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I. EXECUTIVE SUMMARY

The purpose of this review is to determine the adequacy of the High Flux Beam Reactor
(HFBR) Technical Specifications for 40 MW operation by comparison with the HFBR Final Safety
Analysis Report, particularly the accident analyses chapter. Specifically, the Technical
Specifications were compared against the Design Basis Accident (DBA) Analyses presented in the
Addendum to the HFBR FSAR for 60 MW Operation. The 60 MW DBA analyses was used since it is
more current and cbmplete than the analyses presented in the original FSAR which is considered
obsolete . A listing of the required systems and equipment was made for each of the accidents analyzed.
Additionally, the Technical Specification instrument setpoints were compared to the DBA analyses
parametric values.

Also included in this review was a comparison of the Technical Specification Bases against the
FSAR and the identification of any differences. The HFBR Operations Procedures Manual (OPM) was
also reviewed for any inconsistencies between the FSAR or the Technical Specifications.

Upon completion of this review it was determined that the Technical Specifications are well
written and the items commented on should not delay the low power restart (40 MW). Additionally,
the OPM is also well written and does not require further modification before restart.

The review also indicates that the systems and components required to mitigate the DBA
discussed in HFBR-FSAR are automated, in almost all cases. The systems/components that are
controlled manually from the control room provide first and second level redundancy. Thus operator
actions provide a backup that is only needed in case of failure of the automated systems. The only
exception to this is a LOCA in the primary system where the operator actions are essential to isolate
the break and mitigate the accident. From the accident analysis is is clear that the HFBR is equipped
with systems and equipment that are capable of mitigating a wide variety of accidents. Consequently,
no major modifications are suggested for low power restart. The only modification suggested pertains to
steam vent valves P-300 A&B. It is recommended that for low power restart (40 MW) steam vent
valves P-300 A&B be modified for remote manual operation and for 60 MW operation they be modified
to be fully automated in the event of a vessel or beam tube break. However, it is important to note that
in spite of full automation of valves P-300 A&B at 60 MW, the control room and operations level may be
inaccessible during accidents for any manual mitigating actions (poison solution addition) due to the
high radiation levels; therefore core damage may result. Additionally, although the pony motors are
not required for low power restart they should be included as another level of forced cooling

redundancy.



II. SCOPE OF THE REVIEW
The purpose of this task is to perform a review of the HFBR Technical Specifications to
determine their adequacy for 40 MW operation. This review involved the following activities:
e Development of a listing of all systems and equipment required by the
FSAR Design Basis Accident (DBA).
e Comparison of the HFBR Technical Specifications with the list in
item 1.
e Identification of cases where the Technical Specifications are not in
agreement with the DBA analyses parametric values.
e Review of the HFBR Technical Specifications against the FSAR to
determine any inconsistencies.
* Review of the HFBR Operations Procedure Manual (OPM)

m. METHODOLOGY

To accomplish this task the following documents were utilized:

HFBR Final Safety Analysis Report (FSAR) Volumes I and II

¢ Addendum to the HFBR FSAR, 1978

e Addendum to the HFBR FSAR for 60 MW Operation, 1982

¢ HFBR Plant Description Manual

» HFBR Operations Procedures Manual

o HFBR Technical Specifications and References (60 MW and 40 MW

Operation) February 1989

e Level I Internal Event PRA for the HFBR Volume I: Summary and
Results

e Level I Internal Event PRA for the HFBR Volume II: Summary and
Results



IV DETAIL

The details of the review are presented in the following two sections. The first of these sections
presents the details of the review of the HFBR technical specifications. The latter section presents
discussions concerning the list of systems and components required by the
HFBR FSAR DBA .

IV.1  REVIEW OF THE HFBR TECHNICAL SPECIFICATIONS

The Technical Specifications define the boundaries for safe operation for the High Flux Beam
Reactor. Additionally, the Technical Specifications provide the basis for the development of rules,
limits and procedures contained in the HFBR Operations Procedures Manual (OPM). The HFBR FSAR
and its addenda contain the safety analysis of the HFBR which sets the guidelines for the
establishment of the reactor operating limits and its technical specifications.

The Technical Specifications for 40 MW and 60 MW operation for the High Flux Beam Reactor
(HFBR) located at Brookhaven National Laboratory (BNL) were reviewed for conformance to the
Final Safety Analysis Report and its Addenda to enhance the safety of HFBR operations.
Additionally, the Operations Procedure Manual(OPM) was reviewed for any inconsistencies between
the FSAR or the Technical Specifications.

To ensure safe operation, the limiting value for a parameter as allowed by Technical
Specifications should be more conservative than the value of that parameter used in the accident
analysis. Also, the field setpoint on the limit of the parameter should be more conservative than the
Technical Specification limit. These criteria ensure that the accident analysis covers the actual plant

performance, and that the field settings allow for instrument drift.
IV.1.1 Pony Motor Trip Settings (60 MW Operation)(Section 3.3.1 of HFBR Tech. Specs.)

According to the Technical Specifications, during normal operation when the pony motors (60
MW) are not coupled to the primary pumps the normal reading for the current is 2.5 amps. The scram
settings on 2/2 logic are 0.5 amps (low) and 7 amps (high). However, the 60 MW Addendum to the
FSAR indicates that the low current trip is at 1.0 amps. Although either trip setting will indicate an

open circuit, the accident analysis value should not be higher than the Technical Specification limit.



IV.1.2 Design Capacity of the Pony Motors (60 MW Operation)(Section 4.3.1.2 of HFBR Tech. Specs.)

Another conflict between the 60 MW Addendum to the FSAR and the 60 MW Technical
Specifications is the design capacity of the pony motor batteries. The 60 MW Addendum to the FSAR
indicates a design capacity for approximately 6-2/3 hours and the 60 MW Technical Specifications
indicates a design capacity of 2 hours. Although just three minutes of forced cooling by the pony motor
driven primary pufnps is probably adequate (60 MW), post trip, the specification of the design capacity
of the batteries in the accident analysis should be less than the limit established by the Technical

Specifications.
1V.1.3 Offsite Dose Guidelines(Section 2.1.1 & 2.2.1)

DOE Order 5480.6, Safety of Department of Energy-Owned Nuclear Reactors, Section 8a
provides a reference to the application of 10 CFR Part 100 for significant impacts on dose commitments
when considering reactor siting or modifications of an existing reactor. Currently, DOE Order 5480.14,
Chapter XI is still being used for DOE dose limits for uncontrolled areas, however the portions of this
order which pertain to doses to the public and environmental releases is being replaced by Draft Order
5400.XX in the near future. Additionally, the portions of DOE Order 5480.1A, Chapter XI which
pertain to radiation protection for workers has been replaced by DOE Order 5480.11, dated January 1,
1989. When making any modifications to the HFBR Technical Specifications this information should
be considered.

IV.14 Valve Type in Line P118 (Section 2.1.3)

The FSAR and the PDM indicate that there is a globe valve in line P118. However, the
Technical Specifications refer to the valve as a gate valve. The Technical Specifications should be

updated to reflect the proper nomenclature for systems and components.
IV.1.5 MCHEFR during a Loss of Cover Gas Pressure Accident(Section 2.1.3)
For the loss of cover gas pressure accident the FSAR reports the MCHEFR at 135 psig as 3.33,

while the Technical Specifications report the MCHFR at 135 psig as 2.51. The documents should be
updated to reflect the actual value of the MCHFR at 135 psig.



