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3.9.17 Prior to movement of a fuel assembly, or a consolidated fuel storage
box, in the spent fuel pool, the boron concentration of the pool shall be
maintained uniform and sufficient to maintain a boron concentration of greater
than or equal to 800 ppm.

APPLICABILITY: Whenever a fuel assembly, or a consolidated fuel storage box,
is moved in the spent fuel pool.

ACTION:

With the boron concentration less than 800 ppm, suspend the movement of all
fuel in the spent fuel pool.

SURVEILLANCE REQUIREMENT

4.9.17 Verify that the boron concentration is greater than or equal to 800 ppm
within 24 hours prior to any movement of a fuel assembly, or a consolidated
fuel storage box, in the spent fuel pool and every 72 hours thereafter,
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REFUELING OPERATIONS

LIMITING CONDITION FOR OPERATION
3.9.19.1 Each STORAGE PATTERN of the Region C spent fuel pool racks shall
require either that:

(1) A cell blocking device is installed in those cell locations shown in
Figure 3.9-2; or

(2) If a cell blocking device has been removed, all cells of the STORAGE
PATTERN must have consolidated fuel in them, including the formerly
blocked location; or

(3) Meet both (a) and (b):

(a) I1f a cell blocking device has been removed, all cells of the

STORAGE PATTERN must have consolidated fuel in them except the
formerly blucked location.

(b) The formerly blocked location is vacant and a consolidated fuel

box or cell blocking device is immediately being placed into
the formerly blocked cell,

APPLICABILITY: Fuel in the Spent Fuel Pool
ACTION:
Take immediate action to comply with either 3.9.12.1(1), (2) or (3).

SURVEILLANCE REQUIREMENTS
4.9.19.1 Verify that 3.9.19.1 is satisfied at the following times.

(1) Prior to removing a cell blocking device

(2) Prior to removing a consolidated fuel storage box from its Region C
storage 'uoation.

MILLSTONE - UNIT 2 3/4 9-26 Amendment No. 117, 182
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The OPERABILITY of the storage rool radiation monitors ensures that
suificient radiation monitoring capability is available to detect excessive
radiation levels resulting from 1) the inadvertent lowering of the storage
pool bt;ater level or 2) the release of activity from an irradiated fuel
assembly.

3/4.9.14 4 3/4.9.15 STORAGE POOL AREA VENTILATION SYSTEM

The limitations on the storage pool area ventilation system ensures that
all radioactive material released from an irradiated fuel assembly will be
filtered through the HEPA filters and charcoal adsorber prior to discharge to
the atmosphere. The OPERABILITY of this system and the resulting iodine
removal capacity are consistent with the assumptions of the accident analyses.

3/4.9.16 SHIELDED CASK

The limitations of this specification ensure that in an event of a cask
tilt accident 1) the doses from ruptured fuel assemblies will be ~ ithin the
assumptions of the safety analyses, 2) Keff will remain < .95,

3/4.9.17 MOVEMENT OF FUEL IN SPENT FUEL POOL

The limitations of this specification ensure that, in the event of a fuel
assembly or a consolidated fuel storage box drop accident into a Region B or C
rack location completing a 4-out-of-4 fuel assembly geometry, Keff will remain
< 0.95. '

3/4.9.18 SPENT FUEL POOL - WEACTIVITY CONDITION

The limitations described by Figures 3.9-]1 and 3.9-3 ensure that the
reactivity of fuel assemblies and consolidated fuel storage boxes, introduced
into the Region C spent fuel racks, are conservatively within the assumptions
of the safety analysis.

The limitations described by Figure 3.9-4 ensure that the reactivity of
the fuel assemblies, introducted into the Region A spent fuel racks, are
conservatively within the assumptions of the safety analysis,

MILLSTONE - UNIT 2 B 3/4 9-3 Amendment No, 2P, 189, 117,
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RESIGN FEATURES
VOLUME

5.4.2 The total water and steam volume of the reactor coolant system is
10,060 + 700/-0 cubic feet.

5.5 [EMERGENCY CORE COOLING SYSTEMS

5.5.1 The emergency core cooling systems are designed and shall be maintained
in accordance with the original design provisions contained in Section 6.3 of
the FSAR with allowance for normal degradation pursuant to the applicable
Surveillance Requirements.

