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DISCLAIMER

This document wac prepared by Yankee Atomic Electric Company (" Yankee")
to a contract between Yankee and Maine Yankee Atomic Power CompanyI pursuant

(" Maine Yankee"). The use of information contained 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

I Yankee nor its of ficers, directors, agents, or employees assume 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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This report presents design and calculational analysis results:

n pertinent to the operation of Cycle 7 of the Maine Yankee Atomic Pc.wer
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 justification f or the operation of Maine Yankee

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

h discharge of 73 assemblies and the insertion of 72 new fuel assemblies and one
burned Type E assembly from Core 2. The new f uel assemblies (designated

{
Batch L) are being provided by Exxon Nuclear (ENC) and are similar in design
to the ENC fuel remaining from Cycles 5 and 6. Several minor design changes

essociated with the Type L fuel are discussed in Section 3.2.1.
[

he ENC f uel designs are similar but not identical to the single CE
f uel assembly inserted in the core center f rom Cycle 2. Small differences

exist in both the mechanical and hydraulic characteristics. Important

( dif ferences in the mechanical design are discussed in Section 3.2.1 of (33).
Dif f erences in the hydraulic characteristics are covered in Section 3.2.3.

The proposed operating conditions for Cycle 7 are: rated core thermal

power 2630 MWe, a maximum steady-state operating pressure of 2275 psia, and a
maximum indicated core inlet temperature of 550 F. In addition, operation

is allowed over a pressure range from 2075 psie to 2225 psia by imposing a
limit on the maximum core inlet temperature at the lower pressures to preserve
the Dtm margin. This assures that DNB performance is the same for all

These conditions are
f possible limiting temperature and pressure combinations.

consistent with the " Stretch Power" conditions proposed in (1) and currently,i

{
allowed by the Maine Yankee operating license.

Since the core power level and core inlet temperature were outside the
bounds considered in the FSAR (2), the full spectrum of transients and
accidents were re-analyzed in (3) as part of the 2630 MWt stretch power

proposal (1). The staf f approved operation at 2630 MWt in (4) based on the
analysis in (3). The ACRS also reviewed the stretch power application (1) and

f
concurred with the Staf f's finding that Maine Yankee can be safely operated at

2630 MWt (5).

f De analysis in (3), therefore, now serves as the " Reference Safety
Analysis" for Maine Yankee. This analyt,is and the analysis reported in (6),
justif ying operation with a slight positive Moderator Temperature Coef ficient

-1-
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I
(33),(MTC), the analyses submitted in (7), justifying Cycle 4 operation,

justif ying Cycle 5 operation, and (37) and (38), justif ying Cycle 6 operation,
will be used herein to demonstrate continued =af e operation at power levels upI to 2630 MWt through Cycle 7.

This report contains sections dealing with the fuel mechanical,
ehermal-hydraulic, physics and safety analysis aspects of the operation of

.

Cycle 7. An evaluation of ECCS perf ormance, setpoints for the Thermal

Margin / Low Pressure (TM/LP) and Symmetric Off set Trips, and a description of
the Startup Test Program are included. Except as noted, the methods used in
these analyses are in accordance with those described in (8-16) and (35).
These methods have been approved by the NRC for use on Maine Yankee in (17)

Methods used in saf ety-related analyses for the f uel mechanicaland (18).
design evaluations are based on the Exxon Nuclear generic models which have

I received prior approval by the NRC.

Unique f eatures of Cycle 7 are:

1. Low-leakage core design (Sections 3.1 and 4.1).

2. Installation of additional Control Element Assemblies and
I reconfiguration of CEA Bank 5 (Section 3.1.5).

3. Modifications to the reactor physics methodology for the CEA

Ejection Analysic (Section 4.10.2).

First application of the YAEC-1 CHF correlation in determining LSSS4.
|

(Section 5.6).

Details of each change are provided in the sections indicated.

-2-
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2.0 OPERATING HISTORY

The operating history of Maine Yankee has consisted of seven cycles

d aignated as 1, lA, and 2 through 6. The significant operating conditions
The fuel assembly types

{ cnd durations of the cycles are defined in Table 21.
-

ictded by cycle are given in Table 2.2.

2.1 Cycles 1 and 1A

The initial Maine Yankee core consiehd of unpressurized, low density

fu21 designated as Core 1 design fuel .: semblies. Cycle 1 operation was

[ rastricted and terminated due to leaki .g fuel assemblies.

Cycle 1A consisted of operation af ter the leaking fuel assemblies f rom{ the initial core were replaced with fresh fuel designated as Replacement Fuel
The mechanical design of the RF assemblies was essentially

(RF) assemblies.
the same as Core 1 design fuel. The significant difference in the design was

the pressurization of the fuel cod with helium sufficient to prevent creep
The

collapse of the fuel rod cladding and improve gap heat transfer.
r: placement fuel assemblies performed successfully during Cycle IA.

2.2 Cycle 2

Cycle 2 consisted entirely of fresh assemblies designated as Cota 2
Mechanical design changes were made in comparison :.o the Core 1design fuel.
These comprised pre-pressurization, higher fuel density, anddesign fuel.

A detailed discussion of the design changes wasrealler diameter pellete.

b provided in (30). The Core 2 design fuel performed successfully. Subsequent
to Cycle 2 operation, burnable poison shim failures were discovered in the

Corrective action consisted of replacement of all Type E
{ Type E assemblies.

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 and

( Replacement Fuel assemblies reinserted from Cycle 1A. The performance

[ -3-
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L

F
integrity of the Cycle 3 fuel had been demonstrated through irradiation in

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

t

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

| design changes to the fresh Type 1 fuel were made and discussed in Section
New fuel and once-burned fuel assemblies from Cycle'2 were

3 3.2.1 of (7).
A small number of leaking fuel

inserted and the replacement fuel discharged.
essemblies 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 designB
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
f resh, low enrichment Core 2 design fuel (34 rods) or water-filled zircaloy

The fuel has performed successfully during Cycles 5 and 6.rods (10 rods).

I

I

I

!

-4-
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l

[ TABLE 2.1

MAINE YANKEE OPERATING HISTORY SUMMARY

Date of Core Power Level Cycle

Power Licensed Operated Burnup

Cycle _ Escalation (Wt) (%) (WD/MT)

1 11/3/72 2440 50-80(1) 10367

1A 10/12/74 2440 80(1) 4500

2 6/29/75 2440 100 17395

3 6/17/77 2630(2) 93 11075

97(3) 10496
4 8/23/78 2630

5 3/17/80 2630 97 10796

11500(4)
6 7/20/81 2630 97

l

l

(

(

l

I 1800-2000 psia due
(1) Power decrease and primary system pressure decrease to

to leaking fuel.

(2) Licensed power increase from 2440 W t/2100 psia operation to 2630
We/2250 psia operation.

Power restriction due to secondary plant limitations (turbine).(3)

(4) Estimated.

f
-5-
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TABLE 2.2

MAINE YANKEE
FUEL ASSEMBLY TYPES BY CYCLE

Assembly
Fuel Enrichment Mechanical Number of Fuel Assemblies by Cycle

Tyge (w/o U-235) Design Type 1 1A 2 3 4 5 6

- - - - -

A 2.01 CE-Core 1 69 57

B 2.40 CE-Core 1 80 24 - - - - -

- - - - -

C 2.95 CE-Core 1 68 64
,.

2 - - - - -

RF 2.33 CE-RF -

a

65 - - -

70
- RF 1.93 CE-RF --

69 - - - -

D 1.95 CE-Core 2 - -*

80 12 61 1 1' '

E 2.52 CE-Core 2 - -

u
68 68 12 - -

F 2.90 CE-Core 2 - -

32 32 32 -

G 2.73 CE-Core 2 - - -

40 40 40 -

H 3.03 CE-Core 2 - - -

72 72 72
I 3.03 CE-Core 2 - - - -

72 72
J 3.00 ENC - - - - -

- - - - - - 72
K 3.00 ENC

)

.

w

-

k

H

[

[
-6-
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( integrity of the Cycle 3 fuel had been demonstrated through irradiation in
All fuel performed successfully during Cycle 3.

Cycles 2 and 1A, respectively.

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

dasign changes to the f resh Type I fuel were made and discussed in Section
~

New fuel and once-burned fuel assemblies f rom Cycle 2 were3.2.1 of (7).
A small number of leaking fuel

f incerted and the replacement fuel discharged.
cssemblies 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
casemblies 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
f resh, low enrichment Core 2 design fuel (34 rods) or water-filled zircaloy

The fuel has performed successfully during Cycles 5 and 6.rods (10 rods).

{

(

{

l

l

l

{
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[ TABLE 2.1

MAINE YANKEE OPERATING HISTORY SUMMARY

Date of Core Power Level Cycle

Power Licensed Operated Burnup

(MWt) (%) (MWD /NT)
Cycle Escalation

_

1 11/3/72 2440 50-80(1) 10367
'

1A 10/12/74 2440 80(1) 4500

2 6/29/75 2440 100 17395

3 6/17/77 2630(2) 93 11075

4 8/23/78 2630 97(3) 10496

5 3/17/80 2630 97 10796

6 7/20/81 2630 97 11500(4)

[

[

[

[

[

{ 1800-2000 psia due
(1) Power decrease and primary system pressure decrease to

to leakir.g fuel.

' (2) Licensed power increase f rom 2440 MWt/2100 psia operation to 2630
MWt/2250 psia operation.

Power restriction due to secondary plant limitations (turbine).(3)

(4) Estimated.

[
-5-
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TABLE 2.2

MAINE YANKEE

FUiL ASSEMBLY TYPES BY CYCLE

Assembly Number of Fuel Assemblies by Cycle
Fusi Enrichment Mechanical
Tyge (w/o U-235)_ Design Type

1 1A 2 3 4 5 6

---

A 2.01 CE-Core 1 69 57
--

-
- - -

B 2.40 CE-Core 1 80 24 -

--
- -

f C 2.95 CE-Core 1 68 64 -

--
- -

2 -

RF 2.33 CE-RF
-

-

65 --

70 -

RF 1.93 CE-RF
-

- - - -

- - 69
D 1.95 CE-Core 2

80 12 61 1 1

E 2.52 CE-Core 2
--

68 68 12 --

F 2.90 CE-Core 2
--

32 32 32 -
-

G 2.73 CE-Core 2
--

40 40 40 -
-

H 3.03 CE-Core 2 - -

72 72 72-
- -

I 3.03 CE-Core 2 -

72 72
- - - -

J 3.00 ENC
-

72-
- -

- -

K 3.00 ENC
-

-6-
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30 RELOAD CORE DESIGN

3.1 General Description

I
(

3.1.1 Core Fuel Loading ,

The core of Maine Yankee Cycle 7 consists of 217 fuel assemblies of the

typa and quantity detailed in Table 3.1. The single Type E assembly is of the

Cora 2 mechanical design and has irradiation exposure f rom Cycle 2. Assembly

Typs J was introduced in Cycle 5 and has irradiation exposure from Cycles 5

and 6. Assembly Type K was introduced in Cycle 6 Assembly Type L is fresh

fusi to be introduced in Cycle 7. Assembly Types J, K, and L are ENC design

The significant neutronic difference in the Type L fuel is the increasefual.

in snrichment to 3.30 w/o U-235. The total number of fuel rods by assembly
The core loading by fuel type istypa for Cycle 7 is also given in Table 3.1.

givzn in Table 3.2.

3.1.2 Core Burnable Poison Loading

Burnable poison shim rods are located in selected assemblies in
The total number of shim rods and locations by assembly type isCycle 7.

dateiled in Table 3.1. The shim locations in the assemblies are illustrated
As described in Section 2.2, the single Type E assembly shimin Figure 3.1.

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

tha flow in these rods.

TheAll burnable poison shims are composed of B C in A1 0 .4 23

stchanical design of the ENC burnable poison shims ias addressed in (33).
The ENCDesign changes for the Type L shims are discussed in Section 3.2.

shim irradiation integrity has been demonstrated in the Types J and K
cocemblies during Cycles 5 and 6.

The Type L burnable poison shims were fabricated in three separate
The as-built poison loading of one of the three batch lots fellbatch lots.

slightly outside the design specification. The differences in burnable poison
lording among the three batches were addressed and accommodated in the core
lecding pattern, as discussed in detail in Section 4.3.

-7-
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3 1.3 Core Loading Pattern

I 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

cssemblies in Cycle 6. The appropriate rotation index relative to the
The

|
previous assembly position in the core is also given for each assembly.
lording and rotations of the other quadrants are such that mirror symmetry
oxists 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 interior locations and
twice-burned fuel assemblies on the core edge. The benefits of such a core

design are:

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

providing greater shutdown margin for cooldown transients;

Reduced irradiation exposure to the reactor pressure vessel, thus2)I reducing the rate of irradiation embrittlement;

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

4) 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 have

resulted in increased burnable poison shim requirements for the Type L fuel to
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 at 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

-8-
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fer Cycle 5. Table 3.2 gives BOC average exposures by fuel type. The Cycle 7

BOC cverage exposure for the core is approximately 11,440 NWD/MT.
'

,

i

The exposure history of the assemblies utilized in the analysis is
dsronstrated to be accurate by comparison with incore detector plan,t data.
Figure 3.4 is a comparison of predicted and actual burnup assembly data late

The excellent agreement demonstrates a high confidence in thein Cycle 6.
pr2 diction of the core depletion behavior.

3.1.5 CEA Croup Configuration

The Control Element Assembly (CEA) group configuration for the lead
The requirements

ragulating bank, CEA Bank 5, has been modified for Cycle 7.
for increased available scram reactivity to maintain shutdown margin have

Figure 3.5 shows the CEA group locations in thenscessitated such changes.
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 (i.e., one or two active B C4
fingers, with the remaining fingers stainless steel) in the
original Bank 5 locations have been replaced with full-strength

This change provides increased available scram reactivity.CEAs.
!

The four part-strength CEAs with two active B C fingers have been42)
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 scram
reactivity.

1

In addition to providing additional scram reactivity, the reactivity
warth of CEA Bank 5 is significantly increased. The effects of tha changes

Minor changescro most evident in the CEA ejection results in Section 4.9.2.
to the methodology for ejected CEAs are detailed in Section 4.10 to
cccommodate the CEA ejection results and maintain appropriate margins.

-9-
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The increased CEA Bank 5 reactivity worth and spatial distribution

improves the core symmetric of fset control effected with the regulating bank.
As cuch, less CEA insertion and, consequently, less local linear haat rate
change is required for the same change in symmetric offset, placing a less
savsre duty cycle on the fuel. .

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

(4 CEAs) are not electrically connected as a single CEA bank.
ocviments will be administratively controlled for positioning as a single CEA
brnk. To accommodate this movement, the physics input to the RPS setpoint
analysis (Section 6) has included power distribution cases sufficient to
justify differences in insertion in these two regulating groups subject to the

,

This difference inCEA group insertion limits, as discussed in Section 4.9-1.
insertion is addressed in the Technical Specification changes.

3.2 Fuel System Design

3.2.1 Fuel Mechanical Design

The mechanical design of the Type E fuel assemblies fabricated by CE
Theh20 been reported in previous submittals [(7), (15), (20), and (30)].

Types J, K, and L fuel assemblies fabricated by ENC have been designed to
ucintain mechanical, material, and chemical compatibility with all other fuel

Table 3 3 lists the mechanical design
snd structures in the reactor core.

i

factures of all fuel types.

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

following differenc es:

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

(versus 28 mil nominal wall thickness for Core 2 design fuel).

2) Fuel pellets are short and dished with a nominal fuel density of
94% T.D.

The bi-metallic fuel rod spacers are a Zircaloy-4 structure with3)
Inconel springs.

-10-
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4) To allow removal of fuel rods fer replccceent or in2pretica sithat
prior to or after irradiation, the fuel assembly upper tie plate is
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

-

dsecribed in (33). The fuel pellet design changes for the Type L fuel include
The fuel rod plenumpallet length and dish depth, as described in (48).

langth in the Type L fuel has been increased slightly due to the removal of

ths 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

parformance.

The burnable poison shim pellets used in the Type L fuel assemblies are

dsscribed 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
cnd K shims. The Type L shim pellets were fabricated in three batch lots(
which comprise both chamfered and unchamfered pellets.

[

[

-

[

.
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3.2.2 Thermal . asian

Fuel assembly types and quantities for the core of Maine Yankee Cycle 7
Fuel assembly Type E is of the Combustion Engineeringcre given in Table 3.1.

Fuel assembly Types J, K, and L are of Exxon Nuclear Corporation(CE) design.
Fuel designated Type L represents the new fuel assemblies being(ENC) design.

provided by ENC.

These
Fuel thermal calculations were performed for all fuel types.

The
calculations were performed using the CAPEX (21) computer program.
methodology of calculation for Cycle 7 is essentially that used in previous
reload analyses with the following two enhancements introduced during Cycle 6

analysis:

The appropriate steady-state history effects for the fuel rod1)
thermal performance were modeled by utilizing the time-dependent

power factors calculated in the physics analysis for the fuel rods
Applicable power and burnup uncertainty factors wereof interest.

incorporated.

The method uses the NRC NUREG-0418 modeling approach for burnup2)
enhancement on the fission gas release prediction.

The CAPEX code calculates pellet-to-clad gap conductance f rom a

f
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
The fuel rod types and

as a function of the detailed cycle burnup and power.
power histories examined in detail include:

1) Maximum power rod - Type L fuel

l
2) Maximum power rod - Type K fuel

3) Maximum power rod - Type J fuel

-12-
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Figures 3.7 through 3.9 demonstrate the effect of Linear Heat

i G2neration Rate - LHGR - on fuel temperature at beginning-of-cycle
Figures 3.10 through 3.12 demonstrate the ef fect of LHGR on fuelccnditions.

Table 3.4 lists UO2 ''IEI"8tsrperature at end-of-cycle conditions.
tszperature and centerline temperature for the rods of interest at various

The calculated internal fuel rodpoints in life and various power levels.
prassures are less than Operating Coolant System pressure throughout Cycle 7

cpsration (48).

theThe result of the fuel performance calculations indicetes that
thermal perf ormance is not significantly dif ferent 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:

A 21 kW/f t limit on LHGR is a conservative limit for avoiding fuel1)
centerline melt for Type E, K, and L fuel.

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

A conservative value for use in transient analysis assumptions for3)
the average channel gap coef ficient is 600 Btu /hr-f t - F.

As noted in 2) above, a 20 kW/f t 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

f uel to thecomparison of the maximum radial relative pin power for the Type
core maximum radial pin power throughout Cycle 7. It is clear trom Table 3.5

that the Type J fuel is never limiting for Cycle 7 in spite of the lower LHGR
Therefore, subsequent portions of this report will refer to the LHGRlimit.

SAFDL for Cycle 7 in terms of the 21 kW/f t limit corresponding to the limiting

fuel types in the core.

(

-13-
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3.2.3 Thermal-Hydraulic Desi g
,

7 core h2ve beenSteady-state and transient DNBR analysis of the Cyc.

pstf ormed using the COBRA-IIIC computer program (22), in the mancer described
in (8) and (9), and the COBRA-lV computer program (39) as described below.
Tha models reflect the intended Cycle 7 coolant conditions with uncertainties,
the Cycle 7 power distributions with uncertainties, the assembly flow
dictribution due to dif ferences 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
This model explicitly

determine hot assembly enthalpy rise flow f actors.
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
least 34 radial power regions are required

Yankee's version of COBRA-IIIC. At COBRA-IIIC allows only
to model each fuel assembly in an eighth core region.

Rather than modif y the COBRA-IIIC coding to increase the allowed problem20.
COBRA-IV and COBRA-IIIC produce

size, it was more convenient to use COBRA-IV.
similar results for problems of a size that can be executed with both.

