
* John D. 0'Tooe 9 
V~ePresicent 

~Consoliiated Edison Como* any of New York, Inc.  
Irving Place. New York, NY 10003 

Telephione (212) 460-2533 

August 2, 1985 

Re: Indian Point Unit No. 2 
Docket No. 50-247 

Director of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

ATTN: Mr. Steven A. Varga, Chief 
Operating Reactors Branch No. 1 
Division of Licensing 

Dear Mr. Varga: 

Consolidated Edison Company of New York, Inc. transmits herewith three 
(3) signed originals and forty (40) copies of the document entitled 
"Application for Amendment to Operating License", sworn to on August 2, 
1985. This Application requests an amendment to the Indian Point Unit 
No. 2 Technical Specifications to delete the Boron Injection Tank and its 
associated limiting conditions for operation and surveillance 
requirements. The text of the requested Technical Specification changes 
and a Safety Assessment are attached to the Application.  

By letter dated March 23, 1982 we applied for Technical Specification 
changes related to the Boron Injection Tank, which was supplemented with 
additional supporting information on June 29, 1984. This present 
Application supersedes the March 23, 1982 Application and our June 29, 
1984 letter; accordingly, we hereby withdraw the March 23, 1982 
Application.
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The appropriate 
along with an 
notification as

filing fee, 
Af fidavit 

required by

in accordance with 10 CFR 170.12 is enclosed 
of Service attesting to state and local 
10 CFR 50.91.

We request your expeditious approval of this proposed amendment.  

Very1  truly yours, 

John D. O'Toole 
Vice President

endl.  
cc: Hon. Cheryl Harding (w/encl.) 

Mayor, Vilage of Buchanan 
236 Tate Avenue 
Buchanan, New York 10511 

Mr. Jay Dunkelberger (w/encl.) 
Division of Policy Analysis and Planning 
New York State Energy Office 
Agency Building 2, Empire State Plaza 
Albany, New York 12223 

Senior Resident Inspector (w/encl.) 
U. S. Nuclear Regulatory Commission 
P. 0. Box 38 
Buchanan, New York 10511
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UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

In the Matter of 

CONSOLIDATED EDISON COMPANY )Docket No. 50-247 
OF NEW YORK, INC.  

(Indian Point Station, 
Unit No. 2) 

APPLICATION FOR AMENDMENT 
TO OPERATING LICENSE 

Pursuant to Section 50.90 of the Regulations of the Nuclear Regulatory 

Commission ("NRC"), Consolidated Edison Company of New York,. Inc.  

("Consolidated Edison") as holder of Facility Operating License No.  

DPR-26, hereby applies for amendment of the Technical Specifications 

contained in Appendix A of that license. Specifically, Consolidated 

Edison requests that Technical Specifications 3.2, 3.3, Table 4.1-1 and 

Table 4.1-2 be modified to delete the Boron Injection Tank.  

The specific proposed Technical Specification revisions are set forth in 

Attachment A to this Application. A Safety Assessment of the proposed 

changes is set forth in Attachment B to this Application. This 

assessment demonstrates that the proposed changes do not represent a



significant hazards consideration as defined in 10 CFR 50.92(c) and will 

not cause any change in the types or an increase in amounts of effluents 

or any change in the authorized power level of the facility.  

CONSOLIDATED EDISON COMPANY 
OF NEWk/,ORK, INC.  

BY: 77" 
John D. O,"Toole 

Vice President 

Subscr' d and 4w~nto 
befo me his-V__day 
o f ust 1985.  

Notary i~, -! ol'"d 'Bw Yor k 

No. 30-4022875 
Ouaiid in NaisseU Coun',/ 

Terms expires March 30, 1987



00 
UNITED STATES OF AMERICA 

NUCLEAR REGULATORY COMMISSION 

In the Matter of 

CONSOLIDATED EDISON COMPANY )Docket No. 50-247 
OF NEW YORK, INC.  

(Indian Point Station, 
Unit No. 2) 

STATE OF NEW YORK 
ss: 

COUNTY OF NEW YORK 

AFFIDAVIT OF SERVICE 

Jude G. Del Percio, being duly sworn, states: 

That he is a Senior Engineer employed by Consolidated Edison Company of 

New York, Inc., and that he has served the foregoing document entitled, 

"Application for Amendment to Operating License", sworn to on August 2, 

1985, by mailing a copy thereof, first class postage, prepaid and 

properly addressed to the following persons: 

Hon. Cheryl Harding 
Mayor, Village of Buchanan 
236 Tate Avenue 
Buchanan, New York 10511 

Mr. Jay Dunkelberger 
Division of Policy Analysis and Planning 
New York State Energy Office 
Agency Building 2, Empire State Plaza 
Albany, New York 12223 

/Jude G. Del Percio 

Subscr ked and sw9$"n to 
bef o?, me /this 2-thay 
A ug st_ 1985.  

