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1.0 Summary

This report provides the results of the Westinghouse activities performed as part of the Plutonium
Disposition Study Phase 1b under DOE contract DE-AC03-93SF19683. These activities, which
took place from May 16, 1993 to September 15, 1993, build upon the work completed in Phase
- 1a, which concluded on May 15, 1993. In Phase 1la, three Plutonium Disposal Reactor (PDR)
options were developed for the disposal of excess weapons grade plutonium from returned and
dismantled nuclear weapons. In the resulting Phase 1a report, Westinghouse demonstrated the
ability of the PDR600, a modified version of the AP600 commercial nuclear plant, to successfully
dispose of the weapons grade plutonium according to the DOE requirements.

As a result of the Phase la activities, and subsequent review, a workscope for Phase 1b was
developed. This workscope included the presentation of the Phase la results to the DOE
Technical Review ~ amittee at Piney Point, MD, as well as responses generated to questions
from DOE and other review bodies. In addition, several technical studies were conducted in
anticipation of Phase 2 of the PDR Study.

This report documents the results of several tasks that were performed to further knowledge in
specific areas leading up to Phase 2 of the PDR Study The Westinghouse activities for Phase
1b are summarized as follows:

Resolved technical issues concerning reactor physics including equilibrium cycle
calculations, use of gadolinium, moderator temperature coefficient, and others as
documented in Section 2.0.

Analyzed large Westinghouse commercial plants for plutonium disposal. The
large plants were found to be acceptable for disposing of plutonium, and will
reduce the number of plants needed.

Reactor safety issues including the steam line break were resolved, and are
included in Section 2.0.

Several tasks related to the PDR Fuel Cycle were examined. These include fuel
fabrication issues related to fuel rod manufacturing, storage, radiation dosage from
MOX fuel, as well as post irradiation fuel handling. These studies are presented
in Section 3.0.

Cost and deployment options were examined to determine optimal configuration
for both plutonium disposal and tritium production. These studies are presented
in Secuon 4.0.

Response to questions from DOE and National Academy of Scientists (NAS)

reviewers concerning the PDR Phase la report are included in Appendix A.
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" The presentation of the PDR600 Plutonium Disposition Study to the DOE
Technical Review Committee at Piney Point, MD is included in Appendix B.

A Revised Phase 1a report has been completed and is being issued under separate

cover.
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2.0 Technical Studies

2.1 Core Physics

The feasibility of operating a 100% MOX core using weapons grade plutonium was demonstrated
during the phase I study. The Phase I Extension Report compiles design and analysis performed
since the end of Phase I. Much emphasis was placed on modifying core models to ensure the
prediction of negative moderator temperature coefficient (MTC) values at all operating conditions.
The characteristics of the new designs, called "revised", are described herein. Additional core
parameters, such as void coefficient and xenon worth, as well as core characteristics at cold (68
F) conditions have also been studied. Additionally, a study was performed to compare certain
characteristic differences between small and large reactors.

Another important continuatton of this study was the determination of eqhilibrium cycle core
characteristics. An equilibrium cycle has different burnup and isotopic distribution and generally
gives a better and more generic representation of core behavior. Since most emphasis was placed
on the spent fuel option, details of revised plutonium destruction option models are not described
in this report.

BASIC PHILOSOPHY FOR SPENT FUEL DESIGN

The basic design objective is to meet the program requirement of denaturing 100 MT of weapons
grade plutonium in the reactor as economically as possible through the use of a conservative
design using proven hardware and software. The basic core characteristics of one-third core
MOX fueled PWRs are well studied and understood. Although there have been some studies
performed with 100% loadings of reactor discharge grade MOX, no systematic study of a 100%
MOX fueled core using weapons grade plutonium had been undertaken before this project.
During Phase I a core model was developed which charges 5.5 w/o Pu enrichment fuel and
discharges this fuel at 40,000 MWD/MTM exposure. All models show ample conservatism in
the design, since more than adequate margin was predicted for peaking factor, shutdown margin
and other core performance and safety parameters.

The PDR600 requirements necessitate a heavy loading of glass burnable absorbers and integral
burnable absorbers to hold down the excess reactivity at the beginning of cycle. Even though
3500-4000 ppm of soluble boron are permissible from chemical considerations, levels should
exceed about 2500 ppm at HFP, (Xe free) conditions in order to predict an MTC more negative
than -2.0 pcr/F.

Recent calculations indicate that the allowable enrichment may exceed 6.0 w/o, providing a
reduction in the required number of reactors. Another factor which contributes significantly to
the number of reactors necessary is the discharge burnup. Since part of the objective is to
minimize time requirements, shorter burnups in the range of 30,000 to 35,000 MWD/MTM would
yield about 20% Pu-240 content in the spent fuel. The 20% Pu-240 fraction approximates’the
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isotopic fraction in spent commercial reactor fuel and is consistent with the DOE Plutonium
Disposition Study Technical Review Committed statement; "the presence of about 20% Pu-240
defines the material as non-weapons grade plutonivm," (section SC3-17, 3.1 of the report issued
July 2, 1993).

A feed enrichment of 6.5% Pu is about the maximum that can be loaded in PDR600 and remain
within the negative MTC limit. A possible avenue to attain higher enrichments is to use
gadolinium (Gd) as an integral burnable absorber. Gd has a much higher absorption cross section
than "B and unlike in commercial reactors, there is no penalty for residual end of life poison.
Westinghouse has considerable experience using Gd fuel in PWRs. In a uranium fueled core,
the enrichment of the Gd loaded fuel rods are generally reduced by about 5% for each percent
loading (by weight) of Gd to ensure that those rods are not the power peaks (DNB
consequences). Gd loaded MOX fuel is a possibility for PDR600 and will be pursued in Phase
1. However, with 20% Pu-240 as the denaturing goal, higher enrichments may not be optimum.
This is because the higher the charged plutonium enrichment, the greater the discharge burnup
must be to achieve a given Pu-240 content. That being the case, there may be no incentive for
using Gd.

It should-be pointed out that the combination of stainless steel cladding and IFBA coating, and
MOX is new, although there is experience with individual components. A few irradiation
demonstration assemblies may be required prior to the use of this fuel in PDR600.

REVISED INITIAL AND EQUILIBRIUM CYCLE MODELS FOR SPENT FUEL OPTION

The revised cycle 1 model has a higher loading of integral burnable absorbers in the core in order
to reduce soluble boron and make the MTC more negative. Full length, 1.57 mg/inch IFBA
coating is used in all assemblies, which is the standard value used for commercial 0.374 inch
uranium fuel rods.

The equilibrium cycle model was developed by using 5.5 w/o enriched once burnt, twice bumnt
and feed assemblies. All fuel rods are coated with zirconium diboride with a 1.57 mg/inch
loading of B10. It may be noted that the standard outing fuel management scheme was used in
equilibrium cycle. The following sections describe important core characteristics, and all future
references are directed to the revised model, unless otherwise mentioned.

a) Critical Boron Level

The boron level in the equilibrium cycle has been reduced from 3100 ppm in the original
cycle 1 model to 2100 ppm at BOL (HFP, no xenon). Equilibrium cycle and cycle 1 have
almost identical boron levels at BOL, but the equilibrium cycle EOL boron is only 250
ppm as compared to 800 ppm for cycle 1. The boron letdown with depletion behaves
similar to a typical uranium fueled core.

DE-AC03-93SF19683 L 2-2




Westinghouse Electric Corporation PDR600

Report No. DOE/SF/19683--2 %

b) Peaking Factors

The equilibrium cycle total peaking factor is 1.72 at BOL, while the EOL value is 1.57.
Hot channel factors are comparable between cycle 1 and equilibrium cycle. Axial peaking
factors are decreased by about 10% in the equilibrium cycle. These PDR600 axial
peaking factors are designed to accommodate the peaking factor limits of the AP600.

¢) Moderator Temperature Coefficient

The MTC in the equilibrium model is more negative than in cycle 1. The most negative
MTC for the equilibrium cycle is -30 pcm/F, similar to uranium fueled cores (HFP, no
boron). The predicted MTC for cycle 1 at HZP is -4.3 pcm/F, making the most positive
and negative MTC limits within the design basis limit of the AP600.

A very important facet of the PDR600 design is that there is enough flexibility to tailor
MTC values to suit reactor operation and safety needs. Calculations indicate that MTC
values similar to uranium fueled cores can be easily achieved by balancing burnable
absorbers and soluble boron. Consequently, the effect of MTC on cool-down accidents
is not expected to be more severe than that for uranium fueled cores.

d) Boron Coefficient

The boron coefficient is much smaller for the PDR600 than for the AP600. It varies
slightly from -2.8 to -3.9 pcm/ppm, whereas -9 to -13 pcm/ppm is the range for AP600.
The low boron worth is beneficial for boron dilution accidents, and early indications do
not reveal any impact of low boron worth on the steamline break accident..

e) Xenon Worth

Like all other reactivity worths, the xenon worth has decrzased by about a factor of two
in PDR600. The xenon worth at HFP BOL and EOL is 1230 pcm and 1500 pcm,
respectively, for the equilibrium cycle. Typically, in uranium fueled cores, the xenon
worth is around 2500 to 3000 pcm. The low worth of xenon has an important advantage
for stability against xenon induced oscillations, making axial xenon transients less severe
in PDR600.

f) Control Rod Worth and Pattern

The control rod worth is, in general, decreased in the equilibrium cycle, which is the
normal trend. Compared to the initial cycle, the "Five clusters, D Bank" worth is reduced
from 620 pcm to 500 pcm at BOL, HFP and from 690 pcm to 600 pcm at EOL, HFP.

DE-ACO03-93SF19683 2-3




Westinghouse Electric Corporation ’ PDR600

Report No. DOE/SF/19683--2 %

Similarly, the total rod worth is reduced from 9460 pcm to 9300 pcm at BOL, HFP and
from 10700 pcm to 10500 pcm at EOL, HFP.

PDR600 is designed to be a base load plant, and therefore the control rod pattern selection
process is less severe. In the present design, five rods making a cross pattern are selected
as the D Bank. The D Bank selection is crucial, since it is normally the only bank
inserted in the reactor at hot full power to control power peaking. The D Bank worth is
adequate ‘to control power peaking during reactor operation. "Five clusters, D Bank"
could be easily changed to "nine clusters, D Bank™ with an associated change in rod
insertion limit, and control bank configuration studies will be investigated in Phase II. It
can be concluded that the addition of 8 rod clusters-at the periphery and the replacement
of 16 gray rods by full strength rods provide PDR600 worths approximating the AP600
values. : s

g) Shutdown Margin

The calculated shutdown margin is decreased from 4.9% in cycle 1 to 4.4% in
equilibrium cycle at BOL and from 5.5% to 4.7 % at EOL. This represents a reduction
of about 10% to 20% at BOL and EOL, respectively. But, with a predicted shutdown
margin of about 3% , and considering an AP600 shutdown margin requirement of 1.6%,
substantial margin exists in the design.

h) Core Characteristics at Cold Conditions

The soluble boron concentration for cycle 1 and equilibrium cycle are both 2700 ppm for
unrodded BOL conditions. The refueling boron levels at 68 F for the initial and
equilibrium cycles are 2100 and 2200 ppm, respectively (all-rods-in and keff = 0.95).
Therefore the maximum boron concentration used for all reactor conditions, including
refueling, is well below its solubility limits. The minimum shutdown boron levels at cold
BOL condition for cycle 1 and equilibrium cycle are 1300 and 1700 ppm, respectively.
This cold shutdown condition assumes 1% as the required shutdown margin and includes
an additional 100 ppm for conservatism.

i) Ejected Rod Accident

The ejected rod worths and peaking factors are essentially the same for all models and
cycles. The limiting ejected rod worth and peaking factors are less than 50% of AP600
values. Evaluating this in terms of safety limits defined in the phase I report, it is seen
that a large amount of margin exists.

DE-AC03-93SF19683 2-4




Westinghouse Electric Corporation | PDR600

Report No. DOE/SF/19683--2 %

REACTOR SIZE

A 1933 MWt reactor, designated PDR600 and based on the AP600, was used exclusively
for Phase I evaluations. This power level was appropriate because it represents
Westinghouse’s version of future commercial nuclear units. Of course Westinghouse has
extensive experience with larger commercial reactor sizes. During Phase I extension, a
comparison of the 1933 MWt size versus larger reactors, producing 3000 MWt or more,
was performed. Stockpile transmutation rates were analyzed, as well as some of the
nuclear performance associated with "full-size” plants.

Spiking Option:

The PDR600 size is the clear choice here. A mass flow comparison to a 3411 MWt (high
power density) core and a 3150 MWt (reduced power density) core indicates that it
requires 2.5 years to dispose of the stockpile, regardless of power level. Therefore, since
the objective for this option is to spike fuel as rapidly as possible, PDR600 receives the
highest rating because it costs the least.

This conclusion was based on equal refueling time per assembly, as well as fuel
fabrication capacity for all cases. Refueling time used is 8.5 assemblies per day and the
fabrication plant capacity is 1750 assemblies per year based on the Westinghouse
Columbia Plant capacity. Since the AP600 has the fewest assemblies, its refueling times
and cycle lengths are shortest, but it requires the most number of cycles for stockpile
disposition. The larger reactors need longer réfueling times and cycle lengths, but require
fewer number of cycles. These effects cancel each other, with the result being that the
same time frame (2.5 years) is required in all cases.

In this evaluation, no credit was given to larger reactors for the greater number of MW
generated during the 2.5 year period.
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Spent Fuel Option:

Determination of optimum reactor size for the spent fuel option requires an extensive

evaluation involving the interaction of program requirements, nuclear performance and

costs. The nuclear performance evaluation involves maximizing Pu loading, determining

the denaturing capability and cycle lengths connected with those loadings, then evaluating

the ability to safely operate the reactor with those loadings. This section only addresses
the nuclear performance side of the story.

During Phase I efforts, a maximum MOX enrichment of 5.5w/o Pu was specified and
average discharge burnup was set at 40,000 MWD/MTM . This was with consideration
that the stockpile must be completely processed through the reactor in a 25 year operating
window, and that the discharged plutonium isotopics must resemble those of spent
commercial fuel (at least 20% Pu-240). To satisfy these requirements, 1 "2R600 units
are necessary. Phase I extension efforts indicate the potential to increase the enrichment
to 6.2% Pu while decreasing the average burnup to 30,000 MWD/MTM, thereby reducing
the number of required PDR600 units to 7.

~ Employment of Westinghouse "full-size", 4-Loop, 3411 MW?1 plants reduces the absolute
number of units required to denature the stockpile. Based on similar enrichments and
burnups as mentioned previously for the PDR600, 6 units would be necessary if 5.5%
enriched Pu fuel were burned to 40,000 MWD/MTM, whereas only 4 units would be
required if 6.2% enriched Pu fuel were burned to 30,000 MWD/MTM.

A cursory examination was performed to assess the control rod shutdown margin for a
Standard Westinghouse 4-Loop Plant fully loaded with 5.5% Pu enriched MOX. Control
rod patterns chosen were: the standard 53 control rod cluster positions, 73 control rod
cluster positions (53 standard plus 12 spare and 8 part-length positions), and 85 positions
that complete the "checkerboard pattern” of possible control rod cluster positions. The 53
rod pattern exists in many operating plants, the 73 rod pattern would require some
modification of existing plants but does not require additional head penetrations, while the
85 rod pattern requires a new head design. The 53 position pattern is clearly not
sufficient. Calculations indicate the 73 position pattern provides a small margin at BOL,
but extrapolation of normal trends in worths and requirements indicate no margin will
exist at EOL. Estimates for the 85 position pattern suggest that this configuration may
be adequate for all times-in-life.

These control rod margin conclusions are based primarily on uranium fuel values for

feedbacks and steamline break, and a thorough evaluation with MOX fuel must be
performed in Phase II.

