if available.

1 Enclosure



In summary, NRC staff has no comments on DOE'’s ability to meet NDAA Criterion 1 of Section
3116 that waste does not require permanent isolation in a deep geologic repository for spent
fuel or high-level radioactive waste. NRC staff has several comments related to NDAA Criterion
2 that waste has had highly radioactive radionuclides removed to the maximum extent practical.
These comments focus on DOE’s approach for selection and application of cleaning
technologies, as well as technology optimization and estimation of removal efficiency; the
practicality of removing additional material from the Tank 16H annulus; the impact of oxalic acid
cleaning; and the status of low-volume pump technology.

Finally, NRC staff has several comments related to NDAA Criterion 3 that waste will be
disposed of in accordance with the performance objectives of 10 CFR Part 61, Subpart C.
Comments related to Criterion 3 are focused on the conceptual models, abstractions, and
supporting technical basis for the HTF Performance Assessment. In particular, these comments
address general performance assessment approaches, radiological inventory estimates that are
expected to remain after removal of highly radioactive radionuclides to the maximum extent
practical, release of radionuclides from the residual waste and tanks into the environment,
transport of radionuclides to a designated receptor, and inadvertent intrusion. The NRC staff is
providing no comments related to waste classification, closure cap modeling, or site stability at
this time beyond those from the FTF consultation that remain relevant for HTF.

The NRC staff is providing two comments related to general performance assessment
approaches. One comment pertains to transparency of screening of features, events, and
processes. The second comment focuses on the impact of biosphere modeling changes from
the FTF consultation to the HTF Performance Assessment. NRC staff is providing five
comments on HTF inventory estimates. Specifically, the comments address uncertainty
surrounding annulus volume and concentration assumptions, inventory adjustments, and how
historical process knowledge is reflected in the projected inventories.

NRC staff is providing 19 comments regarding waste release and near-field flow and transport
modeling. Two of the comments are related to steel liner corrosion. The first comment
questions the implicit conclusion from the modeling that carbon steel liners in contact with
chloride remain essentially passive, ensuring very low corrosion rates. The second comment
questions the assumed effective diffusivities for species important to steel corrosion through the
cementitious materials. A third comment questions the reasonableness of pyrite as a surrogate
for reducing capacity in the tank fill grout, possibly resulting in an over-estimation of reducing
chemical conditions which tend to limit releases. Another two comments address the
composition of the water contacting the grout and the residual waste: one pertaining to the
basis for mixing of conditioned water that has migrated through the reducing grout and
unconditioned groundwater and a second pertaining to the basis for the amount of dissolved
oxygen in the groundwater in the geochemical modeling. Four additional comments question
the selected solubility controlling phases for key radionuclides including plutonium and
technetium. Four more comments pertain to modeling of preferential pathways through the
tanks including through the annulus of Type | and Il tanks that contain contamination outside of
the primary steel liner. Another comment questions whether unsaturated zone models of the
near-field are appropriate to simulate saturated zone releases from partially and fully
submerged tanks. Finally, the last five comments are clarifying in nature and seek
documentation on groundwater in-leakage into fully and partially submerged tanks; question the
mineralogy of the hydrated grout assumed for geochemical modeling and its impact on chemical
transitions; seek clarification for the basis for cement-leachate impacted sorption model



parameters, seek clarification on grouting plans for transfer lines, and question the validity of
chloride diffusion boundary conditions supporting corrosion modeling.

NRC staff is also providing eight comments regarding hydrology and far-field transport
modeling. The comments include four requests for additional information that are related to far-
field flow and transport model calibration and time-variant recharge and flow. The comments
also include four that seek clarification on vertical and transverse dispersivities as well as mixing
and dilution factors estimated for the probabilistic modeling. Finally, NRC staff is providing two
comments related to the inadvertent intruder analysis that seek clarification on whether the
analysis considered the alternative cases involving preferential flow and transport pathways that
are considered for protection of the general population.

While NRC staff certainly appreciates the complexity inherent in attempting to model the
performance of the disposal facility over the 10,000 year compliance period and beyond, NRC
staff thinks that additional information is needed to support DOE’s draft Basis for Waste
Determination. While some of NRC staff concerns are expected to be addressed during the
consultative process, other concerns, such as some that are identified as previous comments
during the FTF consultation, can only be realistically evaluated over a longer time period than
allowed for completion of NRC staff’s technical evaluation report in calendar year 2014. NRC
staff expects that additional sampling and waste characterization, material property
investigations, and other data collection activities will need to occur to provide adequate support
for the Performance Assessment models that may include executing additional laboratory and
field experiments as well as performing additional modeling and calculations. NRC staff would
like to initiate discussion with DOE, as soon as possible, regarding the types of activities that
could be conducted to increase confidence that waste can be disposed of in accordance with
the 10 CFR Part 61 performance objectives.

NRC staff's comments are binned according to risk-significance. In general, responses to
requests for additional information (denoted by RAI) are expected to impact NRC staff's
conclusions with respect to Criterion 1, 2, or 3 (e.g., ability to meet performance objectives in
Subpart C of Part 61 of title 10, Code of Federal Regulations (10 CFR Part 61), while clarifying
comments (denoted by CC) are of lower risk-significance. Requests for additional information
and clarifying comments are presented by technical topic with a summary of the comments and
their risk-significance provided at the beginning of each topical area.
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Background

In accordance with the Ronald W. Reagan National Defense Authorization Act (NDAA) for Fiscal
Year 2005, Section 3116, certain waste from reprocessing of spent nuclear fuel is not high level
waste if the Secretary of Energy, in consultation with the U.S. Nuclear Regulatory Commission
(NRC), determines that the criteria in NDAA Section 3116(a) are met. According to the U.S.
Department of Energy (DOE), the “Draft Basis for Section 3116 Determination for the Closure of
H-Tank Farm at the Savannah River Site” (DOE/SRS-WD-2013-001, Rev. 0) (referred to herein
as the draft Basis for Waste Determination), which was submitted to the NRC for review on
February 6, 2013, demonstrates that those criteria (as specified below) are satisfied. The draft
Basis for Waste Determination for the H-Area Tank Farm (HTF) addresses stabilized residuals
in waste tanks and ancillary structures (including integral equipment) at the time of closure.

The NDAA Section 3116(a) provides in pertinent part:

IN GENERAL — Notwithstanding the provisions of the Nuclear Waste Policy Act of 1982, the
requirements of section 202 of the Energy Reorganization Act of 1974, and other laws that
define classes of radioactive waste, with respect to material stored at a Department of
Energy site at which activities are regulated by a covered State pursuant to approved
closure plans or permits issued by the State, the term “high-level radioactive waste” does
not include radioactive waste resulting from the reprocessing of spent nuclear fuel that the
Secretary of Energy (in this section referred to as the “Secretary’), in consultation with the
Nuclear Regulatory Commission (in this section referred to as the “Commission’),
determines —

(1) does not require permanent isolation in a deep geologic repository for spent fuel or
high level radioactive waste;
(2) has had highly radioactive radionuclides removed to the maximum extent practical;
and
(3)(A) does not exceed concentration limits for Class C low-level waste as set out in
section 61.55 of title 10, Code of Federal Regulations, and will be disposed of —
(i) in compliance with the performance objectives set out in Subpart C of part 61 of
title 10, Code of Federal Regulations; and
(i) pursuant to a State-approved closure plan or State-issued permit, authority for the
approval or issuance of which is conferred on the State outside of this section; or

(3)(B) exceeds concentration limits for Class C low-level waste as set out in section
61.55 of title 10, Code of Federal Regulations, but will be disposed of —

(i) in compliance with the performance objectives set out in subpart C of part 61 of
title 10, Code of Federal Regulations;

(i) pursuant to a State-approved closure plan or State-issued permit, authority for the
approval or issuance of which is conferred on the State outside of this section; and



(iii) pursuant to plans developed by the Secretary in consultation with the
Commission.

DOE concluded in its draft Basis for Waste Determination, that the stabilized residuals within the
waste tanks and ancillary structures (including integral equipment) located at HTF at the time of
closure are not high-level waste pursuant to the criteria set forth in NDAA Section 3116(a). DOE
noted that the draft Basis for Waste Determination would be finalized after DOE completed
consultation with NRC and, although not required by NDAA Section 3116, after public review
and comment.

In order to fulfill its consultative responsibilities, the NRC staff is reviewing the draft Basis for
Waste Determination in conjunction with its review of the “Performance Assessment for the
H-Area Tank Farm at the Savannah River Site” (SRR-CWDA-2010-00128 Rev. 1) (referred to
herein as the HTF Performance Assessment). The NRC staff review is conducted in accordance
with NUREG-1854, “NRC Staff Guidance for Activities Related to U.S. Department of Energy
Waste Determinations,” Draft Final Report for Interim Use, August 2007. The review of the DOE
documents and supporting reference material is being conducted by an NRC team of technical
experts with expertise in earth and physical sciences as well as analytical modeling.

As part of its initial review, NRC staff conducted five technical exchanges with DOE. The
purpose of these technical exchanges was to gain clarification from DOE on its approaches and
better inform the RAls. NRC staff placed summaries for the technical exchanges listed below in
the NRC’s Agencywide Documents Access and Management System (ADAMS)'. Further,
Appendix A of this document contains a complete listing of all NRC staff clarification comments
discussed during the technical exchanges listed below as well as summaries of DOE
responses.

e April 4, 2013 — Accession No. ML13106A338
e April 17, 2013 — Accession No. ML13126A127
e May9, 2013 — Accession No. ML13154A327
e May 16, 2013 — Accession No. ML13193A072
o July 3, 2013 — Accession No. ML13199A413

NRC staff provided DOE an early indication of its proposed RAls during a public meeting
conducted on June 5, 2013. NRC staff also placed a summary of this meeting in ADAMS at
Accession Number ML13183A410.

NRC staff has completed its initial review of the draft Basis for Waste Determination and
supporting Performance Assessment. The review of the DOE documents and the technical
exchanges with DOE has led to a number of comments on the technical bases for the DOE

' NRC'’s Agencywide Documents Access and Management System (ADAMS) can be accessed via the
internet at http://www.nrc.gov/reading-rm/adams.html.




conclusions in the draft Basis for Waste Determination. These comments include requests for
additional information (denoted by RAI-) and clarifying comments (denoted by CC-). Clarifying
comments generally (i) seek clarification on DOE approaches to facilitate NRC staff’s review of
DOE’s draft Basis for Waste Determination and supporting Performance Assessment, or (ii)
assist NRC staff with documenting the results of its review in a technical evaluation report.
Given the lower, expected risk-significance of clarifying comments, compared to requests for
additional information, DOE’s response is not expected to be as detailed as it would be for a
request for additional information. However, it is also expected that in some limited cases, a
clarifying comment might have been more appropriately labeled a request for additional
information. In these instances, insufficient information was available at the time to accurately
judge the risk-significance of the comment and label it appropriately. Nonetheless, it is
anticipated that DOE will respond to the clarifying comment in a manner reflective of the risk
significance of the comment.

NRC staff has drafted the following requests for additional information and clarifying comments
to assist with completion of its review and development of a technical evaluation report that will
document NRC staff recommendations to DOE on meeting the NDAA criteria for residual waste
and related tank/auxiliary components at the HTF. The requests for additional information and
clarifying comments are discussed according to NDAA criteria in the following sections.

Criterion 1
Waste Does Not Require Permanent Isolation in a Deep Geologic
Repository for Spent Fuel or High-level Radioactive Waste

NRC staff has no comments on Criterion 1.

Criterion 2
Waste has had Highly Radioactive Radionuclides Removed to the
Maximum Extent Practical

NRC staff has completed its initial review of the draft Basis for Waste Determination and
supporting documentation for Criterion 2 of the NDAA which requires that the waste has had
highly radioactive radionuclides removed to the maximum extent practical. The draft Basis for
Waste Determination contains information related to DOEs approach to Criterion 2 in Sections 2
and 5 as well as related information throughout the document and in supporting documentation
as noted in the following comments. The NRC staff is requesting additional information having
to do with DOE’s general approach for selection and application of cleaning technologies, as
well as technology optimization and estimation of removal efficiency. NRC staff is also
requesting specific information having to do with the practicality of removing additional material
from the Tank 16H annulus, as well as the impact of oxalic acid cleaning and how lessons
learned from FTF tank cleaning will be incorporated into future tank cleaning efforts. To develop



the following comments, staff reviewed the draft Basis for Waste Determination for HTF and
supporting documents. The staff’s review criteria pertaining to Criterion 2 are contained in
section 3 of NUREG-1854.

Additionally, during the consultative process for the FTF waste determination, NRC staff provided
recommendations and comments to DOE regarding Criterion 2 in the FTF Technical Evaluation
Report (ML112371715). Table 1 identifies those recommendations and comments that NRC
staff believe are also relevant for HTF. NRC staff does not expect DOE to provide additional
information to address these previous recommendations and comments during the consultative
process for HTF. However, DOE may elect to provide NRC additional information to address the
recommendation or comment, if the information is available for HTF.

Table 1. FTF Criterion 2 Recommendations or Comments Relevant to HTF

ID’ FTF Recommendation or Comment? HTF Relevance

6 NRC recommends DOE more fully evaluate costs and benefits of The remains relevant to removal of highly radioactive
additional HRR removal, including (i) consideration of benefits of radionuclides at HTF. See also RAI-MEP-7.
additional HRR removal over longer performance periods (and
considering uncertainty in the timing of peak HRR doses), (ii)
justification for assumptions regarding alternative cleaning
technology effectiveness, and (iii) comparison of costs and
benefits of additional HRR removal to similar DOE activities.

35 NRC recommends DOE specifically consider and evaluate HRR DOE provided V-ESR-G-00003, Rev. 1, which
removal in its technology selection and effectiveness evaluations provided a description of the waste removal
consistent with the NDAA. technology selection process, the baseline

technologies, and consideration of future technologies
used to support DOE’s demonstration that NDAA
Criterion 2 would be met. See also RAI-MEP-2.

36 NRC recommends DOE continuously evaluate new technologies, NRC staff continues to support continuous evaluation
participate in technology exchanges, and not default to previous of new technologies and participation in technology
evaluations for technology selection. exchanges. See also RAI-MEP-2 and RAI-MEP-6.

37 NRC recommends DOE include more specificity in its process for DOE provided V-ESR-G-00003, Rev. 1, which
determining HRRs are removed to the maximum extent practical, provided a description of the waste removal
including (i) defining the term end states versus removal goals and | technology selection process, the baseline
(ii) clarifying when conditions are sufficiently similar to warrant use | technologies, and consideration of future technologies
of a previous technology evaluation. used to support DOE’s demonstration that NDAA

Criterion 2 would be met. However, the approach
lacks details in the specific implementation of the
process. See also RAI-MEP-1, RAI-MEP-3, RAI-
MEP-4, RAI-MEP-5, and RAI-MEP-6.

Notes: ' ID corresponds to ID assigned in Table A-1 of the FTF Monitoring Plan (ML12212A192)

2 FTF Recommendation or Comment taken from Table A-1 of the FTF Monitoring Plan (ML12212A192) unless otherwise

identified.

HRR: Highly Radioactive Radionuclides.




RAI-MEP- 1
Given that oxalic acid cleaning has significant downstream impacts, DOE should clarify its
limitations as part of the technology baseline.

Basis

Section 5.3 of V-ESR-G-00003, Rev. 1 describes the chemical cleaning process using oxalic
acid as part of the technology baseline. One of the challenges of working with oxalic acid is the
formation of oxalates, which have downstream impacts. SRR-STI-2010-00015, Rev. 0
describes that for every tank that undergoes chemical cleaning about 51,000 kg of new sodium
oxalates solids will be created for feed to Defense Waste Processing Facility (DWPF) as well as
1900 m® (500,000 gal) of salt waste. DOE describes the following oxalic acid impacts:
additional wash cycles for DWPF feed, increased likelihood of feed breaks to DWPF, extension
of the operating life of the entire Liquid Waste System, and evaporator foaming and scaling
problems. WSRC-TR-2004-00317, Rev. 0 discusses potential limits on the use of oxalic acid
due to downstream impacts on the liquid waste system. Specifically, the "sludge batch can
contain about 10 % (by weight) of total solids as sodium oxalate before increasing the number
of canisters produced or changing sludge processing", and "10 % (by weight) sodium oxalate in
total solids amounts to disposal of 1 to 6 sludge heels depending on waste type of sludge heel
cleaned and specific sludge batch."

DOE had been pursuing enhanced chemical cleaning technology which would have destroyed
or oxidized the oxalates before introduction to the destination waste tank through a separate
oxidation process. However, DOE stated in the technical exchange teleconference with the
NRC staff on May 16, 2013 that this technology was not currently being funded, primarily due to
nuclear safety concerns (ML13193A072).

In the teleconference, DOE referred NRC staff to Appendix B of the draft Basis for Waste
Determination, which describes the process for documenting the removal to the maximum
extent practical and includes how DOE plans to characterize the liquid waste system status as
part of the technology evaluation. Appendix B states that DOE will consider storage space,
compatibility of the waste, downstream impacts, status of the salt waste, impact on future waste
streams, and available equipment when characterizing the liquid waste system.

Given that the use of oxalic acid has potential negative impacts in many of these areas; DOE
has stated that its use will be carefully controlled. It would be useful at this point in time to
assess the practicality of oxalic acid remaining as part of the technology baseline evaluating the
considerations listed in Appendix B of the draft Basis for Waste Determination.

Path Forward

Please clarify how limitations surrounding oxalates might impact the cumulative number of HTF
tanks that can undergo chemical cleaning with oxalic acid, and the likelihood that oxalic acid will
remain part of the technology baseline for cleaning of future tanks. If oxalic acid is not likely to
remain as part of the technology baseline, please clarify other technologies DOE may be
pursuing as an alternative given that enhanced chemical cleaning is no longer being pursued.
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RAI-MEP- 2
DOE should update the process or strategy for considering developments in waste tank
cleaning technologies that occur after the waste determination process has been completed.

Basis

During the FTF consultation, NRC staff requested that DOE document its strategy for
considering and selecting technologies in addition to what had been previously documented in
the 2003 Systems Engineering Evaluation (G-ESR-G-00051, Rev. 0). In response to the NRC
staff comments, DOE provided V-ESR-G-00003, Rev. 1, which provided a description of the
waste removal technology selection process, the baseline technologies, and consideration of
future technologies used to support DOE’s demonstration that NDAA Criterion 2 would be met.
Given recent DOE technology decisions (e.g., no longer funding enhanced chemical cleaning),
DOE should update their documentation of the technology baseline. Also, although emphasis
on highly radioactive radionuclide removal is discussed in V-ESR-G-00003, Rev. 1, recent
technology applications and selections do not appear to target highly radioactive radionuclides.
For example, during oxalic acid cleaning for Tank 5F less than 10% of the plutonium and
americium isotopes were removed (SRNL-STI-2009-00492, Rev. 0). A new technology
presented in the draft Basis for Waste Determination is low temperature aluminum dissolution
which was used in Tank 12H after bulk mechanical removal and prior to oxalic acid cleaning.
Low temperature aluminum dissolution dissolves only aluminum and results showed minimal
leaching of other metals; therefore, this technology does not target removal of highly radioactive
radionuclides directly (X-CLC-H-00921, Rev. 0). DOE indicated in the June 5, 2013 meeting
that low temperature aluminum dissolution was never intended to target highly radioactive
radionuclides directly, but instead was meant to change the rheology of the waste in order to
facilitate future removal of highly radioactive radionuclides (ML13183A410).

Path Forward

Provide an updated comprehensive description of DOE’s current process for selection and
evaluation of waste retrieval technologies to show that NDAA Criterion 2 will be met for tanks
yet to be cleaned. Include a clear description of whether or not the technology is intended to
remove highly radioactive radionuclides and how it accomplishes their removal if intended to do
so. DOE should also update the status of several technologies in its documentation of the
technology baseline that were discussed in SRR-LWE-2013-00077 (e.g., the low-volume pump,
robotic arm). Finally, DOE should indicate how more recent information is considered in the
technology selection process and the potential for technologies to target highly radioactive
radionuclide removal.

RAI-MEP- 3
DOE's approach to developing an implementation strategy for a cleaning technology including
the steps and criteria used in decision-making should be documented.

Basis
NUREG-1854 states that NRC staff should evaluate DOE's selection and application of removal
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technologies. DOE has a defined a generic process for selecting technologies in Appendix B of
the draft Basis for Waste Determination. However, this process does not describe DOE's
approach for designing the application of a specific technology. For example, prior to
implementing the cleaning technology selected for sludge removal (e.g., submersible mixing
pumps or Bingham slurry pumps), DOE develops a mixing strategy (i.e., the number, location,
indexing of pumps, etc.). In the prior cleaning experience, DOE has adjusted its mixing strategy
for specific tanks by moving a pump to a different riser, adding a pump(s), changing the
indexing, or otherwise removing obstacles (e.g., cutting cooling coils).

DOE'’s process for determining an initial strategy or adjusting a particular strategy is not well
documented and it is not clear that consistency is applied in the decision making surrounding
the mixing strategy. For example, there seem to be inconsistencies in the decision process for
mixing strategies for different tanks. Section 3.3.3 of SRR-CWDA-2011-00126, Rev. 0 states
that DOE installed three Bingham slurry pumps in the Tank 16H risers for mechanical sludge
removal campaigns 3-5 whereas only one pump had been used for the first two campaigns. ltis
not clear why DOE’s initial strategy for Tank 16H did not include three Bingham slurry pumps.

As another example, mechanical sludge removal campaigns in Tank 6F were accomplished
with two submersible mixing pumps. Mounds remained under risers 1 and 5 following the
mechanical sludge removal in August, 2007 due to the limited effective cleaning radius of the
submersible mixing pumps. DOE has anticipated that the effective cleaning radius was 15 m
(50 ft) and, thus, planned for only two submersible mixing pumps; however, the actual effective
cleaning radius was less than anticipated as demonstrated in Tanks 5F and 6F. In the third
Tank 5F mechanical sludge removal campaign in February, 2008, DOE added a third
submersible mixing pump to facilitate waste retrieval under riser 1. It was not clear to NRC staff
why a third or fourth submersible mixing pump was not also added to Tank 6F to facilitate waste
retrieval during mechanical sludge removal. SRR-CWDA-2012-00071, Rev. 0 (page 94)
indicates that a third submersible mixing pump was added to Tank 6F later, during mechanical
feed and bleed. NRC staff inquired about the apparent inconsistencies with Tank 5F and 6F
cleaning campaigns in comments on the Tanks 5F and 6F Closure Module (ML13081A051).
DOE clarified that only four total submersible mixing pumps can be connected at any one time
in the area where Tanks 5F and 6F are because of electrical limitations (ML13191A132). Since
two submersible mixing pumps were being used in Tank 5F and two in Tank 6F, the third
submersible mixing pump during mechanical sludge removal in Tank 6F could not be used while
cleaning was still being conducted in Tank S5F absent significant changes in the electrical setup.
While this explanation clarifies the limitations DOE encountered during cleaning Tanks 5F and
6F, it is not clear how this lesson learned regarding actual effective cleaning radius of
submersible mixing pumps will be applied for future tank cleaning. It is also not clear how
potential options for the transfer pumps (e.g., location, number, etc.) are considered in the
planning stages to maximize solids removal.

In cases such as this, decisions to stop waste removal activities based on programmatic or
schedule constraints should be supported by an evaluation of the costs and potential benefits of
continuing removal operations. A technology that DOE presented in a briefing to the state of
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South Carolina in April 2013 (SRR-LWE-2013-00077) may assist DOE in predicting the
effectiveness or benefits of certain mixing strategies. Specifically, DOE is cooperating with
Hanford on the development of mixing models that can predict different slurry behavior. DOE
stated that this is still in the beginning stages, but is a growing area with potential to enhance
cleaning efforts at the Savannah River Site. In Tanks 5F and 6F, DOE considered the addition
of a fourth submersible mixing pump, but decided that the costs would have outweighed the
benefits, noting that the benefits were unknown for the amount of residual solids remaining in
Tank 5F and 6F (SRR-CWDA-2010-00157, Rev. 0; SRR-CWDA-2011-00033, Rev. 1; SRR-
CWDA-2011-00005, Rev. 1). The mixing model might have aided in predicting potential
benefits of an additional pump(s).

Path Forward

Describe DOE's generic approach to developing an implementation strategy for a cleaning
technology, including the steps and criteria used in decision making. Include a specific example
of how this generic approach is implemented with the development of the pumping/mixing
strategy for a specific tank. For example, DOE should indicate how limitations in the effective
cleaning radius of submersible mixing pumps identified during Tanks 5F and 6F cleaning will be
considered for HTF tanks yet to be cleaned. DOE should also clarify how lessons learned from
past cleaning experience will be considered in deciding the mixing strategies (types of pumps,
number of pumps, location, etc.) for future cleaning. Include the process that will be followed for
deciding when and how to adjust the initial strategy to make it more effective if needed (i.e., the
practicality of installing additional pumps, moving pumps, cutting cooling coils, etc. would be
helpful). Finally, clarify the timeline of the use of the mixing model at HTF that is being
developed for Hanford.

RAI-MEP- 4
DOE'’s approach to optimization of technology through sampling and monitoring during cleaning
should be documented.

Basis

Section 5.3 of the DOE/SRS-WD-2013-001, Rev. 0 states that "throughout the heel removal
process, DOE continually evaluates the ongoing effectiveness of the technology being
implemented and optimizes the existing technologies." DOE stated in SRR-STI-2013-00198
that there will be "Sampling and monitoring program in place to ensure operational efficiency..."
during Tank 12H oxalic acid cleaning. These include visual inspections after each chemical
strike and a volumetric examination of the tank wall after the third chemical strike. Visual
inspections are described throughout the multiple cleaning phases of Tank 16H (SRR-CWDA-
2011-00126, Rev. 0). Visual observations, transfer line radiation readings, and ratio of water
additions to solids removed were used for Tank 18F and 19F (DOE/SRS-WD-2010-001, Rev.
0). During Tank 5F mechanical feed and bleed campaigns, radiological data was collected
using electronic personnel dosimetry in a valve box on the transfer line between Tanks 5F and
6F transfer line readings (SRR-CWDA-2012-00071, Rev. 0). These are all examples of the
types of sampling and monitoring that DOE has completed during the cleaning of specific tanks,
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but the general approach is not well documented. NRC staff acknowledges that each tank will
be evaluated on a case-by-case basis and generic action thresholds for metrics are not
practical. However, documentation of the general process including the types of sampling and
monitoring as well as examples of metrics that may be used would be useful to ensure
consistency in the approach for each tank.

Path Forward

Please clarify the process for determining the sampling and monitoring that will take place
during future tank cleanings. Clarify what metrics are used throughout the process to determine
effectiveness.

RAI-MEP- 5
DOE should document its general approach for evaluating removal efficiency of cleaning
technologies.

Basis

NUREG 1854, Section 3.3 advises NRC staff to verify that DOE's reported removal efficiencies
are reasonably reliable. Specifically, if DOE bases its decision to terminate removal activities on
declining removal efficiencyi, it is important to have confidence in the reported removal
efficiencies of a specific technology.

As a comment on the Tanks 5F and 6F Closure Module, the NRC staff suggested that DOE
should consider analyzing tank waste samples prior to chemical sludge removal to enable a
more thorough and accurate analysis of key radionuclide removal (ML13081A051). DOE
reported removal percentages for specific radionuclides in the Closure Module (page 53) based
on liquid process samples taken during each chemical sludge removal campaign which were
compared to a solid sample taken from Tank 5F during mechanical sludge removal campaigns
in 2006 prior to chemical cleaning (SRR-CWDA-2012-00071, Rev. 0). Note that a solid process
sample had also been taken prior to chemical cleaning between the mechanical sludge removal
campaigns. The solid process sample taken during the mechanical sludge removal campaigns
was taken after the second mechanical sludge campaign and before mechanical sludge
removal campaigns 3-7. Given that mechanical sludge removal may not have removed all
species proportionally (i.e., faster settling constituents may increase as mechanical sludge
removal progresses), the sample taken may not represent the composition of the sludge directly
prior to chemical cleaning. Therefore, the report utilized the liquid process samples taken
during chemical sludge removal as opposed to the solid sample taken during mechanical sludge
removal. The report recommended that directly prior to chemical cleaning future tanks DOE
collect a sludge sample and have personnel from Savannah River National Laboratory analyze
it for key contaminants. SRNL-STI-2009-00492, Rev. 0 stated this would provide a baseline for
comparison, which would allow for better evaluation of the efficiency of future chemical cleaning
activities. At the June 5, 2013 meeting (ML13183A410), DOE informed NRC that it was able to
retrieve a sample from Tank 12H prior to chemical cleaning, because there happened to be an
accumulation that was accessible directly beneath the riser. The NRC staff acknowledges that
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specific circumstances for each tank may not always be conducive to sampling at various
stages of cleaning and that there are financial and worker dose considerations. However, it
would be helpful for DOE to document general guidelines for conditions when it is appropriate to
take a sample between cleaning phases. This will ensure good practices and consistency in the
approach to evaluating removal efficiency for future tanks.

NRC staff also suggested in its comments on the Tanks 5F and 6F Closure Module
(ML13081A051) that DOE perform a critical evaluation of the differences in oxalic acid delivery,
waste agitation, waste transfer, and other factors that led to more successful cleaning of Tank
16H compared to Tank 5F and 6F. Such an evaluation could also compare the effectiveness of
the upcoming Tank 12H chemical cleaning.

Path Forward

Clarify DOE's general approach to evaluating the effectiveness of previously implemented
cleaning technologies. The clarification should include a specific example of how this generic
approach will be implemented with the evaluation of oxalic acid effectiveness for Tank 12H.
With the understanding that each tank is different, and technologies are not expected to be
equally effective on all tanks, DOE should also describe how the approach compares the
effectiveness for cleaning technologies between different tanks. Finally, DOE should include
generic guidelines on when it is appropriate to sample the sludge prior to chemical cleaning.

RAI-MEP - 6
Lessons learned from removal from Tanks 5F and 6F with regard to limitations due to low liquid
levels should be incorporated into plans for future cleaning.

Basis

Section 2.3.2.1 of DOE/SRS-WD-2013-001, Rev. 0 states that "the SMPs [submersible mixing
pumps] are required to be shut down as the liquid level approaches the elevation of the
discharge nozzles to prevent waste spraying." Because the submersible mixing pumps could
not be operated at lower liquid levels, ineffective mixing during acid strike 2 in Tanks 5F and 6F
appears to have contributed to the formation of solids during chemical cleaning. The second
chemical sludge removal campaign lasted 54 days for Tank 5F, and 46 days for Tank 6F. The
third chemical sludge removal campaign for Tank 6F lasted 90 days. The long residence time
of the oxalic acid may have contributed to the formation of oxalates in addition to the lack of
mixing (SRR-CWDA-2012-00071, Rev. 0). DOE has indicated that a low volume mixing pump,
which would be able to operate at lower liquid levels, has been evaluated to support chemical
cleaning in its technology April, 2013 briefing to the state of South Carolina (SRR-LWE-2013-
00077), but in the May 16, 2013 teleconference (ML13193A072) with NRC staff, DOE explained
stated that the technology is not available at this time.