Notary Public 

CON'RAD T!7Q..' 2A1 

No. 30.4A022875 

Quaied in Nassau County 
Terms expires March 30, 1987
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*,shdll be placed in the cold shutdown condition, utilizing t-normal )rcration 

procedures.  

1. One of the two operable charain, pum~ps =ay be remo ved f ro-, service 

provided a second charging pump is restored to, operable status within 

24 hours.  

2. One boric acid transfer pump may be out of service provided the pump 

is restored to operable status within 48 hours.  

3. The boric acid* storage system may be inoperable provzided the RWvAST is 

operable and provided that the boric acid storage syste±m is restored 

to operable status within 48 hours.  

4. One channel of heat tracing for the flow path: from the boric acid 

storage system to' the Reactor Coolant System may be out of -service 

provided the failed channel is restored to an operable status within 

7 days and the redundant channel is demonstrated to be operable daily 

during that period.  

Chemical and Volume Control System provides control of 'the Reactor Coolant 

Svistei boron inventory. This is normally accomplished by using any one of 

thi three charging pumps in series with either one of the two boric acid 

:ransfar pumps. Anr alternate method of boration will be to -use the charging 

puinps taking suction directly from the refueling. water storage tank.  

A third method will be to depressurize and use the safety injection pum-ps.  

There are three sources of borated water available for injection through 3 

diff erent paths.  

(I) Teboric acid transfer pumps can deliver the contents of the boric acid 

storage system to the charging pumps.  

(2) The charging pumps can take suction from the refueling .rater getorage 

t an k. (2000 ppm boron solution. Reference is made to Technical Speci

fication 3.3A).  

0') The safety injection pumps normally take their suction from the refueling 

water storage tank.  

3.2-7.



3. 3 ENGINEERED SAFETY FEATURES 

Ao li icab ilit y 

Applies to the ope-z-ting s- atus of the Engineered Safety 

- Features.  

Obj ective 

To define those.14miting conjitions for operation that are 
necessary: (1).;o remove.* decay heat. from the core in em-argency 
or normal shutdown situations,, (2) to remove heat from 6 
containment in norm=al operating.*and emergency situations, 
(3) to remove airborne io0dine from the containment atmosphere 
following a Design Basis Accident., .(4) .to minimize containment
leakage to the environment subsequent to a fesignBasis 
Accident.  

Suecification.  

The following specifications-'apply except during low temperature 
physics tests.  

A. Safety Injection and::Residual Heat Removal S-istems 

1. The reactor shall. Inot .be: made-critical, except for 
low temperature physics- tests, unless the following 
condi6tions are met: 

a. ..The refueling water. storage tank contains nc6 
-~ .less than345,O0O gallons of water-with a 

boron- concentration of at least 2000 ppm..  

b. DELETED 

c*. The folir accumulators are pressurized to at 
least 00-psig and each cont-ains a minimum- of 
715 f t-*and a maximum of 731 f t3*If water 
with a boron concentration of at least 2000 
*ppm. I.-one of: these four accumulators may be 
isolated.  

d. Three safety injection pumps together with 
their associated piping and valves are operable.  

*P en ing retu n t ope ati n f r 4 his val u sh ll b SO f r 
*Penidiag retcurn to operation for C~ycle 4 tiiis value shall be 615 ft3

.,'
,' -ndnen?*



Assting the reactor has been operating at full rated power f or at least 

100 days, the magnitude of the decay heat decreases after initiating hot 

__shutdown. Thus the requirement for core cooling in case of a postulated 

loss-of-coolant accident while in the hot shutdown condition is sigificantly 

reduced below the requirements for a postulated loss-of-coolant accident 

during power operation. Putting the reactor in the hot shutdown condition 

significantly reduces the potential consequences of a loss-of-coolant accident, 

and also allows more free access to some of the engineered safeguards components 

in order to effect repairs.  

Failure to complete repairs within 48 hours of going to the hot shutdown 

condition is considered indicative of a requirement for major maintenance 

and therefore in such a case the reactor is to be put into the cold shutdown 

condition.  

Valves 1810, 744 and 882 are kept in the open position during plant 

operation to assure that -flow passage from the refueling water storage 

tank will be available during the injection phase of a loss-of-coolant 

accident.. As an additional assurance of flow passage availability, the 

valve motor operators are de-energized to prevent an extremely unlikely 

spurious, closure of these valves to take place. This additional 

precaution is acceptable since failure to manually re-establish power 

to close valves 1810 and 882, following the injection phase, is tolerable 

as a single failure. Valve 744 will not need to be closed following the

3.3-10



TABLE 4.1-1 (continued)

12.  

13.  

14.