IV.1.6 Poison Solution System Cadmium Quantity (Section 3.3.6)

The terminology reported in the Technical Specifications for the poison solution concentration
is not consistent with the FSAR terminology. The Technical Specifications report that the quantity of
Cd in solution in the poison water tank must not be less than 1055 Ibs. The FSAR reports that the poison
solution tank will hold 350 gallons of solution containing 3300 lbs of Cd(NO3)2 * 4H20 dissolved in
water. Efforts should be taken to ensure that the Technical Specifications are consistent with the
FSAR.

IV.1.7 Emergency Neutron Channels (Section 3.9)

The emergency neutron channel indicators are not an indication of absolute power and are
needed only to ensure reactor shutdown in the event of a control rod malfunction in conjunction with a
loss of ac power. The Technical Specifications state that the reactor shall not be operated unless 1/3 of
the emergency neutron channel indicators are operable. However, to ensure the reactor is shutdown
after a power outage it may be desirable to change this requirement to 2/3 emergency neutron channel

indicators are operable to provide redundancy.
IV.1.8 Removal of Experiment Thimbles (Section 6.1.3)

Section 6.1.3, item (1) of the Technical Specifications describes the removal of in-core fast
thimbles V-15 or V-16 to be replaced by experiments directly in contact with the primary coolant.
What precautions are taken to prevent leakage of the primary coolant when the thimble is removed

and replaced?
IV.1.9 Accident Analyses Calculations in the FSAR

Most of the safety related thermal - hydraulics calculations (fuel surface and center line
temperatures, etc.), were based on a model "TIGR4C". It is essential that this computer model be
thoroughly validated and continuously updated to include up-to-date correlations. It is not clear from
the FSAR or other available literature whether such steps have been taken or not. For example, some
of the correlations used to determine heat transfer coefficients [Dittus - Boelter and Jens -Lottes] may
not be the most appropriate correlations for the HFBR accident analyses. During some of the analyzed

accidents the mass flow rate varied considerably (1000 - 18000 GPM), the temperature difference



between the wall and the bulk fluid often exceeded 100° F and the operating pressure was as low as 50

psia. Under these conditions, use of the Dittus - Boelter or Jens - Lottes correlations must be

quantitatively justified.
Documentation on TIGR4C has been made available recently and is currently under review.
IV.1.10 Calculation of CHF in HFBR

Both the original FSAR and Addendum to FSAR for 60 MW Operation provided sketchy
details on the calculation of CHF in HFBR. Both reports indicated that the Bernath Correlation was
used to evaluate CHF in HFBR. However, in the original FSAR it was pointed out that the Bernath
Correlation CHF predictions were divided by a safety factor of numerical value 1.4 to account for
variations in geometrical and operating conditions between the correlation and HFBR. In this context it
should be noted that the Bernath Correlation was developed for upflow of water in tubes and annuli
whereas in the HFBR the water (D20) flows downward in the rectangular channels. As mentioned
earlier the factor 1.4 was presumably used to account for these differences. Independent calculations
revealed that no such safety factor was used to calculate CHF in the Addendum to FSAR for 60 MW
Operation. Additionally, the calculations showed that no safety factor may be necessary to account for
geometry but certainly one is needed to account for the downward flow direction. Until one accurately
accounts for the effect of downward flow direction on CHF, it may not be appropriate to simply use the
Bernath correlation to predict CHF in the HFBR. This should not, however, restrain low power restart

in view of the large margin of safety (CHFR > 4 in most cases) associated with low power operation.
IV.1.11 Beam Tube Surveillance

The Advisory Committee on Nuclear Facility Safety Subcommittee on the HFBR has raised a
number of questions concerning the issue of beam tube integrity. The main concern is for brittle failure in
the harsh environment of radiation heating. The Technical Specifications have been revised to include
Sections 3.15 and 4.15 (40 MW) and Sections 3.14 and 4.14 (60 MW) entitled "Material Surveillance
Program”. The material surveillance includes the sampling of control rod followers which experience a
radiation field similar to that seen by the beam tubes on intervals of 75,00 MWd and is intended to

satisfy this requirement. However, this is an indirect method and the indicated period between

samplings is long, 5 years, at the estimated rate of 15,000 MWd operation per year. Since the integrity
of the beam tubes has raised a number of questions, periodic beam tube surveillance would be included as
part of the Technical Specifications. Non-destructive failure detection procedures that are based on X-

rays or ultrasonics to measure beam tube thickness distributions and to detect skin cracks and pits should



be evaluated for acceptable surveillance techniques. If such surveillance techniques are feasible then
we recommend that they be implemented in the Technical Specifications on three-month intervals.
The survivability of the beam tube seal caps under jet impingement conditions cannot be assured
by direct examination because of their remote location. The Technical Specifications have been revised
to include Sections 3.18 and 4.18 (40MW) and Sections 3.17 and 4.17 (60 MW) entitled "Reactor Vessel
Leakage" to attempt to satisfy this requirement. The CO; cavity is sampled for tritium on a weekly
bases as an indication of DoO leakage in the seal cap region. Although this is not as acceptable as

physical observation it is probably the best that can be attained under the circumstance.
IV.1.12 i

The full insertion of the auxiliary control rods must be assured during a fresh fuel configuration.
Section 3.2.5 of the Technical Specifications specifies that the main and auxiliary control rods must be
balanced with respect to one another (i.e, the distance of the main and auxiliary control rods from the
core midplane is equal) unless the auxiliary rod bank is fully inserted (15 inches).

Normally with an equilibrium core, the critical position for the control rods is approximately
13.5 inches. However, for a freshly fueled core an approach to critical will need to be performed before
operating at full power since the critical control rod position can not be accurately predicted for this
more reactive condition. Additionally, the fresh fuel core will result in an unbalanced configuration
since the main control rods will have to be inserted approximately 16 inches until fuel burnup will
allow a balancing of the main and auxiliary control rods.

This situation was addressed in the auxiliary rod break accident discussed in the accident
analysis section of the 1982 FSAR Addendum (Sect. 14.5.3.2). The discussion there suggested that if
this situation arose then lower power limit restrictions would be implemented by administrative

control. In fact, this situation did arise several times but the operation continued with the rods in a less
withdrawn position, but without the promised power limitation procedures. This culminated in an

Unusual Occurrence Report. The restriction on reactor power until the control rods can be balanced
should be specified in the Technical Specifications.



1v.2.0
LIST OF SYSTEMS AND EQUIPMENT REQUIRED TO DETECT
AND MITIGATE HFBR FSAR DESIGN BASIS ACCIDENTS

In most of the DBA analyses presented in the High Flux Beam Reactor (HFBR) Final Safety
Analysis Report (FSAR), failure of a system or a group of systems cause emergency shutdown through an
automatic scram. Safe and successful shutdown of the reactor after initial scram depends on
satisfactory functioning of various systems and equipment that are available to mitigate DBA. The
primary purpose of most of these systems is to provide adequate cooling of the reactor core after
shutdown. The original FSAR for 40 MW operation indicates that following shutdown the core is
adequately cooled by natural circulation of heavy water residing in the reactor vessel. We concur with
this conclusion. However, we would like to point out that due to availability of various mitigating
systems that were introduced in recent modifications for 60 MW operation (pony motors, for example),
reliance on natural circulation for low power restart should be treated as a last resort. If one bears this
in mind, then the requirements for systems and components to mitigate DBA following steady operation
at 40 MW are very similar to those corresponding to higher power levels (60 MW for example). Hence,
it was decided to develop the list of required systems based on the FSAR for 60 MW operation. This list
is expected to be conservative and yet practical without any modifications to the presently existing
systems configuration. Additionally , the DBA analyses presented in the original FSAR for 40 MW
operation were identified as obsolete in the Guide to HFBR Safety Analysis and the FSAR for 60 MW

Operation provides a modified and improved DBA analyses section.