Path Forward

DOE should clarify the timeline of the low volume mixing pump technology and whether DOE
anticipates it to be available for future cleaning of HTF tanks. DOE should also clarify the
reasons for the long residence time of oxalic acid during chemical sludge removal strike 2 for
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Tanks 5F and 6F while there was no mixing and if the long residence time of oxalic acid was a
contributing factor to the formation of oxalates. If the length of time the oxalic acid sat in the
tank without mixing was a contributing factor to the buildup of oxalates, DOE should explain how
similar circumstances will be managed in future cleaning efforts.

RAI-MEP- 7
The practicality of removing additional material from the Tank 16H annulus should be analyzed.

Basis

The 2008 samples from the Tank 16H annulus described in WSRC-STI-2008-00203, Rev. 0
showed a wide variation in the annulus material, and specified that the material inside the duct
was more soluble than the material outside the duct. "The sample from outside the duct at IP-
35 shows more water insoluble material than the sample from inside the duct. Interestingly, the
sample from outside the duct at IP-118 contains much more water insoluble material than the
sample from outside the duct at IP-35....the IP-118 sample also shows a small difference in
composition from the top to the bottom of the sample. The bottom section of the sample
appears to contain more water soluble material than the top based on the XRD [X-ray
diffraction] data. This aspect of the sample again seems reasonable since the material at the
bottom of the annulus would also be less accessible to the washing/waste removal conducted in
the annulus. The samples from outside the dehumidification duct at two locations in the annulus
show very different compositions and estimated solubility in water. This indicates the waste
material in Tank 16H annulus may have a wide range of compositions at different locations." If
some parts of the material in the annulus (and especially the duct) are soluble, it may be
practical to remove additional amounts of it. The last cleaning effort was in 1977 and mixing
was poor as exhibited by the variability in sample results. Prior DOE documentation assumed
that it would be necessary to remove additional material from the annulus, but efforts to clean
the annulus ceased because the mechanical technology that was being pursued was not
mature enough to deploy (ML13183A410). Waste in the annulus and/or sand pads tends to be
more risk significant, because it contains more soluble radionuclides and is located outside of
the primary containment. NRC staff is concerned that the base case (and alternative cases) in
the HTF Performance Assessment may underestimate annular contamination risk (see RAI-NF-
12 and RAI-NF-13).

Path Forward

Please provide more detailed information on the practicality of removing additional waste from
the Tank 16H annulus to the extent necessary to reduce the risk, taking into consideration the
potential risk posed by preferential pathways and addressing the issues identified in RAI-NF-12
and RAI-NF-13. As a further consideration please describe the practicality of removing
additional waste from the ventilation duct since it is more soluble than the annulus floor material.
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Criterion 3
The Waste Will be Disposed in Accordance with Performance
Objectives in 10 CFR 61, Subpart C

NRC staff has completed its initial review of the draft Basis for Waste Determination and
supporting documentation for Criterion 3 of the NDAA which requires that the waste will be
disposed in accordance with the performance objectives in 10 CFR 61, Subpart C, and pursuant
to a State-approved closure plan or State-issued permit. If the waste exceeds concentration
limits for Class C low-level waste as set out in 10 CFR 61.55, the waste must also be disposed
pursuant to plans developed in consultation with the NRC. The draft Basis for Waste
Determination contains information related to Criterion 3 in Sections 6 through 8 as well as
related information in the associated Performance Assessment and supporting documents.

Waste Classification

Section 3116 of the NDAA requires DOE to determine the class of the waste it subjects to the
waste incidental to reprocessing process for the sole purpose of determining whether clause
(a)(3)(A) or (a)(3)(B) of Section 3116 applies. This determination is important to NRC staff’'s
understanding of the scope of its review. For example, greater than Class C waste subject to a
WIR determination must meet Section (a)(3)(B) that contains an additional requirement not
found in (a)(3)(A)—namely, it requires DOE to dispose of incidental waste pursuant to plans
developed by the Secretary in consultation with the Commission. From its initial review, NRC
staff has no comments on waste classification.

Performance Objectives

Section 3116 of the NDAA also requires the waste to be disposed in compliance with the
performance objectives set out in 10 CFR Part 61, Subpart C. Subpart C details the
performance objectives for land disposal of radioactive waste. The performance objectives
provide reasonable assurance that exposures to humans are within the limits established to
address protection of the general population from releases of radioactivity (10 CFR 61.41),
protection of individuals from inadvertent intrusion (10 CFR 61.42), protection individuals during
operations (10 CFR 61.43), and stability of the disposal site after closure (10 CFR 61.44).

During the consultative process for the FTF waste determination, NRC staff provided
recommendations and comments to DOE in the FTF Technical Evaluation Report regarding its
demonstration that waste in FTF would be disposed in accordance with the performance
objectives (ML112371715). These recommendations were incorporated into factors established
in the FTF Monitoring Plan (ML12212A192) to assess whether disposal occurs in accordance
with the performance objectives in 10 CFR Part 61, Subpart C. NRC staff has identified in the
following sections which technical issues addressed by monitoring factors are believed to also be
relevant for HTF. Monitoring factors relevant to protection of the general population from
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releases of radioactivity and site stability are discussed in detail in the subsequent sections.

The NRC staff considers the technical issues addressed by the FTF monitoring activities
established for protection of the general population (10 CFR 61.41) also generally applicable to
protection of individuals from inadvertent intrusion (10 CFR 61.42) because the groundwater
pathway is considered in both analyses. However, inadvertent intrusion may be the more
limiting performance objective if natural attenuation between the 1 m (boundary at which the 10
CFR 61.42 analysis is performed) and 100 m (boundary at which the 10 CFR 61.41 analysis is
performed) significantly reduces the risk of certain key radionuclides. The FTF Monitoring Plan
(ML12212A192) identifies key radionuclides that are particularly important to inadvertent
intrusion at FTF. NRC staff is similarly reviewing key radionuclides important for the HTF
inadvertent intruder analysis. Another important consideration for the 10 CFR 61.42 analysis is
the assumed exposure location. While NRC staff understands DOE’s basis for assignment of
exposure locations in the probabilistic modeling for HTF, and has no additional information needs
at this time, NRC staff plans to complete its review in this area and document its findings in the
staff's technical evaluation report.

Though not listed in the following sections, FTF Monitoring Area 7 establishes factors to monitor
whether waste disposal provides reasonable assurance that 10 CFR 61.43, protection of
individuals during operations, is met at FTF. NRC staff expects that the issues associated with
these factors will also be relevant for HTF. NRC staff understands DOE’s approach for
protecting individuals during operations. NRC staff does not expect DOE to provide additional
information to address monitoring factors during the consultative process for HTF.

Performance Assessment

This section contains NRC staff comments on the general issues associated with the
development of the HTF Performance Assessment. Specific comments about particular model
abstractions employed in the HTF Performance Assessment are discussed in subsequent
sections. The comments related to general performance assessment issues focus on the
transparency of DOE’s screening of features, events and processes and the impact of changes
to the dose modeling since the FTF consultation.

Factors potentially important to general issues with performance assessment for FTF are
discussed in the FTF Monitoring Plan (ML12212A192). These factors include scenario analysis,
model and parameter support and FTF Performance Assessment revisions. Table 2 lists the
monitoring factors, as well as other potential performance assessment maintenance activities
that were recommended in the NRC staff's FTF Technical Evaluation Report (ML112371751)
and indicates those recommendations and comments that NRC staff believes remain relevant for
HTF. NRC staff does not expect DOE to provide additional information to address these FTF
monitoring factors or potential performance assessment maintenance items during the
consultative process for HTF. However, DOE may elect to provide NRC additional information to
address the items in Table 2 that are relevant for HTF if available.
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To develop the following comments, staff reviewed the HTF Performance Assessment and
supporting documents. The NRC staff’s review criteria pertaining to the performance
assessment are contained in Section 4 of NUREG-1854.

CC-PA- 1

DOE should clarify its screening of features, events, and processes in SRR-CWDA-2012-00011,
Rev. 0 to improve transparency and traceability, in particular the use of expert judgment in lieu
of data collection, the membership of the FEPs screening team, and the documentation of
subject matter expert’s basis for judgment.

CC-PA- 2

Several changes were made to biosphere parameters for HTF. It is not clear how these
changes impact the relative risk of various highly radioactive radionuclides compared to earlier
performance assessments. Provide groundwater pathway dose conversion factors for HTF to
facilitate comparison with previous analyses.

Inventory

Inventory estimates are risk-significant because inventory is directly related to dose for those
radionuclides that are not assumed to be solubility limited in the contaminated zone. For those
radionuclides that are solubility limited in the contaminated zone, inventory can also significantly
impact the projected dose and increased inventories may help ensure that mass is not depleted
below solubility limits prior to chemical transitions that lead to higher release rates from the
contaminated zone.

DOE's approach to inventory for HTF is a departure from the approach taken for FTF in that the
volume of residual material assumed to remain in each tank is higher. DOE projects that about
15 m® (4000 gal) will remain in each tank for HTF. For FTF, DOE initially projected that 0.1524
cm (0.06 in), which equates to approximately 0.8 m* (210 gal), but increased the projected
residual inventory by an order of magnitude, which can be thought of as uncertainty in the
concentration of residual waste in the tank or the amount (i.e., volume) of waste that can be
removed from the tank based on uncertainty in cleaning effectiveness.

NRC staff comments on HTF inventory are related to uncertainty surrounding annulus volume
and concentration assumptions, inventory adjustments, and how historical process knowledge is
reflected in the projected inventories. To develop the following comments, staff reviewed the
HTF Performance Assessment and supporting documents. The staff's review criteria pertaining
to radionuclide inventory in residual waste are contained in sections 3.1, 3.2, 4.2, 4.3.3, and 4.4
of NUREG-1854.

Factors potentially important to inventory for FTF are discussed in the FTF Monitoring Plan
(ML12212A192). These factors include final inventory estimates for cleaned tanks, sampling of
the residual waste to determine concentrations after cleaning, residual volume estimates and
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associated uncertainty, ancillary equipment inventory, and waste removal as it pertains to
demonstrating that releases of radioactivity are as low as reasonably achievable. Table 3 lists
the FTF inventory monitoring factors and identifies those technical issues addressed by the FTF
monitoring factors that are relevant for HTF. NRC staff does not expect DOE to provide
additional information to address these FTF monitoring factors during the consultative process
for HTF. However, DOE may elect to provide NRC additional information to address the items

in Table 3 if available.

Table 3. FTF Inventory Monitoring Factors Relevant to HTF

FTF Monitoring Factor HTF Relevance

Monitoring Activity 1—Inventory

1.1: Final Inventory and Risk Estimates

As discussed in the FTF Monitoring Plan (ML12212A192), NRC
staff will review final inventories for cleaned tanks used in special
analyses that provide final dose projections, including the use of
inventory multipliers in the probabilistic modeling.

DOE has not developed final inventories for HTF to date. DOE
indicated in Section 8.2, “Further Work” of the HTF
Performance Assessment that it intends to refine and confirm
existing radionuclide inventories that will be present in the HTF
tanks at site closure. NRC staff does have concerns with the
projected inventory for the HTF Performance Assessment
including evaluation of uncertainty (See Inventory RAls below).

1.2: Residual Waste Sampling

As discussed in the FTF Monitoring Plan (ML12212A192), NRC
staff will review sampling and analysis plans for cleaned tanks
including the basis for the radionuclides evaluated and the
locations and numbers of samples analyzed.

The HTF Performance Assessment inventories were based on
projections. Therefore, NRC staff has not reviewed sampling
and analysis plans for HTF.

1.3: Residual Waste Volume

As discussed in the FTF Monitoring Plan (ML12212A192), NRC
staff will review DOE efforts to improve final volume estimates
and consideration of volume uncertainty at FTF.

The HTF Performance Assessment inventories were based on
projections. Therefore, NRC staff has not reviewed final
volume estimates for HTF. However, DOE has preliminary
volume estimates for Tank 16H based on the expected final
configuration for the tank. NRC staff has concerns with the
treatment of uncertainty in annular volume estimates for Tank
16H (See RAI-INV-1).

1.4: Ancillary Equipment Inventory

As discussed in the FTF Monitoring Plan (ML12212A192), NRC
staff will review DOE activities related to sampling and analysis
of transfer lines to verify inventory estimates for ancillary
equipment at FTF.

DOE indicated in Section 8.2, “Further Work” of the HTF
Performance Assessment that it intends to refine and confirm
existing radionuclide inventories for piping and ancillary
equipment at site closure for HTF.

1.5: Waste Removal (As it Pertains to ALARA)

As discussed in the FTF Monitoring Plan (ML12212A192), NRC
staff will review DOE analysis of removal of highly radioactive
radionuclides to the maximum extent practical to the extent that
the DOE'’s Criterion 2 analysis is used to demonstrate that
ALARA criteria are met.

NRC staff is requesting additional information having to do with
DOE’s general approach for selection and application of
cleaning technologies, as well as technology optimization and
estimation of removal efficiency. NRC staff is also requesting
specific information having to do with the practicality of
removing additional material from the Tank 16H annulus, as
well as how lessons learned from FTF tank cleaning will be
incorporated into future cleaning efforts (See RAIls under
Criterion 2).

Notes:
ALARA: As Low As Reasonably Achievable
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RAI-INV- 1
Annular volume uncertainty could be quantified.

Basis

NUREG-1854 states that the reviewer should evaluate the methods used for estimating waste
volumes, and confirm that uncertainty has been considered and propagated into the inventory
estimate. On page 40 of SRR-CWDA-2011-00126, Rev. 0, DOE estimates that approximately
18 m® (4,700 gal) is remaining in the Tank 16 Annulus using a depth profile of the waste in the
annulus. Figure 3.6-4 of SRR-CWDA-2011-00126, Rev. 0 shows nine depth values, although it
is unclear if these depth values were determined visually or measured. DOE later estimated the
remaining volume as about 12.5 m® (3,300 gal) (HTF Performance Assessment and SRR-LWE-
2012-00039, Rev. 0) through the use of camera views and interior landmarks (i.e., duct
diameter, annulus wall radius) as well as a depth measurement under each of the four risers.
DOE separates the residual annulus material into: (1) material at the bottom of the annulus
outside the ventilation duct (estimated at 8 m*® (2,100 gal)), and (2) material inside the ventilation
duct (estimated at 4.5 m® (1,200 gal)). There are a total of 13 inspection ports in the Tank 16H
annulus, and DOE visually estimated material depths from multiple locations in the annulus
outside the duct and from five locations inside the duct. These depth estimates range from
5cm (2 in) to 40 cm (16 in). Still, there are many areas of the annulus (and inside the duct)
where visual determination of the waste level was not possible, so there is some degree of
uncertainty associated with the estimate. In those areas, DOE extrapolated the waste level
using the data from surrounding areas. DOE clarified that the more recent estimate is the
correct one, but it is unclear why this value is superior to the first one and also the reasons for
the differences between the two values assuming they were both made using estimated profiles
of the waste.

Also, in Section 9.0 of SRR-CWDA-2010-00023, Rev. 3, DOE describes how multipliers are
applied to the tank inventories to account for uncertainty in the HTF Performance Assessment.
However, similar inventory multipliers are not applied for the annuli of the tanks. The HTF
Performance Assessment states that estimates for the annulus material are extremely
conservative compared to the amount anticipated to remain, so uncertainty multipliers are not
necessary. DOE estimates that Tanks 9H, 10H and 14H annuli contain about 3,300, 1,100, and
5,600 gal of material respectively, although 3,300 gal is assumed for all tanks with residual
material in the annulus in the HTF Performance Assessment (ML13183A410).

Path Forward

Provide estimates of the uncertainty of remaining volume in Tank 16H annulus and describe
how this uncertainty is related to the uncertainty of the material in the annuli or other tanks.
Clarify why the 12.5 m® (3,300 gal) estimate is more accurate than the 18 m* (4,700 gal)
estimate and the reason for the different values.

24



RAI-INV- 2
The representativeness of Tank 16H annulus samples for Tanks 9H, 10H, and 14H is not clear.

Basis

Section 2.5.1.2 of SRR-CWDA-2010-00023, Rev. 3 describes how, for those radionuclides
analyzed in the four Tank 16H annulus samples, DOE applies the concentrations of the Tank
16H annulus sample results to other tanks with annulus material (Tanks 9H, 10H and 14H).
DOE also states that the material in the Tank 16H annulus is expected to be chemically different
than the other tanks due to the unique circumstances of the leak in Tank 16H (i.e., rapid leak)
and the history of Tank 16H annulus (i.e., use of sand in determination of leak sites). The NRC
staff recognizes that the data on annulus material was limited at the time of the development of
the draft Basis for Waste Determination, and that the only annulus samples available currently
are those taken from Tank 16H annulus. However, the impact on the expected differences
between Tank 16H annulus material and that of the other tanks on the inventory estimate could
be further explained.

Path Forward

Please clarify the technical basis for using Tank 16H annulus concentrations in the annuli of
Tanks 9H, 10H, and 14H given the expected chemical differences between Tank 16H annulus
material and that of the other tanks. Please describe the impact of the anticipated differences
on the inventory estimates in terms of radionuclides that could be under- or over-estimated as a
result of assuming the Tank 16H annulus concentrations.

RAI-INV- 3
There are differences in processes between HTF and FTF which are not reflected in projected
inventories.

Basis

NUREG 1854 advises the reviewers to determine whether there is an adequate technical basis
for the accuracy of inventory estimates based on historical or process knowledge. HTF and
FTF processed different waste streams, which would lead to expected differences in the
inventories. SRNL-STI-2012-00479 states that there is expected to be approximately 2000
times more U-234 at HTF than at FTF because HTF mainly processed enriched uranium while
FTF processed irradiated depleted uranium targets. There is also expected to be about 100
times more U-233 and 70 times more U-236 at HTF.

The Waste Characterization System did not provide values for U-234, or U-236, so DOE
estimated these inventories using other methods. SRR-CWDA-2010-00023, Rev. 3 states,
"...there were other constituents for which WCS did not estimate an inventory for all HTF tanks.
Therefore, these radionuclide concentrations were estimated only for waste tanks where no
values were present in WCS. The isotopes requiring additional estimates were Ba-137m, CI-36,
H-3, K-40, Pd-107, Pt-193, Ra-226, Ra-228, Th-229, Th-230, Th-232, U-232, U-234, U-236,
Y-90, and Zr-93." Table 2.2-1 in SRR-CWDA-2010-00023, Rev. 3 describes the methods used
to estimate Ba-137m, C-14, H-3, Y-90, B, and Mo. However, SRR-CWDA-2010-00023, Rev. 3
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does not provide details on how the other radionuclides not included in the Waste
Characterization System were estimated. Details should be provided as to the methods for
estimation and whether inventories were estimated based on the values of other radionuclides
for the same tank or for other tanks.

The estimates for some radionuclides (e.g., U-234) do not appear to agree with expectations
provided in SRNL-STI-2012-00479, Rev. 3. DOE estimates 24.42 GBq (0.66 Ci) of U-234 in the
Type HI/INIA tanks at HTF. Assuming 15m? (4,000 gal) of waste per tank and 1.2 g/cm? bulk
(dry) density of waste, results in approximately 6 mg U-234 per kg of waste. This concentration
is similar to the average U-234 in FTF waste of 7-8 mg/kg reported in WSRC-STI-2007-00192,
Rev. 1. It might be coincidental that the projected U-234 concentrations for HTF happen to be
similar to the FTF data. However, if some constituents that were not reported in the Waste
Characterization System for HTF were estimated based on data from FTF, it is possible that
certain radionuclides could have been underestimated since differences are expected in the
waste streams between HTF and FTF. Examples of other potentially important radionuclides
that do not follow the expectations from SRNL-STI-2012-00479, Rev. 3 are U-233, U-236. In
addition to explaining the methods for estimating those radionuclides that are not listed in the
Waste Characterization System, it would be helpful if DOE could explain why inventory
projection ratios may not follow the expectations in SRNL-STI-2012-00479, Rev. 3.

Path Forward

Please clarify how DOE estimated the inventories for radionuclides not included in the Waste
Characterization System and not explained in Table 2.2-1 of SRR-CWDA-2010-00023, Rev. 3.
Please also explain the differences in inventory projections from the expectations that are
described in SRNL-STI-2012-00479, Rev. 3.

RAI-INV- 4
The representativeness of 2010 Tank 16H annulus samples for the concentration of the material
in the Tank 16 annulus is not clear.

Basis

DOE uses the concentration of the four samples taken in 2010 (all from outside of the ventilation
duct) to represent all of the Tank 16H material (SRNL-STI-2012-00178, Rev. 0). The material
inside the ventilation duct which DOE estimates to be roughly one-third of the total material
(HTF Performance Assessment) has higher concentrations of several highly radioactive
radionuclides based on comparison of the 2006 samples (WSRC-STI-2008-00203, Rev. 0) to
the 2010 samples. Note that the two samples taken from outside the ventilation duct in 2006
also have higher concentrations than the 2010 samples. DOE has not adequately explained
why the 2006 samples were not used in the inventory calculation for Tank 16H annulus. DOE
has also not provided adequate justification for why the concentration of the samples taken from
outside the duct in 2010 adequately represents the concentrations of material inside the duct for
the purposes of the HTF Performance Assessment. NRC staff acknowledges that the Tank 16H
annulus will be sampled again for purposes of final characterization and that the final inventories
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will be evaluated in a special analysis. However, it is not clear why results from the samples
taken in 2006 were not used to help inform the projected inventory calculations in the HTF
Performance Assessment, especially if the concentrations were higher for certain highly
radioactive radionuclides.

Table 4. Results of Annulus Samples Collected in 2006

HTF-16-06-104 HTF-16-06-105 HTF-16-06-106
(IP-35 Inside Duct) (IP-35 Outside Duct) | (IP-118 Outside Duct)

U total (IM) (mg/kg) 6.64E+02 5.49E+02 7.03E+01
Pu-238 (SA)
(dpm/kg) 1.84E+10 1.15E+10 1.24E+09
Pu-239 (SA)
(dpm/kg) 3.46E+09 2.08E+09 2.26E+08
Np-237 (IM)
(dpm/kg) 1.39E+07 1.13E+07 1.65E+06
Sr-90 (BS) (dpm/g) 1.21E+10
Cs-137 (GS) 7.84E+08
(dpm/g)

* results of the Cs-137 and Sr-90 analysis of an archived portion of sample (HTF-16-06-104) (SRNL-STI-2012-00178)
IM: Inductively Coupled Plasma-Mass Spectrometry

SA: Separation/Alpha Spectroscopy

GS: Gamma Spectroscopy

BS: Beta Spectroscopy

Table 5. Results of Annulus Samples Collected in 2010

N S E W Average
U total (mg/kg) 5.28E+01 1.25E+02 2.59E+02 2.58E+02 1.74E+02
Pu-238 (SA) 1.18E+06 2.72E+06 4.22E+06 5.81E+06
(dpm/kg) 3.48E+06
Pu-239 (SA) 1.71E+05 4 50E+05 7.31E+05 1.09E+06
(dpm/kg) 6.11E+05
Np-237 (IM) 1.50E+03 2.67E+03 4.05E+03 4 15E+03
(dpm/kg) 3.09E+03
Sr-90 (BS) (dpm/q) 3.65E+08 1.55E+09 1.54E+09 2.58E+09 1.51E+09
Cs-137 (GS) 2.33E+09 1.63E+09 2.09E+09 3.15E+09
(dpm/g) 2.30E+09

Path Forward

DOE should clarify why the 2006 annulus samples were not used (in addition to the 2010
annulus samples) to help inform the inventory calculation for Tank 16 annulus. DOE should
also provide justification for why the concentration of the samples taken from outside the
ventilation duct in 2010 adequately represents the concentration of material inside the duct for
the purposes of the HTF Performance Assessment.
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RAI-INV- 5
Cs, Sr, and Zr inventory adjustments require further justification.

Basis

During the May 16, 2013 clarification teleconference, NRC staff asked DOE to clarify the
assumptions regarding Cs-137, Sr-90, and Zr-93 inventories (ML13193A072). In response,
DOE provided SRR-CWDA-2013-00086, Rev. 0 which describes that the Cs-137 and Sr-90
concentrations are calculated using total inventory and volume data from the Waste
Characterization System and the Zr-93 concentrations are estimated by using a ratio of Sr-90 to
Zr-93 of 58,000:1 developed from sludge batch samples. SRR-CWDA-2013-00086, Rev. 0
reports initial concentration in Table A3-5 which is adapted in Table 6.

Table 6. Initial Concentrations of Cs-137, Sr-90, and Zr-93 for Tanks 9H-15H.
(Adapted from Table A3-5 of SRR-CWDA-2013-00086, Rev. 0.)

Units' | Tank 9 Tank 10 | Tank 11 | Tank 12 | Tank 13 | Tank 14 | Tank 15

Cs-137 Ci/gal | 1.2E+00 | 1.2E-01 | 3.2E+00 | 8.4E-01 | 1.3E+00 | 3.7E-01 | 2.1E+00

Sr-90 Ci/gal | 1.6E+01 | 1.7E+00 | 5.8E+01 | 1.5E+01 | 2.1E+01 | 5.4E+00 | 3.7E+01
Zr-93 Ci/gal | 2.8E-04 | 3.0E-05 | 1.0E-03 | 2.5E-04 | 3.7E-04 | 9.3E-05 | 6.3E-04
Sr-90:Zr-93 5.7E+04 | 5.7E+04 | 5.8E+04 | 6.0E+04 | 5.7E+04 | 5.8E+04 | 5.9E+04

*To convert Ci to Bq multiply by 3.7x10"°

DOE calculates the total activity (in Curies) by assuming 4,000 gallons per tank and decays it to
the time of closure in year 2032. The maximum value within each tank type grouping is chosen
to represent that tank type. DOE then reduces the magnitude of the cesium, strontium, and
zirconium inventories for all tank types by one order of magnitude based on process samples
taken before and after chemical cleaning of Tank 5F. SRR-CWDA-2013-00086, Rev. 0 reports
Tank 5F process sample concentrations before and after chemical cleaning in Table A3-9 which
is reproduced in Table 7.

The results in Table 7 were measured from a single process sample that was taken during
mechanical sludge removal campaigns and a single process sample taken after chemical
cleaning, and therefore do not represent the heterogeneity of the tank. Furthermore, since the
before sample was taken in the middle of the mechanical sludge removal campaigns, the values
may not accurately represent the actual effectiveness of chemical cleaning. Given that Tanks
5F and 6F (which were cleaned with oxalic acid) have been fully characterized, it is useful to
compare the projected inventories to the final characterization results for these tanks. Tanks
18F and 19F (Type IV) have also been fully characterized, but they were not chemically cleaned
due to the zeolite resin in these tanks. Two of the Type IV tanks in HTF (Tank 23H and 24H)
contain or have processed zeolites, as well as several of the Type llI/IIA HTF Tanks
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Table 7. Tank 5F Concentrations for Cs-137, Sr-90, Elemental Sr and Zr
Before and After Chemical Cleaning. (Adapted from Table A3-9
of SRR-CWDA-2013-00086, Rev. 0.)

Before After
(WSRC-STI-2007-00192) (SRNL-STI-2009-00492, Rev.0)
Units” Aqua Peroxide Aqua Peroxide
Regia Fusion Regia Fusion
Cs-137 | mCi/kg | 1.09E+03 - 4.86E+01 3.51E+01
Sr-90 mCi/kg | 3.70E+04 - 5.82E+03 5.46E+03
Sr mg/kg 1.29E+03 1.71E+03 1.08E+02 <3.97E+02
Zr mg/kg 3.91E+03 - 1.11E+03 -

*To convert Ci to Bq multiply by 3.7x10™

(Tanks 32H, 38H, 40H, 42H, and 51H). Chemical cleaning of tanks with zeolite may not be
practical, and therefore adjusting the inventory of these tanks may not be appropriate. As can
be seen in Table 8, the majority of the projected inventories for these the tanks that have
already been cleaned were not overestimated by an order of magnitude (i.e., 10x). All
inventories were estimated within one order of magnitude and many of the projected inventories
were underestimated, especially with respect to Zr-93. Also, the final ratio of Sr-90 to Zr-93 is
substantially less than the 58,000:1 for Tanks 5F-6F and Tank 19F.

Table 8. Projected and Measured Inventories of Cs-137, Sr-90, and Zr-93 for
Selected FTF Type | and IV Tanks and HTF Projections for Type | and IV

Tanks.
Tank 5F/6F (Type I) Tanks 18F/19F (Type IV) HTF Projections
Projected’ | Measured® | Projected’ | Measured” | Type I’ Type IV®
(Ci) (Ci) (Ci) (Ci) (Ci) (Ci)

Cs-137 5/6: 9.2E3 5: 3.5E3 18: 9.7E3 18: 9.2E3 7.9E-2 2.4E3
6: 6.7E3 19: 6.5E3 19: 4.2E3

Sr-90 5/6: 1.3E5 5:9.7E4 18: 1.1E3 18: 2.5E3 1.4E4 3.1E2
6: 2.0E5 19: 5.2E0 19: 6.9E0

Zr-93 5/6: 1.0E-3 5: 3.0E1 18: 1.0E-3 18: 8.6E-2 4.0E-1 8.8E-3
6: 2.2E1 19: 1.0E-3 19: 1.8E-2

Sr-90:Zr-93 5: 3E3 18: 3E4 3.5E4 3.5E4

6: 9E3 19: 4E2

Notes: ' SRS-REG-2007-00002, Rev. 1
2SRR-CWDA-2012-00071, Rev. 0
3 SRR-CWDA-2010-00128, Rev. 1
*To convert Ci to Bq multiply by 3.7x10™
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Path Forward

DOE should provide additional justification for estimating the zirconium inventory based on an
assumed ratio to the Sr-90 concentration given that the measured results for the tanks which
have been cleaned do not reflect a 58,000:1 Sr-90 to Zr-93 ratio. DOE should also clarify the
basis for reducing cesium, strontium, and zirconium by a one order of magnitude for all tank
types given that the experience with cleaning the tanks thus far does not reflect an
overestimation, but rather an underestimation in many cases. Finally, DOE should clarify if the
tanks containing zeolite in HTF are intended to be cleaned using chemical cleaning and how
this impacts the assumed cesium, strontium, and zirconium inventory for those tanks.

Infiltration and Erosion Controls

DOE evaluates the performance of engineered surface barriers in the HTF Performance
Assessment, which will be designed to limit the amount of water infiltration into the waste tanks.
NRC staff reviewed the HTF Performance Assessment and supporting documents. The staff's
review criteria pertaining to infiltration and erosion controls are contained in Sections 4.2, 4.3.1,
43.2,4.4,45, and 4.6 of NUREG-1854. The NRC staff review has identified no comments on
closure cap assumptions.