Channel 
Descr ipt ion 

Rod Position Bank Counters 

Steam Generator Level 

Chargingj Plow 

Residutal "eat Removal pump Flow 

Boric Acid Tank Level 

Refueling Waiter Storage Tank Level 

DELETED

17. Volume Control Tank Level 

Ia. (a). containment Pressure 
Mb Containment Pressure.  

19. Prc eass and Area Radiation Monitoring 

20. Boric Acid Make-up Flow channel 

21A. Containment Sumip and Recircula1tion 
Sump Level (Discrete) 

21B. Containment Sump, Recirculation 
Sumip aind Reactor Cavity Level 
Continuous) 

21C. Reactor Catvity Level Alarm 

210. Containment Sump Discharge Plow 

2 13. Cont~inmant Pan Cooler Condensatte 
tplow

Calibrate 

R.A 

Rt 

Rt

Teat 

I. A.  

N. A.  

NI.A.  

N. A.  

N.A.

Check 

N.A* 

N.Ae 

D 

N. A.  

a,

Remarks 

With analog rod Position 

Bubbler tube roddad during calibra
tion

Wide range 
Narrow range 

Discrete Level Indication system 

Continuous Level Indication Systems 

Level Alarm System 

Flow Monitor 

Monthly visual Inspection of 
condensate weirs.

'fxcePt tho"u' fsyLcms Incl-11104 In T~iltes 4.10-2 and 4.10-4 

r.1-1'1II11en fl I II

( I' %

H 

H. A.  

R 

R
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1. Reactor coolant samples

2. R feactor Coolant Boron 

3.- Refueling Slater fitorago 
Tank Water Bamplo 

4. Dorio Acid Tanh 

5. DELETED 

6. Spray Additive Tank 

7. Accumulator 

0. Spent "uel Pit 

9. Sacondary Coolant 

10. 'Containment Iodine
Particulato Mlonitor 
or Gas Monitor

Check.  

aross Activity (I)
fladiocliemical (2) 
9 Doteraninkition.  
Trittuni Activity 
Fe C1 &0 2 

Boron Concentration

Bioron Concentration; 

Bloron ConcentrAtion 

tVaOII Concen t4:P,'181 

Boron Cojice nt~i~ti 

Doroij Coico.itra~ioai 

lodtne-.131 

Iodizno-l3l and 
Particulate ActijvIty 
or Orous Gailcbub! 
ANctivity 

7

FrequencyL 

5 daya/weak (1) 
Monthly 
S emni-annually (3) 

* Weekly (1) 
* Weekly

Twi cc/wo ek 

lIIontlilyI

I-ontikly 

Prior to Rci~uclisig 

Wouekly (4) 

Coritinuouri When 
Above Cold 5hutdowzi

1.. I Ii "' 44 j I,

Maximum Time 

Between Teoto 

A days 
45 days 
30 weeks 
10 days 
10 daya

5 days 

45 days 

5 days

45 do' 

45 dai 

HlAA

YO '

10 d"Vaa;

(5) 
I

II 

K

* . I.  

~ 2 .  

I.  
* I

* I
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Safety Assessment 

Consolidated Edison Company of New York, Inc.  
Indian Point Unit No. 2 
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Safety Assessment, 

The proposed technical specification revisions contained in Attachment A 
would delete the requirements for the Boron Injection Tank (BIT) which is 
a component of the Safety Injection System. The safety function of the 
BIT is to provide concentrated boric acid to the Reactor Coolant System 
(RCS) to terminate the core reactivity transient resulting from the RCS 
cooldown during a postulated main steamline break design basis accident.  
Due to N2 cover pressure on the BIT, the Safety Injection pumps 
preferentially take suction from the BIT and then from the Refueling 
Water Storage Tank (RWST). The BIT isolates on two-out-of -three low 
level signals ensuring sufficient fluid remains in the tank to prevent 
N2 injection and sufficient volume of concentrated boric acid has been 
injected into the RCS. The elimination of the BIT will remove it as a 
source of operational and maintenance problems at Indian Point 2.  

A study was undertaken to analyze the consequences of a postulated main 
steamline break accident with only boric acid being supplied from the 
RWST (i.e., without concentrated boric acid from the BIT). The steamline 
break analyses have been performed and are included as Enclosure 1 to 
this Attachment. The analyses show that for all FSAR cases, even for the 
credible steaxnline break case (i.e., stuck open main steamline safety 
valve), the Departure from Nucleate Boiling Ratio (DNBR) is above the 
limiting value of 1.30. Hence, the BIT can be removed from the Safety 
Injection System with sufficient boric acid being supplied by the RWST, 
without compromising the health and safety of the public.  

Technical Specifications 3.3.A.l.b, Table 4.1-1, Table 4.1-2 and their 
associated bases will be revised to delete the BIT, its valving and its 
level control system. In addition, the basis of Technical Specification 
3.2 will be revised accordingly.  

