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I. EXECUTIVE SUMMARY

The purpose of this task (HFBR Restart Activity A2.6) is to perform a review of the
design basis accident (DBA) analyses sections of the 1964 HFBR-Final Safety Analysis
Report; Volumes I and II, and the 1982 Addendum to the HFBR-FSAR for 60 MW operation
to assure that operation at 40 MW will be consistent with these analyses. Additional
documents utilized in the review included the Level 1 PRA for HFBR, HFBR-PDMs and
HFBR-OPMs.

The review indicates that the 1964 FSAR-DBA analysis in incomplete in the sense
that it did not analyze some of the important initiators for 1-loop operation that include:

* accidental throttling of primary flow control valves

* seizure of primary pump

* loss of secondary pump

accidental throttling of secondary flow control valves

* rupture of secondary piping.
The first three initiators were later studied in the 1982 addendum. The other two initiators
have not been examined to-date for 1-loop operation. It is recommended that the impact of

these initiators be assessed prior to the restart, if 1-loop operation is chosen for the restart.

The review demonstrated that at 40 MW operation there are only a few accident
initiators that will culminate in core damage (fuel melting and/or cladding failure)
regardless of the availability of mitigating systems. For 1-loop operation these accidents
include: fuel channel blockage, primary pump seizure, and large-large LOCA (a LOCA with
effective break diameter > 2.81" is referred to as a large-large LOCA in this document as
well as in PRA). Although all these accidents listed above could lead to core damage for 2-
loop operation as well, the probability is expected be very low. Additionally for 1-loop
operation, fuel damage may also be possible for three other initiators that lead to total loss
of heat sink. These are: accidental throttling of secondary flow control valve (HCV-301A or
HCV-301B), loss of both secondary pumps, and rupture of the secondary piping. The extent
of core damage caused by these accidents could not be assessed since these cases were not
analyzed for 1-loop operation. For 2-loop operation, however, the extent of core damage was
shown to be minimal primarily due to low probability of occurrence. In view of this, it is
recommended that 2-loop operation be considered for the restart. Additional advantages of

the 2-loop operation include minimization of operator confusion and streamlining of operator

response during various accident scenarios.




In all instances (1-loop or 2-loop 40 MW operation), the core damage was
characterized by isolated cladding failure and/or localized fuel element meiting. The
secondary effects of the core damage, fuel element bowing and channel blockage that prevent
natural circulation in the later stages, are expected to be negligible at 40 MW. Consequently,
the effect of core damage on the primary systems/components performance can be assumed to

be minimal.




II. SCOPE OF THE REVIEW

The purpose of this task (HFBR Restart Activity A2.6) is to perform a review of the
design basis accident analyses sections of HFBR-Final Safety Analysis Report; Volumes I
and II, and the Addendum to the HFBR-FSAR for 60 MW operation to assure that operation
at 40 MW will be consistent with these analyses. This review included the following

activities:

* Compilation of a list of design basis accidents analyzed and their impact on the
safety systems and the fuel element integrity corresponding to single-loop 40 MW

operation and two-loop 60 MW operation, and

* Comparison of these lists with each other to locate any inconsistencies associated
with operation at 40 MW as well as to suggest a preferred mode of operation during

low power restart.

IL. METHODOLOGY

Accomplishment of the objectives stated above involved reviewing the following

documents:

* HFBR Final Safety Analysis Report (FSAR); Volumes I and II, 1964

¢ Addendum to the HFBR-FSAR, 1978

¢ Addendum to the HFBR-FSAR for 60 MW operation, 1982

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

* Level II Internal Event PRA for the HFBR; Volume II: Detailed Analysis and
Appendices

Additional documents utilized in this task include:

¢ HFBR Plant Description Manual

e HFBR Technical Specifications and References

¢ HFBR Operations Procedures Manual, and

* HFBR Systems Descriptions and Systems List, SEA Report No. 89-258-23-A:1




This review was instrumental in the compilation of a set of tables that list DBAs analyzed
and their impact on the safety systems and fuel elements for both 1-loop 40 MW operation
and 2-loop 60 MW operation. These tables were then compared and contrasted with each
other and also with the Level 1 PRA to examine the adequacy of the accident analyses
presented in 1964 FSAR and 1982 Addendum. Based on this comparison we have made a few
recommendations that were perceived to reduce the likelihood of core damage. The results

of the review are presented in the following section.