Factors potentially important to infiltration and erosion control for FTF are discussed in the FTF
Monitoring Plan (ML12212A192) under Monitoring Activity 5, titled “Closure Cap Performance”.
These factors include the long-term hydraulic performance and erosion protection design of the
closure cap and closure cap functions that maintain releases of radioactivity as low as
reasonably achievable. Table 9 lists the monitoring factors, as well as other potential
performance assessment maintenance activities that were recommended in the NRC staff's
FTF Technical Evaluation Report (ML112371751) and indicates those recommendations and
comments that NRC staff believes remain relevant for HTF. NRC staff does not expect DOE to
provide additional information to address these FTF monitoring factors or potential performance
assessment maintenance items during the consultative process for HTF. However, DOE may
elect to provide NRC additional information to address the items in Table 9 relevant to HTF if
available.
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Table 9. FTF Infiltration and Erosion Control Monitoring Factors Relevant to HTF

FTF Monitoring Factor | HTF Relevance |

5.1: Long-Term Hydraulic Performance of the Closure Cap NRC staff plan to review model support information
related to the long-term hydraulic performance of the

As discussed in the FTF Monitoring Plan (ML12212A192), NRC closure cap for HTF as it becomes available. No

staff will review model support for (i) long-term hydraulic addlt.loq information requests in this area are needed

conductivity of the upper foundation layer and lateral drainage at this time.

layer and (ii) the long-term erosion of the topsoil layer.

5.2: Long-Term Erosion Protection Design NRC staff plan to review DOE’s long-term erosion
protection designs for HTF as they become available.

As discussed in the FTF Monitoring Plan (ML12212A192), NRC No addition information requests in this area are

staff will review erosion protection designs (e.g., assessment of an | Needed at this time.
acceptable rock source, and the ability of an integrated drainage
system to accommodate design features).

5.3: Closure Cap Functions That Maintain Doses ALARA NRC staff plan to review closure cap information for
HTF as it becomes available. No additional

As discussed in the FTF Monitoring Plan (ML12212A192), several information requests in this area are needed at this

closure cap functions may provide additional barriers to release. time.

For example, the closure cap limits infiltration, may limit the
transport of deleterious species into the disposal system, and may
reduce the likelihood of water table rise above the bottom of the
tanks. Accordingly, NRC staff will review closure cap design,
construction, and maintenance consistent with ALARA criteria.

ALARA: As Low As Reasonably Achievable

Waste Release and Near-Field Transport

This section contains comments on the waste release modeling in the near-field environment of
HTF that is documented in the HTF Performance Assessment and supporting references. DOE
abstracted (i.e., simplified) the tank system at HTF using the PORFLOW® model for the base
case. In addition, DOE conducted uncertainty and sensitivity analyses using the GoldSim®
modeling platform to risk-inform conclusions regarding compliance with the 10 CFR Part 61
performance objectives. The comments in this section relate to tank system performance
modeling and include abstractions for corrosion of the steel liners, degradation of cementitious
materials, release of radionuclides from the tank system, and transport through the near-field
environment.

NRC staff comments primarily focus on the adequacy of the technical basis for the base case
conceptual model and supporting parameters for waste release. These comments are related
to waste release conceptual models from the inventory modeled in the contaminated zone
within the primary steel liner and inventory modeled in the tank annulus and underlying sand
pads; steel liner failure times; selection of solubility limiting phases and estimated solubility
limits; chemical transition times; and sorption parameters of radionuclides in cementitious
materials and near-field soils.

Of particular interest for HTF is that Type | and |l tanks are either fully or partially submerged in
groundwater. Several of the Type | and Il tanks have additional risk factors. Tanks 12H, 14H,
15H, and 16H are assumed to have a failed liner at closure. In addition, Tanks 9H, 10H, 14H,
and 16H are assumed to contain significant waste outside of the primary steel liners. Annular
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waste is potentially risk significant because the waste is generally more soluble and is located
outside of primary containment. Although Tanks 12H and 15H do not have as significant of
quantities of radionuclides outside of the primary liner, DOE assumes no credit for the steel
liners in these tanks to limit flow into the tanks or releases of radionuclides.

The HTF Performance Assessment does not adequately assess waste release from the
submerged and partially submerged tanks via a preferential pathway. Alternative cases B-E
provide some risk insight into the effects of a preferential pathway, however, these cases may
not adequately account for the risk posed by Tanks 9H, 10H, 12H, 14H, 15H, and 16H.

To develop the following comments, NRC staff reviewed the HTF Performance Assessment and
supporting documents. The NRC staff’s review criteria pertaining to near-field release of
radionuclides are contained in Sections 4.2, 4.3.2,4.3.3, 4.4, 4.5, and 4.6 of NUREG-1854.

Additionally, during the consultative process for the FTF waste determination, NRC staff provided
recommendations and comments to DOE regarding radionuclide releases from the tanks and
subsequent transport in near-field environment in the FTF Technical Evaluation Report
(ML112371715). Table 10 identifies those recommendations and comments that NRC staff
believe remain relevant for HTF. NRC staff does not expect DOE to provide additional
information to address these previous recommendations and comments during the consultative
process for HTF. However, DOE may elect to provide NRC additional information to address the
issues associated with the FTF monitoring factors that are relevant to HTF if available.
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RAI-NF- 1

DOE should provide additional support for the implicit conclusion that the carbon steel liner in
contact with chloride solution would remain essentially passive due to an assumption of limited
availability of oxygen to support chloride-induced corrosion.

Basis

The documents on life estimation of high level waste tank steel (SRNL-STI-2010-00047; WSRC-
STI-2007-00061, Rev. 2) include computations that are strongly dependent on CO; and O,
diffusion coefficients. Long steel lifetimes are dependent on the concrete vault being an
effective diffusive barrier (See RAI-NF- 2). The corrosion rates for carbon steel in contact with
chloride solution used in the performance assessment are practically in the passive regime, due
to the assumed diffusion transport resistance by the concrete.

According to Table 4.2-32 in the HTF Performance Assessment, DOE used general corrosion
rates of the carbon steel activated by chloride in the range of 0.04 to 0.09 mil/yr [Figure 40 and
41, D(0,)=10"* cm?/s, SRNL-STI-2010-00047] for Type | and Il tanks, and corrosion rates equal
to 0.04 mil/yr for Type Ill and IV tanks [Tables 28 and 29, D(0,)=10"* cm?s, WSRC-STI-2007-
00061, Rev. 2]. The magnitude of those corrosion rates corresponds to passive corrosion. As a
comparison, a liner 0.5-in thick would corrode in 12,500 years at a rate of 0.04/mil/yr. Because
of this slow rate, DOE concludes that the liner failure time is mostly controlled by the penetration
time of a carbonation front, and that results are almost independent of the magnitude of the
oxygen diffusion coefficient, provided that it is less than 10™ cm?/s.

The steel liner failure times for various tank types for the performance assessment are
summarized in Table 4.2-32 of the HTF Performance Assessment. As previously stated, for
Type | and Il tanks the assumed value of the oxygen diffusion coefficient was 10™* cm?/s,
independently of the case (A, B, C, D, or E). For Type IlIl/llIA and IV tanks, DOE assumed a
value of the oxygen diffusion equal to 10™® cm?/s, also independently of the configuration. The
numerical distinction to the performance assessment results of selecting and oxygen diffusivity
of 10™ cm?/s or 107 cm?/s is negligible, as associated liner corrosion rates are computed by the
DOE to be in the passive range (due to the assumption of oxygen diffusion control of the
corrosion rate).

In the computation of corrosion rates controlled by oxygen diffusion (chloride-induced corrosion
case) that are described in SRNL-STI-2010-00047 and WSRC-STI-2007-00061, Rev. 2,
assumptions that corrosion is uniform and that the oxygen reduction reaction (1/2 O, + H,O +
2e"—OH") happens at the same location as the iron oxidation reaction (Fe—Fe?* + 2e7) are
implicit. In SRNL-STI-2010-00047, the possibilities of galvanic corrosion and macro-cell
corrosion (due to different levels of water saturation and oxygen availability) associated with the
separation of anodic and cathodic regions on the liner are recognized. In general, anodic areas
could be much smaller than cathodic areas, potentially leading to liner regions undergoing faster
corrosion than computed under the assumption of uniformly spread corrosion. Oxygen
reduction could occur on other metal surfaces with accessible oxygen, such as the rebar or
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transfer lines (the liner is possibly in electrical contact with concrete vault rebar and transfer
lines). The availability of oxygen for corrosion reactions should be higher above the water line
for partially or fully immersed tanks. Also, the chloride concentration in the concrete vault could
be higher near the water line, due to evaporation; thus contributing to differentiation between
cathodic and anodic areas in the liner and rebar.

The implicit conclusion in the DOE analyses that the carbon steel remains in the passive state
depends strongly on considerations and assumptions of effective diffusivity through
cementitious materials over long time periods (see RAI-NF- 2), uniformity of the corrosion
process, and space-point balance of cathodic and anodic reactions.

Path Forward

Provide a technical basis for the implicit conclusion that the carbon steel liner in contact with
chloride solution would remain passive, especially since (i) concrete could degrade as a function
of time, (ii) oxygen availability varies along metal surfaces especially for tanks partially or fully
immersed, and (iii) it is not strictly necessary for oxygen reduction to occur at the same location
where carbon steel actively corrodes.

RAI-NF- 2

Provide a technical basis for the assumption that the diffusion coefficients for carbon dioxide
and oxygen that are used for steel liner lifetime estimates appropriately bound the permeability
changes in concrete due to carbonation.

Basis

To estimate steel liner lifetimes in the HTF Performance Assessment base case (i.e., Case A),
DOE assumes effective diffusion coefficients for carbon dioxide [ D(CO,)=1E-6 cm?/s] and
oxygen [D(O,)=1E-4 cm?/s (Type I/ll); D(O,)=1E-6 cm?/s (Type lII/IIIA/IV)] through cementitious
materials. On page 317 of the HTF Performance Assessment, DOE indicates that diffusion
coefficients are typically calculated or measured to be approximately 1.0E-8 cm?s.

Rebar corrosion is known to crack concrete and cause spallation, due to the volume expansion
of corrosion products. Literature information relates the timing of cracking, due to carbonation,
and the extent of cracking to the rebar cover. The rebar cover is the thickness of the concrete

on top of the rebar. It is not clear how the analysis in SRNL-STI-2010-00035, Rev. 0O relates to
information in the literature linking cracking to the cover thickness.

Analyses in the literature relate cracking of reinforced concrete to the cover thickness (e.g.,
Parrot, 1990; Andrade et al., 1993; Molina et al., 1993; Neville, 1996). The rebar cover in the
reinforced concrete vaults are expected to be a few centimeters of concrete. Parrott (1990)
states that cracks are not expected when the carbonation depth is less than one-half of the
cover, but significant rebar corrosion, cracking and spallation can occur when the carbonation
depth is in excess or well in excess of the cover thickness.

Cracks would affect permeability of concrete and the diffusivity of CO, through the system.
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Enhanced diffusivity of CO, would enhance the penetration rate of the carbonation front, which
in turn would activate corrosion of deeper rebar, and potentially cause additional cracking of the
concrete. Rebar could also actively corrode due to the presence of chloride in the groundwater.

Information is needed on whether a gradual rebar corrosion process and cracking of the
concrete vault would affect significantly affect permeability of the concrete vaults thereby
potentially reducing steel liner lifetime estimates (SRNL-STI-2010-00035, Rev. 0) used in the
HTF Performance Assessment.

Path Forward

Provide a technical basis for the diffusion coefficients for carbon dioxide and oxygen assumed
for steel liner lifetime projections. The basis should discuss whether the coefficients
appropriately account for permeability changes of the concrete due to carbonation, especially
since rebar can be located close to the vault surface and can exhibit enhanced corrosion rates
due to carbonation at an earlier time.

RAI-NF- 3
The technical basis should be enhanced for the estimated longevity of reducing conditions that
is important to the retention of redox-sensitive radionuclides in the waste tanks.

Basis

Reducing conditions are assumed in the HTF Performance Assessment to provide a significant
chemical barrier to the release of redox-sensitive radionuclides. The longevity of reducing
conditions is dependent on the ability of reduced sulfur species in the blast furnace slag to react
with dissolved oxygen in the infiltrating water. The HTF Performance Assessment utilized
Geochemist’s Workbench to estimate the longevity of reducing conditions. The simulation used
the mineral pyrite (FeS,) to account for the reducing capacity of the grout (SRNL-STI-2012-
00404, Rev. 0).

The lack of empirical data supporting the selection of pyrite to represent the grout reducing
capacity means the calculated E;, transition time is uncertain. Recent research indicates that
sulfide phases present in blast furnace slag might not be adequately accounted for by the use of
pyrite as a proxy, as discussed in ML12272A082. PNNL-21723 reported observed reduced
sulfur species in leachates from saltstone simulant experiments that also utilized blast furnace
slag to impart reducing conditions. If the reduced sulfur phase(s) in blast furnace slag is more
soluble than pyrite, the geochemical modeling in the HTF Performance Assessment would
overestimate the longevity of reducing conditions in the grout.

Path Forward

DOE should provide additional support for the assumption that pyrite is a reasonable proxy in
geochemical modeling for representing the reducing capacity. Additional support could include
laboratory studies conducted to determine the reducing capacity that may be removed by
leaching.
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RAI-NF- 4

The technical basis for the ratio of 90% unconditioned groundwater to 10% grout conditioned
water contacting the contaminated zone for conditions B, C, and D for submerged and partially
submerged tanks throughout the period of performance is not well supported.

Basis

The HTF Performance Assessment assumes that the water contacting the contaminated zones
in the submerged and partially submerged tanks consists of 90% unconditioned groundwater
and 10% conditioned water that has migrated through the reducing grout. The assumption of
10% mixing of conditioned water provides a significant chemical barrier to radionuclide release.
The basis for the 90:10 ratio approximates the modeled lateral-to-vertical groundwater flow
velocities. However, the presence of engineered barriers at the HTF challenges this
assumption.

The closure cap and the grouted tanks both decrease the likelihood that 10% of the water
contacting the contaminated zone will be conditioned by the overlying grout. The presence of
the closure cap is assumed to limit water migrating into the partially submerged tanks early in
the performance period. In addition, the low hydraulic conductivity of the grout relative to the
high potential hydraulic conductivity of preferential pathways also calls into question the
assumption of 10% of the water that contacts the contaminated zone will be conditioned by the
overlying grout. Itis not clear to NRC staff that overlying grout will be able to condition water
migrating through preferential pathways within the tanks.

Path Forward

Provide additional technical bases for assuming that the water contacting the residual waste will
consist of at least 10% water that is conditioned by the grout under closed conditions. DOE
should consider the impact of time-dependent degradation of engineered barriers on this
assumption. Alternatively, DOE could assess the sensitivity of the results to this assumption
(e.g., assume a bounding condition of 100% of the water contacting the contaminated zone is
unconditioned by the overlying grout).

RAI-NF- 5

The concentration of dissolved oxygen in the groundwater that was assumed in the
geochemical modeling for the submerged and partially submerged tanks might be
underestimated.

Basis

The assumed low dissolved oxygen in groundwater prolongs the reducing conditions for the
submerged and partially submerged tanks relative to the non-submerged tanks. DOE relies on
well P27D, because it is currently the only well in HTF area with measured dissolved oxygen
values. However, well P27D is anomalously low relative to the other SRS water table wells.
DOE stated that the low dissolved oxygen is due to local geology and that the values are likely
reasonable for Type | tanks, however, DOE expects the dissolved oxygen values to be higher
for Type Il tanks (ML13126A127). NRC staff is concerned that several factors could have
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resulted in well P27D dissolved oxygen values being lower than groundwater conditions within
the HTF, including screening depth and locally impacted groundwater conditions.

Path Forward

DOE should evaluate the impact of using dissolved oxygen values that are consistent with
measurements of unimpacted groundwater dissolved oxygen values across SRS (i.e., how
many pore volumes would be required to transition the grout from reducing to oxidizing
conditions). Alternatively, DOE could collect additional dissolved oxygen measurements within
the HTF at locations and elevations that are in closer proximity to the tanks.

RAI-NF- 6
The assumed solubility values for plutonium in the deterministic and probabilistic analyses are
not well supported.

Basis

The assumed solubility of plutonium under reducing and oxidizing conditions in the HTF
Performance Assessment provide a significant chemical barrier to waste release. The HTF
Performance Assessment relies on a study in SRNL-STI-2012-00404, Rev. 0 that assumes
PuOgz(am, nya) Will control the solubility at 3E-11 mol/L under the three assumed chemical
conditions. This assumption appears to be based on the thermodynamic calculations reported
in SRNL-STI-2012-00087, Rev. 0. In this report, DOE argues that plutonium particles will be
present as PuOym, hya) based on thermodynamic stability. NRC staff are concerned that this
assumption is not well supported and is inconsistent with Savannah River Site observations.

Residual waste samples from Tank 18F were indicative of a plutonium carbonate phase that
had a significantly higher solubility than the phase assumed in the HTF Performance
Assessment (ML12272A082). As discussed by NRC staff in the technical review, there may be
a thermodynamic potential for plutonium carbonate phase(s) to transform into PuOyam, nhya);
however, several factors may inhibit or preclude transformation. If higher solubility plutonium
phases are present in risk-significant quantities after the final cleaning of the tanks, additional
information will be needed to demonstrate that the 10 CFR Part 61 performance objectives will
be met. This information includes verification that any higher-solubility plutonium phases will
convert to lower solubility phases under reducing grouted conditions. In addition, the HTF
Performance Assessment has insufficient support for: (i) the as-modeled E,, threshold at which
the solubility of plutonium significantly increases and (ii) the assumption that the E;, of infiltrating
water will remain less than this threshold value during oxidizing conditions.

Path Forward

During the final characterization of residual tank waste, DOE should: (i) demonstrate that the
quantity of high-solubility plutonium phase(s) remaining in the tanks is not risk-significant or (ii) if
the quantity is risk significant, the high-solubility phase(s) will convert to lower-solubility phases
under reducing grouted conditions. DOE should also provide additional support for the
assumption that the E,, of infiltrating water will remain below the E;, threshold upon which
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plutonium transitions to a higher solubility phase than assumed in the HTF Performance
Assessment.

RAI-NF-7
DOE does not provide a sufficient basis for assuming that 100% of the technetium-99 is co-
precipitated with iron.

Basis

The assumption that 100% of the Tc-99 is co-precipitated with iron significantly limits its release
under all chemical conditions. Based on SRNL-STI-2012-00404, Rev. 0, DOE assumes that
tank washing will effectively remove all of the more soluble Tc-99. The authors also cite several
studies from Hanford that provide evidence of Tc-99 being co-precipitated with iron. However,
DOE has not demonstrated that tank washing will remove all of the more soluble technetium-99
and that the remaining Tc-99 will be co-precipitated with iron.

Path Forward

If the inventory of Tc-99 is not reduced to an insignificant risk level, DOE should provide
experimental evidence to support the assumption that technetium solubility is controlled by iron
co-precipitation under all chemical conditions.

RAI-NF- 8
The assumption that solubility limits apply to radionuclides that migrate upward from annular
waste into the contaminated zone is not well supported.

Basis

Although no solubility control is assumed for radionuclides associated with waste initially located
in tank annuli, solubility controls are realized for radionuclides that are able to diffuse into the
contaminated zone from the annulus. For example, DOE estimates that technetium-99 in Tank
16H is present in higher quantities in the annulus (primary sand pad) compared to the
contaminated zone with no effective transport barrier between the two (Tank 16 is assumed to
have a failed liner initially; the tank liner would constitute a transport barrier to upward diffusion if
it were effective). The Tc-99 inventory located within the primary liner is constrained to low
aqueous concentrations owing to solubility controls associated with iron co-precipitated phases
that are placed on this constituent in the contaminated zone. The assumption that solubility
limiting phases would control the solubility of radionuclides that diffuse upward from the annulus
is not well supported, particularly for radionuclides (i.e., technetium) that DOE models as co-
precipitated with iron phases. Given the large concentration gradient and small diffusion length
between the primary sand pad, where the bulk of Tank 16H annulus contamination is placed in
the PORFLOW® model, and the contaminated zone, a significant portion of Tc-99 diffuses into
the contaminated zone where it is retained for most of the simulation timeframe due to very low
solubility limits associated with iron co-precipitation. Although Tc-99 in Tank 16H may not be
risk-significant, risk-significant quantities of key radionuclides may be present in Tank 16H or
other tanks and experience the same phenomena.
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Path Forward

Assess the sensitivity of solubility control on that portion of annular inventory that diffuses into
the contaminated zone on tank releases (or resultant doses). DOE should also provide a basis
for solubility limits in the contaminated zone for radionuclides that are transported upward from
the annulus and sand pads in Type | and Il tanks. In particular, the basis should address the
appropriateness of iron co-precipitated phases to limit solubility of radionuclides that have
migrated into the contaminated zone within the primary tank liner.

RAI-NF- 9
Solubility values used in the probabilistic modeling do not adequately account for uncertainty.

Basis

In Section 5.6.3.3 of the HTF Performance Assessment, DOE states that the uncertainty in
solubility values is accounted for by conservatively selecting the solubility controlling phases.
DOE also discusses that the uncertainty in thermodynamic data is addressed by modifying the
chemical transition times in GoldSim®.

The probabilistic model in the HTF Performance Assessment assumes a discrete distribution for
the solubility controlling phases, as discussed in Section 5.6.3.3 of the HTF Performance
Assessment. DOE assumes that the probability of iron co-precipitation for plutonium,
technetium, neptunium, and uranium is 50% with the remaining 50% assigned to approximate
the solubility values listed in Table 4.2-11 of the HTF Performance Assessment. The values
listed in Table 4.2-11 of the HTF Performance Assessment are approximately consistent with
the base case values for the deterministic modeling for plutonium, neptunium, and uranium. For
technetium, DOE assumes that it is co-precipitated with iron in the deterministic base case
rather than using its solubility value listed in Table 4.2-11 of the HTF Performance Assessment.
However, DOE has only provided indirect evidence of iron co-precipitation of highly radioactive
radionuclides. Furthermore, DOE does not account for the possibility of higher solubility phases
due to the presence of carbonate ions even though analyses of residual waste from Tank 18F
identified a uranyl carbonate phase and were also indicative of a plutonium carbonate phase
(ML12272A082). In addition, the base case solubility values do not represent a reasonable
upper solubility limit.

To help account for the uncertainty in relying on thermodynamic data for solubility values, DOE
utilized the uncertainty information provided by the Nuclear Energy Agency (NEA) with the NEA
database (SRNL-STI-2012-00404, Rev. 0). The range of solubility values, as calculated in
SRNL-STI-2012-00404, Rev. 0, exceed the base case solubility values assumed in the
probabilistic model for plutonium, neptunium, and uranium.

It is not clear how the uncertainty in thermodynamic data was accounted for with the
modifications in the chemical transition times. For example, the solubility of plutonium does not
appreciably vary between three assumed chemical conditions. However, SRNL-STI-2012-
00404, Rev. 0 indicates that the uncertainty in thermodynamic data can result in two orders of
magnitude variation in solubility. Accordingly, varying the chemical transition times would not
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account for the uncertainty in thermodynamic data related to the solubility of plutonium.

In Section 5.6.7.3 of the HTF Performance Assessment, DOE provides a one-off deterministic
sensitivity analysis of plutonium, neptunium, technetium, and uranium solubility values. The
pessimistic solubility values that DOE assumed in study 1 provide only limited risk insight.
Unless implausible, these pessimistic values should be considered to develop the solubility
value distributions in the full probabilistic analysis.

NRC staff disagree with DOE's assertions that: (i) solubility controlling phases for plutonium,
neptunium, technetium, and uranium were conservatively selected and (ii) varying the chemical
transition times adequately accounts for the uncertainty in thermodynamic data. Based on the
lack of direct evidence supporting the assumed solubility controlling phases and the
thermodynamic modeling reported in SRNL-STI-2012-00404, Rev. 0 which suggests higher
solubility values are possible, NRC staff is concerned that the assumed probability distributions
in the HTF Performance Assessment for plutonium, neptunium, technetium, and uranium are
optimistic.

Path Forward
DOE should revise the assumed probability distributions with more defensible values and
provide revised results from the probabilistic analysis.

RAI-NF- 10

The assumption that there is not a preferential pathway through the tank vaults and grout in the
base case is not well supported. Consideration of a preferential pathway is especially important
for Type | and Il tanks that are submerged or partially submerged, with several containing
significant quantities of radionuclides outside of the primary liner.

Basis

DOE assigns a probability of 75% to the base case (Table 5.6-5 of the HTF Performance
Assessment), assuming that preferential pathways are not likely to occur throughout the entire
period of performance. Based on historical evidence of waste release from Tank 16H into the
environment (DP-1358) and operational observations of groundwater in-leakage over a
relatively short timeframe, NRC staff are concerned that the probability of water migrating into
the tanks through preferential pathways in the concrete vaults and contacting the waste is
greater than assumed in the HTF Performance Assessment. Grouting of the tanks and annuli
will help limit the presence of preferential pathways; however, grout shrinkage and degradation
are likely to result in preferential pathways. In addition, the grouting of the tanks will reduce the
hydraulic head associated with the submerged and partially submerged tanks; however, the
hydraulic gradient of the Upper Three Runs aquifer will still provide a small hydraulic driving
force.

Path Forward
DOE should provide additional technical basis for assuming that preferential pathways are a low
probability scenario in light of observations suggesting preferential pathways already exist
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through concrete vaults. Alternatively, DOE could include the presence of preferential pathways
in their base case analysis or treat the various cases as independent conceptual models and
report the conditional results (i.e., unweighted by their likelihood).

RAI-NF- 11

The assumption that the flow of water through the preferential pathway is limited to water that
has infiltrated through the closure cap, may underestimate the release of short-lived
radionuclides for submerged and partially submerged tanks.

Basis

Alternative cases B-E in the HTF Performance Assessment are designed to account for
mechanisms that could result in the occurrence of a preferential pathway. The HTF
Performance Assessment assumes that flow through the preferential pathway is only from water
that has infiltrated through the closure cap. The closure cap is designed to limit infiltration early
in the performance period, providing time for shorter-lived radionuclides (e.g., Sr-90 and Cs-
137) to decay to less significant levels. However, operational experience suggests that
groundwater in-leakage through a preferential pathway could occur earlier in the performance
period. The assumption of limiting flow through the preferential pathway to water that has
infiltrated through the closure cap could significantly underestimate the release of short-lived
radionuclides due to groundwater in-leakage.

Path Forward
DOE should evaluate the potential release of radionuclides due to groundwater in-leakage via a
preferential pathway through the submerged and partially submerged tanks.

RAI-NF- 12
In Tanks 9H and 10H (Type |), the loading of the annular source term in the reducing grout and
the location of the preferential pathway appear to be unrealistic.

Basis

In DOE’s PORFLOW® model (see Figure 1), the annular waste in Tanks 9H and 10H is loaded
within the bottom of the annular reducing grout. Loading of the annular waste into the bottom of
the reducing grout in DOE’s PORFLOW® model assigns K4 values associated with reducing
grout. For redox-sensitive radionuclides, this appears to significantly limit mobility even though
this waste is assumed to be highly mobile. In addition, the preferential pathway represented in
cases B-E does not intersect the annular waste in Tanks 9H and 10H. Based on operational
experience, NRC staff is concerned that groundwater in-leakage into the annular region could
occur and that the associated risk with this scenario is not adequately addressed within the
Performance Assessment.
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Tanks 9 and 10 (Type |)
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Figure 1. lllustration of the as-modeled annular waste and fast pathway in
Tanks 9H and 10H

Path Forward
DOE should evaluate a waste release scenario due to groundwater in-leakage into and out of
the annular region and contacting the high-solubility waste in the annuli of Tanks 9H and 10H.

RAI-NF- 13
In Tanks 14H and 16H (Type ll), it is not clear to what extent the preferential pathway interacts
with the waste located in the primary and secondary sand pads.

Basis

The potential release of radionuclides from the sand pads in Tanks 14H and 16H could be
limited by the amount of water flowing through the preferential pathway and/or diffusion of the
radionuclides out of the sand pads (See RAI-NF-8). The sand pads in Tanks 14H (primary sand
pad only) and 16H (primary and secondary sand pads) contain a significant amount of activity.
In the HTF Performance Assessment, DOE assumes that the steel liners in between the sand
pads in these tanks are not barriers to flow. However, the preferential pathway is modeled as
occurring above the sand pads in the contaminated zone (see Figure 2). The extent to which
the sand pad inventories are contacted by flow in the preferential pathway is not clear. In
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addition, the HTF Performance Assessment does not discuss the extent of diffusion out of the
sand pads and into the adjacent cementitious materials.

It appears that a potentially significant fraction of the highly radioactive radionuclide inventory is
diffusing into the basemat and/or contaminated zone prior to release. Diffusion of radionuclides
out of the primary and secondary sand pads is facilitated in the model by a high diffusion
coefficient, large concentration gradient, small diffusion length, assumption of no steel liners,
and a delay in the flow through the fast pathway due to closure cap. Although the steel liners
are not assumed to not be intact for Tanks 14H and 16H due to the large number of leak sites,
the steel liner could still act as a partial barrier to diffusion. Also, the delay in flow through the
preferential pathway, due to the assumption of flow being limited to infiltration through the
closure cap, may overestimate the amount of time radionuclides can diffuse out of the sand
pads if groundwater in-leakage were to occur.

Tanks 14 and 16 (Type ll)

CaseDandE ——>
Fast Pathway

Vault
1
i . 1
Prlm_alry Steel Liner )
(no liner assumed) I
. _ Zone of
Constlructwon : Contaminated Zone Water Table
Joints 1 Fluctuation
T~

Secondary Steel Liner
(no liner assumed)

Secondary Sand
Pad Contamination
(Tank 16 Only)

Figure 2. lllustration of the as-modeled sand pad waste and fast pathway in
Tanks 14H and 16H

Path Forward
DOE should discuss the extent to which the preferential flow path affects the waste located in
the sand pads and its risk significance. This should include the fraction of the inventory of the
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short-lived radionuclides (e.g., cesium-137 and strontium-90) that decay prior to significant flow
occurring in the fast flow path. DOE should also provide discussion regarding the fraction of the
highly radioactive radionuclides (e.g., technetium, plutonium, and neptunium) that diffuse out of
the sand pads and into the grout or basemat.

RAI-NF- 14

Although several HTF sources are expected to be located below the water table, tank releases
are modeled under unsaturated conditions in the Performance Assessment. DOE should
provide additional support for modeling HTF source releases under unsaturated conditions.

Basis

DOE simulates releases from HTF sources that are expected to be located below the water
table through use of unsaturated, near-field flow and contaminant transport models.
Radionuclide fluxes extracted from the unsaturated zone models are then used to load
radioactivity into the HTF/PORFLOW® model that is used to simulate saturated zone transport
at HTF.

For submerged and partially submerged tanks (i.e., Type | and Il tanks), no vadose zone is
expected to be present but inclusion of a vadose zone in the near-field model domain may
increase travel times to a potential receptor if the contaminant flux is calculated based on flux
out of the near-field model domain (versus flux out of the tank/vault system). Predicted doses
may also be sensitive to the manner in which contaminant flux is loaded in the saturated zone
model (e.g., number of source cells or source location). Finally, release rates from HTF sources
may be higher in the saturated zone compared to the vadose zone in certain cases. Therefore,
DOE should provide additional clarification or support for model simplifications to provide
assurance that doses are not significantly underestimated in the HTF Performance Assessment.

Path Forward
DOE should clarify if the near-field model fluxes are calculated at the bottom of the HTF tank
basemats or at the bottom of the near-field model domain.

DOE should clarify the location of source loading (elevation of source release relative to the
water table) and the number of source cells used to represent the source. DOE should provide
an estimate of the range in potential dose based on dilution or concentration of the contaminant
flux given source loading selections.

