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DISCLAIMER

This document wag prepared by Yankee Atomic Electric Company (“Yankee")
pursuant to a contract between Yankee and Maine Yankee Atomic Power Company
("Maine Yankee”). The use of information contalned in this document by anyone
other than Maine Yankee, or for any purpose other than for which it is
intended, is not cuthorized, and with respect to any unauthorized use, neither
Yankee nor its officers, directors, agents, oOr employees assuwme any
obligation, responsibility, or liability, or makes any warranty or
representation concerning the contents of this document or its accuracy or

completeness.
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ABSTRACT

Tt.is report presents design and calculational analysis results
pertinent to the operation of Cycle 7 of the Maine Yankee Atomic Pcower
Station. These include core fuel loading, fuel description, reactor power
distributions, control rod worths, reactivity coefficients, the results of the
safety analyses performed to justify plant operation, the startup test program
and the Reactor Protective System (RPS) setpoints assumed in the safety
analysis. The analysis results, in conjunction with the startup test results,
RPS setpoints and Technical Specifications, serve as the basis for ensuring

safe operation of Maine Yankee during Cycle 7.
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1.0 INTRODUCTION

This report provides justif ication for the operation of Maine Yankee

during the next fuel cycle, Cycle 7. The Cy:le 7 refueling will involve the

i{scharge of 73 assemblie .nd the insertion of 72 new fuel assemblies and one
burned Type E assembly Core 2 The new fuel assemblies (designated
are being pro\ i by Exxon Nuclear (ENC) and are si y design

from Cyc 5 and 6. Several minor changes

o)

fuel are discussed in Section 3¢2+

signs are similar but not identical
center from Cy
vdraulic charact

re discuss

wum steady-state operating
maximum indi 2 in temperature of
{s allowed
limit on the ) I np t > IWE pressures to
.

v NN ™ y 4 r } . +} NN
the DNB arg in re that UN

1
A
ssible lim I mper: and pressure

mnsistent with th St tch Power” conditi«

1llowed by Yankee operating license.

ire were
nsidered in th 'SAR (2), the full spectrum of transients
cidents were re-analyzed 1| }) as part of the 2630 MWt stretch g
The staff approved operation at 2630 MWt in (4) base
analysis in (3) : ‘RS also reviewed the stretch power application (1) and
~oncurred with the ! ff's finding that Maine Yankee can be safely operated at

2630 MWt (5).

1"e analysis in (3), therefore, now serves as the Reference Safety
Analysis” for Maine Yankee. This analysis and the analysis reported in (6),

justifyin yperation with a slight positive Moderator Temperature Coefficient




the analyses submitted in (7), justifying Cycle 4 operation, (33),

yperation, and ‘ vd justifying Cycle 6 operation,

ysed herein to demonstrate C AT eration at power levels up

through C

2}

indicated.




2.0 OPERATING HISTORY

The operating history of Maine Yankee has consisted of seven cycles
designated as 1, 1A, and 2 through 6. The significant operating conditions
and durations of the cycles are defined in Table 2.1. The fuel assembly types
loaded by cycle are given {n Table 2.2.

2.1 Cycles 1 and 1A

The initial Maine Yankee core consi” d of unpressurized, low density
fuel designated as Core 1 design fuel semblies. Cycle 1 operation was

restricted and terminated due to leak! g fuel assemblies.

Cycle 1A consisted of operation after the leaking fuel assemblies from
the iritial core were replaced with fresh fuel designated as Replacement Fuel
(RF) assemblies. The mechanical design of the RF assemblies was sssentially
the same as Core 1 design fuel. The significant difference in the design was
the pressurization of the fuel czod with helium sufficient to prevent creep
collapse of the fuel rod cladding and improve gap heat transfer. The

replacement fuel asscmblies performed successfully during Cycle 1A.
Cycle 2
cl—
Cycle 2 consisted entirely of fresh assemblies designated as Col. 2

design fuel. Mechanical design changes were made in comparison Lo the Core 1

design fuel. These comprised pre"pressuriz&tion. higher fuel density, and

smaller diameter pellets. A detailed discussion of the design changes was

provided in (30). The Core 2 design fuel performed successfully. Subsequent
to Cycle 2 operation, burnable poison shim failures were discovered in the
Type E assemblies. Corrective action consisted of replacement of all Type E

shims with water-filled zircaloy rods prior to reinsertion in subsequent

cycles.

2.3 Cycles 3 and 4

Cycle 3 consisted of fresh fuel assemblies of the Core 2 design ond

Replacement Fuel assemblies reinserted from Cycle 1A. The performance




{ntegrity of the Cycle 3 fuel had been demonstrated through irradiation in

Cycles 2 and 1A, respectively. All fuel performed successfully during Cycle 3.

Cycle 4 consisted of all fuel assemblies of the Core 2 design. Slight

design changes to the fresh Type I fuel were made and discussed in Section
3.2.1 of (7). New fuel and once-burned fuel assemblies from Cycle 2 were

{nserted and the replacement fuel discharged. A small number of leaking fuel

assemblies were discovered near end-of-cycle.

2.4 Cycles 5 and 6

Cycles 5 and 6 consisted of fuel assemblies of the Core 2 CE design and
fresh assemblies designed by ENC. A detailed discussion of the ENC design
assemblies was provided in (33). Five Core 2 design leaking assemblies
returned to the core in Cycle 5 were repaired by replacement of fuel rods with
fresh, low enrichment Core 2 design fuel (34 rods) or vater-filled zircaloy

rods (10 rods). The fuel has performed successfully during Cycles S and 6.




TABLE 2.1

MAINE YANKEE OPERATING HISTORY SUMMARY

Date of Core Power Level
Power Licensed Operated
Escalation (MWt) (%)

11/3/72 2440 50-80(1)
go(1)
100
93
97(3)
97

97

Cycle
Burnup
(MWD/MT)
10367

4500

17395

Power decrease and primary system pressure decrease to 1800-2000 psia due

to leaking

Licensed power increase from 2440 MWt/

fuel.

MWt /2250 psia operation.

Power restriction due to secon

Estimated.

/2100 psia operation to 2630

dary plant limications (turbine).




FUEL ASSEMBLY TYPES BY CYCLE

MAINE YANKEE

TABLE 2.2

Assembly

Fuel Enrichment Mechanical
Type (w/o U-235) Design Type

A 2.01
B 2,40
C 2.95
RF 2.33
RF 1.93
D 1.95
E 2.52
F 2.90
G 2.73
H 3.03
I 3.03
| J 3.00

3.00

CE-Core
CE~Core
CE-Core
CE-RF

CE-RF

CE~-Core
CE-Core
CE-Core
CE-Core
CE~Core
CE~Core

ENC

1
1

1

Number of Fuel Assemblies by Cycle

I B 4 2 =& 4 2
69 57 - - - - -
80 24 - - - - -
68 64 - - - - -
- 2 - - - - -
- 70 - 65 - - -
- - 69 - - - -
- - 80 12 61 1 1
- - (X 68 12 - -
- - - 32 32 32 -
- - - 40 40 40 -
- B - - 72 72 72
- - - E - 72 72
- - - - 72



{ntegrity of the Cycle 3 fuel had been demonstrated through irradiation in

Cycles 2 and 1A, respectively. All fuel performed successfully during Cycle 3.

Cycle 4 consisted of all fuel assemblies of the Core 2 design. Slight
design changes to the fresh Type 1 fuel were made and discussed in Section

3.2.1 of (7). New fuel and once-burned fuel assemblies from Cycle 2 were

{nserted and the replacement fuel discharged. A small number of leaking fuel

assemblies were discovered near end-of-cycle.

Cycles 5 and 6

Cycles 5 and 6 consisted of fuel assemblies of the Core 2 CE design and
fresh assemblies designed by ENC. A detailed discussion of the ENC design
assemblies was provided in (33). Five Core 2 design leaking assemblies
returned to the core in Cycle 5 were repaired by replacement of fuel rods with
fresh, low enrichment Core 2 design fuel (34 rods) or water-filled zircaloy

rods (10 rods). The fuel has performed successfully during Cycles S and 6.




TABLE 2.1

MAINE YANKEE OPERATING HISTORY SUMMARY

Date of Core Power Level
Power Licensed Operated
Escalation _ﬁHUt) (%)

11/3/72 2440 50-80(1)

10/12/74 2440 go(l)
129/75 2440 100
/17/77 2630(2) 93

8/23/78 2630

3/17/80 2630

7/20/81 2630

Power decrease and primacry system pressure decrease to 1800-2000 psia due
to leaking fuel.

Licensed power increase from 2440 MWt/2100 psia operation to 2630
MWt /2250 psia operation.

Power restriction due to secondary plant limitations (turbine).

Estimated.




TABLE 2.2

MALNE_YANKEE
FU.'. ASSEMBLY TYPES BY CYCL®

Assenbly
Enrichment Mechanical Number cf Fuel Assemblies by Cycle

(w/o U-235) Design Type 2 2 L.
.01 CE-Core 1 ) § 57 -
.40 CE-Core 1 ( 24
95 CE-Core
o33 CE~RF

CE~RF

CE-Core

CE-Core

CE~Core

CE-Core

CE-Core

CE-Core

ENC

ENC




3.0 RELOAD CORE DESIGN

3.1 General Description

3.1.1 Core Fuel Loading

The core of Maine Yankee Cycle 7 consists of 217 fuel assemblies of the
type and quantity detailed in Table 3.1. The single Type E assembly is of the
Core 2 mechanical design and has {rradiation exposure from Cycle 2. Assembly
Type J was intrcduced in Cycle 5 and has {rradiation exposure from Cycles 5
and 6. Assembly Type K was {ntroduced in Cycle 6. Assembly Type L is fresh
fuel to be introduced in Cycle 7. Assembly Types J, K, and L are ENC design
fuel. The significant neutronic difference in the Type L fuel is the increase
{n enrichment to 3.30 w/o U-235. The total number of fuel rods by assembly
type for Cycle 7 is also given in Table 3.1. The core loading by fuel type is

given in Table 3.2,

3.1.2 Core Burnable Poison Loading

Burnable poison shim rods are located in selected assemblies in
Cycle 7. The total number of shim rods and locations by assembly type 1is
detailed in Table 3.1. The shim locations {n the assemblies are {llustrated
{n Figure 3.1. As described ir Section 2.2, the single Type E assembly shim

rod locations contain water-filled zircaloy rods with end plugs to restrict

the flow in these rods.

All burnable poison shims are composed of B,C in A1703. The

mechanical design of the ENC burnable poison shims 7as addressed in (33).
Design changes for the Type L shims are discussed in Section 3.2. The ENC
shim {rradiation integrity has been demonstrated in the Types J and K

assemblies during Cycles 5 and 6.

The Type L burnable poison shims were fabricated in three separate
batch lots. The as-built poison loading of one of the three batch lots fell
slightly outside the design specificatfon. The differences in burnable poison

loading among the three batches were addressed and accommodated in the core

loading pattern, as discussed in detail in Section 4.3.




3.1.3 Core Loadig&gfattern

The fuel assembly locations designated for Maine Yankee Cycle 7 are
given for the first quadrant in Figure 3.2. They are given relative to the
previous locations of the Type E assembly in Cycle 2 and the Types J and K
assemblies in Cycle 6. The appropriate rotation {ndex relative to the
previous assembly position in the core is also given for each assembly. The
loading and rotations of the other quadrants are such that mirror symmetry

exists with respect to the quadrant boundary lines.

The Cycle 7 loading pattern incorporates a low-leakage design, achieved
by placement of fresh fuel assemblies in selected core {nterior locations and
twice-burned fuel assemblies on the core edge. The benefits of such a core

design are:

1) A less severe moderator defect with cooldown at end-of-cycle,

providing greater shutdown margin for cooldown transients;

Reduced irradiation exposure toO the reactor pressure vessel, thus

reducing the rate of irradiation embrittlement;

Extended cycle full-power lifetime due to reduced neutron leakage;

Preferred fuel rod power and exposure histories from fuel

performance and mechanical integrity considerations; and

5) Improved stability to axial xenon oscillations near end-of-cycle.

The increased Type L enrichment and low-leakage fuel management hav
resulted in increased burnable poison shim requirements for the Type L fuel t«

416 rods, compared to 176 rods each for the Types J and K fuel.

3.1.4 Assembly Exposure History

The calculated exposure history of the Cycle 6 fuel assemblies a«t BOC

is given in Figure 3.3. The exposures are based on an expected cycle length

of 11,500 MWD/MT for Cycle 6 and the obtained cycle length of 10,800 MWD/MT




for Cycle 5. Table 3.2 gives BOC average exposures by fuel type. The Cycle 7
BOC average exposure for the core is approximately 11,440 MWD/MT.

The exposure history of the assemblies utilized in the analysis is
demonstrated to be accurate by comparison with incore detector plant data.
Figure 3.4 1s a comparison of predicted and actual burnup assembly data late
in Cycle 6. The excellent agreement demonstrates a high confidence in the
prediction of the core depletion behavior.

3.1.5 CEA Group Configuration

The Cortrol Element Assembly (CEA) group configuration for the lead
regulating bank, CEA Bank 5, has been modified for Cycle 7. The requirements
for increased available scram reactivity to maintain shutdown margin have
necessitated such changes. Figure 3.5 shows the CEA group locations in the
quarter core and Figure 3.6 details the CEA Bank 5 finger locations in Cycles
1-6 and in Cycle 7. The configuration changes are:

1) The eight part-strength CEAs ({.e., one or two active nac
fingers, with the remaining fingers stainless steel) in the
original Bank 5 locations have been replaced with full-strength

CEAs. This change provides {ncreased available scram reactivity.

2) The four part-strength CEAs with two active BAC fingers have been
added to Bank 5 in former part-length CEA locations for better
local power distribution control. These four CEA locations are
nonscrammable and do not contribute to the available scranm

reactivity.