DE-AC03-93SF19683 2-6




. ~ Westinghouse Electric Corporation PDR600
Report No. DOE/SF/19683--2 %
~ Pu Destruction Option:

Little effort was spent on this option. Mass flow evaluations indicate 6 Standard
Westinghouse 4-Loop Plants are required to dispose the stockpile, vs. 15 PDR600 units.
Since this option has only a maximum enrichment of 4% Pu, the 73 control rod cluster
positions may be adequate for all times-in-life, but no calculations. were performed to
verify this.

VOIDING COEFFICIENT

The moderator voiding coefficient was predicted for the spent fuel option (also applies to
the spiking option). Conditions used were beginning-of-cycle with the maximum soluble
boron level. Independent models were generated with the TORTISE (2-D spatial) and
PHOENIX (2-D1 ce) codes, with both codes predicting negative voiding coefficients.
The value for hot-full-power at beginning-of-cycle is approximately -70 pcm/%Void. The
minimum moderator density employed in either code package is about 0.3 gm/cc, because
they experience difficulty in predicting voiding below this level. In Phase II, the KENO-
V.a code will be used to predict values for the very low density range.

CORE PHYSICS SUMMARY AND CONCLUSIONS

The Phase I Extension Program is a more complete and in-depth study of PDR600 core
design and analyses, which commenced during Phase I. The original model has been
revised to accommodate sufficient negative moderator temperature coefficients at all
operating conditions. New parameters, such as void coefficient, xenon worth and core
parameters at cold conditions, have been calculated to complete the design envelope.
Equilibrium cycle core models have been developed, where nuclear characteristics are of
a more generic representation of core behavior. In addition, an evaluation has been made
to compare differences between small and larger reactors.

The design flexibility was reconfirmed during this extension period. Core reactivity and
peaking factor parameters are under the AP600 limits so that the licensing activity can be
minimized. All calculations were performed with the latest Westinghouse code system
(Phoenix-P/ANC), which was validated against the operating PWR plant (Beznau 1),
providing additional confidence in critical core physics and safety parameters.
Considering the larger deviation of the PDR600 neutron spectrum from the uranium fueled
core, validation activity of the code system will be continued in Phase II. It must also be
emphasized that the spent fuel option of PDR600 has been analyzed using the proven fuel
rod, assembly, burnable absorbers, and control rod system designs while maintaining the
thermal-hydraulic core conditions similar to AP600.
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2.2 Reactor Safety

Steam System Piping Failure

The rupture of a main steam line is an event that has the potential to be adversely affected
by some of the anticipated nuclear design characteristics associated with the PDR600
plutonium core. Specifically, a more negative moderator temperature coefficient and
reduced boron worth are two aspects of a plutonium based core design that may alter the
general passive plant response to the steam line break event. Reference 1 documents the
steam line break results for the AP600 plant, which uses a "standard” uranium core design,
but has all the same basic passive protection features found in the PDR600. From a safety
analysis perspective, with the exception of certain events strongly affected by core design
related differences, the PDR600 transient plant response is generally expected tc ~'2sely
reflect that of the AP600. The non-LOCA analysis reported in Reference 2 presents
results for three transients thought to be strongly tied to the core design. The analysis that
follows, for the steam line break, simply extends the analysis of Reference 2 to an
additional accident. |

- Identification of Causes and Accident Description

The steam release arising from a rupture of a main steam line would result in an initial
increase in steam flow which decreases during the accident as the steam pressure falls.
The energy removal from the reactor coolant system (RCS) causes a reduc.ion of coolant
temperature and pressure. In the presence of a negative moderator temperature coefficient,
the cooldown results in an insertion of positive reactivity. If the most reactive rod cluster
control assembly (RCCA) is assumed stuck in its fully withdrawn position after reactor
trip, there is an increased possibility that the core will become critical and return to power.
A return to power following a steam line rupture is a potential problem mainly because
of the high-power peaking factors predicted when the most reactive RCCA is assumed to
be stuck in its fully withdrawn position. The core is ultimately shut down by boric acid
solution delivered by the passive core cooling system.

As discussed in Reference 1, the analysis of the main steam line rupture with respect to
core response, is performed to demonstrate that the following Standard Review Plan
Section 15.1.5 (Reference 3) evaluation criterion is satisfied:

Assuming the most reactive stuck RCCA, with or without offsite power, and
assuming a single failure in the engineered safety features (ESFs), the core
cooling capability is maintained. Radiation doses do not exceed the
guidelines of 10 CFR 100. '
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Although departure from nucleate boiling (DNB) and possible clad perforation following
a steam pipe rupture are not necessarily’ unacceptable, the analysis of Reference 1
demonstrates that, for the AP600, the DNB design basis is not exceeded for any such
rupture, even assuming the most reactive RCCA stuck in its fully withdrawn position.
The analysis reported here for the PDR600 does not include explicit consideration of
DNB, but instead presents only the overall transient predicted for the steam line break
event.

A major steam line rupture is classified as an American Nuclear Society Condition IV
event, a limiting fault. Core response effects of minor secondary system pipe breaks are
bounded by the analysis for a main steam line rupture. The major rupture of a steam line
is the most limiting cooldown transient and is analyzed at zero power with no decay heat.
Decay heat would retard the cooldown, thereby reducing the likelihood that the reactor
will return to power. Th- analysis of this transient, presented here, considers only the
most limiting break size, a double-ended rupture. Many of the key assumptions used in
this analysis are discussed in Reference 4, which also includes consideration (on a generic
basis) of a spectrum of break sizes and power levels.

For the PDR600, the following functions provide the protection for a steaxﬁ line rupture:
. Core makeup tank actuation from any of the following:
1- Two out of four low pressurizer pressure signals.
2- Two out of four high-1 containment pressure signals.
| 3- Two out of four low steam line pressure signals in any loop.

. The overpower reactor trips (neutron flux and AT) and the reactor trip occurring
- in conjunction with receipt of the safeguards signal.

. Redundant isolation of the main feedwater lines.

Sustained high feedwater flow would cause additional cooldown. Therefore, in
addition to the normal control action which will close the main feedwater valves,
a safeguards signal will rapidly close all feedwater control valves and back up
feedwater isolation valves, trip the main feedwater pumps, and close the feedwater
pump discharge valves.

. Trip of the fast acting main steam line isolation valves (MSIVs) (designed to close
in less than 10 seconds) on:
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1- Two out of four high-1 containment pressure.

2— Two out of the four low steam line pressure signals in any one loop (above
permissive P-11).

3- Two out of four high negative steam pressure ratés in any one loop (below
permissive P-11).

Two fast-acting main steam isolation valves are provided in each steam line; these valves
fully close within 10 seconds of actuation following a large break in the steam line. For
breaks downstream of the main steam line isolation valves, closure of at least one valve
in each line will completely terminate the blowdown. For any break in any location, no
more than one steam generator would experience an uncontrolled blowdown even if one
of the mair ‘steam line is~lation valves fails to close.

Flow restrictors are installed in the steam generator outlet nozzle as an integral part of the
steam generator. The effective throat area of the nozzles is 1.4 square feet, which is
considerably less than the main steam pipe area; thus, the nozzles also serve to limit the
maximum steam flow for a break at any location.

ANALYSIS OF EFFECTS AND CONSEQUENCES
Method 6f Analysis
The analysis of the steam pipe rupture has been performed to determine:

. The core heat flux and RCS temperature and pressure resulting from the cooldown
following the steam line break. The LOFTRAN code (Reference 5) has been used.

. For the analysis of Reference 1, the detailed thermal and hydraulic behavior of the
core following a steam line break is also predicted using the THINC computer code
(Reference 5). This code is then used to determine if DNB occurs for the core
transient conditions computed by the LOFTRAN code. For the current PDR600
analysis, this explicit DNB calculation has not been performed. Instead, the
analysis has been limited to the LOFTRAN predictions noted above. The current
evaluation is intended to examine the core average power and gross plant response
to a steam line break, assuming nuclear design parameters are assigned values
consistent with expected PDR600 performance.
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The following conditions are assumed to exist at the time of a main steam line
break accident:

. End-of-life shutdown'margin at no-load, equilibrium xenon conditions, and the
most reactive RCCA stuck in its fully withdrawn position. Operation of the control
rod banks during core burnup is restricted by the insertion limits so that the
shutdown margin requirements. are satisfied. Consistent with the Reierence 1
assumptions for the AP600, a shutdown margin of 1.6 percent is used.

. A negative moderator coefficient corresponding to the end-of-life rodded core with
the most reactive RCCA in the fully withdrawn position. The variation of the
coefficient with temperature and pressure has been included. The core power
reactivity feedback is modeled as a function of thermal power and core mass flow.
The core properties used in LOFTRAN for feedback calculations are generated by
combining those in the sector nearest the affected steam generator with those
associated with the remaining sector. The resultant properties reflect a combination
process that accounts for inlet plenum fluid mixing and a conservative weighting
of the fluid properties from the coldest core sector.

For the current PDR600 analysis, the specific weighting factors and feedback
parameters used are those from the AP600 analysis of Reference 1. Application
of this input to this PDR600 scoping study is judged reasonable, based on a
comparison of the predicted nuclear design parameters for the PDR600 and AP600
cores, as defined in References 2 and 1, respectively.

. A conservative boron worth of -3.0 pcm/ppm, which is much less negative than
generally predicted for a Westinghouse pressurized reactor design at end-of-cycle
conditions. In fact, this value is only about one-third of that typically seen.
Relative to the steam line break event, the concem is that this low boron worth
may significantly reduce the effectiveness of the core makeup tanks and the
accumulators (if actuated) in mitigating the transient.

. The portions of the passive core cooling system used in mitigating a steam line
rupture are the core makeup tanks and the accumulators. There are no single
failures which will prevent core makeup tank injection. In modeling the core
makeup tanks and accumulators conservative assumptions are used that minimize
the capability to add borated water. Specifically, the core makeup tank injection
line characteristics modeled reflect the failure of one core makeup tank discharge
valve.

. . The initial boron concentration in the PDR600 core makeup tanks is assumed to
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be 5000 ppm. This compares with the 3200 ppm assumed for the AP600 steam
line break analysis of Reference 1. The initial boron concentration in the PDR600
accumulators is assumed to be 3500 ppm compared with the 1900 ppm assumed
for the AP600 steam line break analysis of Reference 1. The indicated increases
in both these parameters are intended to offset the effects of the reduced boron
worth and are considered to be acceptable from a plant operations perspective.

) Maximum overall fuel-to-coolant heat transfer coefficient, to maximize the rate of
RCS cooldown. .

. Since the steam generators are provided with integral flow restrictors having a 1.4-
square foot throat area, any rupture with a break area greater than 1.4-square feet,
regardless of location, has the same effect on the primary plant as the
1.4-square-foot-double-ended rupture. The limiting case considered for determining
the core power and RCS transient is the complete severance of a main steam line
with the plant initially at no-load conditions, with full reactor coolant flow, and
offsite power available. '

The assumption that offsite power remains available throughout the transient is
consistent with the methodology defined in Reference 4. Within the context of the
analysis, the continued availability of offsite power translates into the reactor
coolant pumps continuing to operate throughout the course of the event. This
maximizes the RCS cooldown, thereby increasing the magnitude of the subsequent
return to power. However, the passive protection features of the PDR60O act in
such way as to minimize the impact of the offsite power assumption on the final
transient results. Specifically, the protection system for the PDR600 automatically
provides a safety-related signal that initiates the coastdown of the reactor coolant
pumps in parallel with core makeup tank actuation. Since this reactor coolant
pump function is actuated early.in the event, there would be very little difference
between the predicted results for cases with and without offsite power.

. As indicated earlier, the current PDR600 steam line break analysis employs
substantial nuclear design input from the AP600 analysis of Reference 1. Implicit
in these inputs is consideration of power peaking factors corresponding to one stuck
RCCA and nonuniform core inlet coolant temperatures as determined for end of
core life. The coldest core inlet temperatures are assumed to occur in the sector
with the stuck rod. The predicted power peaking factors account for the effect of
local voids in the region of the stuck RCCA during the return to power phase
following the steam line break. These voids act in conjunction with the large
negative moderator temperature coefficient to partially offset the large peaking
factors associated with the assumed stuck RCCA. The magnitude of the power

DE-AC03-93SF19683 - 2-12




Westinghouse Electric Corporation ' PDR600
Report No. DOE/SF/19683--2 . %

peaking factors depends upon the core power, temperature, pressure, and flow, and
are different for each case studied.

The analysis for the steam line break assumes initial hot standby conditions at time
zero since this represents the most pessimistic initial condition. If the reactor is
just critical or operating at power at the time of a steam line break, the reactor will
be tripped by the normal overpower protection system when power level reaches
a trip setpoint. Following a trip at power, the RCS contains more stored energy
than at no-load; the average coolant temperature is higher than at no-load, and there
is appreciable energy stored in the fuel. Thus, the additional stored energy reduces
the cooldown caused by the steam line break before the no-load conditions of
reactor coolant system temperature and shutdown margin assumed in the analyses
are reached. After the additional stored energy has been removed, the cooldown
and reactivity insertions proceed in the same general manner as in the analysis
which assumes no-load condition at time zero. However, he resulting tran31ent 1s
less limiting with respect to DNB considerations. : '

. In computing the steam ﬂow during a steam line break, the Moody Curve
(Reference 6) for f(L/D) 0 is used.

. Perfect moisture separation in the steam generator

. Maximum cold startup feedwater flow plus nominal 100 percent main feedwater
flow

. Four reactor coolant pumps are initially operating

. Manual actuation of the passive residual heat removal system at time zero is

conservatively assumed to maximize the cooldown

Results

The calculated sequence of events for the reported case is shown on Table 2-1. The
results presented are a conservative indication of the events which would occur assuming
a steam line rupture, since it is postulated that all of the conditions described above occur
simultaneously.
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Core Power and Reactor Coolant System Transient

Figures 2-1 through 2-10 show the reactor coolant system transient and core heat flux
following a main steam line rupture (complete severance of a pipe) at initial no-load
conditions.

Rt ST g A R oA e AR

Offsite power is assumed avallable SO that, initially, fuﬁ reactor coolant flow exists.
During the course of the event, the reactor protection system initiates a coastdown of the
reactor coolant pumps in conjunction with actuation of the core makeup tanks. Steam
release from more than one steam generator will be prevented by automatic trip of the
fast-acting main steam isolation valves in the steam lines on high containment pressure
or low steam line pressure signals. Even with the failure of one valve, release is limited
to no more than 10 seconds for the other steam generator while the one ~=~erator blows
down. The main steam isolation valves fully close in less than 10 seconds from recelpt
of a closure signal. :

As shown in Figure 2-2, the core attains c.iticality with the RCCAs inserted (with the
design shutdown margin assuming one stuck RCCA) before significant amounts of boron
solution from the core makeup tanks or the accumulators enters the RCS. A peak core
power significantly lower than the nominal full-power value is attained.

The calculation of core boron concentration assumes the boric acid is mixed with and
diluted by the water flowing in the RCS before entering the reactor core. The
concentration after mixing depends upon the relative flow rates in the RCS and from the
core makeup tanks or accumulators (or both). The variation of mass flow rate in the RCS
due to water density changes is included in the calculation. So is the variation of flow
rate from the core makeup tanks or accumulators (or both) due to changes in the RCS
temperatures, RCS pressure, and the pressurizer level. The RCS and passive injection
flow calculations include explicit modeling of the associated line losses.

At no time during the analyzed steam line break event do the core makeup tank levels
even approach the setpoint for the actuation of the automatic depressurization system. The
combination of injection flow from the accumulators and recirculation flow from the RCS
cold legs into the core makeup tanks maintains a relatively large core makeup tank water
inventory throughout the event.