Basis For No Significant Hazards Consideration Determination: 

The Commission has provided guidance concerning the application of the 
standards for determining whether a significant hazards consideration 
exists by providing certain examples (48 FR 14870). Example (vi) of 
those involving no significant hazards considerations discusses a change 
which may reduce a safety margin but where the results are clearly within 
all acceptable criteria with respect to the system or component. The 
proposed modification to delete the BIT is in a less restrictive 
direction and would appear to reduce a safety margin. However, 
consistent with the Commission's criteria for determining whether a 
proposed amendment to an operating license involves no significant hazard 
considerations, 10 CFR 50.92 (48FR71), we have determined that the 
proposed change to delete the BIT will not increase the probability or



the consequences of an accident previously evaluated, or create the 
possibility of a new or different kind of an accident from any previously 
evaluated, or involve a significant reduction in a margin of safety. The 
proposed revisions is based on conservative analysis which show the 
departure from nucleate boiling ratio (DNBR) remains above 1.30 
throughout each transient.  

Therefore, since the application for amendment involves a proposed change 
that is similar to an example for which no significant hazards 
consideration exists, we have determined that the application involves no 
signficant hazards consideration.  

The proposed changes have been reviewed by the Station Nuclear Safety 
Committee and the Consolidated Edison Nuclear Facilities Safety 
Committee. Both committees concur that these changes do not represent a 
significant hazards consideration and will not cause any change in the 
types or increase in the amounts of effluents or any change in the 
authorized power level of the facility.



ENCLOSURE 1 
TO 

ATTIACHMENT B 

Main Steamline Break Analysis Without The 
Boron Injection Tank

Consolidated Edison Company of New York, Inc.  
Indian Point Unit No. 2 

Docket No. 50-247 
August, 1985



FSAR SECTION 14.2.5 (REVISED)
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14.2.5' RUPTURE OF A STEAM PIPE

14.2.5.1 Description 

A rupture of a steam pipe is assumed to include any accident that results in 
an uncontrolled steam release from a steam generator. The release can occur 

as a result of a break in a pipe line or a valve malfunction. The steam 
release results in an initial increase in steam flow which decreases during 

the accident as the steam pressure falls. The removal of energy from the 
reactor coolant system causes a reduction of coolant temperature and 

pressure. With a negative moderator temperature coefficient, the cooldown 
results in a reduction of core shutdown margin. If the most reactive control 

rod is assumed to be stuck in its fully withdrawn position, there is a 

possibility that the core will become critical and return to power even with 

the remaining control rods inserted. A return to power following a steam pipe 

rupture is a potential problem only because of the high hot-channel factors 

that may exist when the most reactive rod is assumed stuck in its fully 

withdrawn position. If the most pessimistic combination of circumstances that 

could lead to power generation following a steam line break was assumed, the 

core is ultimately shut down by the boric acid in the safety injection system. Rev.  

The analysis of a steam pipe rupture was made to show that-

1. With a stuck rod and minimum engineered safety features, there is no 

consequential damage to the primary system that occurs and the core 

remains in place and intact.  

2. With no stuck rod and all equipment operating at design capacity, 
insignificant (or no) cladding rupture occurs.  

Although DNB and possible clad perforation (no clad melting or zirconium water 

reaction) following a steam pipe rupture are not necessarily unacceptable, the 

following analysis shows that no DNB occurs for any rupture if the most 

reactive rod were assumed to be stuck in its fully withdrawn position.

8863Q :1D/070985A- A-2



The following systems provide the necessary protection against a steam pipe 

rupture: 

1. Safety injection system actuation from any one of the fqjllowing:* 

a. Two-out-of -three channels of low pressurizer pressure signals.  

b. Two-out-of-three high differential pressure signals between 

steam lines.  

c. High steam flow in two-out-of-four lines (one-out-of-two per 

line) in coincidence with either low reactor coolant system 

average temperature (two-out-of-four) or low steam line pressure 

(two-out-of-four).  

d. Two-out-of-three high containment pressure signals.  

2. The overpower reactor trips (nuclear flux and AT) and the reactor 

trip occurring upon actuation of the safety injection system. ,ev.  

3. Redundant isolation of the main feedwater lines. Sustained high 

feedwater flow would cause additional cooldown; thus, in addition to 

the normal control action that will close the main feedwater valves, 

any safety injection signal will rapidly close all feedwater control 

valves, trip the main feedwater pumps, and close the feedwater pump 

discharge valves.  

*The details of the logic used to actuate safety injection are discussed in 

Section 7.2.

88630 :1 /070985



4. Closing of the fast-acting steam line stop valves (designed to close 
in less than 5 sec) on: 

a. High steam flow in any two steam lines. (one-out-of-two per 

line) in coincidence with either low reactor coolant system 
average temperature (two-out-of-four) or low steam line pressure 

(two-out-of-four).  

b. Two sets of two-out-of-three high-high containment pressure 

signals.  