IV. DETAIL

The details of the review are presented in the following two sub-sections. The first
of these two sub-sections presents listing of the design basis accidents (DBA) analyzed and
impact of each of the accidents for both single-loop and two-loop operation. The later

subsection examines the consistency of operation at 40 MW with the DBA.

IV.1. Listing and Impact of DBA Analyzed in FSARs

Both the 1964 FSAR and 1982 Addendum for 60 MW operation were reviewed to
compile a listing of design basis accidents analyzed in those documents, and their impact on
the frontline and safety systems performance as well as the fuel element integrity. This
review revealed that the 1964 FSAR-DBA analysis is incomplete, in that it did not analyze
some of the important initiators. These initiators include: loss of power to the primary
pump, accidental throttling of primary flow control valve, seizure of primary pump, and loss
of secondary pump. These initiators were later analyzed in the 1982 addendum which
examined the impact of these initiators for both two-loop 60 MW operation and single-loop
40 MW operation. Additionally there are two more initiators, (1) accidental throttling of
secondary flow control valves and (2) rupture of secondary piping, that were not analyzed in
either the 1964 FSAR or the 1982 Addendum. The importance of these initiators lies in the
fact that both of these initiators lead to total loss-of-heat-sink resulting in core damage.
The Level 1 PRA, however, studied the impact of these initiators in detail for 2-loop 60
MW operation, and briefly for 2-loop 40 MW operation. To the best of our knowledge, the
impact of these initiators was not examined for 1-loop operation. Further discussions

concerning this matter are presented in the later parts of this section in relevance to

consistency of operation at 40 MW.




The resuits of the review of the 1964 FSAR and the 1982 Addendum are divided and
presented in Tables 1 through 4. Tables 1 and 3 present the listing of DBAs analyzed for
two-loop 60 MW operation and single-loop 40 MW operation, respectively. Also presented in
these tables are the consequences of each of these initiators as pertinent to the fuel element
integrity and radiation release. Tables 2 and 4 delineate the impact of these initiators on
the frontline and safety systems performance and their availability. While compiling
these tables particular emphasis was given to the determination of systems required for
preferred shutdown and those that act as a first level backup. Additionally, it should also
be pointed out that all of the tables mentioned above are based on conservative estimates of

the system performance.

As pointed out in Tables 1 and 3 most of the DBAs analyzed pose no serious
challenge to the fuel element integrity. There are, however, five exceptions in case of 60
MW operation where consequences of the initiators may include fuel melting and/or cladding
failure. In all of these cases, the off-site dose consequences were within both the DOE and
NRC guidelines for nuclear facilities. For 40 MW operation, low power densities combined
with no requirement for forced flow through the core resulted in fewer cases of core damage.
The DBA analyses results reveal that for 1-loop 40 MW there are only three initiators that
might lead to core damage. These are: flow channel blockage, primary pump seizure and
LOCA. In all instances that led to core damage at 40 MW operation, the damage was
characterized by isolated cladding failure and/or localized fuel element melting. The
secondary effects of the core damage that include fuel element bowing and channel blockage
that prevent natural circulation in the later stages are expected to be negligible at 40 MW.
Consequently, the effect of core damage on the primary systems/components performance can
be assumed to be minimal. Tables 3 and 4 are based on this reasoning. Similar to 60 MW

operation the off-site dose rates corresponding to these accident situation are expected to be

minimal and bounded by DOE guidelines.
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IV. 2. CONSISTENCY OF OPERATION AT 40 MW

The safety systems configuration and the level of automation have a large impact on
the outcome of any accident. Therefore, these factors are very important in the

determination of consistency of operation at 40 MW and hence are examined first.

From Tables 1 through 4 it is clear that the HFBR is equipped with various systems
and components that are capable of mitigating a variety of accidents. These required
systems and components are automated, in most cases. The systems and components that are
controlled manually from the control room or the operations area provide the first or second
level redundancy depending on the impact of the initiator on systems performance. Thus the
operators actions provide a backup that is only required in case of failure of 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. It can therefore be
concluded that operation at 40 MW is consistent with the accident analyses and there are no
major modifications suggested for such operation. There is, however, a recommendation
relevant to the mode of operation at the restart. It is suggested that the restart activities be
focused on 2-loop operation rather than 1-loop operation. The justification for this

recommendation is provided in the following paragraphs.
IV.2.1 Preferred Mode of Operationl:

There are two possible modes of operation at 40 MW, 1-loop operation (only one
primary loop is used for heat removal during steady state) and 2-loop operation (both
primary loops are used for heat removal). The accident analyses sections of the 1964 FSAR
and the 1982 Addendum analyzed design basis accidents for 1-loop 40 MW operation. The
level 1 PRA document examined the impacts of some of the important initiators for 2-loop 40
MW operation. Table 5 compares the impact of various initiators corresponding to both cases.
As evident from this table as well as from Tables 3 and 4, for operating power equal to or

less than 40 MW most of the initiators pose no severe challenge to the fuel element

1 The original intent of this subsection was to establish the relative merits of 2-loop 40 MW operation in
comparison to 1-loop operation. However, we have been recently informed that BNL has already decided to
operate with 2-loops. Nevertheless, we have decided to leave this section intact as it is the only section that
provided a methodical comparison of the impacts of each initiator for 2-loop and 1-loop operation.
Additionally, we foresee its usefulness in future when similar comparison is required.
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integrity. Of the initiators examined in these documents, flow channel blockage, primary
pump seizure and primary system rupture are, however, three exceptions where the
consequences may include fuel melt and/or cladding failure due to the onset of CHF. The 2-
loop operation reduces likelihood of such consequences considerably (see Table 5). As pointed
out in Table 5, in the case of 2-loop operation fuel melt and/or cladding failure are only
possible if both primary pumps (not just one as in the case of 1-loop operation) are seized
simultaneously. Probability of such a coincidence is very small when compared to the
probability of failure of a single pump. Similarly, 2-loop operation also reduces the
likelihood of extensive damage to fuel elements during a large-large LOCA (a LOCA with
effective break diameter larger than 2.81" is classified as large-large LOCA). As pointed out
in Table 5, a large amount of liquid inventory associated with 2-loop operation together
with the pony motor that operates until the liquid level falls below 177" enables forced
flow through the core for a longer period, up to 40 secs. This reduces the amount of core
damage. These two cases demonstrate quantitatively the clear advantage of 2-loop operation
over the single loop operation. There are additional advantages of 2-loop operation that
are pertinent to loss of heat sink accidents. This advantage can be demonstrated by
considering some of the initiators related to the secondary cooling systems: accidental closure
of the secondary flow control valve and rupture in the secondary piping. Neither of these
initiators were analyzed in the DBA although they were examined in the level 1 PRA for 2-
loop 60 MW and 40 MW operation. Due to lack of core damage frequency estimates for 1-
loop operation, it is not possible to provide a quantitative comparison of the impact of these
initiators for 1-loop and 2-loop operation. Consequently, the discussions in the following’

paragraphs are qualitative in nature.
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Accidental Throttling of Secondary Flow Control Valve

First we will study the consequences of accidental throttling of a secondary flow
control valve (HCV-301A or HCV-301B) for 1-loop operation as well as 2-loop operation.
Because, this initiator is very similar to the 'loss of both secondary pumps accident’, the
following discussions are expected to be applicable to the case of accidental failure of both
secondary pumps. In the case of 2-loop operation, accidental closure of one of these valves
results in a partial loss of heat sink, that is loss of one-of-two primary heat exchangers.
Resultant increase in the primary coolant temperature causes reactor shutdown through
setback. Onset of CHF is not expected and no fuel melting is expected. Once the reactor is
shutdown, the decay heat can be easily removed by the operating heat exchanger. The
shutdown heat exchanger and the shutdown loop provide a backup and steam condensing
provides second level backup. For 1-loop operation, however, the consequences of this
initiator are different. Because the heat removal during steady state is accomplished
through a single primary heat exchanger, accidental closure of secondary flow control valve
in the loop would lead to a total loss of heat sink. This action causes a rapid increase in the
primary temperatures leading to reactor shutdown by setback. This rapid increase in coolant
temperature causes increase in the core temperatures (fuel temperature, piping temperatures,
reactor vessel temperature), and may also lead to the onset of CHF. As noted in the 1982
FSAR, this rapid increase in the core temperatures increases thermal stresses in the heat
exchanger pipes, beam tubes and other piping, which in turn may lead to failure some of

these components.

