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Commonwealth Edison Company OéLDevan atrman, &

P. 0. Box 767
Chicago, I11inois 60690

Dear Mr. Abel:

In response to your application dated September 2, 1980, supplemented by
letter dated October 3, 1980, the Commission has 1ssued the enclosed
Amendment No.z;Tto Facility Operating License No. DPR-29 for the Quad
Cities Nuclear Power Station, Unit 1.

This amendment (1) authorizes changes to the plant Technical Specifications
which you proposed in your September 2, 1980 submittal, and (2) makes a
minor editorfal change to the plant Technical Specifications.

Copies of the Safety Evaluation and the Notice of Issuance are also
enclosed. ’

Sincerely,

Original Signed by
T, A, Ippolito
Thomas A. Ippolito, Chief

Operating Reactors Branch #2
Division of Licensing

Enclosures:

1. Amendment No.s | to DPR-29
2. Safety Evaluation

3. Notice

cc w/enclosures:
See next page

012800780 /

*SEE PREVIQUS YELLOW FOR CONCURRENCE

orricehl.. ORB #2 |~ ORB #2 | AD:OR 1 .| OELD . | .. ORB #2
surnamep|¥SNorris 1 *Bevan/*Alexipn  *TMNovak | *RGoddard | . K
oatepl. . 12/2/80 | 12/2/80 | . 12/3/80 | . 12/4/80 | 12/47/80 .

NRC FORM 318 (9-76) NRCM 0240 FU.S. GOVERNMENT PRINTING OFFICE: 1979-289-369



Distribution:

Docket OI&E (5)

NRC PDR B. Jones (4)

Local PDR B. Scharf (10)

ORB #2 Reading J. Wetmore
Docket No. 50-254 D. Eisenhut ACRS (16)

R. Purple OPA (Clare Miles)

T. Novak R. Diggs

R. Tedesco H. Denton

G. Lainas J. Heltemes, AEOD

J. Roe NSIC

S. Norris TERA

R. Bevan Chairman, ASLAB

Mr. J. S. Abel OELD

Director of Nuclear Licensing
Commonwealth Edison Company
P. 0. Box 767

Chicago, I-11nois 60690

Dear Mr. Abel:

In response to your applicatgon dated September 2, 1980, supplemented by
letter dated October 3, 1980, the Commission has issued the enclosed
Amendment No. to Facility Operating License No. DPR-29 for the Quad
Cities Nuclear Power Station, Unit 1. :

This amendment {1) authorizes changes to the plant Technical Specifications
which you proposed to support your review of future reloads for Quad Cities,
Unit 1, under provisions of 10 CFR 50.59 and (2) makes a minor editorial
change to the plant Technical Specifications.

Copies of the Safety Evaluation and the Notice of Issuance are also

enclosed.
Sincerely,
Thomas A. Ippolito, Chief
Operating Reactors Branch #2
Divisfon of Licensing
Enclosures:

1. Amendment No. to DPR-29
2. Safety Evaluation
3. Notice

cc whenclosures:
See next page
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e
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53

Remarks: L\CENSEE NEEDS THE PROPISED AMENOMENTS T0 RESTAKT guro-Cmies

No correspondence has been received related to the subject of
this amendment, or '

Correspondence has been received, a copy of which is enclosed,
which is or may be related to the subject of this amendment.

Approval of this amendment will not result in an irreversible
impact, or

Approval of this amendment will result in an irreversible
impact. Describe the irreversible impact.

Recommend that this-amendment be post notiéed,ior

Recommend that this amendment be prenoticed

b THE CYOE (b CoRE | PRESENTLY SCHEOWED PR DEC, $, 1980
MAIL STOP 338
FROM: —— EXTENSION

I, ALEXON
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Mr. J. S. Abel

Commonwealth Edison Company -2 - December 5, 1980
cc:
Mr. D. R. Stichnoth U. S. Environmental Protection Agency
President Federal Activities Branch
Iowa-I1linois Gas and Region V Office

Electric Company ATTN: EIS COORDINATOR
206 East Second Avenue 230 South Dearborn Street
Davenport, lowa 5280] Chicago, I11inois 60604
Mr. John W. Rowe Susan N. Sekuler
Isham, Lincoln & Beale Assistant Attorney General
Counselors at Law ) Environmental Control Division
One First National Plaza, 42nd Floor 188 W. Randolph Street
Chicago, I11inois 60603 Suite 2315

Chicago, I11inois 60601
Mr. Nick Kalivianakas
Plant Superintendent
Quad Cities Nuclear Power Station
22710 - 206th Avenue - North
Cordova, I11inois 61242

Mr. N. Chrissotimos, Inspector

U. S. Nuclear Regulatory Commission
Box 756

Bettendorf, Iowa 52722

Moline Public Library
504 - 17th Street
Moline, I1linois 61265

I11inois Department of Public Health

ATTN: Chief, Division of Nuclear
Safety

535 West Jefferson

Springfield, I11inois 62761

Mr. Marcel DeJaegher, Chairman
Rock Island County Board

of Supervisors
Rock Island County Court House
Rock Island, I1linois 61201

Director, Criteria and Standards
Division

Office of Radiation Programs (ANR-460)

U. S. Environmental Protection Agency

Washington, D. C. 20460
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

COMMONWEALTH EDISON COMPANY

AND
IOWA-ILLINOIS GAS AND ELECTRIC COMPANY

NOCKET NO. 50-254

QUAD CITIES MUCLEAR POWER STATION UNIT 1

AMENDMENT TO FACILITY OPERATING LICENSE

Amendment No. 61
License No. DPR-29

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

A. The application for amendment by the Commonwealth Edison Company
(the Licensee) dated September Z, 1980, as supplemented on
October 3, 1980, 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;

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

C. 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 (i1) that such activities will be
conducted in compliance with the Commission's regulations;

D. 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

E. 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 Speci fi-
cations as indicated in the attachment to this license amendment, and
paragraph 3.B of Facility License No. DPR-29 is hereby amended to
read as follows:

8123C0 770
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B. Technical Specifications

The Technical Specifications contained in Appendices A and B,
as revised through Amendment No. 61 , 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

&5;%%’5§q7ﬂ<w;2:2§
Thomas A. Ippolito, Chief

Operating Reactors Branch #2
Division of Licensing

Attachment:
Changes to the Technical
Specifications

Date of Issuance: December 5, 1980



ATTACHMENT TO LICENSE AMENDMENT NO. 61

FACILITY OPERATING LICENSE NO. DPR-29

DOCKET NO. 50-254

Remove the following pages and insert identically numbered pages:

1.
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Page 1.1/2.1-2a is added.

2.

Figure 2.1-2 is deleted.

3.

Figure 3.5-1 is being replaced by 6 pages.

4.
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QUAD-CITIES
DPR-29

TABLE OF CONTENTS (Cont’d)

Page
3.9/4.9 AUXILIARY ELECTRICAL SYSTEMS 3.9/4.9-1
A. Normal and Emergency A-C Auxiliary Power 3.9/4.9-1
B. Station Batteries 3.9/4.9-2
C. Electric Power Availability 3.9/4.9-2
D. Diesel Fuel 3.9/4.9-3
E. Diesel-Generator Operability 3.9/4.9-3
3.9 Limiting Conditions for Operation Bases 3.9/4.9-5
4.9 Surveillance Requirements Bases 3.9/4.9-6
3.1074.10 REFUELING 3.10/4.10-1
A. Refueling Interlocks ; 3.10/4.10-1
B. Core Monitoring 3.10/74.10-2
C. Fuel Storage Pool Water Level 3.10/4.10-2
D. Control Rod and Control Rod Drive Maintenance - 3.10/74.10-2
E. Extended Core Maintenance 3.1074.10-3
¥. Spent Fuel Cask Handling 3.10/4.10-3
3.10 Limiiing Conditions for Operation Bases 3.10/4.10-4
4.10 Surveillance Requirements Bases 3.10/4.10-6
3.11/4.11 HIGH ENERGY PIPING INTEGRITY
(Outside Contzinment) 3.11/4.11-1
3.11/4.11 Bases 3.11/4.11=2
3,12/4.12 FIRE PROTECTION SYSTEMS 3.12/4.12-1
A. Fire Detection Instrumentation 3.12/4.12-1
B. Fire Suppression Water System 3.12/4.,12-2
C. Sprinkler Systems 3.12/4.12-3
D. CO2 Systems 3.12/4.12-4
E. Fire Hose Station 3.12/4.12-4
F. Penetration Fire Barriers 3.12/4.12-4
G. Fire Pump Diesel Engine . 3.12/4.12-5
3.12/4.12 LIMITING CONDITIONS FOR OPERATION AND SURVEILLANCE
REQUIREMENTS BASES 3.12/4.12-6
$.0 DESIGN FEATURES 5.0-1
6.0 ADMINISTRATIVE CONTROLS 6.1-1
6.1 Organization, Review, Investigation, and Audit 6.1-1
6.2 Plant Operating Procedures 6.2-1
6.3 Action 1o be Taken in the Event of a Reportable Occurrence
in Plant Operation 6.3-1
6.4 Action to be Taken in the Event a Safety Limit is Exceeded 6.4-1
6.5 Plant Operating Records 6.5-1
6.6 Reporting Requirements 6.6-1
6.7 Environmental Qualification 6.7-1

Amendment No. 37, #5, 61 iii
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TFCHNICAL SPECIFICATIONS
APPI;',NDIX A
LIST OF FIGURES
Number Title ’

2.1-1 APRM Flow Reference Scram and APRM Rod Block Settings

2.1-2 Deleted

2.1-3 APRM Flow Bias Scram Relationship to Normal Operating Conditions
4.1-1 Graphical Aid in the Selection of an Adequate Interval Between Tests
4.2-1 Test Interval vs. System Unavailability

3.4-1 Standby Liquid Control Solution Requirements

3.4-2 Sodium Pentaborate Solution Temperature Requirements

3.5-1 Maximum Average Planar Linear Heat Generation Rate (MAPLHGR) vs. Planar Average Exposure
3.5-2 K - Factor -

3.6-1 Minimum Reactor Pressurization Temperature

3.12-1 Fire Detection Instruments

3.12-2 Sprinkler Systems

3.12-3 CO, Systems

3.12-4 Fire Hose Stations

4,6-1 Chloride Stress Corrosion Test Results at 500°F

6.1-1 Corporate Organization

6.1-2 Station Organization Chart (Two Units at Hot Shutdown or Power)
6.1-3 Minimum Shift Crew Composition

Amendment No. #5, 61
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H. Limiting Conditions for Operation (LCO) - The limiting conditions for operation specify the minimum
eoceptable fevels of sysiem pesformance necessary 10 assure safe startup and opcrauon of the facility.
When these conditions are met, the plant can be operated salely und abnormal situations can be cafely
controlled.

l.  Limlting Safety System Setting (LSSS) - The limiting safety system settings are settings on instrumenta.
tion which initiate the automatic protective action at a level such that the safety limits will not be
exceeded. The region between the sufety limit and these settings represents margin, with aormul
operation lying below thesc settings. The margin has been established so that with proper operation of
the instrumentation, the safety limits will never be exceeded.

K. Loglc System Functlonal Test - A logic system functional test means a test of all relays and contacts of
a logic circuit from sensor to activated device to ensure all components ure operable per design intent.
Where possible. action will go to completion; i.c., pumps will be started and valves opened.

L. Modes of Operation - A reactor mode switch selects the proper interlocking for the operating or
shutdown condition of the plant. Following are the modes and interlacks provided:

1. Shutdown - In this position, u reactor scram is initiated, power to the control rod drives is removed,
and the reactor protection trip systems have been deenergized for §0 seconds prior 1o pesmissive fon

. manual resct.

2. Refuel - In this position, interlocks are established so that one control rod enly may be withdrawn
when flux amplifiers are set at the proper sensitivity level and the refueling crane is not over the
feactor. Also, the trips froi the turbine control valves, turbine stop valves, main steam isolation
valves, und condenser vacuum are bypassed. If the refueling crane is over the reactor, all rods must
be fully inserted and none can be withdrawn.

3. Startup/Hot Standby - In this position, the reactor protection scritn irips. initiated by condunser low
vacuum and main steamline isolation valve closure, are bypassed, the low pressure main steamhng
isolation valve closure trip is bypassed. and the resctor protection system is energized. with IRM and
APRM neutron monitoring system trips and contro} rod withdrawal interfocks in scrvice.

4. Run - In this position the reactor system pressure is ut or above 850 psig. and the reactor protection
system is energized. with APRM protection and RMB inierlocks in service (excluding the 15% high
flux scram).

M. Operable - A system or component shall be considered operable when it is capable of performing its
intended function in its required manner.

N. Operuting - Operating means that a system or component is pecforming its intended funcuonx in its
required manner.

O. Operating Cycle - Interval between the end of one refueling outage for a particular unit and the end of
the next subsequent refucling outage for the sume unit.

P.  Primary Containment Integrity - Primary containment integrity means thut the drywell and pressure
e suppression chamber arc intact and all of the following conditions are sanishicd:

I All manual containment isolution valves on lines connccting to the rcactor coclant system or
containment which are not required to be open during accident conditions are closed.

Amendment No. 61 1.0-2
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Y. Shutdown - The rcuctor is in a shutdown condition when the reactor mode swilch is in the Shuidown
position and no core aherations are being performed.

1. Hot Shutdown means conditions as above, with resctor coolant temperature greater than 212° F.

2. Cold Shutdown meuns conditions as abhove, with reactor coolant temperature equal to or less than
212 F.

Z. Simulated Automatic Actuation - Simulated automatic actuation means applying a simulated signal 10
the scnsor to actuate the circuit in question.

BB. Transition Boiting - Transition boiling muans the builing regime between nucleate and film boiling.
Transition boiling is the regime in which both nucleate and film boiling oceur intermittently. with neither
type being completely stable.

CC. Critical Power Ratio (CPR) - The critical power ratio is the ratio of that assembly power which causes
some point in the assembly to experience transition boiling to the ussembly power at the reuctor condition
of interest as calculated by application of the GEXL correlation (reference NEDO-10958).

DD. Minimum Critical Power Ratio (MCPR) - The minimum incore critical power ratio corresponding to the
most limiting fuel assembly in the core.

‘ EE. Surveillance Interval - Each surveillance requirement shall be performed within the specificd surveil-
lance interval with: .

a. A maximum allowable extension not to exceed 25% of the surveillance interval.

b. A total maximum combined interval time for any 3 consecutive surveillance intervals not to exceed
3.25 times the specificd surveillance interval.

FF. Fraction of Limiting Power Density (FLPD) - The fraction of limiting power
density is the ratio of the linear heat generation rate (LHGR) existing at
a given location to the design LHGR for that bundle type.

GG.- . Maximum Fraction of Limiting Power Density (MFLPD) - The maximum fraction of
limiting power density is the highest wvelue existing in the.core of the
fraction of limiting power density (FLPD). -

HH. Fraction of Rated Pover (FRP) - The fraction of rated power is the ratio of
core thermal powver to rated thermal power of 2511 MWth,

! 1.0-4

Amendment No. 61
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1.172.1 FUEL CLADDING INTEGRITY

SAFETY LIMIT

Applicabitity:

The safery limits established to preserve the fuel
cludding inccgrity apply to those variables which
monitor ta¢ fucl thermal behavior.