In addition to providing additional scram reactivity, the reactivity
worth of CEA Bank 5 is significantly {ncreased. The effects of tf> changes
are most evident in the CEA ejection results in Section 4.9.2. Mipor changes

to the methodology for ejected CEAs are detailed in Section 4.10 to

accommodate the CEA ejection results and maintain appropriate margins.



reactivity worth and spatial distribution

The increased CEA Bank 5

improves the core symmetric offset control effected with the regulating bank.

less CEA insertion and, consequently, less local linear haat rate
required for the same change in symmetric offset, placing a less

As such,
change 18
severe duty cycle on the fuel.

The original CEA Bank 5 (9 CEAs) and the former part-length CEA bank

(4 CEAs) are not electrically connected as a single CEA bank. As such, their

movements will be administratively controlled for positioning as a single CEA

bank. To accommodate this movement, the physics input to the RPS setpoint

(Section 6) has included power distribution cases sufficient to
{a insertion in these two regulating groups subject to the
discussed in Section 4.9 1. This difference in

analysis
justify differences

CEA group insertion limits, as
{nsertion is addressed in the Technical Specification changes.

3.2 Fuel System Design

3.2.1 Fuel Mechanical Design

fabricated by CE
nd (30)]. The

The mechanical design of the Type E fuel assemblies
has been reported in previous submittals [(7), (15), (20), a
and L fuel assemblies fabricated by ENC have been designed to
material, and chemical compatibility with all other fuel
Table 3.3 lists the mechanical design

Types J, K,
maintain mechanical,
and structures in the reactor core.

features of all fuel types.

The ENC fuel design is similar to the Core 2 fuel design, with the

following differenc #s:

1) The fuel rod cladding has a nominal wall thickness of 31 mils

(versus 28 mil nominal wall thickness for Core 2 design fuel).
2) Fuel pellets are short and dished with a nominal fuel density of
942 T.D.

3) The bi-metallic fuel rod spacers are a Zircaloy-4 structure with

Inconel springs.
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To allow removal of fuel rods for replacement or inspection either
prior to or after {rradiation, the fuel assembly upper tie plate 1is
mechanically locked to the Zircaloy-4 guide tubes and may be easily
removed and replaced. This design feature also facilitates

replacement of guide tube wear sleeves.

The detailed fuel assembly description and mechanical design criteria
and the design considerations for the Types J, K, and L reload fuel have been
described in (33). The fuel pellet design changes for the Type L fuel include
pellet length and dish depth, as described in (48). The fuel rod plenum
length in the Type L fuel has been increased slightly due to the removal of

the lower fuel rod insulator disc. The effect of the lower insulator disc was

evaluated by ENC and found to be inconsequential relative to fuel design

per formance.

The burnable poison shim pellets used in the Type L fuel assemblies are
described in Table 3.3. The mechanical design criteria and design
considerations for the Type L shims are the same as those used for the Types J
and K shims. The Type L shim pellets were fabricated in three batch lots

which comprise both chamfered and unchamfered pellets.




3.2.2 Thermal esign

Fuel assembly types and quantities for the core of Maine Yankee Cycle 7
are given in Table 3.1. Fuel assembly Type E 1is of the Combustion Engineering
(CE) design. Fuel assembly Types J, K, and L are of Exxon Nuclear Corporation
(ENC) design. Fuel designated Type L represents the new fuel assemblies being

provided by ENC.

Fuel thermal calculations were performed for all fuel types. These
calculations were performed using the GAPEX (21) ccmputer program. The
methodology of calculation for Cycle 7 {s essentially that used in previous
reload analyses with the following two enhancements {ntroduced during Cycle 6

analysis:

1) The appropriate steady-state history effects for the fuel rod
thermal performance were modeled by utilizing the time-dependent
power factors calculated in the physics analysis for the fuel rods
of interest. Applicable power and burnup uncertainty factors were

{ncorporated.

The method uses the NRC NUREG-0418 modeling approach for burnup

enhancement on the f{ssion gas release prediction.

The GAPEX code calculates ;ellet-to—clad gap conductance from a
combination of theoretical and empirical models which predict fuel and
cladding thermal expansion, fission gas release, pellet swelling, pellet

densification, pellet cracking, and fuel and cladding thermal conductivity.

The thermal effects analysis encompassed a study of fuel rod response

as a function of the detailed cycle burnup and power. The fuel rod types and

power histories examined in detail include:

1) Maximum power rod - Type L fuel

2) Maximum power rod = Type K fuel

3) Maximum power rod - Type J fuel




Figures 3.7 through 3.9 demonstrate the effect of Linear Heat

Generation Rate - LHGR = on fuel temperature at beginning-of-cycle
conditions. Figures 3.10 through 3.12 demonstrate the effect of LHGR on fuel
temperature at end-of-cycle conditions. Table 3.4 lists UO, melting
temperature and centerline temperature for the rods of interest at various
points in life and various power levels. The calculated internal fuel rod
pressures are less than Operating Coolant System pressure throughout Cycle 7

operation (48).

The result of the fuel performance calculations indicates that the
thermal performance is not significantly different than the previously
reported performance of fuel Types E, J, and K and that the conclusions set
forth in (33), (15) and (7) continue to be applicable.

The conclusions are summarized below:

1) A 21 kW/ft limit on LHGR is a conservative limit for avoiding fuel
centerline melt for Type E, K, and L fuel.

2) A 20 kW/ft limit on LHGR is conservative for Type J fuel.

3) A conservative value for use in transient analysis assumptions for

the average channel gap coefficient is 600 Btuihr-ft‘-ot.

As noted in 2) above, a 20 kW/ft LHGR limit is applicable to the Type J
fuel for Cycle 7. This is reflected in the proposed changes to the LHGR
SAFDL, Technical Specification 2.2, for Cycle 7, Tatle 3.5 provides a
comparison of the maximum radial relative pin power for the Type fuel to the
core maximum radial pin power throughout Cycle 7. It is clear irom Table 3.5
that the Type J fuel 1s never limiting for Cycle 7 in spite of the lower LHGR
limit. Therefore, subsequent portions of this report will refer to the LHGR
SAFDL for Cycle 7 in terms of the 21 kW/ft limit corresponding to the limiting

fuel types in the core.

o] P



323 Thermal-Hydraulic Design

Steady-state and transient DNBR analysis of the Cyc.2 7 core have been
perforned using the COBRA-IIIC computer program (<2), in the mancer described
{n (8) and (9), and the COBRA-IV computer program (39) as described below.

The models reflect the {ntended Cycle 7 ccolant conditions with uncertainties,
the Cycle 7 power distributions with uncertainties, the assembly flow
distribution due to differences in hydraulic characteristics and inlet flow
maldistribution, and the specific geometry of the Maine Yankee fuel assemblies.

An eighth core assembly-by-assembly COBRA-IV model was used to
determine hot assembly enthalpy rise flow factors. This model explicitly
represents each fuel assembly in the eighth core in the specific location it
will reside for Cycle 7 operation, and accounts for the differences in
hydraulic characteristics between the single CE fuel assembly and the ENC fuel

which comprises the rest of the core.

The COBRA-IV program is used due to problem size limitations on
Yankee's version of COBRA-IIIC. At least 34 radial power regions are required
to model each fuel assembly in an eighth core region. COBRA-IIIC allows only
20. Rather than modify the COBRA-IIIC coding to increase the allowed proble=
size, it was more convenient toc use COBRA-1V. COBRA-IV and COBRA-IIIC produce

similar results for problems of a size that can be executed with both.

Enthalpy rise flow factors were calculated with the eighth core
COBRA-1V model for the potential hot assembly locations assuming power
distributions typical of the full range of CEA insertion for Cycle 7. The
{nlet flow maldistribution imposed on this model is based on the result of
flow measurements taken in scale model flow tests of the Maine Yankee reactor
vessel reported in (36) and the FSAR (2). The resulting hot assembly flow
factors are 1.0 for power distributions where the CEAs are restricted to
{nsertion less than allowed by the 60% power PDIL (Technical Speciflcation
3.10), and 0.95 for power distributions with deeper CEA insertions. The
enthalpy rise flow factor for the single E-16, CE assembly, which is centrally
located in the core is 1.0 for all CEA configurations. These flow factors are
conservatively applied in the Cycle 7 COBRA-I1IC subchannel analysis models by
reducing the inlet flow for the entire model by the appropriate flow factor.

=14



The magnitude of the addicional system hydraulic resistance added to
the core by the replacement of the 72 CE fuel assemblies with 72 ENC
assemblies of higher resistance {s small. The total flow delivered by the
~eactor coolant pumps remains higher than the design flow rate assumed in the

safety analysis, 360,000 gpm, which remains unchanged for Cycle 7.

The potential effects of fuel rod bow on thermal-hydraulic performance
has also been evaluated for Cycle 7 operation. For CZ fuel (23) presented a
model for treating the effects of fuel rod bowing on thermal-hydraulic

performance. This model requires a reduction of DNBR as shown below:

Bundle Average Burnup % DNBR Reduction
0 = 15000 MWD/MTU 0

15000 = 24000 MWD/MTU 0

24000 - 33010 MWD/MTU 3.0

The Maine Yankee fuel management scheme is such that the CE fuel
assembly is never the DNB iimiting assembly in Cycle 7. To evaluate whether
this non-limiting assembly could become limiting with a fuel rod bow penalty,
the peak pin in the CE assembly was compared to the corresponding parameters
at the limiting core location. It was found that the minimum difference
petween the limiting location {n the core and the peak pin in the CE assembly
i{s greater than 23%. This large difference more than accommodates the
additional penalty for fuel rod bowing. The maximum expected assembly average
burnup for the CE assembly at the end of Cycle 7 is less than 33,000 MWD/MTU.

Allowances for rod pitch, bow and clad diameter variaticns for the ENC
fuel remains at 1.00. Allowances for manufacturing toleraances on rod pitch
and clad diameter, if considered in the most adverse situation, would result
{n a maximum channel closure in the vicinity of 10Z. Using the methodology of
(34), the maximum channel gap closure due to fuel rod bowing for the ENC fuel
assembly with the highest burnup during Cycle 7 is less than 28% (Table 3.6).
Tests performed at Columbia (24) indicate that a degradation in DNB

performance is not experienced until channel closures exceed 50%. Therefore,

-15-



justified for the ENC fuel in Cycle 7 since the

a flow factor of 1.0 1is
meter considerations

channel closure resulting from rod pitch, bow and clad dia

for any ENC fuel during Cycle 7 will be less than 50%.

Table 3.7 contains a list of the pertinent thermal-hydraulic design

parameters used for both safety analysis and for generating reactor protection
The list also includes the corresponding

system setpoint information.
from (3), the Reference Analysis and (37), Cycle

thermal-hydraulic parameters

6, for comparison.



3.3 Control Element Assembly (CEA) Design

The eight full-strength CEAs fabricated for use in Cycle 7 by CE

contain minor design improvements compared to the original design CEAs. The

CEAs are dimensionally and neutronically equivalent to the original design

CEAs. The improvements are:

1) A Ag-In-Cd slug has been added to the tip of the center CEA finger,
which formerly contained only nac pellets. This change will
reduce swelling due to s‘c {rradiation near the CEA tip.

2) The nose cap design for the center CEA finger has been replaced by
the same nose cap design used in the outer four fingers, making all
the CEA fingers interchangeable. A two-inch extra region of poison

material in the center finger only has thus been eliminated.

3) The Ag-In-Cd slugs used iu the CEA tips contain a hole drilled
completely through them. In the original CEA design, these holes
were plugged to prevent aac particles from entering. Hot cell

studies have shown the 34C pellets do not disintegrate and the
plugs are unnecessary.

=y -
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Table 3.1

Maine Yankee Cycle 7
Assembly Description

Number Initial

of Fuel Initial Number of mg B-10 Number of Total Total

Assembly Exposure Rods per w/o U-235 Shim Locations per inch Assemblies Shim Fuel
Designation History Assembly Fuel per Assembly in Shims in Core Locations Rods
E-16 Cycle 2 160 2.52 16 29.0* 1 16* 160
J-0 Cycles 5, 6 176 3.00 0 - 48 0 8448
J-4 Cycles 5, 6 172 3.00 4 23.8 4 16 688
J-8 Cycles 5, 6 168 3.00 8 23.8 20 160 3360
K-0 Cycle 6 176 3.00 0 - 48 0 B448
K-4 Cycle 6 172 3.00 4 23.8 4 16 688
K-8 Cycle 6 168 3.00 8 23.8 20 160 3360
L-0 Fresh 176 3.30 0 - 16 0 2816
L-4 Fresh 172 3.30 4 23.8 12 48 2064
L-8 Fresh 168 3.30 8 23.8 40 320 6720
L-12 Fresh 164 3.30 12 23.8 4 48 656
Core Totals . . 217 784 37408

* B-16 shims replaced with vater-filled rods for Cycle 7



Tadble 3.2

Maine Yankee Cycle 7
Core Loading

Average
Number of KGU per Exposure
Assemblies Assenbly KGU at BOC*

———————— ———

1 353.36

LR .12
4 372.46
20 63.80

A

4

»
-

.
-

12
40
4

Based on End-of-Cycle 6 at 11,500 MWD/MT.