DOE should evaluate the impact of simulation of HTF source releases in an unsaturated zone
model for submerged and partially submerged tanks. DOE should consider all relevant
flow/transport regimes in evaluating whether radionuclide release rates could be potentially
underestimated. For example, DOE should consider cases where flow rates through the
engineered system may be low and releases limited by diffusion. For example, relatively high
flow around the tank/vaults in the saturated zone at early times could lead to higher release
rates, if flow rates in the saturated zone maintain a higher concentration gradient. DOE should
also consider cases where flow occurs predominately through preferential pathways through the
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tank/vaults in alternative configurations (i.e., could releases be underestimated at early times in
the near-field model if flow were to occur primarily through preferential pathways in the
saturated zone prior to significant cementitious material degradation). Finally, DOE should
consider the period of time when flow through the grout monolith increases significantly and
releases are dominated by advection through the cementitious materials. Details regarding
hydraulic head gradients and the magnitude of flow through the engineered system in a
saturated system should be provided. Note that additional detail from Portage modeling
(PORTAGE-08-022) may be helpful in responding to a portion of this request for additional
information.

CC-NF- 1
Provide documentation of groundwater in-leakage into the submerged and partially submerged
tanks.

CC-NF- 2

DOE should provide additional support for the assumption that the chemical transition from
Oxidized Region |l to Oxidized Region lll is not risk significant. The assumed solubilities for the
highly radioactive radionuclides in the HTF do not appear to be sensitive to the pH transition.
However, future revisions to the HTF Performance Assessment and updated geochemical
modeling may indicate that certain radionuclide solubilities are sensitivity to pH.

The normative mineralogy of the hydrated grout assumed for the Geochemist's Workbench
modeling of grout degradation is based on a mass balance calculation using the chemical
composition of unhydrated cement. DOE used select phases that were taken from published
cement simulations (i.e., Hoglund, 2001; Lothenbach and Winnefeld, 2006; Kulik, 2011) to
represent the normative mineralogy in the grout degradation modeling. However, the minerals
that DOE selected to represent the hydrated grout are inconsistent with the minerals from
Hoglund (2001) and Lothenbach and Winnefeld (2006). Because the mineralogy used in
modeling grout degradation determines the pH evolution of grout pore water, which in turn
affects the calculated solubility, using an incorrect mineralogy in the model could lead to non-
conservative solubilities and releases of radionuclides from the contaminated zone.

CC-NF- 3

DOE should provide a basis that the use of Hanford sediments to develop the cement-leachate
impacted Kgs (Table 4.2-25 of the HTF Performance Assessment) for HTF vadose zone soil is
appropriate. Further, DOE should clarify why the Hanford derived cement leachate factor for
plutonium (a factor of two) was not applied to derive the cement-leachate impacted from the
non-impacted Ky in the HTF Performance Assessment. In its clarification, DOE should also
more clearly describe how the factor of two was derived from PNNL-16663, which resulted in a
factor of 0.25.
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CC-NF- 4
DOE should clarify whether the piping that enters the tanks will be grouted.

CC-NF- 5

The analytic solution to the diffusion equation to compute the chloride concentration on page 32
in SRNL-STI-2010-00047 appears to be incorrect to use at long times. It appears to only be
valid to use at short times, when the depth of the chloride penetration is small compared to the
vault thickness. The analytical solution assumes a fixed concentration at x=0, zero
concentration at x=«, and zero initial concentration. Instead, a correct solution for long times
should consider zero flux at the concrete/liner interface, to keep all of the chloride within the
vault thickness. Because of the incorrect use of the analytic equation, chloride concentrations
at the concrete/steel interface in Figures 18 and 19 may be underestimated. Such figures are
only provided to derive a notion of times for chloride to diffuse. These results do not appear
relevant to time estimates in the stochastic methodology. Confirm that these results are not
relevant to estimates of liner failure.

Hydrology and Far-Field Transport

In the HTF Performance Assessment, DOE uses a far-field model to simulate the flow and
transport of radiological constituents released from HTF tanks through the saturated zone to
various points where a receptor might be exposed. PORFLOW® is used to deterministically
simulate flow and transport in the far-field environment for the base case and alternative
configurations. Far-field transport is also simulated in a probabilistic analysis using GoldSim® for
the base case and alternative configurations. NRC staff focused its review of the HTF
Performance Assessment on factors affecting far-field model dilution including infiltration
rates, flow directions, Darcy velocities, and dispersion.

Factors potentially important to far-field performance for FTF are discussed in the FTF Monitoring
Plan (MLA12212A192). These factors include natural attenuation of plutonium and calcareous
zone dissolution impacts on contaminant flow and transport. NRC staff also listed review of
environmental monitoring data as a monitoring factor for FTF. Table 11 lists the FTF monitoring
factors, as well as other potential performance assessment maintenance activities that were
recommended in NRC staff's FTF TER (ML112371751), and indicates those recommendations
and comments that NRC staff believes remain relevant for HTF. NRC staff does not expect DOE
to provide additional information to address monitoring factor technical issues or potential
performance assessment maintenance items during the consultative process for HTF. However,
DOE may elect to provide NRC additional information to address the Table 11 items relevant to
HTF, if available.

During its review of the HTF Performance Assessment, NRC staff developed new comments
specific to HTF related to model calibration and time-variant recharge and flow. To develop the
HTF far-field comments, staff reviewed the HTF Performance Assessment and supporting
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documents. The staff’s review criteria pertaining to far-field radionuclide transport are contained
in Sections 4.2, 4.3.4,4.4, 4.5 and 4.6 of NUREG-1854.
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RAI-FF- 1
The HTF/PORFLOW® model may not be well calibrated. DOE should provide more detail
regarding model calibration at HTF.

Basis
GSA/PORFLOW® (and GSA/FACT?) documentation suggests that the GSA model is not well
calibrated local to HTF. For example, WSRC-TR-96-00399, Rev. 1, Volume 2 indicates that:

o there are unexpected high residuals east of HTF (Page 23);
o relatively larger residuals are found in and east of HTF (Page 24);

e additional work is needed to better define the artificial recharge and hydraulic
conductivity field at HTF, and that artificial recharge may be excessive suggesting the
hydraulic conductivity field may require additional adjustment (Page 25); and

e additional work is needed to better define uncertainty in model predictions (Page 25).

Further, WSRC-TR-2004-00106, Rev. 0 indicates on page 23 that GSA/PORFLOW head
residuals are generally relatively large compared to GSA/FACT and that the artificial recharge
zone in the GSA/FACT model was more effective at reducing head residuals at HTF but was
considered less realistic. Page 24 of WSRC-TR-2004-00106, Rev. 0 goes on to state that more
extensive model calibration would improve the GSA/PORFLOW® model.

The HTF/PORFLOW® model uses the flow field output from the GSA/PORFLOW® model to
simulate contaminant fate and transport for the purpose of making dose predictions in the HTF
Performance Assessment. If the HTF/PORFLOW® model is not well-calibrated, the dose
predictions may be over- or under-estimated depending on such factors as source location and
radionuclide.

Path Forward

DOE should provide additional information regarding the goodness of fit of the model to
calibration targets (e.g., water levels) local to the area of interest at HTF. This information
should include residuals and calibration statistics for calibration targets available at the time of
GSA/PORFLOW?® modeling. More recent information could also be used to evaluate model
agreement to measured values, if calibration targets used at the time of modeling are not
thought to be representative of post-closure conditions (see RAI-FF- 2). Environmental
monitoring data could also be used to help validate the HTF/PORFLOW® model and
demonstrate the sufficiency of the model in predicting contaminant fate and transport at HTF.
For example, DOE could perform backwards particle tracking to identify the source of observed

2 The GSA/FACT model is the predecessor to the GSA/PORFLOW® model. Similar data sets were used
to construct both models. A similar conceptual model of the GSA is implemented in the models.
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Gordon aquifer contamination. If corroborating source release information is available,
validation exercises may provide additional support for the predictive capability of the
HTF/PORFLOW® model.

RAI-FF- 2

HTF calibration targets developed during GSA model development may not represent post-
closure conditions. DOE should evaluate the representativeness of HTF calibration targets to
long-term conditions.

Basis

The GSA/FACT and GSA/PORFLOW® models, upon which the HTF/PORFLOW® model is
based, were calibrated to what was considered long-term average water levels at the time of
modeling. However, operational sources and sinks at HTF may have influenced water level
measurements used to develop calibration targets. Calibration targets may also be biased high
or low in comparison to long-term values given the relatively short time interval over which water
level measurements were averaged. If the HTF/PORFLOW® model is not well calibrated to
calibration targets representative of post-closure conditions, it is unclear if the HTF/PORFLOW®
model is adequate for the purposes of simulating post-closure contaminant flow and transport at
HTF.

Path Forward

GSA/FACT model documentation lists a number of potential sources local to HTF. For
example, WSRC-TR-96-00399, Rev. 1, Volume 2 (page 21) lists a number of water leaks or
potential sources to the model and indicates that undoubtedly unknown leaks exist at HTF.
DOE should evaluate the potential for GSA/PORFLOW® calibration targets to have been
influenced by potential sources and sinks, including the sources listed in the GSA/FACT model
documentation.

Since the GSA/FACT and GSA/PORFLOW® models were developed, additional information has
been collected at HTF that could also be used to evaluate the representativeness of the
calibration targets. DOE could perform the following types of activities related to consideration
of new information:

o Develop new calibration targets based on a longer or more representative period of
record.

Develop uncertainty ranges for calibration targets.
e Evaluate the goodness of fit of the HTF/PORFLOW® model to new calibration targets.
e If necessary, recalibrate the GSA/PORFLOW® model®.

Finally, DOE could provide arguments as to why the HTF/PORLOW® model is adequate for the
purposes of making long-term dose predictions for the HTF Performance Assessment (e.g.,

® Model recalibration is a long-term effort that is not expected to be accomplished during the RAI
resolution period.
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sufficient accuracy or biased towards higher dose predictions).

RAI-FF- 3

A strong physical basis for adjustments to the Upper Three Runs Aquifer hydraulic conductivity
at HTF during GSA/PORFLOW® model calibration was not provided. DOE should provide
additional support for hydraulic conductivity assignments at HTF.

Basis

Adjustments to hydraulic conductivity during the GSA/PORFLOW® model calibration process
may not be adequately supported and could lead to significant impacts to the flow field at HTF.
Changes in hydraulic conductivity could lead to increased or decreased dilution factors and
travel times. Dose predictions could be under- or over-estimated depending on such factors as
source location and radionuclide.

GSA/PORFLOW® model documentation (WSRC-TR-2004-00106, Rev. 0) indicates that during
model recalibration, hydraulic conductivity was lowered and artificial recharge sources* omitted
at HTF. The documentation indicates that a low permeability confining zone or generally lower
hydraulic conductivity was thought to exist at HTF but supporting details were lacking. More
recently, DOE indicated that there may be evidence of low permeability zones and perched
water at HTF but upon further investigation stated that there appears to be a lack of
corroborating evidence for perched zones at HTF (ML13126A127; ML13154A327).

Path Forward
DOE should perform the following activities to clarify and provide additional support for the
hydraulic conductivity assignments at HTF:

o Clarify the horizontal and vertical extent of hydraulic conductivity adjustments at HTF.
e Provide additional support for the hydraulic conductivities assumed for HTF.

o Evaluate the impact of hydraulic conductivity adjustments on key radionuclide
concentrations and dose at the compliance boundaries.

RAI-FF- 4

Time variant recharge rates and flow are not considered in the HTF/PORFLOW® model but may
be risk-significant. DOE should evaluate the impact of time-variant recharge rates and flow on
HTF Performance Assessment predictions.

Basis

HTF flow fields may be variable over time due to climatic variability or engineered barrier
degradation; however, DOE uses a long-term, steady state (saturated zone) model to predict
contaminant fate and transport at the HTF. Changes in flow rates and directions at HTF over

* Artificial recharge sources at HTF were added during predecessor model, GSA/FACT, calibration.
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time may have a significant impact on dose predictions.

While the GSA/PORFLOW® model uses a recharge rate of 19 in/yr over most areas of the
model domain (WSRC-TR-2004-00106, Rev. 0), the long-term infiltration rate is assumed to be
approximately 12 in/yr after degradation of the engineered closure cap. Additionally, the
engineered closure cap at HTF is assumed to be effective at reducing recharge to relatively low
rates for hundreds to thousands of years following HTF closure. Yet, the impact of the closure
cap on recharge rates following facility closure is not considered in the far-field model.

While the closure cap is generally expected to reduce infiltration, the area between the west and
east closure caps may represent an area of increased infiltration due to runoff from the caps.
The impact of increased runoff from the caps was evaluated in Portage (PORTAGE-08-022,
Rev. 0), but infiltration was limited in the drainage area between the west and east caps and a
more detailed evaluation of the effect of the cap on HTF performance would be beneficial.

While the FTF Performance Assessment (SRS-REG-2007-00002, Rev. 1) did not consider time-
variant recharge rates, in most cases releases from the tanks were not assumed to occur until
after the closure cap and cementitious materials were degraded and recharge rates were near
long-term, steady-state values. However, time-variant recharge rates may be more risk-
significant for HTF sources due to the fact that some tank liners are assumed to be initially failed
and releases could occur much earlier in time prior to closure cap and cementitious material
degradation (for submerged and partially submerged tank sources).

Path Forward

DOE could perform the following activities to evaluate the impact of time-variant recharge and
flow at HTF. Note that some of the activities have been partially evaluated in PORTAGE-08-
022, Rev. 0. This report can be used as a starting point in addressing this request for additional
information but additional detail would be helpful.

e Compare modeled or hand-contoured potentiometric surfaces at various points in time to
evaluate the potential for climatic variability to effect flow rates and directions at HTF.
Note that observed flow field variability may be influenced by operations as discussed in
RAI-FF- 2 and would not be necessarily indicative of long-term natural variability relevant
to the HTF Performance Assessment.

e |f found or thought to be significant, evaluate the potential impact of climatic variability on
the HTF flow field. This would include evaluation of the impact of variability on dilution,
dispersion, and cumulative impacts due to changes in flow rates and directions.

o Evaluate the impact of lower recharge rates due to the presence of an engineered
closure cap on HTF water levels and the HTF flow field.

o Evaluate the impact of increased recharge in drainage areas, particularly the area
between the west and east engineered closure caps, on HTF water levels and the HTF
flow field.

60



o Evaluate the impact of engineered barrier degradation (e.g., closure cap and tank
cement/grout) on HTF releases and the HTF flow field over time.

CC-FF- 1

Page 59 of SRR-CWDA-2010-00093, Rev. 2 indicates that some HTF plumes are spread over
both aquifers and that higher vertical dispersivities are generally needed for the eastern plumes.
Clarify what tank sources are spread over both aquifers and the differences between vertical
dispersion for western versus eastern sources in GoldSim® probabilistic modeling.

CC-FF- 2

Page 60 of SRR-CWDA-2010-00093, Rev. 2 indicates that differences in flow directions were
more significant for western sources, leading to the need for higher transverse dispersivities for
western sources. Clarify the degree of transverse spreading for various sources at HTF and
how changes in transverse dispersivity in GoldSim® probabilistic modeling are used to simulate
the effect of changing flow directions.

CC-FF- 3

DOE indicated during the June 6, 2013 (ML13183A410) site visit that additional mixing is
performed at the end of the flow path in GoldSim® probabilistic modeling to account for
increased velocities. Clarify effective dilution factors applied at the end of the flow path near the
compliance boundary in GoldSim® modeling.

CC-FF- 4

Provide approximate (effective) dilution factors for various HTF sources in GoldSim®
probabilistic model considering vertical and horizontal dispersion, as well as additional mixing
due to increased dilution at the end of the flow path. Evaluate dilution for various source
release profiles such as pulse or continuous releases with respect to peak dose for various
source locations and radionuclides.

Inadvertent Intrusion

To develop the following comments, staff reviewed the HTF Performance Assessment and
supporting documents. DOE performed an inadvertent intruder assessment to demonstrate
compliance with performance objectives related to direct intrusion into the disposal facility after
institutional controls are assumed to fail at 100 years. The staff's review criteria pertaining to the
approach to the inadvertent intruder assessment are contained in Section 5 of NUREG-1854.
The following comments address issues associated with transparency of intruder calculations.

CC-INT-1
Clarify whether intruder doses presented in Section 6 of the HTF Performance Assessment

(SRR-CWDA-2010-00128, Rev. 1) consider alternative cases.
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CC-INT-2

Provide detailed results for alternative case E.

Site Stability

NRC staff reviewed the draft Basis for Waste Determination, the HTF Performance Assessment
and supporting documents. The NRC staff’s review criteria pertaining to the approach to site
stability are contained in Section 7 of NUREG-1854. The FTF Monitoring Plan (ML12212A192)
identifies one factor potentially important to site stability for FTF— differential settlement. Table
12 lists the FTF monitoring factor, as well as another recommendation that was identified in the
FTF Technical Evaluation Report (ML112371715), and the relevance for HTF. NRC staff does
not expect DOE to provide additional information to address the monitoring factor or
recommendation during the consultative process for HTF. However, DOE may elect to provide
NRC additional information to address the Table 12 items relevant to HTF, if available.

Table 12. FTF Site Stability Recommendations or Comments Relevant to HTF

FTF Monitoring Factor HTF Relevance

8.1: Settlement

As discussed in the FTF Monitoring Plan
(ML12212A192), NRC staff will review
information related to closure cap
settlement and stability, including
consideration of (i) increased overburden
from the tank grout and closure cap on
settlement and (ii) potential for subsidence
associated with ongoing dissolution of
calcareous sediment in the Santee
Formation.

(i) NRC staff plan to review information related to settlement due to increased
overburden for HTF as it becomes available. No addition information requests in this
area are needed at this time.

(ii) DOE indicates in SRR-CWDA-2010-00128, Rev. 1 (Pg. 79) that soft zones have
been encountered in the Santee Formation beneath most of Savannah River Site, but
are less common in the northwest (updip) and more common in the southeastern
(downdip near K Area) regions. During the May 9, 2013 technical exchange
(ML13154A327), DOE indicated that SRNL-TR-2012-00160, Rev. 0 suggests that soft
zones are less a factor in H-Area than in areas to the southeast (e.g., Vogtle Nuclear
Power Plant). DOE also referred to research conducted by Georgia Institute of
Technology that is not yet published that suggests soft zones are 40,000 years old
and were not significantly impacted by the major Charleston earthquake. Further,
SRNL-TR-2012-00160, Rev. 0 (Pg. 7) noted that DOE will continue to investigate the
extent to which calcareous zones may be significant for the Utley Formation which
overlies the Santee Formation and has exhibited cavernous voids near Waynesboro,
GA. NRC staff will continue to assess the significance of soft zones on demonstrating
site stability at HTF as additional information becomes available.

NRC Recommendation 34’

NRC concluded that assumed long-term
compressive strength of the grout monolith
is not adequately supported and may be
optimistic based on observations of vault
cracks, discussed in TER Section 4.2.9.1
(ML112371715). While cracking of the
vault concrete and tank grout is not
expected to result in significant structural
tank collapse, the integrity of the vault
concrete and tank grout is important to
steel liner performance and waste release.

DOE indicated in SRR-CWDA-2010-00128, Rev. 1 (page 311) indicated the use of a
compressive strength of 1,800 psi for long-term degraded cement property is an
appropriate lower bound based on T-CLC-F-00421, Rev. 0. NRC staff will continue to
assess the adequacy of the support for DOE’s long-term compressive strength in light
of HTF observations and the potential impact on steel liner performance and waste
release.

Notes: ' See Table A-1 of the FTF Monitoring Plan (ML12212A192)
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Appendix A

NRC Clarification Questions and Summaries of DOE Responses for
Technical Exchanges Conducted as part of the
Consultation on the Draft Basis for Section 3116 Determination for
Closure of H-Tank Farm at the Savannah River Site



(111 uoiBay pazipixQ) z'6 HA pue (|| uoibay pazipixQ) |°1 | Hd
1e anjeA Y3 usamjaq pajejodiaul Alleaul] -uoneinies uabAxo
POAJOSSIP MOJaq aJe ||| pue || suolbay pazIpIxO Ul Y3 pawnssy

‘uiIseq Jo-unu a|id |eod ealy

-H Aq pajosyie aq p|nod /zd d|qissod aq os|e Aew )i ey pajels
‘sjuans Buidwes Jaies o0y Jejiwis atom Y3 pue ‘Hd ‘OQ pue z00zg
ul pajdwesal sem ||om ay) pajedlpu] “Aejo awes ay} aq 0} Jybnoy)
Sl Jeym Ui pajenyis osfe ale syuey | 8dA 1 Jey) pajeoipul "ZODL du}
aA0qe sal| Jey) JoAe| Aejo paweuun ue Ul Jo SSOI0e Paudalos 8( 0}
sieadde q/zd se suoseal 2160j0ab aq Aew alay} jey} paysabbng

-obenod Aq pajopow Se saljo0jon

MOJ} Jajempunolb |eoilian-0)-jelaje| ayj (1) pue saujsiwayd
paLieA jsow om} ay) (1) :Bunuasaidal Q1:06 JO Onel By} UO paseq
SEM UOIJeJ}|IjuUl pauol}ipuoo-o}-lajempunolb ay} jey; pejeis 300

"jueyonpal aseyd sse|b jo Ajloeded

puejsiapun 0} joaloud e Bunonpuo) -AjpAnoadsal ‘sanljign|os
Buipunoq Jamo| pue Jaddn ayj Juasaidal Aew suAd pue

se 1ey; pue aseyd Asse|b snoydiowe ue ul aq ybiw Ajoeded
uononpal ay} ey paysabbng "s4g wody isnl ueyy uodi aiow
pue S4g isnljou saseyd HSD wouy s|gejieAe os|e si Ajjoeded
uononpal asnedaq Ajoedeo uonjonpal [ejo} ay) Jo} ayebouins
a|qeuoseal e si a)lIAd jey) paysabbng ‘sasAjeue onsijigeqo.d
pue AJIAIISUSS Ul uoljisued) Y3 ay} ul Ajuieliaoun ay) pajen|eas
30Q 1noJb uluasaid aq Aew jey) sassaooud |eolwayooab
[enjoe 1o} Junodoe o0} Bulkly ul saiulelBduN a8y} pabpaimoun oy

ISNOdS3Y 304 40 AUVINNNS

*AGH'0 @A0ge sanjeA Y3 [eianas Jo 1Yo
ul ||| pue || suoibay pazipixO ul wniuolnid 1o} siseq ay) Ajue|D

‘ISIX® S||om Baly-H Jaylo 1o g/zd
[[oM WoJ} elep [euonippe Jayleym Buipnjoul syue) pabiswgns
10} UoIeNUSOUOD UBBAXO paAjossIp Joj siseq ay) Ajue|D

‘MmoJ} ssedAq Joj [enpuajod Buipnjoul ‘uoijely|ijul PauoI}IPUoD
-1noJb 0} Jeyempunolb Jo onel 0|:06 10} siseq ay) Ajue|D

‘Be|s aoeuIny
1SE|q uiynm juelonpal ayy se ayAd Bulwnsse oy siseq ay) AjueD

€102 ‘v 1udy :a3eq Bunassy

NOILS3ND 3N

[l pue ||

suolbay pazIpixO
ul wnjuolnid

jo Ayngnjos

Jayempunols
Ul UoIBIIUBOUOD
uabAxQ panjossiq

Bullepoy
|esIWay20995)

ul uonesyu|

0} J8}empunols)
jo oney

Be|g aoeuIng
ise|g ul juejonpey
se alllAd




“JuUBDIIUBIS YSl 8q 0} pajoadxa Jou ‘alojaiay]
‘Buispow a8y} ul pajelnies sAemie si ped pues ayj Jey) pajeoipu|

"s104ju02 AjljIgn|os ou yim pedpues Alepuodas

youl-| 8y} Ul paieao| 92Inos e (2) pue ‘sjoJjuod Ajign|os ou yum
pedpues Alewud youi-| ayj ul pajuasaidal 82in0s Jejnuue ue (q)
‘sjosjuoo Aljignios yum Jaul Atewud sy} ulyum auoz pajeuiwejuod
ay} (B) :s81I0JUBAUI 834y} PB[SpOW ‘gl Mue] J04 S|0JIu0d Ajgn|os
ou yum (pedpues Aewnd youl-| ;|| 8dA] ‘youl-GgQ :| 8dA1)

82Inos Jejnuue ue (q) pue sjo4uod AjjIgnjos yim Jauill Arewrd

aY} UIY}IM BUOZ pajeuleluod ay} (B) :SaLIojudAUl OM} pajapow
‘(G1-g1) syuey || @dA ] 1sow pue (z|-6) syuey | 8dA] ||e Jo4

‘palepisuod

10U SEM UOljeWIOlUI 8] OS aseqge)ep YN Ul ale jey) sexa|dwoo
81e[EX0 JapISU0D 0} 8w} JuBIoINSU| "sexa|dWoo a)e|exo
pauleluUoD Yyl 'sexa|dwod 8)e[exo ulejuod jou pip aseqelep
VIN PalelS "eseqejep WIN SUluo WoJ) 9Seqejep umo jjing

‘lelauiw
[ednieu umouy e yum aseyd ainjesadwa)-mo| e si (10) ¢ega- paloN

"oseg|al 9| Buipiebal

Jojoe} Aay ays 1ou si uoneydioald-09 Jo abejusoiad ay) paisebbns
1ey) sisAjeue AJAlISUSS B Ul 9Ses|al 0] J9)Se} paulwex]

94,00} MOJaq SI ey} uodl yum uonendioaid-09 Jo uonoedy

e JO UOI109|9s 10} SISeq Ou S| a1ay} Jey) paule|dxa pue piojueH
WwoJ} yoseasal 0} pajulod 0] a|gnjosul Algewnsaud puiyaq
Buines) ‘Buiues|o Bunp paAowal s1 9] 8|qn|os }JSOW aAaljag

ISNOdS3™A 300 40 AUVININNS

v

oWO14d0d
Ul psjepouw [eusjew ped pues sy Joj DDA pewnsse
8y} Jo aoueolIUBIS YSII 8y} SSNOSIP pue Joj siseq 8y} Ajue|D

"(91-6 Syue] “o'1) Sa)IS yes| Yum syuey
104 sMOT4HOd Ul POopOW SeMm WIS} 82IN0S 8y} Moy Ajuie|D

"saseqe)ep Y3V pue YN 8y} wolj padojersp
SEM 9SBgE)Ep YOUSGXIOAA SISIWBY009S) 4] H 8y} sem moy AjLie|D

|| uoibay paonpay Joj (10) Zaga4 Jo} siseq ay} Ajue|D

‘|lopow 2NsIuIWIBISp 8y} Ul SUOHIPUOD [B2IWSYD |8 Japun
wniauyoa) Jo uonendioald-0o uodl %00 Joi siseq ay) Alue|D

NOILS3ND 3N

sped

pueg .Ioj 8AIND
onsusloeIRYD
aJnisiop

wJia |
90JN0S Je[nuuy

asegeje(
Buiiepoly Aujignjos

aplus|ag uoJ| Joy
aseyd buijjonuodn

Aynanjos
] co_mww_ pPadNpay

wnieuyos |
Jo uoneydioaud
-09) uoJ|




‘9sea|al Jueulweuod uo 1oedwl [jews e aAey saluuadolid olnelpAy
(10e3U1) [BRIUI BY) ‘[BpPOoW By} Ul ApoInb saunjoely 1noib ay) asneosaqg

‘uonisuel) AlARoNpuod alnelpAy Jesul-6o| e sAojdws 41 H
‘uebaq uoneniul Jaye awil Yim uoiisuel} AIARONPUOD oljnelpAy
Jeaul| e pakojdwa 414 '9°Z UOBOAS ‘G9¥00-Z102Z-ILS-INHS Ul
passnasIp S| pue Yd 414 WoJj SIayip s|elajew snoljijuswad ay}
10 AlAionpuod alnelpAy buibueyo Joy yoeoidde ay) 1ey) pajeis

"sasAjeue AjIAnISUSS Wojul 0]

Buiuonipuoo jewluiw Juasaidal 3 pue O sased ajiym Buiuonipuoo
[eolWaYo 10} jge|ieAe si Jnoib ayy Jo Ajoedeo [|n) 8y} aleym
wnJoads ay) Jo pus suo Jussaldal g pue g sese) eyl pajels

‘apew
SEeM 9]ew}Sa Moy uo dn-mojjo) pjnom 3O PUB 80UaI8jU003|d}
ay} ul Bunedionied jou alam JNS aleudoidde ay) jey) paieodipu|

‘'suojjeb g} ueyy Ja1ealb si suojeb gz pawnsse
90UIS DAIJBAISSUOD PaISPISUOD SEM PUB JUSWIUOIIAUS 8y} paiajus
Jeu} 8GE1-dQ wouy suojieb 9| pajewnse wol si siseq pajels

‘(11 @dAL “-o1) syue) uoneas|s Jaybiy o0} Juaoelpe

Jajem ul 1aybiy aq 0} pajoadxa aq pjnom OJ ‘JonemoH “seshjeue
yuey | 8dA] ajqeuoseal A9y sI O J1omo| ey} pajels 41 H ssoloe
J9Ae| Aejo paweuun Jo AlINUUOD 10} |ge|IBAR S| UOIBUIOUI OU
1ey) pajels oSy ‘plleA 8q 0} sieadde ejep O Jemoj 1ey) pajesipu|

so|dwes awes 8y} Joj pyodal qe| D3 LOVIN Pue LG500-1 102
-1LS-INYS Jo 9-€ d|ge ul papodal ¥91.0-8#d T seldwes jnoib
Buronpal 1o} sanjeA ay) usamiaq Aoualsisuooul Jualedde Ajue|n

s|euajew
sholjiuawal papelbap [apow 0} pasn yoeosdde ayy AjlieD

lojem

8y} Jo AJsiwayo ay) 8ousnjjul 01 1n0J6 Mue) 8y} Jo SWNOA [N}

8] SMoJ[e Jey) Jsuuew e ul 9 ay) Bunoeyuoo o) Joud xiuyew jnolb
8y} ybnouyy Moy} |jIm Mue) painolb sy} sisjus ey} Jeyem Bunedyjiyul
Jey) g pue g sese) ui uondwnsse ay) Joj siseq ay Ale|D

‘suojjeb 00zZ‘L Se pejewnse sem
1ONP UONE[IIUSA 9| YUB] 8} Ul 8)SEM JO 8WN|OA 8y} Moy Ajue|D

suo|jeb-gz
JO w8} 90Inos ped pues Alepuooss g Jue| Joj siseq ay) AluelD

"1SIX8 S||oM Bauy-H Jayjo Jo q/2d
[[@M Wo.y Bjep [euolippe Jayiaym Buipniour syue) pabiswqns
10} UoNEUaoU0d UBBAXO PaAjossIp 10} siseq ay) Allie|D