The passive residual heat removal (PRHR) system provides a passive, long-term means
for removing the core decay and stored heat by transferring the energy via the PRHR heat
exchangers to the in-containment refueling water storage tank (IRWST). Normally, the
PRHR is actuated automatically when the steam generator level falls below the low wide
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range level setpoint. For the main steam line rupture case presented, the PRHR system
is conservatively actuated at time zero to maximize the cooldown.

Margin to Critical Heat Flux

A PDR600 specific DNB evaluation analysis has not been performed as part of the current
effort. However, such an analysis has been performed for the AP600 as documented in
Reference 1. The similarities between the plant responses for the limiting AP600 case
presented in Reference 1 and the representative PDR600 case documented here suggest
that a PDR600 design can be developed that would meet the DNB limits associated with
the steam line break event.

Conclusions

The analysis shows that for a representative case, using approximate nuclear design inputs
to model the response of a plutonium based core design, the predicted response of the
PDR600 to a limiting .steam line break event is consistent with that predicted for the
AP600. The analysis of Reference 1 documents that with its uranium based core design,
the AP600 design meets all the safety related criteria associated with the steam line break
event. The assumptions used in the current PDR600 analysis include the use of higher
boron concentrations in the plant passive protection system, but the specific values
modeled should not impose any excessive burden on plant operations. Based on this
analysis, it is expected that a detailed, PDR600 specific steam line break analysis would
produce acceptable results that meet all the applicable licensing requirements.
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Table 2-1

Time Sequence of Events for the Main Steam Line Rupture Accident

Event | Time (seconds)
Steam line ruptures | 0

" Safeguards actuation signal on low safeguards 0.8
steam line |, “<ssure
Main steam line isolation 12.8
Main feedwater isolation 12.8
Pressurizer empty 13.6
Core makeup tank actuation 22.8
Boron reaches core 44.8
Criticality obtained 512
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Figure 2-1
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Figure 2-2
Full Double-Ended Steam Line Rupture Accident
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Figure 2-3 _
Full Double-Ended Steam Line Rupture Accident

Core Average Moderator Temperature vs Time
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Figure 2-5
Full Double-Ended Steam Line Rupture Accident

Pressurizer Water Volume vs Time

DE-ACO03-93SF19683 . "2-22




Westinghouse Electric Corporation ' PDR600

Report No. DOE/SF/19683--2 %

2.2

N

—
[0 ¢)

—
(o))
A

+

>

—
N

TOTAL RCS MASS FLOW (FRAC. OF INITIAL)
=

.81
61
41
1\

0.

0 200 400 . 600 800 1000 1200

TIME (SEC)
Figure 2-6

Full Double-Ended Steam Line Rupture Accident

Total Reactor Coolant System Mass Flow Rate vs Time
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Figure 2-7

Full Double-Ended Steam Line Rupture Accident

Core Boron Concentration vs Time
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Full Double-Ended Steam Line Rupture Accident

Core Makeup Tank Injection Flow vs Time
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Full Double-Ended Steam Line Rupture Accident
Core Makeup Tank Water Volume vs Time
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3.0 Fuel Cycle

3.1 Fuel Fabrication

3.1.1 Storage Provisions

-A study was done to identify material storage requirements for a MOX fuel fabrication
facility. The study is summarized as follows:

DEPLETED URANIUM OXIDE STORAGE

Depleted uranium oxide is received in 55 gallon drum shipping containers which
corresponds to full production for one month. The material is transferred from the
shipping containers into four storage tanks, two for feed to the dissolver tanks, and two
for blending with the MOX master blend co-precipitation product. Each tank has the
capacity for two and a half day’s supply. In the case of the blending tanks, 13 containers
are used to fill each of the 3510 Kg capacity tanks; the dissolver feed tanks require 4
containers for each batch and have a nominal capacity of 990 Kg.

The powder is transferred from the storage tanks to the uranium oxide feed hoppers. The
described arrangement is based on the receipt of depleted uranium dioxide and requires
that the dissolver feed is first oxidized to uranium trioxide before dissolution.

MOX STORAGE

Nine silos are provided for the storage of prepared mixed oxide powder for each
production line. Each silo is sized to furnish 225 Kg per batch of MOX powder feed to
the compaction presses.

GREEN PELLET STORAGE

The green pellet storage system is designed to handle 247 MT of heavy metal fuel per
year. This corresponds to 123.5 MT for each of the two production lines. 33 Boats of

16 Kg capacity per boat are used for green pellet storage for each line. The physical size
of the boats is 12" by 12"
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LOW DENSITY PELLET STORAGE

Low density pellets. ate: recycled to the sintering furnace on a boat basis. Provision is
made to store 21 boats line of low density pellets for each line. The boats have a capacity
of 15 Kg each and are: 12" by 12" in size.

SINTERED PELLET STORAGE

Sintered pellets are stored on an accumulation conveyor for six hours until the QC
evaluation is completed. 29 boats of 16 Kg capacity are used in each production line for
the QC holdup of each batch of sintered pellets.

ACCEPTABLE PELLET STORAGE

Storage trays provide for interim storage of 4600 Kg of acceptable pellets (2300 Kg per
line). The pellet storage trays are 15" wide by 25" long and hold 25 rows of pellets, each
row is twenty four inches long. The trays are placed in a storage area which is
temperature, pressure, and humidity controlled. The discharge section contains provisions
for elevated temperature drying.

FUEL ROD STORAGE

Completed, inspected fuel rods are stored in a centralized rod storage area which contains
the rods from both assembly lines. The rod storage unit is designed to provide
compartmentalized storage for acceptable fuel rods prior to fuel bundle assembly. Fuel
rods loaded on storage trays are transferred to this area from the inspection stations. A
remotely-controlled stack retriever unit provided for several months supply of (Pu/U )0,
fuel rods.

A separate rod storage unit is provided to store the LEU fuel rods used for the tritium
production option.

FUEL ASSEMBLY (BUNDLE) STORAGE

Completed, inspected fuel bundles are transferred into this storage area by crane in a

vertical position with crane speeds limited to 60 inches per minute horizontally and 15
inches per minute vertically.
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Racks are provided for the vertical storage of 484 fabricated fuel assemblies ready for
shipment. The racks are designed to prevent damage to the fuel assemblies during normal
and seismic conditions. The racks are similar to those used in the Auxiliary Building for
new fuel storage and occupy approximately 530 ft* of storage area.

‘3.1:.2- - Radiation Dosage From MOX

Estimated doses from mixed oxide unirradiated fuel have been made to indicate the
possibility of shielding needs during fabrication of this fuel. Results are summarized in
Table 3-1. The estimated doses are based on the latest standard, ANSI/ANS-6.1.1-1991,
for neutron and gamma-ray fluence-to-dose factors for exposure to an a~*~ropomorphic
phantom. For some cases, the latest values are less conservative than earlier standards.
The dose results indicate that both gamma and neutron radiation levels should be
considered when procedures are developed for handling quantities of the mixed oxide fuel.

The fuel was assumed to be 95% depleted uranium (0.2% U-235) and 5% weapons grade
plutonium (initial composition: 0.05% Pu-238, 93.6% Pu-239, 5.9% Pu-240, 0.4% Pu-241,

and 0.05% Pu-242). It was further assumed that the plutonium would have 2 x 10? parts
of Pu-236 (2 x 107 atom %). The plutonium was assumed to have decayed for 15 years
after separation which results in decay products of the Pu-236 and about 0.2% Am-241
from decay of the Pu-241.

The consequences of the 15 year decay and the gamma and neutron source from the
mixed oxide was calculated using the ORIGEN2 code. It was found that the most
important radiation dose from bare fuel is due to the Am-241 low energy gamma rays.
These gamma rays can be easily shielded. Additional gamma rays also come from Pu-239
and from the Pu-236 decay products. These sources become significant when the low
energy gamma rays are shielded. In addition, the fuel produces neutrons from a
combination of (n,a) reactions on oxygen and from spontaneous fission (primarily from
Pu-240). The neutrons constitute only a small fraction of the unshielded dose (about 5%)
but can become an appreciable fraction of the dose when the gammas are shielded (about
25% with 1 mm lead shielding).

For the unshielded fuel, a majority of the dose comes from Am-241 low energy gamma
rays. These gamma rays are easily shielded and do not contribute significantly to the dose
with 1 mm of lead shielding. In the shielded case, a majority of the dose comes from Pu-
239 higher energy gamma rays. Shleldmg the higher energy gamma rays and the neutrons
will require additional shielding to minimize exposure.
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Values in Table 3-1 are given for a case of a single pellet for both no shielding and for
shielding by 1 mm of lead. It is seen that the exposure is small except very near the
pellet, and that the lead provides a shielding factor of about 5. Comparison with
preliminary dose values reported earlier (Table 1.1.6.4-3 of the Plutonium Disposition
Study) indicates that the preliminary values were conservative for the bare case (4.3
mrem/hr vs the latest value of 2.7 at 1 cm). However with 1 mm of lead shielding, the
preliminary dose rates underestimated the dose (0.2 mrem/hr vs 0.48 at 1 cm) since the
contribution of the higher energy gamma rays and neutrons were not included in the
earlier study. Due to the rapld changes in absorption cross section with energy for low
energy gamma rays, the error in the results is relatively laige A margin of a factor of 2
should be allowed for the bare dose rates.

Extrapolating fro- - single pellet, the exposures for 1 kg of fuel material are estimated.
These values are upper limits since no further self-shielding of the material was included.
Estimates were also made of a long column of fuel, as for fabricating a single pin. The
doses for a single pellet may be used for contact in these cases also. It is. seen that even
with these latter quantities of pellets, doses are small except very close to the fuel and the
main concern will be exposure to the hands during glove box operations.
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Table 3-1

Estimated Dose from Mixed Oxide Fuel

Dose (mrem/hr)
Distance from Pellet No Shield 1 mm Lead Shield
Single Pellet
Contact 35 [ —
1 mm 17 2.8
l1cm 2.7 0.48
1 foot .005 001
1m .0005 8 x 10°
1 kg of Material
. 1 foot 1.0 0.18
Il m 0.09 ' 0.016
Single Pin
1 foot 0.35 0.064
1m 0.10 0.019
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3.2 Post Irradiation Fuel Handling

As part of the phase Ib effort, a conceptual study was initiated to determine the optimum
plant layout for a spent fuel pool (for the plutonium spiking option) that could
accommodate 4350 fuel assemblies. That number of assemblies must be stored following
the irradiation of 100 MT of Pu-239 at one reactor (30 cycles at 145 assemblies each
cycle). The study was performed when the plutonium spiking option or combination of
options was still being considered.

The spent fuel pool layouts were based on fuel storage racks having a center-to-center
spacing of 10.9 inches. That is the same rack spacing used for the Spent Fuel Option.
In addition, the plant model used for the study was the AP600 plant.

The objective of the stud- <vas to minimize the floor space required for the spent fuel pool
by integrating the spent fuel assemblies with the remainder of the plant. Two spent fuel
pool layouts were developed. One layout uses a 41 foot wide fuel handling machine such
as that planned for the AP600 plant. Two spent fuel pools, separated by the fuel canal, are
required- to -accommodate the fuel assemblies. The two pool layout would occupy
approximately 5500 more square feet of plant floor area per floor than the spent fuel
option.

A second layout uses a wider, 54 foot wide fuel handling machine such as that used by
Northeast Utilities. That layout uses one spent fuel pool that is wider than the pool used
for the spent fuel option and would require approximately 3600 more square feet of plant
floor area per floor.

In conclusion, the preliminary study shows that if a very large storage area for spent fuel
assemblies is desired and the AP600 plant is used as the plant basis, a wider fuel handling
machine such as that used by Northeast Utilities should be used so that plant floor area
can be minimized.

Drawings of this spent fuel storage concept have generated.

DE-AC03-93SF19683 : 3-6




Westinghouse Electric Corporation
Report No. DOE/SF/19683--2

4.0 Cost and Deployment Options

4.1 Plant }Coini:i‘ggration Optiong -

4.1.1 Plutonium Disposal

Four PDR600 reactors were configured in different Spiking/Spent Fuel operational modes
and their costs, revenues and time period to dispese -of-100-Mt-of Pu were calculated.
Two basic assumptions were made about MOX fuel loading and cycle times. A spiking
mode is defined as a cycle of a complete core 66.9 MT MOX in 18 months with a burnup
- of-12,000- MWD/MLt. -A spent fuel-mode- is defined as-3 cycles over-54 months with a
total burnup of 36,000 MWD/Mt. Reactors were either run in a spiking mode or spent
fuel mode. When all the plutonium had been fabricated and inserted in reactors, the
. __reactors were then run in a spent fuel mode on uranium fuel. The total number of
PDR600 reactors was restricted to 4 with from 0 to 4 reactors operatmg ina spkag mode

and 4 to O reactors in a spent fuel mode.

A MOX fabrication plant was sized to the thfou'gli.put—rQQﬁi"ré;i—:‘ for the particular
configuration of spiking and spent fuel reactors. The fabrication plant capacity, capital

costs and production costs are given in Table 4-1.

The net present value of revenues less costs is also shown in Table 4-1 for stainless steel
as well as zircaloy cores. The calculations were made for 40 year reactor lives with the -
first reactor coming on line in 2003. Positive net present values result for all
configurations with the 4-reactor spent fuel mode of operation approximately 50% higher
than the 4-reactor spiking mode of operation. Disposal of 100 Mt of plutonium varies

PDR600

=

from 12 to 29 years with stainless steel cores and 17 to 40 years with zircaloy cores.

No reinsertion of the MOX fuel is assumed for the spiking option. Considerable burnup
is left in two of the three regions of a spiking option core and reinsertion would lower fuel
cycle costs by not having to use as much uranium fuel. The net present values shown are

a minimum as higher net present values would occur with reinsertion.

Compared to the negative cash flow of the single PDR600 spiking option which irradiated
all the fuel in 2.5 years with no reinsertion, the 18 month spiking irradiation of 12,000
MWD/Mt burnup gives positive cash flows and net present values and demonstrates that

the plutonium disposal program could be accomplished with four AP600 reactors.
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Table 4-1
Net Present Value of Spiking/Spent Fuel
PDR600 Configurations
o , Reactor Configuration

Spiking Reactors (1 cycle), No. 0 1 2 3 4
Spent Fuel Reactors (3 cycles), No. 4 3 2 1 0
Fab Plant Capacity, Mt MOX/yr. 50 100 150 150 200
Fab Plawni Capital Cost!”, $ Millions 222 337 430 430 511
Fab Plant Production Cost, $/Kg HM 761 633 595 595 546
Stainless Steel Core _

Net Present Value, $ Millions 1826 1581 1383 1275 1202

Years to Dispose of 100 MtPu®® 29 20 16 14 12
Zircaloy Core

Net Present Value, $ Millions 1882 1617 1333 1240 1152

Years to Dispose of 100 MtPu 40 29 23 19 17

M Preoperational plus capital cost

@ Years from start of first reactor operation

Note: 1 cycle equals 18 months with a burnup of 1200 MWD/Mt

3 cycles equals 54 months with a burnup of 36,000 MWD/Mt
No reinsertion of single cycle fuel is assumed although this would be possible.
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' 4.1.2 Tritium Production

PDR600

o

An 600 MW and 1000 MW PDR were analyzed to determine which reactor would be most cost
effective in producing tritium for DOE and generating power as an independent power producer (IPP)
for sale to a utility. The enrichment penalties and costs for producing tritium in the two reactors are

given in Table 4-2.