Table 3.1

Mechanical Design Features of Cycle 7 Fuel

Types
J and K

Fuel Assembly
Overall length 56.7 .718
Spacer grid size (max. square) 8.115
Retention grid
No. zircaloy grids
No. inconel grids
No. bimetallic grids
Fuel rod growth :learance

Fuel Rod

Active fuel length

Plenum length -
Clad OD ( 0.440
Clad ID ) 0.378
Clad wall thickness 031
Pellet 0D .370
Pellet length (wh%)
Dish depth 0.005
Clad material Zr~4
Pellet density initial 94.0%
Initial pressure (hhk)

Poison Rods
Overall rod length 146.500
Clad OD 0.440
Clad ID 0.378
Clad wall thickness C 0.031
Pellet OD 0.353
Clad material Zr-4

* YAEC 1099P
* & All length dimensions are in inches
kak  XN-NF-79-52




Centerline and UO; Melt Temperature Comparison

Melt Power Centerline
Tclpsruturo Level Teupsrlture

Fuel Type ( F) Skw/ftz (°F)
BOC J 4862 19 L4466
20 4680

21 4883

K 4942 19 4346

20 4561

21 4767

L 5054 19 4590

20 4746

21 4894

EOC J 4800 19 4572
20 4784

21 4986

K 4867 19 4346

20 4561

21 4767

L 4955 19 4334

20 4549

21 4754

*3]=



Table 3.5

Maine Yankee Cycle 7
Ratio of Maximum Radial Relative Pin Powers - Maximum
in Type J Fuel to Maximum in Core

Rodded Condition
HFP, Equilibrium Conditions of ARO

Ratio of Maximum Radial Relative Pin Powers

Regulating BOC MOC EOC
Banks Inserted 50 MWD/MT 6K MWD/MT 12K MWD/MT

ARO 0.751 0.767 0.739
Bank 5 0.817 0.773 0.722
Banks 5 + 4 0.709 0.739 0.746
Banks 5 + 4 + 3 0.656 0.690 0.710
Banks 5 4+ 4 + 3 + 2 0.663 0.697 0.704
Banks 5 + 4 + 3 +2+1 0.672 0.682 0.676

) Jw



Table 3.6

Cycle 7 Determination of ENC Rod Bow MDNBR Penalty

Maximum EOC 7 ENC Assembly Average Burnup (1) « 42.973 GWD/MTU
Fractional Gap Closure Due to Fuel Rod Bow (2), delta C/Co- 0.2768

DNBR Rod Bow Penalty (3) = 0.0

(1) Includes 2% calorimetric power uncertainty plus 10% physics uncertainty
(2) From Reference 34, delta C/C( = 0.0533 + .0052 * BU

where Co = nominal initial gap width
BU = assembly average burnup (GWD/MTU)

(3) Penalty = ligmal. where MDNBRBowed = HDNBRUnboved (1 - sigmas)

and

sigmay = 0.0 for delta C/C  less than 0.50.

«23=



Table 3.7

Maine Yankee Cycle 7

J

ermal-Hydraulic Pu~-aaeters at Full Power

General Characteristici
Total Heat Output
8976

Fraction of Heat Generated in

Fuel Rod 5 )« 97 ¢ 0.975

Pressure

Nominal ) 2235

Minimum in Steady-State 206 2060

Maximum in Steady-State 2260 2260
Design Inlet lemperature

steady-state) > 546-55 S46~554
Total Reactor Coolant Flow (design) 0 h i O=134.6 136.0-134.6
Coolant Flow Through Core (design) > 1b C . 30. 132.1-130.7
Hydraulic Diameter nominal channel) t 0.( ) «C 0.044
Average Mass Velocity 109 T4 2.44 L 2 . & 2.47
Pressure Drop Across Core

(design flow)
Total Pressure Drop Across Vessel

Based on nominal dimensions and

design flow)
Core Average Heat Flux

-

Total Heat Transfer Area

Film Coefficient at Average
Conditions

Max{mum Clad Surface Temperature

Average Film Temperature Difference
Average Linear Heat Rate f Rod
Average Core Enthalpy Rise

jlatd Factors

Engineering Heat Flux Factor
Engineering Factor ¢ Hot Channel

Heat Input

Flow Factors

Inlet Plenum Non-Uniform Distribution
Rod Pitch, Bowing and Clad Diameter

% Allows for axial shrinkage due to fuel densification.
a% Additional 3% penalty req ired due I« high burnup of CE fuel. See Section 3.2.3.
hhe

See discussion in Section




FIGURE 3.1
Maine Yankee Cycle 7

Burnable Poison Shim Aisembly Locations

o o) o) o)
S) o o o| |
o) o o o)
o o o o)

16 Water Rod Assembly (E-16)

4 Shim Assembly (J=4,K=4,L-4)

8 Shim Assembly (J-8,K-8,L-8)

Legend:

12 Shim Assembly (L-12)

@ Water-filled rods

g B4C in Al1,03 shim rods
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Figure 3.2
MAINE YANKEE CYCLE 7
ASSEMBLY LOADING PATTERN

...Cycle 7 Location
..Cycle 2 Location
..Rotation Index*

...Cycle 7 Location J-8 1{L-0 2
...Cycle 6 Location R
..Rotation Index**

..Cycle 7 Location J-0 3l L-0 &|]L-4 SjL-B 6|K-8 7
(Fresh Fuel) 2; 9
2

J-0 21} 1-8 22|k-0 23|J-8 24| -8 25| K-0 26} J-0 27)3J-0 28
32 45 20 11 “ 18 36

-0 29| x-0 30|J-0 31]J-8 32|L-12 33]K-0 3% | k-0 35)J-0 36
21 4l 38 5 8 53

54 29 37 15 12 ?
3-8 45 3 2 3 0 3 0
23

218 46l J-0 47]J-0 «8|J-0 4«9|kK-0 SO|k-8 51|J-4 52}1-8 33

49 51 39 14 47 33

g 0 3 2 3 1 0
x8 551k-8 56]L-8 57]3-0 8|30 59|k-8 60|L-8 61 |E-16 62
9 22 59 61 55 10
1 0 0 0 0

* Clockwise nultiple of 90: relative to Cycle 2 location in quadrant.
#* Clockwise multiple of 90 relative to Cycle 6 location in quadrant.
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Maine Yankee Cycle 7
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Figure 3.4

Maine Yenkee Cycle 6
Burnup Distribution by Assembly
INCA Versus Predicted
at 10,000 MWD/MT Cycle Exposure

Assembly Type and INCA Location « « « « « « + | K=0 8 | k-0 21
Assembly Exposure (MWD/MT) INCA . . « « « o« » 6616 8503
Calculated . « « « « = 6451 8283
Percent Difference . « + + + « = -2.5 -2.6
K-0 15 |K-0 31 [K-0 1111-0 25 K-8 &
6579 8960 10800 32659 11796
6473 9052 10841 32623 11406
-1.6 +1.0 +0.4 -0.1 -3.3
k-0 16[k-8 33|1-0 13p-8 28 |K-8 7{1-0 20
7655 10610 29556 23759 12662 31534
7572 10572 29706 23766 12420 31681
-1.1 -0.4 +0.5 +0.1 -1.9 +0.5
-4 34 |J-8 14 |1-0 30 p-0 10 |1-4 24 (-8 3
11553 25306 30366 19000 33783 24251
11546 25281 30646 19507 33998 26209
-0.1 -0.1 +0.9 +2.7 +0.6 +0.2
1-0 32 p-0 12f1-0 27p-0 6|1-0 19
29194 21364 29278 19911 31023
29238 21661 29566 19739 3.318
+0.2 +1.4 +1.0 -0.9 +1.0
-4 29p-0 9ft-4 23P-0 2
24615 22581 34743 18390
26682 | |22842 33945 18210
+0.3 +1.2 -2.3 -1.0
Fuel Exposure Exposure -4 26 J-0 5li1-4 18
Type INCA Calculated pDifference (%) 32705 20146 34037
32372 20318 33922
E-16 27131 27055 -322 (-1.22) -1.0 +0.9 -0.3
1-0 30371 30536 165 ( 0.5%)
1-4 33965 33697 -268 (-0.8%) 1-0 223-0 1
J-0 20253 20398 145 ( 0.72) 29000 18644
J-4 24615 24682 67 ( 0.3%) 29115 18429
J-8 26476 24481 5 ( 0.02) +0.4 -1.2
K-0 8185 8112 - 73 (-0.92)
K-& 11553 11546 - 7 (=0.1%)
K-8 11668 11478 -190 (~1.6%)
Core 20948 20956 8
Cycle 9995 10000 5
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Figure 3.5
Maine Yankee Cycle 7
CEA Group Locations

Regulating Shutdown
CEA Group CEA Group

5 (2,5 finger) C (5 finger)
4 (5 finger) B (5 finger)
3 (5 finger) A (5 finger)
2 (5 finger)
1 (5 finger)

K-8 13

5
5 finger

L-8 14 F—& 15 |[K-0 16 J-0 17 |L-8 18 -0 19 L-8 20

5 A 3
5 finger

J-0 21|L-8 22fk-0 23p-8 24Q-8 25(K-0 26 J-0 27p-0 28

L-0 29|k-0 30p-0 31p-8 32 L-12 33 [K-0 34 yeo 35 p-0 36

c A 5%
2 finger
-4 37|k-0 38[L-8 39 ﬁx-o 40 K-0 41 K=& 42 r<-a 43 r-s 44
4
3-8 45 ¢ 2 B '
h-8 4«6l-0 «7p-0 w8 P-0 49 r-o s0 k-8 S1p-4 52 h-8 53
L-0 54 ’

k-8 ss[k-8 sef.-8 S7u-0 S8 p-0 59 K-8 60 fL-8 61F-16 62

- - 5
5 finger 5 finger

* non-scrammable CEA locations
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4.0 PHYSICS ANALYSIS

4.1 Fuel Management

Maine Yankee Cycle 7 consists of irradiated and fresh fuel assemblies
as described in Section 3.1.1. The core layout is given in Figure 3.2.
Cycle 7 is expected to attain a cycle average full power lifetime of

12,000 MWD/MT. A low-leakage loading pattern is employed, as described in
Section 3.1.3.

/

4.2 Core Physics Characteristics

The primary physics characteristics of the Reference Cycle (Cycle 3),
Cycle 6 and Cycle 7 are given in Table 4.1. The Cycle 7 characteristics
differ from thoee of Cycles 3 and 6 based on the following gignificant
changes, as discussed previously:
1) Increased Type L fuel enrichment;
Low-leakage fuel management;

Increased use of burnable poison shims in the Type L fuel; and

Increased reactivity worth resulting from the reconfiguration of

CEA Bank 5.

fhese different physics characteristics are discussed in the following

sections.

4.3 Power Distributions

Assembly relative power densities for Cycle 7 at Hot Full Power (HFP),

equilibrium xenon conditions are presented for unrodded and rodded (CEA Bank 5

In) configurations. Figure 3.5 shows the locations of the CEA x. oups.

The unrodded power distributions at BOC (50 MWD/MT), MOC (6000 MWD/MT)
and EOC (12,000 MWD/MT) are presented in Figures 4.1 through 4.3. The




unrodded maximum l-pin radial peak power is 1.492 at BOC, 1.438 at MOC, and
1.446 at EOC. The rodded (CEA Bank 5 In) power distributions at BOC, MOC and

EOC are presented in Figures 4.4 through 4.6. The rodded maximum 1-pin radial
peak power is 1.581 at BOC, 1.552 at MOC, and 1.560 at EOC for spot Bank 5

{nsertion at these times in core life.

The unrodded radial peaking is comparable to previous cycles. The CEA
Bank 5 radial peaking is increased due to the CEA Bank 5 modifications by 5 to

102 in comparison to Cycle 6. This is reflected in a more restrictive

{nsertion allowance for CEA Bank 5, as discussed in Section 4.9.1.

The allowable unrodded radial peaking (with uncertainties) versus
exposure for Cycle 7 is {ncluded in the plant Technical Specifications for the
purpose of comparison to measured values. Such a comparison demonstrates the
adequacy of the peaking values utilized in the safety analyses. The values

are shown in Figure 4.7 and show that the maximum radial peaking occurs early

in the cycle.

The unrodded core power distributions are slightly asymmetric due to

non-octant symmetric burnup gradients across the octant and quadrant boundary

assemblies. The quadrant analysis presented overpredicts the slight asymmetry

the full core will exhibit, providing a conservative analysis of the peaking

effects.

Subsequent to the design analysis, it was determined that the as-built
burnable poison shims were fabricated in three separate batch lots, as
discussed in Section 3.1.2. The average poison loading of the lots were

.62, 23.96, and 23.08 mg B-10 per inch, relative to the design specification
of 23.8 mg B-10 per inch.

To minimize the impact on the design analysis, the shims were
prefe:.entially loaded in the specific assembly locations detailed in
Figure 4.8. The as-built depletion analysis was performed and the effect on
the maximum l-pin radial peaking is given i{n Table 4.2. The differences are

minimal and have been conservatively accounted for in safety analyses.




4.4 CEA Group Reactivity Worths

The CEA group configurations were shown in Figure 3.5 and the
modifications to the lead regulating CEA Bank 5 were discussed in Section
3.1.5. The CEA group worths at HFP are presented in Table 4.3 for Cycles ¥
6, and 7. The CEA Bank 5 modifications provide the largest increase in CEA
group wortu compared to previous cycles. The low-leakage fuel management also
contributes to a general increase in CEA worths due to power distribution
weighting effects. CEA group reactivity worths are verified by the startup

test program and the assoclated acceptance criteria.

4.5 Doppler Reactivity Coefficients and Defects

The fuel temperature, or Doppler, components of reactivity are
presented in Tables 4.4 and 4.5 for nominal conditions in Cycles 3, 6, and 7.
The total core average Doppler defect from 4000°F is given in Table 4.4 and
the core average Doppler coefficient in Table 4.5. The values in Cycles 3, 6,
and 7 are similar. Uncertainties of 25% are conservatively applied to the

coefficient and defect values prior to transient analysis applications.

Separate core average Doppler defect calculations appropriate for
application to the ejected CEA cases have been performed for Cycle 7 and are
discussed in detail in Section 4.10.2. The calculations utilize the 3D
pre-ejected configuration weighting to obtain a more representative Doppler
defect. The full and zero power case Doppler defects for the ejected CEA
cases are given in Tables 4.6 and 4.7 for specified times in core life. As
discussed in Section 4.10.2.3, an uncertainty of 15X is applied prior to

transient analysis application of these defects.

4.6 Moderator Reactivity Coefficients and Defects

The moderator temperature coefficients at rominal operating HFP and
HZP, critical boron conditions are presented in Table 4.8 for Cycles 3, 6,
and 7. Relative to Cycle 6, the Cycle 7 MIC at BOC, HZP is less positive, due
primaril; to the increased fresh fuel enrichment and number of burnable poison
shims. Taese factors overcome the increased critical boron level at HZP for

Cycle 7 (1244 vs. 1180 ppm, from Table 4.1). The end of Cycle 7 MTC values




are less negative than those of Cycle €, due primarily to the power
distribution diiferences of the low-leakage core design. An uncertainty of
+ 0.5 x 10'4 Ap /°F 1s conservatively applied to MTC values prior to

transient analysis use and the startup test program demonstrates the validity

of such values.

