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SUBJECT: UNIT 1 CYCLE 10 TECHNICAL SPECIFICATION AMENDMENT (TAC 67143)

The Commission has issued the enclosed Amendment No. 130 to Facility Operating
License No. DPR-53 for the Calvert Cliffs Power Plant, Unit No. 1. The amendment
consists of changes to the Technical Specifications in response to your application
transmitted by letter dated February 12, 1988 as supplemented on March 21, March 25
(2 letters) and April 14, 1988.

The amendment would make the following changes:

1. Modify Technical Specification (TS) Limiting Condition for Operation (LCO)
3.1.1.4 by adding a figure that provides the upper limits for moderator
temperature coefficient (MTC) and increases this MTC limit for thermal
power levels above 70% rated thermal power (RTP) from less positive than
0.2 E-4 delta k/k/°F to the linear equation where the MTC limit is less
positive than +[(.9 + 4 (1-P))/3] E-4 delta k/k/°F where P is the fraction
of RTP. Thus at 70% RTP, MTC must be less positive than +0.7 E-4 delta
k/k/°F and at 100% RTP MTC must be less positive than +0.3 E-4 delta k/k/°F.

2.  Increase the minimum required shutdown margin of TS LCO 3.1.1.1 above the
currently required +3.5 delta k/k in accordance with the linear progression
where the shutdown margin limit shall be greater than or equal to +[3.5 +
1.5(P)1 delta k/k/ where P is the fraction of core cycle life. Thus at
beginning of cycle, the shutdown margin limit is +3.5 delta k/k but at end
of cycle the limit is +5.0 delta k/k.

3. Change the TS Figure 3.1-2, "CEA Group Insertion Limits vs. Fraction of
Allowable Thermal Power for Existing RCP Combination," Bank 5 Transient
Insertion Limit from the linear progression with values of 25% insertion at
90% RTP and 35% insertion at 100% RTP to a constant insertion limit of
35% between 90% and 100% RTP.

4. Reduce unnecessary Axial Shape Index (ASI) trips below 70% RIP and
provide additional operation flexibility by:

a. modifying TS Fiqure 2.2-1, "Peripheral Axial Shape Index vs. Fraction
of Rated Thermal Power," by increasing the acceptable operation
region below 70% RTP to the area bounded by the linear equations for
the ASI limits, where:
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(1) ASI limit = z[.6 + 2/3 (.4-P)] (P is the fraction of RTP) between
40% and 100% RTP, and

(2) ASI limit = +0.6 at powers below 40% RTP.

The current ASI limits are +0.4 at power below 70% RTP;

expanding the acceptable operation region of TS Figure 3.2-2, "Linear

Heat Rate Axial Flux Offset Control Limits," and TS Figure 3.2-4,
“DNB Axial Flux Offset Control Limits," by increasing the negative
AST Timit below 50% RTP from the current value of -0.3 to

(1) between 15% and 50% RTP, the linear equation for the negative
ASI limit = -[0.3 + 3/7 (.5-P)], where P is the fraction of RTP;
(2) below 15% RTP, the negative ASI limit = -0.45.

5. Reflect the lowering of the departure from nucleate boiling ratio (DNBR)
Timit to 1.15 due to the incorporation of an extended statistical
combination of uncertainties methodology through modifying Figures 2.2-2,

"Thermal Margin/Low Pressure Trip Setpoint Part 1 (ASI v. A

Y," and

2.2-3, "Thermal Margin/Low Pressure Trip Setpoint Part 2 (F;action of
Rated Thermal Power v. QRl)," by

a. changing the equation for the pressure variable trip from

P (TRIP VAR) = 2061 (Q
2892 QD

P (TRIP VAR)

) + 165,85 (T.,) - 8915 to
¥ 17.16 (TIN§ Z 10682;

b. changing QDNB’ which equals QR1 X Al’ by increasing QR1 from the

values of:

o)
x
feb
nonu

to

.235 + (628/7810)P between 0% and 78.1% RTP
.863 + (109/191)x(P-.781) between 78.1% and 97.2% RTP
P above 97.2% RTP

= .3 + (11/12)P between 0% and 60% RTP
= ,85 + (3/8)x(P-.6) between 60% and 100% RTP
OR; = P above 100% RTP
is the fraction of RTP.

A copy of the related Safety Evaluation is enclosed. A Notice of Issuance will
be included in the Commission's next regular bi-weekly Federal Register notice.

Enclosures:
1. Amendment No. 130 to DPR-53
2. Safety Evaluation
cc: See next page
* SEE PREVIOUS CONCURRENCE
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Sincerely,

Scott Alexander McNeil, Project Manager
Project Directorate I-1
Division of Reactor Projects, I/II
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Fr. J. A. Tiernan
Baltimore Gas & Electric Company

cc:

Mr. John M, Gott, President

Calvert County Board of
Commissioners

Prince Frederick, Maryland 20768

D. A. Brune, Esq.

General Counsel

Baltimore Ras and Electric Company
P. 0. Box 1475

Baltimore, Maryland 21203

Mr. Jay E. Silberg, Esq.

Shaw, Pittman, Potts and Trowbridge
1800 M Street, NW

Washington, DC 20036

Mr. M, E. Bowman, General Supervisor
Technical Services Engineering
Calvert Cliffs Nuclear Power Plant
MD Rts 2 & 4, P. 0. Box 1535

Lusby, Maryland 20657-0073

Resident Inspector

c¢/o U.S.Nuclear Regulatory Commission
P. 0. Box 437

Lusby, Maryland 20657-0073

Bechtel Power Corporation

ATTN: Mr, D. E. Stewart
Calvert C1iffs Project Engineer
15740 Shady Grove Road
Gaithersburg, Maryland 20760

Combustion Engineering, Inc.

ATTN: Mr. W. R. Horlacher, III
Project Manager

P. 0. Box 500

1000 Prospect Hi11 Road

Windsor, Connecticut 06095-0500

Department of Natural Resources

Energy Administration, Power P1ant
Siting Program

ATTN: Mr. T, Magette

Tawes State Office Building

Annapolis, Maryland 21204

Calvert Cliffs Npc]ear Power Plant

Regional Administrator, Region I
U.S. Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, Pennsylvania 19406



UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

BALTIMORE GAS AND ELECTRIC COMPANY

DOCKET NO, 50-317

CALVERT CLIFFS NUCLEAR POWER PLANT, UNIT 1

AMENDMENT TO FACILITY OPERATING LICENSE

Amendment No. 130
License No. DPR-53

1.  The Nuclear Regulatory Commission (the Commission) has found- that:

A.

The application for amendment by Baltimore Gas and Electric Company
(the licensee) dated February 12, 1988, as supplemented on March 21,
March 25 (2 letters) and April 14, 1988, complies with the standards
and requirements of the Atomic Energy Act of 1954, as amended (the
Act) and the Commission's rules and regulations set forth in 10 CFR
Chapter I;

The facility will operate in conformity with the application,
the provisions of the Act, and the rules and regulations of the
Commission;

There is reasonable assurance (i) that the activities authorized
by this amendment can be conducted without endangering the health
and safety of the public, and (ii) that such activities will be
conducted in compliance with the Commission's regulations;

The issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public;
and

The issuance of this amendment is in accordance with 10 CFR Part
51 of the Commission's regulations and all applicable requirements
have been satisfied.

2. Accordingly, the license is amended by changes to the Technical
Specifications as indicated in the attachment to this license
amendment, and paragraph 2.C.(2) of Facility Operating License
No. DPR-53 is hereby amended to read as follows:
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(2) Technical Specifications

The Technical Specifications contained in Appendices

A and B, as revised through Amendment No. 130, are
hereby incorporated in the license. The licensee shall
operate the facility in accordance with the Technical
Specifications.