2.6 _FUEL STORAGE
CRITICALITY

5.6.1 a) The new fuel (dry) storage racks are designed and shall be

maintained with sufficiont center to center distance between assemblies to

ensure a k §§ < 595. The maximum nominal fuel enrichment to be stored in
g,

these racks® 0 weight percent of U-235.

b) Region A of the spent fuel storage pool is designed and shall be
maintained with a nominal 9.8 inch center to center distance between storage
locations to ensure a K < .95 with the storage pool filled with unborated
water. Fuel assemblies %S%rad in this region must comply with Figure 3.9-4 to
ensure that the design burnup has been sustained.

¢) Region B of the spent fuel storage poo! is designed and shall be
maintained with a nominal 9.8 inck center-to-center distance between storage
locations to ensure K fF S .95 with a storage poel filled with unburated
water. Fuel assembliés stored in this region may nave a maximum nominal
enrichment of 4.5 weight percent U-235, Fuel assemblies stored in this region
are placed in a 3 out of 4 STORAGE PATTERN for reactivity control.

d) Region C of the spent fuel storage pool is designed and shall be
maintained with a 9.0 inch center to center distance between storage locations
to ensure a K ce < .95 with the storage pool filled with unborated water.
fuel assemblief ftored in this regisn must comply with Figure 3.9-1 to ensure
that the design burn-up has been sustained. Fuel assemblies stored in this
region are placed in a 3 out of 4 STORAGE PATTERN for reactivity control. The
centents of consolidated fuel storage boxes to be stored in this region must
comply with Figure 3.9-3,

e) Region C of the spent fuel storage pool is designed to permit
storage of consolidated fuel in the 4th location of the storage rack and
ensure a K < 0.95. Placement of consolidated fuel in the 4th location is
only permiF{Z& if all surrounding cells of the STORAGE PATTERN are occupied by
consol idated fuei.

MILLSTONE - UNIT 2 5-5 Amendment No. 2@, BB, JP9,
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Spent Fuel Pool Criticality Safety Analyses

This attachment is intended to document results of our criticality safety
analyses of the Millstone Unit No. 2 Region 1 storage cells with observed and
postulated gaps present in the Boraflex abzorber material. The Boraflex
poison degradation has been very conservatively incorporated into the
criticality design analysis. To date, approximately half of the poisonad rack
cells have been tested and characterized for gap formations. Test data
identifies a Boraflex panel defect rate of 16% with the largest observed gaps
at a 2% shrinkage rate. With further gap growth anticipated, the mechanical
inputs for the criticality analysis assumed 4% gap formations at the observed
test locations and a 4% gap formation with a random distribution in all of the
other Boraflex panels. These assumptions are considered conservative becausc
EPR]I data supports the 4% maximum shrinkage value and the random discribution
is supported by the NNECO test data. hese analyses are based on the CE
design for the Region 1 Boraflex poisoned racks, as originally licensed for
Millstone Unit No. 2 in Amendment #109, acated January 15, 1986, The
calculations wutilize a three-dimensional N!TAWL-KENO-5a model with the
27-group SCALE cross-section set.

Sections of the old Region 1 have been redefined as two new regions:

Region A utilizing all of the cells in a 4-0f-4 cell arrangement with
credit for fuel burnup.

Region B using fresh fuel of 4.5% average enrichment in a 3-of-4 arrange-
ment (fourth cell empty).

Shrinkage of 4% was also assumed resulting in 5.65" gaps in every Boraflex
panel (a very conservative assumption). The consequence of various axial
distri: . tions was also investigated. A shrinkage of 4% in width was conserva-
tively assumed aithough examination of the Boraflex from Cell D9 did not show
any visible evidence of such shrinkage.

Table 1 summarizes re-ults of several calculations (including the original
design with fresh fuel in every location) intended to show the magnitude of
the reactivity effects of in the Millstone Unit No. 2 racks.

To provide some perspective for the analyses, a calculation was made assuming
all the Boraflex was lost, resulting in a 0.194 8k total reactivity "worth" of
the Boraflex. If 4% is lost through gap formation, then the order of magni-
tugg of the expected reactivity effect due to gaps is (0.04 * 0.194) =
0.008 &§k.
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Region B: 3 of 4 Cell Arrangement wit: 4.5% Fresh Fuel

Calculations for a 3-of-4 arrangement with fresh 4 5% enriched fuel (fourth
cell empty) are summarized in Table 2. At the present time, the gaps which
have been observed in the Boraflex (as of the most recent Blackness test) have
a{reqs1gcb1e reactivity effect within the statistical accuracy of KENO-Sa
calculations.

