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UNCONTROLLED CONTROL ROD ASSEMBLY WITHDRAWAL FROM Af SECTION 15.4 1
SUBCRITICAL OR LOW POWER STARTUP CONDITION'

I

! REY!EW RESPONSIBILITIES
,

| Primary - Reactor Systems Branch (RSB)
,

Secondary - Core Performance Branch (CPB) l
,

1

1. AREAS 9F REVIEW

The effects and consequences of an uncontrolled control rod assembly withdrawal (a bank for
I

a pressurized water reactor; a single rod, with current control modes, for a boiling water
reactor) from a subcritical or low power (e.g., startup range) condition are evaluated by
RSB. CPB reviews the reactivity coefficients and control rod worths under Standard

Review Plan 4.3. The review under this plan covers the description of the causes of the
Itransient and the transient itself, the initial conditions, the reactor parameters used in

the analysis, the analytical methods and computer codes used, and the consequences of the
transient as compared with the acceptance criteria.

II. ACCEPTANCE CRITERIA
,

)
1. The following general design criteria (Ref.1) apply:

|

Criterion 25, which requires that the reactor protection system be designed toa.
assure that specified fuel design limits are not exceeded in the event of a j

1
i

single malfunction of the reactivity control system.
I
.

b. Criterion 20, which requires that the protection system action be initiated
automatically.

2. The following fuel design limits serve as the acceptance criteria for this event:

a. Critical heat flux should not be exceeded. Examples of limits used previously to

satisfy this criterion are:

(1) In boiling water reactors (BWR's), the minimum critical heat flux ratio (MCHfR)
-

calculated with the Hench-Levy correlation (Ref. 2) should exceed 1.0 at all
times. The value of the minimum critical power ratio (CPR) calculated with the
GETAB analysis (P,ef. 3) will vary for different plants and product lines.
Typically, the value will exceed 1.06

.
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_ (2) In pressurized water reactors'(Pt'R's). the minimum departure from nucleate
boiling ratio (DNBR) should not be less than 1.30 using the W-3 correlation
.(Ref 4), or less than 1.32, using the_ B&W-2' correlation (Ref. 5).

If the application under review does not use one of these limits, then the correlation
.

used by the applicant is reviewed by RSB under Standard Review Plan 4.4 and a criterion
for critical heat flux is established that is acceptable here,

b. Fuel temperature and clad strain limits consistent with the acceptance criteria
of Standard Review Plan (SRP) 4.2 should not be exceeded. For steady-state or
nearly steady-state conditions, this can be expressed in terms of a linear heat
generation rate (usually express'ed in kW/ft). _ Examples of this criterion are:

(1) For BWR's, a linear heat generation rate of 24-28 kW/ft, which would result
,

in limited UO melting, but is not sufficient to cause 1% clad strain and2
potential clad failure.

(2) For PWR's, a linear heat generation rate of 20-22 kW/ft, which would result
in a centerline fuel temperature equal to or less than the melting point of
U0 '

2

The specific value of the linear heat generation rate for this criterion,is established
during each review in a manner consistent with the acceptance criteria of SRP 4.2. For
non-equilibrium states, the calculated transient temperatures and strains corresponding to
these steady-state limits should not be exceeded.

!!!. REVIEW PROCEDURES

The procedures below are used for both the construction permit (CP) and operating license
(OL) reviews. During the CP review the values of system parameters and setpoints used in

the analysis will be preliminary in nature and subject to change. At the OL review stage,
final values are used in the analysis and the reviewer should compare these to the limiting
safety settings included in the proposed technical specifications.

\
The reviewer, in determining whether the acceptance criteria are met, considers the following:

|

1. Peak conditions for the transient are maximized by low initial power; thus, the power !
level of the reactor should be at the lowest possible value compatible with the control
rod configuration used for the accident. The postulated minimum core pressure and

. |
;

maximum temperature (i.e., the extremes of postulated conditions) should be consistent I

with the rod and power configuration to give minimum DNBR or MCHFR conditions.

|
2. Peak conditions for the transient are maximized by large reactivity addition rates t

near prompt critical; thus, the control rod configurations for the assumed withdrawal

must be examined to confirm that such a maximized state has been included in the
)calculations. For a PWR, control bank withdrawal should be used. For a BWR, with the

.. j
present control rod withdrawal procedures, a single rod of maximum worth available
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in a normal configuration should be used. In many cases this will be a red Gt the 50
percent rod density configuration. (More recent modes of BWR control such as group
withdrawal may require that other configurations be examined.) The withdrawal rate
should be the maximum available to the system.