The moderator defect appropriate to the scrammed (ARI) less worst stuck
CEA configuration is given in Table 4.2 for Cycles 3, 6, and 7. This defect
curve ylelds a conservative moderator reactivity increase versus temperature
o1 density, while accounting for the effects of loss in total CEA worth and
the worst stuck CEA. Starting in Cycle 6, this calculation has been pertormed
at BOC, high soluble boron and EOC, no soluble boron conditions. Since the
soluble boron concentration is the most significant factor in determining the
moderator defect, a boron-concentration dependent minimum required shutdown
margin has been incorporated in the plant Technical Specifications, as
discussed in Section 4.9.5. An uncertainty of 15% is applied to the moderator
defect values in cooldown transients from HZP. An uncertainty of 25% is
applied {n cooldown transients from HFP, where moderator redistribution

effects are an additional reactivity component.

4.7 Soluble Boron and Burnable Poison Reactivity Effects

The soluble boron and burnable poison shim reactivity effects are shown
in Table 4.1 for Cycles 3, 6, and 7. The critical boron concentrations for
Cycle 7 at BOC are higher than those of Cycle 6, due primarily to the
increased fresh fuel enrichment. The increased number and worth of burnable
poison shims in Cycle 7 have limited this critical soluble boron difference.
The inverse boron worths for Cyclee 6 and 7 are comparable and reflect the

different critical boron concentrations.

4.8 Kinetics Parameters

The total delayed neutron fractions and prompt neutron generation time
for Cycles 3, 6, and 7 are presented in Table 4.1. The values are comparable
and the differences reflect the effects of core average exposure and power
weighting. Table 4.10 details the delayed neutron fractions and lifetimes by
delayed neutron group for Cycles 3 and 7 at HFP, ARO conditions. Kinetics

40~



parameters for HFP and HZP conditions, both unrodded and rodded, are
calculated for appropriate application {n transient analysis cases and a 10%

uncertainty is applied in a conservative manner.

4.9 Safety-Related Characteristics

4.9.1 CEA Group Insertion Limits

The CCA group insertion limits are given in the Technical
Specifications and Figure 4.9. The Power-Dependent Insertion Limit (PDIL) for
CEAs provides for sufficient available scram reactivity at all power levels
and times-in-cycle-life. It also specifies the allowable CEA configurations
for scoping analysis of dropped, ejected, and withdrawn CEAs. The CEA group
{nsertion limits are more restrictive than previous cycles, due primarily to

the modification of CEA Bank 5.

4.9.2 CEA Ejection Results

The calculated worths and planar radial maximum 1-pin powers resulting
from the worst e jected CEAs for beginning, middle, and end-of-cycle are shown
{n Table 4.11 for Cycle 7. Hot full and hot zero power conditions are

considered. No credit is taken for feedback effects in these calculations.

The Cycle 7 values are increased relative to previous cycles, due
primarily to the increased reactivity worth of the modified CEA Bank 5.
Section 4.10 addresses the CEA ejection physics methodology and methods

modifications.

4.9.3 CEA Drop Results

4.9.3.1 Design Analysis Results

The calculated worths of the most limiting dropped CEAs for Cycles 6

and 7, with the resulting maximum l-pin radial powers, are given in Tables

4.12 and 4.13 for beginning and end-of-cycle. Since Cycle 4, this analysis

has utilized a local pinwise Doppler feedbac: methodology which was verified




by a special at-power CEA drop test performed during the Cycle 4 startup

pliysics tests (27).

The calculations are performed for all CEA drcps at poteantially
limiting power levels, determined to be greater than 60X power for Cycle 7.
CEA drops from ARO and CEA Bank 5 inserted are those considered for Cycle 7
based on the CEA insertion limits. Due to the more restrictive CEA insertion
limits for Cycle 7, CEA drops from the CEA Banks 5 4+ & inserted configuration

are not considered as they were in previous cycles.

The CEA drop results in Tables 4.12 and 4.13 are compared for Doppler
feedback conditions of 80% of rated thermal power. In Cycles 5 and 6, CEA
drops from this power level were determined to be the most limiting in terms
of the RPS setpoint analysis. For Cycle 7, detailed separate envelopes of
maximum percent increase in radial peaking versus reactivity worth of the
dropped CEA are calculated for various power levels aad presented in Figure
4.10. The results are similar to those witnessed in Cycle 6, also presented

in the f.gure.

In the design analysis for dropped CEAs, the 2D radial peaking
{ncreases in Figure 4.10 are combined with the most limiting radial and axial
peaking allowed by the symmetric offset limits to obtain total peaking for the

given power level. This peaking, increased by 10% for uncertainties, is

accommodated in the RPS setpoint generation in Section 6.0. The design

analysis is based on the instantaneous peaking increase associated with a

dropped CEA.

4.9.3.2 Post-CEA Drop Restrictions

During Cycle 6 operation, it was realized that the Technical

Specifications allowed for operation of up to 4 hours with a dropped CEA
without a required power reduction. Such a situation leads to further
{ncreased radial peaking due to preferential xenon burnout in the high-power
core region far from the dropped CEA. This situation was reported to the NRC

in (46) and corrective action taken for Cycle 6.
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Analyses for Cycle 7 were performed to determine the required rate of
power level reduction to be bounded by the present design analysis method in
Section 4.9.3.1. Three-dimensional nodal calculations were performed to
address this problem. The results, presented in this section, indicate that
the following actions are required to maintain the core within the limits of

the design analysis following a dropped CEA:

1) Decrease thermal power by at least 102 of rated power within

one-half hour;

2) Decrease thermal power by at least 20X of rated power within one

hour;

3) Maintain thermal power at or below this reduced power level; and

4) Limit CEA insertion to the insertion level corresponding to the

pre-drop thermal power.

The present design analysis, utilizing 2D calculations to determine
radial peaking for dropped CEAs, is conservative relative to a 3D analysis
with appropriate feedbacks in that it yields both a higner dropped CEA worth
and a higher maximum increase in radial peaking. Credit is taken for the
conservatism in peaking to justify continued operation for one-half hour. The
power reductlions described above assure that proper limits are maintained for
longer term operation. The plant Technical Specification changes for Cycle 7

reflect these restrictions.

The 2D and 3D calculational results for the worr™ core peripheral (CEA
Type A dual) and core central (CEA Type B dual) CEA drops are presented in
Figures 4.11 through 4.14 for beginning and end-of-cycle. The figures
demonstrate that the radial peaking remains stable and within the limits of

the design analysis with the above specified power level restrictions.

4.9.4 Available Scram Reactivity

The available scram reactivity from both Hot Full Power (HFP) and Hot
Zero Power (HZP) conditions at BOC and EOC is tabulated in Table 4.14. In




addition to uncertainties, allowances for the worst stuck CEA and the power
dependent insertion limit for CEAs are included. The CEA programming
allowance corresponds to the loss in available scram reactivity due to

movement of all CEAs a maxizum of 3 {nches (4 steps) into the active core.

The required scram reactivity at the Hot Zero Power (HZP) condition is
determined from the requirements of the steam line rupture analysis in Section
5.5.1 and the other safety analyses in Section 5. The required scram
reactivity at HZP must be sufficient to prevent a return-to-criticality
following the most limiting steam line rupture event from HZP. It also must
be greater than assumed in other safety analyses from HZP. The available
scram reactivity at HZP with uncertainties, from Table 4.14, must be greater

*han the required scram reactivity at HZP.

In addition, the required scram reactivity at HZP, when added to the
additional scram reactivity provided by the CEA insertion limits veisus power
from Figure 4.9, must be sufficient to prevent a return-to-criticality
following a steam line rupture event from any power level. It must also be
greater than the value assumed in other safety analyses from at-power

conditions.

The steam line rupture analyses are performed from both Hot Full Power
(HFP) and HZP conditions (38). They explicitly account for the moderator
defect as a function of moderator temperature, and Doppler defect as a
function of fuel temperature, wit.i the uncertainties stated in Sections 4.5
and 4.6. Other safety analyses are also performed from both HZP and HFP
conditions. The CEA insertion limits versus power are designed to provide
{ncreased available scram reactivity proport.onal to the increased power
level. This assures that intermediate power level conditions are covered by

analysis of the HZP and HFP cases.

The steam line rupture analysis provides the minimum required worth in
CEAs for cooldown events from HFP and HZP conditions to maintain
subcriticality. In additionm, other safety analyses have implicitly assumed
minimum required worth in CEAs, as stated in Section 5.1.4. These are
compared, in Table 4.15, to the available scram reactivity with uncertainties

from Table 4.14. The table demonstrates that, {n each condition and time in
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cycle life, the available scram reactivity with uncertainties is greater than

the required scram reactivity.

Compliance with the startup test criteria on CEA worths in Section 7
demonstrates the available scram reactivity with uncertainties in Table 4.14.
As such, it also demonstrates CEA worth in excess of the required scram

reactivities.

The minimum required worth in CEAs for the steam line rupture analysis
{s calculated at typical beginning and end-of-cycle conditions, corresponding
to Cycle 7 RCS soluble boron conditions of 910 and O ppm, respectively. The
boron concentration determines the severity of the moderator temperature
defect and has the most direct impact on the minimum required worth in CEAs.
The result is that the minimum required shutdown margin, &s discussed in the
next section, can be expressed as a function of RCS soluble boron
concentration in the Technical Specifications.

/.

4.9.5 Shutdown Margin Requirements

Shutdown margin is defined as the sum of:

1) the reactivity by which the reactor is subcritical in its present

condition, and

2) the reactivity associated with the withdrawn trippable CEAs less
the reactivity associated with the highest worth withdrawn
trippable CEA.

For a critical reactor, the shutdown margin must be waintained by
sufficient available scram reactivity. The required and available scram
reactivity comparison in Table 4.15 is the result of calculations which
demonstrate adequate shutdown margin by bounding all the critical operating
conditions for Cycle 7. This is so, provided the CEA insertion limits and

assumptions inherent in them are fulfilled. These assumptions are:

1) the available scram reactivity calculations,




the operability of all trippable CEAs, and

3) the CEA drop time to 90 of full insertion in less than 2.7 seconds.

The shutdown margin requirement in the Technical Specifications for

Cycle 7 is expressed in equation form as:

SDM = 4.21 0.00310 C + 2.53 P

when {s less than 326 ppm, and

= 3.20 2.53 P

when is greater than or equal to 326 ppom

where

is the required shutdown margin in percent reactivity
{s RCS boron concentration in ppm

{s reactor power level in fraction of rated thermal power.

This representation allows for calculation of the minimum required
shutdown margin for any RCS boron concentration and power level. This
shutdown margic representation is demonstrated, in Figure 4.15, to bound the
required scram reactivities of Table 4.15 from both HFP and HZP conditions.

Based on the discussion in Section 4.9.4, meeting the startup test criteria on

CEA worths in Sect’on 7 demcastrates the calculated available scram reactivity

vith uncertainties and thus demonstrates compliance with the required shutdown

margin.

The minimum required shutdown margin is given for selected power levels
in Figure 4.16 and :he Technical Specifications to provide a well-defined
requirement as a function of key plant parameters. This specification permits
the development of procedures which preserve the minimum required shutdown
margin. Under normal operating conditions, the CEA insertion limits provide
such assurance. In the event of an inoperable or slow CEA, such procedures

would apply.




4.9.6 Au;gentation Factors

The set of augmentation factors applied to Cycle 7 has been determined
for noncollapsed fuel clad using the calculational model described in (28).
" _>mentation factors have been conservatively calculated by statistically
combining the single gap peaking factors of Figure 4.17 and the vofst (i.e.,
flattest) radial quarter assembly power census during the cycle in Table
4.18. The complete Cycle 7 pin census at this time in cycle life is compared
to the most limiting Cycle 6 pin census in Table 4.17.

The augmentation factors are calculated for changes in fuel density of
0.5, 1.5 and 2.5%. The 2.5% fuel density change is the maximum anticipated
change and was the density change assumed for the Cycle 5 and 6 augmentation
factors. For Cycle 7, resintering test data has been obtained for the Types
J, K and L fuel assembly pellet lots which conservatively justifies use of
augmentation factors appropriate to a 1.5% fuel density change. Table 4.16
provides the Cycle 7 augmentation factors for a 1.5% fuel density change and
compares those to the Cycle 6 and 7 augmentation factors for a 2.5% fuel

density change.
The augmentation factors are incorporated as a power spike penalty in
all calculations of core power to incipient fuel centerline melt, as part of

the RPS setpoint analyses in Section 6.0.

4.10 Methodology and Methodology Revisions

4.10.1 Summary of Physics Methodology Documentation

A summary of the reference report and supplemental documentation for
the application of physics methodology to Maine Yankee since Cycle 3 is given
{n Table 4.19. The reference physics methodology report is YAEC-1115 (14).

4.10.2 CEA Ejection Analysis Physics Input

4.10.2.1 Background and Introduction

The CEA ejection analysis method employed since Cycle 3 contains
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conservatisms based on both analytical model assumptions and selection of
input parameters. This method has adequately addressed the worst CEA

ejections witnessed in Cycles 3-6.

The available scraw reactivity requirements for Cycle 7 have increased
8o as to achieve an increased shutdown margin for the stream line break
transient. To achieve this, the part-strength Bank 5 CEAs have been replaced
for Cycle 7 with full-strength CEAs as described in Section 3.1.5. As a
result, the CEA ejectlon physics parameters are more limiting for Cycle 7.

The nominal key physics parameters for the CEA ejection from Cycle 6,
Cycle 7, and the FSAR analysis of Cycle 1 are given in Tables 4.20 and 4.21

for the worst ejections from full power and zero power, respectively. The key
parameters of the worst cases, the FSAR EOC cases, bound those of Cycles 6 an?

7. The FSAR analysis, however, used space-time analysis to remove

conservatisms inherent ’‘n the point kinetics approach.
Changes are proposed in the physics input parameters to the CEA
ejection analysis which are justified by the iature of the transient and

supported by higher-order calculations.