Objective:

The obdicctive of the safcty limils is 10 establish
limits below which the integrity of the fuct cladding
is prescrved.

LIMITING SAFETY SYSTEM SETTING

Applicability:

The limiting safery sysiem senings apply 10 trip
settings of the instruntents and devices which are
provided to prevent the fucl cludding integnity
safety limits fromn being cxcceded.

Objective:

The objective of the limiting safety sysiem settings
is to definc the level of the process variables at shich
sutomatic protective action is initiated 10 prevent
the fuel cladding inteprity safety limits lram being
exceeded.

SPECIFICATIONS

‘ A. Roacior Presswie > 800 puig and Core Flow

> 10% of Rated -

The existence of a mimimum
critical power ratio (MCPR)

less than 1,07 shall constitute

violation of the fuel clad-
ding integrity safety limit.

B. Core Therma! Power Limit (Rerctor Pressure
< 800 psia)

When the reactor pressure is < 800 psig or
core fow is less than 10% of rated, the core
thermal power shall not exceed 25% of rated
thermal power.

C. Power Transicnt

.

1. The neutron flux shall not exceed the
scram setting cstablished in Spevifica-
tion 2.1.A for longer than 1.5 scconds
as indicated by the pracess compuier.

2. When the process computer is out of
service, this safety humit shall be as-
sumed to be exceeded if the acution
flux exceeds the seram setting, entabe
lished by Spi-cification 2.1.A and a
control rud serans dovs not oceur.

Amendment No. 6]

A. Noutron Flux Trip Settings

The limiting safcty sysiem trip seutings shall be
as specified below:

f. APRM Flux Scramy Trip Sctting (Run
Modc)

When the reactor mode switch is in the
Run position. the APRM Qux scram
seiting shall be as shown in Figue
2.5-1 and shall be:

SS6SWp+ 35)

with 2 maximum scipoint of 120% for
core flow cqual 10 98 x 10* Ib/hre and
greater,

where:

s = getting in percent of rowed
power ,

Wp « percent of drive flow ge-
quired to produce a ruted cose
flow of 84 willion 1b/he. In
tha cvent of operstiun with a
moximun fraction of limiting
powor donaoity (MFLID) greoater
than thu fractjun of rated
power (FrE), the setting shall
bo modificd ac fo]lows:

..v:n.P..‘]
s (65w, + 55) FELED_

1.1/2.1-1
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D. Rcactor Water Level (Shutdown Condition) 5 Where:

FRP = fraction of rated

Whenever the rcactor is in the shut- thermal power

down condition with irradiated fuel

in the reactor vessel, the water (2511 )

level shall not be less than that MFLPD = maximum fraction of

corresponding to 12 inches above the limiting power dens-
t top of the active fuel* when it is ity where the limit~

seated in the core, ing power density

. for each bundle is

*Top of active fuel is defined to be _ . the design linear

360 inches above vessel zero (See heat generation rate

Bases 3.2}. for that bundle,

The ratio of FRP/MFLPD shall be
set equal to 1.0 unlesz the actu-
al operating value is less than
1.0 i{n which case the actual
operating value will be used.

This adjustment may also be performed
by increasing the APRM gain by the
inverse ratio, MFLPD/FRP, which
accomplishes the same degree of pro-
tection as reducing the trip setting
by FRP/MFLPD.

2. APRM Flux Scram Trip Setting (Re-
fueling or Startup and Hot Standby
Mode) -

When the reactor mode switch is in the
Refuel or Startup Hot Standby posi-
tion, the APRM scram shall be set at
less than or equal to 15% of rated
neutron flux.

3. IRM Flux Scram Trip Setting

The IRM flux scram setting shall be set at
fess than or equal to 120/125 of full
scale.

4. When the reactor mode switch is in the
i startup or run position, the reactor shall
: ' not be operated in the natural circula-
tion flow mode.

B. APRM Rod Block Setting

The APRM rod block setting shall be as shown
“in Figure 2.1-1 and shall be:

S$< (.65WD+ 41)

1.1/2.2-2
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The daofinitions used above for the APRM
scram trip apply. In the event of oper-
ation with a maximum fraction limiting
power density (MFLPD) greater than the
fraction of rated power {FRP), the setting
shall be modified as follows:

FRP
s 4 (.65wp + 43)  MFLPD

The definitions used above for the APRM
scram trip apply.

The ratio of FRP to MFLPD shall be set
equal to 1.0 unless tha actual operating
value is less than 1.0, in which case
the actual operating value will be used.
This may also be performed by increasing
the APRM gain by the inverse ratio, MFLPD/FRP,
which accomplishes the same degree of pro-
tection as reducing the trip setting by
FRP/MFLPD.

C. Reactor low water level scram setting
shall be 144 inches above the top of the
active fuel* at normal operating condi-
tions. :

‘D. Reactor low water level ECCS initiation
shall be 84 inches {+4 inches /-0 inch)
sbove the top of the active fuel* at

. normal operating conditions.

. E. Turbine stop valve scram shall be £ 10% valve
" closure from full open. ‘

F. Turbine control valve fast closure scram shall
initiate upon actuation of the fast ciosure sole-
noid valves which trip the turbine control
valves.

G. Main steamline iso!atio; valve closure scram
shall be € 10% valve closure from full open.

" H. Main steamline low-pressure initiation of main
steamline isolation valve closure shall be

= 850 psig.

*Top- of active fuel 1s defined to
pbe 360 inches above vessel zero
(See Bases 3.2)

1.1/2.1-2a

Amendment No. 61
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1.1 SAFETY LIMIT BASI1S

The fucl cladding integrity limit s set zuch that no culculated fucl dumage would occur ac & rosul* of
sbnormal operiational tronsicnt. Deeause fucl damage is not diroctly observable, o stlup-back npé:oach i "
used to establish a safety limit such that the minimum eriticel power ratio (MCPR) iz no Jess than th ;
cladding integrity safety limit, MCPR D> the fuel cladding integrity safety limit represents a courervn:' o
margin relative to the conditions required to maintain fuel clndding integrity. i e

Thae fuel cladding is onc of tha physical harricrs which separate radionctive materials from the cnviron
The integrity of this cladding barrier is related to its relative freedom from perforations or crackan >
Although some corrosion or usc-related cracking may occur during the lifr of the cladding, fiscion pz°3LCL
sigration from this source is incrementally cumulative and continuously meanurable., Fuel cladding per-
forations, however, can result {rom thermal strerses which occur from peactor operation significantly shove
design conditions and the protection system safety settinga., While fission product migratien from claddin
perforation is ju~t 23 measurable as that (rom ure-related cracking, the therwally cauved cladding Uo;"o;-d
gtions signal 2 threshold beyond which still greater thormal stresses may cause gross rather than iﬁov;nout-
al cladding deterioration. Therefore, the fucl cledding safety 1imjt 45 defined with margin to tLhe c;néi-
tions which would produce onset of transition bhoiling (MCPR of 1.0)., These conditions reprecent A raignitd-
cant departure from the condition intended by design for planned operation. Therefore, the fucl cled%‘ng
fntegrity safety limit it cstoblished such that no calculatad fuel dumage shall result from an =
lbpornal operational transient. Basic of tho values derived for this safety limit f{or each fucl type {s
docunented in Refurcnce 1,

A. Reactosr Preesuro ¥ 600 psig and Core Flovw > 10% of Rated

Onset of transition boiling results in a decrease in hoat transfer from the cladding and therafore
elevated cladding tomperature and the possibility of cladding failure. However, the cxantence of
exitical power, or boiling transition is not a dirvctly obscrvable parameter in an opurating react-
or, Thercfore, the margin to boiling troncition is calculated frew plant opurating parimete:r s such
as core power, core {lov, feedwiter tempcrature, and core power dittribution. The margin f21 csoh
fucl assembly is charocterized by the critical power ratio (CI'M), which a5 th: ratio of the Lundle
power which would produce onsct of transition boiling divided by the actual buudle power. The
minimum valuc of thiz ratio for any bundle in the corc is thu minimum criticul power ratio (MCPR),
It is zssumed that the plant operation is controlled to the nominal protective netponts via thao
{nstzumented variables (Figure 2.1-3).

The MCPR fuel cladding integrity sofety limit has sufficient con.crvatizm to assure that in the evernil
of an rbnormal opernstional transient initiatcd from the nogmal opcrating condition, more tnan 99,94
of the fucl rods in the coro &re cxpected to avoid boiling transition. The margin botwoeen HCPR of
1.0 (oncet of transition boiling) and the safety 1imit, is derived from a deotailed statistical ]
“analysis considering all of the uncertaintics in monitoring the core opecrating ctate, 1including
uncertainty in the boiling transition correlation (soe e.g., keference 1).  Becausc the boiling
traneition correlantion is bated on a larce quantity of full~gcnle data, there in o very high con-
fidence that operation of a fucl psyembly at the condition of MCPI = the fuel cladding integrity
safoty limit would not produce boiling transition. ‘

Mowever, if boiling transition were to occur, cladding perforation would not bu cxpected. Clndding
temperatures would incrcanc to approzimately 11009, which is belew the perforation temperature of
the cladding matarial. This han been verified Ly tests in the General Electric Tecst Reactor (CETR),
whera similar fuel opcrated above the critical heat flux for a significant period of time (3C min-
utes) without cludding perforation. -

If resctor prossure should ever exceed 1400 psia during normal power operation (Lhe limit of
applicability of the boiling trancition correlation), &Lt would be assumed that the fuel clodding
integrity safcty limit has been violated,

In addition to thc boiling trensition limit (MCPR) oporation is constrained to b maximum LHGRx17,%
xw/ft for 7 x 7 fucl and 13.4kw/ft for all 8xB {ucl types. This constraint is estsblished by
specification 3.5.J. to provide adequate safety,mariin So 1% p%astlc
strain for abnorma operating ‘transients initiate from" high '
power conditions. Specification 2.1.A.1 provides for equivalent
safety margin for transients initiated from' lower power con=
ditions by adjusting the APRM flow-biased scram setting by tre

ratio of FRP/MFLPD., .

1.1/2.1-4
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Spccificalion 3.5.J established the LHGR maximum which cunnot be excecded under steady power
operation.

B. Core Thermal Power Limit (Reactor Pressure <800 puia)

At pressures below 800 psia, the core elevation pressure drop (0 power, 0 flow) is preaicr than 4.56 psi.
At low powers and flows this pressure differential is maintained in the bypass region of the core. Since
the pressure drop in the bypass region is essentially all elevation head, the core pressure drop at low
powers and flows will always be greater than 4.56 psi. Analyses show that with a flow of 28 x 10" Ib/hr
bundle flow, bundic pressure drop is nearly independent of bundle power and has a value of 3.5 psi. Thus
the bundle flow with a 4.56-psi driving head will be greater than 28 x 10! Ib/hr. Full scale ATLAS test
data taken at pressures {rom 14.7 psia to 800 psia indicate that the fucl assembly critical power at this
flow is approximately 3.35 MW1t. At 25% of rated thermal power. the peak powered bundle would have
o be operating at 3.86 times the average powered bundle in order to achieve this bundle power. Thus,
& core thermal power limit of 25% for reactor pressures below 800 psia is conservative.

_ C. Power Transient

During transient operation the heat flux (thermal power-to-water) would lug behind the neutron Aux due
to the inherent heat transfer time constant uf the fuel. which is 8 to 9 seconds. Also. the limiting safety
system scram seutings are at values which will not allow the reactor to be operated above the safety limit

0 during normal opcration ot during other plaul operating situations which have been analyzed w detail.
In addition, control rod scrams are such that for normal operating transicats, the neutren flux transicat
is terminated before a significant increase in surface heat lux occurs,  Control rod scram tJ.mes
are checked as required by Specification 4.3.C.

Exceeding a neutron flux scram setting and a failure of the contro! rods 1o reduce flux to less than
the scram setting within 1.5 seconds does not necessarily imply that fuel is damaged; however. for this
specification, a safety limit violation will be assumed any time a neutron flux scram setting is exceeded
for longer than 1.5 seconds.

If the scram occurs such that the neutron Aux dwell time above the limiting safety system setting is less
than 1.7 seconds, the safety limit will not be exceeded for normal turbine or generator trips, which are
the most severe normal operating transients expected. These analyses show that even if the bypass system
fails to operate, the design limit of MCPR = the fuel cladding integrity safety

limit is not exceeded. Thus , use of a 1.5 second limit provides

additional mar
The compuier prov% dghas a sequence annunciation program which will indicate the sequence in which

scrams occur, such as neutron flux, pressure, eie. This program also indicates when the scram setpoint is
cleared. This will provide information on how long a scram condition exists and thus provide some
measure of the cnergy added during a transient. Thus, computer information normally will be available
for analyzing scrams; however, if the computer information should not be available for any scrum
analysis, Specitication 1.1.C.2 will be relied on tu determine if a safety limit has been violated.

During periods when the reactor is shut down, consideration must also be given 1o water level
requirements duc 1o the elfect of decay heat. If reactor water level should drop below the top of the active
fue! during this time, the ability 1o coo! the core is reduced. This reduction in core-cooling capahility
could lead to elevated cladding 1emperatures und clidding perforation. The core will he cooled suificiently
to prevent cladding mefting should the water level be reduced 1o two-thirds the core height Tatablish
ment of the safety himitat 12 inches above the top of the fuel provides adequate muargan. This level will
be continmuusly monitored whenever the revivenlation pumps are not operating,

*Top of the active fucl is dcfined to be 360 inches above vessel
zero (see Bases 3.2).

1.172.1-%
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2.1 LIMITING SAFETY SYSTUM SETTING BASES

The abnormal operational transicnts applicable to operation of the units have been analyzed throughout the
spectrum of planned operatiap conditions up to the rated thermul power condition of 2511 MWt In uddition, 2511
MW is the licensed muximum steady-state power level of the units. This maximum steady-state power level will
never knowingly be exceeded. '

Conservatism is incorporated in the trunsient analyscs in estimating the controlling factors, such as void reactivity
cocflicient, control rod scram worth, scram deliy ime, peaking factors, and axial power shapes. These factors are
selected conservatively with respect to their eflect on the applicable transient results as determined by the current
analysis model. Conservatism incorporated into the transient analysis
is documented in Reference l. Transient analyses are initiated at the

conditions given in this Reference.