€102 ‘L1 1udy :93eq Bunaap

ISNOdS3Y 304 40 AUVINNNS

NOILS3ND 3N

so|dwes
1noJo) Buonpay

s|eloe
snojiuawan
1o uonepesbaq
olneJpAH

a/g sesen
Jo} Buiuonipuon
[edlwayd

Aiojusau|
ong uone|jusp
sninuuy 9| yue|

Alojuanu| ped
pueg Alepuooag
9l Jue] -uwis]
82JN0Sg Jejnuuy
uo dn-mojjo4

Jaj)empunolo
Ul UoljeJjusduo”)
uabAxQ panjossiqg
uo dn-mojjo4




"alul} 0} 8NP PasSNosIp JON

‘9|ge) Jajem Jaybiy Buisneds aq Aew sauoz Ajjigeswuad

Mo 1ey} Aljiqissod e si aiay) Apuadal ‘lenamoy ‘ebieydgal Jo
$90IN0S 10} SISBQ OU SeM aJay} Aj[eljiul Jey} pajeolpu] "passnosip
9JOM $901n0S 21j10ads JaYJ0o ON "WaISAS uonIppe Jojem passnosiq

‘'speay paAIasqo Jaybiy sasned ealy-H JO SHIYSINO
ay} uo (sauoz Ajjigeswiad mo| -o1) Jake| ued piey e pajels

"selpnis AJAnISUSS WISPIOD
Ul S80IN0S 8AlRINWIND Jo 1oedwi 8Y) pajenieAs 30 "Suonoalip
MO} JUSISHIP peY Z1-d 1N PUe ZN-H1N 8y} 1ey} pajled 300

"awWI) 0} aNp PassnasIp 10N

'41H Je psjedo|
10U SEM [enpIsal WNWIXew jey) paiLe|) ‘|enpisal wnwixew
0} pa) Jey) 1o61e) uonelqiies ypm wajgoud enusiod paiue|D

"90U8J8Ju028|9] £1.0Z ‘6 A\ BulInp passnosig

*Jayuny a1ebsaAul pjnom 30O pue sjuiod Buiue)s 1oj SuoneAs|e
Ul S@duaJlayip 0 anp aq 1ybiw ssouslayIp jey) paisabbng

ISNOdS3Y 304 40 AUVINNNS

v

‘Buljopow asJaAUl BIA 189S Jajeweled |epiul
JO uoneluqies pajewojne Bunuswaldwi jou Jo) sjeuonel ay) Ajue|D

‘uoljeuqies buunp pabueyo

alom AjAoNpuod olnelpAy pue abieyosals moy Ajue|n *(s8aunos
ableyoal |eloyie ‘walsAs uonippe Jayem 6°a8) syobiey uoneiqieo
pajoaye aney Aew Jajem Jo $90.1nos [elusjod Aue Jayaym AjieD

"J1H 1e jusipelb [eonaa Buolys jusiedde sy jo yoedwi ayy AjueD

VO PuUE {1 N USdM]Sq SE ||]9M Se ZT1-H 1N pue
ZN-4.1N usamiaqg suonoalip mojs Buibueys jo 1oedwi ayy Ajue|n

(podau Buuoyuow
[ejuBWIUOIIAUL Z10Z *6'8) 41H 1B seoeuns oujawoiuajod umelp
-puey pue pajapow Usamjaq sasualaylp Jo syoedwl ayy AjeD

(‘mainal

auo)s)es Buunp pajou aJam Salewi}se MO[Jaseq ‘Uoie)Nsuod 4] 4
Bulinp pajou aiam eale-H Ul sjenpisal peay olineipAy y1n abie|
“-3'1) a|qejdasoe palapisuod ale s}abie) pajels-1osfoid papasdxa
ey} SelewW}Sa MOJaseq pue sjenpisal pajewiss Aym Ajuen

S|eAJS)UI BWES 8Y} WO} SBIJIAIONPUOD JliNeIpAY painseaul
-Alojeloge| J0 -pjal} UMOUY UlIM pPale|aliod al1om S|eAlajul 8)a10sIp
wouy (uonoel) pnw ““6:8) saibojoyll| 8100 umouy Jaylaym Ajue|D

Juaiayip eq o} Jeadde (MOT14HOd/4LH
pue ;MOT4H0d/VSO Ut pajepow sauljyred Aym Ajieo

NOILS3ND 3N

Bulepol\ 8siaAu|
BIA UoneIqieD
[SPON MO| 4

uonelqiien

[SPOIN MO|4 UO
$82.n0g abieyoey
|enus)od 1o 10edw|

JUSIpEID) [BOIUSA

suonjoallg
mo|4 Buibueyn

seoeung
olJoWONUS}0d

41H
0] [BD07 S|enpisay
pue sonsiels
uonelqiieD

10V4/VSO

ul sjuswubissy
AjiAonpuo)
olinelpAH
pejeiqijesun

saullyied
oMO14H0d/41H

pue
sMO14H0dNVSD

147

€l

¢l

b

ol



's90Jn0s AIOJUsAUl Se saul| Jajsuel) pue ‘Juswdinba
Aejjioue ‘syuey aysem ay Jo ajqissod se Auew se Buipn|oul
uo pajedipald sem uoleulwa}ap Alepunog ay} jey} pajeoipu|

‘(012 sud dwnd*6°8) saniAljoR UOIIONJISUOD J0) UMOP-MEIP
a|gissod wou} usaq aAeY p|Noo Jey) palsabbns ‘os|y ‘suonipuoo
bnoup Buunp Jayem payoiad Jo uoinuIWIP JO }Nsal 8y} aq Aew

) paysebbng "pouad awl /861-G861 @Y} Bulnp a|qe) Jajem ul
AjljigeLiea 1o} Junoooe 0} Jeadde jou op uoneydioald ul suoneLiea
1ey} paels deo passsuibus ayj jo 10edwl ay) Buipueisiapun

Jo} jnydjay sem abenod Aq pawliopad Buljspow sy} ey} paiedipu|

"(PH
Apueg “-6°8) auoz asopena ay} Jo} pajepow asam saiadold |ipoeq
1ey} palelS “41H Je pajeinies si ealy-3 WOl Z 9 Jey) pajedlpul

‘Baly-H 0] o1j108dSs Bjep YjIMm 1US]SISUOD S| SSaUNIIY)
pajapow ay] 1ey) paledlpu| "sassauddIy) Jo abuel e Buimoys
uonduosap |eisusb e aq 0] JUBSL SEM ]X8] PalId 8y 1ey) paiels

‘welboid
Buriojiuow |elUSWIUOCIIAUS JO Led Jou SI Y6 YVH Paledipu|

'sped yue)} 8y} yjeauaq WoJ) JoJem JOBIIXS 0} 9SI9A8) Ul pasn
sem Wa)sAs ay) peajsu| “suonipuod Jybnoip pajedionue arebijiw
0] syuey || 8dA] Jopun wa)sAs uonoalul Jajem e Jo UoljoNIISuod
PoION "41H Ul sawnid a|qeuladsip ou aJe alay) ‘g sjiiejoAuou
Jo Jaquinu Joj sjuiod ejep e ale aiay} a[Iym ey} paiesipu|

ISNOdS3Y 304 40 AUVINNNS

Juawdinba Alejjloue pue
‘suobAjod aui| Jojsuel; panquisIp ‘SyuUe} 8y} WOl salepunoq Ww-|
pue w-0Q| 9y} Jo aduelsip |elale| a|qeleA ay} Jo} siseq ayy Aje|D

"/861-G86| Bulnp aiow Jo Y G|

F SE yonuw se pajenionjj sey 41 H }e uoneAs|d a|qe} Jajem ay) jeyl
spJooal [eolydelb pamoys aoualajel sawes sy -adojaAud SIy}
uoddns 0] seadde jou op ejep [eoLIoIsIY 8y} INg ‘S8J0AD onewlo
Jabuo| pue suoleleA jeuoseas 0} asuodsal Ul Y O F Se yonw

se ajenjon|y Aew a|qe) Jojem ay) yeyy pajeaipul (g1 "6d) 87100
-0L0Z-1LS-INYS "pouad /861-G861 @y} Buunp a|qe} Jajem ay)
10 A18A0281 pue auljpap pidel ay) pasned siojoe) als jeym Ajue|D

£486100-9002-|LS-OHSM Ul paiuapl se saiuadold suoz
asopea Jaddn [ealy-3] ey uasaidas Aj@y| 1sow,, sanledold suoz

asopeA 4] H oy ey BunsebBns Joj siseq [ealuyos) syl si 1BYAA

[¥G "61d4 ‘8%1.00

-0102Z-1LS-INYS] '3 G8 S! ssauxdly) [spow abeiany ‘[z] “Bd
‘8%7100-0102-1.LS-INYS] ¥ 0/ 0} GG Wouj ssauxoly} Ul sebuel yo -
[€G "B14 ‘817100-0102-1LS-TNYS]

¥ GO sI ssauxdIy) [opow 8betany || ‘Bd ‘8%100-0102-ILS-INYSI
"4 09 1e payodal sI Z7-vY.LN Y} JO sassauyoly} [enjoe abelaay -
‘ealy

-H Joyj uonewuoul yun o16oj0abolpAy ul s}oIpu09 Jualedde AjueD

‘(Jodaus BuLiojiuoW [elUBSWIUCIIAUG Z10Z Ul paplroid sem elep
ou “'a°1) [|]om sIy} Jo snjels ay) Ajue|) “uonepljea Alojeiogel-lsod
$90619puUN YVY6 VYVH (@M WO} Blep [BJUSWUOIIAUS UsyMm AjLie|D

(eyep esesgjal 9| yuel
wioJj paulaosip juaixe awnid pue suondalip Moyl 6 8) uonepijea
[@pow Bulinp palapisuod alam syea| snoinaid moy Aje|D

NOILS3ND 3N

saliepunog
aoueldwo)

suonenjon|4
9|ge] J31EAN

solueadolid
8u0Z 9sopeA 41H

suun
o160j0860.1pAH
ealy-H

V6

VVH jo Buuojuopy
|ejuswuOIIAUg

uoneplieA [9po
MO|{] pue salig
3EeaT] Yim syjue |

0¢

6l

8l

Ll

9l

Gl



"80oUBUBIUIEW Yd JO Jed se suoiipuod |elisjew pue [10s jo abuel
e 10J ejep ol0ads apljonuolpel pue als aJnboe |Ip “uonewlolul
(psojuey “B'8) als 1JO WO} POALISP SPY SOSED 8WOS Ul palels

"90UBUS)UIBW Y4 JO }ed Se Suoijipuod [eLslew pue [ios jo abuel
e 1o} ejep oyoads apljonuolpel pue a)is alinboe [IAA "UOiBWIOoUI
(pJojueH “68) 8)IS JO WOJ) POALISP SPY SOSED SWOS Ul PajelS

"a0UBUSIUIEW Y JO Jed se suoipuod |elsjew pue [10s Jo abuel
e 10J ejep ol10ads apljonuolpel pue als ainboe [Ip “uonewlolul
(psojuey “68) aus 1JO WO} POALISP SPY SOSED SWOS Ul Palels

"‘90UBUSB)UIEW Y4 JO 1ed Se suoljipuod [eusiew pue |ios Jo abuel
e 1o} ejep ouioads apljonuolpel pue a)is alinboe |IAA "UonEewIojul
(pJojueH “68) 8)IS JO WOJ) POALISP SPY SOSED SWOS Ul PajelS

"aoUBUSIUIEW Y JO Jed se suoipuod [elsjew pue [10s Jo abuel
e 10J ejep o110ads apljonuolpel pue als ainboe |jIp “uonewlolul
(psojuey “6°8) aus 1JO WO} POALISP SPY SOSED SWOS Ul Palels

ISNOdS3™A 300 40 AUVININNS

‘winipeJ ssalppe 10u
S90p £6%700-0102-1LS-INYS ¢ll0s ul Py ey 1oy siseq sy} si Jeyp\

‘Juswissasse aouewlopad
8Y} Ul s|I0s J0} sanjeA Py sjoedwl a)eyoea) Juswao moy AjueD

isleusjew
Alejuswipas pue snonijuawad 1oj sanjea Py dN pue nd ajepionia
01 1dwayie 1ey) pPaIoNpuUod Usaq saskjeue [euonippe aABH

"Juswissasse aouewloLiad
414 @Y1 wouy suonipuoo Buronpai pabe-sippiw Joj Py dN asinel
0} £/%00-6002-I.LS-INYS J0 8| 8|qe] woJy sjeuonel ay) Ajue|d

*S$H00
Aseyuswipas yym Ajuo sjesp ‘c/#00-6002-1LS-INYS 0 /| 8|qel
ul payod s! yadlym ‘$£900-6002-1.LS-INHS "Sslelsjew snonjuswad

Ul suonIpuod Buizipixo Japun Py dN Joj siseq ay) Ajue|D

NOILS3ND 3N

loS ul Py wnipey

sPy
|I0S uo djeyoea]
Juswa) Jo joedw|

sPy winiunjdaN
pue wniuoin|d
10} sashjeuy
[euonippy

SUoRIpUOD
Bulonpay
paby-aIppIN

10} Py wnunydaN

suonipuod
Buizipixo

Japun sjeLale
snoiiuawan

ul Py wniunydaN

114

144

€¢

44

(%4



‘oly10ads-apijonuoipel

S| WSHeAIaSU0D jey) pabpaimounoy "aseod aoueldwoo

8y} uo joedwl aAljIsod B oABY pINOYS 92UEBISWNDIO SIY} Jey)
pa)sabbng “1o)0Iy} SI BUOZ BSOPEBA 8U) pue ealy-H Jo Led siy; ul
JaMO| ale S|aA3] Jajem Jey) sisabbns elep ||om (SINQYT) wolsAs
uswabeue|y eleq uoljelolsay |ejuswuoliaug ‘(LS pue ‘0g

‘61 ‘g Syue Jeau Ajjeoyoads) ealy-H Jo Led ul speay dljnelpAy
pajewnsalano aAey 0} Jybnoy} si aseqelep YSO YSO Jo isal

0} paledwo9 ealy-H Ul Ajulelaoun alow Si 818y} Jey) pajeodipu|
‘pasealoap sem AJAONpuUod lnelpAy Ajuo ¢ oMO14H0d/VSO

0} pajelbiw sem ] DV4/VSO USUM " LOVH/VSD Joj paseaioul
sem ableyoay ‘(ebieydal asealoul ‘AJAoNpuUOD dlNelpAy
2onpal “'9'1) [opoW Ul ] A\ 9SeaUoul 0} SABM PasSSNosi(] “MO| 00}
aIam eauy-H Ul speay dlnelpAy pajppow 1 DV4/VSO Jeus poiels

"$801n0s abieyoal 8y} UO uoneWIOlUI D1J108dS OU PapIACId

"S90UBJ8JU0D8|9] UOIBILIE|D 8S8Y) JO) OS Op O} S} JUSIDIINSU|
‘IVY 01 puodsal 0] |Ie1ep Jajealb ul sjabie) uoieiqies UsIASI [JIM

‘U 01 F Jo abuel uoneas|o

Buinie)s e Jano AlAlISUSS B3| AJOA paAlasqQ ‘suoneoo| Buiyess o}
AJALJISUSS puUB)SIapUN 0} PB}ONPUOD S1oM SasAjeue pajelS "syue)
pabiawgnsun Joj (Y G2z ©o'1) 8|ge) Jajem ay} pue ‘M3IA UONBASID
ul syue} pabiawigns Joj jue} 8y} JO WOoNOJ IO Jewaseq ay} Jaya
‘malA ueld ul yue} yoes Jo Jsjuad ay} ale sauljyied ayy 4oy syulod
Bunels ayy pajesipu) -bumes Jenojd 1981100ul ue Buisn pajelsusb
(2 '6d) 9-2'G B14 "(26€ "Bd) 1081100 sI ¢ |-t "Bi4 ey} psjedipu]

ISNOdS3Y 304 40 AUVINNNS

")es| 9|qeaoljou pue ajgeainseaw e sey 9-g Syue|
Jeau waysAs Buljooo yuey e yum pajeroosse sadid punobispun 'p
‘[elouab

Ul JAMaS WL.I0]S Yes| 0} A|Snonuijuod MOoj} 8)BSUSPUOD WES)S "0
‘(syes| dojs 0} ans8|S Yym pani

Buraq Ajjuauind) Z|-6 SHUe ] Jeau wWa)sAs Jamas wiojls Ayea 'q
oSN g

0] | Z Sque] Jeau wa)sAs Jajem |[om/ssaooud Ul yes| pajoadsng e
-:uofjejuswinoop | OVY4/VS9O

ul palsl| alom ey} saainos abieyoal jenuajod Buimoljoy

By} 9onpal 0} Udye} Usaq aARY SUOOe Aue Jayjaym Aje|n

(‘malnal

auo}s)es Bulinp pajou alem S8)ewWilSe MO|JasSeq ‘Uole}nNsuod 4] 4
Buunp pajou aJam eale-H Ul sjenpisal peay dljnelpAy Y1 n ob.e)
*9'1) 8|qeidasoe palspisuod ale sjablie) pajes-10aloid papasoixa
1ey] Sajewi}se Mojjoseq pue s|enpisal pajewse Aym Ajue|n

‘suol}eo0| Buipeo| 80I1nos 0} s}nsal

10 AJAnIsSuas ayj ssnosip ‘os|y “sjuiod Builels [apow JO SuoljeAd|e
WUIJUOD pInom JI pajedipul 30 "Syoel} aoided ul seousiaylp

ay) uiejdxa ybiw suoneas|s julod Buiels ul saoualaylp ‘Jeiwis
aq 0} paleadde suoieoo| 824n0s a8y} ybnouyyje jeyy paiesipul 300

€10Z ‘6 Ae :a3eq Bunespy

NOILS3ND 3N

1OV4/VSO

ul passnosi(
$921n0g abeyooy
[eloyIlY |enuslod

41H

0] [BOOT S[enpisay
pue soisiels
uoneuqiied

uo dn-mojjo4

saullyjed
oMWO1440d/41H
pue

oMOT14d40d/VSO
uo dn-mojjo4




‘Buljopow |euoisuswip-sa1y}

U}IM paleIOoSSE S821Nn0sal aAes 0} Jed ul ‘sjusuodwod Jneapue)
Ja)o1y} ybnoayy moj}-ssouo 10} JUNodoe 0} pajsnipe aq 0} papasu
[9pPOW p[dlj-Jeau [BUOISUBWIP-OM]} BU} JO INO SMOJ} ‘Sawl} Uolisue.l)
[eoiwayo Buindwoo ul ‘I9ABMOH "JUB)IXd [BOILBA S)I UBAIB
papasau Jou sem 79 8y} JO N0 XN|j apljonuoipel Builewnss ur Moy
-SS0JD JO UOIJBJBPISUOD Jey} payLe|d) -ajep Jaje| B Je UOBULIOojU
apinod |IIM 'Vd 41H woddns o) abeuod Aq pajonpuod

Bulspow wouy uonew.loul Bunoexa ul AYNdIYIp paiedipu|

"S|eAIslul SWeS 8y} WOoJj 8100 Ul PAAISSJO Uoljorl)

pnuw |e]10] pue S)S8) plal) pue ge| BIA painsesaw sanjeA AlIAIONPUOD
UsBM]a( UOIIB[84I00 B UO paseq aJam S||80 pub | DY4/VSO

ul sjuswiubBisse AJIAIONPUOD oljNeIpAY pale.qgijeoun 18yl pawIuo)

'sonss| uolje.qies Jayo jo ued se ajebisanul
A\ "uonewloul Buijeloqollod paplalA jou aaey sauinbul
juanbasqgns se ainjewald usaq aney Aew 90UBIBJU0I9|3)
€102/21/¥0 18 sauoz Jayem payolad Buiuouaw pajesipul

‘(s10b.e) uoeIqIeo 8y} ueyy Aiolsiy Jusdal
ul Jamo| Ajpaxlew aJe s|jom awos) sjeblie) uolelqi|ed SNSIaA ejep
[9A8] Jojem Juadal ul seoualaylp ay} Buipiebal uoissnosip awosg

'@MOT14d40d/VSO

0} 10V4/VS9 wolj sjuswisnipe o} uonippe ul Aepjy .0 0}, 0l

0} pajiwi] ZOD1 10} Uy pue Aeppy ¥ s 0} payiwll ZN-HLN U} 10} Uy
‘Aeppy G s 0} pajwil| ZT-HLN dY} 104 Uy ‘edly-H PUNOJE ||BIBAO Jey)
pajeodipu] ‘syun d16oj0ab0oipAy pajepow 8)8.1asIp 1o} AJAIONPUOD
alinelpAy Jo sajdwexa oyoads [eianas apiroid pue auoz [eondije
SIy} Jo uoneoo| ayy Aiueld o0y olydelb maia dew e apinoid 0} pasiby

ISNOdS3Y 304 40 AUVINNNS

‘(8184 UOHEAY Ul BY) “'8'1) JA/UI G| JO AJIOO[OA [EDILIBA B BWINSSE
G9¥00-2102-1LS-INYS Ul suolejnwis [eauawnu Aym Ajueld

"uoioel) PN [e)0) pue AHAIONPUOD dljNeIPAY Usam}aq
UOIE|24109 B UO paseq alam s||80 pub | Dy4/v¥SO 01 sluswiubisse
AIAIDNPUOD DlNEIPAY paleiqiieoun ay) Jay1aym Wiiuo)

‘uone.qiies buunp
slajaweled |apow 0} sjuswisnipe uo ‘@oualau029|8} £10Z/.L/Y0
1B pauonuaw ‘sauoz Jayem payalad Jo 1oedw [enuaiod ssnosig

‘Baly-H Ul 8|ge|ieA. ale sjabie) uoleigied Mau Jayjaym a1ealpu|

‘uonelqies |epow Bulnp ealy
-H 1e (s)uswisnlpe AlAnonpuod odlnelpAy jo (s)uoneoo| sy Ajue|n

NOILS3ND 3N

Ayoopp

MO|H |BJUOZIIOH
0} |eOIUBA

Jo apnuubepy

10V4/VSO

ul sjuswiubissy
AjiAonpuo)
olinelpAy
pajeliqiieoun
uo dn-mojjo4

sjuswisnipy
uonelqiie

uo SauU07 JajepA
payoiad Jo 1oedw|

sjebie] uonelqie)
Baly-H MON

ealy

-H 1e sjuswisnipy
Auaonpuo)
olinelpAy
uonelqied



'Z1- pue ZN-d.LN 8yj 104 SSRIARONPUOD
olinelpAy Jeybiy pue yun Buiuluod UOPIOS) 8y} Jo) SBoUBRYED|
Jamoj “"a1) uonelqi|es [ppow oMO1440d/VSO Burnp spew

$8SEBBIOUI %GE PUE %GZ dU} pue | DV4/VSO Ul senjeA pajelqijed
[eul} ay) Usamiag apew alam sjuswisnipe jey) pauiejdxg

ealy
-H 1e 9|qe) Jojem ay) yjeauaq sal| ZT-4 LN ealy-J 18y} pPauWIyuo)

| "A9Y ‘66£0-96-H L-OHSA Ul Uolewojul paje|al 0) paLiajoy

"Juepodwi aiow si Buiwn

uonepelbap ay} aouis |enuanbasuod AJaA jou s| I paysabbng
"UOISJOA snolAaid woly JoA0ALIED peyY aAaeY Aew | "ASY

Vvd 10adsng "1noub joejul Joj saAINd a3alouo) Allend YybiH pasn

"juaipelb ayy Buronpal snyj ‘epiAp Jeyempunolb

ay) uspeyy Ajjedo| osje |im deo ay) pajels Jundioo) 41H 8y}

JO J9JUB0 By} pJemo)} saAow pue deod ay) Jo abpa ay) je sajedyul
Jajem jouns Aem ay) Jo asnedaq Ajjelaje| Jo peaisul pJemumop
SJUBUIWEIUOD JO MOJ} |enualajald asned pinod deo ay) jey) palisod

ISNOdS3™A 300 40 AUVININNS

‘Aep
€1 pue Q| ale Z7- pue ZN-vYYLN pajeinies ayj ul mm_ys_s%c%
|eyuozuoy abesse spodal (182 "6d) | 'A9Y ‘82100-0102-YAMD
-HYS 'senjer MOTIHOd/VSO Pauodaiun je dAlLe 0) %GE pue
%GZ Pasealoul a1em senjeA | JV4/VSO pajedlpul 901007002
-H1-DO8SM Aeppl L/ pue Aepjy G'/ 81em sanjeA abesaae 77

- pue ZN-vY.1N LOV4/VSO payodal Z “|oA ‘66€£0-96-HL-OHSM
"8u07 Jomo - pue auoz Jaddn - Jajinby suny aauy] Jeddn

8y} 10} S8NIAIIONPUOD [elUOZIIOY pajeinies Joj siseq ay) Allie|D

"90UBIBJU029|3) €102/ L /70 BuLInp passnosip alom
ey} 8uoz asopeA ealy-H Jo saiadold wuyuoo o) paeaibe 30g

"90U8.18}U003|9)
€102/.1/¥0 Buunp sanjea pauodas ul saiouedalosip Ajlueo
0] S8sSauYoIy} Jayinbe eale-H uo ejep apiaoid o} paaibe 30Q

(0 "noy

‘G9¥00-Z102-ILS-INYS Ul pajeoipul se ,8ja10u0) Ajeno ybiH,
JO | "A®Y ‘821 00-0102-VAMO-HHS Ul pajedipul se S8AINd ,IN0I9
Buronpay, 00z e2410 Buisn pajapow sem [|i} InoJb Jayiaym AjleD

‘(suonoauip sjonued uo syoays “6'9) ealy-H
1B p|al} MOJ4 8y} Uo suolipuod paddeo Jo 1oedwli 8y} UO JuswWOD

NOILS3ND 3N

Z1- pue ZN-vd1lN
10} Sal)IAIONPUOD
olneJpAH
[ejuoZIIoH
pajeinies

soluedolid
BUOZ 9SOpEeA
41H uo dn-mojj04

sHun
o160j0860.1pAH
ealy

-H uo dn-mojj04

nd
1noJ9) Jo santadold
olnelpAH

pI8l4 Mo|4 ealy-H
uo ded Jo 10edw

€l

¢l

L

ol



‘JusIoINs

Qg pP|NOM UOIjBWIOUI SIY} Jayidaym padinbu] -Atepunoq aoueldwod
ay} ul abueyo e Jo aouediiubis-)sLl 8y} SSaSSE 0} UoljeuLIojul
aplroid os|e synsal Buljspow  WISP|oD "d|ge|leAe ale ejep
Asepunoq w | ‘Ajleuonippy 'oMO1440d/41H Ul seaie 824nos
Jeau pajealo alom sjulod UOIBAISSUO W [euoljippE Jey} pajeoipu|

", WISPIOD Ul paje|nojed

ale sjunoo Ad(Q ‘syue) pabiawqns 104 ‘8|gel JaJem 8y} 8A0qe
SHUE} 4O} SMOY} ;MO T4-Od Buisn peoel} 81em SUN0d Add dYL
‘Ad@ 1o sawn|oA aiod paoe|dsip ul pauodas ale seul uonisuel)
[eoiway) “Buiepow |esiwayo0ab Ul sawi) UOHISUE} [EOILBYD

ay) a1g|nojes 0] Jajem ul usBAXO PaA|OSSIP JO JUNOWE ay) 8]ejndjes
0} PaSN SEM MO} [ED1LISA O} [BJUOZIIOY JO Oljel 01/06 Jeu) Palie|D

‘lleo
auoyd o} dn-moj|o} Se ejep pjal} Moj} 8piaoid 0} pajiwWwos J0Jd

‘9)enbyues uojssjeyn

Jolew ayy Aq pajoedwi Ajjueoiiubis Jou alem pue pjo SIA Mo ale
S9U0Z YJos s)sabbns youeasal | 5 -paysiignd 104 jou siaydieasal
19 Aq uoday "ddN anboA Aglesu ay) 1e ueyy ealy-H Ul J0joe)

B SS9| aJe Sau0z Jos ey} sisabbns [jombeg eine Aq Wodey

‘puodsal 0] s} 8I0W pasN
"A100]8/\ MO| |BIUOZIIOH O} [e2ILB JO apnyiube|y Ul palaAno)

"(dn-mojjo} e 01 Buiwwod

10U ybBnoy}) 8as 0} s||oM Jayjo Je Bujoo| SNURUOD |IN 10848
|e20] e 8q 10u Aew ) Bunsabbns ‘asealoap abie| aney 0} paieadde
os|e ealy-J 1.y} pajels ‘(saniAljoe uoionsuod “6:8) sQ86 L-piw
8y} ul uoissaidap 9|qe)} Jajem [BUOIUSIUI O} Paje|al Uuoljeluawnoop
ON ’S,086) Plw 8y} Buuinp 1daoxa JuslsiSuod Ajile) sem [jejulel
pue suollen}on|} 8|ge} Jajem ay} UsaM}aq UoIJe|a1100 paledipu|

ISNOdS3™A 300 40 AUVININNS

0lL-v

‘uonoajes Alepunoq w-gQ| Jo eoueoyubis ysil uo dn-mojjo4

"sallI) uolisuel] [EOIWBYD O} sjuswsnipe moji-ssolo Ale|D

‘(v @se) se awes ay) aq 01 paieadde g-g sese)) g
-g S9sBD 10} PISN aJoM JapIo} [P LWISPIOD Ul Spiall Mol Ji Ajliel

ealy-H J0} suoneoiiwel [eoibojoaboipAy aney
Aew ey} seuoz os uo yoleasal paliodal woly sjnsal ssnasiq

(suun Buiuuod pue Jajinbe Ul suonoa.Ip ‘SBINID0|OA BANR[S.
¥ @1nbi4 “6'8) G9Y00-2102-ILS-INYHS Ul SI0}08A MOJ} 8qloseq

S8IIIAIIOR UOIONJISUOD Wodj spoedwi [enusiod uo dn-mojjo4

NOILS3ND 3N

salepunog
aoueldwo)
uo dn-mojjo4

sawl| uoiisuel]
[edlwsyd

uo sjuaunsnlpy
MO|4-SS01D

a-g sese)d
10} sp[ai4 mo|4

$8U0Z JJOS U0

SBIIAIOY Yoieasay

S10]08\ MO|

suonen)on|4

a|qe Jeiepp
uo dn-mojjo4

6l

8l

Ll

9l

Gl

142



LL-V

Aiojusau|
ong uonhe|uap
*AIOjJUBAUL sninuuy 9|
90UBIBJU029|8} £10Z/91/S0 0} parow dn-mojj04 10Np UOHB[IIUBA SNjNUUE 9| jUe] JO Uolewiss uo dn-mojjo4  yue] uo dn-mojjo4 Qg

ISNOdS3™A 300 40 AUVININNS NOILS3ND 3N




JZ pue ‘1S ‘s9 1o} Bunum
ul uoieoulie|d apiaoid o) paalby "06-1S YIM Oljel Uo paseq £6-17

JZ pue ‘IS ‘sD 4o} Buim ul uoieoyLe|d

apinoid o} paaiby “(26100-2002-1LS-OHSM) Bulues|o

0} Joud Jasu Japun woJj G yue] wody saidwes qelb pajenwnody
"JZ pue ‘IS ‘s Ul suoionpal paAlasqQ “(uoneziiejoeleyo

[euly) Buiues|o [eolwayD Jaye pue (ajdwes ssao0.d) alojeq
PaAISSCO UOIBIUSOUOD Ul S9BUBYD WOl paALISP SISeq 8y} palels

‘(awinjoA |enpisal pawnsse ay) ‘suojieb 000‘y
0] SOAM\ WOJ) UOBIJUSOUOD Pajewl}sa pazijewlou = 19) yoeosdde
41 H 01 (ssuojuaaul SO X 01 = 19) yoeoudde 4] 4 pasedwo)