4.10.2.2 Present Licensing Methodology

The CHIC-KIN program has been used in the analysis of the CEA ejection

and seized rotor transients. Its application is described in (10).
Improvements for Cycle 6 were described in (37). The code uses point kinetics

reactivity assumptions in determining the core power response with time.

The referenced dncument for the physics parameter analysis is YAEC-1115
(14). This document describes the computer codes and their application in the
calculation of these parameters. The following key physics parameter inputs
are required for the CEA ejection analysis. Other physics input parameters

are of lesser significance.

1) Determination of the worst static ejected CEA worth from HFP and

HZP conditions at BOC and EOC. Sufficient scoping and judgment is
applied to assure that these limiting ejections bound intermediate



power level and cycle burnup conditions. Static calculated worths
are conservative relative to higher order space-time cal.ulated

vorths. A 15% uncertainty is applied to the static ejected CEA

worths for conservatism.

Determination of the worst pin power peaking and pin power census
from the post-e jected static condition fro> HFP and HZP conditions
at BOC and EOC. These cases have historically been the worst
static ejected CEA worth cases. The static pin power peaking and
census are more limiting than the higher order space-time
calculated values. A 10X uncertainty is applied to the pin power

peaking census for conservatism when comparing to the fuel fallure
limit.

A core average Doppler defect curve 1is supplied for each time in
core life analyzed. The defect curve is typically from an unrcdded
case, in which local power weighting effects are not significant.

A 25% uncertainty is applied to the Doppler defect for conservatism.

Delayed neutron parameters are supplied for each case analyzed.
These parameters correspond to the pre-e jected condition. A 102
uncertainty is applied for conservatisam to the delayed neutron
parameters. The pre-ejection weighted delayed neutron parameters

are typically conservative in comparison to post-e jection weighted

parameters.

4.10.2.3 Changes to Licensing Methodology

There are two proposed changes to the licensing methodology, discussed
{n the following sections, dealing with the physics parameter inputs. The

following remain unchanged:

1) The CHIC-KIN program and its application;

2) The static ejected worth, pin power peaking, pin power census and

the stated uncertainties for each parameter;




3) The delayed neutron parameters and the stated uncertainties;

The proposed changes are described in the following sections.

4.10.2.3.1 Core Average Doppler Defect Calculation

The core average Doppler defect curve is typically calculated for the
unrodded cornzition. As such, the local power weighting effects are minimal.
The uncertainties are conservatively applied to the defect curve in the

direction of worsening the effects of the given transient.

It is proposed that a core average Doppler defect curve with local
power weighting based on the explicit pre-e jected power shape be applied for
each of the ejected CEA cases. The core average Doppler defect curve thus
derived is more representative of the given conditions than the unrodded
curve. Most significant is that it is a conservative curve in application to
the ejected CEA case. This is because the pre-e jected power weighting is the

least peaked, or flattest shape witnessed during the transient.

This pre-ejected weighting results in typical increases in the core
average Doppler defect of approximately 10-15% relative to the nominal
unrodded weighting over the core average fuel temperature ranges of interest

(1,000-2,000°F for HFP cases, 500-1,500°F for HZP cases). These defect

curves for Cycle 7 are contained and described in Section 4.5.

4.10.2.3.2 Core Average Doppler Defect Uncertainty

The core average Doppler defect uncertainty typically included for
transient analysis application is 25%. This uncertainty addresses items such
as:

1) Uncertainties in cross sections and their temperature dependencies;

2) Uncertainties in burnups which affect isotopic distributions;

3) Uncertainties in nominal power distributions which influence the
local Doppler reactivity weighting;
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4) Uncertainties in the local doppler reactivity weighting during the
course of the transient due to changing conditions.

For all transient cases, the uncertainties in Items (1)-{3) are
applicable. For CEA ejections, however, the local Doppler reactivity
weighting is a significant factor in limiting the transient. Thuu; the
component in Item (4) results in an important benefit in limiting the

consequences of CEA ejections.

A number of studies of CEA ejections [(2), (44) and (45)] for typies?
PWR conditions have documented the magnitude of the local Doppler reactivity
weighting by comparison of space-time to point kinetics analysis results.
These studies typically define a spatial Doppler weighting factor. This
factor may be defined as the multiplier to the nominal Doppler defect in the
point kinetics calculation which yields the same total core energy response as

the space-time (i.e., spatially weighted Doppler) solution.

Such analysis was performed for the explicit Cycle 1 worst ejected CEA
cases from HFP and HZP by Combustion Engineering and documented in the FSAR
(2). Subsequent licensing methods used by CE have demonstrated that this FSAR
analysis technique is conservative [(44), Appendix B]. The FSAR analysis
developed a liuear relationship between the spatial Doppler weighting factor
and ejected CEA worth for the same Bank 5 ejection locations which have been
the most limiting in all subsequent cycles. The result was a doppler
weighting factor (with 20X reduction for conservatism included) of 72X per
dollar of ejected CEA worth. Stated another way, a spatial Doppler weighting
factor of 1.72 would be applicable to an ejected CEA worth of one dollar.

A summary of the results of higher-order calculated spatial Doppler
weighting factors for control rod ejections are given in Ta.le 4.22. The
spatial Doppler weighting factor for each case is expressed as percent
increase per dollar of ejected reactivity for purposes of comparison. It is
recognized that the details of the ejected CEA case determine the specific
amount of applicable spatial Doppler weighting. Nevertheless, there is a
sizeable npatial Doppler reactivity component which i8s correlated to the
magnitude of the CEA e jection.

-5



Based on the supporting higher-order calculation results and the
particular nature of the transient, a reduction in the uncertainty applied to
the core average Doppler defect from 252 to 15X is thus proposed, in
application to CEA ejections only. Such a reduction recognizes the inherent

conservatisms in the non-spatial point kinetics representation of the Doppler

defect for this particular transient.
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TABLE 4.1

MAINE YANKEE CYCLES 3, 6 and 7

NUCLEAR CHARACTERISTICS

Cycle 3 Cycle 6 Cycle 7
Core Characteristics
Exposure (MWD/MT)
Core Average at BOC 7,000 11,100 11,400
Cycle Length at Full Power 10,200 10,800 12,000
Reactivity Coefficients - ARO .
Moderator Temperatu:s Coefficient (10 "4p/°F)
HFP,BOC -0.3 -0.83 =-0.61
HFP ,EOC 5 ~1.,98* -2.55 -2.30
Fuel Temperature Coefficient (107 4p /OF)
HZP,BOC -1.70 ~1.69 ~-1.64
HFP,BOC -1.30 -1.28 -1.29
HZP,EOC -1.80 -1.78 -1.77
HFP ,EOC =-1.37 -1.37 -1.39
Kinetics Parameters - ARO
Total Delayed Neutron Fraction (feff)
HFP,BOC 0.00611 0.00582 0.00607
HFP,EOC 0.00517 0.00516 0.00518
Prompt Neutron Generation Time (1076 Sec.)
HFP,BOC 29.3 27.0 26.3
HFP,EOC 32.3 30.6 30.1
Control Characteristics
Control Elements Assemblies
Number Full/Part Length 77/8 77/0 81/0%*
Total CEA Scrammable Worth (X24p )
HFP,BOC 9.18 8.44 9.03
HFP,EOC 9.56 9.52 10.04
Burnable Poison Rods
Number B4C-Al,03/Boroeilicate Glass 756/0 448/16 768/0
Total Worth at HFP,BOC (Z4p ) 1.4 1.2 1.9
Cri* 1~al Soluble Boron at BOC,ARO (ppm)
HZP ,NoXe,PkSm 1,075 1,180 1,244
HFP,NoXe ,PkSm 995 1,084 1,145
HFP,Equilibrium Xe 782 855 909
Inverse Boron Worths (ppm/X 40 )
HZP,BOC 84 94 96
HFP,BOC 89 100 102
HZP,EOC 74 80 82
HFP ,EOC 79 87 87

* Conditions of 2440 MWt/2100 psia operation.
#* Four full-length CEA's are non-Scrammable in Cycle 7

ey -



Table 4.2

Maine Yankee Cycle 7

Maxiomum Radial Relative Pin Power
Design and As-Built Shim Loadings
HFP, ARO Equilibrium Conditions

Cycle Maximum Radial Reiative Pin Power
Burnup (INCA location) Percent
MWD/MT Design As-Built Difference*
50 1.492(10) 1.497°20) -0.1
500 1.468(10) 1.460(10) -0.1
1K 1.471(10) 1.469(10) -0.1
2K 1.467(10) 1.465(10) -0.1
4K 1.455(10) 1.452(10) -0.2
b1 1.438(10) 1.435(10) -0.2
8K 1.427(10) 1.424(29) -0.2
10K 1.437(10) 1.443(29) +0.4
12K 1.446(29) 1.449(29) +0.2

* Percent Difference =

(As-Built)~-(Design) x 100

(Design)

-



TABLE 4.3

MAINE YANKEE CYCLES 3, 6 and 7

CEA GROUP WORTHS AT HFP

U')rf':ﬁvi(z" )
Cycle 6
BOC EOC

Shutdown CEA Groups

Banks C + B + A
Reynlagil&‘CEA Groups

Bank 5%

Banks 5

Banks 5

Banks 5

Banks 5

All CEA Groups

Banks +
+

B+ A

5
C

* Bank 5 has been redesigned for Cycle 7 to provide additional reactivity worth.




TABLE 4.4

MAINE YANKEE CYCLES 3, 6, 7
CORE AVERAGE DOPPLER DEFECT

Doppler Defect (x 1074

Fuel Cycle 3* Cycle 6
Resonance
Temperature

387.4*

426.0




TABLE 4.5

MAINE YANKEE CYCLES 3, 6, 7
CORE AVERAGE DOPPLER COEFFICIENT

Doppler Coefficient (x 10™4;

Fuel Cycle 3* Cycle 6
Resonance
Temperature
0.,

100 -
200 -
300 .187
400 - - 176
532 L159* 172% .169
576.4 - - 165
800 e lh44n% «156%% J47
1000 131 141 )
1232 SVILLL BVILLL .128
1500 114 o123 117
2000 .102 .110 .1065
2500 .093 .101 0970
3000 .086 094 0900
3500 .081 .088 0845

* at 5259F
% at 750°°F
kA% gt 1250°F




TABLE 4.6

MAINE YANKEE CYCLE 7
CORE AVERAGE DOPPLER DEFECT
WITH PRE-EJECTED WEIGHTING
FOR FULL POWER CEA EJECTION

Fuel Doppler Defect (x 107%4,,) With

Resonance Bank 5 inserted
Temperature BOC MOC EOC
°F 50 MWD/MT 6K MWD/MT 12K MWD/MT

0.0 0.0 0.0

47.9 49.5




TABLE 4.7

MAINE YANKEE CYCLE 7
CORE AVERAGE DOPPLER DEFECT
WITH PRE-EJECTED WEIGHTING
FOR ZERO POWER CEA EJECTION

Fuel Doppler Defect (x 107%xp) With
Resonance Banks 5+4+3 Inserted
Temperature BOC MOC EOC

F 0 MWD/MT 6K MWD/MT 12K MWD/MT

0.0 . 0.0




TABLE 4.8

MAINE YANKEE CYCLES 3, 6 AND 7
MODERATOR TEMPERATURE COEFFICIENTS

Conditions: HFP and HZP, ARO, Critical Boron

MTC (10~%p /°F)

Cz(‘ls__g
Case Conditions EQE EOC

-2.24

HFP, EqXe, LgSm ~0.47

NoXe, PkSm +0.2¢4

* Cycle 3 HZP values referenced to 5259F, Cycles 6 and 7 HZP values

referenced to 532°F.




TABLE 4.9

MAINE YANKEE CYCLES 3, 6, 7
ARI MODERATOR DEFECT WITH WORST STUCK CEA

Moderator Defect (x 10"Ao Yh*

Moderator Cycle 3* Cycle 6 Cycle 7
Temperature
°F BOC  EOC BOC EOC BOC EOC
- 0 ppm 848 ppm O ppm 910 ppm O ppm
576.4 ~49.5 -134.7 -57.2 ~-129.2
532 - (525)* 0.0 0.0 0.0 0.0
500 16.5 62.5 19.6 60.8
450 34.8 138.8 31.5 132.0
400 49.4 197.7 44.5 190.0
350 64.5 244.8 54.0 243.0
300 - 261.6 83.2 327.0 64.0 292.2
250 - 298.5 104.0 369.5 75.0 335.0
200 - - - - 82.0 370.0
150 - - - - 88.0 400.0
100 - - - - 91.5 423.0
68 - - - - 93.9 430.9

¥ Cycle 3 values referenced to 0 at 525°F.

a* Moderator defect at a constant 2250 psia for the specified temperatures.

ol



TABLE 4.10

MAINE YANKEE CYCLES 3 and 7

KINETICS PARAMETERS

Conditions: HFP, ARO, Critical Boron

Delayed Cycle 3 ) Cycle 7
Neutron Effective Lifetéfe Effective LifetiTe
Group Fraction (Sec ) Fraction (Sec 7))

1 0.00018 .0126 0.00018 0.0126

2 0.00128 .0305 0.00 0.0305
0.00116 .1163 ( 0.1167
0.00237 .3116 0,002 0.3129
0.00083 <1652
0.00029 0253

TOTAL 0.00611

0.00014 0127

0.00111 . 00112 .0304

0.00097 . .00098 .1196

0.00197 0. ).00198 0.3196

0.00072 . .00072 1.1910

0.00025 . .00024 2.9857

0.00517 ).00518




TABLE 4.11

MAINE YANKEE CYCLE 7

CEA EJECTION RESULTS

Time in Core Life
Maximum 1-Pin Radial Peak BOC MOC EOC

HFP Bank 5 In 3:12 3.72 4.04
Ejected 5 (INCA Location 20)

HZP Banks 5 + 4 + 3 In
Ejected 5 (INCA Location 34)

Max{mum E jected Worth (%p)

HFP Bank 5 In
Ejected 5 (INCA Location 20)

HZP Banks 5 + 4 + 3 In
Ejected 5 (INCA Location 34)




TABLE 4.12

MAINE YANKEE CYCLES 6 AND 7
CEA DROP RESULTS AT BOC

CEA Group Dropped Dropped CEA Maximum 1-Pin
Positions CEA Worth (ZAp) Radial Power*

Before Drop Type Cycle 6 Czclg_l Cycle 6 Cycle 7

ARO A 0.106 0.107 1.60 1.69
0.158 0.163 1.61
0.090 0.106 1.56

ARO 0.051 0.070

Bank 5 0.106 0.098

Bank 5 0.150 0.186

Bank 5 0.092 0.108

Bank 5 0.066

Banks

Banks °:

Banks

Banks

* Pre-Drop Maximum 1-Pin radial powers:

ARO Bank 5 In Banks 5+4 In

Cycle 6 1.420 1.506 1.608
Cycle 7 1.492 1.581 -

Post-Drop Maximum 1-Pin radial power represent 80% of 2630 MWt conditions.