3. This license amendment is effective as of the date of its issuance.

FOR THE NUCLEAR REGULATORY COMMISSION

T Retet . Coperr

Robert A. Capra, Director
Project Directorate I-1
Division of Reactor Projects, I/II

Attachment:
Changes to the Technical
Specifications

. Date of Issuance: May 16, 1988
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

ATTACHMENT TO LICENSE AMENDMENT

AMENDMENT NO. 130 FACILITY OPERATING LICENSE NO. DPR-53

DOCKET NO. 50-317

Revise Appendix A as follows:

Remove Pages Insert Pages
2-11 2-11
2-12 2-12
2-13 2-13
3/4 1-1 3/4 1-1
3/4 1-2* 3/4 1-2%
3/4 1-2a 3/4 1-2a
3/4 1-3* 3/4 1-3*
3/4 1-4*% 3/4 1-4*
3/4 1-5 3/4 1-5
3/4 1-5a 3/4 1-5a
3/4 1-6* 3/4 1-6*
3/4 1-27 3/4 1-27
3/4 2-3* 3/4 2-3*
3/4 2-4 3/4 2-4
3/4 2-11 3/4 2-11
3/4 .2-12* 3/4 2-12*
B2-1 B2-1
B2-2* B2-2*
B2-3 B2-3
B2-4* B2-4*
B2-5 B2-5
B2-6 : B2-6
B3/4 1-1 B3/4 1-1
B3/4 1-1la B3/4 1-1a
B3/4 1-2* B3/4 1-2*
B3/4 1-3* B3/4 1-3*
B3/4 1-4* B3/4 1-4*
B3/4 1-5* B3/4 1-5*

*Overleaf pages provided to maintain document completeness.
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CALVERT CLIFFS - UNIT 1 2-13 Amendment No. 21, 24, 39, 130




3/4.1 REACTIVITY CONTROL SYSTEMS
3/4.1.1 BORATION CONTROL
SHUTDOWN MARGIN - Tavg > 200°F

LIMITING CONDITION FOR OPERATION

3.1.1.1  The SHUTDOWN MARGIN shall be equal to or é}eater than the Timit Jine
of Figure 3.1-1b.

APPLICABILITY: MODES 1, 2**, 3, and 4.
ACTION:
With the SHUTDOWN MARGIN less than the limit line of Figure 3.1-1b immediately

initiate and continue boration at.> 40 gpm of 2300 ppm boric acid solution or
equivalent until the required SHUTDOWN MARGIN is restored.

SURVEILLANCE REQUIREMENTS

4.1.1.1.1 The SHUTDOWN MARGIN shall be determined to be equal to or greater
than the 1imit of Figure 3.1-1b:

a. Within one hour after detection of an inoperable CEA(s) and at least
once per 12 hours thereafter while the CEA(s) is inoperable. If the
inoperable CEA is immovable or untrippable, the above required
SHUTDOWN MARGIN shall be increased by an amount at least equal to
the withdrawn worth of the immovable or untrippable CEA(s).

b. When in MODES 1 or 2#, at least once per 12 hours by verifying that
CEA group withdrawal is within the Transient.Insertion Limits of
Specification 3.1.3.6.

c. When in MODE 2##, within 4 hours prior to achieving reactor
criticality by verifying that the predicted critical CEA position is
within the limits of Specification 3.1.3.5.

d. Prior to initial operation above 5% RATED THERMAL POWER after each
fuel loading, by consideration of the factors of e below, with the
CEA groups at the Transient Insertion Limits of Specification
3.1.3.6.

* Adherence to Technical Specification 3.1.3.6 as specified in Surveillance
Requirements 4.1.1.1.1 assures that there is sufficient available
shutdown margin to match the shutdown margin requirements of the safety
analyses.

**  See Special Test Exception 3.10.1.

# With Kyee 32 1.0

##  With Kefs < 1.0

CALVERT CLIFFS - UNIT 1 3/4 1-1 Amendment Nb.Zl, 32, 48, 71,
‘ 28, 1084, 130



REACTIVITY CONTROL SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

e. When in MODES 3 or 4, at least once per 24 hours by con-
sideration of the following factors:

Reactor coolant system boron concentration,

CEA position,

Reactor coolant system average temperature,

Fuel burnup based on gross thermal energy generation,
Xenon concentration, and

Samarium concentration.

ST P LN —

4.1.1.1.2 The overall core reactivity balance shall be compared to
predicted values to demonstrate agreement within + 1.0% ak/k at least
once per 31 Effective Full Power Days (EFPD). This comparison shall
consider at least those factors stated in Specification 4.1.1.1.1.e,
above. The predicted reactivity values shall be adjusted (normalized)
to correspond to the actual core conditions prior to exceeding a fuel
burnup of 60 Effective Full Power Days after each fuel loading.

CALVERT CLIFFS - UNIT 1 3/4 1-2
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REACTIVITY CONTROL SYSTEMS

0
SHUTDOWN MARGIN - Tavg < 200°F

LIMITING CONDITION FOR OPERATION

3.1.1.2 The SHUTDOWN MARGIN shall be > 3.0% ak/k.
APPLICABILITY: MQODE 5

a. Pressurizer level > 90 inches from bottom of the pressurizer.

b. Pressurizer level < 90 inches from bottom of the pressurizer and all
sources of non-borated water < 88 gpm.

ACTION:

a. With the SHUTDOWN MARGIN < 3.0% ak/k, immediately initiate and continue
boration at > 40 gpm of 2300 ppm boric acid solution or equivalent until
the required SHUTDOWN MARGIN is restored.

b. With the pressurizer drained to < 90 inches and all sources of non-
borated water > 88 gpm, immediately suspend all operations involving
positive reactivity changes while the SHUTDOWN MARGIN is increased to
compensate for the additional sources of non-borated water or reduce
the sources of non-borated water to < 88 gpm.

SURVEILLANCE REQUIREMENTS

4.1.1.2 The SHUTDOWN MARGIN shall be determined to be > 3.0% ak/k:

a. Within one hour after detection of an inoperable CEA(s) and at
Jeast once per 12 hours thereafter while the CEA(s) is inoperable.
[f the inoperable CEA is immovable or untrippable, the above
required SHUTDOWN MARGIN shall be increased by an amount at least
equal to the withdrawn worth of the immovable or untrippable CEA(s).

b. At least once per 24 hours by consideration of the following

factors:

1. Reactor coolant system boron concentration,

2. CEA position,

3. Reactor coolant system average temperature,

4. Fuel burnup based on gross thermal energy generation,
5. Xenon concentration, and

6. Samarium concentration.

4.1.1.2.2. With the pressurizer .rained to < S0 inches determine:

a. Within one hour and every 12 hours thereafter that the level
in the reactor coolant system is above the bottom of the
hot leg nozzles, and

b. Within one hour and every 12 hours thereafter that the sources
of non-borated water are < 88 gpm or the shutdown margin has
compensated for the additional sources.

CALVERT CLIFFS - UNIT 1 3/4 1-3 Amendment No.A8, 55
CALVERT CLIFFS - UNIT 2 Amendment No. 31




REACTIVITY CONTROL SYSTEMS

BORON DILUTION

LIMITING CONDITION FOR OPERATION

i

3.1.1.3 The flow rate of reactor coolant through the reactor coolant
system shall be > 3000 gpm whenever a reduction in Reactor Coolant
System boron concentration is being made.

APPLICABILITY: ALL MODES.

ACTION:
With the flow rate of reactor coolant through the reactor coolant system

< 3000 gpm, immediately suspend all operations involving a reduction
in boron concentration of the Reactor Coolant System.

SURVEILLANCE REQUIREMENTS

4.1.1.3 The flow rate of reactor coolant through the reactor coolant
system shall be determined to be > 3000 gpm within one hour prior to
the start of and at Teast once per hour during a reduction in the
Reactor Coolant System boron concentration by ejther:

a. Verifying at least one reactor coolant pump is in operation,
or

b. Verifying that at least one low pressure safety injection pump
is in operation and supplying > 3000 gpm through the reactor
coolant system.

CALVERT CLIFFS-UNIT 1
CALVERT CLIFFS-UNIT 2 3/4 1-4



REACTIVITY CONTROL SYSTEMS

MODERATOR TEMPERATURE COEFFICIENT
LIMITING CONDITION FOR OPERATION

3.1.1.4 The moderator temperature coefficient (MTC) shall be:
a. Less positive than the 1imit line of Figure 3.1-la, and

b. Less negétive than -2.7 x 1074 A k/k/CF at RATED THERMAL POWER.

APPLICABILITY: MODES 1 and 2*#

ACTION:

With the moderator temperature coefficient outside any one of the above
limits, be in at least HOT STANDBY within 6 hours.

SURVEILLANCE REQUIREMENTS

4.1.1.4.1 The MTC shall be determined to be within its limits by confirmatory
measurements. MTC measured values shall be extrapolated and/or compensated to
permit direct comparison with the above limits.

* With Keff?_ 1.0.

# See Special Test Exception 3.10.2.

CALVERT CLIFFS - UNIT 1 3/4 1-5 Amendment No. AB/88//1084, 130
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REACTIVITY CONTROL SYSTEMS

SURVETLLANCE REQUIREMENTS (Continued)

1

4.1.1.4.2 The MTC shall be determined at the following frequencies and THERMAL
POWER conditions during each fuel cycle:

a. Prior to initial operation above 5% of RATED THERMAL POWER, after
each fuel loading.

b. At any THERMAL POWER above 90% of RATED THERMAL POWER, within 7
EFPD after initially reaching an equilibrium condition at or
above 90% of RATED THERMAL PQOWER.

c. At any THERMAL POWER, within 7 EFPD of reaching a RATED THERMAL
POWER equilibrium boron concentration of 300 ppm.