Each steam line has a fast-closing stop valve and a check valve. These eight 
valves prevent blowdown of more than one steam generator for any break 

location even if one valve falls to close. For example, for a break upstream 

_of the stop valve in one line, a closure of either the check valve in that 

line or the stop valves in the other lines will prevent blowdown of the-other 

steam generators.  

Rev.  
Steam flow is measured by monitoring dynamic head in nozzles inside the steam 
pipes. The nozzles (16 in. ID versus a pipe diameter of 26 in. ID) are 

located inside the containment near the steam generators and also serve to 
limit the maximum steam flow for any break further downstream. in particular, 
the nozzles limit the flow for all breaks outside the containment and those 

Insi de the containment which are downstream of the flow-measuring nozzles. A 
schematic showing the location of the stop valves, check valves, and nozzles 

is shown in Figure 14.2-1.  

14.2.5.2 Method of Analysis 

The analysis of the steam pipe rupture has been performed to determine: 

1. The core heat flux and reactor coolant system temperature and 

pressure resulting from the cooldown following the steam line 

break. A full plant digital computer simulation has been used.5

8863Q:1 D/070985



2.The thermal and hydraulic behavior of the core following a steam 

line break. A detailed thermal and hydraulic digital computer 

calculation has been used to determine if DNB occurs for the core 

conditions computed in item 1 above. This calculation solves the 

continuity, momentum, and energy equations of fluid flow in the core 

and with the critical heat flux correlation determines the margin 

to DNB.  

The following assumptions were made: 

1. The rods give 1.95 percent shutdown reactivity at no-load. This is 

the end-of-life design value including design margins with the most 

reactive rod stuck in its fully withdrawn position. The actual 

shutdown capability is expected to be significantly greater.  

2. The negative moderator coefficient corresponding to the end-of-life 

core with all but the most reactive rod inserted. The variation of 

the coefficient with temperature and pressure has been included. Rev.  
The reactlvty versus temperature at 800 psia corresponding to the 

negative moderator coefficient used is shown in Figure 14.2-2. In 

computing the power generation following a steam line break, the 
local reactivity feedback from the high neutron flux in the region 

of the core near the stuck control rod has been included in the 

overall reactivity balance. The local reactivity feedback is 

composed of Doppler reactivity from the high fuel temperatures near 

the stuck control rod and moderator feedback from the high water 

enthalpy near the stuck rod. For the cases analyzed in which steam 

generation occurs in the high flux regions of the core, the effect 

of void formation on the reactivity was included. The effect of 

power generation in the core on overall reactivity is shown in 
Figure 14.2-3. Except for the most reactive rod, which is assumed 

to be stuck in its fully withdrawn position (completely removed from 
the core), the curve assumes end-of-life core conditions with all 

rods in.

8863Q: 10/010985



3. The minimum safety injection capability corresponding to two-out

of-three safety injection pumps in operation, degraded system 
performance, and three-out-of-four safety injection lines available 
for flow to the reactor coolant system. It is assumed ttiat 

2,000-ppm boron is in the Refueling Water Storage Tank (RWST). The 
fluid lines between the RWST and safety injection pumps were assumed 

to be filled with unborated fluid. [These lines typically contain 
fluid with 2,000 ppm boron] The time delays required to sweep the 

unborated water from the safety injection piping before the delivery 
of the 2,000-ppm boron were conservatively included in the analysis.  

4. Hot-channel factors corresponding to one stuck rod, i.e., the rod 

giving the highest factor at end of life. The hot-channel factors 

account for the fact that at the reactor coolant pressures existing 

during the return to power following.a steam pipe rupture, a void 
exists in the region of the core near the stuck rod. This void, in 

conjunction with the large negative moderator coefficient, offsets 

the effect of the stuck rod. The hot-channel factors depe'nd upon Rev.  

the core temperature, pressure, and flow and, thus, are different 
for each case studied. The values used for the most limiting case 

are given in Table 14.2-6. The calculations used to obtain the 
hot-channel factors again assume end-of-life core conditions with 

all rods in except the most reactive rod.  

5. Five steam pipe ruptures at end of core life, starting from the hot 

standby condition of the plant, have been considered in determining 
the core power and reactor coolant system transient. Operation of 

the control rod banks during core burn-up is restricted in such a 

way that the addition of positive reactivity in a steamline break 
accident will not lead to more adverse conditions than will occur in 

the five following cases.  

A. Complete severance of a pipe outside the containment, downstream 

of the steam flow measuring nozzle starting at no-load 

conditions with offsite power available.

8863Q:l D/070985



B. Case (A) above with loss of offsite power simultaneous with the 

steam break.  

C. Complete severance of a pipe inside the containment.at the 

outlet of the steam generator starting at no-load conditions 

with offsite power available.  

D. Case (C) above with loss of offsite power simultaneous with the 

steam break.  