Table 4-2
Fuel Cycle Costs With and Without Tritium
600 MW 1000 MW
Equilibrium Region Enrichment, % _

With Tritium 50 45
Without Tritium 35 4.0
Burnup, MWD/MTU 38,255 46,576

Fuel Cycle Cost ¢/KWh
With Tritium 0.695 0.520
Without Tritium 0.508 0.462
Annual Fuel Cycle Cost, $ Millions
With Tritium 29.2 36.4
Without Tritium 21.3 32.3
Annual Fuel Cost for Tritium 7.9 4.1
Production

The enrichment required to meet tritium production goals was calculated tov be 5.0% for the AP600 and
4.5% for the APWR 1000, an increase of 1.5% and 0.5% respectively. The enrichment increase results
in an annual fuel cycle cost increase of $7.9 million for the 600 MW plant, and $4.1 million for the
1000 plant.

The two reactors were compared with an IPP form of ownership and base case financial assumptions
as-shown in Table 4-3. The figure of merit used to compare the two reactors was the 30 year levelized
electricity price (constant $) with an internal rate of return (IRR) of 17.5% to the equity shareholder.
A secondary goal which needed to be met was that the debt coverage ratio (annual operating profit
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divided by annual debt service) must be greater than 1.4.

An assumption in the analysis is that DOE will pay the independent power producer $200 million per
year for producing the trittum. A sensitivity analysis is performed on the DOE payment as well as
different financing parameters and capital cost.

Table 4-3

Base Case Financial Assumptions

il : _
Overnight Capital Costs $2500/KW (both 600 MW and 1000
Debt/Equity Share of Ownership MW)
Interest Rate on Debt 80%/20%
Internal Rate of Return on Equity 8%lyr.
Minimum Debt Coverage Ratio 17.5%/yr.
DOE Payment 1.4
Construction Loan Interest Rate $200 million/yr.
8%lyr.

The assumption of an overnight capital cost of $2500/KW and an overall permitting, construction and
startup schedule of six years results in an as-built cost of $2.92 billion for the 600 MW plant and $4.87
billion for the 1000 MW plant (4%/yr. inflation). Operating costs were assumed to be 1.2 ¢/KWh for
~ both reactors.

The results of the base case comparison are shown in Table 4-4 together with different assumptions on
financing and capital cost. The 600 MW plant is seen to have an advantage over the 1000 MW plant,
ranging from 10% to 47% depending on the assumption made. The 600 MW plant advantage stems
from the DOE payment being distributed over a smaller number of KWh with the 600 MW plant, thus
resulting in a lower required electricity price to make the target equity return. The electricity prices
required to make the target return at different DOE payments are shown in Table 4-5 and Figure 4-1.
The 600 MW plant is shown at overnight costs of $2500/KW and $2200/KW. At $2500/KW and no
DOE payment, the 1000 MW plant electricity price is slightly less than the AP600 because of a
marginally lower fuel cost.

At equal electricity prices for both plants, eg. 4.4 ¢/KWhr, the 600 MW plant requires a DOE payment
of $100 million per year versus $150 million per year for the 1000 MW plant. The additional fuel
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payment of $3.8 million per year (Table 1) for the 600 MW plant is not that significant for the level
of DOE payment being considered.

" - ~ Table 4-4
Sensitivity Analysis of Financial Parameters
i 30-Year Levelized Electricity Price, ¢/KWh®
% Advantage
, 600 MW 1000 MW v MW
Base Case 3.25 4.12 26.8
100% Debt Financing® 4.16 502 - |- 206
Overnight Cost
600 MW @ $2200/KW 2.81 412 46.6
1000 MW @ 2500/KW
$100 Million DOE 437 4.80 9.8
Payment
9% Debt and Construction 3.54 4.41 24.6
Loan
70% Debt/30% Equity 378 4.65 23.0
' The 30-year levelized electricity price (constant 1993$) required for a 17.5%
internal rate of return on equity. For 100% debt financing, the electricity price
is that required for a minimum debt coverage ratio of 1.40.
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Table 4-5
30-Year Levelized Electricity Price, ¢/KWh
DOE Payment, $ 600 MW plant 1000 MW plant
Millions -
$2200/KW $2500/ KW |~ $2500/KW
0 5.08 5.50 | 5.47
50 4.51 4,93 5.14
100 3.95 4.37 4.80
150 340 380 | 4.45
200 2.81 325 | 412

DE-AC03-935F19683 4-6
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Plutonium Disposition Study - Affect of
DOE Payment on Electricity Prices
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Figure 4-1
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4.2 Calculation of Plutonium Value

This study provides details of the plutonium value numbers and calculations presented during the Phase
la review at Piney Point. The calculations have been refined to be spemﬁc for plutomum fissile
enrichment and expanded them to show Pu value as a function of: i

1) Uranium fuel cycle cost assumptions

2) MOX fuel fabrication costs

3) Stainless steel vs. Zircaloy core :

4) Passive, low power density core technology vs. conventional technology

A plutonium indifference value is calculated based on equilibrium regions of Zircaloy-clad uranium fuel
at 3.54% enrichment for an AP600 core (passive technology) and 4.2% for a conventional core. The
uranium fuel cycle cost is calcul *=d using prices for uranium, conversien; enrichment 21d fabrication.
The disposal charges are assumed to be equal for both.uranium and plutonium fuel and therefore do not .
enter into the calculation. Uranium equilibrium enrichments and fuel cycle costs are shown in Table
I for passive and conventional technologies at two different sets of assumpuons for fuel cycle costs -
the DOE guidelines and current marketplace costs.

Plutonium indifference value, in $/gm-fissile, is calculated by setting a plutonium fuel cycle cost
including some value for Pu plus the MOX fabrication cost equal to the uranium fuel cycle cost for the
same energy output of each fuel. In our example case, burnups have been set at 40,000 MWD/MT for
both uranium and plutonium fuels. At equal burnups:

Value of Pu + MOX fab cost = U,0; + conversion + enrichment + uranium fuel fabrication

In the example case shown in Table 4-5, a plutonium fabrication facility producing 150 MT/yr. of MOX
fuel is estimated to have a unit fabrication cost of $850/KgHM for either stainless steel or Zircaloy clad
fuel.

Pu enrichments, total and fissile, are given in Table 4-5 for both stainless steel and Zircaloy cores for
passive and conventional technologies. At these enrichments, Pu values are calculated for the different
fuel cycle cost assumptions as shown in Figure 4-2. The affect of passive AP600 and conventional
PWR technologies is shown in Table 4-6.

The differences in uranium fuel cycle cost assumptions result in a factor-of-three difference in Pu value;
for the stainless steel core, Pu value increases from about $3/gm at current market costs to $10.8/gm
at DOE guideline costs. Pu has a higher value in a Zircaloy core because the Pu enrichments are lower
and the fuel is used more efficiently. A 50% increase in Pu value occurs for a Zircaloy core compared
to a stainless steel core.
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When the PDR600, with its low power density core, is compared to conventional technology at
equilibrium uranium enrichments of 4.2%, Pu value is seen to increase by 50% because of better fuel
efficiency. Plutonium use in a PDR600 with Zircaloy fuel is seen to have values of $10 to $22/gm,
compared to a conventional PWR plant over the fuel cycle cost range shown - ie. if Pu burned in a
PDR600 produced power which replaced power from a conventional PWR, the Pu values would be as
shown.

Affect of MOX Fabrication Cost on Pu Value

Given the DOE assumption for fuel cycle costs, and a stainless steel or Zircaloy clad core, the variation
in Pu value for different MOX fabrication costs can be seen in Table 4-7.

If the MOX fabrication cost equals the uranium fuel cycle cost of $1413/KgHM (DOE guidelines) the
Pu value is reduced to zero and one is indifferent, from a cost standpoint, of using uranium or
plutonium. At current market conditions, indifferent MOX fabrication cost is $1022/KgHM. With a
stainless core, MOX fabrication costs of $850/KgHM and DOE fuel cycle costs, the Pu value is
$10.8/gm or $T billion for 100 metric tonne of plutonium.
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Table 4-5

PLUTONIUM INDIFFERENCE VALUES INPUT ASSUMPTIONS

AP600 Passive Conventional PWR
Technology Low Power Technology
Density Core
FCC(1) FCC(2) FCC(1) FCC(2)
Uranium Equilibrium 3.54 3.54 4.2 42
Region Enrichment, % v
Uranium Equilibiom 1413 1022 1689 1224
Region*
Pu Fabrication cost, 850 850 850 850
$/KgHM
Pu Equilibrium Region
Enrichment, % (%
fissile) .
55(.2) 55@3.2)
Stainless Steel Core 4.0 (3.76) | 4.0 (3.76)
Zircaloy Core

*Note: Uranium Equilibrium Fuel Cycle Cost equals the sum of uranium,
conversion, enrichment and fabrication costs. Disposal costs are
assumed to be equal for the uranium and plutonium fuel cycles.

FCC(I) Fuel Cycle Cost Case 1 (DOE Guideline): Uranium - $25/1b.;
Conversion - $10/KgU feed; Enrichment - $125/SWU; Fabrication -
$260/KgU.

FCC(2) Fuel Cycle Cost Case 2 (Current Fuel Cycle Prices): Uranium -
$15/1b.; Conversion - $7/KgU feed; Enrichment - $100/SWU;
Fabrication - $200/KgU.
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Table 4-6

* Affect of AP600 Passive and Conventional PWR Technologies

on Plutonium Value, $/gram (fissile) . .

Fuel Cycle Cost
DOE Guidelines

Fuel Cycle Cost
Current Marketplace

PDR600 vs. .| PDR600 vs.
PDR600 vs. | Conventional | PDR600 vs. | Conventional
, . AP600 _ | - PWR... |- __AP600 -}~ PWR
Stainless Steel Core 10.8 16.1 3.3 72
Zircaloy Core 15.0 223 4.5 9.9

Pu value, $/gm(f) = $/KgU (uranium fuel cycle) - $/KgHM (MOX fab cost)

(Pu Enrichment (% fissile)/100) * (1000 gm/Kg)

DE-ACO03-935F19683
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Table 4-7
Effect of MOX Fabrication Cost
on Pu Value
MOX Fabrication Cost Pu Value $/gm(f)
$/KgHM Stainless Zircaloy

|
| 500 17.6 243

750 12.8 17.7

1000 7.9 10.9

1250 3.1 43

1500 -1.7 ' 2.3
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Plutonium Value
Per DOE and Marketplace Guidelines

200071 * URAINIUM FUEL CYCLE COSTS ~ —~
<] '
1800 DOE GUIDELINES CURRENT MARKETPLACE
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% 1400+
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@ 1000 '
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Figure 4-2
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APPENDIX A

RESPONSE TO NATIONAL ACADEMY OF SCIENCE

QUESTIONS ON PHASE 1A REPORT
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RESPONSES TO DOE QUESTIONS

Question #1:

What is your best judgment of the overnight cost for a greenfield MOX facility in the United

States with a capacity of:

a) 50 tHM/yr.

b) 100 tHM/yr.
c) 200 tHM/yr.
d) 400 tHM/yr

Response:

Overnight capital costs for a MOX fuel fabrication facility at different throughputs are given in
Table 1. The capital costs of the PDR study (vendor costs) plus the preoperational costs (owner
costs) for licensing, permitting G&A, taxes, insurance training and owner project manage.«ent and
engineering integration are included. Total capital costs in 1993 constant dollars are seen to vary

from $222 million for a 50 tHM/yr. facility to $774 million for a 400 tHM/yr. facility.

Table 1

MOX Fuel Fabrication Plant
Overnight Capital Cost

$ Millions, 1992 $
MOX Fabrication
Plant Throughput, tHM/yr. Vendor® Owner? Total
50 192.9 294 222.3
100 2924 44.6 337.0
200 4432 67.6 510.8
400 671.8 102.5 774.3

insurance, training and management and engineering integration.

m Preoperational costs in PDR Study, include license and permits, G&A, taxes,

@ Estimate includes 15% contingency based on current Westinghouse experience in
MOX Fuel Fabrication instead of the 25% contingency used in the DOE evaluation.




Question 2:

What is your best estimate of the annual operating costs of facilities operating at these capacities”
Cuapacities given in Question 1)

Response:

The annual operating costs for the MOX facility for different throughput rates are given in

Table 2. The operating costs include the costs of depleted uranium used to mix with the
_plutonium. An annual charge for decommissioning and disposing (D&D). of the fabrication
facility is also given in Table 2. The capital cost of decommissioning and disposal is assumed to
be equal to 10% of the overnight capital cost. Funds for D&D are assumed to accrue in a sinking
fund, with an interest rate 2% over the cost of inflation. A D&D charge per KgHM of MOX is
calculated for each throughput and added to the annual operating cost to obtain an annual facility

operating cost.

Table 2

Annual Operating Costs
MOX Fuel Fabrication Plant

MOX Fabrication Plant Operating Cost $/KgHM
Thr , . illi . e

oughput, tHM/yr $ Millions Operating Annual Facility
Cost D&D Cost | Operating Cost

| 50 36.5 730 31 761

100 60.9 609 24 633

200 105.5 528 18 546

400 189.8 475 14 489

0714C: 993




Question 3:

What is vour estimate of the cost of MOX fabrication in such a greenfield MOX facility fat each
of these capacities), per Kg HM, and which part of that cost is for:

a) Capital cost, including: overnight capital cost (direct plus indirect plus contingency).
interest rate, and interest during construction.

b) Operating cost.
Response:

The MOX unit fabrication costs in $/KgHM are given for two types of ownership - DOE at
government cost of capital and private industry ownership at ‘a cost of capital reflective of 50%
debt/50% equity financing. The unit MOX fabrication costs are given in Table 3 and 4 for the
two types of ownership. The financial assumptions used to calc:late a levelized fixed charge rate
for the capital component are given in Table 5. Constant dollar values were used in this analysis.
The construction loan interest rate for private ownership was assumed to be 6.0% (constant $) for
calculating the interest during construction; for DOE ownership a 3.5% interest rate was used.
The constant dollar interest rate used to calculate a levelized fixed charge rate for determining a°
unit cost per KgHM was 8.5% for private ownership and 3.5% for DOE ownership.

0714C:8/93




Table 3

MOX Unit Fabrication Costs
DOE Ownership

$/KgHM, 1992 $
MOX Fabrication Capacity, tHM/yr.
R I A

Cost Category 50 100 200 400
Direct 296 225 170 129
Indirect® 94 | 54 41
Total Base 390 296 224 170
Construction Cost ;
Contingency @ 5% 39 4 34 26
Total Overnight 449 340 258 196
Construction Cost
Interest During Construction 59 45 34 26
As-Built Construction Cost, 508 385 292 222
Constant $
Operating Cost 761 633 546 489
Total Unit Fabrication Cost 1269 1018 838 711

W Indirect costs include preoperational costs of PDR Study.
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Table 4

~ MOX Unit Fabrication Costs
Private Ownership -

o $/KgHM, 1992 $
MOX Fabrication Capacity, tHM/yr.