Lhe absolute value 0 the vOIO ICACUYVITY COSMCICNT USEa 1N the NARTYSIS 13 CONSEIVALVELY ESIMAtea 10 DE aDOU! L%

greater than the nominal maximum value expected to occur during the core lifetime. The scram worth used has
been derated 10 be equivalent 1o approximately 80% of the 1otal scram worth of the control rods. The scrum delay
time and rate of rod insertion aliowed by the analyses and conservatively set equal to the jongest delay and slowest
inscrtion rate acceptable by technical specifications. The effects of scram worth, scram delay time. and rod insertion
rate. all conservatively applied, are of preutest significance in the early portion of the negutive reactivity insertion.
The rapid insertion of negatne reactivity is assured by the time requirements for 5% and 20%insertion. By the
time the rods are 60°¢ anserted, approximately 4 dollars of negative reactivity have been inseried, which strongly
wins the transient and accomplishes the desired effect. The times for 50% and 90% insertion are given 0 assure
proper completion of the expected performance in the earlier portion of the transient, and 10 estublish the ultmate
fully shut down steady-state condition.

" This choice of using conscrvative values of controlling parameters and initiating tansients at the design power
level produces more pessimistic ansvers than would result by using expecied values of control parameters and
analyzing at higher power levels.

Steady-state operation without forced recirculation will not be permitted except during startup testing. The analysis
to support operation at various power and flow relationships has considered operution with either vae or two
recirculation pumps.

The bases for individual trip seitings are discussed in the following paragraphs.

For analyses of the thermul consequences of the transients, the MCPR's stated in Paragraph 3.5.K
as the limiting cond}txon of operation bound those which are conserva-
tively assumed to exist prior to initiation of the transients.

A. Neutron Flux Trip Settings
). APRM Flux Scram Trip Setting (Run Mode)

The average power range monitoring (APRM ) system, which is calibrated using heat balunce dats
taken during steady-state conditions, reads in percent of rated thermal power. Because fission
chambere provide the basic input signals, the APRM system responds directly to average neutron
flux. During transients, the instantancous rate of heat transfer from the fuel (reactor thermal power)
is less than the instantancous neutron flux due (o the time constant of the fuel. Thercfore, during
sbnormal-operational transients, the thermal power of the fuel will be Jess thun that indicated by the
acutron fuxat the seeam sesting. Analyses demonstrate thut with a 120% scram trip setting. none of

the abnormal operational transients analyzed violates the fuel sufety limit, and there is o substantial
o margin trom fuel dumage. Therefore, the use of flow-referenced scram trip provides even additional
margin.
| 1.3/2.1-7
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An increass in tho APRM acram trip setting would decrecase the marqiq present before the 4
- fuel cladding integrity safety limit ia rc;ched. The APRM scram trilp settinquns determine

by an analysia of marygins required to provide a rgasonablc range for maneuverind during

operatlon, Reducing this opcrating margin would increase the frequency of spurious scrams,

{ : = esulting therm.:l stresnas.
which have an adverse effcct on reactor gatety buocause of the r 1 3

Thus, the APHM scram trip sotting was selected tecause it provides adeguate margin tor tﬁc
tual'cxnddtnq inteqrity safety limit yet allows operating margin that reduces the possibil-

ity of unnccessary scrams.

The scram trip setting must be adjusted to ensure that'tﬁe.LBGR transien? peak is not
increased for any combination of maximum fraction of lxmxtzpq power densxty {MFLPD) and ‘
graactor core thermal power. The scram setting is adjusted 1in acco¥dance with the formula

in Specification 2.1.7n.1, when the MFLPD is greater than the.fractlon of rated power (FRP) .
The adjustment may be accomplished by increasing the APRM gain by the reciprocal

of FRP/MFLPD, This provides the same degree of protection as reducing

the trip setting by FRP/MFLPD by raising the initial APRM rgadings
closer to the trip settings such that a scram wou%d be received at
the same point in a transient as if the trip settings had been re-

duced by  FRP _
MFLPD®

9. APRM Flux Scram Trip Setting (Refuel or Startup/Hot Standby Mode)

Yor cperation in the Startup mode while the reactor is at low pressure, the APRM scram settir
of 15% of rated power provides adequate thermal margin between the setpoint and the safety
Ximit, 25% of rated. The margin is adequate to accormodate anticipated maneuvers associated
with powar plant atartup, Effects of increasing pressure a% zoro or low veoid content ar?
minor, cold wnter fros J5artls avallable Jduring startup ts oot much colder ttanh that wlready an thu
system, temoerature c.oriicients aze small, and control rod patterns are constrained to be
uniform by operating proceaures urexed up by the rod worth minimizer. Of all possible source
of reactivity input, uniform control rod withdrawal is the most probable cause of significant
power rise. Because the flux distribution associated with uniform rod withdrawals does not
° involve high local peaks, and because several rods must be moved to change power by a signif:
cant percantaga of rated power, the rate of power rise is very slow. Generally, the heat flu
is in near equilibrium with the fission rate. 1In an assumed uniform rod withdrawal approach
to the scram level, the rate of power rise is no more than 5% of rated power per minute, and
the APRM system would be more than adequaté to assure a scram before the power could exceed
the safety limit. The 15% AFRM scram remains active until the mode switch is placed in the
Run position. This switch occurs when reactor pressure is greater than 850 psig.

3. IRM Plux Scram Trlp Setting

The IRM system consists of eight chambers, four in each of the reactor protection system log:
channels. The IRM is a S-decade instrument which covers the range of power level between th:
covercd by the SRM and the APRM. The 5 decades are broken down into 10 ranges, each being
one-half a decade in size. .

Tho IRM scram trip setting of 120 divisions is active in each range of the IRM. For example.
i the instrument were on Range 1, the scram setting would be 120 divisions for that range:
likewise, if tho instrument were on Range 5, the scram would be 120 divisions on that range.
Thus, a3 the IRM is ranged up to accommodate the increase in power level, the scram trip set.
ting i{s aleo ranged up.

The mont alqnificant sources of reactivity change during the power increase are dug to contr
rod with!rawl, 1In ordecr to ensure that the IRM provides adequate protection against the
single rod withdrawal error, a range of rod withdrawal accidents was analyzed. This analysi.
included starting the accident at various power levals. The most severe case involves an
Lnt:kal condition in which the reactor is juat subcritical and the IRM system is not yet on
scale.

Additional conservatism was taken in this analysis by ascuming that the IRM channelclosest
to the withirywn rel is % nisned, The results of this 2nalysis show that the reactor 138 scramm
' snd pe R puwer Lamited to L of rated power, thus maintaining MCPR above the fuel cladding

l {nteqgrity safety limit, BDBased on the above analysis, the IRM provides protection against
tocal control rod withdrawal errors and continuous withdrawal of control rods in secguence an
provides backup protection for the APRM,

Amendment No. 61 1.1/2.1-8
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B. APRM Rod Block Trip Setting

Reactor power level may be varied by moving control rods or by varying the recirculaticn flow
rate. The APRM system provides a control rod block to prevent gross rod withdrawal at constant
recirculation flow rate to protect against grossly exceeding the MCPR Fuel Cladding Integrity l
Safety Limit. This rod block trip setting, which is automatically varied with recirculation
loop flow rate, prevents an increase in the reactor power level to excessive values dus tO
control rod withdrawal, The flow variable trip setting provides substantial margin from fuel
danage, assuming a steady-state operation at the trip setting, over the entire recirculation
flow range. The margin to the safety limit increases as the flow decreases for the specified
trip sesting versus flow relationship; therefore the worst-case MCPR which could occur cuxing
steady-state operation is at 108% of rated thermal power because of the APRM rod block teip
satting, The actual power distribution in the core is established by specified control red
segquences and is monitored continuously by the incore LPRM system. As with APRM scram crip
satting, the APRM rod block trip satting is adjusted downward if the maximum fraction of limit-
ing power density exceeds the fractiocn of rated power, thus preserving the APRM rod block ‘

safety margin. .
C. Reactor Low Water Level Scranm

The raactor low water level scram is sat at a point which will assure that the water level used
in the bases for the safety limit is maintained, The scram setpoint is based on normal operat-
ing temperature and pressure conditions becausa the level instrumentation is density compensated.

D. Reactor Low Low Watar Level ECCS Initiation Trip Point

The a&nergency core cooling subsystems are deaigned to provide sufficient cooling to the core
to dissipate the enexgy associated withthe loss-of-coolant accident and to limit fuel cladding
tesperature to well below the cladding melting temperature to assure that core geomeiry remains
intact and to limit any cladding metal-water reaction to less than 1%. To accomplish thelr
+ended function, the capacity of each emergency core cooling system component was established
based on the reactor low water Jevel scram setpoint. To lower tha setpoint of the low water
level scram would increase the capacity recuirement for each of the ECCS components. Thus, the
reactor vessel low water leveal gscram was set low enough to permit margin fox operation, yst will
not be set lower because of £CCS capacity requirements.

. - The design of the ECCS components to meet the above criteria was dapendent on three previously
3 set parameters: the maximum break size, the low water Yevel scram setpoint, srd the ZCCS

jnitiation setpoint. To lower the setpoint. for initiation of the ECCS could lead to a foss of
effective core cooling., To raise the ECCS initiation setpoint would be in a2 safe direction
A pat it would reduce the margin established to prevent actuation of the ECCS during normal )
: oper;tion or during normally expected transients,

B. !izhin. Stop Valve Scran

v The turbine stop valve closure scram trip anticipatee the prassure, neutron £lux, and heat flux
increass that could result from rapid closure of the turdine stop valveas. With a scram trip
secting of 10L of valve closure from full opan, the resultant increase in suzface heat flux is
limited such that MCPR remalns above the MCPR fucl cladding integrity safety lamit even during
the worst-case transient that assumes the turbine bypass is closed. ‘

P. Turbine Control Valve Fast Closure Scram

ehe turhine control valve fast closurae scram is providad to anticipate the rapid increase in
preasure and neutron flux resulting from fast closure of the turbine coatrol valves due 20 3
lcad rejection and subsequent {ailure of the bypass, i.e., it prevents MCPR from bgcoming less
than the MCPR fuel cladding integrity safezy limit for this trarsient. For t?\e ioaé
rejection without bypass transient from 100% power, the peak heat flux
(and therefore LHGR) increases on the order of 15% which provides wide
margin to the value corresponding to 1% plastie strain of the cladding.

o ' 1.1/2.1-9
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G. Resctor Coalant Low Pressure Inltiates Main Steam Isolation Valve Closure

The low-pressure isolation at 850 psip was provided to give protection against fast reactor depres-
sutization and the resulting rapid cooldown of the vessel. Advantage was taken of the scram feature which
ovcuts in the Run mode when the main steamline isolation valves are closed to provide for reactor
shutdown so that operation at pressures lower than those specified in the thermal hydraulic safety limit
does not occus, although opcration al @ pressure low than RSO psig would not necessarily constitute an
uncafe condition. .

Main Steamline Jsolation tv Yalve Closure Scram

The low-pressure isolation of the main steamlines at 850 psig was provided to give nrotection against
rapid reactor depressurization and the resulting rapid cooldown of the vessel. dvantage was taken of
the scram feature in the Run mode which occurs when the main steamline isolation valves are closed 10
provide for reactor shutdown so that high power operation at low reactor pressures does not oceur. thus
providing protection for the fuel cladding integrity safety limit. Operation of the reactor @l pressures
lower than &S0 psig requires that the reactor mode switch be in the Startup position, where protection
of the fuel cladding inteprity safety limit is provided by the IRM and APRM high neutron flux scrams.
Thus. the combination of main steamline low-pressure isolation and isolation vaive closure scram in the
Run mode assures the availubility of neutron flux scram protection over the entire range of applicability
of the fuel cladding integrity safety limit. In addition, the isolution valve closure scram in the Run mode
anticipates the pressure and flux transients which occur during normal or inadvertent isolation valve
closure. With the scrams set at 16% valve closure in the Run mode, there is NO increase in neutron
flux.

Turhine EHC Control Fluid Low-Pressure Scrawn

The twrbine EHC control sysiem operates using high-pressure oil. There are several points in this oil
system where a jost of oil pressure could result in a fast closure of the turbine control valves. This fast
closure of the turbine control valves is not protected by the turbine control valve fast closure scram. since
failure of the oil system would n-t result in the fast closure solenoid valves being actuated. For a turhine
control valve fast closurc. the core would be protected by the APRM and high-reacior pressure scrams.
However, to provide the same margins as provided for the generator load rejuction on fast closure of the
turbine contrul vaives, i scram hus been added 1o the reactor protection system which senses failure of
control oil pre:sure to the wrbine control system. This is an anticipatory scram and results in reactor
shutdown before uny significant increase in neutron flux occurs. The transient response is very similar
10 that resulting from the trbine control valve fast closure scram. The scram setpoint of 900 psig is sct
high enough to provide the necessary anticipatory function and low enough to minimize the number of
sgpurious scrams. Normal operating pressure for this system is 1230 psig. Finally, the control valves will
not sturt until the fluid pressure is 600 psig. Therefore, the scram occurs well before valve closure
begins.

Condenser Low Vacuum Scram

Loss of condenser vacuum occurs when the condenser can no longer handle the heat input. Loss of
condenser vacuum initiates 8 closure of the turbine stop valves and turbine bypass valves which
eliminates the heat input to the condenser. Closure of the wrbine stop and bypass valves causes a pressurc
transient. neutron flux rise, and an increase in surface heat flux. To prevent the cladding safety limit from
being exceeded if this occurs, a reaclor scram occurs on turbine stop valve closure in the Run mode. The
tuthine stop valve closure scram function alone is adequate 10 prevent the cladding safety limit from
being exceeded in the event of  turbine trip transient with hypass closuree

The condenser low vacuum scrun is anticipatory to the stop valve closurc scram and cnuscs a scram
before the stop valves are closed and thus the resulting transient is less severe. Scram occurs in the Run
mode at 23-wch Hg vacuum stop valve closure occurs at 20-inch Hg vacuuni, and bypass closurc at 7-inch
Hg vacuum.

1.172.1-10
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1.2 SAFUTY LIMIT BASES

The seactor coolant systen imtegrity is an important barricr in the prevention of uncontrolled release of fission
products. I is cssential that the inteprity of this system be protected by establishing a pressure limit to be observed
fos all opcrating conditions and whenever there is irradinted fuct in the reactor vessel,
The pressure safety linit of 1325 psig as measured by the vessel steaim space pressure indicator is cquivalent to
1375 prig at the Jowest clevation of the seactor coolant systen. The 1375 pup value is denived from the design
pressures of the teaciut pressuie vessel and coolant system piping. The reapective deiign pressures ¢ 1250 psig
at $75° Fand 1175 pug .t s60~ F. The pressure safety limit was chosen as ihe lower of the pressure transicnts
rmitted by the apphicable design codes: ASME Boiler and Pressure Vessel Code Section 1T far the peessure veviel,
and USAS! B3 1.1 Code for the reactor coolant system piping. The ASME Boiler and Prossure Vessel Code permits
pressuce transicnts up 10 107 over design pressure (110% x 1250 = 1375 psig). aud the USASI Code permits
pressure transients up to 20% over the design pressure (120% x 1175 = 1410 puip). The safety limit pressure af
1375 psig is referenced to the lowest elevation of the primary coolant system. Evaluation methodology

to assure that this safety limit pressure is not cxceeded for

any reload is documented in Reference 1.
The desipn basis for the reactor pressore vesce] makes evident the substantial magin of protection against faiture

at the safety pressuce himit of 1375 psig. The vessel has been designed for a general nicmbrane stress no greater
than 26,700 psi at an intcrnal pressure of 1250 psig: this is a factor of 1.5 briow thr yield strength of 40,100 psi
at $75° F. Atthe pressure limit of 1375 psig, the general membrane stress will only be 29,400 psi, sull safely below
the yield strength.