Success criteria associated with the reactor core cooling following shutdown after steady

operation at 60 MW can be given as:

1. Forced circulation of heavy water through the core (GPM > 1000) for at least three minutes
after the reactor shutdown by : (a) 1 out of 2 primary pumps or (b) 1 out of 2 pony motor
driven primary pumps, or (c) 1 out of 2 shutdown pumps, and

2. Light water flow through the secondary of both the primary and shutdown heat
exchangers provided by: (a) at least 1 out of 5 secondary coolant pumps, or (b) by manual
opening of gravity feed line or cross connection feed line or fire hydrant feed line, or

domestic water feed line.



3. In case of loss of forced circulation through the core after three minutes, natural circulation

of pool water in the pressure vessel enabled by automatic opening of flow reversal valves;

during this phase of cooling the reactor needs to be depressurized to ensure low core

temperatures as well as to enable steam condensation.

In the original design of HFBR and during the later modifications, several systems and components
were incorporated to meet the criteria highlighted above. Together these systems provide various
levels of depth in redundancy. A list of these systems is reproduced as Appendix-A of this report.

The scope of the present work is to identify the status and availability of each of these systems
following a DBA, and to compile a list of systems and components that are required to mitigate the
accident. In compiling the list, particular emphasis was given to parameter values used for automatic
initiations or for manual action decisions, and equipment required to function for DBA detection and
mitigation. The following sections list the major systems required for each of the design basis accidents.

A condensed version of the list is presented in tabular form as Table 1.
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I1V.2.1 Initiator; Loss of Commercial Power to the Plant

Requirement for systems and equipment to mitigate this accident depends on the duration of

power loss.

Iv.2.1.1 Condition: Short Duration (< 3 Secs)
Power outage of short duration, typically 1-2 secs, is very frequent. During these situation the

system performance is as follows:

Reactor Trip: Automatic scram is initiated 0.1 sec after the power failure due to power loss to
the rod drive clutches. The manual scram from the control room serves as the backup if the

autoscram fails.

Primary Cooling: The primary pumps trip, and the coastdown ensues. But, the circuit breakers
which are equipped with low voltage time delay circuits, remain closed which enable startup
of primary pumps upon power recovery. In this case the auto shutdown pump and pony motor (60
MW) (which automatically enter the flow circulation network) provide first level redundancy.
The remaining systems, including the other shut down pump and pony motor (60 MW) (which
can be started from the control room) and the flow reversal valves and steam condensing

equipment, provide additional redundancy.

Secondary Cooling: Immediately upon power loss, the secondary coolant pumps trip and the
coastdown ensues. From the documentation provided it is not clear whether the circuit breakers
remain closed or open. Therefore it is assumed that manual action from the control room is
needed to restart the pumps. If all the pumps (5 out of 5) fail to restart, the operator needs to
open the gravity feed line and/or the cross-connecting feed line to the primary heat exchangers.

Reactor Vessel Depressurization: If both primary and secondary pumps restart following the
power recovery, it is not required to depressurize the system. But in case they fail, automatic
depressurization valve HCe-102 opens and the reactor vessel undergoes depressurization.
Failure of HCe-102 to automatically open should be compensated by manual opening of P-102,
P300A or P300B.

End Result: If both primary and secondary cooling systems restart following the power recovery

it is possible to restart the reactor and reach operating power.

12



Iv.21.2 Condition: Prolonged Duration

Iv.2.2

Reactor Trip: Automatic scram of the reactor is initiated after 0.1 secs. The manual scram from
the control room serves as the backup, but this action is not required unless the auto scram
mechanism fails. The poison solution dumping, once again not a requirement unless the reactor

scram mechanisms fail, provides additional redundancy for reactor shutdown.

Primary Cooling: The primary pumps trip and the coast down ensues. In this case, the
automatically activated shutdown pump and pony motor (60 MW) are sufficient to cool the
reactor core. Thus, they are the only systems that are required to meet the success criteria on
the primary side. The other systems that can be started from the control room (other pony

motor (60 MW) and shutdown pump) serve as backup.

Secondary Cooling: The secondary pumps trip and coast down ensues. Although opening of
check valve upon secondary pump failure feeds gravity driven flow to the shutdown heat
exchangers, it is not clear whether that flow is adequate. ~Consequently, the requirement for
secondary cooling is to manually open the gravity feed and cross connection feed lines to both
the shutdown and primary heat exchangers. The fire hydrant feed and domestic water feed to

the shutdown heat exchanger serve as backup.

Depressurization: Opening of primary pump circuit breakers trigger automatic opening of HCe-

102 which meets the requirement. The other three manual valves, P-102 and P300 A &B,
provide the backup.

Mitigating Systems: The mitigating systems are not required in this case unless the primary

cooling is not sufficient. These systems, therefore, provide second level backup.

Initiator: Error in Placement of Fuel Element During Refueling

There are no special failures or requirements associated with this class of initiators. If the

error is detected during the reactor operation usual shutdown procedure can be used to shutdown the

reactor and rearrange the fuel.

13



Iv.2.3

IV.2.4

Initiator: Accidental Depressurization of Primary System due to Opening of HCe-102

Reactor Trip: Automatic Scram of the reactor occurs when the reactor vessel pressure reaches
180 psig. Such a scram would satisfy the requirement. The manual scram from the control room

and the poison solution tank both serve as backups.

Primary Cooling: The Primary pumps are operational only until the reactor vessel pressure
falls below the low-low pressure set point (p=120 psig). At that point the breakers open and
the coastdown ensues. Because the duration of primary pump operation after the reactor scram
is a function of the automatic depressurization valve HCe-102 opening size, no credit can be
taken for primary pumps approximately 10 secs after the reactor scram. Therefore the realistic
requirement for primary cooling is to automatically activate the pony motor (60 MW) and
shutdown pump which is already incorporated in the system design. In this case, the other set

of pony motor (60 MW) and shutdown pump serve as backup.

Secondary Cooling: The accidental depressurization of the primary system has little effect on
the functioning of the secondary side systems. Therefore, the requirement for the secondary

cooling would be continual operation of 1 out of 5 secondary cooling pumps. The rest of the

secondary cooling systems provide backup that can be activated manually, if need be.
Depressurization: The initiator of present interest already covers it. If depressurization below
50 psig is needed (such is the case during steam condensation) the P-102 and P-300A and P-300B

valves can be opened manually.

Mitigation Systems: The requirement of mitigation systems is conditional subject to the failure

of primary cooling.

Initiator: Loss of Secondary Coolant Pump
Reactor Trip: The reactor trip in this class of initiators is through automatic setback; triggered

when the heavy water inlet temperature reaches 141 OF (60.5 ©C). No other reactor trip

mechanism is required although both manual scram and poison dump are available as backup.

14



Iv.2.5

1V.2.6

Primary Cooling: Loss of secondary coolant pump is not expected to have any significance on the
primary systems performance. Therefore, the primary cooling requirements are in accordance

with the basic emergency shutdown procedures, and no special requirement exists.

Secondary Cooling: Loss of one or two pumps can be easily compensated by manually switching

on other AC pumps available in the loop. The only requirement, therefore, is to ensure that at
least one of the available pumps is switched on immediately to avert an increase in coolant
temperature. Furthermore, the secondary cooling success criteria can also be met by manually
opening the gravity feed line or cross connection feed line to the primary heat exchangers. The
time available for operator response is on the order of 5-10 minutes. These manual operations

serve as backup if the secondary pumps cannot be restored immediately.