Enthalpy rise flow f actors were calculated with the eighth core
COBRA-IV model f or the potential hot assembly locations assuming power

The
distributions typical of the full range of CEA insertion for Cycle 7.
inlet flow maldistribution imposed on this model is based on the result of

flow measurements taken in scale model flow tests of the Maine Yankee reactorThe resulting hot assembly flow
vessel reported in (36) and the FSAR (2).
factors are 1.0 for power distributions where the CEAs are restricted to
insertion less than allowed by the 60% power PDIL (Technical Specification

The
3.10), and 0.95 f or power distributions with deeper CEA insertions.
enthalpy rise flow f actor f or the single E-16, CE assembly, which is centrally

These flow f actors arelocated in the core is 1.0 for all CEA configurations.
conservatively applied in the Cycle 7 COBRA-IIIC subchannel analysis models by
reducing the inlet flow for the entire model by the appropriate flow f actor.

-14-
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The magnitude of the additional system hydraulic resistance added to
tha core by the replacement of the 72 CE fuel assemblies with 72 ENC

The total flow delivered by the
cssemblies of higher resistance is small.
reactor coolant pumps remains higher than the design flow rate assumed in the
safety analysis, 360,000 gpa, which remains unchanged for Cycle 7.

The potential ef fects of fuel rod bow on thermal-hydraulic performance
For CC fuel (23) presented a

has also been evaluated for Cycle 7 operation.
sodal f or treating the ef fects of fuel rod bowing on thermal-hydraulic

This model requires a reduction of DNBR as shown below:perf o rmance.

% DNBR ReductionBundle Average Burnup_

0
0 - 15000 MWD /MTU

15000 - 24000 MWD /MTU
0

24000 - 33000 MWD /MTU
3.0

i

The Maine Yankee fuel management scheme is such that the CE fuel
To evaluate whether

assembly is never the DNB limiting assembly in Cycle 7.
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

,

1

It was found that the minimum differenceat the limiting core location.
batween the limiting location in the core and the peak pin in the CE assembly

This large dif ference more than accommodates theis greater than 23%.
The maximum expected assembly averageadditional penalty for fuel rod bowing.

|

burnup for the CE assenbly at the end of Cycle 7 is less than 33,000 MWD /MTU.

i

Allowances for rod pitch, bow and clad diameter variatiens for the ENC
| Allowances for manuf acturing tolerances on rod pitchf uel remains at 1 00.
| and clad diameter, if considered in the most adverse situation, would result

Using the methodology of
in a maximum channel closure in the vicinity of 10%.
(34), the maximum channel gap closure due to fuel rod bowing for the ENC fuel

;

cesembly with the highest burnup during Cycle 7 is less than 28% (Table 3.6).i

Tasts performed at Columbia (24) indicate that a degradation in DNB!

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

-15-
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o flow factor of 1.0 is justified for the ENC fuel in Cycle 7 since the
chcnnel closure resulting from rod pitch, bow and clad diameter considerations
for any ENC fuel during Cycle 7 will be less than 50%.

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

pcrameters used for both safety analysis and for generating reactor protection
The list also includes the correspondingcystem setpoint inf ormation.

tharmal-hydraulic parameters f rom (3), the Reference Analysis and (37), Cycle

6, for comparison.

*

,
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3.3 Control Element Assembly (CEA) Design

The eight full-strength CEAs fabricated for use in Cycle 7 by CE
Thecortmin ainor design improvements compared to the original design CEAs.

CEAc are dimensionally and neutronically equivalent to the original, design
CEAs. The improvenants are:

1) A Ag-In-Cd slug has been added to the tip of the center CEA finger,
which formerly contained only B C pellets. This change will4

reduce swelling due to B C irradiation near the CEA tip.4

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 in the CEA tips contain a hole drilled
completely through them. In the original CEA design, these holes

Hot cellwere plugged to prevent B C particles from entering.4

studies have shown the B C pellets do not disintegrate and the4

plugs are unnecessary.

,

i

i

4

-17-
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Table 3.1

Maine Yankee Cycle 7
Assembly Description

Initial

of Fuel Initial Number of og B-10 Number of Total TotalNumber
i

Assembly Exposure Rods per w/o U-235 Shim Locations per inch Assemblies Shim Fuel

Designation History Assembly Fuel per Assembly in Shias 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

48 0 8448,

$ K-0 Cycle 6 176 3.00 0I -

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'

16 0 2816

L-0 Fresh 176 3.30 0 -

L-4 Fresh 172 3,30 4 23.8 12 48 2064
i

L-8 Fresh 168 3.30 8 23.8 40 320 6720

L-12 Fresh 164 3.30 12 23.8 4 48 656

217 784 37408'
-

Core Totals
.

I

* E-16 shims replaced with water-filled rods for Cycle 7
i

b

1
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{ Table 3.2

Maine Yankee Cycle 7
Core Loading

Average

Assembly Number of KGU per Total Exposure

Type Assemblies Assembly _ KGU at BOC*

E-16 1 353.36 353.36 17583

J-0 48 381.12 18293.76 21982

J-4 4 372.46 1489.84 26268

J-8 20 363.80 7276.00 26176

K-0 48 381.12 18293.76 9391

K-4 4 372.46 1489.84 13352

K-8 20 363.80 7276.00 13364

L-0 16 381.12 6097.92 0

L-4 12 372.46 4469.52 0

L8 40 363.80 14552.00 0

L-12 4 355.14 1420.56 0

f
81012.56 11441

* Based on End-of-Cycle 6 at 11,500 Mk'D/MT.

i
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Tnblo 3.3

Mechanical Design Features of Cycle 7 Fuel

Type Types Type

E J and K_ L

{
Fu21 Assembly 156.718** 156.718 156.718

Overall length 8.115 8.115 8.115
Spacer grid size (max. square) 0 00Retention grid

8 0 0
No. zircaloy grids

1 0 0
No. inconel grids

0 9 9
No. bimetallic grids

1.021 1.300 1.300 min.
Fuel rod growth clearance

Fusi Rod 136.7 136.7 136.7
Active fuel length

8.575 8.6 8.80
Plenum length

0.440 0.440 0.440
Clad OD 0.384 0.378 0.378
Clad ID 0.028 0.031 0.031
Clad wall thickness 0.3765 0.370 0.370

[ Pellet OD 0.450 (***) (***)
( Pellet length

0.023 0.005 0.008
Dish depth Zr-4 Zr-4 Zr-4
Clad material

95% 94.0% 94.0%
Fellet density initial (*) (***) (***)
Initial pressure

Poison Rods 146.513 146.500 146.500
Overall rod length

0.440 0.440 0.440
Clad OD 0.388 0.378 0.378
Clad ID 0.026 0.031 0.031
Clad wall thickness 0.376 0.353 0.353
Pellet OD Zr-4 Zr-4 Zr-4
Clad material

* YAEC 1099P
All length dimensions are in inches# **

*** XN-NF-79-52

-20-



Table 3.4

Centerline and UO2 Nelt Temperature Comparison

Melt Power Centerline
Level Temperature

Tempgrature
Fuel Type ( F) (kW/ft) ( F)

BOC J 4862 19 4466
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

i

!

!
:
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T blo 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

BOC MOC EOC
Regulating

Banks Inserted 50 MWD /NT 6K MWD /NT 12K MWD /HT

0.751 0.767 0.739
ARO

0.817 0.773 0.722
Bank 5

#

0.709 0.739 0.746
Banks 5 + 4

0.656 0.690 0.710
Banks 5 + 4 + 3

0.663 0.697 0.704
Banks 5 + 4 + 3 + 2

Banks 5 + 4 + 3 + 2 + 1 0.672 0.682 0.676

,

i
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Table 3.6'

Cycle 7 Determination of ENC Rod Bow MDNBR Penalty

42.973 GWD/MTUMaximum EOC 7 ENC Assembly Average Burnup (1)
=

0.2768Fractional Cap Closure Due to Fuel Rod Bow (2), delta C/C,=

0.0=

DNBR Rod Bow Penalty (3)

Includes 2% calorimetric power uncertainty plus 10% physics uncertainty(1)

(2) From Reference 34, delta C/C = 0.0533 + .0052 * BU

C, = nominal initial gap widthwhere
BU = assembly average burnup (GWD/MTU)

(3) Penalty = sigma , where MDNBRBowed " Unbowed ( - sigma }Bg

and

sigma = 0.0 for delta C/C, less than 0.50.g

!

,

&

,

:

i
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[ Table 3.7

Maine Yankee Cycle 7
Thermal-Hydraulic rt seaters at Full Power

[
Unite Cyclej Cycle 6 Cycle 7

Ceneral Characteristics
NWT 2' A 2630 2630

106 Btu /hr 1976 8976 8976Total Heat Output
m

Fraction of Heat Generated in 0.975 0.975 0 975
Fuel Rod

psig 2235 2235 2235Pressure

Minimum in Steady-State peig 2185 2060 2060Nominal

Maximus in Steady-State pais 2285 2260 2260

0F 554 546-554 546-554Design Inlet 1*aperature

Total Reactor Coolant Flow (design) 106 lb/hr 134.6 136.0-134.6 136.0-134.6(steady-state)

Coolant Flow Through Core (design) 106 lb/hr 130.7 132.1-130.7 132 1-130.7

ft 0.044 0.044 0.044
Hydraulic Diameter (nominal channel) 106 lb/hr-ft2 2.444 2.47-2.444 2.47-2.444

[ Average Mess Velocity
Pressure Drop Across Core 9.7 10 18 10.35

(design flow) poi

Total Pressure Drop Across Vessel
(Based on nominal dimensions and
design flow) poi 32 4 32 9 33 1

[ 8tu/ht-ft2 178,742* 177,981* 179,769*
Core Average Heat Flux

ft2 48,978* 49,188* 48,684*
Total Heat Transfer Area

Film Coefficient at Average
8tu/hr-ft20F 5,640 5,636 5.636

CF 656 656 656Conditions
Maximum Clad Surface Temperature

CF 31.7 31.6 31.9
Average Film Temperature Difference
Average Linear Heat Rate of Rod kW/f t 6 03* 6.01* 6 07*

Beu/lb 68.7 68.7 68.7
Average Core Enthalpy Rise

CE ENC CE ENC CE

Calculational Factors
1.03 1 03 1 03 1 03 1.03

Engineering Heat Flux Factor
Engineering Factor on Hot Channel 1.03 1.03 1,03 1.03 1 03
Heat input

[ Flow Factors 1.05 1 05 1.05 1 00*** 1.00***
Inlet Plenus Non-Uniform Distribution 1 065 1 00 1.065** 1.00 1.065**
Rod Pitch, Bowing and Clad Diameter

Allows for axial shrinkage due to fuel dentification. See Section 3.2.3.*
Additional 3I genalty req- ired due to high burnup of CE fuel.**

*** See discussion in Section .2.b1

s

[
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FIGURE 3.1

Maine Yankee Cycle 7
Burnable Poison Shim Assembly Locations
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Figure 3.2

MAINE YANKEE CYCLE 7[ ASSEMBLY LOADING PATTERN
L

FUEL
TYPE

fE E-16 62 ... Cycle 7 Location
10 ... Cycle 2 Location

0 . . . Rotation Index*

L'-

J,X J-8 1 ... Cycle 7 Location 3

16 ... Cycle 6 Location 2
2 ... Rotation Index**

J-0 3 L-O 4 L-4 5 L-8 6 K-8 7
L L-0 2 ... Cycle 7 Location 925

[ (Fresh Fuel) 22;

L-8 8 L-8 9 K-0 10 K-0 11 J-0 12 K-8 13

3 2 27 22

0 1 0 1

L-8 14 L-4 15 K-0 16 J-0 17 L-8 18 J-0 19 L-8 20

1 34 43

0 3 1
f
\

"8 25 K-0 26 J-0 27 J-0 28
J-0 21 L-8 22 K-O 23 J-8 24 -

32 45 20 11 4 18 36

j 2 0 0 1 2 2 0

L-0 29 K-0 30 J-O 31 J-8 32 L-12 33 K-0 34 K-0 35 J-O 36
21 41 38 5 8 53

0 1 3 1 1 0

!
! L-4 37 K-0 38 L-8 39 K-0 40 K-0 41 K-4 42 K-8 43 K-8 44

54 29 37 15 12 7

J-8 45 3 2 3 0 3 0

23'

L-8 46 J-0 47 J-0 48 J-0 49 K-0 50 K-8 51 J-4 52 L-8 532

49 51 39 14 47 33

0 3 2 3 1 0
L-0 54

.

K-8 55 K-8 56 L-8 57 J-0 58 J-0 59 K-8 60 L-8 61 E-16 62

: 9 22 59 61 55 10,
.

1 0 0 0 0

Clockwise siultiple of 90* relative to Cycle 2 location in quadrant.*
** Clockwise multiple of 90 relative to Cycle 6 location in quadrant.

;

.

a
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Figura 3.3
Maino Ycnkso Cyclo 7

Calculated Assembly Exposures at BOC

E2/03/03. - 14.32.3. NfC7 EXC6 8 !!.R ledD/NT ARD CALCLA.ATED BlfMPS AT EC

CGIE AVDUE EIPOStflE = !!440.9
MAI ASSDSLY EIPOSLNE = 26934.0 8 LIC 1

( CORE POSITION /ASSDELY RDOER . I A14 1 ! A12 2I
.

FLEL TYPE . . . . . . . . . . . . . . . . . . . . . " J-8 i L4 I
CEA sap 6, TYPE . . . . . . . . . . . . . . . . .

; |

ASSD SLY ElfM P HedD/NTJ ......
26934.0, 0.0 .

. 317 3: 316 4 1 315 5 I 313 6I311 7I
L- K4 I

.C.0I L-4 ! . L 4. i44 ,
I I 2

( :
I I ! ! I

'23306.01 0.0 ! 0.0 1 0.0 1 12289.0 I

I C18 8 1 C17 ? ! C16 10 ! C15 Il ! C13 121 C11 13 !
K4 I . C.4 ! M 1 . 5 .B IK K-! L41 L41

;
-

ens ; g ; j ;

I 0.0 1 0.0 1 7516.0 I 9640.0 1 21332.0 I 12289.0 I
)

I D19 14 I D18 15 I D17 16 I D16 17 I D15 18 I D13 19 I D11 20 I

i '*Ie5;*i "4 i s .11 '* i . 31 ! '* i'

! ! I i ! ! ! !
! 0.0 1 0.0 1 7500.0 2 24338.0 1 0.0 1 21794.0 1 0.0 1

I E20 21 I E19 22 I E18 23 I E17 24 I E16 25 I E15 26 I E13 27 I E!! 28 I
K, |' M| M|4K4 M. M

| M [ , L-8 .
.: 1 .

1 - 1
! J

J 23306.0 1 0.0 1 7500.0 1 25937.0 .' 25537.0 I 10430.0 . 21254.0 1 19748.0 I

I F20 29 I F19 30 I F18 311 F17 32 I F16 33 I F15 34 I F13 35 I Fl! 36 !*I
._.___

** l"*I.e';*I "* I e A? I "l .M iI
! ! ! ! ! ! ! ! !

1 0.0 I 7516.0 i 24338.0 1 25537.0 I 0.0 1 12475.0 I 8785.0 1 199S4.0 1

I G20 37 I 019 3B I G18 391017 401016 41 ! 015 421013 43 I G11 44 I
I L-4 ! K-0 I L-8 I K4 I K4 I K-4 I K-8 i K-81

Ie2e! I ele ! Ie4e!! IeCe1
| 0.0!9640.0f 0.0 f 10430.0 f 12m.0 f DM.0 f 14H5.0 f 13354.0 f

-

___

. J20 46 ' J19 47 : J18 48 I J17 49 I J16 50 I J15 51 I J13 52 [ Jll 53 I
._ ..

'

'26934.0- L4 M. MI MI K4 I K-8 ! J-4 4 L-8 I
-

. e!.L-I ! ! ! ! ! ! I.3e! I I I ese I I

101 N I
'' L41 0.0 I 21332.0 1 21794.0 I 21254.0 I 8785.0 1 14445.0 I 26267.0 10.01

! L20 55 I L19 56 I L18 57 I Ll7 SB ! L16 59 I L15 60 I L13 61 ! Ll! 62 I
! 0.0 1 K4 ! K-8 i L-8 : Mi J4 i K4 i L41 E-16 I-

' ' e5e ; Ie4eI !e5e I

19984.0f13354.0f0.0 17583.0
12289.0 12289.0| 0.0 , 19748.0

SATCH 3ATCH 3ATCH AVDtAGE
NLMBDt !D EIPOStalE

1 E-16 17583.0
2 M 21981.7
3 J4 26267.0
4 M 26175.0

.

K4 9391.0 I
K-4 13352.0 '

K-6 13364.4

| 1:1 M
0.0

11 L-12 0.0
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fFigure 3.4
I

Maine Yankee Cycle 6
Burnup Distribution by Assembly

INCA Versus Predicted *

at 10,000 MWD /MT Cycle Exposure

K-0 8 K-0 21
Assembly Type and INCA Location . ......

6616 8503
Assembly Exposure (MWD /MT) INCA . ......

6451 8283 .

Calculated . . . . . ..

-2.5 -2.6
Percent Difference . ......

~

K-0 *15 K-0 31 K-0 11 I-0 25 K-8 4

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 I-0 13 J-8 2S K-8 7I-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

K-4 34 J-8 14 I-0 30 J-0 10 I-4 24 J-8 3

11553 25306 30366 19000 33783 24251

11546 25281 30646 19507 33998 24309

-0.1 -0.1 +0.9 +2.7 +0.6 +0.2
'

I-0 32 J-0 12 1-0 27 J-0 6 I-0 19

29194 21364 29278 19911 31013

29238 21661 29566 19739 31318

+0.2 +1.4 +1.0 -0.9 +1.0

J-4 29 J-0 9 I-4 23 J-0 2

24615 22581 34743 18390

24682 22842 33945 18210

+0.3 +1.2 -2.3 -1.0
,

i

I-4 26 J-0 5 I-4 18
Fuel Exposure Exposure

| Tyge INCA Calculated Diff erence (%) 32705 20146 34037

32372 20318 33922

E-16 27377 27055 -322 (-1.2%) -1.0 +0.9 -0.3'

I- 0 30371 30536 165 ( 0.5%)

I-4 33965 33697 -268 (-0.8%) I-0 22 J-0 1

| J-0 20253 20398 145 ( 0.7%) 29000 18644

J-4 24615 24682 67 ( 0.3%) 29115 18429

| J-8 24476 24481 5 ( 0.0%) +0.4 -1.2

f K-0 8185 8112 - 73 (-0.9%) E-16 177 (-0.1%)
| K-4 11553 11546 -

27377
l K-8 11668 11478 -190 (-1.6%) 27055

-1.2
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)
J-8 1 L-0 2

4 (5 finger) B (5 finger)

3 (5 finger) A (5 finger)

{ 2 (5 finger)
1 (5 finger)

J-0 3 L-0 4 L-4 5 L-8 6 K-8 7

C 1

L-8 8 L-8 9 K-0 10 K-0 11 J-0 12 K-8 13

A C 5

5 finger

L-8 14 L-4 15 K-0 16 J-0 17 L-8 18 J-0 19 L-8 20

I 5 A 3

5 finger

J-0 21 L-8 22 K-0 23 J-8 24 J-8 25 K-0 26 J-0 27 J-0 28

A 2

L-0 29 K-0 30 J-0 31 J-8 32 L-12 33 K-0 34 K-0 35 J-0 36

'

C A 5*

l 2 finger

L-4 37 K-0 38 L-8 39 K-0 40 K-0 41 K-4 42 K-8 43 K-8 44

"
J-8 45

L-8 46 J-0 47 J-0 48 J-0 49 K-0 50 K-8 51 J-4 52 L-8 53

:

L-0 54

:

K-8 55 K-8 56 L-8 57 J-0 58 J-0 59 K-8 60 L-8 61 E-16 62
'

5 4 5

i
5 finger 5 finger

* non-scrammable CEA locations
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FIGURE 3-7
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F
L 4.0 PHYSICS ANALYSIS

4.1 Fuel Management

{
Maine Yankee Cycle 7 consists of irradiated and fresh fuel assemblies

,

es 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

Saction 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 thore of Cycles 3 and 6 based on the following significant

changes, as discussed previously:
[

1) Increased Type L fuel enrichment;

2) Low-leakage fuel management;

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

[ 4) Increased reactivity worth resulting from the reconfiguration of
CEA Bank 5.