CALVERT CLIFFS - UNIT 1 3/4 1-6 Amendment No. 84/, 117



T IINN = SLITD RIATYD

"oN 3JuSmpUIWY LT-T ¥/t

OET ‘1L ‘g% ‘¥ ‘I

1.00 T—q1-00,6p 5 @ 35%
'
0.90 T 1-0.90,Gp 5 @ 35%
0.80 ! \\
| 0.75,Gp 5 @ 50%
0.70 i i .70,Gp 5 @ 60%
| 0.65,Gp 5 @ 85%
0.60 " , I
| , Nss,sp 4 @ 50%
0.50 R r N
IL;hg Term Short Term
0.40 ISteady State——¢Steady State -
Insertion Insertion
0.30 ) Limit ! Limit
1Grp 5 @ 25% Grp 4 @ 20%
0.20 b 1 -0~0.20,Gp 3 0 60%
| .
0.10 {
]
0.00 — 0—0.00, Gp 3 @ 60%

Allowable BASSS‘<&-J Grp 5 @ 55%
Operating Region _ .
Groups: 5 3

1
1 i 1 1 1 1 L 1 1 i 1 } L ] ] 1 1 ]

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
136.0 108.8 81.6 54.4 27.2 0 136.0 108.8 81.6 54.4 27.2 0 136.0 108.8 81.6 54.4 27.2 0
4 2
(. 1 1 1 1 1 L 1 ] ] 1 i
0 20 40 60 80 100 0 20 40 60 80 100
136.0 108.8 B81.6 54.4 27.2 0 136.0 108.8 81.6 54.4 27.2 0

% CEA INSERTION
INCHES CEA WITHDRAWN

Figure 3.1-2
CEA GROUP INSERTION LIMITS VS. FRACTION OF ALLOWABLE THERMAL POWER
FOR EXISTING RCP COMBINATION



€-2 v/t L LINR - S44T170 L¥3IATYD

817 *ON 3Juduwpudwy

ALLOWABLE PEAK LINEAR HEAT RATE, KW/FT
(FUEL + CLAD + MODERATOR)

16

15

14

13
0

UNACCEPTABLE OPERATION

ACCEPTABLE OPERATION

100

200 300

EFFECTIVE FULL POWER DAYS

FIGURE 3.2-1 _
Allowable Peak Linear Heat Rate vs Burnup

400

o




FRACTION OF ALLOWABLE THERMAL POWER
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CALVERT CLIFFS 3/4 2-4 Amendment No. 21, 24, 32, 33,
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FRACTION OF MAXIMUM ALLOWABLE POWER
LEVEL FOR EXISTING RCP COMBINATION
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POWER DISTRIBUTION LIMITS

AZIMUTHAL POWER TILT - Tq

LIMITING CONDITION FOR OPERATION ,

3.2.4 The AZIMUTHAL POWER TILT (Tq) shall not exceed 0.030.

APPLICABILITY: MODE 1 above 50% of RATED THERMAL POWER.*

ACTION:

a.

With the indicated AZIMUTHAL POWER TILT determined to be > 0.030
but < 0.10, either correct the power tilt within two hours or
determine within the next 2 hours and at least once per subse-

quent 8 hours, that the TOTAL PLANAR RADIAL PEAKING FACTOR (Fly)
and the TOTAL INTEGRATED RADIAL PEAKING FACTOR (FI) are within

the Timits of Specifications 3.2.2 and 3.2.3.

With the indicated AZIMUTHAL POWER TILT determined to be > 0.10,
operation may proceed for up to 2 hours provided that the TOTAL

INTEGRATED RADIAL PEAKING FACTOR (FI) and TOTAL PLANAR RADIAL
PEAKING FACTOR (Fly) are within the lTimits of Specifications

3.2.2 and 3.2.3. Subsequent operation for the purpose of
measurement and to identify the cause of the tilt is allowable
provided the THERMAL POWER level is restricted to < 20% of

the maximum allowable THERMAL POWER level for the existing
Reactor Coolant Pump combination.

SURVETLLANCE REQUIREMENT

4.2.4.1

The provisions of Specification 4.0.4 are not applicable.

4,2.4.2 The AZIMUTHAL POWER TILT shall be determined to be within the

Timit by:

a.

b.

Calculating the tilt at least once per 12 hours, and

Using the incore detectors to determine the AZIMUTHAL POWER
TILT at least once per 12 hours when one excore channel is
inoperable and THERMAL POWER IS > 75% of RATED THERMAL POWER.

*See Special Test Exception 3.10.2.

CALVERT CLIFFS - UNIT 1 3/4 2-12 Amendment No. 27, 32



2.1 SAFETY LIMITS

BASES

2.1.1 REACTOR CORE

RY

The restrictions of this safety limit prevent overheating of the fuel
cladding and possible cladding perforation which could result in the release
of fission products to the reactor coolant. Overheating of the fuel is
prevented by maintaining the steady state peak 1inear heat rate at or less
than 22.0 kw/ft. Centerline fuel melting will not occur for this peak linear
heat rate. Overheating of the fuel cladding is prevented by restricting fuel
operation to within the nucleate boiling regime where the heat transfer
coefficient is large and the cladding surface temperature is slightly above
the coolant saturation temperature.

Operation above the upper boundary of the nucleate boiling regime could
result in excessive cladding temperatures because of the onset of departure
from nucleate boiling (DNB) and the resultant sharp reduction in heat transfer
coefficient. DNB is not a directly measurable parameter during operation and,
therefore, THERMAL POWER and Reactor Coolant Temperature and Pressure have
been related to DNB through the CE-1 correlation. The CE-1 DNB correlation
has been developed to predict the DNB flux and the location of DNB for axially
uniform and non-uniform heat flux distributions. The local DNB heat flux
ratio, DNBR, defined as the ratio of the heat flux that would cause DNB at a
particular core location to the local heat flux, is indicative of the margin
to DNB. -

The minimum value of the DNBR during steady state operation, normal
operational trunsients, and anticipated transients is limited to the DNB SAFDL
of 1.15 in conjunction with the Extended Statistical Combination of
Uncertainties (ESCU). This DNB SAFDL assures with at Teast a 95 percent
probability at a 95 percent confidence level that DNB will not occur.

The curves of Figures 2.1-1, 2.1-2, 2.1-3 and 2.1-4 show conservative
Toci for points of THERMAL POWER, Reactor Coolant System pressure and maximum
cold leg temperature of various pump combinations for which the DNB SAFDL is
not violated for the family of axial shapes and corresponding radial peaks
shown in Figure B2.1-1. The limits in Figures 2.1-1, 2.1-2, 2.1-3, and 2.1-4
were calculated for reactor coolant inlet temperatures less than or equal to
580°F. The dashed line at 580°F coolant inlet temperature is not a safety
Timit; however, operation above 580°F is not possible because of the actuation
of the main steam line safety valves which 1imit the maximum value of reactor
inlet temperature. Reactor operation at THERMAL POWER levels higher than 110%
of RATED THERMAL POWER is prohibited by the high power level trip setpoint
specified in _ :

CALVERT CLIFFS - UNIT 1 B 2-1 Amendment No. 33//#8//71,
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SAFETY LIMITS

BASES

Table 2.1.-1. The area of safe operation is below and to the left of these
lines.

The conditions for the Thermal Margin Safety Limit curves in Figures
2.1-1, 2.1-2, 2.1-3, and 2.1-4 to be valid are shown® on the figures.

The reactor protective system in combination with the Limiting Conditions
for Operation, is designed to prevent any anticipated combination of transient
conditions for reactor coolant system temperature, pressure, and THERMAL POWER
level that would result in a DNBR of less than 1.15, in conjunction with the
ESCU methodology, and preclude the existence of flow instabilities.

2.1.2 REACTOR COOLANT SYSTEM PRESSURE

The restriction of this Safety Limit protects the integrity of the
Reactor Coolant System from overpressurization and thereby prevents the
release of radionuclides contained in the reactor coolant from reaching the
containment atmosphere.

The reactor pressure vessel and pressurizer are designed to Section III,
1967 Edition, of the ASME Code for Nuclear Power Plant Components which
permits a maximum transient pressure of 110% (2750 psia) of design pressure.
The Reactor Coolant System piping, valves and fittings, are designed to ANSI B
31.7, Class I, 1969 Edition, which permits a maximum transient pressure of
110% (2750 psia) of component design pressure. The Safety Limit of 2750 psia
is, therefore, consistent with the design criteria and associated code
requirements.

The entire Reactor Coolant System is hydrotested at 3215 psia to
demonstrate integrity prior to initial operation.