Considering that the Boraflex has already seen three fuel cycles, it is not
1ikely that significant fu her growith would be expected. However, for

conservatism, it was assumed ' at these gaps increase to 5.65" (equivalent to

;%b:xigl shrinkage) at the locations observed in the Blackness tests (Case 7,
able 2).

To assu~e very conservative upper bound conditions, further calculations were
made assuming that additional gaps of 5.65" appear in all other panels
throughout the racks. Based on the fact that the axial distribution of
observed gaps is random, a random distribution of these additional gaps in the
axial direction was assumed as the reference case. (Gap locations were
derived by using a PC random number generator.) The maximum k,e¢ for the
upper bound reference case ‘iLase 9, Table 2) was calculated to ge 0.9179,
including width shrinkage, bias and all uncertainties (calculational and
manufacturing tulerances, see Table 3). Thus, with the 3-of-4 arrangement,
the maximum keff remains substantially below the NRC criterion (0.95 keff)'

Westinghouse and CE fuel show a slightly higher reactivity than the ANF fuel
useu for the primary analyses. For Hestin?house and CE fuel, the maximum
reactivities for 4.5% enriched fuel were calculated to be 0.9252 and 0.9201
respectively.

The temperature and void coefficients of reactivity are negative, Therefore,
the calculations were conservatively based on a temperature of 4°C (maximum
water density) and any temperature increase above 4°C would result in reduced
reactivity.

Two accident conditions were also considered, as follows: (Note: Under the
accepted single failure criterion, it is not necessary to consider the simul-
taneous occurrence of multiple independent accident conditions. Therefore,
credit for the presence of soluble poison is allowed under accident condi-
tions,)

. Mislocated fuel assembly--For the case of a fresh fuel assembiy
assumed to be accidentally installed into one of the empty cells of
an otherwise filled Region B array, the maximum Kk ff Was calculated
to be 0.9436, which remains below the NRC criterioh.

. Mislocated Consoli --This accident assumes that a

consolidated fuel bundle is accidentally loaded into one of the
empty cells of Region B. Calculations for this case resulted in a
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Table 3 summarizes the uncertainties for Region A, based upon fuel of 4.5%
initial enrichment burned to 8670 MWD/MTU. With these uncertainties, the
maximum k is 0,9317 (95% probability at the 95% confidence level). Calcu-
lations uﬁ‘g alsc made for olher assumed initial enrichments and a curve of
Timiting burnup (for the same reactivity) is presented in Figure 3.9-4 of
Technical Specifications, With Westinghouse or CE fuel of 4.5% initial
average enrichment, the burnup limit curve will be the same although the
calculated reactivities will be slightly higher (0.9381 and 0.9335 for
Westinghouse and CE fuel respectively). Discharged fue! would normally be
expected to have burnups considerably in excess of the minimum required,
resulting in a much lower reactivity.

Ceiculations for Region A were also made to determine the effect of the axial
distribution in burnup. At the low design basis burnup for Region A, no
eftect was expected and calculations showed that the k with axially dis-
tributed burnups is less than that of the reference unifSI& burnup case. (See
also Turner, "An Uncertainty Analysis--Axial Burnup Distribution Effects" in
Sandia Report SAND89-018, October 1989.)

f i r

Calculations were also made to determine if there might be any adverse reac-
tivity effects along the interface between regions. Even without credit for
the isolating water-gap between modules, no adverse effects were found for any
of the interfaces--Regions A and B, Regions A and C, and Regions B and (C (see
Figure 3.9-2 in Technical Specifications). Region C is the old Region lI,
designed for burned fuel,

Based upon the analyses performed, it is concluded that, in tue presence of
the conservatively postulated maximum gaps (4% or 5.65") in all Boraflex
panels, 4% shrinkage in width, and all uncertainties included, that

(1) the Millstone Unit No. 2 spent fuel storage racks can safely accom-
modate fresh 4.5% enriched fuel in a 3 out of 4 loading pattern with
the fourth cell empty.

{2) the Millstone Unit No. 2 spent fuel storage racks can safely accom-
modate spent fuel of the burnup-enrichment combinations indicated in
Figure 3.9-4 of the Technical Specifications, using all cells in a 4
out of 4 arrangement.

(3) no credible accident cundition will result in exceeding the regula-
tory reactivity limit of keff < .95,

(4) the assumed axial gap distribution has only a minor impact on the
calculated reactivity of the racks (measured distribution used in
the reference case analysis), and, for any credible assumption of
the distribution of postulated gaps, the maximum k £ will remain
within NRC criterion. :