Reactor Vessel Depressurization: R.V. Depressurization is not necessary to mitigate the
accident. After the primary cooling requirements are met and the primary pumps are shutdown,

the RV undergoes depressurization through automatic opening of HCe-102.

Initiator: Uncontrolled Rod Withdrawal

Reactor Trip: Automatic Scram when power reaches 48 MW (assuming that the reactor was
originally operating at 40 MW), which meets the requirement. Additionally manual scram is
available as backup and in the extreme condition manual dump of poison water can be used to

ensure a sub-critical state.

Remaining Systems: The requirements for primary, secondary, R.V. Depressurization and

Mitigating systems are same as those associated with basic emergency shutdown procedure.
Initiator: Accidental Throttling of Primary Flow Control Valves

Reactor Trip: The requirement is met by aufomatic scram initiated when:
1. Primary flow falls below 16,000 GPM, or

2. Core differential pressure less than 32 Psi.

Primary Cooling: The requirement for primary cooling is automatically met by primary pumps

if only one control valve (HCV 101 A or B) is throttled. But if both valves are throttled then
credit cannot be taken for either primary pumps or pony motors (60 MW) beyond 12 secs. Insuch

an extreme condition the requirement for primary cooling is met by automatic opening of the

15



1v.2.7

1v.2.8

shutdown pump feed line to the core. The other shutdown pump, which needs to be started

manually from the control room, acts as a backup. Furthermore, it is also possible to manually

reopen the control valves to resume primary pump flow through the core.
Remaining Systems: Accidental throttling of primary flow control valves has little effect on
the secondary cooling systems, reactor vessel depressurization systems or other mitigating

systems. The requirement for these systems is according to the emergency shutdown procedure.

Initiator: Fuel Channel Blockage

Reactor Trip: There is no credible way of detecting fuel channel blockage prior to partial or
total failure of fuel elements adjacent to the blocked channel. The only possibility is when a
instrumented fuel element is adjacent to the blocked channel. Such a possibility is remote.
Therefore, the only reliable mechanism for reactor trip by automatic scram is through detection
of higher gamma ray activity in the primary coolant. Consequently, the reactor trip
requirement is not met until the failure of one or more fuel elements induces higher gamma

activity in the primary coolant.

Remaining Systems: The primary cooling! , secondary cooling, R.V. depressurization and other

mitigating systems are not effected by this class of initiator. Requirements for primary and

secondary cooling are same as those for basic emergency shutdown procedures.
Initiator: Loss of Power to Primary Pumps

Reactor Trip: This requirement is met by automatic scram triggered by:
1. Primary pump current below the lower set point (35 amp), or
2. Primary flow rate is below the lower set point (16, 000 GPM), or
3. Core differential pressure less than 32 psi.

iNote:

It is assumed that fuel melt is local and its effect on the primary systems /components

performance is minimal. In reality, however, the overheating may cause fuel element bowing and

complete fuel channel blockage that prevents natural circulation in the later stages. Because the

analysis of melt propagation is complicated and the probability of occurrence of such an event is very

low, it is assumed that the melt is local.
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1v.2.9

Iv.2.10

Primary cooling: In this class of accidents, the primary pumps can not be given any credit beyond
coastdown; i.e., it can not be assumed that operator actions would recover the primary pumps
immediately. The primary cooling requirement is satisfied by flow from the pony motor (60
MW) and the shutdown pump which come on-line automatically. The other set of pony motor
(60 MW) and shutdown pump that requires manual initiation provide a backup. Second level of
redundancy is provided by the steam condensing equipment that is categorized as part of the

mitigating systems.

Remaining Systems: The remaining systems, including secondary cooling systems and RV
depressurization systems, are not effected by the initiator under discussion. These systems are

to be controlled in accordance with the basic emergency shutdown procedure.
Initiator: Accidental Opening of Manual Relief Valve in Line P-118.

Reactor Trip: This requirement is met by automatic scram action triggered by low reactor vessel
pressure (RV pressure < 180 psig).

Primary Cooling: The primary pumps are operational until the RV pressure falls below 120
psig. Thereafter, the primary pumps coast down. During the period of their operation, the
primary pumps provide enough flow to meet the success criteria. But the duration of their
operation is subjected to the size of the relief valve opening. Hence credit cannot be taken for
primary pumps beyond a minute after shutdown. After the primary pumps coastdown, the
automatically initiated pony motor (60 MW) and the shutdown pump meet the cooling
requirements. The other set of pony motor (60 MW) and shutdown pump which are available on

manual initiation from the control room, are the backup.
Remaining System: Status quo as per emergency shutdown procedures.

Initiator: Thimble Flooding Accident

Reactor Trip: The reactor is tripped by automatic scram triggered when the reactor power
reaches 48 MW. The manual scram and poison solution dumping serve as first and second level

backup, respectively.

Remaining Systems: The primary and secondary cooling systems and the rest of the mitigating

systems are not affected by this class of initiators. So the requirements for various systems
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1v.2.12

during shutdown are consistent with the basic emergency procedures. One exception, however,
is that the initiator is associated with probable fuel cladding failure (60 MW) (very small
probability), due to simultaneous occurrence of rapid depressurization and overheating of the

cladding, in spite of proper functioning of the mitigating systems.

Initiator: Auxiliary Rod Break Accident

Reactor Trip: The reactor is tripped by automatic scram initiated when the reactor power
reaches 48 MW. The manual scram and poison solution dumping provide first and second level

redundancy.

Remaining Systems: Very similar to the previous case.

Initiator: Seizure of Primary Pump
Reactor Trip: This requirement is fulfilled by automatic scram initiated when:

1. The Primary pump current exceeds the higher set point (150 amp), or
2. The flow rate falls below 16000 GPM, or
3. The core differential pressure falls below 32 psi.

Primary Cooling System: Although only one primary pump is available and pumping, the core
flow rate is adequate to remove decay heat from the core. This operation of available primary
pump for at least 3 minutes after shutdown meets the primary cooling requirement. The
shutdown pumps (automatic and/or manual) and the manually initiated pony motor (60 MW)
(automatically initiated pony motor (60 MW) was assumed to be driving the seized primary
pump) serve as backups.

Remaining Systems: The remaining systems that include secondary cooling systems, reactor
vessel depressurization systems and the mitigating systems are not affected by this initiator.
Therefore, their performance requirements are in accordance with the basic shutdown
procedures.

18



1vV.2.13

Initiator: Primary System Pipe Break

The break is conservatively assumed to be a large LOCA that is capable of draining the core

below the elevation of the outlet within 3 mins.

Reactor Trip: Automatic reactor trip is activated by:
1. Low liquid level (< 209" hot D20), and/or

2. Low the pressure (< 180 psig).

The manual scram can also be initiated if the leak is detected prior to automatic scram. In such

a case isolation of the break is possible. The poison solution dumping provides the backup.

Primary Cooling: The primary pumps are operational until the low-low liquid level logic is

tripped and there after both primary pumps and shutdown pump are shutoff. The pony motor
(60 MW) or the primary pump coast down provide forced circulation through the core until the
outlet of the vessel is uncovered. Obviously, time taken to reach the point of outlet uncovery
depends on the break size and other systems performance. As pointed out earlier, it is assumed
that the uncovery occurs within the initial 3 mins. In such a case, the core is cooled by natural
circulation of residing heavy water in the reactor vessel. As pointed out at the start of this
section, for power levels below 40 MW natural circulation together with steam condensing is
sufficient to adequately cool the reactor core. However, it should be pointed out that to avert

core damage operator intervention is necessary.