Cost Category 50 100 200 400
Direct 3 | 320 243 184
Indirect® 134 102 n 59
Total Base ss1 | 42 | .32 243
Construction Cost
Coxitingency @ 15% &4 63 - 48 36
Total Overnight 641 485 368 279
Construction Cost :
Interest During Construction 152 115 8 66
As-Built Construction Cost, 793 | 600 455 345
Constant $
Operating Cost | 761 633 546 489
Total Unit Fabrication Cost 1554 1233 1001 - 834

® Indirect costs include preoperational costs of PDR Study.
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Table 8 g

Financial Assumptions for Capital Cost Component
of MOX Fabrication Cost

- DOE Ownership Private Ind. Ownership
Nom. $ Const. $ Nom. $ Const. $

Construction Loan, % 76 3.5 10.2 6.0
Funding

Debt Ratio, % 100 100 S0 50
Equity Ratio, % 0 0 50 50
Cost of Capital :

Debt, % 7.6 35 8.2 4.0
Equity, % -- 17.5 13.0
Blended 7.6 3.5 129 8.5
Tax Rate, % 0 ’ 0 36.6 366 -
(Federal, State, Local)

Levelized Fixed 0.125 0.101 0.192 0.144
Charge Rate

For both forms of ownership, economic life of facility equals 15 years, annual capital replacement
equals 0.5% of initial capital cost, and property taxes and insurance equal 2% of initial capital
cost. These assumptions are factored into the calculation of the levelized fixed charge rate on

capital.
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Question #4:

What operating experience is available for LWR’s with 100 percent MOX cores, and other MOX core
fractions above 50 percent?-

Response:

In the past, no commercial sized LWR’s, specifically PWR’s, have been fueled with full core loads of
MOX fuel. Reactors were generally charged with 1/3 core loads of MOX fuel of reprocessed plutonium.
The Core II of the Saxton reactor has operated with a full MOX fuel load. The reactors were designed
to operate in this mode and have sufficient shut down margin to accept core loads with MOX fuel. It is
not known that any LWR’s were previously charged with partial loads of weapons grade plutonium
reprocessed from low burnup fuel.

Question #5:

In your judgmént, how feasible would it be (and how long a period of shutdown would be required) to
adapt existing U.S. LWR’s (either operating or more than half completed) to han™ full MOX core
loadings? :

Response:

If PWR reactor cores are charged with full core loads of MOX fuel from weapons grade plutonium the
control rod worth must be increased. Early PWR’s were designed to accept one third of the fuel as a
mixture of natural UO, and PuO, from reprocessed fuel. In this mode of operation, the number of fuel
length control rods had to be increased and spare control rod locations were provided. At this time, the
condition of these spare location in the heads and upper internals in these existing plants is not known
“and probably differs from plant to plant. Even with these spare locations in existing plants increased
control rod worth and other design changes in operating reactors may not be adaptable for operation with
a full MOX fuel core load without major reactor modifications. This needs to be confirmed by analyses
which may be unique for each reactor.

In the extreme, modifications of an existing plant to enable operation with full MOX core loads may
require a new reactor head and upper internals with additional control rod positions. Exchanging the head
and upper internals may also require a penetration in the containment unless a sufficiently large equipment
hatch to transfer the components exists. The work to modify the reactor is summarized below:

. MOX core design

. Reactor plant modification

Without head change _ With head change
- Control Rod Drives - Containment penetration
- Control rods : - New reactors head
- Instrumentation - New upper internal
- Control System - Instrumentation
- Control rod drives
- Control rods

- Control system

GOT00R
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Reactor operation modifications
Safety analysis report

Relicensing

Implementation of these major changes requires approximately four years. The actual reactor shut
down time may be limited to 6 to 12 months in a preplanned effort.




Westinghouse Electric Cosporation _ PDRE00

Report No. DOE/SF/19683--2 %

APPENDIX B T

PINEY POINT PRESENTATION

DE-AC03-935F19683




PDR600
L PDRSOC PLUTONIUM CONSUMPTION STUDY

PRESENTATION TO
DOE TECHNICAL REVIEW COMMITTEE

May 24, 1993
PINEY POINT, MARYLAND
1:00  DOE OPENING REMARKS
1:05 wrnooucwowi - - TRAV'®

1:10  TECHNOLOGY BASE - REACTOR

o

-

FUEL CYCLES |  GARKISCH

CORE PHYSICS - RATHBUN
CORE T&H/TRANSIENT ANALYSES ROSENTHAL

2:00 TECHNOLOGY BASE - BALANCE OF COMPLEX

FEEDSTOCK RECEIPT

AND PREPARATION GARKISCH
FUEL FABRICATION GARKISCH
FUEL DISPOSITIUN & STORAGE SCHREIBER
2:30 SAFETY AND ENVIRONMENT | SCHULZ
2:50 SAFEGUARDS & SECURITY : BRINTON
- 305 COST AND SCHEDULE o MOTTLEY
3:25 INFRASTRUCTURE " RITTENBERGER

3:40 SUMMARY OF ALTERNATE STRATEGIES TRAVIS
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=
PRESENTATION TO
DOE TECHNICAL REVIEW COMMITTEE
(CONTINUED)

3:55 SUMMARY TRAVIS

4:00 SUBCOMMITTEE BREAKOUT SESSIONS

SAFEG!'ARDS & SECURITY BRINTON

SAFETY AND ENVIRONMENT SCHULZ

TECHNOLOGY BASE - REACTOR RATHBUN
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SCHREIBER
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TECHNOLOGY BASE

- BALANCE OF COMPLEX GARKISCH
MURRAY
BUCKNER
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COST AND SCHEDULE MOTTLEY

. STEVENS

5:15 DINNER

6:00 ADJOURN

0630R/052193-2




s 4 N e < b L I S Y IR v

009dV Wioly pabueyoun mojy pue Jemod - W
SOI|qUIOSSE 13JSN|O [OJ [ONJU0D 69 — ,
8102 100j 2| ul salquiesse Gyl -
SIHNLYIS
NDIS3A AT8W3SSY T3Nd ANV FHOO NIAOH QHVANVLS .
SISVE SV NDIS3A IHOD HOLOVIH 0094V JHL SISN .

@ " NelsIa 0 009 ¥ad =]
0094dd




%1.1!::&25}‘43.& e
e

13N4 VIOHIWWNOD SY a3S0dSId

®

ALMIOVS NOILYOIHEYH T3N3 XOW HYIA/LW 002 .
370A0 T3N4 HONOHHL 30NO .
ONIGQYT0 133LS SSTINIVLS HIIM QOH 13N XOW mw.ﬁs_so HONI ¥2€°0 .
| Eumzro_mzm %S5 1V 3HOD NI WH B3 000'99 .
SOVHIAY L/GMN 000°0F - JNHNE 1FOHVL -
6L UVIA NI INO ONV 21 ‘L1 ‘01 SHYIA NI HY3A H3d OML .
6 HV3A NI IAOT43A SI HOLOVIY LSHIS .
SHYIA 62 NI SHOLOVIH 01 OL 8 NI G3NOILISOSIA S WNINOLNT W 004 @
NOILdO 13nd IN3dS EW_

0094dd

: Ure0



AUPLo0

Qmm_ 6 b >._._4_Q<u_ ZO_._.<O_Em<u 73Nd XOW HV3IA/LN 008 o

wz_Jm:mmm m><o t ‘NOILYHIJO HOLOVIH SAV €} .
ATHLNOW 73nd3yd ..
a3A01d3d 009-"4ad ANO .

zo_Eo 13N4 IN3JS SV N9ISIA IHOD INVS o

1" SNOILEO T1DAD 13nd JLVNIILTY EW‘.

009ddd




Uyeoo

92 HV3A NI d3sn 39 AVIN 13Nd4 a3ssS300Hd3Y .

a3HIND3Y ALMIOV4 NOILYOIHEVYS 13N XOW HYIA/LW 002 o

SHYIA G2 1SHI4 NI 3T10AD 13N4 HONOYHL JONO .

ONIQAYT1O OTHIZ HLIM dOH 13N4 XOW HILINVIA HONI 09€°0 o
INIWHOIHNIT %¥ LY WH 40 6 000‘6Y .

(ALIOVAYD %SZ 1Y) HLNOW S'81 40 319AD T13nd HOLvd €/l .
IOVHIAV L/GMIN 000°0S 40 dNNHNG 13DHYL .«

| 6 HY3IA NI 3A01d3A HOLOVIH 1SHId o
SHYIA G2 NI SHOLOV3H +1 NI GANOILISOJSIA WNINOLNTd LW 00} o

NOILdO NOILONYH1IS3a WNINOLNTd

@\ (PeNURUOD) SNOILIO T1OAD T3Nd ILVNAILTY Emmx

0094ad




Ubeoo

Eo>>_>_ 000‘09<)
dNNENE HOIH mou_ cm_"__._<:c m_ NDIS3a dOH 13Nd 009 HAd 3IHL .

SHMd H0 _OZ_._mDn_mm._mOu_ a3MddNS ATLNIHYHNO SI A1aW3SSY 3HL .

NOIS3A AT9NISSY
13Nd § IDVINVA mmDOIGZ_._.mm_>> A"dVvAaNVLSs 3HL S3Sn 009 Had .

NOIS3d ._m:u_ 009 Hdd

@ | IONVINIOJ¥3Id ANV NoIs3a 1and | En-w_

0094ad




b gA%Y)

Do e

1S0D 30NAa3d Ol a3"3AISNOD

_n_m JHL HO4 zo_mma 73N4 IHL 40 SNOILLYOIFITdNIS .
| ? o | a3anna3d
mm z<o 3 ._o> s_:zm._n_ m<m NOISSId ‘NOILJO ONIMIAS FHL HOA .
M ! m
»_ zo_h<o_._n_n_< DNISNIOIT
V ANV zw_mmo 1HOddNs oh m_._m<.__<>< JHV Y.1va LN3IDI44NS .
, Esos_ 000'0S DNIG3IIOX3 SdNNHNY
Ol A3I41MvNO 34V DNIAAv1D 1331S SSITINIVLS ANV 13Nd XOW .
- SIHNLONYLS ANV SAIHD ,_mzouz_ HO 1331S SSIAINIVLS .

AINIWHOIYN3T 13N
3HL1 3SY3HONI Ol 7133LS SSIINIVLS HLIM d3dvld3yd Sl AOTVYOHIZ .

oom————

WZO_ 1d0O DNDIIdS ®? 73Nd IN3dS

| @ (PeNUHUOD) FIONVYINYIO4d3d ANV NOISAA 13nd .“__W_

0094ad




Ure90

Pi A ‘&
._.\O>>_>_ Goo cm < @n_DZIDm Ol a3idNvNndD AT9NEFSSY .

R | VaHV

- NOILO3S-SSOHD ._.m.jm& n_O %0240 ITOH V HLIM S13T13d HVINNNY .
NOILONH1S3d
'nd HO4 @3ZINILJO LON _.._OZ_ 09€'0 HILIWVIA AOH T3N4 .

OTHIZ HLIM NDIS3A ATEWASSY 13Nnd (V40) § IOVINVA - M QHVANYLS .

NOILdO NOIIONY1S3d WNINOLN1d

@ | (PenulueD) IONVINIOAYId ANV NOISI N4 =]

=
0094dd




PDR600
'PDR600 FUEL ROD DESIGN

SEAL WELD
END PLUG
GIRTH WELD
= SPRING ¥ I e
UPPER PIENUM oo
W srrrrsr
Y 777777
'/I////A
El RANIUM. E,,‘;‘,f,
BT A
Y 77,777
V/,,////
V’ 17777
P el
Yr 7272777
Yrs 77777
q ’
MOX PELLETS . ||becmdl
L rrsrs
N Ys7/7777
Y r 272 rs -
PR LS =
/ AR - :
- * o VI ,,?.'_.‘), ~
‘ ' APV
(TYP) FUEL-CLAD /,
. ¢ T (’AP ,,,,1,,
\_ 72,0027
— STAINLESS STEEL Yy
16RE§° . CLAD - ey

TYPICAL

| L

R STANDOFF
ASSEMBLY
7.00
LOWER PLENUM
R GIRTH WELD
4.70
2.70 '
, INTERNAL GRIP
/ CONNECTION
- =

SPENT FUEL OPTION SPIKING OPTION
PU DESTRUCTION OPTION




w:f..

Aunduwio) 19A1Y ybuubang asnoybulisap

© ungyipy Aoy
18widNg jow
SOMSIg SDpgaq

- €661 ‘T Aow
Buljoayw uoypn|pAg juiod Aauld

mu:o::orwn_ SOIUONSN 310D 0093Ad

®  ¥0IOV3¥ NOUSOdSIa WNINOINd
ccmmﬂl ,

— A

| _




sjuswannbay puo sypom poy jo)uo)H 0
Hobgpasq ainipiadwa] D

suolNquUisIg 19M04 |DIXY pup |DIPDY
SUOYDIJUDOUO0D uolog |POYUD T
suIaypd Buippol aloH 0

AgipoyuD Alqwassy ajbuls 0
, | 9Py UolDULIOJSUDI] Nd O
abpsoq A|lquiassy O

aIwdo4¥ad SNOUVNIVAI "5
J | | 0094dd




199) 9 Ip /WAl gLs -
| {99} ¢ ID 1y/wai OSYT -
:(191uad A|quassb wioyy) asoq Buyjnsay o

ST UMOPI00Y) IDBA T -

| _UONISOd IdMOJ MOT —

0093@d ul dinsodx3 1NoH oo1 -
pasn uoyipuo) Buppds o

suoydo |2n4 juads pupb Bupjids o} sanddy ©

:Bov_o.oo ID3 A T 19YYD |33} € }D 1Y/ Widi
_ 001 < S|9A37 DWWDS 3ADY jsnWu AjlqQuuassy D

®

INSOdXI JHOHS A¥IA HUM AW 5
INIWIIINDIY 3DVSOA A1AWISSYynguiqd

— P




.aihi\aiiv dnuing abBioyos)q abosoay

0000y =

Lzel = (Bx) 819AD wnuqyinby sad papoojnd maN  °

ST = - juswiyopul paay @ (6)) Aiquisssy/nd - *

SYEe = (63%) 210D Ipjjuj oy pabioyd nd  °

£0Z= (syjuow) dnppis 8j94D aa;ssaddng I0jpopad

§G= (iojow AADBH %) juawiyouul nd paa4  *

..xoiu& 8y = 319AD 1ad papDO] SAPQUASSY MIN  °

¢ ol 3100 1ad sayong apindag

iy - w,ﬁ
&c_ucus __u .2 SID|WDIDY JjuaipAInb]
coL | 16 | 62 | 29 | #S | v | 8T | p1 | llw) uolisodsig pajojnunddy
4] clL cl o | el £l 14} 4] (iw) 1ojopaYy 13d
\ 1 uotjisodsig winjuojnid
8 8 8 é é [ ol ol poua3d DDA ST
| U] paoIIU] $31DAD BuypiadQ
STL] €L | StL] ¥1 (SPL| SL |SSL] 91 pouad 103, sz Bupng
| SID3 A uolpIddQ 10j203Yy
8d 4 | 94 Sy 14 gy [A. ] iy uopoubisaq 10003y
uoydo [on4 juadsg

10}o03)Y 19d pauoiysods|q wnjuojnid

=
0094ad




0°¢ A (%) nd Sissl
(94 S'S L (o) Juawiydpul ng
242 4 8EZN |
10 0 9ezN |
S0 80 -1 A |
| . wnjuDip
200 Vo €100 chtnd |
eL'o Ve 0L0 iyend |
»Z0 A 4 St ovend |
090 80t SL'EC 6€Cnd
9000 10 100 gEZNd |
wnjuoynid
suoyoDIy (Wiw/amw 000°0F)
spdojos) (6x) (6x) m
nd paBioyssig pabioyosig | pabioyy| odojosy _ A1oBap)

uoydo j9ng Juads 10§ sanjpp 96DIBAY AjquIassy

@ saliojuaAY m@u:u&c v:u 090:0 WINUDIN PUD WiNUo}Nd @“

ccmmnl




T L —~———————————...SS

R e e At

| A (1A) winjuoinid OM 0 1W 001
m.« co_zmoam_oo._um__awozm.:: :o:o..mno_o_o—.

9LE (wiw/amw) dnuing abioyosiq mmc.w>< Aquiassy

L ?.:.:oEu dnpojs o_u>0 SAISS92ING JO] POUAJ

1 | (sApp) pouad uoypiadQ 1amod %001

Shee (63) 210H o} pabioyd nd

%001 324D Yop3 pabioyd 910D .o uojjoniy
et (iojopay ajbuss)

@ 104909y :o:ao m:_v__am >a vo:o___moam_a wnjuojnid @

cemmmm




%4)% ey whk e

0000S= (WIW/OMW) dnuing 8B1pDYyssig aBoiaay Ajquiassy .