#% Bank 5 configuration changed for Cycle 7.




TABLE 4.13

MAINE YANKEE CYCLES 6 AND 7
CEA DR( * RESULTS AT EOC

CEA Group Dropped Dropped CEA Maximum 1-Pin

Positions CEA Worth (X4p) Radial Power*
Before Drop Type Cycle 6 Cycle 7 Cycle 6 Cycle 7

' ARO A 0.113 0.114 1.65 1.64

ARO B 0.147 0.166 1.66 1.65
ARO c 0.102 0.106 1.63 1.62
ARO 1 0.068 0.078 1.59 1.57
Bank 5 In** A 0.114 0.105 1.63 1.75
Bank 5 In B 0.148 0.181 1.65 1.79
Bank 5 In C 0.104 0.112 1.61 1.76
Bank 5 In 1 0.063 0.077 1.57 1.69
Banks 5+4 In A 0.132 - 1.85 -
Banks 5+4 In B 0.080 - 1.79 -
Banks 5+4 In c 0.123 - 1.84 -
Banks 5+4 In 1 0.078 - 1.78 -

* Pre-Drop Maximum 1-Pin radial powers:

ARO Bank 5 In Banks 5+4 In
3 Cycle 6 1.469 1.452 1.617
Cycle 7 1.446 1.560 -

Post-Drop Maximum 1-Pin radial power represent 80% of 2630 MWt conditions.

#* Bank 5 configurat. on changed for Cycle 7.

- G-




TABLE 4.14

MAINE YANKEE CYCLE 7

AVAILABLE SCRAM REACTIVITY

Worths (%\p)

BOC
HZP ﬂ H_Zi
Scrammable CEA Worth* . B8.66 10.04 9.53
Stuck CEA Worth . 1.57 1.78 1.70
PDIL CEA Worth 0.0 0.15

CEA Programming Allowance 0.0¢4 0.11

Available Scram CEA Worth

- Nominal

- Including Uncertainties

R

ARI CEA worth less non-scrammable CEA worth (Bank 5 2-finger CEAs).




TABLE 4.15

MAINE YANKEE CYCLE 7
REQUIRED SCRAM REACTIVITY

Worth (X4p) for
Time in Cycle Life and
RCS Soluble Boron Concentration

BOC EOC
910 ppm 0 ppm
HFP

Available Scram 6.63
Reactivity

With Uncertainties

(Table 4.14)

Minimum Required
Worth in CEAs Assumed

~ Steam Line Rupture
Event
(Section 5.5.1)

- Safety Analyses
(Section 5)

Required Scram
Reaftivity(l)

Excess from Required
to Available Scram
Reactivity

(T Maximum of either the minimum required worth in CEAs assumed for the
steam line rupture event or other safety analyses in Section 5.




TABLE 4.16

MAINE YANKEE CYCLES 6 AND 7
AUGMENTATION FACTORS

Core Core Change in Fuel Density Due to Densification
Height Height 2.52 2.9% 1.5%
(% (inches) Cycle 6

98.5 134.7 1.057
118.6 1.051

106.5 1.047

1.041

1.035

1.030

1.024




TABLE 4.17

MAINE YANKEE CYCLES 6 AND 7
CORE RADIAL PIN POWER CENSUS
FOR AUGMENTATION FACTOR CALCULAT ION®

Number of Pins in Core

Radial Pin Power Cycle 6 Cycle 7

Interval at 10,000 MWD/MT at 500 MWD/MT
1.401 - 1.469 340 264
1.301 - 1.400 1172 1716
1.201 - 1.300 2200 5424
1.101 - 1.200 5236 8424
1.001 - 1.100 10992 6020

0 - 1.000 17788 15560
Total 37728 37408

*Flattest pin cens s during the cycle.

-69~



TABLE 4.18

MAINE YANKEE CYCLES 6 AND 7
QUARTER ASSEMBLY POWER CENSUS
FOR AUGMENTATION FACTOR CALCULATION®

Cycle 6 Cycle 7

at 10,000 MWD/MT at 500 MWD/MT

Number of Power Number of
Quarter Assemblies Density Quarter Assemblies

4 1.2849 8

12 . 8

*Flattest qua{ter assembly census during the cycle.




Table 4.19

Maine Yankee Physics Methodology Documentation

ys§cription of Hethndnlgﬁl

Reactor Physics Methods -

Reference Report

Reactor Protective System Setpoint

Analysis - Reference Report

Extensfion of Fine Mesh Diffusion
Theory and Nodal Physics Methods to
Reactivity Para_ster Calculations
and a Change in the Nodal Neutronic

Coupling Model

Introduction of Local Pointwise
Doppler Feedback Effects in
Two-Dimensional Pinwise Diffusion
Theory Calculations for Dropped CEAs
and Special CEA Drop Test at 502

Power for Method Verification

Uncertainty Applied to Moderator
Reactivity Defect from Hot Zero Power

Reduced from 25 to 152

Supporting
Documentation

Referznce

Application
in Cycle

YAEC~1115

YAEC-1110

FC No. 664,
Section 4.8
WMY 78-102,

Attachment B

PC No. 64,
Section 4.8
WwMY 78-102,

Attachment C

PC No. 84,
YAEC-125.,

Section 4.7

14

3




Table 4.20
Maine Yankee

Comparison of Full Power CEA Ejection
Nominal Physics Parameters

Time in Cycle Life

BOC_ EOC
Parameter Cycle 6 Cycle 7 FSAR Cycle 6 Cycle 7 FSAR
Delayed Neutron 0.0058 0.0061 0.0069 0.0052 0.0052 0.0052
Fraction
Ejected CEA Worth 0.09 0.23 0.36 0.19 0.36 0.39
(% Delta Rho)
Ejected CEA Reactivity 0.16 0.38 0.52 0.37 0.69 0.75%
in Dollars
Maximum 1-Pin 2.19 3.11 3.85 3.28 4.04 4.58%

Radial Peak

* Worst reactivity snd peaking case from HFP for these cycles.

-]2=




Table 4.21
Maine Yankee

Comparison of Zero Power CEA Ejection
Nominal Physics Parameters

Time in Cycle Life

BOC EOC
Parameter Cycle 6 Cyc1647' FSAR Cycle 6 Cycle 7 FSAR
Del. ved Neutron 0.0058 0.0064 0.0069 0.0052 0.0053 0.0052
Fraction
Ejected CEA Worth 0.21 0.51 0.55 0.34 0.69 1.07
(X Delta Rho)
Ejected CEA Reactivity 0.36 0.80 0.80 0.65 1.30 2.06*
in Dollars
H‘!i.u- I'Pln ‘.55 6067 5085 6025 7.83 7-93.
Radial Peak

* Worst reactivity and peaking case from HZP for these cycles.

-73=-



Table 4.22

Compe rison of Doppler Weighting Factors

For Various Control Rod Ejection Analyses

Analysis Ejected Worth
(Reference) Conditions (Dollars)
MY FSAR (2) HFP 0.58

0.83

HZP 0.87

2.27

CE (44) HZP 1.61
B&W (45) HFP 0.79
EZP 1.31

* 20% conservatism included.

** (Conservatism included - unspecified.

Doppler Weighting
Factor

)
1.43
1.60
1.62
2.64

1.98

1.81
2.85

Z Increased
Doppler per Dollar
Ejected

2%
72%
72%
72%

1l

103
141
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Note: 1. This curve includes 10X calculational uncertainty

P

h" 1.03

2. F

Fp

Measured F; should be augmented by measurement

uncertainty (8%) before comparison to this curve.

(0.0, 1.732)
(0.5, 1.664)
(2.0, 1.663)
(6.0, 1.629)
(10., 1.628)

(.05,
(1.0,
(4.0,
(8.0,
(12., 1.638)

b bad bt

HISeeS pPRTSL:

CYCLE AVERACE EXPOSURE (KMWD/MT)

Allovable Unrodded Radial Peak Versus Figure
Cycle Average Burnup 4.7

MAINE YANKEE




Assembly
Type

-4

L-8
L-8

L-8
L-12

No. of
Assemblies

12
20

12
4

Figure 4.8
Maine Yankee Cycle 7
Arrangement of Shim Loadings
As-Built Calculation

*
design shim loading is 23.8 mgB-10/in

-8

Assembly Type and INCA Location ... J-8 8 |L-0 21
J-0 15|t-0 31|L-4 11|L-8  25|K-8 4
HI MED
L-8 16|L-8 33[K-0 13|k-0 28}J-0 7/k-8 20
HI LO
L-4 3%|k-0 14lJ-0 30[L-8 10{J-0 24|L-8 3
HI HI LO
J-8 3203-8 12|k-0 27(J-0 6|J-0 19
L-12 29|K-0 9|K-0 23|J-0 2
LO
* = = - 1
Loading Designation e e 1
mgB~10/1n. in Figure
24.62 HI
J-4 22| L-8 1
23.96 MED HI
23.08 Lo
E-16 17
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Figure 4.10

MY CYCLES 6.7 MAXIMUM RADIAL PERKING VS. WORTH FOR DROPPED CER'S
FROM SPECIFIED POWER LEVELS
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Figure 4.15
Maine Yankee Cycle 7
Shutdown Margin Equation
and Required Scram Reactivity
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Figure 4,17
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5.0 SAFETY ANALYSIS

5.1 General

A review of the Reference Safety Analysis for operation of Maine Yankee
during Cycle 7 is presented in this section. The parameters which influence
the results of the safety analysis are listed in Table 5.1. Values are
provided for the Reference Analysis, for Cycle 6 and Cycle 7. Currently, the
Reference Analysis for Maine Yankee is the Cycle 3 stretch power analysis.

These parameters may be divided as follows: 1) initial operating
conditions, 2) core power distributions, 3) reactivity coefficients, 4)
shutdown CEA characteristics, and 5) Reactor Protection System Setpoints and
Time Delays. A discussion of the differences between Cycle 7, Cycle 6, and
the Reference Analysis values for the classes of parameters listed above is

contained in Subsections 5.1.1 through 5.1.5.

5.1.1 1Initial Operating Conditions

The initial conditions assumed in the safety evaluations considered in
‘his section are listed in Table 5.1. These conditions are conservative with
respect to intended Cycle 7 operation in that uncertainties are included to
account for measurement errors associated with plant instrumentation. The

uncertainties include:

a) A two percent allowance for calorimetric error in core thermal power.

b) A four degree allowance for measurement error on reactor coolant

temperature.

c) A twenty-five psi allowance for measurement error on main coolant

pressure.

Variable conditions on core inlet temperature and pressure are allowed in
Technical Specification 3.10, shown in Figure 5.1. These are based on
preserving DNB overpower margin for all possible combinations of temperature

and pressure. The preservation of DNB overpower margin assures that the




minimum DNBR reported for each of the incidents considered remains

conservative for operation at the lower system pressure.

5.1.2 Core Power Distributions

The power distribution {n the core, and in particular, the peak heat
flux and enthalpy rise, are ot ma jor importance in determining core thermal
margin. The procedure used in the Reference Safety Analysis was to set the
{nitial conditions (inlet temperature, power, pressure, CEA insertion, and
axial power distribution) and through analysis assure that enough initial
overpower wargin is available to prevent the violation of acceptable criteria

for each incident analyzed.

This procedure is continued for Cycle 7. If the available overpower
margin is not sufficient for the set of initial conditions, new power
distributions are selected, which are controlled by the symmetric offset
pre~trip alarm (Section 6.0), until it 1is demonstrated that sufficient margin

exists.

As a starting point the Reference Safety Analysis assumed the FSAR

. N .
design power distribution (Fz = 1.68 and F dalta R = 1.49) shown in

Figure 5.2. The power distributions in Figure 5.2 cover the spectrum expected
in the operation of the reactor through its lifetime and are considered a
design set. In most cases considered in (3) and (6), acceptable performance
was demonstrated with the use of the design power distributions. As indicated
{n Table 5.l1 the design power distribution, at the full power heat flux,
results in lower DNBR than any of the Cycle 7 predicted power distributions
within the symmetric offset pre-trip alarm band (S/0 LCO band), evalua.ed at
their respective maximum power level 1limit as defined in the PDIL (Technical

Specifications 3.10.A.1).

In addition, values are presented in Table 5.11 tor Pd-Po, che percent
rated thermal power margin between Pd, the power level at which the MDNBR for
a given power distribuvtion would equal the SAFDL on DNB, and Po, the initial
maximum power level allowed by the CEA insertion limit for that rod
configuration. This is a more precise indicator of relative CNB margin

between power distributions than initial steady-state MDNBR, due to variation




{n the subchannel location in which MDNBR is predicted at nominal conditions
versus limiting conditions. For Cycle 7, the thermal power margin (Pd-Po) for
the FSAR design power distribution at full power conditions is the same or
lower than the thermal margin for the limiting Cycle 7 power distributions
within the LCO band at both full and lower power levels. This is true for
both the W-3 and YAEC-1 DNB SAFDLS. Hence, thermal margins calculated using
the FSAR design power distribution are conservative for Cycle 7.

Furthermore, it is obvious from Table 5.11 that the W=3 DNB correlation
predicts conservative margins to DNB with respect to the proposed YAEC-1
correlation. These .acts justify the margins to DNB calculated with the W-3
correlation and FSAR design power distribution in (3) and (6) as being
bounding for Cycle 7, provided other influential factors affecting a given

transient are bounded as well.