E. A break equivalent to steam release through one steam-generator 

safety valve with offsite power available.  

The cases above all assume that the accident starts from hot 

shutdown conditions with the rods inserted (except for one stuck 

rod) at time zero. Should the reactor be just critical or operating 

at power at the time of a steam line break, the reactor will be 

tripped by the normal overpower protection system when the power Rv 

level reaches a trip point. These cases have been analyzed and are 

discussed along with the results of the five cases above. Following 

a trip at power, the reactor coolant system contains more stored 

energy than at no-load, the average coolant temperature is higher 

than at no-load, and there is appreciable energy stored in the 

fuel. Thus, the additional stored energy is removed via the 

cooldown caused by the steam line break before the no-load 

conditions of reactor coolant system temperature and shutdown margin 

assumed in the analyses are reached. After the additional stored 

energy has been removed, the cooldown and reactivity insertions 

proceed in the same manner as in the analyses, which assume no-load 

conditions at time zero.  

6. The determination of the critical heat flux is based on local 

coolant condition 

7. The Moody Curve for fL/D = 0 contained in Figure 3 of Reference 6 

was used to calculate the steam flow through a steam line break.

8863Q:1 D/070985
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14.2.5.3 Results 

The results presented are a conservative indication of the events .that would 
occur assuming a steam line rupture. The worst case assumes that all of the 
following occur simultaneously.  

1. Minimum shutdown reactivity margin equal to 1.95 percent.  

2. The most negative moderator temperature coefficient for the rodded 

core at end-of-life.  

3. The rod having the most reactivity stuck in its fully withdrawn 

position.  

4. One safety injection pump and one safety injection valve fail.to 

function as designed. Rev.  

14.2.5.4 Core Power and Reactor Coolant System Transients 

14.2.5.4.1 Case A - Steam Pipe Rupture Outside Containment with Offsite Power 

Figures 14.2-4 and 14.2-5 shows the reactor coolant system transient and core 
heat flux following a steam pipe rupture (complete severance of a pipe) 
outside the containment, downstream of the flow-measuring nozzle at initial 
no-load conditions. The break assumed is the largest break that can occur 
anywhere outside the containment either upstream or downstream of the stop 

valves. Offsite power is assumed available such that full reactor coolant 
flow exists. The transient shown assumes the rods inserted at time zero (with 
one rod stuck in its fully withdrawn position) and steam release from only one 
steam generator. Should the core be critical at near zero power when the 
rupture occurs, the initiation of safety injection by high steam flow signals 
in coincidence with either low reactor coolant system temperature or low steam 
line pressure will trip the reactor. Steam release from at least three steam 
generators will be prevented by the check valves, or by the automatic closing 
of the fast-acting stop valves in the steam lines by the high steam flow

8863Q:1 0/070985



signal~s in coincidence with low reactor coolant system temperature or low 
steam line pressure. Even with the failure of one valve, release for three 

steam generators is limited to no more than 5 sec while the fourth generator 

blows down. (The steam line stop valves are designed to be fully closed in 

less than 5 sec with no flow through them. With the high flow that exists 

during a steam line rupture, the valves will close considerably faster.) 

As shown in Figure 14.2-5, the core becomes critical with the rods inserted 
(with the design shutdown assuming one stuck rod) at 38 sec. The safety 

injection pumps are started at 9 seconds on a low average loop temperature of 
5360F. Boron solution at 2,000 ppm enters the reactor core from the safety 

injection system at 64 sec. A delay of 55 sec is required to purge the safety 

injection system lines of unborated fluid before borated RWST fluid enters the 

core. The 55 second delay takes into account variations in safety injection 

flow due to changes in primary system pressure.  

The computer calculation assumes that the boric acid is mixed with and diluted 
by the water flowing in the reactor coolant system before it enters the 
reactor core. The concentration after mixing depends on the relative flow Rev.  
rates in the reactor coolant and safety injection systems. The variation of 
mass flow rate in the reactor coolant system caused by water density changes 

is included in the calculation. The variation of flow rate in the safety 

injection system caused by changes in the reactor coolant system pressure is 

also- included. The safety injection system flow calculation includes the line 
losses in the system and the pump head curve. It should be noted that the 

core power transient would be terminated even without the addition of boric 
acid when the affected steam generator boils dry. The peak core average heat 
flux for this case is 11 percent of the value at 2758 MWt.  

14.2.5.4.2 Case B - Steam Pipe Rupture Outside Containment Without Offsite_ 
Power 

Figures 14.2-6 and 14.2.7 show the response for the case assuming a break 

outside containment and a loss of offsite power at time zero, which then 

results in a reactor coolant system flow coastdown. The safety injection 
system delay time includes the time required to start safety injection pumps 
on the diesels. It should be noted that the safety injection pumps cannot 
supply flow until the reactor coolant system pressure has fallen to 1465 psia.
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Thus, .at least 16 sec (see Figure 14.2-6) is available for starting the safety 
injection pumps on the diesel generators before the reactor coolant system 
pressure has fallen to 1465 psia. The peak core average heat flux for this 

case is 8.6 percent of the value at 2758 MWt.  