Secondary Cooling: The secondary cooling systems are not affected by this class of initiators.
Hence the secondary cooling systems performance requirements are exactly same as those

corresponding to the basic emergency shutdown procedures.

Reactor Vessel Depressurization: The low-low level logic trip automatically opens the
depressurization valve HCe 102 and siphon break valve HCe-101C to depressurize the reactor
vessel. From the reactor safety view point, faster depressurization would minimize the
leakage rate and provides longer duration of forced circulation. In view of this, for initiators of
this class it is advisable to depressurize the reactor vessel through manual opening of P-102 and
P-300A and P-300B in addition to HCe-102. Such procedures were already outlined in
Operating Procedures Manual (OPM). For this purpose it is advisable to make P-102 and P300 A

& B remotely operable from the control room.
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Mitigating Systems: Once the liquid level falls below the outlet, forced circulation through

the core is not available. Thereafter, the core is cooled by natural circulation and steam
condensing mechanisms. The secondary flow through shutdown and primary heat exchangers
should continue to condense and recirculate the steam. In its absences it may be advisable to

dump poison solution to makeup for loss of coolant by evaporation.
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1vV.3.0
REVIEW OF THE OPERATIONS PROCEDURES MANUAL

The HFBR OPM was reviewed against the FSAR and its Addenda and the Technical
Specifications to ensure consistency among the documents. Additionally, the procedures in the OPM

were reviewed to determine if they were easily understandable and executable.

IV.3.1 Time Requirement of Certain Procedures
Throughout the OPM certain actions are called for by procedure. For example, the opening of
the steam vent valves or the tripping of a motor. If these actions require movement outside of the

control room and a significant period of time to accomplish this should be pointed out in the procedures.

IV.3.2 NIAS and FVCA Alarms

As a reminder to the operators the difference between the Nuclear Incident Alarm System
(NIAS) and the Fuel Vault Criticality Alarm (FVCA). should be pointed out in the OPM.

IV.3.3 Consistency of Scram Settings

OPM chapter 2.1, Table 2.1-1 entitled Setback, Seismic Alarm, Depressurization, and Low-Low
Action Settings Table presents some scram levels which conflict with those reported in the HFBR FSAR
as follows:
1. The scram setting for high primary coolant gamma activity is reported in the HFBR
FSAR Update for 60 MW Operation as 100% of full scale; while in Table 2.1-1 the scram setting is
reported as 75£5% of scale.

2. The pony motor (60 MW) normally run at 2.5 amps when uncoupled to the primary
pumps. The scram setting reported in the HFBR FSAR for pony motor (60 MW) current is 1.0 amp (low)
and 7.0 amp (high). However, Table 2.1-1 reports the scram setting as 1+.5 amp (low) and 6.5 (high).

3. The primary pump motor scram settings are 150 A (high) and 35 A (low) as reported
in the HFBR FSAR. However, in Table 2.1-1 the scram settings are indicated as 140+10 A (high) and
70£5 A (low).

Scram and trip settings should agree among all of the documents. Table 2.1-1 from OPM chapter
2.1 should be reviewed for inconsistencies against the FSAR and the Technical Specifications.
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3.4 Net Time to Steam Generation

OPM chapter 3.4, section 14.4 states that during a reactor vessel leak, depending upon the
reactor level and the reactor power history, boiling may begin within 12 minutes. This item is currently
being reviewed and a first estimate indicates that the 12 minutes to boiling may need to be revised.
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V. CONCLUSIONS

The Technical Specifications are well written and the items commented on should not delay the
low power restart. However, a number of items were identified which should be resolved to maintain
consistency between the Technical Specifications, the FSAR and the OPM. The relevant FSAR
analytical bases are incorporated into the Technical Specifications. Additionally, the OPM is well
written and easy to understand for the operators and does not require further modification before
restart.

In some of the accidents analyzed (Fuel Channel Blockage (40 or 60 MW), for example), there is
a probability (<1E-3) that the hottest portion of the fuel element reaches CHF in spite of proper
mitigating action by the automated systems. As a consequence of these accidents, it is possible that part
of the fuel will melt. But, the melting is expected to be local and probably will have no effect on the
system integrity. The fission products would be released in a controlled manner and the dose
consequences will be within the guideline values for uncontrolled areas. Consequently, this does not
pose a problem for HFBR low power restart.

The review also indicates that in most of DBAs analyzed in the HFBR-FSAR the systems and
components required to mitigate the accident are automated. Systems that are controlled manually
from the control room provide the first and second level redundancy. One exception is the Large LOCA
(large primary system pipe break) where operator intervention is a necessity. In this accident operator
may have to depressurize the reactor and vent steam through the steam vent valves (P-300 A and B).
The only modification suggested pertains to steam vent valves P-300 A&B. Itis recommended that for
low power restart (40 MW) steam vent valves P-300 A&B be modified for remote manual operation and
for 60 MW operation they be modified to be fully automated in the event of a vessel or beam tube break.
However, it is important to note that in spite of full automation of valves P-300 A&B at 60 MW, the
control room and operations level may be inaccessible during accidents for any manual mitigating
actions (poison solution addition) due to the high radiation levels; therefore core damage may result.
Additionally, although the pony motors are not required for low power restart they should be included

as another level of forced cooling redundancy. With exception to these recommendations, the presently

available systems structure is adequate for low power restart of HFBR.

23



APPENDIX A

24



| abed

woeysAg Bujjood
umopinyg Jojesy ‘4

Kiddng Jelep onsewoqg ‘ge

uofingnsia

[eouwe3 oa 2t

wo)skg Jelep pezjuoleQ ‘82

18j00D sofjjioed

[elewpedxy 02a 6}

si0joy Auod ‘St

Bujjood plejys |estBojojg ‘gl

uoling|nsia

jeopoe|3 oV LY

uojiejuswInJISY| ‘g

BujjooD plelys lewssy) g

uopinjog uosjod ‘9

uopendD (eJnleN ‘s
wajshg Bujjood

umopinyg Joloesy °

seb Jjano) ‘g

I

Aljpoe}  rejuewedxe

‘pislys [eaiBololq
‘peiys |ewney) ‘19j00d
umopinys OzgQg '161000

juej00) Aewiid ‘1 juejpoy Aiewnd ‘|| eu juosd BunesedQ 0zqa Asewnd Joj 1uejo0) juejoo) Aepuodos 2
uofingsis|q uoinqnsig
{eap1oe|3 0@ ‘¢t jeopoe|3 0Q ‘2t
weyshs Alejes welsAg Alejes
einjfed Buippe|D jend ‘Le eJnjiey Buippe|d [end ‘if
wolskg yoeqieg Joloesy °0g| welsAg Boeqies Jojoesy ‘0
wejsAg weiog Jojoeay ‘62| welsAg wesg Jooeay 62
wolsks
uojjeindy wnjjeH ‘92
du) |9Ae] MOJ-MOT G2
Jiy pessaidwod ‘g2
Alddng wnyeH ‘12 Addng wnyjeH ‘12
wejskg ebeiolg pue Jejsuel)
OeQ pue ujelq va "02
JojooD sejtjioe
[iuewpedx3 02A 61
wejshg Buzunsseideq zi| weisAg Bujzunssesdeq Lt
siojopy Auod ‘Sl siojoy Auod ‘'St
uonnqnsiq uojjnqsig
[e3110813 OV L1 leopa|3 OV CL
uopelusWINIISU]l ‘6
uopestiing
juejooy Kewid L
uognjos uoslod ‘9
uoenLD jBINEN S uone|noiy |eJnleN °§
wajshg Buijoon woaiskg buloon
‘waysAs Juejood umopinys Joloeay ‘v uMmopInyg Joloeay ‘v
Arewud jo led pasapisuod seb jan0) ¢ seb Jjan0) ‘g ‘sape|q pol |0Jluod pue
oAleA pue aul jes:q uoydis juejoo) Asepuodas ‘g juejoon Alepuosag ‘z| euy 1uosy 6untesadQ|  seyquasse [an} Jo} 1ue|00D wepoen Arlcwng (L
SINIWWOD ? SIOVHHIALNI SNL1VLS SALVLS
S3ON3H3d3H 103410 g3HINO3Y SIOVL4HILINI LO3HIQ AL34vVsS TVNQILYH3JO NOILONNS W3LSAS