These different physics characteristics are discussed in the following

h cections.

{
4.3 Powe.r Distributions

Assembly relative power densities for Cycle 7 at Hot Full Power (HFP),
squilibrium xenon conditions are presented for unrodded and rodded (CEA Bank 5

_

In) configurations. Figure 3.5 shows the locations of the CEA gcoups.

The unrodded power distributions at BOC (50 MWD /MT), MOC (6000 MWD /MT)

cnd EOC (12,000 MWD /MT) are presented in Figures 4.1 through 4.3. The

[
-37-
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(
unrrdded maximum 1 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

p2sk power is 1.581 at BOC,1.552 at MOC, and 1.560 at EOC for spot Bank 5

inssrtion at these times in core life.
-

f
The unrodded radial peaking is comparable to previous cycles. The CEA

Brnk 5 radial peaking is increased due to the CEA Bank 5 modifications by 5 to
10% in comparison to Cycle 6. This is reflected in a more restrictive
insertion 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 included in the plant Technical Specifications for the

( purpose of comparison to measured values. Such a comparison demonstrates the
The valuesadequacy of the peaking values utilized in the safety analyses.

era 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

24.62, 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

| prefetentially loaded in the specific assembly locations detailed in
Figure 4.8. The as-built depletion analysis was performed and the effect on

the maximum 1 pin radial peaking is given in Table 4.2. The differences are

minimal and have been conservatively accounted for in safety analyses.

-38-
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4.4 CEA Croup Reactivity Worths

The CEA group configurations were shown in Figure 3.5 and the

rodifications 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 3,

6, and 7. The CEA Bank 5 modifications provide the largest increase in CEA

group worth compared to previous cycles. The low-leakage fuel management also
centributes 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 associated 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.
Tha total core average Doppler defect from 4000 F is given in Table 4.4 and0

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
cosfficient 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

diecussed in detail in Section 4.10.2. The calculations utilize the 3D

pra-ejected configuration weighting to obtain a more representative Doppler
defect. The full and zero power case Doppler defects for the ejected CEA

Asceces are given in Tables 4.6 and 4.7 for specified times in core life.
diecussed in Section 4.10.2.3, an uncertainty of 15% is applied prior to
transient analysis application of these defects.

1

4.6 Moderato'r Reactivity Coefficients and Defectsi

The moderator temperature coefficients at cominal operating HFP and

HZP, critical boron conditions are presented in Table 4.8 for Cycles 3, 6,
end 7. Relative to Cycle 6, the Cycle 7 MTC at BOC, EZP is less positive, due

primaril;r to the increased fresh fuel enrichment and number of burnable poison
chims. These factors overcome the increased critical baron level at HZP for
Cycle 7 (1244 vs. 1180 ppa, from Table 4.1). The end of Cycle 7 MTC values

-39-



- _ -

i

era less negative than those of Cycle 6, due primarily to the power
distribution differences of the low-leakage core design. An uncertainty of

1 + 0.? x 10-4 Ap/ F is 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

j CEA configuration is given in Table 4.9 for Cycles 3, 6, and 7. This defect

curve yields a conservative moderator reactivity increase versus temperature
or 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 performed
j ct BOC, high soluble boron and EOC, no soluble boron conditions. Since the

coluble boron concentration is the most significant factor in determining the

i modarator 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

i

i defect values in cooldown transients from HZP. An uncertainty of 25% is

applied in 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
3

| 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 f resh 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.

|

I

| 4.8 Kinetics Parameters

.I

The total delayed neutron fractions and prompt neutron generation time

i for Cycles 3, 6, and 7 are presented in Table 4.1. The values are comparable

cnd the differences reflect the effects of core average exposure and power
|
i 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-
!
!

,

,, ,, - - . - . . _ . . , - _ - , , _ , - . . . _ _ . ,



. .

L

p rameters for.HFP and HZP conditions, both unrodded and rodded, are
calculated for appropriate application in 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 CEA group insertion limits are given in the Technical .

Spacifications 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 scopios analysis of dropped, ejected, and withdrawn CEAs. The CEA group
insertion limits are more restrictive than previous cycles, due primarily to

{ tha 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 ejected CEAs for beginning, middle, and end-of-cycle are shown
in 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.
Saction 4.10 addresses the CEA ejection physics methodology and methods

nodifications.

4.9.3 CEA Drop Results

4.9.3.1 Desian Analysis Results

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

and 7, with the resulting maximum 1 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 pinvise Doppler feedback methodology which was verified

-41-
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f

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

physics tests (27).

The calculations are performed for all CEA drcps at potentially
liciting power levels, determined to be greater than 60% power for Cycle 7.
CEA drops from ARO and CEA Bank 5 inserted are those considered for Cycle 7

baced 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
era 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 and presented in Figure

i 4.10. The results are similar to those witnessed in Cycle 6, also presented

in the figure.

I In the design analysis for dropped CEAs, the 2D radial peaking
increases 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 Poot-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
increased 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.

-42-
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Analyses for Cycle 7 were performed to determine the required rate of

p:ver level reduction to be bounded by the present design analysis method in
S:ction 4.9.3.1. Three-dimensional nodal calculations were performed to

w

cddress this probleni. The resulta, 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 10% of rated power within
one-half hour;

:

2) Decrease thermal power by at least 20% of rated power within one
hour;

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

I 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 hibner 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 reductions described above assure that proper limits are maintained for

I 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
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cddition to uncertainties, allowances for the worst stuck CEA and the power+

d2pindent insertion limit for CEAs are included. The CEA programming
cllowance corresponds to the loss in available scram reactivity due to1

|

novasent of all CEAs a maximum of 3 inches (4 steps) into the active core.
4 -

;

}
The required scram reactivity at the Hot Zero Power (HZP) condition is

determined f rom the requirements of the steam line rupture analysis in Section
4

i

.
5.5.1 and the other safety analyses in Section 5. The required scram

1 ratetivity at HZP must be sufficient to prevent a return-to-criticality
It also mustfollowing the most limiting steam line rupture event from HZP.

The availablebe greater than assumed in other safety analyses from HZP.

|
acram reactivity at HZP with uncertainties, from Table 4.14, must be greater
thsn the required scram reactivity at HZP.

,

!

l In addition, the required scram reactivity at HZP, when added to the
|

additional scram reactivity provided by the CEA insertion limits veisus power
i from Figure 4.9, must be sufficient to prevent a return-to-criticality

It must also befollowing a steam line rupture event from any power level.
.

graster than the value assumed in other safety analyses from at powerl

| conditions.
,

I

i The steam line rupture analyses are performed f rom both Hot Full Poweri

!

(HFP) and HZP conditions (38). They explicitly account for the moderator
dafset 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 HFPi

The CEA insertion limits versus power are designed to provide
f conditions.

f
increased available scram reactivity proportional to the increased power

This assures that intermediate power level conditions are covered by'
leval.

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
In addition, other safety analyses have implicitly assumed

| cuberiticality.

minimum required worth in CEAs, as stated in Section 51.4. These are

compared, in Table 4.15, to the available scram reactivity with uncertainties
from Table 4.14. The table demonstrates that, in each condition and time in

-44-
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F
h 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

f
dtmonstrates the available scram reactivity with uncertainties in Table 4.14.
Ao such, it also demonstrates CEA worth in excess of the required scram

rsactivities.

The minimum required worth in CEAs for the steam line rupture analysis
is calculated at typical beginning and end-of-cycle conditions, corresponding
to Cycle 7 RCS soluble boron conditions of 910 and 0 ppa, 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, es 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 sun,of:

[ 1) the reactivity by which the reactor is suberitical 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 caintained 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,

!
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F

2) 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 C is less than 326 ppm, and

SDM = 3.20 + 2.53 P
when C is greater than or equal to 326 ppm

( where

SDM is the required shutdown margin in percent reactivity
C is RCS boron concentration in ppa

P is reactor power level in fraction of rated thermal power.

This representation allows for calculation of the minimum required
chutdown margin for any RCS boron concentration and power level. This
chutdown margin representation is demonstrated, in Figure 4.15, to bound the

( rsquired 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 Section 7 demonstrates the calculated available scram reactivity
with 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 the Technical Specifications to provide a well-defined
raquirement as a function of key plant parameters. This specification permits
the development of procedures which preserve the minimum required shutdown
margin. Under normal operating condit ions, the CEA insertion limits provide
cuch assurance. In the event of an inoperable or slow CEA, such procedures

would apply.
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4.9.6 Augmentation Factors

The set of augmentation factors applied to Cycle 7 has been determined

for noncollapsed fuel clad using the calculational model described in (28).
*armentation factors have been conservatively calculated by statistically

,

cocbining the single gap peaking factors of Figure 4.17 and the worst (i.e.,
!

'

ficttest) 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 f actors 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<

fcctors. 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

Table 4.16cugmentation factors appropriate to a 1.5% fuel density change.
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

dsnsity change.

j The augmentation factors are incorporated as a power spike penalty in

I all calculations of core power to incipient fuel centerline melt, as part of
ths RPS setpoint analyses in Section 6.0.

J

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
The reference physics methodology report is YAEC-1115 (14).in Table 4.19.

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

4
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cancervatisms based on both analytical model assumptions and selection of

input parameters. This method has adequately addressed the worst CEA

ejrctions witnessed in Cycles 3-6.

;

The available scrau reactivity requirements for Cycle 7 have, increased

; so 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

q rasult, the CEA ejection 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
j

parameters of the worst cases, the FSAR EOC cases, bound those of Cycles 6 and

7. The FSAR analysis, however, used space-time analysis to remove
conservatisms inherent in the point kinetics approach.

Changes are proposed in the physics input parameters to the CEA

ejsetion analysis which are justified by the .iature of the transient and
cupported by higher-order calculations.

4.10.2.2 Present Licensing Methodology

.

i
' 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 usea point kinetics

j reactivity assumptions in determining the core power response with time.

| The referenced document for the physics parameter analysis is YAEC-1115
,

i

; (14). This document describes the computer codes and their application in the
l

I calculation of these parameters. The following key physics parameter inputs
era required for the CEA ejection analysis. Other physics input parameters
era 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

-48-
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U

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

| worths. A 15% uncertainty is applied to the static ejected CEA -

worths for conservatism.

1
-

2) Determination of the worst pin power peaking and pin power census
from the post-ejected static condition from HFP and HZP conditions

'

at BOC and EOC. These cases have historically been the worst

I static ejected CEA worth cases. The static pin power peaking and
census are more limiting than the higher order space-time
calculated values. A 10% uncertainty is applied to the pin power
peaking census for conservatism when comparing to the fuel f ailure
limit.

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

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

4) Delayed neutron parameters are supplied for each case analyzed.
These parameters correspond to the pre-ejected condition. A 10%
uncertainty is applied for conservatism to the delayed neutron
parameters. The pre-ejection weighted delayed neutron parameters
are typically conservative in comparison to post-ejection weighted

I parameters.

4.10.2.3 Changes to Licensing Methodology

There are two proposed changes to the licensing methodology, discussed

in the following sections, dealing with the physics parameter inputs. The
following remain unchanged:

1) The CHIC-KIN program and its application;

1
2) The static ejected worth, pin power peaking, pin power census and

the stated uncertainties for each parameter;

-49-
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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 concition. As such, the local power weighting effects are minimal.
Th2 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
powsr weighting based on the explicit pre-ejected 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-ejected power weighting is the
lesst 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 defect0 0

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

;

es:

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
a local Doppler reactivity weighting;
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4) Uncertainties in the local doppler reactivity weighting during tho

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
waighting is a significant factor in limiting the transient. Thus, the

i component in Item (4) results in an important benefit in limiting the
ccusequences of CEA ejections.

A number of studies of CEA ejections [(2), (44) and (45)] for typicci
PWR conditions have documented the magnitude of the local Doppler reactivity

waighting by comparison of space-time to point kinetics analysis results.
These studies typically define a spatial Doppler weighting factor. This

.

fcctor 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 f rom HFP and HZP by Combustion Engineering and documented in the FSAR

,

| (2). Subsequent licensing methods used by CE have demonstrated that this FSAR
' enalysis technique is conservative [(44), Appendix B]. The FSAR analysis

daveloped a linear relationship between the spatial Doppler weighting factor
;

| end 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
waighting factor (with 20% reduction for conservatism included) of 72% 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..

i

!

| A summary of the results of higher-order calculated spatial Doppler

i waighting factors for control rod ejections are given in Table 4.22. The

sp tial Doppler weighting factor for each case is expressed as percent
increase per dollar of ejected reactivity for purposes of comparison. It is
rscognized that the details of the ejected CEA case determine the specific
casunt of applicable spatial Doppler weighting. Nevertheless, there is a

sizeable npatial Doppler reactivity component which is correlated to the
magnitude of the CEA ejection.
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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 25% to 15% is thus proposed, in

application to CEA ejections only. Such a reduction recognizes the inherent
conservatisms in the non-spatial point kinetics representation of t.he Doppler
defect for this particular transient.

I
,

I
:I

I
;

:I

I
I
I
I
I

4

I
I
I

I
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TABLE 4.1

MAINE YANKEE CYCLES 3, 6 and 7

NUCLEAR CHARACTERISTICS

Cycle 3 Cycle 6 Cycle 7

Care 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
,

R3cetivity Coef ficients - ARO
Moderator Temperatues Coef ficient (10~4Ap/0F)

,
HFP,BOC -0.3.* -0.83 -0.61

HFP,EOC -1.98* -2.55 -2.30'

Fuel Temperature coefficient (10-53pjop)
HZP,BOC -1.70 -1.69 -1.64
HFP,BOC -1.30 -1.28 -1.29
HZP,EOC -1.80 -1.78 -1.77

-1.37 -1.37 -1.39HFP,EOC

Kinetics Parameters - ARO
Total Delayed Neutron Fraction (Segg)

0.00611 0.00582 0.00607
H FP, BOC

0.00517 0.00516 0.00518HFP,EOC
Prompt Neutron Generation Time (10-6 see,)'

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 (% Ap )
H FP , BOC 9.18 8.44 9.03

9.56 9.52 10.04HFP,EOC

Burnable Poison Rods
Number B C-A1 0 /Boroeilicate Class 756/0 448/16 768/0

4 23
Total Worth at HFP,BOC (% AD ) 1.4 1.2 1.9

,

,

Crie leal Soluble Boron at BOC, ARO (ppm)
HZP,NoXe,PkSe 1,075 1,180 1,244

995 1,084 1,145HFP,NoXe,PkSm
HFP, Equilibrium Xe 782 855 909

Inverse Boron Worths (pps/% Ap )
84 94 96HZP,50C
89 100 102HFP,80C

HZP EOC 74 80 82
79 87 87

HFP,EOC

Conditions of 2440 MWt/2100 psia operation.u

C0 Four full-length CEA's are non-Scrammable in Cycle 7.
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Table 4.2

Maine Yankee Cycle 7

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

Cycle Maximum Radial Relative Pin Power
Burnup (INCA location) Percent
MWD /MT Design As-Built Difference *

50 1.492(10) 1.490'10) -0.1

500 1.468(10) 1.46o(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

64 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

"" " '' 8"~

* Percent Difference = x 100(Design)

i

'

4

9

F

!
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( TABLE 4.3

MAINE YANKEE CYCLES 3, 6 and 7
f

CEA CROUP WORTHS AT HFP_

Worths (%Ap) _

Cycle 3 Cycle 6 Cycle 7

BOC EOC BOC EOC BOC EOC

Shutdown CEA Croups

5.86 6.02 5.12 6.02 5.39 6.17
Banks C + B + A

RDgulating CEA Croups

0.55 0.64 0.49 0.68 1.17 1.45
Bank 5*

0.90 0.97 0.79 0.95 1 59 1.83
Banks 5 + 4

1 74 1.90 1.62 1.83 2.46 2.76
Banks 5 + 4 + 3

2.49 2.73 2.58 2.54 3.19 3,40
Ba nks 5 + 4 + 3 + 2

Banks 5 + 4 + 3 + 2 + 1 3.32 3.54 3.32 3 50 4.31 4.78

All CEA Croups

Banks 5 + 4 + 3 + 2 + 1 + 9.18 9 56 8.44 9.52 9.70 10.95
C+B+A

* Bank 5 has been redesigned for Cycle 7 to provide additional reactivity worth.
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[ TABLE 4.4

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

Doppler Defect (x 10-4 4)

Fuel Cycle 3* Cycle 6 Cycle 7

[-
Resonance

Temperature

F BOC EOC BOC EOC BOC EOC

4000 0 0 0 0 0 0

- - -

3750 19.4 20.9 -

3500 39.4 42.5 41.1 44.4 41.6 45.0

- - - -

3250 59.9 64.8
{

3000 81.2 87.8 84.7 91.6 85.6 92.7

-

2750 103.1 111.6 - - -

2500 125.9 136.2 131.4 142.1 132.7 143.6

- - - -

2250 149.7 161.9

2000 174.5 188.6 182.0 197.0 183.8 198.8
{

1750 200.5 216.7 - - - -

( 1500 228.1 246.5 237.8 257.3 239.9 259.6

1232 270.5 292.6 273.0 295 1

( 1000 288.7 311.9 301.3 325.6 303.5 328.0

800 329.5 356.1 331.8 358.5

532 358.5* 387.4* 372.1 402.2 373.2 403.2

300 394.3 426.0 411.4 444.3 413.8 446.9
(

430.7 465.1 433.1 467.6200 - -

453.9 490.0- - - -

100

476.6 514.4- - -

0 -

.

o at 5250F

(
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TABLE 4.5 ,

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

Doppler Coefficient (x 10-'Ap/0F)

Fuel Cycle 3* Cycle 6 Cycle 7

( Resonance
Temperature

F BOC EOC BOC EOC BOC EOC

.2170 .2336- - - -

100
.2005 .2153- - - -

200
.187 .2015 .1871 .2011300 - -

( .176 .1890 .1765 .1901400 - -

532 .159* .172* .169 .1778 .1642 .1770
.165 .1742 .1602 .1730576.4 - -

( 800 .144** .156** .347 .1585 .1470 .1584

1000 .131 .141 .J7 .1470 .1378 .1485

1232 .121*** .121*** .128 .1370 .1287 .1391

1500 .114 .123 .117 .1265 .1102 .1288

2000 .102 .110 .1065 .1155 .1073 .1159

2500 .093 .101 .0970 .1055 .0982 .1061

3000 .086 .094 .0900 .0975 .0911 .0986

3500 .081 .088 .0845 .0915 .0856 .0926

{

{

{

l

l

* at 5250F
** at 7500F

C** at 12500F
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TABLE 4.6

MAINE YANKEE CYCLE 7
( CORE AVERAGE DOPPLER DEFECT
( WITH PRE-EJECTED WEIGHTING

FOR FULL POWER CEA EJECTION

Fuel Doppler Defect (x 10-4Ap) With
Bank 5 insertedResonance

Temperature BOC MOC EOC

# 50 MWD /MT 6K MWD /MT 12K MWD /MT
F

4000 0.0 0.0 0.0

3500 46.3 47.9 49.5

3000 95.8 98.9 102.1

2500 149.3 153.8 158.6

{
2000 207.9 213.5 220.0

1500 273.5 279.8 288.1

1232 312.6 319.1 328.2

1000 349.3 355.8 365.6

532 433.8 439.7 451.3
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TABLE 4.7

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

Fuel Doppler Defect (x 10-4Ap) With
Resonance Banks 5+4+3 Inserted

Temperature BOC MOC EOC

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

4000 0.0 0.0 0.0

3500 35.9 23 9 14.3

3000 76.3 50.2 30.1

2500 123.1 79.5 47.7

2000 179.0 112.8 67.9

1500 247.6 152.3 92.3

1232 291.1 178.5 108.7

1000 333.4 208.5 129.9

8 00 374.2 246.5 169.6

600 420.0 297.4 235.7

532 432.6 310.9 251.8
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TABLE 4.8

MAINE YANKEE CYCLES 3, 6 AND 7
[

MODERATOR TEMPERATURE COEFFICIENTS|

Conditions: HFP and HZP, ARO, Critical Boron
f

NTC (10-4Ap/0F)

Cycle 3* Cycle 6 Cycle 7

Case Conditions BOC EOC BOC EOC BOC EOC

f HFP, EqXe, EqSe -0.47 -2.24 -0.83 -2.55 -0.61 -2.30

+0.21 -

+0.34 -

HZP, NoXe, PkSa +0.24 -

-1.12-1.45 -

-1.40 -

HZP, NoXe, EqSe -

i

u Cycle 3 HZP values referenced to 5250F, Cycles 6 and 7 HZP values
referenced to 5320F.
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TABLE 4.9

MAINE YANKEE CYCLES 3, 6, 7

ARI MODERATOR DEFECT WITH WORST STUCK CEA

Moderator Defect (x 10-4@ )**

Moderator. Cycle 3* Cycle 6 Cycle 7

Temperature

F BOC EOC BOC EOC BOC EOC

O ppm 848 ppa O ppm 910 ppa O ppm-

-138.0 -49.5 -134.7 -57.2 -129.2
576.4 -

0.0 0.0 0.0 0.0 0.0
532 - (525)* -

43.5 16.5 62.5 19.6 60.8
500 -

111.0 34.8 138.8 31.5 132.0
450 -

167.3 49.4 197.7 44.5 190.0
400 -

217.0 64.5 244.8 54.0 243.0
350 -

'

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

88.0 400.0- - -

150 -

91.5 423.0-- -

100 -

93.9 430.9-- -

68 -

,

i

i

,

;

Cycle 3 values referenced to 0 at 525'F.
|.