£59 = (63%) 312AD winpqyinby 1ad pappojnd M3N  °

S'El= © uawydpug paaq  (B)) Ajquiassy/nd -

9991 = (63) a10D pyuy o pabioydnd  °

S'glL = ?:.co:: dnppjs 394D 9A155920NS 10) pOoUdd .

ob= (IvjowW AADIH %) udwyouul nd paag
(xoiddo) gp =  @PAD 19d PIPDOT SINQUUBSSY MIN
£= 210D 13d sayodjpg aipiodas .

:$10}2D9Y |iD 10} w..w.ﬁtho._ juajpAInbl

001 | S6 |es e |9z zz]so|es |es|svlec|ic vz o1 |ze iw)

, me 1 uojjjsodsig paV|MMNDDY

v i9stos|os|Tolre|To|e9|69|s9]e9|SL)S2 . T8|Te (1w} 101209y sod

, _ uogjjsodsiq wnjuopnid

_ pPojag 18

9l e | ¢t]o]ejole|s]6] s oo 1} SZ uj pajoju| $3194D

_ : Suypiadp jo QUINN

pojed

8 |sslon|sor] v lsu] zi |sz| et [sct] w1 |swr] s1 |ssi]| 91 [#09A 5T Bupng uoyosado

I0}OD3Y JO SID®)

Siijvivieidjzivjuiajora| su (e | sy [ ou [Ssu[va(cufzu || uojjoubysag 10}o09Y
uondo uoyonysag nd

bl

10§on3Y 19d pauosodsig wnjuojnid

®  ;_ D

0094dd




It 9L°C (55) nd aiIssld

60°C 00’V (£) juawiyouuz ng
1 4§ pee geen
10 0 12241
z0 90 SETN
T ‘wunuoin
110 120 100 Zyend
8L0 6L°L - $0°0 ivTnd
SE0 ] A - 80 ovend
9£°0 68T g9°CL 4ETNd
L1000 900 i00 . geTnd
, :unjuonjd
SUOoHODIY WIW/QMW 000°0S)
adojos; (63) (63)
nd pabipyossiy paboyosig | pasbioyn | adojos) FALT T TToke )

uondO uolINIsaq nd 10} SanIDA abDIBAY Alquuassy

@ salI0JuaAu| 2BIDY DS PuUB 961DYD WNIUDIN puDp wnjuojnid @

0094dd

{




L %ls
- uoldy Sﬁ.%.azmma ndo

L A N L m -
~ 3|yiBybaN
uoldo Buppds o

. %SS
uondo on4 juads O

NOILONYLISIA 4€2-Nd
0094dd




WLIN/OMWN ‘WBus| 81943 &

009°91 00e'cl
19 69 (pD-ui-By) spoy jonuo ¢
auoN SpoH |Iv oig jo Yuybwe ‘vadl -
(vavm) veve 91z} ve xeikd 1210810 -
L a Jaquosqy ajqewsng ¢
(n)oe/se/oz a:&nm\oﬁmv o/m ‘ludwiydaug ¢
. ponz © potids Buippejo poy jend ¢
#2€°0 v2€0 (your) eiq poy |ond ¢
LIXLL LIXZL adAj Ajlquiassy o
Svi -7 sollquassy Jo “ON ¢
25001 8 £e6l YIMIN “1amod ¢
009dVv Jslowered

0094Aad

(Iondusds) NOILINOSIA 3HOD 1=n

§

0094dd




6G'€E 0191} 19°G 0} \.,mv dye, ‘wibiepy umopinys ¢
86'0L0166'0L 62°LL 019901 dv% ‘UHOM POY [ejoL ¢
G'¢l-0)8'8- 9¢-0)62- wdd/wad ‘quops uosog ¢
22’1 01 6€'L €eLolbbL OHY ‘ddH 74 o
0 /- O} 2°0L- 0'6- 010°02-  d%/wad ‘jao) somod sajddoq
0Z-/E6 L0001 dowdd ‘dZH/d4H 108 ‘OLN ¢
01/0201 PY6/950€ 103108 ‘d4H ‘Wdd ¢
009dv 009HAad 19jawesed
AUYWINNS

@ |

(19n4 Juads) SOI1SIHILIVHYH) JHOD 5

0094dd




000'0S  000°‘0Y WLW/QMW ‘dnuing abiteyasiq ¢

00991 00€'€l  WLW/AaMW ‘Yibua 3104 o
youybw g youybuw ¢ sposfje‘vadl -
‘9i2L 912! vd xaikd aya10s1q —

1aqiosqy ajqeuing ¢

0'V/0°E/SZ G'G/0°S/S Y o/m quaIYyIIUT ¢

v-onz bOE-SS Suippejd poy jany ¢

Jgnuuy pijos | adA | 19113d *

09€°0 B 724 ) ~ {youi) eig poy 84 ¢

uononiisaqg nd  jan4g yuads Jajauieled

@@ (uondo uononnisaq nd) NOLLAIHOSAA 3HOD 5
o 0094dd




1‘):1{3;3{3, e o e v

20°8 01 SE°'9 L9°S 0126V dvos, ‘uiBlep umopinys ¢
16°G1 019621 6211 0199701 ~ dv% ‘YoM poY [elo]. ¢
9°'g- O} ¥'G- 9¢- 01 6°2- wdd/wad ‘Yo uosog ¢
0E’LO16Y L EELOVBbL OHY ‘d4H *4 ¢

26-0106k- 0°6-01002-  d%wod 4209 Jamod saiddog +

€ GHEE- L'0-/0°01- oW3d ‘dZH/d4H 108 ‘DLW *
6V2/£65C VV6/9S0€ 1037104 ‘d4H ‘Wdd ¢
uononisag nd = |en4juadsg iapwelied
AHVANNS

(]

@) (uoponaiseg Nd) SOLLSIHIALOVHVHI 3HOD '
; ; 0094ad




3‘11.: ¢~ ————

$101009Y Z | Ul |oN4 AIOUIS) UM UoHONISS Nd BiIssH %06 —
IW 001 s8sodsig SIDSA g Ul SI01003Y G| o} pabioyd 19nd -
paiossad sl 96I0YD aissH JO %0/ 1BAO —
paAoiduiz sdruing YBIH PUD S|USLULOUUZ MOT -
uoloONIsaQq ddUDYU3 9 Ummou_u:_ Ol|DY |D}JON-0}-I1B|DM —
| | - uoydo uoyoniisag nd O
SIDSA §°Z Ul IN-001 saxids Jojopay ajbuls -
3j11 JO UDIS 1D co:&O |19n4 juads o} [PIUBP| —
sjuswannbay o} (9n4 soyids uolpiadQ Jo SINOH 001 -
| . - uoydo Buppds ©
IDLUBIDW 8N4 JuadS [DIDIBWILLIOD O} JOIWS §ONPOld PU3 —
IW 001 sasodsiq SIDBA GZ Ul S10)0D8Y g O} pabioyD pnd —

a2usnadx] |DWION JO WID3Y UM SID SI0jOD4
mc.v_omm _uco sjusIDYa0D) aINIBAWS] ‘SYLIOM [0)U0D —

paAojdui] S|DUSJOW PIDPUD|S —
uoydo |on4 juadg ©

@ SUOISN|OUOD) SOIUOHNSN 810D | m_w_b
- | o 0094dd




g sisAfewe £jdyes < (HAN( ) onel NG 1w siseq _.u_a_. aNa -

(A>uanbaag aeispow Jo syme))
1] uonIpuo)) pue A_aﬂa-ua..u.—ev ] uomipuo)) Joj juwouwdambay -

uaso_ IJWIPLJUOI 3,6 € J& SHUIAI T 7 | UONIpuo)) 10j pox
PNj Suniumny wo JN3J0 jJou [PIA gNJ 1°P Amqeqoad 9,66 ISR IV -

:siseq udisop gNA -

(ANQ) Suipoq Meopnu woay danpredap JudALg -
JURO0I 0) [INJ WoLJ J3Jsue) jedy enbope aansuz -

;P3SN SPOYOW ISNOYIUTSIA pIepue)s .

1

) @ SISATVNYV oﬁaﬁ_gm % TVINIAHL 7I0D

QQQEQQ




dueuLio)dd R L o—.—ﬁ.—uaua

SuLINSuo - QYU I J0] 19U 3q A Siseq USSP AN - 009V
20j asoy) Neunxoadde 30 grew sixpowered udisop g ¥ L 0099Ad

:GOFNPUC) [EPW)

1amod 0y reuonaodoad
ST ('TODL - LOHL) LV doof paamsealy  :'V51, > s._,.-. -

uonepLIod gNd u—.—.«&—.—%
J0j I3uex Apenb jo yumy Joddn > Nifenb jixo jpuueys IO -

_ onpeA jum] sisifeue £joyes < YENQ Wy - -

. o T pAjepl GNA Surugop - sduny
J0JIRI 1V JIIM0dIdA0 2% 3ImerdduidalidAo )9S 03 PIsn S| 310D

[

) SISATVNV OTI0VAAAH % TVWAHL TH0D
QQ@EQQ




~ 9pqeydadoe 3q pmoys
0093Ad - a_..ué. 3gge :_s...sa PN} 0094V wiox) ddueq) -

3.1&9 SuId)sAs Apoyes aaissed AjuQ -

..Ec:.—.-:mmu
ge_x:.. .-c:a.-_a»o JATBAIISUOD YN AIA0OUN JI0I ON -

| :(x3pun
pue 13jourerp yuareAamba your-9) sasffeue yHO' qediq [ews 009dV -

AVSS 0094V
J0J Se spoyjoum -a.-s..un 2 Sopod Indwod dweS  :009Udd 10

AVSS 0094V 2P m wnnads azis yeaiq yOO'1 duo) .

1

) @ SINHAIDDV a%mcoo-mo-mmca
; , 009dad




:_‘#il b Lo e

| suiiew/synsaz go9dv snyd
009dV X 009M(d U39M)2q SINLIBIuIS ‘eLnLn duejdadoe sqeodde
53w poys sashl.ue vD('1 Yedaq [ews pue a3xe] 009AAd

TUOISHPUO)) [EI9UdY)

SSE._ 0) fidde pmoys fmqeydarny -

@u.a__g o Y xtpuaddy 8861

Jad f3ojopoyjowm Y'Y LW )53 € sB JYNS( P PIsuadl]
durq Apuaiin))) Ipod ndwod jewn)sd JSIq ‘yIe-dy)-jo-aes -

~ s)ruan 3wsuadN YMJ M 0) wBiew JuvdPUIS

:009dV 10} SYDO'] Twoaq o8xe] o

1

@ . SINAAIIV INVIO0D-10-SSOT
| 0094ddd




| (uond3j0adpdiny dnypeq a_u_.;..a SV Sudisuen) udisop e jJou SMLV 3I0N)

0D axmesddurdy Jojerdpou Eu..u&.a-, JAVADS noym
xpddog g_usg Ao cjudisuen) pajedonuy -

awmn doxp poa sofedit) o

L | _.ouao.-uﬂn 2%349 mopj-Jo-sso| Rdwo) -
. feujew pep)
YoM pox paydalyg
| Sumyead Jamog
Japddogq aanedau aiop

("d) wopoes) nonnou pakepp paonpay  cuopRf poy -

| :SOTJIAT)ISUIS
aowered £3y - pojsage Afenudjod SHUIAI YH(O'T-UOU PIINPS .

=

@) SISXTVNV INAAIODV VOOT-NON |
| . 0094dd




S)WIISURY) Y)()J-UOU J0J
S)msax apqerdadoe ppiL pmoys suondo 310 0098 Ad 3Py IV

) :UOISIPU0)) [EPUIH .

)
. ﬁ..ﬂf. IS

syuejd asnoy3unsop Joj ot SMIV Pia sanduo)
SUMJ Isnoyaunsaj| jo pord£) ssuodsey  SMIV -

uﬁuaﬁeg..eeag es1ou Joj mIxepy
widiew g Eenueysqng V401D -

SINSAI JjqeIoAe) AIIA
- sa0joej Junjead moy
SY). oM pox paafo Moy  cuondel poy -

SINSY .

|

@ SISA'TYNY INAAIDIV VOOT-NON
| 0094ddd




ase)) joug yuadg
0098 dd 10} PIPIPA] I/
(pewel3) o4
0s oy 0t 02 oL 0

i ’ + ' 4 00S

1 009

L 00L

L 008

L 006

. | — 000't -
¢ ‘Auanoeey WNOd ‘YMOM POY peroef3

—

@ ¥AMOd O¥HAZ LOH 104 NOLLOATd VOO

0094dd




.S

VUV ONIIHYA MONHL 9 . ALINIOVH IOVHOLS WNINOLNTd '€
) ALITNOVH 'gvd4 13n4 ‘s ISNOHIHYM dIHSNVHL 2
ALIMOVS SS3004d WNILIYL '+ | ALIIOVH TOHLINOD AHINT 'L
N ELERR
)1
G o )
a8 | m%\ : )
® ® =
] T T 1
/( b aR & @\H < J )

®  X31dNOD LIDHVIL ANV 13N4 1=x
d T 0094ad




NOILYOIHEVY 13NH OL H3JSNVHL -
- 39VdHOLS -
r | m SISATYNY -
| ONIOVIOVANN -

ONIAIZO3Y -

NIEALIMTIGVLANNODDY o

r-£61250/4£290

SNOILONNA 3SNOHIYVM dIHSNVAL WNINOLN1d

009ddd




§-£61250/2290

O/e 2'0> OL WNIDIY3AWY IAONWIH .
SNYN.L3Y
dVHOS DNISSINNH mo“_ d3033N OS1TV SSIO0H 1IM ¢
aN319 H3LSVIN 30NA0Hd OL1 3AT0SSIA TV.LAN WNINOLNTd .
) (Ngez HLIM @31LNTIA ATIVILNILOd) STTNNVHD
HO SD01 OL1NI Slid NOdVY3IM S1SVYD3H ALINIOY4 3od .
| TVLIN SY WMrINOLNTd 3avdD SNOdY3IM JAI303Y .
@ NOIVAVdIId ANV LdI3D3F HO01SA3Td _L_W_H

0094ad




9-€61260/84290

AQHOINVH 1V 43Nd -~
OS “1TIMNHvE -
31IS H3IAIH HYNNVAVS -

:d3aLvNIvA3 S3LIS ODNILSIXT

ALITIOVL dT1314N33HD STINNSSY ¢

1500 .
ALIIOVH LNOHLIM WH d0 B)/0e5$ 4O 1SOO NOILYOIHaVYd XON .

| 1HONO09 SININOJNOD ANV SNOLITINS ATdNISSY * .
NOILvOIHEaVvY4d aOH/13713d4/43AMOd AINO .
ADOTONHOIL A3dOT13A3IA HOL NOITTIIN 05¥$ 40 LSOO TV.LIdVO .
| 214 000°0€1 OL 00000} .