06/92/1 - LS SWILSAS H84H - V XION3ddV




2 abed

di) |9Ae7 MO|-MOT "G

waysAg Bujzpunssesdeq /L1

di) |6A87] MOJ-MOT  "G2
welsAg ebelolg pue Jajsues)
0zQ pue upJg va 02
weishkg Bujzpnssesdeq L)
uopelUBWINISY] 6

walsAg
Bujjoon umopinys lojoeey
$BY JOA0D Wwn|oH ‘¢
juej00) AJepU0DeS 2
¢

*‘MO|} PO210} JO 8SO| JO JUBAB

uejoon Arewpd weo) Aewnd eu)j 1uos4 Aqpuels 8yl u) 1eay Aeoep seAowey uopeINYID |BINEN  °G
uolingsig uelnquiIsia
|eojoe|3 0Q ‘2¢ [eop09|3 04 ‘2¢
di1] |9A8] MO|-MOT ‘G2 dis) |one] moj-mo G2
woeyskg Aiejes JeaonN ‘22
wojskg Bujzunsseusdeq L1
uonnginsig uolinquisig
|BopOeI3 OV LI {eop10e|3 OV il
uopenaD |eINBN G
SEY) JBN0D '
wejoop Asepuodss 2 juejo0) Asepuodes ‘g woysAg ButjooD
juejo0n Arewpd ) wejoon Arewpd | euy juoid| -sedo sdwnd 2/l 128y Aeoep Jo jeaowsy umopinys Joyeey ¢
weysks wesAs
uojiejnal|y twniiey  "9g uonenaiy wnidsH ‘92
dj] |9A8| MO|-MO] ‘G2
weisg Jjy pessesdwon ‘g2
woysAg Alejes JesonN ‘22
‘weysAg Alddng wnijeq ‘12 wejsAg Alddng wnjjeH i2
welsAg Bujzunssesdeq °zi| weisAs Bujzunssesdeq L1
uopinqinsiq
[eopoe|3 OV “HL
uopelusWINIISY| ‘6 soseb u0IS01I0D pue
uonnjos uosjod "9 ankjojpes soaowes g ‘sebins
uonejnaiy |eJnleN ‘S uojenoII) |[BJMEN G pinby) qiosqe 01 swnjoa
wajsks buijood a|qissaJdwod pue uaut
umopinyg Jolesy v sapiaosd 'asnssaid awnjoa
juej00) Atewsd i juej00n Aewud ‘L uoddng GunesadQ abins Gisd oz sulelulew SeYn JaA0D wnlaH ‘¢
SINIWWNOD %? SIOV4HIALNI SNLViS SNLvVisS
S3ON3H3II3Y 1034!a g3HINO3Y S3OV4HILNI L03H!IA Al3:AVS IYNOILYY3dO NOILONNZ W3LSAS

06/92/1 - LSIT SW3LSAS HE4H - ¥V XIAN3ddV




¢ obeyd

uolinqlaisig
jeopos|g oV L

J9]00D Sei|||oed
jewewyedx3 020 61
woyskg Bujzunssesdeq Lt
sJojopy Auod ‘Gl

juswueiuod
Bulpying Jojoeey “pli
uofIngIs|a
[eopi0elg OV ‘1L

uogieayng

juejoo) Aewnd ‘2
uofnjog uosjod ‘9
uojiejno) JeInjeN ‘S
waysAg Buijood
umopInys Joyoesy ‘4
seb 10000 ‘¢
juejoo) Asepuoseg ‘g
‘1

sJioleweled Jesjonu

ejo0) Aseuwid uoddng BupesedQ -uou pUuB Jesjonu SaINSes uopeluBWNIISU| 6
Aiddng Jelepp onsswoQ °€€
wolsAs Jolep pozjuoleq 'gg| weisAg Jelep pezjuoleq ‘g2
uonnq|Asiq uoIng|nsiq
1B2l10813 OV L1 |eapoe|3 oV CLL
uopelusWNNSY] 6 uopdiospe uojeipes Bujjoon
Juejoo) AJepuosss ‘g juejo0D Arepuodes ‘g 8UON Bupesedo kq pejessueb 1gay seaowsy plelys |lewseyt °g
weysAg eBeiolg pue Jejsuels) | welshs ebeiols pur Jejsuel)
0zqQ pue uesq ¥a@ “02 0OcQ pue uleiq vg 02
uojinquis|a uonnqgisia
[edu083 oV ‘LI leapoey ov VLl
uopejUBWNIISY| ‘B
uonn|os uosiod ‘9 uopesijing
juejoon Asewnrd ) juejoo) Aewpd ‘) SUON Bupesedo 0z2a jo Jenund o0 Asewnd *Z
Kiddng serepy onsewoq °sg| Addng selep opsewoQ ‘ee
weisAg Alddng wnjje ‘1g
weiskg Buizunssesdeg /L
uopeUsWNASY] 6 pos |0Juo2 eyl o) dnyoeq
uole|nN2JI) |BIMEN °S e se saAles pue (uonn|os
SBD) Jan0D WnisH ‘¢ ajesiu wnjwped) Gutpooy
. juejooD Arepuodas °g 1o1em Jyby jo 1uane eyl
jugjeo) Aewiid L juejoon Aiewd ‘i|  euluorg Kkqpueig| ur umopinys slenbape sainsu| uonnjog uostiod ‘g
SININWOO ® SIOVAHILNI SNLVLS SNLViS
S3ION3H343Y ‘10310 a3dino3y S30V4H3LNI 103410 Al34vS AVNOILYHIdO NOLLONNS W3LSAS

06/92/1 - 1SIT SWILSAS HE4H - V XIONIddV




seomnog Aseneg ‘9t

Jamod elisjjo ‘el

p obed

we)sAg aBesoig pue Jajsues)
02Q pue upig va 0z
JejooD sefed
jejuawpedx3 0za 6l
\wIBjY JUpJooY
juepou} JeepnN ‘gl
weysAg Bujzunssesdeq L1
seoinog Aeneg ‘9l
sJojopy Auod ‘St
lusuueiuod
Bulpling Jojoeay ‘vl
Jemod elsjo ‘et
BujjooD pielys lesibojolg 21
welsAg poy [0AU0D "0t
uonelUsWNSU| ‘6
BujjooD plejys jeuay) ‘g

.