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

*

.
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TABLE 4.10

MAINE YANKEE CYCLES 3 and 7
{

KINETICS PARAMETERS

Conditions: HFP, ARO, Critical Boron

Delayed Cycle 3 Cycle 7

Time in Neutron Effective Lifetige Effective Lifetige(
Cycle Life Group Fraction (See ) Fraction (See )

BOC 1 0.00018 0.0126 0.00018 0.0126

2 0.00128 0.0305 0.00128 0.0305

3 0.00116 0.1163 0.00116 0.1167

{
4 0.00237 0.3116 0.00236 0.3129

5 0.00083 1.1652 0.00082 1.1716
[

6 0.00029 3.0253 0.00029 3.0220

TOTAL 0.00611 0.00607

EOC 1 0.00014 0.0126 0.00014 0.0127

2 0.00111 0.0304 0.00112 0.0304
f

3 0.00097 0.1193 0.00098 0.1196

4 0.00197 0.3185 0.00198 0.3196

5 0.00072 1.1833 0.00072 1.1910

6 0.00025 2.9831 0.00024 2.9857

TOTAL 0.00517 0.00518
{

(

l

(
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L TABLE 4.11

MAINE YANKEE CYCLE 7

CEA EJECTION RESULTS

Time in Core Life
[ BOC MOC EOC

Maximum 1-Pin Radial Peak
3.11 3.72 4.04

{ HFP Bank 5 In
Ejected 5 (INCA Location 20)

6.67 6.81 7.83
( HZP Banks 5 + 4 + 3 In
L Ejected 5 (INCA Location 34)

Maximum Ejected Worth (7ep)

0.234 0.321 0.364
HFP Bank 5 In

Ejected 5 (INCA Location 20)

[ HZP Banks 5 + 4 + 3 In 0.514 0.559 0.692

Ejected 5 (INCA Location 34)

[

[

[

[

[

[
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L TABLE 4.12

MAINE YANKEE CYCLES 6 AND 7

[ CEA DROP RESULTS AT BOC

CEA Croup Dropped Dropped CEA Maximum 1-Pin
( Positions CEA Worth (%Ap) Radial Power *

Btfore Drop Type Cycle 6 Cycle 7 Cycle 6 Cycle 7

ARO A 0.106 0.107 1.60 1.69

ARO B 0.158 0.163 1.61 1.70

(
ARO C 0.090 0.106 1.56 1.69

ARO 1 0.051 0.070 1.52 1.61

Bank 5 In** A 0.106 0.098 1.70 1.78

Bank 5 In B 0.150 0.186 1.71 1.88
f

Bank 5 In C 0.092 0.108 1.66 1.80

Bank 5 In 1 0.047 0.066 1.62 1.70

1.84 -

Banks 5+4 In A 0.124 -

1.79 -

Banks 5+4 In B 0.087 -

1.81 -

Banks 5+4 In C 0.111
[

-

1.75 -

Banks 5+4 In 1 0.061 -

(

l

* 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 -

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

f
** Bank 5 configuration changed for Cycle 7.
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TABLE 4.13

MAINE YANKEE CYCLES 6 AND 7~

CEA DR(/ RESULTS AT EOC

i
CEA Group Dropped Dropped CEA Maximum 1-Pin

Positions CEA Worth (%40) Radial Power *

I 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

1.85 -

Banks 5+4 In A 0.132 -

1.79 -

Banks 5+4 In B 0.080 -

1.84 -

Banks 5+4 In C 0.123 -

1.78 -

Banks 5+4 In 1 0.078 -

1

I

I
* Pre-Drop Maximum 1-Pin radial powers:

ARO Bank 5 In Banks 5+4 In

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 configuration changed for Cycle 7.
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TABLE 4.14

MAINE YANKEE CYCLE 7{
AVAILABLE SCRAM REACTIVITY

Worths (40)
BOC EOC

HFP HZP HFP HZP

Scrammable CEA Worth * 9.13 8.66 10.04 9.53

Stuck CEA Worth 1.65 1.57 1.78 1.70

PDIL CEA Worth 0.07 2.00 0.15 2.56

h CEA Programming Allowance 0.04 0.04 0.11 0.25

Available Scram CEA Worth 7.37 5.05 8.00 5.02
- Nominal{
- Including Uncertainties 6.63 4.55 7.20 4.52

[

[

[

[

[

[

[
.

[

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

-

[
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L TABLE 4.15

MAINE YANKEE CYCLE 7
[ REQUIRED SCRAM REACTIVITY

Worth (% Ap) for
r
( Time in Cycle Life and

RCS Soluble Boron Concentration

BOC EOC
[ 910 ppe O ppm

HFP HZP g HZP

Available Scram 6.63 4.55 7.20 4.52
RQactivity

{
With Uncertainties '

(Table 4.14)

Minimum Required
( Worth in CEAs Assumed

- Steam Line Rupture 3.05 1.39 6.74 4.21

[ Event
(Section 5.5.1)

[
- Safety Analyses 5.70 3.20 5.70 3.20

L (Section 5)

Required Scram 5.70 3.20 6.74 4.21

[ Reactivity (l)

Excess from Required 0.93 1.35 0.46 0.31

[ to Available Scram
t Reactivity

[

U> Maximum of either the minimum required worth in CEAs assumed for the

{
steam line rupture event or other saf ety analyses in Section 5.
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TABLE 4.16

MAINE YANKEE CYCLES 6 AND 7
[ AUGMENTATION F4CTORS

Core Core Change in Fuel Density Due to Densification
Height Height 2.5% 1.5% 1.5%,

(%) (inches) Cycle 6 Cycle 7 Cycle 7

98.5 134.7 1.057 1.051 1.048

86.8 118.6 1.051 1.05:1 1.042

77.9 106.5 1.047 1.044 1.038

66.2 90.5 1.041 1.040 1.033
{

54.4 74.4 1.035 1.0:i3 1.028

( 45.6 62.3 1.030 1.028 1.025

33.8 46.2 1.024 1.021 1.020

22.1 30.2 1.0 17 1.015 1.015

13.2 18.1 1.011 1.010 1.010

1.0011.5 2.0 1.001 1.001 -

l

i
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TABLE 4.17

MAINE YANKEE CYCLES 6 AND 7
CORE RADIAL PIN POWER CENSUS

FOR AUGMENTATION FACTOR CALCULATION *

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 censis during the cycle.

f

!

,

!

.

>

*
|
>
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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 /Mr at 500 MWD /MT

Power Number of Power Number of

Density Quarter Assemblies Density Quarter Assemblies

1.3488 4 1.2849 8

1.3486 12 1.2830 8

1.3427 4 1.2748 16

1.3422 4 1.2744 4

1.3253 4 1.2665 8

1.3249 4 1.2645 8

1.3215 4 1.2628 8

1.3208 4

* Flattest quarter assembly census during the cycle.

[

-

%

[
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Table 4.19
i

Maine Yankee Physics Methodology Documentation

Description of Methodology Documentation Reference ' Application
Supporting

in Cycle

R:cetor Physics Methods - YAEC-1115 14 3

Reference Report

R:cetor Protective System Setpoint YAEC-1110 8 3

Analysis - Reference Report

Extension of Fine Mesh Diffusion FC No. 64, 7 4

Thsory and Nodal Physics Methods to Section 4.8

Rscetivity Parauster Calculations WMY 78-102, 27

cnd a Change in the Nodal Neutronic Attachment B

Ccupling Model

Introduction of Local Pointwise PC No. 64, 7 4

Doppler Feedback Effects in Section 4.8

Two-Dimensional Pinvise Diffusion WMY 78-102, 27

Th:ory Calculations for Dropped CEAs Attachment C

cnd Special CEA Drop Test at 50%

Pcwer for Method Verification

Uncertainty Applied to Moderator PC No. 84, 37 6

R2 activity Defect from Hot Zero Power YAEC-125.,

R2duced from 25 to 15% Section 4.7

-71-
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Table 4.20

'

Maine Yankee
.

Comparison of Full Power CEA Ejection
Nominal Physics Parameters

'

Time in Cycle Life

'I 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

I Ejected CEA Worth 0.09 0.23 0.36 0.19 0.36 0.39

(% Delta Rho)I
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

I
I
I
I
I
I
g ,or.t r.a. a ,1,, and ..au - ca.. r.. ,,P .r t ... c,a....

I
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Table 4.21

Maine Yankee
i Comparison of Zero Power CEA Ejection

Nominal Physics Parameters

Time in Cycle Life *

BOC EOC

Parameter Cycle 6 Cycle 7 FSAR Cycle 6 Cycle 7 FSAR

1 Del. ' red 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

(% Delta Rho)

Ejected CEA Reactivity 0.36 0.80 0.80 0.65 1.30 2.06*

in Dollars

Maximum 1-Pin 4.55 6.67 5.85 6.25 7.83 7.93*

Radial Peak

,

s

!
!

'

,

1 # Worst reactivity and peaking case from HZP for these cycles.
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Table 4.22 ;

Comparison of Doppler Weighting Factors
For Various Control Rod Ejection Analyses

Doppler Weighting % Increased
Analysis Ejected Worth Factor Dopple'r per Dollar

(R.ference) Conditions (Dollars) (DWF) Ejected

MY FSAR (2) HFP 0.58 1.43 72*

0.83 1.60 72*

HZP 0.87 1.62 '72*

2.27 2.64 72*

i

CE (44) HZP 1.61 1.98 61**

| B&W (45) HFP 0.79 1.81 103

I!ZP 1.31 2.85 141

d

T

|
i

i

;
a

i

|

!
>

* 20% conservatism included.
** Conservatism included - unspecified.

.
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H Figure 4.1
Maine Yankee Cycle 7

H Assembly Relative Power Densities
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L Figure 4.2

Maine Yankee Cycle 7
Assembly Relative Power Densities
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L 41 1.426141 1.10275 ,1.04485 .1.01821,1.71512 .1.14820 t .961681 1.42962 I
I 1.37579 ! 1.09571 I 1.04018 1 1.01476 1 1.16275 1 1.10383 I .95769 I 1.39871 I

.85860 1---

!*.b633 K$ Lk Mk K$ k LN k E- 6
K

ieSe s i seeI i e 5e,

1.12410 1 1.15082 1.26497 .94490 I .95701 1.09542 I I.28500 1 1.03625
41054 1.020771 1.0M33 ' I.16775 1 1.42858 1 1.09985 '1.24509 1.24396 1 364061.01587 I 1.00121 1.12271 I 1.39369 1 1.07233l.19030 1.18845 1.
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Figure 4.3
Maine Yankee Cycle 7

Assembly Relative Power Densities
EOC (12K MWD /MT), HFP, ARO

E2/02/24. - 20.33.E 19fC712K lec/lff IEOC6 811.X)

CUE 919WY F f%Ilu M ASDELY P06
DEDIPitCBl ISI.VM AS:DR.Y

ASTELY MG. l.31748 53
1%I FIAL IW 1.44601 33

I ImI. OW4EL 1.40063 53

_

CNE POSIT 10M/ASSDELY IU90t . I A14 1 1 A12 2I

I EA 91#4: TWE . . . . . . . . . . . . . . . . . I I IFLEL TWE . . . . . . . . . . . . . . . . . . . . . I MI L41

ASTELY WJAE P06 ........ ! .4573B I .35259 I
u RIL ROC P06 ....... 1 77909 I !.1990) I

1%I'lu QWML POS ........ 1 .7097 1 1.18206 11%Ii 1 M7 3 L M6 4: M5 51 M3 4 ' 911 7:
H L4 ' L-4 i L-4' K-4 ''

,oCe I eie 1 1

45e99 I .99592 1 1.09052 1 1.25076 1 1.09681 1
,

I , .83336 1 1.24876 1 1.35091 1 1.41196 1 1.19455 !
'

1 .91371 1 1.22371 1 1.32241 ! 1.34726 I 1.15113 I

I C18 8 1 C17 9 '' C16 101 C15 111 Cl3 121 Ctl 11 '

I
' L41 L4 ' K4 I K41 J41 K4

eAs ! eCe I Ie5e
. 79851 i 1.151511.09797 I 1.12660 I .99026 I 1.12146

,

I 1.24582 1 1.37491 I 1.16776 1 1.21761 ! !.06772 I 1.18149 I
1 1.21290 1 1.31715 1 1.15952 1 1.20820 1 1.0 0 16 1 1.14642 1

I bit 141 !!!S 151 M7 161 D16 171 D15 18 I D13 19 I Dil 201
'

L-4 I L-4 I K41 M1 L-4 1 J41 L-4 1

I45e! IeAt ! Ie3eI 1*

96275 I I.29322 1
78955 1 1.22482 1 1.11262 1 92247 { l.31297 I97255 I 1.43574 1 1.03570 I 1.41600 I

1 , 1.24525 I 1.47389 I 1.24671 I
i 1.21233 1 1.347 0 1 1.22236 1 .96726 1 1.35915 1 1.03000 1 1.34261 I..._ .

__

} E20 ] | Ett ] | Ett ] | E17 ] [ E16 ] | E15 2j [ E13 ] [ Ell J |
_

1 e As I ! ! !#2eI 1 1

'

45926 I I.151 0 ' l.11254 1 .98025 1 .9" 15 1 1.07020 1 921821 92584 11

1.24672 I .95170 I 9 W I 1.14891 I 97556 1 1.00653 1.83377I1.37499
.31416 I 1.31721 1.22237 I .94828 1 .94357 1 1.14573 1 .96961 1 1.00191 1_ _ _

F20 29 : F19 30 : Fil 31 : Fl7 32 i F16 331 FIS 341 F13 351 Fil 36 i
.._.

L4 K-0 ' N J41 L-121 K4 I K41 J41
J eCe ,

:, eAe , I e6e ! ! I I
91196 I

I .89604 1 1.09816 I .92266 I .99566 1 1.29997 1 1.05730 1 1.04S50 1 95371 1
i 1.24386 1 1.16795 1 .97276 I .95163 1 1.44601 ! 1.12104 1 1.12272 II 1.27381 1 1.15969 I .96727 I .94340 1 1.38505 1 1.ll590 1 1.10705 y 94958 1,, , ,

44 I
1 G20 37 i G19 3B 1 Glt 391017 401 G16 411 GIS 42 I G13 43 I Gli
L L-4 1 K4 ' L-4 i K4 I K4 I K-4 I K41 K-4 I

1.31297 ! t Ofo$1 ! 1.05746 ! l Ob21 1.01582ION 4
I H21 45 1.09062 11

1.43572 I I.14905 I I.12120 1 1.12147 ! 1.05697 1.10640I
I J-4 I 1.35699 I 1.21764
'

'

1.32247 1 1.20822 1.35914 1 1.14579 1 1.11604 1 1.11369 I l.035371.07620 I
-

- - - - - -

---- 1 J19 471 J10 481 Jt7 49 I J16 50 I J15 51 I J13 52 I Jll 53 I
-- -

45765
-

. M 33 , J20 44
I .76423 i L-4 1 J41 J4'' J4 I K4 K4 1 J-4' L-t '.

---: e1e : i e3e' !
' e3e

1.31740'
. 92139934031.44211 ,

' K21 54 ' 1.25082 .99014' .96254 9218III.04855 1.01601'
, 1.41196 . 1.06782 1.03550 , 9 573 I 1.12296 1.05717

t.3472611.0025 I 1.02990 I .9697911.1069911.035611.9784311.4000 I
; L4 '

1.19908 , L20 55 i Lif 56 i L18 57 I Lt7 50 i L16 59 ' L15 60 i L13 611 Lil 62 IE-16 1.85267
K4 I L-t 1

l.18212 K4 I K4 I L41 J4 I J4''
ese ! Ie5e 1

I e5e ! I I
l.04571 I l.31747 1 1.05866 !1.09683 I 1.12139 ' l.29309 1 .92570 1 .91153 '

1:imi11:lM isini12nI $2 i:m'di1:121Ii:lMi
_ ... _ ..-_ _ .

-- _,j_
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Figura 4.4
[ Maina Ycnkso Cycle 7

Aseembly Relative Power Densities
BOC (50 MWD /MT), HFP, CEA Bank 5 Inserted
82/04/09. - 08.53.16. MYC7 50 M/MT lEOC6 8 II.5KI ffP BK 5

CDRE Sttf%RY OF MI!M FML ASSEMBLY P0let
DESCRIPTION MI.V,UJE ASSEMBLY

ASEMBLY AVG. 1.42754 50

MI. FEL R00 1 58109 35

MI. OW4EL 1.51845 35

CORE POSITION /ASSDELY MBER . I A14 1 1 A12 2I
F1JEL TYPE ..................... I J-8I L-0 I
CEA Bate ( TYPE ................. I I I
ASSEMR.Y AWD#jE P0let ........ I .39930 I .79345 I

( MI!M FUEL R0D PCNER ........ ! .69972 1 1.16898 I
M Il u Q W eO. POWER ......... 1 .68518 1 1.11852 1

1 817 31916 4 i B15 5 I B13 6 I Bil 71
1 J4 i L-0 I L-4 I L-8 1 K-8 f
I IeCe1 I e!e I !
! .39815 I .99368 1 1.13829 1 1.10266 I .92487 1
I .85481 1 :.54397 1 1.56633 I 1.43517 I 1.01502 I
I .81793 1 1.47597 1 1.50181 1 1.36598 I .97287 I

I C18 8 I C17 9 I C16 101 C15 11 1 Cl3 12 i Cl! 13 I
I L-8 I L-8 I K-0 I K41 J4 I K-8 1

! IeAe I I eCe I I e5e!
I 43867 I .93100 1 1.22436 1 1.28747 I .91477 I .672641
I .81414 1 1.31360 1 1.44904 I 1.40118 I 1.12772 I .83713 I
I .78915 1 1.25936 I 1.39329 I 1.35019 I 1.12265 I .78291 1

I D19 14 1 018 15 1 017 16 I D16 17 I D15 181 D13 19 I D!l 20 I
I L-8 I L-4 I K-0 I J-0 i L-8 I J-0 1 L-8 I

I I e5e ! IeAe I Ie3e ! !
.56967 I .91461 I 90883 1 1.35380 1 .98040 1 1.15825 I! 43883 I
.81855 I 1.16152 I 1.04542 1 !.57565 1 1.05968 ! 1.42890 1I .81441 I

1 .78942 1 .78112 1 1.12002 1 1.03922 1 1.50527 1 1.05113 1 1.36162 I

I E20 211 E19 2/1 E18 231 E17 241 E16 25 I E15 26 I E13 27 I E!! 28 I
I J-0 1 L-8 I K4 I J-8 1 J-8 1 K4 I J-0 I J41
1 I aAs i ! ! Ie2e! ! !