If it is assumed that fuel element integrity and the system integrity is not
threatened during this accident (unproven as of now), then the mitigating steps available
for the operator is tripping of the primary pumps so that shutdown heat exchanger can be
used for decay heat removal and core cooling. The backup to this action would be natural
convection together with steam condensing or last resort poison water addition. From the
explanation presented above, it is clear that operator action is essential to avert serious
consequences associated with this accident if 1-loop operation is chosen. In the case of 2-loop
operation, such an operator intervention is necessary only if both control valves are
simultaneously shutdown and/or both secondary pumps simultaneously trip; probability of
such a coincidence is relatively low. Even in case of such a failure there is more time
available for operator action in the case of 2-loop operation relative to 1-loop operation due

to increased liquid inventory in the loop. These discussions clearly demonstrate the relative
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advantage of 2-loop operation, at least qualitatively. If it is felt, however, that this
advantage is minimal, then a detailed safety analysis of this accident should be provided

in support of 1-loop operation.
Secondary Coolant Pipe Rupture:

The other initiator under consideration, secondary coolant pipe rupturing, also results
in total loss-of-heat-sink for 1-loop operation leading to a rapid increase in the primary
coolant temperatures. The outcome of such an accident, based on conservative estimates,
could be very similar to the previous case: fuel melt and/or cladding failure. While a
similar situation (total loss-of-heat-sink) is also possible in the case of 2-loop operation, the
probability is low. Even in the case of such an extreme situation the primary coolant
temperature increase is expected to be moderate considering the large liquid inventory
associated with 2-loop operation. This is another accident that needs to be analyzed and

consequences quantified prior to restart, should 1-loop operation be chosen for operation.

Relevant Engineering Insight:

In spite of the above arguments, should 1-loop operation be chosen, the drawbacks
can be overcome by instrumenting a new logic circuit that would automatically scram the
reactor and trip the primary pumps when the secondary flow rate to the heat exchanger
falls well below the steady state value. These automated actions would cause rapid decline
in the heat flux due to scram as well as introduce a heat sink through the use of shutdown

heat exchanger. Together, these measures would deter core overheating and preclude

operator error. Although the modification is perceived by us to be necessary only for 1-loop
operation, it is helpful for 2-loop operation as well.

Other Relevant Factors:

There are other advantages associated with 2-loop operation. These include unified
operating procedures between 40 MW and 60 MW operation which would certainly reduce
operator confusion. In this case, operator reactions and actions can be streamlined and
mitigating choices can be minimized. Additionally, continuous operation with 2-loop,
irrespective of the operating power, would simplify checking of the instrument set-points
and trip points. Although these drawbacks might be overcome with extensive training, it is

preferable that potential operator confusion be minimized.
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In conclusion, although 1-loop operation is safe in absolute terms (low probability
and frequency of core damage), in relative safety terms it is qualitatively less desirable
than the 2-loop operation. It is, therefore, recommended that 2-loop operation be chosen for
low power restart activity. We recognize that this choice is associated with certain delays
in restart due to the necessity to rewrite the technical specifications for 40 MW 2-loop
operation. However, if 1-loop operation is chosen then it is desirable to update the DBA

analysis to quantify the impact of two additional initiators: (1) accidental throttling of

secondary flow control valves, and (2) secondary system pipe rupture.




V. CONCLUSIONS

The review indicates that the 1964 FSAR-DBA analysis is incomplete in the sense
that it did not analyze some of the important initiators for 1-loop operation that include:

* accidental throttling of primary flow control valves

* seizure of primary pump

* loss of secondary pump

* accidental throttling of secondary flow control valves

* rupture of secondary piping.
The first three initiators were later studied in the 1982 addendum. The other two initiators
have not been examined to-date for 1-loop operation. It is recommended that the impact of
these initiators be assessed prior to the restart, if the 1-loop operation is chosen for the

restart.

The review demonstrated that there are only a few accident scenarios that
culminate in the core damage (fuel melting and/or cladding failure). For 1-loop operation
these accidents include: fuel channel blockage, primary pump seizure, and large-large LOCA
regardless of the availability of frontline and safety systems. Although all these accidents
listed above could also lead to core damage for 2-loop operation as well, the probability is
expected be very low. Additionally for 1-loop operation fuel damage is also be possible for
three other initiators that lead to total loss of heat sink. These are: accidental throttling of
secondary flow control valve (HCV-301A or HCV-301B), loss of both secondary pumps, and
rupture of the secondary piping. The extent of core damage caused by these accidents could
not be assessed since these cases were not analyzed for 1-loop operation. In view of this, it is
recommended that 2-loop operation be considered for the restart. Additional advantages of
the 2-loop operation include minimization of operator confusion and streamlining of operator

response during various accident scenarios.

In all instances (1-loop or 2-loop 40 MW operation), the core damage was
characterized by isolated cladding failure and/or localized fuel element melting. The
secondary effects of the core damage, fuel element bowing and channel blockage that prevent
natural circulation in the later stages, are expected to be negligible at 40 MW. Consequently,

the effect of core damage on the primary systems/components performance can be assumed to

be minimal.