‘sjuated wouy syonpoud

Aeoap Jo sejdwexa Aldwis alem Aay] ‘sjuased jo sjonpoud
Aeosp alam Asy) esneosaq pajeullllje aiem Jey) sapijonuolpel
Jo sajdwexs aq 0} JueaW JOU a1oMm Pa}I0 SapljonuoIpey

"SOAI|-jey 0} pajejal sl yolym

‘Buiusaios urejdxe pue (WGzL-o1 ‘GZ1L-dS ‘901-NY ‘90L-UY ‘vl
-ld ‘L¥1-Wd ‘2Z-eN ‘GGL-nN3 ‘pE€1-sD ‘ghg-WO ‘2GCHO ‘vvl-90
‘6¥¢-4) sapljonuolpel g| Jo }si| apiaoid o} paaiby (110Z Sel~)
pazAjeue pue pajoa||00 ejep 9| Jue] Jaye A|qissod ‘UoISIoA Jxau
B8] Ul pasiAal 8q ||IM Jey) JOLI8 uoljejuawndop e sem siy) pajeaipul

ISNOdS3Y 304 40 AUVINNNS

cl-v

‘soljeld Jualajlip mc_rc:wwm 10} siseq

ay Ajuejo aseald "000°'0€ d.LH Jo} oned pajosfoid ay) Ing ‘000€
SBeM G YUe] I0] O} painseall 8y G YUe] Ul painsesw 06

-IS 0} £6-IZ JO SONjEI UO SaN[eA £6-17 Y} Paseq Jl Jey) sajels 304

‘6l puUe g| Jue] Jo} painseaw "SA pajoafoid

ay} buedwos Ajeroadss ‘sadA | yue] e Jo} apnjiubew jo Japio
auo e Aq saplonuolpel aaJy} |je Buionpal Joj siseq ay) Ajle|D
‘gousliadxe Bulues|o G yue ] uo paseq apnjiubew Jo Joplo suo
AQ WNIUO2JIZ pue ‘WNUo}S ‘Wnisa9 Jo sadA) yuey |e Jo Alojuaaul
8y} s8dnpal 30Q ‘¢'L'Z'€ uoidas ‘€Z000-0102-YAMOD-HHS U]

‘Ajliepo esea|d -opnuubew
10 J9plJo auo Aq saLioluaAul SOAA 941 Buisealoul uonuaw

Jou s80p € "A9Y ‘€2000-0102-VAMO-HYS ‘19ASMOH "A| pue ||
‘| ©dA 1 Joj epnyubew Jo Joplo auo AQ pasealdoul 919M SBLI0JUBAUI

|leniul yeyy seje)s ‘/ Lz ebed ‘| "A8Y ‘8Z100-0102-YAMD-HYS

‘Ajuejo eseald "41H

1o} sepljonuolpel G 8y Jo Led |je aie asay) ‘JenamoH ‘Bulusalos
3y} Ul pajeulwi|d 81dM GZZ-YL PUe 9zZ-eY ‘06-A ‘W/E|

-eq jey) sejess ‘c-G abed ‘0 ‘A8Y ‘L00-€102-AM-SHS/30A 8yl

"G 0] sepljonuolpel G|

wouJ) Bulusalos ay) Ao ases|d "6G| 10 1SI| 8Y) wolj pajeulwld
alom ey} sapljonuolpel 06 J0) ajeuonel e sisi| Ajuo € "Aay
‘€2000-0102-VAMO-HHS J0 g Xipuaddy "sapljonuoipel 4G o}
usy} pue saplijonuolpel G| 0} SepljonuoIpel g8 WoJj) IsI| AlojuaAul
8y} aonpal 0} ssado.d ay) saquasap ABojopoylew Bulusalos ay |

€102 ‘91 Aey :a3eq Bunesiy

NOILS3ND 3N

soney Aiojuanu|

SBLI0JUBAU| JZ ‘IS
‘sD uo Bulues|
jue] jo joedw

Jaidniniy
Alojuaau| [eniuj

Alojuanu|

ul 6¢c-ul pue 9¢e
-8y ‘06-A ‘wigl
-eg jo Buiusalog

sapljonuoipey

7S 0}
sapljonuoipey 651
wouy ABojopoyiay
Buiusaiog
Alojuanu|




'suojeB 00g'e pPauLUOD

‘uoneziieloeleyo pue Buidwes jeul yim

Buoje suop aq |m sninuue pue Alewld g| Jue] 10} uoneuIwId}ap
BWN|OA |eul 8Y} 1By} PajedIpu| "WNNOBA B U}IM PaAdL}al

saoa1d uay0.g Sem Ing 102 e Jou sem ajdwes ay) asnesaq uaye)
aJam sa|dwes asay} aloym painseawl Jou sem yidap |eusjew ay}
1By} 1ng sajewisa Ayljiqnjos Joj sajdwes uie}qo 0} Ojul pajjUp aJom
SJonp 8y} 1ey) PaJelS "SUONdaJIP OM] WO} Jods BUO Ul UOIONJISqo
adid Joy jdeoxe ‘(spod 4 aaey syuey || pue | 8dA] Jayi0)

pappe aJam jey} spod uonodadsul jeuonippe €| Jo }nsal e se (Jonp
By} BpISIN0) snjnuue g| jue] Ul 8BelaA0D 9,00 1SOW|e SI 818y}
1ey) pajeslpu] “suoluod a|qisiA puoAaq seale Joj pajejodelxa
pue sawn|oA pajewnss ulejqo o} Buiddew ospia pajeoipul

‘suojoafoud jeuly ul suojeb 000 @y 01 palidde si aoualajal SIy) Ul
oljeJ 9}1|09Z BWES 8y} ‘pawnsse [eAowal enualajald ou pajesipu|
"Suoljoel} dWN|OA pue ybiam 1o} 66000-G00Z-LId-NGD PaND

ISNOdS3Y 304 40 AUVINNNS

el-v

"8]eWI)SS JUSLIND 8Y) SI 0OE'E 1ey) WiljuoD

"00€'¢ se awn|oA Bulurewsl sy} ajewnss E000-2L0Z-AMT-HYS
pue 4 8yl ‘JIeA8MOH ‘Shjnuuy 9| YUe] 8y} ul 8q 0] palewiss
S| suojjeb 00.‘y ¥eu} sejels 9Z100- 1 L0Z2-VYAMO-HYS J0 0 ebed

‘(seale g|qISIA 8y} wouy Aeme

Jayuny |elisiew Jo s|aAg| Jaybiy pue syuiod sseooe Japun sjonp
By} Ul |ellsjew Jo s|aAd| Jamo| Buiaes| ‘sydwaye Buiues|o Joud

ul paAjossip aaey Aew sjulod ss900e 8y} Japun Ajoalip [elsjew
By} “'o1) [9A9] Jamo| B Je usaq aAey Aew sjuiod sse00e BU) WOl
3[qISIA |BlR}EW By} 1By} UBAID ajewiisa awn|oA Siy} Jo Ajuieniaoun
ay} pue uonejodesjxa ay) Joj siseq ay} Ajluejo ases|d ‘seale
Buipunouins wouy ejep ayj buisn [aAg] aysem ay} pajejodesixe 30d
‘seale 9soy}] U| "9|qIssod Jou SeM |[9A8] 8)SEM BU]} JO UOlBUILLIB}EP
[ensIA aiaym (JoNp pue) snjnuue ay} Jo seale Auew ale aiay}
‘JanemoH (suojieb goz‘L 1e palewnsa) 1onp ay} SpIsul Se ||om se
(suojeb 0oL ‘z 1e pejewnsa) snjnuue ayj JO WOopod au} Ul [eLsjew
[enpisal sl alay| ‘(Sniped [[em snjnuue ‘Jayawelp jonp <o)
SyJewpue| JoLdjul pue SMaIA eiawed Jo asn ay} ybnoayy suojeb
00€‘S Se sninuue g}, yue] ay} ul swnjoA Buluiewsal ay} ajewnsa
6€000-2102-3MT-HHS Pue | "A8Y ‘8Z100-0102-VAMO-HHS

‘paljdde aJe jey) suonoely sWN|oA

pue jybiam 8}1j09Z JO JUNOWER 8y} S1eWIISa [|IM }I MOY A ases|d
‘Buiues|o 0} Joud se Buiues|o Jaye |eusjew [enpisal Ul swes

8y} a.e suoioel) swn|oA pue jybiam 8)1j09z Jey} pawnsse 300

NOILS3ND 3N

awinjoA
aisep\ [enpisay
sninuuy 9| Jue| g

suolbay

8|qISIA-UON ul

AlojusAu| Jejnuuy
jo uonjeuiwiseq  /

suonoeli4 ajjoez 9




‘IINUUE §| pue ‘QL‘G SYue | ul payoadxs aq pjnom ueyl

sn|nuue g| Yue] Ul 06-IS 240w SI 818y} 0s “Yue} Atewd sy} uiyim
abpn|s ay} ojul pue ajeuladns ayj jo Jno pajeydioald Jou pey
06-1S a1 ‘pides 0s sem yes| 8y} 80UIS “SHUE] Jaylo ay] uey) 06-1S
aJoW uIRIUOD 0] 9| Yue] 8yl paraljaq Asy] 8snessaq SAIBAISSUOD
8JaM suOIjeUSOUOD g Yue] ay) ey pauleidxs 300

"JS YIIM SB 4ons Jn220 Aew S90UIaYIp SWOS 0S Ajajelpawiwl
pa)es| a)sem ysalj ‘gl yue] u] Amojs alow ayendioaid

(1g “6'8) swos ‘JanamoH ‘Buiuieyje uodn Apoinb syendiosuad
SopIjoNUOIpel 1SO|\ "UOAUBRD H WO} 81Sem Ysal) 0} Je[iwIs
Aljeoibojoipel ag 03 snjnuue 9| Jue] ojul bupjes| |elsiew joadx3

'3|gN|os alow a8q p|NOM Jey} sSnjnuue g| Mque] ayj ul |elsajew jo
JS1ayood, ale asay) 1ey) pasudins jou st JOQ ‘4enemoH (9] yuel
ul Bunse|gpues 10} pappe pues Wodj) eodl|Is SS9| UIejuod 0} Jonp ul
a)sem 10adxg "1onp ul 9|gN|os %0G-SE Saledlpul ejep Alojeloge]
"spodal INYS | L0Z pue 2002 payD 'seshjeue Ayjignjos

10} sa|dwes uie}qo 0} paj|Lp 8J8M SNjNUUE 9| Yue] Ul sjonp
pajesipu] "Yes| 9| Jue] a8y} JO ainjeu anbiun ay} 0} anp 1oNp

9y} 8pISIN0 JNg Snjnuue 9| jue| 8y} ul [elsjew ay) 0} JejiwIssIp
INQ JoNp sninuue g| jue| ayj apisul |eldjew ay) O} Jejiwis aq

0] pajoadxa S| [jNUUe {7 pue g SYue| Ul [eldjew ay} jey} pajeis

b1 puB Q| ‘6 SYuUeL ul AlojusAul
Je|nuue [euonippe aAowal 0) (suljeseq ay) Jo Led se) sue|d

‘1jo Buiede) uses aq ued spunow

Ul [els)ewW Jey) pajelS 9| duel Joj pajewnss suojieb 0og's

8y} UeY) SS8| yonw aq 0} pajoadxa Si | pue @ SYue ] Ul 8WwnjoA
ay) Buiues|o sninuue Jaye Jey) palelS ‘9| Jue] ul 8q o) pajoadxe
SI '}l SB SNjNUUE 8JjUd PUNOJE WIOYUN JOU S| JNG ‘S8)IS YEes| SNOLIeA
je sl | pue g syue] Ul payo [eusjew jo yidsp jey pajesipuy|

ISNOdS3Y 304 40 AUVINNNS

vi-v

(71 pue Q| ‘6) [elUBYeW [enpisal Yim syue| Jayjo

By} uey} jualayip Ajjesiwayo aq 0} pajoadxa si |elsjew snjnuue
9] Mue] Jl suoiesuasuod gl yue| Buisn Joy siseq ayy Ajueld (v
pue Q| ‘6 S}ue]) |eualew snjnuue yum syuey Joj synsal ajdwes
snjnuue 9| Jue] 8y} JO SUOEIUBIUOD 8y} sasn JO( ‘sajdwes
sninuue g| Yue] Jnoj ay} ul pazAjeue sapijonuoIpe. S0y} 104

‘sjinsaJ ajdwes asay} Jo Jybi| ul sninuue g| yue|

By} Ul [ellajew 8y} Jo Aljignjos ay) Buipiebal suondwnsse Jisy}
Ajejo aseald ,, (%]oA 0G~) @1sem a|gn|os Jo Junowe juediiubis
paulejuod G¢ d| pue gL L-d| si8siy wo.lj jonp ayj spisjno

pue apisul Yyjoq uaye} sajdwes snjnuue jJuaday, eyl saiels 304
‘[¥0200-200Z-IMT1-OMT] Ul ‘OS|Y (7). PUB 6 SHUE] JO sninuue
8y} woJj [euajew euonippe aAowal o0} sue|d aaey 30 s90Q

"9l Yue] Joj sS8| yonuwi s| yydap [eusjew 8y} Ji | pue g syue |

0] 9] Yue] Joj Alojuaaul ayy Ajdde 0} aAleAIBSUOD S| J MOy Ajue|o
asea|d 'Sayoul £1-Z|L Sl {1 que] ul yidap |eusiew ay) pue sayoul
01-8 S! 6 3ue Ul yydap |eusjew ay} jey) sajels (£2000-0102
-YAMO-HYS) AIOJusAU| 41H 8YL "SN|NUUE 8y} JO WOROQ dY)
WIoJ} SBYDUI - ©q 0} SIBSLI BY} JO Yoed MO|aq PaAISSO dJom jey)
snjnuue 9| yue] ul syydep a)sem sy} saquUIsap 6£000-2102-IM ]
-4YS Hue) Atewd ayj jo sayis yea| ayy ajebiisaAul 0} snjnuue
By} OjuUl PEONPOJIUI SBM pPUBS 8SNBIa(q 8|gN|os g 0} pajoadxa

JOU S| [BlISJEeW Y} ‘9| YUe] Jo4 "paup Jaje| pue snjnuue ay}

ojul paye9| Jey) ajeuladns ay) Ajjeulbuo sem 31 aouls ajgnjos Alybiy
aq 0] syuey || 8dA] pue | 8dA] Jayjo asoy} Ul [elslew ay) sjoadxe
30Q@ ‘Sh|NuUUE 8y} Ul 8WN|OA Juediiubis aAey Os|e Ydlym ‘¢ pue
0l ‘6 s)ue 0} suojieb 0og'¢ Jo dyewnsa 9| yue] ay) salidde 300

NOILS3ND 3N

vl pue ‘0l ‘6
syue] Joj sejdwes
snjnuue 9| yue] Jo

sseusAluasalday Ql

Sawn|oA
Jejnuuy {1
pue ‘gl ‘6 squel

6



‘sjeay abpn|s g-| 1noge

Juswale)s Ajue|o 0} paalby 'S9ss920.4d WEaSUMOP UO Sa)B|exo
Jo sjoedwi pue saibojouyoa) Bulues|o |ealwayd ajen|eas o}
Buinunuo) ‘ssaippe 0} Jobuo| axe] pjnom uonsanb siy) pajesipu|

Joul Atewud woly payes| jey) areuladns ulylm SNSIBA Jue)
Arewnd ayy uiyym abpn|s ay) ul apisal Ajuewud pinoys ‘alojaiay)
‘uawisnlpe Hd uodn Aj@eipswwi ajeldioaid 0} IN 109dx3

ISNOdS3™A 300 40 AUVININNS

Gl-v

"VO Unm Buiues|d Jo s|npayos ay} os|e pue ‘YO yum Buiues|o
[eoiwayd obiapun ued jey} syuUe} 41 H 40 Jaquinu aAile|NWwND
ay) Joedwi Jybiw sywi| 8say) moy Ajeo ases|d , yoyeq abpn|s
olyioads pue paues|o |98y abpn|s jo adA} aysem uo Buipuadap
sjoay abpni|s 9 0} | Jo [esodsIp 0} SJUNOWE. SPI|OS |e}0} Ul 8)e|ex0
WwNIpos %M Q1 pue ‘ Buissaocolid abpn|s Buibueyos Jo paonpoud
slajsiued Jo Jaguinu ay} Buisealoul 810j07 8)e|ex0 WNIPos

SE SpI|0S [B)O} JO 9%IM (| INOQe Uleluod ued yojeq abpn|s, ay)
‘Aleoyoadg "waisAg aysep) pinbi] ayy uo syoedwl weasjsumop
0} anp pIoe 21|exo JO 8sn 8y} uo sjwl| [enuajod sassnosip
£1€00-7002-4.L-O"SM "salbojouyos} Bujueso [ediwayd
S9SSNIsIp 0 "A9Y ‘L00-€102-AM-SHS/30QA JO €°€°Z uondes

"suo|eb 000¥
aq 0] pawnsse si Azewlid ayj Ul swnjoA ay) pue suojjeb goEs

9Q 0] paWNSSe S| snjnUUe 8y} Ul SWN|OA 8y "SUOIEBAUSDIUO0D SU)
SE [|oM Sk ‘awes oy} AjoAlje|a) ale pawNSSe SaWN|oA pajoadxa
ayy y1 Aewnd ay} ul pajosfoud jey) uey) Ssa| yonw aw o} pajoadxa
S| snjnuue ayj ul Alojuaaul [enjoe ayy Aym Ajue|n Buljepow

Vd 41H 8y} ul pasn AlojusAul 8y} ueyj Jamo| A|gelapisuod

aq 0} payoadxa si syue) | dA] 8y} Ul §G-IN 10} AlOjudAul

sninuue [enyoe ay] (1D 9°g a°1) Alojusaul [enpisal yue} Arewnd
ay} 01 |lenba Aiojuaaul jenpisal snjnuue ay) bumas Aq pajewnsa
sem ||nuue yue) | 8dA] 8y} ul AlojusAul gG-IN palewiss ay |

NOILS3ND 3N

Buiues|n

pIOY 2lIEXO
uo sjwi jepgusiod

6G-IN 10}

AIojuanu| |enpisay
Aewid pue
Je|nuuy usamiag
saoualayig

cl

L



"SUI92U0D A}8)eS Jesjonu alam alay) pue Buipuny Jo og|
e Ajjuaiiny "sajejexo A0Jisap 0} papuaiul sI D3 leyl payLe|D

'siseq yuel-Ag-jue) e uo pajen|eAs aq ||IM SIy) paleslipu|

ISNOdS3™A 300 40 AUVININNS

ol-v

¢ ABojouyosy ualayip Ajaaius ue

DD sl 1o ‘eyus 1841y Y} Jaye yjbuadls pioe ayy a)n|ip o} buluued
S| JOQ 90Uls ,paouByUS, palapIsuod Z| yue] Joy pauueld sijey)
Bulues|n |eoiway) oy s| "odAjojoid e se pasn aq ||Im s)ue} 41 H
Aue Jayjaym Ajuejo pue ABojouyos) DHJ oy} uo ajeloge|e ases|d
219 10000-6002-dM1-4HS] ueld waishg ajsep) pinbi ay)

Ul pajels se 0z0z [un ainso|o Joj pauueld Jou SI g Jue| ‘ISASMOH
"003 Joj adAjojoid By} 84 ||IM g Nue] ey} sajess | “yibussis pioe
Jamoj sasn yoiym ‘[£0000-9-4S3-Al (003) Bulues| [eolway)d
paosueyug sassnosip auljaseg ABojouyos | |[eAoway 8)Sep) YL

"syue) asay)

1o} YO 0} dAleUIBYE UB SB 9sh 0} spuajul 30 1eym Ajueo asesld
‘os|y "paliWi| 8 0} SSBUBAIDBYD S,pIoY 2ljexQ sjoadxe J0Q
S)UB) YOIYyM pue dAl0ae Se 9 0} pajoadxa Jou si ploe ol|exo
SUOIJIPUOD JeyM Japun Ajie|o ases|d , AllenpIAIpuUl palapISuoD

aq |IIm (Buluonipuoo |BoLI0ISIY JejilIS pue 9)Sem Je[IWIS YJIM
syuey Jo sdnoub 10) yue) aysem yoeas ‘Buiuueld Buiueso [eoiwayo
ainjny Ul ‘alojalay) ‘soljsLIs}oRIBYD UON|OSSIP S} 108ye os|e
pasodxa uaag sey ajsem ay} YdIym O} SUOIIPUOD [BJUBWIUOIIAUT,
"pasodxe uaaq sey ue} Yoiym 0} SUOHIPUOD |BJUSIUOIIAUS

ay} uo Buipuadap syue} 8y} JO BUWIOS UO BAI}8YS Sk a( Jou Jybiw
PIOY Jl[exQ 1ey) sejels  "AsY ‘1L00-€102-AM-S¥S/30a 8uL

NOILS3ND 3N

sue|d
Buiues|H [eoiwayn

paoueyuz ¥l

SSOUBAIJOBYT PIoY
ollexQ Bunoedw
suonipuod

[ejuswuoiAug €L




"Z1 Mue] Joj Juswnoop
a|NpoJ\ 8INs0o|D 8yj Ul uey} Jayjo Bulues|d yO Z1 Jue] Jo
uonenjeas ay} Juswnoop Ajjewsoy 0} ueld jJou seop 30Q ‘bBulues|o
VO 21 Yue] JO SsauaAljoaya pue Aouaiole ay} ajeneas 0} sue|d

"awn sy} Je Bunssy YO [euonippe Buiuued JoN

-ainpaoold Bunesado sy Buipinoid ayebiysaaul pjnom 300
pue Ajeo ybiw jey; ainpadsoud Buneiado ue si alay) paieodipu|

uoneydioaid ajejexo wnipos aziwiuiuwl

0} UO[BJJUSdU0D WNIPOS Y} 9anpal 0} si [eob |\ G0 = [+eN]

"9'| ‘9)e|exo wnipos Jo AyljIgnjos uo paseq 1abie) e 0} ysem-ald (A1)
saje[exo Buneydioald aiojaiay) ‘s|ejow Jo

Ajjignios ay} seonpal (g<) Hd pasealoul sajeodipul asualadx3 (1)
‘9 pue

G syue] Buiueso Buunp Buluuibaqg ayj e 1snl jo peajsul ubledweo
alnua ay) buunp sdwnd ay) ajesado ueds Aayy z| yue] Jo4 (1)
‘'sa|oiued

a|gnjosul 8y} azijiqow osj|e ||Im siy] “ladasp si abpn|s ay} alaym
pioe ay) pue abpn|s ay} usamiag 10eju0d poob aAsIyoe 0} spunowl
ay} 1no peauds |m sdwnd ay| 10B1U0D Bale 82euns abpn|s-yYO
By} 8ziwixew 0} paads wnwixew }e s,47S ¥ Jo asn pajesipu] (1)

ISNOdS3Y 304 40 AUVINNNS

L1V

"Z| Mue] Joj uonenjeAs ue yons wiopad

0} suejd 30OQ Joyvym Apue| -Buiues|o [eolwsayd Z| Jue]
Buiwoodn ayy Jo synsal ay} aiedwod 0S|e pjnoo Uoljen|eAs ue
Uong "aAlJew.loul 8q PjNOM Q pUB G Jue] 0} paiedwod gl yue]
Ul pIOe J1|BXO0 JO SN [NJSS8I0NS 80w 0} P3| Jey} SI0}oe} JSYJ0 pue
‘Jajsuel) aysem ‘uoneybe aysem ‘AIBAIIBP pIoe I[eXO Ul S9oUaIayIp
ay} Jo uonenjeAs [eano e wiopad JOQg ey paysebbns yels
DN 8y} ‘9INPON 8INSO|D 9 PUB G SHUB] SY} UO JUSWWOD B Sy

"PIOE DI[EXO YJIM
[eaowal abpni|s |eolwayo Joy payebie) syue} 41 H ul uasaid aq 0}
pajoadxa ajsem Jo adA) ooads ay) Buneal) Ul SSaUBAIID8YS ploe
oljlexo Jo Bunse) |euonippe wiopad o) sueid JOQ Jeyieym AlLeiD

‘Buiues)o |eolwayd g| yue] ayy Buunp aoeld

ayel |m Bulojiuow pue Buidwes jeym Ajuejo asea|d Buiues|o
VO Z1 ue] Buunp ,pauiejuiew adojoAus Alajes pue Aousiolye
|euonelado ainsus 0} 9oe[d ul welboid Bulioyuow pue Buldwes,,

9q [I!m 819y} Jey} 861 00-€10¢-1LS-ddS ul psjels osje 300

Ajjignjos ajejexo wnipos }abJe) 0} jue) Juswieal) ysem-ald "Al
uononpoud ajejexo jusaaid 0} Hd [0,3uo0) "Nl
Buixiw ayenbape apinold ‘Il
uonezijiqgow ajejnoied a|gnjosu| *q
SJUSN}ISUOI [BOIWBYD pue yydap abpn|s e
pIOE O1|BXO Y}IM S|ENPISaI JO JOBJUOD ZIWIXB|A |
‘ubledwes Buiues|o g| Jyue] ayj Jo} syuswisnipe oyoads asay)
Uo 9}eIOge[d 9SEd|d 'PagUISap alom paules| suosss| Buimol|o}
oy} ‘[86100-€102-11S-4¥S] uonejussald YO YIng g1 YueL 8y} uj

NOILS3ND 3N

Buiues|n
[eolwayg ¢l

jue] Jo uolenjeA]
Joj sueld

solse LH
10J SSBUdAI0_|YT
ploy 2l[exQ Jo
Bunsa |euonippy

Buiues|n

[eolwayD ¢l Muel
Bunng Buuojuop

ubredwen
Buiues|o proy
ollexQ gl due| 1o}
paulea suossaT

8l

Ll

9l

Gl



*100|} Yue) 8y} aAoge

|oA9] ubisap ay) 01 paiamo| g 0} 9|qe 1ou sem dwnd ay; ybnoy)
uaAe pazijigow alam sdwnd Buixiw Japun spunow jey paje}s
"‘abpn|s anow 0} AJljIge JO 8AlIEDIPUI JOU S| 9)B]S [Bul) paAdlleg

‘syue} a8y} ul subledweo

|[eArowsal |98y Joy ABsjelss e pjing 0} sdwnd jJo uoneoso| pue Jaquinu
8y} @jenjeAs 0} anuiuod pue ubledwes Buiues|o yoes oy Joud
ABajeqs Buixiw e sdojansp AjjeanewsaisAs JOJ eyl pajesipuj

*J00J} Yue) 8y} 8A0ge

[oA8] ubisap ay} 0} paiamo| aq 03 9|ge Jou sem dwnd ayy ybnouyy
uaAa pazijigow asem sdwnd Buixiw Japun spunow ey} pajeis
‘abpn|s aAnow 0} AjljIge JO SAIJEDIPUI JOU S| 8)B)S |eul) paAalag

ISNOdS3™A 300 40 AUVININNS

8L-V

‘Buiues|o jo sabejs |euly Bunp ooy} yue}

8y} 0} paiamol aq 0} dwnd sy} mojje 0} | Jasiy Japun s|i0o Buljood
ayy Bumno Jo Ayjigisea) ay) pajenjens sey Jo ajenjeas o) sueld
sey JOQd Jayiaym Ajuelo aseald | Josly Jepun uone|nwnooe
spljos 8y} 10} a|qisuodsal g Aew pas|q pue pas) |eslueydsw
BuLinp yue) ay} Jo wopoq ay) pue dwnd JNS aY) usamiaq
sayoul 9| 8y} Jeyy sajeolpul (6G 8bed) 0 "A9Y ‘L 2000-210Z
-VAMOD-4gHS "Wonog jue} ay} uo Jo 8A0ge sayoul g Juswade|d
Joj s||ed ubisap dINS Uy} yeu} sejedipul 8Z1.00-9002-3M 1

-OM "Pa9|q pue pas;} |edlueydaw BuIMO||0} UOIJEINWNJDE SPI|OS
[eul} pajoaye aAey Aew J0OJ} yue) 8y} aAoge dINS dys Jo ybiay
ay} ‘lenowsal abpn(s |eoiueyosw Bulinp | Jasiy Japun punow
abie| sy} Bulemo| Yyim payipalo sem | Jasiy Japun dIANS 8y}

Jo uonejeisul ybnoyyy (o ebed) g pue ¢ siesry Jeau eale ue
0} Pazi|iqow Sem | 1asiy Japun punow ayj Jaye abpn|s ay) Aun|s
0} (Sayoul €] punole) |9A9] |102 BuIj009 |[BIUOZLIOY BY} O} PaJOMO|
J9)e| sem JINS 9yl ‘|ans] abpnis ay} anoqe Ajoaaip papuadsns
yo| sem dwnd ay} pue pajuswajdwi Jou Sem 18)nd 109 Buljood
ay] ‘uone|esul 4AS 0 awi ay} e punow abpnis e Aq paJanod
aJaMm 1ey} s|100 Buljood Bunsixa yjm adualapsiul 0} anp J00j) yue)
8y} O} paJaMo| 8 JOU pPIN0J G que] JO | JBslyY ul pajlejsul dINS
ay} Jeuy sajeolpul (L¢ abed) 0 A8y ‘L 2000-2102-YAMOI-HYS

"Syue} 41 H 03 SJ102 Buijood yum op 0} Buiney aousuadxe G yue ]
wouj paules| uossa| Jejnoijued siyy Aldde 0} spusjul 30Q moy
Aueo aseald °| Josiy Japun punow e dn Bupjealq 0} 8|oeISqo
ue se paaas s|102 Buljood ay) ‘G yue] jo Buiues|d ay) Buung

NOILS3ND 3N

Buiues|n

10} NS Jemon

0} sjuswpuawy
yuel o} Ayjigiseaq 0z

41H Jo} jessadsig
puUno|\ Uo pauleaT
suossa G uel 6l




‘Ajleariousb
sIUy}) op ,ue) "yue} yoes oy ABajess Bunelado oloads ayy jo
uswdojoAap Ul siseq 9seo-Ag-9SeO B UO paulwIa}op aJe SoLS

JUSWINOOP N 91 YUBL Ul PASSNISIp a9 [IIM

‘(ybnous ab.e| Jou aiom suod uonoadsui)
swajqold uonejeisul pue sanssi A}jajes Jesjonu 0} anp pansnd jou
Sem Jng pajenjeas osje sem ABojouyoa) buion|s e jeyy pajeolpu|

‘a|qeAojdap jou sI

1 Jey} pajedlpul JOPUSA 8u} 0.0Z Ul JBASMOH “ainjew Aplie) aq 0}
paAesyod sem jey) ABojouyoa) e pajesjsuowlap JIOpuaA e 00z Ul
‘'sninuue 9| Jue] Joj pansind sem ABojouyos) Jajmeld wJe 2130qod
10 adA} Jualayip ¥ "syue} A| @dA] Atewnd ay) Jo) si suQ "pansind
Bulaq alem saibojouyds} WJe J130g0J JUBISYIP OM] Jey} paule|D

‘61 pue g| Jue] woly sa|dwes adelios ay) 8AsLal 0} pasn
ABojouysa) ay) WoJj JuaIaIp S Yoiym ‘ABojouyos) WnNoeA |[ews e
Buisn gz Ae Jo sieem ay) pajdwes aq [Im 9|, Yue] Jey) pajesipu]