CALVERT CLIFFS - UNIT 1 B 2-3 _ Amendment No. 33//38{/#8,
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2.2 LIMITING SAFETY SYSTEM SETTINGS

BASES

2.2.1 REACTOR TRIP SETPOINTS

The Reactor Trip Setpoints specified in Table 2.2-1 are the values
at which the Reactor Trips are set for each parameter. The Trip Setpoints
have been selected to ensure that the reactor core and reactor coolant
system are prevented from exceeding their safety limits. Operation with
a trip set less conservative than its Trip Setpoint but within its speci-
fied Allowable Value is acceptable on the basis that the difference
between the trip setpoint and the Allowable Value s equal to or less
than the drift allowance assumed for each trip in the safety analyses.

Manual Reactor Trip

The Manual Reactor Trip is a :aundant channel to the automatic
protective instrumentation channels and provides manual reactor trip
capability.

Power Level-High

The Power Level-High trip provides reactor core protection against
reactivity excursions which are too rapid to be protected by a Pressurizer
Pressure-High or Thermal Margin/Low Pressure trip.

The Power Level-High trip setpoint is operator adjustable and can be
set no higher than 10% above the indicated THERMAL POWER Tlevel. Operator
action is required to increase the trip setpoint as THERMAL POWER is
increased. The trip setpoint is automatically decreased as THERMAL power
decreases. The trip setpoint has a maximum value of 107.0% of RATED
THERMAL POWER and a minimum setpoint of 30% of RATED THERMAL POWER.
Adding to this maximum value the possible variation in trip point due to
calibration and instrument errors, the maximum actual steady-state
THERMAL POWER level at which a trip would be actuated is 110% of RATED
THERMAL POWER, which is the value used in the safety analyses.

Reactor Coolant Flow-Low

The Reactor Coolant Flow-Low trip provides core protection to prevent
DNB in the event of a sudden significant decrease in reactor coolant .
flow. Provisions have been made in the reactor protective system to permit

CALVERT CLIFFS - UNIT 1 B 2-4 Anendment No. 88, 71



LIMITING SAFETY SYSTEM SETTINGS
BASES |

operation of the reactor at reduced power if one or two reactor coolant pumps
are taken out of service. The low-flow trip setpoints and Allowable Values
for the various reactor coolant pump combinations have been derived in
consideration of instrument errors and response times of equipment involved to
maintain the DNBR above the DNB SAFDL of 1.15, in cohjunction with the ESCU
methodology, under normal operation and expected transients. For reactor
operation with only two or three reactor coolant pumps operating, the Reactor
Coolant Flow-Low trip setpoints, the Power Level-High trip setpoints, and the
Thermal Margin/Low Pressure trip setpoints are automatically changed when the
pump condition selector switch is manually set to the desired two-or
three-pump position. Changing these trip setpoints during two and three pump
operation prevents the minimum value of DNBR from going below DNB SAFDL of
1.15, in conjunction with the ESCU methodology, during normal operational
transients and anticipated transients when only two or three reactor coolant
pumps are operating.

Pressurizer Pressure-High

The Pressurizer Pressure-High trip, backed up by the pressurizer code
safety valves and main steam line safety valves, provides reactor coolant
system protection against overpressurization in the event of loss of load
without reactor trip. This trip’s setpoint is 100 psi below the nominal 1ift
setting (2500 psia) of the pressurizer code safety valves and its concurrent
operation with the power-operated relief valves avoids the undesirable
operation of the pressurizer code safety valves.

Containment Pressure-High

The Containment Pressure-High trip provides assurance that a reactor trip
is initiated prior to, or at least concurrently with, a safety injection.

Steam Generator Pressure-lLow

The Steam Generator Pressure-Low trip provides protection against an
excessive rate of heat extraction from the steam generators and subsequent
cooldown of the reactor coolant. The setting of 685 psia is sufficiently
below the full-load operating point of 850 psia so as not to interfere with
normal operation, but still high enough to provide the required protection in
the event of excessively high steam flow. This setting was used with an
uncertainty factor of + 85 psi which was based on the main steam line break
event inside containment.

CALVERT CLIFFS - UNIT 1 B 2-5 Amendment No. 33//484/71,
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LIMITING SAFETY SYSTEM SETTINGS

BASES

Steam Generator Water Level

The Steam Generator Water Level-Low trip provides core protection by
preventing operation with the steam generator water level below the minimum
volume required for adequate heat removal capacity ahd assures that the
pressure of the reactor coolant system will not exceed its Safety Limit. The
specified setpoint in combination with the auxiliary feedwater actuation
system ensures that sufficient water inventory exists in both steam generators
to remove decay heat following a loss of main feedwater flow event.

Axial Flux Offset

The axial flux offset trip is provided to ensure that excessive axial
peaking will not cause fuel damage. The axial flux offset is determined from
the axially split excore detectors. The trip setpoints ensure that neither a
DNBR of less than the DNB SAFDL of 1.15, in conjunction with ESCU methodology
nor a peak linear heat rate which corresponds to the temperature for fuel
centerline melting will exist as a consequence of axial power
maldistributions. These trip setpoints were derived from an analysis of many
axial power shapes with allowances for instrumentation inaccuracies and the
uncertainty associated with the excore to incore axial flux offset
relationship.

"Thermal Margin/Low Pressure

The Thermal Margin/Low Pressure trip is provided to prevent operation
when the DNBR is less than the DNB SAFDL of 1.15, in conjunction with ESCU
methodology.

The trip is initiated whenever the reactor coolant system pressure signal
drops below either 1875 psia or a computed value as described below, whichever
is higher. The computed value is a function of the higher of A T power or
neutron power, reactor inlet temperature, and the number of reactor coolant
pumps operating. The minimum value of reactor coolant flow rate, the maximum
AZIMUTHAL POWER TILT and the maximum CEA deviation permitted for continuous
operation are assumed in the generation of this trip function. In addition,
CEA group sequencing in accordance with Specifications 3.1.3.5 and 3.1.3.6 is
assumed. Finally, the maximum insertion of CEA banks which can occur during

any anticipated operational occurrence prior to a Power Level-High trip is
assumed.

CALVERT CLIFFS - UNIT 1 B 2-6 Amendment No. 33//38//#8,
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3/4.1 REACTIVITY CONTROL SYSTEMS
BASES

3/4.1.1 BORATION CONTROL
3/4.1.1.1 and 3/4.1.1.2 SHUTDOWN MARGIN

A sufficient SHUTDOWN MARGIN ensures that 1) the reactor can be made
subcritical from all operating conditions, 2) the reactivity transients
associated with postulated accident conditions are controllable within accept-
able Timits, and 3) the reactor will be maintained sufficiently subcritical to
preclude inadvertent criticality in the shutdown condition.

The most limiting SHUTDOWN MARGIN requirement at beginning of cycle is
determined by the requirements of several transients, including Boron Dilution
and Steam Line Rupture. The SHUTDOWN MARGIN requirements for these transients
are relatively small and nearly the same. Howevar, the most limiting SHUTDOWN
MARGIN requirement at end of cycle comes from just one transient, the Steam
Line Rupture event. The requirement for this transient at end of cycle is
significantly larger than that for any other event at that time in-cycle and,
also, considerably larger than the most limiting requirement at beginning of
cycle.

* The variation in the most limiting requirement with time in cycle has
been incorporated into Technical Specification 3.1.1.1, in the form of a
specified SHUTDOWN MARGIN value which varies linearly from beginning to end of
cycle. This variation in specified SHUTDOWN MARGIN is conservative relative
to the actual variation in the most limiting requirement. Consequently,
adherence to Technical Specification 3.1.1.1 provides assurance that the
available SHUTDOWN MARGIN at anytime in cycle will exceed the most limiting
SHUTDOWN MARGIN reguirement at that time in cycle.

In MODE 5, the reactivity transients resulting from any event are minimal
and do not vary significantly during the cycle. Therefore, the specified
SHUTDOWN MARGIN in MODE 5 via Technical Specification 3.1.1.2 has been set
equal to a constant value which is determined by the requirement of the most
limiting event at any time during the cycle, i.e., Boron Dilution with the
pressurizer level less than 90 inches and the sources of non-borated water
restricted. Consequently, adherence to Technical Specification 3.1.1.2
provides assurance that the available SHUTDOWN MARGIN will exceed the most
limiting SHUTDOWN MARGIN requirement at any time in cycle. :

CALVERT CLIFFS - UNIT 1 B 3/4 1-1 Amendment No. 21, 32, 48,
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3/4.1 REACTIVITY CONTROL SYSTEMS

BASES

3/4.1.1 BORATION CONTROL

3/4.1.1.3 50RON DILUTION h

A minimum flow rate of at least 3000 GPM provides adequate mixing,
prevents stratification and ensures that reactivity changes will be gradual
during boron concentration reductions in the Reactor Coolant System. A flow
rate of at least 3000 GPM will circulate an equivalent Reactor Coolant System
volume of 9,601 cubic feet in approximately 24 minutes. The reactivity change
rate associated with boron concentration reductions will therefore be within
the capability of operator recognition and control.