The relationships of stress levels Lo yield strenpth are comparable for the primary system piping and provide a
similar margin of protestion at the established safety pressuie linut.

The norual operating pressure of the reactot coolant system is 1000 psig. For the tutbiie Lip orloss of electiical load
transients, the tuthine trip scram o1 gencratos load rejection sctam togethet with the turbice bypass system limits the
pressure to approximatély 1100 paiv (References 2,3 andZ4 ). In addution, pressure relief valves have been provided to
reduce the probability of the safety - alves operating in the event that the tutbme bypass should fal.

Finally, the safety valves are sized to keep the 1eactor coolant system prevsute Lelow
1375 psig with no credit taken for rolial valves during the postulaicd (ull closure of all MSIVs without duect (valwe
position switch) scram. Credit is taken for the neutron flux scram, however.
The indirect flux scram and safety valve actustion, provide adequate margin
below the peak allowable vessel pressure of 1375 psig.

Reactor pressurc is continuously monitored in the control room during operation on a 1500 psi full-scate pressure
recorder. . )

Refetences

1. "Generic Reload Fuel Application”, NEDE-24011-P-A*

2. SAR, Section 11..22

3. Quad Cities 1 Nuclear Power station first reload license
submittal, Section 0.2.4.2, February 1974,

4. GE Topical Report NEDO-20693, General Electric Boiling Water
Roactor No. 1 licensing pubmittal for Quad Cities Nuclear
Power Station Unit 2, December 1974,

*  Approved revision numbex at time rclodd analyses are pexformed,
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2.2 LIMITING SAFETY SYSTEM SETTING BASES

~

In compliance with Section 111l of Lhe ASME Code, the safety valves must be
sct to open at no hipher than 103% of design pressure, and they must limit
the reactor pressurc t> no more than 1105 of dccign pressure. Both the
high neutron [flux scram and safcty valve actuation are required to prevent
overpressurizing the reactor pressure vessel and thus exceeding the
pressure cefety 1imit. The pressurc scram is available as backup protection
to the high flux scran. Analyses are performed as described in the
sGeneric Reload Fuel Application,” NEDE-24011-P-A (approved revision
pumber at time reload analyses are performed) for each reload to assure
*3hat the pressure safety 1imit is not exceedcd. If the high-flux scran
were to fail, & high-pressure scram would occur at 1060 psig.
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3.1/4.1 REACTOR PROTLECTION SYSTLEM

©

LIMITING CONDITIONS FOR OPERATION SURVEILLANCE REQUIREMENTS

Applicubility: Applicabitity:

Applies 1o the instrumentation wnd assezied de-
viees which initiate @ reactor scram.

Applies to the surveillunce of the instrumentation
and  assoctuted  devices which initiate  reactor

scram.
Qbjective: Objective:
. Tu assure the operability of the reacios protection To specily the type and frequenry or surveillance to
E . syatem. - be applied 10 the protection instrumentation.
3 ) ‘ SPECIFICATIONS
A The setpoints. minimum number of trip sys- A. Instrumcntation systems shall be functionally

(RN

o

mbm Y e

tems. ond minimum number of instrument
channels that must be operable for each posi-
tion of the reactor mode switch shall he as
given in Tables 3.1-1 threugh 3.1-4. The system
response times from the opening of the sensor
contact up to and including the apening of the
trip actuator contacts shall not exceed D0
jnilliseconds.

B'If, during operation, the maximum
- fraction of limiting power dens-
" ity exceeds the fraction of rated

tested and calibrated as indicated in Tables
41-1 and 4.1-2 respectively.,

B. Duily during reacior power apurition, the coce

powes distribution shull be checked for max imum
fraction of limiting power dens-
ity (MFLPD) and compared with the

fraction of rated power {(FRP)
when operating above 25% rated
thermal power.

}' power when operating above 25% . : o
i | rated thermal power, either: . C. }thn i i dulfmu_ngd (%mt a channel is f?‘}‘d
: in the wnsafe condition and Celumn 1 ol Ta-
) ‘ 1. the APRM scram and rod bles 3.1-1 through 3.1-3 cannat be met, that
‘; . plock settings shall be trip system must be put in the tripped condition
i - reduced to the values imm:diuxdy. All ox.her RPS Chu.nr‘.ds that maa-
1 iven by the equations itor the same variable shull v ranctionslly
‘, 9 . b oy s tested within 8 hours The rin wotem with L
. F in _S?QCL‘lcat ionu 2.1.5.1 faiied channel may be untrippad for a periad of
. and 2.1.3. This mary also lime not to cxeced 1 hour o conduct this
be acédmpliéhed by testing. As long as the trip system with the
anreasing the APRM [ailed channel contains at least one operable
\ gain as described channel monitorinyg that same variable. that
therein. trip system may be plued in the untripped
position for short periods of time ta ullow
functional testing of all RPS instrument chan-
nels as specified by Tuble d.1-1. The trip system
may be in the untripped position far no more
than 8 hours per functional test periead for this

2. the powur distribution festing.
e shall Lo changud wuch
that the maximum fraction
of limiting power density
no longer cxeceds the
£raction of rated powcr.
' Amendment No. 61 3.1/4.1-1
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gallons. As indicated above. there is sufficient volume in the piping to accommodate the scram withort impairment
of the scram times or amount of inscrtion of the control rods. This function shuts the reactor dowr. . hile sufficient
volume remains (0 accommodate the discharged water and prccludcé the situation in which a scram would be
requircd but not be able to perform its function adequately.

Loss of condenser vacuum occurs when the condenser can no longer handle heat input. Loss of condenser vacuum
initiates a closure of the turbine stop valves and turbine bypass valves, which eliminates the heat input to the
condenser. Closure of the turbine stop and bypass valves causes a pressure transient, neutron flux rise, and an
increase in surface heat flux. To prevent the cladding safety limit from being exceeded if this occurs, a reactor scram
occurs on turbine stop valve closure. The turbine stop valve closure scram function alone is adequate to prevent
the cladding safcty limit from being exceeded in the event of a turbine trip transient with bypass closurc.

The condenser jow-vacuum scram is a backup to the stop valve closure scram and causes a
scram before the stop valves are closed, thus the resulting iransient is less severe, Scram OCUrs at 23 inches Hg
vacuum, stop valve closure occurs at 20 inches Hg vacuum, and bypass closure at 7 inches Hg vacuum.

High radiation levels in the main steamline wnnel above that due to the normal nitrogen and oxygen radioactivity
are an indication of leaking fuel. A scram is initiated whenever such radiation level exceeds seven times normal
background. The purpose of this scram is to reduce the source of such radiation to the extent necessary to prevent
excessive turbine contamination. Discharge of excessive amounts of radioactivity to the site environs is prevented
by the air ejecior off-gas monitors, which cause an isolation of the main condenser off-gas line provided the limit
specified in Specification 3.8 is exceeded.

The main stcamline isolation valve closure scram is set to scram when the isolation valves are 10% closed from
full open. This scram anticipates the pressurc and flux transient which would occur when the valves close. By
scramming at this seting. the resultant transient is insignificant.

A reactor mode switch is provided which actuates or bypasses the various scram functions appropriatc to the
particular plant operating status (reference SAR Section 7.7.1.2). Whenever the reactor mode switch is in the
Refucl or Startup/Hot Standby position, the turbine condenscr low-yacuum scram and main steamline isolation
valve closurc scram are bypassed. This bypass has been provided for fiexibility during startup and to allow repairs

10 be madc to the turbine condenser. While this bypass is in effect, protection is provided against pressure or flux
increases by the high-pressure scram and APRM 15% scram. respectively, which are effective in this mode.

If the reactor were brought to a hot standby condition for repairs to the wrbine condenser, the main steamline
isolation valves would be closcd. No hypothesized single failure or single operator action in this mode of operation
can result in an unreviewed radiological release.

The manual scram function is active in all modes. thus providing for a manual means of rapidly inserting contro!
rods during all modes of reactor operation.

The IRM system provides protection against excessive power levels and short reactor periods in the startup and
intermediate power ranges (rcference SAR Sections 7.4.4.2 and 7.4.4.3). A source range monitor (SRM) system
is also provided to supply additional neutron level information during startup but has no scram functions
(reference SAR Secuon 7.4.3.2). Thus the IRM is required in the Refuel and Startup/Hot Standby modes. In
addition. protection is provided in this range by the APRM 15% scram as discussed in the bases for Specification
2.1. In the power range. the APRM system provides required protection (reference SAR Section 7.4.5.2). Thus. the
IRM system is not required in the Run mode. the APRM's cover only the intermediate and power rangc, the IRM's
provide adequate coverage in the startup and intermediate range.

The high-reactor pressurc, high-drywell pressure, reactor Jow water level, and scram discharge volume high level
scrams are required for the Startup/Hot Standby and Run modes of plant operation. They are therefore required
1o be operational for these modes of rcactor operition.

The turbine condenser low-viacuum seram is required only during power operation and must be bypassed to start
up the unit.

3.1/41-)
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. 41 SURVFILLANCE REQUIREMENTS BASES -

A. The minimum functional testing frequency used in this specification is hased on a reliability analysis
using the concepts devcloped in Reference 1. This concept was specifically adapted to the one-out-of-two
uken twice logic of the reactor protection system. The unalysis shows that the sensors are primarily
responsible for the reliability of the reactor protection system. This analysis makes use of *unsafe failure’
rate experience at conventional and nuclear power plants in a relinbility mode! for the system. An ‘unsafe
failure’ is defined as one which negates channel operability and which, due to its nature, is revealed only
when the channel is functionally tested or attempts <o respond 1o & reul signal. Failures such as blowa
fuses, ruptured bourdon tubes, faulted amplifiers. fuulted cables. etc. which result in ‘upscale’ of
sdownscale’ readings on the reactor instrumentation re ‘safe’ and will be casily recognized by the
operators during operation because they are revealed by un glarm or a scram.

The channels listed in Tables 4.1-1 and 4.1-2 are divided into three groups respecting functional testing.
These are: " :

1. on-off sensors that provide a scram trip function (Group 1)
2. analog devices coupled with bistable trips that provide a scram function (Group 2): and

3, devices which scrve a useful function enly during some restricted mode of operation. such as
Startup/Hot Standby. Refuel. or Shutdown, or for which the only practical test 1s one thut can be
performed at shutdown (Group 3). i
The sensors that make up Group 1 are specifically selected from among the whole family of industrial
on-off sensors that havc carned an excellent reputation for reliable operation. Actual history on this class
of sensors operating in nlclear power plants shows four failures in 472 sensor years, or a failure rate of
0.97 x 10*/hr. During design. a goal o1 0.99999 probability of success (4l the 0% confidence level) was
adopted to assure thiata halanced and adequate design is achieved. The probability of success is primarily
a function of the sensor fuilure raie and the st interval. A 3-month test interval was planned for
Group 1 sensors. This is in heeping with gaod operating practice and satisfies the design goal for the
logic configuration utilized in the feactor protection system.
To satisfy the long-term objective of maintaining an adequate leve! of safety throughout the plant
lifetime. 2 minimum goal of 0.9999 at the 95% confidence level is proposcd. With the onec-out-of-1wo
.taken twice logic, this requircs that cach sensor have an availability of 0.993 at the 95% confidence level.
This level of availability may be maintained by adjusting the test interval as a function of the observed
failure history (Reference 1). To facilitate the implementation of this technique, Figure 4.1-1 is provided
to indicate an appropriate trend in test interval. The procedure is as follows:

I. Like sensors are pooled into one group for the purpose of data acquisition.

2. The factor M is the exposure hours and is equal to the number of sensors in a group, n. times the
elapsed time T(M = nT).

3. The accumulated number of unsafe failures is plotted as an ordinate against M as an abscissa on
Figure 4.1-1.

4. After a trend is established. the appropriate monthly test interval to satisfy the goal will be the test
interval 1o the lefi of the plotied points.

S. A test interval of 1 month will be used initially until a trend is established.

Group 2 devices utilize an analog sensor followed by an amplifier and a bistable trip circuit. The sensor
and amplifict arc aclive components, and a failure is almost always accompanicd by an alarm and an
indication of the source of trouble. In the event of fuilure, repair or substitution can start immediately.

An ‘as-i¢' failure is onc that ‘sticks' midscalc and is not capable of going either up ar down in response

3.1/74.1-5
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hence calibration is not upplicable: i.c.. the switch is eith

calibration is required for these instrument channels.

The MFLPD

<halt be checked once per day to determinc if the APRM

normally be done by checking the LPRM reudings, TIP traces, or

2 small number of control rods are mo
sigificantly and u daily check of the

References

1. 1 M. Jacobs,

*Reliability of Engincered Sufety Features as a Function 0

Yol. 9, No. 4, pp. 310-312, July-August 1968.
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er on or off. Based on the above, no

scram requircs adjustment. This muy
process computes calculations. Only

ved daily, thus the peaking factors are not expected to chunge
MFLPD is adequate.

[ Testing Frequency.* Nuclear Safety,
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3.2 LIMITING CONDITIONS FOR OPERATION BASES

In addition to reactor prmcclion instrumentation which initiates a reactor scram, protective instrumentation has
been provided which initiates action to mitigate the consequences of accidents which are beyond the operator’s
ability to control. or terminates operator errors before they result in serious consequences. This set of specifications
provides the limiting conditions of operation for the primary system isolation function, initiation of the emergency
core cooling system, conirol rod block, and standby gas treaiment systems. The objectives of the specifications are

- (1) 10 assure the eflectiveness of the protective instrumentation when required by preserving its capability to

tolerate a single failure of any component of such systems even during periods when portions of such systems ure
out of service for maintenance. and (2) 10 prescribe the trip setungs required to assure adequate performance.
When nccessary, onc channel may be made inoperable for briel intervals to conduct required funcuonal tests and
calibrations. Some of the settings on the instrumentation that initiates or controls core and containment cooling
have tolerances explicitly stuted where the high and low values are both critical and may have a substunual etlect
on safety. It should be noted that the setpoints of other instrumentation, where only the high or low end of the
setting has a direct bearing on safety. are chosen at a level away from the normal operating range 10 prevent
inadvertent actuation of the safety system involved and exposure to abnormal situations.

Isolation valves are installed in those lines that penetrate the primary containment and must be isoluted during
a loss-of-coolant accident so that the radiation dose limits are not exceeded during an accident condition. Actuation
of these valves is initiated by the protectuive instrumentation which senses the conditions for which wsolatien 18
required (this instrumentation is shown in Table 3.2-1). Such instrumentation must be available whenever primary
containment integrity is required. The objective is 1o isolate the primary containment so that the guidehines of
10 CFR 100 are not exceeded during an accident.

The instrumentation which initiates primary sysiem isolation is connected in a dual bus arrangement. Thus the
discussion given in the hases for Specification 3.1 is applicable here.