.39864 I .93162 I .91474 I .72270 I .81374 I 1.22420 I 1.10079 1 1.09343 1!

.85564 1 1.31432 1 1.16201 I .75418 1 .94446 1 1.49738 1 1.25399 1 1.15904 1I
1 .81882 1 1.26008 1 1.12049 I .74779 I .93520 1 1.45496 1 1.25105 1 1.15057 I
I F20 291 F19 301 F18 311 F17 32 i F16 33 I F15 34 I F13 35 I Fil 36 I
,

I L-0 I K-0 1 J41 J-8 i L-12 i K-0 I K-0 1 J41'

1 eCe i I eAe ! Ie6e ! ! I I

! .99441 1 1.22525 I .90937 I .81332 1 .94602 1 1.26270 1 1.42739 1 1.20858 I
I 1.54501 I 1.44911 I 1.04538 1 94481 1 1.24799 I 1.50620 1 1.58109 1 1.29217 !
1 1.47698 1 1.39430 1 1.03940 I .93541 1 1.15936 1 1.48148 1 1.51845 1 1.28126 I
1 020 37 I G19 38 1 018 39 1 017 40 1 016 41 1 G15 42 1 013 43 1 G11 44 I
I L-4 I K-0 I L-8 I K-0 I K-0 1 K-4 I K-8 1 K-8 1

1 I eCe ! I e2e i I e8e ! I e4e I

I H21 45 I 1.138?8 1 1.28812 I 1.35425 I 1.22462 I 1.26309 I 1.31961 I 1.30058 1 1.30608 1
J-81 1.56729 I 1.40187 I 1.57640 I 1.49791 1 1.50671 1 1.443801 1.446231 1.418661

1 1.50272 1 1.35087 1 1.50599 ! 1.45544 1 1.48193 1 1.37934 1 1.39012 1 1.37140 1
1

1 .

.70030 I J20 46 I J19 47 I J18 48 I J17 49 I J16 50 1 J15 51 1 J13 52 I Jii 53 1
.39976 1I

1 .68579 I L-8 1 J4 I J41 J4 I K4 I K-8 I J-4 I L-8 11

Ie3e I I I I eBe 1 1
-1 e!*1

.91492 I .98032 1 1.10092 1 1.42754 1 1.30082 I 1.00893 1 1.25817 I1 K21 54 1 1.10319 I

L-0 I 1.43586 1 1.12831 I 1.05949 1 1.25425 1 1.58085 1 1.44652 1 1.11344 1 1.55489 11 1.36665 1 1.12322 1 1.05094 1 1.25130 1 1.51808 1 1.39044 1 1.10296 1 1.48603 II
1

I .79392 I-
! ! ! ! !

L K I L E-!.9 1 K K
! I I I e4e 1 Ie5e !Ie5e1

.67273 I 1.15821 I 1.09323 1 1.20794 1 1.30611 ! 1.25814 I .68318 II 92526 1

.83737 1 1.42882 1 1.15870 I 1.29103 1 1.41862 I 1.55491 I .83331 1I 1.01550 t .74440 1
I .97335 1 .78294 1 1.36154 1 1.15022 1 1.28099 1 1.37136 I 1.48605 I

-78-

_ _ - . - - _ _ - _ _ _ _ _ _ - _ _ _ _ _ -_



- - -

f

-

(
Figura 4.5

Main 2 Ytnkso Cyclo 7
Assembly Relative Power Densities

MOC (6K MWD /MT), HFP, CEA Bank 5 Inserted

82/04/09. - 08.56.57. MC7 6K IWD/ffi (E0C6 t ll.5KI H'P INE
5

CORE 9MWlY OF MI!!Ut F1EL ASDBLY P0bER
DE D IPil0N MI.WuE ASSDGLY

ASSEF9LY A E 1.30018 39
-

MAI. Flfl. ROD 1.55178 61

Mt. CHM EL 1.50590 61

C0RE POSITION / ASSEMBLY IMBER I A14 1 1 A12 2I
1

FUEL TYPE ..................... I A81 L-0 1

EEA B4 K TYPE ................. I I I
45451 I .87591 1

ASSEMBLY AVEPACE POWER ....... 1 76954 I 1.25459 I!
MIIMUM FUEL ROD F0WER ........ I .75855 1 1.21748 IMItttJM OVMEl. POWER .........

I B17 3 I B16 . I B15 5 1 B13 6 1 B11 7I
I J4 I L-0 i L-4 i L-8 I K-8 I

eCe ! I eIe I !
[ I I

! 42193 1 .97394 1 1.16301 1 1.20553 1 1.01300 1( .83474 1 1.44218 I 1.49799 ! 1.44658 1 1.11365 I1

.00901 1 1.39390 1 1.45177 I 1.39013 1 1.06278 II

I CIS 8 i C17 91 C16 101 C15 11 1 Cl3 12 I Cll 13 1
I L-8 1 L-8 I K-0 1 K4 I J4 ! K-8 I

I I eAs I I eCe ! I e5*I
48064 I .96677 1 1.17069 1 1.24204 I .93625 I .70145 I.88364 II

.83059 1 1.28028 I 1.33348 I 1.34565 I 1.12100 I.82070 11

.81335 1 1.24302 1 1.30613 1 1.31373 I !.11462 1I

1 D19 14 1 D18 15 I D17 16 i D16 17 I D15 181 D13 19 i Dil 20 I
I L-8 I L-4 I K-0 I J4 I L-8 1 J4 i L-8 1

1 Ie5e I I eAs I I e3e 1 I

.57370 I .89745 I .91219 I 1.37996 I .98897 1 1.20526 I

.82426 I !.11208 1 1.02592 I 1.53165 I 1.04988 1 1.41641 11 .48074 1

.77531 1 1.08238 1 1.02314 1 1.48332 1 1.04355 1 1.36886 1I .83074 1
1 .81350 I

1 E20 211 E1931 E18 231 E17 241 E16 25 I EIS 26 i E13 27 I Ell 201
I J4 i L-8 I K-0 I #8I #8I K-0 1 J-0 I e01

I e2*I I I
I I eA* I I I

.82539 I 1.16878 f 1.06340 I 1.06685 II 42230 I .96709 I .89744 I .73963 I .94704 I 1.35874 1 1.17052 1 1.10677 1
[ 1 .83535 1 1.29065 1 1.11231 I .76738 I
l 1 .80966 1 1.24340 1 1.08262 I .76461 I .94047 1 1.33408 1 1.16797 1 1.10034 I

I F20 29 i F19 301 F18 311 F17 32 I Ft6 33 I F15 34 I F13 35 I F11 36 I
,

I L4 I K-0 I #0 I #8I L-12 I K-0 I K-0 I J4 I
e6e I I I I

I eCe ! I eAe ! I
.95618 I 1.17169 I 1.31503 1 1.14657 I.82495 II .97433 1 1.17119 I .91255 I .94720 1 1.25927 I 1.35155 1 1.43813 1 1.19905 1I 1.44268 I 1.33905 I 1.02592 I .94052 1 1.14117 1 1.34121 1 1.40187 I 1.19096 11 1.39440 1 1/ W 4 1 1.02328 1

1020 371019 38 I GIS 391017 401016 411 G15 42 I G13 431011 44 I
I L-4 1 K4 i L-8 I K4 I K4 I K-4 I K-8 i K-8 I

I IeCe ! I e2e ! I eBe I Ie4e !

45 I 1.16421 1 1.24237 I 1.29018 I 1.16905 I 1.17197 1 1.24699 I 1.26297 I 1.29118 I
# 8 1 1.49841 ! 1.34598 1 1.53202 I 1.35907 1 1.35189 1 1.34127 I 1.36189 I 1.37631 1I 1.45218 1 1.31404 1 1.48369 I 1.33438 1 1.34151 1 1.28807 1 1.30451 1 1.32203 1

I H21
1

I '

I
770001 J20 46 I Ji? 47 I J18 48 I J17 49 I J16 50 I J15 511 J13 521 Jll 531 .45491 1-

I .75903 I L-8 I J4 I e0I J4 I K4 I K-8 I J-4 I L-8 II
! I I I eBe ! !

.98883 I 1.06348 I 1.31516 1 1.26327 1 1.02485 1 1.31813 I
Ie3eI ele !-

L-01 1.44696 I 1.12136 I 1.049701 1.17074 I t.433021 1.362231 1.098421 1.5516911 1.39051 1 1.11496 1 1.04338 I 1.16818 1 1.40170 1 1.30483 I 1.09125 1 1.50582 I
.93629 11 K21 54 1 1.20588 1

1

1

I .87624 1- 62 I
I !.25500 I L20 55 i L19 56 i L18 571 L17 58 I Ll6 59 I L15 60 I Ll3 61 I Lil
2 1.21787 I K-6 i K-8 I L-8 I e0 I #0I K-8 I L-8 I E-16 1

e5e 1 1 I Ie4* I I e5* I

.70149 1 1.20519 1 1.06670 1 1.14602 1 1.29131 I 1.31814 I .69506 1.88379 ! 1.41635 I 1.10675 I 1.19806 1 1.37646 I l.55178 1 .85291 3.76830 1
1 I
I 1.01326 I

1 1.06307 1 .820B4 1 1.36879 1 1.10008 1 1.19049 1 1.32216 1 1.50590 I
i 1.11397 1

'

\

|
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Figure 4.6
Maina Yankes Cycis 7

Assembly Relative Power Densities
EOC (12K MWD /tfT), HFP, CEA Bank 5 Inserted

|

82/04/09. - 08.58.47. MfC712K Pt43/NT (E006 e 11.21 ifP BNet 5

CORE SlJttARY OF MAIIM FUEL ASSEMBLY P0lER
DESCRIPTION MAI.VALUE ASSEMBLY

ASSEMBLY AVG. 1.42218 39

MAI. FlEL R00 1.55979 39

MAI. CHN#EL 1.47876 39

CORE POSITION / ASSEMBLY MBER . I A14 1 1 A12 2I
FLEL TYPE . . . . . . . . . . . . . . . . . . . . . I J-8 I L-0 I
CEA B44( TYPE . . . . . . . . . . . . . . . . . I I I
ASSEMBLY AVERAGE POLER ........ ! .53210 I 91226 I
MAllM FlEL ROD P0hER ........ ! .87249 1 1.24983 I
MA11M CH40EL P0bER ........ 1 .820251 1.228961

l

I B17 3 I B16 4 I B15 5 I B13 6 i B11 7I
I J4 I L4 I L-4 i L-8 I K-8 I
I I eCe ! I eie I I

I 45834 I .97933 1 1.20284 1 1.28234 I 1.02946 1
1 .85668 I 1.37718 1 1.48836 1 1.46591 I 1.11648 1
I .83464 1 1.34657 1 1.43543 1 1.40816 1 1.00003 I

I C18 8 I C17 9 1 C16 10 I C15 11 I Cl3 12 I C11 13 I
I L-8 i L-8 I K-0 I K4 I +0 I K-8 I

I IeAe ! IeCs ! I e5e !
I .53775 I 1.03115 I 1.15500 1 1.22429 I .94798 1 .69063 I
I .85946 1 1.28423 1 1.27956 1 1.30502 I 1.12536 I .89284 1
I .85286 1 1.25026 1 1.26330 I 1.28945 I i.11640 I .822:5 I

I Di9 14 1 018 151 D17 161 D16 171 D15 181 D13 19 I Dit 20 t
I L-8 I L-4 I K41 J41 L-8 1 J4 i L-8 I

I I e5e I I *As! Ie3e ! !
.58138 1 .89674 1 .92929 I 1.42200 I 1.00060 1 1.24453 I! .53783 1
.82149 1 1.09149 1 1.04144 I 1.55961 I t.06031 I 1.42559 1I .85958 1

1 .85298 1 .76502 1 1.07925 1 1.03675 1 1.47859 1 1.05324 1 1.36407 I

I E20 21 I E19 22 1 E18 23 1 E17 24 1 E16 25 I E15 26 I E13 27 I Ett 28 I
I HI L-8 I K41 +81 +8I K-0 I J4 I e01

1 1 eAsI I I I e2e ! I I

I .45868 I 1.03139 I .89673 1 .75754 I .83839 I 1.13442 I 1.03342 I 1.04812 I, ,

.79126 I .96445 I 1.25735 I 1.11486 1 1.08941 II .85722 1 1.29451 1 1.09165 I
I .83522 1 1.25051 1 1.07942 I .78685 1 .95579 I 1.24584 1 1.10917 I 1.08765 I

I F20 29 I F19 301 F18 311 F17 32 I F16 33 i F15 34 I F13 35 I Fil 36 I
I L4 I K41 HI e6I L-12 I K4 I K41 J41

I eCe I I eAe! I e6e I I I I

I .97960 1 1.15535 I .92960 I .83800 I .95971 1 1.09826 1 1.22077 1 1.08603 1
1 1.37749 1 1.27995 1 1.04143 I 96455 1 1.23727 1 1.24127 1 1.32153 I 1.12492 I
I 1.34689 1 1.26368 1 1.03690 I .95580 1 1.10438 I 1.23766 I 1.30287 I 1.12211 I

44 .
I G20 371 G19 38 I G18 391017 40 I G16 41 ! G13 42 I G13 43 I Gli
I L-4 I K4 I L-8 1 K4 I K4 I K-4 1 K-8 I K-8 1

I I eCe ! Ie2e ! !*Be I I e4e !

45 1 1.20314 1 1.22452 I 1.42218 1 1.13464 I 1.09947 I 1.15537 I 1.17873 1 1.21434 1
# 8 1 1.48869 1 1.30527 1 1.55979 1 1.25760 1 1.24148 1 1.21257 1 1.23989 1 1.26232 1

I H21
I

1 1.43572 1 1.28968 1 1.47876 I 1.24606 1 1.23789 ! 1.18335 I 1.20781 1 1.23317 I1 .

.832911 J20 46 I J19 47 I J18 48 I J17 49 I Jt6 50 I J15 51 ! J13 52 ! Jt! 53 I

.50248 II

1 .82069 1 L-8 I +0 I MI J4 I K4 I K-8 I e41 L-8 1I

I e1e I ! e3e ! ! ! I eBe! I
.94801 1 1.00049 ! 1.03850 1 1.22088 I 1.17898 I .99929 I 1.31565 I

-

I K21 54 I 1.28264 I
L4 I 1.466241 1.12565 ! 1.06027 I 1.11504 I 1.32148 I 1.240161 1.047371 1.504861

1 1.40846 1 1.11669 1 1.05314 1 1.10936 1 1.30279 1 1.20003 I t.04089 1 1.44282 1
I
1
I .91254 I
I 1.25015 i L20 551 L19 561 L18 57 i Ll7 58 I Ll6 59 I L15 60 I L13 61 ! Ltt 621
1 1.22928 1 K-8 I K-8 I L-8 I J41 J4 I K-8 I L-8 I E-16 I

I I Ie4e I 1e5e !Ie5*II
.69069 1 1.24452 I 1.04903 1 1.08556 1 1.21445 I 1.31566 I .67632I! 1.02969 I
.89258 ! 1.42559 I 1.08943 1 1.12409 1 1.26244 1 1.50491 I .84566 1i 1.11674 I

1 1.08028 1 .82228 1 1.36407 1 1.08767 1 1.12163 1 1.23328 1 1.44288 I .76300 I
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Note: 1. This curve includes 10% calculational uncertainty

2. FR= FP * 1.03
T

R

3. Measured Fg should be augmented by measurement

[ uncertainty (8%) before comparison to this curve.
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Figure 4.8

Maine Yankee Cycle 7

Arrangement of Shim Loadings

'As-Built' Calculation
f

I

f
Assembly Type and INCA Location ... J-8 ,8 L-0 21

.

J-0 15 L-0 31 L-4 11 L-8 25 K-8 4

HI MED

f

L-8 ,16 L-8 33 K-O 13 K-O 28 J-0 7 K-8 20

HI LO'

L-4 34 K-O 14 J-0 30 L-8 10 J-O 24 L-8 3

HI HI LO

* .

J-8 32 J-8 12 K-0 27 J-0 6 J-0 19

L-12 29 K-0 9 K-0 13 J-0 2

LO

~ ~ ~
*

Assembly No. of Loading Designation

Type As'semblies agB-10/in. in Figure

L-4 12 24.62 HI
;

L-8 20 J-4 22 L-8 1

i L-8 8 23.96 MED HI
*

i L-8 12 23.08 . LO

L-12 4 E-16 17

* design shim loading is 23.8 agB-10/in
__

h
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Figure 4.11 MYC7 OROPPED CER RROIRL PERKING WITH POWER RESTRICTION
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Figure 4.17

Maine Yankee Cycle 7

[ Limiting Single Gap Power Peaking

[
Forcoat Increase in Power

.

[

[

[
0.2 0.4 0.6 0.5 0.2

[ 0.2 0.5 1.0 1.4 1.1 0.6

Water cap Between Assemblies

0.2 0.5 1.2 2.9 4.3 3.0 1.2 0.5

0.4 1.0 2.9 4.4 * 4.9 1.6 0.4

0.6 1.4 4.3 * Cuide 1.4 0.5
Tube

0.5 1.1 3.0 4.9 0.7 0.3

0.2 0.6 1.2 1.6 1.4 0.7

0.5 0.6 0.5 0.3

* Feak Fower Fia location

Legend
4.9 ... Feaking in peak power pia location (ungapped rod) due to

a single gap at the indicated location.
_
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I
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.

I
|

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

i

| Time Delays. A discussion of the differences between Cycle 7, Cycle 6, and
8 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 Initial Operating Conditions

The initial conditions assumed in the safety evaluations conaidered 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

F 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 f or all possible combinations of temperature
and pressure. The preservation of DNB overpower margin assures that the

-92-
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einimum 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 in the core, and in particular, the peak heat
flux and enthalpy rise, are of major importance in determining core thermal

The procedure used in the Reference Safety Analysis was to set themargin.

initial conditions (inlet temperature, power, pressure, CEA insertion, and
axial power distribution) and through analysis assure that enough initial

the violation of acceptable criteriaoverpower aargin is available to prevent
f or each incident analyzed.

This procedure is continued for Cycle 7. If the available overpower

margin is not suf ficient 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 is demonstrated that suf ficient margin
exists.

As a starting point the Reference Safety Analysis assumed the FSAR
N . 9) shown indesign power distribution (F = 1.68 and F =

delta Hz

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

In most cases considered in (3) and (6), acceptable performancedesign set.
As indicatedwas demonstrated with the use of the design power distributions.

5.ll,the design power distribution, at the full power heat flux,in Table
results in lower DNBR than any of the Cycle 7 predicted power distributions
within the symmetric of f set pre-trip alarm band (S/0 LCO band), evaluated at
their respective maximum power level limit as defined in the PDIL (Technical

Specifications 3.10.A.1).

In addition, values are presented in Table 5.11 for Pd-Po, the percent
rated thermal power margin between Pd, the power level at which the MDNBR f or

a given power distribution would equal the SAFDL on DNB, and Po, the initial
maximum power level allowed by the CEA insertion limit for that rod

This is a more precise indicator of relative CNB marginconf igura tion.
between power distributions than initial steady-state MDNBR, due to variation
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in 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 V-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 f actors af fecting 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
f ull power thermal design conditions are as or more limiting than any of the
Cycle 7 power distributions, including the FSAR design distribution at HFP
conditions for Cycle 7. This is due to the flow penalty required for mixed

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

;

! in the ref erence 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 f actors are also bounded in Cycle 7 for a specific transient.