ALIOVdVYO A/LN 002 HO4 A3ZIS *

@ 0 AINIODV4 NOULVORIEYL 13nd | [_W_

0094dd




Aunoas pue spienbajes jo uonesbajuj
uoloadsu| psjewolny

~ j0u09 IS

uoljewojne ajqellay

Buipjaiys pue juswauyuo)

(1010B53U09 jeIDIsWWod 10 geT |.1eN 3oq) >~___n_wcoam9 ubisaq
a))| ubisap Apjioed
wniuonjd pessasoidas osfe 1o wnjuoinid spesb suodeam 1oy ubisaq

:d3SND04 38 LSNW MHOM NDISIA 3YIHM S3NSSI

*SNOISIOAA NDIS3A HOMvIN

| ATGNISSY
‘00 ‘137713d ‘H3AMOd HOH SISSIO0H NOILYOIHEYS DIHANID

d3d00S LNINdIND3 ANV 3ZIS ALINIOV4 NOILLYOIHEv4d 13nd

£-€61250/4L290

@ ~ QIYIINIONA 38 ISNIN. ALIIOVA NOIVORIEV 13nd

0094dd

U




U TR AR G i e e gwee m—— - o— oy S o — — —

19 g

8-€61280/44290

m llllll fll —
[
| | _
£
| _, |
_ »._wﬂ_ouf , | Bu1pPBID
: tond | g SPOY [Ny ¢ |o83g
| A " sse|u1vls
| ]
l | |
' |
| m i
". Buiz1191 )89, le 2-0 (nh/md) _ unjug.n
| n. uo; 383 4d| 9440 K“I pa19| dag
!
“ g ! S _
! _ 1
! A b 3 _
duaog ssadoaday |
— } 1919 ng
— — opr.r) suoduem
e e N
A311 1984
Uo| 38D | Jquy

$35S3004d ZO_.—<U_~_m<m 13Nd XOW JORIINIS

=

0094ad




o Iimmm—————,

g e
6-£61250/4£290

AONIIHIAXI NOISIA LNV1d Hed .
| SNDIS3A LNY1d XOW NDIFHOA .
43W4 NI NOILYOIHEY4 NO AQNLS ANVAWOD QUOANYH-M .
| JONIIHIAXT INIT 344vS o
SNOILYOIID3dS 13N XOW dHEHD - 4144 .
(AHVL31HdOHd) SS300Hd XOW 1dNg .
AQN1S NOILYOIHEYd XOW dHS .
(AHV131HdOHd) SNV1d NOILYOIHEVYH 713N A4ND-M .
OS ‘NOSHIANY NI (d4H) INV1d 13Nd a3SSI00HdIH-M .
@ d3d013A3d NOILYORIEAV4 13nd XOW 304 ADOTONHOIIL E_WL
0094ddd




1-£61260/4290

._<m0m%_a ANV ._,ZO_._.<._.m_On_mZ<¢._. ‘OVHOLS AHA

| IDVHOLS 1IM 13N4 INIJS

JHVHOLS ONY NOILYIHOJSNYHL 13N MAN

A

@ TVSOdSIA % 39VIOLS ‘NOILVIIOdSNVL 13nd

0094dd




D

Z-£61250/4.290

(S3INGNISSY #)

oser ; Q3HIND3Y/A3AINOHd
OL 0591 165 165 619 ALIOVAYD d4S
6oL . 60L 601 601 ONIOVS MOVH

a3diNnd3y/a3diAOdd
3400 I 3HOO €/k 3HOD €/} 340D €/1  IHVHOLS 13Nd M3N

ONIMILS H1S3d 13and 009dV
XVIN AN3dS

@ - | I9VOIS 13N EmmH

0094dd




BT

@ -1l @R U _mmmﬂ .
JUsWisbUvIIy j819USE) PUBIS] JESPNN QQ@E Ql




Kiojisodey
jeabojoen

m&mﬁ 0L)
abeIOIS 19M

Anoe SHN

J @ :suondQ uoKoNIIS8Q Wnwixep g |en4 juads [@1:

0094ad




abeiolg 1oMm
Léé H0
Aioyisoday - , (reap 1)
jeoibojoan) Anoes SHN ebelolS 19M

@ B . _,. ao_&o Bunyids mmb
- 0094dd

jesodsiqg ¢ podsuei] ‘abeiols Aig




£-£61Z50/24290

 IDVHOLS TWOID0T03D ALYWILIN HLIM 3NSS! TVIINTLOd  —
Q3HINO3IY JDYHOLS ILIS-NO WNOILIAAY -

‘NOILJO DNIMIHS HOL .

| | 'SNOILJC NOILONH1S3d
WNWIXVYIN HO 13Nd LN3dS HO4 1S1X3 S3NSSI HOrvIN ON .

@ X \ mzo_mauzou _ Enmm
0094dd




uononpoid ajsep
vdd

vOOl
sjuaisuel |

009dV Ol HVINIS
JONIHIH3HC ._<._Zm_>_20¢52m\>._.m“_<m MOHS 002H0d JO NOUVITVAT

uoljeIUadU0D uolog a|gnjos JaybiH
SpOJ |04)U0D 8ION

Buippejo |an} SS
- JUswIyOUUT %0°L> YUMm 19N} XOW

009dV NI SIONVHO HAd »

® VLNIWNOHIANT ONV AL3HVS =

0094dd



| -+ "JOVAVQ IHOO LSNIVHY NOILO310Hd
DwOZ<IZ.u._>._._.Z<0_...=Zmu_mmn=>0mn_wmmD._.<wu_I._.n_mo-z_-mwzmn_mommm_._._..

~ ¥HOM LON Od S3HNLY3S d3H10 3IHL TV 1LVHL IN3JAS
ATIMMNNN 3HL NI S3ONIND3SNOD IDOVNVA FHOO ALVOILN OL STHNIYIS  »

ANV ‘SINILSAS ALI4AVS-NON A€ QIAIAOHd NIDHVI TVYNOILLIQAY
SINFLSAS @ILV13H-AL34YS IHL NIHLIM SNOILONNH NOLLYOILIN ISHIAID
SNOILONNA NOILVOILIN HO4 SWILSAS Q3LVI3H-ALIIVS

STIHVANNOS INVId TVOISAHd SNOIHYA JHL HONOHHL
Ongnd 3H1 O1 S3SV3134 NOLLYIAVH TVIINILOd ISNIVOV NOILOILOHd

NOILYH3dO TVINHON NI SNIVINIH ANV S3IMYIWONY HO INJWLVYIHLSIN
S1d300V 1VHL NOIS3A INVId 009HAd ONIAIDHOL ‘Javis V

@ | - HOVYOHddV Al134VS 009HAd @

. _ , 0094ad




Sl Ze _ _ soH -

0s
€S 000°t - 1 - 0002~ , SSSN
spioM WeISAS Budig
8L BOLLY yri9'sl olog fewg
ve yorz'L -~ Y OOE'PY elog o] o
Sudy spesn-Aieps
A . (pepnjow
o e 9|qed SupunosB pue ‘UOITEIUNIALCYD
oL ¥ U% 000°000'L -  yumsiL'ee9E ‘Bunyby ‘09 ‘1emod) eige)
86 oz ~ 0008 < sieqqnug
82 V3 66 - sebueyoncy mey
8s 296 ozes | mZ> o
oy 82st £552 WZ< o

, . SONSA |
ot et : 881 Aojes 1eojonu-uoN o
psyun3 _ ouoN , se . Aojes omy
h sdwng
| weld ppssunu0) wed dooy-z
uoRonpey % sousseiey [suopueAuOs seinme] weid
0095:Qad NI GANIVANIVIN 38 OL SLNINOJNOJ 40 NOLLONA3Y,

, ® NOILONA3Y ININOJWOD INV1d i=x

0094ad




——

“SUOHIPUOI UMOPINYS PUT JAMOD L10q I8 SISAD [ELIOIN SOPAIY) L

. , by oney Burog Mmojj 4o 10
812 9’12 ‘08" 12 HANG emepny woasj enyedeq « | 9307 9wpdwo)
SPOY O/M J9MOd %0L~ | SPOY OMA J10MOd %0 (overs Apeais) 1omod 0100 o | chi) INOYIM UES |
Bisd 0062 Bisd 0or Bied po2e oInsseId . w8 SOY * | -uwi) powdawy
pepiroid wbreyy Pepiosd wbreyy wlen 4ana anssoly
ubiseq jo %88 ubiseq] Jo %28 | ubiseq o %001> wounmuoD yeed « | eeIg oupReS
" 9> sy Jo) |[oAs
$N330) AeA0duN 810D Kieaooun 8109 oN IOMEM, [08SB) JO1IRY o ,
20061 440001~ 340022 dwey perg yeed o voo1Ieus
| o | o Y2 O |
ubiee Jo %0E uBiseq] jo %52 | ubiseq jo %0sS INSERIY WOUNNERIOD
, oNesely
uBiseq 0 %06 uBise() jo %08 | ubiseq jo %06S WOURIIUOY) YEO ©
440022~ | ~4.0081 30022 dwe) peio yeed « vo01 06
1A/9.01 X 5~ 1h1g0L X € > Mg 0L X 1 " bauy eseorey yubis - ewssossy
Wg-0L x5~ .01 X TY iy-0L X | ,be1J oBeweq 0109 « | Y1 onsiqeqosd
weg dool-Z weyd ErusuNLOD 3w OuN epwesg Suppull sisAjsuyaueay
{suonuUSAUC) SUNIOOH

SNIDUVN LNIAIODV ONV LNIISNVHL

SNIDHVYIN LN3AI03V ANV LN3ISNVHL




1lemod Qv pue seafen ‘sduind Ajojes-uou INOUIM

. i
—n. o W — (ySwalshs
..w,», - 08¢ _M mhe-aq1~ ., 1K/9-39°2 A1ayes-uou INOYIM
m.“ - 05t M - ING-30G INjL-3EE felol
oo boot -390 ¢ ~ 8-30°€ © anydni |9SSOA
T ooor || . 3ok o | 63> vOO01 Buoepeiu)
oo | Eo [sAVE gl 6391 OUI000-10-5591
L os jw.,_ R g-35% LMLV
i 08 IE RS 8-39't ebIeT-vo01 |
5 09 oje30¢ | g-38'8 wnipa-¥oO']
00! NECES g-3LL IIBWS-¥D01
o9 | oA 6-39°C einidru egn HS
0z | BCET 6362 noxoelg
- o8} i | G-3¢°L | 8-31°L | sjusisuel
NOILONA3Y | mpzﬁn_ szmm:u INVd ,HIMOd 1V SIN3A3
Do o ” TVIOHIWWNOD
i : ” o 434
; ooLm >._.mu_<w wmoz<Izm Hld3Aa NI wwzwn_mc
_, ad HO E<W> H3d) ‘S3IONINDIu 39VWVQ 40O IN3AS
T :

HO4 mm_ozm:om_m“_ JOVWVA 2HOO INIAT S

w 0094ad

@ gmmnn_




_ o ‘) 060Z S| ©beseAe Ansnput uaund ¢
gN mE u sjueyd iseq .§: os 55 16M0) 10 0} lenbe eq |Im e1sem jom pue AIp [oASI-MOT

‘'S’ syl

ul wmcm“a %mm @\w@— mm,vmmp 05 :m:. ._Qso_ bm 9 jenbe aq M ‘wniiu) Gupnjoxe ‘ApAloeOipE) [BIOL

1k 24 ‘SO1SEM PIIOS =

WVIOHIWNOD IONIHISTH

i6) @mwﬁ. " 0S.1

(w500 > 500 A0 ‘swenjye pinbr

008 > 002 JAND ‘sjuan|ye SNoasen
TILVWILS3 INVId VOO UMY

Y

. 009HOd HO4 SIWNTOA 3LSYM

-u

-
Rt

P X

<
oy
.w

pemuis
—

009HAdd HO4 SINNTOA ILSVM

=
0094ad




Jjusiennbay afieiany
] b___.: HMd 0661

OGO x MO X x M ()

- (Hv3A H3d WIH-NVIN)
ALVNILSI 3HNSOdX3 NOLLYIAVH TYNOLLYdNIJ0

0094ad




S3INOZ ALIHNO3IAS -
| TOHINOD SSIDOV ALIHND3IS -
ALIIEVLINNODOY TINNOSHId TVOINONODT

NOISNIOX3 I10IHIAN -
SS3IOOV AIaNOZ -
ALIHNO3S TVOISAHd A3avdo

JONVTIIAENS INIL TVIH -
- | TOHINOO WALl -
202E_._._m_ﬁz:ooo,‘oz<._oEzoo._<_mmEs_m>_m<>mmn_

.

H
@ | SSINGIAIVAINA ADNIOUINI ANV
‘ALRIND3S ‘'SAAVNOIAVS

L1

of

- 0094dad




NOILyOldav4 1and -

1INVA 3OVHOLS -

INIOd 1d13034 -

~ - v3dv SS300V VIHILYIN
szz__.E>>omz_§mmws_mou__\,_:_zoS._mm>_5<m_t< .

n o 37NY NOSH3d OML -

ONISNIS NOILISOd IDVHOLS INIL TVaH -

avad aINIHOVIN ANV @3T13dv1 -
AHOLN3IANI @3ZI43LNdNOD

“ | . TOHLNOD _>_m._._ .

w | SLNIWIHNSYIW NOILYINHIANOD .
m ,

 AIMavINNODOV GNV TOHINOD VIHIIVIN IAISVAESd

R

(P4UOD) SSINAIAVAIId ADNIOYINT ANV | =

@ l

“ALRIND3S ‘SAUVNOIIVS o

0094ddd




" DNISNOHIHVM HLIM INIGBNOD -
m02<_2m0u_mmm NI 3SVIHONI LNVOIHINDIS —
b S3IHVANNOY IANOZ
>._._m30ww IVLIA n_2< IG_I n_G muz_mem_O JI0IHIA S3AN10X3a - |
1d3ONOD dIHSNVH.L .

, ALNIFGON H3AISNI SLINI - -~
ZO_._.Om_._.mD NOISNYLIN! d3avdo -
NOILD310Hd ._O AL _ZD aNY a33N 40 13A3TNO SND04 —
3AIL03443 1SOO -
mszN >._._m_30wm TVIHLSNANI ANV “TVLIA ‘HOIH .

ALIHNO3S TTVOISAHd d3AdvdO

@  (P4uoD) SSINAIAVId AONIOUINI ANV ST
| ‘ALRIND3S ‘SAAVNOIAVS —r

00940dd




INJWNIVINOD -

| PE NOLLYNOVAI TYNOZ - \
o TINNOSHId TOHINOD .

NOILONNS INJHVASNVHL -
SLININOdNOD NOWWNOO -
ALIHNO3S HLIM 3NIGNOD

(PAUOD) SSINTTUVAIAA AONIOUINI ANV |
‘ALRINDAS 'SAAVNOIIVS =4

0094dd




= MATERIAL ACCESS AREA
PIDAS = DOUBLE FENCE WITH SENSORS

= ENTRY CONTROL FACILITY

= VITAL AREA
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P D R 600 PREOPERATIONAI; COSTS FOR SPENT

. FUEL OPTION - PERMITTING AND
: ' TRAINING ARE MAJOR EXPENDITURES
Fuel Fab |
Facility Reactors
: (200 MT/Yr.) | (10PDR600s) Total
R&D 0.0 0.0 0.0
Pre-Title Design & 00 | (1508 (15.0)
Engineering ' RS \
Regulatory, Safety and 13.0 “ o 196.% 208.1
Environment , - . N E ; : o
Plant Acceptance - Included i Capital Costs
| Reactor Complex Test 30.1 453.5 483.6
Operations and Setup
Reactor Complex Included in Test Ops./Setup
Procedures
Reactor Complex 24.5 171.6 196.1
Administration |
Total Preoperational Costs 67.6 620.2 887.8
DOE 67.6 709.3 776.9
BOP Owner (ECA) 0.0 110.9 110.9

™ Design Study was previously funded by DOE/EPRI




P D H 600 - REACTOR CAPITAL AND O&M COSTS

~. ARE EVENLY DIVIDED BETWEEN DOE @ |
{ [ - AND ENERGY CONVERSION AREAS (ECA)

%

CAPITAL

DOE Scope
- Yardwork o 0.7
- Reactor & Auxiliary Bldg. 12.7
- Access Control Bidg. 0.7
- Annex Bldg. S 0.9
- Solid Radwaste Bidg. Sw 0.4
- Fuel Handling Bldg. o 1.3
- Miscellaneous Buildina T 1.2
- Reactor Plant Equipment 35.2
- Miscellaneous Equipment ‘ . 1.2
Total DOE Scope 54.3
BOP Owner Scope (ECA)
- Turbine Generator Bldg. 2.9
- Turbine Plant Equipment | 24.1
- Electrical Plant Equipment 11.3
- Air and Water System 1.9
- Communication System - 041
- Miscellaneous Equipment 0.2
- Condenser and Heat Reject. System 5.2
Total BOP Owner Scope - 457

O&M (Excluding Fuel)

. DOE 51.5
BOP Owner (ECA) | I 48.5
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PDR600

-CAPITAL COST FOR SPENT FUEL OPTION @
EQUALS $9.2 BILLION

—w
Total Capital Cost
$ Millions
Title 1, 2, 3 Design Engrg. Inspection
« Design Certification (120.0)""
» FOAKE (157.2)""
e Post-FOAKE 105.0
e Site Engineering 126.0
Facility (Direct Costs)
e Labor 1,331.8
¢ Equipment & Materials 4,471.7
Spares | 95.0
Initial Loading Included in fuel fab. costs
($55.2 Million/First Core)
Management & Administration 1,732.7
(Indirect Costs)
Contingency 919.4
Total 8,781.6
Total MOX Plant Capital Cost 443.2
Total Program Capital Cost ﬁ 9,224.8
DOE Share 5,275.8
BOP (ECA) Owner Share 3,949.0
™ Design Certification and FOAKE are existing funded programs and not
included in totals. |
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.