The low-reactor water level instrumentation is set to trip at »8 inches on the level instrument (top of active
fuel is defined to be 360 inches above vessel zero) and after allowing for the full power pressure drop

across the steam dryer the low level trip is at S04 inches above vrsgel zero, or 144 inches above top of active
fuel. Retrofit 8x8 fuel has an active fuel length 1,24 inches lonaer than carlier fucl designs, however, present
trip setpoints were gsed in the TOCA analysis.* This trip initiates closure of Group 2 and 3 primary contain-
ment isolation valves but does not trip the recirculation pumps (reference GAR, Section 7.7.2). Vor a trip
setting of 504 inrhes ahove vessel zero and a 60~second valve closure time, the valves will be closed belore
per foration of the cladding occurs even for the maximum break. The setting is, thercfore, adeauate.

The low-low reactor level instrumentation is set to trip when reactor water level is 444 inches above vessel zero
(with top of active fuel defined as 360 inches above vessel zero, -39"" is 84 inches above the top of active fuel).
This trip initiates closure of Group 1 primary containment isolation valves (reference SAR Section 7.7.2.2)and
also activates the ECC subsyatems, starts the emergency diesel generator, and trips the recirculation pumps.
This trip setting level was chosen to be high enough 1o prevent spurious operation but Jow enough to initiate
ECCS operation and primary system isolation so that no melting of the fuel cladding will occur and so that
postaccident cooling can be accomplished and the guidelincs of 10 CFR 100 will not be exceeded. For the com-
plete circumferential break of a 28-inch recirculation line and with the trip setting given above, ECCS initiation
and primary system isolation are initiated and in time so meet the above criteria.

_The instrumentation also covers the full spectrum of breaks and meets the above criteria.

[}

! &
A "

K |

® Loss of coolant accident analysis for Dresden Unit 2/3 & Quad Cities Units 1/2,
) NEDO-2L1hGA, April, 1979.
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Venturi tubes ase provided in the main steamlines as a means of measuring steam flow and also limiting the loss

o mass inventory from the vessel during a steamline break accident. In addition to monitoring steam flow,
inMrumentation is provided which = uses u trip of Group { isolation valves. The primary function of the
invtumenuation is to detect a break © ae main steamline, thus only Group 1 vilves are closed. For the worst-case
accident. main steamline brenk outside the drywell. thic trip setting of 120% of rated steam flow, in conjunction
with the flow limiters and main stcamline valve closure. limits the mass inventory loss such that fuel is not
uncovered, fuel temperatures remain less than 1500° F, and release of radiouctivity to the environs is well below
10 CFR 100 guidclines (reference SAR Sections 14.2.3.9 and 14.2.3.10).

Temperature-monitoring instrumentation is provided in the main steamline tunnel to detect feuks in this arca.
Trips are provided on this instcumentation and when exceeded cause closure of Group | isolation valves. lis
seiting of 2007 F is low enough 1o detect leaks of the order of 510 10 gpm: thus it is capable of covering the entire
specteum of breaks. For large hreaks, it is @ backup to high-stcam flow instrumentation discussed ahove. and tar
smmall breaks with the resulting small release of radiouctivity, gives isolation before the guidelines of 10 Cl-R 100

aee exceeded.

High-radiation monitors in the main steamline tunancl have been provided to detect gross fuel faifure. This
instrumentation causes closure of Group 1 valves, the only valves required to close for this acctdent. With the
estublished sctting of 7 times normal background and main steamline isolation valve ¢losure, fission product
release is limited so that 10 CFR 100 guidelines are not exceeded for this accident (reference SAR Section

12.2.0.1.

Pressure instrumentation is provided which trips when main steamline pressuce drops helow 850 pavig. A trip of
this instrumentation results in closure of Group 1 isolation valves. In the Refuel and Startup/Hot Standby modes
this trip function is bypassed. This function is provided primarily to provide protection against a pressure regul vtor
malfunction which would cause the control and/or bypass valve to open. With the tiip set at 850 psig. inventory
Joss is limited so that fuel is not uncovered and peak cladding temperatures are much less than 15007 F; thus, there
are no fission products available for release other than those in the reactor wuter (reference SAR Section

11.2.3).

The RCIC and the HPCI high flow and temperature instrumentation are provided (o detect & break in their
respective piping. Tripping of this instrumentation results in actvation of the RCIC ar of HPCI isolation valves.
Tripping logic for this functon is the same as that for the main steamline isolatton valves thus all semsors are
required to be operable ur in a tnpped condition o meet the single-failure critwne. Phe tap setiags ol 20 Fand
3% of design flow and valve closure time are such that core uncovery is prevented und fission product release
1s within limits.

The instrumentation which initiates ECCS uction is arranged in a one-out-of-two taken twice logic circuit. Unlike
the reactor scram circuits, however, there is onc trip sysiem associated with euch function rather than the two trip
systems in the reactor protection system. The single-failuce criteria are met by virtue of the fuct that redundant core
vwwling functions are provided. c.g.. sprays and automatic blowdown and high-pressure coolant injection. Fhe
specification requires that if a trip system becontes inoperable. the system which it activates is declared inoperable,
For example, if the trip system for core spray A becomes inoperable. core sprayv A i dectared inoperable and 1he
aat-of-service specifications of Specificution 3.5 govern. This specification prescrves the clfectiveness of the system
willi seapect o the single-Fdure enteria even during periods when mainienance or testing is being performed.

The control rod block functions ure provided to prevent excessive control rad withdraswal so that MCPR does not
go below the MCPR Fuel Claddina Integrity Safety Limit.

The trip logic for this function is onc out of n; e.g., any trip on one o the six APRM s, cighx TRM
four SRM’s will result in a rod block. The minimum instrument channel requirements assure suflicient
instrumentation to assure that the single-failure criteria are met. The minimum instrument channel requirements
for the RBM may be reduced by one for a short period of time to allow for mainicnance, testing, or calibration.
Tliis time period is only~3% of the operuting time in a month and does not significantly increase the risk of
preventing an inadverient tontrol rod withdrawal,

A2/4.1-6
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The APRM rod block function iz flow binsed and prevents a significant
reduction in MCPR, erpccially during opcration at reduced flow. The
APRM providcs gross core protection, i.e., limits the gross

of control rods in the normal withdrawal sequence.

In the refuel and startup/hot standby modes, the APRM rod block function
is set at 12% of rated power, This control rod block provides the same
type of protection in the Refuel and Startup/Hot Standby modes as the
APM flow-biared rod block doee in the Run mode, i.e., prevents control
rod withdrawal before a scram is reached, .

The RBM rod block function provides local protection of the core, i.e.,
the prevention of transition boiling in a local region of the core for
a single rod withdrawal error from a limiting control rod pattern. The
trip point is flow biased. The worst-case single control rod withdrawal
error is analyzed for each reload to assure that, with the specific trip

. mettings, rod withdrawal is blocked before the MCPR reaches the fuel

cladding integrity safety limit,

Below 30% power, the worst-case withdrawal of a single control rod with-
out rod block action will not violate tho fuel cladding inteqrity
safety limit. Thus the RDM rod block function is not recquired below this

pover level.

The IRM block function provides local as well as gross core protection.
The scaling arrangement is such that the trip setting is less than a
factor of 10 above the indicated level, BAnalysis of the worst-case
aceident results in rod block action bcfore MCPR approaches the MCPR fuel
cladding integrity safety limit,

A downscale indication on an APRM or TRM is an indication the instrument has latled or is not sensitive ensugh.
In either case the instrument will nat respond to changes in control rod motion, and the control rod motion is thus
prevented. The downscale tnips arc set at 37125 of full scale. .

The SRM rod bloch with < 100 CPSind the detector not fully inserted assures that the SRM's are not withdrawn
from the coie prior to commencing rod withirawal for stritup. The scrum discharge volume high waer level rod
bluck provides annuncivtion for operatar action. The alarm setpoint has been selected w0 provide adzquate tme
10 allow detzrmination of the cause of level increase and cotrective ACtion Prior 10 aHumatic scram Initiation.

For cflcctive emergency core cooling for small pipe break<. the HPCI system must function. since reactor pressure
does not decrease rapidly enough to allow either core spray or LPCl to operaie in time. The automatic pressure
relief function is provided as @ backup to the HPCH in the vvent the HPCY docs not operate The aicangement of
the ripping contacts v such s to provade this function wlien acevssary and Minimize sApudous operation The thp
sestings piven in the specibuition are adequate n assuie the above entesia are met (refecence SAR Section 62.6.3)
The specification preserves the effectiveness of the system during periods of maintemtuee, tosting, or calibration
and also minimizes the risk of inadvertent operation. 1 ¢, only onc instrument channel out of service.

Two air cjector off-pas nonitors ave provided amd, when their trip point is reached, cause an bolation of the air
ejector off-pas line. bolstion v initiated when both sstruments reach their high wip pomtor ene has an upseale
trip and the other o dowmsaitle tnp There isa 15-minute delay betore the air cjector off-gas pulation valve s closed.
This delay is accounted for by the W-minute holdup tme of the off-gas before it is released o the chimncy.

Both instruments are requited for trip, but the instsuments are so designed that any instrument failure gives a
downscale trip The tnp seutings of the mstruments are set so that the chimney release sate it given in
Specification 3.8.A.2 is not eaceedudl.

Four radiation monitors are pruvided in the resctor building ventilation ducts which initiate isolation of the
reactor building and aperation of the standby pas treatment system. The monitors are lovated in the reactor
building, ventitation duct The tip hegic is o one-ont-of- 1w for each sen, and each setcan initiaie ateip independent
of the other st Any upseale tip wabl Gase the desied action Trip seitinge af 2 mR/he for monitons in the
ventilatinn ductane based wpniomiaatiny nocmal ventilation solation and standby pas reament sysica apegation
so that the sentibation stach telease gate b paven in Spocttication JEA 3 iv notesceeded. Two eadintion monitors
are provided onthe refuching hor wiicl mtiate solation of the reactor building, and operation of the standby
gie treatment systems e g Joeic s anvout of iwa Ship setiings of 100 mR /e for the montons on the
refucling flooe e based upan ity netal ventlation solation and standby pas sreatinent sysiem operation

- A2/.L0-7
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%0 that none of the activity released during the refueling accident Jeaves the reactor building via the normal
ventilation stack but that all the activity is processed by the standby gas treatment system.

The instrumentation which is provided to monitor the postaccident condition is listed in Table 3.2-4. The
instrumentation listed and the limiting conditions for operation on these sysiems ensure adequale monitoring of
the containment following a loss-of-coolant accident. Information from this instrumentation will provide the
operator with a detailed knowledge of the conditions resulting from the accident; bascd on this information he can

make logical decisions regarding postaccident recovery.

The specifications allow for postaccident instrumentation fo be out of service for a period of 7 days. This period
is based on the fact that several diverse instruments are available for guiding the operator should an accident oceur,
on the low probability of an instrument being out of service and an accident occurring in the 7-day period, and
¢n engineering judgment.

The normal supply of air for the control room ventilation system comes from outside the service building. In the
event of an accident, this source of air may be required to be shut down to prevent high doses of radiation in the
contro} room. Rather than provide this isolation function on a radiation monitor installed in the intake air duct,
signals which indicate an accident, i.e., high drywell pressure, low water level, main steamline high flow, or high
radiation in the reactor building ventilation duct, will cause isolation of the intake air to the control room. The
above trip signals result in immediate isolation of the control room ventilation system and thus minimize any

radiation dose. -

3.2/4.2-8
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WSTRUMENTATION THAT IRITIATES ROD BLOCK

Miniewrn Numbee of Operable
or Tripped Instryment

Caaneels por Trip Sptem'”’ Instresaent

2 APRM upscale (flow bias}” '

2 APRM upscale (Refuel and Startup/Hot
Standby mode)

2 APRM downscale™”

1 fod block monitor upscale (flow biask™

1 Rod block monitor downscate!”

3 RM downscale 1 ®

3 RM wpscale®

b o SROA detector not in Startup position'®

3 M detector not i Startup position'®

il SR upscale

. ™ SRM downscale”
1 Nigh water level in scram discharge volume

I Notes

g Lovel Satting

<fo.6om_+ 437 FRP _
£ D ]MFLPD
<12/125 full scale

=3/125 full scake
£0.650W + 42
23/125 full scake
23/125 Hill scale
£108/125 full scale

22 feet below core center-
fine

22 feet below core center-
e

£10° counts/sec
2107 counts/sec
<25 gatons

: 1. For the Startup/Hot Standby and Run positions of the reactor mode sclector
' switch, therc¢ shall be two apc-able or tripped trip systems for eacu func-

tion except the SRM rod dlocks.
operable in the Iun position, APRM downscale,

TRM upscale and IRM downscale nced not bc
APRM upscsle ([low biased),

and RBM down:cale necd not be operable in the Startup/Hot Standvy mode.

\ The RBM upscale nced not be operable ut less than 30
a limiting control rod pattern does nol exist.
one channcl per trip system,
mediately and dally therealter:
trip cystems, the systems shall be tripped.

million 1b/hr.
{2511 Mt).

M dowwscale mey o bypassed whan i is on its lewast 120
Tha fonction is bypaased whew the commt rate & 2100 cPs.
One of the four SAM mputs may be bypassd,

This M functon occurs when the reactor mode switch 15 n the Relue! or Startup/Hot Standdy position.

POV BRI I

This trip & bypessed when the SR s fully nserted.

3.2/42-14
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rated thecrmal
One channcl may be bypaused above 30% rated thermal power provided that
For systems with more than
if the first column cannot be met for onc of
the two trip systems, this condition may exist for up to 7 days provided
that during that time the operable system is functionally tested im-

{f this condition lasts longer thun 7 days
the system chall be tripped. If the first column cannot be met for Lboth

powar.

2. Wy 48 the percent of drive [flow required to produce a rated core flow of
3 Trip level setting is in parcent of rated power

Thas SEI hunction may be bypassed @ ihe higher IRM ranges {ranges 8, 9. and 10} when tha B ypacale red block is opstadle
Mot tequired 10 be operabie while pirfeming low power physics tests at atmospheris hrassere auing o efter rafualing at power levels ot 1o exceed 5 MWL,
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TABLES.24

POSTACCIOENT MONITORING INSTRIIMERTM'ION REQUIREMENTS?

mstremant
Minkeum Rumber Resdovt
of Operadio ) Location  Nembsr
Channals!} Parameter Galt 1 Provided Kange
1 Resctor preswure 201-5 1 ©- 1500 psig
2 0-1200 psig
] Risactor water level a01-3 2 -900 inches + 200 inches
{0 Inches Ia top of fuall ®
1 Torus weter tempergture 901-217 2 0-200° F
1 Torus sir emparsture 901-21 2 0-600° F
Torus water leve!, Q(l1-2 1 25 inches — + 25 inchas
2«) ndicator
Torus water lavel, ' ’ 1 - 18 inch renge
sight glass
1 Torus pressure 901-3 1 45 nches Mg to & paig
% Orywell pressure 901-3 ] B Inches Mg to 5 psig
© to 75 psig
° 2 Drywell temperature 901-21 6 0.600° F
2 Neutron monitoring 901-5 4 0.1-30° crs
 iatd Torus t0 drywall 2 03 psid

differsntis! pressure

Netes
1.  instrument channsls required during power operation to monitor postaccidsnt conditions,
2. Provisions are made for local sampling snd monltoring of drywsll pimosphere.