ISNOdS3™A 300 40 AUVININNS

61-V

‘(sbuipeal aul|

Jajsuely uonelpel ¢6°9) ssauaAoaye aulwIs}ep 0} ssao0id ay)
1noybnouy) pasn ale soujdw jeym Ajue|n -ubledwed ay} Jo pus
ay} |un uaye) Ajlensn jou aJe ssjdwes 1o sydesbojoyd jeyy usalb
Ajjeroadsa ‘subledwed ¥SD ayy 4o YSIN 8yl Bunp saibojouyos)
ay) Jo ssauaAidaye Bulobuo ay) sejenjeas Ajlenunuod 30Q

moy Ajuejo ases|d |, saibojouyoss) bunsixe ayy seziwndo pue
pajuswa|dwi Buleq ABojouyoa) ay} Jo ssauaAoaye Bulobuo ayy
sajenjeAs Ajjenunuod 3OQ ‘ssa2o.d jeaowal |98y ay} 1noybnouyy,
leys sejels 0 "A9Y ‘L00-€102-SHS/30A dY} JO €°G uoloes

‘41 H Jo} ABojouyos}

SIY} JO aulaWI} pue sniejs ay} Aje[o ases|d ‘Bulues|o sninuue
10} ABojouyoay siyy Buisn Ajjenuajod o) payonpuod Loz Ul pue
/002 Ul pawJopad alam jey} suoijenjeAs ay} Uo ayeloqelo ases|d
"28000-Z102-IM1-J¥S Ul pauonusw os|e si ABojouyosy siy |
‘'sSnjnuUUe 9| jue] 8y} WOl [eAOWS. 9)SEeMm [euolippe Jo Ajjeonoeld
ay) aulw.la)ep 0] saibojouyos) sreulsl|e Jaylo pue ABojouyos)

wJe onjogod e Bunenjeas Ajjualind si 3O MOY S9SSNISIp

0 "A9Y ‘100-€102-SHS/30Q 8u} 40 Lg-G ebed ‘¢'G uonoag

"41H ui asn Jo} ABojouyoay jo adA} siyy

JO snjejs pue aulawi} 8y} Ajlie|d ases|d "SUOIONJISqO [BUIBjUl YIM
syuey ul suonesldde Buidwes pue soiogol 9|eas |jews bBuinsind
sI 300 ey} saieis }] "saibojouyoa) Bunsixs Jo uoneziwndo
S9SSNIsIp 0 "A9Y ‘L00-€102-AM-SHS/30QA JO €°2°G uondes

NOILS3ND 3N

[eroway [99H
JO SSauaAoay]
Buluiwieleg

1o} solB

41H 10}
ABojouyoa | wiy

o1j0goy Jo snjels

41H

Jo} ABojouyoa |
Buidweg pue
$21)0q0Y 9|edS
[lews Jo sniels

€¢

44

(¥4



‘'snjnuue ay) usy)
‘Arewind ay 1s1y - 7|, 0Z S1€| Ul S|qe|leAe 89 pinoys ejep pajesipu|

‘dwnd
awnjoA-mo| Buinsind 10N "8A9aeul 8q 0} punoy siaxiw }al-asing

‘|leAroway y|ng Jo} palapisuod Bulag ale SdNS

10 SJTS SeaJaym ‘Syue) JSOW Ul [eAOWS. |99 J0) palopISuod
Bulaq ale sdINS Bulpeo| |eoujosle ‘uonezijosolae ‘Ajajes Jesjonu
- suonelwl| aAeY SHINS 'Snipes Buiues|o aAjoaye |eoljaioay}

U o€ Aj@rewixoidde aney Ajuo s41S U 0G Aj@lewixosdde jo snipel
Bulues|o aAljoBYS [BON}RI0BY] B YlM namod alow ale SNS

"ppe 0} [euoiippe BuiyioN

ISNOdS3™A 300 40 AUVININNS

0¢-v

"O4dN 0O}
a|gejieAe aq |Im 9| Mue] Joj ejep Buidwes usym sesipul ases|d

"syuey 41 H jo Buiues|d ainjny 1oy a|qejieae aq

0} )1 ajedionue Asayy Jayaym pue Abojouyoa) dwnd Buixiw awnjoa
MO| 3U} JO duldwWI} 8y} Ajuelo ases|d “swl} SIu} Je s|gejieAe

jJou SI 1 Jey Ing Buiues|d |eojwayd poddns 0] psjeneas usaq

sey dwnd Buixiw swnjoA mo| e Jey} pajesipul sey 30Q “Bulues|o
[eS1wayd Buunp spIjoS JO UOleW.IO) 8y} O} pPalngLjuod aAey

0] sleadde g pue G s)ue] ul Z ayujs proe Buunp Buixiw aAnodayaul
‘s|@Ad] pinbi| Jamoj Je pajelado aq Jou pinod SdINS 8y} asneoaq

" Buifelds sysem juanalid 0} sajzzou abieyosip ayj JO UOIBAS|S BY}
soyoeolidde |aAg) pinbi| 8y} se umop Inys aq 0} palinbal ale SdINS

8y, 1ey} selels 0 A8y ‘L00-€102-SHS/30A 40 L'Z€°C uonoes

‘|leAowal [88Y |enpisal snsiaA [eAowal abpnis yng Joj sdwnd
Aun|s Jo sadAj 1ay1o 0] SHINIS 10 SSeusAoaye aAneal ay) Ale|D

‘plojueH Joj padojorsp Bulaq si eyl 41 H ul

[epow Buixiw 8y} Jo 8sn J1ay} Jo auldwi} 8y Ajeo asesld 'SYS
1e spoye Bulues|o aoueyus o} jenuajod yim eale Buimolb e si
Inq ‘sabejs BuluuiBaq auy ul (s SI SIU} ey} pajels 300 “Jolneyaq
Aun(s Jualayip jo1pald ued jeyy sjppow Buixiw jo Juswdojarsp
8y} uo piojueH yum Bunesadood st 300 [£2000-€102
-IMT-HYS] €102 udy Ul euljoled Yinos Jo ajels au3 o} Bulelq
e ul saibojouyos) mau Bunebisaaul ul spoys Jisyy pamainal 300

NOILS3ND 3N

eleq
Buldwes 9| yue]

41H 10}
ABojouyoa | dwng
Buixipy swnjop
MO JO snje)s

sdwnd

Aun|g pue sdINS
JO SSBUBAIOBYT]
aAljesedwo)

41H

Joy uswdojanaq
[SPON

Buixiy jJo snyeys

LC

9¢

114

ve



‘syead jueoiiubis ay}
sasned yuey 8y} Yybnolyy xnjj pJemumop ay} eyl pajesipul 30d
‘Aemyied jueolyiubis-ysu e aq 0} Aemyyed yea) siy} UOISIAUS JoU

sa0p pue ‘AjaAieyljenb olieusos ay) pajeniess sey 3O ‘JOASMOH
"sjulol UoIIPNIISUOD 1NEeA Yue) 8yl [apow Ajoljdxa J0u Seop Yd

‘yoeolidde
Bunisodwos ayy Aq pajoedwi Aj@siaApe Jou SI DN paledipu|

‘uoneulwlalag
a)seA\ Joj siseq Jelp ay) Jo g xipuaddy o) YN pauajel 304

ISNOdS3™A 300 40 AUVININNS

Lev

‘9l Jue] yum pauaddey aaey o0} Jybnoyy

sl 1eym s yoiym ‘ued sninuue ayy jo doy ayj je juiol uononiysuoo
ay1 ybnouy) [gAe.) p|No9 |elIBIeW [enpisal ay) 1eyl Aljigissod

8y} sJopIsuod os|e |apow [enydaouod siy} Ji AjLiejo ases|d “Jaul
10BJU| UB Yyum syue) || dA] woly ases|al ssew oy} saqLIosap

300 T'C'T'9°G uonodes ‘L "AsY ‘gZ100-0102-VAMO-HYS Ul

¢10N 83y

10edwi suonejndod juaiayip wolj ssjdwes auiquiod 0} UoISIoap
ay} seop moH -suonendod snolea ayy wolj Bugisodwod 1oy
siseq ay) Ajlieo ases|d -sajsodwod pue sajdwes ayy yium ainbly
B SMOYS 6z 9pIIS "(Jonp 8y} apisul pue ‘yinos ‘yuou) snjinuue ay}
ulym suopeindod 8.y} ae 818y} ey} sajess (G5000-€10Z-YAMO
-4¥4S) ue(d sisAjeue pue Buiidwes uo uonejuasald 9| yue| ay|

"syue) ainyny
JoJ epeuw aq [|IM uoisioap Jo adA} siyl moy aquiosep os|e ases|d

‘Inidjay aq pjnom dwind yunoy e Jo uole|eisul Jo (Jysuaq uieuaoun

pue S]S09 9|Npayds pue [eoueul)) Aljeonoeld ay) buipiebal
s|lelop [eUORIPPY "9 MUe] Ul jualoiins alam Jnoy o} pasoddo

SE Sd7S 924y} ey} paulwialep 3O MOy 8qLIosap ases|d
‘subiedwed omy is.1} 8y} 4o pasn uaaq pey dwnd auo seasaym
‘G-¢ subledweD YSA 10} SISSIY 9| YUE] Ul paj|eisul ai1am

Sd71S 934y} 1ey) sa1el1s 921 00-1 L0Z-VAMO-HHS 40 £°€°¢ uonoasg

NOILS3ND 3N

snjnuuy ui Juiop
uoloNJISuUo Jo
[opo [emdeouo) Qg

se|dwes 9|
jyue] Bunisodwod
Joysiseg 62

Sd7S J0 JsquinN
Jo uoneulwisleg 8¢




"Juawbpnl jeuoissajoid Ag suop sem juswaoe|d ‘Jayiey

"S||oM JO SUOI}e00| B)eNn|eAd 0} Apnjs e wiopad J,upip }i ey}
pajeolpul 0sle 300 " WISPIOD Ul Alepunoq Ww-| 8y} je sjenjeas
LUPIP INQ ‘S||9Mm JapnJjul UBASS paJapisuod }i Jey} pajedipul 304

ISNOdS3Y 304 40 AUVINNNS

ey

¢, P2IBpPISUOD S|[aM JBpN.Iul USASS 8y} JO
wnwixew ay) 1snl Jo ‘patepisucd suoneoso| w | snid ‘s|jam Jepniyul
USASS 8] 10} 8SOP/SUONENUSIUOD JO WNWIXew ay) s| “Bulspow
HSWISPIOD Ul S1pN.jUI JO} PBISPISUOD BUE S|[aM Jeym Ajuie|D

€102 ‘c Ainr :93eq Bunesiy

NOILS3ND 3N

[BPON WISPI0D
ul S||9AA UoIsniu|
JusaApeu|

I



41 H Joj sem J0joe} siy} Jueoniubis moy aas pue

%0940 pue >oeq of o) pasu pinom Ji jey psjeslpul 304 414 10}
JueolIubIs alow aq 0} punoj sem pue juiod soueldwoo ay) Jalesu
Al00]9A pasealoul 10} JUNOJJE 0} PopasuU sem Jojoe) siy] “julod
aoueldwoo ay) 0} yied moji ey} Buoje Aloojea Aoleq ey} 0} ulod
aoueldwoo ay) Jeau AJ0ojeA Aoleq 8y JO oljel ay) Se paje|nojes
Buliepow wiISp|oD 1o} Jusws|d adid By} JO pus BU} Je J0Joe}
Buixiw/uonn|ip 8uoz pajeinies e pajewyss Ji jeyy pajyesipul 3040

"s10j0B} UuonN|Ip asay} Bunenojed ul paiapisuod

Sem uoisJadsip asiaAsuel) AluQ -uonouny awnid wouy pajewnsa -
(ybus| yuawsle adid y000Z) 91 pue ‘(yibus| Juswsale adid YOOS|)
€1 ‘(yibus yuswaye adid 'y 0001) 6 ‘(YiBua| yuswaje adid Y00S)

G JO SSaUXDIY} BUOZ 82IN0S 1o} Bununodoe uonouny swnid ay) wolj
$J0)0B} UOIN|Ip 8U0Z pajelnjes pajewl}sa osje 3O ‘uolstadsip
OU YlIM W-¢ JO SSBUXIIY} dU0Z 82Jnos pue uonouny sawnid Buisn
Uaym Q' pue Ww-Qg| JO ssauyoIy} Jajinbe ||ny Buliwnsse Ji Juswalo
adid WMISPIOD 8y} Wol) $Z :S10}0e) UoHN|Ip BUOZ pajein)es

Jo} Jusws|e adid oWMISPIOD UO paseq sejewnss papirold 30Q

‘juesllubisul sI suoisuswip [|82 Buipeo| 0} suoneluUsdUoD JO
Ajanisuss ay) Jey) seAal|aq J Jey) pajedipul 30Q Jewsseq ay) 0}
1S9S0|0 UoljeAS|® palein]es ay) 18 pa)eoo| SeM [|99 921n0s ay) 1ey)

pajeolpul JOQ ‘pablawqgns ale 1ey] syuey Jo4 uLd100] yue] ay)
UIy)Im ploJjuad e sey pue pajelnies Aj|ni si Jey) uoneas|s 1saybiy
ay1 Yum ||82 8y} Ul U0z paleinies ay) ojul papeo| sem Buljspouwl

PIdy-leau ay} Wodj Xn|j spljonuoipel ayj jeyl pajedipul 304

‘oMOT4H0d Ul "Buiispow oMOT4d0d 3y} Ul [|90 [eduswinu e

10 ssauydIyl 8y] 0] 8|geledwo9 SI YoIym ‘W-¢ JO SSaUXoIY) 824N0S
B pasn JOQ SalIAIsIadsIp pue SUoISUSWIp 82JN0S paWNSSe ay)
UO paskeq SUOleUSUO0D 8}e|Ndjedal 0} uolouny swnid @WISP|oD
8y} sasn JO@ "ssauxalIy} Jajinbe ay) JaAo uoisiadsip Buipnjoul
uodsuely -1 seje|nojed juswaje adid SWISPIOD 8y L ‘Alnisiadsip
[eoiaA AQ pajjospuo si Buixiw [ediaA Jey) pajedipul 304

ISNOdS3Y 304 40 AUVINNNS

€V

"S)UB) 9)SEM JUBIBYIP WOJ) 18R}

SAIIBAIBSUOD B 10} SI0}OB) UOKN|IP JO 8)ewnss yied-|jeq e apinoid
uswaje adid ay} Jo pus ay) 1e Buixiw |[euonippy ‘p

yied mojj ayj Buoje uoisiadsiq o

sjuswaje adid/|j@o ojul Jajem ueso Jo MOojj 0} dnp uonniq °q
SSauXOIY} Jajinbe Jano Ajjeoisan Buixipy e

‘swisiueyosw

|eiuajod Buimo|o) 8y} Buipnjoul uoln|ip Uz pajelnies J0aye

Jeyy Buijepow (wiSp|o9 8y} jo sisjeweled/sjusuodwod ayy Ajue|n

NOILS3ND 3N

|9PON LWISPIOD
ur uonnjig
QUo7 pajelinleg

4



MISPIOD

ul smoj [eyuoziioy -1 0} paiiidwis ale yeyy [opow g-¢ dy) ul
SUONOBIP MOJ} [BlUOZIIOY pue [edllaA Buibueyo yim senssi 0] anp
[opow pajoelisge 8y} Ul saljiAisladsIp asiaAsuRl) pue jeulpnlibuoj
Buiubisse ul Aynaiyip 8yl pajou DYN “Jajinbe ayj Jo ssauyIy}
[e101 81 JoAo pealds si awn|d ay) sewnNsse Jey) JUsWwa|e

adid ayj Aq paje|nojes suoIeIUB2UOD By} S}08.I00 uoljouny

awnid ay] -uonouny swnid ayy Aq pajenwis Si uoisiadsip |eoIIaA
‘uolnsanb siyy sessalppe Ajjeiued jey) anoge g 0} asuodsal 995

"J8jinbe ay)

1O SSauXOIY} [B]0} 8y} sawnsse jey) Juswsajd adid ay} Aq pajenojes
SUOI}BJIUSOUO0D By} S}1081100 uofjouny swnid ay] ‘uoiouny sawn|d
ay) Aq pajenwis S| uoisiadsip |eoIUSA "dA0ge g 0) 9suodsal 993

"PapaaU JI WILUOO [IIM FOA VO PUE YH1N 8Y} Y1og Jono
pealds A|qeqold S801n0s JSoW jey) paAsl|aq Il 1ey) paiesipul 3040

‘Alepunog w-QQ1

8y} 0} Juldiooy yue) 8y} WOl 8dUe)SIp 8y} SISA0D pue Alepunogq
oy} 0} soue)sIp |eluoziioy Aq Ajo|os paulwialep Si oMISPI0D

ur Aemyyed juswale adid ayj jo yibua| sy Jeyy payle;d 3040

ISNOdS3™A 300 40 AUVININNS

vev

¢leutpnyibuo si

18y} Moy} Jo uoiod jey) Joy pasn 186 Ajuo Ajaisiadsip sy} seop 10
¢Aunisiadsip jeuipnybuol ayy Jo asn ybnouyy sswnid ay} astadsip
0} ajelidosdde J1 sI uay) ‘Jajinbe sy} ssoloe pealds aq 0} pauwinsse
ale sawnd J| ‘uonoalp [eo1udA 8y} ul palidde si Alaisiadsip
[euipnibuo| ‘uonoallp [eoIUBA 8y} Ul Ajuewid SI MOJ) UBYAA

"'SsauoIY)
Jajinbe ay} ssouoe peauds ase sawn|d sy} usym (sswnid uisises
ay Joj Alrenoied) papaau si uoisiadsip [eo1usA Aym Ajue|D

‘slojinbe uoplog) pue suny aaly] Jaddn yioq
Jano pealds aq 0} pajoadxse ale sawn|d asoym $821n0s ay) AjlelD

¢suawsle adid ay} jo Jusaipeibdn sjuswsd (|80 8y} SNSIBA
sjuswale adid ayy Aq pajuasalidal si yjed moj} sy} Jo uoiod Jeypn
¢,Syibus| Jodsuel) |ed1JOA pue |BJUOZIIOY YlO( JO8[)8 SaoUe)SIp
a8y} o ‘euo0z pajelnies ay} ul yyed moj} ay) Buoje podsuely Ajue|D

NOILS3ND 3N

[BPON WISPIOD
ul sJajinby
auoz pajelnieg
ul Ayaistadsiq
10 Juaweal |

[SPON (WISPIOD
ul sJajinby

auoz pajelnieg
ul uoisJadsiq
[eQI A JO) siseq

[SPON ZWISPIOS Ul
slajinby ul sawn|d
Jo podsuel |

|SPO L WISPIOD
ul yied uodsues |
pue mo|4

auo07 pajelnjes
Jo uonejussaiday



‘BuijJewyouaq Joj pesn alom SMOJ) 8SeOaSE( pue

MOJ} 8SBD 8Seg B 8sn (WISP|OD Ul SUnJ dlisiulwIeeg "pasn jou
alam pue siapjoysoe|d aiem smoll g-g 8se) "se|ijoid smojl g/
ay) wouj Ajuo sjos|as Buijepow WISPIOD 8y} Jey) pajedipul 304

-adid ay} Jo pua ayj je (sonel Ao Aoleq 1o)

$J0J0B} UOIIN|IP UO s|ielap oyoads apiroid Jou pip 30Q (Alepunoq
W 00| 8y} Jaleau asealoul sal100[aA) adid a8y} Jo pus ay) pue
yibus| adid ayj Jono safioojaA Aole ayj JO oljel ayj Jo uoiouny

e s| pue sino20 adid ay} Jo pus ay} je Buixiw sy} 1ey) sejesipul
1ey) aAoge g asuodsal 995 Ul SBW09 yead aloym pue SaAInd
ybnouypealq uo paseq si AJ10ojaA Aoieq ay) jeyy paesipul 304

“(VII1 8dAL) 61 pue (vI11 8dA1) ot (111 8dAL) 62 (Al
adA1) pz ‘(11 8dA1) gL ‘(1 8dA1) z1 (1 8dAL) 6 S)uEL IO} SI8oel)
9AlJeAIBSUO0D >o_ pawloj wwEs_Q S10) ] #o_o_mb AN "A9Y .mmooo-o_\ON

-YAMO-4¥S) Hoday |opoj\ Hodsuel| pue 8je d)jSeyo0)s wie
yue| esiy-H 8yi ul /-2 0} |-|"/ seinbi4 jeyy pejeosipul 300

ISNOdS3™A 300 40 AUVININNS

Ge-v

‘uopeNwIS (WISPIOD 8y} ul pesn aJe Buljepow
oWNO1dd0d Wol pejoelisqe Smojj disiulwls}sp usym/i Ae|o

¢Aepunoq w Qo1 @y} Je usas si uonn|ip Jo

[9A8] 1BUM IO Alepunog W Q| 8y} 1e sanioojaA Aoleq 8y} ale 1By
£SUONEIUBUOD [[BM W 00| 8y} Jo} Alepunog w Q0L 8y} 1e AlloojeA
AoJeq ayy Jo uonouny e uonnjip Jo aalbap ayy s| ¢AJUo seoel)
weals woly Aj100jeA Aoleq oy} Jo uonouny e awiy Jodsuel) sy} S|

‘uonoalip
moyj Buibueyd oy anp Ajjessie| swn|d jo Buipeaids sy Juasaidal
0} AJAIsladsip |ejuoziloy aslaAsuel) Ul asealoul ayy Ajue|D

NOILS3ND 3N

oWMISPI0D Ul
SMO|4 ,MO14d0d
10 uonoensqy

[BPON WISPIOD

ul Asepunog w
-001 8y} e uonnjig
pue Aj00jo Aoleq
jo diysuoneley

[SPON (WISPIOD
ur yuswisnipy
Aiaisiadsiq
[ejuozZIoH
asJansuel |



‘pJebal

SIY} Ul [nydjay s suoijezijeas WNWIXBW JO MAIADY "INDJ0 ||IM MOJ}
|enualiajaid aaibap jeym 0} pue moy Apoexs 10ipalid 0} ajgejieae

S| UoljeWIO}UI JUBIOINSUI Se asop |eijualod jo abues ay) pajen|eas
|]opow onsijigeqoud 8y} yeyy pajesipul 30Q “uonoely ssed-Aq pue
Mo} ssed-Aq Usamiag UONE|SLI0D OU SBM 818U} Jey) pajedipul 300

'3 ase) ul Aemyjed |enualajald ayj ybnoiyy sem moj} yonw moy
0] UaAIb sem uOoneJIapPISUOD OU ‘JaABMOH ‘sisA|eue afsljiqgeqo.d
1snqoJ aiow e 8onpoud 0} Sased ay) JO yoes Yum AjljigeLiea

pIay moy} Jussalidas 0} paydwane Asyj jey) pajesipul 3040

ISNOdS3™A 300 40 AUVININNS

9c-v

‘suofezijeal |enplAlpul ul uonoel) ssedAq pue
moyy ssedAq usemaq uoNE[9.1100 BY} WIYUOD “Bulepow (WISP|0D
ul pasn uopoely ssed-Aq jewaseq ayj Joj siseq ay} AjLie|D

‘[opow [enjdaosuod ay) Joajal Ajgjelnooe

aJow 0] pals}je siajeweled moj) aAljeuIB)E JO ‘[Bpow |enjdaduod
BU} Y}IM JUS]SISUOD 8SBD) YoBd J0) PaIapISuod aq pjnoys SMmoj}

10 19SgNs B JBY}aym JOPISUOD "8SEBD MOJ} 3 8SeD oljSiuluLIs}ep
8y} pue zz3 ybnouyy | 3 sesed mojj aAieulsye oy Aemyyed

1se} 8y} ybnouyy moy4 jo uosiiedwos e Buipnjoul ‘(seseo aAljeuls)e
pue) g ase) ul Aeemyjed Buissed-Aqg ‘}se} 8y} Ul paje|nwis SMOoj} JO
abuel ayy uo uonewuojul apinold “Aemyied mojj 1se} ayi jo 1oedwi
By} Jwi| Jo ajeAnoeul AjgAizoays 0} sased ay} Jo Auew oy [enusiod
ay} yum Aemyjed mojj 1se) ayy ybnouayy mojy Jo Junowe ay; Joeduwil
|im Bulepow ansijigeqoud SWISPI0D Ul pajuswaldwi Sased Moy}
aAIjeUIB)|E Ul PRIBPISUOD S[elId)ew SNOIjUSWa Jo uolepelbap
Buipiebal suondwnsse ‘JanamoH -oueuads buissed-Ag e
Apualayul s| 3 ase) ‘oidwexa 104 'SOLIBUSDS SAlleUIS)E |BloASS
0} |eJjuao aJe 1ey) sAemyied moy} 1se} aAljoe Jo aouasald ayy pue
S9SBO MOJ} SAljeUIS)e 8onpoldal 0} palieA siejoweled usamiaq
uolje|a.109 1081Ip Jo Yoe| Juaiedde ay) Uo JUBWIWOD Ajjeoloads
‘pale|nwis Buiaq sjapow [enydasuod [enjoe ayl yim podwod

3 pue ‘9 ‘y sase 4o} pajesauab spiaiy Mol 8yl moy AjuelDd

NOILS3ND 3N

oWMISPI0O Ul
uonoelq ssed-Ag
jewaseg Joj siseg ||

suolleziieay

ansliiqeqoid

SWISPIOD

UuM Splal4 MO|4
Jjo >oc®~w_wCOO 0l




oWISPI0D Ul pasn s77Q |[e Jo} $8pod 82.nos apiroid [im 300

P 1ey) WISYMISAO

Aew |[apollgns SIYy) WOJ} S)NSaJ 8)eIpawIalul 8y} pue paAes aq
UED Jeuy} elep 4O Junowe ay) 0} Jwi| B SeY JWISP|OD Jey} pauonned
30Q@ ‘seluadouid Jsuieluoo [gpowqng Hodsuel| 4| H Buljepouw
SWISPIOD 8U} Ul PaAES 8q S}NSal Jey) 108]8s 0} 8ABY PInom

Jasn ay} ‘0s op 0} JapJo Ul Jey) pajedipul 3O ‘|opow Jodsuel |
41H 8y} Joj paaes aq ueo sindino ajeipawllalul Jey) payLe 3030

lIp001dS 1 8y} dpiroid |im 300

"JaneaMoy
‘JauIRIUOD S)NS8Y  [epojNlodsuel | 8Y) Ul SjusLS|e SalIes

-awi} Asgjjioue 8y} In0-019Z JoU [|IM SWISPIOD 4l 1ey) paylied 304
uawdinba Alejjloue ayy Buipnjoul 3noyum Buljepow SWISPIOD
8y} Ul paje|nwiis 8q UBD S82IN0S [BNPIAIPUI ey} pajedipul 30d

ISNOdS3™A 300 40 AUVININNS

LTV

‘lopow
SWISPIOD 41H 8Y} Yim pasn s||p’, J8Y}o Joj 9pOO 82IN0S SPIAOId

‘lopo|\ podsuel |
41H 8y} ul paAes aq ued 1o aJe sjndino sjelpswalul Jeym ApeiD

"8p0o9 824nos Buipnjoul Buljspow
SWISPIOD 8Y} Ul pasn [|p"00dSL 8y} 10} UOHEBJUSWINOOP 8PIAId

‘Bullepow WISP|OS Ul $80IN0S [enplApul
Buiuuns usym juswdinba Asejjioue youany 0} a|qe ale noA Ji Ajue|D

NOILS3ND 3N

S8po) 92IN0g

Aseuqr payui
-Alesiweuiq Jayi0

|9pPO|N Hodsuel |
SWMISPIOD

woyy syindinp
ajelpawiau|

9p0D
82IN0S [|p'004dSL

Bullepoy
SWISPIOD

ul Juawdinbg
Asejjrouy

jo uonenwig

Gl

147

€l

¢l



"OdN 01 3juss

Aisnoinaud sajiy Bulspow oMOT4H0d JO 19s 8y} Ul palos ale sa|y
MO14-0d 8189ym 895 0} 30949 ||IM 30d ‘Alepunog aoueljdwod
Ww-00 1 8y} Joy Bulepow oMO1440d Ul psjenjeAs aiam jeuf
Sosed aAljeuld)e ay) sassnasip (gg9 "6d) L'1°2°9°G uonoag (|
"A9Y ‘8Z100-0102-YAMOD-HHS) Vd 41H 8u} ey} pajedipul 300

‘ase) aseg ay) Joj pawuouad Ajuo sem
Bupjiewyousg sesed dAleUId} e B} JO} S)NSaI [9pOW (WISP|0D
pue ;MO1440d ewydusq o} jou asoyo Ji jey} pajedipul 3040

ISNOdS3™A 300 40 AUVININNS

8¢V

‘pajelauab Ajisea aq p|nod 10 a|qejieAe

aJe s)nsal asay) 4 Bulspow oMO14¥0d Jsuiebe payiewyousaq
8g 0s|e p|noys suoneinbuod aAneulslje ‘ISASMOH "JapnJiul
JUSUBAPEUI BY} J0} PalJeNWIS 8J9M suoljelnbiiuod aAeuls)e

Jey) Jesjo Jou S1}| "JapnJiul JusuUSApeUl 8y} Jo) pajen|eAs

BJOM Z| MUue] O} 1XaU ||om e Je paje|nojed sasop Ajuo ‘ajdwexa 1o
‘payJewyouaq aJe suoieoo| juiod ainsodxs ulenao Ajuo ‘Ajjeul

‘lelolsusq

9Q p|NOM SBWI} |9ARI) 0} SAIISUSS 2J0W dJe Jey) sapljonuolpel
paAl-lioys AjgAne|al 1oy Buljepow MOT1440d ul pawlopad
suofe|nwis 0} synsal jo Buppewyouaq ‘inuue yuey || pue | adA
ul ulewals Aew sapljonuoIpes PaAI-LIoYS Jo saiiuenb jueoyubis
=Sl @sneoag ‘sapljonuolpel pal-Buoj AjaAielal a1e yoiym

Jo |le (G L-sD pue ‘6ZL-| ‘66-01 ‘9ZZ-eY “"B°9) sepionuoipel jo
Jaquinu payiwl| e Joj pawiopad Ajuo si Buiyiewyosuaq ‘Ajjleuoiippy

(Bulspow ;MMOT4HOd Ul
pajeinwis s| Jodsuel 3 ase) jey} Jes|o Jou sI )| (L N4) pajessuab
aq A|Isea p|noo 1o a|ge|ieAe ale S)Nsal 8say) JI ‘Soseo dAljeuls)e

ysu-1aybiy asay) Jo} pajejnwis Ajgjenbape ale sassaooid
uyodsuel; Jueoniubis [|e ainsua 0} SAI}ONJISUI 8 PINOM S}NSal
Builspow ;MMO14H0d 03 Buljspow  wisp|o9 Jo Buniewyousg
‘apnyubew Jaybiy Apuesiyiubis je awi ul Jaies Apueoylubis Jndo0
p|Noo sases|al aloym olleuads ssed-Aq e sjusasaidal 3 ase)
‘aldwexa 104 payJewyousq Jou ale Sased aAljeuls)e ysu Jaybiy
Ajlenusjod -asen aseg ay} Joj 1no palled Ajuo ase suosiiedwod