!

|
Power peaking associated with the CEA drop and the CEA ejection events

r

i The ef fect of
j for Cycle 7 are compared with reference values in Table 5.1.

f
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 Coef ficients

!
|

The transient response of the reactor system is dependent on reactivity
f eedback ef fects, in particular, the moderator and the fuel temperature

| reactivity coefficients. Nominal values for each of the above feedback
l coef ficients are given in Sections 4.5 and 4.6. The moderator temperature

|

-

|
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ccefficient and All-Rode-In ( ARI) moderator defect for Cycle 7 are bounded by

Cycle 6 values. The Doppler coef ficients for Cycle 7 are essentially
identical with those of Cycle 6. Variations in the above parameters will

influence. each -transient in a dif f erent manner. Therefore, the ef fect 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 MTC in the power range
greater than 70% RTP (rated thermal power) from "less positive than 0.0" to

~'
"less positive than +0.5 x 10 delta rho / F". The analyses performed in

(6), which were conservatively performed at HFP conditions with MTC equal to
+0.5 x 10 ' delta rho / F, support this change and any new analysis~

perf ormed continues to consider the HTC at HFP, BOC to be as positive as

! +.5 x 10 ' delta rho / F.
-

1

The effective neutron lifetime, delayed neutron fractions, and decay
4

constants are f unctions 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 dif ferences that are experienced f rom cycle to

cycle have an insignificant impact on the response of the plant for all
j

j transients except the CEA Ejection. In the CEA Ejection Accident, tne ratio

.

of the ejected rod worth to ef fective 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
f unction of position. The Reference Safety Anslysis considered this functi6n
in three separate parts: 1) the CEA position versus time, 2) the normalized

i; reactivity worth versus rod position, and 3) the total negative reactivity
inserted following a scram.4

,

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

d

j -95-

!

l
. . . - _ . . - _ _ . _ _ . . _ . _ . _ _ . _ _ . , , _ _ . . , _ . ._. _ _ . _ _ _ - __ _ _



_ . - _ __

.

insertion 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,-

j CEA drop times are measured at each refueling as part of the startup test
I

program to verify this assumption.'

t-

The normalized reactivity worth versus rod position assumed in the
Reference Safety Analysis was provided as Figure 4.3 in (3). This curve is

4 sensitive to axial power distribution and is based on the minimum reactivity'

insertion for a variety of axial power distributions. The normalized
reactivity worth versus rod position was calculated for limiting C' cle 7 axialy

power distributions and was compared to ti.a curve assumed in the Reference
; Safety Analysis. The normalized reactivity worth versus rod position assuued
I

in the Reference Safety Analysis is conservative for Cycle 7 for events
;

limiting at HFP. The normalized control rod negative reactivity insertion
t

versus time curve presented in Figure 4-4 of (3), which was obtained from a

synthesis of tne aforementioned f unctions, is likewise conservative in
;

application to Cycle 7 for HFP events.'

The normalized reactivity worth versus position curve from (3) was
.

modified 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 curves determined f or

Thelimiting Cycle 7 axial power distributions at zero power conditions.
! 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 Saf ety Analysis values. The values of scram

specified in Table 4.15 bound those assumed in the safety
f reactivity

analysis supporting operation of Cycle 7.I

i

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,
;
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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 setpoints 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
distributions considered in setting the Symmetric Of f set 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 power CEA ejection transient.

The TM/LP and Symmetric Of f set 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 Of f set Trips for 3-loop
operation are preaented in Section 6.0.
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5.2 Summary

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

( follows:

1) Anticipated Operational Occurrences (A00) for which the Reactor
Protection System (RPS) assures that no violation of Specified
Acceptable Fuel Design Limits (SAFDL) will occur.

2) Anticipated Operational Occurrences (A00) f or 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 Safety
Analyses a new analysis is provided. These are:

1) Boron Dilution
2) CEA Ejection

3) CEA Withdrawal
4) CEA Drop

5) Seized RCP Rotor

f
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

f rom previous cycles need not be recalculated with the YAEC-1 DNB correlation

for Cycle 7.
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Anticipated Operational Occurrences for which the RPS Assures No5.3
Violation of SAFDLs

The incidents in this category were analyzed in the Reference Safety

Analyses for the 2630 MWt Uprate and Positive NIC submittals f or Maine Yankee,
Selected cases were reanalyzed in (7) to account for changes in(3) and (6). These analyses showed that the

the Cycle 4 core physics characteristics.
incidents in this category do not violate the SAFDLs; the primary coolant

The changesor the 10CFR20 site boundary dose limits.cystem pressure limit;
considered in the present analysis do not significantly affect the NSSS

This assures that the conclusions re14.civeresponse during these transients.
to primary system pressure and site boundary dose remain valid.

I
Protection against violation of the SAFDLs continues to be assured by

Setpoints are generated for the TM/LP and Symmetricthe RPS (Section 6.0).
Of f set Trips which include the changes in power distributions associated with

Sections 5.3.1 through 5.3.5 review the Anticipated OperationalCycle 7.

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

Control Element Assembly Bank Withdrawal5.3 1

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

This
reactor power rise to a level just belew the Variable Overpower Trip.
combination of parameters maximizes the core thermal heat flux and core inlet

Since the analysis in (3) and
temperature and results in the minimum DNBR.
(6) assumed the FSAR design power distribution at HFP conditions, which is
bounding with respect to limiting combinations of initial power level and
power distribution within the symmetric of f set LCO f or Cycle 7 at HFP and
lower power levels, the cases analyzed in (3) and (6) are bounding for Cycle 7.

The Reference Safety Analysis considered parametric analyses at full

power (2630 MWt) for Moderator Temperature Coef ficient (MTC) and Reactivity~ delta rho / F toThe ranges analyzed were +0.5 x 10Addition Rate. -0

-3.0 x 10 delta rho / F and 0 to 0.7 x 10 delta rho /sec. As

indicated in Table 51 the Cycle 7 predicted value of MTC, with uncertainty.
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( is -2.8 x 10 delta rho / F. Reference 3 showed the MDNBR to occur at an
~

MTC of -2.9 x 10- delta rho / F f or this event, with less negative MTC
rssulting 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 5 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
initial 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
insertion 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 conditions 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 ref ueling, shutdown, startup, hot standby and power

operation conditions. Table 5.6 presents a summary cf the results of this
review for Cycle 7.
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5.3.2.1 Dilution During Refueling

Assumptions made in the Cycle 7 evaluation for dilutions during

I ref ueling 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 letdowa 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

3

the dilution flowrates and minimum reactor vessel water volumes of 2599 f tI (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 conditions (68 F) during refueling is 1044 ppm. The minimum
initial reactor vessel boron concentration which will prevent an inadvertent
criticality within 30 minutes is:

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
Case No. 4 of (29), together with a minimum reactor vesseldilution event,

water level at the lower lip of the RV nozzles to determine required initial
boron concentrations for refueling conditions. Case No. 4 of (29) postulated

,I 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.

Assumption 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, af ter the head has been removed and prior to floodiPd
the refueling cavity. Thus, RV level must be assumed to be at the minimum

Case No. 3 is conservative, but also is less limir.ing
level f or this event.

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

I
-101-

I
--



_ _ _ _ _ _ _ _ _ _

|

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

Cycle 6.

I 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

I 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 signal and take corrective action to cut

off the source of the dilution.

I
5.3.2.2 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
suberiticality requirement f or shutdown conditions. The boron concentrations

required by the Technical Specification 5% delta K/K subcriticality
requirement conservatively bound those required to meet the 15-minute
requirement f or margin to criticality during boron dilution events.

5.3.2.3 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

I isolated, 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
highest 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 standby

i

to approximately 350 F, all CEAs are assumed to be inserted in the core.
The limiting dilution in this situation is Case No. 3 of (29). As discussed

isin 5.3.2.1, since Case No. 4 of (29) requires RHR to be operational, it
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less limiting, although it was previously used conservatively in (43) by
assuming the minimum reactor vessel volume instead of the volume required for
RHR operations. This was overly conservative and unduly restrictive on plant
operation. Hence, Case No. 3 is now assumed as the appropriate limiting caae

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 givenI

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

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

[ 2) The critical boron concentration under cold conditions (68 F, 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 borcn
concentration to the maximum critical value of 1456 ppm is 18.9 minutes. The

1
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large change in time to criticality is a result of the lower required boron
Boronconcentration for refueling conditions discussed in 5.3.21 above.

dilution for startup is perf ormed under strict procedures and administrative
With the CEAs in their normal prescribed position (i.e., nearly allcontrols.

single CEAs fully inserted) the time required to achiev( criticality is
'I significantly longer.

5 3.2.5 Dilution at Hot Standby ar.d at Power

The assumptions made for boron dilution 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
The results f or Cycle 7 using Figures 4.3-4 and 4.3-5 of (3) areppm.

summarized below:

I
Maximum Reactivity

Insertion Rate

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

Based on the maximum reactivity addition rate it would takeIncident.

approximately 17 minutes of continuous dilution at the maximum charging rate
Because of the availableto completely absorb a 1% delta K/K shutdown margin.

alarms and indications, there is ample time and inf ormation to allow the

operator to take corrective action.

J.3.2.6 Failure to Borate Prior to Cooldown

Because of the large negative moderator temperature coefficient at E'OL,

any decrease in primary coolant temperature adds reactivity to the reactor
Consequently, during the process of cooling down the Primary System forcore.

it is necessary to borate in order to compensate forrefueling or repairs,

this reactivity addition.
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I
The f ailure to add boron during cooldown was evaluated on the basis of

the following assumptions:

(a) The moderator temperat.ure coefficient is the most negative value expected
with all rods in the core, including uncertainties.

(b) The reactor is initially 1% suberitical at an average temperature of
550 F (a more conservative condition than the nominal 532 F).

1 (c) The primary system temperature is reduced at the rate of 100 F/hr, the
max. mum cooling rate permitted.

i

|

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. This 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

f temperature and pressure. Hence, when the moderator temperature coefficient
of reactivity is negative, unintentional increases in reactor power may

Thus, the Excess Load Incident as reported in (3) is most limiting atoccur.
' EOC where the moderator temperature coef ficient 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 Ref erence 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

-4
| Cycle 4 in (7). The analysis in (7) assumed a MTC of 3.17 x 10 delta

rho / F which is 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 predicted 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 f or 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

I The analysis in (7) assumed the initial cold legcold leg temperatures.

temperature to be 532 F. Assuming an initial cold leg temperature of
554 F results in a value of MDNBR for the zero 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 greater than 5.0.

.

5.3.4 Loss of Loac. 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 influence 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

.I 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).

Theref ore, MDNBR is greater than 1.77.

5.3.5 Loss of Feedwater Incident
|I

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 saf ety
valve capacity, moderator temperature coef ficient, and low steam generator
level trip setpoint. The limiting Cycle 7 values of all of these parameters
are unchanged f rom those assumed in the Ref erence Safety Analysis. However,I 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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The additional lossnormal operation to the feedwater demineralizing system.

of SG inventory was accounted for in (37) and reduced the minimum time
available to initiate auxiliary W from the ref erence analysis value of 15

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

Auxiliary Feedwater System (AFW). Following a loss of main feedwater, the;g
Auxiliary Feedwater System will start immediately upon receipt of a low Steam:W
Generator level signal. Hence, Steam Generator dryout is not expected to

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

provided in Table 5.3 and is less than the ASME design overpressure ;1mit of

2750 psia.

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

The incidents in this category rely on the provision of adequate
initial overpower margin to assure that they do not result in violation of the
SAFDLs. In order to demonstrate that the incidents 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.I
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

The limiting overpower DNB margin within the LCO envelope forcoefficient.

Cycle 7 is greater than that assumed in the ref erence analysis in (6) of this=

in the use of the FSAR design power distribution, as discussedevent inherent
,I in 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 f or the three pump loss of flow f rom 100% power

using the FSAR design power distribution is greater than 1.50.

I
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5.4.2 Full Length CEA Drop

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

c'istribution 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

I one initiated from near full power. To mover all potentially limiting
conditions the CEA drop f or Cycle 7 was evaluated f rom power levels ranging

from 66% to 100% of 2630 MWt. The CEA drop was found not to be limiting for

power levels less than 66%.

I Power distributions used in the evaluation of DNBR and proximity to
fuel centerline melt were selected at each power level from the limiting casesI within the symmetric off set 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 (Section

4.9.3.1) applied at each power level considered.

The CEA drop analysis also considers the increased peaking which

I results from xenon redistribution during the period of time operation with a
dropped CEA is allowed by the Technical Specifications (Section 4.9.3). The

percent increase in peaking f rom 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 thei symetric off set 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 insertion

I 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.
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the worst case f ull length CEA drop with respect to DNB reported in (3)

was the minimum worth CEA that results in the maximum increase in peaking.

Thus, f or conservatisa the plant response assumed in the Cycle 7 evaluation

was based on a worth of 0.10% delta rho.

The results of the DNR evaluation for Cycle 7 indicate that the
.g f ull length CCA drop is one initiated f rom 100% power with a MDNBRlimit

1.38 usire the FSAR design power distribution. All other cases were found to
be less limiting.

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

linear 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

Table 5.1. These limits are reflected in deriving the LCO band on symmetric

of f set presented in Section 6.0.

[ 5.5 Postulated Accidents ,

The incidents in this category were previously analyzed in (3), (6),

(7), (37), and (38). For the conditions in those reports it was demonstrated
that each of these incidents met the appropriate accident criteria. Each of
these incidents have been reviewed below and results of new analyses reported

{ when Cycle 7 conditions warranted re-analysis of the accident.

5 5.1 Steam Line Rupture

The key parameters which have changed are the EOC Moderator Temperature

Def ect and available shutdown CEA worth. As indicated in Table 4,9, the
Moderator Temperature Defect is slightly smaller for Cycle 7 than assumed in
(38), the Cycle 6 Analysis. In addition, new CEAs have been ade.d the MY

core which result in higher available shutdown CEA worths than corn u,Ced for

Cycle 6. Boron reactivity worths for Cycle 7 are higher than those used in
calculating the injected boron reactivity in (38). The minimum shutdown
reactivities reported for the limiting steam line break transients for Cycle 6
(38) are, therefore, conservative and bound Cycle 7.
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Reference (38) identified the limiting steam line breaks for Maine

Yankee to be:

HFP - SLB with f ailure of MFWRV co close with RCP tripped by

operator at SIAS plus 30 se:onds.

HZP - SLB with f ailure of one HPS1 pump to start with RCP tripped

by operator at SIAS plus 30 seconds.

In both cases the reactor was predicted to remain subcritical. These analyses
contain a number of conservative assumptions; for example, puse steam
blowdown, constant heat transf er from primary to secondary, use of worst case
uncertainties on key parameters, and the assumption of the highest worth CEA
stuck out of the core. We have shown (47) that the conservatism used, in
terms of reactivity, can account for at least 4.7% delta rho when evaluating
margins of suberiticality. Thus, the suberit!cality margins reported in (38)
along with the substantial reactivity tied up in conservatism assure that the
Maine Yankee reactor will remain suberitical following a major SLB.

The analysis in (38) evaluated cases with and without of f-site power.
Although the cases without off-site power were severe cases, the analysis in
(38) ccncluded that the loss of of f-site power cases were not the most
limiting events. The analysis in (38) of the HZP loss of off-site power case
assumed that two HPS1 pumps were available. If we assume that one HPSI pump
f ails to start f or this case, then the loss of of f-site power case becomes

{ slightly more limiting at zero power. The results of re-analysis demonstrate
that for the zero power SLB, the limiting transient is the case with failure
of a HPS1 pump to start with coincident loss of of t -site power. However, the
margin to criticality for this case is no less than tne minimum reported in
(38). Thus, the minimum required shutdown margins to preclude a return to
critical are based on the analysis in (38).

Administrative restrictions were imposed on allowable CEA insertions in
(42). This was done in order to provide suf ficient shutdown margin for MSLB
events when the plant is operated with indicated cold leg temperatures greater
than the normal RCS temperature program. This practice will be continued

during Cycle 7 operation.
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5.3.2 Steam Generator Tube Rupture

The parameter in Table 51 to which this accident is most sensitive is
primary system pressure. The ar.alysis of this accident in (3) and the FSAR
cssumed the nominal primary system pressure of 2250 psia and demonstrated that
the resulting site boundary dose would not violate 10CFR100 limits. Since,
the nominal operating pressure remains unchanged from the value assumed in the
Reference Analysis the conclusions of (3) remain valid for this cycle.

5.5.3 Seized Rotor Accident

The consequences of the seized rotor accident are sensitive to the
initial overpower DNB margin, core power distribution, assumed rate of flow
degradation, low reactor coolant flow trip setpoint, NTC and to the primary to
secondary leakage flow rate. Most of these f actors remain unchanged. As
d's asced in Section 5.1.2, the thermal margin for Cycle 7 is bounded by that

.

of Cycle 5, thus the limiting radial power f actor determined in the Cycle 5
analysis remains limiting f or Cycle 7.

The fraction of fuel failure for the seized rotor accident was
re-analyzed using the limiting HFP conditions f or Cycle 7.

Analysis results indicate that less than 8% of the fuel experiences
DNBR less than 1.3 (W-3) as compared to 8.7% for Cycle 6. These results were

calculated assuming a very conservative time for reactor trip based on the
rate of flow decrease from a RCP coastdown instead of seizure together with an
instantaneous reduction to two-thirds the three RCP flow rate. Radiological
Release Analyses show these results to be well within the bounds of 10CFR100.
Furthermore, as pointed oot in (41), DNB is an overly conservative and
inappropriate criteria f or clad f ailure. It is expected that a detailed fuel

.

temperature-time history analysis for this event would show no fuel f ailure.
Use of the YAEC-1 DNB correlation, with a DNBR limit of 1.17, results in less
than 3% of the fuel experiencing DNB. Therefore, the predicted consequences
of this accident are acceptable.
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5.5.4 CEA Ejection

The consequences of a CEA Ejection Accident are most sensitive to
ojected CEA worth, ef fective delayed neutron fraction (Beff), and post-ejected
3-D peak. Specifically, the most severe transient occurs for the maximum
ojected CEA worth, minimum ef fective delayed neutron fraction and maximum
post-ejected 3-D peak. A comparison between the limiting values assumed in

past Saf ety Analysis, (3), (6) and (37), the Cycle 6 analysis, and those
predicted f or Cycle 7 including uncertainties is presented in Table 5.1.

In each case, the values f or Cycle 7 exceed one or more of the

parameters assumed in the Reference Safety Analysis. A reanalysis of each
event has been performed using the methodology described in (10) and (35).

A summary of the results for the HFP CEA Ejection Accident is presented

in Table 5.7. Ref erence Saf ety Analysis results for this accident indicated
no clad damage occurred and only a small percentage of fuel experienced
incipient centerline melting. Reanalysis of the HFP cases for Cycle 7 shows
less than .03% clad damage (radially averaged fuel enthalpy greater than 200

calories per gram), less than 0.6% of the fuel experiences incipient
centerline melting (centerline fuel enthalpy greater than 250 calories per
gram), and less than 0.2% of the fuel is fully molten (centerline fuel
enthalpy greater than 310 calories per gram) at the centerline.

A summary of the results for the HZP CEA Ejection Accident for Cycle 7
j

are presented in Table 5.8. Less than 0.5% clad damage occurs, less than 0.8%

of the f uel experiences incipient centerline melting, and less than 0.3% is
f ully molten at the centerline.

! With the exception of the reduction in uncertainty applied to the
Doppler defect and use of the Doppler defect calculated from the case specific

|
pre-ejection power distribution (discussed in Section 4.9.1.3.1), the analysis

| assumptions are unchanged from those presented in (6). No Doppler weighting
factors were used. The use of point kinetics was shown in (49) to be a

i

conservative method of analysis for this event.
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5.5.5 Loss of Coolant

5.5.5.1 Introduction and Summary

( The LOCA analyses performed for Cycle 5 and Cycle 6 presented in (33,

37) serve as the reference LOCA analyses for Cycle 7. The results of the
review of the reference analyses contained herein conclude that Appendir v.
criteria are met with the Cycle 7 fuel types operating at the following timits
(same as for Cycle 5 and Cycle 6):

Fresh Fuel 13.5 kW/ft CAB less than 792 MUD /MTU X/L greater than 0.50

(Type L) 14.0 kW/ft CAB greater than 792 MWD /KrU X/L greater than 0.50

16.0 kW/ft X/L less that . 50

Exposed Fuel 14.0 kW/ft X/L greater than 0.5

(Types E, J, K) 16.0 kW/ft X/L less than 0.5

where CAB is cycle average burnup and X/L is fraction of core height.