«*7op of active fuel is defined to be 360 inches above vessel
zero (See Bases 3.2).

3.2/4.2-15
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would be such that the rod drop accident
design limit of 280 cal/gm._is_not exceedsad.
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The contro! rod drive housing support
system shall be in place during reactor
power operation and when the reactor
coolant system is pressurized above
atmospheric pressure with fuel in the
reactor vessel, unless all control rods
are fully inserted and Specification
33A 1 is met

a. Control rod withdrawal sequences
shall be established so that max-
imum reactivity that could be
added by dropout of any incre-
ment of any one control blade

b. Whenever the reactor is in the
Startup/Hot  Standby or Run
mode below 20% rated thermal
power, the rod worth minimizer
shall be operable. A second opera-
tor or qualified technical person
may be used as a substitute for an
inoperable rod worth minimizer
which fails after withdrawal of at
least 12 control rods to the fully
withdrawn position. The rod
worth minimizer may also be
bypassed for low power physics
testing to demonstrate the shut-
down margin requirements of
Specification 3.3.A if a nuclear
engincer is present and verifies the
step-by-step rod movements of the
test procedure.

Control rods shall not be withdrawn
for startup or rcfueling unless at least
two source range channels have an
observed count rate equal to or greater
than three counts per second and these
SRM’s are fully inserted.

During operation with limiting con-
trol rod patterns, as determined by the
nuclear engineer, cither:

a8 both RBM channels shall be
operable,

b. control rod withdrawal shall be
blocked; or

Amendment No. 61
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3.

The correctness of the control rod
wilhdrawal scquence input to the
RWM computer shall be verified after
loading the sequence.

Prior 10 the start of control rod with-
drawal towards criticality, the capabil-
ity of the rod worth minimizer to
properly fulfill its function shall be
verified by the following checks:

a. The RWM computer online diag-
nostic test shall be successfully
performed.

b. Proper annunciation of the selec-
tion error of one out-of-sequence
control rod shall be verified.

¢ The rod block function of the

RWM shall be verified by with-

drawing the first rod as an out-

- of-sequence control rod no more
than to the block point.

Prior 10 control roed withdrawal for
startup or during refueling, verify that
at least two source range channels
have an observed count rate of at least
three counts per second.

When a limiting contro! rod pattern
exists, an instrument functional test of
the RBM shall be performed prior to
withdrawal of the designated rod(s)
and daily theseafter.
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c. the operating power level shall be
jimited so that the MCPR will re--
main above the MCPR fuel cladding

' integrity safety 1imit assuming a sin-
gle error that results in complete
withdrawal of any single opuecable
control roul.

C. Scram Insertion Times C. Scram Insertion Times

I. The average scram insertion time, ba- 1. Afer refueling outage and prior to

sed on the deencrgization of the scram
pilot valve solenoids at time zero. of ull
operable control rods in the reactor
power operation condition shall be no
greaier than:

Average Scroni
% Inserted From  Insertion
Fully Withdrawn  Times (sec)

L) 0.378
20 0.900
50 2.00
90 3.50

The average of the scram insertion
times for the three fustest control rods
of all groups of four control rods in a
two by two array shall be no greater
than:

% Inscrted From  Averuge Scram
Fully Withdrawn  Times (scc)

S 0.39%
20 0.954
50 2.12
90 3.80

The maximum scram insertion time
for 90% insertion of any operable con-
trol rods shall not exceed 7 sevonds.

If Specification 3.3.C.! cannot be met.
the reactor shall not be made super-
critical: if operating. the reactor shall
be shut down immediutcly upon deter-
mination that uverage scram time s
deficient.

If Specification 3.3.C.2 cannot be met.
the deficient control rod shall be con-

operation above 30% power. with re-
gcior pressure sbove 800 psig. all con-
trol rods shall be subject to scrum-time
messurements from the fully with-
deawn position. The scram times shall
be measured without reliance on the
control rod drive pumps.

2. Following a controlled shutdown of

the reactor, but not more frequently
than 16 weeks nor less {requently than
33-weck intervals, 50% of the control
god drives in each quadrant of the
geactor core shall be measured for the
scram times specified in Specification
3.3.C. All control rod drives shall have
experienced scrum test measurements
cach ycar. Whenever all of the control
rod drive scrum times have heen mea-
gurcd, nn evaluation shall be made o

3v43-4
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Control Rod Withdrawal

1.

Control rod dropout accidents as discussed In Reference 1 cun lead
to significant core damage. If coupling integrrity is maintained,
the possibility of a rod dropout accident 1s eliminated. 7The over-
travel position feature provides a positive check, as only uncoupled
drives may reach this position.

. Neutron instrumentation response to rod movement provides a verification that the tod is
" m . P N . -
following its drive. Absence of such responsc to drive movement would indicate sn uncoupled

. eondition.

2. The control 10d housing support restricts the outward movement of a control rod to less than
3 inches in the extremely remote event of s housing {silure. The amount of reactivity which could
be added by this small ¥mount of rod withdrawal, which is less than 8 normal single withdrawal
increment. will not contribute to any damage to the primary coolant system. The design basis is given
in Section 6.6.1, and the design evaluation is given in Section 6.6.3 of the SAR. This support is not
requited if the reactor coolant system is ot aimospheric pressure, since there would then be no driving
force 10 rapidly eject a drive housing. Additionally, the support is not required il alt control rods are
fully inserted or if an adequate shutdown margin with one conirol rod withdsawn has been
demonstrated. since the reactor would remasin subceritical even in the event of complete ejection of the

sirongest conirol rod.

Control rod withdrawal and insertion sequences are established to
assure that the maximum insequence individual control rod or contirol
rod segments which are withdrawn could not be worth cuouph to causc
the rod drop accident desipgn limit of 280 cal/gm to Le exceeded 1F
they were to drop out of the core in the manner defined for the rod
drop accident. These sequences are developed prior to initial oper-
ation of the unit following any refueling outage and the requlrement
that an operator follow these scquences is superviced by the HWM or
a second quualiflied ctation cmployce. These sequences are developed
to limit reactivity worths of control rods and )
- together with the intepral rod velocity limiters &nd the gction of the control rod drive system,

limits potential reactivity insertion such that the results of'a rontrol rod drop accident will notevweed

a maximum fuel encrpy content of 280 cal/gm. The peak fuel embhulpy of 280 cal/gm is below the

enerpy content at which rapid fuel dispersal and primary system damage have becn found to occur

based on experimental data as is discussed in Reference 2

The analysis of the control rod drop accident was ariginally presented in Sections 7.9.3, 14.2.1.2 and
14.2.1.4 of the SAR. hinprovements in analytical capability have allowed 2 more refined analysis of
the control rod drop uccident.

These techniques are described in & topical repoft (Reference 2) and

two supplements {References 3 and 4), 1In addition, a banked position
withdrawal sequence dcscribed in Reference 5 has been developed Lo
further reducc incremental rod worths. Method and basly for the rod
drop accldent analyses arc documented in Reference 1.

By using the analytival models deseribed in those reports cgupled with conservative or worst-case
input paramcters, it has been determuned that for power levels less than2U% af rated power, the
specificd limit on insequenee control rod or control rod sepment worths will limit the peak fucl
enthaipy to less than 280 cal/p. Above 20% power cven aingle operator errors cannot result in
oul-of-sequence control rod worths which arc sufficient to reach a peak fuel enthalpy of 280 cal/g
should a postulated control rod drop accident occur.

The following paramecters and worst-case agsumptions have been
utilized in the analysis to determine compliance with the 280 cal/gm

peak fuel enthalpy. Each core reload will be analyzcd
conformance to the limiting parameters. yzed to show

a. an interassembly local peaking factor (Refcrcnce G).

3.3/4.3-8
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b. the delayed neutron fraction chosen for the bounding reactivity curve l
@ c. a berinning-of-1ife Doppler reactivity feedback

d. scram times slower than the Technical Specification rod scram insertion
rate (Section 3.3.c.1l) l

<«

e. the maximum possible rod drop velocity of 3.11 fps
f. the design accident and scram reactivity shape function, and
g. the moderator temperature at which criticallty occurs

In most cases the worth of lnsequence rods or rod segments in conjunction '
with the actual values of the other important accildent analysis parameters
described above, would most likely result in a peak fuel enthalpy sub-
stantially less than 280 cal/g design limit. |

Should a control drop accident result in a peak fuel energy content of 280 cal/g, fewer than 660 (7 x '

7) fuel rods are conservatively estimated to perforate. This would result in an offsite dose well below

the guideline value of 10 CFR 100. For 8 x 8 fuel, fewer than BSO rods are conservatively estimated

1o perforate, with nearly the same consequences as for the 7 x 7 fucl case because of the rod power

differences.

The rod worth minimizer provides automatic supervision 10 assure that out of sequence control rods
will not be withdrawn or inserted; ie. it limits operator deviations from planned withdrawal
sequences (reference SAR Section 7.9). It serves as a backup to procedural control of control rod
_ worth. In the event that the rod worth minimizer is out of service when required, a licensed operator
’ or other qualified technical employee can manually fulfill the control rod pattern conformunce
function of the rod worth minimizer. In this cese. the normal procedural controls are backed up by

independent procedural controls to assure conformance.

4. The source range monitor (SRM) system performs no avtomatic safety system function, i.e., it has
no scram function. It does provide the operator with 8 visual indication of neutron level. This is
needed for knowledgeable and efficient reactor startup at low neutron levels. The consequences of
reactivity accidents are functions of the initial neutron fiux. The requirement of at least 3 counts per
second assures that any transient, should it occur, begins at or above the initial value of 10 of rated
power used in the analyses of transients from cold conditions. One operable SRM channel would be
adequate to monitor the approach to criticality using homogeneous patterns of scattered control rod
withdrawal. A minimum of two operable SRM's is provided as an added conservatism.

s. The rod block monitor (RBM) is desipned to sutomatically prevent fuel damage in the event of
erroncous rod withdrawal from locations of high powes density during high power operation. Two
chunnels are provided, and one of these may be bypassed from the console for maintenance and/or
testing. Tripping of one of the channels will block erroneous rod withdrawal soon enough to prevent
fuel damage. This system backs up the operator, who withdraws control rods according 10 a writlen
sequence. The specified restrictions with one channel out of service conservatively assure that fuel
damage will not occur due to rod withdrawal errors when this condition exists. During reactor

operation with certain limiting control rod patterns, the withdrawal of
a designated single control rod could result in one Or more fuel rods with
MCPK's less than the MCPR fuel cladding integrity safety 1imit . During use of such patiern
it is judged that testing of the RBM system to assure its operability prior 10 withdrawal of such'rods
will assure that improper withdrawal does not occur. It is the responsibility of the Nuclear Engineet
to identify these limiting patterns and the designated rods either when the patterns are i.nu'xallly
o established or as they develop duc to the occurrence of inoperable control rods in other than limiting

patterns.

3.3/4.3-9
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Scram Insertion Times
The control rod system is analyzed to bring the reactor subcritical at

a rate fast enough to prevent fuel damage, i.e., to prevent the MCPR
fProm hecoming less than the fuel cladding integritv safety limit.

~Analysis of the limiting power transient shows that the negative
reactivity rates resulting from the scram with the average response aof

all the drives as given in the above specification, provide tre raguired

protection, and MCPR remains greater than the fuel cladding integrity
safety limit. The mimimum amount of reactivity to be inserted during a scram

is controlled by permitting no more than 10% of the cperable rods to have long
scram times. In the analytical treatment of the transients, 290 milliseconds are
allowed between a neutron sensor reaching the scram point and the start of moticn
of the control rods. This is adequate and conservative when comparad to the
typically observed time delay of about 210 milliseconds., Approximately 90
milliseconds after neutron flux reaches the trip point, the pilot scram valve
solenoid deenergizes and 120 milliseconds later the control rod motion is
estimated to actually begin. However, 200 milliseconds rather than 120
milliseconds is conservatively assumed for this time interval in the transient
analyses and is also included in the allowable scram insertion times specified

in Specification 3.3.C. The scram times for all control rods will be determined
at the time of each refueling outage. A representative sample of control rods
will be tested following a shutdown. Scram times of new drives are

approximately 2.5 to 3 seconds; lower rates of change in scram times following
initial plant operation at power are oxpected.  The test schedule provides
reasonable assurance of detection of slow drives hefore system deterioration
beyond limits of Specification 3.3.C. The program was developed on the hasis

of the statistical approach outlined helow and judgment.

The history of drive performance accumulated 10 date indicates that the 90% insertion times of new and
overhauled drives approximate a nermal distribution about the mean which tends to become skewed
toward longer scram times as operating time is accunulated. The prubability of a drive not exceeding the
mean 90% inscrtion time by 0.75 seconds is greater than 0.999 for a normal distribution. The
measurement of the scram performance of the drives surrounding a drive exceeding the expected range
of scram performance will detect local variations and also provide assurance that local scram time Limits
are not exceeded. Continued monitoring of other drives exceeding the expected range of scram umcs
provides surveillance of possible anomalous performance.

The numerical values assigned to the predicted scram performance are based on the analysis of the
Dresden 2 startup data and of data {rom other BWR's such as Nine Mile Point and Oyster Creck.

The occurrence of scramn times within the limits, but significuntly longer than average, should be viewed
as an indication of a systematic problem with control rod drives, especially if the number of drives
exhibiting such scram times exceeds cight, the allowable number of inoperable rods.

3.3743-10
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The occurrence of scram times within the limits, but significantly longer than average. should be viewed
as an indication of a systematic problem with control rod drives, especially if the number of drives
exhibiting such scram times exceeds eight, the allowable number of inoperable rods.

D. Control Rod Accumlators

The basis for this specification was not described in the SAR and is therefore presented in its entirety.
Requiring no more than one inoperable accumulator in any nine-rod square array is based on a serjes
of XY PDQ-4 quarter core calculations of a cold clean core. The worst case in a nine-rod withdrawal
sequence resulied in a k; < 1.0. Other repeating rod sequences with more rods withdrawn resulied in
ke > 1.0. At reactor pressures in excess of 800 psig. even those control rods with tnoperable
accumulators will be able to meet required scram insertion times due to the action of reactor p‘ressurc.
In addition. they may be normally inserted using the control rod drive hydraulic system. Procedural
control will assure that control rods with inoperable accumulators will be spaced in a one-in-nine array

rather than grouped together.