The values for initial steady-state MDNBR and thermal power margin for
the FSAR design power distribution using the reference analysis and Cycle 5
full power thermal design conditions are as or more limiting than any of the
Cycle 7 power distributions, {ncluding the FSAR design distribution at HFP
conditions for Cycle 7. This is due to the flow penalty required for mixcd
core thermal hydraulics for Cycle 5 and the rod pitch, bow and clad diameter
enthalpy rise factor applied to the CE fuel which was the limiting fuel type
{n the reference analysis. This fact justifies the use of values for MDNBR
reported in (6) and (33) as being limiting for Cycle 7 as well, provided that

other influential factors are also bounded in Cycle 7 tor a specific transient.

Power peaking associated with the CEA drep and the CEA ejection events
for Cycle 7 are compared with reference values in Table 5.1. The effect of
differences between Cycle 7, Cycle 6, and the Reference Analysis for the CEA
drop and CEA ejection are discussed in Sections 5.4.2 and 5.5.4.

5.1.3 Reactivity Coefficients

The transient response of the reactor system is dependent on reactivity
feedback effects, in particular, the moderator and the fuel temperature
reactivity coefficients. Nominal values for each of the above feedback

coefficients are given in Sections 4.5 and 4.6. The moderator temperature
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coefficient and All-Rods-In (ARI) moderator defect for Cycle 7 are bounded by
Cycle 6 values. The Doppler coefficients tor Cycle 7 are essentially
{dentical with those of Cycle 6. Variations in the above parzmeters will
{nfluence each transient in a different manner. Therefore, the effect of the
difference in reactivity coefficients noted above on the Reference Safety

Analysis is discussed on an event by event basis.

A proposed modification to the Technical Specification for Cycle 7
operation is to change the allowable value for MIC in the power range
greater than 70% RTP (rated thermal power) from "less positive than 0.0" to

“less positive than +0.5 x 1o'b delta rho/OP". The analyses performed in
(6), which were conservatively perforued at HFP coaditions with MIC equal to
+0.5 x 10-6 delta rho/oF, support this change and any new analysis

performed continues to consider the MIC at HFP, BOC to be as positive as

+.5 x 10 delta rho/°F.

The effective neutron lifetime, delayed neutron fractions, and decay
constants are functions of fuel burnup and the fuel loading pattern. The
Cycle 7 kinetics parameters are compared to the corresponding Reference Cycle
values in Section 4.8. Small differences that are experienced from cycle to
cycle have an insignificant impact on the response of the plant for all
transients except the CEA Ejection. In the CEA Ejection Accident, tne ratio
of the ejected rod worth to effective delayed neutron fraction is extremely
sensitive in determining the course of the power response. An evaluation of

this event for Cycle 7 is provided in Section 5.5.4.

5.1.4 Shutdown CEA Characteristics

The negative reactivity insertion following a reactor trip is a
function of the acceleration of the CEA and the variation of CEA worth as a
function of position. The Reference Safety Anulysis considered this function
in three separate parts: 1) the CEA position versus time, 2) the normalized
reactivity worth versus rod position, and 3) the total negative reactivity

inserted following a scram.

The CEA position versus time assumed in the Reference Safety Analysis

was provided as Figure 4.2 in (3). This curve reflects a conservative rod
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{nsertion time of 3.0 seconds. This curve is based on results from plant
measurements and is not expected to change from cycle to cycle. Furthermore,
CEA drop times are measured at each refueling as part of the startup test

program to verify this assumption.

The normalized reactivity worth versus rod position assumed in the
Reference Safety Analysis was provided as Figure 4.3 in (3). This curve is
sensitive to axial power distribution and is based on the minimum reactivity
{nsertion for a variety of axial power distributions. The normalized
reactivity worth versus rod position was calculated for limiting Cycle 7 axial
power distributions and was compared to tle¢ curve assumed in the Reference
Safety Analysis. The normalized reactivity worth versus rod position assuwed
in the Reference Safety Analysis is conservative for Cycle 7 for events
limiting at HFP. The normalized control rod negative reactivity insertion
versus time curve presented in Figure 4-4 of (3), which was obtained from a
synthesis of the aforementioned functions, is likewise conservative in

application to Cycle 7 for HFP events.

The normalized reactivity worth versus position curve from (3) was
modif ted for the HZP condition for Cycle 6 (37). A more conservative function
was derived from Cycle 6 power distributions at HZP. This was compared with
the normalized reactivity worth versus rod position .urves determined for
limiting Cycle 7 axial power distributions at zero power condit!ons. The

Cycle 6 curve remains bounding for Cycle 7.

Values assumed in the Reference Safety Analysis and for Cycle 7 for the
total negative reactivity inserted following a scram are given in Table 5.1.
Comparison of the scram worths assumed in the Reference Safety Analyses and
the values assumed in the Cycle 7 safety analysis indicate that the Cycle 7
values bound the Reference Safety Analysis values. The values of scram
reactivity specified in Table 4.15 bound those assumed in the safety

analysis supporting operation of Cycle 7.

5.1.5 Reactor Protective System Setpoints and Time Delays

The reactor is protected by the Reactor Protective System (RPS) and

Engineered Safeguards Features (ESF). In the event of an abnormal transient,

-96~



the Reactor Protective System is set to trip the reactor and prevent
unacceptable core damage. The elapsed time between the time when the setpoint
condition exists at the sensor and the time when the trip breakers are open,
is defined as the trip delay time. The values of the trip setpoints and
instrumentation delay times used in the Reference Safety Analysis are provided
in Table 4.7 of (3).

These trip setpoints are independent of the core loading pattern and
thus remain unchanged for Cycle 7. New analysis presented here as a result of
a change in safety parameter assumes the same RPS setpointe and time delays as

the Reference Safety Analysis.

As indicated in (3) the Reference Safety Analysis assumes no credit for
the High Rate of Change of Power, Thermal Margin/Low Pressure, (TM/LP), or
Symmetric Offset Trip Functions. This remains unchanged for analysis
performed for Cycle 7. Credit is taken for the functioning of the Variable
Overpower Trip System in several areas. First, in limiting the initial power
distributione considered in setting the Symmetric Offset Trip System setpoints
as a function of power level, as discussed in Section 6.0. Second, in
limiting the power increase possible during CEA bank withdrawals, as discussed
in Section 5.3.1, and other power increase transients for power levels lower
than HFP. Third, credit is taken for the floor of the variable overpower

trip, setpoint at 20%, for the low powar CEA ejection transient.

The TM/LP and Symmetric Offset Trips are cycle dependent. They are
derived from the predicted core behavior as described in (8) and Section 6.0.
The Cycle 7 setpoints for the TM/LP and Symmetric Offset Trips for 3-loop

operation are pr.o<ented in Section 6.0.
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5.7 Summary

Each transient and accident considered in (3) and (6) is reviewed
and/or re-evaluated for Cycle 7. The incidente cons idered are categorized as

follows:

1) Anticipated Operational Occurrences (A00) for which the Reactor
Protection System (RPS) assures that no violatior of Specified

Acceptable Fuel Design Limits (SAFDL) will occur-

Anticipated Operaticnal Occurrences (A00) for which an initial
steady-state overpower margin must be maintained in order to assure

acceptable results.

3) Postulated Accidents.

The incidents considered are listed in Table 5.2.

In most cases the parameters considered in (3) and (6) and for Cycle 6
in (37) and (38) bound the Cycle 7 values. For those transients where the
parameters for Cycle 7 are outside the bounds considered in previous Satety

Analyses a new analysis is provided. These are:

1) Boron Dilution
2) CEA Ejection
3) CEA Withdrawal
4) CEA Drop

5) Seized KRCP Rotor

A summary of results for Cycle 7 is presented in Table 5.3,

Unless otherwise noted, values of MDNBR reported are based on the use
of the W-3 DNB correlation. As discussed in Section 5.1.2, the margins to DNB
calculated with the W=3 DNB correlation are more conservative than would be
calculated with the proposed YAEC-1 DNB correlation (40). Thus, MDNBR values
from previous cycles need not be recalculated with the YAEC-1 DNB correlation

for Cycle 7.




5.3 Anticipated Operational Occurrences for which the RPS Assures No
Violation of SAFDLs

The incidents in this category were analyzed in the Reference Safety
Analyses for the 2630 MWt Uprate and Pasitive MTC submittals for Maine Yankee,
(3) and (6). Selected cases were reanalyzed in (7) to account for changes in
the Cycle 4 core physics characteristics. These analyses showed that the
{ncidents in this category do not violate the SAFDLs; the primary coolant
system press ~e limit; or the 10CFR20 site boundary dose limits. The changes
considered in the present analysis do not significantly affect the NSSS
response during these transients. This assures that the conclusions relccive

to primary system pressure and site boundary dose remain valid.

Protection against violation of the SAFDLs continues to be assured by
the RPS (Section 6.0). Setpoints are generated for the TM/LP and Symmetric
Offset Trips which {nclude the changes in power distributions associated with
Cycle 7. Sections 5.3.1 through 5.3.5 review the Anticipated Operational

Occurrences for which the RPS assures no violation of the SAFDLs.

5.3.1 Control Element Assembly Bank Withdrawal

The Reference Safety Analysis for this event, (3) and (6) demonstrates
that the most severe CEA withdrawal transient occurs for a combination of
reactivity addition rate and time in core life that results in the slowest
reactor power rise to a level just belcw the Variable Overpower Trip. This
combination of parameters maximizes the core thermal heat flux and core inlet
temperature and results in the minimum DNBR. Since the analysis in (3) and
(6) assumed the FSAR design power distribution at HFP conditions, which 1is
bounding with respect to limiting combinations of initial power level and
power distribution within the symmetric offset LCO for Cycle 7 at HF? and

lowver power levels, the cases analyzed in (3) and (6) are bounding for Cycle 7.

The Reference Safety Analysis considered parametric analyees at full
power (2630 MWt) for Moderator Tempevature Coefficient (MTC) and Reactivity
Addition Rate. The ranges analyzed were +0.5 x 10-a delta tho/°F to
-3.0 x 10_6 delta rho/°F and O to 0.7 x 10-“ delta rho/sec. As

{ndicated in Table 5.1 the Cycle 7 predicted value of MTC, with uncertainty,




is -2.8 x 10-4 delta rho/oF. Reference 3 showed the MDNBR to occur at an
MTC of =2.9 x IO-A delta rho/°F for this event, with less negative MTC
resulting in higher MDNBR. Table 5.1 also shows a slightly higher maximum
rate of reactivity addition for Cycle 7. Reference (3) showed that high rates
of reactivity addition result in a faster rise of core power to the Variable
Overpower Trip Setpoint and values of MDNBR less limiting than for slower

transients.

The CEA bank S division into two separately moveable subgroups created
a new class of CEA bank withdrawal event, withdrawal of a CEA bank subgroup.
Complete withdrawals of each of the CEA bank 5 subgroups were analyzed from
{nitial conditions corresponding to the limiting power distributions within

the S/0 LCO alarm band for each power level.

The MDNBR for a CEA bank withdrawal event for Cycle 7 occurs for the
withdrawal of CEA bank 5 subgroup B from an initial power level of 76% rated

power, assuming the CEAs to be initially positioned at the corresponding
{nsertion limit. The MDNBR for this event is 1.37. The peak RCS pressure for
a CEA bank withdrawal is provided in Table 5.3 and is less than the ASME

design overpressure limit of 2750 psia. Peak RCS pressure for this event

remains bounded by the Loss of Load.

5.3.2 Boron Dilution

The Boron Dilution Incident was addressed in (3), (29), (4 3) and the
FSAR. Inadvertent dilution of the Reactor Coolant System was considered under
a variety of plant conditicns which could result in either an inadvertent
power generation or loss of shutdown margin if sufficient time were not

available for the operator to take corrective action.

Small changes in boron concentrations resulting from the Cycle 7 reload
have an insignificant impact on the conclusions reached in the Reference
Analysis. An evaluation of this incident was performed for Cycle 7 for events
postulated during refueling, shutdown, startup, hot standby and power

operation conditions. Table 5.6 presents a summary cf the results of this

review for Cycle 7.

&




$.3.2.1 Dilution During Refueling

Assumptions made in the Cycle 7 evaluation for dilutions during

refueling are consistent with those made in (3) and (29)-

The limiting dilution in (3) was based on the maximum capacity of the
CVCS via the normal makeup and letdow . flow paths (200 gpm each). The
limiting dilution event in (29) was based on the maximum flow of the Primary
Water Makeup System (250 gpm). Both analyses assumed letdown flows equal to
the dilution flowrates and minimum reactor vessel water volumes of 2599 ft3
(volume below lower lip of reactor vessel nozzles). Hence, the Primary Makeup

Water System dilution is the limiting dilution under refueling conditions.

Based on the Cycle 7 core loading, the critical boron concentration
under cold corditions (68°F) during refueling is 1044 ppm. The minimum

{nitial reactor vessel boron concentration which will prevent an inadvertent

criticality within 30 minutes 1is:

1536 ppm (Case No. 3, Reference 29 dilution)

This value is lower than that specified for Cycle 6, even though the
critical boron concentration is higher for Cycle 7 than for Cycle 6. For
convenience, Cycle 6 (37) and previous cycles used an overly conservative
dilution event, Case No. 4 of (29), together with a minimum reactor vessel
water level at the lower lip of the RV nozzles to determine required initial
boron concentrations for refueling conditions. Case No. 4 of (29) postulat~d
a valve misalignment during startup of the slipstream purification system for
operation with the RHR System. As outlined in (29), in order for Case No. 4
to occur RHR must be operating. Thus, level cannot be as low as postulated.
Assumptinn of the minimum required volume for RHR operation as the dilution
volume for Case No. &4 results in Case No. 3 ot (29) becoming the limiting
dilution event under refueling conditions. Case No. 3 of (29) involves a
valve misalignment during final adjustment of RCS boron concentration via the
Primary Water System, after the head has been removed and prior to flooding
the refueling cavity. Thus, RV level must be assumed to be at the minimum
level for this event. Case No. 3 {s conservative, but also is less limiring

than the previous use of Case No. 4 with the artificially low volume. Thus



the required boron concentration for Cycle 7 refueling is lower than for

Cycle 6.