14.2.5.4.3 Case C - Steam Pipe Rupture Inside Containment With Offsite Power 

Available 

Figures 14.2-8 and 14.2-9 show the reactor coolant system transient and core 
heat flux following a steam pipe rupture (complete severance of a pipe) inside 
the containment, upstream of the flow-measuring nozzle at initial no-load 
conditions. The break assumed is the largest break that can occur anywhere 
inside the containment. Offsite power is assumed available such that full 
reactor coolant flow exists. The transient shown assumes the rods inserted at 
time zero (with one rod stuck in its fully withdrawn position) and steam 
release from only one steam generator. Should the core be critical at near 
zero power when the rupture occurs, the initiation of safety injection by high 
differential pressure between steam lines or by high steam flow signals in 
coincidence with either low reactor coolant system temperature or low steam 
line pressure will trip the reactor. Steam release from at least three steam Rev.  

generators will be prevented by the check valve, or by the automatic closing 

of the fast-acting stop valves in the steam lines by the high steam flow 
signals in coincidence with low reactor coolant system temperature or low 
steam line pressure. Even with the failure of one valve, release for three 
steam generators is limited to no more than 5 sec while the fourth generator 
blows down. (The steam line stop valves are designed to be fully closed in 
less than 5 sec with no flow through them. With the high flow that exists 
during a steam line rupture, the valves will close considerably faster.) 

As shown in Figure 14.2-9, the core becomes critical with the rods inserted 
(with the design shutdown assuming one stuck rod) at 36 sec. The safety 
injection pumps are started at 4 seconds on a high steamline differential 

pressure signal of 215 psi which includes a 65 psi uncertainty. Boron 
solution at 2,000 ppm enters the reactor core from the safety injection system 
at 68 sec. A delay of 64 sec is required to purge the safety injection system 
lines of unborated fluid. The 64 second delay takes into account variations 
in safety injection flow due to changes in primary system pressure.
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The computer calculation assumes that the boric acid is mixed with and diluted 
*by the water flowing in the reactor coolant system before it enters the 
reactor core. The concentration after mixing depends on the relative flow 

rates in the reactor coolant and safety injection systems. The va~riation of 
mass flow rate in the reactor coolant system caused by water density changes 
is included in the calculation. The variation of flow rate in the safety 

injection system caused by changes in the reactor coolant system pressure is 

also included. The safety injection system flow calculation includes the line 
losses in the system and the pump head curve. It should be noted that the 

core power transient would be terminated even without the addition of boric 
acid when the affected steam generator boils dry. The peak core average heat 
flux for this case is 13.6 percent of the value at 2758 MWt.  

14.2.5.4.4 Case D - Steam Pipe Rupture Inside Containment Without Offsite 

-- Power Available 

Figures 14.2-10 and 14.2-1l show the-responses for the case assuming a loss of 
offsite power at time zero, which then results in a reactor coolant system 

flow coastdown. The safety injection system delay time includes the time 

required to start safety injection pumps on the diesels. It should be noted Rev.  

that the safety injection pumps cannot supply flow until the reactor coolant 
system pressure has fallen to 1465 psia. Thus, at least 22 sec (see Figure 

14.2-10) is available for starting the safety injection pumps on the diesel 

generators before the reactor coolant system pressure has fallen to 1465 

psia. The peak core average heat flux for this case is 9.6 percent of the 

value at 2758 MWt.  

14.2.5.4.5 Case E - Steam Release Equivalent To One Steam Generator Safety 

Valve 

Figures 14.2-12 and 14.2-13 show the transient response following a break 

equivalent to steam release through one steam-generator safety valve (credible 
break) with steam release from one steam generator. The transient is 
initiated from a hot zero power condition. In this case, safety injection is 

initiated automatically by low pressurizer pressure at 287 sec (the 
low-pressure setpoint is assumed to be 1700 psia and is reached after the 

pressurizer is empty). Boron solution at 2,000-ppm enters the reactor coolant
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*syistem at 443 sec. The 2,000-ppm boron provides sufficient negative 
reactivity to shut down the reactor while the steam generator empties and 

causes further cooldown. The cooldown for the case shown in Figure 14.2-12 is 
more rapid than the case of steam release from all steam generators through 

one safety valve. The transient is quite conservative with respect to 

cooldown, since no credit is taken for the energy stored in the system metal 

or the energy stored in the other steam generators. Since the transient 

occurs over a period of 25 min, the neglected stored energy is likely to have 

a significant effect in slowing the cooldown. Figures 14.2-12 and 14.2-13 

were computed assuming the design shutdown with all rods except one stuck rod 

inserted at time zero.  