Fresh fuel is comprised only of ENC Type L fuel. Exposed fuel is
comprised of ENC Types J and K fuel and CE Type E.

5.5.5.2 Large Break LOCA Analysis

Large break LOCA calculations were performed for Cycle 5 and Cycle 6

using YAEC's WREM based Generic PWR ECCS Evaluation Model (16). These
calculations consisted of break spectrum, burnup and axial power distribution

( analyses for Cycle 5 (33) and selected sensitivity studies for Cycle 6 (37).
The following subsections discuss the review of these analyses for application

f
to Cyule 7.

{
,
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5.5.5.2.1 Break Spectrum Analysis

The Cycle 7 core is slightly different from the reference core
(Cycle 5) in the area of core hydraulics and core physics. This is due to the

( Cycle 7 core loading of 72 fresh ENC fuel assemblies,144 exposed ENC fuel
essemblies and 1 exposed CE assembly versus the reference core loading of 72
fresh ENC assemblies and 145 exposed CE assemblies.

In the reference core break spectrum analysis, the hot assembly region
was modeled as an Exxon assembly and the core region modeled as an average of
the Exxon and CE fuel assemblies. In Cycle 7, the hot assembly loss
coef ficients remain unchanged while the core region loss coefficients dif fer
slightly from reference core values due to the fuel loading. A 4.2% increase

{
in the overall average core region forward loss coefficient was noted, while
the overall average core region reverse loss coef ficient increased by 2.6%.
These are very minor perturbations to the blowdown hydraulics when one
considers the overall system hydraulics driving the blowdown response. As
such, no reanalysis of the break spectrum blowdown response is deemed
necessary due to the slight dif ferences in core hydraulics as noted above.
Similarly,. hot channel and reflood analysis will be likewise unaffected to the

( extent that results will not change significantly from the reference analysis.

x

With regards to core physics assumptions, those utilized in the
reference analysis bound the expected Cycle 7 parameters. The most important
kinetics parameter in the blowdown calculation is the moderator density
defect. Moderator density defect data employed in the reference analysis was
assumed to be the least negative that could exist at Maine Yankee and as such,

f this data amply bounds Cycle 7 data. Other kinetics data used in the
reference analysis such as B/l*, and Doppler defect are representative of

( Cycle 7 values. Thus, the reference break spectrum analysis is unaffected by
specific Cycle 7 physics parameters since bounding assumptions are employed.

The break spectrum analysis is performed at the maximum stored energy

/ point for fresh fuel which occurs at BOL. Thus, enhanced fission gas release,
which is invoked at burnups beyond 20,000 MWD /)frU, does not affect the break

spectrum analysis results.
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Similarly, it was shown in the reference analysis that the effect of

.

NUREG-0630 clad swelling and rupture data was to reduce peak clad

temperatures. Therefore, the reference cycle break spectrum analysis is
conservative with respect to this data.

Summarizing, the reference analysis break spectrum is directly

applicable to Cycle 7 operation because the minor cycle dependent design
dif ferences will not change the break spectrum results. Additionally, clad
swelling and rupture and fission gas enhancement do not alter the break
spectrum results. Therefore, the worst large break identified in reference
analysis (1.0 DECLS) is valid for Cycle 7.

5.5.5.2.2 Burnup Sensitivity Studies

The burnup sensitivity analyses performed for Cycles 5 and 6 (33, 37)
were examined for applicability to Cycle 7. These analyses examined Exxon

f uel f rom BOL up through two cycles worth of exposure. CE fuel was examined

for burnupe representing up to three cycles of exposure. Cycle 7 vill now
have Exxon fuel exposed for three fuel cycles. Thus, the only burnup point
not ext - citly addressed in the reference analyses is three-cycle exposed
Exxon fuel (i.e., Type J fuel at EOC7).

Since the break spectrum results do not change and bounding burnups
were assumed for each fuel type at the points analyzed, the Cycle 5 and Cycle

6 burnup study results would be directly applicable to Cycle 7 except for one

point, i.e., EOC7 for Batch J (ENC) fuel since this point had not been
analyzed. The Batch J (ENC) fuel has been evaluated at EOC7 using the same

The results
|

top skewed axial power profile assumed in the reference analyses.
given in Table 5.9 demonstrate that operating Cycle 7 at the linear heat
generation limits specified for positive axial offsets in Section 5.5.5.1
satisfies Appendix K criteria (31).

5.5.5.2.3 Cosine Axial Power Distribution Study

f
The cosine axial power distribution study performed in the reference

analyses was similarly re-examined for its applicability to Cycle 7. As

|

|
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ctated above, the three-cycle exposed Exxon fuel had not been evaluated

(J, EOC7). This point, EOC7 for Batch J (ENC) fuel, was rerun using the same
cosine ,,ower shape presented in (33) and (37). The results of this cosine
cxial power distribution case are summarized in Table 5.10. Based on these

results, the operation of Cycle 7 at linear heat generation limits specified

for zero or negative axial of f set in Section 5.5.5.1 satisfies Appendix K
criteria (31).

5.5.5.3 Small Break LOCA Analyses

The small break LOCA analysis performed by Combustion Engineering (32)

for Cycle 4 considered a spectrum of cold leg breaks varying in size from 0.1
2

to 0.5 ft Results showed that the limiting break size is the 0.5 f t.

break with a peak clad temperature of 1348 F, well below the acceptance
criterta of 10CRF50.46. A demonstration analysis of the limiting break

performed for Cycle 5 (33) utilizing 'ankee methodology yielded a peak clad
temperature of 1230 F, well below the 10CFR50.46 acceptance criteria and
Maine Yankee large break results. Thus, small break LOCAs for Maine Yankee
were shown to be not limiting. Since small break LOCA results are insensitive
to fuel type, being primarily decay heat driven and system dependent, these
small break results for Maine Yankee to date are directly applicable to

Cycle 7.
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5.6 Methodology Revisions

5.6.1 YAEC-1 DNB Correlation

The W-3 CHF correlation with a DNBR limit of 1.30 has been used, in

conjunction with the COBRA-IIIC program (9), as the Specified Acceptable Fuel
Design Limit (SAFDL) on DNBR in the Reference Saf ety Analyses of Maine
Yankee. Ref erence 40 proposed a new DNBR SAFDL for Maine Yankee based on use

of the YAEC-1 CHF correlation with a DNBR limit of 1.17 and use of.the
COBRA-IIIC code. The proposed DNBR SAFDL based on YAEC-1 has been used in the

generat on of the LSSS and TM/LP trip setpoints, for Cycle 7. The margin

available between normal operating pressure and required trip pressure is
significantly increased by use of the new SAFDL. This will result in greater
operational flexibility and plant reliability due to a reduction in the
potential for spurious (noise) trips, and the ability to operate at high power
over the entire width of the Symmetric Of fset LCO band, while maintaining
adequate margin to trip pressures. This application of YAEC-1 requires
approval of the reference topical report (40).

The YAEC-1 CHF correlation is based on the results of CHF experiments

perf ormed at Columbia University with geometries identical to Maine Yankee
14 x 14 fuel. The CHF limit of 1.17 was statistically derived in (40) as the
95/95 confidence level limit for DNBR using the YAEC-1 correlation and the
COBRA-IIIC code. As such, it provides the required confidence that the

probability of a fuel rod experiencing DNB during normal operation and
-

anticipated operational occurrences is small.

The proposed DNB SAFDL has also been used to quantify the fraction of
fuel which experiences DNB and is presumed to release its gap activity for
purposes of radiological consequence analysis of the Seized RCP rotor event
f or Cycle 7 in Section 5.5.3.

-

;

!
i

Comparisons of initial steady-state operating margins to DNB were

! reported in Table 5.1 for both the W-3 and YAEC-1 SAFDLs.
I

It is anticipated that future safety analyses will be performed using
the YAEC-1 DNB SAFDL exclusively.

)
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1

I
5.7 Plant Hardware Modifications

5.7.1 Placement of Non-Scrammable Full Length CEAs Into the Former Part

I Length CEA Locations

This change is discussed in Sections 3.1.5, 4.4 and 4.9.1. The effects

of the additional CEAs have been accounted for in the review of the CEA Drop,
Steam Line Break, CEA Ejection and CEA bank withdrawal transients, as well as

in the generation of the Symmetric Cffect and Thermal Margin /Lov Pressure Trip

Setpoints and Symmetric Offset LCO band.

I

I
I

I
I
I
I

I

I

I

I

|
'
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Table 5.1

Maine Yankee Safety Parameters

Reference Cycle 3 Cycle 6 Cycle 7
Including Including Including

Parameter Units Uncertainties Uncertainties Uncertainties

- Planar Radial Peaking Factor 1.58 (100%)(2) 1.609 (100%)(2) 1.58 (100%)(2)
Bank 5 Inserted to PDIL

- Axial Peak for Shape
Resulting in MDNBR 1.42 (100%)(2) 1,43 (loog)(2) 1,49 (100%)(2)

1.0 to 1.067(1) 1.0 to 1.057(1) 1.0 to 1.047(1)- Augmentation Factors

- Moderator Temperature

4 Coefficient 10-4 delta rho /0F 0 to -2.74 +.5 to -3.05 +.5 to -2.80

5
L - Ejected CEA Worth

BOC Zero Power % delta rho .396 .237 .514

BOC Full Power % delta rho .210 .150 .234

EOC Zero Power % delta rho .544 .394 .692

EOC Full Power % delta rho .230 .222 .364

- Ejected CEA 3D Peak
i BOC Zero Power 13.32 8.42 11.21

; BOC Full Power 5.53 4.05 5 22
EOC Zero Power 14.08 11.56 13.15

EOC Full Power 5.59 6.06 6.79I

,

- Dropped CEA Integral Worth % delta rho O to .30 0 to .30 0 to ,.30
l

.
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Table 5.1

(Continued)

Reference Cycle 3 Cycle 6 Cycle 7
Including Including Including

Parameter Units Uncertainties Uncertainties Uncertainties

- Dropped CEA Integral Figure 4.4-1 of Figure 4.8 of Figure 4.10

Radial Peak Reference 3 Reference 37

- Power Level (including

2% uncertainty) MWt 2683 2683 2683

- Maximum Reactor Coolant
Inlet Temperature OF 554 546 - 554 546 - 554

- Reactor Coolant System

Pressure psia 2200 - 2300 2050 - 2300 2050 - 2300

- Reactor Coolant System

C Flow Rate 106 lbs/hr 134.6(5) 134.6(5) - 136.0(6)134.6(5) - 136.0(6)i

?
- Axial Power Distributi n Symmetric +.14 (100%) +.14 (100%) +.14 (100%)

Offset
1

- Power Dependent Figure 4.9 of Figure 4.9 of Figure 4.9

Reference 20 Reference 20
Insertion Limit

- Initial Steady-State (4)(7)W-3(3) 1.881 1.836 1.872

Minimum DNB Ratio YAEC-1 1.977 1.923 1.961

- Initial Allowable Linear
Heat Generation Rate 100(10) 18.4(11)
(excluding IDCA)(8) kW/ft 16.2 18.1

90 18.3.

80 18.0
66 17.5

- Maximum Possible Rate
of Reactivity Addition (9) delta rho /sec 0.7x10-4 0.86x10-4 1.24x10-4

. _ _ _ _ - .,
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Table 5.1

(Continued)

Reference Cycle 3 Cycle 6 Cycle 7
Including Including Including

Parameter Units Uncertainties Uncertainties Uncertaintias

- Available Scram Reactivity
Assumed in Safety Analysis % delta rho

HFP, BOC 4.0 4.0 4.0

6.39(13)(14)

HZP, BOC 2.0 2.0 2.0

2.9(15) 2.9(15)

b 5.7 5.7 5.7
HFP*EOCy 6.5(12) 6.74(16) 6.74(16)

i

HZP,EOC 2.9 2.9 2.9
4.21(17) 3.2(18)

4.21(17)

!

e

e

f

_



_ ___________________ . _ _

*
.

n
-

.

[
.

*
. .

.

{
TfJ19 5.1

(Continued)

Notes

1) Applies only in fuel centerline melt calculations. *

2) With limiting cycle power distribution limited by armaetric of fset pre-trip alare. Power
level refers to conditions allowed by PDIL for that cycle.

3) Using the COBRA-IIIC cold wall correction f actor.

4) FSAR design power distribution (F |,1g. g = 149, Fs = 1.68).

5) Based on Reactor Coolant System pressure of 2200 psia and reactor coolant inlet
temperature of 5540F.

6) Based on Reactor Coolant Systes pressure of 2050 psia and reactor coolant inlet
temperature of $460F.

7) Includes 2I calorimetric power uncertainty and 31 allowance for maximus tilt allowed by
Technical Specification 3.10.

8) Based on CEA Drop Incident described in Section 5.3.2 and energy deposited in fuel rod.

9) For CEA bank withdrawal transient.

10) Power level I of Rated Thermal Power (RTP).

11) BW/rT.

12) EOC, KFP steam line break assumed 6.5% delta rho.

13) Loss cf coolant flow assumed 6.39I delta rho.

14) RTP, E0C CEA ejection assumed 6.391 delta rho.

15) RZP, BOC CEA ejection assumed 2.9% delta rho.

16) EFP, EOC steam line break assumed 6.741 delta rho.

17) BZP, E0C atene line break assumed 4.21I delta rho.

18) RZP, EOC CEA ejection assumed 3 21 delta rho.

.
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Table 5.2

Maine Yankee
Cycle 5 - Incidents Considered

( A. Anticipated Operational Occurrences for which the RPS assures no
violation of SAFDLs:

1. Control Element Assembly Withdrawal
[ 2. Boron Dilution

3. Excess Load
4. Loss of Load

[ 5. Loss of Feedwater

B. Anticipated Operationa;. Occurrences which are dependent on Initial
Overpower Margin for protection against violation of SAFDLs:

1. Loss of Coolant Flow
2. Full Length CEA Drop

{
C. Postulated Accidents:

( 1. CEA Ejection
2. Steam Line Rupture

3. Steam Generator Tube Rupture

4. Seized Rotor
( 5. Loss of Coolant

[

{

l

.
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Table 5.3

Maine Yankee Cycle 7
Safety Analysis

Summary of Results

Incident Section Criteria Reference Analysis Cycle 6 Cycle 7

CEA With- 5.2.1 MDNBR = 1.30** MDNBR = 1.51 MDNBR = 1.44 MDNBR greater than 1.44
drawal RCS pressure RCS pressure RCS pressure RCS pressure

2750 psia 2570 psia 2570 psia 2570 psia

Boron 5.2.2 Suberitical: Suberitical: Suberitical: Subcritical:

Dilution Sufficient time Refueling-65 min. Refueling-30 min. Refueling-30 min.
for operator Startup-3.2 hours Startup-1.5 hours Startup-18 minutes
action Critical: Bounded Critical: Bounded Critical: Bounded
Critical: MDNBR by CEA withdrawal by CEA withdrawal by CEA withdrawal

4 1.30**

$
8 CEA Drop 5.3.2 MDNBR 1.30** MDNBR 1.36 MDNBR 1.43 MDNBR 1.38

Local LHCR less than Local LHGR less than Local LHCR less than Local LHGR less than
21 kW/ft 21 kW/ft 21 kW/ft 21 kW/ft

Loss of
Coolant Flow 5.3.1 MDNBR 1.3** MDNBR = 1.50 MDNBR = 1.53 MDNBR greater than 1.50

Seized Pump 5.4.3 A sufficiently low 4.2% of rods with 8.7% of rods with 8% of rods with
Rotor fraction of rods MDNBR less than 1.3 MDNBR less than 1.3 MDNBR less than 1.3

with MDNBR less
than 1.3** 3% of rods with

MDNBR less than 1.17**
~

Excess Load 5.2.4 MDNBR = 1.3** MDNBR = 1.8 MDNBR = 1.68 MDNBR greater than 1.68

Loss of Load 5.2.5 MDNBR = 1.3** MDNBR = 1.85 MDNBR = 1.77 MDNBR greater than I .77
RCS pressure RCS pressure RCS pressure RCS pressure

,2750 psia 2689 psia * 2689 psia * 2689 psia *
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Table 5.3 (Continued)

Incident Section Criteria Reference Analysis Cycle 6 Cycle 7

Loss of 5 2.6 1. Sufficient time 1. Aux. feedwater 1. Aux. feedwater 1. Aux. feedwater

Feedwater for initiation system required 15 water system water system

of auxiliary minutes following required 13 min. required 13 min.
feedwater system event following event following event

2. RCS pressure 2. Peak RCS pressure 2. Peak RCS pressure 2. Peak RCS pressure

2750 psia 2600 psia * 2600 psia * 2600 psia *

Steam Line 5.4.1 Maintain fuel rod Fuel rod integrity Fuel rod integrity Fuel rod integrity

Rupture integrity is maintained since in maintained since is maintained since
reactor does not reactor does not reactor does not
return critical return critical return critical

Steam Gener- 5.4.2 10CFR100 Radiological does Reference analysis Reference analysis

well within 10CFR100 unchanged by Cycle unchanged by Cycle
ator Tube

6 reload 7 reload

1

U CEA Ejection 5.4.4 10CFR100 No clad damage thus No clad damage thus Less than 1% clad

Y'
no radiological no radiological damage thus radiological
release release release bounded by LOCA

i LOCA 5.4.5 10CFR100 10CFR100 Doses unaffected Doses unaffected
by Cycle 6 reload by Cycle 7 reload

'

10CFR50.46 Cycle 5 is new PCT =21810F clad PCT =21490F clad
i reference analysis oxidation = 10.25% oxidation = 5 52%
!

Less than 1% Less than 1%
hydrogen generation hydrogen generation

10CFR100 10CFR100 Reference analysis Reference analysis
Steam Line -

unchanged by Cycle unchanged by Cycle
Rupture Outside 6 reload 7 relo~ad
Containment

Feedwater - 10CFR100 Bounded by steam line Reference analysis Reference analysis

Line Rupture rupture unchanged by Cycle unchanged by Cycle
6 reload 7 reload

Outside
'

Containment

___ a
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Table 5.3 (Continued)

Incident Section Criteria Reference Analysis Cycle 6 Cycle 7

Peak pressure 55 Peak pressure 55 Reference analysis Reference analysis
Containment
Pressure psig containment psig unchanged by Cycle unchanged by Cycle-

6 reload 7 reload
design pressure

10CFR100 10CFR100 Reference analysis Reference analysis
Fuel Handling unchanged by Cycle unchanged by Cycle-

Incident 6 reload 7 reload

IOCFR100 10CFR100 Reference analysis Reference analysis
Waste cas unchanged by Cycle unchanged by Cycle-

System 6 reload 7 reload
| Failure

Spent Fuel - 10CFR100 NA NA NA

Cask Drop

' 10CFR100 10CFR100 Reference analysis Reference analysis
, Radioactive unchanged by Cycle unchanged by Cycle-

@ Liquid Waste 6 reload 7 reload
System Leak8

|

(6), and (37) reported RCS pressura corresponding to peak pressurizer pressure, peak systes pressure* (3),
occurs at the RCP discharge and is given above for each event.

1.17 with the YAEC-1 CHF correlation** (40) proposed changes in this criteria to allow use of a DNBR limit of
(see Section 5.6).

l .

1

e

- -
'

'
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Table 5.4

Required Initial RCS Boron Concentrations
to Allow 15 Minutes Margin to Criticality

for Dilutions from Shutdown Conditions
with the RCS Filled

Required C1 (ppm)
Boron Dilution 5% detta K/K*

BOC

| 5320F 878 1046

300 F 1015 1112

680F 1003 1114

I
|

I
EOC

5320F 0 146

3000F 244 331

680F 276 378

:I

.I
|

!I
1
1

!
|

Margia of suberiticality required by Technical Specifications for shutdown*

conditions.;
,

I
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Table 5.5

Required Initial RCS Boron Concentrations
to Allow 30 Minutes Margin to Criticality

for Dilutions from Shutdown Conditions
with the RCS Drained *

Required Ci (ppm)
Boron Dilution ,5J delta K/K**

BOC
5320F 1225 1046

3000F 1433 1112

680F 1459 1114

{

h EOC
5320F 0 146

3000F 319 331

400 378
680F

[

<

l
.