3/4.1.1.4 MODERATOR TEMPERATURE COEFFICIENT (MTC)

The Timitations on MTC are provided to ensure that the assumptions used
in the accident and transient analyses remain valid through each fuel cycle.
The surveillance requirements for measurement of the MTC during each fuel
cycle are adequate to confirm the MTC value since this coefficient changes
slowly due principally to the reduction in RCS boron concentration associated
with fuel burnup. The confirmation that the measured MTC value is within its
Timit provides assurances that the coefficient will be maintained within
acceptable values throughout each fuel cycle.

CALVERT CLIFFS - UNIT 1 B 3/4 1-1a Amendment No. 139



REACTIVITY CONTROL SYSTEMS

BASES

3/4.1.1.5 MINIMUM TEMPERATURE FOR CRITICAL (TY

This specification ensures that the reactor will not be made critical
with the Reactor Coolant System average temperature less than 5159F. This
Timitation is required to ensure 1) the moderator temperature coefficient is
within its analyzed temperature range, 2) the protective instrumentation is
within its normal operating range, 3) the pressurizer is capable of being in
an OPERABLE status with a steam bubble, and 4) the reactor pressure vessel is
| above its minimum RTypy temperature.

3/4.1.2 BORATION SYSTEMS

The boron injection system ensures that negative reactivity control is
avajlable during each mode of facility operation. The system also provides
coolant flow following an SIAS (e.g., during a Small Break LOCA) to supplement
flow from the Safety Injection System. The Small Break LOCA analyses assume
flow from a single charging pump, accounting for measurement uncertainties and
flow mal-distribution effects in calculating a conservative value of charging
flow actually delivered to the RCS. The components required to perform this
function include 1) borated water sources, 2) charging pumps, 3) separate flow
paths, 4) boric acid pumps, 5) associated heat tracing systems, and 6) an
emergency power supply from OPERABLE diesel generators.

With the RCS average temperature above 200°F, a minimum of two separate
and redundant boron injection systems are provided to ensure single functional
capability in the event an assumed failure renders one of the systems inoper-
able. Allowable out-of-service periods ensure that minor component repair or
corrective action may be completed without undue risk to overall facility
safety from injection system failures during the repair period.

The boration capability of either system is sufficient to provide a SHUT-
DOWN MARGIN from all operating conditions of 3.0% ak/k after xenon decay and
cooldown to 2000F. The maximum boration capability requirement occurs at EQL
from full power equilibrium xenon conditions and requires 6500 gallons of
7.25% boric acid solution from the boric acid tanks or 55,627 gallons of 2300
ppm borated water from the refueling water tank. However, to be consistent
with the ECCS requirements, the RWT is required to have a minimum contained
volume of 400,000 gallons during MODES 1, 2, 3 and 4. The maximum boron
concentration of the refueling water tank shall be limited to 2700 ppm and
the maximum boron concentration of the boric acid storage tanks shall be
limited to 8% to preclude the possibility of boron precipitation in the
core during long term ECCS cooling.

With the RCS temperature below 2000F, one injection system is acceptable
without single failure consideration on the basis of the stable reactivity
condition of the reactor and the additional restrictions prohibiting CORE
ALTERATIONS and positive reactivity change in the event the single injection
system becomes inoperable.
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The boron capability required below 200°F istbased upon providing a
3% ak/k SHUTDOWN MARGIN after xenon decay and cooldown from 200°F to
140°F. This condition requires either 737 gallons of 7.25% boric acid
solution from the boric acid tanks or 9,844 gallons of 2300 ppm borated
water from the refueling water tank.

The OPERABILITY of one boron injection system during REFUELING
ensures that this system is available for reactivity control while in MODE 6.

3/4.1.3 MOVABLE CONTROL ASSEMBLIES

The specifications of this section ensure that (1) acceptable power
distribution 1imits are maintained, (2) the minimum SHUTDOWN MARGIN is
maintained, and (3) the potential effects of a CEA ejection accident are
limited to acceptable levels.

The ACTION statements which permit Timited variations from the basic
reqguirements are accompanied by additional restrictions which ensure that
the original criteria are met.

The ACTION statements applicable to a stuck or untrippable CEA and
to a large misalignment (> 15 inches) of two or more CEAs, require a
prompt shutdown of the reactor since either of these conditions may be
indicative of a possible loss of mechanical functional capability of the
CEAs and in the event of a stuck or untrippable CEA, the loss of SHUT-
DOWN MARGIN.

For small misalignments (< 15 inches) of the CEAs, there is 1) a
small degradation in the peaking factors relative to those assumed in
generating LCOs and LSSS setpoints for DNBR and linear heat rate, 2) a
small effect on the time dependent long term power distributions rela-
tive to those used in generating LCOs and LSSS setpoints for DNBR and
1inear heat rate, 3) a small effect on the available SHUTDOWN MARGIN,
and 4) a small effect on the ejected CEA worth used in the safety
analysis. Therefore, the ACTION statement associated with the small
misalignment of a CEA permits a one hour time interval during which
attempts may be made to restore the CEA to within its alignment require-
ments prior to initiating a reduction in THERMAL POWER. The one hour
time 1imit is sufficient to (1) identify causes of a misaligned CEA, (2) I
take appropriate corrective action to realign the CEAs and (3) minimize
the effects of xenon redistribution.

CALVERT CLIFFS - UNIT 1 B 3/4 1-3 Amendment No. 21, 4bs (.
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Overpower margin is provided-to protect the core in the event of a large
misalignment ( > 15 inches) of a CEA. However, this misalignment would cause
distortion of the core power distribution. The reactor protective system would
not detect the degradation in radial peaking factors and since wvariations in
other system parameters (e.g., pressureé and coolant temperature) may not be
sufficient to cause trips, it is possible that the reactor could be operating with
process variables less conservative than those assumed in generating LCO and
LSSS setpoints. The ACTION statement associated with a large CEA
misalignment requires prompt action to realign the CEA to avoid excessive
margin degradation. If the CEA is not realigned within the given time
constraints, action is specified which will preserve margin, including reductions
in THERMAL POWER.

For a single CEA misalignment, the time allowance to realign the CEA
(Figure 3.1-3) is permitted for the following reasons:

1. The margin calculations which support the power distribution LCOs for
DNBR are based on a steady-state F/ as specified in Technical
Specification 3.2.3. '

2. When the actual FJ is less than the Technical Specification value,
additional margin exists.

3. This additional margin can be credited to offset the increase in FJ
with time that will occur following a CEA misalignment due to xenon
redistribution.

The requirement to reduce power level after the time limit of Figure 3.1-3
is reached offsets the continuing increase in FJ that can occur due to xenon
redistribution. A power reduction is not required below 50% power. Below 50%
power there is sufficient conservatism in the DNB power distribution LCOs to
completely offset any, or any additional, xenon redistribution effects.

The ACTION statements applicable to misaligned or inoperable CEAs include
requirements to align the OPERABLE CEAs in a given group with the inoperable
CEA. Conformance with these alignment requirements bring the core, within a
short period of time, to a configuration consistent with that assumed in
generating LCO and LSSS setpoints. However, extended operation with CEAs
significantly inserted in the core may lead to perturbations in 1) local burnup,
2) peaking factors, and 3) available shutdown margin which are more adverse
than the conditions assumed to exist in the safety analyses and LCO and LSSS
setpoints determination. Therefore, time limits have been imposed on operation
with inoperable CEAs to preclude such adverse conditions from developing.
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Operability of the CEA position indicators is required to determine CEA
positions and thereby ensure compliance with the CEA alignment and insertion
limits and ensures proper operation of the rod block circuit. The CEA "Full
In" and "Full Out" limits provide an additional independent means for
determining the CEA positions when the CEAs are at either their fully inserted
or fully withdrawn positions. Therefore, the OPERABILITY and the ACTION
statements applicable to inoperable CEA position indicators permit continued
operations when positicns of CEAs with inoperable indicators can be verified by
the "Full In" or "Full Qut" limits.

CEA positions and OPERABILITY of the CEA position indicators are
required to be verified on a nominal basis of once per 12 hours with more
frequent verifications required if an automatic monitoring channel is inoperable.
These verification frequencies are adequate for assuring that the applicable
LCOs are satisfied.

The surveillance requirements affecting CEAs with inoperable position
indication channels allow 10 minutes for testing each affected CEA. This time
limit was selected so that 1) the time would be long enough for the required
testing, and 2) if all position indication were lost during testing, the time
would be short enough to allow a power reduction to 70% of maximum allowable
thermal power within one hour from wher the testing was initiated. The time
limit ensures CEA misalignments occurriz; during CEA testing are corrected
within the time requirements required by existing specifications.