uopedylind
juejoo) Aiewd °Z
welsks

Bujloop umopinyg Jooesy ‘v
1uej00D A/BpUOISS 2

sjuauodwwod josjuod
pue ‘jsuf pue sisrow ewnd

uonnqguisig

juejoo) Aewd i yoddng Bujtesedp| o1 Jemod eAllow OV seplnoid |eouo8|3 OV ‘Lt

waolshg A1ejeg JeejonN ‘22| weliskg Alejeg seejonN ‘g2
wiely Juepooy unely uepidoy

juepjou] JeelonN ‘gl juepiou] JesponN ‘gl

uolinqisig uojinqns|g

[e3|n0e13 oY 11 [esp0e|3 oV (LY

uopeuewNASY] ‘6 uojejuewWNASY} ‘6 §pOJ |0JJUOD
uopnjog uosjod ‘9| eul o4 Bupesedo KBjlixne pue ufew SOAOWN 8AuQ poy [osuod "0l

uopnqgisig uojinqiNs|qQ

{edop1ee|3 0Q °2¢ 1edp2e3 0Q “¢e

weisAg Alejes JeajdnN ‘22
wely Jueplooy

uepoy| JesjpnN ‘gl

6uiicod plelys [eaifojolg "2t

welsAg poy joauo 0l

BujiooD plejys jewnsyl g

welsg Jelep pezjuoleq ‘82
weysAg

uone[naliy wnjidvy  ‘9g

duj |8A8] MOlMOT  °GZ

walsAg Ny passesdwod ‘g2

Aiddng wnitay 12

walsAs abeioig pue Jejsuel]

QcQ pue uieig vg "02

SINFWWOO R S3JV4HILNI SNLVLS SN1VIS
S3ONIHI43H 193410 a3HINO3Y S3OVIHILNI LO3HIQ Al3dvs TVNOLLYHIdO NOLLONNA WALSAS

06/92/4 - LSI7 SW3LSAS HE4H - V XIONIddV




G abed

uopnqys|g
jeopioe|3 OQ “2¢

uopinginsig

[eopioe|3 0a et

dil |eAB] moOj-M0T  'GZ

uoinqnsig

jeaoel3 oV L1

uojRjuaWNIISY] 6

uopenaO |enleN S
wajshg Bujjoon

umopinyg Jojoeey ‘p

seb JenoD ‘¢

1uejooD Asepuodes ‘g

3

MW 09

0l eseaiou| Joj pasjnbey
*sdwnd upew o) pa|oauLo)
*Bujj009 |BSJOABS MO))

juejoo) Arewud ‘| juejoon Aewd aul} jJuoi4 Buyesedo 2/t 0] UO|)8|SUB) B8jES S8PIADI] sJolop Auod °Gt
Addng Jajepy onsewo(q '€g
wesAg Jiy passasdwod ‘€2
wiely juepiody wiejy Juepiooy
juepiou| JeelonN ‘gl juepiou| JesjdonN ‘gl
oAleA Bujzpnssesdeq /1L
uolinqnsiq ‘juepiooe
|eapee)y OV ‘i 101980 8|qeaA|adu0d Aue jo
uopeluewnisu} 6| Ul 1uosd Bunesedp|oseaias eAnoEOIpR) OYI SUIRIGY | JUBWUIBIUOY JoldBEY ‘Pl
‘swelshs YE4H oy Jamod
uonqnsig uonngsig o] Buipjing JewJojsues
jesp1oe|g OV I [eao8|3 OV ‘It oddng Bunesedo “ING 8y} 01 Jamod $3pinold Jemod Qls))O ‘Ei
Aiddng Jeiep onsewoqg ‘€€ ‘plelys jeunayl ey jo
Jejepn peaziuoleq ‘g2 Ja1ep peziote@ °ge episino ANped |eluswitedxy
uopnquisig uopingnsig oy} Joj Bujjooo eyl seplaoid
{eaoe|3 OV Li [eopsly oV it os[e pue piejys [ed)bojoiq Buljood
e0) Alepuoses ‘g juej00) AJBpU039S ‘2 SUON BunesedQ oy} WoJ} jeey seAoWeY pieys |eabojoig ‘2t
Alddng ssiem onsewoQ ‘ge
uoninqinsiag uolinquisia
[Bdopde|3 OQ ‘2e [eopoe|3 0a ee
wejshg JeleM peziuoleq °82
woelsAs
uopen)|g wnjieH °ge
dp) |aae mo[-moT 'S
Jojessuan) Aousbiawz ‘pg lojessuan) Aousblews ‘H2
wayshg Jiy pessexdwo) ‘g2
SINIWWOO % SAOV4HILNI IR AR SNLYLS
S3ON3HI4TH 103410 g3HINO3Y . SIOV4HIALNI LO3HIA INEEL L VNOLLYHIdO NOILONNS W3LSAS

WIISAS Aldjeg JesjPnN ‘22
Aiddng wnyiey *12

06/92/1 - 1S17 SW3LSAS HE4H - V XIGNIddV




g ebed

uojinginsiq
[ealoe|3 OV LI

uejooy Aispuooss ‘g

wejsks ebelols pue 18jsues)
02 pue UeJg VQ 02

uopnquIsia
[eou100)3 OV 11
uojjejuewIISUl 6

uopesyLng

juej00) Asewpd 2
juejoo) AJepuodss ‘g

sejquiyl

uojlejpess] |ewey) pue jsej

181000 ANfioe

uej00) Arewpd 't juejoo) Arewprd °f BUON Bupesedp| ey ui pajeseusB jesy serowey reluswpedx3 02ZQ 61
uohinqisig uolinqisia
{eopoe|3 0q ¢e [edue|3 04 ‘¢t
wa)skg Bujzpnssesdeq Ll
juBLIUIBILOYD juewuteIu0D
Bujpiing Jojoeey ‘vl Bujpying Jojoeey 'yl
uopinqinsiq
[eop0e3 oV it
uojjejuswWINASY]  °6 *Buiping jJustiulelUOd By} U} uJely 1uepiody
sep JeAoD wnjaH ‘g| eul uos4 Bupesedp| [eAe] uonelpes eyl  ssojuopy juepiou| JesppnN gl
uojinqisia
‘umopinys e oy uo sdwnd {eau9|3 0Q ‘2t
ujew Busn usym papesu AjuO we)shs
-gzpnssesdep o) peJinbas uoje|na) wnjjeH ‘92
jou Inq ‘ezpnsseidep diy {eae| mo| - Mo °G2 di {aAs| mo] - MO °G2
10U o} pasnbey ‘gz| weishg sy pessesdwon “gg| welsds Y pessesdwod ‘g2
weysAg Alddng wnjley ‘12
uojjelusWIrIISY] ‘6
uopnjos uosiod °9
uojjeinaj|p |eNEN °S uojg|nail) [eJnieN 'S ‘SOAJEA JUBA
woeishg Buijoon Kiejes yBnosyl uonosjosd
umopinyg Jo1oeey ‘v ansseidieno sepiaoid oSy
s86 JoAao) ‘g ‘peddojs ese sdwnd umopinys
Bj00) AJBpuodes ‘g pue ujBWw j| swnjoa ebins weisis
ejoon Aiewpd ‘1| euy woig Aqpuels Jojoves ey} sezinsseidsQ Buizunssesdeq L}
uoyinqiisig uonnqnsiq *wo)shs
1eauo33 OV Lt [eou108|3 OV “1i uonnquisip [eolidadle Qv
uonnqsig uonnqisiq 8l) JO SSO| 8yl Jo JuIAe Bl
|eaudsiy 9Q 2e [eom29|3 0Q "ge} eu wol4 Agpuels uy samod dnyoeq saplaold wolsAg Asalleg ‘9l
SLINIWWOD 2 SAOVAHILNI SNLY.iS snlvis
S3ON3Y3IITH 103410 a34IND3H SIOVIHILNI LO3HIA Al3dvs AVNOILVHIdO NOLLONNS WILSAS