E. Reactivity Anomalies

During each fuel cycle, excess operating reactivity varies as fuel deplctes and as any burnable poison in
supplementary conirol is burned. The magnitude of this excess reactivity may be inferred from the critical
rod configuration. As fuel burnup progresses, anomalous behavior in the excess reactivity may be detected
by comparison of the critical rod pattern selected base states to the predicted rod inventory at that state.
Power operating base conditions provide the most sensitive and directly interpretable data relative 10 core
reactivity. Furthermore, using power operating base conditiuns permits frequent reactivity comparisons.
Requiring a reactivity comparison at the specified frequency assures that a comparison will be made
before the core reactivity change exceeds 1% Ak. Deviations in core reactivity greater than 1% Ak are
not expected and require thorough evaluation. A 1% reactivity limit is considered safe. since an insertion
of the reactivity into the core would not lead 1o transients exceeding design conditions of the reactor

system.

F. Economic Generation Control System

Operation of the facility with the economic generation control system (EGC) (automatic flow control)
is limited to the range of 65% to 100% of rated core flow. In this flow range and with reactor power above
20%, the reactor could safely tolerate a rate of change of load of 8 MWe/sec (reference SAR Section

1.3.5).

Limits within the EGC and the flow control sysiem prevent rates of change greater than approximately
4 MWe/sec. When EGC is in operation, this fact will be indicated on the main control room console. The
results of initial testing will be provided to the NRC before the onset of routine operation with EGC.

References
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3.4 LIMITING CONDITIONS FOR OPERATION BASES

Amendment No. 61

A. The design obJective of the standby 1iquid control system is to
provide the capability of bringing the reactor from full power

to a cold, xenon-free shutdown assuming that none of the withdrawn
control rods can be inserted. To meet this objective, the liquid
control system is designed to inject a quantity of boron which
produces a concentration of no less than 600 ppm of boron in the
reactor core in approximately 90 to 120 minutes with imperfect
mixing. A boron concentration 5Ff 600 ppm in the reactor core is
required to bring the reactor from full power to 3% Ak or more
subcritical condition considering the hot to cold reactivity swing,

xenon poisoning and an additional margin in the reactor core for imperfect mixing of the
chemical solution in the reactor water. A normal quantity of 3470 gallons of solution having a 13.4%
sodium pentaborate concentration is requircd to meet this shutdown requirement.

The time requirement (90 to 120 minutes) for insertion of the boron solution was selected to override
the rate of reactivity inscrtion due to cooldown of the reactor following the xenon poison peak. bor a
required pumping ratc of 39 gpm, the maximum storage volume of the boron solution is established as
4875 gallons (195 gallons are contained below the pump suction and, therefore, cannot be inserted).

Boron concentration, solution temperature, and volume are checked on a frequency to assure a high
reliability of operation of the system should it ever be required. Experience with pump operability
indicates that monthly testing is adequate to detect if failures have occurred.

The only practical time to test the standby liquid control system is during a refueling outage and by
initiation from loca! stations. Components of the system are checked periodically as described above and
make a functional test of the entire system on a frequency of less than once each refueling outage
unnecessary. A test of explosive charges from onc manufacturing batch is made to assure that the charges
are satisfactory. A continual check of the fising circuit continuity is provided by pilot lights in the control
room.

Only one of the two standby liquid control pumping circuits is needed for proper opcration of the system.
If one pumping circuit is found to be inoperable, there is no immediate *reat to shutdown capability,
and reactor operation may continue while repairs arc heing made. Assurance that the remuininy, system
will perform its intended function and that the reliability of the system is pood v obtiined by
demonstrating operation of the pump in the operable circuit at least once daily. A reliability analysis
indicates that the plant can be operated safely in this manner for 7 days.

The solution saturation temperature of 13% sodium pentaborate, by weight, is 59° F. The solution shall
be kept at least 10° F above the saturation temperature 1o guard against boron precipitation. The 10° F
margin is included in Figure 3.3-1. Temperaturc und liquid level alarms for the systcm are annunciated
in the control room.

Pump operability is chccked on a frequency to assure a high reliability of operation of the system should
it ever be required. :

Once the solution has been made up, boron concentration will not vary unless more boron or more water
is added. Level indication and alarm indicate whether the solution volume has changed, which might
indicatc a possible solution concentration change. Considering these factors, the test interval has been
€stablished.

3.4/4.4-3
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is being done which has the potential
for draining the reactor vessel.

When irradiated fuel is in the reactor
and the vessel head is removed, the
suppression chamber may be drained
completely and no more than one con-
trol rod drive housing opened at any
one time provided that the spent fuel
pool gate is open and the fuel pool
water level is maintained at a level of

sater than 33 feet above the bottom

" of the pool. Additionally, a minimum

condensate storage reserve of 230,000
gallons shall be maintained, no work
shall be performed in the reactor vessel
while a control rod drive housing is
blanked following removal of the con-
trol rod drive, and a special flange
shall be available which can be used to
blank an open housing in the event of
a leak. '

When irradiated fuel is in the reactor
and the vessel head is removed, work

* that has the potential for draining the

vessel may be carried on with less than
112,200 ft* of water in the suppression
pool, provided that: (1) the total vol-
ume of water in the suppression pool,
refueling cavity, and the fuel storage
pool above the bottom of the fuel pool

DPR-29

gate is greater than 112,200 a3

(2) the fuel storage pool gate is re-
moved; (3) the low-pressure core and
¢ontainment cooling systems are oper-
able; and (4) tne automatic mode of
the drywell sump pumps is disabled.

G. Maintenance of Filled Discharge Pipe

L.

Whenever core spray, LPCI mode of
the RHR, HPC], or RCIC are required
to be operable, the discharge piping
from the pump discharge of these sys-
tems to the last check valves shall be
filled. .

Amendment No. 61 .
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G. Maintenance of Filled Discharge Pipe

The following surveillance requirements shall
be adhered to to assure that the discharge
piping of the core spray, LPCI mode of the
RHR, HPCI, and RCIC are filled:

1. Every month prior to the testing of the
LPCI mode of the RHR and core spray
ECCS, the discharge piping of these
svstems shall be vented from the high
point and water flow observed.
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Average Planar LHGR

During steady-state power vperation, the average
linear heat generation rate (APLHGR) of all the
rods in any fuel assembly, as a function of average
planar exposure, at any axial location, shall not
exceed the maximum average planar LHGR
shown in Figure 3.5-1, If at any time
during operation it is determined by normal sur-
veillance that the limiting value for APLHGR is
being excceded, action shall be initiated within 15
minutes to restore operation o vithin the pre-
scribed limits. If the APLHGR is not returned in
within the prescribed limits within 2 hours, the
teactor shall be brought to the cold shutdown
condition within 36 hours. Surveillance and
corresponding action shall continue until reactor
operation is within the prescribed limits.

Local LHGR

During steady-state power operation, the lincar
heat generation rate (LHGR) of any rod in zny
fuel assembly at any axial location shall not
exceed the maximum allowable LHGR,

If at any
time during operation it is determined by normal
surveillance that the hmiting value for LIIGR is
being excecded, action shall be initiated within 15
minutes to restore operation to within the pre-
scribed limits, If the LHGR is not returned to

Amendment No. 61
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cycle by assuring that water can be
run through the drain lines and
actuating the air-operated vitlves
by opcration of the following
£CNSOTS:

1) loss of air

2) equipment drain sump hiph
levet

3)  wvalt high level

d. The condenser pit S-foot trip cit-
cuits for cach channe! shall be
checked once & month. A logic
system functional test shall be per-
formed during cach refucling
outage.

L Aversge Planar LHGR

Daily during steady state operatlion
above 25% rated thermal power,

the average planar LHGR shall

be determined.

J.  Loacal LHGR

Daily during steady-state power operation
above 25% of rated thermal power. the iocal
LHGR shall be determined. |

35/745-9
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within the prescribed limits within 2 hours, the |
geactor shall be brought 1o the cold shutdown

condition within 36 hours. Surveillance and cor-

responding action shall continue until reactor

operation is within the prescribed limits.

Maximum allowable LHGR for all

8X3 fuel types is 13.4 KW/ft.

For 7X7 and mixed oxide fuel, the
maximum allowable LHGR is as follows:

LHGR <L!lGl{_‘E -(AP/PY, ( L/LJ
where:

LHGR, = design LHGR

= 17.5 kW/fi,

(AP/P), = maximum power spiking penalty
. = .035 initial core fucl
= 029 reloud 1, 7 x 7 fuel

= .028 reload 1,7 x 7 mixed oxide fuel 3

L, = 1014l core length
= ]2 feet
L = Axial distance from hottom of core
K. Minimum Critical Power Ratio (MCPR) ' K. Minhmum Critical Power Rutio (MCPR)
During steady-state operation MCPR shall be The MCPR shall be determined daly Junny
greater thun or equal 10 steady-state power operation ahove 25% of
1.35 (7 x 7 fuel) . rated thermal power.

1.35 (8 x 8 fuel)

at rated power and flow. If at any time during

operation it is determined by normal surveillance

that the limiting value for MCPR is being exceeded,

action shall be initiated within 15 minutes to

restore operation to within the prescribed limits.

If the steady-state MCPR is not returned to within

the prescribed limits within 2 hours, the reactor ’ .
shall be brought to the cold shutdown condition :
within 36 hours. Surveillance and corresponding

action shall continue until reactor operation is

within the prescribed limits. For core flows other

than cated, these nominal values of MCPR shall

be increased by a factor of kg where kg is as

shown in Figure 3.5.2.

A874.8-10
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3.5 LIMITING CONDITION FOR OPERATION BASES
A Core Spray and LPCI Mode of the RHR System
This specification assures that adequate emergency

fuel is in the reactor vessel.

the specific analysis in Reference 1,

cooling capability is available whenever irradiated

Based on the loss-of<oolant analytical methods described in GAe.nera] Electric Topical Report NEDO-20566 a;a

core cooling systems provide sufficient cooling to

~the core to dissipate the energy associated with the loss-of<oolant accident, to limit calculated fuel cladding tem-
metry remains intact, to limit cladding metal-water re-
action to less than 1%, and to limit the calculated local metal-water reaction to less than 17%.

perawure to less than 2200"F, to assure that core geo

“The limiting conditions of operation in Specifications 3.5.A.1 through 3.5.A.6 specify the combinations
of operable subsysiems 10 assure the availability of the minimum cooling systems noted above. No single

. failure of ECCS equipment occurring during a loss-of-coolant accident under these limiting conditions
of operation will result in inadequate cooling of the reactor corc.

Core spray distribution has been shown, in full-scale tests of systems similar in design to that of
Quad-Cities 1 and 2, 1o exceed the minimum requirements by at least 25%. In addition, cooling
effectiveness has been demonstrated at less than hall the rated flow in simulated fuel assemnblies with
__beater rods t0 duplicate the decay heat characteristics_of irradiated fuel. The accident analysis is

additiopal conservative in that no credit is taken for
pressure has fallen to 90 psig.

spray cooling of the reactor core before the internal

. The LPCI mode of the RHR system is designed to provide emergency cooling to the core by flooding in
] the event of a loss-of-coolant accident. This system.functions in combination with the core spray sysicm
* 10 prevent excessive fuel cladding temperature. The LPCI mode of the RHR system in combination with

the core spray subsystem provides adequate cooling for break areas of approximately 0.2 fi? up to and
including 4.18 f¢, the latter being the double-ended recirculation line break with the equalizer line

berween the_recirculation loops closed without assistance from the high-pressure emergency core cooling

subsystems.

The allowable repair times are established so that the

average risk rate for repair would be no greater than

the basic risk rate. The method and concept are described in Reference 3 Wsing the results developed in
this reference, the repair period is found to be less than half the test interval. This assumes that the core

spray subsystems and LPCI constitute a one-out-of-two system; however, the combined effect of the two
systems to limit excessive cladding temperature must also be considered. The test interval specificd in
. Specification 4.5 was 3 months. Therefore, an allowable repair period which maintains the basic risk

considering single fulures chould be less than 30 days, and this spectfication is within this period. Fot

multiple failures, a shortes interval is specificd; 1010

prove the assurance that the teimaining systems will

function, a daily test is called for. Although it is recognized \hat the information given in Reference 1
provides 3 quantitative method to estimate allowable repair times, the lack of operating data to support
the analytical approach prevents compilete acceptance of this method at this time. Therefore, the times
stated in the specific items were established with due regard to judgment.

Shouid one core spray subsystem become inoperable, the remaining core spray subsystem and the entire
LPCI mode of the RHR system are available should the nced [or core cooling arise: To assurc that the

. gemaining core spray, the LPCl mode of the RHR system, and the dicsel generators are available, they

are demonstrated to be operable immediately. This demonstration includes a manual initiation of the
pumps and associated valves and diesel generators. Bascd on judgments of the reliability of the remaining

systems, i.c., the core spray and LPCI, a 7-duy repa
] . '

e . Ce - PO .o - - -

. endment No. 61 ‘ v ‘|
. . . 1

ir pcriod was obtained.

e e st

— i



. - QUAD CITTES
. - . NPR-29
H. Condensate Pump Room Flood Protection

See Specification 3.5 H.
{.  Average Planar LHGR

This specification assures that the peak cladding temperature following the postulated design-basis
lossof<oolant accident will not exceed the 2200°F limit specified in the 10 CFR 50 Appendix K consdering
the postulated effects of fuel pellet densification. =

The peak cladding temperature following a postulated loss-of<oolant accident is primarily a function of the
sverage heat-generation rate of all the rods of a fuel assembly at any axial location and is only secondarily
dependent on the rod-to-rod power distribution within an assembly. Since expected local variations in
power distribution within s fuel assembly affect the calculated peak cladding temperature by less than
$20°F relative to the peak temperature for 3 typical fuel design, the limit on the average planar LHGR is suf-
ficient to assure that calculated temperatures are below the limit. The maximum average planar LHGR's
shown in Figure 3.5-1 are based on calculations employing the models described in Reference 2.