Bupiewyouaq jeyy seledlpul g "A9Y ‘€6000-0102-YAMO-HYS

NOILS3ND 3N

SETJN
oMNOT1440d
pue JWISp|o9

jo Bupjlewyousg 9l




"UOIIDBAPE 0] BAIIE[8) SBPIONUOIPEI JO UOISNYIP S8oUBYUS
J10}oE} 8y) saAsl|aq J 1euy) psjels 300 'sinsal MOT4H0d U
yojew o} Iojoey ay} parewixoidde JI jeyy pajesipul 3O ‘synsal
Buliepow (MOT4HO0d 8Us Woly Uey} [[lem 8u3 o 1no Buiwoo xny
apIjonuoIpe. 810w ul pajnsal Ajleuibuo Buljepow (WISPIOD 8y L

"SJusuodwod pIeMUMOP pue piemdn YlIM SAIIDSAUOD 8d PjNOM
[lem 8y} ul Xnjj apljonuolipel sy} paAaljaq 1l jeyl pajedipul 300

ISNOdS3™A 300 40 AUVININNS

6¢-V

“XN|} [|em
ay1 1snlpe 0] g0'Q o Jo10e) BuiJewyduaqg ay) Jo asn ay) Alue|D

NOILS3ND 3N

Jojoe4 ylewyouag
xni4 ey Li




‘'sieak 00001 Jeye JAjwaiw o Aj@jewixoidde sem asop yead ay)
1ey) paule|dxa pue saipnis A}IjIqn|os §6-01 PassnasIp 30 "Siaul|
yue) Arewd 8y} UIYyIIM SBU0Z pajeulweuo? ay} o} patedwod
sapljonuolpel jo sanijuenb juesyiubis ulejuoo 0y pajoadxa

JOU SEM }I 8SNE2a( JOALIP BSOP B J0U SEM AIOJUSAUI SNiNUUE
pawnsse sayoeo.idde Buispow sy 1ey) pajeslpul osie 30d

"SalUI} UOIHISUEBJ) [BDILUBYD Ul 90USIalIp 8y}

10} sNED BUY} S S|I9POW AMOT4HOd PUB (WISPIOD U} UsaMIa]
sn|nuue ay) 1uasaidal 0] pasn SaLWN|OA Ul 82UaJalIp ay] 1ey)
paleolpul 3JOQ "Jaull Alepuodss ay) mojaq Buiyihiaas sepnjoul
Ajuo ) esnedsq BWN|OA JBjjews e sesn Buljepow  WISP|OD du)
‘ai0jo18Y| “BuljopoWw @WISP|OD Ul SUOIHISUERI) [EDIWSBYD 8)e|ndjed
0} snjnuue jo uopiod pejeiraiqge ue pajapouw i ey} pajels 300

ISNOdS3Y 304 40 AUVINNNS

0c-v

"asea|al Jo Buiwiy 0} 9AlISUSS BJ0W Ble ey} Sapljonuolpel Jayjo
10} Juesliubis-)sil 8q PINO2 awWi} UOIHSUEBI} [BOIWBYD Ul 92UaJIayIp
ay} I Ae|n Jualeyip Apueoyiubis si swi uonisuel [esjwayd ay)
‘Synsau [spowl (WISP|oH pue ;AMOT4HO0d 8Ui usemiaq Jejiwis s
66-01 4o} @sop yead ay) ybnouyy ¢buljepow (WISP|o ul sawi

uoljisuel} |BOIWBYD 8)e|NJJeD 0} SNiNUUE 8y} JO uolod pajeiaalqqe
ay 1snl ybnouyy moys duewn|oA ayy ayndwod o} pajebalbbe

usy} smoy [spow . MO1440d Sy} 81e MoH "Buijspow
©MOT4HOd Ul peddel} ale SNiNUUE SN0 PUE JaUU! 8U) JO} SMOJ
oM Ajuo jey sieadde ]| ‘ued Alepuooss ay) yesuaq snjnuue
pajelAaIgge ay] SNSISA snjnUUR aliua ay) sejenualayip Bulepow
oMO1440d Ul Snjnuue sy} ul paxdel} MOj} SYy} moy Aue|o

‘auinjon asod

pajeinaiqqe jeyj ybnoiyy Moy oLJBWINIOA 8y} pue isull Aiepuoass
8y} Mojaq pajeoo] snjnuue 8y} Jo awnjoa aiod ayj uo paseq

aJe sauwil} uonisue) ayj ‘jepow WiSpPJos) ayj uj ‘ewnjo ajod

jey) ybno.yj Moy dLIJWINJOA 8y pue Snjnuue 81U 8y} JO 8WN|oA
aJod ay} Uo paseq aJe sl uonIsues) ayj ‘1epow MO T440d
8Yj U| "S|opowl om} oy} Ul pajen|ess aie Saull) UoHISuUL.)
Ansiwayo snjnuue ayj jeyj Jjsuuewl sy} uj Seoudiayip Aq pesned
aJe a.njiej Jaul| 0} Jold SeAINI OM] BY] UBBMJBq SOIUBIBYIP

8y 'snjnuue 8y} Jo Wo30q ay) Je pazijeniul Aiojusaul ue

JO asesjal ay) Aq pajeuliop S| ases|al 66 -9 8y} ‘einjie) Jaui| 0}
JOLid "[epopyy WISP|oD 41 H 8y) ul pajewixoidde Ajgjeinooe buieq
s/ [ouoz pajeulwrRIu0)] ZD 8y} YlMm pajeloosse [04juod Ajignjos
ayj jey; buneoipuy ‘esesjal MO T4HOd Y} SollloN0 ases|al
66-01 WISP[OD 8y} ‘ainjiey Joul| Joye ‘sajelsnyjl Z-9°G 8inblH Sy

.sojels
1'2'2'9'G uonoas ‘(| "A9Y ‘8Z100-0102-YAMO-HYHS) Vd duL

NOILS3ND 3N

[SPON WISPI0D

0} xMOT4d0d

Wwoi4 uonoensqy
Mo|4 Jejnuuy gl




‘Alessa09u Jou sem [apoul ayj ul siaidiynw Alojuaaul ayy buepdn
1ey) pepnjouod JOQ ‘elojaiay] "syuej Jo Jaquinu [|ews o)

paliwi| SEM WSBAISSUOD-UOU 8y} Jey} pue (SYYH) sapljonuoipey
anjoeolpey A|ybiH Jou alem saplonuolpel 8say) Jey) paiesipul
304 '8€2-N ‘9€2-N ‘TEZ-UL ‘L¥Z-nd Buipnjour sapijonuoipel
oly10ads 1o} aoueoayiubis ysu ayy sassnosip ‘609 abed uo (| ‘Aey
‘82100-0102-VAMO-HHS) Vd @yl ‘uonoadsul Aq siseq pel-Aq
-pel e uo juedyiubis-ysil Sem sanjeA ¢ ‘Aay 0} |apow 8y} Buepdn
Jaylaym pajenjeas 3O "SIOIJUOD 8|Npayds Jo asnedaq pajepdn
Jou 1M Yd 8} o} s|spowl 8y} Jey} Ing ‘¢ A8y 0} | ASY £2000
-01L02-YAMO-dYS WO} sslojusAul pasiAal i Jey) pajedipul 300

‘paues|o ale syue) se sashjeue |eioads ul sialdinw

Bunsnipe ueyy Jeyiel suonossfosd Aiojuanul Bunepdn uo snooy 0}
sue|d JOQ "@AllBAIBSUOD 8 0} Suoj|eb Q0‘y JO BWN|OA pajewse
ay} soadxa JOQ "sosAjeue sjidwes |eulj 9 pue G syue] ay)

0] @suodsal ul pasn SUOleJIUB2UOD pasealoul pue suondwnsse
BWN|OA 4] 4 0} uosliedwo9 Ul SBLWN|OA palewWIlSe pasealoul os|e
1 80uIs sJaldiinw AlojusAul Yim wsieAlasuod Bununoo-ajgnop,
PIOAB 0} pajuem }i ey} pajels 30d ‘Apuepodw| “Alessaosu

aq pjnom (xg| ‘*o°1) apnjubew-jo-1apio ue uey} ajow Jaldinw
e 1ey) 1sab6ns jou pip synsal sjdwes wolj spual) |eJousb ay)
‘san|eA pajosloid ay) Jano spnjiubew Jo Japlo auo uey Jeyealb
aJam sapljonuolpel oiloads ulelsd ybnoyye 1ey} paiedipul 304

ISNOdS3Y 304 40 AUVINNNS

LE-V

"JueoyiubIs Jou S| 8doualayip 8y} 1By} JuspyuoD

Sl 300 Aym pue sapijonuolipes SWosS 10} | AdY Ul | JO pealsul

€ A8Y Ul 0| 89 0} pasiaal sem Jaldiyinw wnwixew ay) Aym Ajueo
asea|d -Jueonlubis jou s SIY} Jey) SaJels Yd dUL “SAIBAISSUOD
-uou siI anjeA snoiAald ay) JO asn 8y} SapljonuoIpel Maj e

Jo} ‘lenamoH (1) anjea snoinaud ayy ueyy Jaybiy si (Q1) arewnss
JuaNd 8y} (£Z pue ‘gz ‘L.z syue ul) 8eZ-N Pue ‘(syue} vii|

pue ||| 8dAL 8y u1) 9¢Z-N (0L pue g syuel ul) zez-yl ‘(oL pue
6 SYue] Ul) Lg-nd J0}) 8ARAISUOD S| sialjdijnw Ul Seoualayip
ay) Hed Jsow ay} Jo4 "¢ ASY Jo pedjsul | "ASY ‘€2000-0102
-YAMO-HYS Uo paseq aJe [spow dy) ul pasn sialjdiinw 8y “q

"sepljonuoIpel asay)
Jo} @jenbape s| Jaidiyinw apnjiubew Jo 1aplo auo e jey} JUspluod
ale noA moy Ajuejo ases|d ‘sanjea pajosfoid ay) ueyy Jojealb
apnyubew Jo Japlo suo uey} aiow alom (Qrz-Nnd ‘LSL-SD ‘66
-0 “6'9) SYYH @Y} JO |eJoAas Joy s)nsal aidwes ay} Jey} USAIS) e

‘61 PUE 8| ‘G SHue]

woJ) se|duwes ay) UO paseq SepI[oNuUoIpe. 1SoW 10} S8)ewlse
Alojuaaul ayy Joj sialjdninw se paijdde alam (| Jo Wnwixew

e pue 0’0 JO WNWIuIW B moy saquosap ,‘AlojusAu] [esibojoipey,,
‘(1 A9y ‘82100-0102-VAMO-HYS) Vd U1 JO L'€'9'G Uonoas

NOILS3ND 3N

[9PON LWISPIOD
ul sisidniniy
Alojuanu|

6l



"8sop ||eJaAo 01 Jueoilubis jou ale (Jaull Alewrd ay) uiym
UOIJEUIWEIUOD BY) UBY] JBYIE.) UOIBUILLBIUOD Jejnuue 8y YlIIM
pajeIDOSSE $90IN0S Jey) Jaljaq sy pajelayial 30d “PajwIl Ajjignjos
aWo008q puUE BUOZ PaJeUILEJUOD BY} OJUl SNjNUUE 8} WOJ) 8SNYIP
sapljonuolpel 1ey} UoleAIasqo Jels DYN 8yl pawliuod 304

ISNOdS3™A 300 40 AUVININNS

cev

"7 8Y} 0jJUl SBSNYIP 1By} S)SeMm Je|nuue Joj |013u0d A}ljIgn|os

Jo uondwnsse ay} 1o} siseq ay} AjIe[o 10 7D ay) Ojul sesnyip 1ey)
AJojusaul Jejnuue Jo uoipod jey) uo [043uod AjIgN|os JO (8Sop o)
aseajal uo 10edw ayy Ajue|D "euswousyd swes ay) sousuadxa
pue syUe)} Jayjo Jo 9| yue] uljussaid aq Aew sapijonuolpel Aoy
10 saiuenb jueoiubis-ysu ‘Juesyiubis-ysi aq jou Aew 9| yue|
ul 66-01 ybnoyyy ‘swelowi) uoie|nwis ayj JO }Sow J0} paulelal
SI}1 818ym 7 8y} Ojul sasnyip 66-0 Jo uoipod juedyiubis

e ‘7O 8y} pue ‘[spow (MOT4HOd 9y Ul padeld si uoheulwejuod
sn|nuue g|, jueJ jo 3ng ay} aieym ‘ped pues Arewnd

ay} usamiaq yibua| uoisnyip |lews pue jusipelb uonesjussuod
abue| a8y} UsAID 7D 8y} Ul JUBN}ISUOD SIY} uo padeld s|oJuod
Ajjignjos 0} Buimo suoneuaduod snosnbe moj| 0} pauleljsuod

sl Joul| Arewrd ay} ul pajeoo| AlojusAul 66-01 dyl (eAnosye
aJaM ]l JI JalIeq Lodsuel) B 81n)iiSU0D PINOM Jaul| Yue} ay} ‘sieak
0=owWli} je Jaul| pa|ie} e dABY 0} PAWINSSE S| 9| Yue]) om} 8y}
usamjaq Jalueq Jodsuel) 9A1308Y8 OU YIm 79D 8y} 0} pasedwod
(ped pues Asewd) sninuue ayy ul sauenb Jaybiy ui Jusasaud s
9l Yue] ul ga-0] ‘o|dwexs 104 ‘oses|al juediiubis oy Joud Ijnuue
8y} woulj (ZD) auoz pajeulweluod sy} Ojul 8snyip 0} s|ge ale

18y} SjUBUIWEBIUOD IO} pazi|eal ale S|0Juod AJjIgN|os ‘IINuue jue} ul
pa]eo0| SjuBUIWEBIUOD U0} PAWNSSE S| |0JjU0d A}ljIgn|os ou ybnoyyy

NOILS3ND 3N

sapljonuolpey

pasnyiq Jo} suoz
pajeulweuo)

ur spwi] Ajjignios 0z




‘llem Mue} 8y} pue sninuue

ay} Jo abetanod sy} yjoqg podal spodal uonoadsul yue| 7D uey
JaybBiy aue sayis yes jey pejes 304 senliqedeo Jau| [eiued
JO UOIjeIapPISUOD MOJ|e Jou saop Bulepow S} Jey) palesipul 30d

‘(3 @se Joj sallojusAul 8|geledwod

yim abuel wal ay) Ul a1em Sesop 06-I1S G| yue] “B6'8)

JOALp 8SOP B 8q UBD 06-IS Jeu} MOUS S}nsal WISP|oS) uohezijes.
yead jey) pajeolpul DYN '9Sop |[eJeAo 0] Jueoniubis 1ou ale (Jaul|
Alewid 8y} UIyIM UOIBUILLEIUOD BY} UBY} JBY)el) UolieulLejuod
Jejnuue 8y} Ypm pajeloosse Sa0Inos Jey) jaljaq sy pajelsiial 300

ISNOdS3™A 300 40 AUVININNS

€e-v

‘lelislew Jo seseajal UaAIb Jsliieq aAljoale ue

aq 0] pawnsse si Jaul| Alewd sy 18y) siseq ay1 Ajue|D ‘snjnuue
ay} ul saiiuenb yueoyiubis aAey o} pawnsse si (| pue Q|

JUB| SE [|9M SB) § Yue] ‘JoASMO}H ‘laul| JoBjUI Ue UM pajapowl
SEM @ Yue] jey) sajels ,‘S80Inog JueuiWeIU0Y) aAlejussalday,
‘1'1'2°9'G Uonoas ‘(1 A9y ‘821L00-0102-VYAMO-HYHS) Vd YL

"1noJb Buionpal Jejnuue ayj ul

paxiw AjaAioays si a)sem ay} Jey) Buiwnsse 1o} siseq a|qisuajop
e apinoid 1o syuey | adA] ul nolb Bulonpas sy} ul 824n0S

Jejnuue ay} Buipeo| yym pajeroosse sjpoedwll 9AIJBAISSUOI-UOU Aue
ale ajay) JI Ajue|) -asop Jo uondlipald-1apun ue 0} pea| ued nolb
Buionpals ayy ul aysem Jo dn-pjoy jeyy sjqisne|d os|e si JI ‘1I9ASMOH
"sasea|al Jaybiy o} Buipes)| Jaybiy aq Aew wasAs ay) ybnoayy moyy
awi yoiym je aoe|d seye} uolisuel) [eaiwayo |ijun sapljonuolpe.l
Koy sulejal AjoAjoaye Jaliieq ay) ey} a|qisneld si}| ‘sapljonuolpel
Aoy 1o} oseajal 8)sem 0} Jallieq e a3n}iisuod ued nolb Buionpal
ay} ‘alojelay) noib Buionpal Jo your Wonog sy} ul payeoso|

sI syue) | 8dA] Jo snjnuue ay} ul pajedo| a)sem ey} sswnsse 300

NOILS3ND 3N

syue| BupjesT

Joy Aubayu) Jeurl 2z

uonoessqy
uoljeulwejuon
Jejnuuy | adA |

(¥4



‘los Buipunouns ay) 0] ||lem

JNeA ay) WoJj A108Ip 10U pUB 1BWaSEq 8)840U0d 8y O] |[BM JNeA
8}810U0D BU} WOy UoISNYIP seje|nwis Bullepow  WISP|OD SH Jeu}
pajesipul 0sje 3O "Uel 8y} JO apISIapun 8y} Uo Jewaseq ay) 0}
llem ey} woy spaeooid mojy Bullepow MOT4H0d Ul 1eys paiess
J0@ "ue} 8yl Jo Jousiul 8y spJemo) spasodoid Ajjessuab yue)
a1 yieauaq moj} 1ey) s1sebbns Buljspow moj) 1eyl peiou 303

ISNOdS3™A 300 40 AUVININNS

ve-v

"Jewaseq 9)a1ouo9 ay) buissedAq

AgaJay) ‘JUSWUOIIAUS plalj-leau ayj 0} [|em }neA ay} ybnoayy
uoisnyIp sjepow ;MO14H0d Jeyleym Ajie|p buljepow vd Jo
asodind ay} Joj ayenbape si bulepow oWISPI0D Jo/pue Bulspow
MO14-0d Ul 8U0Z siy) Jo uonejussaidal 8y} moy Ajelo ‘Iayjo
yoea J0 Ajijeal WOy Jayip SBU0Z |[eLdlew a8y} J| "WalsAs |eal ay} ul
s|elsjew [enjoe sy} woly Jayip Aoy} ji pue Buljspow  WISpP|oD Ul
pue Bullspow MOT4HO0d Ul (Jewsseq sy} 0} Jusdelpe) jjem ay)
Jo aseq ay} je sjuswubisse Apadoud elisjew sy Ajie|D ‘snjnuue
By} yjeauaq Wolj Sapis 8y} 0} N0 PUSIXS JOU SSoPp Jewaseq

ay} Jey} smoys (1 "AdY ‘82100-0102-YAMO-HYS) Vd 8y Ul Z-¥'v
ainbi4 1nqg ‘yewaseq ay} ybnouyy seob aysem ay) jey saiels siy|

"8U0Z pajeinjes ay) ojul Ajjeuly

pue ‘Jewsseq 8)aJouo0d ay} ojul ‘|lem jnea ay) ybnouyy buneibiw
Aq wejsAs ay) aAes| ULD }I 810JOq ‘UOISUB)IXS [BIILIBA JaUl|
AIepuooss J00J-G 8y} eAoqe 8jelbiw JSij JSNW SSew 8y ‘Snjnuue
8y} ybno.y) psemdn pue snjnuue ayj o} ped pues ayj Wodj sl

8IN0J JIX8 (Bl BY) ‘Joul| JORIUI U UYlM yue) || 9dAL e ‘e Yue] Jo-

'so)els
2'2°2'9°G uonoas ‘(1 "AeyY ‘gZ100-01L02-YAMOD-HYS) Vd dul

NOILS3ND 3N

snjnuuy woul yied
uodsuel] |eusiep
snopjuawa) €2




"SMOJ} [BJB)E| Y)IM PBsEeaIoul 8Q JOU PINOM S8} [8AR.) 1By}

‘syue) pabiawqgns 1o} jey) pajou DYN "Sesop Yead aseslosp pue
sawll [oAel) 8sealoul A[@yI| pjnoM SMOJj [BJa]e| 1By] pue paziwixeuw
80 0] paau pP|NOM SMOJ} PIeMUMOP ‘sasop dead asealoul 0} Japlo
ul ey} paAslaq i 1ey) pajeslpul 30Q “MOj) JSey [eJale| pajspoul
1usey 1 18y) Ing ‘sasop yead asealoul pjnom Jajempunold

woJj syue) pabiswgns ybno.ay) moj) [elsle| 3uly) 1,Uuseop

) 1ey) pajels JO@ 1084109 s Ijnuue 8y} ybnodyy syyed moyy

1se} Jo Bulepow syl jo Buipuejsiapun s, 04N Jeyl pawliuod 300

ISNOdS3™A 300 40 AUVININNS

ge-v

‘pajopow ale syue} | 8dA Ul uoneulWBUOD Jejnuue 8y} ybnolay)
syred moj} 1sey Jayleym Ajue| sjusaa uonendioaid Buimoijoy
uoljeJ)jul Jayempunolb ouosjew pue (8GEL-4Q) asu s|ge} Jajem
0] anp Syue)} ay} Ojul Yoeq Jajempunolb jo abexes|-ul moje Se [|om
se ajsem Jo saniuenb jueolubis Jwsuel) 0} umoys Apealje aaey
Jey} sjuiol uononIisuod ybnoldyy Inuue yue) Wwolj UoijeuluBu0d

Jo aseajal ay) Jo ysu |enualod ay} sajenjeas Ajgyenbape
wisiueydssw Ssiy} jey) Jeajod Jou sl 1 ‘syuey || 9dAL ul sisixe
Aemyied moj} jsey} ay) aiaym ped pues Jauul ay) spiemoy sped
pues Jajno ay} woly pauodsuel) 8g pinoo uoneulweuod ybnoyyy
"3 uoneinbiuo) ul skemyied Moy} 1Se} Ylim J0BU0D 108lIp

ul Jou S| uonjeulwejuod Jejnuue | adA] ‘snyl "ss8o0.d 8insojo
ay} Buunp 1)nuue ayj azijige}s 0} pasnh aq [|Im Jey} 1nosb Buionpal
OJul papeo| SI syue} | 8dA Ul UOJBUILLEBIUOD JBjNUUY "S)UE}

[ 8dA1 U Aeemyjed moy) 1se} ayj Jeau sped pues (Alepuodas pue)
Atewud ay) ul paeoo| UoIBUILIEIUOD JBjNUUE JO uoiod e yum
10BJU0D OjUl SBWO0I Ajuo Aemyied mojj-1se) ay) ‘WalsAs yuel ay)
ybnouy; sisixe Aemyied mojj-1se} e alaym OLIBUSIS e sjuasaldal
aseQ ybnoyyy “(8S€1L-da) HneaA yue} ay) ul (sjulof “6-8) sainjesy
uonoNIISU09 Ybnouy) JUBWUOIIAUS 8y} OJul A}0aJIp pases|al sem
pue ued snjnuue Alepuooas ay) paddopusno a)sem jey) panaljeq si
} ‘Juswuiejuod AJBpuooas wol4 ‘juswulejuod Alepuodas ol 9|
jue] wolj a)sem Aewd Jo abeyes| wod) pasindd0 JUSWUOIIAUS
8y} ojul AjAnoeOIpel JO saseajal Joallp ‘a|dwexa Jo4 "S[apow ay}
ul pajuasaldal Apoldxa jou ale sainjes) asay} ybnoyye ‘sninuue
ay} ybnouyy shkemyied Buissed-Aq Jo |eiualisjeld jenusiod
Juasaldal Aew jey} sainjesa) uonoNJIISUOD UIBJUOD SHUE) 41 H

NOILS3ND 3N

Syled
MO|4 ISBd Jejnuuy g




"9,,G pasealoul Buneoq

awn (x1) pue {9,G/ pasealoul Buiwwims juads awiy [enuue (I1A)
‘sawny dnpjoy aloubi (11A) ‘epnjubew Jo slaplo g-Z ey 4o} 400
[eusa)xa yidap ainsodxa wo G| pajepdn (1A) ‘Jodal Y3y yim
paubije sjuaIole0d Jajsuel) (A) ‘uoisabul Joaq 1o} 10)0e} Jojsuel)
10 Buidwes 211seyo0ls (Al) ‘g'z 01 /°0 Woly pasealoul piaIA douo
uapseb () ‘uonebiu pue uonejdioaid woly UoONPOJUI JIS8}eM UO
paseq Jojoe} ayeyoe9) (1) ‘uonsabul 66e pue usxoIyo o} skemyjed
mau (1) :Bunepow alaydsoiq ayj 0} sabueyd paziewwns 30d

‘YN 01 papiroid Apealje jou Ji ‘suonelnbiyuod aAleuls)e
10 s3|1} Buldpow podsuely &MOT1440d apinosd 0] paalsbe 30Q

‘1Je1s OYN Ol Sal} Uone|NwWIS SUOIIe[NDJED UOIIBOLISSE|O 8)SEM
puas ||IM 11 1Byl pajels JO@ "Suone|ndjed 8sop Japnijul Wwo.j
10UNSIP 8J8M SUONEINWIS 8Y) Jey) 8A8ljeg 1,UpIp INg ‘Uoneolisselo
a)sem Joj suone[nwis ajeledss pawlopad } jey) pajesipul 304

‘Alepunoq w

| 8y} Ulyym AJOJUSAUl Bul| Jaysued} aliua ay) Bumind Aq paziwixew
2J9M SBSOp 8y} 1By} pajesipul 3O ‘ueosyiubisul a1om w |

1e sasop ay] ‘jueouubis aq pjnom Arepunoq aoueldwod 0} J8Sso[d
saul| Jajsuel} Bune|nwis yey} aAsljaq },usaop ¥ Jey) pajesipul 304

ISNOdS3™A 300 40 AUVININNS

oc-v

‘41 4 @ouis Buljgpow aisydsolq
ay} 0} apew alam sabueyd 1eym Ajue|d 41 H 40} S40Ad opInoid

"gMOT4-0d Buisn suonenbyuoo sAleuIs) e JO S}Nsal 9pIAoId

"SUOIIEINO|EO UONEOLISSE|D S1SEM 8Uj} JO} 3|l (WISP|OD SPIACId

*Alepunoq w QQ| ayj 0}

18S0[2 pajeao| 8q p|Noo saul| Jajsued) Alljeal ul ‘JeAamoH ‘(mojeq
ainbBl} @8s) 4] H J0 1uLId100]) 81BIPAWILI BY) UIYIIM Paleoo| ale saul|
Jajsuel] *Buljgpow ul Saul| Jajsuel) Jo uoneoo) oy siseq Ajue|D

NOILS3ND 3N

slojoe
UOISJI9AUOD
asoq Aemyjed
alaydsolig

[SPON
oMNOT1440d
wou} s)nsay
uonelnblyuon

aAljeUId) Y

[BPON WISPIOD
ul suonejnojen
uonesyIsse|n
a1sep

Bullopoy
ul saul Jajsuel |
JO Uoie20

8¢

LC

9c

14



‘sl
U 196 am usym aJow Siy) Je O] [|IM }i 1ey) PajeoIpul els YN

‘Buijepow abepod ay} suieb 3 usym uonew.Ioul

ayy uieb o) aoepsyul Jasn |eolydelb oMOT4HOd 8y} asn [Im yejs
DOYN ‘@oepajul Jasn |eoiydels $,gMO1450d Uo pesjsul AjoJ 0}
pey }l ey} pue Bulepow abeuod ul pub Jejnba.ll woly ejep joeljxa
0] 0} s]00} }0|doa| ash 0} 8|ge Jou alam Aay) Jey) paesipul 300

‘abeuod Aq pawuopad sajiy Buispow apinoid o} paalbe 300

ISNOdS3™A 300 40 AUVININNS

LEY

‘papinold Jou sem Buljepow

abepnod ay1 ul syue} pabiawqgns 1oy yuel ayl ybnoliy) sajel

MoOJ} o apnjiubew ayj o uosiiedwod JoalIp B Ing ‘PaJspIsSuod aq
0} pPaau 1,Usaop MoJ} [ejuoziioy Aym 1o} ajeuoljel e sapiroid 300
1eyl ajoN ‘(paddeo ‘papesbap ‘[eiiul) SUORIPUOD SNOLIBA Japun
syue) pabiawigns Joy jopow abepod ay} ybnoldy} Indo0 pjnom jeyy
XNJ} SNSISA UIBWOP [9powW plal-leau ay} ybnolyy xnj} aledwo)

‘sjinsaJ Buljepow abepod ayj Uo paseq suolIpuod
paddeo pue ‘suoiipuod papelbap Ajjny Jo} ‘Ajleniur syue)
pabiawqgns 1o} (apnjiubew) si10}08A MOJ} UO UOIJEWIOUI BPIACIH

"abepod Aq pajonuisuod sejy Bullspow (AMOT4H0d 8piroid

NOILS3ND 3N

Bullopoy

abeliod pue
oWMO14d0d woy
saxn|4 p|al4-JeaN
JO uosliedwo)

SJI0JO9A

Mo|4 Bulspopy
«MOT1440d
abeliod

9|14 Bullepoly
«MOT1440d
abeuod

L€

0¢

6¢



8¢-V

(suoz 1addn :zN- ‘euoz JamoT :z7-) Jajinby suny salay] Jaddn (v)dLN
Hwi sousplyuo) Jaddn oN
auoz Buiuyuo) Aejp uel :zHD1
vedx3 Jepe elang INS
sdwngd Buixiy o|qisiowgns dNS
sdwnd Aunis weybuig :41S
uofjewJoju| |euonippy Joj }senbay vy
Jojoe4 UoIsIanuo) 8soq Aemyied :40dd
JUBWISSOSSY doUBWIONEd Vd
ploy 2llexO YO
uoissiwwo) Alojenbay Jes|onN 'S'N DN
jue|d Jamod Jes|onN ddN
Aouaby ABisuz JesppnN v3N
|eAoway abpn|S [edlueyos|y ‘HSIA
|eonoeld JusIxg wnwixely 43N
anINY dnsualoeIeyD aInisIoN DD
AAONpUO) oliNeIpAH pajeinies Uy
juaIIe0) uondiog Py
Aouaby ABiaug olwoyy assueder y3yr
wJied yue] easy-H 41H
apijonuolpey aanoeolpey AlybiH HYH
ABojouyoa] jo anyisu eibloss) 19
ealy suoljesedag |eJsuss) SO
J8)inby uoplog) o
wJled jue] eaiy-4 414
[BNJUSJO UONEPIXQ-uolonpay 13
Buiues| |eolwsy) psoueyuy DOJ
awn|o/ alod paoe|dsiq Add
ABissu3z Jo uswyedaq 's'N 304
uabAxQ panjossig :0d
Areuqry payuri-Ajlesiweuia 11a
8U0Z pajeuIWBIU0) 7D
[eAoway abpn|g [eolway) ¥SD
SpIX0IPAH-EIIIS-WNIONED HSD

Be|s soeuwind jselg :s49 'SILON

ISNOdS3™A 300 40 AUVININNS NOILS3ND 3N