06/92/1 - LSIT SWALSAS HE84H - V XIAN3ddV




L abeyd

oAlBpA Bujzpnssesdeq L
uoinquisig

[edpoei3 oV ‘LL
uopelUSWNISU} ‘6
uojtejna jesnieN ‘S

WejsAg Jly pesseidwio) ‘€c
oAlppA Bujzunssesdeqg Lt
uoiInqgis|a

[EopweIg OV ‘L1
uopeuBlLINISY] 6
uoje|noly fBIMEN 'S

*OA[BA Yeeq uoydis
ay) pue ‘eajeA Bujzunsseidep
8y} ‘SOAlEA [BSIOABS MO])

dy

wejooy Aewpd L] suy luoid Akqpueis sy} suado ‘sdwnd |8 sduy |oA8] MO} - MO ‘G2
Aiddng ielep onsewoqg ‘€€
Addng euedosd 'z2 Aiddng euedoid ‘22
uopngIsiq uojingysig weyshs uonnqins|p
[eapo3 oy ‘it [eau0s3 oV LI [eap1o8le OV eyl o) dnyoeq Jojelousy
uojeluBWINSU] ‘6 Joddng Agpuels 1Jolessualb pesemod euedosd Jomod Aouebiewy p2
Aiddng Jelep onisewoq ‘g€
weysAg Bujzunsseisdeq L
uofinquisig uofinqasia
[eopo8|3 OV L1 [eo2e|3 OV 11 esnoydwnd
uojjgjustunIIsu] 6 8y} pue Buiping s010e8) 68U} welsAg
SED) JOA0D whnlleH ‘¢ yoddng BuyesedQ 0} Jje pesseldwod sepiaoid Jiy pesseidwo) ‘€2
‘G sjqe]. pue
uojjeluBINISUY] ‘6 uojjiejustuniisu} ‘6 p o|qe) 865 "weisAs 8AUp pos
uopnqs|g uolinqisig jo)uod ey} o) sjeubis yoeqies welsAs
[esp08|3 OV ‘L1 |eop08]3 oV “Li| eul wouig Bupesedp| Jo weids anewolne S8PIACId Aojeg JesjpnN ‘22
uolinquis|q
feopioe|l3 oV L1
uopnjos uosjod °9
uonenyy) |einjeN ‘s
*BAjeA YBaJq SEBD) JaA0D °E $8550001d SNOLBA 1O} WNijdY welsAs
uoydis uedo 0} pasinbay ‘1 juejoo) Aseumd L uBj00D Aewiud ‘i 1oddng Bupesadp| einsserd mo] ¢ ybiy sepiroid Addng wnijeH ‘12
woishg Aiddng wnyey ‘pg| weishs Alddng wnileH b2
, XH umopinys "6l
uojinqgasiqg
|eaoe|3 oV ‘L) dnoyew Asewpd Aosuebiewe
uofleluelunAsy] ‘6 Joj 201-v4 jue ul
uojleatjting 02a jo Aiddns e sesois (10t
Juejoon Asewnd 2 -y4 juey) sjuauodwod woy)
‘wolsAs walsAs pauieip O2Q S1931109 ‘02a walsAs
Arewpd up ysessq Buimolo) Buljoo) umopinys Joloeey ‘b 150] Aue saseida) pue swaisks ebeiolg pue Jsejsuesy
dneyeuws Joj painbay ‘i juejoo) Aewnd L ejo0) Arewud L uoddng SupesadQ sseo0id snoueAa eyl Siiid 0zag pue ueig va "02
SINIWWNOD ? SAOV4HILNI SNLV1S SNLViS
SION3Y343H 103HIA A3HINO3H S30V4H3LNI 103HIG Al34vs AVNOILLYHILO NOILLONNS WILSAS

06/92/t - 1SIN SW3LSAS HE4H - V XION3ddV




g abed

JojeioUOD)
Jomod AoueBrew3zy ‘4z

uojinjog uosjod '9

wolsks

18180 POZIUOIR] ‘82
Jojesousn

Jamod AoueBlrews' ‘42
woyshs

Jjy pessesdwo) ‘€2
juswiujelU0) Jo088Y ‘vl
BujiooD pleys evjBojolg ‘21
uojinqnsig

[eop109|3 OV ‘it

BujjooD pialys |ewseyr ‘g
uopn|og uos|od ‘9

'Buioos soreseueb
Kouabiewe pue Buijood
Jossesdwod se ‘dnoyew
woishs Jojem Arepuooss
Bujpnpou} swaisAs HBIH

Aiddng

1uejo0D A/EpuUodss ‘g yioddng Bupesedp| Ausw Joj Alddns Jerem 4B 10jep onsewo( ‘€E
Jojeseusr) AousBlewy ‘g Jojesouen) AouebBrewsy ‘yg
wolsAg Aelieg ‘gt weiskg Aelieg ‘9l sjuauodwod |0Jjuod
uopinqIsig uoInqyIsiq puB ‘Jjsu) pue sieaow swyd uolinqsig
lesapo8|g OV ‘it jeapel3 OV 'LL|  euly uosd kqpuelg| o1 Jemod eallow OQ $OpIN0Id |eauo8i3 0Q ‘2¢
uolinqginsig uolinqisia
[ea|1083 OV L jedp8(3 OVt poloelep ae
uopejUBWNSY] ‘6 uopejuewNASY] ‘6 Buippejo |eny ey ul seyoeelq| weisAs Kiejes enjed
juejoop Asewpd | 8ufl uol4 Bunesedp| ueym |eubls welos e sepirold Bujppe|D 1end °iLe
uoinguisig uolinqyisig ‘G ejqel U} peuino se sjeubys
[Bo128j3 QV L1 (8310813 OV 11 ¥eaqes £q suolipuod ywiy jo welshs
uojejuewnsy} ‘6 uopleluewenisy) ‘6| eull woi4 Bupesedp| N0 woyy Jooras eyl sioeBlold joeqleg Jojoeey ‘0f
uopngsig uoyinquIsig ‘b ejqe), U} peuiino se sjeubls
8319813 OV ‘LI [e3199(3 OV L1 wesos Aq suoliipuod juwj jo welskg
uopeuswnAsYl 6 uojeluswnAsy| ‘6] 8ulj Juoig Bunesedp| N0 wouy sooEE) BY $10810)d weiog Jopesy ‘62
Aiddng Jelep olisewoq ‘€€
6ujiood pleys feslBojolg ‘gt
uoningiisiq uofinquisiq
leoioe|3 OV il [eolv83 OV CHi
uojelusWINASY] ‘6 swieysks Bujjood
BujjooD plojus [eusyl ‘g plelys |ewssyr pue [eajBojolq we)sks
juejo0) AiBpucdes ‘g juejo0) ArBpUO2dS 2 euoN BupesedQ 8y} Joj JUBj00D SBPIADI] Jolep pazuoled ‘82
Jojessuen Jojeiguan Jolesauab Aousbiowe eyl 0}
Jamod AoueBiowy ‘b Jamod Aousbiowy ‘pg{ oull oLy kqpueig| o) A|ddns euedoid e seplaold Aiddng euedoyd ‘22
swnjoa 8bins sy 0)
welsAg Aiddng wnieH °12 weisAg Aiddng wnijeH ‘12 j2eq PUB JaUIqW0da) 8Y)
SEY J8A0D Wi '€ ySnosy ewnjoa ebins wolss
juejo0) Lewnd L jusoop Aewnd i SUON 6unesado eyl woJj wnyay selendany| uonendi) wniieH 92
SINIWWOD ® SIOVHHIALNI SNLViS SNLVLS
S3ON3H343H 103410 a34IN03Y S30V4HILNI 1034la Al34vsS TVYNOLLYH3JO NOLLONNS W31SAS

06/92/1 - 1SI7 SWALSAS H84dH - V XIAN3ddV