The maximum CEA drop time restriction is consistent with the assumed
CEA drop time used in the safety analyses. Measurement with T > 515°F
and with all reactor coolant pumps operating ensures that the A&fsured
drop times will be representative of insertion times experienced during
d reactor trip at operating conditions.

The LSSS setpoints and the power distribution LCOs were generated
based upon a core burnup which would be achieved with the core operating
in an essentially unrodded configuration. Therefore, the CEA insertion
1imit specifications require that during MODES 1 and 2, the full length
CEAs be nearly fully withdrawn. The amount of CEA insertion permitted
by the Steady State Insertion Limits of Specification 3.1.3.6 will not
have a significant effect upon the unrodded burnup assumption but will
still provide sufficient reactivity control. The Transient Insertion
Limits of Specification 3.1.3.6 are provided to ensure that (1) acceptable
power distribution limits are maintained, (2) the minimum SHUTDOWN
MARGIN 1is maintained, and (3) the potential effects of a CEA ejection
accident are limited to acceptable levels; however, long term operation
at these insertion limits could have adverse effects on core power
distribution during subsequent operation in an unrodded configuration.

CALVERT CLIFFS - UNIT 1| B 3/4 1-5 Amendment No. 22, 127




UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

SAFETY EVALUATION BY THE CFFICE OF NUCLEAR REACTOR REGULATICN

RELATED TC AMENDMENT NO, 130 TO FACILITY OPERATING LICENSE NO. DPR-53

BALTIMORE GAS ANMD ELECTPIC CCMPANY

CALVERT CLIFFS NUCLEAR POWER PLANT, UMIT 1

MCKET NO. 50-317

1.0 INTRODUCTION

Rv letter dated Februarv 12, 1988, as supplemented on March 21, March 25 (2
letters) arc April 14, 1988, the Baltimore Gas and Electric Company (RG&E or
the licensee) submitted a request for an amendment tc its cperatino license for
Calvert Cl1iffs Unit No. 1 to alluw operation for a tenth cycle at a 100% rated
core power of 2700 MWt (Ref. 1). The licensee alsc submitted proposed modifi-
caticns to the Technical Specifications (TS) for Cycle 10. Cycle 10 will have
a 24 month cycle length as compared to 8 months for the previous cycle.

The licensee submitted a final camera-ready copy of the previously requested
TS on April 14, 1988.

The supplererts to the February 12, 1988 submittal did not affect the proposed

TS change nuticed in the Federal Register on April 15, 1988, with correcticn

cn April 29, 1988, and did not affect the staff's proposed no significant hazards
determination. '

The NRC staff has reviewed the applicaticrn and the supporting documents !Refs.
2 & 3) and has prepared the followina evaluation of the fuel design, nuclear
design, thermal-hydraulic desien, and TS changes.

2.0 EVALUATION OF FUEL DESIGN

2.1 Fuel Assembly Description

The Cycle 10 core consists of 217 fuel assemblies. Ninety-six fresh {urirradiated)
Batch M assemblies will replace previously irradiated assemblies. Of these 96
fresh assemblies, 92 will be manufactured by Comhustion Engineering (CE)} and four
by Advanced Nuclear Fuels (ANF) Corporaticn, and are placed in the Cycle 10 core

as an aid in qualifying ANF fuel fcr 24 month cycle operation. The 92 fresh CE
assemblies will consist of 16 unshimmed Ratch M assemblies and 76 Batch M*
assemblies each containing 12 B,C rods for neutronic shimming and having an

initial assembly averace enrichﬁent of 4.08 weight percent (w/o) U-235. The

~ BBO5270136 BBOS16
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four ANF Batch MX demonstration assemblies contain 12 fuel bearing Gd,0, rods
for shimming and have an initial assembly average enrichment of 3.85 5/8 U-235.

2.2 Mechanical Design

The mechanical design of the CE Batch M reload fuel is identical to the Batch
K fuel previously inserted in Calvert Cl1iffs Unit 1. A1l CE fuel to be loaded
for the Cycle 10 core was reviewed to ascertain that adequate shoulder gap
clearance exists. Analyses were performed with approved models and the
licensee concluded that all shoulder gap and fuel assembly length clearances
are adequate for Cycle 10. The replacement control element assembly (CEA) to
be used in the center location of the core will have the same reconstituted
features as the replacement CEA installed in the reference cycle.

The mechanical design features- of the ANF lead fuel assemblies are described
in Reference 3. Most of the assembly and core interface dimensions are
jdentical to the CE fuel assemblies. Differences in the upper and lower end
fitting height and overall assembly height should not affect the performance
of either fuel assembly. Experience with similar ANF fuel designs co-residing
adjacent to CE reload fuel in the Maine Yankee, Fort Calhoun, and St. Lucie
Unit 1 cores have caused no unexpected problems or operational difficulties.
Therefore, the staff finds the ANF Jead assemblies to be mechanically
compatible with the co-resident CE fuel during Cycle 10.

2.3 Thermal Design

The thermal performance of the CE fuel in Cycle 10 was evaluated using the
FATES3B fuel evaluation model (Ref. 4). The staff issued an SER (Ref. 5)
approving the use of FATES3B for BG&E licensing submittals. The licensee
analyzed a composite, standard fuel pin that enveloped the various CE fuel
batches in Cycle 10. The analysis modeled the power and burnup levels
representative of the peak pin at each burnup interval. Although the burnup
range analyzed for the peak pin was greater than that expected at the end of
Cycle 10, approximately 0.3% of the fuel pins will achieve burnups greater
than the 52,000 MWD/T value approved for CE fuel (Ref. 6) if Cycles 9 and 10
are operated to their maximum burnups. In response to the staff's request,
the Ticensee confirmed that these few high burnup pins will be in low power
regions of the Cycle 10 core and the maximum pressure within these pins will
not reach the nominal reactor coolant system pressure of 2250 psia (Ref. 7).

Evaluations have been performed to show that the four ANF lead assemblies are
thermally compatible with the existing CE fuel assemblies and meet the
appropriate fuel thermal design criteria required by the staff (Ref. 3).

Based on its review of the information discussed above, the staff concludes
that the evaluation of the thermal design of the CE and ANF fuel for Cycle 10
is acceptable.



3.0 EVALUATION OF NUCLEAR DESIGN

3.1 Fuel Management

The Cvcle 10 core consists of 217 fuel assemblies, each having a 14 by 14 fuel
rod array. A general description of the core loading is given in Section 2.1
of this SER. The highest U-235 enrichment occurs in the CE Batch M fuel
assemblies which contain an assembly average enrichment of 4.08 w/o U-235,

The Calvert Cl1iffs fuel storage facilities have been approved for storage of
fuel of maximum enrichment of 4.10 w/o U-235 and, therefore, the fresh Batch M
assemblies are acceptable from a fuel storage aspect.

The Cycle 10 core will use a low-leakage fuel management scheme. With the
proposed loading, the Cycle 10 reactivity lifetime for full power operation is
expected to be 21,400 MWD/T based on a Cycle 9 length of 11,800 MWD/T. The
analyses presented by the licensee will accommodate a Cycle 10 length between
20,600 MWD/T and 21,800 MWD/T based on Cycle 9 lengths between 9,800 MWD/T and
11,800 MWD/T.

3.2 Power Distribution

Hot full power (HFP) fuel assembly relative power densities are given in the
reload analysis report for beginning-of-cycle (BOC), middle-of-cycle (MOC),
and end-of-cycle (EOC) unrodded configurdtions. Radial power distributions at
BOC and EOC are also given for control element assembly (CEA) Bank 5, the lead
regulating bank, fully inserted. These distributions are characteristic of
the high burnup end of the Cycle 9 shutdown window and tend to increase the
radial power peaking in the Cycle 10 core. The four ANF lead test assemblies
were calculated to have maximum pin power peaking at least 10% lower than the
maximum pin peaking in the core under all expected Cycle 10 operating
conditions. The distributions were calculated with approved methods and
include the increased power peaking which is characteristic of fuel rods
adjacent to water holes. In addition, the safety and setpoint analyses
conservatively include uncertainties and other allowances so that the power
peaking values actually used are higher than those expected toc occur at any
time in Cycle 10. Therefore, the predicted Cycle 10 power distributions are
acceptable,

3.3 Reactivity Coefficients

In order to accommodate 24 month cycles, the moderg&or temperature coefficient
(MTC) limit above 70% power is raigid from +0.2x10 ~ delta rho/° F to a value
which ngies linearly from +0.3x10 " delta rho/° F at 100% power to

+0.7x10 7 delta rho/° F at 70% power. The staff has previously expressed
concern about the positive MTC effect on the generic anticipated transients
without scram (ATWS) assumptions and BG&E has stated that they will address
the generic ATWS implications, if any, in the future. In the interim, the
staff has approved operation for core designs with allowable positive MTC
values provided that the MTC becomes negative at 100% power and equilibrium
xenon conditions. The licensee has predicted a negative MTC at hot full
power, equilibrium xenon conditions of -0.2x10 * delta rho/° F for Cycle 10
and has committed to a full power negative value at equilibrium xenon
conditions (Ref. 7).
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The Doppler coefficient for Cycle 1C is a best estimate value expected t¢ be
accurate to within 15%. These reactivity coetficient values are bourided hy
the values used in the safety analyses for the reference cycle (Calvert Cliffs
lnit 2 Cyvcle 8). The staff, therefore, finds the values of the MTCs and
Doppler cuefficients to be acceptable.