3. Local LHGR

This specification assures that the maximum linear heat-generation rate in any rod is less thun the design
linear heat-genersuion rate even if fuel pellet densification is postulated. The power spike penalty
is discuss=d in Reference 2 and assumes a linearly increasing variation in axial
gaps between core bottom and top and assures with a 95% confidence that no more than one fuel rod
exceeds the design linear heat-generaticn rate due to power spiking,

K. Minimum Critical Power Ratio (MCPR)

The steady state values for MCPR specified in this specification were selected to provide margin to accommo-
‘| date transients and uncertainties in monitoring the core operating state as well as uncertainties in the critical
i power correlation itself. These values also assure that operation will be such that the initial condition assumed

for the LOCA analysis plus two percent for-&ncertainty is satisfied. For

: any of the special =t of transients or disturbances
esumd by single operator error of sinple equipment malfunction, ft is required that desien aralyses tanzhzes
st this steady-state operating hmit yield @ MCPR of not ken than that specifed in Specificaion J.1A atany
time during the transient, assummg instrument rip gettings ghven m Specification 2.1. For snalysis of the

thermal consequences of these transients, the value of MCPR stated in ¢
specification for the limiting condition of operation bounds the inictiz
value of MCPR assumed 10O exist prior to the {nitiation of the transient
This inittal condition, which 1s used in the transient analyses, will ©

clude violation of the fuel clacding integrity sefety limit. Assumptions
and methods used in calculating the reguired steedy state MCFR limit fcr
each reload c¢ycle are do~umented in Reference 2. The results apply witlh

{ncreased conservatism while operating with MCFR's greater than specified

)
S.
-

The most limiting transients with respect to MCPR are generally:
8) Rod withdrawal erior '
. b) Load sejection or Turbine Trip without bypass

&

¢) Loss of feedwater heater

-

Sevora: factors 1nflucnce which of these transients results in the tar.ceast
reduction in critical power ratio such as the specific fuel loading, ©N-
posure, and fuel type. The current cycles reload licensing analyses SP2C- |
{fies the limiting transients for a given exposure increment for each fuel
type. Tne valuecs specified as the Limiting Condition of Opecration arc con-

servatively chosen 1o bound the most restirictive over the cntire cycle for |

each fuel type. . i
' t

i
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For core Mow 1ates less than rated, the steady state MCPR s increased by the formuls given in the speeife
cation. This sssurcs that the MCPP will be mamtawned grester than that specified in Speaificanion 1.1.A even
in the event that the motor-generatos sel specd controlles csuses the scoop tube posiioner for the fluid coupler

0 move 10 the mazimum speed position. -

References

1. "Loss-of-Coolant Analysis'Report for Dresden Units 2, 3 and
Quad Cities Units 1, 2 Nuclear Power Stations,' RLEDO-2A4140AX,

April, 1979
2. "Generic Reload Fuel Application," NEDE-24011-P-A®*

3. I. M. Jacobs and P. W. Marriott, GE Topical Report APED 9730,
Wouidelines for Determining Safe Test Intervals and Repalr Tim:s

for Ergineered safeguards,  April, 1969.

+ Approved revision at time of plant operation.
## Approved revision number at time reload fuel analyses are®
- performed.
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Should the switches at levels (a) and (b) fail or the operator fil to trip the circulating water pumps on alarm at
Jevel (b). the actuation of either level switch pair atlevel (¢) <hall trip the circulating water pumps automatcaliy
and alurm in the control room. These redundant fevel switch pairs at level (¢) are designed and instalicd to L
279, *Criteria for Nuclear Power Plant Protection Systems” As the circulating water pumps are tripped, eithes
manually or astomatcally. at level (¢) of § fect. the maximum water level reached in the condenser pit duc to

pumping will be a
inches; 5 feet plus

In order to preven

t elevation SOY feet 6 inches elevation (10 fect above condenser pit floor clevation 558 feet 6
an additional § feet attributed to pump coastdown).

t the RHR service water pump maotors and diescl-gencrator gooling water pump motors from

overheating, 2 vault cooler is supplied for cach pump. Lach vault covler is desipned to maintain the vaultat

maximum 105° F
water pump 1/2-3

temperatuse duning operation of its respective puinp. For example, if diesel penerator cooling
903 starts, its cooler also starts and mauntains the vault at 105° F by removing heat supphed

10 the vault by the motor of pump 1/2-3903. 1t at the same time that pump 1/2-3903 is in operation, RHR serviee
water pump 1C starts, its cooler will also start and compensate for the added heat supplicd 1o the vault by the 1C

pump motor keeping the vault ar 105° F.

Each of the coolers is-supplicd with cooling water from its respective pump's discharge line. After the water has
been passed through the cooler it returns 10 its respective pump’s suction line. In this way the vault coolers are

supplied with coo
approximately 1%

ling water totally inside the vault. The cooling water quantity necded for each cooler i
10 5% of the design flow of the pumps so that the recirculation of this small amount of heated

water will not affect pump or cooler operation.

Operation of the fans and coolers is required during shutdown and thus additional surveillance is not required.

Watertight vaults

for the ECCS pumps in the reactor building are tested in essentially the sume manner and

frequency as described for the condenscr pump room vaults.

Verification that access doors to euch vault are closed fullowing entrance by personnel is covered by station
operating procedures.

The LHGR shall be checked daily to determine if fucl burnup or control rod movement has caused changes in

power distribution
check of power dis

Averape Planar LI

. Since changes due to burnup are slow and only a few controt rods are moved daily, a daily
tribution is adequate.

iGR

At core thermal power levels less than or equal 10 25%, operating plant experience and thermal hydraulic analyses
indicate that the resulting average planar LHGR 1s below the maximum average planar LHGR by a considerable

margin; therefore,

evaulatuon of the average planar LHGR below this power level 15 not necessary. The daly

requirement for calculaning average planar LHGR above 25% rated thermal power iy suflicient, sinee power
distribution shifts are siow when there have not been significant power or control rod changes.

Local LHGR

The LHGR as a function of core heiglt shall be checked daily during reactor operation at greater than or equal
1o 25% power to determinc if fucl burnup or control rod movement has caused changes in power distribution. A

limiting LHG
any permissi

Minimum Critical

R value is precluded by a considerable margin when employing
ble control rod pattern below 25% rated thermal power.

Power Ratio (MCPR)

At core thermal power levels less than or ¢qual 10 25%, the reactor will be operating at minimum recirculation
pump speed and the moderator void content will be very small. For all designated control rod patterns which may

be employed at th
MCPR value is in

core Aow increise

Amendment No. 61

is point, operating plant expericnce and thermal hydraulic analysis indicate that the resulting
excess of requirements by a considerable margin. With this low void content, any inadvertent
would only place operation i a more conscrvative mode relative to MCPR.
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. 0.& ' UNITED STATES
& o NUCLEAR REGULATORY COMMISSION
7 WASHINGTON, D. C. 20555

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

SUPPORTING AMENDMENT NO. 61 TO FACILITY OPERATING LICENSE NO. DPR-29

COMMONWEALTH EDISON COMPANY

AND
TOWA-ILLINOIS GAS AND ELECTRIC COMPANY

QUAD CITIES NUCLEAR POWER STATION, UNIT NQ. 1
DOCKET NO. 50-254

Introduction

By letter dated September 2, 1980 (Ref. 1), and supplemented by letter
dated October 3, 1980 (Ref. 2), Commonwealth Edison Company (CECo or the
Ticensee), proposed an amendment to Quad Cities Unit 1 Appendix A, Technical
Specifications. CECo has proposed the: amendment to support its review of
future reloads for Quad Cities Unit 1 under the provisions of 10 CFR 50.59.

Qur approval is only for the proposed amendment and does not constitute
approval of future reloads under the provisions of 10 CFR 50.59.

Evaluation

Safety Limit Minimum Critical Power Ratio (SLMCPR}

This change provides SLMCPR values in the Technical Specifications for all
currently approved core loadings. With retrofit 8x8 fuel in the core the
SLMCPR 1imit is specified as 1.07. Without retrofit 8x8 fuel, the SLMCPR is
1.06. These 1imits have previously been found to be acceptablie for this

use in Reference 3 and on this basis the proposed change is acceptable.

Rod Drop Accident (RDA) Design Limit

The RDA design limit has been modified from 1.3%A maximum rod worth to
280 cal/gm peak fuel enthalpy rise. The 280 cal/gm design 1imit is
acceptable per Standard Review Plan NUREG 75-087. Also, the power level
helow which the rod worth minimizer is required was increased from 10% to
20% of rated power. This is conservative by comparison to the previous
specification, is consistent with reactor safety analyses, and is acceptable.

80123@@7?3



Maximum Average Planar Linear Heat Generation Rate (MAPLHGR)

New MAPLHGR curves reflecting the improved flooding characteristics of
retrofit 8x8 fuel have been proposed by the licensee. Curves for 8x8,
8x8 retrofit, and 7x7 fuel of the various enrichments anticipated for
future Quad Cities 1 reloads and extending to burnups of 40,000 Mwd/t
have been proposed (References 1 and 4).

The new curves are based on an assumed fuel Toading with 156 retrofit
assemblies. Any reload with fewer such assemblies will be nonconservative
with respect to the analyzed case and therefore outside the scope of this
approval.

Based on our previous approval of MAPLHGR curves reflecting 8x8 retrofit

fuel reflood characteristics (Reference 5) and extension of burnup to 40,000
MWd/t (Reference 6}, the 1icensee's proposed changes are acceptable.

Power Peaking

The licensee has proposed to adjust the Average Power Range Monitor (APRM)
amplifier gain based on the Maximum Fraction of Limiting Power Density
(MFLPD}. Such an adjustment would be made in the event of operation with

a MFLPD greater than the Fraction of Rated Power (FRP), with the objective
of preventing the fuel cladding integrity safety limits from being exceeded
during anticipated operational transients. This adjustment will be applied
above 25% rated thermal power which is consistent with the LHGR surveillance
requirements and the Standard Technical Specifications.

Previously this objective has been met by reducing the APRM trip settings
through multiplication by the ratio of the Limiting Total Peaking Factor
(LTPF) to the Total Peaking Factor (TPF). Such a reduction in set points
is required in the event of operation with TPF>LTPF.

We have concluded that the maximum reactor power which could be attained
during anticipated operational transients with the proposed APRM gain
adjustment would be no greater than would be attained with the current
procedure for adjusting APRM setpoints. This conclusion is based on the
equivalence of the ratio FRP/MFLPD to the ratio LTPF/TPF, and can be explained
as follows.

The LTPF can be expressed as the design linear heat generation rate divided
by the plant rated thermal power per unit length of fuel rod. In a similar
manner the TPF can be expressed as the maximum 1inear heat generation rate
divided by the plant operating power per unit length of fuel rod. From
these definitions it is easily determined that the ratio LTPF/TPF is the
ratio of the design linear heat generation rate to the maximum linear heat
generation rate times the fraction of rated thermal power, or 1/MFLPD*FRP.
Thus FRP/MFLPD and LTPF/TPF are equivalent.



However, instead of multiplying the APRM set points by FRP/MFLPD the same
result can be achieved by multiplying the APRM reading by MFLPD/FRP to get
a gain-adjusted APRM reading. If the reactor is operating in a steady
state mode the APRM reading (before gain adjustment) is equal to FRP.
Therefore by adjusting the gain until the APRM reading is equal to MFLPD,
the APRM reading has effectively been multiplied by MFLPD/FRP as required.

To summarize, the proposed formulation does not involve a reduction in margin
to the trip point, and eliminates the need for different limits for different
fuel types. In addition adjusting the APRM gain is much easier than changing
the APRM trip setting, so that there is less chance for human error.

Reactor Protection System (RPS) Delay Time

The 1licensee has proposed to change the RPS delay time from 100 to 50 msec
(time from opening of the sensor contact up to and including the opening of
the trip actuator contacts). This change stems from an inconsistency which
has existed between the Technical Specification value of 100 msec and the
50 msec value assumed by General Electric in the licensing analysis.

The licensee has confirmed that the procedures used for determining RPS
delay time are consistent with the General Electric use and definition of

a 50 msec delay time in the licensing analysis. The staff has confirmed
that the licensee has in place the capability for demonstrating compliance
with the more restrictive specification. The proposed change s acceptable.

Typographical Corrections and Clarification of Bases

The remaining changes fall into the category of typographical corrections
and clarification of bases and do not, as such, represent a significant
safety concern.

Environmental Consideration

We have determined that the amendment does not authorize a change in effluent
types or total amounts nor an increase in power level and will not result in
any significant environmental impact. Having made this determination, we
have further concluded that the amendment involves an action which is
insignificant from the standpoint of environmental impact and pursuant to

10 CFR Section 51.5(d)(4) that an environmental impact statement or negative
declaration and environmental impact appraisal need not be prepared in
connection with the issuance of this amendment.

Conclusion

We have concluded, based on the considerations discussed above, that:

(1) because the amendment does not involve a significant increase in the
probability or consequences of accidents previously considered and

does not involve a significant decrease in a safety margin, the amendment
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does not involve a significant hazards consideration, (2) there is reasonable
assurance that the health and safety of the public will not be endangered

by operation in the proposed manner, and (3] such activities will be con-
ducted in compliance with the Commission's regulations and the issuance of
the amendment will not be inimical to the common defense and security or to
the health and safety of the public.

Dated: December 5, 1980
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UNITED STATES NUCLEAR REGULATORY COMMISSION

DOCKET NO. 50-254

COMMONWEALTH EDISON COMPANY

AND
IOWA-ILLINOIS GAS AND ELECTRIC COMPANY

NOTICE OF ISSUANCE OF AMENDMENT TO FACILITY
OPERATING LICENSE

" The U. S. Nuclear Regulatory Commission (the Commission) has issued
Amendment No. 61 to Facility Operating License DPR-29 issued to
Commonwealth Edison Company and Iowa-I1linois Gas and Electric Company,
which revised the Technical Specifications for operation of the Quad
Cities Nuclear Power Station, Unit No. 1, located in Rock Island County,

"1119nois. The amendment becomes effective as of the date of issuance.

This amendment (1) authorizes changes to the plant Technical
Specifications by revising the Minimum Critical Powér Ratio Safety Limit
to abp1y to new fuel types, (2) modifies the Rod Drop Accident Design
Limit from 1.3%A maximum rod worth to 280 calories/gram peak fuel
enthalpy rise, (3) approves the use of new Maximum Average Planar Linear
Heat Generation Rate curves reflecting 8x8 retrofit fuel reload charac-
teristics and extension of burnup to 40,000 megawatt days per short ton,
(4) replaces the Limiting Total Peaking Factor with the Maximum Fraction
of Limiting Power Density for adjustment of the APRM flux scram and rod
block trip settings, and (5) changes the Reactor Protection System Delay
Time from 100 to 50 milliseconds for consistency with the licensing
analysis. A1l other changes correct typographical errors and clarify

the basis.

8012305795
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The application for the amendment complies with the standards and
requirements of the Atomic Energy Act of 1954, as amended (the Acf), and
the Commission's rules and regulations. The Commission has made appro-
priate findings as required by the Act and the Commission's rules and
regulations in 10 CFR Chapter I, which are set forth in the license amend-
ment. Prior public notice of this amendment was not required since the
amendment does not involve a significant hazards consideration. ‘

The Commission has determined that the issuance of this amendment will
not”result in any significant environmental impact and that pursuant to
10 CFR Section 51.5(d)(4) an environmental impact statement, negative
declaration, and environmental impact appraisal need not be prepared
in connection with issuance of the amendment.

For further details with respect to this action, see (1) the appli-
cation for amendment dated September 2, 1980, as supplemented October 3,
1980, (2) Amendment No. 61 to License No. DPR-29, and (3) the Commission's
related Safety Evaluation. _A11 of these items are available for public
inspection at the Coﬁmission's Public Document Room, 1717 H Street, N.W.,
Washington, D. C., and at the Moline Public Library, 504 - 17th Street,
Moline, I1linois, for Quad Cities Unit No. 1. A copy of items (2) and (3)
may be obtained upon request addressed to the U. S. Nuclear Regulatory
Commission, Washington, D. C. 20555, Attention: Director, Division of
Licensing.

Dated at Bethesda, Maryland, this 5th day of December, 1980.

FOR THE NUCLEAR REGULATORY COMMISSION

Wy a

Thomas A. Ippolito, Chief
Operating Reactors Branch #2
Mvision of Licensing