CUMULATIVE NET CASH FLOW “@
USED FOR BREAK-EVEN ANALYSIS

~ .
P DR 600 PDR STUDY ANALYSIS ASSUMPTIONS -

\

ANNUAL CASH FLOW = Sum of Annual Preoperational, Capital

ANNUAL REVENUES

ANNUAL NET CASH

FLOW

and Operating Costs including MOX or
uranium fuel

PDR Electric Revenue Rate times
kilowatt-hours generated per year |

=  Annual Revenues minus Annual Cash:
Flow

CUMULATIVE NET

CASH FLOW

Note:

Sum of Annual Net Cash Flow
(30 Year Economic Life used for each
reactor) '

Steam Revenues to DOE were to be calculated by DOE
from data provided - C. R. Hudson letter of 4/15/93.




MOTIHSYI WI0L = = = == MOT4HSYI30Q - -0 SAINNIAIY

i ¢<m>

ovOor %O rcot | sol ”. P2OC  OLOT S0 ZIOZ 00T p00T 00T 948
—-Ss_:.:_ﬂcn_-ua_~8~_.8«_:2_22_88_8..«_82_-3-
Jl- A A 1 s 2 2 § 2 4 - 2 - |

'

|
8

-

ANVLISNOD 'SNOITIN S

.
‘
$
‘

|
EEEEEEEEEEEREERERE

@ HYIA Hdd NOITTIE 8°L$ LV MV3Id SIUNLIONIJXS WvHOO0UHd - m@l_._

- NOILJO 13Nd LN3dS HO4d MOT14 HSVYD ANV SANNIAIH TVNNNVY

0094dd




¢# NOIJO © Z# NOIldO + 1# NOIIdO ©O

_ UVIA
o¥0Z 9€0Z 2Z£0Z B8Z0Z +ZOZ 0ZOZ 910Z ZLOZ 8BOOZ vOOZ 000C 9661
mmoN emom_omoN_omom_mﬁom_m_wm_v_ow_o_oN_mooN_NOON mﬂm_ vﬂm_
] : 1 [l 1 1

197

LANVLSNQD ‘'SNOITTUI8 §

ot

aOoI43d WYHDOUd HY3A SZ NI NJAT SH)vIUG NOLLJO 13nd IN3dS
MOT4 HSVYD 13N ALLYINWND

0094ad




PDRGOO
éﬁ SUMMARY OF COST AND SCHEDULE @

¢ Six year lead time for PDR600 constructions resuits
in first plant being on line in 2003

e 200 MT/Yr. MOX fabrication facility costs $443
- million and results in MOX fab costs of $750 to
$850/KgHM

e Spent fuel option requxres 8 to 10 PDR600 reactdr&
- at a construction and engmeenng cost of $8 -
billion ?

e Pu Spiking and Pu Destruction options have
construction and engineering costs of $2.6 and $13.6
billion, respectfully

* Net cash flow of the spent fuel option is breakeven in
the 25 year program period and totals $15 billion for
30 year economic life of each reactor

e Net cash flow for the Pu spiking option with one
PDR600 does not breakeven in the 25 year program
period or a 30 year reactor economic life

e The Pu Destruction option with the 14-15 PDR600s
shows breakeven within the 25 year program period
and $24-25 billion in net cash flow for a 30 year
reactor economic life. (No reprocessing plant)




3‘, o R g gy

| - £61250/81' V1211 ddM

43943AN3LLIN NOY
i Y3INISIAd
| FANLONALSVAINI
nZ(.§~.<.2 ‘INIOd A3NId
| o S Ee6L'TZAVW
@ 33LLINNOD MIIAZY TVDINHOIL OL NOILVINISIAd EW.H f
AGNLS NOILIWNSNOD WNINOLN1d 0093ad

0094ad




R ——————————————

T - £61250/81°Y1ZL13dM

1531 ANV INJWdOT1IAIA MIN -
1531 ANV INJWNDOTIAIA ONISIXT -
1vsodsia JISYM -
SILMOVA TVIDYINNOD ANV 30d ONISIXI -
ONINIVIL ANV NOILVYIIdO -
SWNIISAS ONV SININOJINOD RINIOVINNYN -
INIWJOTIAIA ANV NOISIa -

XI31dINOD JOL1DOVIY 3AISINO

ONISSIOOUd AISYM -

JOVIOILS YO/ANV ONISSIOONd 1aNd INIdS -
_ NOILYORIav] 1and XOW -
NOILVYVdIdd ANV ONIAITOFY WNINOINTd -
ONV1ISI 3NIgdNL -

INV1d 3010V -

X3TdNOD JOLOVIY AAISNI

ARINO SOV AOIVIN - »

&)

0093dd 3HL 130ddNS Ol [_W‘.
ARINOT FANLONALSVAANI 40 NOILINIHIG A
00940d




wﬂq!i\! Jr e

£ - £61250/81°VIZ113dM

(QINSIS3Q) T NVYNZ3d -
L FJONO NVS -
NOIXVS -

'S'N JHL NI Q31531 ANV GRINLOVANNYIA ‘GINSISIA N33g SYH 13n4 XOW

aVIOD NVdVl -

(N®) WnIO138 -

_ AR (403) IDONVId -
| o (14N9) WOGONDI Q3LINA -

.s_e_g ANVINIIO 40 O1end3d Tv¥aaad -

iy

._ .
i

“s'N m_._.—wwn_m._.m_c nm:mm...r_ ONI39 SI ADOTONHOIL J10AD 13N XON

e Q3aLvAISNOWIA N33d SYH
| | AS0T0NHI3L 3104 13nd XOW

0094dd




b - £61250/81°VIZ1L 3dM
, 4
SYOLONALSNOD INVId dVITIONN . |

SININOdWOOD ¥VIIONN -

FOINYIS IVIIONN -

13nd dvIIONN -

ONIISIL ANV INFWNJOTIAIA ‘NOISIA INVId dVIIONN -

SIN3ISAS AO¥INT ISNOHONUSIM  *
SILTIOVL TVIOIINNOD

NIVINNOW VOONA ANV 3LiS 1S3 VAVAIN -

;&ohs_oas TVNOILVYN 390l VO -

SIVid DIDOY -

SOWNVIV SO1 -

ANOLVIOEYT ONRIINIONT TYNOILVN OHVAl -

QYOINVH -
A S ¥IAR HYNNVAVS -

SOV 304

1S1X3 0094Ad ININITdNI
Ol SAILMTIOV4 JOLOVIY IAISINO

- 0094ad




?1}..;331{? - . . © e i A e
i

G - €612S0/81VIZLLIdM

Q333N 1ON ¥V SIIUNIOVA 1S31 ANV INIWJOTIAIA MaN .

| - S¥3IHIO
.m._._m._._.<u XOU.ES oz< v_0000<n .mm=0:mvz_.—wm>> mm_._._.__0<m QZ_._.mm.—>~=.m:nZ_m_.<>_~_n_...

SY3HIO .az<._>~_<2 GNV ‘LIN ‘YMOI ‘VIGNNT0D :SAILSAIAINN -

_ SYIHLO ‘INNODYV ‘AJOLVIOLV
ONRIFINIONT ._<ZO_._.<Z OHVA! ‘QYOINVH ¥3IAI HYNNVAVS :S3ILUTOVI Ioa -

GINOI ONIISIL ANV ININDOTIAIA ANY JO4 F1TVIIVAY SIILNIOVH m: .

@ JAISNILXI FAV 0093ad JHL 13OddNS Ol
SANNIAVdYD 1531 ANV INIWJOT1IAIA ONILSIXI

00940ad




9 - €61250/81:V 211 4dM

NOINN 13IAOS ¥INAIOA -

didid NIJuo -

sz_._.<UO._ ._<_U~_ms=200 A3F3IAISNOD AT1SNOIAIYd -
- AJOLVY019V1 TYNOILVN 390l XVO -
AYOLVIOEVT ONIIIINIONI TVNOILVN OHval -

- QYOINVH -

JIARS HYNNVAVYS -

e g ,:.:,f.

:3ANIONI azS._ ._<:a.>_az_ ANV X31dWOD 3HL 31VDO1 O1 S3LIS TVIINIIOd  *
, SNITANVH 1304 Qilviavadl -
NOIVORIEV4 13nd XON -
ONIMANVH 13nd XON -
@z:az<= WNINOIN1d 3aV¥D SNOdVIM . -
13n4 XON ONISN ADOTONHIIL JOLOVIE -

NNINOLNTd 3AVES wzﬂ.?mg 40 TVSOdSia 3Hi i80ddinS Oi AGVSSIOIN
SOV TV 04 QILVIISNOWIA NI3g SYH ANV ‘ATIAILDITIOD S1SIX3 ADOTONHO3L .

C NVYNZ38 -ONVRIIZLIMS =

NODE DN ‘L NDID ANVINYIO

€48 ‘NNIO139 -

L 3¥JONO NVS ANV NOIXVS :S31viS Q3liNn

*S.4M1 NI A3LVIISNOWIA ATINSSIOONS N33d SAVH S3iLNIEVdVD dNNAING 13N XONW .

NOILISOdSIA WNINOLNTd ¥O4 009¥Ad 4O NOILVINIWI1dINI 3HL
140ddNS Ol 1S1X3 ADOTONHDIL ANV ANLONALSVAINI

0094dd




A
1-€61250/48290

WNINOLN1d

AOZ_2_<S_m¢ aNv) @3Llviavyddl 40 TvSOdSIa LNINVINHId .
| 371NA3HOS 304 .

304 Ol 1S0OD mO, NOILVZINININ .

NOISH3IAIQ WNINOLNTd LINIATH OL mam<3mum“_<m | g

‘HAAISNOD OL SAd33AN SAIDILVHLS INFJWAOTdIA 40 INIWJOT13AIA

i

@ $3193LVALS ILVNIILTV 40 AAVINNNS __ m_

0094ddad




NOILITdINOD
WYHDO0Hd NOdN mO._.O<wm_ JHL1 40 GZ_ZO_mw_S_S_OOmn_

13N4 IN3dS 40 1vSOdSId

' s ,.':Ni“*
LR

- X3TdNOD FHL HO4 (S)3LIS DNILYOOT

ALIMIOV4 ZO_.F<O_mm<u_ 13Nd XON V 40 NOILVYOIHEV4/NDIS3a

3dIX0

m_O 4<._.m_2 S_D_ZO._.D._n_ OL S3dVHS SNOJVIM 40 NOISHIANOD

2-661250/48290

® |

-

d3ss3yAAV 39 Ol A3IN HOIHM SISYHd WVI9OO0Ud

0094dd

=



£-€61250/18290

WYHODOHd HL 40 NOILITdWOD NOdN S3ALLMILLN
Ol SHOLOV3H T13S Ol SINJW33HOV LNOH4-dN 31VILOD3AN .

Qmm_DOmm S3IINVHVND/ONIONVNIL4 304 .

ALTIgvIn3ay 13nd 3A3IHOVY
Ol >®OJOZIOm._. 713N4 HO4 SH3AINddNS TvIOH3aWWOD 3SN *

weld |any Joj sabieyo |eyded oN -
|jeuajew ajissly 9al{ -

73n4 0N NVHL JAISNIAX3 SS3T 39 NvO Tand XOW .

R A

@ TvSOdSIA NNINOLINTd 304 SAILINNLIOJAO 2 SINIVAISNOD E_Wwﬂ

0094ddd




e e
P-£61Z50/48290

| AHOLISOd3H
IvOID0T103D V NI dN SANT 13N A3Lviavddl TV ‘ATIVNLNIAT .

SAHVYNDI4VS ALVIHIOHddY ONISN
S41IS m._.<2mm._.,._< Ol 31IS 1SHid NOH4 13Nd HS3H4 dIHS .

ALITIOVH NOILYOIHEVYH 13n4 V LNOHLIM
S3LIS ALVYNHILTY 1V SHOLOVIH HNOd oLoML adling

311S INO 1V ALNIOV
NOILvOIHEYd 13Nd V (INY SHOLOV3IH HNO4 O1L OM1 dlingd .

L I i

@ . NOILdO NOILONY1ISIA Nd O 13Nd LN3dS [@
| - 4O4 ORIVYN3IOS 149ISSOd INO

0094ddd




mﬂ_vm _ ‘4 ™ ¥ T R PR S -
01-£61250/4(290
ok e “INHO
‘Weyoys ‘au} siy} | ‘SHS ‘plojueH
.............. ‘-t dNM | 1e1sesejuioN | el “ron/3oQ
(poysjul4
Ayejed) (Bupesedo)
. , 01980y l0}9eey
‘SUME/SUMd | sHIMA | Auen Apn Had sadA)
— H A - si10)080Y o
.N b L w ,.Hr_» ‘._,,. m M_,H _w mw, o
. T ueld MON
- _ ueld sueweis “Jueld uosIepuY/30Q ABojouyoe
) ueder/D33 .:m_amo, ueissny | ‘“14Ng/suewels uoneslqe
‘uederp ‘eouesy llemureg :
‘NE “14INg ‘suswels nsuiqedloyo eus JoQ uonesugey nd
ysuiqedieyo | _
--w%!. ‘YSWwo | | &S 30 uoIsSI8AU0) Nd
....... 'S'I'OfeIssny SN 83Inos Nd
w \ co Aynoed
“ ‘qed jen4 .
juederjedoing | -STOMEIseny s
© € UOBOOT Z# uoeoo L# UO[1B307 wey
o

@

- SNOILJO ALNIOVY4 NOILYORISVA 13nd
% JOLOVI 10 INFIWAOIdIA 304 XILYIN

0094dd




§-€61250/U8290

d3dind3d 41 NNILIYL 3D9Nd0dd NvD 009Hdd .

e INIIWNOHIANI ANV A134VS
m@m mhzms_wmscmm >m_0._.<.._3_®m_m_ I._._>>mm_.._n=>_OOooom_Dn_,.

13N4 WIOHIWNOD SV JNVS 13N INIdS 40 T¥SOdSIa .
a3sn 38 A1NOO SNOISIA HOLOVIAH ISNOHONILSIM HIHIO0 .
JHIHMANY LSOWTY 11INg 39 NvO 0094Ad .

'NOILISOdSIA ::_zo_.:._n_ HO4 JAILD3443 009HAd .

M _

x@l.. | | _ ~ AIVINNNS | | V [_Wm
00s4ddd