Therefore, it is concluded that if the reactor vessel boron concentration is
maintained at or greater than 1536 ppm during Cycle 7 refueling, it would
require a continuous dilution at the maximum possible rate for 30 minutes to
achieve an inadvertent criticality. This is ample time for the operator to
acknowledge the audible count rate signai and take corrective action to cut
of f the source of the dilution.

-

.2.2 Dilution During Cold and Hot Shutdown with RCS Filled

Dilutions during cold and hot shutdown were addressed in (43). The
assumptions in (43) remain unchanged for Cycle 7. The limiting dilution is
via the CVCS (200 gpm), and the RCS is assumed to be filled (no credit taken
for pressurizer volume). The highest worth CEA is assumed to be stuck out of
the core, the loop stop valves open and either RHR or RCP on. Required
minimum Reactor Coolant System initial boron concentrations to allow 15
minutes margin to criticality are listed in Table 5.4, along with the boron
concentration required to meet the Technical Specification 5% delta K/K
subcriticality requirement for shutdown conditions. The boron concentrations
required by the Technical Specification 5% delta K/K subcriticality
requirement conservatively bound those required to meet the 1l5-minute

requirement for margin to criticality during boron dilution events.

$.3.2.3 Dilution During Hot and Cold Shutdown with Drained RCS Conditions

Dilutions during shutdown conditions with the RCS partially drained
were addressed in (29) and (43). In order to conservatively bound any
partially drained configuration with one or more reactor coolant loop
{solated, the assumption is made that only the portion of the reactor vessel
below the lower lip of the nozzle is filled. With the exception of the CEA of
nighest worth, which is assumed to be stuck out of the core, and 1% delta K/K

of Bank A, which is procedurally withdrawn during cooldowns from hot etandby

to approximately JSUOF, all CEAs are assumed to be inserted in the core.

The limiting dilution in this situation is Case No. 3 of (29). As discussed

{in 5.3.2.1, since Case No. 4 of (29) requires RHR to be operational, it is




less limiting, although it was previously used conservatively in (43) by

assuming the minimum reactor vessel volume instead of the volume required for
RHR operatioas. This was overly conservative and unduly restrictive on plant
operation. Hence, Case No. 3 {s now assumed as the appropriate limiting case

at the low reactor vessel level condition.

The required initial Reactor Coolant System boron concentrations to
allow 30 minutes margin to criticality during drained RCS conditions are given
{n Table 5.5. Thirty minutes margin is used to bound mid-cycle “refueling”
situations where the reactor vessel head may be removed to perform maintenance
operations. Table 5.5 also shows the boron concentrations required to meet
the 5% delta K/K Technical Specification subcriticality requirement for
shutdown conditions. Administrative procedures ensure that the higher of the
two values in Table 5.5 are used during drained RCS conditions, thus a oinimum
of 30 minutes margin to criticality will be provided for the limiting boron

dilution event from drained conditions.

5.3.2.4 Dilution During Startup

To evaluate the Boron Dilution Incident during startup for Cycle 7, the

assumptions were used as in the analysis in (3) except for the following:

Initial boron concentration is 1536 ppm as determined from the results of
the dilution during refueling presented above.

The critical boron concentration under cold conditions (b&UF, 2%
uncertainty and all CEAs withdrawn) is 1318 ppm. At hot standby
conditions, the critical boron concentration ARO is 1456 ppm. (The
assumption of ARO bounds configurations expected during CEA drop time

testing when each CEA bank is fully withdrawn prior to individually

dropping each CEA. This includes performing the CEA drop time tests

during isolated loop conditions.)

Results of a Boron Dilution Incident during startup were reported in
Figure 4.3-3 or (3) for a range of initial and critical boron concentrations.
Based on the above assumptions, the minimum time required to reduce the borecn

concentration to the maximum critical value of 1456 ppm is 18.9 minutes. The




large change in time to criticality is a result of the lower required boron
concentration for refueling conditions discussed in 5.3.2.1 above. Boron
dilution for startup is performed under strict procedures and administrative
controls. With the CEAs in their normal prescribed position (i.e., nearly all
single CEAs fully inserted) the time required to achieve criticality is

significantly longer.

$.3.2.5 Dilution at Hot Standby ard at Power

The assumptions made for boren di{lution events during hot standby and
at power in (3) remain the same for Cycle 7. However, the hot standby
critical boron concentration with uncertainty is higher, 1456 ppm versus 1275
ppm. The results for Cycle 7 using Figures 4.3-4 and 4.3-5 of (3) are

summarized below:

Maximum Reactivity
Insertion Rate

. =5 .
Dilution at Hot Standby 1.02 x 10 delta rho/sec

=6
Dilution at Power 9.1 x 10 delta rho/sec

The consequences of events with such small reactivity addition rates
are bounded by the results reported in Section 5.3.1 for the CEA Withdrawal
Incident. Based on the maximum reactivity addition rate it would take
approximately 17 minutes of continuous dilution at the maximum charging rate
to completely absorb a 1% delta K/K shutdown margin. Because of the available
alarms and indications, there is ample time and information to allow the

operator to take corrective action.

;.3.2.6 Failure to Borate Prior to Cooldown

Because of the large negative moderator temperature coefficient at EOL,
any decrease in primary coolant temperature adds reactivity to the reactor
core. Consequently, during the process of cooling down the Primary System for
refueling or repairs, it is necessary to borate in order to compensate for

this reactivity addition.




The failure to add boron during cooldown was evaluated on the basis of

the following assumptions:

(a) The moderator temperature coefficient 1is the most negative value expected

with all rods in the core, including uncertainties.

(b) The reactor is initially 1% subcritical at an average temperature of

550°F (a more conservative condition than the nominal 532°F).

(¢c) The primary system temperature is reduced at the rate of IOOOF/hr. the

max .mum cooling rate permitted.

In order to make the reactor critical from these initial conditions,
the average coolant temperature must be reduced from 550°F to about
495°F. This temperature reduction requires approximately 33 minutes to
accomplish. Thie is ample time for the operator to diagnose the condition and

take the necessary corrective action.

5.3.3 Excess Load Incident

An Excess Load Incident is an event where a power-energy removal
mismatch is established leading to a decrease in the reactor coolant average
temperature and pressure. Hence, when the moderator temperature ccefficient
of reactivity is negative, unintentional increases in reactor power may
occur. Thus, the Excess Load Incident as reported in (3) is most limiting at

EOC where the moderator temperature coefficient is most negative.

Tables 5.1 and 4. 8 indicate that the Cycle 7 MTC with uncertainty is
slightly more negative than the value assumed in the Reference Safety Analysis
(3). Since the Cycle 4 MTC was more negative than the value assumed in the
Reference Safety Analysis, the Excess Load Incident had been re-analyzed for
Cycle 4 in (7). The analysis in (7) assumed a MTC of 3.17 x 10-6 delta
tho/°F which {s more negative than the value predicted for Cycle 7 including
uncertainty. Therefore, the analysis presented in (7) bounds Cycle 7
operation. Values for MDNBR were revised in (33) to account for ENC fuel.
Whereas MDNBRs pcedicted with the FSAR power distribution and Cycle 5 core

average heat flux are more limiting than those predicted for Cycle 7 HFP power
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distributions, the MDNBR results for the HFP incident reported in (33) remain
bounding for Cycle 7. The value for MDNBR for the HZP excess load incident is
revised for Cycle 7 to account for potential operation at higher than nominal
cold leg temperatures. The analysis in (7) assumed the initial cold leg
temperature to be 532°F. Assuming an initial cold leg temperature of

554°F results in a value of MDNBR for the zeroc power excess load incident
greater than 3.0 if no credit is taken for the variable overpower trip signal
at 20% power. If credit is taken for the variable overpower trip at 20%,

MDNBR for this event is gceater than 5.0.

5.3.4 Loss of Loau Incident

The prime concern of the loss of load transient is protection of the

primary and secondary reactor coolant systems from overpressurization.

System parameters which have a major inf luence upon the severity of the
pressure excursion are the initial power level, initial RCS pressure, steam
generator pressure, primary and secondary safety relief valve capacities and
setpoints, high pressurizer pressure reactor trip setpoint, and moderator
temperature coefficient. The Cycle 7 limiting values for these parameters are
the same as those assumed in the Reference Safety Analyses. The pressure
transient results from the Reference Safety Analyses remain unchanged for
Cycle 7. Peak RCS pressure is noted in Table 5.3 and is less than the ASME
design overpressure limit of 2750 psia. As discussed in Section 5.1.2, the
minimum DNBR for this event is bounded by the Cycle 5 value reported in (33).

Therefore, MDNBR is greater than 1.77.

5.3.5 Loss of Feedwater Incident

Results of the loss of feedwater incident are sensitive to initial
power level, reactor coolant system pressure and temperature, steam generator
pressure, steam generator inventory, primary and secondary relief and safety
valve capacity, moderator temperature coefficient, and low steam generator
level trip setpoint. The limiting Cycle 7 values of all of these parameters
are unchanged from those assumed in the Reference Safety Analysis. However,
as discussed in (37), the Reference Loss of Feedwater Analysis did not account

for the loss of SG inventory due to the continuous blowdown of water during
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normal operation to the feedwater demineralizing system. The additfonal loss
of SG inventory was accounted for in (37) and reduced the minimum time

available to initiate auxiliary FW from the reference analysis value of 15

minutes to 13 minutes. Maine Yankee has automated the initiation of the

Auxiliary Feedwater System (AFW). Following a loss of main feedwater, the
Auxiliary Feedwater System will start {mmediately upon receipt of a low Steam

Generator level signal. Ilence, Steam Generator dryout is not expected to

occur for this event. As discussed in Section 5.1.2 the MDNBR for this event
{s bounded by the Cycle 5 value of 1.68. Peak RCS pressure for this event is

provided in Table 5.3 and i{s less than the ASME design overpressure .amit of

2750 psia.

5.4 Anticipated Operational Occurrences Which are Dependent on Initial
Overpower Margin for Protection Against Violation of SAFDLs

The incidents in this category rely on the provision of adequate
{nitial overpower margin to assure that they do not result in violation of the
SAFDLs. In order to demonstrate that the i{ncidents of this category do not
violate the SAFDLs, primary system pressure limits, or site boundary dose
limits (10CFR20) under Cycle 7 conditions, these incidents are reviewed here

with the parameters listed in Table 5.1.

5.4.1 Loss-of-Coolant Flow

Results of the Loss-of-Coolant Flow Analysis are sensitive to initial
overpower DNB margin, rate of flow degradation, low reactor coolant flow
reactor trip setpoint, available scram reactivity, and moderator temperature
coefficient. The limiting overpower DNB margin within the LCO envelope for
Cycle 7 is greater than that assumed in the reference analysis in (6) of this
event inherent in the use of the FSAR design power distribution, as discussed

{n Section 5.1.2. The assumptions pertaining to MTC, low reactor coolant flow
trip setpoint, and rate of coolant flow degradation remain the same as in the
Reference Safety Analysis for this event in (6). The available shutdown
margin assumed for Cycle 7 (Table 5.1) bounds that assumed for the analysis in
(6). Thus, the minimum DNBR for the three pump loss of flow from 100X power

using the FSAR design power distribution is greater than 1.50.
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S5.4.2 full Length CEA Drop

The drop of a full length CEA results in a distortion of the core powver

cistribution and could lead to the violation of Specified Acceptable Fuel
Design Limits (SAFDL). As discussed in Section 6.4.1, the LCO symmetric
offset band is designed to restrict permissible initial operating conditions
such that the SAFDL for DNB and fuel centerline melt are not exceeded for this

incident.

Previous analysis of this incident identified the limiting transient as
one initiated from near full power. To .over all potentially limiting
conditions the CEA drop for Cycle 7 was evaluated from power levels ranging
from 66% to 100% of 2630 MWt. The CEA drop was found nol to be limiting for

power levels less than 66X.

Power distributions used in the evaluation of DNBR and proximity to
fuel centerline melt were selected at each power level from the limiting cases
vithin the symmetric offset LCO alarm band, as well as the FSAR design power

distribution, in the manner described in Section 6.4.1.

The initial percent increase in peaking as a function of dropped CEA
worth for Cycle 7 is given in Figure 4.10. The value for the maximum increase
in peaking for any dropped CEA from Figure 4.10 was conservatively (Secticn

4,9.3.1) applied at each power level considered.

The CEA drop analysis also considers the {ncreased peaking which
results from xenon redistribution during the period of time operation with
dropped CEA is allowed by the Technical Specifications (Section 4.9.3). The
percent increase in peaking from Figure 4.10 was conservatively augmented by
the increase in peaking due to xenon redistribution at subsequent points in
time, assuming operation consistent with the power level reductions required
by the proposed changes to the Technical Specifications. The margins to the
SAFDLs were then determined for the limiting power distributions within the
symmetric offset LCO band allowed for the existing power level at any point in
time assuming the CEAs to be inserted no deeper than allowed by the insercion
limit associated with the pre-drop power level. This is consistent with the

proposed changes to the Technical Specifications outlined in Section 4.9.3.




The worst case full length CEA drop with respect to DNB reported in (3)

was the minimum worth CEA that results in the maximum increase in peaking.
Thus, for conservatisa the plant response assumed in the Cycle 7 evaluation

was based on a worth of 0.10% delta rho.

e results of the DNB evaluation for Cycle 7 indicate that the
lio full length CCA drop is one {nitiated from 100% power with a MDNBR
1. yirg the FSAR design power distribution. All other cases were found

be less limiting.

The worst case full length CEA drop with re.pect to fuel centerline
melt 1is one initiated from power distributions at the edge of the symmetric
offset LCO band at each power level. The maximum allowable steady-state

near heat rate required to assure that the maximum linear heat generation
rate after the drop does not violate the SAFDL of 21 kW/ft is given in

rable 5.1. These limits are reflected {n deriving the LCO band on symmetric

offset presented in Section 6.0.
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