14.2.5.5 Margin To Critical Heat Flux 

Using the transients of Cases A through E, DNB analyses were performed for 

each of the five steam break cases. It was found that all cases have a 

minimum DNBR greater than the limit value of 1.3.  

14.2.5.6 Containment Integrity Evaluation 

The impact of steamline break Mass and Energy releases on containment pressure 

was addressed to assure the containment pressure remains below its design 

pressure of 47 psig. The LOFTRAN computer code was used to generate the mass 

and energy release to the containment for a large double-ended rupture. The 

case which was analyzed was initiated from hot full power. A failure of one 

feedwater control valve was assumed to occur concurrent with the break which 

results in additional mass and energy release to containment. Isolation of 

main feedwater flow by Feedwater Isolation Valve Closure was assumed to occur 

60 seconds following receipt of an SI signal. An operator action to terminate 

auxiliary feedwater flow to the faulted steam generator was assumed at 11 

minutes.  

The total energy release to the containment for this case was conservatively 

computed to be 276x10 BTUJ at 11 minutes. Assuming an instantaneous release 
to the containment and no credit for containment safeguards, the containment 

pressure was calculated to be 43 psig compared to the containment design value 

of 47 psig. With minimum containment safeguards conservatively assum'ed to be
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* available at 200 seconds, the containment pressure was calculated to be less 
than 36 psig.  

The results of a DNB evaluation for this case show the minimum DNB to be above 

the limit value and less limiting than case C discussed in Section 14.2.5.4.3.  

14.2.5.7 Dose Considerations 

Assuming that a steam line break occurs when the steam generator is operating 

with a leak, the portion of reactor coolant activity discharged through the 

leak will be released to the steam generator. For the case in which the break 

is outside the containment and the leak occurs in the steam generator with the 

ruptured steam line, this activity is released to the atmosphere. In 

addition, the activity initially present in the steam generator will be 

released. Following the accident, the reactor coolant system would be cooled 

down and depressurized. Assuming a cooldown rate of 50*F/hr, the system would 

be depressurized to 350 psig in about 4 hr. At this time, the residual heat 

removal loop would be put into operation. In another 4 hr, the system would 

be cooled to a saturation pressure less than atmospheric. The system-would be 

depressurized, and the leakage would terminate.  

The dose evaluation is based on the following: 

1.The product of the operating tube leak rate, L 0, and reactor 

coolant Iodine-131 concentration, CI-131, is assumed to be the 

maximum consistent with steady 10 CFR 20 Iodine-131 MPC in the 

circulating water canal, i.e., 

Lo 1-131 Fc xMC1-131 

where F c is the circulating water flow rate and MPC 1 131 is the 

unrestricted area water maximum permissible Iodine-131 concentration.  

2. Due to flow choking with the hot fluid, the leak rate does not 

increase significantly when the secondary side of the steam 

generator is depressurized. Although the pressure is decreasing 
during the cooldown period, the leak rate is conservatively assumed 
constant at L 0during the 8-hr leakage period.
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JThe previous analysis has shown that fuel damage is not expected as a result of a steam line break outside the containment, hence the concentration of the 
Iodine-131 in the leak remains at C 1 131 * 

The initial quantity of Iodine-13l in the steam-generator liquid is assumed.  in equilibrium with the tube leak and steam-generator blowdown rate, i.e., 

A L 0 xC1-131 V 1-131, SG B SG liq.  

where B Is the blowdown rate and VGli is the steam-generator liquid 
volume.  

Based on the above, the total Iodine-131 release is: 

A~t L0 x 11 x {T + VSG liqJ Fc x MPC 1 1 x [T + VSG liqJ 

where T is the 8-hr leakage period in the appropriate units.  

With a circulating water rate of 840,000 gpm and a 10 gpm blowdown rate, the total iodine activity release is 2-Ci equivalent Iodine-131. On the basis of 
a short-term site boundary dispersion factor of 7.5 x 10- sec/n 3, the thyroid dose is 0.8 rem.  

As a measure of margin to dose guidelines suggested in 10 CFR 100, an 
additional analysis was made using the calculated fuel clad gap activities, 
site dispersion factors, and breathing rates presented in Section 14.3.6, and 
assuming operation with a l-gpm leak before the accident. The results 
indicate that in excess of 20 percent of the calculated total core fuel clad gap activity would have to be released to the reactor coolant to cause thyroid dose levels of the magnitude of 10 CFR 100 when operating with a 1-gpm tube 
leak before an outside containment steam line break.  
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TABLE 14.2-6 

NUCLEAR HOT CHANNEL FACTORS USED IN STEAM BREAK ANALYSES 

(Values Assume the End-of-Life Rodded Core with One Stuck Rod)

Case

Inside Containment Break, with 
offsite power available 
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