Level - lower lip of RV nozzles.*

** Margin of subcriticality required by Technical Specifications for shutdown
conditions.

-128-
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Table 5.6

Summary of Boron Dilution Incident Results
for Cycle 7

( (A) (B) (C) (D)
Minimum Technical Minimum Time

Operating Specification Shutdown to Absorb (B) Acceptance

Mode Margin Requirement Minutes Criteria (5)
{

Refueling 5% delta K/K 30 30

Cold Shutdown
Filled RCS 5% delta K/K 15 15

Drained RCS 5% delta K/K(1) 30(1) 30(1)

Hot Shutdown
Filled RCS 5% delta K/K 15 15

Drained RCS 5% delta K/K(1) 30(1) 30(1)

3.2% delta K/K(6) ig,9(2) 15Startup

3.2% delta K/K(6) 17(3) 15Hot Standby

Power Operation 3.2% delta K/K(6) 17(3) 15

Failure to Borate
Prior to Cooldown 3.2% delta K/K(6) 33(4) 15

_

_

(1) 30 minutes margin is used to provide suf ficient margin for drained
conditions where the head is removed. These are classed as " refueling"
conditions in the Technical Specification definition of refueling.
Margin quoted is for initial boron concentrations administratively
required for these conditions.

(2) Margin quoted assumes initial boron concentration at refueling value for
Cycle 7, 1536 ppm.

(3) Time to absorb a 1% delta K/K shutdown margin. Times to absorb specified
3.2% delta K/K minimum shutdown margin would be significantly longer.

(4) Cooldown rate assumed to be 1000F.

(5) Time span between event initiation and criticality.

(6) Minimum value for shutdown margin specified in Technical Specification
3.10.

-129-
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I
Table 5.7

Cycle 7
Full Power CEA Ejection Accident Results

BOC EOC

Total Average Enthalpy of Ilottest 198 203

Fuel Pellet (cal /gm)

Total Centerline Enthalpy of Hottest 339 351

Fuel Pellet (cal /gm)

Fraction of Rods that Suffer Clad 0 .0002

Damage ( Average Enthalpy 200 cal /gm)

|
Fraction of Fuel Having at least .0010 .0060

) Incipient Centerline Melting
(Centerline Enthalpy 250 cal /gm)

Fraction of Fuel Itaving at Least .0003 .002

a Full Molten Centerline Condition
(Centsrline Enthalpy 310 cal /gm)

)

i.

,

-13U-
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Table 5.8
.-

Cycle 7
7ero Power CEA Ejection Accident Results

BOC EOC
.

162 242|

Total Average Enthalpy of Hottest
Fuel Pellet (cal /gm)

i

212 362
I Total Centerline Enthalpy of Hottest

Fuel Pellet (cal /gm)

| Fraction of Rods that Suffer Clad 0 .0044

' Damage ( Average Enthalpy 200 cal /gm)

0 .0078
;g Fraction of Fuel Having at Least

.5 Incipient Centerline Melting (Centerline
Enthalpy 250 cal /gm)

0 .0026: Fraction of .'uel Having at Least a
Fully Molten Centerline Condition (Centerline

.

Enthalpy 310 cal /gm)

|I
:I

|I
1
I
I
I
I
I
I
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Table 5.9

Maine Yankee Cycle 7

Burnup Sensitivity Study

Results

Case * PLHGR Hot Pin Peak Cladding Cycle 7

Description (kW/f t) Burnup (MWD /MTU) Temperature, CF Equivalent

LBOC7 13.5 0. 1978 JBOC5

L25D7 14.0 1294 2140 J25D5

LEOC7 14.0 17452 2149 JE0C5

KB0C7 14.0 17452 2149 JE0C5

KEOC7 14.0 33573 2109 JE0C6

JBOC7 14.0 33573 2109 JE0C6
,

JEOC7 14.0 44350 1943 ---

\
* Key example - LBOC7 is Batch L fuel at beginning of Cycle 7 conditions.

,

.

I

-132-
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Table 5.10

Maine Yankee Cycle 7
/

Cosine Axial Power Shape Study -

Results

Case * PLHGR Hot Pin Peak Cladding Cycle 7

Description (kW/ft) Burnup (MWD /MEU) Temperature, OF Equivalent

LB0C7 16.0 0.0 1849 JB0C5

KB0C7 16.0 17452 1854 IBOC5

JB0C7 16.0 30473 1768 IB0C6

JE0C7 16.0 44350 1926 ---

i

P

h

* Key example - LBOC7 is Batch L fuel at beginning of Cycle 7 conditions.

)
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Table 5.11

Cycle 7
Comparison of thermal Margin for Limiting Cycle 7 Power Distributions

to FSAR Design Power Distribution

I

Power Power W-3 W-b YAEC-1 YAEC-1

Level Distribution MDNBR (Pd-Po) MDNBR (Pd-Po)

100 FSAR(3) 1.872 28 1.961 42

100 (2)(3) 1.904 28 1.994 42

90 (2)(3) 1.892 30 1.989 43

77 (2)(3) 2.039 31 2.130 43

66 (2)(3) 2.159 40 2.312 50

47.5 (2)(3) 3.523 50 3.73 59

FSAR(3)(4) 1.843 25 1.919 39
100

100 F3AR(3)(5) 1.881 25 1.977 39

i

(1) Using COBRA-IIIC cold wall correction f actor.

(2) Limiting Cycle 7 power distribution within symmetric of f set pre-trip
alarm band f or indicated power level for Cycle 7.

(3) At 2200 psia, 554 degrees F.

(4) Cycle 5.

(5) Reference Analysis (Cycle 3).

-134-
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Figure 5.2-
Maine Yankee Design.
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6.0 RPS SETPOINTS

6.1 General

I
The Maine Yankee Reactor Protection System (RPS) initiates a reactor

trip signal on the following parameters:

- Variable nuclear or delta-T overpowerI - Thermal margin / low pressucc

- Symmetric offset
- Rate of changt. of nuclear power

- Reactor coolant flow
- Pressurizer pressure

- Steam generator pressure

- Steam generator water level

While one or more of the above trips may provide protection during various

I anticipated transients and accidents, the final level of protection is
provided by the Variable Overpower, Thermal Margin / Low Pressure (TM/LP) and

the Symmetric Of f set Trips, in conjunction with the plant Limiting Conditions
for Operation (LCO). This final level of protection assures that Specified
Acceptable Fuel Design Limits (SAFDL) are not exceeded during any Anticipated
Operational Occurrence (A00). Details of the Maine Yankee RPS Setpoint
Methodology for calculating the required Limiting Safety System Settings
(LSSS) for the TM/LP, Symmetric Off set Trip System and LCO were given in (8).
The following paragraphs of this section summarize the method and provides the
required LSSS f or Cycle 7 operation at 2630 MWt. The LSSS for Cycle 7

operation at 2630 M'.fi reflect a variable overpower trip setpoint of:

Q + 10, or 106.5 (whichever is smaller) f or 10<Q<100

and 20 f or Q<10

where,

Q = percent thermal or nuclear power

-137-
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6.2 Thermal Margin / Low Pressure Trip

The TM/LP trip provides protection against exceeding the SAFDL
i Departure from Nucleate Boiling (DNB). The SAFDL previously used for Maine|

Yankee, as described in Section 3 of the FSAR and in (8), is maintaining a W-3
DNB ratio of greater than 1.3. Thus, the TM/LP Trip System provides a reactor

trip for a given set of conditions before a W-3 DNBR of 1.3 is calculated. A
new thermal margin criteria has been proposed in (40), use of the YAEC-1 CHF
correlation with a DNBR limit of greater than 1.17. Setpoints for the TM/LP

trip have been determined using both criteria, the W-3 and the YAEC-1.
Utilization of the setpoints calculated with the SAFDL based on YAEC-1 require

approval of the reference topical report (40). The setpoints calculated for
the YAEC-1 SAFDL provide greater operating margins and are provided here as

the preferred set.

The Maine Yankee TM/LP Trip System monitors reactor inlet temperature,

power, peripheral Symmetric Off set (S0), and Reactor Coolant System (RCS)
It utilizes these parameters as inputs to an analog calculator andpressure.

initiates a reactor trip when the RCS pressure, calculated by equation (1)
below, is equal to the measured value of RCS pressure.

trip = A QDNB + BT +C (1)p c
where

.

A, B and C are constants

T = cold leg temperature

Q = Al x QRDNB y

A = SO f unction
1

QR1 = power level function

The LSSS for the TM/LP Trip System consists of the constants A, B, C and the

function Al and QRI. -

The constants A, B and C are determined from a reference set of DNB
thermal limit lines which define the locus of points as a function of power
and pressure, f or all possible ranges in reactor coolant inlet temperature, at
which a SAFDL on DNB would exist. The range of inlet temperatures considered

-138-
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is limited by the secondary safety valve setpoints and the steam generator low

pressure trip.

The power distribution for which the reference set of DNB thermal limit
lines is based is consistent with the power distribution that both the QR1 and

Al f unctions are normalized.

The QR1 and Al f unctions are derived by examining the ef fect that CEA

pcsition and symmetric off set have on the reference set of thermal limit
The specific constants and functions derived for the LSSS includeline s.

various measurement and calculational uncertainties. The required constants
and functions for the TM/LP for Cycle 7 operation at 2630 MWt are given in

Figures 61 and 6.2 for the YAEC-1 correlation. The setpoints derived using
the YAEC-1 DNB correlation provide an additional 100 psi margin to the trip

signal at the normal HFP operating point.

6.3 Symmetric Offset Trip

The Symmetric Of f set Trip provides protection against the violation of

SAFDL on fuel centerline melt. Based on previous studies (15, 20, 33) for the

results contained herein f or the enhanced fission gas release model (Section

3.2.2), a conservative value of 21 kW/f t is selected as the Linear Heat
Generation Rate (LHGR) corresponding to incipient fuel centerline melt for the

limiting fuel types in Cycle 7 (Types K and L). The lower LHCR limit of 20.0

kW/f t f or the J f uel was shown to be non-limiting for Cycle 7 in Section 3.2.2.

The Maine Yankee Symmetric Of f set Trip function monitors both core

power and peripheral shape index and initiates a trip signal when the
combination reaches a pre-selected setpoint. The required relationship
between core power and peripheral symmetric offset corresponding to incipient
centerline melting at the hot spot is defined directly f rom specific power

distriburtons as follows:

100 x 21.0 2)p ..

F (z) F(Z) max avgF F Ar e

-139-



_ _ -

where:

F = core power to incipient fuel centerline melt, % rated power

= P n radial peaking factoriF
r

F = assembly axial peaking factor
)

F = engineering heat flux f actor

F (2) " Power spike penalty due to the postulated
A

formation of gaps between pellets

W = full power core average LHGR deposited in
, yg

rod augmented for axial stack shortening due to
fuel densification.

Since F (z) is a function of axial position, the maximum product of
A

in equation (2). TheF F (z) F(z) is selected for determining Pg
r A

considering a spectrum ofresults f rom the above determination of Pg
possible exposures, xenon conditions, and rod positions are plotted versus
peripheral S0. The peripheral S0 is calculated f or each power distribution
and is related to the excore detector response as follows:

(3) _S=ASE+b
where:

S = Peripheral SO

A = Shape annealing factor
; S = External SO generated from excore detector signals

E

j b = Bias term

;.

versus S - are arranged f or each specificEnvelopes of the data - Pg
CEA position analyzed based on the Power Dependent Insertion Limit (PDIL).

! The LSSS for the S0 trip is derived from this curve by defining the allowable
SO band as a f unction of core power. Maximum core power for each CEA position

is limited by the variable overpower trip setting. The envelope defining the'

S0 trip includes various uncertainties associated with the monitored and

-140-
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calculated parameters. The required SO trip function for Cycle 7 2630 MWt
operation is unchanged f rom Cycle 6 and is given in Figure 6.3.

6.4 Limiting condit.ons for Operation

Sections 6.2 and 6.3 have outlined the manner in which the Reactor
Protection System functions through the Thermal Margin / Low Pressure Symmetric
Of f set and Variable Overpower Trips to automatically shut the reactor down to

prevent the fuel from exceeding SAFDL. However, there are some A00 for which
these trips would not function to provide the necessary protection, but f or
which operating allowances on symmetric of fset in conjunct on with other
Reactor Protection System trips do prevent exceeding SAFDL. The limiting
incidents of this class are the CEA drop and the loss-of-coolant flow.

6.4.1 CEA Drop Symmetric Offset Limits

Following a CEA Drop Incident, the RPS does not normally initiate a
-

reactor trip, unless the moderator temperature coefficient is not sufficiently
negative such that the reduction in primary average temperature required to
overcome the negative reactivity of the dropped CEA produces a low pressurizer
pressure trip. However, f or boron conditions that exist later in core life,
the absence of a turbine runback following a CEA drop will tend to restore the
reactor to near f ull power with an adversely distorted power distribution.

k Therefore, it is necessary to maintain the linear heat rate and
thermal-hydraulic operating limits within a band to assure that SATDLs are not
exceeded during the transient.

The required operating band is determined by finding the increase in
the maximum three-dimensional power peak resulting from a CEA drop, then
reducing the 21 kW/f t envelope by this amount. This results in the operating
band shown in Figure 6.3. The minimum DNB ratio and void fraction is

-

calculated with the most adverse power distribution existing at this limit and
verified. to be within design limits. If the thermal-hydraulic parameters are
not within design limits, the operating band on symmetric of f set is reduced
until the specific criteria is met. The results for the CEA drop for Cycle 7

at 2630 MWt are reported in Section 5 4.2.

-141-
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6.4.2 Loss-of-Coolant Flow Symmetric Offset Limits

During a Loss-of-Coolant Flow Incident, the reactor is tripped on low
flow to prevent the fuel from exceeding design limits. However, since
distributions defined by the operating band on symmetric offset will persist

l
during the course of the incident. Therefore, to verif y that fuel design

l limits are not exceeded during a Loss of Flow Incident, the thermal-hydraulic

parameters are computed at the most adverse power distributions existing
within the operating band determined for the CEA Drop Incident (linear heat
rate limits need not be considered since power distributions do not change
adversely during the incident). If the thermal limits are exceeded with this
operating band, the operating band is reduced until results are acceptable.
The results of the Loss-of-Coolant Flow Incident for Cycle 7 at 2630 MWt are

reported in Section 5.4.1.

,
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7.0 STARTUP TEST PROGRAM
|

The startup test program incladas low power physics and power
occalation tests for the purposes of:

1) Verifying that the core is correctly loaded and there are no
anomalies present which could cause problems later in the cycle;

2) Verifying that the calculational model used will correctly predict
core behavior during the cycle.

The low power physics tests are conducted at a power level less then 2.0% of
rated full power with a primary system temperature and pressure of
approximately 532 F and 2250 psia, respectively.

7.1 Low Power Physics Tests

The following reactor parameters are measured at the low power

cenditions:

1) Critical boron concentration is determined at unrodded and selected
rodded positions.

2) The integral worth at the hot zero power condition of control rod
groups 1, 2, 3, 4 and 5 in the non-overlap condition. The total of
the worths of these groups must be within +10% of the predicted
value. If this condition is not met, then Banks A, B and C will be
measured and t: 1 sum of the worths of all the groups must be within

+10% of predicted.

3) The most limiting near full power ejected CEA worth is measured at,
the pre-ejection conditions by the baron dilution technique.

4) The isothermal temperature coefficient is measured by trending
moderator temperature and reactivity changes. The messarement is
performed at unrodded and a rodded condition.

.-146-
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5) Control rod drop times are measured by monitoring reed switch

voltage for position indication versus time. All full length CEA
drop times are measured.

,

7.2 fover Escalation Tests ,

Power escalation tests assure the performance of various primary and

escondary plant systems. Plant parameters are stabilized and test data taken
at approximately 48% and approximately 100% of rated power.

The following plant parameters are evaluated at the above power levels,
I

cr as indicated:

j 1) Core radial power distributions at essentially unrodded conditions
at the above power levels are determined using the fixed incore
detector system.a

2) Isothermal temperature coefficients are derived at 48% power by

partially closing the steam turbine governor valves which increase
reactor coolant system temperature. The result is a change in
moderator temperature and power level from which the coefficient is

inferred.

7.3 Acceptance Criteria

Acceptance criteria for the prediction of key core parameters are

$ dsfined in Table 7.1. The permissible deviations fram predicted values are
I colected to ins tre the adequacy of the transient analysis. In these tests,

the nominal measured value is compared to the nominal calculated value, the
latter corrected for any difference between the measurement and calculational

conditions.

I

If the criteria in Table 7.1 are met, verification is obtained that the
core characteristics conform to those assumed in the safety analysis. In
particular, compliance with Specification 3.10.B.1 is ditmonstrated by the CEA
worth and drop time measurements, provif ' all trippable CEAs remain operable.

-147-,
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If the initial criteria in Table 7.1 are not met, additional

saasurements, as prescribed by the table, are performed. In addition, any
daviations are evaluated relative to the assumptions in the safety analysis
for the given core parameters. Such deviations and their evaluations are

( raported to the Staff. A startup test summary report will be available
on-site within 90 days of the completion of the startup tests.

[

[
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[
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[
Table 7.1

Maine Yankee Cycle 7
Startup Test Ace'eptance Criteria

Conditions Criteria
Measurement

Measurement within +1%Ap
1. Critical Boron Hot zero power, near

Concentration all-rode-out of predicted value

2. CEA Bank Worths Hot zero power, CEA Total worth within +10%
Banks 1+2+3+4+5 in the of the predicted value
non-overlap condition

3. CEA Bank Worths Hot zero power, CEA If the criteria in

Banks A+B+C+1+2+3+4+5 Measurement (2) is not met,

in the non-overlap the total worth of all CEA
banks must be within +10%condition of the predicted value.

f
4. Ejected CEA Worth Hot zero power, pre- Ejected CEA worth no

ejection CEA banks more than 15% greater

{ inserted for measure- than the predicted value
ment of the most
limiting near full power

f
ejected CEA

5. Isothermal Hot zero power, near Measurement within
+0.5 x 10-4gp joy of

{
Temperature all-rods-out _

predicted valueCoefficient

6. Control Rod Drop Operating temperature, Drop times no greater than
insertion to 90% 2.70 seconds

7. Radial Power At or slightly below Each assembly average

Distribution 50% power, near all- power within +10% of
rods-out predicted value

8. INCA Tilt 5-48% rated power, near Tilt trends to less than
[- Monitoring for all-rods-out, tilt is 3.0% for greater than 50%

Symmetry monitored at 5% power power operation
Verification intervals

.

4
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[
8.0 CONCLUSIONS

f The results of analyses presented herein have demonstrated that design*

criteria as specified in the FSAR and the NRC ECCS Acceptance Criteria (31)
Table 5.3will be met for operation of Maine Yankee during Cycle 7.

summarizes the results of each incident analyzed; including the Reference
This table illustrates that

f
Cycle result and the appropriate design limit.
Specified Acceptable Fuel Design Limits (SAFDL) on DNB and fuel centerline

the primary coolant system ASME code pressure limit, and the 10CFR100melt,

site boundary dose limits are not violated for any of the incidents
' considered.

The maximum computed peak clad temperature following a LOCA for

( operation within the limits specified in Section 5 5.5.1 is 2149 F and is
below the 2200 F limit given in 10CFR50.46. Maximum calculated cladding
oxidation and hydrogen generation are 5.52% and less than 1%, respectively.

(
Based on these results, it is concluded that operation of the Maine

Yankee Atomic Power Station can continue through Cycle 7 within the limits of

the proposed Technical Specifications without endangering the health and

safety of the public.

(

(
.

,
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