3.4 Control Reguirements

The CEA worths and shutdown margin requiremenrts at the most limiting time for
the Cycle 10 nuclear desian. that is, for the EOC, are presented in Reference
7. These values are based on an ECC, het zero power (HZP), steamline break
accident. At EOC 10, the reactivity werth with all CEAs inserted is $.0%
deita rho. An allowance of 1.1% delta rho is made for the stuck CEA which
vields the worst results for the EOC HIP steamline break accident. An
allowance of 2.0% delta rho is made “cr CEA insertion in accordance with the
rower dependent insertion limit (PDIL). The calculated scram worth is the
total CEA worth less the worth ¢f the stuck CEA and less the worth of CEA
insertion to the PDIL and is 5.9% delta rhc. Deducting 0.8% delta rho for
physics uncertainty and bias yields a ret available scram worth of 5,1% delta
rho. Since the TS EOC shutdown margin at zero power is 5.0% delta rho, a margin
of 0.1% delta rho exists in excess of the TS shutdown margin. Therefore,
sufficient CEA worth is availahle to accommodate the reactivity effects of the
steam line break event at the worst time in core life allowing for the most
reactive CEA stuck in the full withdrawn position. The staff ccrcludes that
the licensee's assessment of reactivity control is suitably conservative and
that acdequate riegative reactivity worth has been provided by the control svstem
to assure shutdown capability assuming a stuck CEA that results ir the worst
reactivity ccndition for an EOC, HZP steamline break accident. Thus, the
control requirements are acceptable.

2.5 Safety Related Data

(ther safety related data such as 1imiting parameters of dropped CEA
reactivity worth and the maximum reactivity worth and planar power peaks
esscciated with an ejected CEA for Cycle 0 are identical to the values used
in the reference cvcle and are, therefore, acceptable.

4.0 EVALUATION OF THERMAL-HYDRAULIC DESIGN

4.1 DNBR Analysis

Steady state thermal-hydraulic analysis of CE fuel for Cycle 10 is performed
usina the approved core thermal-hydraulic code TCRC and the CE-1 critical heat
flux correlation (Ref. 8). The core and hot channel are mcdeled with the
approved method described in CENPD-206-P-A (Ref. 9). The design thermal margin
aralvsis is performed using the fast running variation of the TORC code, CETOP-D
{Ref. 10), which has been approved fcr Calvert Ciiffs with the appropriate hot
assembly inlet flow starvation factors to assure its conservatism with respect
to TORC. The engineering hot channel factors for heat flux, heat input, rod
pitch and cladding diameter are combined statisticalily with other uncertaiuty
factors using the approved extended statistical combination of urcertainties
(FSCU) method described in CEN-348(B)-P (Ref. 11) to arrive at an equivalent
departure from nucleate boiling ratic (CNRR) Timit of 1.15 at a 95/95
probability/confidence level.



CNBR analyses were also performed to assess the performance of the ANF lead
assemblies (Ref. 3) using the YCORRA-ITI code (Ref. 17) and the ANF approved
thermal-hydraulic methodology for mixed fuel cores (Ref. 12, The XNB departure
from nucleate hoiling correlation (Ref. 14) has been shown to be applicabie to
co-resident CE and ANF fuel (Refs. 14 & 1%5) and the staff concludes that it is
ecceptable to apply it to the mixed Cycle 10 core containing the four ANF lead

fuel assemblies. The results indicate that the ANF lead cssemhlies exhibit hicher
MDNBRs than the hot CE assembly due to the 5% lower assemhlv power at which the

AMF lead assemblies were simulated. Since the insertion of the ANF lead assemhlies
does not significantly affect the minimum DNBR (MDNBR) of the hot CE assembly, which
establishes the ccre MONBR, the staff concludes that the ccre MCMRR is essentially
uncharced hy insertion of the four ANF lead assemblies and thus the design
critericn on DNBR is satisfied by the mixed core containing ANF lead assermbiies.
Thus. the results of the DNBR analysis are acceptable.

4.2 Fuel Rod Bowing

The fuel rod bow penalty accounts for the adverse impact on MDNBR of random
variations in spacina between fuel rods. The methodology for determining rod -
bow penalties for Calvert Cliffs was based cr the NRC approved methods
presented in the CE topical repcrt on fuel and poison rod bowing (Fef. 16).
The penalty at 45,000 MWD/T burnup is 0.C06 in MDNBR, This penalty is
included in the ESCU uncertainty allowance discussed above. Fcr those
assemblies with average burnup in excess of 45,000 MWD/T, sufficient margin
exists to offset rod bow penalties, The staff, therefore, concludes that

the analysis of fuel rod bow peralty is acceptable.

5.0 EVALUATION OF SAFETY ANALYSES

5.1 Non-LOCA Events

For the non-LOCA safetv analvses, the licensee has determined that the key
input parameters for the transient and accident analyses lie within the bounds
of thcse of the reference cycle (Unit 2 Cvcle 8). As noted in Section 6.0,

the shutdown margin TS is being changed from a singular value to a variable
ranging from 3,5% delta rho at ROC to 5.0% delta rho at ECC. The EOC shutdown
margin requirement is determined by the steam line rupture event and a reevaluation
of this event at EOC 10 with the revised shutdown margin has indicated that it
is less limiting than the reference analysis. The staff, therefore, concludes
that the non-LCCA transient and accident events fer Cvcle 10 are hounded by the
reference analyses and, therefore. the results of the non-LOCA safety analysis
are acceptable. :

5.2 LOCA Events

The large break loss of coolant accident (LOCA) has been reanalvzed for Cycle
10 to demonstrate that a peak linear heat generation rate (PLHGR) of 15.5
kw/ft complies with the acceptance criteria of 10 CFF B(.46 for emergency core
cooling systems (ECCS) for light water reactors. The Cycle 10 analysis, as
the reference cycle analysis, was performed with the 1985 CE evaluation mcdel
which was approved in Reference 17. The Cycle 10 analysis showed that the
double ended guillotine pipe break at the pump discharge with a discharge
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coefficient of 0.6 (0.6 DEG/PD) gave the highest peak clad temperature. Table
8.1-1 of the reload report provides the input parameters for the fuel for
Cycle 10 and the reference cycle. Table 8.1-2 presents the results of the
analysis for the limiting break for Cycle 10 and the reference cycle. The
results for the limiting Cycle 10 break show that (1) the peak clad
temperature is 1983° F which is well below the acceptance criterion of 2200° F
and (2) the maximum local and core wide oxidation values are 4.14% and less
than 0.51%, respectively, and these are well below the acceptance criteria of
17% and 1%, respectively. The analysis considered up to 500 plugged tubes per
steam generator and a 40 second safety injection pump response time. Since the
Cycle 10 large break LOCA ECCS analysis has shown that both the peak clad
temperature and clad oxidation meet the acceptance criteria of 10 CFR 50.46,
the operation of Cycle 10 at an allowable PLHGR of 15.5 kw/ft is acceptable.

The licensee reports that analyses have confirmed that small break loss of
coolant accident (SBLOCA) results for Calvert Cl1iffs Unit 1 Cycle &, which is
the reference cycle for SBLOCA, bound the Calvert Cliffs Unit 1 Cycle 10
results. Unlike the large break LOCA analysis, the SBLOCA considered only 100
plugged tubes per steam generator. The increased safety injection pump
response time considered in the large break analysis also was not evaluated
for the SBLOCA analysis. Since the acceptance criteria for the SBLOCA are
met, the operation of Cycle 10 at an allowable PLHGR of 15.5 kw/ft, with up to
100 plugged tubes per steam generator, is acceptable.

6.0 TECHNICAL SPECIFICATIONS

As indicated in the staff's evaluation of the nuclear design, provided in
Section 3, the operating characteristics of Cycle 10 were calculated with
approved methods. The proposed TS are the results of the cycle specific
analyses for, among other things, power peaking and control rod worths. The
analyses performed include the implementation of a low-leakage fuel shuffle
pattern with fuel enrichments and burnable poison loadings and distributions
chosen to provide a cycle length of 24 months. Some of the requested TS
changes involve changes to both Unit 1 and Unit 2 TS. Each proposed change is
discussed below. :

6.1 Fiqure 2.2-2 Thermal Marain/Low Pressure Trip Setpoint-Part 1

Figure 2.2-2 is modified due to a revision in the curve fit for the TM/LP trip
setpoint to accommodate the implementation of the extended statistical
combination of uncertainties methodology. The setpoint analysis uses this
methodology and the licensee has determined that acceptable results are obtained
for Cycle 10. The changes to Figure 2.2-2 are, therefore, acceptable.