The exact analysis of the transient would normally involve a three-dimensional, coupled ,

3.
neutron kinetics-thermal hydraulics calculation. However, acceptable results may be
obtained with a neutron point-kinetics analysis and a coupled or separate hot fuel rod
thermal analysis, if conservative input data are used. The reviewer determines whether
the applicant's analytical methods are acceptable by using one or more of the following

procedures:

Detennine whether the method has been reviewed and approved previously, by con-a.
sidering past safety evaluation reports and reports prepared in response to
technical assistance requests (TARS).

Perform a de novo review of the method (usually described in a separate licensingb.
topical report, and frequently handled outside the scope of the review for a

particular facility).

Perform auditing'-type calculations with methods available to the staf f,c.

Require additional, bounding calculatiors by the applicant to cover portions ofd.
the applicant's analytical methods that have not been fully reviewed or approved.

The input to the kinetics analysis model should be examined to assure that the input4.
is appropriately conservative both for the state of the reactor and for the particular
way it is used in the analysis. The power distribution or peaking factors used in the
kinetics and hot pin thermal calculations must provide a conservative representation |

I
of the control rod configuration under consideration. The Doppler feedback coefficient |

'

should be related conservatively to the values accepted in the review under SRP 4.3,
The use ofconsidering the time in cycle and temperature conditions of the fuel.

beginninp of lifetime (BOL) Doppler coefficients is the most conservative; they should
be used unless other values are specifically justified. Non-weighting of the coeffi-
cients is conservative, but weighting factors for the particular flux distribution

The.
shapes involved in the transients may be used if fully explored and justified.
moderator coefficients used should also be conservatively related to the values accepted

in the review under SRP 4.3. The most positive or least negative values should be

used and for a PWR this occurs at BOL. If the coefficient is negative, it may be
conservatively taken as zero, as is generally done in BWR analyses.

The analysis should ccnsider the relationships between the particular spatial flux5.
shapes for the transient and the nuclear instrument response to assure that scrams
occur at the times used in tae analysis, that valid scram power levels are assumed,
and that conservative scram delays and reactivity functions are used.

.
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6. The significant results of the analysis should be presented and should include
maximum power levels reached for the reactor and the peak fuel rod, reactor

temperatures and pressures, maximum heat flux levels, and the related fuel tempera-
tures. DNBR or MCHFR and maximum clad strain. The latter are compared to the
acceptance criteria.

IV. EVALUATION FINDINGS-

If the staff, on completion of the review finds the applicant's analysis acceptable, con-
clusions of the following type should be included in the staff's safety evaluation report:

"The possibilities for single failures of the -eactor control system which could
result in uncontrolled withdrawal of control rods under low power startup conditions
have been reviewed. The scope of the review has included investigations of initial
conditions and control rod reactivity worths, the course of the resulting transients

-

or steady-state conditions, and the instrument response to the transient or power
maldistribution. The methods used to determine the peak fuel rod response, and the
input into that analysis, such as power distributions and reactivity feedback effects
due to moderator and fuel temperature changes, have been examined. IIf check calculations
have been done, they should be sucinarized).

"The resulting extreme conditions of fuel power, temperature, and departure from
nucleate boiling have been compared to acceptance criteria for fuel integrity, which
for this reactor are (insert criteria from SRP 4.2 and 4.4). The analyses have shown
that these limits are not exceeded.

"The basis for acceptance in the staff review is that the applicant's analyses of the
maximum transients for single error control rod withdeawal from a subcritical or low
power condition have been con' emed, that the analytical methods and input data are
reasonably conservative, and that fuel damage limits are not exceeded. The staff
concludes that the calculations contain sufficient conservatism, with respect to both -
assumptions and models, to assure that fuel damage will not result from such control
rod assembly accidents."
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