6.2 Figure 2.2-3 Thermal Marain/Low Pressure Trip Setpoint-Part 2

Figure 2.2-3 is modified for the same reason as Figure 2.2-2 and the change is
acceptable for the same reason,



6.3 Bases 2.1.1 and 2.2.1

The text is modified to replace a specific MDNBR value with the phrase DNB
SAFDL. The use of a phrase in place of a specific MDNBR value was recommended
in the extended SCU methodology (Ref. 11) and approved by the staff (Ref. 18).
The change is, therefore, acceptable.

6.4 Technical Specification 3.1.1.1 Shutdown Margin

Two modifications are proposed for this TS. First, the shutdown margin is
changed from a constant value to text which refers to a new Figure 3.1-1b which
presents shutdown margin as a function of time in cycle. Since the required
shutdown margin varies throughout the cycle due to fuel depletion, boron
concentration and moderator temperature and this variation with cycle time

has been incorporated in all the appropriate safety analyses for Cycle 10, this
change is acceptable.

The shutdown margin at EOC is increased from 3.5% delta k/k to 5.0% delta k/k.
The analysis of the Cycle 10 steam line rupture analysis, which is limiting at hot
zero power EOC conditions, supports this change and it is, therefore, acceptable.

6.5 Technical Specification 3.1.1.4 Moderator Temperature Coefficient

The MTC limit above 70% power is being rai§ﬁd from +O.2x10'4 delta rho/° F to
a value_yhich varies linearly from +0.3x10 delta rho/° F at 100% power to
+0.7x10”" delta rho/® F at 70% power. This change is being implemented to
accommodate 24 month cycles and to facilitate initial reactor startup at the
beginning of the cycle. The licensee has committed to a negative MTC at hot
full power, equilibrium xenon conditioga. As mentioned in Section 3.3, this
value has been predicted to be -0.2x10 " delta rho/° F. The feedline break
analysis which supports this change is applicable to Cycle 10 and, therefore,
the proposed change is acceptable.

6.6 Figure 3.1-2 CEA Group Insertion Limits

The transient insertion limit between 90% and 100% power is being increased
from an allowed insertion limit which varies linearly from 35% for Bank 5 at
90% power to 25% at 100% power, to a constant value of 35%. This change, which
is being made to enhance the ability to control axial oscillations near EOC,
has been incorporated into all of the Cycle 10 physics, safety and setpoint
analyses and is, therefore, acceptable.

6.7 Fiqure 2.2-1 Axial Power Distribution Trip LSSS

Figure 2.2-1 is modified to increase the positive and negative axial shape
index (ASI) regions below 70% power. The setpoint analysis uses the modified
results given by Figure 2.2-1 and the licensee has determined that acceptable
results are obtained for Unit 1 Cycle 10 and Unit 2 Cycle 8. The changes to
Figure 2.2-1 are, therefore, acceptable for both units.
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6.8 Figure 3.2-2 Linear Heat Rate Axial Flux (ffset Control Limits
And Figure 3.2-4 DNB Axial Flux (ftset Control Limits

These Fiqures are modified tc increase the negative ASI Timits below 50% power.
The Tlicensee has evaluated the effect ¢¥ the preposed new limits on the Unit 1
Cycle 1C and Unit 2 Cvcle 8 transient analyvses, margin to fuel centerline meit
Timits, margin to DNB limits, margin to LOCA PLHGR limit, core power versus planar
radial peaking factor LCO, TM/LP LSSS, and core power versus integrated radial
peaking facter LCO and has determined that acceptable results are obtained. The
changes are, therefore, acceptable for Unit 1 Cycle 10 and Unit 2 Cycle £.

7.0 SUMMARY

The staff has reviewed the fuel system design, nuclear desicn, thermal-
hydraulic desicr, ard the transient and accident analysis information

presented in the Calvert Cliffs Unit 1 Cycle 1C relcad submittals. Based on
this review, which is described above, the staff concludes that the preposed
Cycle 1C reload and associated modified TS are acceptable. This conclusion is
further based on the following: (1) previouslv reviewed and approved methods
were used in the analyses; /?) the results of the safety analyses show that all
safety criteria are met; and /3) the proposed TS are consistent with the reload
safety analyses.

@.0 ENVIRONMENTAL CONSIDERATION

These amendments involve a change in the installation or use of the facilities'
comperents located within the restricted areas as defined in 10 CFR 20 and
changes in surveillance requirements. The staff has determired that these
amendments invelve re significant increase in the amounts, and no significant
change in the types, of any effluents that may be released offsite and that
there is no significant increase in individual or cumulative occupaticnal
radiation exposure. The Commission has previcusly issued a proposed finding
that these amerdments involve no significart hazards consideration and there has
been no public comment cn such finding. Accordingly, these amendments meet the
e1igibility criteria for categorical exclusion set forth in 10 CFP Sec 51.22(c)(9).
Pursuant to 10 CFR 51.22(b) no environmental impact statement or envircrmental
assessment need be prepared in connection with the issuance of these amendments.

9.0 CONCLUSICN

We have concluded, based cn the considerations discussed above, that: (1) there
is reasonable assurance that the health and safety of the public will not be
endangered by operation in the proposed manner, and (2) such activities will

be ccnducted in compliance with the Commission's regulations and the issuance

of these amendments will not be inimical to the common defense and securwfv or
to the health and safety of the public.

Dated: May 16, 1988

PRINCIPAL CONTRIBUTCR:

L.  Kopp



REFERENCES

1. Letter from J. A. Tiernan (BG&E) to US NRC, B-88-011, "Calvert Cliffs
Nuclear Power Plant Unit Nos. 1 and 2; Docket Nos. 50-317 and 50-318
Request for Amendment Unit 1 Tenth Cycle License Application; Unit Two
Axjial Shape Index Region Enlargement,“ February 12, 1988.

2. Attachment to B-88-011 Calvert Cliffs Unit Cycle 10 License Submittal.

3.  Appendix to B-88-011 Calvert C1iffs Unit 1 Cycle 10 License Submittal,
ANF-88-019.

4. "“Improvements to Fuel Evaluation Model," CEN-161(B)-P, Supplement 1-P
{proprietary), April 1986.

5. Letter from Scott A. McNeil (NRC) to J. A. Tiernan (BG&E), dated
February 4, 1987.

6. Letter from E. J. Butcher (NRC) to A. E. Lundvall, Jr. (BG&E), "Safety
Evaluation for Topical Report CENPD-369-P, Revision 1-P," October 10,
1985,

7. Letter from J. A. Tiernam (BG&E) to NRC, "Unit 1 Cycle 10 Response to
Request for Additional Information," March 25, 1988,

8. "Critical Heat Flux Correlation for C-E Fuel Assemblies with Standard
Spacer Grids, Part 1, Uniform Axial Power Distribution," CENPD-162-P-A,
April 1975,

9. "TORC Code, Ver1ficat1on and Simplified Modeling Methods," CENPD-206-P-A,
June 1981,

10, "CETOP-D Code Structure and Modeling Methods for Calvert Cliffs Units 1
and 2," CEN-191(B)-P, December 1981.

11. "Extended Statistical Combination of Uncertainties," CEN-348(B)-P,
January 1987.

12. "XCOBRA-IIIC: A Computer Code to Determine the Distribution of Coolant
During Steady-State and Transient Core Operation," XN-NF-75-21(P)(A),
January 1986.

13. "Application of Exxon Nuclear Company PWR Thermal Margin Methodology to
Mixed Core Configurations," XN-NF-82-21(P)(A), Rev. 1, September 1983.

14, "Exxon Nuclear DNB Correlation for PWR Fuel Designs," XN-NF-621(P)}(A),
Rev, 1, September 1983.



15.

16.
17.

18.

- 10 -

“Justification of XNB Departure from Nucleate Boiling Correlation for St.
Lucie Unit 1," XN-NF-83-08(P), February 1983,

"Fuel and Poison Rod Bowing," CENPD-225-P-A, June 1983,

Letter from D. M. Crutchfield (NRC) to A. E. Scherer (CE), "Safety
Evaluation of Combustion Engineering ECCS Large Break Evaluation Model
and Acceptance for Referencing of Related Licensing Topical Reports,"
July 31, 1986.

Letter from S. A. McNeil (NRC) to J. A. Tiernan (BG&E), 'Safety
Evaluation of Topical Report CEN-348(B)-P, "Extended Statistical
Combination of Uncertainties,"' October 21, 1987.



